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              Preface   

 Although the benefi ts of novel cancer treatments and approaches are continuing to 
be well established, many cancer patients are at risk for developing physiological 
and psychological sequelae of cancer and its treatment that may lead to premature 
morbidity and mortality. The prevalence of symptoms of cancer and cancer treat-
ment are highly signifi cant issues in clinical oncology. The objective of the book is 
to present the most current nutritional approaches to mange symptoms of cancer 
and cancer treatment using an integrated model of pharmacological approaches and 
non-pharmacological approaches to maximize patient outcomes and improve  quality 
of survival.              
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 The International Agency for Research on Cancer (IARC, World Health Organization) 
 [  1  ]  estimated an incidence of 6,617,855 cancers around the world in 2008 with 4,219,626 
deaths associated with this disease (IARC 2011). The American Cancer Society esti-
mates that 1,596,670 new cancer cases will be diagnosed in 2011 with half of all men 
and one third of all women developing cancer in their lifetimes; 571,950 Americans are 
expected to die of cancer, representing more than 1,500 people a day and accounting for 
nearly one of every four deaths (ACS)  [  2  ] , making cancer the second most common 
cause of death in the USA, exceeded only by heart disease. The National Institutes of 
Health estimates the total costs of cancer in 2010 to be $263.8 billion: $102.8 billion for 
direct medical costs (total of all health expenditures), $20.9 billion for indirect morbid-
ity costs (cost of lost productivity due to illness), and $140.1 billion for indirect mortal-
ity costs (cost of lost productivity due to premature death)  [  2  ] . 

 IARC also estimates that there are 22 million cancer survivors worldwide  [  1  ] . In 
the USA, the 5-year relative survival rate for all cancers diagnosed between 1999 
and 2006 is 68%, up from 50% in 1975–1977. The National Cancer Institute esti-
mates that approximately 11.7 million Americans with a history of cancer were 
alive in January 2007; some of these individuals were cancer free, while others still 
had evidence of cancer and may have been undergoing treatment. 

 The signifi cant survival rate that is observed in cancer patient populations refl ects 
the progress made over the past decade in cancer prevention (screening, early detec-
tion, lifestyle strategies to prevent cancer) and in cancer treatment. With rapid 
advances in molecular biology and cancer genetics, better understanding of basic 
cancer biology, and the development of powerful technologies, cancer therapies 
have now entered a dynamic era of novel, propitious approaches which target spe-
cifi c tumor sites and are personalized for each individual patient  [  3  ] . Under today’s 
treatment paradigm, most cancer patients will successfully be treated with some 
combination of chemotherapy, surgery, radiation therapy, and/or immunotherapy 
and survive their disease, as demonstrated in the signifi cant change in the decrease 
in mortality  [  1–  5  ] . Increases in life expectancies combined with increases in early 
detection and improvements in treatment suggest that the number of cancer survi-
vors will continue to increase  [  1,   2,   4,   5  ] . 

  1      Introduction       

           



2 1 Introduction

 Despite the improvement in survival, many cancer patients remain at risk of 
developing physiological and psychological sequelae of cancer and related treat-
ment that can lead to premature morbidity, mortality, and decreased quality of life. 
In addition to an increased cancer risk (either a recurrence of the cancer for which 
they were initially treated or an independent development of a second cancer),  [  6  ]  
patients are at risk of adverse long-term (chronic /persistent) or late treatment-
related effects, including other comorbid conditions as a result of therapy itself. 
These conditions may occur months to years after cancer treatment has ended. 
Additionally, oncology practitioners are realizing that despite the clinical success of 
therapies, cancer survivors are facing previously unrecognized issues related to sur-
vivorship, including functional and psychosocial side effects and practical and eco-
nomic issues related to adjusting to life after their cancer diagnosis  [  7  ] . It is widely 
reported that the meaning of health and life itself can be altered following a diagno-
sis of cancer  [  8–  10  ] . The majority of these effects resulting from disease and treat-
ment are highly prevalent across the cancer continuum and present from a cancer 
patient’s diagnosis and treatment through survivorship and end of life. 

 As reported subjectively by this patient population, and evaluated objectively in 
clinical settings, several of these symptoms are disabling, distressing, and persistent 
and extend in duration or severity beyond the point of compromising normal func-
tioning and quality of life. Examples of the most common symptoms of cancer and 
cancer treatment include cachexia, anorexia, nausea and vomiting, radiation enteri-
tis, fatigue, constipation, dysphagia, taste and smell alterations, neurocognitive 
impairment, mucositis, psychological distress, and insomnia. These symptoms are 
in addition to effects due to other comorbidities, such as hormonal perturbations and 
anemia, which contribute to impaired function, increased mortality, and a signifi -
cantly decreased quality of life (Fig.  1.1 ). Exacerbating the risks of these late effects 
are the administration of multiagent, intensive, and multimodal therapies or long-
term treatment regimens. While these therapies improve survival, they also produce 
relatively more toxicities and a wide range of treatment-related problems notable 
for their variability and unpredictability and obscure the delineation of the end of 
cancer treatment. Signifi cant variability in timing, duration, and acuity of symptoms 
can be attributed to the complexity of cancer itself (e.g., the type of tumor and stage 
of disease), the multiple therapies that the patient may receive, the intensity of treat-
ment (e.g., doses of chemotherapy or radiation, the extent of surgery needed), tim-
ing, age, and underlying health status of the individual at the time of treatment.  

 In studies using population-based data from the U.S. National Health Interview 
Survey, Hewitt and colleagues evaluated the health and disability  [  11  ]  and burden of 
illness  [  12  ]  associated with cancer survivorship, comparing those with self-reported 
cancer to those without cancer. Results of their study found signifi cant decrements 
among those with cancer in self-rated health, psychological disability    and activities 
of daily living, and among those less than 65 years, health-related work limitations. 
Yabroff and colleagues  [  12  ]  compared self-reported cancer survivors to matched 
controls without cancer and found poorer outcomes among cancer survivors in self-
rated health, a health utility index, and days of lost productivity. Similarly, a study 
using data from the Australian National Health Survey (NHS) to evaluate the health 
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status of longer-term cancer survivors also demonstrated that they have signifi cant 
decrements in health status and that these are further exacerbated by the presence of 
comorbid conditions  [  13  ] . 

 Despite the signifi cant adverse medical sequelae of cancer and its treatment, the 
practices relevant to anticipating or managing these symptoms remain poorly charac-
terized, documented, or understood. Currently, an inadequacy remains with regard to 
our knowledge of the mechanisms underlying these symptoms and co-occurring or 
symptom clusters, dynamics associated with these closely related and interacting 
symptoms, the strength of this association and their complex interplay with an indi-
vidual patient’s health status, comorbidities (age, auto immune disorders, osteoporosis, 
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  Fig. 1.1    Integrated model of consequences of cancer and cancer treatment       
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arthritis, anemia, hormonal, or other organ dysfunction)  [  14  ] , and specifi c types of 
cancer  [  15–  21  ] . Based on this lack in adequate characterization and established man-
agement standards, the Institute of Medicine (IOM), Progress Review Group (PRG) 
documents, and NCI bypass budgets call for research as well as a “survivorship    care 
plan” intended to increase length and quality of life for those diagnosed with and 
treated for cancer. The guidance reports call for standards for medical follow-up of 
survivors that include basic standards of care addressing the specifi c needs of long-
term survivors. The IOM Report on cancer survivors diagnosed as adults articulates 
key areas for research and care delivery, e.g., the development of a formal care plan that 
integrates, within one document, key treatment relevant variables, exposures, late effect 
risks, and management/follow-up care needs  [  1,   2,   4  ] . At completion of cancer treat-
ment, it is recommended that clinicians provide patients with a summary of treatment 
delivered and a detailed plan of ongoing care and summarize information    critical to the 
individual’s long-term care, such as the cancer diagnosis, treatment, and potential con-
sequences; the timing and content of follow-up visits; tips on maintaining a healthy 
lifestyle and preventing recurrent or new cancers; legal rights affecting employment 
and insurance; and the availability of psychological and support services. 

 With a dynamic environment where novel cancer therapies are continually reach-
ing the bedside, it is critical that symptom characterization, mechanisms, and man-
agement strategies be continuously developed in parallel in order to ameliorate new 
and known effects of these evolving cancers and cancer treatments. Future research 
should include evaluation of integrated pharmacological and nonpharmacological 
approaches for the treatment of these symptoms, taking into consideration the 
underlying mechanisms, moderators, and mediators, as well as other symptom clus-
ters that may confound these symptoms. As research on symptom management con-
tinues to evolve, knowledge of the dynamics of symptom interactions and the 
relationships among commonly observed co-occurring symptoms can lead to the 
development of appropriate interventions to improve patient outcomes. Treatment 
and late effects could likely be reduced in the future with the advent of therapies that 
are tailored to the characteristics of an individual and their cancer. These advances 
in methods to assess an individual’s risk for late effects (e.g., their DNA repair 
mechanisms related to radiation-induced DNA damage) and to personalize treat-
ments will reduce the symptoms seen in cancer patients on active treatment and 
cancer survivors, ultimately impacting quality of life  [  22  ] . 

 A number of recent reports on cancer survivorship have suggested that cancer, 
at least those sites with better survival profi les, be managed as chronic conditions 
 [  23,   24  ] , with attendant shifts in the health-care system to facilitate transition from 
acute/oncology settings to primary care and increased attention to key areas of 
self-management such as lifestyle behaviors known to improve quality of life and 
function in cancer survivors  [  25,   26  ] . Prospective studies that obtain nature (tumor 
related), prevalence, timing, psychological and physiological mechanisms, and 
the magnitude of adverse effects in cancer patients throughout the continuum of 
the cancer treatment and thereafter are important to identify. Integrated interven-
tions, both therapeutic and lifestyle that carry the potential to treat or ameliorate 
these effects of treatment must be evaluated and implemented. With improved 
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methodological approaches, further research in this area may soon provide clinicians 
with effective strategies for ameliorating or eliminating these distressing symptoms 
and enhancing the lives of millions of cancer patients and survivors. 

 In treating the effects of cancer and cancer treatment, both length and quality of 
survival are important endpoints  [  8,   27,   28  ] . The prevalence of these symptoms is a 
highly signifi cant issue in clinical oncology due to their high prevalence, deleterious 
nature, and the lack of insight into the mechanisms underlying most of these symp-
toms. The objective of the book is to present the most current nutritional approaches 
to manage symptoms of cancer and cancer treatment, integrated with pharmacologi-
cal and nonpharmacological approaches, with the ultimate objective of maximizing 
patient outcomes. In doing so, this text specifi cally addresses a signifi cant void that 
exists by providing an integrated methodology that may represent a new avenue for 
intervention to prevent or manage the most common symptoms in cancer patients 
that are known to be critical for function, survival, and quality of life. The following 
chapters guide the fi eld of clinical oncology and are aligned with the goals of the 
IARC, the Institute of Medicine, and the National Cancer Institute, and may poten-
tially dramatically affect how evidence-based clinical practice may be established 
and improved over the next decade.     

   References 

    1.   Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM (2010) GLOBOCAN 2008 v1.2, 
Cancer incidence and mortality worldwide: IARC CancerBase No. 10 [Internet]. International 
Agency for Research on Cancer, Lyon. Available from:   http://globocan.iarc.fr      

    2.    American Cancer Society (2011) Cancer facts & fi gures, 2nd edn. American Cancer Society, 
Atlanta  

    3.    Brem S, Kumar NB (2011) Management of treatment-related symptoms in patients with breast 
cancer. Clin J Oncol Nurs 15(1):63–71  

    4.    Eakin EG, Youlden DR, Baade PD, Lawler SP, Reeves MM, Heyworth JS, Fritschi L (2006) 
Health status of long-term cancer survivors: results from an Australian population-based sam-
ple. Cancer Epidemiol Biomarkers Prev 15(10):1969–1976  

    5.   Howlader N, Noone AM, Krapcho M, Neyman N, Aminou R, Waldron W, Altekruse SF, 
Kosary CL, Ruhl J, Tatalovich Z, Cho H, Mariotto A, Eisner MP, Lewis DR, Chen HS, Feuer 
EJ, Cronin KA, Edwards BK (eds) (2011) SEER cancer statistics review, 1975–2008. National 
Cancer Institute, Bethesda.   http://seer.cancer.gov/csr/1975_2008/    , based on November 2010 
SEER data submission, posted to the SEER web site  

    6.    Parry C, Kent EE, Mariotto AB, Alfano CM, Rowland JH (2011) Cancer survivors: a booming 
population. Cancer Epidemiol Biomarkers Prev 20(10):1996–2005  

    7.    Gusani NJ, Schubart JR, Wise J, Farace E, Green MJ, Jiang Y, Kimchi ET, Staveley-O’Carroll 
KF (2009) Cancer survivorship: a new challenge for surgical and medical oncologists. J Gen 
Intern Med 24(Suppl 2):S456–S458, Review  

    8.    Ganz PA (2009) Survivorship: adult cancer survivors. Prim Care 36(4):721–741, Review  
    9.    Muzzin LJ, Anderson NJ, Figueredo AT, Gudelis SO (1994) The experience of cancer. Soc Sci 

Med 38(9):1201–1208, Review  
    10.    Vachon CM, Habermann TM, Kurtin PJ, Cerhan JR (2004) Clinical characteristics of familial 

vs. sporadic non-Hodgkin lymphoma in patients diagnosed at the Mayo Clinic (1986–2000). 
Leuk Lymphoma 45(5):929–935  

http://globocan.iarc.fr%2c%20accessed%20on%20day/month/year
http://seer.cancer.gov/csr/1975_2008/


6 1 Introduction

    11.    Hewitt M, Rowland JH, Yancik R (2003) Cancer survivors in the United States: age, health and 
disability. J Gerontol A Biol Sci Med Sci 58:82–91  

    12.    Yabroff KR, Lawrence SC, Davis WW, Brown ML (2004) Burden of illness in cancer survi-
vors: fi ndings from a population-based national sample. J Natl Cancer Inst 96:1322–1330  

   13.    Eakin EG, Youlden DR, Baade PD, Lawler SP, Reeves MM, Heyworth JS, Fritschi L (2006) 
Health status of long-term cancer survivors: results from an Australian population-based sam-
ple. Cancer Epidemiol Biomarkers Prev 15(10):1969–1976. PMID:17035407  

    14.    Hurter B, Bush NJ (2007) Cancer-related anemia: clinical review and management update. 
Clin J Oncol Nurs 11:349–359  

    15.    Gedaly-Duff V, Lee KA, Nail L, Nicholson HS, Johnson KP (2006) Pain, sleep disturbance, 
and fatigue in children with leukemia and their parents: a pilot study. Oncol Nurs Forum 
33(3):641–646  

    16.    Fox SW, Lyon DE (2006) Symptom clusters and quality of life in survivors of lung cancer. 
Oncol Nurs Forum 33(5):931–936  

    17.    Dodd MJ, Miaskowski C, Lee KA (2004) Occurrence of symptom clusters. J Natl Cancer Inst 
Monogr 32:76–78, Review  

    18.    Kim HJ, McGuire DB, Tulman L, Barsevick AM (2005) Symptom clusters: concept analysis 
and clinical implications for cancer nursing. Cancer Nurs 28(4):270–282, quiz 283–4. 
Review  

    19.    Miaskowski C (2006) Symptom clusters: establishing the link between clinical practice and 
symptom management research. Support Care Cancer 14(8):792–794  

    20.    Fan G, Filipczak L, Chow E (2007) Symptom clusters in cancer patients: a review of the litera-
ture. Curr Oncol 14(5):173–179  

    21.    Gleason JF Jr, Case D, Rapp SR, Ip E, Naughton M, Butler JM Jr, McMullen K, Stieber V, 
Saconn P, Shaw EG (2007) Symptom clusters in patients with newly-diagnosed brain tumors. 
J Support Oncol 5(9):427–433, 436  

    22.    Gusani NJ, Schubart JR, Wise J, Farace E, Green MJ, Jiang Y, Kimchi ET, Staveley-O’Carroll 
KF (2009) Cancer survivorship: a new challenge for surgical and medical oncologists. J Gen 
Intern Med 24(Suppl 2):456–458  

    23.    National Cancer Institute (2006) Facing forward – life after cancer treatment. National 
Institutes of Health, Bethesda  

    24.    Earle CC (2006) Failing to plan is planning to fail: improving the quality of care with survivor-
ship care plans. J Clin Oncol 24:5112–5116  

    25.    Rowland JH, Hewitt M, Ganz PA (2006) Cancer survivorship: a new challenge in delivering 
quality cancer care. J Clin Oncol 24:5101–5104  

    26.    Ganz PA, Casillas J, Hahn EE (2008) Ensuring quality care for cancer survivors: implementing 
the survivorship care plan. Semin Oncol Nurs 24(3):208–217  

    27.    Aziz NM (2007) Cancer survivorship research: state of knowledge, challenges and opportuni-
ties. Acta Oncol 46(4):417–432, Review  

    28.    Hewitt M, Greenfi eld S, Stovall E (2006) From cancer patient to cancer survival: lost in transi-
tion. National Academy Press, Washington, DC     



7N.B. Kumar, Nutritional Management of Cancer Treatment Effects, 
DOI 10.1007/978-3-642-27233-2_2, © Springer-Verlag Berlin Heidelberg 2012

    2.1   Definition 

 Malnutrition can be defi ned as a state of altered nutritional status that is  associated 
with increased risk of adverse clinical events such as complications or death. 
Nutritional care is fundamental to cancer treatment (Davies M). Malnutrition spe-
cifi c to cancer patient populations has been observed to negatively impact patient’s 
response to therapy; increase the incidence of treatment-related side effects; inter-
rupt serial treatment regimens; extend hospital stay; impair muscle function, per-
formance status, immune function, and quality of life; and ultimately affect 
survival  [  1–  5  ] . Depression, fatigue, and malaise also signifi cantly impact on 
patient well-being. In addition, cancer-related malnutrition is associated with sig-
nifi cant health-care-related costs  [  5,   6  ] . In a recent study to evaluate the role of 
malnutrition and mortality in patients undergoing surgery for renal cell carci-
noma, Morgan et al.  [  7  ]  reported that malnutrition is associated with a higher 
mortality, independent of key clinical and pathological factors. On the other hand, 
proactive intervention to comprehensively assess and correct malnutrition early 
has been shown to reduce patient costs and length of hospital stay, improve 
   response to treatment and, most importantly, improve functional status and qual-
ity of life in the patient  [  3  ] . For example, improvement of nutritional status over 
time is associated with better survival in ovarian cancer patients  [  8  ] . These effects 
were observed to be independent of age, stage at diagnosis, and prior treatment 
history and tumor response as determined by CA 125. Others have shown that 
signifi cantly lower postoperative 30-day mortality after colorectal cancer resec-
tion was observed in cases less than 70 years of age, and absence of synchronous 
liver metastasis, malnutrition, and respiratory and vascular comorbidity were sig-
nifi cantly reduced. With continuously evolving treatment modalities and novel 
agents for the treatment of cancer, it has also become critical to address nutritional 
care in the entire continuum of cancer (pretreatment, treatment, and posttreat-
ment) to reduce GI toxicities and improve clinical outcomes and to ultimately 
improve morbidity and mortality in this patient population  [  8–  12  ] .  

  2      Assessment of Malnutrition 
and Nutritional Therapy Approaches 
in Cancer Patients       
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    2.2   Prevalence of Malnutrition in Cancer Patients 

 Malnutrition is the most common comorbidity in cancer patient populations. Studies 
have demonstrated that anywhere from 30% to 87% of cancer patients are diag-
nosed with malnutrition [51], with 30–60% of cancer patients diagnosed with pro-
tein-calorie malnutrition with higher rates of as much as 80% observed in esophageal 
cancer patients. The prevalence of malnutrition as high as 67% has been observed 
on ovarian cancer patients, while only 6% of endometrial cancer patients were mal-
nourished  [  13,   14  ] . Others have observed that more than 64% of cancer patients 
were malnourished, increasing to 81% for patients undergoing palliative care 
 [  9,   10  ] . In clinical observations studies, over 95% of cancer patients indicate one or 
more symptom involving the gastrointestinal (GI) tract contributing to compromised 
nutritional status. Malnutrition is thus a frequent manifestation of cancer and a sig-
nifi cant contributor of morbidity and mortality.  

    2.3   Etiology of Malnutrition 

 The etiology of malnutrition in a cancer patient is multifactorial and can be contrib-
uted to several factors: local effects of a tumor, the host response to the tumor, and 
anticancer therapies resulting in chronic or acute malnutrition. Other causes include 
reduced food intake (due to systemic effects of the disease, local tumor effects, 
psychological effects or adverse effects of treatment) and alterations in nutrient 
metabolism and resting energy expenditure (REE)  [  5  ] . Results of inadequate    intake 
or absorption or increased metabolic requirements imposed by disease, including 
excessive loss of nutrients and drug-nutrient antagonisms, increased demands, inad-
equate intake, increased losses, relative intake of other nutrients, as well as symp-
toms of cancer and cancer treatment, can contribute to malnutrition. Figure  2.1  
summarizes the multifactorial etiology of malnutrition in cancer.  

    2.3.1   Tumor-Related Etiology 

 Nutritional defi cits are frequently observed in cancers of the gastrointestinal tract 
that can physically obstruct nutritional intake or produce metabolic and physiologi-
cal disturbances that result in poor assimilation or reduction of nutritional intake. 
Stenosis of the GI tract   , dysphagia, and previous surgery may affect the digestive 
capacity, or an abdominal tumor mass, disturbance of the motility, or repeated (sub) 
ileus may contribute to nausea and vomiting and therefore to reduced nutrient intake 
 [  15  ] . Pancreatic as well as gastric resections can result in pancreatic exocrine and 
endocrine insuffi ciency, creating major nutrition problems such as steatorrhea and 
hyperglycemia that may impede nutritional intake. Extensive resection of the small 
bowel can lead to malabsorption, whereas small resections of the bowel usually do 
not lead to major nutrition problems  [  16  ] . Liver cancer patients are confronted with 
the additional risk of malnutrition because the disease is often associated with hepa-
titis, liver cirrhosis, and metabolic disturbances  [  17  ] . Several agents produced by 
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the tumor directly, or systemically in response to the tumor, such as proinfl amma-
tory cytokines and hormones, have been implicated in the pathogenesis of malnutri-
tion and cachexia. A recent ASPEN and ESPEN guidelines group examined the 
pathophysiology of malnutrition and agreed that an etiology-based approach that 
incorporates a current understanding of infl ammatory response would be most 
appropriate. The committee proposes the following nomenclature for nutrition diag-
nosis in adults in the clinical practice setting. “Starvation-related malnutrition,” 
when there is chronic starvation without infl ammation; “chronic disease-related 
malnutrition,” when infl ammation is chronic and of mild to moderate degree; and 
“acute disease or injury-related malnutrition,” when infl ammation is acute and of 
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  Fig. 2.1    Etiology of malnutrition in cancer       
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severe degree  [  18  ] . Although the recommended classifi cation needs to be validated 
in future studies, they provide the basis for a mechanism-based approach to the 
treatment of malnutrition in the cancer patients.  

    2.3.2   Treatment-Related Etiology 

 Patients with cancer have increased nutritional needs due to hypermetabolism, 
impaired organ function, increased nutrient loses, and therapy-related symptoms of 
dysphagia, mucositis, pain, cachexia, anorexia, fatigue, and radiation enteritis, all 
contributing to malnutrition. In addition, patients with cancer may also have 
increased requirements for both micro- and macronutrients due to the prolonged 
period of defi cits prior to diagnosis  [  19  ] . Intensive therapy for multiple myeloma 
was signifi cantly associated with decline in nutritional status  [  20  ] , although these 
returned to pretherapy levels 6 months posttreatment. Nausea, vomiting, loss of 
appetite, weight loss, and poor quality of life were all reported by this patient popu-
lation. Decrease in grip strength and triceps skin fold, as well as decline in hepatic 
proteins, testosterone, and gonadotropin in intensive treatment of patients with acute 
myeloid leukemia (AML) have been observed, suggesting a catabolic metabolism 
leading to impaired nutritional status     [  20  ] . Malnutrition is commonly associated to 
head and neck cancer patients, especially aggravated by radiotherapy or concurrent 
chemoradiation therapy  [  21–  23  ] . In a study to characterize the effect of radiother-
apy for head and neck cancer and GI cancers on nutritional status, Mahdavi et al. 
 [  24  ]  observed that after treatment, the incidence of malnutrition increased signifi -
cantly in patients in both groups with signifi cant weight loss and decreased energy 
and protein intake in addition to decreases in serum zinc, copper, and albumin lev-
els. Signifi cantly lower antioxidants and selenium were found in lung cancer patients 
compared to healthy controls. Those patients with lower functional scores using the 
Eastern Cooperative Oncology Group (ECOG) performance scales had signifi cantly 
lower levels of  b -carotene and selenium compared to those with higher functional 
scores  [  25  ] . Similarly, we and others have observed lower serum levels of antioxi-
dants lycopene in prostate cancer patients compared to disease-free men  [  26  ] . Thus, 
irrespective of baseline nutritional defi cits, cancer patients experience a progressive 
decline in nutritional symptoms as they go through cancer treatment. Although 
some cancer patients recover from these nutritional consequences over time, signifi -
cant variability in individual response to both disease and treatment makes this 
recovery to baseline nutritional status a complex, unpredictable, and challenging 
endeavor for the health-care team.   

    2.4   Assessment of Malnutrition in Cancer Patients 

 Nutritional care process that encompasses nutritional assessment and therapy of 
cancer patients in a clinical setting is accomplished in six basic steps: nutritional 
screening, initial comprehensive nutritional assessment, planning and  implementation 
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of nutritional therapy, education of the patient and family, communication with mul-
tidisciplinary team and reassessment to monitor response, and change in nutritional 
status as evaluation of effi cacy of therapy. Timely nutritional screening to identify 
current and potential challenges to maintaining nutrition status and assessment and 
early nutritional therapy to replenish, improve, and manage exacerbation of symp-
toms may provide the best opportunity to prevent the debilitating consequence of 
cancer and cancer treatment. Figure  2.2  below provides a model for an integrated 
nutritional care process in the cancer continuum.  

    2.4.1   Nutritional Screening 

 The goal of screening is to identify patients who present with malnutrition or, due 
to recent diagnosis, comorbidities, and planned treatment approaches may be at 
high risk for malnutrition. Validation of these screening tools have been completed 
utilizing objective markers of malnutrition such as serum hepatic proteins and 
anthropometrics including body density measurements, weight loss history, and 
total body potassium. Instruments such as patient-generated subjective global 
assessment (PG-SGA)  [  13  ] , SGA  [  27  ] , and simple screeners using the nutritional 
risk index or NRS 2000 with more objective variables have been found to be valid 
for use in cancer patient populations  [  28  ] . Other screening tools such as Mini 
Nutritional Assessment have shown good correlation with laboratory parameters 
related to infl ammation markers such as albumin, CRP, adiponectin, and leptin and 
were independently associated with survival  [  29  ] . In a study of 300 cancer patients 
to determine whether the Mini Nutritional Assessment (MNA) could effectively 
rate the nutritional status of patients with liver cancer in Taiwan, Tsai et al.  [  17  ]  
evaluate two modifi ed versions of the MNA in short and long forms. MNA-Taiwan 
version 1 adopted population-specifi c anthropometric cut points, whereas version 2 
replaced mid-arm and calf circumferences in place of body mass index. Results 
showed that both versions of the MNA were effective in predicting nutritional sta-
tus, with nutritional scores correlating well with hemoglobin, serum albumin, 
C-reactive protein, r-glutamyl transpeptidase, TNM (tumor, node, metastasis) stag-
ing, and severity of cirrhosis  [  17  ] . Some of the practical variables used in clinical 
settings for nutritional screening are (a) hepatic proteins (prealbumin <10 mg/dL, 
albumin <2.1 g/dL, transferrin <100 mg/dL), (b) weight loss compared to percent-
age of usual weight, (c) body mass index (<20 kg/m 2 ), (d) lymphocyte counts, and 
(e) anticipated time to resolution of symptoms that impede nutritional intake (and 
gastrointestinal function not expected to resolve within 7–10 days or nutritional 
intake less than 50% of needs >7 days) – all of which form the basis to inform the 
medical team of the patient’s initial nutritional status. Pretreatment weight loss has 
been documented as a predictor of poor survival, irrespective of type of tumor  [  30  ] . 
Since abnormalities in immune function have been associated with malnutrition, 
measures of total lymphocyte count may be useful on initial evaluation of the newly 
diagnosed patient with a solid tumor. However, the application of these parameters 
during treatment is limited due to the immunosuppressive effects of steroids and 
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many chemotherapy agents. Also, some hematological cancers are known to cause 
depression of bone marrow function resulting in leukopenia. Combinations of these 
indicators can stratify patients into low-, moderate-, and high-risk categories for 
nutrition-related surgical complications  [  2,   31–  33  ] . Although these specifi c  variables 
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have been consistently shown to correlate to and predictive of malnutrition and poor 
prognosis, no one individual variable has contributed to identifying a patient at risk 
for malnutrition. Combinations of these indicators have been used to stratify cancer 
patients at clinical presentation into no risk, mild, moderate, and severe malnutrition 
 [  34–  37  ] . Although a patient is screened initially    with the diagnosis of mild or mod-
erate malnutrition, based on the cancer and treatment trajectory, this condition can 
progress from moderate to severe malnutrition, requiring frequent rescreening and 
assessment. It is also critical that the initial screening tool must be simple and 
uncomplicated for application in a clinical setting  [  38  ] , with readily available objec-
tive data  [  39  ] . The goal of the nutritional screen originated to identify and prioritize 
those patients at highest nutritional risk that needed to be evaluated and triaged for 
nutrition intervention. In most settings, all health professionals including nurses and 
intake specialists must be trained to screen patients for malnutrition. Whether 
screening in an acute-   care setting or in an ambulatory clinical setting, all newly 
diagnosed cancer patients are screened on fi rst contact with the health professional. 
Once patients are identifi ed at high or moderate risk, a comprehensive nutritional 
assessment follows. Those at mild malnutrition or no risk must be under surveil-
lance for change in condition or treatment. Several tools to screen cancer patients 
have been developed and validated  [  13,   40  ] . Assessment tools have included simple, 
objective, easily obtainable indicators, while some combine objective and subjec-
tive parameters to screen cancer patients.  

    2.4.2   Nutritional Assessment 

 The primary aim of assessing a cancer patient comprehensively is to design and 
implement optimal nutritional therapy, taking into consideration baseline nutritional 
status, current diagnosis, and comorbidities; planned cancer treatment and antici-
pated symptoms; and increased nutritional needs. Nutritional assessment is used to 
guide and inform the planning of nutritional therapy with the goal of improving 
treatment outcomes, managing symptoms, and improving function and quality of 
life. A comprehensive assessment of nutritional status is usually based on demo-
graphics (specifi c consideration to age); anthropometric measures; biochemical or 
laboratory tests; medical history including comorbidities, clinical indicators, and 
assessment of cancer and cancer-related symptoms; dietary assessment; oral assess-
ment; current and planned medications; psychosocial assessment; swallowing abil-
ity; functional assessment including physical activity; and most importantly an 
assessment of patient and family cultural and religious belief systems. A compre-
hensive nutritional assessment is performed with objective data available in the 
patient’s medical records and information provided by patients and their families in 
addition to information gleaned from other members of the multidisciplinary team. 

    2.4.2.1   Medical History 
 In addition to current diagnosis and stage of cancer, information regarding the 
patient’s past medical history, presence of complications such as infection or sepsis, 
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present and past antineoplastic therapy, prior surgeries especially gastrointestinal, 
treatment and physical manifestations of disease, or nutrient defi cits are essential to 
assessment of nutritional status and development of plan for nutrition therapy. 
Information on other comorbidities such as diabetes; heart disease; renal, hepatic, or 
infl ammatory bowel disease; and current medications used to treat these illnesses 
can be useful. Other history of symptoms including toxicities from treatment includ-
ing mucositis, nausea, vomiting, diarrhea, steatorrhea, constipation, or recent unin-
tentional weight loss; oral or dental disease; or limitations should be obtained from 
patient or family. Constitutional, dermatological, gastrointestinal (GI), metabolic, 
and pain symptoms can be obtained using the NCI-CTG Common Toxicity Criteria 
Checklist  

    2.4.2.2   Psychosocial History 
 Social risk factors can also be identifi ed at this time such as smoking history, alco-
hol or drug use, socioeconomic status  [  41–  43  ] , and availability of social support 
system. Emergent programs taking into consideration the need for psychosocial 
support for management of cancer and symptoms have shown to benefi t both 
patients and their family members  [  44–  46  ] . The need for a support system consist-
ing of family, peers, and friends is a common thread in every culture and has been 
quantitatively assessed and equated with hope. Factors such as impediments due to 
personal, family, caregiver, or insurance issues that could interfere with symptom 
management must be discussed and resolved  [  47  ] . On the other hand, emotional 
suppression and distress through helplessness/hopelessness and stress can increase 
distress and depression with cancer diagnosis. Information on religious, cultural, 
and social support systems that can mediate and impact nutritional intake is essen-
tial to plan individualized nutritional therapy. Individuals who live alone have been 
shown to be at risk of having a poor intake  [  44  ] . Social deprivation or isolation also 
increases risk and has been associated with weight loss  [  45  ] . Social networks play a 
role in the maintenance of adequate food intake, and socialization results in increased 
food intake during a meal. Research has drawn attention to the challenges that 
patients receiving treatment for head and neck cancers experience, including the 
physical and emotional impact of diagnosis and treatment, weight loss, challenges 
related to eating, and strategies used by patients to address nutritional problems. It 
is clear that patients experience physical, emotional, and social losses associated 
with a changed meaning of food. Acknowledging the signifi cance of eating prob-
lems and the changed meaning of food is required in order to provide patients with 
the appropriate support, strategies, and interventions to manage with the changes 
and losses  [  46  ] . The goal of psychosocial support is thus to provide tools to manage 
stress, encourage social interaction during meal times, and proactively educate 
patients with regard to anticipated symptoms that they may experience while pro-
viding strategies to cope with these scenarios. Approaches to education of patient 
and family, enhanced problem solving skills, stress management, psychosocial 
 support, group support to improve mood and coping response, psychotherapy, and 
 tailored behavioral interventions have shown promise in reducing symptoms of 
cancer.  
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    2.4.2.3   Anthropometric Data 
      Body Weight and Body Mass Index 
 Anthropometric measurements such as patient’s height, weight, and body mass 
index are considered relevant and objective measures of a cancer patient’s nutri-
tional status, with few potential errors in measurement in a clinical setting  [  48,   49  ] . 
Body weight and weight history are essential components of the initial nutritional 
assessment due to the signifi cant impact of weight loss and underweight on mor-
bidity and mortality. Unplanned weight loss occurs more commonly in more 
aggressive lymphomas, colon and lung cancers. Greatest weight loss is observed in 
gastric and pancreatic cancer patients  [  30  ] . In many forms of cancer, weight loss is 
an independent predictor of shorter overall survival even prior to chemotherapy, 
and individuals with weight loss are found to suffer more severe toxicity from 
chemotherapy  [  30,   50  ] . Unintentional weight loss with cancer is found in up to 
80% of patients with pancreatic cancer and up to 60% of patients with NSCLC 
 [  51,   52  ] . Current weight is only useful as an indicator of nutritional risk or deple-
tion if it is evaluated in comparison to the patient’s usual weight. Weight loss must 
also be assessed in relation to its duration and whether it is unintentional or intended 
weight loss. Unintentional weight loss can be expressed as a percentage of usual 
body weight. Current weight that is 20% below ideal body weight is also an indica-
tion of nutritional risk. Similarly, a weight of 20% or less below ideal body weight 
is also indication of potential nutritional risk. In most cases, measurement of body 
weight and information regarding recent weight loss are important indicators of the 
presence of malnutrition upon initial screening and assessment; however, it has 
serious limitations as an outcome measure or monitoring tool since weight is a 
dynamic variable and is confounded by hydration and use of medications such as 
corticosteroids. The relevance of rapid and unplanned weight loss (10% of usual 
body weight in the past 6 months or 5% weight loss in the past 3 months) has been 
observed consistently to be associated with poor prognosis  [  30  ]  and thus is an 
excellent indicator for screening cancer patients for nutritional risk. It is recom-
mended that weight and weight change be assessed in combination with other 
parameters. Table  2.1  provides the formula used to calculate percent change from 
usual body weight.  

 In addition to weight loss, decreasing body mass index (18.5 kg/m 2 ) has contin-
ued to be informative for nutritional assessment of a cancer patient in clinical prac-
tice as an indicator of malnutrition  [  14,   30  ] . Patients undergoing nephrectomy for 
localized renal tumors with a BMI of less than 23–25 kg/m 2  have worse outcomes 
compared to those patients with a BMI >25 kg/m 2   [  50,   51  ] , demonstrating that BMI 
continues to be an important prognostic marker in cancer. Pretreatment body weight 
has also been shown to be a risk factor for locoregional failure in patients receiving 

   Table 2.1    Calculation of percent change from usual body weight   

 
    

Usual weight Present weight
% Weight change 100

Usual weight
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 concurrent chemoradiation therapy for head and neck cancer  [  23  ] . Anorexia and 
weight loss are associated with increased mortality  [  4  ] . Studies showing inconsis-
tencies in the relationship between BMI and malnutrition can be attributed to crite-
ria used to determine normal versus obese or undernutrition ranges for BMI. For 
example, Marin Caro et al.  [  3  ]  used <20 kg/m 2  for their defi nition of malnutrition, 
while others used up to 25 kg/m 2  to defi ne malnutrition. Other parameters such as 
skinfold and circumference measurements and bioelectrical impedance technology 
have been used in clinical settings to measure lean body mass as well as body fat 
distribution. However, these methods suffer from errors due to measurement, unless 
performed by well-trained clinical staff and do not provide meaningful data of effi -
cacy on nutritional therapy. Table  2.2  provides methods for calculating BMI and the 
categories to estimate under weight to obesity.   

      Body Composition 
 Although body weight, unplanned weight loss, and weight as a parameter as it 
relates to body mass index are valid measures to evaluate malnutrition, weight as an 
indicator to response to treatment has serious limitations since it is a dynamic vari-
able and confounded by hydration and use of medications such as corticosteroids. 
Body composition measurements, both total lean body mass (LBM) changes and 
total bone mineral density (BMD), are relatively better markers that can be applied 
in order to tailor nutritional treatment to patients’ individual requirements  [  52  ]  as 
well as to monitor progress in a clinical setting. At present, body composition (BC) 
is rarely measured in the clinical setting because it is thought to be too unmanage-
able and time-consuming and burdensome to the patient. Skeletal muscle function 
is a central determinant of functional capacity in humans. Loss of muscle as seen in 
cancer patients results in poor function and decreased survival rate following criti-
cal illness  [  53  ] . Muscle size is therefore considered an important marker of func-
tional status in studies of sarcopenia/cachexia  [  54–  56  ] . Measurements of body 
composition combined with physical assessment for signs of obvious muscle wast-
ing may help to identify signifi cant losses in somatic protein stores; however, a 
more objective and sensitive measure of protein nutriture is the biochemical assess-
ment of visceral protein stores. Using new technologies, the estimation of fat, lean 
body mass, and body fl uids that are signifi cant in the management of nutrition thera-
pies in oncology has improved. 

 
    ( )

( )( )2

Mass lb 703
BMI

Height in

×
=    

  Underweight = <18.5 
  Normal weight = 18.5–24.9 
  Overweight = 25–29.9 
  Obesity = BMI of 30 or greater 

 Table 2.2    Body mass index 
(BMI) calculations and 
categories  
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      Dual-Energy X-Ray Absorptiometry (DXA) 
 Figure     2.3  Sample report of body composition as measured by DXA (Body 
Composition Center, 77 Birch St., Suite A, Redwood City, CA 94062) has been 
used to measure human body composition on a high-speed fan-beam scanner. High- 
and low-energy attenuation pairs, produced by the various combinations of fat mass 
and fat-free mass in the human body, were compared to attenuation values produced 
by standard materials (aluminum and acrylic). These standards were measured in 
various combinations to construct calibration curves for fat and fat-free mass. 
Primary calibration of the aluminum/acrylic combinations was achieved by direct 
comparison to the dual energy attenuation produced by stearic acid and pure water. 
Whole body examinations were accomplished using three 45-s longitudinal passes 
of the fan beam. These passes were acquired and assembled to create a giant, isoce-
ntric fan beam with a single center of focus. In vivo precision was 0.009 g/cm 2  for 
bone mineral density (BMD) and 425 g for fat mass and fat-free mass (s.d.)  [  55  ] . 
DXA technology is now considered the most valid measure used to assess both total 

  Fig. 2.3    Sample report of body composition as measured by DXA       
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lean body mass (LBM) changes and total bone mineral density (BMD) in a clinical 
setting without increasing the burden to the cancer patient. Total bone mineral 
 density (BMD) can also be followed as an indirect measure of muscle and patient 
activity. Total LBM is sometimes called total fat-free mass (FFM) depending upon 
specifi c DXA manufacturer. Total lean body mass changes can be calculated with 
total LBM values taken directly from most current DXA compared to total LBM 
from baseline DXA. DXA instruments use an X-ray source that generates or is split 
into two energies to measure bone mineral mass and soft tissue from which fat and 
fat-free mass are estimated. The exam is quick (1–2 min), precise (0.5–1%), and 
noninvasive. DXA scanners have the precision required to detect changes in muscle 
mass as small as 5%. Radiation exposure from DXA scans is minimal. The National 
Council of Radiation Protection and Measurements (NCRP) has recommended that 
the annual effective dose limit for infrequent exposure of the general population is 
5,000  m Sv and that an annual effective dose of 10  m Sv be considered a negligible 
individual dose. The effective dose of a dual-energy X-ray absorptiometry whole 
body scan on an adult is 2.1  m Sv 
    (a)     MRI of Thigh Muscle  

 To obtain accurate measures of change in skeletal and fat mass with nutritional 
therapy, other direct measure of thigh muscle volume (TMV) may be obtained 
by MRI scan  [  56  ] . However, this is not always a practical option at this time as 
it not only increases patient burden but also the economic burden to the cancer 
patient. Subjects will be imaged using an MRI scanner (Siemens) at 1.5 T and a 
Q-body coil. Caution will be taken to ensure minimal patient motion during 
scanning (e.g., by placing folded pads/sheets under the legs) and using same 
positioning used for all subsequent scans. After a rapid survey scan, thigh images 
will be acquired using a 3D fast-gradient echo Dixon technique sequence (VIBE-
Dixon) to cover the entire thigh (knee to hip). The total sequence time will be 
approximately 25 s. This sequence is superior for intramuscular fat quantitation. 
The 3D sequences yield automated separate fat images and images of water 
signal (almost all of which is in skeletal muscle), as well as combined (in-phase 
T1-weighted) and combined opposed phase images (Fig.  2.4 ). Muscle and fat 
compartments will be segmented. Muscle volume will be determined from the 
segmented calculation and will be made of (a) volume of subcutaneous fat and 
fat between muscle groups, (b) intramuscular fat volume, and (c) muscle vol-
ume. Muscle mass in kilograms will be determined by multiplying muscle vol-
ume by density. A density value of 1.0597 g/cm 3  as described in literature from 
unfi xed rabbit and canine muscle tissue will be used for this calculation. 
Similarly, intermuscle fat content and subcutaneous adipose tissue will be 
obtained in kilograms by multiplying fat volume by the density of adipose tissue 
(0.9196 g/mL). Our primary endpoint will be defi ned by TMV based on MRI 
 [  56  ] . In addition to TMV, MRI will also allow exploratory outcomes (e.g., T2 
and ADC) to assess metabolic impact of  N  − 3 FA on skeletal muscle and adi-
pose tissue in the upper leg. This assessment can be related to the metabolic and 
functional abnormalities of the skeletal muscle in muscle wasting. The MRI 
pulse sequence used will allow for lipid quantifi cation in the thigh muscle region 
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(i.e., subcutaneous adipose and intermuscular fat content or intermuscle adipose 
tissue) Fig.  2.4 .         

    2.4.2.4   Measurements of Function and Strength 
     (a)     Handgrip Strength Dynamometry Assessment  

 Figure  2.5  shows a sample of the Jamar dynamometers used to measure grip 
strength in a clinical setting. Muscle strength has been shown to be positively 
associated to muscle mass but negatively associated with infl ammatory activity. 
Handgrip strength is also correlated with serum albumin levels  [  27  ] . A validated 
tool commonly used to assess handgrip strength is the Jamar dynamometer, 
which is a fast, reliable, and easy-to-perform device commonly used by our team 
to measure improvements in functional strength  [  57  ] . The Jamar dynamometer 
has a lower percent coeffi cient of variation and is thus a more precise device 
than other handgrip dynamometers (Fig.  2.5) .   

    (b)     Functional Markers  
 Evaluation of patient’s functional status and barriers to obtaining adequate nutri-
ents are also necessary. A physical exam combined with personal interview 
should include the evaluation of functional status such as the ability to chew and 
swallow, dental or oral problems causing odynophagia or dysphagia, signs of 
muscle wasting or anasarca, presence of edema, presence of skin or mouth 
lesion, and ability to perform instrumental activities of daily living (IADLs) 
such as cooking, shopping, and feeding self. It is critical to assess activities of 
daily living, physical activity, exercise, sleep, and ability to work and perform 
other functional roles. Limitations in the activities of daily living have been 

  Fig. 2.4    Segmentation of fat and water images of the thigh using a single whole volume 3D gradi-
ent echo sequence       
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identifi ed secondary to and as a cause of weight loss in cancer patients. Cancer 
and other chronic diseases pose diffi culties specifi cally for the cancer patient 
receiving treatment and the elderly in carrying out activities of daily living. 
A loss of postural and locomotive muscle mass has been observed within 7 days 
of inactivity  [  58  ] . The Karnofsky Performance Scale Index allows patients to be 
classifi ed as to their functional impairment. This has been used to compare 
effectiveness of different therapies and to assess the prognosis in individual 
patients and has been validated in cancer patient populations  [  59  ] .      

    2.4.2.5   Nutritional Intake 
 A vital component in the assessment of a patient’s nutritional status is a detailed diet 
history and the collection of information regarding the patients eating behavior. 
This is extremely important in order to identify factors which may result in dimin-
ished nutrient intake. Nutritional intake is best assessed by conducting random 
weekly, 2 weekdays + 1 weekend day, 24-h dietary recalls (gold standard for collect-
ing dietary data) using a fi ve-step multipass procedure  [  32,   33  ]  (which has been 
found to assess mean energy intake within 10% of actual intake). Food portion visu-
als should be provided to the patient to assist with documenting portions of food 
consumed  [  44,   60  ] . Nutritional history should include habitual diet and any change 
in diet pattern, frequency of meals or snacks, quantity of food at meals, self-imposed 
food restrictions, use of supplements, and other complementary therapies and vita-
min/mineral use. Other symptom-related assessment must include ability to chew or 
swallow, specifi c intolerance to texture or type of food, presence of mechanical 
obstruction, poor dentition or pain with swallowing, recent or prolonged food or 
smell aversions, taste changes, early satiety, nausea or vomiting, pain, fatigue, appe-
tite loss, and food allergies or intolerance. Questions should be open-ended to allow 
for accurate recall of diet history. After diet history is obtained, current nutrient 
intake should be compared to predicted requirements to determine adequacy of 
intake and need for intervention. Several nutritional analysis software are available 

  Fig. 2.5    Jamar dymamometers       
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today which range from free to the more the frequently updated University of 
Minnesota Nutrition Data System for Research (NDSR) version database for analy-
sis of nutrient composition.  

    2.4.2.6   Biochemical Markers 
     (a)     An Objective Evaluation of Organ Function Can Be Determined Using Standard 

Comprehensive Metabolic Profi le  ( CMP )  and Complete Blood Count  ( CBC )
    Complete Blood Count  ( CBC ): The CMP is performed using electronic cell siz-
ing sorting cytometry/microscopy are recommended at baseline and periodi-
cally.    Tests performed as part of the CBC panel include the following: WBC, 
RBC, HgB, HCT, MCV, MCH, MCHC, RDW, PLT, MPV, absolute neutrophils, 
absolute bands, absolute lymphs, absolute monocytes, absolute eosinophils, and 
absolute basophils.  
   Comprehensive Metabolic Panel ,  Direct : The CMP is performed using spectro-
photometry, ion selective electrode (ISE), and hexokinase. Tests performed as 
part of the CMP panel will include the following: albumin, total bilirubin, alka-
line phosphatase, AST, ALT, total protein, calcium, serum glucose, creatinine, 
urea nitrogen (BUN), BUN-to-creatinine ratio   , sodium, potassium, chloride, and 
carbon dioxide.     

    (b)     Protein Status  ( Serum Albumin ,  Prealbumin ,  and Transferrin ) 
 Serum hepatic protein (albumin, transferrin, and prealbumin) levels have histori-
cally been linked to nutritional status. Nutritional status and protein intake are 
the signifi cant correlates with serum hepatic protein levels. Evidence has consis-
tently suggested that serum hepatic protein levels correlate with morbidity and 
mortality and thus are useful indicators of severity of illness. Although serum 
hepatic proteins do not measure nutritional repletion (with the exception of pre-
albumin), it has been shown to be useful in identifying those who are the most 
likely to develop malnutrition, even if well nourished prior to onset of illness 
 [  61  ] . Serum proteins provide indirect information about visceral protein levels, 
indicating less hepatic synthesis which is usually a consequence of intake defi -
cits. In cancer patients who are provided nutrition therapy including protein-
sparing diets supplemented with proteins, an increase in serum hepatic proteins 
could signify an anabolic response. With half-lives of prealbumin (2–3 days) 
and serum transferrin (8 days) being relatively much shorter compared to serum 
albumin (15–20 days), changes in response to nutritional therapy can be observed 
within days of repletion  [  62  ] . Serum prealbumin and transferrin are thus consid-
ered relatively more sensitive parameters of the effi cacy on nutrition 
interventions.
    Serum albumin  is the most validated as a prognostic index and readily available 
biochemical parameter used to assess protein status. However, its relatively long 
half-life (14–20 days) makes it slow to respond to dietary interventions. Since 
the intervention period is 12 weeks, we have selected this to measure change in 
visceral protein stores. Perioperative serum albumin has also been observed to 
predict prognosis and survival in colorectal cancer patients undergoing surgical 
treatment  [  63  ] . In a comprehensive review of epidemiological data investigating 
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the prognostic value of serum pretreatment albumin levels and survival in a het-
erogenous group of cancers, Gupta and Lis  [  8  ]  demonstrated the this was an 
excellent prognostic marker and may be used to better defi ne baseline nutritional 
risk in cancer patients. Marin Caro et al.  [  3  ]  observed a signifi cant association 
between patients with low serum albumin levels and nutritional intake.  
   Prealbumin  changes to short-term interventions are best indicated by prealbu-
min since it has a 2-day half-life versus albumin, making it a good indicator for 
early monitoring. Prealbumin is also unaffected by hydration status and, together 
with transferrin, predictive of changes in serum albumin  [  62,   64  ] . Prealbumin 
levels may be reduced with hepatic dysfunction, acute catabolic stress, sepsis, 
surgery, trauma, or severe enteritis or ulcers which may result from cancer treat-
ment or progression of disease versus inadequate intake.  
   Transferrin  is a serum beta globulin protein synthesized primarily in the liver, 
but unlike albumin it is located intravascularly as a transporter of iron, has a 
shorter half-life (8–10 days), and responds more rapidly to changes in protein 
status. Although transferrin levels are affected by iron status, serum transferrin, 
either singly or as part of a multiparameter index, is the  strongest predictor of 
cancer patient mortality and morbidity   [  62,   64,   65  ] . Serum transferrin receptor 
is a marker of severe iron defi ciency only when iron stores are exhausted. Clinical 
studies indicate that serum transferrin is less affected by infl ammation  [  65  ] . The 
limitation of using transferrin as an indicator of nutritional status in cancer 
patients is that serum levels will decrease in chronic infections, acute catabolic 
states, surgery, and with renal impairment.        
 It may be important to recognize the challenge that patients with a syndrome like 

cachexia or with multiple, confounding symptom clusters may have inconsistencies 
in hepatic protein levels. Other potential confounding factors include stage of disease 
and impact of prospective concurrent anticancer therapies including surgery, chemo-
therapy, and radiation therapy. There is substantial evidence of the correlation 
between serum hepatic proteins and infl ammation, making these the most relevant 
biomarkers in CC. Serum transferrin, prealbumin, and albumin have been observed 
as intermediate endpoint biomarkers and independently associated with worse out-
come in cachexia  [  66,   67  ] . Measurements of body composition combined with more 
objective and sensitive measure of protein nutriture is ideal for the biochemical 
assessment of intravascular and visceral protein stores. Over 70% of patients of both 
genders with advanced cancer receiving palliative care have been shown to consis-
tently have below normal serum hepatic protein levels  [  30  ] . Plasma levels of proteins 
(prealbumin, albumin, and transferrin) have been consistently used as indicators of 
protein-calorie malnutrition in the general population  [  62–  70  ] .  

    2.4.2.7   Immune and Inflammatory Markers 
 Unlike anorexia, in CC, there is a range of metabolic responses triggered by infl am-
matory and immunological responses. It is believed that the putative mediators of 
CC are cytokines, and increased expression of tumor necrosis factor and interleu-
kin-6 has been observed in patients with CC. Cytokines will be measured in a panel 
including IL-1, IL-4, IL-6, IL-8, IL-10, GM-CSF, IFN- g , TNF- a , and CRP (BioRad-
Bioplex). All of these biomarkers have been shown to increase with disease, aging, 
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and cytotoxic agents. Though we realize these intermediate endpoint biomarkers of 
cytokines cannot be reliably interpreted, as over 70% of the subjects as observed in 
our preliminary studies were on active treatment with cytotoxic agents, these vari-
ables are important to determine as they may provide useful information and con-
tribute to the better understanding of the mechanistic process. 

 With our knowledge of the basis for some of symptoms such as cachexia observed 
in cancer, other novel markers of infl ammation such as elevated C-reactive proteins 
and systemic infl ammation–based scores such as Glasgow prognostic score, neutro-
phil-to-lymphocyte ratio, and platelet-to-lymphocyte ratio are being evaluated for 
use with cancer patients  [  71  ] . In addition to identifying patients at risk, these infl am-
mation-based scores can potentially provide therapeutic targets in future interven-
tion trials for the treatment of nutritional decline.  

    2.4.2.8   Quality of Life 
 Nutritional related symptoms such as cachexia, anorexia, weight loss, fatigue, cog-
nitive impairment, and gastrointestinal manifestations such as mucositis and diar-
rhea are not only refl ective of nutritional status but, in most cases, also refl ective of 
social isolation and nonprogressive or declining functional status, ultimately impact-
ing quality of life. The evaluation of nutritional status should include an assessment 
of quality of life in order to optimize nutritional treatment for patients’ individual 
requirements. Because of the potentially clinically relevant impact of nutritional 
intervention on quality of life, nutritional care should be included in any antineo-
plastic strategy  [  72  ] . Other factors such as depression and distress have also been 
correlated to poor nutritional intake and compromise nutritional status in the cancer 
patient  [  73  ] . The Rand Short Form (SF)-36  [  74  ]  (Medical Outcomes Study SF36) 
has been used extensively with both general, high-risk, and cancer populations and 
has available norms for mail and telephone versions and comparisons between 
group and individual scores. Scores are calculated and transformed to a 0–100 scale, 
with higher scores indicating increased health status. Reliability of the SF-36 scales 
was measured by Cronbach  a  coeffi cient, and the results ranged from 0.78 in gen-
eral health perceptions to 0.91 in the physical functioning domain.    

    2.5   Nutrition Therapy 

 Once the nutritional needs have been assessed, the best mode of nutritional delivery 
must be determined in consultation with the multidisciplinary team, utilizing the 
expertise of clinical nutritionist and clinical pharmacists. Determinants for options 
of supportive nutrition in cancer patients include presence or absence of functional 
GI tract; treatment plans – surgery, hormonal therapy, radiation therapy, chemo-
therapy, or biological response modifi er therapy;    degree of baseline defi cit; quality 
of life and prognosis; and cost effectiveness/utility  [  75  ] . The choice of nutritional 
support is dependent on the degree of function of the gastrointestinal tract, access, 
patient comfort and motivation, type of therapy, anticipated disease course, duration 
of therapy, anticipated toxicities  [  76  ] , and, most importantly, the choice of the 
patient.    The availability of caregivers, patient’s performance status, and fi nancial 
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resources should also be considered. In spite of the clear understanding of the effec-
tiveness of nutritional therapy on intermediate markers of nutrition status  [  77  ] , the 
ultimate effect on proven clinical outcomes such as morbidity, mortality, quality of 
life, tolerance to therapy, and cancer outcomes are all still limited  [  78  ] . Similarly, 
there is a clear correlation between degree of malnutrition and increased risk of 
perioperative complications in cancer patients undergoing surgery, although the 
benefi cial effects of NST in perioperative patients have been diffi cult to demonstrate 
consistently  [  79  ] . This can be attributed to the complex effects of not only malig-
nancies but also the continuously evolving treatment modalities with novel and tar-
geted agents on the host’s physiological, psychological, and metabolic milieu. In 
addition, these inconsistencies may be in part, due to methodological problems with 
trials performed in this setting, including the use of suboptimal feeding regimens 
and the inclusion of well-nourished patients unlikely to benefi t from nutritional sup-
port regimens  [  79  ] . With our understanding of the metabolic and physiological 
mechanisms involved in the development of cancer and cancer-treatment related 
consequences, nutrition therapy for the cancer patient has now evolved to be an 
integrated, multimodality therapy that includes both pharmacological and nonphar-
macological approaches that need to be individualized for specifi c patient popula-
tions. Nutritional support, addressing the specifi c needs of this patient group, is 
required to help improve prognosis and reduce the consequences of cancer-associ-
ated nutritional decline  [  5  ] . Nutritional intervention or therapy should be considered 
as a supportive measure within the global oncology strategy  [  72  ] . In curative oncol-
ogy care, it contributes to reduced postoperative infection rate, better control of 
cancer-related symptoms, shortened length of hospital stay, and improved tolerance 
to treatment. In palliative care, the nutritional intervention focuses on controlling 
symptoms, thus improving quality of life  [  72  ] . If feasible, pretreatment nutritional 
therapy should be considered. Although earlier studies did not show the benefi t of 
pretreatment nutritional support prior to head and neck radiation therapy  [  80  ] , more 
recent studies have demonstrated benefi t. Additionally, nutritional interventions 
adapted to diets modifi ed based on side effects using oral route, combination of oral 
and tube feedings as with tube feeding only all resulted in improvement in increase 
in caloric and protein intake  [  21  ] , demonstrating the benefi ts of nutritional therapy. 
Intensive nutrition interventions targeted specifi cally for head and neck cancer 
patients receiving radiation therapy improved intake of calories and proteins com-
pared to standard interventions using nutritional education  [  81  ] . Furthermore, 
administration of the supplemented diet before and after surgery seemed to be the 
best strategy to reduce complications and length of hospital stay  [  82  ] . 

    2.5.1   Estimation of Nutritional Needs 

    2.5.1.1   Calories 
 It is well accepted that many malignancies exert a metabolic effect on the host; how-
ever, the diffi culty lies in predicting to what degree metabolic rate is affected due to 
the great variability in individual response as well as type of cancer and  combination 
of therapies. Studies have measured the basal energy expenditure in a variety of  cancer 
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patients. Cancer patients with pancreatic tumors, solid tumors, and liver carcinomas 
have been observed to be hypermetabolic  [  83–  85  ] ; however, other studies have not 
demonstrated a similar pattern in lung, colon, esophageal, and metastatic liver cancers 
 [  60,   86,   87  ] . Although others have demonstrated no differences in basal metabolic rate 
(BMR) between cancer patients and controls, the decrease in energy expenditure that 
is normally seen in starvation and weight loss in healthy men and women could not be 
demonstrated in weight-losing gastric or colorectal cancer patients  [  60  ] . Squamous 
cell carcinoma of the head and neck is associated with signifi cant weight loss prior to, 
during, and after cancer diagnosis and treatment. A meta-analysis of effectiveness of 
nutritional intervention using appetite stimulants, dietary counseling, and prophylac-
tic enteral tube feeding to meet compromised nutritional needs in patients receiving 
radiation and/or chemotherapy support the use of these proactive interventions to opti-
mize nutrition in this population  [  88  ] . However, more randomized clinical trials are 
needed in this area. Caloric and protein supplementation has been shown to improve 
clinical outcomes in general populations, specifi cally in cancer patient populations 
too. Anorexia and weight loss are associated with increased mortality  [  4  ] . Oral sup-
plementation is a simple, noninvasive option to increase nutritional intake in patients 
who are unable to meet nutritional requirements despite counseling  [  19  ]  and modifi -
cation of intake as per tolerance and has shown.    

 The best and most accurate method of determining calorie expenditure is by 
measuring metabolic rate via direct or indirect calorimetry under a variety of condi-
tions. However, these methods are limited by the expense and availability of the 
necessary equipment and the added inconvenience of performing addition diagnos-
tic testing on the already stressed and anxious patient. Another simpler method for 
calculating expected metabolic rate is with a formula developed by Harris and 
Benedict  [  89  ]  (Table  2.3 ). This equation, used in combination with accepted activity 
and stress factors, is widely used for calculating basal energy expenditure in hospi-
talized patients. This method takes into account the patient’s gender, height, weight, 
and age, factors known to infl uence metabolic rate. The accuracy of this equation 
has been verifi ed in validation studies comparing actual measurements and pre-
dicted values of healthy individuals with a mean difference of only 4%  [  89  ] .  

 The calculations of predicted total energy expenditure (TEE) are derived using the 
Harris-Benedict equation multiplied by an activity factor or a stress factor (Table  2.4 ). 
These factors are based on data collected by Long et al.  [  91  ]  measuring the metabolic 

   Table 2.3    Calculating energy requirements   

 Basal energy expenditure (BEE) 
 
    ( ) ( ) ( )For females: 55 9.6 wt in kg 1.7 ht in cm 4.7 age× + × − ×

   
 
    ( ) ( ) ( )For males: 66.5 13.7 wt in kg 5 ht in cm 6.8 age× + × − ×

   
 
    
For weight maintenance needs: BEE 1.15 1.3× −

   
 
    
For weight anabolism needs: BEE 1.5×

   

  Harris and Benedict  [  90  ]   
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response to injury and illness. In order to determine an estimate of energy require-
ments, it is critical to obtain information regarding the patient’s nutritional status, 
treatment, and any additional metabolic stresses as identifi ed in the nutritional assess-
ment. To determine calorie needs in the absence of surgery or infection, as is often 
the case with cancer patients, a factor of 1.15 × BEE can be used for weight mainte-
nance or 1.5 × BEE, for repletion and anabolism  [  92  ]  The average caloric defi cit in 
weight-losing patients observed by us and other teams is approximately 250–400 kcal/
day with signifi cant variations based on stage and severity of disease. In most clinical 
settings, these defi cits in nutritional intake have been compensated by providing 
caloric and protein supplementation with a goal of meeting nutritional needs of the 
individual patient. The average supplementation of 1 cal/mL supplements have not 
shown to improve nutritional status of patients on chemotherapy  [  93,   94  ] . However, 
recent studies using a more calorie-dense (1.5 kcal/mL) and higher protein supple-
mentation have suggested that at least weight stabilization can be achieved  [  95  ] , 
although improvements in lean body mass has not been observed in these studies. 
Our preliminary studies have also demonstrated that high-calorie and high-protein 
supplemental (calorie- and protein-dense) feedings result in substitution of regular 
meals and thus a reduction of caloric and protein intake in this patient population 
who experience early satiety as a symptom cluster with anorexia or cancer cachexia. 
It is important to take into consideration that these guidelines were established sev-
eral decades ago and continue to be used for lack of alternate evidence-based guide-
lines. Because these calculations are an estimate and not based on actual measurement 
of caloric expenditure, the best indicator of adequacy is the patient’s response to the 
nutrition regimen. Monitoring of patient progress and adjustments of calorie goals as 
needed are essential parts or the nutrition care plan.   

    2.5.1.2   Protein 
 Injury and illness are known to produce marked losses of protein as indicated by 
increases in urinary nitrogen excretion  [  89  ] . Acceleration of protein turnover and 

   Table 2.4    Activity and stress factors for calculating total energy expenditure   

 Activity level 
  Bedrest  1.2 
  Low activity  1.3 
  Moderate activity  1.5–1.75 
  Highly active  2.0 
 Injury factors: 
  Minor surgery  1.1 
  Major surgery  1.3 
  Mild infection  1.2 
  Moderate infection  1.2–1.4 
  Sepsis  1.4–1.8 
  Skeletal trauma  1.2–1.4 
  Skeletal or head trauma (treated with steroids)  1.6–1.8 

   Source : From Long  [  89  ]   
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derangements in protein metabolism have also been seen in cancer patients  [  96  ] . 
Protein-calorie defi cits have been shown to contribute to malnutrition in esopha-
geal cancer patients. Provision of exogenous energy and protein has been shown to 
invoke an anabolic response as indicated by an increase in serum prealbumin and 
transferrin level in this patient population  [  62  ] . In contrast to simple starvation 
where the body attempts to spare protein, the opposite is true under conditions of 
metabolic stress such as the cancer process itself or combined with antineoplastic 
therapy. The most accurate method of determining protein requirements in a hyper-
metabolic patient is based on urinary nitrogen loss; however, this is impractical in 
most settings due to the labor intensity involved in collecting 24-h urine specimens 
and fecal specimens for total nitrogen output in addition to accurately calculating 
protein intake. The only setting in which this might be feasible is in critical care. 
The estimated protein requirement is determined based on the degree of protein 
depletion and the metabolic stress factors. For the well-nourished, mildly stressed 
individual, the protein needs may only be 0.8–1.0 g/kg IBW   ; however, with mild to 
moderate depletion combined with metabolic stress, 1.5–2.0 g/kg IBW may be 
required to achieve positive nitrogen balance and protein repletion. Another method 
of estimating protein requirements is by calculating the ratio of nitrogen to nonpro-
tein calories. It is recommended to provide 1 g nitrogen (protein in grams divided 
by 6.25) per 120–150 nonprotein calories for anabolism in the moderately to 
severely malnourished or stressed patient  [  97,   98  ] . As with estimating calorie 
requirements, the best indicator of whether protein needs are being met is with 
monitoring and reassessment for weight gain and nitrogen retention in the mal-
nourished patient and weight maintenance and nitrogen equilibrium in the well-
nourished patient  [  99  ] . Initially, the pathophysiology of CC had two principle 
components – a failure of food intake and a systemic hypermetabolism/hyperca-
tabolism syndrome. Additionally, diets adequate in calories from fats and carbohy-
drates were required in “protein-sparing” quantities for muscle anabolism  [  100  ] . 
Protein intake must also be suffi cient for wound repair, resistance to infection, and 
synthesis of enzymes and plasma proteins  [  101,   102  ] . Supplementation with glu-
tamine, arginine, and branched-chain amino acids appears to support improvement 
in reducing complications and improving treatment outcomes  [  103  ] . Future clini-
cal trials should evaluate the impact of multimodal interventions using, in addition 
to nutrients and appetite stimulants, immune modulatory nutrients for the treat-
ment of malnutrition in well-powered clinical trials. Guidelines for estimating pro-
tein requirements are provided in Table  2.5 . However, as with total calories, these 
calculations are an estimate and not based on actual measurement of protein expen-
diture in cancer patient populations. Thus, the best indicator of adequacy is the 
patient’s response to the nutrition regimen. Monitoring of patient progress and 
adjustments of protein intake goals as needed are essential parts or the nutrition 
care plan.   

    2.5.1.3   Fats/Lipids 
 There are no recommended dietary allowances for lipids and carbohydrates in can-
cer patient populations.  
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    2.5.1.4   Vitamins and Minerals 
 The need for vitamins and minerals is increased in this patient population. Oxidative 
stress and infl ammation contribute to several organ toxicities, including neurotoxici-
ties, after common cancer chemotherapy regimens. Doxorubicin and other platinum-
based therapies have been documented to cause the generation of free radicals and the 
induction of oxidative stress, associated with cellular injury  [  104  ] . The debate contin-
ues as to the safety of antioxidant use  during  chemotherapy to reduce oxidative stress, 
other than a multivitamin-mineral supplement that meets the current USRD   A. 
Increased doses higher than the USRDA may not be recommended based on the safety 
and nutrient-cytotoxic agent interaction concerns, if administered during active ther-
apy. In September 2005, studies were published  [  105,   106  ]  warning against the con-
current use of antioxidants with cytotoxic therapies. Supplementing with antioxidants 
and anti-infl ammatory agents posttreatment may serve to “rescue” tissues from the 
effects of the oxidative damage, in addition to replenishing depleted status of these 
critical nutrients and reversing oxidative damage. However, these theories have not 
been tested in well-powered trials, in clinical trials targeting cancer patients.  

    2.5.1.5   Determining Hydration 
 Daily fl uid replacement is essential, specifi cally in chronically or acutely ill patients 
who are on diuretics, laxatives, or other therapeutic regimens for cancer treatment. 
In addition, dehydration is commonly observed in the elderly as they have reduced 
thirst sensation and diminished water conservation by the kidneys. Nutritionally 
related symptoms as a result of cancer treatment such as diarrhea, inability to swal-
low liquids, or fever may also increase requirements contributing to clinical dehy-
dration. Recurrent urinary tract infections have been documented in hospitalized 
elderly women. A minimum schedule of 30–35 mL fl uid/kg of body weight or a 
minimum of 1,500 mL a day is recommended.       

    2.6   Route of Nutrition Intervention 

    2.6.1   Oral Intake 

 The preferred method of nutrition intervention, the least expensive and least invasive, 
is a standard or modifi ed diet plus oral supplementation  [  107  ] . Several options of 
commercial and homemade recipes are recommended as tolerated and/or preferred by 
the patient. Several pharmacological and nonpharmacological strategies to improve 
appetite and nutritional intake and prevent early satiety are developed with individual 

   Table 2.5    Calculating protein requirements   

 
    
For calculating protein needs : Divide IBW by 2.2 kg of IBW=

   
 
    
For protein maintenance : Multiply 0.8 1.4 kg of IBW− ×

   
 
    
For protein anabolism : Multiply 1.5 kg of IBW×
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patients. However, if patients are unable to consume suffi cient protein and calories for 
greater than 7–10 days with continued decline in nutritional status as indicated by 
serum hepatic proteins, weight loss, and anthropometrics, alternate means of support 
via enteral support or total parenteral nutrition (TPN) may be indicated. Table  2.4  
provides general guidelines/criteria for selection of route of feeding.  

    2.6.2   Enteral Nutrition 

 Enteral nutrition involves the nonvolitional delivery of nutrients by tube into the gas-
trointestinal tract. Patients who cannot, should not, or will not eat adequately, in whom 
the benefi ts of improved nutrition outweigh the risk, and have a functional gastrointes-
tinal tract are candidates for enteral tube feedings  [  108  ] . Enteral feeding provided 
through a tube, catheter, or stoma delivers nutrients distal to the oral cavity (Fig.  2.6 ). 
The chosen route for enteral feedings depends on the patient’s clinical status, risk for 
aspiration, and anticipated duration of tube feeding. Short-term feedings (less than 
3–4 weeks) usually are administered via nasogastric, nasoduodenal, or nasojejunal 
tubes. The nasoduodenal and nasojejunal (postpyloric) routes are preferable to the 
nasogastric route if the patient is at risk for aspiration. A decision to perform a tube 
enterostomy (esophagostomy, gastrostomy, jejunostomy) is usually made for long-
term feedings (>3–4 weeks). Jejunostomy is the preferred approach when the patient 
is at risk for aspiration or is unable to consume adequate calories due to uncontrolled 
nausea or vomiting. If patient is critically ill, timely, early nutritional intervention 
using the enteral route may be benefi cial. If oral intake is not feasible, early enteral 
nutrition may be instituted, especially in head and neck cancer patients  [  19,   109  ] . If 
enteral nutrition is insuffi cient or fails to alter nutritional status, parenteral nutritional 
therapy may be considered, taking into consideration the often-reduced demand for 
exogenous substrates, especially in the critically ill patient  [  110  ] . The impact of tim-
ing of PEG tube placement on clinical endpoints in patients undergoing concurrent 
chemoradiation therapy showed a signifi cant clinical benefi t from early placement for 
nutritional supplementation  [  111  ] . However, the effect of prophylactic GT placement 
on acute and long-term outcomes in patients treated with defi nitive chemoradiother-
apy for head and neck cancer is still not certain, with recent reports demonstrating a 
higher rate of late esophageal toxicity and need for weighing the benefi ts to risk in this 
patient population  [  112  ] . In the ASPEN guidelines for surgical cancer patients, it is 
recommended that EN should not be used routinely in patients undergoing major 
cancer surgery. However, it is recommended that perioperative EN may be benefi cial 
in moderately or severely malnourished patients if administered for 7–14 days preop-
eratively, but the potential benefi ts of EN must be weighed against the potential risks 
of the EN itself and of delaying surgical procedures  [  79  ] .  

 Although concerns about PEG feeding have been documented, specifi c risk 
 factors have been examined. Factors such as cirrhosis and radiation therapy were 
predictors of infection. Post-PEG bleeding and other complications were found to 
be a rare event in a large population-based study. Even in patients taking concurrent 
anticoagulants, no elevated risk was observed with PEG feedings  [  113  ] . Jejunostomy 
tubes (JT) which are usually placed at time of esophagectomy have also been 
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 associated with low morbidity. Although no major contraindications were observed, 
the only absolute indication for JT placement after esophagectomy was a BMI 
<18.5 kg/m 2  or based on the surgeon’s judgment  [  114  ] . More recently, several novel 
methodologies to insert PEGs for long-term feeding of cancer patient populations 
has received attention. The safety of pull-type and introducer-type insertion of PEG 
have been evaluated, and the introducer PEG procedure for long-term tube feeding 
has been found to produce signifi cantly higher complications and mortality rates in 
patients with head/neck or esophageal malignancies treated with chemotherapy and 
radiation therapy compared to pull-type PEG placement  [  115,   116  ] . Techniques for 
PEG placement using the T-fastener gastropexy technique in head and neck cancer 
patients and esophageal cancer patients also resulted in lower overall complication 
rate compared to the pull method  [  117  ] . Enteral nutrition has been shown to reduce 
infectious complications and mortality compared to parenteral nutrition  [  118  ] . 
Although enteral nutrition is generally considered safe, gastrointestinal, metabolic, 
and respiratory complications have been documented  [  79  ] . Inappropriate formula 
advancement or feeding interruptions may result in underfeeding. Gastrointestinal 
intolerance is often due to improper methods of feeding, such as bolus delivery into 
the small intestine. The most common problems associated with enteral feedings 
can be minimized or prevented through proper formula preparation and equipment 
selection, controlled administration, and monitoring. A reduced incidence of meta-
bolic abnormalities and other improved outcomes of enteral nutrition have been 
demonstrated when patients are managed by a multidisciplinary team. Figure  2.6  
below provides examples of placement of nasogastric tube feedings (Table     2.6 ).   

  Fig. 2.6    Insertion and feeding points for nasogastric feeding tubes       
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    2.6.3   Parenteral Nutrition 

 In patients where enteral nutrition is not feasible nor tolerated, parenteral nutrition 
offers the possibility of increasing or ensuring nutrient intake  [  78  ] . The ESPEN 
guidelines  [  119  ]  on enteral nutrition in oncology recommends that several of the 
indications for parenteral nutrition are similar to those for enteral nutrition (weight 
loss or reduction in food intake for more than 7–10 days), but only those who, for 
whatever reason, cannot be fed orally or enterally are candidates to receive paren-
teral nutrition. Other groups where short-term parenteral nutrition is recommended 
are in patients with CC using a high fat-to-glucose ratio may be advised because 
these patients maintain a high capacity to metabolize fats and in patients with acute 
gastrointestinal complications from chemotherapy and radiotherapy. Long-term 
(home) parenteral nutrition has been found to be critical in patients with subacute/
chronic radiation enteropathy. Other patient populations that have shown to benefi t 
from home PN are incurable cancer patients who are hypophagic/(sub)obstructed 
patients (if there is an acceptable performance status) if they are expected to die 
from starvation/undernutrition prior to tumor spread  [  119  ] . In a study to evaluate the 
effects of TPN and EN on biochemical and clinical outcomes in pancreatic cancer 
patients who underwent pancreaticoduodenectomy (PD), Liu et al.  [  120  ]  observed 
that although there were no preoperative differences between the groups, signifi cant 
differences in liver and kidney function parameters were observed with incidence of 
pancreatic fi stulas and hemorrhages signifi cantly greater in the TPN group com-
pared to the EN group. Although the specifi c criteria for using TPN instead of PN 
in the fi rst place are not indicated and the sample size of the target population was 
small, these studies demonstrate that EN is a better choice if the gut is functioning 
versus TPN in this patient population  [  120  ] . Others have examined if early preop-
erative enteral nutrition improved postoperative course, since most patients post-PD 
have symptoms of nausea, diarrhea, and abdominal distention presenting challenges 
to initiate PN. In a pilot trial to examine both EN and EN plus TPN in this target 
group, the rate of discontinuance was signifi cantly greater in the EN group com-
pared to the EN plus TPN group, with no differences in the infection rate between 
the two groups  [  121  ] . The ESPEN  [  119  ]  guidelines recommend that perioperative 
parenteral nutrition only be used in malnourished patients if enteral nutrition is not 
feasible. In nonsurgical, well-nourished oncologic patients, routine parenteral nutri-
tion is not recommended, since it has not offered any advantage and is associated 
with increased morbidity. A benefi t, however, is reported in patients undergoing 
hematopoietic stem cell transplantation  [  119  ] . The benefi t of administering TPN as 
means of support or for repletion of nutritional status continues to remain controver-
sial due to the lack documentation for a favorable impact of TPN on response to 
therapy or survival. The decision to use TPN as an adjunct to therapy remains a mat-
ter of clinical judgment. However, malnourished patients unable to tolerate enteral 
feedings with a clear response or potential response to antineoplastic treatment are 
usually considered candidates for parenteral support, taking into consideration 
problems and challenges identifi ed in patient populations with organ failure, circu-
latory disorders, and effects of other therapies used and tumor effects.   
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    2.7   Reassessment and Follow-up Nutritional Care 

 Improved management of malnutrition with nutritional therapy may require a mul-
timodal intervention by multidisciplinary teams using a comprehensive and inte-
grated approach. Initial screening and knowledge of treatment trajectory of the 
cancer patient should guide a plan for reassessment of the cancer patient at regularly 
planned intervals. Subjective and objective data on progress and response to nutri-
tional therapy may be assessed using the indicators used in the comprehensive nutri-
tional assessment. Newly developed symptoms resulting from treatment or 
progression of disease may require additional monitoring or revision of nutritional 
therapy. Nutritional reassessment is also indicated in those patients initially identi-
fi ed at low or no risk for malnutrition. Criteria for reassessment in this group is 
indicated when treatment symptoms are anticipated or develop; a defi ciency in 
nutritional intake is observed compared to assessed requirements; patient exhibits 
nutritional symptoms such as nausea, vomiting, and diarrhea; or patient is on serial 
treatment regimens that have been shown to increase nutritional risk. Reassessment/
reevaluation for monitoring and evaluation of nutritional therapy must include mon-
itoring of clinical, functional, dietary, and behavioral outcomes that were identifi ed 
by the comprehensive nutritional assessment.  

    2.8   Patient and Family Communication/Education 

 The goals of nutritional therapy, the outcome measures planned, and strategies to 
achieve these goals, as well a time frame within which these goals can be achieved, 
must be communicated both to the patient as well as the interdisciplinary medical 
team throughout the continuum of cancer care. Patient education may include infor-
mation about the results of nutritional assessment, planned nutritional therapy and 
patient’s role in planning this therapy, symptoms that can be anticipated based on 
treatment regimen, and strategies to manage symptoms. Patient and family educa-
tion, proactively, has been the single most important component of managing nutri-
tion therapy in cancer patients. Patients must be educated on reporting symptoms 
and not take for granted that these symptoms are a part of cancer treatment. 
Approaches to education of patient and family, enhanced problem solving skills, 
stress management, psychosocial support, peer group support to improve mood and 
coping response, psychotherapy, and tailored behavioral interventions have shown 
promise in reducing symptoms of cancer.  

    2.9   Communication with Interdisciplinary Team 

 Ongoing    communication/education as to the rationale of nutritional therapy must be 
communicated to all members of the health-care team including the attending phy-
sician, social worker, speech therapist, physical therapist, dietitian, and nursing 
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staff, and the patient’s family or caregiver is essential in developing and implement-
ing the best possible care plan for the patient. Physician-nurse communication has 
been identifi ed as one of the main obstacles to progress in patient safety. Breakdowns 
in communication between physicians, nurses, and members of the health-care team 
often result in errors, many of which are preventable  [  122  ] . Clear and complete 
communication between health-care providers is a prerequisite for safe patient man-
agement  [  123  ] . These studies have continued to support the development of struc-
tured communication interventions to improve quality of nurse-physician 
communication. Errors in dose of chemotherapy, medications, and other treatment 
are preventable if communication is structured, timely, and thorough. When referral 
is made to dental health, radiology, nutritionists, or other health professionals for 
pretreatment, specifi c information about patient’s diagnosis, anticipated start date 
and restrictions to medications or therapeutic procedures, and contact information 
for further questions must be provided by the lead medical oncologist to maximize 
the effectiveness of service provided by other team members. With outstanding 
communication devices and systems in place, timely communication between team 
members should not present a challenge.  

    2.10   Future Directions 

 It is clear that patients with       cancer and those who receive treatment for cancer are 
at a nutritional risk throughout the continuum of cancer. Nutritional screening, 
assessment, support, and reassessment should be considered a valuable measure 
within the overall oncology strategy. Despite extensive research in the fi eld of clin-
ical nutrition, examining the value of nutritional interventions in specifi c cancers 
and treatments, defi nite guidelines to base rational nutritional assessment and sup-
port in cancer patients are still debated. This may be attributed to a dynamic envi-
ronment in oncology, where novel agents and treatment modalities – chemotherapeutic 
agents, radiation therapy, chemoradiation, immune    therapies, and targeted thera-
pies – have fl ooded the practice of clinical oncology. Although the focus of clinical 
oncologists continue to be in the treatment of cancers and improving morbidity and 
mortality in the cancer patient, they rely upon the expertise and partnership of their 
multidisciplinary teams to provide supportive care to their patients. Future research 
testing effectiveness of cancer treatment approaches should also include in paral-
lel, an integrated evaluation of safety and effectiveness of supportive care 
approaches to manage symptoms and comorbidities. The results of these studies 
can inform the practice of nutritional and other supportive care that can signifi -
cantly impact treatment outcomes and quality of survival in the cancer patient. The 
following chapters comprehensively examine some of the most common symp-
toms of cancer and treatments which have an implication on nutrition status and 
examine their signifi cance, prevalence, etiology, current treatment strategies, and 
guidelines for management in a clinical setting using an integrated, multidisci-
plinary approach.      
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  3      Cancer Anorexia (CA)       

                       

  Core Messages 
 Anorexia can be defi ned as a lack of appetite or loss of desire to eat resulting 
in the involuntary decline in food intake contributing to malnutrition. Although 
cancer cachexia and cancer anorexia have been used synonymously in research 
literature, there are distinct differences between the two symptoms observed 
in cancer patient populations. In cancer anorexia, without cachexia, metabo-
lism is almost normal, and nutritional defi cits and symptom management can 
be achieved. If a patient with cancer anorexia continues to develop or demon-
strate persistent metabolic disturbances, it is likely that this patient is cachec-
tic and should be screened, staged, and treated for cancer cachexia with 
anorexia. 

 It is estimated that greater than 50% of cancer patients may suffer from 
cancer anorexia involving cancer-induced or treatment-related anorexia. This 
condition may be higher in advanced cancer patient and patients with pancre-
atic, head and neck, and gastrointestinal cancers. Myeloablative conditioning 
regimens commonly lead to prolonged anorexia and poor oral intake. 

 The pathogenesis of anorexia, like cancer cachexia, is complex and multi-
factorial, with three potential explanatory models existing with regard to the 
etiology of cancer anorexia. 

 Anorexia or reduction of nutritional intake has been reported to be tumor-
related as well as treatment-related. Stenosis of the GI tract, dysphagia, previ-
ous surgery or an abdominal tumor, and pancreatic as well as gastric resections 
can lead to anorexia. Anorexia may be worsened by the side effects of treat-
ment such as alterations in taste sensation and decreased taste and smell of 
food as a result of chemotherapy and radiation therapy, especially in patients 
treated for head and neck cancers. Anorexia can also result from a learned 
aversion to food because of treatment-related symptoms such as nausea, vom-
iting, or diarrhea. Symptoms of constipation, poor GI motility, and malab-
sorption can also contribute to early satiety and reduced food intake. 
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    3.1   Definition/Description 

 Anorexia can be defi ned as a lack of appetite or loss of desire to eat resulting in the 
involuntary decline in food intake contributing to malnutrition  [  1,   2  ] . Although can-
cer cachexia (CC) and cancer anorexia have been used synonymously in research 
literature, there are distinct differences between the two symptoms observed in can-
cer patient populations. Anorexia, although often present in cancer cachexia, is 
insuffi cient to account for the metabolic abnormalities and wasting of skeletal mus-
cles observed in cachexia. CC is a pathological syndrome where loss of muscle 
(skeletal and visceral) and fat occurs, manifested in the cardinal feature of emacia-
tion, weakness affecting functional status, impaired immune system, and metabolic 
dysfunction  [  3–  8  ] . On the other hand, massive depletion of skeletal muscle does not 
occur during anorexia, unless cancer anorexia is not identifi ed and treated. In addi-
tion, cachexia can occur without anorexia  [  8  ] . Anorexia clearly contributes to weight 
loss and malnutrition in the cancer patient population and complicates treatment 
course and poor outcomes in cancer patients, especially if identifi ed at the time of 
cancer diagnosis. Systematic reviews of the evidence of symptom management of 

 Others have associated anorexia to perturbations of the physiological reg-
ulation of eating behavior at the hypothalamic level. This model is character-
ized by the release of endogenous transmitter substances or products of 
tumors leading to anorexia and cancer cachexia. Regulation of appetite is 
altered in cancer patients because of the central effects of cytokines or tumor 
peptides. 

 The third model takes into account the social and psychological etiology 
of cancer anorexia and has attributed depression and distress due to disease 
diagnosis and the burden to them and their families during treatment to be 
major contributor. Dementia and mood disorders have also been observed to 
contribute to loss of appetite or inadequate intake. Lack of support, social 
deprivation, or isolation also increases risk and has been associated with 
weight loss. 

 Irrespective of the etiology, cancer anorexia can contribute to malnutri-
tion and poor clinical outcomes in cancer patients, in addition to contribut-
ing to distress in both the patient and care takers. Recent studies have also 
shown that advanced malnutrition resulting from anorexia is much more 
diffi cult to treat in the elderly than in younger adults, and the consequences 
of failure to correct malnutrition delay recovery and have a signifi cant 
impact on functional dependence and quality of life. Similar to cancer 
cachexia, cancer anorexia continues to be an important problem in clinical 
oncology. 
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cancer-related anorexia and cachexia indicate that nutritional repletion does not 
result in improved nutritional status, tumor response, survival, or quality of life  [  9  ]  
in cancer cachexia. In addition, nutritional supplementation does not replace loss of 
lean body mass  [  8,   9  ]  in cancer cachexia. On the other hand, cancer anorexia, in 
most cases, is specifi cally reversible with nutritional support and treatment of con-
tributing etiology. Appetite loss alone is not usually distressing to patients as it is to 
patient families  [  10  ] . However, anorexia coupled with hypermetabolic state of 
malignancy that leads to rapid and dramatic changes in body composition and 
weight can be psychologically damaging to patients and their families  [  9  ] , in addi-
tion to contributing substantially to malnutrition. Data consistently indicate that this 
degree of malnutrition reduces responsiveness to chemotherapy and radiation ther-
apy, increases perioperative morbidity in cancer patients, worsens their quality of 
life, and indeed diminishes survival  [  11,   12  ] .  

    3.2   Prevalence 

 It is estimated that greater than 50% of cancer patients may suffer from cancer 
anorexia involving cancer-induced or treatment-related anorexia. This condition 
may be higher in advanced cancer patient and patients with pancreatic and gastro-
intestinal cancers  [  1–  9,   13  ] . Studies have shown that patients with gastrointestinal 
malignancies as a result of anorexia have a higher prevalence of weight loss before 
surgery and during the fi rst postoperative months with an additional 10% unplanned 
weight loss reported in this population  [  14–  18  ] . Similarly, higher prevalence of 
anorexia is observed in patients with head and neck cancers  [  19,   20  ] . Over 85% of 
pancreatic cancer patients experience anorexia. Myeloablative conditioning regi-
mens commonly lead to prolonged anorexia and poor oral intake. Over 92% sig-
nifi cantly reduced caloric intake  [  21  ] . Anorexia may occur early in the disease or 
later, if the cancer grows or spreads. Some patients already have anorexia when 
they are diagnosed with cancer. Almost all patients who have advanced cancer will 
have anorexia. Anorexia is the most common cause of malnutrition in cancer 
patients. Dewys et al.  [  22  ]  reported that a weight loss of >5% prior to chemother-
apy  [  23  ]  may be a defi ning point for the poor response to therapy, interruption of 
serial treatment, and survival. Recent studies have also shown that anorexia, simi-
lar to CC, is much more diffi cult to treat in the elderly than in younger adults, and 
the consequences of failure to correct malnutrition delay recovery and have a sig-
nifi cant impact on functional dependence and quality of life in this patient popula-
tion  [  24  ] . Recent studies have also shown that advanced malnutrition resulting 
from anorexia is much more diffi cult to treat in the elderly than in younger adults, 
and the consequences of failure to correct malnutrition delay recovery and have a 
signifi cant impact on functional dependence and quality of life  [  7,   8,   25  ] . Similar 
to cancer cachexia, cancer anorexia continues to be an important problem in clini-
cal oncology.  
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    3.3   Etiology and Potential Mechanisms 

 The pathogenesis of anorexia, like cancer cachexia, is complex and multifactorial, 
with three potential explanatory models existing with regard to the etiology of can-
cer anorexia. 

    3.3.1   Tumor- and Treatment-Related Etiology of Anorexia 

 Anorexia or reduction of nutritional intake has been reported to be tumor-related as 
well as treatment-related. Stenosis of the GI tract, dysphagia, and previous surgery 
may affect the digestive capacity, or an abdominal tumor mass disturbance of the 
motility or repeated (sub) ileus may contribute to nausea and vomiting and therefore 
to reduced nutrient intake  [  26  ] . Pancreatic as well as gastric resections can result in 
pancreatic exocrine and endocrine insuffi ciency, creating major nutrition problems 
such as steatorrhea and hyperglycemia that may impede nutritional intake. Extensive 
resection of the small bowel can lead to malabsorption, whereas small resections of 
the bowel usually do not lead to major nutrition problems  [  27  ] . Anorexia may be 
worsened by the side effects of treatment such as alterations in taste sensation and 
decreased taste and smell of food as a result of chemotherapy and radiation therapy, 
especially in patients treated for head and neck cancers. Anorexia can also result 
from a learned aversion to food because of treatment-related symptoms such as 
nausea, vomiting, or diarrhea. Symptoms of constipation, poor GI motility, and mal-
absorption can also contribute to early satiety and reduced food intake. Physical 
limitations due to a head and neck tumor may limit or impair swallowing ability or 
dysphagia caused by treatment-related factors such as radiation or surgery may limit 
intake of foods  [  19,   28,   29  ] . Pain due to    stomatitis, dyspnea, or delirium may also 
contribute to symptoms of anorexia. Central and peripheral mechanisms may be 
involved in the genesis of early satiety contributing to anorexia  [  30  ] . These would 
include central sensory-specifi c satiety, food aversions, diurnal changes in intake, 
gastric motility and accommodation, and as gastrointestinal hormones. Early sati-
ety, increased brain tryptophan, dysfunctional hypothalamic membrane adenylate 
cyclase  [  9  ] . Hospitalization, surgery, radiation, and chemotherapy can also lower 
appetite and decrease food intake  [  31  ] .  

    3.3.2   Perturbations of the Physiological Regulation of Eating 
Behavior as Etiology of Anorexia 

 Others have associated anorexia to perturbations of the physiological regulation 
of eating behavior at the hypothalamic level  [  2,   32  ] . This model is characterized 
by the release of endogenous transmitter substances or products of tumors leading 
to anorexia and cancer cachexia. Regulation of appetite is altered in cancer patients 
because of the central effects of cytokines or tumor peptides. Energy intake  
is controlled by the hypothalamus, where peripheral signals on energy intake 
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(e.g., ghrelin, CCK) and adiposity status (e.g., insulin, leptin) are signaled. In the 
hypothalamus, particularly in the arcuate nucleus, this information is transduced 
into behavioral responses  [  32  ] . In cancer-free populations, peripheral signals are 
integrated by the hypothalamus to modulate energy intake. However, in cancer 
patients, increased cytokine expression in the brain prevents the hypothalamus 
from responding appropriately to these peripheral signals. Anorexigenic systems 
are persistently activated, inhibiting prophagic pathways  [  33  ] . Hypothalamic 
monoaminergic neurotransmission has been reported to contribute to these effects 
 [  34  ] . Because of their central role in energy homeostasis, a number of studies 
have also investigated the role of the prophagic (orexigenic) signal neuropeptide 
Y (NPY) in the pathogenesis of cancer anorexia. In weight-loss conditions, NPY 
is important in stimulating hunger and hyperphagia. Leptin and insulin are capa-
ble of blocking NPY production, and, vice versa, increased NPY decreases leptin 
and insulin production. Next to orexigenic also anorexigenic signals are involved 
in energy homeostasis. The hypothalamic anorexigenic neuropeptides melanocor-
tin, CFR, and  a -MSH, which is a product of proopiomelanocortin, have a role in 
normal control of food intake.  a -MSH induces anorexia by activating the recep-
tors MC3R and MC4R, which are both expressed in the hypothalamus and other 
brain regions. The inability of the hypothalamus to respond appropriately to con-
sistent peripheral signals in cancer anorexia seems to be related to the central 
effect of cytokines  [  35  ] . Barrett et al.  [  36  ]  recently demonstrated that peptides 
containing leptin sequences 1–33 r 61–90 are taken up by the rat brain and recently 
examined if these affect food intake and body weight in mature rats. They con-
clude that peptides 1–33 and 61–90 indeed acted as leptin antagonists signifi -
cantly stimulating food intake and body weight increases. In animal studies, a 
negative correlation was observed between cerebrospinal fl uid IL-1 a  and a tumor-
bearing rat model  [  37  ] , and intrahypothalamic microinjections of IL-1 receptor 
antagonist (IL-1ra) were associated with improvement in food intake in sarcoma-
bearing rats  [  38  ] . In other studies in prostate tumor–bearing mouse models, 
upregulation of IL-1 b  mRNA in their brain regions was associated to develop-
ment of anorexia. Treatment-related anorexia has been widely reported where 
cancer chemotherapeutic drugs have been demonstrated to increase proinfl amma-
tory cytokines and anorexia. Malone et al. observed a signifi cant elevation of 
plasma cytokines that affect appetite (IL-2, IL-6, TNF a ) and associated anorexia 
in patients undergoing myeloablative conditioning regimens. Etoposide (VP16) 
administration increased serum IL-6 in healthy mice and induced anorexia, loss of 
body weight, and decreased hemoglobin levels and voluntary wheel-running 
activity  [  39  ] . Although the role of cytokines in cancer anorexia is elegantly dem-
onstrated in preclinical models, these correlations have been inconsistent in clini-
cal trials  [  40  ] . These inconsistencies in translating the preclinical evidence to 
clinical trials may be potentially attributed to a lack of clear distinction made in 
patient selection in these trials—targeting those with cancer anorexia or cancer 
cachexia with anorexia. With recent advances in this distinction in the diagnosis, 
future studies targeting these specifi c populations may provide more succinct and 
valid data on the association of cytokines to anorexia. 
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    3.3.3   Psychosocial Etiology of Anorexia 

 The third model takes into account the social and psychological etiology of cancer 
anorexia and has attributed depression and distress due to disease diagnosis and 
the burden to them and their families during treatment to be major contributor 
 [  8,   41–  45  ] . Dementia and mood disorders have also been observed to contribute 
to loss of appetite or inadequate intake  [  42  ] . Psychosocial support for manage-
ment of cancer and symptoms has shown to benefi t for both patients and their 
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family members  [  41,   46–  48  ] . The need for a support system consisting of family, 
peers, and friends is a common thread in every culture and has been quantitatively 
assessed and equated with hope. Factors such as impediments due to personal, 
family, caregiver, or insurance issues that could interfere with symptom manage-
ment must be discussed and resolved  [  46  ] . On the other hand, emotional suppres-
sion and distress through helplessness/hopelessness and stress can increase 
distress and depression with cancer diagnosis. Individuals who live alone have 
been shown to be at risk of having a poor intake  [  47  ] . Social deprivation or isola-
tion also increases risk and has been associated with weight loss  [  41  ] . Social net-
works play a role in the maintenance of adequate food intake, and socialization 
results in increased food intake during a meal. Research has drawn attention to the 
challenges that patients receiving treatment for head and neck cancers experience, 
including the physical and emotional impact of diagnosis and treatment, weight 
loss, challenges related to eating, and strategies used by patients to address nutri-
tional problems. It is clear that patients experience physical, emotional, and social 
losses associated with a changed meaning of food. Acknowledging the signifi -
cance of eating problems and the changed meaning of food is required in order to 
provide patients with the appropriate support, strategies, and interventions to 
manage with the changes and losses  [  48  ] . The goal of psychosocial support is thus 
to provide tools to manage stress, encourage social interaction during meal times, 
and proactively educate patients with regard to anticipated symptoms that they 
may experience, while providing strategies to cope with these scenarios. 
Approaches to education of patient and family, enhanced problem-solving skills, 
stress management, psychosocial support, group support to improve mood and 
coping response, psychotherapy, and tailored behavioral interventions have shown 
promise in reducing symptoms of cancer. 

 More recently, measurement of the quality of symptom management and end-of-
life care has received signifi cant attention as this could help provide a basis for 
improving supportive care for advanced cancer patients, where psychosocial issues 
are critical to quality of life of patients as well as caregivers. In a pilot evaluation of 
a comprehensive set of 92 supportive oncology quality indicators, Cancer Quality-
ASSIST, including outpatient and hospital indicators for symptoms commonly 
related to cancer and its treatment and information and care planning, the authors 
successfully identifi ed 41 that were feasible, reliable, and valid to be used for 
patients with advanced cancer in these settings. This set of indicators shows promise 
for describing key supportive care processes in advanced cancer  [  45  ] .   

    3.4   Current Therapies for Cancer Anorexia 

 Over the years, anorexia, reduced food intake  [  8,   25  ]  leading to malnutrition and 
consequences of malnutrition, has been well recognized and documented in cancer 
patients at diagnosis, during treatment as well as posttreatment and recovery period. 
It has also been clear that reversal of anorexia can impact patient’s quality of life 
and functional status facilitating improvements in treatment outcomes. Although 



50 3 Cancer Anorexia (CA)

the pathogenesis of anorexia is multifactorial, the etiology for the large part has 
demonstrated four key principles, based upon which it is feasible to develop and 
implement a therapeutic approach to treating cancer patients with anorexia. In can-
cer anorexia, without cachexia, metabolism is almost normal, and nutritional defi -
cits and symptom management can be achieved. If a patient with cancer anorexia 
continues to develop or demonstrate persistent metabolic disturbances, it is likely 
that these patients are cachectic and should be screened, staged, and treated for 
cancer cachexia with anorexia. 

    3.4.1   Timing of Diagnosis and Intervention 

 The fi rst principle is that timing of intervention may be critical as anorexia is identi-
fi ed at diagnosis, worsens in some populations during treatment, and has residual 
effects posttreatment. In advanced cancer patients, anorexia may be recognized as 
an initial symptom of the development of cancer cachexia syndrome. The second 
principle is to screen and comprehensively assess all symptoms at admission. Once 
symptoms are identifi ed, treating underlying causes when benefi ts exceed risk and 
prioritizing treatments is critical  [  49  ]  since it is now recognized that multiple symp-
tom clusters occur with anorexia  [  50,   51  ] . Thirdly, since cancer patients are hyper-
metabolic and their anorexia is exacerbated with increased caloric needs, the optimal 
nutritional approach should also be multifaceted combining a nutrition counseling, 
nutritional intervention, and drug therapy to improve appetite, taking into consider-
ation other symptom clusters that are identifi ed in these patients  [  49,   52–  54  ]  that 
may have implications in providing nutritional support. Some of the major factors 
that may impact nutrition interventions are tumor and treatment location that will 
impact route of feeding, cancer pain requiring preparing the patient prior to feed-
ings/mealtimes, or dysphagia that will impact consistency of food intake or route of 
feeding. Studies report that optimum dietary intervention and reversal of anorexia 
can be achieved if interventions are specifi cally targeted to alleviate symptoms con-
tributing to anorexia and meet increased dietary needs of macro- and micronutri-
ents, providing an appetite stimulant to ensure that nutritional intake is suffi cient to 
stabilize and enhance nutritional status. With the emerging data on the pathogenic 
mechanism and role of cytokines and tumor-derived factors in cancer anorexia, 
supplementing diets with those nutrient-derived substances that target the infl amma-
tory pathways has demonstrated some success in early clinical trials  [  2,   36,   52–  55  ] . 
More recently, in a phase II dose titration study of thalidomide, also an immune 
modulatory agent was used to treat cancer-associated anorexia. Davis et al.  [  30  ]  
treated 35 subjects with 50 mg PO thalidomide for 14 days and observed that this 
agent reduced multiple symptoms associated with cancer anorexia and improved 
quality of life. Last, but not least, studies have demonstrated that it may be impor-
tant to identify social and psychological etiology of anorexia and provide psychoso-
cial support for patients with cancer anorexia. These interventions have demonstrated 
benefi t to both the patient and their caregivers  [  41,   42,   56  ] .  
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    3.4.2   Nutrition Supplementation 

 The average caloric defi cit in weight-losing patients observed by us and other teams 
is approximately 250–400 kcal/day, although signifi cant variations can exist among 
patients with severe illness and later stage disease. In most clinical setting, these 
defi cits in nutritional intake have been compensated by providing calorie and pro-
tein supplementation with a goal of meeting nutritional needs of the individual 
patient. The average supplementation of 1 cal/ml supplements has not shown to 
improve nutritional status of patients on chemotherapy  [  20,   57  ] . However, recent 
studies using a more calorie dense (1.5 kcal/ml) and protein supplementation have 
suggested that at least weight stabilization can be achieved  [  6  ] , although improve-
ments in lean body mass have not been observed in these studies. Our preliminary 
studies have also demonstrated that high-calorie and high-protein supplemental 
(calorie/protein dense) feedings result in substitution of regular meals and thus a 
reduction of caloric and protein intake in this patient population who experience 
early satiety as a symptom cluster with anorexia. However, since these patients are 
hypermetabolic and have irregular feeding patterns, enhancing appetite using appe-
tite stimulants, it may be important to make available to them a variety of dense 
high-calorie and high-protein supplements to prevent intake defi cits and, at a mini-
mum, stabilize weight loss. Supplementation with omega-3 fatty acids stabilized 
weight and offered benefi ts verifi able with improvements in biochemical markers of 
protein status, functional and clinical markers  [  1,   53  ] . Supplementation with glu-
tamine, arginine, and branched chain amino acids appears to support improvement 
in reducing complications and improving treatment outcomes  [  53  ] . However, 
although these early studies appear promising, there is a signifi cant need for well-
powered, randomized clinical trials to confi rm these early provocative results.  

    3.4.3   Appetite Stimulants and Other Pharmacotherapies 
to Treat Anorexia 

 To ensure adequate intake, other approaches have included providing appetite stim-
ulants such as progestogens, cannabinoids, corticosteroids, and antidepressants in 
addition to nutritional supplementation. The most common agent used to enhance 
patient appetite is orexigenic agents such as megestrol acetate (MA) which acts by 
reducing cytokine production. In a meta-analysis by Berenstein and Ortiz  [  58  ] , the 
effectiveness, effi cacy, and safety of megestrol acetate for the treatment of anorexia 
in cancer was evaluated. This analysis showed a benefi t of megestrol compared with 
placebo, particularly with respect to appetite improvement and weight gain in can-
cer patients. In another meta-analysis by Lesniak et al.  [  59  ] , they observed that 
although megestrol reduced symptoms of anorexia, there were no improvements in 
survival. In a study of elderly patient, similar results were observed with megestrol. 
However, treated elderly patients reported signifi cantly greater improvement in 
appetite, enjoyment in life, and well-being  [  60  ] . MA also decreased the rate of 
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 protein degradation in incubated isolated skeletal muscles. Real-time PCR analysis 
revealed that MA treatment resulted in a decrease in ubiquitin, E2, and atrogin-1 
mRNA content in muscles, therefore suggesting that the main antiproteolytic action 
of the drug may be based on an inhibition of the ATP-ubiquitin-dependent prote-
olytic system  [  61  ] . The drug also improved appetite, weight loss, total physical 
activity, and grip force. With the exception of a few small studies, these studies have 
been of poor quality using heterogeneous populations of subjects and have not col-
lected valid and reliable data on markers of protein status nor have they observed 
any meaningful gain in lean body mass. In addition, megestrol acetate is also associ-
ated with a reduction in steroid hormones which results in decline in muscle mass 
and an increase in fat mass  [  1,   8,   10,   62–  67  ] . Addition of olanzapine (Zyprexa) to 
megestrol was associated to improved appetite and weight gain in advanced cancer 
patients  [  67  ] . Although optimum dose of 800 mg/day of megestrol acetate provided 
the best evidence for improved appetite and weight gain, doses as low as 80–160 mg 
a day were also benefi cial  [  65  ] . Other common agents include dronabinol, a can-
nabis derivative, demonstrated to enhance appetite and mood in cancer patients  [  10, 
  62–  64  ] . In a small open-label study, doses ranging from 7.5 to 15 mg of dronabinol 
a day improved appetite and were tolerated well  [  68  ] . However, at a lower dose of 
5 mg/day used in a multicenter, randomized clinical trial, no improvement in appe-
tite was observed  [  69  ] . In a pilot retrospective chart review  [  70  ]  of 156 patients 
diagnosed and treated for cancer anorexia, we evaluated the prevalence, type, and 
effectiveness of appetite stimulants used at our Cancer Center. We observed this 
patient population for a 12-week period. All subjects in the study were provided 
with high protein and calorie supplementation in addition to their regular diets to 
meet their nutritional needs. The most common appetite stimulants used in this 
patient population were cannabinoids (50%), steroids (24%), and megestrol (26%). 
Our studies showed no improvement in serum albumin or skeletal proteins with 
supplementation and appetite stimulants. In contrast, serum albumin levels decreased 
in all groups receiving progestogens (2.9–2.8 mg/dl), cannabinoids (3.4–3.3 mg/dl), 
and corticosteroids (3.0–2.5 mg/dl). No improvement in immune markers (WBC 
count) was observed. We observed no signifi cant changes in weight, with the excep-
tion of an increase in weight in subjects on cannabinoids. We attributed this increase 
in weight, in the absence of improvements in visceral and skeletal proteins, to alter-
ations in hydration status, infl ammation, and edema. Weight is thus not considered 
a valid marker in these advanced cancer patients on treatment. Over 33% of these 
subjects were diagnosed with lung cancer, and all were on active treatment for can-
cer  [  10  ] . In a large randomized trial, megestrol at a dose of 800 mg/day was observed 
to be superior to dronabinol for treating anorexia  [  71  ] . In addition, the pharmacoki-
netics of this agent in cancer patients on treatment has never been examined. In 
addition, mood alterations secondary to drug can be confused with dementia, espe-
cially in subjects who have never used cannabinoids in the past. More recently, 
antidepressants such as Remeron have been used to treat depression, which may be 
a major reversible contributor of weight loss in patients with anorexia attributed to 
distress due to diagnosis and the burden of treatment and consequences. A growing 
body of evidence is emerging with other novel compounds such as ghrelin, a peptide 
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hormone secreted in the stomach, as well as parathyroid hormone–related proteins 
as appetite stimulators in animal models with promising results to be considered for 
future evaluation for the treatment of anorexia.  

    3.4.4   Increase Lean Body Mass with Physical Activity 

 Other strategies include increasing physical activity, aerobic and anaerobic, as a 
nonpharmacological means to improve muscle and bone mass  [  72–  75  ]  similar to 
those recommended for cancer cachexia. In spite of a number of cancer patients 
reporting fatigue, there is some preliminary evidence that at least some cancer 
patients are willing and able to tolerate physical activity interventions, with some 
patients demonstrating improvement in select supportive care outcomes postinter-
vention with physical activity interventions  [  76  ] . Since energy expenditure in 
anorexia is frequently increased while energy intake is decreased, physical activity 
interventions should be initiated with caution and attention paid to achieving opti-
mal energy balance. Relaxation, hypnosis, and short-term psychotherapy have some 
benefi ts with regard to treatment of anorexia  [  56  ] . However, methodologically rig-
orous future clinical trials in a substantial number of cancer patients using valid 
outcome markers are required to advance this area of research. More recently, mul-
timodal approaches combining physical activity along with traditional approaches 
to treat both anorexia and cancer cachexia suggest potential improvement in overall 
improvement in physical function and quality of life  [  56,   73–  77  ] . Future large scale 
studies will be required to confi rm these initial results.   

    3.5   Guidelines for Treatment 

 Currently, there are no standard agents or therapies established to treat the symptom 
cluster associated to CA. The following guidelines are considered best practice 
standards. Improved management of CA may require a  multimodal approach by 
multi-disciplinary teams . Approach to treatment includes proactive screening guide-
lines for early detection, ongoing and comprehensive symptom assessment and 
treatment. Treatment should include nutritional intervention supported by pharma-
cotherapy, psycho social intervention and physical activity. A monitoring schedule 
must be established and patients should be monitored closely for change of status 
and assessment of response to treatment. 

    3.5.1   Nutrition Guidelines 

  Nutritional assessment must be performed within 24 h of admission of the patient by 
a registered dietitian/nutritionist . 

  The goals for nutritional support in a cancer patient on active treatment may be 
as follows :
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   To slow down the wasting process by reducing anorexia (ensuring adequate • 
nutritional intake and appetite stimulants)  
  Attenuating the systemic infl ammation  • 
  Attenuating skeletal muscle catabolism or stimulating the muscle protein anabo-• 
lism (n − 3 fatty acid supplementation)  
  Prevent or reverse nutrient defi ciencies  • 
  Help patients better tolerate treatments  • 
  Minimize nutrition-related side effects and complications  • 
  Maintain strength and energy  • 
  Protect immune function, decreasing the risk of infection  • 
  Aid in recovery and healing  • 
  Maximize quality of life  • 
  Take into consideration patient wishes  • 
  Common symptom clusters in patients with anorexia:• 

   Cachexia   –
  Constipation(laxatives, stool softeners, prokinetics based on etiology)   –
  Oral pain (lidocaine swishes/Oragel)   –
  Nausea and vomiting   –
  Early satiety (adopt suggestions provided below)   –
  Hypermetabolism   –
  Inventory nutritional symptoms and treat consistently integrating both phar- –
macological and nonpharmacological approaches      

    1.    Screen patient within 24 h of admission. This order for nutritional screening 
can be a standard order for all cancer patient admissions to avoid delay in tim-
ing of screening.  

    2.    In addition to standard nutritional assessment parameters described in Chap.   2    , 
assess all symptoms: gastrointestinal tract: taste alterations, smell alterations, 
dysphagia, dyspnea, other pain, early satiety, dry mouth, too much saliva pro-
duction, anorexia, diarrhea, constipation, nausea, vomiting, dehydration, and 
fatigue; psychosocial: family/caregiver support, depression, and activities of 
daily living (ADL).  

    3.    Assess current nutritional status and estimate caloric, protein and multivitamin/
mineral needs. There are no specifi c guidelines that have been evaluated in the 
cancer patient population. The recommendations provided here are usual stan-
dards of care that is provided in this patient population based on best practice 
standards as follows.  

    4.    Provide adequate nutrition by including “calorie” and “protein” booster educa-
tion material and nutritional supplements to ensure intake of proteins (recom-
mended 0.8 g–1.0 g/kg/day). Provide dense caloric supplements up to 400 cal/
day containing 1.5 kcal/ml. If intake is insuffi cient in protein intake, supple-
ment with modular protein supplements, adding this to favorite beverage (  http://
www.nestle-nutrition.com/Products/Default.aspx    ;   http://abbottnutrition.com/    ). 
The choice of nutritional supplements can be based in the personal choice 
of the patient, patient needs, and tolerance to product as well as other 
comorbidities.  

http://www.nestle-nutrition.com/Products/Default.aspx
http://www.nestle-nutrition.com/Products/Default.aspx
http://abbottnutrition.com/
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    5.    Include a standard multivitamin mineral supplementation to prevent any further 
defi cits and meet increased needs.  

    6.    Assess adequacy of intake and provide an appetite stimulant (megestrol acetate 
800 mg/day or alternate) if patient has cancer anorexia to ensure adequate 
intake and prevent further weight loss.  

    7.    Provide each patient with nutritional guidelines to ensure adequate intake of 
calories and proteins and a list of suggested high-calorie and high-protein nutri-
tional supplements to choose from, taking into consideration taste alterations, 
early satiety, nausea, and vomiting that are common symptoms observed in this 
patient population.  

    8.    Recommend prescription for standardized omega-3 fatty acid supplement if 
benefi ts outweigh risks.  

    9.    Other tips to enhance nutritional intake:
   Meal and snack times need to be planned to occur at regular intervals and not • 
in response to the hunger mechanism, which may be absent or altered.  
  Snacks of high caloric and protein density must be planned between meals, • 
such as high-calorie puddings, shakes, high-calorie and protein drink supple-
ments, sandwiches, avocados, and nuts.  
  Plans must be made for special circumstances. If meals need to be missed or • 
delayed due to a test or therapy, snacks or a meal must be planned for con-
sumption after the event/test.  
  High-calorie and protein-dense foods may be essential. Choose high-calorie • 
foods, such as avocados, nuts, pudding, cream soups, cooked cereals, and 
vegetables with added butter or margarine. Use extra olive oil in salads.  
  Season foods with exotic fl avors, fresh herbs, and spices that stimulate appe-• 
tite. Unless contraindicated, use salt and sweetening as desired.  
  Consider the role of smell, texture, and eye appeal to help stimulate the desire • 
to eat, such as the smell of fresh bread baking or a colorful fruit cup.  
  Use garnishes on foods to increase the visual “eye” appeal.  • 
  Fresh fruits and vegetables may be more appealing than canned or frozen ones.  • 
  Experiment with different food textures as crunchy, creamy, and crispy • 
foods.  
  When shopping, recommend choosing foods that are beautiful, colorful, • 
fresh, and full-fl avored.  
  If the patient is unable to tolerate red meats, recommend including other • 
protein sources in the diet such as poultry, fi sh, milk, eggs, bean and legumes, 
peanut butter, and other nut butters.  
  Some patient may be able to take advantage of a diurnal variation in appetite, • 
usually an increased appetite in the morning.  
  Remove dietary restrictions if possible.  • 
  Ensure regular oral check up/fastidious oral care.  • 
  Recommend scheduled times to drink fl uids.     • 

    10.    Alter consistency of foods as needed, based on ability to chew and swallow.  
    11.    Selection of route of feeding may be informed based on general guidelines and 

criteria provided in Table 2.7    of Chap.   2    .      
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    3.5.2   Pharmacotherapy 

  Assessment must be performed within 24 h of admission of the patient by a clinical 
pharmacist closely working with the registered dietitian.  

  Appetite Stimulants: Current therapies used to improve appetite and to reduce 
breakdown of muscle proteins (proteolysis) :

    • Corticosteroids 
   Dexamethasone (Decadron  – ® )  
  Methylprednisolone (Solu-Medrol  – ® )  
  Prednisone (Deltasone  – ® )     

   • Orexigenic agents 
   Megestrol acetate (Megace  – ® )     

   • Anabolic steroids 
   Medroxyprogesterone acetate (Provera  – ® , Depo-Provera ® )     

   • Antiemetic 
   Dronabinol (Marinol  – ® )     

   • Antidepressants  
 Proteasome inhibitors: (Experimental therapies)  
   • Omega - 3 fatty acids 

   Lovaza (GSK)         –

    3.5.3   Speech Therapist 

 Refer for video fl uoroscopic assessment for dysphagia and obtain recommendation 
for alterations in consistency to prevent aspiration if needed.  

    3.5.4   Physical Activity 

 Since fatigue and poor nutritional status are classic symptoms of CA, patients should 
proactively receive a comprehensive assessment of physical status by a licensed 
physical therapist and therapy initiated within 24 h of assessment. 

  Markers and Instruments for Patient Monitoring and Assessment of Response to 
Treatment by the Interdisciplinary Medical Team :
    1.     Anthropometric      measurements  such as participant’s height, weight, and body 

mass index can be performed at admission and at regular intervals established 
by the medical team.  

    2.     Body composition by DXA scan : DXA should be used to assess both total lean 
body mass (LBM), fat mass (FM), and total bone mineral density (BMD). Total 
bone mineral density (BMD) is a valid indirect measure of skeletal muscle and 
patient activity. Total LBM is sometimes called total fat-free mass (FFM) 
depending upon specifi c DXA manufacturer. DXA instruments use an X-ray 
source that generates or is split into two energies to measure bone mineral mass 
and soft tissue from which fat and fat-free mass are estimated. The exam is 
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quick (1–2 min), precise (0.5–1%), and noninvasive. DXA scanners have the 
precision required to detect changes in muscle mass as small as 5%. Radiation 
exposure from DXA scans is minimal. The National Council on Radiation 
Protection and Measurements (NCRP) has recommended the annual effective 
dose limit for infrequent exposure of the general population is 5,000  m Sv and 
that an annual effective dose of 10  m Sv be considered a negligible individual 
dose. The effective dose of a dual-energy X-ray absorptiometry whole body 
scan on an adult is 2.1  m Sv. Studies have shown that quality assurance is an 
important issue in the use of DXA scans to determine body composition includ-
ing lean body mass and bone mineral density. DXA instrument manufacturer 
and model should remain consistent, and their calibration should be monitored 
throughout treatment. Use of a standardized scan acquisition protocol and 
appropriate and unchanging scan acquisition and analysis software is essential 
to achieve consist results.  

    3.     Dietary intake  must be assessed at baseline and periodical intervals by conduct-
ing random weekly, 2-week days +1 weekend day 24-h dietary recalls (gold 
standard for collecting dietary data) using a fi ve-step multipass procedure 
(which has been found to assess mean energy intake within 10% of actual 
intake) and using the frequently updated University of Minnesota Nutrition 
Data System-Research version (NDS-R) database for analysis of nutrient com-
position. Food portion visuals can be provided to patients to estimate portion 
sizes of foods while monitoring intake.  

    4.     Symptom log  may be completed daily and collected from patients on a monthly 
basis. Based on these symptoms, all anticipated and unanticipated, grades of 
constitutional, dermatological, gastrointestinal (GI), metabolic, and pain symp-
toms can be continuously monitored including those symptoms affecting nutri-
tional intake and utilization.  

    5.     Monthly  CMP and CBC should be monitored to assess electrolytes and organ 
function.  

    6.     Functional markers  ( Karnofsky performance score ): Evaluation of patients’ 
functional status and barriers to obtaining adequate nutrients is also necessary. 
A physical exam combined with personal interview should include the evalua-
tion of functional status such as the ability to chew and swallow, dental or oral 
problems causing odynophagia or dysphagia, signs of muscle wasting or ana-
sarca, presence of edema, presence of skin or mouth lesion, and ability to per-
form instrumental activities of daily living (IADLs) such as cooking, shopping, 
and self-feeding. It is critical to assess activities of daily living, physical activ-
ity, exercise, sleep, and ability to work and perform other functional roles. 
Limitations in the activities of daily living have been identifi ed secondary to 
and as a cause of weight loss in cancer patients. Cancer and other chronic dis-
eases pose diffi culties specifi cally for the cancer patient receiving treatment 
and the elderly in carrying out activities of daily living. A loss of postural and 
locomotive muscle mass has been observed within 7 days of inactivity. The 
Karnofsky Performance Scale Index allows patients to be classifi ed as to 
their functional impairment. This has been used to compare effectiveness of 
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 different therapies and to assess the prognosis in individual patients and has 
been validated in cancer patient populations. This has been used to compare 
effectiveness of different therapies and to assess the prognosis in individual 
patients and has been validated in cancer patient populations.  

    7.     Godin Leisure - Time Exercise Questionnaire  weekly to monitor physical 
activity.  

    8.     Handgrip Strength Dynamometry Assessment : A validated tool commonly used 
to assess handgrip strength is the Jamar dynamometer, which is a fast, reliable, 
and easy-to-perform device commonly used by our team to measure improve-
ments in functional strength. The Jamar dynamometer has a lower percent coef-
fi cient of variation and is thus a more precise device than other handgrip 
dynamometers.  

    9.     Biochemical markers of protein status  ( serum albumin and transferrin ): 
Assessment of protein status is critical in the identifi cation and treatment of 
abnormalities in protein metabolism. There is substantial evidence of the 
correlation between serum hepatic proteins and infl ammation, making these 
the most relevant biomarkers in CC. Serum transferrin, prealbumin, and 
albumin have been observed as intermediate endpoint biomarkers and inde-
pendently associated with worse outcome in cachexia  [  20    ]. Measurements 
of body composition combined with more objective and sensitive measure of 
protein nutriture are ideal for the biochemical assessment of intravascular 
and visceral protein stores. We have thus included the three major valid 
intermediate endpoint biomarkers (IEBs) that represent intravascular and 
visceral protein pools—transferrin, prealbumin, and albumin—as the bio-
chemical indicators of protein status. Although transferrin levels are affected 
by iron status, serum transferrin, either singly or as part of a multiparameter 
index, is the strongest predictor of cancer patient morbidity and mortality 
[97–99].  

    10.     Immune and infl ammatory markers : Unlike anorexia of aging, in CC, there is 
a range of metabolic responses triggered by infl ammatory and immunological 
responses. It is believed that the putative mediators of CC are cytokines, and 
increased expression of tumor necrosis factor and interleukin-6 has been 
observed in patients with CC. Cytokines will be measured in a panel including 
IL-1, IL-4, IL-6, IL-8, IL-10, GM-CSF, IFN- k , TNF a , and CRP (BioRad-
Bioplex). All of these biomarkers have been shown to increase with disease, 
aging, and cytotoxic agents. Though we realize these intermediate endpoint 
biomarkers of cytokines cannot be reliably interpreted, as over 70% of the 
subjects as observed in our studies were on active treatment with cytotoxic 
agents, these variables are important to determine, as they may provide useful 
information and contribute to the better understanding of the mechanistic 
process.  

    11.     Quality of life : Should be measured at baseline and monthly using the Rand 
Short Form (SF)-36 (Medical Outcomes Study SF-36)  [  78    ]. The SF-36 has 
been used extensively with both general, high-risk, and cancer  populations and 
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has available norms for mail and telephone versions and  comparisons between 
group and individual scores. Scores are calculated and transformed to a 0–100 
scale, with higher scores indicating increased health status. Reliability of the 
SF-36 scales was measured by Cronbach  a  coeffi cient, and the results ranged 
from 0.78 in general health perceptions to 0.91 in the physical functioning 
domain.      

    3.5.5   Follow-up 

 Patients must be seen by the multidisciplinary team on a regularly scheduled basis 
to monitor progress and to review compliance to intervention including diet intake 
adequacy, symptom logs, change in concomitant medications, and any other issues 
related to treatment. Improved management of malnutrition with nutritional therapy 
may require a multimodal intervention by multidisciplinary teams using a compre-
hensive and integrated approach. Initial screening and knowledge of treatment tra-
jectory of the cancer patient should guide a plan for reassessment of the cancer 
patient at regularly planned intervals. Subjective and objective data on progress and 
response to nutritional therapy may be assessed using the indicators used in the 
comprehensive nutritional assessment. Newly developed symptoms resulting from 
treatment or progression of disease may require additional monitoring or revision of 
nutritional therapy. Reassessment/reevaluation for monitoring and evaluation of 
nutritional therapy must include monitoring of clinical, functional, dietary, and 
behavioral outcomes that were identifi ed by the comprehensive nutritional 
assessment.   

    3.6   Future Directions 

 Early referral to supportive care services and coordination of interdisciplinary care 
are essential to support patients with CA. Randomized clinical trials with appetite 
stimulants and supplementation with proteins and calories are current strategies to 
improve intake and produce stabilization in weight loss in most cancer patients on 
treatment. Supplementation with omega-3 fatty acids stabilized weight and offered 
benefi ts verifi able with improvements in biochemical markers of protein status and 
functional and clinical markers. Supplementation with glutamine, arginine, and 
branched chain amino acids appears to support improvement in reducing complica-
tions and treatment outcomes. Strategies to enhance appetite, intake of nutrients, 
and lean body mass including synergistic effects with physical activity interventions 
have a scientifi c rationale and merit further evaluation. However, although these 
early studies appear promising, there is a signifi cant need for well-powered, ran-
domized clinical trials to confi rm these provocative observations using meaningful, 
valid markers demonstrating reversal or cancer anorexia and other symptom clus-
ters seen in this patient population.         
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  Summary for the Clinician 
 Due to the multifactorial etiology of cancer anorexia, there is no single stan-
dard of therapy established to treat the symptoms of anorexia in cancer 
patients. 

 Diagnosis and management of anorexia requires timely and careful screen-
ing using detailed history and clinical examination by integrated, multidisci-
plinary teams consisting of treating oncologists (surgeons, radiation 
oncologists, and medical oncologists), clinical pharmacist, psychosocial 
worker, physical therapist, and dietitian. 

 The fi rst principle is that timing of intervention may be critical as anorexia is 
identifi ed at diagnosis, worsens in some populations during treatment, and has 
residual effects posttreatment. In advanced cancer patients, anorexia may be rec-
ognized as an initial symptom of the development of cancer cachexia syndrome. 

 The second principle is to screen and comprehensively assess all symp-
toms at admission. Once symptoms are identifi ed, treating underlying causes 
when benefi ts exceed risk and prioritizing treatments is critical, since it is now 
recognized that multiple symptom clusters occur with anorexia. 

 Thirdly, since cancer patients are hypermetabolic and their anorexia is exac-
erbated with increased caloric needs, the optimal nutritional approach should 
also be multifaceted combining a nutrition counseling, nutritional intervention, 
and drug therapy to improve appetite, taking into consideration other symptom 
clusters that are identifi ed in these patients that may have implications in pro-
viding nutritional support. Intervention must be proactive and based on ongoing 
evaluations to monitor patient’s change in status based on disease stage, response 
to treatment, and treatment outcomes as well as use of concomitant medica-
tions. Strategies to increase physical activity, aerobic and anaerobic, are recom-
mended as a nonpharmacological means to improve muscle and bone mass. 

 Last, but not least, studies have demonstrated that it may be important to 
identify social and psychological etiology of anorexia and provide psychoso-
cial support for patients with cancer anorexia. These interventions have dem-
onstrated benefi t to both the patient and their caregivers. 

 Supplementation with omega-3 fatty acids stabilized weight and offered 
benefi ts verifi able with improvements in biochemical markers of protein status 
and functional and clinical markers. Supplementation with glutamine, arginine, 
and branched chain amino acids appears to support improvement in reducing 
complications and treatment outcomes. Strategies to enhance appetite, intake of 
nutrients, and lean body mass including synergistic effects with physical activ-
ity interventions have a scientifi c rationale and merit further evaluation. 
However, although these early studies appear promising, there is a signifi cant 
need for well-powered, randomized clinical trials to confi rm these provocative 
observations using meaningful, valid markers demonstrating reversal or cancer 
anorexia and other symptom clusters seen in this patient population. 
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  4      Cancer Cachexia (CC)       

             

  Core Messages  
   Cancer cachexia (CC) is a pathological loss of striated muscle (skeletal and 
cardiac) and fat stores, manifesting in the cardinal features of emaciation, 
weakness affecting functional status, impaired immune system, metabolic 
dysfunction, and poor quality of life.  

  More recently, staging guidelines for CC have been proposed, following 
the spectrum of initial unplanned weight loss (precachexia) progressing 
through degrees of severity (four stages) to the point where the cancer patient 
is depleted of both muscle and fat and immunocompromised and will likely 
die from complications.  

  The complex syndrome of cancer cachexia (CC) is present in 50–80% and 
a major contributor to the morbidity and mortality of cancer patients.  

  Multiple approaches, including experimental, preclinical, and early human 
clinical trials, have been employed to dissect the complex effectors of the CC 
syndrome.  

  Although synonymously included or noted in association with cancer 
anorexia, it is now clear that CC is much more complex relative to cancer 
anorexia and that it is mediated or modulated by a highly complex interplay 
of multiple biologic pathways, which are not fully understood.  

  It is reported that patient weight loss of >5% prior to chemotherapy may be 
a defi ning point for poor response, interruption of serial treatment, and 
survival.  

  Experimental and clinical studies have demonstrated that cachexia is medi-
ated or modulated by a highly complex interplay of multiple biologic path-
ways, including pathological levels of proinfl ammatory cytokines, 
neuroendocrine hormones, positive and negative growth factors, transcription 
factors (NF- k B   ), lipolytic and proteolytic enzymes, and other signaling 
pathways.  
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                 4.1   Definition 

 The complex syndrome of cancer cachexia (CC) is a major contributor to the morbid-
ity and mortality of cancer patients  [  1–  5  ] . CC is a pathological loss of striated muscle 
(skeletal and cardiac) and fat stores, manifesting in the cardinal features of emacia-
tion, weakness affecting functional status, impaired immune system, metabolic dys-
function, and poor quality of life  [  1–  9  ] . More recently, staging guidelines for CC 
have been proposed  [  10,   11  ] , following the spectrum of initial unplanned weight loss 
(precachexia) progressing through degrees of severity (four stages) to the point where 
the cancer patient is depleted of both muscle and fat and immunocompromised and 
will likely die from complications  [  12,   13  ] . Dewys et al.  [  14  ]  reported that patient 
weight loss of >5% prior to chemotherapy, including those with lung cancer  [  15  ] , 
may be a defi ning point for poor response, interruption of serial treatment, and sur-
vival. In the elderly, advanced malnutrition is much more diffi cult to treat or reverse 
contributing to a signifi cant impact on functional dependence and quality of life 
 [  5,   15,   16  ]  CC continues to be a critical problem in clinical oncology.  

    4.2   Prevalence 

 Due to multiple clinical symptom presentation and lack of an “all-inclusive” defi nition 
for this syndrome, it is diffi cult to estimate the true prevalence of cachexia. It is esti-
mated that CC occurs in 50–80% of cancer patients and serves as an independent predic-
tor of shorter survival, increased risk of treatment failure, and toxicity  [  1–  5  ] . With our 
knowledge of the multidimensional nature of this syndrome, it is important that we do 
not account for the prevalence of CC, merely based on loss of weight observed in this 
population. Although previous defi nitions and thus prevalence were based on weight 
loss associated with this syndrome, a more contemporary characterization of the cachec-
tic state should include loss of skeletal mass, reduced food intake, and systemic infl am-
mation, all of which may be more meaningful in terms of altered clinical outcomes.  

    4.3   Etiology of Cancer Cachexia 

 Multiple approaches, including experimental, preclinical, and early human clinical 
trials, have been employed to dissect the complex effectors of the CC syndrome. 
Although synonymously always included or noted in association with cancer 

  Although previous defi nitions and thus prevalence were based on weight 
loss associated with this syndrome, a more contemporary characterization of 
the cachectic state should include loss of skeletal mass, reduced food intake, 
and systemic infl ammation, all of which may be more meaningful in terms of 
altered clinical outcomes.    
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anorexia, it is now clear that CC is much more complex relative to cancer anorexia 
and that it is mediated or modulated by a highly complex interplay of multiple bio-
logic pathways, which are not fully understood. It is also clear that these various 
experimental methods need to be linked together in order to interpret outcomes in 
the context of human physiology and pathology  [  17  ] . 

    4.3.1   Potential Molecular Mechanisms of CC 

 Although the etiopathogenesis of CC is not fully understood, experimental and clin-
ical studies have demonstrated that cachexia is mediated or modulated by a highly 
complex interplay of multiple biologic pathways, including pathological levels of 
proinfl ammatory cytokines (IL-1, IL-6, IFN g , and TNF a )  [  18–  23  ] , neuroendocrine 
hormones  [  5,   24  ] , positive and negative growth factors (IGFs, PIF, myostatin)  [  2,   6, 
  25–  27  ] , transcription factors (NF-ĸB, STATs)  [  28–  33  ] , lipolytic and proteolytic 
enzymes (adipose triglyceride lipase, caspases, proteasome subunits)  [  10,   34–  36  ] , 
and other signaling pathways. Loss of skeletal muscle in CC is the result of imbal-
ance between protein synthesis and degradation  [  37  ] . The ubiquitin proteasome 
pathway accounts for the majority of skeletal muscle degradation in CC and is stim-
ulated by several proinfl ammatory cytokines including TNF a , Il-6, IFN g , and the 
PIF  [  6,   26,   27  ] . NF-ĸB which is an important regulator of skeletal muscle protea-
some expression and protein degradation is upregulated in CC  [  13,   28,   30–  33,   36, 
  38–  40  ]  increasing the rate of myosin heavy chain and telethonin degradation, com-
promising sarcomere integrity  [  41  ] . Pathologic levels of proinfl ammatory cytokines 
 [  18–  23,   38  ]  are associated with muscle wasting, exerted through inhibition of myo-
sin expression and myogenic differentiation and stimulation of apoptosis  [  21–  23  ] . 
Several investigators have suggested that actomyosin, actin, and myosin are specifi -
cally targeted for proteasome degradation in CC. Thus, both myosin synthesis and 
degeneration are affected in cachexia. Activation of apoptosis via Bax or caspases 
precedes myofi brillar protein breakdown during muscle wasting in CC  [  42–  44  ] . 

 The role of TNF a , IL-1, and IL-6 in CC development has been evaluated and 
confi rmed in several studies  [  14,   18–  20,   45,   46  ] . However, some investigators sug-
gest that elevated cytokine levels could be the result rather than the cause of CC. 
Interleukin-6 (IL-6) may play a role in muscle wasting in certain animal tumors, 
possibly through both lysosomal (cathepsin) and nonlysosomal (proteasome) path-
ways  [  47  ] . Cytokines that are important in the initiation of the acute phase response 
(APR) have also been hypothesized in the genesis of CC  [  14,   46  ] . The presence of 
an APR or high circulating levels of proinfl ammatory cytokines is known to be 
related to adverse outcome in cancer patients. TNF a  has been shown to exert direct 
catabolic effect on skeletal muscle and adipose tissue and induce muscle atrophy 
through a depression of protein synthesis and an increase in protein degradation via 
the ubiquitin-proteasome pathway, and this involves formation of reactive oxygen 
species leading to activation of NF-ĸB  [  31,   48  ] . 

 More recently, Das et al.  [  36  ]  demonstrated that genetic ablation of adipose 
 triglyceride lipase and hormone sensitive lipase in tumor-bearing knockout mice 
prevented fat and muscle loss in CC. However, pharmacological inhibition of 
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 metabolic lipases in cancer patients would likely affect other pathways critical to 
maintaining hepatic lipid homeostasis, insulin secretion, and cardiac function  [  49–
  53  ] , making these lipases an impractical therapeutic target. Based on these studies, 
we hypothesize that interventions targeting  infl ammatory pathways in skeletal mus-
cle  are essential to alleviate CC. Targets may include inducers of proteasome expres-
sion, enzymes regulating ubiquitination and degradation of myofi brillar proteins, 
and signaling pathways leading to activation of NF-ĸB. 

 More recently, oral administration of  n  − 3 fatty acid formulations ( N  − 3 FA) has 
been shown to attenuate tumor growth, weight loss, and/or muscle wasting in ani-
mal models of cancer  [  54,   55  ] . In a cell culture model of myogenesis, eicosapen-
taenoic acid (EPA) suppressed increases in the activities of NF- k B, caspase 8, and 
proteasome in differentiating C2C12 myotubes induced by PIF or TNF a   [  35,   56  ] . 
The deleterious effects of infl ammatory cytokine–induced myogenesis have also 
been shown to be inhibited with EPA  [  35  ] . In early clinical trials, we and others 
have shown improvement in CC with multimodal approaches including adequate 
nutritional support supplemented with appetite stimulants and supplements with 
 N  − 3 FA  [  7,   57  ]  and observed stable anthropometrics, nutritional intake, statisti-
cally signifi cant increase in serum proteins, functional status, and physical activity 
with no toxicity related to the study agent. Serum proteasome activity was inhibited 
in 64% of the subjects receiving treatment discussed in more detail in this chapter 
 [  57  ] . Although these early studies appear promising, interventions to date, includ-
ing our study, have targeted: (a) heterogeneous cancer patient populations that dif-
fered substantially with respect to    (b) age range, (c) types/grades/stages of disease, 
(d) treatment regimens, (e) refractory stages of CC, and failed to use valid, quantifi -
able biomarkers relevant to the underlying metabolic abnormalities of CC to evalu-
ate effectiveness of interventions  [  33,   57–  59  ] . Based on these currently available 
studies, we hypothesize that an integrated, molecular mechanism–based,  multi-
modal approach  of administration of a standardized dose of  N  − 3 FA with an appe-
tite stimulant and a nutritionally adequate diet to lung cancer patients diagnosed 
with early stage CC will prevent progression of CC, preserve skeletal muscle, and 
improve function by primarily reducing expression of cytokines and activation of 
NF- k B and proteasomal pathways and recommended these approaches be validated 
further in large, prospective clinical trials (Fig.  4.1 ).  

 More recently, myostatin, a member of the TGF b  superfamily, which is a key 
negative regulator of muscle mass in humans and animals, has been evaluated for 
safety and effi cacy for the treatment of CC. Myostatin has been demonstrated to 
inhibit skeletal protein growth by several mechanisms, primarily through the inhibi-
tion of protein synthesis and myoblast differentiation. Myostatin inhibition or 
genetic ablation increases muscle mass and strength  [  60  ] . Deleting myostatin has 
been reported to attenuate sarcopenia and glucocorticoid-induced muscle atrophy 
and even improve dystrophic pathology in animals  [  61–  63  ] . Myostatin acts primar-
ily through the ActRIIB receptor, a transmembrane serine/threonine kinase hetero-
tetramer receptor family member. More recently, novel formulations of an antibody 
that binds to ActRIIB have been proposed to prevent myostatin engagement, and 
signal  transduction is thus expected to increase muscle mass by preventing the tonic 
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negative effects of myostatin on muscle growth. These agents are in the early stage 
of development in clinical trials for the treatment of CC in lung and pancreatic can-
cer patients.   

    4.4   Current Therapies for CC 

    4.4.1   Nutritional Approaches 

 Initially, the pathophysiology of CC had two principle components – a failure 
of food intake and a systemic hypermetabolism/hypercatabolism syndrome. Strate-
gies to counteract both hypermetabolism and reduced dietary intake have been 
 demonstrated to be of importance for the survival, function, and quality of life of 
cancer patients  [  9  ] . The superimposed metabolic changes and the rate of depletion 
of physiological reserves of energy and protein were observed to be signifi cantly 
increased in CC. These features indicated a need for nutritional support and meta-
bolic management to ensure adequate intake of calories and protein in CC. 
Additionally, diets adequate in calories from fats and carbohydrates were required 
in “protein sparing” quantities for muscle anabolism  [  9,   64  ] . Protein intake must 
also be suffi cient for wound repair, resistance to infection, and synthesis of enzymes 
and plasma proteins  [  5,   16  ] . Caloric defi cits as much as 250–400 cal/day have been 
observed in CC. Hence, it was logical to infer that traditional approaches such as 
refeeding and/or supplementing dietary calories and proteins may resolve the issue. 

High caloric diet
High protein diet
Vitamins
Minerals

Appetile stimulant
(320 mg megasterol

n-3 Fatty acids
(Lovaza® 4 gm)

↓ Anorexia
Meet ↓ Protein needs
Meet ↓ needs 2'
Hypemetabolsm

↓ NFKB
↓ Proteasome
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quality of life
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  Fig. 4.1    Rationale for a multi-modal approach to reach early stages or cancer cachexla       
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However, interventions providing increased calories and protein have produced 
retention of fat mass but not muscle mass  [  65–  67  ] . 

    4.4.1.1   Eicosapentaenoic Acid 
 Eicosapentaenoic acid (EPA) is an essential  N  − 3 FA that cannot be synthesized 
completely by mammalian tissue and must be consumed in the diet. These polyun-
saturated fats are present in fi sh oils from cod, sardine, and salmon. There is no 
established Dietary Reference Intake for  N  − 3 FA, yet the Adequate Intake (AI) is 
set at 1.6 and 1.1 g/day for men and women, respectively. While intake in the USA 
occurs at much lower than the proposed AI and no signs of defi ciency are observed, 
the AI is proposed to provide optimal health benefi ts associated with consuming 
 N  − 3 FA  [  35  ] . 

 Evidence from laboratory and clinical studies has demonstrated that EPA has 
antitumor and anticachectic effects. Oral administration of fi sh oil-derived  N  − 3 FA 
EPA and/or DHA has been shown to attenuate tumor growth, weight loss, and/or 
muscle wasting in animal models of cancer  [  54,   55  ] . In a cell culture model of myo-
genesis, EPA suppresses increases in the activities of NF-ĸB, caspase 8, and protea-
some in differentiating C2C12 myotubes induced by PIF or TNF a , thereby 
suppressing apoptosis and necrosis  [  35,   56  ] . The deleterious effects of infl amma-
tory cytokines on myogenesis have also been shown to be inhibited by EPA  [  35,   56  ] . 
Several recent laboratory studies indicate that EPA may attenuate protein  degradation 
by preventing NF-ĸB translocation to the nucleus  [  10,   34  ] . Proteolysis-inducing 
factor (PIF)  [  25–  27  ]  is produced by cachexia-inducing murine and human tumors 
and stimulates muscle protein degradation directly through activation of the ubiq-
uitin-proteasome pathway. Administration of EPA attenuates PIF-induced protein 
degradation in cachectic tumor-bearing mice  [  35  ] . Thus, EPA is hypothesized to 
prevent cachexia and preserve muscle by reducing expression of cytokines and acti-
vation of NF-ĸB and proteasomal or other proteolytic pathways. 

 In early clinical trials, results from  N  − 3 FA administration have been mixed. In 
a terminal cancer patient population with life expectancy of 2 months, changes in 
net weight gain, lean body mass, and improved quality of life were noted  [  57–  59, 
  68,   69  ] . In a preliminary clinical trial  [  57  ] , we evaluated the safety, effi cacy, and 
potential mechanism of a multimodal intervention with a nutritionally adequate diet 
supplemented with an appetite stimulant and a standardized esterifi ed  N  − 3 FA 
supplement – 4 g Lovaza ®  administered for 6 weeks to patients with stage II–IV 
cancer, mostly lung, with early symptoms of CC. Thirty six subjects were recruited 
and 33 subjects completed the study. We observed stable anthropometrics (Fig.  4.2a ), 
moderate increase in nutritional intake, and signifi cant increase in serum albumin 
(Fig.  4.2b ) from baseline to 6 weeks. A progressive increase from baseline to 6 
weeks in both functional status (Karnofsky Scale) and physical activity was also 
observed with no toxicity related to the study drug. Serum levels of TNF a  progres-
sively increased, while IL-6 decreased slightly. We then explored if treatment with 
4 g/day Lovaza ®  results in inhibition of proteasome activity in pre- and posttreat-
ment serum samples from the patients in this trial. Venous blood was collected from 
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subjects at baseline and 6 weeks postintervention into heparin containing tubes and 
proteasome assay performed with Proteasome ELISA Kit according to manufac-
turer’s instructions (ENZO Life Sciences). Complete pre- and posttreatment serum 
samples were available for 14 subjects. Inhibition of proteasome activity in serum 
samples posttreatment was calculated and plotted based on proteasome activity of 
pretreatment samples. Figure  4.3  shows that proteasome activity was inhibited by 
6–29% in 9 out of 14 patients (64%): Our observations are provocative in that this 
improvement/stabilization of skeletal and visceral proteins, functional status, and 
physical activity scores occurred after initial weight loss, diagnosis of cancer, and 
while on active cytotoxic therapies  [  57  ] . In summary, laboratory studies and our 
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preliminary clinical trial  [  57  ]  collectively indicate that treatment with  n  − 3 FA can 
attenuate muscle protein degradation and sarcopenia by preventing NF-ĸB, accu-
mulation in the nucleus, and inhibiting proteasome activity  [  6,   10,   13,   26–  28,   34,   36  ] . 
EPA, thus, represents a promising therapeutic agent to prevent degeneration as well 
as promote regeneration of skeletal muscle mass  [  56  ] , and further clinical trials are 
warranted to examine its effi cacy for the treatment of CC. It is noteworthy that the 
molecular mechanism of the effects of  N  − 3 FA has never been validated compre-
hensively in a well-powered randomized, placebo-controlled clinical trial in a 
homogeneous cancer patient population with early stages of CC, using objective 
markers of skeletal protein metabolism, and in a patient population with a relatively 
better prognosis than those previously targeted.     

    4.4.2   Appetite Stimulants 

 To improve food intake, other approaches have included administration of appe-
tite stimulants such as progestogens, cannabinoids, corticosteroids, and antide-
pressants in addition to nutritional supplementation  [  47,   70–  73  ] . Appetite 
stimulants have been shown to ameliorate or slow anorexia and unintentional 
weight loss in other populations but have not demonstrated improvements in lean 
body mass or markers of protein metabolism in the cachectic patient. The preva-
lent treatments to improve patient appetite are orexigenic agents such as mege-
strol acetate which acts by reducing cytokine production and increasing fat mass 
 [  70,   71  ] . Other common agents include dronabinol, a cannabis derivative demon-
strated to enhance appetite and mood in cancer patients  [  47,   71  ] , though its 

0
1 2 3 4 5 6 7

Patient #

8 9 10 11 12 13 14

5

10

15

20

%
 P

ro
te

as
om

e 
in

hi
bi

tio
n 

ac
tiv

ity

25

30

35

  Fig. 4.3    Inhibition of proteasome activity in serum samples in cancer patients post treatment with 
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 pharmacokinetics in this population has never been examined. In a preliminary 
retrospective study of 156 patients diagnosed and treated for CC, we evaluated the 
prevalence, type, and effectiveness of appetite stimulants and nutritional supple-
mentation used at our Cancer Center. We observed that the most common appetite 
stimulants used were cannabinoids (50%), steroids (24%), and megestrol acetate 
(26%). Although an increase in appetite and food intake was observed, we were 
unable to achieve improvement in skeletal muscle mass with  nutrition support 
and appetite stimulants alone to treat CC . Over 33% of these subjects were lung 
cancer patients, and all were on active treatment  [  73  ] .  

    4.4.3   Physical Activity 

 Other nonpharmacological strategies to preserve muscle and bone mass include 
increasing physical activity via aerobic or anaerobic exercise  [  45,   66,   74  ] . However, 
the fatigue commonly associated with cancer therapy and cachexia, especially in the 
elderly  [  5,   16  ] , prevents many patients from following physical activity regimens. 
These symptoms are accelerated in the elderly who have relatively lower steroid 
hormone levels, as a result of “hormonal aging,” and lowered physical activity, as a 
result of treatment-related fatigue that has been demonstrated to contribute to low-
ered bone mineral density and muscle mass. These age-related conditions may thus 
be exacerbated, resulting in falls, fractures, and general muscle weakness. 

 The most prominent feature of wasting from cachexia versus starvation or 
anorexia is refractoriness to treatment by dietary consumption alone. Although 
strategies to improve appetite, intake of nutrients, and retain lean body mass (phys-
ical activity) have a scientifi c rationale and merit evaluation, randomized clinical 
trials with appetite stimulants or supplementation with proteins, calories, and anti-
oxidants have failed to demonstrate reversal of metabolic abnormalities seen in CC 
 [  1,   14,   46  ] . Many studies, including our own, suggest that maintenance of lean 
body mass and myofi brillar proteins is diffi cult to achieve in CC, unless the  etiol-
ogy of the underlying metabolic abnormalities is understood ,  targeted ,  and cor-
rected   [  1,   14,   46  ] .   

    4.5   Guidelines for Treatment 

 Currently, there are no standard agents or therapies established to treat the symp-
tom cluster associated to CC. The following guidelines are considered best practice 
standards. Improved management of CC may require a  multimodal approach by 
multidisciplinary teams . These include specifi c nutritional guidelines, pharmaco-
therapy, and physical activity, in addition to monitoring and closely assessing 
patients for change in status. Figure  4.1  represents a molecular mechanism–based 
approach that is multimodal targeting the underlying metabolic abnormalities 
observed in CC. 
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    4.5.1   Nutrition Guidelines 

  Nutritional assessment must be performed within 24 h of admission of the patient by 
a registered dietitian/nutritionist . 

  The goals for nutritional support in a cancer patient on active treatment may be 
as follows :

   To slow down the wasting process due to hypermetabolism (ensuring adequate • 
nutritional intake and appetite stimulants)  
  Attenuating the systemic infl ammation  • 
  Attenuating skeletal muscle catabolism or stimulating the muscle protein anabo-• 
lism ( n  − 3 fatty acid supplementation)  
  Prevent or reverse nutrient defi ciencies  • 
  Help patients better tolerate treatments  • 
  Minimize nutrition-related side effects and complications  • 
  Maintain strength and energy  • 
  Protect immune function, decreasing the risk of infection  • 
  Aid in recovery and healing  • 
  Maximize quality of life  • 
  Take into consideration patient wishes  • 
  Common symptom clusters in patients with CC:• 

   Anorexia   –
  Constipation (laxatives, stool softeners, prokinetics based on etiology)   –
  Oral pain (lidocaine swishes/Oragel)   –
  Nausea and vomiting   –
  Early satiety (adopt suggestions provided below)   –
  Hypermetabolism   –
  Inventory nutritional symptoms and treat consistently integrating both phar- –
macological and nonpharmacological approaches      

    1.    Screen patient within 24 h of admission. This order for nutritional screening 
can be a standard order for all cancer patient admissions to avoid delay in tim-
ing of screening.  

    2.    In addition to standard nutritional assessment parameters described in Chap.   2    , 
assess all symptoms: gastrointestinal tract: taste alterations, smell alterations, 
dysphagia, dyspnea, other pain, early satiety, dry mouth, too much saliva pro-
duction, anorexia, diarrhea, constipation, nausea, vomiting, dehydration, and 
fatigue; psychosocial: family/caregiver support, depression, and activities of 
daily living (ADL).  

    3.    Assess current nutritional status and estimate caloric, protein, and multivita-
min/mineral needs. There are no specifi c guidelines that have been evaluated in 
the cancer patient population. The recommendations provided here are usual 
standards of care that is provided in this patient population based on best prac-
tice standards as follows.  

    4.    Provide adequate nutrition by including “calorie” and “protein” booster educa-
tion material and nutritional supplements to ensure intake of proteins (recom-
mended 0.8 g–1.0 g/kg/day). Provide dense caloric supplements up to 400 cal/
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day containing 1.5 kcal/mL. If intake is insuffi cient in protein intake, supple-
ment with modular protein supplements, adding this to favorite beverage (  http://
www.nestle-nutrition.com/Products/Default.aspx    ;   http://abbottnutrition.com/    ). 
The choice of nutritional supplements can be based in the personal choice of 
the patient, patient needs, and tolerance to product as well as other 
comorbidities.  

    5.    Include a standard multivitamin mineral supplementation to prevent any further 
defi cits and meet increased needs.  

    6.    Assess adequacy of intake and provide an appetite stimulant (megestrol acetate 
800 mg/day or alternate) if patient has cancer anorexia to ensure adequate 
intake and prevent further weight loss.  

    7.    Provide each patient with nutritional guidelines to ensure adequate intake of 
calories and proteins and a list of suggested high-calorie and high-protein nutri-
tional supplements to choose from, taking into consideration taste alterations, 
early satiety, nausea, and vomiting that are common symptoms observed in this 
patient population.  

    8.    Recommend prescription for standardized omega-3 fatty acid supplement if 
benefi ts outweigh risks.  

    9.    Alter consistency of foods as needed, based on ability to chew and swallow.  
    10.    Selection of route of feeding may be informed based on general guidelines and 

criteria provided in Table      2.6    .  
    11.    Other tips to enhance nutritional intake:

   Meal and snack times need to be planned to occur at regular intervals and not • 
in response to the hunger mechanism, which may be absent or altered.  
  Snacks of high calorie and protein density must be planned between meals, • 
such as high-calorie puddings, shakes, high-calorie and protein drink sup-
plements, sandwiches, avocados, and nuts.  
  Plans must be made for special circumstances. If meals need to be missed or • 
delayed due to a test or therapy, snacks or a meal must be planned for con-
sumption after the event/test.  
  High-calorie and protein-dense foods may be essential. Choose high-calorie • 
foods, such as avocados, nuts, pudding, cream soups, cooked cereals, and 
vegetables with added butter or margarine. Use extra olive oil in salads.  
  Season foods with exotic fl avors, fresh herbs, and spices that stimulate appe-• 
tite. Unless contraindicated, use salt and sweetening as desired.  
  Consider the role of smell, texture, and eye appeal to help stimulate the • 
desire to eat, such as the smell of fresh bread baking or a colorful fruit cup.  
  Use garnishes on foods to increase the visual “eye” appeal.  • 
  Fresh fruits and vegetables may be more appealing than canned or frozen ones.  • 
  Experiment with different food textures as crunchy, creamy, and crispy foods.  • 
  When shopping, recommend choosing foods that are beautiful, colorful, • 
fresh, and full-fl avored.  
  If the patient is unable to tolerate red meats, recommend including other • 
protein sources in the diet such as poultry, fi sh, milk, eggs, bean and legumes, 
peanut butter, and other nut butters.         

http://www.nestle-nutrition.com/Products/Default.aspx
http://www.nestle-nutrition.com/Products/Default.aspx
http://abbottnutrition.com/
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    4.5.2   Pharmacotherapy 

  Assessment must be performed within 24 h of admission of the patient by a clinical 
pharmacist closely working with the registered dietitian . 

 Appetite Stimulants: Current therapies used to improve appetite and to reduce 
breakdown of muscle proteins (proteolysis):
    1.     Corticosteroids 

   (a)    Dexamethasone (Decadron ® )  
   (b)    Methylprednisolone (Solu-Medrol ® )  
   (c)    Prednisone (Deltasone ® )      

    2.     Orexigenic agents 
   (a)    Megestrol acetate (Megace ® )      

    3.     Anabolic steroids 
   (a)    Medroxyprogesterone acetate (Provera ® , Depo-Provera ® )      

    4.     Antiemetic 
   (a)    Dronabinol (Marinol ® )      

    5.    Antidepressants  
    6.    Experimental therapies

   (a)    Proteasome inhibitors: Omega-3 fatty acids Lovaza (GSK)  
   (b)    Novel formulations of an antibody that binds to ActRIIB (Novartis)          

    4.5.3   Physical Activity 

  Since fatigue and poor nutritional status are classic symptoms of CC, patients 
should proactively receive a comprehensive assessment of physical status by a 
licensed physical therapist and therapy initated within 24 h of assessment .
    1.     Godin Leisure-Time Exercise Questionnaire  weekly to monitor physical 

activity.  
    2.     Handgrip Strength Dynamometry Assessment : A validated tool commonly used 

to assess handgrip strength is the Jamar dynamometer, which is a fast, reliable, 
and easy-to-perform device commonly used by our team to measure improve-
ments in functional strength  [  75  ] . The Jamar dynamometer has a lower percent 
coeffi cient of variation and is thus a more precise device than other handgrip 
dynamometers.      

    4.5.4   Markers and Instruments for Patient Monitoring 
and Assessment of Response to Treatment by the 
Interdisciplinary Medical Team    

     1.     Anthropometric      measurements  such as participant’s height, weight, and body 
mass index can be performed at admission and at regular intervals established by 
the medical team.  
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    2.     Body composition by DXA scan : DXA should be used to assess both total lean 
body mass (LBM), fat mass (FM), and total bone mineral density (BMD).Total 
bone mineral density (BMD) is a valid indirect measure of skeletal muscle and 
patient activity. Total LBM is sometimes called total fat-free mass (FFM) 
depending upon specifi c DXA manufacturer. DXA instruments use an X-ray 
source that generates or is split into two energies to measure bone mineral mass 
and soft tissue from which fat and fat-free mass are estimated. The exam is quick 
(1–2 min), precise (0.5–1%), and noninvasive. DXA scanners have the precision 
required to detect changes in muscle mass as small as 5%. Radiation exposure 
from DXA scans is minimal. The National Council on Radiation Protection and 
Measurements (NCRP) has recommended that the annual effective dose limit 
for infrequent exposure of the general population is 5,000  m Sv and that an annual 
effective dose of 10  m Sv be considered a negligible individual dose. The effec-
tive dose of a dual-energy X-ray absorptiometry whole body scan on an adult is 
2.1  m Sv. Studies have shown that quality assurance is an important issue in the 
use of DXA scans to determine body composition including lean body mass and 
bone mineral density. DXA instrument manufacturer and model should remain 
consistent, and their calibration should be monitored throughout treatment. Use 
of a standardized scan acquisition protocol and appropriate and unchanging scan 
acquisition and analysis software is essential to achieve consist results.  

    3.     Dietary intake  must be assessed at baseline and periodical intervals by conduct-
ing random weekly, 2-week days +1 weekend day 24-h dietary recalls (gold 
standard for collecting dietary data) using a 5-step multipass procedure (which 
has been found to assess mean energy intake within 10% of actual intake) and 
using the frequently updated University of Minnesota Nutrition Data System-
Research version (NDS-R) database for analysis of nutrient composition. Food 
portion visuals can be provided to patients to estimate portion sizes of foods 
while monitoring intake.  

    4.     Symptom log  may be completed daily and collected from patients on a monthly 
basis. Based on these symptoms, all anticipated and unanticipated, grades of 
constitutional, dermatological, gastrointestinal (GI), metabolic, and pain symp-
toms can be continuously monitored including those symptoms affecting nutri-
tional intake and utilization.  

    5.     Monthly  CMP and CBC should be monitored to assess electrolytes and organ 
function.  

    6.     Functional markers  ( Karnofsky performance score ): Evaluation of patient func-
tional status and barriers to obtaining adequate nutrients is also necessary. 
A physical exam combined with personal interview should include the evalua-
tion of functional status such as the ability to chew and swallow, dental or oral 
problems causing odynophagia or dysphagia, signs of muscle wasting or ana-
sarca, presence of edema, presence of skin or mouth lesion, and ability to per-
form instrumental activities of daily living (IADLs) such as cooking, shopping, 
and self-feeding. It is critical to assess activities of daily living, physical activ-
ity, exercise, sleep, and ability to work and perform other functional roles. 
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Limitations in the activities of daily living have been identifi ed secondary to 
and as a cause of weight loss in cancer patients. Cancer and other chronic dis-
eases pose diffi culties specifi cally for the cancer patient receiving treatment 
and the elderly in carrying out activities of daily living. A loss of postural and 
locomotive muscle mass has been observed within 7 days of inactivity. The 
Karnofsky Performance Scale Index allows patients to be classifi ed as to their 
functional impairment. This has been used to compare effectiveness of differ-
ent therapies and to assess the prognosis in individual patients and has been 
validated in cancer patient populations. Karnofsky Performance Scale Index 
allows patients to be classifi ed as to their functional impairment   . This has been 
used to compare effectiveness of different therapies and to assess the prognosis 
in individual patients and has been validated in cancer patient populations.  

    7.     Biochemical markers of protein status  ( serum albumin and transferrin ): 
Assessment of protein status is critical in the identifi cation and treatment of 
abnormalities in protein metabolism. There is substantial evidence of the cor-
relation between serum hepatic proteins and infl ammation, making these the 
most relevant biomarkers in CC. Serum transferrin, prealbumin, and albumin 
have been observed as intermediate endpoint biomarkers and independently 
associated with worse outcome in cachexia  [  5,   68  ] . Measurements of body 
composition combined with more objective and sensitive measure of protein 
nutriture are ideal for the biochemical assessment of intravascular and visceral 
protein stores. We have thus included the three major valid intermediate end-
point biomarkers (IEBs) that represent intravascular and visceral protein pools 
– transferrin, prealbumin, and albumin – as the biochemical indicators of pro-
tein status  [  76–  78  ] . Although transferrin levels are affected by iron status, 
serum transferrin, either singly or as part of a multiparameter index, is the 
strongest predictor of cancer patient morbidity and mortality  [  76–  78  ] .  

    8.     Immune and infl ammatory markers : Unlike anorexia of aging, in CC, there is a 
range of metabolic responses triggered by infl ammatory and immunological 
responses. It is believed that the putative mediators of CC are cytokines, and 
increased expression of tumor necrosis factor and interleukin-6 has been 
observed in patients with CC. Cytokines will be measured in a panel including 
IL-1, IL-4, IL-6, IL-8, IL-10, GM-CSF, IFN-ĸ, TNF a , and CRP (BioRad-
Bioplex). All of these biomarkers have been shown to increase with disease, 
aging, and cytotoxic agents. Though we realize these intermediate endpoint 
biomarkers of cytokines cannot be reliably interpreted, as over 70% of the sub-
jects as observed in our studies were on active treatment with cytotoxic agents, 
these variables are important to determine, as they may provide useful informa-
tion and contribute to the better understanding of the mechanistic process.  

    9.     Quality of life : Should be measured at baseline and monthly using the Rand Short 
Form (SF)-36 (Medical Outcomes Study SF-36)  [  79  ] . The SF-36 has been used 
extensively with both general, high-risk, and cancer populations and has available 
norms for mail and telephone versions and comparisons between group and indi-
vidual scores. Scores are calculated and transformed to a 0–100 scale, with higher 
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scores indicating increased health status. Reliability of the SF-36 scales was mea-
sured by Cronbach  a  coeffi cient, and the results ranged from 0.78 in general health 
perceptions to 0.91 in the physical functioning domain.  

    10.     Erythrocyte n  −  3 index : Red blood cell levels of eicosapentaenoic acid (EPA) 
and docosahexaenoic acid (DHA) are a refl ection of tissue levels and are deter-
mined by a complex interplay of metabolism and nutrition. The Omega-3 Index, 
which is the EPA + DHA content of erythrocytes expressed as a percent of total 
identifi ed fatty acids, was originally suggested as a marker of increased risk for 
death from coronary heart disease, but it can also be viewed as an actual risk 
factor, playing a pathophysiologic role in the disease. Optimal levels appear to 
be 8% or greater. At this stage of its development, the erythrocyte Omega-3 
Index appears to fulfi ll many of the requirements for both a risk marker and a 
risk factor. The Omega-3 Index may represent a novel, physiologically relevant, 
and easily modifi ed variable that could have signifi cant clinical utility. A 
monthly monitor of these levels will be an excellent indicator of compliance to 
supplement.      

    4.5.5   Follow-up 

 Patients must be seen by a multidisciplinary member of the team on a monthly basis 
to monitor progress and to review compliance to intervention including diet intake 
adequacy, symptom logs, change in concomitant medications, and any other issues 
related to treatment.   

    4.6   Future Directions 

 The debilitating symptoms and consequences of cachexia can no longer be accepted 
as unavoidable sequelae of advanced cancer. Currently, there are no standard treat-
ment guidelines or therapies established to treat the symptom cluster associated 
with CC. Although early studies appear promising, interventions to date, including 
our study, have targeted (a) heterogeneous cancer patient populations that differed 
substantially with respect to (b) age range, (c) types/grades/stages of disease, (d) 
treatment regimens, (e) refractory stages of CC, and (f) failed to use valid, quantifi -
able biomarkers relevant to the underlying metabolic abnormalities of CC to evalu-
ate effectiveness of interventions. Improved management of CC may require a 
multimodal intervention by multidisciplinary teams using a molecular mechanism–
based approach. It is benefi cial to examine the potential to intervene in molecular 
pathways to modify metabolic alterations that contribute to wasting, and downregu-
late transcription factor or cytokine signaling to treat CC. Future studies should 
focus on evaluating multimodal approaches that are innovative and timely, and pro-
vide a robust, well-rationalized, and molecular-based approach for the development 
of a systematic, safe, and effective treatment of CC.         
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  5      Oral Mucositis       

              

  Core Messages 
 Oral mucositis refers to erythematous and ulcerative lesions of the oral 
mucosa observed in patients with cancer being treated with chemotherapy 
and/or with radiation therapy to fi elds involving the oral cavity. Oral mucosi-
tis, the breakdown of the mucosal lining of the oropharynx, occurs as a result 
of a toxic insult to the normal epithelium of the oral mucosa. Mucositis is also 
defi ned as infl ammatory lesions of the oral and/or gastrointestinal tract caused 
by high-dose cancer therapies. The gastrointestinal tract mucositis refers to 
the expression of mucosal injury across the continuum of oral and gastroin-
testinal mucosa, from the mouth to the anus. 
  Oral mucositis is a common treatment-limiting side effect of cancer ther-
apy that may have a signifi cant impact on quality of life, patient distress, 
delays in treatment administration, dose-limiting toxicity, reductions in dose 
intensity, interruption, or discontinuance of cancer therapy, contributing to 
poor treatment outcomes and signifi cantly increasing cost to the health-care 
system. 
  Nearly all (100%) patients undergoing myeloablative therapy for stem cell 
or bone marrow transplantation experience oral mucositis. Traditionally, 
mucositis has been associated more with hematologic malignancies than with 
solid tumors, because the incidence of severe mucositis has been much higher 
with the high-dose chemotherapy regimens used in hematologic malignan-
cies. However, mucositis also occurs in populations receiving standard-dose 
chemotherapy and in the treatment of other solid tumors, although these 
symptoms vary in intensity from those observed in hematological malignan-
cies. It is reported that oral mucositis affects up to 80% of patients receiving 
radiation for head and neck malignancies. 
  Recent research on the etiology of mucositis indicates a multifactorial basis 
with a combination of treatment- and patient-related factors contributing to 
mucosal injury. 
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    5.1   Definition 

 With the emergence of new paradigms for cancer treatment and advances in diag-
nostic technology, the effectiveness of cancer treatments has increased signifi cantly. 
However, these advances have also been associated to an increase in the incidence 
of several associated short- and long-term side effects. Oral mucositis refers to ery-
thematous and ulcerative lesions of the oral mucosa observed in patients with can-
cer being treated with chemotherapy and/or with radiation therapy to fi elds involving 
the oral cavity  [  1  ] . Oral mucositis, the breakdown of the mucosal lining of the 
oropharynx, occurs as a result of a toxic insult to the normal epithelium of the oral 
mucosa  [  2–  4  ] . The terms oral mucositis and stomatitis are often used interchange-
ably at the clinical level, but they do not refl ect identical processes. Oral mucositis 
describes infl ammation of oral mucosa resulting from chemotherapeutic agents or 
ionizing radiation typically manifested as erythema or ulcerations and may be exac-
erbated by local factors  [  1,   5,   6  ] . Stomatitis, on the other hand, refers to any infl am-
matory condition of oral tissue, including mucosa, dentition/periapices, and 
periodontium, and includes infections of oral tissues as well as mucositis. Most 
cancer treatment–induced mucositis are not limited only to the oral cavity and may 
affect several regions of the gastrointestinal tract. Mucositis is also defi ned as 
infl ammatory lesions of the oral and/or gastrointestinal tract caused by high-dose 
cancer therapies. The gastrointestinal tract mucositis refers to the expression of 
mucosal injury across the continuum of oral and gastrointestinal mucosa, from the 

 Cancer treatment–related factors contributing to mucositis can include che-
motherapy, radiation therapy, biologic therapy, myeloablative therapy, dura-
tion of therapy, combination therapies, fractionation radiation schedules, 
previous history of radiation treatment, salivary gland dysfunction, graft -
versus-host disease, bone marrow status, and oral microfl ora. 
  Patient-related factors can include age, nutritional status, oral health, oral 
microfl ora, infl ammation, and salivary function. 
  Genetic, molecular factors include cellular- and tissue-based changes, acti-
vation of NF-κ B    , upregulation of genes that control synthesis of infl ammatory 
cytokines, interleukin-1, activation of enzymes that increase the rate of apop-
tosis, chemical insult to the mucosa, ulceration penetrating to the submucosa, 
loss of function and pain, cell-wall products from colonizing bacteria stimu-
late macrophages to release additional cytokines, and presentation of oral 
symptoms and functional disturbances (erythema, ulceration) and pain. 
  Oral mucositis is the most distressing complication of cancer therapy 
affecting several cancer patient populations, which is also contributing to 
other symptom clusters such as life-threatening systemic sepsis and other 
infections during periods of profound immunosuppression, dysphagia, 
anorexia, weight loss, depression, and pain. 
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mouth to the anus  [  7  ] . Oral mucositis is a common treatment-limiting side effect of 
cancer therapy that may have a signifi cant impact on quality of life, patient distress, 
delays in treatment administration, dose-limiting toxicity, reductions in dose inten-
sity, interruption or discontinuance of cancer therapy contributing to poor treatment 
outcomes and signifi cantly increasing cost to the health-care system  [  3,   4,   8  ] . In one 
study, approximately 16% of patients receiving radiation therapy for head and neck 
cancer were hospitalized due to mucositis. Further, 11% of the patients receiving 
radiation therapy for head and neck cancer had unplanned breaks in radiation ther-
apy due to severe mucositis  [  9  ] . Oral mucositis is the most distressing complication 
of cancer therapy affecting several cancer patient populations, also contributing to 
other symptom clusters such as life-threatening systemic sepsis and other infections 
during periods of profound immunosuppression, dysphagia, anorexia, weight loss, 
depression, and pain  [  1,   8  ] . Several similarities and differences exist between radia-
tion therapy– and chemotherapy- or combination therapy–induced mucositis, with 
each having specifi c time to occurrence and location, thus requiring targeting strate-
gies for risk prediction, prevention, and treatment  [  3,   4  ] . Mucositis is also defi ned as 
infl ammatory lesions of the oral and/or gastrointestinal tract caused by high-dose 
cancer therapies. The gastrointestinal tract mucositis refers to the expression of 
mucosal injury across the continuum of oral and gastrointestinal mucosa, from the 
mouth to the anus  [  7  ] . However, since the etiology and hence the treatment strate-
gies may vary signifi cantly, the focus of this chapter will be limited to oral mucosi-
tis. The chapter on radiation enteritis will include the management of mucositis of 
the other segments of the GI tract.  

    5.2   Prevalence 

 Nearly all (100%) patients undergoing myeloablative therapy for stem cell or bone 
marrow transplantation experience oral mucositis  [  10  ] . Others have reported that 
approximately 75–80% of patients who receive high-dose chemotherapy prior to 
hematopoietic cell transplantation develop clinically signifi cant oral mucositis  [  11  ] . 
Ninety-nine percent of patients receiving hematopoietic stem cell transplant (SCT) 
experienced oral mucositis and 67.4% of them had a WHO oral mucositis grade of 
3 or 4  [  12  ] . Traditionally, mucositis has been associated more with hematologic 
malignancies than with solid tumors, because the incidence of severe mucositis has 
been much higher with the high-dose chemotherapy regimens used in hematologic 
malignancies. However, mucositis also occurs in populations receiving standard-
dose chemotherapy and in the treatment of other solid tumors, although these symp-
toms vary in intensity from those observed in hematological malignancies  [  1,   8,   10  ] . 
In population studies of prevalence, 51% receiving chemotherapy for solid tumors 
or lymphoma developed oral and/or GI mucositis  [  13  ] . For all tumor sites, chemo-
therapy with 5-fl uorouracil (5-FU), capecitabine, or tegafur leads to a high rate (e.g., 
20–50%) of alimentary tract mucositis. Recently, chemotherapy with methotrexate 
and other antimetabolites leads to a 20–60% rate of alimentary tract mucositis 
according to the drug’s given dose per cycle  [  7  ] . Irinotecan is associated with severe 
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GI mucositis in over 20% of patients. On the other hand, in patients receiving radia-
tion therapy for head and neck cancer will develop some degree of oral mucositis. It 
is reported that oral mucositis affects up to 80% of patients receiving radiation for 
head and neck malignancies  [  14  ]  and approximately 40% of patients undergoing 
chemotherapy  [  15  ] . Severe oral mucositis occurred in 29–66% of all patients receiv-
ing radiation therapy for head and neck cancer  [  13,   16  ] . The common symptoms are 
erythema, burning sensation, increased sensitivity to hot and spicy foods, and white 
patches on mucus membranes of the cheeks, lips, tongue, and palette followed by 
ulcers leading to poor or inability to consume foods orally  [  17  ] . Mucositis is self-
limited when uncomplicated by infection and typically heals within 2–4 weeks after 
cessation of cytotoxic chemotherapy.  

    5.3   Etiology 

    5.3.1   Patient- and Treatment-Related Etiology of Mucositis 

 Recent research on the etiology of mucositis indicates a multifactorial basis with a 
combination of treatment- and patient-related factors contributing to mucosal 
injury. Cytotoxic treatments, radiation therapy, biological therapies, and combina-
tion therapies have been implicated in the etiology of mucositis and severity of this 
symptom. The cytotoxic drugs most frequently associated with stomatotoxic toxic-
ity include bleomycin, cytarabine, doxorubicin, etoposide, 5-fl uorouracil, ifosf-
amide, mercaptopurine, methotrexate, paclitaxel, vinblastine, vincristine, and 
vinorelbine  [  18–  20  ] . Additionally, high-dose methotrexate, etoposide, and mel-
phalan are implicated in the most severe forms of mucositis  [  21,   22  ] . Additionally, 
several biologic products impact the severity and extent of mucositis, including 
epidermal growth factor, tumor necrosis factor- a , and cytokines such as granulo-
cyte macrophage colony-stimulating factor and interleukin-1  [  23  ] . Hyperfractionated 
radiation therapy has been demonstrated to produce the most severe forms of 
mucositis  [  22,   24  ] . Erythematous mucositis typically appears 7–10 days after initia-
tion of high-dose cancer therapy and has the potential for increased toxicity with 
escalating dose or treatment duration. The incidence of oral mucositis was espe-
cially high in patients with primary tumors in the oral cavity, oropharynx or 
nasopharynx, those who also received concomitant chemotherapy, those who 
received a total dose over 5,000 cGy, and those who were treated with altered frac-
tionation radiation schedules (e.g., more than one radiation treatment per day)  [  1  ] . 
Other factors include previous history of radiation treatment, salivary gland dys-
function, microbial fl ora, and graft-versus-host disease  [  5  ] . The combination of 
treatment-related effects and cytokines leads to mucosal atrophy, collagen break-
down, and eventual ulceration of the mucosa. Radiation and chemotherapy also 
alter normal oral microbial fl ora and salivary quantity and composition  [  25  ] . 
Although several treatment regimens have been shown to cause mucositis, there is 
still a great deal of patient variation in the severity of mucositis, even among patients 
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receiving identical treatment regimens. Although it is not clear to what extent 
patient factors correlate with mucositis prevalence, several patient-related factors 
are identifi ed in the literature. More recently, drugs such as bevacizumab have been 
implicated to decrease the VEGF levels in saliva and delay wound healing in oral 
mucositis  [  26  ] . Patient’s age, nutritional status, oral health, oral microfl ora, infl am-
mation, and salivary function  [  27  ]  are other factors contributing to the severity of 
symptoms    (Fig.  5.1 ).   
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  Fig. 5.1    Etiology of mucositis       
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    5.3.2   Biologic Development of Mucositis 

 More recently, a molecular-based etiology of mucositis has evolved in which 
mucositis involves a complex series of molecular, cellular, and tissue-based changes 
with a certain degree of genetic involvement  [  28–  31  ] . The development and pro-
gression of the various phases of mucositis are interdependent and mediated by the 
action of cytokines, chemotherapy, oral bacterial fl ora, and bone marrow status  [  6  ] . 
The biological development of mucositis is characterized in part by upregulation of 
NF-κB, infl ammatory cytokines (e.g., tumor necrosis factor- a ), and interleukin-1 in 
addition to epithelial basal cell injury. During the initial phase, free radicals break 
DNA strands and cause a small proportion of cells to die quickly. Tissue injury from 
activation of numerous biologic control mechanisms characterizes the second and 
third phases. Transcription factors such as NF-κB are activated and upregulate the 
genes that control synthesis of cytokines. Both chemotherapy and radiation treat-
ment activate enzymes that increase the rate of apoptosis, which further adds to the 
chemical insults to the mucosa. Ulceration penetrating through the epithelium into 
the submucosa occurs in the fourth phase and creates the loss of function and pain 
that are cardinal symptoms of mucositis. Also in this phase, cell-wall products from 
colonizing bacteria stimulate macrophages to release additional cytokines  [  6  ] . With 
the varying baseline genetic and physical condition, cancer and stage of diagnosis, 
treatments, and other comorbidities, the complexity and severity of the process var-
ies signifi cantly, thus establishing the need for the development and implementation 
of personalized therapies for the treatment of this complex symptom.   

    5.4   Current Therapies for Mucositis 

    5.4.1   Assessment and Early Identification of Oral Mucositis 

 Assessment and treatment of mucositis should be performed and implemented 
using a multiprofessional approach to clinical care, research, and education associ-
ated with mucosal injury in cancer patients. Oral management has been observed to 
be critical in this patient population  [  32  ] . In a study comparing planned oral man-
agement on the severity of oral mucositis during hematopoietic SCT, Yamagata 
et al.  [  33  ]  reported a signifi cant oral mucositis score in those subjects receiving oral 
management and care from a dentist compared to the control group. Their study 
showed that oral management may decrease the occurrence or oral mucositis in this 
population and that it was important to include an oral management provider such 
as a dentist, dental hygienist in this setting, in addition to oncology teams. A long 
experience of observation of the trajectory of cancer treatment–induced mucositis 
and a comprehensive knowledge of the molecular-based causation of the lesion 
have contributed to the development of early screening, identifi cation, and treat-
ment to ameliorate the symptoms of mucositis. For example, erythematous mucosi-
tis typically appears 7–10 days after initiation of high-dose cancer therapy. It is also 
anticipated that there is a signifi cant potential for mucosal toxicity with escalating 
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dose or treatment duration in clinical trials that demonstrate gastrointestinal mucosal 
toxicity. Similarly, high-dose chemotherapy, such as that used in the treatment of 
leukemia and hematopoietic stem cell transplant regimens, may produce severe 
mucositis. Thus, proactive, systematic assessment and early identifi cation of lesions 
 [  34–  36  ]  for specifi c treatments should be part of standard of care. Since there is no 
single intervention that completely prevents or treats all symptoms associated with 
mucositis, combined strategies seem to be required to ensure more successful out-
comes. Additionally, screening and education for fastidious oral hygiene, pain man-
agement, nutritional care, and other supportive care measures are important to 
minimize the severity of the lesion. 

 The basic goals of this screening are to obtain a collective measurement of oral 
symptoms, signs, and functional disturbances. Accurate pretreatment assessment, 
fastidious oral cavity hygiene, and frequent review of symptoms during treatment 
 [  37  ]  have been observed to be critical. A variety of assessment scales exist in an 
effort to standardize measurements of mucosal integrity and for the measurement of 
oral mucositis, allowing for grading of the level of stomatitis by characterizing 
alterations in lips, tongue, mucous membranes, gingiva, teeth, pharynx, quality of 
saliva, and voice  [  7,   34–  36  ] . On the other hand, there are only a limited number of 
instruments for indirect measurements of gastrointestinal mucositis. Excellent 
examples of these instruments are the measures of indirect outcomes of mucosal 
injury, including diarrhea due to radiation enteritis. Oral diagnosis of mucositis is 
based on the symptoms the patient is experiencing and the appearance of the tissues 
of the mouth following treatment. Red burn-like sores or ulcers throughout the 
mouth accompanied by pain are enough to diagnose mucositis. Several instruments 
are available to gauge severity of oral mucositis. The most commonly used are the 
World Health Organization (WHO) Oral Toxicity score  [  30  ]  and the National Cancer 
Institute Common Toxicity Criteria (NCI-CTC) for Oral Mucositis  [  31  ] . While the 
NCI system has separate scores for appearance (erythema and ulceration) and func-
tion (pain and ability to eat solids, liquids, or nothing by mouth), the WHO score 
combines both elements into a single score that grades the severity of the condition 
from 0 (no oral mucositis) to 4 (swallowing not possible such that patient needs 
supplementary nutrition). One of the earliest instruments developed was the Oral 
Mucositis Assessment Scale (OMAS) which provides an objective assessment of 
oral mucositis based on assessment of the appearance and extent of redness and 
ulceration in various areas of the mouth  [  38  ] . This scale has demonstrated high 
reproducibility between observers, responsive over time, and accurate in recording 
symptoms associated with mucositis and continues to be used in clinical settings.  

    5.4.2   Treatment Approaches with Immunomodulators, 
Amino Acids, and Vitamins 

 Several amino acid, vitamins, and immunomodulating formulations that have been 
demonstrated to protect normal tissue from an array of oxidative insults have been 
examined for the treatment of oral mucositis. In a previous report of a summary of 
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evidence on effectiveness of treatment strategies for oral mucositis, the Mucositis 
Study Group of the Multinational Association of Supportive Care in Cancer/
International Society for Oral Oncology recommended the use of recombinant 
human keratinocyte growth factor-1 (palifermin) to prevent oral mucositis in 
patients receiving high-dose CT and total body irradiation followed by stem cell 
transplantation for hematological malignancies. This group also suggests that 
granulocyte macrophage colony-stimulating factor mouthwash not be used for the 
prevention of oral mucositis in the transplant setting with high-dose CT and autol-
ogous or allogeneic stem cell transplantation  [  39  ] . Use of traditional mouthwashes 
to obtain mechanical cleaning of the oral cavity and administration of some agents 
like benzydamine, imidazole antibiotics, tryazolic antimycotics, povidone iodine, 
keratinocyte growth factor, and vitamin E seem to reduce the intensity of mucosi-
tis  [  37  ] . The evidence of effi cacy of oral supplemental glutamine outside of 
research protocols has not been established  [  40  ] . In early studies evaluating the 
dextro-isomer of the common amino acid  l -methionine,  d- methionine ( d -met)’s 
capacity to selectively prevent radiation-induced oral mucositis using in vitro cell 
culture models, as well as an in vivo model of radiation injury to the oral mucosa 
in C3H mice,  [  41  ]  demonstrated that  d -met protected normal tissues, but not tumor 
cells, in culture from radiation-induced cell death; it also protected normal cells 
from radiation-induced mucosal injury in a murine model but did not alter tumor 
response to therapy. More recently, antrum mucosal protein (AMP)-18 and a syn-
thetic peptide surrogate, which exhibit cell protective and mitogenic properties 
in vitro and in vivo models of gastrointestinal epithelial cell injury has been exam-
ined for the management of oral mucositis. It has been hypothesized that the 
mucosal barrier–protective effects may be mediated by AMP-18’s capacity to 
increase accumulation of specifi c tight junction (TJ) and adherens junction pro-
teins, and also protect against their loss after injury  [  42,   43  ] . Results demonstrated 
that AMP peptide prevented radiation-induced oral mucositis in a murine model, 
and thus the importance of epithelial junctional integrity in the pathogenesis of 
OM demonstrates that AMP-18, by targeting TJ proteins through the activation of 
cholecystokinin-B/gastrin receptor (CCKBR), could provide a novel strategy for 
the prevention and treatment of oral mucositis   . More recently, platelet-derived 
growth factors (PDGFs) have been shown to have a high capability for tissue heal-
ing and may play a role in repairing the mucosal barrier. In an attempt to develop 
a mucoadhesive formulation to administer platelet lysate to oral cavity prolonging 
contact time of platelet lysate with oral mucosa, Del Fante et al. demonstrated that 
in both in vitro and early preliminary clinical trials, GVPL has optimal mucoadhe-
sive and healing enhancer properties maintained over time (up to 14 days); pre-
liminary clinical results also suggest that oral application of platelet lysate–loaded 
mucoadhesive formulation is feasible, safe, well tolerated, and effective, although 
larger controlled randomized study is needed  [  44  ] . A novel immunomodulating 
peptide (SCV-07) in attenuating the course of radiation-induced mucositis in an 
established animal model of oral mucositis showed  [  45  ]  that SCV-07 reduced the 
severity and duration of both acute and fractionated radiation–induced OM. 
Similarly, when radiation and chemotherapy were used to induce oral mucositis, 
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treatment with SCV-07 signifi cantly reduced the duration of ulcerative oral 
mucositis. Other interventions with sucralfate were effective in reducing the sever-
ity of mucositis  [  40  ] . In an effort to reduce toxicities  [  46  ]  with pralatrexate, vita-
min supplementation with folic acid and vitamin B12 supplementation have been 
administered to patients with previously treated NSCLC. However, mucositis con-
tinued to be a dose-limiting toxicity of pralatrexate, and this study failed to dem-
onstrate that vitamin supplementation prevents mucositis. Interventions with aloe 
vera, amifostine, intravenous glutamine, granulocyte macrophage-colony stimu-
lating factor, honey, laser, and antibiotic lozenges containing polymyxin/tobramy-
cin/amphotericin (PTA) showed weaker evidence of benefi t  [  40  ] .  

    5.4.3   Physical Approaches for the Prevention and Treatment 
of Oral Mucositis 

 Additionally, physical approaches like cryotherapy and low-energy helium-neon 
laser or the use of modern radiotherapy techniques with the exclusion of the oral 
cavity from radiation fi elds have been shown to be effi cacious in preventing mucosi-
tis onset  [  37  ] . Cryotherapy (ice chips)  [  47,   48  ]  has consistently shown some benefi t 
in preventing mucositis in early phase I–II clinical trials  [  2,   49  ] . However, cryo-
therapy during MTX administration does not reduce severe oral mucositis in patients 
undergoing myeloablative allogeneic HSCT  [  50  ] . Simões et al.  [  51  ]  examined vary-
ing doses of LPT protocols for management of oral mucositis and observed that all 
protocols of LPT led to the maintenance of oral mucositis scores in the same levels 
until the last RT session. Moreover, LPT three times a week also maintained the 
pain levels. However, the patients submitted to once-a-week LPT had signifi cant 
pain increase, and the association of low/high LPT led to increased healing time. In 
a more recent study, Simões et al.  [  51,   52  ]  demonstrated that laser phototherapy 
(LPT) used for oral mucositis could infl uence xerostomia symptoms and hyposali-
vation of patients undergoing RT and can be benefi cial as an auxiliary therapy for 
hypofunction of salivary glands. Mouthwashes with allopurinol and phototherapy 
with low-energy laser can be used as treatment. Ruiz-Esquide  [  53  ]  summarized that 
local cryotherapy with ice chips and phototherapy with low-energy laser may be 
useful as preventive measures. However, in addition to these physical approaches, 
radiotherapy and special radiation administration techniques should contribute to 
minimizing mucosal injury.  

    5.4.4   Treatment Approaches of Related Symptom Clusters 
to Oral Mucositis 

 Worthington also reviewed treatments for candidiasis in patients with cancer 
receiving radiation or chemotherapy and observed some benefi t of antifungal 
drugs, especially when absorbed in the gastrointestinal tract. However, these 
reviews concluded that larger, well-designed clinical trials were needed to claim or 
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refute this effi cacy  [  40  ] . Similarly, patient-controlled analgesia failed to demon-
strate any difference in pain control compared to continuous infusion method  [  54  ] . 
However, fewer opiates were used by patients during self-administration. Pain 
control should always be optimized with the use of patient-controlled analgesia 
and topical use of morphine Ruiz-Esquide  [  53  ] . Others have explored the use of 
mouthwash to reduce severity and further infections with oral mucositis, combin-
ing several combinations, such as salt and soda, chlorhexidine, and “magic” 
mouthwash (lidocaine, Benadryl, and Maalox) and others,  [  18  ]  and observed ces-
sation of the signs and symptoms of mucositis within 12 days. No signifi cant dif-
ferences in time for the cessation of the signs and symptoms were observed among 
the three groups. Similar mixtures of mouthwashes including specifi c combina-
tions, primarily to control pain transiently while feeding orally, have been tested 
by nutritionists and nursing personnel caring for this patient population, showing 
some benefi t with symptom management. Yen et al. observed that phenylbutyrate 
mouthwash signifi cantly mitigates oral mucositis during chemoradiotherapy or 
radiotherapy in patients with head and neck cancers  [  55  ] . There is also weak evi-
dence that allopurinol mouthwash compared to placebo can reduce severity of oral 
mucositis  [  54  ] . In a systematic review of  [  56  ]  chlorhexidine mouthwash for pre-
venting chemotherapy-induced oral mucositis, results failed to detect any benefi -
cial effects of chlorhexidine as compared with sterile water or NaCl 0.9%. 
Additionally, patients complained about negative side effects of chlorhexidine, 
including teeth discoloration and alteration of taste, in two of the fi ve studies on 
chlorhexidine. However, in a more recent review, it was observed that chlorhexi-
dine may play a part in reducing oral mucosal damage during chemotherapy for 
children with cancer, possibly due to a reduction in oral microfl ora and plaque 
 [  57  ] . In conclusion, the results of the present study suggest that the prophylactic 
use of 0.12% chlorhexidine gluconate also reduced the frequency of oral mucositis 
and oral pathogens in children with ALL  [  58  ] .   

    5.5   Guidelines for Assessment and Treatment 
of Oral Mucositis 

 Aggressive cancer therapy places patients at greater risk for oral mucositis and 
resulting treatment-related complications. Prevention and/or treatment of such oral 
sequelae has often been overlooked as a priority of the treatment team. There are no 
single standard therapies that have been proven to be effective in the prevention and 
management of oral mucositis, and they vary considerably among institutions. 
Since it is clear that several similarities and differences exist between radiation 
therapy– and chemotherapy- or combination therapy–induced mucositis, with each 
having specifi c time to occurrence and location, there is a need for targeting man-
agement strategies for risk prediction, prevention, and treatment. From the vast 
body of literature, it is clear that the basic principles of treatments that have been 
evaluated for the prevention and management of oral mucositis have been to screen 
proactively and predict/detect lesions early and reduce tumor-related factors, taking 
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into consideration common patient-related factors while targeting the biological 
basis of the manifestation of the symptoms. Change in treatment technologies such 
as radiotherapy techniques with the exclusion of the oral cavity from radiation 
fi elds has been evaluated in addition to targeting other symptom clusters that occur 
along with oral mucositis such as pain and infections. Treatment regimens have 
thus included early identifi cation and prediction, several chemical as well as physi-
cal strategies, and combination approaches for the prevention and treatment of oral 
mucositis. The following guidelines are thus best practice standards based on the 
current research literature. 

    5.5.1   Assessment of Mucositis 

 It is predictable that certain patient populations are more vulnerable than others for 
the development of oral mucositis. The timeline from start of treatment to appear-
ance of early oral lesions are also predictable with certain cancer treatment, 
Erythematous mucositis typically appears 7–10 days after initiation of high-dose 
cancer therapy. It is also anticipated that there is a signifi cant potential for mucosal 
toxicity with escalating dose or treatment duration in clinical trials that demonstrate 
gastrointestinal mucosal toxicity. Similarly, high-dose chemotherapy, such as that 
used in the treatment of leukemia and hematopoietic stem cell transplant regimens, 
may produce severe mucositis. These patients must be considered high risk, and 
thus a proactive mucositis assessment must be incorporated as standard of care. 
Cancer patients who are to receive chemotherapy, radiation, immunotherapy, com-
bination radiochemotherapies, or bone marrow transplantation must be screened 
thoroughly for all oral symptoms and nutritional status by a multidisciplinary team 
including a dentist. The basic goals of this screening are to obtain a collective mea-
surement of oral symptoms, signs, and functional disturbances. 

 Several mucositis evaluation scales are available. These include the National 
Cancer Institute Common Toxicity Criteria (NCI-CTC) for Oral Mucositis, WHO 
scale, and the Oral Mucositis Assessment Scale (OMAS). While the NCI system 
has separate scores for appearance (erythema and ulceration) and function (pain and 
ability to eat solids, liquids, or nothing by mouth), the WHO score combines both 
elements into a single score that grades the severity of the condition from 0 (no oral 
mucositis) to 4 (swallowing not possible such that patient needs supplementary 
nutrition). One of the earliest instruments developed was the Oral Mucositis 
Assessment Scale (OMAS) which provides an objective assessment of oral mucosi-
tis based on assessment of the appearance and extent of redness and ulceration in 
various areas of the mouth. This scale has demonstrated high reproducibility 
between observers, responsive over time, and accurate in recording symptoms asso-
ciated with mucositis and continues to be used in clinical settings. 

 Based on initial screening and course of treatment, frequent review of symptoms 
during treatment should be planned. Patients at high risk must receive education for 
fastidious oral hygiene, pain management, and nutritional alterations to minimize 
the severity of the lesion.  
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    5.5.2   Dental Care Guidelines 

 A referral to the dentist prior to start of care may help manage oral mucositis in most 
patients. Since oral management is critical for this patient, any oral infections and oral 
hygiene issues must be resolved prior to start of treatment by an oral management 
provider such as a dentist or dental hygienist in this setting. Referral to a dentist must 
include details regarding current diagnosis, plan of treatment, start date of treatment, 
limitations of use of medications including antibiotics, and other specifi c information 
that will assist the dentist to if teeth are ill fi tting; patients should be referred to the 
dentist to ensure proper fi tting. Additionally, assure that if dentures or other prosthesis 
for teeth are used, such as partials; patients have these always available and use 
them.

   Fastidious mouth care must be followed to prevent any infections or decay.  • 
  Any scaling, cleaning, tooth extraction, or repair of cavities should be done • 
before cancer therapy begins.  
  Extractions should be completed at least 2 weeks before therapy to give the area • 
of trauma a chance to heal; ill-fi tting dentures should be adjusted or replaced; 
any periodontal or dental work needs to be coordinated with the oncologist.  
  Benadryl elixir, lozenges, and analgesics may help reduce mouth pain.  • 
  Swishing with one teaspoon of viscous Xylocaine (hold in the mouth for 1 min • 
and then spit out) before meals. Patients should be cautioned about accidentally 
biting inside of cheeks due to oral numbness.  
  Frequent use of gentle mouthwash may help reduce the discomfort or pain. A solu-• 
tion of one teaspoon baking soda and salt dissolved in warm water should be used 
instead of commercial mouthwashes, which may be irritating to the oral mucosa.  
  Patients should be instructed to avoid hydrogen peroxide.  • 
  Patients need to use a soft bristle toothbrush and soften it by soaking fi rst in • 
warm water prior to brushing.  
  Damage to the mucosa can facilitate some infections, such as candida or herpes • 
simplex. Patients should be instructed to examine their mouth daily for irritation 
or white spots.  
  If brushing the teeth is painful, cotton swabs or Toothettes, a sponge-tipped stick • 
impregnated with dentifrice, may be used. Lemon glycerine swabs may make the 
mouth feel clean, but the glycerine can dehydrate and dry the mouth.  
  Using a gentle Waterpik to cleanse the mouth may be helpful but must be used • 
with caution since the pressure of the waterjet may irritate oral tissues.  
  Brushing the teeth with a paste of baking soda and water may be less irritating • 
than using a commercial toothpaste.  
  Biotene toothpaste • ®  has been found to be less irritating to the oral mucosa.     

    5.5.3   Pharmacotherapy 

    Although several amino acids and immunomodulators have shown promise • 
in vitro and in animal models, there is only weak evidence of benefi t at this 
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time. Well-powered clinical trials are needed to confi rm safety and effi cacy for 
the management of cancer treatment–related oral mucositis     [  40  ] .  
  Cryotherapy (ice chips)  [  • 47,   48  ]  has consistently shown some benefi t in prevent-
ing mucositis in early phase I–II clinical trials. However, cryotherapy during 
MTX administration does not reduce severe oral mucositis in patients undergo-
ing myeloablative allogeneic HSCT.  
  Laser phototherapy (LPT) used for oral mucositis could infl uence xerostomia • 
symptoms and hyposalivation of patients undergoing radiation therapy and can be 
benefi cial as an auxiliary therapy for hypofunction of salivary glands. Laser pho-
totherapy led to the maintenance of oral mucositis scores in the same levels until 
the last RT session. Moreover, LPT three times a week also maintained the pain 
levels. However, the patients submitted to once-a-week LPT had signifi cant pain 
increase, and the association of low/high LPT led to increased healing time.  
  Since oral mucositis can be complicated with fungal infections, specifi cally can-• 
didiasis in patients with cancer receiving radiation or chemotherapy, use of anti-
fungal drugs that can be absorbed in the gastrointestinal tract has been found to 
benefi cial in reduce complications.  
  Since pain is a common symptom cluster occurring with oral mucositis, patient-• 
controlled analgesia or continuous infusion method with opiates has demon-
strated relief and must be evaluated and considered for pain management.  
  Recombinant human keratinocyte growth factor-1 (palifermin) to prevent oral • 
mucositis in patients receiving high-dose CT and total body irradiation followed by 
stem cell transplantation for hematological malignancies is now recommended.  
  Use of traditional mouthwashes to obtain mechanical cleaning of the oral cavity • 
and administration of some agents like benzydamine, imidazole antibiotics, trya-
zolic antimycotics, povidone iodine, keratinocyte growth factor, and vitamin E 
seem to reduce the intensity of mucositis. Other interventions with sucralfate 
were effective in reducing the severity of mucositis. Use of mouthwash has been 
shown to reduce severity and further infections with oral mucositis. Several com-
binations such as salt and soda, chlorhexidine, and “magic” mouthwash (lido-
caine, Benadryl, and Maalox) and others have produced cessation of the signs 
and symptoms of mucositis within 12 days. Phenylbutyrate and allopurinol 
mouthwash signifi cantly mitigates oral mucositis during chemoradiotherapy or 
radiotherapy in patients with head and neck cancers.     

    5.5.4   Nutrition Guidelines 

  Nutritional assessment must be performed within 24 h of admission of the patient by 
a registered dietitian/nutritionist .
    1.    Screen patient within 24 h of admission. This order for screening has been a 

standard order for all cancer patient admissions to avoid delay in timing of 
screening.  

    2.    Assess all symptoms:    Gastrointestinal tract: taste alterations, smell altera-
tions, dysphagia, dyspnea, other pain, early satiety, dry mouth, too much 
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saliva production, anorexia, diarrhea, constipation, nausea, vomiting, dehy-
dration, and fatigue; anthropometrics: height, weight, recent weight loss, grip 
strength, and others (mid arm muscle circumference, body composition 
[DEXA]); psychosocial: family/caregiver support, depression, and ADL.  

    3.    Assess current nutritional status and estimate caloric, protein, and multivita-
min/mineral needs.  

    4.    Provide adequate nutrition by including “calorie” and “protein” booster educa-
tion material and nutritional supplements to ensure intake of proteins (recom-
mended 0.8–1.0 g/kg/day). Provide dense caloric supplements up to 400 cal/
day containing 1.5 kcal/mL; if intake is insuffi cient in proteins, supplement 
with modular protein supplements, adding this to favorite beverage (  http://
www.nestle-nutrition.com/Products/Default.aspx    ;   http://abbottnutrition.com/    ). 
The choice of nutritional supplements can be based in the personal choice of 
the patient, patient needs, tolerance to product as well as other comorbidities.  

    5.    Include a standard multivitamin mineral supplementation to prevent any further 
defi cits and meet increased needs.  

    6.    Assess adequacy of intake and provide an appetite stimulant (megestrol acetate 
320–800 mg/day or alternate) if patient has cancer anorexia to ensure adequate 
intake and prevent further weight loss.  

    7.    Provide each patient with nutritional guidelines to ensure adequate intake of 
calories and proteins and a list of suggested high-caloric and high-protein nutri-
tional supplements to choose from, taking into consideration taste alterations, 
early satiety, nausea, and vomiting that are common symptoms observed in this 
patient population.  

    8.    Proactive measures to provide alternate mode of nutritional support must be 
planned during acute phase of treatment when it would be a greater risk to feed 
patient via the oral route.  

    9.    Selection of route of feeding may be informed based on general guidelines and 
criteria provided in Table      2.6    .  

    10.    Other specifi c guidelines for patients with mucositis:
   Provide soft bland foods, such as creamed soups, cooked cereals, macaroni • 
and cheese, yogurt, pudding, mashed potatoes, eggs, custard, casseroles, 
cheesecake, and milk shakes.  
  Add high-calorie, high-protein supplements if intake in inadequate. High-• 
protein diet, such as pudding pops or frozen modular protein-calorie supple-
ments, may be well tolerated.  
  Patients may tolerate cold foods better as they may act as a local oral • 
anesthetic.  
  Few studies have demonstrated that around-the-clock or periodic adminis-• 
tration of oral glutamine may decrease both the severity and duration of 
mucositis. The patient can be advised to swish and swallow this mixture. If 
renal or hepatic function is impaired, this amino acid supplement may be 
contraindicated.  
  Blend and moisten foods with gravy, butter, cream, or sauces.  • 
  Soften foods, such as bread, by soaking in milk.  • 

http://www.nestle-nutrition.com/Products/Default.aspx
http://www.nestle-nutrition.com/Products/Default.aspx
http://abbottnutrition.com/
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  To bypass mouth sores, a straw can be used.  • 
  The following foods may be avoided:• 

   Tart, acidic foods and juices such as tomatoes, grapefruit, lemons, and  –
oranges, and pickles, which can burn the mouth.  
  Salty foods, which can burn sensation.   –
  Hot, spicy, coarse, or rough foods, including toast, dry crackers, and  –
potato chips.  
  Alcoholic beverages and tobacco, which irritate the lining of the mouth.   –
  Any medication that contains alcohol, such as mouthwashes or cough  –
syrups.  
  Patients using anesthetic jelly must be cautioned to be especially careful  –
consuming the above foods, as they may not feel any irritation and could 
injure the mucosa.            

    5.5.5   Physical Activity 

  Since fatigue and poor nutritional status are classic symptoms of CC, patients 
should proactively receive a comprehensive assessment of physical status by a 
licensed physical therapist and therapy initiated within 24 h of assessment .
    1.     Godin Leisure-Time Exercise Questionnaire  weekly to monitor physical activity.  
    2.     Handgrip strength dynamometry assessment : A validated tool commonly used to 

assess handgrip strength is the Jamar dynamometer, which is a fast, reliable, and 
easy-to-perform device commonly used by our team to measure improvements in 
functional strength. The Jamar dynamometer has a lower percentage coeffi cient of 
variation and is thus a more precise device than other handgrip dynamometers.      

    5.5.6   Markers and Instruments for Patient Monitoring 
and Assessment of Response to Treatment 
by the Interdisciplinary Medical Team 

     1. Anthropometric      measurements  such as participant’s height, weight, and body 
mass index can be performed at admission and at regular intervals established by 
the medical team. Skeletal muscle function is a central determinant of functional 
capacity in humans. Loss of muscle as seen in CC results in poor function and 
decreased survival rate following critical illness. Muscle size is therefore consid-
ered an important marker of functional status in studies of sarcopenia/cachexia.  
   2. Body composition by DXA scan : DXA should be used to assess both total lean 
body mass (LBM), fat mass (FM), and total bone mineral density (BMD).Total 
bone mineral density (BMD) is a valid indirect measure of skeletal muscle and 
patient activity. Total LBM is sometimes called total fat-free mass (FFM), 
depending upon specifi c DXA manufacturer. DXA instruments use an x-ray 
source that generates or is split into two energies to measure bone mineral mass 
and soft tissue from which fat and fat-free mass are estimated. The exam is quick 



100 5 Oral Mucositis

(1–2 min), precise (0.5–1%), and noninvasive. DXA scanners have the precision 
required to detect changes in muscle mass as small as 5%. Radiation exposure 
from DXA scans is minimal. The National Council of Radiation Protection and 
Measurements (NCRP) has recommended that the annual effective dose limit for 
infrequent exposure of the general population is 5,000  m Sv and that an annual 
effective dose of 10  m Sv be considered a negligible individual dose. The effective 
dose of a dual-energy x-ray absorptiometry whole body scan on an adult is 2.1 
 m Sv. Studies have shown that quality assurance is an important issue in the use 
of DXA scans to determine body composition including lean body mass and 
bone mineral density. DXA instrument manufacturer and model should remain 
consistent and their calibration should be monitored throughout treatment. Use 
of a standardized scan acquisition protocol and appropriate and unchanging scan 
acquisition and analysis software is essential to achieve consist results.  
   3. Dietary intake  must be assessed at baseline and at regularly scheduled intervals 
by conducting random weekly, 2 weekdays + 1 weekend day, 24-h dietary recalls 
(gold standard for collecting dietary data) using a 5-step multipass procedure 
 [  33,   34  ]  (which has been found to assess mean energy intake within 10% of 
actual intake) and using the frequently updated University of Minnesota Nutrition 
Data System for Research (NDSR) version database for analysis of nutrient com-
position. Food portion visuals can be provided to patients to estimate portion 
sizes of foods while monitoring intake.  
   4. Symptom log  may be completed daily and collected from patients on a monthly 
basis. Based on these symptoms, all anticipated and unanticipated grades of con-
stitutional, dermatological, gastrointestinal (GI), metabolic, and pain symptoms 
can be continuously monitored including those symptoms affecting nutritional 
intake and utilization.  
   5. Monthly  CMP and CBC should be monitored to assess electrolytes and organ 
function.  
   6. Functional markers  ( Karnofsky performance score ): Evaluation of patients’ 
functional status and barriers to obtaining adequate nutrients is also necessary. 
A physical exam combined with personal interview should include the evalua-
tion of functional status such as the ability to chew and swallow, dental or oral 
problems causing odynophagia or dysphagia, signs of muscle wasting or  anasarca, 
presence of edema, presence of skin or mouth lesion, and ability to perform 
instrumental activities of daily living (IADLs) such as cooking, shopping, and 
self-feeding. It is critical to assess activities of daily living, physical activity, 
exercise, sleep, and ability to work and perform other functional roles. Limitations 
in the activities of daily living have been identifi ed secondary to and as a cause 
of weight loss in cancer patients. Cancer and other chronic diseases pose diffi cul-
ties specifi cally for the cancer patient receiving treatment and the elderly in car-
rying out activities of daily living. A loss of postural and locomotive muscle 
mass has been observed within 7 days of inactivity. The Karnofsky Performance 
Scale Index allows patients to be classifi ed as to their functional impairment. 
This has been used to compare effectiveness of different therapies and to assess 
the prognosis in individual patients and has been validated in cancer patient 
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populations. Karnofsky Performance Scale Index allows patients to be classifi ed 
as to their functional impairment. This has been used to compare effectiveness of 
different therapies and to assess the prognosis in individual patients and has been 
validated in cancer patient populations.  
   7. Biochemical markers of protein status  ( serum albumin and transferrin ): 
Assessment of protein status is critical in the identifi cation and treatment of 
abnormalities in protein metabolism. There is substantial evidence of the correla-
tion between serum hepatic proteins and infl ammation, making these the most 
relevant biomarkers in cancer patient populations. Serum transferrin, prealbu-
min, and albumin have been observed as intermediate endpoint biomarkers and 
independently associated with clinical outcomes. Measurements of body compo-
sition combined with more objective and sensitive measure of protein nutriture 
are ideal for the biochemical assessment of intravascular and visceral protein 
stores. We have thus included the three major valid intermediate endpoint bio-
markers (IEBs) that represent intravascular and visceral protein  pools–transferrin, 
prealbumin, and albumin–as the biochemical indicators of protein status. 
Although transferrin levels are affected by iron status, serum transferrin, either 
singly or as part of a multiparameter index, is the strongest predictor of cancer 
patient morbidity and mortality.  
   8. Immune and infl ammatory markers : A range of metabolic responses triggered by 
infl ammatory and immunological responses in cancer patients   . Cytokines can be 
measured in a panel including IL-1, IL-4, IL-6, IL-8, IL-10, GM-CSF, IFN-k, 
TNF- a , and CRP (Bio-Rad–Bio-Plex). All of these biomarkers have been shown 
to increase with disease, aging, and cytotoxic agents. Though we realize these 
intermediate endpoint biomarkers of cytokines cannot be reliably interpreted, as 
over 70% of the subjects as observed in our studies were on active treatment 
with cytotoxic agents, these variables are important to determine, as they may 
provide useful information and contribute to the better understanding of the 
mechanistic process.  
   9. Quality of life  should be measured at baseline and monthly using the Rand Short 
Form (SF)-36 (Medical Outcomes Study SF36). The SF-36 has been used exten-
sively with general, high-risk, and cancer populations and has available norms 
for mail and telephone versions and comparisons between group and individual 
scores. Scores are calculated and transformed to a 0–100 scale, with higher 
scores indicating increased health status. Reliability of the SF-36 scales was 
measured by Cronbach  a  coeffi cient, and the results ranged from 0.78 in general 
health perceptions to 0.91 in the physical functioning domain.     

    5.5.7   Follow-up 

 Patients must be seen by the multidisciplinary team on a monthly basis to monitor 
progress and to review compliance to intervention including diet intake adequacy, 
symptom logs, change in concomitant medications, and any other issues related to 
treatment. Improved management of malnutrition with nutritional therapy may 
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require a multimodal intervention by multidisciplinary teams using a comprehensive 
and integrated approach. Initial screening and knowledge of treatment trajectory of 
the cancer patient should guide a plan for reassessment at regularly planned inter-
vals. Subjective and objective data on progress and response to nutritional therapy 
may be assessed using the indicators used in the comprehensive nutritional assess-
ment. Newly developed symptoms resulting from treatment or progression of dis-
ease may require additional monitoring or revision of nutritional therapy. 
Reassessment/reevaluation for monitoring and evaluation of nutritional therapy 
must include monitoring of clinical, functional, dietary, and behavioral outcomes 
that were identifi ed by the comprehensive nutritional assessment.   

    5.6   Future Directions 

 As novel cytotoxic, radiation, immunotherapy, and combination therapies evolve, 
there is a continued need for research evaluating strategies for preventing or mitigat-
ing the symptoms related to oral mucositis. The evidence of effi cacy of current treat-
ment regimens needs further validation in well-powered clinical trials, targeted to and 
specifi c to cancers and treatment regimens. In spite of focused interventions, respond-
ers and nonresponders to treatment present a greater challenge. Future studies using 
personalized medicine approaches for the treatment of mucositis with the identifi ca-
tion of specifi c gene clusters to discriminate these groups will be valuable [59].         

  Summary for the Clinician 
 Aggressive cancer therapy places patients at greater risk for oral mucositis 
and resulting sequelae of complications and treatment-related consequences. 
 There are no single standard therapies that have been proven to be effective in 
the prevention and management of oral mucositis, and they vary considerably 
among institutions. 
  Assessment and treatment of mucositis should be performed and imple-
mented using a multiprofessional approach to clinical care, research, and edu-
cation associated with mucosal injury in cancer patients, including oral 
management with dental professionals. 
  Proactive and systematic screening, assessment, and early identifi cation of 
oral lesions for specifi c treatments should be part of standard of care. The 
basic goal of this screening is to obtain a collective measurement of oral 
symptoms, signs, and functional disturbances. 
  It is predictable that certain patient populations are more vulnerable than 
others for the development of oral mucositis. These patients must be consid-
ered high risk, and thus, a proactive mucositis assessment must be incorpo-
rated as standard of care. 
  Patients at high risk must receive education for fastidious oral hygiene, pain 
management, and nutrition to minimize the severity of the lesion. 
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  6      Nausea and Vomiting in Cancer       

              

  Core Messages 
 Nausea is a subjective phenomenon of an unpleasant, wavelike sensation 
experienced in the back of the throat and/or the epigastrium often culminating 
in vomiting (emesis). Vomiting is the forceful expulsion of the contents of the 
stomach, duodenum, or jejunum through the oral cavity. Vomiting can serve 
the function of emptying a noxious chemical from the gut, and nausea appears 
to play a role in a conditioned response to avoid ingestion of offending 
substances. 

 Nausea and vomiting (N&V) are common in advanced cancer patients and 
are dreaded more than the symptom of pain. Nausea and vomiting are ranked 
as the most severe side effects to chemotherapy by cancer patients  [  7  ] . 
Chemotherapy- and radiotherapy-induced nausea and vomiting are the most 
common, intractable, and unpleasant side effects in patients undergoing treat-
ment for cancer. 

 Symptoms of nausea and vomiting have been shown to result in severe 
malnutrition, anorexia, interruption of serial treatments, poor treatment out-
comes, psychological distress, esophageal tears, fractures, wound dehiscence, 
withdrawal from potentially useful and curative antineoplastic treatment, and 
degeneration of self-care and functional ability. 

 Nausea and vomiting have been documented to affect some 60% of cancer 
patients at some stage in their illness. Risk factors for CINV include patient 
gender and age, past history of CINV, plus the emetogenicity and administra-
tion schedule of chemotherapy. Research has documented that the incidence 
of acute and delayed postchemotherapy nausea and vomiting is greater than 
50%, even after antiemetic prophylaxis. 

 The potential factors contributing to N&V in cancer patients include tumor-
induced (cranial, gastrointestinal, metabolic), drug-induced, cytotoxic chemo-
therapy, and radiation-induced and psychological mechanisms  [  24  ] . Chronic 
nausea in the advanced cancer setting is often multifactorial in origin. 
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    6.1   Definition/Description 

 Although nausea and vomiting are important as biological systems for drug side 
effects, disease comorbidities, and defenses against food poisoning  [  1  ] , these are 
distressing side effects of chemotherapy most feared by cancer patients. Nausea 
and vomiting are common in advanced cancer patients and dreaded more than 
the symptom of pain  [  2,   3  ] . Nausea is a subjective phenomenon of an unpleasant, 
wavelike sensation experienced in the back of the throat and/or the epigastrium 
often culminating in vomiting (emesis). Vomiting is the forceful expulsion of the 
contents of the stomach, duodenum, or jejunum through the oral cavity. Vomiting 
can serve the function of emptying a noxious chemical from the gut, and nausea 
appears to play a role in a conditioned response to avoid ingestion of offending 
substances. Retching is the gastric and esophageal movements of vomiting with-
out expulsion of vomitus and is also referred to as dry heaves. A vomit (expul-
sion of gastric contents) is usually preceded by several retching responses, but 
retching and vomiting can occur separately  [  4  ]  and involve different sets of mus-
cles. During a retch, thoracic pressure is decreased and abdominal pressure is 
increased, which may serve to position gastric contents and overcome esopha-
geal resistance  [  4  ] . Conversely, a vomit occurs with increased thoracic and 
abdominal pressure. Unlike a simple refl ex, the occurrence of which can be pre-
dicted from the intensity of stimulation, the threshold for the emetic response is 
more variable. The response is modifi able by experience and can be conditioned 
 [  5,   6  ] . Symptoms of nausea and vomiting (N&V) have been shown to result in 
severe malnutrition, anorexia, interruption of serial treatments, poor treatment 
outcomes, psychological distress, esophageal tears, fractures, wound dehiscence, 
withdrawal from potentially useful and curative antineoplastic treatment, and 
degeneration of self-care and functional ability. Nausea and vomiting are ranked 
as the most severe side effects to chemotherapy by cancer patients  [  7  ] . 

 The relative contribution from these multiple pathways culminating in 
N&V symptoms is complex and is postulated to account for the variable eme-
togenicity (intrinsic emetogenicity and mitigating factors [i.e., dosage, admin-
istration route, and exposure duration]) and emetogenic profi le (i.e., time to 
onset, symptom severity, and duration) of agents. 

 Although the sensory pathways for nausea and vomiting are generally well 
understood (e.g., vagal and vestibular inputs), the pivotal problem of defi ning 
the convergent neural circuitry that generates nausea and vomiting is still 
largely unsolved. Future research focused on solving this puzzle would likely 
provide a signifi cant resource of information for designing effective treat-
ments to control nausea and vomiting and yield signifi cant insight into under-
standing gut-brain communication. 
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Chemotherapy- and radiotherapy-induced nausea and vomiting are the most 
 common, intractable, and unpleasant side effects in patients undergoing treat-
ment for cancer  [  8  ] .  

    6.2   Prevalence 

 Despite advances in pharmacologic and nonpharmacologic management, N&V 
remain two of the more distressing and feared side effects to cancer patients and 
their families, and incidence may be underestimated by health professionals. Nausea 
and vomiting have been recognized as a consistent cancer treatment symptom clus-
ter across multiple studies examining the concept of co-occurring symptoms of can-
cer  [  9–  14  ] . N&V has been documented to affect some 60% of cancer patients at 
some stage in their illness  [  9–  15  ] . In spite of the development of several mechanism-
based targeted therapies to treat N&V in cancer patient populations, N&V continue 
to be among the most distressing side effects of chemotherapy(chemotherapy-
induced nausea and vomiting [CINV])  [  8,   16  ]  and radiation therapy(radiation-
induced nausea and vomiting [RINV])  [  17,   18  ] . Risk factors for CINV include 
patient gender and age, past history of CINV, plus the emetogenicity and administra-
tion schedule of chemotherapy  [  19  ] . Research has documented that the incidence of 
acute and delayed postchemotherapy nausea and vomiting is greater than 50%  [  20, 
  21  ] , even after antiemetic prophylaxis. DE most commonly occurs within the fi rst 
24–48 h of chemotherapy administration and can persist for 2–5 days. Olanzapine, 
which has been used anecdotally for chronic nausea in advanced cancer patients, 
might be a useful treatment for the prevention of delayed emesis in chemotherapy 
patients  [  22  ] . Gastrointestinal side effects can also complicate radiation therapy in 
cancer patients. RINV is also observed to be common among patients receiving pal-
liative radiotherapy for bone metastases, especially during delayed phase  [  23  ] . Even 
with the best antiemetic pharmacological agents, 60–70% of cancer patients con-
tinue to experience nausea and vomiting when undergoing cancer treatments  [  17, 
  18  ] , establishing the need for continuous assessment of these symptoms in this 
patient population and using additional, prophylactic, integrative, nonpharmacologi-
cal approaches for supportive care and improvement of quality of life.  

    6.3   Etiology/Common Causes 

 Signifi cant progress has been made in our understanding the neurophysiologic 
mechanisms that control nausea and vomiting in cancer. However, the relative con-
tribution of the multiple pathways culminating in N&V symptoms is complex and 
continues to be an unsolved puzzle and is postulated to account for the variable 
emetogenicity (intrinsic emetogenicity and mitigating factors [i.e., dosage, admin-
istration route, and exposure duration]) and emetogenic profi le (i.e., time to onset, 
symptom severity, and duration) of agents. Overall, the potential factors contribut-
ing to N&V in cancer patients include tumor-induced (cranial, gastrointestinal, 
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metabolic), drug-induced, cytotoxic chemotherapy, radiation-induced, and psycho-
logical mechanisms  [  24  ] . Chronic nausea in the advanced cancer setting is often 
multifactorial in origin  [  25–  27  ] . The relative contribution from these multiple path-
ways culminating in N&V symptoms is complex and is postulated to account for the 
variable emetogenicity (intrinsic emetogenicity and mitigating factors [i.e., dosage, 
administration route, and exposure duration]) and emetogenic profi le (i.e., time to 
onset, symptom severity, and duration) of agents. 

    6.3.1   Neurophysiology of Nausea and Vomiting 

 Signifi cant progress has been made in our understanding the neurophysiologic 
mechanisms that control nausea and vomiting. Although both are controlled or 
mediated by the central nervous system, nausea is mediated through the autonomic 
nervous system and vomiting results from the stimulation of a complex refl ex that is 
coordinated by a putative true vomiting center, potentially located in the dorsolat-
eral reticular formation near the medullary respiratory centers. Although the sen-
sory pathways for nausea and vomiting are generally well understood (e.g., vagal 
and vestibular inputs), the pivotal problem of defi ning the convergent neural cir-
cuitry that generates nausea and vomiting is still largely unsolved  [  1  ] . It is believed 
that the vomiting center receives multiple and convergent afferent stimulation from 
several central neurologic pathways, including the following  [  25,   27  ] : (a) a chemore-
ceptor trigger zone (CTZ); (b) the cerebral cortex and the limbic system in response 
to sensory stimulation (particularly smell and taste), psychological distress, and 
pain; (c) the vestibular-labyrinthine apparatus of the inner ear in response to body 
motion; and (d) peripheral stimuli from visceral organs and vasculature (via vagal 
and spinal sympathetic nerves) as a result of exogenous chemicals and endogenous 
substances that accumulate during infl ammation, ischemia, and irritation. The CTZ 
is located in the area postrema, one of the circumventricular regions of the brain on 
the dorsal surface of the medulla oblongata at the caudal end of the fourth ventricle. 
Unlike vasculature within the blood–brain diffusion barrier, the area postrema is 
highly vascularized with fenestrated blood vessels, which lack tight junctions (zonae 
occludentes) between capillary endothelial cells. The CTZ is anatomically special-
ized to readily sample elements present in the circulating blood and cerebrospinal 
fl uid (CSF)  [  26,   28  ] . Currently, evidence indicates that acute emesis following che-
motherapy is initiated by the release of neurotransmitters from cells that are suscep-
tible to the presence of toxic substances in the blood or CSF. Area postrema cells in 
the CTZ and enterochromaffi n cells within the intestinal mucosa are implicated in 
initiating and propagating afferent stimuli that ultimately converge on central struc-
tures corresponding to a vomiting center. The relative contribution from these mul-
tiple pathways culminating in N&V symptoms is complex and is postulated to 
account for the variable emetogenicity (intrinsic emetogenicity and mitigating fac-
tors [i.e., dosage, administration route, and exposure duration]) and emetogenic 
profi le (i.e., time to onset, symptom severity, and duration) of agents. Although the 



1116.3 Etiology/Common Causes

sensory pathways for nausea and vomiting are generally well understood (e.g., vagal 
and vestibular inputs), the pivotal problem of defi ning the convergent neural cir-
cuitry that generates nausea and vomiting is still largely unsolved  [  1  ] . Future 
research focused on solving this puzzle would likely provide a signifi cant resource 
of information for designing effective treatments to control nausea and vomiting 
and yield signifi cant insight into understanding gut-brain communication  [  1  ] .  

    6.3.2   Cytotoxic Chemotherapy and Radiation-Induced 
Mechanisms 

 Nausea and vomiting is a frequent side effect of cancer therapy such as chemo-
therapy and radiation. CINV involves coordination of several organs of the gastro-
intestinal tract and the peripheral and central nervous systems. Many neurotransmitters 
are involved in this process, and the predominant receptors are serotonin, neuroki-
nin-1, and dopamine receptors  [  19  ] . In general, nausea and vomiting are symptoms 
classifi ed under four major types, based on the etiology and timing of occurrence: 
(a) Acute N&V: N&V experienced during the fi rst 24-h period after chemotherapy 
administration is considered acute N&V  [  27  ] . (b) Delayed (or late) N&V: N&V that 
occurs more than 24 h after chemotherapy administration is considered delayed, or 
late, N&V. Delayed N&V is associated with cisplatin, cyclophosphamide, and other 
drugs (e.g., doxorubicin and ifosfamide) given at high doses or on 2 or more con-
secutive days. (c) Anticipatory nausea and vomiting (ANV): ANV is nausea and/or 
vomiting that occurs prior to the beginning of a new cycle of chemotherapy in 
response to conditioned stimuli such as the smells, sights, and sounds of the treat-
ment room. ANV is a classically conditioned response that typically occurs after 
three or four prior chemotherapy treatments, following which the person experi-
enced acute or delayed N&V. (d) Chronic N&V is seen in advanced cancer patients 
associated with a variety of potential etiologies. 

 Because cells of the GI tract are dividing quickly, they are quite sensitive to 
radiation therapy. Radiation to the brain is believed to stimulate the brain’s vomiting 
center or chemoreceptor trigger zone. Similar to chemotherapy, radiation dose fac-
tors also play a role in determining the possible occurrence of N&V. In general, the 
higher the daily fractional dose and the greater the amount of tissue that is irradi-
ated, the higher the potential for N&V. In addition, the larger the amount of GI tract 
irradiated (particularly for fi elds that include the small intestine and stomach), the 
higher the potential for N&V. Total body irradiation before bone marrow transplant, 
for example, has a high probability of inducing N&V as acute side effects. Prevalence 
of N&V from radiation may be acute and self-limiting, usually occurring 30 min to 
several hours after treatment. Patients report that symptoms improve on days that 
they are not being treated. There are also cumulative effects that may occur in 
patients receiving radiation therapy to the GI tract  [  27  ] . Research in this patient 
population is limited with few prospective, randomized clinical trials limiting devel-
opment of guidelines for this population.  
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    6.3.3   Tumor-Induced Nausea and Vomiting 

 Nausea and vomiting can also be induced by raised intracranial pressure (from met-
astatic brain disease or primary brain tumors, malignant bowel obstruction, and 
gastroduodenal ulcers)  [  29  ] . Nausea relieved by vomiting or induced by nutritional 
intake is usually due to gastroparesis, gastric outlet obstruction, or SB obstruction 
 [  2  ] . Emesis is an instinctive defense reaction caused by the somatoautonomic nerve 
refl ex, which is integrated in the medulla oblongata. Continuous severe nausea 
unrelieved by vomiting is usually caused by medications or metabolic abnormalities 
related to tumors. Patients receiving radiation to the gastrointestinal (GI) tract or 
brain have the greatest potential for nausea and vomiting (emesis) (N&V) as side 
effects. In addition, metabolic abnormalities such as hypercalcemia, hyponatremia, 
uremia, dehydration  [  29  ] , and infections of the mouth, pharynx, or esophagus can 
contribute to these symptoms.  

    6.3.4   Drugs Contributing to Nausea and Vomiting 

 Medications cause nausea and vomiting via the chemoreceptor trigger zone, such as 
opiates, digoxin, L-dopa, nonsteroidal anti-infl ammatory drugs, by damaging the 
gastric mucosa; antibiotics such as tetracycline, metronidazole, erythromycin, sul-
fonamides, and selective serotonin reuptake inhibitor (SSRI) antidepressants may 
contribute to N&V in cancer patients.    In addition, alcohol acts directly on the 
chemoreceptor trigger zone and via gastric mucosal damage to cause nausea  [  30  ] . 
In the case of opioids, nausea frequently resolves spontaneously a few days after 
initiation of treatment, although in some cases it may persist. Nausea has also been 
reported resulting from the accumulation of active opioid metabolites (morphine-6-
glucuronide)  [  28  ]  ,  and patients with impaired renal function may be at increased 
risk. Since opioids are a common contributor of constipation in this population, 
most patients are routinely placed on prophylactic laxative regimens. Failure to do 
so may contribute to increase in symptoms of nausea and vomiting due to constipa-
tion, especially in those with cancer cachexia-anorexia in advanced cancer  [  31–  34  ] . 
The autonomic dysfunction that often accompanies this syndrome results in 
decreased GI motility, early satiety, and chronic nausea  [  24  ] .  

    6.3.5   Psychological Etiology 

 Fear of death, pain, treatment-related effects or the recurrence of the illness of tumor 
in cancer patients has consistently demonstrated increased distress in the patient 
population. Nausea, like many other symptoms, may have psychological undercur-
rents that either exacerbate or induce chronic nausea  [  29  ] . The role of classical con-
ditioning in patients’ anticipatory nausea and vomiting is well known. Nausea and 
vomiting manifest unconditionally after a nauseogenic experience  [  35  ] . Although 
initially, nausea and vomiting occur during and after the administration of cytotoxic 
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drugs (posttreatment nausea and vomiting) as unconditioned responses (UR). 
However, when reexposed to the stimuli that usually signal the chemotherapy session 
and its drug infusion, anywhere from 10% to 30% of patients report symptoms called 
anticipatory nausea (AN) and/or anticipatory vomiting (ANV). Anticipatory nausea/
vomiting is hypothesized to be acquired by Pavlovian conditioning and, conse-
quently, may be alleviated by conditioning techniques  [  6,   35,   36  ] . More recently, 
efforts have been made to determine the possible conditioning effects on posttreat-
ment nausea  [  37  ] . In studies examining the contribution of anticipatory (conditioned) 
nausea to patients’ subsequent posttreatment nausea, results revealed a signifi cant 
correlation between the intensity of anticipatory nausea in the clinic prior to their 
treatment infusion and subsequent posttreatment nausea  [  37–  39  ] . Thus, once estab-
lished, conditioned nausea and vomiting may contribute to the severity of subsequent 
posttreatment nausea and vomiting in patients receiving repeated cycles of chemo-
therapy for cancer. In a study to investigate the prevalence of anticipatory nausea 
(AN), its associated factors, and its impact on quality of life (QOL) among ambula-
tory cancer patients receiving chemotherapy, Akechi et al.  [  40  ]  demonstrated that the 
presence of AN was also signifi cantly associated with most domains of patient out-
comes, including psychological distress, perceived needs, and QOL even after adjust-
ments for age, gender, performance status, and psychological distress. Vomiting may 
follow nausea and be brought on by treatment or food and other odors (Fig   .  6.1 ).    

    6.4   Current Treatment of Nausea and Vomiting 

 Due to the complex and multietiological basis contributing to the symptoms of nau-
sea and vomiting during treatment, it may be important to utilize a systematic, step-
wise approach, combining both pharmacological and nonpharmacological 
management of these symptoms  [  41–  43  ] . In a systematic review of the treatment of 
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nausea and vomiting in cancer, Davis  [  43  ]  found 93 articles with only 14 that were 
randomized clinical trials, of which most were of low-quality, unblinded, small 
sample sizes and lack randomization. Current treatment strategies include clinical 
assessment of the pathophysiological component of the emetogenic pathway that is 
being triggered and selecting an antiemetic drug that blocks the key receptors 
involved. A comprehensive assessment obtaining a thorough history and physical 
examination are essential fi rst steps to defi ne the severity of the symptoms and 
determine the underlying etiology. Current treatment of nausea and vomiting are 
mostly based on etiology. Currently, the primary method of treatment is pharmaco-
logical, with current recommendations based on the etiology, knowledge of the 
emetogenic pathways, and matching of the emetogenic stimulus with the drug most 
likely to act on the relevant receptors  [  41  ] . Once the most likely etiology is deter-
mined, the medical team can identify the mechanism contributing to these symp-
toms, the specifi c transmitters, and receptors by which this etiology is triggering 
nausea and vomiting. Based on this assessment, the pharmacological management 
may focus on intervention with appropriate antagonist to the implicated receptors. 
This is often complicated by the diffi culty in identifying the cause(s) and specifi c 
transmitters and the fact that many antiemetics work on multiple receptors. If symp-
toms are refractory despite adequate dosage and around-the-clock prophylactic 
administration, an empirical trial combining several therapies to block multiple 
emetic pathways should be attempted. Therapy is then changed to rotation to medi-
cations which bind to multiple receptors (broad spectrum antiemetics), the addition 
of another antiemetic to a narrow-spectrum antiemetic (a serotonin receptor antago-
nist such as tropisetron to a phenothiazine), rotation to a different class of antiemetic 
(tropisetron for a phenothiazine), or in-class drug rotation  [  2,   42  ] . Additionally, 
since oral administration of medication is not always feasible, alternate routes such 
as rectal suppositories, subcutaneous infusions, and orally dissolvable tablets should 
be considered  [  42  ] . Although these are current clinical practice guidelines, based on 
the most current reviews, there was no evidence that multiple emetics based on eti-
ology of emesis were any better than a single emetic. There is also poor evidence for 
dose response, intraclass or interclass drug switch, or antiemetic combinations in 
those individuals failing to respond to the initial antiemetic  [  43,   44  ] . Based on this 
review, antiemetic studies and published guidelines are largely based on expert 
opinion and have moderate to weak evidence at best establishing the need for pro-
spective randomized clinical trials of single emetics as well as old and more recently 
developed agents  [  44  ]  to establish evidence-based guidelines. Additionally, to date, 
both empirical and etiology-based therapies have similar overall effi cacy. 

    6.4.1   Pharmacological Approaches 

 Over the past two decades, more effective and better-tolerated pharmacologic agents 
have been developed to prevent chemotherapy-induced nausea and vomiting. 
Selective 5-HT3 antagonists, neurokinin-1 antagonists, and corticosteroids are at 
present the most effective therapeutic agents. Recommended antiemetic regimens 
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for highly emetogenic chemotherapy and moderately emetogenic chemotherapy 
with a high risk of delayed CINV include a serotonin antagonist, dexamethasone, 
and aprepitant. Metoclopramide had modest evidence of effectiveness based on 
these studies  [  43  ] , followed by phenothiazines and tropisetron  [  2  ] . Aprepitant has 
been shown to have a signifi cant role in the management of CINV, as it allows the 
majority of patients to complete their chemotherapies without signifi cant morbidity 
 [  45  ] . The recommended antiemetic regimen of aprepitant, a 5-HT(3) RA, and a 
corticosteroid is safe. The combination of aprepitant, a 5-HT(3) RA, and dexame-
thasone is now the gold standard of antiemetic treatment in prevention of CINV 
induced by HEC or by the combination of an anthracycline and cyclophosphamide. 
The intravenous formulation of aprepitant used as a single dose is expected to be of 
benefi t to cancer patients  [  46  ] . Other moderately emetogenic chemotherapy requires 
a serotonin antagonist and dexamethasone. Medications for breakthrough symp-
toms include dopamine antagonists, lorazepam, metoclopramide, haloperidol, dro-
peridol, and other agents. Options for treatment of refractory CINV include 
olanzapine, dronabinol, nabilone, and gabapentin. New evidence from noncon-
trolled studies supports the use of olanzapine, casopitant, and gabapentin in control-
ling the symptoms of CINV  [  19,   47  ] . Billo et al.  [  48  ]  completed a review to compare 
effi cacy of different serotonin receptor antagonists (5-HT(3) RAs) in the control of 
acute and delayed emesis induced by highly emetogenic chemotherapy. Ondansetron 
and granisetron appear to be equivalent drugs for the prevention of acute and delayed 
emesis following the use of highly emetogenic chemotherapy. According to one 
single trial, the combination of palonosetron and dexamethasone was superior to 
granisetron and dexamethasone in controlling delayed emesis. However, more evi-
dence is needed before palonosetron could become the candidate 5-HT(3) RA for 
the control of delayed emesis induced by highly emetogenic chemotherapy  [  48  ] . 
Palonosetron, a unique second-generation 5-HT3 receptor antagonist, has been 
demonstrated to control emesis related to chemotherapy-induced nausea and vomit-
ing (CINV). In a study to evaluate the effi cacy and tolerability of single administra-
tion of palonosetron followed by a single dose of dexamethasone on day 1 in patients 
with breast cancer (BC) or colorectal cancer (CRC) receiving moderate emetogenic 
chemotherapy (MEC), adequately controlled CINV during the entire period of 
emetic risk  [  49  ] . To reduce side effects of corticosteroid-containing antiemetic regi-
mens, tailoring antiemetic schedules to specifi c requirements of different patients 
could be of benefi t. In a study to evaluate the possibility to reduce the total dose of 
corticosteroids administered with palonosetron, Aapro et al.  [  50  ]  observed no sig-
nifi cant reduction in antiemetic control during the 5-day period or an impact on 
patient functioning. Granisetron is a highly selective serotonin 5-HT(3) receptor 
antagonist for the prevention of chemotherapy-induced nausea and vomiting. The 
transdermal granisetron system delivers continuous granisetron (3.1 mg/day) into 
the systemic circulation (via passive diffusion) for up to 7 days, with maximum 
absorption reached within 48 h. Transdermal granisetron was generally well toler-
ated in clinical trials, with few adverse events being treatment related  [  51  ] . 
Randomized clinical trials have demonstrated anywhere from 49% to 60% control 
of acute CINV using transdermal granisetron, thus its effectiveness and safety in 



116 6 Nausea and Vomiting in Cancer

controlling acute emesis induced by chemotherapy with both moderate and high 
emetogenic potential  [  52  ] . A more    recent meta-analysis by Salvo et al.  [  53  ]  sum-
marized data from 46 studies, with 9 included in the review of moderate quality, 
continuing to demonstrate lack of prospective randomized clinical trials using this 
agent. Findings showed that 5-hydoxytryptamine-3 RAs were superior to placebo 
and other emetics for prevention of emesis but not for nausea prevention and delayed 
N&V  [  53  ] . Retrospective studies evaluating antiemetic therapies in radiation ther-
apy patients have shown that patients receiving prophylactic antiemetics with tro-
pisetron + dexamethasone completed RT with lower intensity of N&V and lower 
ECOG PS scores compared to groups that received other antiemetic treatments  [  54  ] . 
Hydroxytryptamine-3 (5-HT3) receptor antagonists plus dexamethasone have sig-
nifi cantly improved the control of acute nausea and vomiting, but delayed nausea 
and vomiting remains a signifi cant clinical problem. Combined neurokinin-1 recep-
tor antagonists with 5-HT3 antagonists and steroids are observed to be better in the 
control of both acute and delayed emesis. However, the use of these antiemetics is 
observed to possess inherent side effects. Corticosteroids have not been demon-
strated to be effective, except in bowel obstruction. Other treatments that improve 
symptoms of N&V with malignant bowel obstruction that have been found to be 
effective are venting gastrostomy and octreotide  [  2  ] . 

 In a recent update, the American Society of Clinical Oncology (ASCO) guide-
line for antiemetics in oncology  [  38  ] , a systematic review of the medical literature 
including MEDLINE; the Cochrane Collaboration Library; and meeting materials 
from ASCO and the Multinational Association for Supportive Care in Cancer were 
all searched. Primary outcomes of interest were complete response and rates of any 
vomiting or nausea. Thirty-seven trials met prespecifi ed inclusion and exclusion 
criteria for this systematic review. Two systematic reviews from the Cochrane 
Collaboration were identifi ed; one surveyed the pediatric literature. The other com-
pared the relative effi cacy of the 5-hydroxytryptamine-3 (5-HT3) antagonists. Based 
on this review, it is recommended that combined anthracycline and cyclophosph-
amide regimens are reclassifi ed as highly emetic. Patients who receive this combi-
nation or any highly emetic agents should receive a 5-HT3 antagonist, dexamethasone, 
and a neurokinin-1 (NK1) receptor antagonist. A large trial validated the equiva-
lency of fosaprepitant, a single-day formulation, with aprepitant; either therapy is 
appropriate. Preferential use of palonosetron is recommended for moderate emetic 
risk regimens, combined with dexamethasone. For low-risk agents, patients can be 
offered dexamethasone before the fi rst dose of chemotherapy. Patients undergoing 
high-emetic-risk radiation therapy should receive a 5-HT3 antagonist before each 
fraction and for 24 h after treatment and may receive a 5-day course of dexametha-
sone before fractions 1–5.  

    6.4.2   Nonpharmacological Approaches 

 Even with the best antiemetic pharmacological agents, 60% of cancer patients con-
tinue to experience nausea and vomiting when undergoing chemotherapy treat-
ments. Several plant-based medications, as well as therapies such as acupressure, 
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acupuncture, and hypnosis, have been integrated along with traditional interven-
tions with antiemetics to manage nausea and vomiting. Although    no single nonphar-
macological approach has been deemed effective to manage cancer-related nausea 
and vomiting, several of these have a rationale for integration with traditional phar-
macological interventions with antiemetics. 

    6.4.2.1   Botanicals for Management of Nausea and Vomiting 
 Botanicals such as  Scutellaria baicalensis , Korean red ginseng, American ginseng 
berry,  Ganoderma lucidum ,  Zingiber offi cinale , grape-seed extract, and the oil of 
 Mentha spicata  are reported to be effective in the treatment of nausea and vomiting 
mostly in preclinical studies. Of these, ginger has also been evaluated for its effi cacy 
in humans with mixed results, continuing to emphasize aspects that need further 
investigations for these plants to be of use in clinics in the future  [  8  ] . 

 Ginger has been used in the treatment of nausea related to multiple causes, 
including chemotherapy-induced nausea and vomiting  [  55  ] . Although use of ginger 
has been shown to have no additional toxicities, studies are mixed with regard to 
effectiveness in reducing cancer treatment–induced nausea and vomiting. In pre-
clinical studies, Sharma et al.  [  56  ]  demonstrated varying formulations of ginger’s 
antiemetic effect. Using acetone and ethanolic extract of ginger ( Zingiber offi cinale , 
Roscoe, Zingiberaceae) against cisplatin-induced emesis in dogs, doses of 100, 200, 
and 500 mg/kg (p.o.), and ginger juice, in the doses of 2 and 4 mL/kg, was investi-
gated against cisplatin effect on gastric emptying in rats. All three ginger prepara-
tions signifi cantly reversed cisplatin-induced delay in gastric emptying. The ginger 
juice and acetone extract were more effective than the 50% ethanolic extract. The 
reversal produced by the ginger acetone extract was similar to that caused by the 
5-HT3 receptor antagonist ondansetron; however, ginger juice produced better 
reversal than ondansetron. The authors concluded that ginger, an antiemetic for can-
cer chemotherapy, may also be useful in improving the gastrointestinal side effects 
of cancer chemotherapy  [  56  ] . In a review of trials with ginger, daily doses of up to 
6 g, ginger seems to be a drug with few side effects  [  57  ] . In small prospective trials, 
high-protein meals with ginger reduced the delayed nausea of chemotherapy and 
reduced use of antiemetic medications. Protein with ginger holds the potential of 
representing a novel, nutritionally based treatment for the delayed nausea of chemo-
therapy  [  58  ] . More recently, in well-designed randomized clinical trials, ginger 
supplementation at a daily dose of 0.5–1.0 g signifi cantly aids in reduction of the 
severity of acute chemotherapy-induced nausea in adult cancer patients  [  18  ] . Ginger 
root powder was effective in reducing severity of acute and delayed CINV as addi-
tional therapy to ondansetron and dexamethasone in patients receiving high-emeto-
genic chemotherapy  [  59  ] . However, ginger was observed to provide no additional 
benefi t for reduction in the prevalence or severity of acute or delayed CINV when 
given with 5-HT3 receptor agonist and/or aprepitant in a randomized double-blind, 
placebo-controlled trial  [  55  ] .  

    6.4.2.2   Acupressure for Management of Nausea and Vomiting 
 Several randomized, placebo-controlled clinical trials have assessed the effect of 
acupressure applied to the pericardium 6 (P6 or Neiguan) acupuncture point with a 
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wristband on nausea-vomiting in addition to the standard antiemetic medications 
used to prevent nausea-vomiting due to chemotherapy in gynecologic and breast 
cancer patients. The fi ndings from these studies have consistently demonstrated that 
acupressure applied to P6 acupuncture point with wristbands may be effective in 
reducing chemotherapy-related nausea and may decrease the antiemetic use after 
chemotherapy  [  60  ] . It was found that nausea and retching experience, and nausea, 
vomiting, and retching occurrence and distress were all signifi cantly lower in the 
experimental group compared to the control group ( p  < 0.05). The only exception 
was with the vomiting experience, which was close to signifi cance ( p  = 0.06)  [  61  ] . 
Acupressure at the P6 point is a value-added technique in addition to pharmaceuti-
cal management for women undergoing treatment for breast and gynecological can-
cers to reduce the amount and intensity of delayed CINV  [  62  ] . Research thus 
supports the safety and effectiveness of self-administered acupressure for the treat-
ment of chemotherapy-induced nausea and vomiting when used in conjunction with 
current antiemetic drugs for relief of the nausea and vomiting resulting from 
 chemotherapy  [  17  ]  (Fig.  6.2 ).     
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  Fig. 6.2    Classifi cation of nausea and vomiting based on the etiology and timing of occurrence       
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    6.5   Guidelines for the Management of Nausea and Vomiting 

 Due to complex and multifactorial nature, preventing and treating N&V continues 
to present a challenge. Despite the progress, uncontrolled vomiting and inadequately 
controlled nausea remain as major problems in several cancer patients. Nonetheless, 
complete prevention of treatment-induced nausea and vomiting should be a realistic 
goal for most patients. Clinicians underestimate the incidence of nausea, which is 
not as well controlled as emesis. The following guidelines are considered best prac-
tice standards based on available review of the current research literature. Due to the 
multifactorial etiology of nausea and vomiting, there is no single standard of ther-
apy established to treat the symptoms in cancer patients. Diagnosis and manage-
ment of nausea and vomiting requires timely and careful screening using detailed 
history and clinical examination by integrated, multidisciplinary teams consisting 
of treating oncologists (surgeons, radiation oncologists, medical oncologists), den-
tists, speech pathologist, clinical pharmacist, psychosocial worker, physical thera-
pist, radiologist, and dietitian for comprehensive symptom assessment, established 
nutritional guidelines, pharmacotherapy, psychosocial intervention, in addition to 
monitoring and closely assessing patients for change in status. In addition, the inter-
vention must be proactive and based on ongoing evaluations to monitor patient’s 
change in status based on disease stage, response to treatment, and treatment out-
comes, as well as use of concomitant medications. 

    6.5.1   Assessment 

 Proactive and systematic screening, assessment, and early identifi cation of high-risk 
populations for specifi c treatments should be part of standard of care. The basic goal 
of this screening is to obtain a collective measurement of gastrointestinal symptoms, 
signs, and functional disturbances, including pain. A comprehensive history that 
includes determining the frequency and effectiveness of bowel movements and laxa-
tive therapy is essential. Concurrent medications should be reviewed, and the fre-
quency and nature of N&V should be documented. Several assessment tools are 
available to assess nature and extent of nausea and vomiting in cancer patients. 
Screening and follow-up evaluation can be made utilizing the National Cancer Institute 
Common Toxicity Criteria (NCI-CTC). Continued symptom monitoring throughout 
therapy is recommended  [  38  ] . A thorough  physical examination  should attempt to 
exclude bowel obstruction, fecal impaction, dehydration, and raised intracranial pres-
sure. History and physical examination are poor at determining the extent of constipa-
tion. A plain fl at-plate X-ray of the abdomen can be very useful to this end. Surgical 
X-ray views of the abdomen may be helpful if a bowel obstruction is suspected.  

    6.5.2   Pharmacologic Interventions 

 Interventions with antiemetics are the mainstay of treatment of nausea and vomit-
ing in clinical oncology. Based on the etiology, pharmacological interventions can 
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include benzodiazepines, 5-HT3 receptor antagonists, corticosteroids, and NK1 
receptor antagonists. Selection of antiemetics should be based on emetic potential 
of the chemotherapy agent(s) as well as patient factors, taking into consideration 
the potential causes of nausea and emesis in patients with cancer that may be con-
tributing factors. Oral and IV antiemetics are equally effective. The period of 
expected nausea and vomiting should be covered with appropriate antiemetics 
(anticipatory, acute, and delayed period for at least 4 days). It is recommended that 
the lowest effi cacious dose of the antiemetics should be used. If nausea is due to 
poor motility, prevent/treat as indicated with promotility drugs along with 
antiemetics.  

    6.5.3   Nutrition Guidelines 

 Although evidence is limited, experts recommend the following additional guide-
lines for dietary interventions in patients receiving chemotherapy to minimize nau-
sea and vomiting based on best practice standards. 

  Nutritional screening must be performed within 24 h of admission of the patient 
by a registered dietitian/nutritionist .
    1.    Screen patient within 24 h of admission. This order for screening has been a 

standard order for all cancer patient admissions to avoid delay in timing of 
screening;  

    2.    Assess all symptoms: Gastrointestinal tract–taste alterations, smell alterations, 
dysphagia, dyspnea, other pain, early satiety, dry mouth, too much saliva produc-
tion, anorexia, diarrhea, constipation, nausea, vomiting, dehydration, fatigue, 
height, weight, recent weight loss, anthropometrics, grip strength, psychosocial/
family/caregiver support, depression, ADL, and others (midarm muscle circum-
ference, body composition [DEXA]).  

    3.    Screen and assess current nutritional status and estimate caloric, protein, and 
multivitamin/mineral needs (Refer to Chap.   2    ).  

    4.    Provide adequate nutrition by including “calorie” and “protein” boosters educa-
tion material and nutritional supplements to ensure intake of proteins (recom-
mended 0.8–1.0g/kg/day). Provide dense caloric supplements up to 400 cal/day 
containing 1.5 kcal/mL; if intake is insuffi cient in proteins, supplement with 
modular protein supplements, adding this to favorite beverage. (  http://www.
nestle-nutrition.com/Products/Default.aspx    ;   http://abbottnutrition.com/    ) The 
choice of nutritional supplements can be based in the personal choice of the 
patient, patient needs, tolerance to product, as well as other comorbidities.  

    5.    Include a standard multivitamin mineral supplementation to prevent any further 
defi cits and meet increased needs.  

    6.    Assess adequacy of intake and provide an appetite stimulant (megestrol acetate  
20 mL or 800 mgs/day    or alternate) if patient has cancer anorexia to ensure ade-
quate intake and prevent further weight loss.  

    7.    Provide each patient with nutritional guidelines to ensure adequate intake 
of calories and proteins and a list of suggested high-caloric and high-protein 

http://www.nestle-nutrition.com/Products/Default.aspx
http://www.nestle-nutrition.com/Products/Default.aspx
http://abbottnutrition.com/
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nutritional supplements to choose from, taking into consideration taste altera-
tions, early satiety, nausea, and vomiting that are common symptoms observed in 
this patient population.  

    8.    Proactive measures to provide alternate mode of nutritional support must be 
planned during acute phase of treatment when it would be a greater risk to feed 
patient via the oral route. Selection of route of feeding may be informed based on 
general guidelines and criteria provided in Table      2.6    .  

    9.    Other strategies to improve nutritional intake:
   Time dose of antiemetics prior to meals so that the effect is present during and • 
after meals.  
  Recommend smaller, more frequent meals and snacks such as toast, crackers, • 
and chips as nausea is lessened when the stomach is not empty.  
  Recommend that patients avoid going for long periods of time without food.  • 
  Recommend reduction of strong, aromatic stimuli and fl avors in foods. • 
Recommend avoiding food preparation or food preparation areas.  
  Recommend that patients avoid foods that are spicy, fatty, or highly salty.  • 
  Several foods are considered “comfort foods” specifi c to each patient (e.g., • 
oatmeal, macaroni, and cheese). Include these as needed.  
  Crackers can be kept at bedside if nausea is a problem in the morning or fol-• 
lowing a nap.  
  Recommend that the patient eat in a well-ventilated room, with no food odors. • 
Advise patients to eat in the dining room or other room rather than in the 
kitchen.  
  Best-tolerated foods include:  • 
  Bland foods such as cream of wheat or rice, or oatmeal  • 
  Boiled potatoes or noodles  • 
  Low-fat protein sources such as skinned chicken, turkey, eggs, or tofu that are • 
baked or broiled, not fried  
  Canned peaches, pears, apple sauce, or other soft, bland fruits and • 
vegetables  
  Clear liquids such as apple and cranberry juice, low-salt broth, teas, and caf-• 
feine-free carbonated drinks.  
  Teas such as ginger and peppermint (avoid peppermint if refl ux is a problem), • 
served lukewarm or cold, have been well tolerated by patients with nausea.  
  Drinking with a straw may help to manage odors.  • 
  Suggest that patients maintain a diary and track nausea and what triggers it, • 
such as specifi c foods, events, surroundings, etc. See if there is a pattern, and 
if so, try to change that pattern.  
  Suggest patient rest sitting up after a meal for about an hour–watching TV, • 
reading a magazine, talking with loved ones, or enjoying a pet may distract 
from thinking about nausea.  
  Avoid fried, greasy, and rich foods.  • 
  Avoid forcing patients to eat their favorite foods as they may develop an aver-• 
sion to these favorite foods, particularly if eaten within the time pre- and 
postreceiving chemotherapy.  
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  Patient should not eat or drink anything until the vomiting is under control • 
(risk of aspiration).  
  Recommend trying small amounts of clear liquids such as water or bouillon, • 
apple or cranberry juice, fruit ices without fruit pieces, ginger ale or 7-Up, 
gelatin desserts, popsicles, sports drinks such as Gatorade, vegetable broth, 
and teas.  
  Begin with one teaspoon of food every 10 min, gradually increasing the • 
amount to one tablespoon every 20 min, and then try two tablespoons every 
30 min or as tolerated.  
  Once these liquids are tolerated, try a softer diet with bland foods such as • 
mashed potatoes, pureed fruits, smoothies, fruit nectars, yogurts, and cereals 
with milk or soy.  
  Practice behavioral modifi cation techniques such as meditation, imagery, and • 
other relaxation techniques. Several studies have demonstrated that behav-
ioral techniques such as relaxation, meditation, imagery, and listening to 
favorite music may reduce symptoms.  
  Avoid hot, spicy foods or other dishes that might upset your stomach or gas-• 
trointestinal tract.  
  Assure that fl uids and electrolytes are replaced (8–10 cups of fl uids recom-• 
mended per day).  
  Avoid foods for at least 2 h before treatment.  • 
  Acupressure (i.e., seasickness wristbands) has been demonstrated to reduce • 
symptoms of nausea.         

    6.5.4   Markers and Instruments for Patient Monitoring 
and Assessment of Response to Treatment 
by the Interdisciplinary Medical Team 

    1.      Anthropometric measurements  such as participant’s height, weight, and body 
mass index can be performed at admission and at regular intervals established by 
the medical team.  

   2.      Body composition by DXA scan : DXA should be used to assess both total lean 
body mass (LBM), fat mass (FM), and total bone mineral density (BMD).Total 
bone mineral density (BMD) is a valid indirect measure of skeletal muscle and 
patient activity. Total LBM is sometimes called total fat-free mass (FFM), 
depending upon specifi c DXA manufacturer. DXA instruments use an X-ray 
source that generates or is split into two energies to measure bone mineral mass 
and soft tissue from which fat and fat-free mass are estimated. The exam is 
quick (1–2 min), precise (0.5–1%), and noninvasive. DXA scanners have the 
precision required to detect changes in muscle mass as small as 5%. Radiation 
exposure from DXA scans is minimal. The National Council of Radiation 
Protection and Measurements (NCRP) has recommended the annual effective 
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dose limit for infrequent exposure of the general population is 5,000  m Sv and 
that an annual effective dose of 10  m Sv be considered a negligible individual 
dose. The effective dose of a dual-energy X-ray absorptiometry whole body 
scan on an adult is 2.1  m Sv. Studies have shown that quality assurance is an 
important issue in the use of DXA scans to determine body composition includ-
ing lean body mass and bone mineral density. DXA instrument manufacturer 
and model should remain consistent, and their calibration should be monitored 
throughout treatment. Use of a standardized scan acquisition protocol and 
appropriate and unchanging scan acquisition and analysis software is essential 
to achieve consist results.  

   3.      Dietary intake  must be assessed at baseline and periodical intervals by conduct-
ing random weekly, 2 weekdays + 1 weekend day, 24-h dietary recalls (gold stan-
dard for collecting dietary data) using a 5-step multipass procedure (which has 
been found to assess mean energy intake within 10% of actual intake) and using 
the frequently updated University of Minnesota Nutrition Data System for 
Research (NDSR) version database for analysis of nutrient composition. Food 
portion visuals    can be provided to patients to estimate portion sizes of foods 
while monitoring intake.  

   4.      Symptom log  may be completed daily and collected from patients on a monthly 
basis. Based on these symptoms, all anticipated and unanticipated grades of con-
stitutional, dermatological, gastrointestinal (GI), metabolic, and pain symptoms 
can be continuously monitored including those symptoms affecting nutritional 
intake and utilization.  

   5.      CMP and CBC : Monthly CMP and CBC should be monitored to assess electro-
lytes and organ function.  

   6.      Functional markers  ( Karnofsky performance score ): Evaluation of patients’ 
functional status and barriers to obtaining adequate nutrients is also necessary. 
A physical exam combined with personal interview should include the evalua-
tion of functional status such as the ability to chew and swallow, dental or oral 
problems causing odynophagia or dysphagia, signs of muscle wasting or ana-
sarca, presence of edema, presence of skin or mouth lesion, and ability to per-
form instrumental activities of daily living (IADLs) such as cooking, shopping, 
and self-feeding. It is critical to assess activities of daily living, physical activity, 
exercise, sleep, and ability to work and perform other functional roles. Limitations 
in the activities of daily living have been identifi ed secondary to and as a cause 
of weight loss in cancer patients. Cancer and other chronic diseases pose diffi cul-
ties specifi cally for the cancer patient receiving treatment and the elderly in car-
rying out activities of daily living. A loss of postural and locomotive muscle 
mass has been observed within 7 days of inactivity. The Karnofsky Performance 
Scale Index allows patients to be classifi ed as to their functional impairment. 
This has been used to compare effectiveness of different therapies and to assess 
the prognosis in individual patients and has been validated in cancer patient 
populations.  
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   7.      Godin Leisure-Time Exercise Questionnaire  weekly to monitor physical 
activity.  

   8.      Handgrip strength dynamometry assessment : A validated tool commonly 
used to assess handgrip strength is the Jamar dynamometer, which is a fast, 
reliable, and easy-to-perform device commonly used by our team to measure 
improvements in functional strength. The Jamar dynamometer has a lower 
percentage coeffi cient of variation and is thus a more precise device than other 
handgrip dynamometers.  

   9.      Biochemical markers of protein status  ( serum albumin and transferrin ): 
Assessment of protein status is critical in the identifi cation and treatment 
of abnormalities in protein metabolism. There is substantial evidence of 
the correlation between serum hepatic proteins and infl ammation, making 
these the most relevant biomarkers in cancer patient populations. Serum 
transferrin, prealbumin, and albumin have been observed as intermediate 
endpoint biomarkers and independently associated with clinical outcomes. 
Measurements of body composition combined with more objective and 
sensitive measure of protein nutriture are ideal for the biochemical assess-
ment of intravascular and visceral protein stores. We have thus included the 
three major valid intermediate endpoint biomarkers (IEBs) that represent 
intravascular and visceral protein pools–transferrin, prealbumin and albu-
min–as the biochemical indicators of protein status. Although transferrin 
levels are affected by iron status, serum transferrin, either singly or as part 
of a multiparameter index, is the strongest predictor of cancer patient mor-
bidity and mortality.  

   10.      Immune and infl ammatory markers : A range of metabolic responses triggered 
by infl ammatory and immunological responses in cancer patients   . Cytokines 
can be measured in a panel including IL-1, IL-4, IL-6, IL-8, IL-10, GM-CSF, 
IFNκ   , TNF- a , and CRP (Bio-Rad–Bio-Plex). All of these biomarkers have 
been shown to increase with disease, aging, and cytotoxic agents. Though we 
realize these intermediate endpoint biomarkers of cytokines cannot be reli-
ably interpreted, as over 70% of the subjects as observed in our studies were 
on active treatment with cytotoxic agents, these variables are important to 
determine, as they may provide useful information and contribute to the better 
understanding of the mechanistic process.  

   11.      Quality of life  should be measured at baseline and monthly using the Rand 
Short Form (SF)-36 (Medical Outcomes Study SF36)  [  63  ] . The SF-36 has 
been used extensively with general, high-risk, and cancer populations and has 
available norms for mail and telephone versions and comparisons between 
group and individual scores. Scores are calculated and transformed to a 0–100 
scale, with higher scores indicating increased health status. Reliability of the 
SF-36 scales was measured by Cronbach  a  coeffi cient, and the results ranged 
from 0.78 in general health perceptions to 0.91 in the physical functioning 
domain.      
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    6.5.5   Dentist 

 Referral to a dentist must include details regarding current diagnosis, plan of treat-
ment, start date of treatment, limitations of use of medications including antibiotics, 
and other specifi c information that will assist the dentist to treat patient periodically 
to prevent tooth decay during this period. Fastidious mouth care must be followed 
to prevent any infections or decays.  

    6.5.6   Follow-up 

 Patients must be seen by the multidisciplinary team on a regularly scheduled basis 
to monitor progress and to review compliance to intervention including diet intake 
adequacy, symptom logs, change in concomitant medications, and any other issues 
related to treatment. Improved management of malnutrition with nutritional therapy 
may require a multimodal intervention by multidisciplinary teams using a compre-
hensive and integrated approach. Initial screening and knowledge of treatment tra-
jectory of the cancer patient should guide a plan for reassessment at regularly 
planned intervals. Subjective and objective data on progress and response to nutri-
tional therapy may be assessed using the indicators used in the comprehensive nutri-
tional assessment. Newly developed symptoms resulting from treatment or 
progression of disease may require additional monitoring or revision of nutritional 
therapy. Reassessment/reevaluation for monitoring and evaluation of nutritional 
therapy must include monitoring of clinical, functional, dietary, and behavioral out-
comes that were identifi ed by the comprehensive nutritional assessment   

    6.6   Future Directions 

 In spite of most patients receiving antiemetics to prevent emesis and lessen nausea 
while undergoing cancer therapy, patients continue to report nausea. It may be criti-
cal to continue to fully understand the mechanistic pathway, using a multidisciplinary 
approach, that contribute to both nausea and vomiting more clearly and identify mul-
timodal approaches based on these mechanisms. In addition, prospective randomized 
clinical trials to examine the role of antiemetics in patients undergoing chemotherapy 
and radiation therapy and combination therapies are still lacking to support current 
recommendations. Future trials should take into consideration symptom clusters 
observed in cancer treatment and use comprehensive assessment of co-occurring 
symptoms along with nausea and vomiting. Multimodal treatment regimens, com-
bining pharmacological and nonpharmacological approaches in the management of 
these symptoms by multidisciplinary teams, may hold promise and has the maxi-
mum potential to make important strides in managing these symptom clusters in this 
cancer patient population.         
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  Summary for the Clinician 
 There are no single standard pharmacological therapies that have been proven 
to be effective in the prevention and management of nausea and vomiting in 
cancer patients. Due to its complex and multifactorial nature, preventing and 
treating N&V continues to present a challenge. Nonetheless, complete pre-
vention of treatment-induced nausea and vomiting should be a realistic goal 
for most patients. 

 Clinicians underestimate the incidence of nausea, which is not as well con-
trolled as emesis. 

 Proactive and systematic screening, assessment, and early identifi cation 
of high-risk populations for specifi c treatments should be part of standard of 
care. The basic goal of this screening is to obtain a collective measurement of 
gastrointestinal symptoms, signs, and functional disturbances, including pain. 
A comprehensive history that includes determining the frequency and effec-
tiveness of bowel movements and laxative therapy is essential. Concurrent 
medications should be reviewed, and the frequency and nature of N&V should 
be documented. Several assessment tools are available to assess nature and 
extent of nausea and vomiting in cancer patients. Screening and follow-up 
evaluation can be made utilizing the National Cancer Institute Common 
Toxicity Criteria (NCI-CTC). 

 Continued symptom monitoring throughout therapy is recommended, 
using a multiprofessional approach to clinical care, research, and education. 

 Physical examination should attempt to exclude bowel obstruction, fecal 
impaction, dehydration, and raised intracranial pressure. History and physical 
examination are poor at determining the extent of constipation. A plain fl at-
plate X-ray of the abdomen can be very useful to this end. Surgical X-ray 
views of the abdomen may be helpful if a bowel obstruction is suspected. 

 Currently, the primary method of treatment is pharmacological, with cur-
rent recommendations based on the etiology, knowledge of the emetogenic 
pathways, and matching of the emetogenic stimulus with the drug most likely 
to act on the relevant receptors. Additionally, since oral administration of 
medication is not always feasible, alternate routes such as rectal supposito-
ries, subcutaneous infusions, and orally dissolvable tablets should be 
considered. 

 If symptoms are refractory despite adequate dosage and around-the-clock 
prophylactic administration, an empirical trial combining several therapies to 
block multiple emetic pathways should be attempted. Therapy is then changed 
to rotation to medications which bind to multiple receptors (broad-spectrum 
antiemetics), the addition of another antiemetic to a narrow-spectrum antie-
metic (a serotonin receptor antagonist such as tropisetron to a phenothiazine), 
rotation to a different class of antiemetic (tropisetron for a phenothiazine), or 
in-class drug rotation. 

 Based on the etiology, pharmacological interventions can include benzodi-
azepines, 5-HT3 receptor antagonists, corticosteroids, and NK1 receptor 
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  7      Cancer-Related Fatigue (CRF)       

                  

  Core Messages 
 Cancer-related fatigue (CRF) is a disabling and distressing symptom defi ned 
as a subjective report of tiredness that is associated with cancer or its treat-
ment, is persistent, extends in duration or severity beyond that which might be 
expected based on a subject’s recent physical activity, and is severe enough to 
cause distress and interfere with usual functioning. 

 Patients with cancer often describe fatigue based on four physical changes: 
decreased physical performance, unusual or extreme tiredness, feelings of 
weakness, and unusual need for rest. 

 Fatigue in cancer patients has been reported to be accompanied by loss of 
drive, lack of energy, depressive mood, and loss of vigor and vitality; it is 
unresponsive to rest and sleep. 

 CRF and related symptoms can thus affect the quality of life during cancer 
treatment as well as survival, with effects on productivity, family functioning, 
as well as both physiological and psychological comorbidity. Fatigue has 
been reported to predict survival time of terminal cancer patients. 

 Fatigue is reported by as many as 40% of cancer patients at the time of 
diagnosis, up to 90% of those treated with radiation, and up to 80% of those 
treated with chemotherapy. 

 CRF has been observed to have a multifactorial etiology with signifi cant 
individual variability in its clinical expression, determinants, and sequelae. 

 Although the pathogenesis of fatigue is not well understood, several physi-
ological and psychological factors have been shown to contribute to CRF. 

 Physiological factors include tumor-induced and treatment-induced fatigue; 
other comorbidities such as anemia, heart failure, muscle-energy metabolism, 
and hypothyroidism; medications like opioids; and declining nutritional status. 

 Physiological factors include tumor-induced and treatment-induced fatigue; 
other comorbidities such as anemia, heart failure, muscle-energy metabolism, 
and hypothyroidism; medications like opioids; and declining nutritional status. 
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    7.1   Definition 

 Cancer-related fatigue (CRF) is a disabling and distressing symptom defi ned as a 
subjective report of tiredness that is associated with cancer or its treatment, is persis-
tent, extends in duration or severity beyond that which might be expected based on a 
subject’s recent physical activity, and is severe enough to cause distress and interfere 
with usual functioning  [  1  ] . Fatigue has been characterized both from a psychological 
as well as from a physiological perspective. Patients with cancer often describe 
fatigue based on four physical changes: decreased physical performance, unusual or 
extreme tiredness, feelings of weakness, and unusual need for rest  [  2–  4  ] . Fatigue in 
cancer patients has been reported to be accompanied by loss of drive, lack of energy, 
depressive mood, and loss of vigor and vitality; it is unresponsive to rest and sleep 
 [  5,   6  ] . The National Comprehensive Cancer Network  [  1  ]  defi nes cancer-related 
fatigue (CRF) as “a persistent, subjective sense of tiredness related to cancer or can-
cer treatment that interferes with usual functioning.” These symptoms are persistent, 
disproportionate to the level of exertion, and typically not relieved by rest. CRF has 
a multifactorial etiology, signifi cant individual variability in its clinical expression, 
determinants, and sequelae  [  7  ] , thus complicating standard treatment strategies and 
requiring individual treatment approaches for this symptom in this population. With 
signifi cant impact on physical function and ability to perform activities of daily liv-
ing as well as psychological distress, the impact of CRF on a cancer patient’s quality 
of life (QOL) is profound  [  8–  10  ] . Fatigue has also been reported to have an impact 
on the patient’s ability to work and consequently may add to the fi nancial burden of 
the cancer patient. These effects can extend to caregivers and family members, who 
may also have to reduce their working capacity in order to provide additional care for 
a patient with CRF  [  11  ] . CRF and related symptoms can thus affect the quality of life 
during cancer treatment as well as survival with effects on productivity, family func-
tioning, as well as both physiological and psychological comorbidity. Fatigue has 
been reported to predict survival time of terminal cancer patients  [  12,   13  ] .  

    7.2   Prevalence 

 Cancer-related fatigue (CRF) is highly prevalent across the cancer continuum 
from a cancer patient’s diagnosis and treatment through survivorship and end of 
life  [  7  ] . Cancer-related fatigue (CRF) is a signifi cant clinical problem for more 

These physiological symptoms have a signifi cant impact on physical inactivity, 
cancer pain, neuroimmunologic changes, abrupt loss of steroid hormones, and 
insomnia including disruption of circadian rhythm sleep. 

 Psychological factors include depression and distress. 
 Environmental factors such as hospitalization and change in environment 

can be attributed to related psychological distress, also contributing to fatigue. 
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than ten million adults diagnosed with cancer each year worldwide  [  6  ] . CRF is the 
most common symptom reported by cancer patients and survivors of cancer  
[  13–  16  ] . With signifi cant differences in individual physiology, heterogeneity in 
terms of defi nition of fatigue, stage of tumor, and treatment variations, the preva-
lence of self-reported fatigue varies widely in this patient population. Overall, 
50–90% of cancer patients experience fatigue  [  17–  21  ] . A signifi cantly greater pro-
portion of patients are receiving chemotherapy, radiotherapy, biologic response 
modifi ers, or antilogous transplantation  [  22  ] . Fatigue is reported by as many as 
40% of cancer patients at the time of diagnosis, up to 90% of those treated with 
radiation, and up to 80% of those treated with chemotherapy. However, few other 
studies have observed no difference in level of fatigue as a function of type of treat-
ment  [  13,   23  ] . Fatigue is common in many several types of malignancies, includ-
ing breast, prostate, leukemia, and lung carcinoma, and is reported to occur in 
patients who do not receive treatments  [  21  ]  before, during, and after therapy 
 [  15,   24,   25  ] . Cancer-related fatigue can also persist long after remission in about a 
third of survivors of cancer  [  11,   26,   27  ] . Some patients reported continued clinical 
levels of fatigue (40%) even 12 months postdiagnosis  [  28  ] . Objective symptoms of 
fatigue is reported in a large population of adult survivors of various childhood 
cancers, including acute lymphocytic leukemia, central nervous system tumors, 
Hodgkin lymphoma, soft-tissue sarcomas, and bone tumors, as compared with 
their siblings  [  29  ] . Patients with advanced-stage tumor report signifi cant fatigue. 
Fatigue is reported in about 90% of breast cancer patients receiving radiation and 
chemotherapy, a common problem for breast cancer patients  [  30–  37  ] , regardless of 
whether the cancer is invasive  [  33  ] , with residual fatigue often persisting for as 
long as 10 years after treatments  [  13,   26,   27  ] . Similarly, fatigue was present in 60% 
of Hodgkin’s disease patients who had been free of cancer for 5 years  [  38  ] . Two 
fi fths of men with biochemically controlled prostate cancer on long-term ADT and 
almost one third of recurrence-free prostate cancer survivors report CRF that inter-
feres with function  [  39  ] . CRF is also common in cancer outpatients and is associ-
ated with type of disease and treatment, as well as with emotional distress, although 
not equivalent conditions  [  39  ] . In addition to neurologic symptoms, fatigue is 
commonly reported in patients with primary brain tumors during radiation therapy 
and in long-term survivors of low-grade brain tumors which may reduce daily 
functioning and quality of life, with sleep disturbance being a signifi cant predictor 
of fatigue  [  40–  42  ] . Fatigue is common among all patients receiving biological 
modifi ers interferon or interleukin-2  [  43  ] . Fatigue is thus a prevalent and signifi -
cant problem in clinical oncology.  

    7.3   Etiology of Fatigue in Cancer 

 CRF has been observed to have a multifactorial etiology with signifi cant individual 
variability in its clinical expression, determinants, and sequelae. Although the 
pathogenesis of fatigue is not well understood, several physiological and psycho-
logical factors have been shown to contribute to CRF. Physiological factors include 
tumor-induced and treatment-induced fatigue; other comorbidities such as anemia, 
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heart failure, muscle-energy metabolism, and hypothyroidism; medications like 
opioids; and declining nutritional status. These physiological symptoms have a sig-
nifi cant impact on physical inactivity, cancer pain, neuroimmunologic changes, 
abrupt loss of steroid hormones, and insomnia including disruption of circadian 
rhythm sleep. Psychological factors include depression and distress. Environmental 
factors such as hospitalization and change in environment can be attributed to related 
psychological distress, also contributing to fatigue (Fig   .  7.1 ).  
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  Fig. 7.1    Etiology and consequences of cancer-related fatigue       
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    7.3.1   Physiological Factors 

    7.3.1.1   Tumor-Related Fatigue 
 Fatigue is commonly reported in patients with primary brain tumors and other cen-
tral nervous system tumors producing long-term disabling effects  [  44  ] . In examin-
ing the pathogenesis of fatigue, several studies have examined the mechanism of 
increased immune infl ammatory activity specifi cally interleukin-6, interleukin-1 
receptor antagonist, C-reactive protein, neopterin, and soluble tumor necrosis factor 
receptor-II  [  45–  47  ]  in breast and prostate cancer patients. Increased cytokines likely 
contribute to the symptoms of asthenia, fatigue, and lethargy, as supported in animal 
models of cytokine-induced sickness behavior  [  48,   49  ]  and in humans  [  50  ] . Other 
studies demonstrate a change in the regulation of cortisol by the hypothalamic pitu-
itary adrenal axis. One key study put fatigued and nonfatigued breast cancer survi-
vors through a stress battery in a laboratory setting. Nonfatigued survivors mounted 
a signifi cant cortisol increase in response to acute stress, while fatigued survivors 
had a much blunted response  [  51  ] . Others have shown that fatigued breast cancer 
survivors have fl attened cortisol slopes, having higher levels of cortisol at the end of 
the day than do nonfatigued survivors  [  52  ] . It is the dysregulation of the hypotha-
lamic-pituitary-adrenal (HPA) axis that may account for the prolonged infl amma-
tory cytokine milieu; understanding the body’s response to numerous chronic 
stressors in cancer may help in managing fatigue  [  53,   54  ] . To date, these concepts 
have not been examined in large, well-powered randomized clinical trials. 

 Fatigue is commonly reported in patients with primary brain tumors during radi-
ation therapy and in long-term survivors of low-grade brain tumors which may 
reduce daily functioning and quality of life, with sleep disturbance being a signifi -
cant predictor of fatigue  [  40–  42,   55  ] . Fatigue, nausea, drowsiness, and poor appetite 
showed an overall increase in symptom severity over time; whereas fatigue, drowsi-
ness, and poor appetite were experienced to some extent by a greater proportion of 
patients at week 12 compared with baseline in brain tumor patients demonstrating a 
variable incidence of these symptom clusters  [  55  ] . It has also been shown that func-
tional impairments of organ systems and tissues affected by cancer such as brain, 
muscle, gut, liver, bone marrow, vasculature, lung kidneys, pancreas, thyroid, asso-
ciated neurotransmitter, and hormone dysregulation contribute to CRF  [  12,   26, 
  56–  58  ] . The association between thyroid disorders and risk of breast cancer has 
long been a subject of debate. Although several studies have shown the association 
between thyroid disease and predisposition to breast cancer  [  59–  61  ] , others have 
not shown this association  [  62–  64  ] . However, most of these studies identifi ed thy-
roid disease from clinical histories and medical records and therefore did not con-
sider specifi c, reliable indices of thyroid function. Epidemiological studies have 
shown geographical variations in the prevalence of breast cancer and attribute this 
variation at least in part to thyroid function  [  65  ] . Japanese women suffering from 
Hashimoto’s thyroiditis (chronic lymphocytic thyroiditis) have reportedly a fi vefold 
increase in breast cancer risk compared to those without evidence of autoimmune 
thyroid disease  [  66  ] . In contrast, when the association of Hashimoto’s thyroiditis 
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and breast cancer was studied in the USA  [  67  ] , this risk was not evident. Recent 
studies have reported an increased prevalence of antithyroid antibodies in patients 
with breast cancer  [  59  ] . Research has, in addition, demonstrated that clinically evi-
dent nontoxic goiter is signifi cantly more common in breast cancer patients than in 
age-matched controls  [  61  ] . Thyroid dysfunction is also an important problem in 
patients receiving high-dose chemotherapy and bone marrow transplantation (BMT) 
 [  68  ] . Hypothyroidism is one of the most common forms of thyroid disorders after 
BMT, which is considered immune-mediated thyroid injury contributing to the 
development of posttransplant hypothyroidism. These thyroid hormone changes 
may be mediated in part by cytokines and infl ammatory mediators, interfering with 
the peripheral conversion of T4 to T3, the active and potent thyroid hormone. 
Although the classic clinical spectrum of hypothyroidism with symptoms of leth-
argy and myxedema is well known to the practitioner, it is rarely seen in today’s 
clinical practice  [  69  ] . In contrast, practitioners frequently see patients with very 
mild thyroid dysfunction. Unlike patients with overt hypothyroidism, these patients 
have normal levels of thyroxine and triiodothyronine and only mild elevation in 
thyrotropin levels. This condition is commonly termed “subclinical hypothyroid-
ism” or “mild hypothyroidism”  [  69,   70  ] . Several pathogenic factors may explain 
this association. Firstly, since both breast cancer and hypothyroidism may have a 
genetic predisposition, the genetic association cannot be discounted. The presence 
of an iodine pump in both the thyroid and the breast  [  71  ]  makes the association of 
the effect of thyroid on breast biologically plausible  [  72  ] . Clinical trials have shown 
a resolution of fi brocystic breast disease and breast pain in women treated with 
elemental iodine  [  73  ] . In a retrospective follow-up study of cancer mortality of 
7,338 women, Goldman et al.  [  74  ]  observed an increased cancer mortality in a sub-
group of breast cancer patients with thyroid disease. Additionally, the degree of 
thyroid function disturbance correlates with low levels of thyroid hormones and 
poor prognosis in severe illnesses. Thus, the potential for the existence of mild or 
subclinical hypothyroidism in breast cancer patients and the progression of this 
mild hypothyroidism to potentially overt hypothyroidism during chemotherapy are 
biologically plausible and cannot be discounted. In a study to characterize symptom 
clusters related to chemotherapy in breast cancer patients, we observed signifi cant 
increase in symptoms of fatigue, weight gain, amenorrhea, lowered physical activ-
ity, or lethargy, all of which are also clinical symptoms observed in hypothyroidism. 
The symptoms were progressive from baseline to end of chemotherapy and at 
6 months postchemotherapy from baseline. In addition, 20–25% of the patients 
screened were already diagnosed with clinical hypothyroidism at diagnosis and 
were not included in this observational study. The high incidence of hypothyroidism 
observed in this patient population is signifi cant, compared to the 4–10% observed 
in American women of the same age group  [  75  ] . Based on the results of our study, 
we hypothesize that breast cancer patients may be a subgroup of women who are at 
increased risk of subclinical and clinical hypothyroidism at diagnosis and prior to 
treatment. We are currently examining the prevalence of hypothyroidism in breast 
cancer patients compared to controls in a longitudinal study to characterize these 
phenomena further.  
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    7.3.1.2   Treatment-Related Fatigue (Surgery, Chemotherapy, 
Radiation Therapy, Immunotherapy) 

 Tumor therapy including chemotherapy, immunotherapy, and radiotherapy have 
been associated with infl ammation and the production of an associated array of 
proinfl ammatory and sleep-modulatory cytokines, including TNF- a , IL-1 b , and 
IL-6  [  76–  79  ] . Chemotherapeutic drugs paclitaxel, tamoxifen, and cisplatin increase 
serum levels of sleep-modulatory cytokines in cancer patients  [  34,   80  ] . The effects 
of treatment, including surgical complications, neurotoxic effects of radiation and 
debility caused by chemotherapy in brain tumors and other neurological tumors 
have been observed to be profound with increasing severity with increasing age 
 [  44  ] . Surgical patients such as breast cancer patients report a high incidence of post-
operative fatigue observed in clinical practice, improve with time with the exception 
of additional cancer treatments  [  81  ]  . . Chemotherapeutic agents such as taxanes 
cause neurotoxicity, which contribute to increased fatigue, although the interactions 
of neurotoxicity and fatigue can be complex and not well understood  [  82,   83  ] . 
Chemotherapeutic drugs paclitaxel, tamoxifen, and cisplatin increase serum levels 
of sleep-modulatory cytokines in cancer patients  [  34,   80,   83  ] , which with other 
cytokines have been also associated with insomnia leading to chronic fatigue  [  50, 
  80,   84,   85  ] . Persistent and increased fatigue has been observed in breast cancer 
patients with circulating levels of infl ammatory cytokines that were up to fi ve times 
higher compared with those patients who did not report fatigue  [  86  ] . Altered gluco-
corticoid response to stress  [  85  ]  has also been reported in cancer survivors with 
fatigue, contributing to both to altered immune activation and problems with sleep 
 [  86  ] . In addition to treatment with chemotherapy being a predictor of fatigue, this 
can be exacerbated by the symptom cluster of pain, depression, and/or anxiety  [  87, 
  88  ] . Additionally, since biotherapy exposes patients with cancer to exogenous and 
endogenous cytokines  [  89–  91  ] , fatigue is a dose-limiting toxicity of treatment with 
a variety of biotherapeutic agents. 

 Fatigue has also been consistently reported with radiation exposure and is 
reported as being one of the most common and activity-limiting side effects of radi-
ation therapy for cancer  [  92–  94  ] . Studies to date have focused on breast and prostate 
cancer patients receiving radiation therapy and have demonstrated, in sum, signifi -
cant variability in timing of fatigue and potential contributors  [  94  ] . From these stud-
ies, it is clear that most patients report increase in fatigue increases throughout 
radiation therapy, peaking around midcourse; it remains at this level until radiation 
therapy is completed, improving somewhat during the 2 months after completion of 
treatment  [  93–  99  ] , although not all patients return to pretreatment energy levels. 
Cancer patients receiving radiation therapy who have older age, advanced disease, 
and combination-modality therapy  [  100  ]  . are at increased risk for fatigue.  

    7.3.1.3   Comorbidities 
      Anemia 
 It has been reported that over 50% of cancer patients are diagnosed with anemia 
which has consistently been associated with CRF  [  101–  104  ]  impacting quality of 
life in cancer patients. Rapid induction of proinfl ammatory cytokines seen in cancer 
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patient populations with cancer diagnosis as well as during treatment have been 
hypothesized to suppress the formation of red blood cells, leading to mild or moder-
ate anemia  [  105  ] . Most anemia in cancer patients is treated with recombinant human 
erythropoietin  a  with patients reporting increased energy and improved QOL  [  101, 
  106,   107  ] . Studies have demonstrated that treatment of chemotherapy-induced ane-
mia in this patient population results in improvement of other symptom clusters 
leading to improved quality of life. A recent review of 18 clinical trials found statis-
tically and clinically signifi cant improvements in both hemoglobin and health-
related QOL (particularly with regard to fatigue) in cancer patients receiving anemia 
treatment as compared with those receiving placebo or standard of care  [  81,   108  ] . 
Predictive factors include rapidity of onset, patient age, plasma-volume status, and 
the number and severity of comorbidities  [  16,   109  ] . In a retrospective review to 
understand the problem of anemia in patients receiving radiation therapy, research-
ers observed that anemia was prevalent in 48% of the patients initially and increased 
to 57% of the patients during therapy. Anemia was also more common in women 
than in men. However, men with prostate cancer experienced the greatest increase 
in anemia during radiation therapy  [  110,   111  ] . In a pilot study to investigate the 
levels of fatigue and cytokines during radiation therapy and determine whether there 
was a correlation between anemia, proinfl ammatory cytokines, and fatigue, the rela-
tionships among hemoglobin values, cytokines, and fatigue were examined in 
women diagnosed with uterine cancer. Fatigue was assessed by a self-report instru-
ment (Multidimensional Fatigue Inventory [MFI-20]), and hemoglobin and cytok-
ines (Il-1, Il-6, and TNF- a ) were measured before, during, and after radiotherapy. 
Results demonstrated that the degree of fatigue increased during radiotherapy with-
out a signifi cant change in IL-1, IL-6, or TNF- a  levels. There was no signifi cant 
correlation between changes in general fatigue and the changes in IL-1 and TNF- a  
or hemoglobin levels. There was a signifi cant negative correlation between the 
change in IL-6 and general fatigue. Researchers concluded that although pelvic 
radiotherapy in women with uterine cancer is associated with increased fatigue, 
there were no signifi cant relationships between anemia or cytokine levels  [  112  ] . It 
has also been hypothesized that cancer-associated anemia may be due to a blunted 
erythropoietin response and/or cytokines (interleukin-1 [IL-1], IL-6, tumor necrosis 
factor- a  [TNF- a ]), which suppress erythropoiesis. With signifi cant increases in 
cytokines during cancer diagnosis as well as during treatment, it may be diffi cult to 
demonstrate any signifi cant decreases in cytokines as well as in markers of anemia 
in intervention trials, especially in studies during treatment in this patient popula-
tion. The pathogenesis of fatigue related to anemia during cancer treatment contin-
ues to be explored and remains to be elucidated.  

      Hypothyroidism 
 It is well established that patients treated for hyperthyroidism, neck irradiation, post-
partum thyroiditis, and certain autoimmune disorders are at increased risk of hypo-
thyroidism  [  113  ] . However, the potential for the existence of mild or subclinical 
hypothyroidism in breast cancer patients prior to treatment and the progression of 
this mild hypothyroidism to potentially overt hypothyroidism during  chemotherapy 
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have never been studied. We and others have observed that breast cancer patients 
who undergo adjuvant chemotherapy or autologous bone marrow transplantation 
experience clinically signifi cant levels of fatigue for months or even years following 
the completion of active treatment. Fatigue is also widely reported in the literature 
in patients diagnosed with hypothyroidism. As reported previously by Huntington 
and others  [  22  ] , we observed a signifi cant decrease in physical activity as indicated 
in reduction in hours of employment and purposeful physical activity per week. The 
decrease in activity level from fatigue may contribute to the weight gain patients 
experience during treatment. Patients who demonstrated a general decrease in activ-
ity level since beginning treatment gained signifi cantly more weight than those who 
reported no change or an increase in activity level  [  114–  116  ] . Huntington also attri-
butes weight gain of over 10 lbs. seen in 50% of patients treated with CMF (cyclo-
phosphamide, methotrexate, and fl uorouracil) or CMFVP (CMF plus vincristine 
and prednisone) to a decrease in activity level during chemotherapy  [  4  ] . This reduc-
tion in physical activity may in fact be related to fatigue attributed to lowered thy-
roid function, as thyroid hormones play a critical role in the regulation of resting 
metabolic rate. If chemotherapy causes a decrease in the production or function of 
thyroid hormones, this may further lower metabolic rate. This effect may be even 
more exaggerated in women with preexisting subclinical hypothyroidism. The 
decrease in resting metabolic rate may contribute to lowered activity level from 
fatigue leading to weight gain that patients experience during treatment. Obesity, 
progressive weight gain, low resting energy expenditure (REE), and increased body 
fat percentage have been reported in hypothyroidism, including subclinical hypo-
thyroidism  [  117  ] . Similarly, in our study, we observed a progressive signifi cant 
increase in weight of 6.7 lb, even 6 months postchemotherapy. Thus, progressive 
weight gain, in addition to fatigue and lowered physical activity, is a common phe-
nomenon observed both in hypothyroidism and in breast cancer patients receiving 
chemotherapy. Chemotherapeutic agents have been shown to cause fi brotic changes 
and follicular destruction in the ovaries, and pre and perimenopausal women have 
been observed to have reduced serum estradiol levels during chemotherapy  [  118–
  120  ] . Even though not clearly established, it is questionable if the abrupt menopause 
induced by chemotherapy can aggravate a latent predisposition toward developing 
thyroid dysfunction. Especially with increasing doses in adjuvant and neoadjuvant 
chemotherapy and combination therapies including radiation therapy, induction of 
subclinical hypothyroidism is a possibility. Reports have shown that women treated 
with thyroxine for hypothyroidism may require a higher dose of levothyroxine if 
they are on estrogen therapy because estrogen increases hepatic production of thy-
roxine-binding globulin  [  117,   121,   122  ] . Women receiving androgen therapy for 
breast cancer may require a reduction in levothyroxine because androgens may have 
the opposite effect of estrogen in the liver and decrease the hepatic production of 
thyroxine-binding globulin  [  121,   122  ] . More recently  [  123  ] , Hamnvik et al. com-
prehensively reviewed the effects of newer antineoplastic agents such as targeted 
therapies and immunotherapies which are associated with thyroid dysfunction. 
These include tyrosine kinase inhibitors, bexarotene, radioiodine-based cancer ther-
apies, denileukin diftitox, alemtuzumab, interferon- a , interleukin-2, ipilimumab, 
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tremelimumab, thalidomide, and lenalidomide. Although higher rates are reported, 
most agents contribute to primary hypothyroidism on 20–50% of patients. In addi-
tion, thyrotoxicosis and effects on thyroid-stimulating hormone secretion and thy-
roid hormone metabolism have also been reported. Underdiagnosis of thyroid 
dysfunction can have important consequences for cancer patient management. 
Symptoms of hypothyroidism, such as fatigue, weakness, depression, memory loss, 
cold intolerance, and cardiovascular effects, may be incorrectly attributed to the 
primary disease or to the antineoplastic agent. In addition to adversely affecting the 
patient’s quality of life, these symptoms can lead to dose reductions of potentially 
life-saving therapies. Hypothyroidism can also alter the kinetics and clearance of 
medications, which may lead to undesirable side effects. Thyrotoxicosis can be mis-
taken for sepsis or a nonendocrinologic drug side effect. In some patients, thyroid 
disease may indicate a higher likelihood of tumor response to the agent  [  123  ] . In 
spite of the magnitude of this problem, physicians may overlook thyroid dysfunc-
tion because of the complexity of the clinical picture in the cancer patient  [  123  ] . 
Both hypothyroidism and thyrotoxicosis are easily diagnosed with inexpensive and 
specifi c tests, and in many patients, particularly those with hypothyroidism, the 
treatment is straightforward.  

      Sleep Disorders 
 Several sleep disorders, such as diffi culty falling asleep, problems maintaining 
sleep, poor sleep effi ciency, early awakening, and excessive daytime sleepiness, are 
prevalent in patients with cancer (Roscoe J) contributing to CRF. Sandadi et al. 
reported that sleep disturbances reduce QOL, a prognostic indicator for survival, in 
ovarian cancer patients. Although symptoms of fatigue and sleep disorders are dis-
tinct, several studies report these symptoms as appearing in a symptom cluster in 
cancer patient populations and demonstrating a strong correlation between cancer-
related fatigue and various sleep parameters  [  124–  127  ] . Sleep disorders have been 
shown to clearly contribute to fatigue  [  126,   127  ]  although the timing of onset of 
fatigue has been varied. Although the correlation between sleep patterns and fatigue 
are well documented, cancer-related fatigue is generally regarded as a form of tired-
ness that does not improve following rest or sleep, although most cancer patients 
may in fact not be getting a good night’s sleep or report disturbed sleep. The differ-
ence in cancer-related fatigue experienced during the day may relate to sleep/wake 
cycles or to the quality and quantity of sleep obtained at night. Fatigue and function 
during treatment and posttreatment may potentially be associated to disrupted sleep 
and desynchronized sleep/wake rhythms. Sleep disorders in cancer patient popula-
tions are major contributors not only of fatigue but also to the cancer patients’ qual-
ity of life  [  126,   127  ] . An increasing number of studies have examined circadian 
variation in the excretion of hormones, the sleep/wake cycle, the core body tempera-
ture rhythm, the tone of the autonomic nervous system, and the activity rhythm are 
important both in health and in disease processes  [  128  ]  (Gögenur I). A study of 
patients with metastatic colorectal cancer revealed signifi cant correlations among 
serum levels of IL-6, circadian patterns of activity, serum cortisol, and tumor-related 
symptoms, including fatigue, supporting the hypothesis that some cancer symptoms 
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are related to tumor- or host-generated cytokines and could refl ect cytokine effects 
on the circadian timing system  [  129  ]  explaining insomnia related to fatigue as a 
symptom cluster. These patients should undergo routine screening and would ben-
efi t from interventions that aim to promote restful sleep. Sandadi et al. and others 
have also reported that sleep disorders (SD) are associated with increased frequency 
of pain, depression, anxiety, and a worse sense of well-being  [  125–  127,   129,   130  ] .  

      Nutritional Status 
 CC is a pathological loss of striated muscle (skeletal and cardiac) and fat stores, 
manifesting in the cardinal features of hypermetabolism, anorexia, emaciation, 
weakness affecting functional status, impaired immune system, metabolic dysfunc-
tion, and poor quality of life  [  131–  137  ] . Although the etiopathogenesis of CC is not 
fully understood, experimental and clinical studies have demonstrated that cachexia 
is mediated or modulated by a highly complex interplay of multiple biologic path-
ways, including pathological levels of proinfl ammatory cytokines (IL-1, IL-6, and 
TNF- a )  [  138–  143  ] , neuroendocrine hormones  [  135,   144  ] , positive and negative 
growth factors (IGFs, PIF, myostatin)  [  132,   145–  148  ] , transcription factors (NF- B, 
STATs)  [  146–  151  ] , lipolytic and proteolytic enzymes (adipose triglyceride lipase, 
caspases, proteasome subunits)  [  152–  155  ] , and other signaling pathways. Loss of 
skeletal muscle in CC is the result of imbalance between protein synthesis and deg-
radation  [  156  ] . Pathologic levels of proinfl ammatory cytokines  [  138–  143,   157  ]  are 
associated with muscle wasting, exerted through inhibition of myosin expression 
and myogenic differentiation and stimulation of apoptosis  [  141–  143  ] . Patients with 
CC often describe their fatigue as a lack of energy, which could indicate that fatigue 
is caused by changes in metabolism and energy production, specifi cally in skeletal 
muscles  [  157–  161  ] . The reduced caloric intake compounded by increased meta-
bolic rate accompanied by loss of skeletal muscle mass contributes to fatigue in this 
patient population. The most prominent feature of wasting from cachexia versus 
starvation or anorexia is refractoriness to treatment by dietary consumption alone 
demonstrating a metabolic etiology. Other nutritional intake of caffeine and alcohol 
consumption  [  162,   163  ]  have also been related to affecting sleep ultimately result-
ing in insomnia and fatigue in this patient population.  

      Physical Inactivity 
 Similar to metabolic changes seen in nutrition, signifi cant changes in physical inac-
tivity is commonly associated with cancer therapy and cachexia, contributing to 
fatigue. Lack of energy and feeling of tiredness are reported consistently in this patient 
population. Elderly cancer patients report signifi cant levels of fatigue  [  164,   165  ]  that 
prevents many patients from following physical activity regimens. These symptoms 
are accelerated in the elderly who have relatively lower steroid hormone levels as a 
result of “hormonal aging,” lowered physical activity, as a result of treatment-related 
fatigue that has been demonstrated to contribute to lowered bone mineral density and 
muscle mass. These age-related conditions may thus be exacerbated, resulting in falls, 
fractures, and general muscle weakness. Muscle wasting seen in cancer cachexia is 
compounded by lack of physical activity observed in this patient population.    
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    7.3.2   Medications 

 Apart from chemotherapeutic regimens, specifi c medications such as opioid anal-
gesics, tricyclic antidepressants, neuroleptics, beta blockers, benzodiazepines, 
and antihistamines that produce side effects of sedation can contribute to fatigue 
in cancer patients. Opioid analgesics are a cornerstone of pain therapy in the hos-
pice and palliative care of cancer patient population  [  13,   127,   166  ] . Although the 
degree of sedation associated with opioids used in the treatment of cancer-related 
pain is varied, sedated patients often report associated symptom of fatigue. 
Opioids have been shown to alter the normal function of the hypothalamic secre-
tion of gonadotropin-releasing hormone  [  167  ] . Fatigue is observed in advanced 
cancer patients who report greater incidence of hypogonadism that may contrib-
ute to fatigue during cancer treatment  [  168  ] .    In a case-control study to examine 
the effects of chronic oral opioid administration in survivors of cancer, consistent 
with the research on intrathecal administration, researchers observed marked cen-
tral hypogonadism among the opioid users with signifi cant symptoms of sexual 
dysfunction, depression, and fatigue  [  169  ] . Additionally, concurrent use of other 
medications such as analgesics, hypnotics, antidepressants, antiemetics, steroids, 
or anticonvulsants – many of which act on the central nervous system – can sig-
nifi cantly exacerbate symptoms of fatigue.  

    7.3.3   Psychological Factors 

    7.3.3.1   Depression 
 As the concept of distress as the sixth vital sign gains strength in cancer care, more 
interesting evaluation, characterizing, and treating this symptom have become criti-
cal  [  28  ] . Depression has continued to be identifi ed as a strong predictor of fatigue in 
cancer patients, including those whose fatigue persists long after treatment  [  170, 
  171  ] . Psychologic and symptom distress have also been found to be signifi cant pre-
dictors of fatigue  [  170–  173  ] . Depression can be a comorbid, disabling syndrome 
that affects approximately 15–25% of persons with cancer  [  174  ] . Others have 
reported continued clinical levels of distress (29%), pain (19%), and fatigue (40%) 
12 months postdiagnosis in cancer patients  [  28  ] . Anxiety and depression are the 
most common comorbid psychiatric disorders of CRF  [  175  ] . Often, fatigue is the 
fi nal common pathway for a range of physical and emotional etiologies. It is believed 
that since depression is manifested by loss of interest, diffi culty concentrating, leth-
argy, and feelings of hopelessness, this can compound the physical causes for fatigue 
in these individuals and persist long past the time when physical causes have 
resolved  [  37  ] . Anxiety, fear, and distress related to cancer diagnosis, treatment, 
long-term effects in addition to recurrence of disease are identifi ed sources of 
depression in this patient population that contribute to physical and psychological 
fatigue  [  176–  178  ] . In testicular cancer survivors, anxiety and depression were pre-
dictive of fatigue, suggesting a possible role for psychiatric intervention in fatigue 
management  [  179  ] . 
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    In a large population–based study of the prevalence of depressive symptoms and 
major depression 3–4 months following surgery for breast cancer and to identify 
clinical risk factors while adjusting for precancer sociodemographic factors, comor-
bidity, and psychiatric history  [  180  ] , Christensen et al. reported an increased preva-
lence of depressive symptoms and major depression (13.7%) compared to 
population-based samples. The precancer variables: social status, net wealth, eth-
nicity, comorbidity, psychiatric history, and age were all independent risk factors for 
depressive symptoms. Of the clinical variables, only nodal status carried additional 
prognostic information. Physical functioning, smoking, alcohol use, and BMI were 
also independently associated with depressive symptoms. Infl ammatory cytokines 
have been linked to serotonin dysregulation, fatigue, and depression  [  180,   181  ] . For 
example, administration of the cytokine interferon- a  as a cancer chemotherapeutic 
agent causes anorexia and fatigue that are not easily controlled with antidepressant 
medication  [  42,   182,   183  ] . A weighted meta-analysis of cancer studies measuring 
infl ammatory markers and fatigue showed signifi cant positive correlation between 
fatigue and circulating levels of IL-6, IL-1 receptor antagonist, and neopterin but 
not IL-1 b  or TNF- a   [  184  ] . Level of depression at radiation therapy initiation pre-
dicted the level of morning fatigue during the course of radiation therapy  [  94  ] . In a 
study to prospectively examine cancer patients’ physical and psychosocial concerns 
over the year following diagnosis, levels of distress, pain, fatigue, depression, and 
anxiety were monitored over a year. A total of 877 patients provided baseline data 
with 620, 589, and 505 retained at 3, 6, and 12 months, respectively. Although the 
overall levels of distress, depression, and anxiety decreased signifi cantly over the 
study period, no signifi cant changes were found in levels of pain or fatigue. Some 
of the factors that predicted increased depression and fatigue were demographics 
(being unmarried), and medical interventions (particularly having radiation therapy) 
predicted persistent distress, anxiety, and depression, whereas receiving psychoso-
cial support predicted decreased levels of distress, anxiety, and depression  [  28  ] . 
Depression is a major contributing factor of fatigue in breast cancer population, 
irrespective of disease stage. Time since diagnosis and treatment modalities attrib-
uted to body image impairment from mastectomy and sexuality aftermath generate 
higher rates of mood disorders leading to impaired quality of life such as fatigue, 
cognitive attitudes of helplessness/hopelessness, and resignation  [  175  ] . However, it 
is also clear that the prevalence of depression appears to be especially elevated in 
patients with advanced cancer  [  185  ] . In a study of 101 women about to undergo 
surgery for breast cancer, younger age, presurgery distress, and expectations about 
fatigue signifi cantly predicted fatigue levels 1 week after surgery. In the regression 
model, age, distress, and expectancy each uniquely contributed to fatigue, with dis-
tress and expectancy accounting for 25% of the variance  [  172  ] . In a longitudinal 
study with women who had gynecologic cancer, symptom, and psychologic distress 
signifi cantly predicted fatigue before, during, and after treatment with chemother-
apy, explaining up to 80% of the variance in fatigue scores after chemotherapy treat-
ment  [  173  ] . Research to examine the prevalence and correlates of fatigue and 
depression and their relevance to health-related quality of life in 1,933 breast cancer 
survivors recruited from fi ve large hospitals in Korea demonstrated that 66.1% 
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reported moderate to severe fatigue and 24.9% reported moderate to severe 
 depression. Risk factors common to both fatigue and depression were lower income, 
dyspnea, insomnia, appetite loss, constipation, and arm symptoms. Risk factors for 
fatigue only included younger age, employment, presence of gastrointestinal dis-
ease, and pain, and having a musculoskeletal disease was identifi ed as a risk factor 
for depression only. It was also observed that both fatigue and depression were 
infl uenced by sociodemographic factors, comorbidity, and symptom characteristics 
rather than cancer- or treatment-related factors. Kim     [  39  ]  CRF is common in cancer 
of outpatients with colorectal, breast, gynecological, genitourinary, sarcoma, mela-
noma, and miscellaneous tumors and is associated with type of disease and treat-
ment, as well as with emotional distress. The association between CRF and emotional 
distress is strong, but they are not equivalent conditions Storey  [  38  ] . It has also been 
observed that patients who survive cancer eventually experience less interaction 
with a medical team, decreased emotional support, and perhaps fear of cancer recur-
rence; such factors have been linked to increased depression and fatigue  [  186–  192  ] . 
Based on these studies, it is clear that both fatigue and depression may co-occur in 
cancer patient populations and have a signifi cant impact on health-related quality of 
life well beyond completion of treatment for cancer  [  40  ] .   

    7.3.4   Environmental Factors 

 Environmental factors such as hospitalization, change in environment, and patient 
burden with regard to serial treatment burden have also been observed clinically to 
increase fatigue in the cancer patient.   

    7.4   Current Treatment Approaches 

 Since CRF has a multifactorial psychopathological etiology, intervention strategies 
are provided by collaborative, interdisciplinary teams of medical oncologists, psy-
chologists, nutritionists, exercise physiologist/physical therapists, and psychosocial 
workers. In patients with brain tumors, additional team members would include 
physiatrists, in interdisciplinary collaboration with the pertinent oncology-related 
services, managing specifi c symptoms including fatigue, headache, and sleep distur-
bance and medical complications including depression, seizures, and thromboembo-
lic disease  [  44  ] . The National Comprehensive Cancer Network guidelines recommend 
that integrative nonpharmacologic behavioral interventions be implemented for the 
effective management of CRF. These types of interventions may include exercise, 
psychosocial support, stress management, energy conservation, nutritional therapy, 
sleep therapy, and restorative therapy  [  1,   193,   194  ] . Pharmacological as well as non-
pharmacological approaches or a combination of both approaches have been used to 
treat symptoms of fatigue by systematically assessing etiology of fatigue and fi rst 
treating the treatable conditions that may be contributing to this symptom. Although 
several multidisciplinary approaches have been evaluated, no “gold standard” treat-
ment presently exists for CRF. 
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    7.4.1   Assessment of Etiology of Fatigue 

 Fatigue and the symptoms of fatigue may be assessed comprehensively in the clini-
cal setting using fatigue symptom inventories that help clinicians characterize these 
symptoms and identify the etiology of fatigue. Upon identifying fatigue in the can-
cer patient population, continuous and periodic reassessment is recommended, espe-
cially with changing treatment regimens and patient status  [  193  ] . Since advanced 
fatigue is diffi cult to treat, the early recognition and formal assessment of this symp-
tom is important in order to be able to treat it, before it negatively impacts the 
patient’s quality of life  [  195  ] . Several tools to measure fatigue in cancer patient 
populations have been validated by international groups of scientists and clinicians, 
although none are diagnostic. A thorough diagnosis of fatigue can be made by thor-
oughly interviewing patient and family members in clinical settings along with the 
use of instruments to specifi cally characterize fatigue. These tools range from quick 
and simple scales such as the Visual Analog Scale (VAS) and Brief Fatigue Inventory 
(BFI)  [  196–  198  ]  (4,16,30 of Campos), a three-item fatigue scale taken from the 
European Organization for Research and Treatment of Cancer Core Quality of Life 
Questionnaire  [  199  ] , to others such as the Piper Fatigue Scale (PFS) and the Brief 
Fatigue Inventory (BFI)  [  40  ] , M. D. Anderson Symptom Inventory-Brain Tumor 
Module  [  41  ] , Multidimensional Fatigue Inventory (MFI-20)  [  112  ]  and Short Form 
36 version 2  [  200  ] .to evaluate fatigue in cancer patient populations. The diagnosis of 
fatigue is made after eliminating comorbidities that are treatable such as hypothy-
roidism, pain, anemia, sleep disturbance, depression or emotional distress, and other 
organ dysfunctions such as myopathy, heart failure, or pulmonary fi brosis  [  201, 
  202  ] . Once comorbidities are addressed and none are present and patients are identi-
fi ed to be experiencing fatigue, patients can be screened using the tools available 
such as the Visual Analog Scale (VAS) or the Brief Fatigue Inventory (BFI) for 
assessment of fatigue in a clinical setting, or the Multidimensional Fatigue Inventory 
(MFI-20) has been validated as a comprehensive tool for evaluation of fatigue in 
cancer patient populations. If patient has no fatigue or has mild fatigue or is antici-
pated to become fatigued, based on treatments planned, nonpharmacological inter-
ventions and prophylactic measures to prevent onset may be considered. If patient is 
diagnosed with moderate and severe fatigue, both pharmacological and nonpharma-
cological approaches may be benefi cial to ameliorate CRF. Continuous and periodic 
reassessment is recommended for all patients, especially with changing treatment 
regimens and patient status  [  194  ] .  

    7.4.2   Pharmacological Approaches/Treating Comorbidities 

 Today, there are no single pharmacological approaches to treat CRF. Based on ini-
tial screening, identifi cation and treatment of comorbidities contributing to fatigue, 
such as anemia, hypothyroidism, pain, emotional distress, insomnia, malnutrition, 
and other comorbid conditions has been recommended as the fi rst step prior to eval-
uating cancer patients for fatigue. However, even with treatment of clinical comor-
bidities, several patients continue to experience fatigue for which additional 
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therapeutic strategies may be required  [  193  ] . In addition, although depression, can-
cer cachexia, hypothyroidism, and insomnia are associated with numerous negative 
consequences including fatigue, these disorders remain underdiagnosed and under-
treated  [  175,   185  ] . The best evidence for the treatment of fatigue is for pharmaco-
logic measures that have been studied in cancer patients with fatigue include 
hematopoietics such as erythropoietin (EPA) and darbepoetin to treat anemic 
patients on chemotherapy  [  16,   101–  103,   107,   199  ]  and stimulants such as donepe-
zil, modafi nil, methylphenidate, and agents to improve sleep  [  195,   202–  204  ] . 
Although EPA has shown promise in treating anemia, several concerns for use, such 
as risk of thromboembolic events, especially in patients diagnosed with multiple 
myeloma treated with thalidomide or lenalidomide, have led to specifi c guidelines 
for use in cancer patient populations. EPA use is to be avoided in patients with ane-
mia not related to chemotherapy, and that they be instituted only in those patients 
with a hemoglobin <10 g/dL with a target level not to exceed 12 g/dL  [  205–  207  ] . 

 Among traditional psychostimulants, methylphenidate has been studied the most 
and is effective and well tolerated among patients with cancer despite common side 
effects. Modafi nil, a novel psychostimulant commonly referred to as wakefulness-
promoting agents as a group, has also been studied and seems to be well tolerated 
among patients with cancer. Some preliminary data support using modafi nil for 
patients with CRF. Bupropion sustained release may have psychostimulant-like 
effects and, therefore, may be benefi cial in treating fatigue. Donepezil, a cholinest-
erase inhibitor, has shown benefi t only in open-label trials. Randomized, placebo-
controlled trials with specifi c agents are needed to further assess the effi cacy and 
tolerability of psychotropic medications in CRF treatment  [  8  ] . Although these 
approaches demonstrate promise, further evaluation in large-scale randomized clin-
ical trials is needed to further assess the effi cacy and tolerability of psychostimu-
lants in the treatment of cancer-related fatigue  [  8,   199,   208  ] . Similarly, both 
hypothyroidism and thyrotoxicosis are easily diagnosed with inexpensive and spe-
cifi c tests. In many patients, particularly those with hypothyroidism, the treatment 
is straightforward. Routine testing for thyroid abnormalities in patients receiving 
these antineoplastic agents is therefore recommended  [  115,   123  ] . 

 It is clear that both fatigue and depression may co-occur in cancer patient popu-
lations and have a signifi cant impact on health-related quality of life well beyond 
completion of treatment for cancer, although the severity of fatigue may differ 
 [  188  ] . This concurrent examination of risk factors for fatigue and depression may 
be helpful in the development of clinical management strategies in disease-free 
breast cancer survivors  [  40  ] . For some patients, distress, depression, and anxiety 
may be transient and decrease over time, but for others, they may be sustained. Pain 
and fatigue may remain present in many cancer patients. It has also been recognized 
that both fatigue and depression may improve in response to the same therapy  [  28  ]    . 
For example, psychologic and educational intervention focused on coping with 
common fears improved fatigue, energy, cancer-specifi c distress, fatigue and 
depression in cancer survivors  [  209  ] . Similar potential treatment for both depres-
sion and fatigue is light therapy, which both strengthens diurnal rhythms and 
improves mood  [  210  ] . 
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 Treatment of depression in breast cancer women improves their quality of life 
and may increase longevity. Antidepressant medications remain the cornerstone of 
depression treatment. The hypothetical link between their prescription and increased 
breast cancer risk is not supported by literature’s data  [  175  ] . Risk factors for depres-
sive symptoms were primarily restricted to precancer conditions rather than disease-
specifi c conditions. Special attention should be given to socioeconomically deprived 
women with a history of somatic and psychiatric disease and poor health behaviors 
 [  180  ] . In a study to examine self-regulatory fatigue in a cancer population, Solberg 
et al.  [  211  ]  demonstrated that controlling for pain severity, physical fatigue, and 
depression, self-regulatory fatigue scores were incrementally associated with 
decreased quality of life, use of avoidance coping strategies, and decreased adher-
ence to physicians’ recommendations. These results emphasize the potential role of 
self-regulatory capacity in coping with and adjusting to hematologic cancers  [  211  ] . 
Antidepressants to treat depression have been used to treat depression successfully 
in cancer patients. However, antidepressants for the treatment of fatigue have shown 
mixed results. Paroxetine shows benefi t for fatigue, primarily when it is a symptom 
of clinical depression  [  199  ] .  

    7.4.3   Nonpharmacological Approaches 

 The National Comprehensive Cancer Network guidelines recommend that integra-
tive nonpharmacologic behavioral interventions be implemented for the effective 
management of CRF based on best practice standards. These types of interventions 
may include exercise, psychosocial support, stress management, energy conserva-
tion, nutritional therapy, sleep therapy, and restorative therapy  [  1  ] . 

    7.4.3.1   Physical Activity Regimens/Rehabilitative Services 
 Since cancer patients often demonstrate diminished physical and functional well-
being as compared with patients not receiving treatment  [  30,   212  ] , it is logical to 
plan intervention programs that are targeted to improve strength and cardiovascular 
conditioning and reduce pain and fatigue after treatment  [  213  ] . Several interven-
tional programs using exercise program of moderate intensity, individualized to the 
patient’s specifi c needs, have been shown to reduced fatigue signifi cantly both dur-
ing and after cancer treatment  [  214  ] . 

 In a comprehensive combined systematic and meta-analytic review of the litera-
ture to date on nonpharmacological (psychosocial and exercise) interventions to 
ameliorate CRF and associated symptoms (vigor/vitality) in adults with cancer, 
based on 119 randomized controlled trials (RCTs) and non-RCT studies, Kangas 
et al.  [  6  ]  observed that multimodal exercise and walking programs, restorative 
approaches, supportive-expressive, and cognitive-behavioral psychosocial interven-
tions show promising potential for ameliorating CRF. The results also suggest that 
vigor and vitality are distinct phenomena from CRF with regard to responsiveness 
to intervention  [  6  ] . Although exercise programs during adjuvant treatment for breast 
cancer can be regarded as a supportive self-care intervention which results in 
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improved physical fi tness and thus the capacity for performing activities of daily 
life, which may otherwise be impaired due to inactivity during treatment, studies 
have been ambiguous as they related to improvements in fatigue. Although the 
investigator argued for incorporating strategies for behavior change in future studies 
 [  212,   215  ] , they should, in addition, take into account underlying metabolic abnor-
malities seen in this patient population and co-occurring symptoms of cancer. 

 Benign or low-grade brain tumors can cause signifi cant disability, and since brain 
tumors occur over the life span, patient demonstrate progressively higher incidence 
of fatigue and disability with advancing age. Evidence for effectiveness of rehabili-
tation is favorable. Brain tumor patients treated in acute rehabilitation settings 
improve comparably with individuals with stroke or traumatic brain injury. Although 
patients with primary brain tumors have been better studied than those with meta-
static disease, signifi cant gains with inpatient rehabilitation have been reported in 
the latter group also. Although better screening methods need to be identifi ed to 
screen this patient population over the course of the disease process, outpatient 
programs to address cognitive defi cits in brain tumor survivors, including cognitive 
therapy and pharmacologic strategies, have been benefi cial. While the patient is 
receiving rehabilitation care, physiatrists, in interdisciplinary collaboration with the 
pertinent oncology-related services, assist with managing symptoms including 
fatigue, headache, and sleep disturbance and medical complications including 
depression, seizures, and thromboembolic disease  [  44  ] . 

 Patients treated with hematopoietic SCT (HSCT) exhibit various side effects that 
have a profound impact on a patient’s life both physically and psychologically. To 
examine if a controlled exercise program right from the beginning of the condition-
ing phase could help contribute to a patient’s physical and psychological recovery, 
Baumann et al.  [  216  ]  reported signifi cant differences in favor of the training group 
regarding strength, endurance, lung function, and quality of life. Baumann et al. 
 [  216  ]  further evaluated the infl uence of a controlled moderate exercise program 
starting parallel to chemotherapeutic conditioning and total body irradiation on the 
patient’s physical and psychological constitution. Results indicated signifi cant dif-
ferences, and/or trends in favor of the exercise group were observed regarding the 
primary endpoint endurance performance, muscular strength, fatigue, and emotional 
state without posing an additional risk for the individual. In a comprehensive review 
evaluating the evidence of randomized controlled studies which examined exercise 
during medical treatment and in the aftercare of a prostate cancer disease, Baumann 
et al.  [  216  ]  also observed that incontinence, fi tness, fatigue, body constitution, and 
also quality of life can be improved by clinical exercise in patients during and after 
prostate cancer and that “supervised exercise” is more effective than “nonsupervised 
exercise.” Similar results were reported by other investigators based on a systematic 
review to evaluate exercise in reducing symptoms of fatigue in prostate cancer 
patients  [  217,   218  ] . Although evidence on the effectiveness of progressive exercise 
training on muscle strength is promising as the basis to improve symptoms of fatigue, 
the effects on fatigue and functioning continue to be ambiguous. However, the over-
all benefi t is to improve functional capacity and overall quality of life, especially if 
initiated at the start of therapy rather than later during therapy.  
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    7.4.3.2   Sleep Therapy 
 Disrupted sleep, poor sleep hygiene, decreased nighttime sleep or excessive day-
time sleep, and inactivity may be causative or contributing factors in CRF  [  31,   127, 
  162  ] . Several studies have examined whether CRF experienced during the day 
relates to sleep/wake cycles or to the quality and quantity of sleep obtained at night. 
Although CRF does not improve following rest or sleep, objectively recorded sleep 
and biological rhythms have not been well investigated in these patients, but it 
appears that most cancer patients may in fact not be getting a good night’s sleep. 
Thus, in cancer patients, sleep that is inadequate or unrefreshing may be important 
not only to the expression of fatigue, but to the patients’ quality of life and their 
tolerance to treatment, and may infl uence the development of mood disorders and 
clinical depression  [  31,   127  ] . Using the Piper Integrated Fatigue Model which 
describes sleep/wake, activity/rest, circadian rhythms, and fatigue and how they 
interrelate in women with breast cancer, Berger and Mitchell  [  127  ]  evaluated the 
feasibility of an intervention designed to promote sleep and modify fatigue during 
four cycles of adjuvant breast cancer chemotherapy. Each woman developed, rein-
forced, and revised an individualized sleep promotion plan (ISPP) with four compo-
nents: sleep hygiene, relaxation therapy, stimulus control, and sleep restriction 
techniques. A daily diary, the Pittsburgh Sleep Quality Index, a wrist actigraph, and 
the Piper Fatigue Scale were used to collect data 2 days before and 7 days after each 
treatment  [  127  ] . Results indicated signifi cant relationships between subjective and 
objective sleep but no consistent patterns. Higher total and subscale fatigue scores 
were correlated with most components of poorer subjective sleep quality  [  127  ] . The 
intervention was feasible, adherence rates improved over time, and most sleep and 
wake patterns were consistent with normal values. It was clear that more research is 
needed to better characterize and develop nonpharmacological interventions to treat 
sleep disturbances in cancer patients  [  127,   162  ] . The basic principle underlying 
sleep therapy in ameliorating symptoms of fatigue is to contribute to energy conser-
vation and serves a restorative function.  

    7.4.3.3   Psychosocial Support 
 Several strategies to improve fatigue using psychological approaches such as health 
education, enhanced problem solving skills, stress management, psychosocial sup-
port, group support to improve mood and coping response, psychotherapy and tai-
lored behavioral interventions have shown promise in reducing symptoms of fatigue 
and related symptoms  [  219–  228  ] . Patient education about symptoms that can be 
anticipated and providing strategies to manage symptoms proactively has been 
the single most important component of treating patients with CRF. Additionally, 
since the treatment of established fatigue is more complex and presents a challenge 
to the medical team, anticipating and prevention of signifi cant fatigue may be a 
prudent approach. The goal of psychosocial support is provide support, provide 
tools to manage stress, and proactively educate patients with regard to anticipated 
symptoms that they may experience, while providing strategies to cope with these 
scenarios. Patients have been educated, and an open discussion about common 
symptoms experienced by cancer patients must be initiated. Discussions about these 
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symptoms and any support that can be provided must be offered and continued 
throughout treatment and posttreatment periodically and as needed. Barriers and 
facilitators for managing symptoms due to fatigue and other symptoms must be 
discussed. Factors such as impediments due to personal, family, caregiver, or insur-
ance issues that could interfere with symptom management must be discussed and 
resolved. Patients must be educated on reporting symptoms and not take for granted 
that these symptoms are a part of cancer treatment. If indicated, patients should be 
referred to a psychologist for further therapy. Interventions such as group therapy, 
individual counseling  [  219–  222  ] , relaxation training and stress reduction  [  223–  227  ] , 
cognitive behavioral therapy and supportive interventions  [  223–  227  ]  have demon-
strated promising results in cancer patients during treatment. In a systematic review 
of randomized controlled trials (RCTs) included to evaluate effectiveness of psy-
chosocial interventions in adult cancer patients during treatment, with fatigue as an 
outcome measure, 27 studies with a total of 3,324 participants were included. Seven 
studies reported signifi cant effects of the psychosocial intervention on fatigue with 
three studies reporting that the effect was maintained at follow-up  [  228  ] . Most 
aspects of the included studies were heterogeneous, and therefore it could not be 
established which other types of interventions or elements were essential in reduc-
ing fatigue. Overall, there is limited evidence that psychosocial interventions during 
cancer treatment are effective in reducing fatigue.  

    7.4.3.4   Nutritional Support and Counseling 
 Metabolic disorders of protein, lipids, hypermetabolism, and electrolyte and min-
eral imbalances are commonly observed in cancer patients. Since cancer cachexia 
and cancer anorexia are also symptoms that can lead to skeletal muscle loss contrib-
uting to fatigue, it may be prudent to ensure that to conserve energy, meet increase 
nutritional needs, nutritional interventions can contribute to restorative therapy in 
ameliorating symptoms of CRF in clinical settings. In addition, caffeinated bever-
ages and alcohol can interfere with sleep patterns, and patient should be instructed 
to vary timing of intake or avoid these beverages to improve symptoms of sleep 
disturbance. Our team has demonstrated success in improving functional scores and 
physical activity scores in cancer patients on cytotoxic therapies by treating cancer 
cachexia  [  229  ] .    

    7.5   Guidelines 

 The evaluation of CRF is a multidisciplinary endeavor. Multiple, systematic assess-
ment and approaches are currently followed in various institutions around the world. 
Although several multidisciplinary approaches have been evaluated, no “gold stan-
dard” treatment presently exists for CRF. The following guidelines are considered 
best practice standards. Improved management of CRF may require a  multimodal 
approach by multidisciplinary teams . Since CRF has a multifactorial psychopatho-
logical etiology, interventions strategies should be provided by collaborative, inter-
disciplinary teams of medical oncologists, psychologists, nutritionists, exercise 
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physiologist/physical therapists, and psychosocial workers. In patients with brain 
tumors, additional team members should include physiatrists, in interdisciplinary 
collaboration with the pertinent oncology-related services, managing specifi c symp-
toms including fatigue, headache, and sleep disturbance and medical complications 
including depression, seizures, and thromboembolic disease. A systematic approach 
to managing cancer patients with CRF should include specifi c and comprehensive 
assessment, determining the etiology of CRF, screening for and treating preexisting 
comorbidities, and identifying pharmacological and nonpharmacological approaches 
that have demonstrated evidence to reduce or ameliorate symptoms of fatigue, in 
addition to monitoring and closely assessing patients for change in status. All 
assessment and reassessment should be conducted continuously, taking into consid-
eration change in medications and medical status of the cancer patient. Patient edu-
cation about symptoms that can be anticipated and providing strategies to manage 
symptoms proactively has been the single most important component of treating 
patients with CRF. 

    7.5.1   Comprehensive Assessment 

 A comprehensive assessment by a multidisciplinary team including an MD, RD, 
Pharm.D, RNs, PT, psychiatrists, and psychosocial workers must include physical 
assessment and subjective information of CRF, including timing of fatigue. Patients 
as well as family members and care givers must be included in a comprehensive 
interview to assess fatigue. If sleep therapists are available, they should be included 
in initial assessment, therapy, and follow-up of the patient with fatigue.

   The fi rst step in assessing fatigue should include screening for other comorbidi-• 
ties such as thyroid abnormalities, anemia in patients receiving these antineo-
plastic agents, pain, emotional distress, insomnia, and other comorbid conditions 
that can be identifi ed and treated proactively.  
  If patients are identifi ed as having hypothyroidism, evaluate further for both • 
hypothyroidism and thyrotoxicosis and treat for this disorder.  
  If patient is anemic, evaluate further and treat with hematopoietics such as eryth-• 
ropoietin (EPA) and darbepoetin. For treatment of anemia. Caution: risk of 
thromboembolic events, especially in patients diagnosed with multiple myeloma 
treated with thalidomide or lenalidomide; EPA use is to be avoided in patients 
with anemia not related to chemotherapy, and that they be instituted only in those 
patients with a hemoglobin <10 g/dL with a target level not to exceed 12 g/dL.  
  If patient is evaluated as being depressed, antidepressant can be used for the • 
treatment of fatigue. Paroxetine shows benefi t for fatigue, primarily when it is a 
symptom of clinical depression.  
  If patient reports pain and is treated with opioids, this factor must be taken into • 
consideration as a contributor of fatigue, although the opioids are provided for 
the treatment of pain.  
  All patients must be evaluated periodically for change in status and treatment • 
plan revised accordingly.    
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 Once comorbidities are addressed and none are present and patients are identi-
fi ed to be experiencing fatigue, patients can be screened using the tools available 
such as the Visual Analog Scale (VAS) or the Brief Fatigue Inventory (BFI) for 
assessment of fatigue in a clinical setting, or the Multidimensional Fatigue Inventory 
(MFI-20) has been validated as a comprehensive tool for evaluation of fatigue in 
cancer patient populations. 

 If patient has no fatigue or has mild fatigue or is anticipated to become fatigued, 
based on treatments planned, nonpharmacological interventions and prophylactic 
measures to prevent onset may be considered. 

 If patient is diagnosed with moderate and severe fatigue, both pharmacological 
and nonpharmacological approaches may be benefi cial to ameliorate CRF. 

 Continuous and periodic reassessment is recommended for all patients, espe-
cially with changing treatment regimens and patient status.  

    7.5.2   Pharmacological Interventions 

    The best evidence for the treatment of fatigue is for pharmacologic measures that • 
have been studied in cancer patients with fatigue.  
  Screen for other comorbidities such as thyroid abnormalities, anemia in patients • 
receiving these antineoplastic agents, pain, emotional distress, insomnia, and 
other comorbid conditions that can be identifi ed and treated proactively.  
  Evaluate patient for use of psychostimulants such as donepezil, modafi nil, and • 
methylphenidate.     

    7.5.3   Nonpharmacological Interventions 

 In spite of evidence demonstrating effi cacy of pharmacological interventions, sev-
eral patients continue to report persistent fatigue. Additionally, since the treatment 
of established fatigue is more complex and presents a challenge to the medical team, 
anticipating and prevention of signifi cant fatigue may be a prudent approach. 
Nonpharmacological approaches focus on improving physical strength, energy con-
servation, and nutritional status with adequate proteins to ensure that fatigue is not 
exacerbated as a result of poor physical fi tness and strength levels as well as com-
promised nutritional status. Nonpharmacological approach includes psychosocial 
support to provide support, provide tools to manage stress, and proactively educate 
patients with regard to anticipated symptoms that they may experience, while pro-
viding strategies to cope with these scenarios. 

    7.5.3.1   Physical Activity 
  If fatigue is diagnosed at initial assessment or anticipated to result from treat-
ment ,  patients should be proactively receiving a comprehensive assessment of 
physical status by a licensed physical therapist and therapy initiated within 24 h 
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of  assessment .  The basic principles are to enhance activity level and energy conser-
vation and to improve muscle strength .
    1.     Godin Leisure - Time Exercise Questionnaire  weekly to monitor physical 

activity.  
    2.     Handgrip strength dynamometry assessment : A validated tool commonly used to 

assess handgrip strength is the Jamar dynamometer, which is a fast, reliable, and 
easy-to-perform device commonly used by our team to measure improvements 
in functional strength  [  98  ] . The Jamar dynamometer has a lower % coeffi cient of 
variation and is thus a more precise device than other handgrip dynamometers.  

    3.    Cardiovascular exercises as well as strength training exercises must be 
recommended.  

    4.    Multidimensional Fatigue Inventory (MFI-20) may be administered on a monthly 
basis to monitor change in fatigue scores.  

    5.    Patient’s ability and choice of physical activity regimen must be taken into 
account while planning regimen.  

    6.    Printed instructions, activity records, and monitors such as wrist actigraphy or 
pedometers have been found to be motivating to the patient in clinical settings.      

    7.5.3.2   Nutritional Guidelines 
  Nutritional assessment must be performed within 24 h of admission of the patient by a 
registered dietitian .  The primary goal is to maintain adequacy of nutritional intake in a 
time of increased need and provide additional support during strength training .  A 3 - day 
diet record including 1 weekend day can be used to assess nutritional intake .
    1.    Screen patient within 24 h of admission. This order for screening has been a 

standard order for all cancer patient admissions to avoid delay in timing of 
screening.  

    2.    Assess all symptoms. Gastrointestinal tract: Taste alterations, smell alterations, 
dysphagia, dyspnea, other pain, early satiety, dry mouth, too much saliva produc-
tion, anorexia, diarrhea, constipation, nausea, vomiting, dehydration, fatigue, 
height weight, recent weight loss, and anthropometrics. Others: (mid-arm muscle 
circumference, body composition [DEXA]), grip strength, psychosocial and 
family/caregiver support, depression, and ADL.  

    3.    Screen and assess current nutritional status and estimate caloric, protein, and 
multivitamin/mineral needs (refer to Chap.   2    ).  

    4.    Provide adequate nutrition by including “calorie” and “protein” boosters educa-
tion material and nutritional supplements to ensure intake of proteins (recom-
mended 0.8 g–1.0 g/kg/day). Provide dense caloric supplements up to 400 cal/day 
containing 1.5 kcal/mL; if intake is insuffi cient in protein intake, supplement with 
modular protein supplements, adding this to favorite beverage. (  http://www.nes-
tle-nutrition.com/Products/Default.aspx    ;   http://abbottnutrition.com/    ) The choice 
of nutritional supplements can be based on the personal choice of the patient, 
patient needs, tolerance to product as well as other comorbidities.  

    5.    Include a standard multivitamin/mineral supplementation to prevent any further 
defi cits and meet increased needs.  

http://www.nestle-nutrition.com/Products/Default.aspx
http://www.nestle-nutrition.com/Products/Default.aspx
http://abbottnutrition.com/
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    6.    Assess adequacy of intake and provide an appetite stimulant (megestrol acetate 
20 mg–800 mg/day or alternate) if patient has cancer anorexia to ensure adequate 
intake and prevent further weight loss.  

    7.    Provide each patient with nutritional guidelines to ensure adequate intake of 
calories and proteins and a list of suggested high-caloric and high-protein nutri-
tional supplements to choose from, taking into consideration taste alterations, 
early satiety, nausea, and vomiting that are common symptoms observed in this 
patient population.  

    8.    Proactive measures to provide alternate mode of nutritional support must be 
planned during acute phase of treatment when it would be a greater risk to feed 
patient via the oral route. Selection of route of feeding may be informed based on 
general guidelines and criteria provided in Table   2.6       .  

    9.    Other tips to better nutritional intake:
    (a)    To avoid disturbances in sleep patterns, refrain from caffeinated beverages 

like coffee, tea, or sodas.  
    (b)    Avoid alcoholic beverages which also may contribute to sleep disturbances.          

    7.5.3.3   Psychosocial Support 
  A psychosocial assessment must be performed within 24 h of admission of the 
patient by a licensed psychosocial worker . The goal of psychosocial support is to 
provide support, provide tools to manage stress, and proactively educate patients 
with regard to anticipated symptoms that they may experience, while providing 
strategies to cope with these scenarios.
    1.    An assessment of psychosocial needs of the patient must be completed in addi-

tion to the assessment for depression.  
    2.    Patients should be educated and an open discussion about common symptoms 

experienced by cancer patients must be initiated.  
    3.    Discussions about these symptoms and any support that can be provided must be 

offered and continued throughout treatment and posttreatment periodically and 
as needed.  

    4.    Barriers and facilitators for managing symptoms due to fatigue and other symp-
toms must be discussed.  

    5.    Factors such as impediments due to personal, family, caregiver, or insurance 
issues that could interfere with symptom management must be discussed and 
resolved.  

    6.    Patients must be educated on reporting symptoms and not take for granted that 
these symptoms are a part of cancer treatment.  

    7.    If indicated, patients should be referred to a psychologist for further therapy.      

    7.5.3.4   Sleep Therapy 
    Patients should be assessed for sleep disturbances.  • 
  If patient has insomnia, patients should be treated with agents to improve sleep.  • 
  Behaviors to improve sleep hygiene, relaxation therapy, stimulus control, and • 
sleep restriction techniques have been found to have some success in improving 
sleep.     
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    7.5.3.5   Markers and Instruments for Patient Monitoring 
and Assessment of Response to Treatment 
by the Interdisciplinary Medical Team 

     1.     Anthropometric measurements  such as participant’s height, weight, and body 
mass index will be performed at baseline, 6 and 12 weeks, using methods previ-
ously described and validated by our group  [  81,   82  ] . Skeletal muscle function is 
a central determinant of functional capacity in humans. Loss of muscle as seen 
in CC results in poor function and decreased survival rate following critical ill-
ness  [  83  ] . Muscle size is therefore considered an important marker of functional 
status in studies of sarcopenia/cachexia  [  80  ] .  

    2.     Body composition by DXA scan : DXA should be used to assess both total lean 
body mass (LBM), fat mass (FM), and total bone mineral density (BMD).Total 
bone mineral density (BMD) is a valid indirect measure of skeletal muscle and 
patient activity. Total LBM is sometimes called total fat-free mass (FFM) 
depending upon specifi c DXA manufacturer. DXA instruments use an X-ray 
source that generates or is split into two energies to measure bone mineral mass 
and soft tissue from which fat and fat-free mass are estimated. The exam is 
quick (1–2 min), precise (0.5–1%) and noninvasive. DXA scanners have the 
precision required to detect changes in muscle mass as small as 5%. Radiation 
exposure from DXA scans is minimal. The National Council of Radiation 
Protection and Measurements (NCRP) has recommended that the annual effec-
tive dose limit for infrequent exposure of the general population is 5,000  m Sv 
and that an annual effective dose of 10  m Sv be considered a negligible indi-
vidual dose. The effective dose of a dual-energy X-ray absorptiometry whole 
body scan on an adult is 2.1  m Sv. Studies have shown that quality assurance is 
an important issue in the use of DXA scans to determine body composition 
including lean body mass and bone mineral density. DXA instrument manufac-
turer and model should remain consistent, and their calibration should be moni-
tored throughout treatment. Use of a standardized scan acquisition protocol and 
appropriate and unchanging scan acquisition and analysis software is essential 
to achieve consist results.  

    3.     Dietary intake  must be assessed at baseline and monthly by conducting random 
weekly, 2-week days + 1 weekend day 24-h dietary recalls (gold standard for col-
lecting dietary data) using a 5-step multipass procedure  [  30,   31  ]  (which has been 
found to assess mean energy intake within 10% of actual intake) and using the 
frequently updated University of Minnesota Nutrition Data System for Research 
(NDS-R) version database for analysis of nutrient composition. Food portion 
visuals will be provided to study participants and protocols are established for 
training dietary interviewers and meticulous quality control.  

    4.     Symptom log  may be completed daily and all anticipated and unanticipated, 
grades of constitutional, dermatological, gastrointestinal (GI), metabolic, and 
pain symptoms must be obtained to continuously monitor symptoms affecting 
nutritional intake and utilization.  

    5.     Monthly  CMP and CBC to provide data on anemia, electrolytes, organ function, 
and immune and protein markers.  
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    6.     Functional markers  ( Karnofsky performance score ):  [  66  ]  The Karnofsky 
Performance Scale Index allows patients to be classifi ed as to their functional 
impairment. This has been used to compare effectiveness of different therapies 
and to assess the prognosis in individual patients and has been validated in can-
cer patient populations.  

    7.     Biochemical markers  o f protein status  ( serum albumin and transferrin ): 
Assessment of protein status is critical in the identifi cation and treatment of 
abnormalities in protein metabolism. There is substantial evidence of the correla-
tion between serum hepatic proteins and infl ammation, making these the most 
relevant biomarkers in CC. Serum transferrin, prealbumin, and albumin have 
been observed as intermediate endpoint biomarkers and independently associ-
ated with worse outcome in cachexia  [  52,   79  ] . Measurements of body composi-
tion combined with more objective and sensitive measure of protein nutriture is 
ideal for the biochemical assessment of intravascular and visceral protein stores. 
We have thus included the three major valid intermediate endpoint biomarkers 
(IEBs) that represent intravascular and visceral protein pools – transferrin, preal-
bumin, and albumin – as the biochemical indicators of protein status  [  90–  92  ] . 
Although transferrin levels are affected by iron status, serum transferrin, either 
singly or as part of a multiparameter index, is the strongest predictor of cancer 
patient morbidity and mortality.  

    8.     Immune and infl ammatory markers : Unlike anorexia of aging, in CC, there is a 
range of metabolic responses triggered by infl ammatory and immunological 
responses. It is believed that the putative mediators of CC are cytokines and 
increased expression of tumor necrosis factor and interleukin-6 has been 
observed in patients with CC. Cytokines will be measured in a panel including 
IL-1, IL-4, IL-6, IL-8, IL-10, GM-CSF, IFN-ĸ, TNF- a , and CRP (BioRad-
Bioplex). All of these biomarkers have been shown to increase with disease, 
aging, and cytotoxic agents. Though we realize these intermediate endpoint bio-
markers of cytokines cannot be reliably interpreted, as over 70% of the subjects 
as observed in our preliminary studies were on active treatment with cytotoxic 
agents, these variables are important to determine, as they may provide useful 
information and contribute to the better understanding of the mechanistic 
process.  

    9.     Quality of life  should be measured at baseline and monthly using the Rand Short 
Form (SF)-36  [  93  ]  (Medical Outcomes Study SF36)  [  230  ] . The SF-36 has been 
used extensively with both general, high-risk, and cancer populations and has 
available norms for mail and telephone versions and comparisons between 
group and individual scores. Scores are calculated and transformed to a 0–100 
scale, with higher scores indicating increased health status. Reliability of the 
SF-36 scales was measured by Cronbach  a  coeffi cient, and the results ranged 
from 0.78 in general health perceptions to 0.91 in the physical functioning 
domain.  
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   10.     The Beck Depression Inventory  which has been validated extensively in cancer 
patient populations should be used to monitor changes in depression 
symptoms.  

    11.     Pain  as a symptom should be evaluated periodically and treated for the same. 
This will ensure that lack of interest in physical activity and normal function is 
not related to pain.  

    12.     Fatigue symptom scales : Patient’s change in fatigue status should be moni-
tored using the tools available such as the Visual Analog Scale (VAS) or the 
Brief Fatigue Inventory (BFI) for assessment of fatigue in a clinical setting or 
the Multidimensional Fatigue Inventory (MFI-20) which has been validated 
as a comprehensive tool for evaluation of fatigue in cancer patient 
populations.      

    7.5.3.6   Follow-up 
 Patients must be seen by members of the interdisciplinary team at the start of treat-
ment as well as on a regularly scheduled basis as needed to monitor progress and to 
review of compliance to exercise and diet intake adequacy, functional status, symp-
tom logs, change in concomitant medications, and any other issues related to fatigue 
status and response to interventions.    

    7.6   Future Directions 

 A growing body of scientifi c evidence supports the use of pharmacological, non-
pharmacological, and combined approaches in the treatment of fatigue in cancer 
patient populations. Research on these interventions has yielded positive outcomes 
in cancer survivors with different diagnoses undergoing a variety of cancer treat-
ments. Although fatigue is an important problem in clinical oncology, this has not 
translated into an increase in clinical trials for assessment and therapy of CRF in 
this population. Future clinical intervention trials must focus on multimodal 
approaches, taking into consideration the mechanistic etiology of fatigue. Symptoms 
such as cancer cachexia, nausea, vomiting, dehydration, loss of skeletal muscula-
ture, mucositis, and other symptoms of cancer treatment and their underlying etiol-
ogy may have a signifi cant impact on fatigue in the cancer patient. Multietiological 
symptoms have to be targeted with multimodal interventions using multidisciplinary 
teams. Future research should include evaluation of pharmacological and nonphar-
macological approaches to the treatment of fatigue, taking into consideration the 
underlying mechanisms, moderators, and mediators of fatigue as well as other 
symptom clusters that confound this symptom or co-occur with this symptom. With 
improved methodological approaches, further research in this area may soon pro-
vide clinicians with effective strategies for reducing CRF and enhancing the lives of 
millions of cancer patients and survivors.         
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  Summary for the Clinician 
 Since CRF has a multifactorial psychopathological etiology, intervention 
strategies are provided by collaborative, interdisciplinary teams of medical 
oncologists, psychologists, nutritionists, exercise physiologist/physical thera-
pists, and psychosocial workers. In patients with brain tumors, additional 
team members would include physiatrists, in interdisciplinary collaboration 
with the pertinent oncology-related services, managing specifi c symptoms 
including fatigue, headache, and sleep disturbance and medical complications 
including depression, seizures, and thromboembolic disease. 

 A systematic approach to managing cancer patients with CRF should 
include specifi c and comprehensive assessment, determining the etiology of 
CRF, screening for and treating preexisting comorbidities and identifying 
pharmacological and nonpharmacological approaches that have demonstrated 
evidence to reduce or ameliorate symptoms of fatigue, in addition to monitor-
ing and closely assessing patients for change in status. 

 All assessment and reassessment should be conducted continuously, taking 
into consideration change in medications and medical status of the cancer 
patient. 

 The fi rst step in assessing fatigue should include screening for other comor-
bidities such as thyroid abnormalities, anemia in patients receiving these anti-
neoplastic agents, pain, emotional distress, insomnia, and other comorbid 
conditions that can be identifi ed and treated proactively. Patient education 
about symptoms that can be anticipated and providing strategies to manage 
symptoms proactively has been the single most important component of treat-
ing patients with CRF.

   If patients are identifi ed as having hypothyroidism, evaluate further for • 
both hypothyroidism and thyrotoxicosis and treat for this disorder.  
  If patient is anemic, evaluate further and treat with hematopoietics such as • 
erythropoietin (EPA) and darbepoetin. For treatment of anemia. Caution: 
risk of thromboembolic events, especially in patients diagnosed with mul-
tiple myeloma treated with thalidomide or lenalidomide; EPA use is to be 
avoided in patients with anemia not related to chemotherapy and that they 
be instituted only in those patients with a hemoglobin <10 g/dL with a 
target level not to exceed 12 g/dL.  
  If patient is evaluated as being depressed, antidepressant can be used for • 
the treatment of fatigue. Paroxetine shows benefi t for fatigue, primarily 
when it is a symptom of clinical depression.  
  If patient reports pain and is treated with opioids, this factor must be taken • 
into consideration as a contributor of fatigue, although the opioids are pro-
vided for the treatment of pain.    
 Once comorbidities are addressed and none are present and patients are 

identifi ed to be experiencing fatigue, patients can be screened using the tools 
available such as the Visual Analog Scale (VAS) or the Brief Fatigue Inventory 
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  8      Treatment-Induced Enteritis 
(Radiation- or Combination 
Therapy–Induced Enteropathies)       

                  

  Core Messages 
 Combination cancer therapies, specifi cally radiation therapy, increase locore-
gional control and survival in patients, but signifi cantly increase clinical 
 toxicity in thoracic, abdominal, and pelvic cancers, specifi cally including 
cervical, ovarian, prostate, bladder, testicular, sigmoid, or colorectal cancer 
malignancies. 

 Radiation enteritis specifi cally refers to a functional disorder of the large 
and small bowel that occurs during or after a course of radiation therapy to the 
abdomen, pelvis, or rectum. Since this defi nition limits only to enteritis asso-
ciated to radiation therapy, the term alimentary tract mucositis is also used to 
defi ne this symptom that may result from both radiation and chemotherapy or 
combination therapies. 

 Alimentary tract enteritis involves infl ammation and mucosal ulceration of 
this tract, resulting in symptoms including pain, abdominal bloating, vomit-
ing, diarrhea, and malabsorption of fat, lactose, bile salts, and vitamin B 

12
 . 

Symptoms of proctitis include mucoid rectal discharge, rectal pain, rectal 
urgency or tenesmus, and rectal bleeding contributing to radiation damage to 
the anus or rectum. 

 It is reported that cancer treatment regimens that include radiation therapy 
to the abdominal region for cervical, ovarian, prostate, sigmoid, or colorectal 
cancer contributed to RT-induced diarrhea, enteritis, and colitis in more than 
80% of patients with cancer. Symptoms may be acute or chronic. 

 Etiology of radiation enteritis is mostly treatment-induced and can be 
exacerbated within any one patient by several factors and other cancer or 
treatment-related symptom clusters. Patient-related factors include age, pre-
vious abdominal or pelvic surgery, low body mass index, malnutrition, previ-
ous abdominal surgery, and presence of other comorbid conditions, such as 
hypertension, diabetes mellitus, pelvic infl ammatory disease, or inadequate 
nutrition. 
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    8.1   Definition 

 Radiation therapy in combination with other treatments, such as surgery and che-
motherapy, has been demonstrated to increase locoregional control and survival in 
patients with thoracic, abdominal, and pelvic cancers, specifi cally including cervi-
cal, ovarian, prostate, bladder, testicular, sigmoid, or colorectal cancer malignan-
cies. Nevertheless, signifi cant clinical toxicity with combined treatments may be 
seen in these patient populations  [  1–  3  ] . Radiation enteritis specifi cally refers to a 
functional disorder of the large and small bowel that occurs during or after a course 
of radiation therapy to the abdomen, pelvis, or rectum. Since this defi nition limits 
only to enteritis associated to radiation therapy, the term alimentary tract mucositis 
is also used to defi ne this symptom that may result from both radiation, chemo-
therapy, and combination therapies. Clinical features of chronic radiation enteritis 
are multiple as the disease can affect any part of the gastrointestinal tract (GI). GI 
tract enteritis involves infl ammation and mucosal ulceration of this tract, resulting 
in symptoms including pain, abdominal bloating, vomiting, and diarrhea  [  2,   3  ] . 
With disruption or loss of the gastrointestinal tract function, malabsorption of fat, 
lactose, bile salts, and vitamin B 

12
  is common. Symptoms of proctitis as a result of 

radiation damage to the anus or rectum can cause symptoms such as mucoid rectal 
discharge, rectal pain, rectal urgency or tenesmus, and rectal bleeding (if mucosal 
ulceration is present). 

 Symptoms can be immediate or delayed, chronic or transient. Acute-phase symp-
toms may persist for a short time, yet long-term complications can represent signifi -
cant clinical conditions with high morbidity  [  4  ] . Acute radiation injury to the rectum 
generally occurs within 6 weeks of therapy and includes symptoms such as diar-
rhea, rectal urgency, or tenesmus, and, uncommonly, bleeding. Acute enteritis 
symptoms usually resolve 2–3 weeks after the completion of treatment, and the 

 Radiation therapy exerts a cytotoxic effect mainly on rapidly proliferating 
epithelial cells, like those lining the large and small bowel. Crypt cell-wall 
necrosis can be observed 12–24 h after a daily dose of 1.5–3 Gy with progres-
sive loss of cells, villous atrophy, and cystic crypt dilation occur in the ensu-
ing days and weeks as treatment progresses. 

 Proinfl ammatory markers are elevated in the gastrointestinal epithelia of 
radiated animal as well as in human studies. These initial molecular mecha-
nisms contributing to the etiology of radiation enteritis continue to evolve and 
may have signifi cant implications for clinically identifying agents that can 
target these pathways implicated in the development of fi brosis related to 
radiation enteritis. 
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mucosa may appear nearly normal  [  5  ] . Injuries clinically evident during the fi rst 
course of radiation and up to 8 weeks later are considered acute  [  6  ] . These  symptoms 
usually resolve without specifi c therapy within 2–6 months  [  6,   7  ] . However, chronic 
radiation proctosigmoiditis has a more delayed onset, and fi rst signs often occur 
about 9–14 months following radiation exposure but may develop after more than 
2 years in some patients  [  8–  11  ] , or it may begin as acute enteritis and persist after 
the cessation of treatment. With disruption or loss of the gastrointestinal tract func-
tion, malabsorption of fat, lactose, bile salts, and vitamin B 

12
  is common.    Acute 

enteritis symptoms usually resolve 2–3 weeks after the completion of treatment, and 
the mucosa may appear nearly normal  [  5  ] .  

    8.2   Prevalence 

 It is reported that cancer treatment regimens that include radiation therapy to the 
abdominal region for cervical, ovarian, prostate, sigmoid, or colorectal cancer con-
tributed to RT-induced diarrhea, enteritis, and colitis in more than 80% of patients 
with cancer  [  12  ] . Other studies suggest that 50% of people may suffer from chronic 
radiation enteritis (CRE)  [  13,   14  ] . Using a score of 0 to indicate no symptoms, 47% 
of women gained scores indicative of CRE (>0), range 20–85 (mean 34, SD 14.4). 
Younger women ( p  < 0.001) and women with cervical cancer ( p  < 0.05) were more 
likely to score for CRE. No signifi cant relationship was observed between score and 
either radiotherapy dose or stage of cancer  [  15  ] . Five percent to 15% of persons 
treated with radiation to the abdomen will develop chronic problems  [  7  ] . It has also 
been reported that the prevalence of radiation enteritis may be underestimated, as 
not all patients with gastrointestinal symptoms after radiotherapy will seek medical 
attention  [  16  ] . However, novel approaches in radiation therapy (RT) techniques 
to minimize radiation injury have contributed signifi cantly to prevent this 
complication.  

    8.3   Etiology 

 Several factors have been associated to contribute to the etiology of alimentary 
mucositis or radiation enteritis. Additionally, symptom etiology within any one 
patient may be multifactorial and contributed by several factors and other cancer or 
treatment-related symptom clusters  [  6,   16–  18  ] . Patient-related factors include age, 
previous abdominal or pelvic surgery, low body mass index, and presence of other 
comorbid conditions  [  16  ] such as hypertension, diabetes mellitus, pelvic infl amma-
tory disease, or inadequate nutrition  [  17,   18  ] . 

 Treatment-related factors including radiation dose, fractionation and technique, 
tumor size and extent, volume of normal bowel treated, concomitant use of chemo-
therapy, and radiation intracavitary implants contribute to occurrence and severity 
of radiation enteritis  [  12,   17,   18  ] . The small bowel and colorectum are sensitive to 
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ionizing radiation, and acute side effects to the intestines occur at approximately 
10 Gy. Since curative doses for many abdominal or pelvic tumors range between 50 
and 75 Gy, use of higher doses is common, and radiation-induced enteritis is 
 inevitable in this cancer patient population  [  5  ] . Additionally, comorbid conditions 
can also decrease vascular fl ow to the bowel wall and impair bowel motility, increas-
ing the chance of radiation injury  [  17,   18  ] . Radiation therapy exerts a cytotoxic 
effect mainly on rapidly proliferating epithelial cells, like those lining the large and 
small bowel. Crypt cell-wall necrosis can be observed 12–24 h after a daily dose of 
1.5–3 Gy with progressive loss of cells, villous atrophy, and cystic crypt dilation 
occur in the ensuing days and weeks as treatment progresses  [  5  ] . 

 Others have observed that for cervical, ovarian, prostate, sigmoid, or colorectal 
cancer, radiation therapy potentially disturb the colonization resistance of the indig-
enous gut fl ora, causing RT-induced diarrhea, enteritis, and colitis in majority of the 
patients  [  12  ] , providing an opportunity to identify agents that restore the microbial 
fl ora of the gastrointestinal tract. 

 Recent progress in molecular biology has shed some light on the pathogenesis 
of CRE, which is characterized by fi brosis, involving several molecular cascades in 
radiation-induced intestinal fi brosis  [  19  ] . The development of fi brosis was reported 
to be correlated with transforming growth factor  b 1 (TGF- b 1) and its downstream 
effector Smad3, which stimulates fi brogenic downstream mediators, such as con-
nective tissue growth factor (CTGF). The inhibition of Ras homologue (Rho) and 
Rho-associated kinase (ROCK) signaling pathway was demonstrated to ameliorate 
radiation-induced intestinal fi brosis in vitro and in animal studies. Proinfl ammatory 
cytokines have previously been implicated in the pathophysiology of chemother-
apy-induced gastrointestinal mucositis. To understand the role of proinfl ammatory 
cytokines in radiation-induced gastrointestinal mucositis, Zhu et al.  [  19  ]  character-
ized the expression of proinfl ammatory cytokines in the gastrointestinal tract using 
a rat model of fractionated radiotherapy-induced toxicity and demonstrated that 
radiotherapy-induced subacute damage was associated with signifi cantly upregu-
lated IL-1 b , IL-6, and TNF mRNA levels in the jejunum and colon. The majority 
of proinfl ammatory cytokine protein expression in the jejunum and colon exhibited 
minimal change following fractionated radiotherapy. Proinfl ammatory cytokines 
may thus play a key role in radiotherapy-induced gastrointestinal mucositis in the 
subacute onset setting  [  2  ] . Erbil et al.  [  20  ]  observed that irradiation signifi cantly 
increased the intestinal and pancreatic myeloperoxidase (MPO) activities and cas-
pase-3 activities and malondialdehyde (MDA) levels in comparison to sham group. 
Glutamine treatment signifi cantly decreased this elevation. Histopathological 
examination revealed that the intestinal mucosal structure was preserved and pan-
creatic infl ammation decreased in the glutamine-treated group. In irradiation group, 
NF-k B     overexpression was detected. To date, the implication and connection 
between these pathways have not been elucidated  [  19  ] . These initial molecular 
mechanisms contributing to the etiology of radiation enteritis continue to evolve 
and may have signifi cant implications for clinically identifying agents that can 
target these pathways implicated in the development of fi brosis related to radiation 
enteritis (Fig   .  8.1 ).   
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    8.4   Current Therapies for Treatment of Alimentary 
Tract Enteritis 

 The evidence base for therapeutic and preventative strategies in treating chronic 
radiation enteritis is limited. However, it has been shown that adopting a structured, 
comprehensive approach to assessing gastrointestinal symptoms after radiotherapy 
should allow better targeting of current symptoms related to treatment. It has been 
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shown that close collaboration between oncologists, surgeons, nutritionists, and 
gastroenterologists will facilitate a more structured approach, not only in managing 
individual patients, but also in establishing clinical and research networks for this 
expanding disease, in order to improve the evidence base for its management  [  16  ] . 

 Although the evidence base for current therapies is limited, tissue-/organ-sparing 
radiation therapy techniques, surgical management, and pharmaceutical and nutri-
tional approaches have been shown to be effective in managing symptoms of enteri-
tis. In addition, modifi cation of treatment sequencing of radiation, chemotherapy, 
and surgery to modulate the severity of enteritis remains key to management of 
treatment-related symptoms in this target population. 

    8.4.1   Screening and Comprehensive Evaluation 

 Comprehensive screening must include usual pattern of elimination and pattern of 
diarrhea, including the onset, duration, frequency, amount, and characteristics of 
stools. In addition, presence of other symptoms such as fl atus, cramping, nausea, 
abdominal distension, tenesmus, bleeding, and rectal excoriation should be assessed 
 [  21  ] . To increase the diagnostic yield of radiation enteritis, capsule endoscopy (CE) 
has been proven to be a sensitive and safe tool for the examination of the small 
bowel and has been evaluated in other patient populations having anemia or chronic 
abdominal pain after chemoradiotherapy. Although capsule endoscopy may safely 
and effectively diagnose radiation enteritis in patients previously treated with 
chemoradiotherapy on the upper abdomen  [  22  ] , careful patient selection is required 
to avoid complications, primarily capsule retention. In a study to evaluate the rate of 
capsule retention in patients with suspected chronic small bowel obstruction and to 
analyze the role and the impact of subsequent surgical intervention, it was observed 
that capsule retention is a frequent complication of CE in patients with symptoms of 
chronic small bowel obstruction. Surgery, with the removal of the retained capsule, 
is proven to be benefi cial in identifying the location of, and treating, the underlying 
disease in these patients  [  23  ] . A thorough nutritional assessment of the patients 
including determining anthropometric measurements, comorbidities, other symp-
tom clusters, nutritional intake patterns and analysis, anemia, electrolyte levels, 
liver function, level of function, fatigue and symptoms of enteritis, and usual life-
style patterns is essential to plan nutritional strategies. Since in most cases, the 
radiation-induced enteritis may be predictable, initial screening and evaluation must 
include educating patients and warning them of potential symptoms and duration 
may be critical as studies have shown that often quality of life is affected due to lack 
of warning signs of these symptoms  [  24  ] .  

    8.4.2   Radiation Techniques 

    Given the signifi cant morbidity and mortality associated with chronic radia tion enter-
itis, current available preventative strategies have included tissue-sparing  radiotherapy 
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 techniques  [  16  ] . With the advent of tridimensional conformal radiotherapy 
(3D-CRT), dose-volume histograms (DVH) can be generated to assess the dose 
received by the organs at risk  [  1  ] . These techniques include the use of a three- or 
four-fi eld technique (as opposed to a two-fi eld technique) to minimize the amount of 
small bowel exposed to treatment; treatment of the patient in a physical position that 
will aid in removing as much small bowel from the treatment fi eld as possible (e.g., 
treating a patient with a full bladder each day to aid in pushing the small bowel up 
and out of the pelvis when pelvic radiation is given); daily treatment of all fi elds, 
resulting in a lower integral dose and more homogenous dose distribution and use of 
computerized radiation dosimetry to best design the treatment plan; and the use of 
high-energy treatment machines such as linear accelerators that deliver a high dose-
to-tumor volume while sparing the normal structures  [  25  ] . Others have shown that 
intensity-modulated radiotherapy (IMRT) can reduce dose to small bowel, bladder, 
and bone marrow compared with three-fi eld conventional radiotherapy (CRT) tech-
nique in the treatment of rectal cancer. IMRT is associated with a clinically signifi -
cant reduction in lower GI toxicity compared with CRT  [  26  ] . Concurrent 
chemoradiotherapy (CCRT) is the mainstay treatment for locally advanced cervical 
cancer. In a study to investigate the treatment outcomes and toxicity of defi nitive 
intensity-modulated radiotherapy (IMRT) with concurrent chemotherapy for patients 
with locally advanced carcinoma of the cervix in a single institution, Chen et al.  [  27  ]  
demonstrated positive outcomes that were well tolerated with favorable acute and 
late toxicity. Similarly, compared with 3D-CRT, IMRT signifi cantly decreased the 
acute and late GI toxicity in patients treated with androgen deprivation therapy for 
prostate cancer  [  28  ] . Despite dosimetric differences in the volume of bowel, bladder, 
and rectum irradiated in the low-dose and median-dose regions, whole pelvic IMRT 
results only in a clinically signifi cant increase in acute GI toxicity, in comparison to 
prostate only IMRT, with no difference in GU or late GI toxicity  [  29  ] . Thompson 
et al.  [  30  ]  reported that patients developing short bowel syndrome (SBS) are at risk 
for hepatobiliary complications and that radiation enteritis and radiation-induced 
liver disease are potential complications of radiation therapy (XRT). Short bowel 
syndrome (SBS) patients with a history of XRT were more likely to develop cirrhosis 
and portal hypertension than SBS patients with malignancy alone  [  30  ] . Future 
improvement in radiation therapy technology such as IMRT and modifying sequenc-
ing of multiple treatment strategies promises to ensure targeted treatment of tumors 
while reducing gastrointestinal toxicities.  

    8.4.3   Surgical Management 

 Surgical interventions are undertaken only after careful assessment of the patient’s 
clinical condition and extent of radiation damage since wound healing is often 
delayed. Patients assessed with severe damage are medically managed with surgical 
interventions  [  31  ] . It is estimated that fewer than 2% of the 5–15% of patients who 
received abdominal or pelvic radiation will require surgical intervention  [  32  ] . 
Although there is no consensus regarding timing and choice of surgical techniques, 
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it is clear that removal of diseased bowel decreases the mortality rate for resection 
and is comparable to the bypass procedure  [  33  ] . The consensus that simple lysis of 
adhesions is inadequate and that fi stulas require bypass  [  33,   34  ]  remains somewhat 
controversial. More recently, a lower operative mortality (21% vs. 10%) and a lower 
incidence of anatomic dehiscence (36% vs. 6%) have been reported with intestinal 
bypass as compared with resection  [  33  ] . Ruiz-Tovar et al.  [  35  ]  observed that the 
most frequent location of radiation injury is ileum (71%), followed by rectum 
(28%). Of these patients, 36% were medically managed and 64% required surgical 
treatment. Surgical mortality was 4%; complication rate, 9%, and 16% presented 
recurrence of radiation-related illness. However, the 5-year survival rate was 90% 
and the 10-year survival rate 83%, indicating that surgical treatment should not be 
delayed fearing postoperative complications and pursued as an option in those cases 
where damage is noted and when there is no response to medical management. Late 
effects are more susceptible to appear in deteriorated patients and in damaged loca-
tions when not resected  [  35  ] . Similarly, morbidity (75% for early complications and 
100% for late complications) and mortality in the early postoperative period (25%) 
were higher in the patients undergoing bridectomy than in the patients undergoing 
other surgical methods. The rate of early and late complications (71.4% and 66.6%, 
respectively) was lower in the patients undergoing resection-anastomosis with a 
higher of quality life  [  36  ] . These results demonstrated that as the postoperative com-
plication rate, overall and operative mortality of patients treated for radiation 
enteropathies as emergent surgery is high; specialists following this group of patients 
may favor removal of the pathologic tissue to avoid complications in the early and 
late postoperative period. In spite of surgical interventions, symptoms may persist 
in a signifi cant proportion of patients  [  37,   38  ] .  

    8.4.4   Pharmaceutical Management 

 The principle of pharmaceutical management includes control of diarrhea, infec-
tions, enzyme defi ciency, malabsorption, infl ammation, dehydration, spasms, 
abdominal and rectal discomfort, and treatment of pain. Medications to serve as 
antidiarrheals include natural or synthetic agents such as Kaopectate and Imodium 
(loperamide hydrochloride), taken orally after each loose bowel movement; agents 
such as Lomotil (diphenoxylate hydrochloride with atropine sulfate) or paregoric 
and cholestyramine, a bile salt sequestering agent, have also been found effective  [  39  ] . 
Four double-blind and placebo-controlled studies used 5-aminosalycilates in the 
prevention of acute radiation enteritis. Only for sulfasalazine 2 g/day was a positive 
effect proven. If acute radiation enteritis was present, octreotide ameliorated radia-
tion-induced diarrhea in a randomized study. Two investigations, only one of them 
randomized, described the effectiveness of loperamide in the treatment of acute 
radiation enteritis. If diarrhea was also the main symptom of chronic radiation 
enteritis, loperamide reduced stool frequency in a double-blind and placebo- 
controlled study  [  40  ] . Donnatal, an anticholinergic antispasmodic agent to alleviate 
bowel cramping is used as needed. In addition, opioids may offer relief from 
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 abdominal pain. If proctitis is present, a steroid foam given rectally may offer relief 
from symptoms. In patients with pancreatic cancer experiencing diarrhea during 
radiation therapy, oral pancreatic enzyme replacement has been shown to amelio-
rate diarrheal symptoms. There is some evidence that the combined treatment with 
pentoxifylline and tocopherol might alter the pathogenesis of radiation-induced 
fi brosis. In a retrospective analysis, Hille et al.  [  41  ]  examined the clinical benefi t of 
the treatment with pentoxifylline/tocopherol on radiation-induced proctitis/enteritis 
compared to supportive care    and demonstrated that combination treatment for at 
least 6–12 months with pentoxifylline and tocopherol seems to have a benefi t in 
patients with grade I–II radiation-induced proctitis/enteritis  [  41  ] .  

    8.4.5   Nutritional Management 

 Cancer treatment regimens that include radiation therapy (RT) to the abdominal 
region for cervical, ovarian, prostate, sigmoid, or colorectal cancer potentially dis-
turb the colonization resistance of the indigenous gut fl ora, causing RT-induced 
diarrhea, enteritis, and colitis in more than 80% of patients with cancer. In addition 
to disturbing the colonization in the natural gut fl ora, it is well documented that 
ionizing radiation can impact living systems that are ascribed to free-radical pro-
duction  [  4  ] . It has been observed that acute-phase symptoms may persist for a short 
time, yet long-term complications can represent signifi cant clinical conditions with 
high morbidity. Several groups have investigated the effi cacy of a high-potency 
probiotic preparation on prevention of radiation-induced diarrhea in experimental 
and cancer patient populations for ameliorating symptoms of radiation-induced 
enteritis and colitis  [  4,   42  ] . Probiotic supplementation showed benefi cial effect in 
the prevention and treatment of radiation-induced diarrhea in experimental animal 
studies  [  4,   42  ] . Randomized clinical trials have demonstrated effi cacy of probiotic 
preparations VSL #3 and  Lactobacillus casei  DN-114 001 in decreasing the inci-
dence and grade of RT-induced diarrhea  [  12  ]  since damage to the intestinal villi 
from radiation therapy results in a reduction or loss of enzymes, one of    the most 
important of these being lactase  [  31  ] . Probiotic lactic acid-producing bacteria are 
an easy, safe, and feasible approach to protect cancer patients against the risk of 
radiation-induced diarrhea  [  43  ] . In a study performed to determine the ability of a 
probiotic containing live  Lactobacillus acidophilus  plus  Bifi dobacterium bifi dum  
to reduce the incidence of radiation-induced diarrhea in locally advanced cervical 
cancer patients, patients in the study drug group had a signifi cantly improved stool 
consistency ( p  < 0.001)  [  44  ] . With early results appearing promising in animal  [  45  ]  
and human studies, probiotic therapies continue to be investigated to ameliorate 
symptoms of radiation-induced enteritis in well-performed, randomized, placebo-
controlled studies  [  42–  45  ] . 

 Total parenteral nutrition (TPN) is widely used in the management of intestinal 
fi stulas resulting from radiation  [  46  ] . Short-term parenteral nutrition is however 
commonly accepted in patients with acute gastrointestinal complications from 
 chemotherapy and radiotherapy, and long-term (home) parenteral nutrition will 
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sometimes be a life-saving maneuver in patients with subacute/chronic radiation 
enteropathy  [  47  ] . In spite of favorable intestinal anatomy, patients with SBS who 
underwent radiation therapy were less likely to wean from PN  [  30  ]  due to other fac-
tors such as the occurrence of bacterial overgrowth  [  48  ]  and increasing their depen-
dence to TPN. The presence of nutrients within the intestinal lumen and certain 
gastrointestinal hormones has an infl uence on a successful transition  [  48  ] . 

 Over the past decade, several preclinical studies have been undertaken to inves-
tigate the possible protective effect of glutamine and arginine-enriched diets against 
radiation-induced intestinal, hepatic, and pancreatic toxicity  [  20,   49,   50  ]  in animal 
models. These studies demonstrated benefi cial effects with these agents targeting 
modulation of the infl ammatory pathway. Erbil et al.  [  20  ]  observed that irradiation 
signifi cantly increased the intestinal and pancreatic myeloperoxidase (MPO) and 
caspase-3 activities and malondialdehyde (MDA) levels in comparison to sham 
group. Glutamine treatment signifi cantly decreased this elevation. Histopathological 
examination revealed that the intestinal mucosal structure was preserved and pan-
creatic infl ammation decreased in the glutamine-treated group. In irradiation group, 
NF-kB overexpression was detected. These early trials appear promising and pro-
vide an opportunity to validate these studies in clinical trials. 

 There is no recent evidence to demonstrate that specifi c dietary regimens or 
restricted diets are effective to control symptoms of radiation enteritis, although mal-
nutrition as a result of diarrhea, reduced intake, and malabsorption are common in 
this patient population. Most patients with chronic radiation enteritis manage their 
diets as tolerated, and it is recommended that health professionals dissuade them 
from unnecessarily restricting their diet, which may result in malnutrition  [  24  ] .   

    8.5   Guidelines for Treatment of Gastrointestinal 
Mucositis/Radiation Enteritis 

 There are no single standard therapies that have been proven to be effective in the 
prevention and management of radiation enteritis. The evidence base for therapeutic 
and preventative strategies in treating chronic radiation enteritis is limited. Since it 
is clear that several similarities and differences exist between radiation therapy- and 
chemotherapy- or combination therapy–induced enteritis, with each having specifi c 
time to occurrence and location, there is a need for targeting management strategies 
for risk prediction, prevention, and treatment. From the vast body of literature, it is 
clear that the basic principles of treatments that have been evaluated for the preven-
tion and management of radiation enteritis have been to screen proactively and pre-
dict/detect organ injury early and assess nutritional status and nature of enteritis, 
taking into consideration specifi c patient-related factors while targeting the biologi-
cal basis of the manifestation of the symptoms. Although the evidence base for 
current therapies is limited, tissue-/organ-sparing radiation therapy techniques, sur-
gical management, and pharmaceutical and nutritional approaches have been shown 
to be effective in managing symptoms of enteritis. In addition, modifi cation of treat-
ment sequencing of radiation, chemotherapy, and surgery to modulate the severity 
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of enteritis remains key to management of treatment-related toxicities in this target 
population. 

 The following guidelines are thus best practice standards based on the current 
research literature. 

    8.5.1   Assessment and Medical/Surgical Management 

     1.    Symptoms can be immediate or delayed, chronic or transient. Acute-phase symp-
toms may persist for a short time, yet long-term complications can represent 
signifi cant clinical conditions with high morbidity:
   (a)     Acute radiation injury to the rectum generally occurs within 6 weeks of 

therapy and include symptoms such as diarrhea, rectal urgency or tenesmus, 
and, uncommonly, bleeding. Acute enteritis symptoms usually resolve 
2–3 weeks after the completion of treatment, and the mucosa may appear 
nearly normal. Injuries clinically evident during the fi rst course of radiation 
and up to 8 weeks later are considered acute. These symptoms usually 
resolve without specifi c therapy within 2–6 months  

   (b)     Chronic radiation proctosigmoiditis has a more delayed onset, and fi rst signs 
often occur about 9–14 months following radiation exposure but may 
develop after more than 2 years in some patients, or it may begin as acute 
enteritis and persist after the cessation of treatment.      

    2.    Institutions providing radiation therapy for these patient populations should 
adopt a structured, comprehensive approach to assessing gastrointestinal symp-
toms after radiotherapy and base their treatment plan based on the specifi c symp-
toms identifi ed.  

    3.    The assessment and plan of care should be led by a multidisciplinary group of 
oncologists, surgeons, clinical nutritionists, clinical pharmacists, and gastroen-
terologists The basic goal of this screening is to obtain a collective measurement 
of gastrointestinal symptoms and signs including pain and functional distur-
bances. Based on initial screening and course of treatment, frequent review of 
symptoms during treatment should be planned.  

    4.    Whenever possible, clinicians should utilize tissue-sparing radiotherapy tech-
niques  [  1  ]  such as intensity-modulated radiotherapy and modify sequencing of 
multiple treatment strategies to ensure targeted treatment of tumors while reduc-
ing gastrointestinal toxicities.  

    5.    Other techniques such as tridimensional conformal radiotherapy (3D-CRT) have 
been shown to minimize the amount of small bowel exposed to treatment.  

    6.    It is predictable that certain patient populations are more vulnerable than others 
for the development of radiation enteritis. These patients must be considered 
high risk, and thus a proactive mucositis assessment must be incorporated as 
standard of care.  

    7.    Several toxicity evaluation scales are available, although no radiation enteritis 
scales were available or validated. The most commonly used scale is the National 
Cancer Institute Common Toxicity Criteria (NCI-CTC) and has been shown to 
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be accurate in recording symptoms associated with mucositis and continues to be 
used in clinical settings.  

    8.    Surgical treatment (removal of diseased bowel) should not be delayed fearing 
postoperative complications and pursued as an option in those cases where dam-
age is noted and when there is no response to medical management. Late effects 
are more susceptible to appear in deteriorated patients and in damaged locations 
when not resected.  

    9.    Symptoms of proctitis – including mucoid rectal discharge, rectal pain, and rec-
tal bleeding (if mucosal ulceration is present) – may result from radiation dam-
age to the anus or rectum. Patients at risk for these symptoms may be proactively 
cautioned and treated for pain.      

    8.5.2   Nutritional Assessment and Therapy 

  Nutritional assessment must be performed within 24 h of admission of the patient by 
a registered dietitian / nutritionist .
    1.    Screen patient within 24 h of admission. This order for screening has been a 

standard order for all cancer patient admissions to avoid delay in timing of 
screening.  

    2.    Assess all symptoms: gastrointestinal tract: taste alterations, smell alterations, 
dysphagia, dyspnea, other pain, early satiety, dry mouth, too much saliva produc-
tion, anorexia, diarrhea, constipation, nausea, vomiting, dehydration, fatigue, 
height weight, recent weight loss, anthropometrics, (mid-arm muscle circumfer-
ence, body composition [DEXA], grip strength)   ; psychosocial: family/caregiver 
support, depression, ADL.     

    3.    Assess current nutritional status and estimate caloric, protein, and multivitamin/
mineral needs.  

    4.    Provide adequate nutrition by including “calorie” and “protein” boosters, educa-
tion material, and nutritional supplements to ensure intake of proteins (recom-
mended 0.8–1.0 g/kg/day). Provide dense caloric supplements up to 400 cal/day 
containing 1.5 kcal/mL; if intake is insuffi cient in proteins intake, supplement 
with modular protein supplements, adding this to favorite beverage (  http://www.
nestle-nutrition.com/Products/Default.aspx    ;   http://abbottnutrition.com/    ). The 
choice of nutritional supplements can be based in the personal choice of the 
patient, patient needs, tolerance to product, as well as other comorbidities.  

    5.    Include a standard multivitamin mineral supplementation to prevent any further 
defi cits and meet increased needs.  

    6.    Assess adequacy of intake and provide an appetite stimulant (megestrol acetate 
320–800 mg/day or alternate) if patient has cancer anorexia to ensure adequate 
intake and prevent further weight loss.  

    7.    Provide each patient with nutritional guidelines to ensure adequate intake of calories 
and proteins and a list of suggested high-caloric and high-protein nutritional supple-
ments to choose from, taking into consideration taste alterations, early satiety, nau-
sea, and vomiting that are common symptoms observed in this patient population.  

http://www.nestle-nutrition.com/Products/Default.aspx
http://www.nestle-nutrition.com/Products/Default.aspx
http://abbottnutrition.com/
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    8.    Proactive measures to provide alternate mode of nutritional support must be 
planned during acute phase of treatment when it would be a greater risk to feed 
patient via the oral route.  

    9.    Selection of route of feeding may be informed based on general guidelines and 
criteria provided in Table      2.7    .  

    10.    With disruption or loss of the gastrointestinal tract function, malabsorption of 
fat, lactose, bile salts, and vitamin B 

12
  is common. A clinical dietitian should 

perform a thorough assessment and follow patient periodically through therapy 
and postcompletion of therapy and ensure that repletion of defi ciencies is 
accomplished as they become evident.  

    11.    In the absence of obstruction, diets as tolerated without major restriction, man-
agement with antidiarrheals and antispasmodics is recommended.  

    12.    The regular use of probiotics has been shown to be effective in reducing symp-
toms of radiation enteritis.  

    13.    Short-term parenteral nutrition may be indicated in patients with short 
bowel syndrome and acute gastrointestinal complications from chemother-
apy and radiotherapy, and long-term parenteral nutrition has been shown to 
improve clinical outcomes in patients with subacute/chronic radiation 
enteropathy.  

    14.    Although several amino acids and immunomodulators have shown promise 
in vitro and in animal models, there is only weak evidence of benefi t at this 
time. Well-powered clinical trials are needed to confi rm safety and effi cacy for 
the management of cancer treatment related radiation enteritis.  

    15.    There is no recent evidence to demonstrate that specifi c dietary regimens or 
restricted diets are effective to control symptoms of radiation enteritis, although 
malnutrition as a result of diarrhea, reduced intake, and malabsorption are com-
mon in this patient population. Most patients with chronic radiation enteritis 
manage their diets as tolerated, and it is recommended that health professionals 
dissuade them from unnecessarily restricting their diet, which may result in 
malnutrition.  

    16.    Other specifi c guidelines for patients with radiation enteritis:
   An intake of 6–8 cups of room-temperature liquids must be consumed to • 
help prevent dehydration. These may include nonacidic fruit juices, 
Gatorade ® , ginger ale, nectars, water, or weak teas. Juice may be better toler-
ated if diluted with water.  
  Caffeinated beverages must be limited or avoided.  • 
  Carbonated beverages should be allowed to lose their fi zz or stirred briskly • 
before consumption.  
  Electrolyte loss must be replaced by increasing the intake of beverages con-• 
taining potassium and sodium, such as broths and electrolyte solutions.  
  BRATT diets – bananas, rice, applesauce, tea, and toast – have been demon-• 
strated to be effective in reducing symptoms.  
  Pectin from applesauce, amylase-resistant starch from green bananas, or • 
other hydrophilic fi ber may help control diarrhea.  
  Frequent, small meals (5–6/day) have been effective.  • 
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  Greasy foods and highly spiced foods such as cajun, curry, or pepper must • 
be avoided.  
  Specifi c foods high in fi bers such as high-fi ber bran cereals, nuts, seeds, • 
popcorn, coconut, beans, and peas may not be well tolerated and may be 
avoided.  
  Breads made from refi ned fl our without seeds or nuts may be better tolerated • 
than those made with whole grains during the acute phase.  
  Raw vegetables and the skins, seeds, and stringy fi bers of unpeeled fruits • 
may not be well tolerated and may be avoided.  
  Patients can resume consumption of higher fi ber-containing foods, fruits, • 
and vegetables once the diarrhea subsides by starting with foods rich in car-
bohydrates fi rst, then proteins, and lastly fats.  
  Dairy products may not be well tolerated secondary to lactose intolerance and • 
can be substituted with Lactaid-treated milk, cultured yogurt, or soymilk.  
  If steatorrhea (fatty stools and malabsorption) is present, recommend a low-• 
fat, high-protein, and high-carbohydrate diet. Medium-chain triglyceride-
based oils (MCT) may be recommended as they are hydrolyzed rapidly and 
better absorbed than other oils. MCT oil is best absorbed when ingested with 
food than when administered by spoonfuls.  
  Normally divided doses of 15 mg of oil per feeding used in salad dressings • 
or sandwich spreads are best tolerated.         

    8.5.3   Pharmacotherapy 

     • Bulk - producing agents 
   Polycarbophil calcium (FiberCon  – ® )  
  Psyllium hydrophilic mucilloid (Metamucil  – ® )     

   • Probiotics 
     – Lactobacillus  sp. (Lactinex ® )  
  Dairy Ease  – ®      

   • Antidiarrheal agents 
   Diphenoxylate HCl and atropine sulfate (Lomotil  – ® )  
  Kaolin (Kaopectate  – ® )  
  Loperamide HCl (Imodium  – ® )  
  Tincture of opium   –
  Camphorated tincture of opium (paregoric)   –
  Cholestyramine   –
  Lipisorb  – ®  for steatorrhea     

   • Fluid and electrolytes 
   Oral hydration solution (Rehydralyte  – ® )     

   • Pain 
   Patients must be evaluated for pain and treated to manage pain.   –
  Infusion method with opiates has demonstrated relief and must be evaluated  –
and considered for pain management.
   Donnatal, an anticholinergic antispasmodic agent to alleviate bowel cramping        
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   • Radiation - induced fi brosis 
   Pentoxifylline and tocopherol         –

    8.5.4   Markers    and Instruments for Patient Monitoring 
and Assessment of Response to Treatment by the 
Interdisciplinary Medical Team 

     • Anthropometric measurements  such as participant’s height, weight, and body 
mass index can be performed at admission and at regular intervals established 
by the medical team. Skeletal muscle function is a central determinant of func-
tional capacity in humans. Loss of muscle as seen in CC results in poor function 
and decreased survival rate following critical illness. Muscle size is therefore 
considered an important marker of functional status in studies of sarcopenia/
cachexia.  
   • Body composition by DXA scan : DXA should be used to assess both total lean 
body mass (LBM), fat mass (FM), and total bone mineral density (BMD). Total 
bone mineral density (BMD) is a valid indirect measure of skeletal muscle and 
patient activity. Total LBM is sometimes called total fat-free mass (FFM), 
depending upon specifi c DXA manufacturer. DXA instruments use an X-ray 
source that generates or is split into two energies to measure bone mineral mass 
and soft tissue from which fat and fat-free mass are estimated. The exam is 
quick (1–2 min), precise (0.5–1%), and noninvasive. DXA scanners have the 
precision required to detect changes in muscle mass as small as 5%. Radiation 
exposure from DXA scans is minimal. The National Council of Radiation 
Protection and Measurements (NCRP) has recommended that the annual effec-
tive dose limit for infrequent exposure of the general population is 5,000  m Sv 
and that an annual effective dose of 10  m Sv be considered a negligible individ-
ual dose. The effective dose of a dual-energy X-ray absorptiometry whole-body 
scan on an adult is 2.1  m Sv. Studies have shown that quality assurance is an 
important issue in the use of DXA scans to determine body composition includ-
ing lean body mass and bone mineral density. DXA instrument manufacturer 
and model should remain consistent, and their calibration should be monitored 
throughout treatment. Use of a standardized scan acquisition protocol and 
appropriate and unchanging scan acquisition and analysis software is essential 
to achieve consist results.  
   • Dietary intake  must be assessed at baseline and at regularly scheduled intervals 
by conducting random weekly, 2 weekdays + 1 weekend day, 24-h dietary recalls 
(gold standard for collecting dietary data) using a 5-step multipass procedure 
 [  33,   34  ]  (which has been found to assess mean energy intake within 10% of 
actual intake) and using the frequently updated University of Minnesota Nutrition 
Data System for Research (NDSR) version database for analysis of nutrient com-
position. Food portion visuals can be provided to patients to estimate portion 
sizes of foods while monitoring intake.  
   • Symptom log  may be completed daily and collected from patients on a monthly 
basis. Based on these symptoms, all anticipated and unanticipated, grades of 
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constitutional, dermatological, gastrointestinal (GI), metabolic, and pain symp-
toms can be continuously monitored including those symptoms affecting nutri-
tional intake and utilization.  
   • Monthly  CMP and CBC should be monitored to assess electrolytes and organ 
function. Evaluate for anemia and B 

12
  defi ciency.  

   • Functional markers  ( Karnofsky performance score ): Evaluation of patients’ 
functional status and barriers to obtaining adequate nutrients is also necessary. 
A physical exam combined with personal interview should include the evalua-
tion of functional status such as the ability to chew and swallow, dental or oral 
problems causing odynophagia or dysphagia, signs of muscle wasting or ana-
sarca, presence of edema, presence of skin or mouth lesion, and ability to per-
form instrumental activities of daily living (IADLs) such as cooking, shopping, 
and self-feeding. It is critical to assess activities of daily living, physical activity, 
exercise, sleep, and ability to work and perform other functional roles. Limitations 
in the activities of daily living have been identifi ed secondary to and as a cause 
of weight loss in cancer patients. Cancer and other chronic diseases pose diffi cul-
ties specifi cally for the cancer patient receiving treatment and the elderly in car-
rying out activities of daily living. A loss of postural and locomotive muscle 
mass has been observed within 7 days of inactivity. The Karnofsky Performance 
Scale Index allows patients to be classifi ed as to their functional impairment. 
This has been used to compare effectiveness of different therapies and to assess 
the prognosis in individual patients and has been validated in cancer patient 
populations.  
   • Biochemical markers of protein status  ( serum albumin and transferrin ): 
Assessment of protein status is critical in the identifi cation and treatment of 
abnormalities in protein metabolism. There is substantial evidence of the correla-
tion between serum hepatic proteins and infl ammation, making these the most 
relevant biomarkers in cancer patient populations. Serum transferrin, prealbu-
min, and albumin have been observed as intermediate endpoint biomarkers and 
independently associated with clinical outcomes. Measurements of body compo-
sition combined with a more objective and sensitive measure of protein nutriture 
are ideal for the biochemical assessment of intravascular and visceral protein 
stores. We have thus included the three major valid intermediate endpoint bio-
markers (IEBs) that represent intravascular and visceral protein pools – transfer-
rin, prealbumin, and albumin – as the biochemical indicators of protein status. 
Although transferrin levels are affected by iron status, serum transferrin, either 
singly or as part of a multiparameter index, is the strongest predictor of cancer 
patient morbidity and mortality.  
   • Immune and infl ammatory markers : A range of metabolic responses triggered by 
infl ammatory and immunological responses in cancer patient with radiation 
enteritis. Cytokines can be measured in a panel including IL-1, IL-4, IL-6, IL-8, 
IL-10, GM-CSF, IFN-κ, TNF- a , and CRP (BioRad-Bioplex). All of these bio-
markers have been shown to increase with disease, aging, and cytotoxic agents. 
Though we realize these intermediate endpoint biomarkers of cytokines cannot 
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be reliably interpreted, as over 70% of the subjects as observed in our studies 
were on active treatment with cytotoxic agents, these variables are important to 
determine as they may provide useful information and contribute to the better 
understanding of the mechanistic process.  
   • Quality of life  should be measured at baseline and monthly using the Rand Short 
Form SF-36 (Medical Outcomes Study SF36). The SF-36 has been used exten-
sively with both general, high-risk, and cancer populations and has available 
norms for mail and telephone versions and comparisons between group and indi-
vidual scores. Scores are calculated and transformed to a 0–100 scale, with 
higher scores indicating increased health status. Reliability of the SF-36 scales 
was measured by Cronbach  a  coeffi cient, and the results ranged from 0.78 in 
general health perceptions to 0.91 in the physical functioning domain.     

    8.5.5   Follow-up 

 Patients must be seen by the multidisciplinary team on a monthly basis to monitor 
progress and to review compliance to intervention including diet intake adequacy, 
symptom logs, change in concomitant medications, and any other issues related to 
treatment. Improved management of malnutrition with nutritional therapy may 
require a multimodal intervention by multidisciplinary teams using a comprehen-
sive and integrated approach. Initial screening and knowledge of treatment trajec-
tory of the cancer patient should guide a plan for reassessment of the cancer patient 
at regularly planned intervals. Subjective and objective data on progress and response 
to nutritional therapy may be assessed using the indicators used in the comprehen-
sive nutritional assessment. Newly developed symptoms resulting from treatment or 
progression of disease may require additional monitoring or revision of nutritional 
therapy. Reassessment/reevaluation for monitoring and evaluation of nutritional 
therapy must include monitoring of clinical, functional, dietary, and behavioral out-
comes that were identifi ed by the comprehensive nutritional assessment.   

    8.6   Future Directions 

 Signifi cant progress has been made in developing novel techniques to reduce dose, 
intensity, and frequency of radiation to reduce gastrointestinal toxicities. To date, 
the implication and connection between several mechanistic pathways contributing 
to the incidence and severity of radiation enteritis have not been elucidated. Initial 
studies on potential molecular mechanism contributing to the etiology of radiation 
enteritis continues to evolve and may have signifi cant implications for clinically 
identifying agents that can target these pathways implicated in the development of 
fi brosis related to radiation enteritis. Agents and treatment modalities targeting 
these pathways must be developed in the future. Over the past decade, several pre-
clinical studies have been undertaken to investigate the possible protective effect of 
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glutamine and arginine-enriched diets against radiation-induced intestinal, hepatic, 
and pancreatic toxicity in animal models. These studies demonstrated benefi cial 
effects with these agents targeting modulation of the infl ammatory pathway. These 
early studies appear promising and need to be evaluated for safety and effectiveness 
in ameliorating symptoms of radiation enteritis in well-powered clinical trials tar-
geting specifi c cancer and treatment groups.         

  Summary for the Clinician 
 There are no single standard therapies that have been proven to be effective in 
the prevention and management of radiation enteritis. However, multimodal 
therapies have shown effectiveness in ameliorating symptoms of radiation 
enteritis. 

 Although the evidence base for current therapies is limited, tissue-/organ-
sparing radiation therapy techniques, surgical management, and pharmaceuti-
cal and nutritional approaches have been shown to be effective in managing 
symptoms of enteritis. 

 In addition, modifi cation of treatment sequencing of radiation, chemother-
apy, and surgery to modulate the severity of enteritis remains key to manage-
ment of treatment-related toxicities in this target population. 

 Assessment and treatment of radiation enteritis should be performed and 
implemented using a multiprofessional approach to clinical care, research, 
and education associated with enteral injury in cancer patients. 

 Proactive, systematic screening, assessment, and early identifi cation of 
high-risk populations for specifi c treatments should be part of standard of care. 
The basic goal of this screening is to obtain a collective measurement of gas-
trointestinal symptoms, signs, and functional disturbances, including pain. 

 Screening and follow-up evaluation can be made utilizing the National 
Cancer Institute Common Toxicity Criteria (NCI-CTC). 

 Surgical treatment should not be delayed fearing postoperative complica-
tions and pursued as an option in those cases where damage is noted and when 
there is no response to medical management. Late effects are more susceptible 
to appear in deteriorated patients and in damaged locations when not 
resected. 

 Although several amino acids and immunomodulators have shown prom-
ise in vitro and in animal models, there is only weak evidence of benefi t at this 
time. Well-powered clinical trials are needed to confi rm safety and effi cacy 
for the management of cancer treatment–related radiation enteritis. 

 In the absence of obstruction, diets as tolerated without major restriction, 
managed with antidiarrheals and antispasmodics is recommended. The regu-
lar use of probiotics has been shown to be effective in reducing symptoms of 
radiation enteritis. 

 Short-term parenteral nutrition may be indicated in patients with short 
bowel syndrome and acute gastrointestinal complications from chemotherapy 
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  9      Neurocognitive Impairment (NI)       

                       

  Core Messages 
 Survivors of breast, colon, and gynecological cancer are increasingly con-
cerned about the possible cognitive sequelae (called chemo brain or chemo 
fog) associated with chemotherapy and radiation treatment regimens. 

 Neurocognitive    impairment (NI) is observed in childhood cancer patients, 
both related to CNS malignancies as well as those related to treatment in adult 
survivors of brain tumors, head and neck sarcomas, as well as acute lympho-
blastic leukemia (ALL). 

 Symptoms in cancer patients are characterized by subtle or severe altera-
tions across a variety of cognitive domains, including verbal memory, nonver-
bal memory, information processing speed, and visuospatial function. Children 
treated for a brain tumor (BT) and ALL demonstrate neurocognitive impair-
ment that are more numerous and has more severe manifestations. 

 Although it was fi rst thought that NI, that is, chemotherapy-induced, is 
acute and reversible, suggesting a transient nature of this phenomenon, more 
recent studies have revealed neurocognitive impairment (NI) to be progres-
sive and lasting anywhere from 6 months to 10 years posttreatment in cancer 
survivors, especially in breast and adult survivors of childhood cancers. 

 The etiology of NI may be multifactorial in breast cancer survivors and 
contributed by one or more of the following mechanisms: age, vascular injury, 
oxidative damage, infl ammation, direct injury to neuron, autoimmune 
responses, chemotherapy-induced anemia, amyloid- b  (A b ) peptide accumu-
lation, abrupt steroid hormone defi cit, hypothyroidism, and genetic polymor-
phisms. In childhood cancers, NI can be attributed to CNS malignancies, 
tumor-related defi cits due to direct invasion of the brain, seizures, hydroceph-
alus, systemic chemotherapy with methotrexate at high doses and combined 
intrathecal (IT) cytarabine and corticosteroid, and in chemoradiation thera-
pies that lead to leukoencephalopathy. 

 Recent prospective studies show that ~20% of cancer patients experience 
cognitive dysfunction even before commencement of chemotherapy as cancer 
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    9.1   Definition 

 Cognitive function is a multidimensional concept that describes the domains result-
ing from healthy brain performance, namely, attention and concentration, execu-
tive function, information processing speed, language, visuospatial skill, 
psychomotor ability, learning, and memory  [  1  ] . In the past decade, survivors of 
breast  [  2–  15  ] , colon  [  16  ] , and gynecological cancer  [  16  ]  are increasingly con-
cerned about the possible cognitive sequelae (called chemo brain or chemo fog) 
associated with chemotherapy and radiation treatment regimens  [  2–  16  ] . Symptoms 
are characterized by subtle or severe alterations across a variety of cognitive 
domains, including verbal memory, nonverbal memory, information processing 
speed, and visuospatial function  [  17  ] . Children treated for a brain tumor (BT) or 
acute lymphoblastic leukemia (ALL) also demonstrate neurocognitive impairment 
(NI) that has more severe manifestations. Survivors of childhood cancers of the 
central nervous system (CNS), ALL, and head and neck tumors continue to be at 
risk for NI well into adulthood, and that impairment is related to social outcomes 
 [  18–  21  ] . Defi cits occur in a variety of domains such as general intelligence, age-
appropriate developmental disorders, academic achievement, visual and perceptual 
motor skills, nonverbal and verbal memory, receptive and expressive language, and 
attention and involve impairment of executive function and global cognitive abili-
ties. Fortunately, the cancer survivor population – both pediatric and adult – is 
increasing. However, the neurocognitive late effects appear relatively common and 
have been demonstrated to exacerbate long-term physiological and psychological 

patients exhibit increased circulating levels of cytokines and infl ammation 
that can produce systemic effects and have been shown to be associated with 
impairment of cognition. Other psychosocial factors such as stress, anxiety, 
depression, fatigue, age, social support, education level, and intelligence have 
been shown to contribute to NI. 

 Other than subjective reports of NI using cognitive function tools in this 
population, studies have reported more objective chemotherapy-related 
decreases in the integrity of white matter in the brain area associated with 
changes in electrophysiological indexes of processing speed using imaging 
techniques. 

 Current interventions for the treatment of NI include treatment of anemia, 
having studied the pharmacological interventions to treat anemia with recom-
binant human erythropoietin; treatment of fatigue with dexmethylphenidate 
(d-MPH), physical activity, fl uoxetine (a selective serotonin reuptake inhibi-
tor [SSRI]), donepezil, and modafi nil (a central nervous system stimulant); 
cognitive training; nutrients; and nutrient-derived agents with antioxidant and 
anti-infl ammatory properties. 
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health leading to premature mortality and morbidity. Consequently, the public 
health consequences are substantial.  

    9.2   Prevalence 

 Neurocognitive impairment is observed in childhood cancer patients, both related to 
CNS malignancies as well as those related to treatment in adult survivors of brain 
tumors, head and neck sarcomas as well as ALL  [  18–  21  ] . Treatment-related neu-
rocognitive impairment related to cancer treatment is most frequently reported in 
breast cancer patient population who comprise 22% of the 11 million survivors 
today in the USA. One of the most common adverse effects reported by breast can-
cer patients after treatment is “chemo brain,” the phenomenon of cognitive impair-
ment (CI) described by 30–75% of patients treated with chemotherapy for breast 
cancer and lasting anywhere from 6 months to 10 years  [  7–  12  ] . In a recent study of 
cognitive impairment in older adults over 65, females with gynecological cancers 
were signifi cantly at higher risk of CI, lasting up to 3 years after treatment  [  15  ] . 
Although most standard chemotherapy regimens at standardized doses appear to not 
cross the blood–brain barrier, even mild toxicity to the central nervous system 
(CNS) has been shown to produce signifi cant changes to cognitive function (CF) 
 [  6–  12,   22,   23  ] . Additionally, although it was fi rst thought that NI, that is, chemo-
therapy-induced, is acute and reversible, suggesting a transient nature of this phe-
nomenon, more recent studies have revealed cognitive impairment (CI) to be 
progressive and lasting anywhere from 6 months to 10 years posttreatment in breast 
cancer survivors  [  6–  12  ] . More recently, our team at the Moffi tt Cancer Center  [  12  ]  
examined the extent to which cognitive functioning continues to change in the post-
treatment period and examined residualized CI in breast cancer survivors from 
6 months to 3 years posttreatment compared to an age- and education-matched sam-
ple of women without cancer assessed over a comparable time period. Our fi ndings 
suggest that adjuvant treatment for breast cancer, particularly chemotherapy, is 
associated with long-term defi cits across a number of cognitive domains. Similarly, 
others have observed that patients treated for colorectal cancer experience cognitive 
impairment up to 6 months after the completion of treatment  [  16  ] . Irrespective of 
type and duration of chemotherapy, there is consistent evidence of CI in patients 
receiving cytotoxic drugs for cancer treatment. 

 Adults treated for a childhood cancer in the 1970s and 1980s were three times 
more likely than their siblings to have developed a later, chronic health condition, 
according to a large study of childhood cancer survivors  [  24,   25  ] . More than 11 mil-
lion cancer survivors are alive in the USA, at least 270,000 of whom were originally 
diagnosed when they were under the age of 21. Advances in cancer treatment have 
meant that today, almost 80% of children diagnosed with cancer are alive at least 
5 years after diagnosis. Many ultimately will be considered cured  [  18–  21  ] . 
Neurocognitive late effects most commonly follow treatment of malignancies that 
require CNS-directed therapies such as cranial radiation intraventricular/intrathecal 
chemotherapy, affecting children with CNS tumors, head and neck sarcomas, and 
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ALL  [  18–  21  ] . For both CNS tumors and ALL, younger age at time of treatment is 
associated with an increase in neurocognitive defi cits  [  18  ] . Leukemia is the most 
common form of pediatric cancer, accounting for 25% of all cancers occurring 
before 20 years of age  [  26  ] . Acute lymphoblastic leukemia (ALL) accounts for 
roughly 75% of all leukemia diagnoses, with over 3,000 new cases diagnosed annu-
ally  [  27,   28  ] . Improvements in the treatment of ALL have led to a remarkable 
increase in the survival rate for children younger than 15 years, which currently 
exceeds 80%  [  1  ] . With this decreased mortality, it is estimated that 1 out of every 
640 young adults will be a pediatric cancer survivor, and approximately half of them 
will have history of ALL  [  29,   30  ] . The “late effects” that commonly occur in survi-
vors of pediatric ALL include neurocognitive impairment  [  4  ] , estimated to occur in 
roughly 40% of long-term survivors  [  27  ] .  

    9.3   Etiology 

    9.3.1   Etiology of NI in All Cancers 

 As discussed, CI is most prevalent and reported in breast cancer survivors, pediatric 
cancer patients with CNS malignancies, and adult survivors of childhood cancers, 
especially brain tumors, head and neck cancers, and ALL. In considering the etio-
logical basis of NI that is observed postchemotherapy in breast cancer patients, 
several studies  [  8–  12,   31–  34  ]  have hypothesized that this phenomenon may be mul-
tifactorial and may be contributed by one or more of the following mechanisms: 
age, vascular injury, oxidative damage, infl ammation, direct injury to neuron, auto-
immune responses, chemotherapy-induced anemia, amyloid- b  (A b ) peptide accu-
mulation, abrupt steroid hormone defi cit, hypothyroidism, and genetic polymorphisms 
 [  31–  35  ] . Chemotherapeutic agents reduce trophic factors such as brain-derived neu-
rotrophic factor (BDNF) and neurogenesis, and this may be another factor that leads 
to CI  [  36,   37  ] . We have reported prevalence of chemotherapy-induced loss of thy-
roid function  [  31  ]  which has been associated to decrements in working memory and 
intentional and executive disturbances similar to those observed in breast cancer 
survivors. Others have examined the relationship of epsilon 4 allele of APOE geno-
type which may be a potential genetic marker for the increased vulnerability to 
chemotherapy-induced cognitive decline seen in breast cancer and lymphoma sur-
vivors  [  2  ] . However, recent studies in twins from a large database demonstrated 
female survivors (not males) were signifi cantly more likely to exhibit cognitive 
impairments or more years after treatment as their co-twin without cancer. This was 
more evident for gynecological cancers such as ovarian cancer  [  15  ] .  

    9.3.2   Etiology of NI in Adult Cancers 

 Oxidative stress and infl ammation contribute to several organ toxicities, including 
neurotoxicities, after common cancer chemotherapy regimen. In breast cancer patient 
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populations, doxorubicin and other platinum-based therapies have been  documented 
to cause the generation of free radicals and the induction of oxidative stress associ-
ated with cellular injury  [  22  ] . Adriamycin (ADR) is a chemotherapeutic for the treat-
ment of solid tumors. This quinone-containing anthracycline is well known to 
produce large amounts of reactive oxygen species (ROS) in vivo. A common com-
plaint of patients undergoing long-term treatment with ADR is somnolence, often 
referred to as “chemo brain.” While ADR itself does not cross the blood–brain bar-
rier (BBB)  [  3  ] , it was recently shown in a preclinical model that ADR administration 
causes a peripheral increase in tumor necrosis factor- a  (TNF- a ), which migrates 
across the BBB and leads to infl ammation and oxidative stress in brain, most likely 
contributing to the observed decline in cognition, supporting the rationale for inter-
ventions with antioxidants to prevent ADR-induced cognitive dysfunction. An 
increased activity of glutathione peroxidase (GPx) and a signifi cant reduction in GST 
and GR activity in mice brains, 72 h post–i.p. injection of ADR, was observed. As 
chemotherapeutics have been shown to reduce neurogenesis, this treatment regimen 
can directly impact this negative action of cytotoxic agents  [  36,   37  ] . Some of the 
contributing factors could be vascular injury and oxidative damage, infl ammation, 
and direct injury to neurons  [  7  ] . The basis for the use of nutritional supplements as a 
moderator of age-related cognitive decline is the age-related increase in oxidative 
stress  [  38,   39  ] , similar to those observed during cytotoxic therapies for cancer. The 
principle is to not only scavenge reactive oxygen species (ROS)  [  23,   40  ]  but modify 
protein kinases, apoptosis signaling, and regulate signal transduction via modifi ca-
tion of cellular redox reactions  [  16,   41–  44  ] . Several imaging studies completed have 
found evidence of structural and functional changes in brain regions that are believed 
to be involved in the cognitive defi cits experienced by cancer survivors who received 
chemotherapy. Recently, several reports have focused on brain-imaging studies and 
have reported chemotherapy-related decreases in the integrity of white matter in the 
brain area associated with changes in electrophysiological indexes of processing 
speed  [  42,   43  ] . Inagaki et al.  [  44  ] . discovered structural brain changes in cancer sur-
vivors associated with reduced superior frontal gyri and parahippocampal gyrus vol-
ume being correlated with poor attention/concentration and impaired memory 
performance, respectively, 4 months after completion of treatment. Corresponding 
functional brain changes have also been reported by de Ruiter et al.  [  41  ] . who 
observed hyporesponsiveness in both the prefrontal cortex and parahippocampal 
gyrus during executive functioning and episodic memory tasks in cancer survivors 
who had received chemotherapy almost 10 years previously.  

    9.3.3   Etiology of NI in Childhood Cancers 
and Adult Survivors of Childhood Cancers 

 In childhood cancer involving CNS malignancies, tumor-related defi cits have been 
attributed to direct invasion of the brain, seizures, and hydrocephalus. Additionally, 
systemic methotrexate in high doses and combined with radiation therapy can lead 
to a well-described leukoencephalopathy, in which severe neurocognitive defi cits 



198 9 Neurocognitive Impairment (NI)

are obvious  [  45  ] . In addition, treatment-related neurocognitive problems in 
 childhood ALL are often attributed to intrathecal or high-dose intravenous metho-
trexate  [  46  ] . Dexamethasone has been shown to be a potent cytotoxic agent, with 
higher rates of CNS penetrance than prednisone  [  47  ]  and increased memory impair-
ment  [  48  ] . Because of its penetrance capability into the CNS, systemic methotrex-
ate has been used in a variety of low-dose and high-dose regimens for leukemia 
CNS prophylaxis. However, the deleterious effects of systemic methotrexate, espe-
cially at doses above 1 g/m 2 , may be no different or worse than those of 18 Gy of 
cranial radiation therapy  [  49  ] . In a large epidemiological study of adult survivors 
of childhood cancer, we recently demonstrated elevated rates of neurocognitive 
impairment among survivors of ALL  [  50  ] . Studies at St. Jude’s Children’s hospital 
compared 5,937 adult survivors to 382 siblings on attention/processing speed, 
emotional regulation, organization, and memory. The rate of impairment in survi-
vors was 50% higher than that for siblings. Survivors treated with dexamethasone 
were 40% more likely to report impairment compared to survivors treated with 
surgery or other chemotherapy agents (RR = 1.4, 95% CI 1.1–1.8). Survivors who 
reported signifi cant emotional distress were more likely to report impaired atten-
tion/processing speed (RR = 3.9, 3.4–4.4), organization (RR = 2.9, 2.5–3.4), mem-
ory (RR = 5.8, 5.2–6.6), and emotional regulation (RR = 3.5, 3.2–3.8). These results 
document higher rates of problems with neurocognitive functions in adult survi-
vors of childhood ALL, with contribution to these problems from dexamethasone. 
Recent research has questioned the higher neurotoxicity associated with dexame-
thasone. When comparing survivors of childhood ALL treated with dexametha-
sone ( n  = 51) or prednisone ( n  = 41), no group differences were found on 
neurocognitive assessments  [  51  ] . However, this study compared exposures that 
occurred during induction therapy with outcomes in early adolescence, prior to 
adult maturation of brain and physical functions. We have recently reported results 
linking dexamethasone exposure to memory and executive function defi cits in 
adult survivors of ALL. Corticosteroids, which are administered with methotrexate 
in ALL chemotherapy regimens, have also been reported to impact neurocognitive 
skills  [  48  ] . Corticosteroids inhibit glucose utilization by neurons and glia, increas-
ing concentration of glutamate, which can lead to excitotoxic neuronal death as a 
result of overstimulation  [  52  ] . Reduced synaptic plasticity in hippocampal neurons 
and reduced CNS development following use of corticosteroids, particularly dur-
ing early periods of brain development, have been reported  [  53  ] . On the other hand, 
lower doses of methotrexate do not produce consistent patterns of cognitive defi -
cits  [  54  ] . In a prospective trial of infants who received high-dose systemic metho-
trexate combined with intrathecal (IT) cytarabine and methotrexate for CNS 
leukemia prophylaxis and who were tested 3–9 years posttreatment showed that 
cognitive function was in the average range  [  55  ] . ALL patients who receive IT 
chemotherapy with no cranial radiation have reportedly milder CI with limited 
decline in the number of cognitive domains, especially in girls at a younger age, 
demonstrating the contribution of gender, dose, and age of patient  [  56,   57  ] . 
Although using lower doses and more targeted volumes of craniospinal radiation 
in children have demonstrated improved results, in general, studies of children 
treated with cranial or craniospinal radiation therapy for CNS tumors demonstrated 
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a signifi cant adverse neurocognitive effect  [  19  ] . Patient  characteristics such as 
younger age at diagnosis, epilepsy, and shunt placement, history of stroke, paraly-
sis, or auditory diffi culties were associated CI  [  19,   58  ] . 

 Complicating the issue somewhat, recent prospective studies show that ~20% of 
cancer patients experience cognitive dysfunction even before commencement 
of chemotherapy. Patients with cancer in general exhibit increased circulating levels 
of cytokines; in both preclinical and clinical studies, increased levels of cytokines 
and infl ammation can produce systemic effects and have been shown to be associ-
ated with impairment of cognition  [  59–  61  ] . In addition to the biological plausibility, 
others have proposed psychosocial factors such as stress, anxiety, depression, 
fatigue, age, social support, education level, and intelligence as other infl uential fac-
tors to CI. Stress, anxiety, and depression may in part be attributed to recent diagno-
sis and the trepidation regarding treatment. These studies clearly demonstrate the 
multifactorial nature of the etiology of this phenomenon and  establish the need for 
multifaceted approaches to the treatment     (Fig.  9.1 ).    

    9.4   Current Interventions for the Treatments for  
Chemotherapy-Induced Cognitive Impairment 

    9.4.1   Treatment of Anemia 

 Studies that hypothesize that CI may be attributed to symptoms of anemia have 
studied pharmacological interventions to treat anemia with recombinant human 
erythropoietin  [  62  ] . Erythropoietin (EPO), originally discovered as hematopoietic 
growth factor, has direct effects on cells of the nervous system that make it a highly 
attractive candidate drug for neuroprotection/neuroregeneration  [  63  ] . Several pre-
clinical and clinical studies have examined the usefulness of intervention with EPO 
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  Fig. 9.1    Etiology of cognitive impairment and potential mechanism contributing to neurocogni-
tive defi cits in cancer patient population       
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for modulating cognitive impairment and provide support for the hypothesis that 
signifi cant increases in hemoglobin over the course of chemotherapy supplemented 
with rHuEPO administration would be accompanied by signifi cant improvement in 
cognitive performance  [  64  ] . Epoetin alfa therapy was well tolerated and shown to 
have attenuated the cognitive impairment and fatigue that occurred during adjuvant 
breast cancer chemotherapy  [  32  ] . In elderly cancer patients, treating anemia could 
be useful to preserve cognitive abilities  [  63,   65  ] . Although these studies have dem-
onstrated an increase in hemoglobin levels and provide some evidence that EPO 
may be effective in improving cognition in the short term  [  32,   65–  67  ]  and decrease 
fatigue in those cancer patients with anemia, the small sample sizes, lack of control 
arms, use of cohorts with various cancers and treatment regimens (heterogenous 
populations), thrombic events, lack of information with regard to long-term use, and 
short duration of interventions fail to provide meaningful data as to the effi cacy of 
this as an intervention strategy to prevent cognitive impairment.  

    9.4.2   Treatment of Fatigue 

 Since fatigue is a cardinal symptom recognized in most cancer patient populations, 
with 99% of breast cancer patients reporting fatigue during treatment and 61% of 
patients receiving chemotherapy or radiation therapy report that their fatigue lasts 
well past treatment, it is hypothesized that “chemo fog” may be related to fatigue, 
and these symptoms may not be independent of each other  [  16,   22,   23,   31–  42,   68–  70  ] . 
Based on this principle, drugs in the class of CNS stimulants are being tested in this 
population. In a phase II clinical trial of the safety and effi cacy of dexmethylpheni-
date (d-MPH), patients with ovarian and breast cancer were treated for a period of 
8 weeks  [  67  ] . Although the primary aim of the study was to treat fatigue, symptoms 
of chemo brain was also examined. Although fatigue scores improved in this patient 
population, cognitive function was not signifi cantly improved. Similarly, two recent 
randomized, placebo-controlled studies failed to fi nd a clear benefi t of MPH on 
cognition in cancer patients receiving chemotherapy  [  67,   71  ] . However, the long-
term safety of these agents, including impact on neurochemistry and the amphet-
amine-like effects, continues to be a concern. Most promising is a study of a 
single-arm pilot study of a brief cognitive-behavioral treatment aimed at managing 
cognitive dysfunction associated with adjuvant chemotherapy (Memory and 
Attention Adaptation Training; MAAT)  [  72  ] , which reported that participants 
reported high treatment satisfaction and rated MAAT as helpful in improving ability 
to compensate for memory problems. Based on the available evidence, MPH has not 
been found useful for the prevention or treatment of chemotherapy-induced cogni-
tive defi cits. Well-powered clinical trials using homogenous target populations need 
to be completed for these preliminary observations to be implemented in clinical 
practice. Since physical activity is a symptom cluster associated with fatigue, 
improvement in physical activity has been hypothesized to improve cognitive per-
formance. Several preclinical and early clinical trials have been initiated and dem-
onstrated improvement in cognitive function in chemotherapy-administered rat 
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models  [  61,   73–  75  ] . Research in the general population has consistently demon-
strated slower cognitive decline with higher lifetime physical activity compared to 
those with lower lifetime PA  [  73,   76  ] . Specifi cally, aerobic exercise in elderly indi-
viduals has been shown to improve executive functioning and memory  [  73  ] , which 
are the cognitive domains affected by chemotherapy, individuals with higher levels 
of physical activity have larger hippocampal volume in later life  [  77  ] . On the other 
hand, individuals with low levels of activity have greater levels of systemic infl am-
mation  [  73  ] . Although there are no systematic clinical trials to demonstrate these 
principles in improving chemotherapy-induced NI, physical activity has shown to 
have neuroprotective effects and may lessen the adverse impact of chemotherapy on 
cognition  [  4  ] . 

 Other agents currently under evaluation in preclinical trials are fl uoxetine, a 
selective serotonin reuptake inhibitor (SSRI) that is used primarily in the treatment 
of depression; donepezil, a cholinesterase inhibitor that is widely used to treat cog-
nitive impairment in cancer-free populations to slow the progression of dementia 
and act as a neuroprotectant through reduction of infl ammation, regulation of cate-
cholamines, and enhancement of neuroplastic activity  [  78  ] ; modafi nil, a central ner-
vous system stimulant that appears to exert its effects through the release of the 
catecholamines norepinephrine and dopamine; and histamine  [  79  ] . In healthy adults, 
modafi nil acts as an enhancer of cognition, primarily improving attention  [  80  ] ; in 
cancer patients, it has been shown to reduce fatigue  [  81  ] . However, to date, effec-
tiveness of these treatments have not proven effi cacy in ameliorating NI or safety in 
cancer patient populations.  

    9.4.3   Cognitive Training (CT) 

 With the recent understanding of the multifactorial etiology of NI, similar to those 
observed in NI related to aging and associated diseases, structured CT strategies that 
have already demonstrated effi cacy in aging and diseases related to NI appear to offer 
promise for the treatment of chemotherapy-induced NI. Over the past 25 years, sev-
eral studies have demonstrated that among relatively healthy, older adults without 
dementia, cognitive abilities can be enhanced through a variety of cognitive interven-
tion techniques  [  38,   82–  86  ] . In the current proposal, we utilize a commercially avail-
able cognitive training system, InSight™ that was based upon the original useful 
fi eld of view (UFOV) training protocol that was evaluated in the NIH-sponsored 
ACTIVE cognitive intervention trial  [  87  ] . We have adopted this method of cognitive 
training intervention for several reasons. First, research using this methodology indi-
cates that relatively healthy older adults in general improve on the cognitive ability 
training  [  38,   87,   88  ]  and that transfer to improvement on everyday abilities is more 
likely when those who have experienced some subtle cognitive decline at baseline 
are included in training  [  87  ] . Further, this cognitive training technique is particularly 
promising in that transfer of training has been demonstrated to performance of timed 
instrumental activities of daily living (TIADL)  [  89,   90  ] , safer on-road driving perfor-
mance  [  91  ] , and maintained health-related quality of life  [  92,   93  ] . Research has 
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 indicated that individuals, who exhibit slowed cognitive speed of processing as mea-
sured by UFOV, are most likely to benefi t from and experience transfer of speed of 
processing training to functional outcomes  [  87  ] . There are several cognitive training 
protocols currently available for use similar to the one described and used by treat-
ment centers around the world which are valid and useful tools for training patients 
with cognitive defi cits or those populations in which NI is anticipated. 

    9.4.3.1   Nutrients and Nutrient-Derived Agents 
to Ameliorate Symptoms of NI 

 Oxidative stress and infl ammation contribute to several organ toxicities, including 
neurotoxicities, after common breast cancer chemotherapy regimen. Doxorubicin 
and other platinum-based therapies have been documented to cause the generation of 
free radicals and the induction of oxidative stress, associated with cellular injury 
 [  22  ] . Although the debate continues as to the safety of antioxidant use during chemo-
therapy to reduce oxidative stress, the utility of these agents to ameliorate treatment-
induced consequences postcancer treatment, including NI, has not been examined. 
Much of the work using antioxidant agents in treating NI comes from the aging lit-
erature. The basis for the use of nutritional supplements as a moderator of age-related 
cognitive decline is the age-related increase in oxidative stress  [  39  ] , similar to those 
observed during cytotoxic therapies for cancer. Antioxidants, such as polyphenols, 
not only scavenge reactive oxygen species (ROS)  [  23,   40  ]  but are also involved in 
modifi cation of protein kinases, apoptosis signaling, and regulating signal transduc-
tion via modifi cation of cellular redox reactions  [  37,   68  ] . It is generally well accepted 
that dietary supplementation of antioxidants can prevent ROS accumulation and con-
tribute to healthy aging, including cognitive functioning. Interventions to treat CI 
using antioxidant therapies with Vitamins A, C, and E have been disappointing to 
treat markers of CI in cancer survivors, similar to those observed in the aging litera-
ture  [  71,   94–  98  ] . Nonvitamin phytochemicals such as polyphenols, which are the 
most abundant antioxidants in our diets, have been shown to possess strong anti-
infl ammatory properties, as well as stronger antioxidant activity  [  71,   94–  125  ] , as 
compared to traditional antioxidant vitamins, which have never been    tested before to 
improve NI in this cohort. Our group has considerable experience and demonstrated 
the safety of polyphenolic  [  108–  113  ]  and  n  − 3 fatty acids  [  125–  127  ]  supplementa-
tion in cancer patient cohorts and the effectiveness of these nonvitamin nutritional 
supplementation  [  99,   103–  105,   128  ]  in preclinical studies to improve cognitive func-
tion. Single and combination polyphenolic compounds have demonstrated improve-
ments on cognitive tasks such as the Morris water maze, radial arm maze (water and 
land), t-maze passive and active avoidance tasks, as well as classical eyeblink condi-
tioning tasks. Dr. Bickford  [  23  ]  established the precedent for cognitive improvement 
in normal aging rats with dietary supplementation of foods high in ORAC (oxygen 
radical absorbance capacity). In addition, Bickford et al. demonstrated the synergis-
tic effects of components (NT-020) to increase actions on the progenitor cell popula-
tions and to reduce infl ammation and oxidative stress to protect primary neuronal 
cultures as well as microglial cell cultures from oxidative stress, in addition to 
 neuroprotective and neurogenic effects  [  104  ] . 
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 Additionally, combination approaches due to synergistic effects demonstrated 
greater effects in improvement on CF, as seen by our group and that of others as we 
have proposed in this trial. Finally, in a recent experiment, we examined the impact 
of NT-020 on Morris water maze performance among young animals ( n  = 10), as 
well as older animals who received treatment of NT-020 ( n  = 13) or a control diet 
( n  = 13) for 3 weeks prior to behavioral testing. All animals were tested on the 
Morris water maze test, four trials per day for 5 days. The animals in the NT-020 
arm of study exhibited lower cumulative distance, as compared to the older control 
animals ( p  < 0.05). Further, there was much less variability among the treated old 
animals, as compared to the control animals. The brains of these rats were then 
examined for neurogenesis and markers of infl ammation using unbiased serological 
measures. There was a signifi cant increase in the numbers of Ki67 and DCX labeled 
cells in the dentate gyrus of the NT-020 rats that was accompanied by a decrease in 
OX6 (MHC Class II) positive microglia indicating that there was a reduction in 
infl ammatory mediators. As chemotherapeutics have been shown to reduce neuro-
genesis, this treatment regimen can directly impact this negative action of cytotoxic 
agents  [  37,   129,   139  ] . 

 More recent trials have demonstrated that NT-020 components can be measured 
in serum and plasma, found to cross the blood–brain barrier and are found in mea-
surable levels within the brain  [  114  ] . For example, NT-020 contains blueberry 
anthocyanins which are considered to be one of the major active fractions and can 
be found in the brain of several mammalian animal models  [  115–  117  ] . Catechins, 
which are components of green tea, have also been found to cross the blood–brain 
barrier  [  118–  120  ] . In summary, our team and others have demonstrated that the 
components of NT-020 can be detected in human serum/plasma, shown to cross the 
blood–brain barrier and localize in various brain regions important for learning and 
memory such as cerebellum, striatum, and hippocampus in measurable quantities. 
Studies have correlated peripheral markers of infl ammation, immune function, and 
oxidative stress in serum/plasma with central infl ammation and central nervous sys-
tem functioning.  

    9.4.3.2   Anti-inflammatory Agents ( n  − 3 Fatty Acids) 
and Cognitive Function 

 In view of the high omega-3 polyunsaturated fatty acid content of the brain, it is 
evident that these fats are involved in brain biochemistry, physiology, and function-
ing and thus in some neuropsychiatric diseases and in the cognitive decline of aging 
 [  126,   127,   130–  133  ] . DHA (docosahexaenoic acid) is one for the major building 
structures of membrane phospholipids of the brain and is absolutely necessary for 
neuronal function. Defi ciency of DHA alters the course of brain development and 
perturbs the composition of brain cell membranes, neurons, oligodendrocytes, and 
astrocytes, as well as subcellular particles such as myelin, nerve endings (synapto-
somes), and mitochondria. These alterations induce physicochemical modifi cations 
in membranes, lead to biochemical and physiological perturbations, and result in 
neurosensory and behavioral upset  [  130–  133  ] . The literature reveals growing mech-
anistic evidence that cognitive function of the aging brain can be preserved or loss 
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of function can be diminished with docosahexaenoic acid, a long-chain ( n  − 3) 
PUFA. In addition, omega-3 polyunsaturated fatty acids ( n  − 3 PUFAs)  [  127,   134  ]  
have been shown to modulate levels of proinfl ammatory cytokines, hepatic acute-
phase proteins, eicosanoids, and tumor-derived factors in animal models of cancer. 
Omega-3 fatty acids can be detected in human serum/plasma, shown to cross the 
blood–brain barrier, and are the primary component of membranes of the nerve cells 
in the brain. Defi cits in omega-3 fatty acids are associated with damage to brain 
biochemistry, structure, and cognitive function  [  130,   131  ] . In contrast, a diet high in 
 n  − 3 fatty acids reduced beta-amyloid (Abeta) and reduced the amount of plaque in 
the brain, especially in the hippocampus and parietal cortex, and reduced the amount 
of APP, the beta-amyloid precursor protein  [  132,   133  ] , improving NI. Thus, based 
on the etiologies of cognitive changes, animal and early clinical trial evidence of 
safety, bioavailability in blood and brain tissue, and preliminary evidence of effi -
cacy to improve CF, it is logical to supplement combination nutrition supplements 
that can provide antioxidant, anti-infl ammatory nutrients critical to the physiochem-
ical composition and functioning of the neurological system to “rescue” tissues 
from the effects of the oxidative damage and infl ammation and reverse chemother-
apy-induced cognitive impairment. Our preclinical work and early clinical trials 
demonstrate that the components of antioxidant/anti-infl ammatory agents are poten-
tially ideal components that can be detected in human serum/plasma, shown to cross 
the blood–brain barrier and localize in various brain regions important for learning 
and memory, suggesting that these components may deliver its signal modifying 
capabilities centrally, producing improvements in cognitive function. However, 
these early studies have to be validated further in well-powered clinical trials.   

    9.4.4   Timing of Intervention 

 It is clear that tissue injury due to oxidative stress and infl ammation has been dem-
onstrated to occur during active treatment  [  7–  12,   96  ] . Although it is logical to initi-
ate interventions with antioxidants and anti-infl ammatory agents during 
chemotherapy, in theory, these agents, especially antioxidants, may decrease the 
effi cacy of these cytotoxic agents by quenching free radicals. There is thus a con-
cern that antioxidants might counteract the effect of cytotoxic agents especially 
those which mediate their action by generating free radicals such as alkylating 
agents and antimetabolites  [  96  ] . On the other hand, studies in the aging literature 
have shown that supplementing with antioxidants and anti-infl ammatory agents 
posttreatment may serve to “rescue” tissues from the effects of the oxidative dam-
age in addition to replenishing depleted status of these critical nutrients and revers-
ing cognitive impairment. More recently  [  12  ] , our group at Moffi tt examined the 
extent to which cognitive functioning continues to change in the posttreatment 
period and examined residualized CI in breast cancer survivors from 6 months to 
3 years posttreatment compared to an age- and education-matched sample of women 
without cancer assessed over a comparable time period. Our fi ndings suggest that 
adjuvant treatment for breast cancer, particularly chemotherapy, is associated with 
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long-term defi cits across a number of cognitive domains. It may be ideal    to select 
the timing of intervention to be initiated posttreatment based on this potential nutri-
ent-cytotoxic agent interaction if administered during treatment  [  71,   96,   129  ]  and 
our recent fi ndings of the residual NI seen also posttreatment  [  12  ] .   

    9.5   Guidelines 

 In spite of the large body of literature demonstrating CI to be a signifi cant and dis-
tressing problem for patients with cancer and posttreatment for cancer, currently 
there are no proven treatments or preventive measures for this side effect. Thus, the 
current recommendations are best practice guidelines, based on available evidence, 
and in general considered safe and may not cause harm to this patient population. 

    9.5.1   Neuropsycho-Oncology Referral 

 Patients receiving cytotoxic therapies for treatment of breast or prostate cancer or 
cranial radiotherapy are currently candidates at high risk for NI. Intervention for the 
treatment of cognitive defi cits must include the following:

   Evaluate extent of cognitive defi cit using using standardized neuropsychological • 
assessments along with a comprehensive symptom assessment scale for other 
related symptoms.  
  Patient should be fi rst screened to be evaluated for anemia and treated if anemia • 
is present.  
  Patient should be screened for fatigue, and interventions to treat fatigue should • 
be initiated if fatigue is present.  
  Patient should also be evaluated for depression and, if diagnosed, must be treated • 
for depression.  
  Refer to a neuropsychologist for screening and cognitive training:• 

   There are several readily available reliable and valid software available for  –
cognitive training. We utilize InSight™ for training. This intervention is 
designed to improve the effi ciency and accuracy of visual and information 
processing, visual memory, and the ability to perform complex visual atten-
tion tasks. This program is an expanded version of the original UFOV training 
program that was evaluated in the ACTIVE clinical trial  [  85  ] . Over time, the 
diffi culty and complexity of each task is systematically increased as users 
successfully attain specifi ed performance criteria. We will be testing the latest 
version of this training program named InSight™. In developing the present 
version Posit Science™ retained the tasks used in previous effi cacy trials, but 
modifi ed the delivery platform so that it is user-friendly and can be easily self-
administered. At the same time, more challenging and varying training tasks 
were added to the program. These modifi cations dramatically improve the 
potential cognitive benefi ts from the program as well as the ease with which 
the intervention can be distributed and implemented across a variety of  settings 



206 9 Neurocognitive Impairment (NI)

and contexts. Furthermore, the addition of certain game elements will improve 
user engagement and is likely to enhance compliance. This training program 
involves only adaptive training sessions. This type of training has been found 
to produce larger training effects that more broadly transfer to everyday out-
comes than the results from the ACTIVE trial, which included fi ve standard 
training sessions and fi ve adaptive training sessions. The effi cacy of the origi-
nal UFOV speed of processing intervention at enhancing information pro-
cessing speed and improving the useful fi eld of view has been demonstrated 
in several prior studies. Recent data validates the new program as effective in 
enhancing UFOV performance  [  87,   88  ] .       

 Timing: Although there are no clinical trials available, it is prudent that the CT 
training intervention begin soon after the patient completes treatment regimen. 
Participants should be trained two times per week to introduce them to the training 
using the software for four sessions over 2 weeks. Patients will then be provided the 
software to take home with them along with extra technical support instructions 
including how to troubleshoot problems at home. Patients who have no access to a 
computer should be offered the opportunity to return to the lab for biweekly ses-
sions. Follow-up calls by phone should be made to check in with them every 
4 weeks. Use can be monitored online for each patient. The program records the 
time and performance as they use it. The duration for the CT intervention should be 
6 months. Each training session lasts 1 h. Prior studies involving ten sessions of 
adaptive training found improved cognitive performance, as well as transfer to 
everyday functional performance outcomes, including enhanced health-related 
quality of life and protection against depressive symptoms. Patients can be screened 
at regular intervals to assess response to CT.  

    9.5.2   Nutrition Screening, Assessment, and Therapy 

  Nutritional assessment must be performed within 24 h of admission of the patient by 
a registered dietitian . 

  The goals of nutrition care in this patient population is to :
    1.    Assess current nutritional status and estimate caloric, protein, and multivitamin/

mineral needs.  
    2.    Provide adequate nutrition by including “calorie” and “protein” boosters education 

material and nutritional supplements to ensure intake of proteins 0.8 g–1.0 g/kg/day 
and dense caloric supplements up to 400 cal/day containing 1.5 kcal/mL (Ensure 
Plus or alternate). The choice of nutritional supplements will be based in the per-
sonal choice of the patient. Supplement diet if inadequate with smoothies, instant 
breakfast powders, Scandishake ® , Ensure Plus ® , Boost Plus ® , or Resource ® .  

    3.    Include a standard multivitamin/mineral supplementation to prevent any further 
defi cits and meet increased needs.  

    4.    Assess adequacy of intake and provide an appetite stimulant (megestrol acetate 
800 mg/day or alternate) if patient has cancer anorexia to ensure adequate intake 
and prevent further weight loss.  
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    5.    Provide each patient with nutritional guidelines to ensure adequate intake of 
calories and proteins and a list of suggested high-caloric and high-protein nutri-
tional supplements to choose from, taking into consideration taste alterations, 
early satiety, nausea, and vomiting that are common symptoms observed in this 
patient population.  

    6.    Other tips to enhance nutritional intake: 
 Although the preclinical evidence demonstrating the effectiveness of nutrient-

derived polyphenolic and other compounds appear promising, these have not been 
evaluated in clinical trials targeting cancer patients  during cancer treatment  for 
improvement of symptoms related to NI. Thus, the current evidence does not sup-
port any commercial use of supplements to improve cognitive function. Similarly, 
although there are no systematic clinical trials to demonstrate these principles in 
improving chemotherapy or radiation-induced NI, supplementing with diet-derived 
antioxidants and anti-infl ammatory agents posttreatment may serve to “rescue” tis-
sues from the effects of the oxidative damage. In addition, as demonstrated in these 
early preclinical and pilot trials, these nutrient-derived substances may replenish 
depleted status of these critical nutrients and reverse cognitive impairment post-
treatment. The most prudent strategy would be to include foods rich in antioxidants 
and anti-infl ammatory properties after cancer treatment. Examples include:
   Anthocyanins (fl eshy berry fruits such as wild blueberry, bilberry, cranberry, elder-

berry, raspberry seeds, and strawberry),  
  Resveratrol (grapes, peanuts, and certain berries and products made from these 

sources),  
  Green tea polyphenols (green tea and products),  
  Isofl avones (fermented soy, fl ax seed), and  
  Omega-3 fatty acids (fi sh such as salmon, cod, and halibut and a few uncommon 

plant sources, such as fl ax seed, walnut, and pumpkin seed and oils).         

    9.5.3   Physical Activity 

  Fatigue is a common symptom that co-occurs with NI. Patients should be proac-
tively receiving a comprehensive assessment of physical status by a licensed physi-
cal therapist and therapy initiated postchemotherapy or radiation therapy. The 
basic principle is to enhance activity level, conserve energy, and improve muscle 
strength .
    1.    Godin Leisure-Time Exercise Questionnaire weekly to monitor physical 

activity.  
    2.    Handgrip strength dynamometry assessment: A validated tool commonly used to 

assess handgrip strength is the Jamar dynamometer, which is a fast, reliable, and 
easy-to-perform device commonly used by our team to measure improvements 
in functional strength. The Jamar dynamometer has a lower % coeffi cient of 
variation and is thus a more precise device than other handgrip dynamometers.  

    3.    Cardiovascular exercises as well as strength training exercises must be 
recommended.  
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    4.    Multidimensional Fatigue Inventory (MFI-20) may be administered on a monthly 
basis to monitor change in fatigue scores.  

    5.    Patient’s ability and choice of physical activity regimen must be taken into 
account while planning regimen.  

    6.    Printed instructions, activity records, and monitors such as wrist actigraphy or 
pedometers have been found to be motivating to the patient in clinical settings.      

    9.5.4   Markers and Instruments for Patient Monitoring 
and Assessment of Response to Treatment by the 
Interdisciplinary Medical Team 

     1.     Anthropometric measurements  such as participant’s height, weight, and body 
mass index can be performed at admission and at regular intervals established by 
the medical team.  

    2.     Body composition by DXA scan : DXA should be used to assess both total lean 
body mass (LBM) and fat mass (FM) and total bone mineral density (BMD). 
Total bone mineral density (BMD) is a valid indirect measure of skeletal muscle 
and patient activity. Total LBM is sometimes called total fat-free mass (FFM) 
depending upon specifi c DXA manufacturer. DXA instruments use an X-ray 
source that generates or is split into two energies to measure bone mineral mass 
and soft tissue from which fat and fat-free mass are estimated. The exam is quick 
(1–2 min), precise (0.5–1%), and noninvasive. DXA scanners have the precision 
required to detect changes in muscle mass as small as 5%. Radiation exposure 
from DXA scans is minimal. The National Council of Radiation Protection and 
Measurements (NCRP) has recommended that the annual effective dose limit for 
infrequent exposure of the general population is 5,000  m Sv and that an annual 
effective dose of 10  m Sv be considered a negligible individual dose. The effective 
dose of a dual-energy X-ray absorptiometry whole body scan on an adult is 2.1 
 m Sv. Studies have shown that quality assurance is an important issue in the use 
of DXA scans to determine body composition including lean body mass and 
bone mineral density. DXA instrument manufacturer and model should remain 
consistent, and their calibration should be monitored throughout treatment. Use 
of a standardized scan acquisition protocol and appropriate and unchanging scan 
acquisition and analysis software is essential to achieve consist results.  

    3.     Dietary intake  must be assessed at baseline and periodical intervals by conduct-
ing random weekly, 2 weekdays + 1 weekend day, 24-h dietary recalls (gold stan-
dard for collecting dietary data) using a fi ve-step multipass procedure (which has 
been found to assess mean energy intake within 10% of actual intake) and using 
the frequently updated University of Minnesota Nutrition Data System for 
Research (NDS-R) version database for analysis of nutrient composition. Food 
portion visuals can be provided to patients to estimate portion sizes of foods 
while monitoring intake.  

    4.     Symptom log  may be completed daily and collected from patients on a monthly 
basis. Based on these symptoms, all anticipated and unanticipated, grades of 
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constitutional, dermatological, gastrointestinal (GI), metabolic, and pain symp-
toms can be continuously monitored including those symptoms affecting nutri-
tional intake and utilization.  

    5.     Monthly CMP and CBC  should be monitored to assess electrolytes and organ 
function. Test for anemia periodically.  

    6.     Functional markers  ( Karnofsky performance score ): Evaluation of patients’ 
functional status and barriers to obtaining adequate nutrients are also necessary. 
A physical exam combined with personal interview should include the evalua-
tion of functional status such as the ability to chew and swallow, dental or oral 
problems causing odynophagia or dysphagia, signs of muscle wasting or ana-
sarca, presence of edema, presence of skin or mouth lesion, and ability to per-
form instrumental activities of daily living (IADLs) such as cooking shopping 
and feeding self. It is critical to assess activities of daily living, physical activity, 
exercise, sleep, and ability to work and perform other functional roles. Limitations 
in the activities of daily living have been identifi ed secondary to and as a cause 
of weight loss in cancer patients. Cancer and other chronic diseases pose diffi cul-
ties specifi cally for the cancer patient receiving treatment and the elderly in car-
rying out activities of daily living. A loss of postural and locomotive muscle 
mass has been observed within 7 days of inactivity. The Karnofsky Performance 
Scale Index allows patients to be classifi ed as to their functional impairment. 
This has been used to compare effectiveness of different therapies and to assess 
the prognosis in individual patients and has been validated in cancer patient 
populations.  

    7.     Godin Leisure-Time Exercise Questionnaire  weekly to monitor physical 
activity.  

    8.     Handgrip strength dynamometry assessment : A validated tool commonly used to 
assess handgrip strength is the Jamar dynamometer, which is a fast, reliable, and 
easy-to-perform device commonly used by our team to measure improvements 
in functional strength. The Jamar dynamometer has a lower % coeffi cient of 
variation and is thus a more precise device than other handgrip dynamometers.  

    9.     Biochemical markers of protein status  ( serum albumin and transferrin ): 
Assessment of protein status is critical in the identifi cation and treatment of 
abnormalities in protein metabolism. There is substantial evidence of the correla-
tion between serum hepatic proteins and infl ammation making these the most 
relevant biomarkers in cancer patient populations. Serum transferrin, prealbu-
min, and albumin have been observed as intermediate endpoint biomarkers and 
independently associated with clinical outcomes. Measurements of body compo-
sition combined with more objective and sensitive measure of protein nutriture is 
ideal for the biochemical assessment of intravascular and visceral protein stores. 
We have thus included the three major valid intermediate endpoint biomarkers 
(IEBs) that represent intravascular and visceral protein pools – transferrin, preal-
bumin, and albumin – as the biochemical indicators of protein status. Although 
transferrin levels are affected by iron status, serum transferrin, either singly or as 
part of a multiparameter index, is the strongest predictor of cancer patient mor-
bidity and mortality.  
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    10.     Immune and infl ammatory markers : A range of metabolic responses triggered 
by infl ammatory and immunological responses in cancer patients. Cytokines 
can be measured in a panel including IL-1, IL-4, IL-6, IL-8, IL-10, GM-CSF, 
IFN-ĸ, TNF- a , and CRP (BioRad-Bioplex). All of these biomarkers have been 
shown to increase with disease, aging, and cytotoxic agents. Though we realize 
these intermediate endpoint biomarkers of cytokines cannot be reliably inter-
preted, as over 70% of the subjects as observed in our studies were on active 
treatment with cytotoxic agents, these variables are important to determine as 
they may provide useful information and contribute to the better understanding 
of the mechanistic process.  

    11.     Quality of life  should be measured at baseline and monthly using the Rand 
Short Form (SF)-36 (Medical Outcomes Study SF36)  [  140  ] . The SF-36 has 
been used extensively with general, high-risk, and cancer populations and has 
available norms for mail and telephone versions and comparisons between 
group and individual scores. Scores are calculated and transformed to a 0–100 
scale, with higher scores indicating increased health status. Reliability of the 
SF-36 scales was measured by Cronbach  a  coeffi cient and the results ranged 
from 0.78 in general health perceptions to 0.91 in the physical functioning 
domain.  

    12.     Analysis of biomarkers  ( optional ): A number of biomarkers of oxidative stress 
and infl ammation have been shown to change with age and disease.  Studies 
have correlated peripheral markers of infl ammation, immune function, and 
oxidative stress in serum/plasma with central infl ammation and central ner-
vous system functioning   [  135–  137  ] .  

    13.     Examples of Biomarkers of oxidative stress  ( optional ): Isoprostanes are a fam-
ily of eicosanoids formed in vivo from the free radical catalyzed peroxidation 
of arachidonic acid that is independent of cyclooxygenase activity. They appear 
to be reliable markers of lipid peroxidation. Levels of 8-isoprostane increase 
with age in some but not all studies and are reduced by diets high in fruits and 
vegetables. Ideally measured with GC-mass spectroscopy, isoprostanes can 
also be measured by ELISA. Other markers of lipid peroxidation include 
malondiadehyde that can easily be measured, although it may refl ect some 
enzyme-dependent peroxidation, and infl ammation is still a valuable measure 
for comparison with other studies. Markers of protein oxidation and nitration 
have also been shown to increase with age, and two markers routinely mea-
sured are protein carbonyls and 3-nitrotyrosine (3-NT). Furthermore, oxidative 
DNA damage is another marker measured in aging as it is widely thought that 
oxidative damage to DNA is a signifi cant contributor to age-related disease as 
well as cancer. Oxidative DNA damage markers are also decreased in humans 
following diets high in fruits and vegetables. Markers of infl ammation are also 
useful and also show upregulation with age and disease.  

    14.     Since fatigue ,  depression ,  and anemia  are co-occurring symptoms with NI, 
patients should be periodically screened for this symptom cluster and treated 
for the same.      
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    9.5.5   Follow-up 

 Patients must be seen by the multidisciplinary team on a regularly scheduled basis 
to monitor progress and to review compliance to intervention including diet intake 
adequacy, symptom logs, physical activity, change in concomitant medications, and 
any other symptoms related to treatment. Reassessment/reevaluation for monitoring 
and evaluation of response to nutritional therapy and CT must include monitoring 
of clinical, functional, dietary, and behavioral outcomes that were identifi ed by the 
comprehensive nutritional assessment.   

    9.6   Future Directions 

 In spite of the large body of literature demonstrating NI to be a signifi cant and dis-
tressing problem for patients with cancer and posttreatment for cancer, currently 
there are no proven treatments or preventive measures for this symptom of cancer. 
Although several patients are aware of this symptom, based on hearing about “can-
cer treatment fog” or “chemo brain” from friends and support groups, in a qualita-
tive study, Munir et al.  [  138  ]  found less than 33% of the population report having 
received any information about the possible effects of chemotherapy on cognition 
or any advice about methods of coping with these problems. There is thus a need for 
well-validated treatments and interventions targeting specifi c populations. With our 
knowledge of the mechanism of treatment-induced NI, several groups, including 
our research team, are evaluating the safety, effectiveness, and timing of interven-
tions with CT and nutritional agents with botanical and biological nutrient-derived 
substances used to ameliorate the NI.         

  Summary for the Clinician 
 In spite of the large body of literature demonstrating CI to be a signifi cant and 
distressing problem for patients with cancer and posttreatment for cancer, cur-
rently there are no proven treatments or preventive measures for this side effect. 

 Although several patients are aware of this side effect, based on advice 
from friends and support groups, less than one third of the population report 
having received any information about the possible effects of chemotherapy 
on cognition or any advice about methods of coping with these problems. 

 It is clear that tissue injury due to oxidative stress and infl ammation has 
been demonstrated to occur during active treatment. Although it is logical to 
initiate interventions with antioxidants and anti-infl ammatory agents during 
chemotherapy, in theory, these agents, especially antioxidants, may decrease 
the effi cacy of these cytotoxic agents by quenching free radicals. 

 There is thus a concern that antioxidants might counteract the effect of 
cytotoxic agents especially those which mediate their action by generating 
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  10      Dysfunction of the Bowel/Constipation       

              

  Core Messages 
 Constipation is commonly defi ned as having a bowel movement fewer than 
three times per week and characterized by stools that are hard, dry, small in 
size, and diffi cult and painful to eliminate. Individuals who are constipated 
experience straining, bloating, and the sensation of a full bowel. 

 The physical sequelae of constipation range from hemorrhoids, diverticu-
lar disease, fecal impaction, abdominal pain, refl ux, nausea and vomiting, 
insomnia, and fatigue (Bell TJ) to poor quality of life in this patient popula-
tion and contributing to the burden of the condition and often require 
treatment. 

 Anywhere from 15% to 90% of cancer patients report constipation. The 
variation observed in the prevalence rates reported can be attributed to varying 
trial designs (prospective and retrospective), population heterogeneity (age, 
gender), underlying    pathology, choice, dose and route of administration of 
opioid, duration of treatment, and individual variation in perception of the 
symptom. 

 The etiology of constipation in cancer patients can be attributed to several 
factors but broadly classifi ed as related to somatopathic, functional causes or 
medication-induced constipation. 

 Constipation is frequently the result of autonomic neuropathy caused by 
the vinca alkaloids, taxanes, and thalidomide. Other drugs such as opioid 
analgesics or anticholinergics (antidepressants and antihistamines) may lead 
to constipation by causing decreased sensitivity to the defecation refl exes and 
decreased gut motility. 

 Physiologic factors such as dehydration and metabolic disturbances such 
as hyperkalemia can contribute to this symptom. 

 Mechanical causes such as tumor or treatments such as radiation therapy 
and other symptoms such as cancer anorexia, cachexia, nausea, and vomiting 
can exacerbate symptoms of constipation in this patient population. 
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    10.1   Definition 

 Constipation is commonly defi ned as having a bowel movement fewer than three 
times per week and characterized by stools that are hard, dry, small in size, and dif-
fi cult and painful to eliminate. Individuals who are constipated experience straining, 
bloating, and the sensation of a full bowel  [  1  ] . In attempting to defi ne constipation 
using a more comprehensive approach, the Rome diagnostic criteria for constipation 
not only encompass bowel movement frequency but also capture the discomfort 
associated with constipation (Table  10.1 )  [  2  ] . The physical sequelae of constipation 
range from hemorrhoids, diverticular disease, fecal impaction, abdominal pain, 
refl ux, nausea and vomiting, insomnia, and fatigue  [  3  ]  to poor quality of life in this 
patient population and contributing to the burden of the condition and often require 

 In patients who are hospitalized or living in locations other than home to 
receive serial treatments, unfamiliar environments, use of bedpan, and lack of 
privacy have also been observed to be contributors in oncology cancer patient 
populations in clinical settings. Depression due to chronic illness, immobility, 
anorexia, and use of antidepressants has also been associated to constipation. 

   Table 10.1    Rome II and III criteria for chronic constipation  [  2  ]    

 Diagnostic criteria  Symptoms 

 Rome II in at least 
12 weeks, which need 
not be consecutive, in 
the preceding 
12 months,  ³ 2 
symptoms must be 
present 

  Straining in >25% of bowel movements 
  Hard or lumpy stools in >25% of bowel movements 
  Sensation of incomplete evacuation in >25% of bowel movements 
   Sensation of anorectal obstruction/blockade in >25% of bowel 

movements 
   Manual maneuvers to facilitate >25% of bowel movements (digital 

disimpaction) 
  <3 bowel movements per week 
 Loose stool is not present, and criteria for irritable bowel syndrome 
are not fulfi lled 

 Rome III presence of 
 ³ 2 symptoms 

  Straining during  ³ 25% of defecations 

  Lumpy or hard stools in  ³ 25% of defecations 

  Sensation of incomplete evacuation for  ³ 25% of defecations 

  Sensation of anorectal obstruction/blockage for  ³ 25% of defecations 

   Manual maneuvers to facilitate  ³ 25% of defecations 
(digital manipulations, pelvic fl oor support) 

  <3 evacuations per week 
  Loose stools are rarely present without the use of laxatives 
  Insuffi cient criteria for irritable bowel syndrome 

 Criteria fulfi lled for the last 3 months, and symptom onset  ³ 6 months 
prior to diagnosis 
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treatment  [  4  ] . In patients with cancer diagnosis, constipation is the most common 
and often most debilitating adverse effect associated with opioid therapy for the man-
agement of chronic pain  [  5–  7  ] . Even after aggressive therapies to improve bowel 
function have been implemented, many patients continue to experience symptoms of 
opioid-induced bowel disorders such as constipation (OIC). Uncontrolled OIC neces-
sitates the need for rectal invasive procedures (enema, manual evacuation) that lead 
not only to increased health-care costs, but most importantly, cause severe patient 
suffering  [  8  ] . To avoid these unwanted effects, some even choose to decrease or dis-
continue therapy with opioid analgesics, and experience inadequate pain control  [  9  ] . 
Chronic constipation is classifi ed as functional (primary) or secondary. Functional 
constipation can be divided into normal transit, slow transit, or outlet constipation. 
Possible causes of secondary chronic constipation include medication use, as well as 
medical conditions, such as hypothyroidism  [  58  ]  or irritable bowel syndrome. Frail 
older patients may present with nonspecifi c symptoms of constipation, such as delir-
ium, anorexia, and functional decline. Risk factors for constipation include female 
gender, older age, inactivity, low caloric intake, low-fi ber diet, low income, low edu-
cational level, and taking a large number of medications  [  10,   11  ] .   

    10.2   Prevalence 

 Since constipation is a multifactorial syndrome, it is challenging to obtain accurate 
estimates of the prevalence of constipation in cancer patients. Estimates of the fre-
quency of constipation vary from 15% to 90% in patients receiving opioids  [  12–  14  ] . 
In a multinational, internet-based survey that was designed to assess the prevalence, 
frequency, severity, and impact of opioid-induced bowel dysfunction (OBD) in 
patients receiving opioid therapy for chronic pain and taking laxatives, Bell et al. 
 [  15  ]  surveyed 322 patients, of whom 81% reported constipation and 58% reported 
straining to pass a bowel movement (58%) with a third of patients had missed, 
decreased, or stopped using opioids in order to make it easier to have a bowel move-
ment. In another study to examine the prevalence of opioid-induced bowel disorders 
(OBD), including constipation, 593 cancer patients receiving treatment were 
assessed according to WHO guidelines  [  15  ] . Constipation was one of the most fre-
quent side effects of opioid treatment, observed in 23% of patients. In yet another 
series of studies conducted in a large US hospice found that 40–63% of patients 
with cancer had opioid-induced constipation  [  16  ] . In a study of over 2,000 patients 
on treatment with opioids, nonsteroidal anti-infl ammatory drugs (NSAIDs) or other 
therapies for chronic pain demonstrated that 63.5% of patients were experiencing 
constipation despite 89.5% of patients receiving laxatives. Similar rates were 
reported in cancer patients treated with opioids and prophylactic laxatives resulting 
in 37.8–50.0% incidence of constipation  [  17  ] . The variation observed in the preva-
lence rates reported can be attributed to varying trial designs (prospective and retro-
spective), population heterogeneity (age, gender and underlying pathology, choice, 
dose and route of administration of opioid, duration of treatment, and individual 
variation in perception of the symptom  [  18  ] . Overall bowel disorders such as con-
stipation are common symptoms that are distressing cancer patients.  



224 10 Dysfunction of the Bowel/Constipation

    10.3   Etiology 

 Heterogenic group of diseases and drugs can contribute to constipation. The eti-
ology of constipation in cancer patients can be attributed to several factors but 
broadly classifi ed as related to somatopathic, functional causes or medication-
induced constipation  [  19  ] . A signifi cant number of therapies used to treat cancer 
patients can also be classifi ed as medication-induced constipation, i.e., opioid-
induced constipation is caused by linkage of the opioid to opioid receptors in the 
bowel and the central nervous system  [  19  ] . Constipation is frequently the result 
of autonomic neuropathy caused by the vinca alkaloids, taxanes, and thalido-
mide. Other drugs such as opioid analgesics and anticholinergics (antidepressants 
and antihistamines) may lead to constipation by causing decreased sensitivity to 
the defecation refl exes and decreased gut motility. Physiologic factors such as 
dehydration and metabolic disturbances such as hyperkalemia can contribute to 
this symptom. Mechanical causes such as tumor or treatments such as radiation 
therapy and other symptoms such as cancer anorexia, cachexia, nausea, and vom-
iting can exacerbate symptoms of constipation in this patient population. 
Psychological factors such as depression, distress and change in environment, 
decreased functional capacity, and loss of privacy have also been associated to 
constipation (Fig   .  10.1 ).  

    10.3.1   Medications for Cancer Treatment 

 Although constipation is a well-recognized symptom of cancer treatment, very few 
studies have characterized this symptom as it relates specifi cally to chemotherapy 
regimens. Chemotherapy-induced constipation is recognized as being a combina-
tion of reduced frequency of bowel motility and increased stool consistency  [  20  ] . 
Several cytotoxic agents that can cause autonomic nervous system changes such as 
vinca alkaloids, oxaliplatins, taxanes, and thalidomide have been observed clini-
cally to contribute to constipation. Contributing factors associated with cytotoxic 
therapies have been hypothesized to occur secondary to alteration in the balance of 
the normal gut function. Decreased oral intake due to cancer anorexia, dehydration, 
decreased motility, neuropathy, increased resorption, blockage, overtreated diar-
rhea, and antiemetics may all contribute to constipation in this population. Increased 
transit time due to alteration in gut motility can result in bowel content being in 
communication with the bowel wall for a longer period of time, leading to increased 
fl uid absorption resulting in constipation      [  20  ] . In a study to compare the effects on 
QOL of weekly versus thrice-weekly sequential neoadjuvant docetaxel, weekly 
docetaxel is well tolerated and has less distressing side effects such as constipation, 
without compromising therapeutic responses  [  21  ] . 

 Several research studies over the past two decades have documented symptoms 
of constipation in cancer patient population administered with opioids to treat can-
cer pain or sedatives. The highest prevalence of constipation was reported in cancer 
patients whose pain is managed with opioids, especially those patients treated with 
morphine, whereas the lowest was observed in patients on oxycodone CR and 
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buprenorphine TTS  [  11  ] . Existing disease-related constipation has also been 
reported to be exacerbated by opioid therapy  [  5,   21,   22  ] . Heterogeneous diseases 
including cancer and drugs such as opioids, immunomodulators, and taxanes/vinca 
alkaloids increase the risk of acute large bowel ischemia consistent with multifacto-
rial pathogenesis  [  23  ] . 

 Opioid analgesics are a cornerstone of pain therapy in the hospice and palliative 
care cancer patient population  [  7,   9,   18  ] . Despite proven analgesic effi cacy, opioid 
use is associated with frequently dose-limiting bowel dysfunction that seriously 
impacts patients’ quality of life (QOL). Opioids produce varying degrees of 
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 constipation, suggesting a dose-related phenomenon  [  22  ]    . Kandemir et al.  [  24  ]  
   reported 30.4% constipation in patients who received OND plus DEX, compared 
with 9.3% -treated with MCL plus DEX ( p  < 0.01). Constipation was observed in 
8.6% patients receiving OND, 3.6% GRA, and 6.2% TRO  [  25  ] . In a trial that evalu-
ated the effect of long-term treatment with oral sustained-release hydromorphone, 
transdermal fentanyl, and transdermal buprenorphine on nausea, emesis, and consti-
pation, gastrointestinal symptoms of cancer pain patients undergoing an opioid 
therapy were found to be related to multifactorial causes. Transdermal opioids 
showed no benefi t over oral controlled-release hydromorphone with regard to gas-
trointestinal symptoms. The conversion ratios for transdermal fentanyl, transdermal 
buprenorphine, and oral hydromorphone did not accord to the literature, because of 
differing occurrences of opioid tolerance after long-term therapy  [  26  ] . In a prospec-
tive, multicentric study to assess the prevalence of OBD in patients on analgesic 
therapy for the treatment of pain from any cause and identify the factors associated 
with the onset of this side effect, Rosti et al. reported that female gender and age 
>70 years also appeared as risk factors. The logistic analysis indicated that cancer-
related pain, increased age, and the use of fentanyl are positive predictors of the 
presence of this bowel disorder, whereas the administration of oxycodone CR was 
associated with a decreased incidence of these symptoms  [  11  ] . The etiology of opi-
oid-induced bowel disorder is based on the physiology of the GI tract, and the role 
of the endogenous opioid system in the alimentary canal is critical for the manage-
ment of opioid-induced bowel disorders, including identifi cation of targeted thera-
pies. In a comprehensive review of the pathophysiology, Panchal et al.  [  18  ]  
summarize the current data on our understanding of the etiology of bowel disorders 
in cancer patients treated with opioids. The GI tract is amply innervated by the 
enteric nervous system, which is composed of the myenteric plexus, located between 
circular and longitudinal smooth muscle layers of the bowel, and the submucosal 
plexus, located in the submucosa  [  27,   28,   56  ] . Enteric neurons also synthesize 
endogenous opioid peptides and their transmitters such as met-enkephalin, leu-
enkephalin,  b -endorphin, and dynorphin, all of which have been localized to both 
neurons and endocrine cells of the mucosa in the GI tract  [  27  ] . Laboratory as well as 
clinical trials have demonstrated that these endogenous opioids inhibit enteric nerve 
activity and inhibit both propulsive motor and secretory activities  [  27–  29  ] , thus 
playing a critical role in coordinating the contractile process under normal condi-
tions and suppressing intestinal motility when required (such as during infl amma-
tion, stress, and trauma)  [  27,   30  ] . Immunocytochemistry and mRNA quantifi cation 
techniques have also identifi ed receptors that mediate the effects of both endogenous 
and exogenous opioids on bowel function  [  27,   28,   56  ] . Three major and distinct 
classes of opioid receptors have been identifi ed in the enteric nervous system: delta, 
kappa, and mu  [  31,   32  ] , of which the enteric mu-opioid receptor appears to be the 
principal mediator of opioid agonist effects on the GI tract  [  31,   33,   57  ] . When opioid 
agonists bind to these receptors, an inhibition of the release of excitatory and inhibi-
tory neurotransmitters is observed, interrupting the coordinated rhythmic contrac-
tions required for intestinal motility and reducing mucosal secretions  [  28,   34  ] . 
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Administration of exogenous opioids can cause OBD by decreasing peristalsis  [  29  ] , 
which in combination with reduced secretions into the gut and increased reabsorp-
tion of fl uid from the gut (as the stool remains in the intestinal lumen for extended 
periods) leads to the formation of dry, hard stools that are diffi cult to pass. The 
understanding of the pathophysiology of the effects of opioid therapy in the GI tract 
has provided the opportunity for newer targeted therapies addressing the underlying 
opioid receptor–mediated cause of bowel dysfunction for the management of opi-
oid-induced bowel disorders, specifi cally constipation that does not respond nor is 
relieved by laxative therapy. Newer agents such as utilizing mu-opioid receptor 
antagonists have evolved to manage opioid-induced constipation. The combination 
of the strong opioid oxycodone and the opioid antagonist naloxone has been shown 
to have the potential to prevent opioid-induced bowel dysfunction (OIBD) while 
maintaining analgesic effi cacy  [  18,   35  ] . 

 Anticholinergic preparations (e.g., gastrointestinal antispasmodics and antide-
pressants), phenothiazines, calcium- and aluminum-based antacids, diuretics, vita-
min supplements (e.g., iron and calcium), tranquilizers and sleeping medications, 
and pudendal blocks are agents administered to cancer patients demonstrated to 
contribute to symptoms of constipation. Additionally fatigue, cancer anorexia, inad-
equate fl uid intake, prolonged immobility, and inadequate exercise can exacerbate 
symptoms of constipation  [  5,   36  ] .  

    10.3.2   Tumor or Tumor-Radiation-Induced Constipation 

 Narrowing    of colon lumen related to scarring from radiation therapy, surgical anas-
tomosis, or compression from growth of extrinsic tumors, neurological lesions 
(cerebral tumors) and spinal cord injury or compression have been observed to con-
tribute to constipation. Inability to increase intra-abdominal pressure secondary to 
emphysema, any neuromuscular impairment of the diaphragm or abdominal mus-
cles, or massive abdominal hernias can also contribute to symptoms of constipation. 
Atony of muscles has been associated with malnutrition, cachexia, anemia, and car-
cinoma. In addition, senility has also been associated with atony of muscles contrib-
uting to constipation. Metabolic disorders such as hypothyroidism, dehydration, 
hypercalcemia, hypokalemia, and hyponatremia have also been observed in clinical 
settings to contribute to constipation.  

    10.3.3   Psychological Factors 

 In patients who are hospitalized or living in locations other than home to receive 
serial treatments, unfamiliar environments, use of bedpan, and lack of privacy have 
also been observed to be contributors in oncology cancer patient populations in 
clinical settings. Depression due to chronic illness, immobility, anorexia, and use of 
antidepressants have also been associated to constipation  [  10,   11,   37  ] .   
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    10.4   Current Treatment for Cancer or Treatment-Induced 
Constipation 

 Current management of cancer constipation includes a comprehensive assessment 
of the symptom and treatment based on the etiology of constipation. The primary 
approach to treat constipation includes bulk producers that are natural or semisyn-
thetic polysaccharide and cellulose, laxatives (saline, stimulant, and lubricant), fecal 
softeners, lactulose (Cholac, Cephulac), polyethylene glycol and electrolytes 
(Golytely, Colyte), and opioid antagonists (naloxone, methylnaltrexone). The treat-
ment consists of basic measures and the application of laxatives using a laxative 
ladder for stepwise selection of choice of laxatives based on the etiology  [  19  ] . It has 
also been suggested that clinicians should not base laxative prescribing on the opi-
oid dose, but rather should titrate the laxative according to bowel function. Lower 
doses of opioids or weaker opioids, such as codeine, are just as likely to cause con-
stipation  [  22  ] . For these reasons, it is important that palliative care practitioners 
have an adequate understanding of normal GI function and the underlying mecha-
nisms responsible for OBD, the burden of OBD in the context of appropriate and 
effective pain management, and the benefi ts provided by effective pharmacotherapy. 
Several real-world cases are discussed to illustrate the application of optimal symp-
tom management and the use of strategies that minimize the effects of OBD and 
improve patient QOL  [  9  ] . 

    10.4.1   Assessment 

 The evaluation of constipation is a multidisciplinary endeavor. Assessment includes 
a comprehensive history and physical examination including major symptoms related 
and resulting from constipation such as evidence of bleeding, unintended weight 
loss, iron defi ciency anemia, acute onset constipation in older patients, colonic isch-
emia, and rectal prolapse  [  10  ] . Several tools have been used by institutions treating 
this patient population to assess and to characterize the extent and severity of the 
condition with supportive standards to be used as a reference for diagnostic criteria. 
The Patient Assessment of Constipation Quality of Life (PAC-QOL) was developed 
to address the need for a standardized, patient-reported outcome measure to evaluate 
the burden of constipation on patients’ everyday functioning and well-being over 
time. The Patient Assessment of Constipation Symptoms (PAC-SYM) questionnaire 
is used to assess the symptoms and severity of constipation. Both the PAC-QOL and 
PAC-SYM instruments have been shown to be reliable, valid, and responsive mea-
sures of constipation and opioid-induced constipation, respectively  [  38,   39  ] . In addi-
tion, these brief instruments have been easy to administer and provide health 
professionals an opportunity to initiate activity and implement treatment. Rome cri-
teria II-III    is a more comprehensive defi nition that should ideally form the basis of 
any tool used to assess constipation associated with OBD  [  2  ] . 

 The Bowel Function Index (BFI) numerical analogue scale (0–100), calculated 
as the mean of three variables (ease of defecation, feeling of incomplete bowel 
evacuation, and personal judgment of constipation), was developed to evaluate 
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bowel function in opioid-treated patients with pain. This clinician-administered tool 
allows easy measurement of OIC from the patient’s perspective  [  40  ] . In a study to 
evaluate the psychometric characteristics of the BFI using data from clinical studies 
of oral prolonged-release (PR) oxycodone/naloxone, BFI was observed to be a valid 
and reliable instrument for the assessment of opioid-induced constipation in chronic 
pain patients. Psychometric analyses from clinical trials support the BFI’s psycho-
metric properties. A change of less than fi ve points in BFI was indicative of high 
reproducibility. Correlations between BFI item and total scores to stool frequency 
were statistically signifi cant and in the low-to-moderate range (OXN2401 −0.23 to 
−0.29,  p  < 0.001; OXN3401 range −0.26 to −0.40,  p  < 0.001; OXN3001 −0.14 to 
−0.15,  p  < 0.05). Data indicate that a BFI score change of  ³ 12 points represents a 
clinically meaningful change in symptoms of constipation. Although validated only 
by using three clinical trials, these instruments appear promising not only to develop 
assessment tools but also to monitor response to treatment regimens  [  41  ] . 

 A new tool, the Victoria Bowel Performance Scale (BPS), was designed as an 
ordinal nine-point scale from −4 (severe constipation) to +4 (severe diarrhea) and 
includes three parameters: visual stool characteristics, bowel pattern, and ability to 
control defecation. This study tested the reliability of BPS using case scenarios in a 
test-retest format  [  42,   43  ] . Results of early validation of this tool demonstrated that 
the raters were consistent in their scoring over time, with an average Cohen’s kappa 
of 0.70 over all of the raters. The average Pearson correlation coeffi cient between 
time periods 1 and 2 scores was 0.92. Further prospective testing in day-to-day 
clinical care is needed to further confi rm the reliability and clinical utility of the 
BPS. A BPS management guideline has been developed to assist with decision mak-
ing for each BPS score, which also requires validation  [  42  ] . The Victoria BPS was 
also found to be an acceptable and a useful bowel function assessment tool, uniquely 
incorporating the patient’s usual bowel function. Modifi cations to the scale have 
been made to improve clarity and allow for the expected drop in bowel activity seen 
in end-of-life care. Considerable educational effort and appropriate organization of 
the charts are required for optimal implementation. The proportion of revised BPS 
scores ranging from −1 to +1 is proposed as an indicator of satisfactory bowel man-
agement for clinical, audit, and research purposes  [  43  ] . With the early validation 
studies appearing promising, further prospective testing in day-to-day clinical care 
is needed to further confi rm the reliability and clinical utility of this scale. A BPS 
management guideline has been developed to assist with decision making for each 
BPS score, which also requires further validation.  

    10.4.2   Pharmacological Interventions 

    10.4.2.1   Bulk Producers 
 Bulk producers are natural or semisynthetic polysaccharide and cellulose. They 
work with the body’s natural processes to hold water in the intestinal tract, soften 
the stool, and increase the frequency of the passage of stool. Bulk producers are not 
recommended for use in a regimen to counteract the bowel effects of opioids. 
Methylcellulose (Cologel), polycarbophil calcium (FiberCon ® ), barley malt extract 
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(Maltsupex), or psyllium products such as psyllium hydrophilic mucilloid 
(Metamucil ® ) are commonly recommended. Bulk-forming laxatives are not recom-
mended for use in palliative care patients, for such patients are normally not able to 
take in the required amount of fl uids  [  19  ] .  

    10.4.2.2   Laxatives 
 Saline or osmotic laxatives consist of high osmolarity compounds combined with 
saline to attract water into the lumen of the intestines. The fl uid accumulation alters 
the stool consistency, distends the bowel, and induces peristaltic movement. Side 
effects of saline laxatives include cramps; repeated use can alter fl uid and electro-
lyte balance and mostly contraindicated in renal function as well those patients with 
edema, congestive heart failure, megacolon, or hypertension. Osmotic laxatives are 
divided into (magnesium) salts, saccharine, alcohols, and macrogols. Lactulose is a 
synthetic disaccharide that passes to the colon undigested. When it is broken down 
in the colon, it produces lactic acid, formic acid, acetic acid, and carbon dioxide. 
These products increase the osmotic pressure, thus increasing the amount of water 
held in the stool, which softens the stool and increases the frequency of passage. 
Although lactulose was one of the most frequently used saccharine laxative, associ-
ated side effects such as fl atulence, bloating, and abdominal cramping have restricted 
use  [  19  ] . On the other hand, orally administered macrogol is not metabolized, and 
pH value and bowel fl ora remain unchanged. It has been shown to hydrate hardened 
stools, increase stool volume, decrease the duration of colon passage, and dilate the 
bowel wall that then triggers the defecation refl ex   . Because of its high effectiveness 
and tolerance, even when administered over time, macrogol has become the laxative 
of fi rst choice in palliative care patients, especially when normal fl uid intake levels 
can be maintained  [  19  ] . In a systematic review and meta-analysis to assess effi cacy 
of polyethylene glycol (PEG) in adults with nonorganic constipation versus pla-
cebo, PEG was found to be a more effective laxative than lactulose in adult patients 
with constipation  [  44  ] . Similarly, laxative management in ambulatory cancer 
patients on opioid therapy was examined in a prospective, open-label investigation 
of polyethylene glycol, sodium picosulfate (SPS), and lactulose. In spite of opioid 
therapy, the incidence of constipation was low in these ambulatory cancer pain 
patients at an early disease stage. For prevention of constipation, PEG or SPS is 
recommended instead of lactulose  [  26  ] . Lee-Robichaud  [  45  ]  completed a meta-
analysis of all relevant data from randomized clinical trials in order to determine 
whether lactulose or polyethylene glycol is more effective at treating chronic con-
stipation and fecal impaction and confi rmed that polyethylene glycol is better than 
lactulose in outcomes of stool frequency per week, form of stool, relief of abdomi-
nal pain, and the need for additional products. On subgroup analysis, this was seen 
in both adults and children, except for relief of abdominal pain. In another trial, 
Movicol, a polyethylene glycol (PEG) + electrolyte solution (PEG + E), was evalu-
ated as treatment for severe constipation and fecal impaction. Chen et al.  [  46  ]  
observed that PEG + E, administered orally at a dose equivalent to eight 13.8 g 
sachets (1 L) per day over 3 days, was a highly effective and well-tolerated therapy 
for the treatment of severe constipation and fecal impaction. Both lactulose and 
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polyethylene glycol are more effective in promoting defecation than placebo. 
Patients receiving polyethylene glycol had a slightly lower incidence of acute intes-
tinal pseudoobstruction, whereas length of stay was shorter in lactulose-treated 
patients. Morphine administration was associated with delayed defecation except in 
the polyethylene glycol–treated group. Irrespective of study medication, early def-
ecation was associated with a shorter length of stay  [  47  ] . Stimulant laxatives on the 
other hand increase motor activity of the bowels by direct action on the intestines. 
However, prolonged use of these drugs causes laxative dependency and loss of nor-
mal bowel function and may also cause cramping. Specifi cally, long-term use of 
danthron discolors rectal mucosa and discolors alkaline urine red. Lubricant laxa-
tives such as mineral oil lubricate intestinal mucosa and soften stool and mostly 
used in combination with laxatives prophylactically to prevent straining in patients 
for whom straining would be dangerous and still considered important in palliative 
care patients. Despite the wealth of management approaches available to treat con-
stipation, an estimated 54% of patients treated for OBD do not achieve the “desired 
result” with medication even half the time  [  5  ] .  

    10.4.2.3   Opioid Agonists 
 Methylnaltrexone is a selective mu-opioid receptor antagonist that has restricted 
ability to cross the blood–brain barrier, thus enabling reversal of opioid-induced 
peripheral effects, such as constipation, without affecting the central effects, such as 
pain relief  [  9  ] . Subcutaneous methylnaltrexone, 0.15 mg/kg of body weight, can be 
administered daily or every other day to treat opioid-induced constipation. In a study 
of palliative care patients, including those with cancer and noncancer etiologies, 
approximately one-half of patients defecated within 4 h of receiving the injection, 
with 30% of patients having a bowel movement within the fi rst 30 min. Studies in 
palliative care patients’ patient populations observed no evidence of withdrawal or 
other central effects of the opioid, and pain scores remained unchanged  [  48,   49  ] . 

 A study of prolonged-release naloxone in an oxycodone:naloxone ratio of 2:1 
(average results of 40:20 mg, 60:30 mg, and 80:40 mg oxycodone:naloxone combi-
nation relative to placebo) demonstrated improved bowel function without reversal 
of analgesia  [  50  ] . Other studies  [  7,   51  ]  have shown that treatment with subcutaneous 
methylnaltrexone relative to placebo signifi cantly increased the rescue-free laxation 
response rate within 4 h of the fi rst dose (primary endpoint) in adult patients with 
opioid-induced constipation and advanced illness in two randomized, double-blind, 
placebo-controlled, multicentre, and phase III studies: one was a single-dose study 
( n  = 154) and the other a multiple-dose study ( n  = 133). In the multiple-dose study, 
rescue-free laxation response rates within 4 h after at least two of the fi rst four doses 
(coprimary endpoint) were also signifi cantly higher in methylnaltrexone recipients 
than in placebo recipients. Moreover, median time to laxation after the fi rst dose was 
signifi cantly shorter in methylnaltrexone recipients than in placebo recipients in 
both studies. Methylnaltrexone was not associated with any signifi cant changes in 
pain scores or central opioid withdrawal in these studies. Methylnaltrexone was gen-
erally well tolerated in clinical trials; most adverse events were of mild to moderate 
severity. Similar fi ndings were reported in patients with advanced illness  [  7  ]  where 
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subcutaneous methylnaltrexone rapidly induced laxation in patients with advanced 
illness and opioid-induced constipation. Treatment did not appear to affect central 
analgesia or precipitate opioid withdrawal. Response rates among methylnaltrex-
one-treated patients who had responded to all previous doses were 57–100% for 
doses two to seven. Among methylnaltrexone-treated patients who did not respond 
to the fi rst or to the fi rst two consecutive doses, 35% and 26% responded to the sec-
ond and third dose, respectively. Higher percentages of patients and clinicians rated 
bowel status as improved in the methylnaltrexone than the placebo group. Fewer 
methylnaltrexone than placebo patients reported use of common laxative types, par-
ticularly enemas, during the study. Subcutaneous methylnaltrexone promptly and 
predictably induced laxation, improved constipation distress, and was associated 
with less laxative use in patients with advanced illness and OIC  [  52  ] . In a recently 
reported review, Candy et al.  [  53  ]  included seven studies involving 616 participants; 
all underreported methodological features. In four studies, the laxatives lactulose, 
senna, co-danthramer, misrakasneham, and magnesium hydroxide with liquid paraf-
fi n were evaluated. In three methylnaltrexone   . In studies comparing the different 
laxatives, evidence was inconclusive. Evidence on subcutaneous methylnaltrexone 
was clearer; in combined analysis (287 participants), methylnaltrexone, in compari-
son with a placebo, signifi cantly induced laxation at 4 h (odds ratio 6.95; 95% con-
fi dence interval 3.83–12.61). In combined analyses, there was no difference in the 
proportion experiencing side effects, although participants on methylnaltrexone suf-
fered more fl atulence and dizziness. No evidence of opioid withdrawal was found. 
In one study, severe adverse events, commonly abdominal pain, were reported that 
were possibly related to methylnaltrexone. A serious adverse event considered to be 
related to the methylnaltrexone also occurred; this involved a participant having 
severe diarrhea, subsequent dehydration, and cardiovascular collapse. The authors 
concluded that their 2010 update found that evidence on laxatives for management 
of constipation remains limited due to insuffi cient RCTs. However, the conclusions 
found that subcutaneous methylnaltrexone is effective in inducing laxation in pallia-
tive care patients with opioid-induced constipation and where conventional laxatives 
have failed  [  53  ] . However, the safety of this product is not fully evaluated, and large, 
rigorous, and independent trials are needed.  

    10.4.2.4   Antiemetics 
 Since nausea, vomiting, and gastroesophageal refl ux are also symptoms associated 
with opioid use, studies have examined the effect of antiemetics in relieving symp-
toms of constipation, although their utility in an OBD population has yet to be vali-
dated. Aprepitant (Emend) is the fi rst commercially available drug from a new class 
of agents, the neurokinin NK(1) receptor antagonists. Oral aprepitant, in combina-
tion with other agents, is indicated for the prevention of acute and delayed chemo-
therapy-induced nausea and vomiting (CINV) associated with highly emetogenic 
chemotherapy in adults  [  54  ]  (Dando TM). In a meta-analysis including 10 studies 
involving 4,376 oncology patients, the incidence of constipation was lower 
( p  = 0.002) in patients treated with aprepitant for chemotherapy-induced nausea and 
vomiting, demonstrating some benefi ts of antiemetics in treating symptom clusters 
including constipation  [  55  ] .   
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    10.4.3   Nonpharmacological Approaches 

 Nonpharmacological    approaches which involve nutritional strategies including 
increased nutritional intake, fl uids, and fi ber; increasing physical activity and exer-
cises if appropriate; and improving the environment of the patient to provide pri-
vacy, support, and encouragement have all been observed to improve symptoms 
clinically as well as the quality of life of the cancer patient.   

    10.5   Guidelines 

 The evaluation of constipation is a multidisciplinary endeavor. Multiple, systematic 
assessment and approaches are currently followed in various institutions around the 
world. The following guidelines are considered best practice standards. Improved 
management of constipation may require a  multimodal approach by multidisci-
plinary teams . These include specifi c and comprehensive assessment, nutritional 
guidelines, pharmacotherapy, and physical activity, in addition to monitoring and 
closely assessing patients for change in status. Nonpharmacological strategies for 
constipation in cancer patients include interventions such as increased dietary fi ber, 
fl uid intake, encouraging mobility and ambulation, and encouraging daily bowel 
movements at the same time every day  [  13,   45  ] . However, pharmacological 
approaches with bulking agents, laxatives, antiemetics, stool softeners, and opioid 
receptor agonists are often necessary. The basic goal in the management of this 
symptoms is to establish the patient’s normal bowel pattern and habits (time of day 
for normal bowel movement, consistency, color, and amount); explore the patient’s 
level of understanding and compliance relating to exercise level, mobility, and diet 
(fl uid, fruit, and fi ber intake); determine normal or usual use of laxatives, stimu-
lants, or enemas; determine laboratory values, specifi cally looking at platelet count; 
and conduct a physical assessment of the rectum (or stoma) to rule out impaction. 
All assessment and reassessment should be conducted continuously taking into con-
sideration change in medications and medical status of the cancer patient. 

    10.5.1   Comprehensive Assessment 

 A comprehensive assessment by a multidisciplinary team including an MD, RD, 
PharmD, RNs, PT, and psychosocial workers must include physical assessment of 
subjective information of normal bowel pattern (nature and frequency of bowel 
movements daily, in addition to straining, pain, and bleeding symptoms that may 
accompany defecation), dietary assessment (changes in nutritional, fi ber, and fl uid 
intake), current medications (opioids, chemotherapy, or radiation therapy and 
change in medications) and other symptoms such as distention, fl atus, cramping, 
absence of bowel sounds, and rectal fullness. A digital rectal examination should 
always be done to rule out fecal impaction at the level of the rectum   . A test for 
occult blood to determine presence of a possible intraluminal lesion and a thor-
ough examination of the gastrointestinal tract is necessary if cancer is  suspected. 
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Physical assessment will determine the presence or absence of bowel sounds, fl a-
tus, or abdominal distention. Patients with colostomies should also be assessed for 
constipation including monitoring of irrigation of the colostomy for proper tech-
nique. The initial physical exam may systematically assess stool impaction (con-
stipation with diarrhea with overfl ow around impaction) and obstruction (physical 
exam and X-ray). Patients may also be assessed for hypercalcemia, hypokalemia, 
hypothyroidism, and diabetes as these conditions may exacerbate constipation. 

 The following questions may provide a useful assessment guide:
    1.    What is normal for the patient (frequency, amount, and timing)?  
    2.    When was the last bowel movement? What was the amount, consistency, and 

color? Was blood passed with it?  
    3.    Has the patient been having any abdominal discomfort, cramping, nausea or 

vomiting, pain, excessive gas, or rectal fullness?  
    4.    Does the patient regularly use laxatives or enemas? What does the patient usu-

ally do to relieve constipation? Does it usually work?  
    5.    What type of diet does the patient follow? How much and what type of fl uids 

are taken on a regular basis?  
    6.    What medication (dose and frequency) is the patient taking? Is the patient tak-

ing any opioids?  
    7.    Is this symptom a recent change?  
    8.    How many times a day is fl atus passed?  
    9.    Does the patient strain more than normal to defecate?  
    10.    Is there pain accompanying passing of stool?  
    11.    Has the environment of patient changed?  
    12.    Does patient have a sense of control over stools?  
    13.    Does the patient use a private bathroom, bedside commode, or bedpan?  
    14.    Does patient have a colostomy?     

 Patients should be assessed by a multidisciplinary team at admission and periodi-
cally as treatments including medications and nutritional and fl uid intake may 
change. Establish the patient’s normal bowel pattern and habits (time of day for 
normal bowel movement, consistency, color, and amount). If a patient is on opioids 
or admitted with a symptom of constipation, bowel movements must be recorded 
daily.  

    10.5.2   Pharmacotherapy 

 Based on the assessment, etiology of constipation must be identifi ed and pharmaco-
logical approaches targeted to the etiology of this symptom. Preventive interven-
tions with laxatives and stool softeners are provided to patients who are anticipated 
to begin treatments that can produce changes in bowel function with a goal of at 
least 1 nonforced bowel once in 1–2 days. Several institutions have developed and 
adapted a practice consensus algorithm for the prevention and management of opi-
oid-induced constipation. A series of combinations of laxatives, stool softeners, and 
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bulking agents are introduced proactively and modifi ed based on individual response 
to intervention. The following is a current list of agent used:

    • Cathartics and laxatives :
   Bisacodyl (Dulcolax  – ® )  
  Magnesium citrate (Citrate of Magnesia  – ® )  
  Magnesium hydroxide (MOM, Milk of Magnesia  – ® )  
  Senna (Senokot  – ® )  
  Sodium phosphate (Fleet Phospho Soda  – ® , Fleet Enema ® )  
  Sorbitol   –
  Lactulose (causes less problems with melanosis coli and has been shown to  –
contribute to future colonic inertia. It works as an osmotic laxative. It should 
only be used in patients without signifi cant bowel obstruction).  
  Miralax (Can be used on an intermittent and/or long-term basis. It causes less  –
dependence post long-term use).     

   • Bulk-producing agents :
   Polycarbophil calcium (FiberCon  – ® )  
  Psyllium hydrophilic mucilloid (Metamucil  – ® )  
  Methylcellulose (Cologel)   –
  Barley malt extract (Maltsupex)      –

   • Lubricants :
   Glycerin (rectal suppository)   –
  Mineral oil      –

   • Surfactant/stool softener :
   Docusate sodium (Colace  – ® )     

   • Opioid agonists :
   Methylnaltrexone   –
  Naloxone         –

    10.5.3   Nonpharmacological Interventions 

 Nonpharmacological approaches such as nutritional intake, physical activity, fl uid 
intake, and changes in the environment have been found to be clinically effective in 
managing constipation. 

    10.5.3.1   Nutrition Guidelines 
    Screen patient within 24 h of admission. This order for screening has been a • 
standard order for all cancer patient admissions to avoid delay in timing of 
screening.  
  Assess all symptoms: gastrointestinal tract: taste alterations, smell alterations, • 
dysphagia, dyspnea, other pain, early satiety, dry mouth, too much saliva produc-
tion, anorexia, diarrhea, constipation, nausea, vomiting, dehydration, fatigue, 
height, weight   , recent weight loss, anthropometrics, and others (mid-arm muscle 
circumference, body composition [DEXA], grip strength); psychosocial: family/
caregiver support, depression, and ADL.  
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  Screen, assess current nutritional status, and estimate caloric, protein, and multi-• 
vitamin/mineral needs (refer to Chap.   2    ).  
  Provide adequate nutrition by including “calorie” and “protein” booster educa-• 
tion material and nutritional supplements to ensure intake of proteins (recom-
mended 0.8 g–1.0 g/kg/day). Provide dense caloric supplements up to 400 cal/
day containing 1.5 kcal/mL. If intake is insuffi cient in proteins intake, supple-
ment with modular protein supplements, adding this to favorite beverage (  http://
www.nestle-nutrition.com/Products/Default.aspx    ;   http://abbottnutrition.com/    ). 
The choice of nutritional supplements can be based in the personal choice of the 
patient, patient needs, tolerance to product, as well as other comorbidities.  
  If more calories or protein are needed to meet nutritional needs, introduce nutri-• 
tional supplements with fi ber, i.e., Ensure ®  with fi ber.  
  Include a standard multivitamin/mineral supplementation to prevent any further • 
defi cits and meet increased needs.  
  Assess adequacy of intake and provide an appetite stimulant (megestrol acetate • 
20 mg–800 mg/day or alternate) if patient has cancer anorexia to ensure adequate 
intake and prevent further weight loss.  
  Provide each patient with nutritional guidelines to ensure adequate intake of • 
calories and proteins and a list of suggested high-calorie and high-protein nutri-
tional supplements to choose from, taking into consideration taste alterations, 
early satiety, nausea, and vomiting that are common symptoms observed in this 
patient population.  
  Proactive measures to provide alternate mode of nutritional support must be • 
planned during acute phase of treatment when it would be a greater risk to feed 
patient via the oral route. Selection of route of feeding may be informed based on 
general guidelines and criteria provided    in Table   2.6    .  
  Other strategies to improve nutritional intake.  • 
  Meals must be eaten at regular times each day.   • 

  Soluble and insoluble fi ber intake 
  Ingestion of a normal diet rich in both soluble and insoluble fi ber-containing • 
foods is recommended.  
  Encourage adequate fi ber intake. Experts recommend that healthy adults con-• 
sume 20–35 g of fi ber per day (average consumption is 11 g).  
  While there are no specifi c fi ber recommendations for cancer patients, they • 
should also be encouraged to eat more high-fi ber foods such as fruits (e.g., rai-
sins, prunes, peaches, and apples), vegetables (e.g., squash, broccoli, carrots, and 
celery), and 100% whole-grain cereals, breads, and bran. Increased fi ber intake 
must be accompanied by increased fl uid intake, or constipation may result.  
  Additional fi ber may not be recommended with certain chemotherapeutic drugs • 
or narcotics The meal plan should be made with consideration for when patient 
will ingest the fi ber and include the gradual increase of the fi ber.  
  Fiber intake may be planned after determining etiology of constipation. High-• 
fi ber intake is contraindicated in patients at increased risk for bowel obstruction, 
such as those with a history of bowel obstruction or status postcolostomy. 
Recommend eating a minimum of 5 g/serving of fi ber from bran cereals or 

http://www.nestle-nutrition.com/Products/Default.aspx
http://www.nestle-nutrition.com/Products/Default.aspx
http://abbottnutrition.com/
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 cereals like shredded wheat. Also include foods made with whole grains such as 
bulgur or wheat berries, beans such as kidney beans, chickpeas, lentils, fresh 
fruit and vegetables, and dried fruit.  
  Soaking beans fi rst in water and discarding the water may help to reduce fl atu-• 
lence from this food group.  
  Use a bulking agent, such as fi ber supplements or a laxative/stool softener. • 
Research indicates that a high-fi ber diet with laxatives and lubricants such as 
mineral oil do not adversely affect nutritional status over a 6-month period  [  8  ] .  
  If mineral oil is used, supplements of fat-soluble vitamins (A, D, and E) may be • 
indicated.   

  Fluids 
  As fi ber intake help hydrate stools, a high-fi ber intake requires increased fl uid • 
volumes in the diet.  
  Recommended fl uid consumption is 8–10 cups of noncaffeinated beverages each • 
day, e.g., water, prune juice, warm juices, and tea.  
  Provide a warm or hot drink, preferably water with fl avor, approximately one-• 
half hour before time of patient’s usual defecation.     

    10.5.3.2   Physical Activity 
    Encourage regular exercise, including abdominal exercises in bed or moving • 
from bed to chair if the patient is not ambulatory.     

    10.5.3.3   Environmental Changes 
   Private area and time 

  Provide privacy and quiet time at the patient’s usual or planned time for • 
defecation.  
  Provide toilet or bedside commode and appropriate assistive devices; avoid bed-• 
pan use whenever possible.      

    10.5.4   Markers and Instruments for Patient Monitoring 
and Assessment of Response to Treatment by the 
Interdisciplinary Medical Team 

     1.     Anthropometric measurements  such as participant’s height, weight, and body 
mass index can be performed at admission and at regular intervals established by 
the medical team.  

    2.     Body composition by DXA scan : DXA should be used to assess both total lean 
body mass (LBM), fat mass (FM), and total bone mineral density (BMD).Total 
bone mineral density (BMD) is a valid indirect measure of skeletal muscle and 
patient activity. Total LBM is sometimes called total fat-free mass (FFM) depend-
ing upon specifi c DXA manufacturer. DXA instruments use an X-ray source that 
generates or is split into two energies to measure bone mineral mass and soft tis-
sue from which fat and fat-free mass are estimated. The exam is quick (1–2 min), 
precise (0.5–1%), and noninvasive. DXA scanners have the precision required to 
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detect changes in muscle mass as small as 5%. Radiation exposure from DXA 
scans is minimal. The National Council on Radiation Protection and Measurements 
(NCRP) has recommended the annual effective dose limit for infrequent expo-
sure of the general population is 5,000  m Sv and that an annual effective dose of 
10  m Sv be considered a negligible individual dose. The effective dose of a dual-
energy X-ray absorptiometry whole body scan on an adult is 2.1  m Sv. Studies 
have shown that quality assurance is an important issue in the use of DXA scans 
to determine body composition including lean body mass and bone mineral den-
sity. DXA instrument manufacturer and model should remain consistent, and 
their calibration should be monitored throughout treatment. Use of a standard-
ized scan acquisition protocol and appropriate and unchanging scan acquisition 
and analysis software is essential to achieve consist results.  

    3.     Dietary intake  must be assessed at baseline and periodical intervals by conducting 
random weekly, 2 weekdays + 1 weekend day, 24-h dietary recalls (gold standard 
for collecting dietary data) using a 5-step multipass procedure (which has been 
found to assess mean energy intake within 10% of actual intake) and using the fre-
quently updated University of Minnesota Nutrition Data System-Research version 
(NDS-R) database for analysis of nutrient composition. Food portion visuals can be 
provided to patients to estimate portion sizes of foods while monitoring intake.  

    4.     Symptom log  may be completed daily and collected from patients on a monthly 
basis. Based on these symptoms, all anticipated and unanticipated, grades of 
constitutional, dermatological, gastrointestinal (GI), metabolic, and pain symp-
toms can be continuously monitored including those symptoms affecting nutri-
tional intake and utilization.  

    5.     Monthly  CMP and CBC should be monitored to assess electrolytes and organ 
function.  

    6.     Functional markers  ( Karnofsky performance score ): Evaluation of patients’ 
functional status and barriers to obtaining adequate nutrients is also necessary. A 
physical exam combined with personal interview should include the evaluation 
of functional status such as the ability to chew and swallow, dental or oral prob-
lems causing odynophagia or dysphagia, signs of muscle wasting or anasarca, 
presence of edema, presence of skin or mouth lesion, and ability to perform 
instrumental activities of daily living (IADLs) such as cooking, shopping, and 
self-feeding. It is critical to assess activities of daily living, physical activity, 
exercise, sleep, and ability to work and perform other functional roles. Limitations 
in the activities of daily living have been identifi ed secondary to and as a cause of 
weight loss in cancer patients. Cancer and other chronic diseases pose diffi culties 
specifi cally for the cancer patient receiving treatment and the elderly in carrying 
out activities of daily living. A loss of postural and locomotive muscle mass has 
been observed within 7 days of inactivity. The Karnofsky Performance Scale 
Index allows patients to be classifi ed as to their functional impairment. This has 
been used to compare effectiveness of different therapies and to assess the prog-
nosis in individual patients and has been validated in cancer patient populations. 
This has been used to compare effectiveness of different therapies and to assess 
the prognosis in individual patients and has been validated in cancer patient 
populations.  
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    7.     Godin Leisure-Time Exercise Questionnaire  weekly to monitor physical 
activity.  

    8.     Handgrip Strength Dynamometry Assessment : A validated tool commonly used 
to assess handgrip strength is the Jamar dynamometer, which is a fast, reliable, 
and easy-to-perform device commonly used by our team to measure improve-
ments in functional strength. The Jamar dynamometer has a lower percent coef-
fi cient of variation and is thus a more precise device than other handgrip 
dynamometers.  

    9.     Biochemical markers of protein status  ( serum albumin and transferrin ): 
Assessment of protein status is critical in the identifi cation and treatment of 
abnormalities in protein metabolism. There is substantial evidence of the cor-
relation between serum hepatic proteins and infl ammation, making these the 
most relevant biomarkers in cancer patient populations. Serum transferrin, pre-
albumin, and albumin have been observed as intermediate endpoint biomarkers 
and independently associated with clinical outcomes. Measurements of body 
composition combined with more objective and sensitive measure of protein 
nutriture are ideal for the biochemical assessment of intravascular and visceral 
protein stores. We have thus included the three major valid intermediate end-
point biomarkers (IEBs) that represent intravascular and visceral protein pools 
– transferrin, prealbumin, and albumin – as the biochemical indicators of pro-
tein status. Although transferrin levels are affected by iron status, serum trans-
ferrin, either singly or as part of a multiparameter index, is the strongest 
predictor of cancer patient morbidity and mortality.  

    10.     Immune and infl ammatory markers : A range of metabolic responses triggered 
by infl ammatory and immunological responses in cancer patients. Cytokines 
can be measured in a panel including IL-1, IL-4, IL-6, IL-8, IL-10, GM-CSF, 
IFN-κ, TNF a , and CRP (BioRad-Bioplex). All of these biomarkers have been 
shown to increase with disease, aging, and cytotoxic agents. Though we realize 
these intermediate endpoint biomarkers of cytokines cannot be reliably inter-
preted, as over 70% of the subjects as observed in our studies were on active 
treatment with cytotoxic agents, these variables are important to determine, as 
they may provide useful information and contribute to the better understanding 
of the mechanistic process.  

    11.     Quality of life : should be measured at baseline and monthly using the Rand 
Short Form (SF)-36 (Medical Outcomes Study SF-36)  [  59  ] . The SF-36 has 
been used extensively with both general, high-risk, and cancer populations and 
has available norms for mail and telephone versions and comparisons between 
group and individual scores. Scores are calculated and transformed to a 0–100 
scale, with higher scores indicating increased health status. Reliability of the 
SF-36 scales was measured by Cronbach  a  coeffi cient, and the results ranged 
from 0.78 in general health perceptions to 0.91 in the physical functioning 
domain.  

    12.     Assessment of stool frequency : A comprehensive assessment by a multidisci-
plinary team including of normal bowel pattern, including nature and frequency 
of bowel movements daily, in addition to straining, pain, and bleeding symp-
toms that may accompany defecation; dietary assessment, including changes in 
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nutritional, fi ber, and fl uid intake; current medications, including opioids, che-
motherapy or radiation therapy, and change in medications; other symptoms 
such as distention, fl atus, cramping, absence of bowel sounds, and rectal full-
ness; and a digital rectal examination that should always be done to rule out 
fecal impaction at the level of the rectum.  

    13.     Occult blood : A test for occult blood to determine presence of a possible intralu-
minal lesion and a thorough examination of the gastrointestinal tract is 
necessary.  

    14.     GI      function – stool impaction/obstruction : Physical assessment will determine 
the presence or absence of bowel sounds, fl atus, or abdominal distention. 
Patients with colostomies should also be assessed for constipation including 
monitoring of irrigation of the colostomy for proper technique. The follow-up 
physical exam may monitor for stool impaction (constipation with diarrhea 
with overfl ow around impaction) and obstruction (physical exam and X-ray).      

    10.5.5   Follow-up 

 Patients must be seen by the multidisciplinary team on a regularly scheduled basis to 
monitor progress and to review compliance to intervention including diet intake ade-
quacy, symptom logs, change in concomitant medications, and any other issues related 
to treatment. Improved management of malnutrition with nutritional therapy may 
require a multimodal intervention by multidisciplinary teams using a comprehensive 
and integrated approach. If constipation is resolved, continue therapy. If constipation 
persists, reassess patient for etiology and severity of constipation and recheck for 
impaction and obstruction. Reassessment/reevaluation for monitoring and evaluation 
of nutritional therapy must include monitoring of clinical, functional, dietary, and 
behavioral outcomes that were identifi ed by the comprehensive nutritional assessment   

    10.6   Future Directions 

 In spite of a large number of bulking, softening, and laxatives used to relieve consti-
pation, a signifi cant number of cancer patients still suffer from this side effect, some 
even reportedly reducing or abandoning their pain medications potentially sacrifi c-
ing their anagogic to get relief of this symptom. The understanding of the pathophys-
iology of the effects of opioid therapy in the GI tract has provided the opportunity 
for newer targeted therapies addressing the underlying opioid receptor–mediated 
cause of bowel dysfunction for the management of opioid-induced bowel disorders, 
specifi cally constipation that does not respond nor is relieved by laxative therapy. 
Newer agents such as utilizing mu-opioid receptor antagonists have evolved to man-
age opioid-induced constipation. As treatment regimens continue to evolve, the 
adverse symptoms continue to become recognized. Future research should continue 
to evaluate these targeted therapies to alleviate these symptoms and improve quality 
of survival of this patient population.         
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  Summary for the Clinician 
 Current management of cancer constipation includes a comprehensive assess-
ment of the symptom and treatment based on the etiology of constipation. 
Assessment should record nature and frequency of bowel movements daily, in 
addition to straining, pain, and bleeding symptoms that may accompany 
defecation. 

 The primary approach to treat constipation includes bulk producers that 
are natural or semisynthetic polysaccharide and cellulose, laxatives (saline, 
stimulant, and lubricant), fecal softeners, lactulose (Cholac, Cephulac), poly-
ethylene glycol and electrolytes (Golytely, Colyte), and opioid antagonists 
(naloxone, methylnaltrexone). 

 Since nausea, vomiting, and gastroesophageal refl ux are also symptoms 
associated with opioid use, studies have examined the effect of antiemetics in 
relieving symptoms of constipation, although their utility in an OBD popula-
tion has yet to be validated. 

 The treatment consists of basic measures and the application of laxatives 
using a laxative ladder for stepwise selection of choice of laxatives based on 
the etiology. It has also been suggested that clinicians should not base laxative 
prescribing on the opioid dose, but rather should titrate the laxative according 
to bowel function since lower doses of opioids or weaker opioids, such as 
codeine, are just as likely to cause constipation. 

 Although several nonpharmacological approaches are in use, pharmaco-
logical approaches with bulking agents, laxatives, antiemetics, stool soften-
ers, and opioid receptor agonists are often necessary. 

 Nonpharmacological strategies for constipation in cancer patients include 
interventions such as increased dietary fi ber, fl uid intake, encouraging mobil-
ity and ambulation, and encouraging daily bowel movements at the same time 
every day. 

 The basic goal in the management of this symptoms is to establish the 
patient’s normal bowel pattern and habits (time of day for normal bowel 
movement, consistency, color, and amount); explore the patient’s level of 
understanding and compliance relating to exercise level, mobility, and diet 
(fl uid, fruit, and fi ber intake); determine normal or usual use of laxatives, 
stimulants, or enemas; determine laboratory values, specifi cally looking at 
platelet count; and conduct a physical assessment of the rectum (or stoma) to 
rule out impaction. 

 All assessment and reassessment should be conducted continuously taking 
into consideration change in medications and medical status of the cancer 
patient. 

 In spite of a large number of bulking, softening agents, and laxatives used 
to relieve constipation, a signifi cant number of cancer patients still suffer from 
this side effect, some even reportedly reducing or abandoning their pain medi-
cations potentially sacrifi cing their anagogic to get relief    of this symptom. 
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  11      Dysphagia       

                       

  Core Messages 
 Dysphagia, derived from the Greek word “phagein,” meaning “to eat,” 
 characterized by the multidimensional symptom complex including impair-
ment of the swallowing mechanism, is a common symptom of several can-
cers, in addition to consequences of neuromuscular disorders. 

 In cancer patient populations, dysphagia is one of the most frequently 
occurring syndromes in oral, esopharyngeal, head and neck, and brain tumors 
or as a sequela of chemoradiation or surgery for these malignancies or gener-
alized weakness due to nonuse or reduced use of muscles in the region. 

 Based on the origin of dysphagia, it is classifi ed as oropharyngeal or 
esophageal. Oropharyngeal dysphagia is diffi culty emptying material from 
the oropharynx into the esophagus; it results from abnormal function proxi-
mal to the esophagus. Patients complain of diffi culty initiating swallowing, 
nasal regurgitation, and tracheal aspiration followed by coughing. Esophageal 
dysphagia is characterized by diffi culty passing food down the esophagus. 
It results from either a motility disorder or a mechanical obstruction. 

 Dysphagia may be attributed to tumor location and size and the extent of 
penetration to adjoining tissue. On the other hand, the magnitude of treat-
ment-related effects is dependent on the extent of insult and the capacity of 
the patient to compensate. 

 Prolonged dysphagia often leads to inadequate and compromised nutri-
tional intake and can lead to malnutrition, weight loss, and exacerbating medi-
cal condition and treatment outcomes. Swallowing diffi culties negatively 
impact quality of life functioning. 

 Dysphagia, when unidentifi ed and not treated, can lead to tracheal aspira-
tion of ingested material, oral secretions, or both. Aspiration can cause acute 
pneumonia; recurrent aspiration may eventually lead to chronic lung disease. 

 Once etiology of dysphagia is identifi ed and if dysphagia is due to location 
and size of tumor, initial treatment strategies include surgical and mechanical 
interventions to restore the esophageal lumen, antineoplastic treatments 
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    11.1   Definition/Description 

 Dysphagia, derived from the Greek word “phagein,” meaning “to eat,” characterized 
by the multidimensional symptom complex including impairment of the swallow-
ing mechanism, is a common symptom of several cancers, in addition to conse-
quences of neuromuscular disorders. The intricate mechanism of swallowing can be 
divided into three phases and involves over 50 muscles and nerves: (a) oral phase 
(voluntary) where food is chewed, masticated, moistened by saliva, and pushed to 
the pharynx; (b) pharyngeal phase (beginning of swallowing refl ex); and (c) esopha-
geal phase. Dysphagia is a disruption in the swallowing process, which includes 
diffi culty in transporting (or a lack of transporting) a food or liquid bolus from the 
mouth through the pharynx and esophagus into the stomach  [  1–  5  ] . Dysphagia is a 
condition resulting in a disturbance in the normal transfer of food from the oral cav-
ity to the stomach. Symptoms include diffi culty in swallowing resulting from the 
abnormalities in any one of the normal phases of swallowing. Dysphagia should not 
be confused with globus sensation, a feeling of having a lump in the throat, which 
is unrelated to swallowing and occurs without impaired transport  [  6  ] . Dysphagia, 
when unidentifi ed and treated, can lead to tracheal aspiration of ingested material, 
oral secretions, or both. Aspiration can cause acute pneumonia; recurrent aspiration 
may eventually lead to chronic lung disease. Since depressed cough refl ex is one of 
the features of dysphagia, clinical manifestations of aspiration may be unreliable 
and insidious  [  7,   8  ] . Prolonged dysphagia often leads to inadequate and compro-
mised nutritional intake and can lead to malnutrition, weight loss, and exacerbating 
medical condition and treatment outcomes  [  1–  5,   7,   8  ] . 

 Based on the origin of dysphagia, it is classifi ed as oropharyngeal or esophageal 
(Fig.  11.1 ). The oropharyngeal swallow involves a rapid, highly coordinated set of 
neuromuscular actions beginning with lip closure and terminating with opening of 
the upper esophageal sphincter  [  9  ] . Oropharyngeal dysphagia is diffi culty emptying 
material from the oropharynx into the esophagus; it results from abnormal function 
proximal to the esophagus. Patients complain of diffi culty initiating swallowing, 
nasal regurgitation, and tracheal aspiration followed by coughing. Esophageal dys-
phagia is characterized by diffi culty passing food down the esophagus. It results 
from either a motility disorder or a mechanical obstruction  [  1,   6,   10  ] . Swallowing 

including preoperative chemotherapy for organ preservation, and intensity-
modulated radiotherapy aimed at reducing organ damage. 

 Current strategies for management of symptoms of dysphagia also include 
the introduction of compensatory strategies and direct therapy techniques. 
Compensatory strategies include postural changes, sensory enhancements, 
changing feeding strategies, and diet changes. Therapy procedures include 
exercise programs and swallowing maneuvers that have been implemented to 
facilitate the physiology of swallowing. 
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diffi culties negatively impact quality of life functioning  [  11  ] . Impaired swallowing 
can cause signifi cant morbidity and mortality  [  12  ] .   

    11.2   Prevalence 

 The exact prevalence of dysphagia is unknown, especially in cancer patient popula-
tions where it is predominantly underdiagnosed. Dysphagia may be attributed to 
tumor location and size and the extent of penetration to adjoining tissue  [  13  ] . On the 
other hand, the magnitude of treatment-related effects is dependent on the extent of 
insult and the capacity of the patient to compensate  [  1  ] . In cancer patient populations, 
dysphagia is one of the most frequently occurring syndrome in oral, esopharyngeal, 
head and neck, and brain tumors  [  13–  15  ]  or as a consequence of chemoradiation or 
surgery for these malignancies  [  16–  19  ]  or generalized weakness due to nonuse or 
reduced use of muscles in the region  [  20,   21  ] . Impairment of swallowing function is a 
common multidimensional symptom complex seen in 50–75% of head and neck can-
cer (HNC) survivors  [  22  ] . The prevalence of dysphagia markedly increases with age 
and presents particular problems in this older cancer patient population  [  23–  26  ]  poten-
tially compromising nutritional status, increasing the risk of aspiration pneumonia, 
and undermining the quality of life. Oropharyngeal dysphagia was present in 50.6% 
of patients, mostly to solid foods (72.4%). Silent aspiration of thin fl uids is common 
in patients with nasopharyngeal cancers post radiation therapy  [  27  ] . Patients with total 
glossectomy and chemoradiotherapy had the highest rate of dysphagia  [  25  ] . Other 
tumors that affect swallowing are usually located in the skull base or brainstem such 
as brainstem glioma, brainstem metastasis, ependymoma, choroid plexus, papilloma, 
large pineal region tumors, and neoplasms of the cerebellopontine angle  [  28  ] . 
Depending on their location, benign or malignant tumors may cause oral or pharyn-
geal dysphagia  [  13  ] . In other cases, there may be only temporary discomfort due to 
pain and swelling. Dysphagia is also a common, debilitating, and potentially life-
threatening sequela of concurrent chemoradiation for head and neck malignancy. 
Approximately ten million Americans are evaluated each year with swallowing diffi -
culties  [  6  ]  for cancer and other etiologies.  

Orophageal Dysphagia
 Voluntary

• Difficulty emptying material from the
  oropharynx into the esophagus 
• Abnormal function proximal to the
  esophagus.  
• Difficulty initiating swallowing
• Nasal regurgitation
• Tracheal aspiration /Coughing

• Difficulty passing food down the 
  esophagus 
• Motility disorder
• Mechanical obstruction

Malnutrition

Esophageal dysphagia 
Involuntary

  Fig. 11.1    Classifi cation of dysphagia       
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    11.3   Etiology 

 In cancer patient populations, dysphagia commonly occurs in oral, esopharyngeal, 
head and neck, brain, and in some lung malignancies, when the esophagus is 
involved (Table     11.1 ).  

    11.3.1   Tumor Location–Related Effects 

 The neuroanatomical etiology of dysphagia in patients with brain tumors is proba-
bly attributable to reduced awareness of oral sensory feedback cues due to mastica-
tion, contralateral weakness of the face and tongue, and oral apraxia with impaired 
motor programming ability for oral    lingual feeding  [  28  ] . Direct tumor compression 
causes impairment of the brainstem circuitry that underlies swallowing. Newton 
et al.  [  13  ]  observed that many brain tumor patients lose the neurological feedback 
needed to cough or to swallow properly. They may have lost sensation in the mouth 
or throat, or they may have a reduced level of consciousness, or they may have lost 
the coordination to chew and swallow properly. Although these patients may not be 
identifi ed by self or by clinical observations to be dysphagic, they may be at highest 
risk for aspiration. On the other hand, patients who developed swallowing diffi cul-
ties following surgery may experience transient dysphagia related to swelling of the 
brain postsurgery and experience only mild problems, and showed signifi cant 
improvement with time. These patients tended to have tumors that occurred external 
to the brain  [  13,   28  ] . 

 Tumors of the oral cavity, on the other hand, include those of the anterior tongue, 
buccal mucosa, alveolar ridge, and anterior palate, and treatment of oral carcinomas 
can often restore structure and function and may not have a signifi cant long-term 
impact on dysphagia, since this portion that encompasses the fi rst stage of swallow 
is primarily voluntary and is associated mostly with bolus manipulation and masti-
cation. In addition, with the advent of laser surgical techniques, with the exception 
of reduced tongue range of motion, it is estimated that  [  29  ]  92% of patients were 
able to return to normal diets after transoral laser excision of tongue base tumors. 
Surgical resection can have devastating effects on swallowing for those patients 
requiring total glossectomy and if resection extends beyond the tongue to laryngeal 
or pharyngeal structures or replacement with placement of a fl ap, where tissues are 
adynamic and at least initially insensate  [  1  ] . 

 Oropharynx, on the other hand, which includes the tongue base, tonsillar fossas, 
and posterior pharyngeal wall is involuntary, and dysphagia attributed to defi cits in 
the oropharyngeal swallow is much more complex, as sensory and motor defi cits 
lead to signifi cant limitations in bolus pressure and propulsion. In head and neck 
cancer patients, dysphagia may be caused by surgical ablation of muscular  [  30  ] , 
bony, cartilaginous, or nervous structures where tumor may be located and is attrib-
uted to the combination of disrupted normal anatomy secondary to mass effect, 
nerve involvement, soft tissue tethering, or tumor-induced pain. The majority of 
head and neck malignancies are mucosally based and are squamous cell carcino-
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   Table 11.1    Etiology of dysphagia   

 Tumor-related 
 Treatment-related factors  
contributing to dysphagia  Lifestyle 

 Brain tumors/skull or brain 
stem 

  Surgery   History of heavy alcohol 
consumption 

 Brainstem glioma  Loss or part removal of organ 
 Brainstem metastasis  Total glossectomy 
 Ependymoma  Edema of the brain following 

surgery 
 Choroid plexus  Base of tongue surgery 
 Papilloma  Permanent placement of fl ap- 

 adynamic tissue/insensate 
 Large pineal region tumors  Odynophagia (pain) during 

mastication and swallowing 
 Neoplasms of the cerebel-
lopontine angle 

 Bleeding 
 Dry mouth 

 Oral cavity   Chemotherapy and other drugs  
 Anterior tongue  Antimetabolites 
 Buccal mucosa  Radiosensitive chemotherapy 

regimens 
 Alveolar ridge  Antineoplastic agents 
 Anterior palette  Agents to treat insomnia 

 Agents to treat epilepsy 
 Steroid therapies 

 Oropharnyx   Radiation therapy/chemoradiation 
therapies  

 Tongue base  Signifi cant soft-tissue fi brosis 
 Tonsillar fossas  Mucosal scarring 
 Posterior pharyngeal wall  Xerostomia 
 Pharyngeal esophageal  Edema 

 Reduced muscle size 
 Reduced salivary fl ow 
 Longer oral transit times 
 Increased pharyngeal residue 
 Reduced circopharyngeal opening 
times 
 Reduced glottic closure 
 Pharyngoesophageal spasms 
 Impaired taste 
 Impaired smell 
 Trismus 
 Tooth decay 
 Tissue stiffness 
 Tissue damage from radiation 
 Epiglottic dysmotility 
 Vallecular residue 
 Laryngeal penetration or aspiration 

(continued)
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mas. These lesions can be exophytic or infi ltrative in nature and often metastasize to 
cervical lymph nodes requiring treatment of not only the primary location but also 
draining lymphatics  [  30  ] .  

    11.3.2   Chemotherapy-Related Effects 

 The severity and persistence of swallowing defi cits after treatment are related to the 
size and location of tumor, magnitude of surgical intervention or soft tissue, tumor 
response to nonsurgical therapies such as radiation and chemotherapy  [  1  ] , and the 
nature of reconstruction. Chemotherapy-related side effects such as mucositis 
resulting in odynophagia (pain) during mastication and swallowing and bleeding, 
dry mouth, skin damage from radiation, infections, and graft-versus-host disease 
may all contribute to dysphagia. The cytotoxic agents most commonly associated 
with oral, pharyngeal, and esophageal symptoms of dysphagia are the antimetabo-
lites such as methotrexate and fl uorouracil. The radiosensitizer chemotherapies, 
designed to heighten the effects of radiation therapy, also heighten the side effects 
of the radiation mucositis  [  31,   32  ] . Additionally, similar to the effect of neuromus-
cular disorder, generalized weakness due to nonuse or reduced use of muscles in the 
region  [  20,   21  ]  has received attention in patients with dysphagia. Dysphagia can 
also be triggered by antiepileptic agents as well those used to treat insomnia. 
Dysphagia can also be attributed to infl ammatory causes such as candidiasis of the 
oral mucosa, caused by infl ammation and irritants such as radiation therapy or che-
motherapy, or steroid therapy.  

    11.3.3   Radiation and Chemoradiation Therapy–Related Effects 

 Dysphagia can be more protracted and severe as a sequel of nonsurgical therapies 
such as chemoradiation for these malignancies  [  17–  19  ] . External-beam radiation 

Table 11.1 (continued)

 Tumor-related 
 Treatment-related factors  
contributing to dysphagia  Lifestyle 

 Head and neck   General weakness and pain  
 Muscular  Odonophagia 
 Bone  Contralateral weakness of face and 

tongue 
 Cartiliginous  Reduced or nonuse 
 Neural structures  Reduced awareness 
 Penetration to lymph nodes  Impaired motor programming 
 Others   Infection/infl ammation  
 Elderly cancer patient 
population 

 Candidiasis 
 Graft-versus-host disease 
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has both early and late side effects producing signifi cant soft tissue fi brosis, mucosal 
scaring, and xerostomia that can impact swallowing function. The effects of postop-
erative radiation have been observed to signifi cantly reduce oral and pharyngeal 
functions including longer oral transit times, increased pharyngeal residue, and 
reduced cricopharyngeal opening times. Impaired function has also been attributed 
to radiation effects such as edema and reduced salivary fl ow. Swallowing function 
continues to deteriorate over time, even many years after radiation therapy in patients 
with nasopharyngeal carcinoma. The late effect of reduced blood supply to the mus-
cle can result in fi brosis and reduced muscle size and dramatically affect swallow-
ing years after treatment with a fi xation of the hyolaryngeal complex, reduced 
glottic closure, and cricopharyngeal relaxation, resulting in potential for aspiration 
 [  30  ] . Dysphagia disorders in patients with cancer of the oropharynx are signifi -
cantly affected by the radiation therapy dose to the superior and middle constrictor 
muscle  [  33  ] . A steep dose-effect relationship, with an increase of the probability of 
dysphagia of 19% with every additional 10 Gy, was observed  [  33  ] . The severity of 
swallowing problems may vary depending on the type of surgery and whether one 
has undergone radiation or chemotherapy treatments. In subjects undergoing high-
dose chemoradiotherapy for head and neck cancers reported more severe dysphagia 
than those who received radiation treatment alone, with lasting effects of dysphagia 
reported well into 1 year posttreatment  [  19  ] . Similarly, the degree of dysphagia 
postlaryngectomy and post-radiation therapy decreased over 3 years in 50% of the 
patients, with the remaining patients continuing to experience pharyngoesophageal 
spasms  [  34  ] . Swallowing function was of high priority in this patient population 
 [  19  ] . Although combined treatments improved tumor control  [  34–  37  ] , the long-
term sequelae of radiotherapy can include loss of energy, pain, xerostomia, impaired 
taste, impaired smell, trismus, tooth decay, tissue stiffness, edema, and impairments 
in speech, voice, and swallowing with poor response to convention treatments for 
dysphagia  [  37,   38  ] . Evaluated patients were treated    with radiation therapy for 
nasopharyngeal cancer, and over 90% were found to have a defi nable abnormality 
on endoscopic swallowing examination. Several fl uoroscopy studies showed  all  
movements comprising the swallow were impaired  [  39  ]  with the location of the 
tumor having very little effect on the severity of dysphagia. Pharyngeal transport 
dysfunction and anterior segment abnormalities manifested by epiglottic dysmotil-
ity, vallecular residue, laryngeal penetration, or aspiration were all common after 
aggressive concomitant chemotherapy and radiation therapy in head and neck can-
cer patients  [  40  ] . In examining impact of demographics, tumor characteristics, and 
treatment factors on swallowing disorder in patients treated with radiation therapy 
or chemoradiation therapy for head and neck cancers, Frowen et al.  [  41  ]  observed 
that swallowing was best at baseline, signifi cantly worse at 3 months, and improv-
ing at 6 months posttreatment. They observed that worse dysphagia was associated 
with living in rural areas, history of heavy alcohol consumption, bilateral radiation 
to the oropharnx   , hypopharyngeal tumor site, large particularly T4 tumors, noncon-
formal radiotherapy, bilateral radiation to the pharynx, and longer radiotherapy 
fi elds. More recently, strategies to include preoperative chemotherapy for organ 
preservation  [  42,   43  ]  and intensity-modulated radiotherapy aimed at reducing organ 
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damage  [  43,   44  ]  have demonstrated relatively better improvement in the symptoms 
of dysphagia in esophageal and head and neck cancer patient populations. A disad-
vantage of preoperative chemotherapy is in the delay to potentially control disease 
treatment outcome using chemoradiation therapy).   

    11.4   Current Treatment Strategies for Dysphagia 

 Since dysphagia can result from tumor, psychosocial, and treatment-related factors 
or can be attributed to a multifactorial etiology, multimodal management of dys-
phagia by multidisciplinary teams is ideal, targeting the specifi c etiology of dys-
phagia. The basic approach to managing patients with dysphagia is to prevent 
dehydration and malnutrition and to avoid aspiration and related complications such 
as pneumonia. Most recommendations for diagnosis and management of swallow-
ing dysfunction requires timely and careful screening using detailed history and 
clinical examination by integrated, multidisciplinary teams consisting of treating 
oncologists (surgeons, radiation oncologists, medical oncologists), dentists, speech 
pathologist, clinical pharmacist, psychosocial worker, physical therapist, radiolo-
gist, and dietitian for comprehensive symptom assessment, established nutritional 
guidelines, pharmacotherapy, psychosocial intervention, and physical activity, in 
addition to monitoring and closely assessing patients for change in status. Treatment 
strategies can include surgical interventions, chemotherapy, radiation therapy, 
chemoradiation therapies as well as introduction of compensatory strategies and 
direct therapy techniques. Compensatory strategies include postural changes, sen-
sory enhancements, changing feeding strategies, and diet changes. Therapy proce-
dures include exercise programs and swallowing maneuvers that have been 
implemented to facilitate the physiology of swallowing. 

    11.4.1   Screening and Initial Assessment 

 Several validated screening tools have been used to evaluate the nature and extent of 
dysphagia thoroughly, with much of the validation studies coming from the stroke 
literature. (Swallowing Disturbance Questionnaire (SDQ)  [  45  ]  and The Acute 
Stroke Dysphagia Screen)  [  46  ] . In essence, elements of a thorough clinical swallow 
assessment include a detailed history of subjective complaints and medical status, 
pertinent clinical observations, and a physical examination by the medical team. 
Although several clinical bedside swallowing assessments have been suggested, 
videofl uoroscopic swallowing studies are the gold standard for characterizing the 
specifi c swallowing abnormalities. This is performed in the radiology department 
by a radiologist and speech pathologist. This technique not only allows estimation 
of risks of aspiration and respiratory complications but also helps in determining 
dietary and compensatory strategies and valuable in identifying the clinical or 
instrumental assessment of swallowing function and makes recommendations for 
therapeutic intervention, including ascertaining the need for nonoral nutrition  [  47  ] . 
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 Although several protocols for performing videofl uoroscopic swallowing studies 
exist in various institutions, the principles are focused on oropharyngeal swallow 
physiology assessment with an ultimate goal to identify possible management of 
pathophysiologies. Swallowing trials are initiated with a range of food textures, 
with the order of bolus presentation or modifi cations to the procedures based on 
individual patient performance, aspiration risks, abnormalities identifi ed, and patient 
tolerance  [  30,   47  ] . Benefi ts include the ability to view the complex interaction of the 
phases of swallowing, describe the anatomy changes and dynamics of the swallow, 
identify the etiology of aspiration, and assess the benefi t of treatment strategies dur-
ing the study. Evaluation of the oropharyngeal swallow usually involves the use of 
a modifi ed barium swallow radiographic study with the goals of (a) defi ning the 
patient’s swallow anatomy and physiology causing the dysphagia and (b) evaluating 
the immediate effectiveness of treatment procedures including compensatory strate-
gies and direct therapy techniques. 

 More recently, fi beroptic endoscopic evaluation of swallowing (FEES) has been 
used as the state-of-the-art nonradioactive alternative to modifi ed barium swallow 
studies. Flexible laryngoscopy reveals some unique aspects of swallowing and com-
plements the fl uoroscopy procedure. This exam allows for direct assessment of the 
motor and sensory aspects of the swallow in order to precisely guide the dietary and 
behavioral management of patients with swallowing problems to decrease the risk 
of aspiration pneumonia. Velopharyngeal closure, anatomy of the base of the tongue 
and hypopharynx, abduction and adduction of the vocal folds, pharyngeal muscula-
ture, and the patient’s ability to manage his/her own secretions are assessed. 
Laryngopharyngeal refl ux (LPR) can also be visualized. It consists of passing a 
thin, fl exible endoscope into the pharynx and observing the act of swallowing. It 
provides excellent visualization of postsurgical or aching maneuvers that may facil-
itate swallowing and prevent aspiration in a patient. It can also be used as biofeed-
back to retrain swallowing function. FEES is a safe, valid, and reliable procedure 
that can be used in patient populations, including cancer patient populations  [  20  ] . 
Scintigraphy, manofl uorography, and ultrasound have all been used as methods of 
assessment. However, they are generally used as an adjunct to modifi ed barium 
swallow or FEES rather than alternative associated treatments  [  47,   48  ] . Future stud-
ies should examine whether routine posttherapy videofl uoroscopy or FEES and/or 
training aspirating patients in safe swallowing strategies can better diagnose and 
allow for interventions targeting the etiology of dysphagia, avoiding compromise of 
nutrition status and hydration, and preventing aspiration-related complications. 

 Once etiology of dysphagia is identifi ed and if dysphagia is due to location and 
size of tumor, initial treatment strategies include surgical and mechanical interven-
tions to restore the esophageal lumen  [  44,   49  ] , antineoplastic treatments including 
preoperative chemotherapy for organ preservation  [  42,   43  ] , and intensity-modulated 
radiotherapy aimed at reducing organ damage  [  43,   44  ] . These strategies have dem-
onstrated relatively better improvement in the symptoms of dysphagia in esopha-
geal and head and neck cancer patient populations. A disadvantage of preoperative 
chemotherapy is in the delay to potentially control disease treatment outcome using 
chemoradiation therapy. In patients with early squamous cell carcinoma of the 
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esophagus, growing evidence suggests that esophageal stricture often develops after 
endoscopic submucosal dissection requiring multiple dilations and risk for perfora-
tion  [  50  ] . Medications and surgery have a very limited role in the treatment of 
oropharyngeal dysphagia  [  9  ] . 

 In esophageal cancer patients, self-expanding metal stent insertion has been 
observed to be safe, effective, and quicker in palliating dysphagia compared to other 
modalities  [  49,   51  ] . This modality was observed to be effective specifi cally in the 
palliation of dysphagia in selected patients with malignant esophageal strictures 
 [  49,   51  ] . However, high-dose intraluminal brachytherapy may be a suitable alterna-
tive and might provide additional survival benefi t with a better quality of life  [  18, 
  51  ] . Self-expanding metal stent insertion and brachytherapy provide comparable 
palliation to endoscopic ablative therapy but are preferable due to the reduced 
requirement for reinterventions  [  10,   49,   51  ] . Rigid plastic tube insertion, dilatation 
alone or in combination with other modalities, chemotherapy alone, combination 
chemoradiotherapy, laser, photodynamic therapy, and bypass surgery are not rec-
ommended for palliation of dysphagia due to a high incidence of delayed complica-
tions and recurrent dysphagia  [  10,   49,   51  ] . In patients with inoperable esophageal 
cancer, palliative combination treatment of dysphagia with argon plasma coagula-
tion (APC) and high-dose-rate brachytherapy was more effi cient and well tolerated 
than APC alone resulting in fewer complications and better quality of life  [  18  ] . 
Based on these limitations and in addition to these management modalities, several 
behavioral management of swallowing disorders including the introduction of com-
pensatory strategies and direct therapy techniques have been evaluated. Compensatory 
strategies include postural changes, sensory enhancements, changing feeding strate-
gies, and diet changes. Therapy procedures include exercise programs and swallow-
ing maneuvers that have been implemented to facilitate the physiology of 
swallowing.  

    11.4.2   Nutritional Interventions 

 Adjunct to surgical intervention, direct nutritional therapy to prevent and treat mal-
nutrition, aspiration and consequences of aspiration, and introduction of compensa-
tory strategies such as sensory enhancement, postural changes, and changing feeding 
strategies form the basis of nutritional interventions to facilitate the physiology of 
swallowing. In patients with dysphagia, (a) where oral intake is contraindicated and 
for many patients where (b) oral intake will only continue to present a challenge to 
provide adequate nutrition during treatment with radiotherapy or chemoradiation 
due to toxicity of treatment or (c) obstruction caused by tumor or treatment and (d) 
when it is anticipated that oral intake will only deteriorate in the next 7 days and not 
improve, alternate routes of feeding has been a rational approach to meet nutritional 
needs. In a recent review  [  52  ]  of research using the Cochrane database, Nugent et al. 
 [  52  ]  compared the effectiveness of different enteral feeding methods (nasogastric 
vs. percutaneous endoscopic gastrostomy) used in the treatment of patients with 
head and neck cancers receiving radiotherapy and chemoradiation using clinical 



25511.4 Current Treatment Strategies for Dysphagia

outcomes, nutritional status, quality of life, and rates of complications. They 
observed that there was no suffi cient evidence to determine the optimal method of 
enteral feeding for this patient population, and more studies are needed with larger 
sample sizes. Similarly, Logemann et al. observed that there is little evidence regard-
ing specifi c criteria or guidelines that clinicians can use to determine route of feed-
ing of patients with dysphagia, such as oral or nonoral in patients with oropharyngeal 
dysphagia  [  53  ] . In a study of a group of experienced clinicians treating oropharyn-
geal cancers on an average of 14 years, criteria that were considered critical to 
determine route of nutritional intervention were (a) amount of aspiration, (b) acuity 
of medical condition, (c) history of pneumonia, (d) alertness, (e) cough ability, (f) 
frequency of aspiration, (g) respiratory status, (g) patient wishes, (h)secretion man-
agement, (i) silent aspiration, (j) recovery prognosis, (k) ability to complete pos-
tures/maneuvers, and (l) diagnosis  [  53  ] . Given this criteria, clinicians used aspiration 
and medical diagnosis as the most important criteria for selecting feeding route. 
However, there was still no consensus among this group in determining if they 
would recommend oral, partial, or no oral feeing for the patient, establishing a need 
for systematic research, education, and training of clinicians. Langmore et al.  [  20  ]  
observed that dependence on PEG may lead to adverse swallowing ability in postir-
radiated head and neck cancer patients, potentially due to decreased use of swallow-
ing musculature. Oral chemesthesis is the detection of chemicals that activate 
temperature and pain receptors in the oral mucosa and infl uence greater neuromotor 
activity during the oral phase of swallowing. Thus, presentation of orally chemes-
thetic liquids has been observed to stimulate a faster, stronger swallow compared to 
water. Patients with pharyngeal delay have demonstrated some tolerance to carbon-
ated beverages like ginger ale and club soda, supporting the hypothesis that oropha-
ryngeal swallowing can be modulated in response to sensory stimuli  [  54,   55  ] .  

    11.4.3   Physical Therapy 

 The tongue is critical in the swallowing mechanism, playing the role in bolus pro-
pulsion through the oral cavity. Thus, any lingual impairment after surgery, chemo-
therapy, or radiation for head and neck cancers can impair overall oropharyngeal 
swallow with signifi cant reduction in lingual strength. Lazarus et al.  [  56  ]  observed 
that mean maximum tongue strength dropped a nonsignifi cant amount immediately 
after treatment, and then increased signifi cantly at 6 and 12 months post treatment 
completion. Studies have also reported that contralateral weakness of face and 
tongue, reduced or nonuse of these muscles due to odynophagia, reduced aware-
ness, and impaired motor programming in patients with head and neck and oropha-
ryngeal cancers may also contribute to dysphagia or exacerbation of these symptoms 
 [  20,   21  ] . Adjunct to nutritional interventions, based on the stage of swallowing 
affected, rehabilitative techniques such as swallow maneuvers (supraglottic swal-
low; effortful swallow), exercises (to increase strength of muscle groups), and sen-
sory stimulation techniques (thermal-tactile stimulation; low-level electrical 
stimulation) have been found effective  [  20,   53  ]  in improving dysphagia. A wide 
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range of postures and maneuvers were recommended as critical by a group of expe-
rienced clinicians in a pilot study  [  53  ]  including effortful swallow, head turn, chin 
tuck, super supraglottic swallow, supraglottic swallow, and repeat swallow for man-
aging oropharyngeal dysphagia  [  53  ] . Preoperative education and training, using 
swallowing exercises  [  21,   30  ] , have been found to improve quality of life as well as 
symptoms related to dysphagia  [  53  ] . If weakness of muscles due to treatment is 
anticipated, exercises to strengthen the jaw and tongue such as jaw range of motion, 
tongue base range of motion exercises, and effortful swallow exercises, tongue 
holding maneuver, Mendelsohn maneuver, and super supraglottic swallow  [  21,   30  ]  
have been helpful to patients. Postural behavior modifi cation, instructing patients to 
always sit up straight while eating and drinking, not to lie down after a meal nor 
recline, not to go to bed only after 3 h after a meal, and to stand up if food gets stuck 
and stretch the upper body and walk around have also been found to reduce symp-
toms of dysphagia. Exercise programs may be helpful, but their immediate effects 
cannot be examined during the initial evaluation and may have to be evaluated peri-
odically  [  9,   30,   53  ]  and modifi ed in oropharyngeal cancer patients.  

    11.4.4   Pharmacotherapies 

 Palliative chemoradiotherapy has been observed to be effective in stage IVB esoph-
ageal cancer postesophagectomy, reporting an improvement in dysphagia in over 
72% of patients, with acceptable toxicity and favorable survival  [  57,   58  ] . 
Antineoplastic treatments including preoperative chemotherapy for organ preserva-
tion have been observed to prevent or reduce dysphagia  [  42,   43  ] . Dysphagia can 
also be triggered by antiepileptic agents as well those used to treat insomnia. 
Dysphagia can also be attributed to infl ammatory causes such as candidiasis of the 
oral mucosa, caused by infl ammation and irritants such as radiation therapy or che-
motherapy or for those patients on steroid therapy. However, there is insuffi cient 
evidence to claim or refute a benefi t for any antifungal agent in treating candidiasis 
 [  59  ] . Further well-designed, placebo-controlled trials assessing the effectiveness of 
old and new interventions for treating oral candidiasis are needed to inform clinical 
practice targeting patients receiving treatment for cancer. Since oral pain 
(odynophagia) is a classic symptom accompanying dysphagia, systemic analgesics 
like opiates must be considered via the transdermal route. Since dehydration is also 
common in this patient population, IV or subcutaneous fl uid replacements are criti-
cal to maintain hydration, especially in the absence of poor tolerance to liquids.   

    11.5   Guidelines 

 The following guidelines are considered best practice standards based on available 
review of the current research literature. Due to the multifactorial etiology of dys-
phagia, there is no single standard of therapy established to treat the symptoms of 
dysphagia in cancer patients. Diagnosis and management of swallowing  dysfunction 
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requires timely and careful screening using detailed history and clinical examina-
tion by integrated, multidisciplinary teams consisting of treating oncologists (sur-
geons, radiation oncologists, medical oncologists), dentists, speech pathologist, 
clinical pharmacist, psychosocial worker, physical therapist, radiologist, and dieti-
tian for comprehensive symptom assessment, established nutritional guidelines, 
pharmacotherapy, psychosocial intervention and physical activity, in addition to 
monitoring and closely assessing patients for change in status. In addition to 
mechanical interventions to restore the esophageal lumen  [  44,   49  ]  and antineoplas-
tic treatments if applicable, several supportive and behavioral interventions have 
been implemented to facilitate the physiology of swallowing. Some of the basic 
principles to managing patients with dysphagia are to prevent dehydration and mal-
nutrition and to avoid aspiration and related complications such as pneumonia. 
Treatment plan must be targeted to the specifi c etiology of dysphagia. In addition, 
the intervention must be proactive and based on ongoing evaluations to monitor 
patient’s change in status based on disease stage, response to treatment, and treat-
ment outcomes as well as use of concomitant medications. 

    11.5.1   Nutrition Guidelines 

  Nutritional screening must be performed within 24 h of admission of the patient by 
a registered dietitian/nutritionist :
    1.    Screen patient within 24 h of admission. This order for screening has been a 

standard order for all cancer patient admissions to avoid delay in timing of 
screening.  

    2.    Assess all symptoms. Gastrointestinal tract: taste alterations, smell alterations, 
dysphagia, dyspnea, other pain, early satiety, dry mouth, too much saliva produc-
tion, anorexia, diarrhea, constipation, nausea, vomiting, dehydration, fatigue, 
height, weight, recent weight loss, anthropometrics, and others (mid-arm muscle 
circumference, body composition [DEXA], grip strength); psychosocial: family/
caregiver support, depression, and ADL.  

    3.    Assess current nutritional status and estimate caloric, protein, and multivitamin/
mineral needs.  

    4.    If dysphagia is identifi ed or suspected based on bedside observation or as reported 
by family, patient, or other members of the medical team, refer patient to speech 
pathologist for more thorough evaluation prior to starting to feed patient.  

    5.    It is critical to obtain a baseline evaluation of any swallowing abnormality in the 
patient prior to the start of any treatment for cancer using a validated tool to 
obtain this information (Swallowing Disturbance Questionnaire (SDQ)  [  45  ]  and 
The Acute Stroke Dysphagia Screen)  [  46  ] . In essence, a thorough clinical swal-
low assessment includes a detailed history of subjective complaints and medical 
status, pertinent clinical observations, and a physical examination by the medical 
team. Once dysphagia is identifi ed, all oral nutrition interventions must be held 
until swallowing studies have been completed and the recommendations are 
obtained from the speech pathologist/radiologist team.      
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    11.5.2   Speech Pathologist/Radiologist 

 Although several clinical bedside swallowing assessments have been suggested, 
videofl uoroscopic swallowing study is the gold standard for characterizing the 
specifi c swallowing abnormalities. This is performed in the radiology department 
by a radiologist and speech pathologist. This technique not only allows estimation 
of risks of aspiration and respiratory complications but also helps in determining 
dietary and compensatory strategies and valuable in identifying the clinical or 
instrumental assessment of swallowing function and makes recommendations for 
therapeutic intervention, including ascertaining the need for nonoral nutrition 
 [  47  ] . Fiberoptic endoscopic evaluation of swallowing (FEES) has been used as the 
state-of-the-art nonradioactive alternative to modifi ed barium swallow studies. 
Flexible laryngoscopy reveals some unique aspects of swallowing and comple-
ments the fl uoroscopy procedure. This exam allows for direct assessment of the 
motor and sensory aspects of the swallow in order to precisely guide the dietary 
and behavioral management of patients with swallowing problems to decrease the 
risk of aspiration pneumonia. Velopharyngeal closure, anatomy of the base of the 
tongue and hypopharynx, abduction and adduction of the vocal folds, pharyngeal 
musculature, and the patient’s ability to manage his/her own secretions are 
assessed. Laryngopharyngeal refl ux (LPR) can also be visualized. It consists of 
passing a thin, fl exible endoscope into the pharynx and observing the act of swal-
lowing. It provides excellent visualization of postsurgical or aching maneuvers 
that may facilitate swallowing and prevent aspiration in a patient. It can also be 
used as biofeedback to retrain swallowing function. FEES is a safe, valid, and 
reliable procedure that can be used in patient populations, including cancer patient 
populations  [  20  ] . Scintigraphy, manofl uorography, and ultrasound have all been 
used as methods of assessment. However, they are generally used as an adjunct to 
modifi ed barium swallow or FEES rather than alternative associated treatments 
 [  47,   48  ] . These evaluations allow the speech pathologist and radiologist to diag-
nose and allow for interventions targeting the etiology of dysphagia, avoiding 
compromise of nutrition status and hydration, and preventing aspiration-related 
complications.  

    11.5.3   Nutrition Intervention 

 Based on the results of the swallowing assessment and recommendations, nutri-
tional intervention must be planned accordingly. It is important to schedule a series 
of evaluation of swallowing and specifi cally the stage of swallowing that may be 
impaired posttreatment. 

 Based on the stage of swallowing affected, nutritional guidelines can be adopted 
to guide intervention by using compensatory techniques such as by modifying bolus 
volume, consistency, and viscosity; changing method of food/liquid delivery; modi-
fying sequence of delivery, changing rate of food/liquid delivery; and altering 
patient behaviors such as dry/clearing swallows and postural changes. 
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 Proactive measures to provide alternate mode of nutritional support must be 
planned during the acute phase of treatment when it would be a greater risk to feed 
patient via the oral route. Selection of route of feeding may be informed based on 
general guidelines and criteria provided in Table      2.6    . 

    11.5.3.1   General Principles for Nutritional Intake Adequacy 
     1.    Screen and assess current nutritional status and estimate caloric, protein, and 

multivitamin/mineral needs (refer to Chap.   2    ).  
    2.    Provide adequate nutrition by including “calorie” and “protein” boosters educa-

tion material and nutritional supplements to ensure intake of proteins (recom-
mended 0.8 g–1.0 g/kg/day). Provide dense caloric supplements up to 400 cal/day 
containing 1.5 kcal/mL; if intake is insuffi cient in proteins, supplement with mod-
ular protein supplements, adding this to favorite beverage (  http://www.nestle-
nutrition.com/Products/Default.aspx    ;   http://abbottnutrition.com/    ). The choice of 
nutritional supplements can be based on the personal choice of the patient, patient 
needs, tolerance to product, as well as other comorbidities.  

    3.    Include a standard multivitamin/mineral supplementation to prevent any further 
defi cits and meet increased needs.  

    4.    Assess adequacy of intake and provide an appetite stimulant (megestrol acetate 
20 mg–800 mg/day or alternate) if patient has cancer anorexia to ensure adequate 
intake and prevent further weight loss.  

    5.    Provide each patient with nutritional guidelines to ensure adequate intake of 
calories and proteins and a list of suggested high-caloric and high-protein nutri-
tional supplements to choose from, taking into consideration taste alterations, 
early satiety, nausea, and vomiting that are common symptoms observed in this 
patient population.  

    6.    If chemoradiation is considered as treatment plan and if symptoms of dysphagia 
are anticipated to be protracted, feedings via percutaneous gastrostomy or TPN 
may be planned during the acute treatment phase and thereafter until symptoms 
of dysphagia no longer limits oral feedings.  

    7.    However, in patients not receiving curative antineoplastic therapy, with end-stage 
disease, nutritional intervention must be based on informed decision made by the 
patient and family. Patients may view nutritional support as a palliative measure, 
as hydration support, or as a means of delivering necessary medications. Patients 
and family must be educated about anticipated consequences of not receiving 
hydration or nutrition as well as risks involved in administering support.  

    8.    If patients decide to not go through PEG or other tube or IV nutrition, they must 
be allowed to eat for enjoyment, as tolerated.  

    9.    Introduce compensatory strategies such as postural changes, sensory enhance-
ments, changing feeding strategies, and diet changes.      

    11.5.3.2   Specific Recommendations Based on Capacity to Swallow 
  If the condition is a slow/weak uncoordinated swallow :

   Include highly seasoned, fl avorful, aromatic foods; add sugar and spices to maxi-• 
mize stimulus for swallow.  

http://www.nestle-nutrition.com/Products/Default.aspx
http://www.nestle-nutrition.com/Products/Default.aspx
http://abbottnutrition.com/
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  Serve food at cold temperatures.  • 
  Include highly textured foods, such as diced, cooked vegetables and fruits.  • 
  Maintain a semisolid consistency that forms a cohesive bolus, such as egg or tuna • 
salad, souffl és, quiches, soft cheeses, and vegetables in sauces.  
  Avoid foods that fall apart in the pharynx, such as crackers, plain raw vegetables • 
and fruits, crumbly breads, and dry scrambled eggs.  
  Avoid sticky or bulky foods to reduce airway obstruction.  • 
  Exercise caution with thin liquids, such as water, juices, carbonated beverages, • 
as they are unpredictable, diffi cult to control, and may spill into the pharynx 
prior to the swallow refl ex.  
  Small frequent meals may minimize fatigue.  • 
  Patient should sit as upright as possible.    • 

  Weakened or poor oral-muscular control :
   Maintain a semisolid consistency that forms cohesive bolus as these require less • 
oral manipulation; purees are diffi cult to control.  
  Avoid slippery, sticky foods, such as peanut butter, fresh white bread, or refried • 
beans.  
  Avoid thin liquids as above.  • 
  Small frequent meals will minimize fatigue and maximize nutrient intake.  • 
  Refer to physical therapy for exercises to strengthen the oral and facial muscles.    • 

  Reduced oral sensation :
   Position food in the most sensitive area of the mouth to maximize sensation.  • 
  Do not mix textures, such as vegetable soups, to minimize risk of aspiration • 
and to simplify swallowing.  
  Use cold temperature foods to maximize sensation.  • 
  Use highly seasoned, fl avorful foods.    • 

  Cricopharyngeal dysfunction :
   Maintain liquid-pureed diet if no other contraindication is present as these pass • 
through the esophagus more easily.  
  Patients with pharyngeal delay have demonstrated some tolerance to carbonated • 
beverages like ginger ale and club soda, supporting the hypothesis that oropha-
ryngeal swallowing can be modulated in response to sensory stimuli. Oral chem-
esthesis is the detection of chemicals that activate temperature and pain receptors 
in the oral mucosa and infl uence greater neuromotor activity during the oral 
phase of swallowing. Thus, presentation of orally chemesthetic liquids has been 
observed to stimulate a faster, stronger swallow compared to water.    

  Decreased laryngeal elevation :
   Limit diet to medium-spoon thick liquids, such as yogurt, sherbet, ice cream, and • 
soft solids, as thin liquids easily penetrate the larynx.  
  Avoid sticky or bulky foods or foods that will fall apart to reduce risk of airway • 
obstruction.    

  Decreased vocal cord closure :
   Avoid thin liquids and avoid foods that will fall apart to reduce risk of small • 
pieces entering the larynx after the swallow.      
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    11.5.4   Dentist 

 Referral to a dentist must include details regarding current diagnosis, plan of treatment, 
start date of treatment, limitations of use of medications including antibiotics and other 
specifi c information that will assist the dentist to implement dental care safely. If teeth 
are ill fi tting, patients should be referred to the dentist to ensure proper fi tting. 

 Additionally, assure that if dentures or other prosthesis for teeth are used such as 
partials, patients have these always available and use them. 

 Fastidious mouth care must be followed to prevent any infections or decay.  

    11.5.5   Pharmacotherapy 

 Assessment must be performed within 24 h of admission of the patient by a clinical 
pharmacist closely working with the registered dietitian. 

  A thorough medication history must be obtained.  
 If patient is on antiepileptic or medications for insomnia, this use of medications 

can trigger dysphagia. 
  Patients should be screened and treated for candidiasis , especially when patients 

are on chemotherapy and on steroid therapy. 
 Recommendations specifi c for patients with candidiasis:
   Recommend use of a soft toothbrush and rinse your mouth with a diluted 3% • 
hydrogen peroxide solution several times a day.  
  Good control of blood sugar levels in persons with diabetes may be needed to • 
clear these infections.  
  Prescribe an antifungal mouthwash or lozenges.  • 
  Orabase • ®  or Oral Balance ®  with or without Kenalog ®  (covers mouth sores while 
they are healing).  
  Viscous Xylocaine (Lidocaine • ®  2%) swishes prior to eating may help relieve 
pain while eating. However, care must be taken and patient instructed that too 
much of this may also make them too numb and that they may bite their tongue 
or other parts of their oral cavity.  
  Cryotherapy (ice chips) has consistently shown some benefi t in reducing • 
pain.    
  In patients with dysphagia , alternate mode of providing medications, including 

vitamins and minerals as liquids, gels, suppositories, IV, subcutaneous, IM, or via 
J-tube or G-tube may be considered. 

  Since oral pain (odynophagia) is a classic symptom accompanying dysphagia , 
systemic analgesics like opiates must be considered via the transdermal route. 

  Since dehydration is also common in this patient population , IV or subcutaneous 
fl uid replacements are critical to maintain hydration, especially in the absence of 
poor tolerance to liquids. 

  If patient is able to swallow and has poor appetite ,  appetite stimulants must be 
considered.  
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  Current therapies used to improve appetite and to reduce breakdown of muscle 
proteins (proteolysis) :

    • Corticosteroids 
   Dexamethasone (Decadron  – ® )  
  Methylprednisolone (Solu-Medrol  – ® )  
  Prednisone (Deltasone  – ® )     

   • Orexigenic agents 
   Megestrol acetate (Megace  – ® )     

   • Anabolic steroids 
   Medroxyprogesterone acetate (Provera  – ® , Depo-Provera ® )     

   • Antiemetics      

    11.5.6   Physical Activity 

  Patients should be proactively receiving a comprehensive assessment of physical 
status by a licensed physical therapist and therapy initiated within 24 h of 
assessment. 
    1.    Based on the stage of swallowing affected, rehabilitative techniques such as swal-

low maneuvers (supraglottic swallow; effortful swallow), exercises (to increase 
strength of muscle groups), and sensory stimulation techniques (thermal-tactile 
stimulation; low-level electrical stimulation) can be recommended  [  20  ] .  

    2.    Refer patients to physical therapy for pretreatment, preoperative education, and 
training using swallowing exercises  [  21,   30  ]  which have been found to improve 
quality of life as well as symptoms related to dysphagia.  

    3.    If weakness of muscles due to treatment is anticipated, recommend and educate 
exercises to strengthen the jaw and tongue such as jaw range of motion, tongue 
base range of motion exercises, and effortful swallow exercises, tongue holding 
maneuver, Mendelsohn maneuver, and super supraglottic swallow  [  21,   30  ] .  

    4.    Patients should be encouraged to practice these exercises daily during and after 
treatment since effects of chemoradiation can occur long after treatment 
completion.  

    5.    Postural recommendations can be made during meal times as indicated. Patients 
should be instructed to always sit up straight while eating and drinking. They 
should be instructed not to lie down after a meal nor recline. Patients should be 
instructed not to go to bed only after 3 h after a meal. Patients should be instructed 
to stand up if food gets stuck and stretch the upper body and walk around.      

    11.5.7   Markers and Instruments for Patient Monitoring 
and Assessment of Response to Treatment 
by the Interdisciplinary Medical Team 

     1.     Anthropometric measurements  such as participant’s height, weight, and body 
mass index can be performed at admission and at regular intervals established by 
the medical team.  
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    2.     Body composition by DXA scan : DXA should be used to assess both total lean 
body mass (LBM) and fat mass (FM) and total bone mineral density (BMD).
Total bone mineral density (BMD) is a valid indirect measure of skeletal muscle 
and patient activity. Total LBM is sometimes called total fat-free mass (FFM) 
depending upon specifi c DXA manufacturer. DXA instruments use an X-ray 
source that generates or is split into two energies to measure bone mineral mass 
and soft tissue from which fat and fat-free mass are estimated. The exam is quick 
(1–2 min), precise (0.5–1%), and noninvasive. DXA scanners have the precision 
required to detect changes in muscle mass as small as 5%. Radiation exposure 
from DXA scans is minimal. The National Council of Radiation Protection and 
Measurements (NCRP) has recommended that the annual effective dose limit for 
infrequent exposure of the general population is 5,000  m Sv and that an annual 
effective dose of 10  m Sv be considered a negligible individual dose. The effective 
dose of a dual-energy X-ray absorptiometry whole body scan on an adult is 2.1 
 m Sv. Studies have shown that quality assurance is an important issue in the use 
of DXA scans to determine body composition including lean body mass and 
bone mineral density. DXA instrument manufacturer and model should remain 
consistent, and their calibration should be monitored throughout treatment. Use 
of a standardized scan acquisition protocol and appropriate and unchanging scan 
acquisition and analysis software is essential to achieve consist results.  

    3.     Dietary intake  must be assessed at baseline and periodical intervals by conduct-
ing random weekly, 2 weekdays + 1 weekend day, 24-h dietary recalls (gold stan-
dard for collecting dietary data) using a 5-step multipass procedure (which has 
been found to assess mean energy intake within 10% of actual intake) and using 
the frequently updated University of Minnesota Nutrition Data System for 
Research (NDS-R) version database for analysis of nutrient composition. Food 
portion visuals can be provided to patients to estimate portion sizes of foods 
while monitoring intake.    

    1.     Symptom log  may be completed daily and collected from patients on a monthly 
basis. Based on these symptoms, all anticipated and unanticipated, grades of 
constitutional, dermatological, gastrointestinal (GI), metabolic, and pain symp-
toms can be continuously monitored including those symptoms affecting nutri-
tional intake and utilization.  

    2.     Monthly  CMP and CBC should be monitored to assess electrolytes and organ 
function.  

    3.     Functional markers  ( Karnofsky performance score ): Evaluation of patients’ 
functional status and barriers to obtaining adequate nutrients is also necessary. 
A physical exam combined with personal interview should include the evalua-
tion of functional status such as the ability to chew and swallow, dental or oral 
problems causing odynophagia or dysphagia, signs of muscle wasting or ana-
sarca, presence of edema, presence of skin or mouth lesion, and ability to per-
form instrumental activities of daily living (IADLs) such as cooking, shopping, 
and self-feeding. It is critical to assess activities of daily living, physical activity, 
exercise, sleep, and ability to work and perform other functional roles. Limitations 
in the activities of daily living have been identifi ed secondary to and as a cause of 
weight loss in cancer patients. Cancer and other chronic diseases pose  diffi culties 
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specifi cally for the cancer patient receiving treatment and the elderly in carrying 
out activities of daily living. A loss of postural and locomotive muscle mass has 
been observed within 7 days of inactivity. The Karnofsky Performance Scale 
Index allows patients to be classifi ed as to their functional impairment. This has 
been used to compare effectiveness of different therapies and to assess the prog-
nosis in individual patients and has been validated in cancer patient populations. 
Karnofsky Performance Scale Index allows patients to be classifi ed as to their 
functional impairment. This has been used to compare effectiveness of different 
therapies and to assess the prognosis in individual patients and has been vali-
dated in cancer patient populations.  

    4.     Godin Leisure-Time Exercise Questionnaire  weekly to monitor physical 
activity.  

    5.     Handgrip strength dynamometry assessment : A validated tool commonly used 
to assess handgrip strength is the Jamar dynamometer, which is a fast, reliable, 
and easy-to-perform device commonly used by our team to measure improve-
ments in functional strength. The Jamar dynamometer has a lower % coeffi -
cient of variation and is thus a more precise device than other handgrip 
dynamometers.  

    6.     Biochemical markers  o f protein status  ( serum albumin and transferrin ): 
Assessment of protein status is critical in the identifi cation and treatment of 
abnormalities in protein metabolism. There is substantial evidence of the correla-
tion between serum hepatic proteins and infl ammation, making these the most 
relevant biomarkers in cancer patient populations. Serum transferrin, prealbu-
min, and albumin have been observed as intermediate endpoint biomarkers and 
independently associated with clinical outcomes. Measurements of body compo-
sition combined with more objective and sensitive measure of protein nutriture 
are ideal for the biochemical assessment of intravascular and visceral protein 
stores. We have thus included the three major valid intermediate endpoint bio-
markers (IEBs) that represent intravascular and visceral protein pools – transfer-
rin, prealbumin, and albumin – as the biochemical indicators of protein status. 
Although transferrin levels are affected by iron status, serum transferrin, either 
singly or as part of a multiparameter index, is the strongest predictor of cancer 
patient morbidity and mortality.  

    7.     Immune and infl ammatory markers : A range of metabolic responses triggered by 
infl ammatory and immunological responses in cancer patients. Cytokines can be 
measured in a panel including IL-1, IL-4, IL-6, IL-8, IL-10, GM-CSF, IFN-κ   , 
TNF- a , and CRP (BioRad-Bioplex). All of these biomarkers have been shown to 
increase with disease, aging, and cytotoxic agents. Though we realize these inter-
mediate endpoint biomarkers of cytokines cannot be reliably interpreted, as over 
70% of the subjects as observed in our studies were on active treatment with cyto-
toxic agents, these variables are important to determine, as they may provide useful 
information and contribute to the better understanding of the mechanistic process.  
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    8.     Quality of life  should be measured at baseline and monthly using the Rand Short 
Form (SF)-36 (Medical Outcomes Study SF36)  [  60  ] . The SF-36 has been used 
extensively with both general, high-risk, and cancer populations and has avail-
able norms for mail and telephone versions and comparisons between group and 
individual scores. Scores are calculated and transformed to a 0–100 scale, with 
higher scores indicating increased health status. Reliability of the SF-36 scales 
was measured by Cronbach  a  coeffi cient, and the results ranged from 0.78 in 
general health perceptions to 0.91 in the physical functioning domain.      

    11.5.8   Follow-up 

 Patients must be seen by the multidisciplinary team on a regularly scheduled basis 
to monitor progress and to review compliance to intervention including diet intake 
adequacy, symptom logs, change in concomitant medications, and any other issues 
related to treatment. Improved management of malnutrition with nutritional therapy 
may require a multimodal intervention by multidisciplinary teams using a compre-
hensive and integrated approach. Initial screening and knowledge of treatment tra-
jectory of the cancer patient should guide a plan for reassessment of the cancer 
patient at regularly planned intervals. Subjective and objective data on progress and 
response to nutritional therapy may be assessed using the indicators used in the 
comprehensive nutritional assessment. Newly developed symptoms resulting from 
treatment or progression of disease may require additional monitoring or revision of 
nutritional therapy. Reassessment/reevaluation for monitoring and evaluation of 
nutritional therapy must include monitoring of clinical, functional, dietary, and 
behavioral outcomes that were identifi ed by the comprehensive nutritional 
assessment.   

    11.6   Future Directions 

 With our awareness of the etiology of dysphagia and its consequences, it is important 
to continue to examine, establish, and continuously evaluate multimodality interven-
tions toward establishing guidelines for the early identifi cation and treatment of dys-
phagia, in addition to developing treatment strategies to prevent or reduce these 
symptoms. Future studies should examine whether routine posttherapy videofl uoros-
copy or FEES and/or training aspirating patients in safe swallowing strategies can 
better diagnose and allow for interventions targeting the etiology of dysphagia, 
avoiding compromise of nutrition status and hydration, and preventing aspiration-
related complications. These research studies may have a signifi cant impact on mor-
tality, morbidity, and quality of life in this patient population.         
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  Summary for the Clinician 
 Due to the multifactorial etiology of dysphagia, there is no single standard 
of therapy established to treat the symptoms of dysphagia in cancer 
patients. 

 Diagnosis and management of swallowing dysfunction requires timely and 
careful screening using detailed history and clinical examination by inte-
grated, multidisciplinary teams consisting of treating oncologists (surgeons, 
radiation oncologists, medical oncologists), dentists, speech pathologist, clin-
ical pharmacist, psychosocial worker, physical therapist, radiologist, and 
dietitian. 

 Some of the basic principles to managing patients with dysphagia are to 
prevent dehydration and malnutrition and to avoid aspiration and related com-
plications such as pneumonia. 

 Treatment plan must be targeted to the specifi c etiology of dysphagia. 
 Using a comprehensive symptom assessment, it is important to estab-

lish compensatory strategies and therapy targeted at the etiology of 
dysphagia. 

 In addition to standard medical approaches, nutritional approaches includ-
ing adequate nutritional support, sensory enhancement, and changing feeding 
strategies in addition to postural changes must be recommended. 

 Anticipating treatment-related changes in swallowing ability, therapy pro-
cedures including exercise programs and swallowing maneuvers must be 
implemented to facilitate the physiology of swallowing prior to and posttreat-
ment with chemoradiation therapies. 

 Patients must be screened and treated for dysphagia-related symptom clus-
ter such as candidiasis, odynophagia, dehydration, and anorexia. 

 Intervention must be proactive and based on ongoing evaluations to moni-
tor patient’s change in status based on disease stage, response to treatment, 
and treatment outcomes as well as use of concomitant medications. 

 With our awareness of the etiology of dysphagia and its consequences, it is 
important to continue to examine, establish, and continuously evaluate multi-
modality interventions toward establishing guidelines for the early identifi ca-
tion and treatment of dysphagia, in addition to developing treatment strategies 
to prevent or reduce these symptoms. 

 Future studies should examine whether routine posttherapy videofl uoros-
copy or FEES and/or training aspirating patients in safe swallowing strategies 
can better diagnose and allow for interventions targeting the etiology of dys-
phagia, avoiding compromise of nutrition status and hydration, and prevent-
ing aspiration-related complications. These research studies may have a 
signifi cant impact on mortality, morbidity, and quality of life in this patient 
population. 
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  12      Alterations in Taste and Smell       

              

  Core Messages 
 The epicurean pleasure of taste and smell has been consistently demonstrated 
to be the primary motivating factor for nutritional intake for sustenance in 
humans as much as the senses are critical for protecting the human body by 
detecting and identifying food-borne as well as environmental toxins. 

 Alterations in taste can be attributed to ageusia (absence of taste percep-
tion), hypogeusia (decreased sensitivity to taste perception), dysgeusia (dis-
tortion of taste perception), or phantogeusia (perception of taste, often 
described as metallic or salty, without an external stimulus). 

 Alterations in odor or smell can be attributed to anosmia (absence of odor 
perception), hyposmia (decreased sensitivity to odor perception), dysosmia 
(distorted ability to identify odors), parosmia (altered odor perception in the 
presence of another odor), agnosia (inability to discriminate perceived odors), 
and phantosmia (odor perception without the presence of any odor). 

 Taste alterations are characterized by change in the fi ve tastes: sweet, sour, 
bitter, salty, and umami. 

 Cancer patients receiving chemotherapy, radiation therapy, and combina-
tion therapies report both taste and smell alterations of varying intensities, 
time to occurrence, and duration. 

 Alterations in taste    and smell have been reported by 56.3% of patients only 
receiving chemotherapy, 66.5% receiving radiation therapy, and 76% receiv-
ing combination therapy. 

 Inability to taste (dysgeusia) or decreased taste acuity (hypogeusia) is com-
mon a side effect of cancer and cancer treatment and reportedly occurs in 
56–76% cancer patients, depending on the type of cancer treatment. 

 In general, taste and smell abnormalities can be attributed to multiple eti-
ologies including a number of physiological alterations such as normal aging, 
injuries to the oral/pharyngeal anatomy, neural injury, medications, nutritional 
and immune disorders, and disease states. 
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    12.1   Definition 

 Taste is the sensory system devoted primarily to a safety and quality check of food 
to be ingested. The epicurean pleasures of taste and smell have been consistently 
demonstrated to be the primary motivating factor for nutritional intake for suste-
nance in humans as much as the senses are critical for protecting the human body 
by detecting and identifying food-borne as well as environmental toxins  [  1  ] . 
Although aided by smell and visual inspection, the fi nal recognition and selection 
relies on chemoreceptive events in the mouth  [  2  ] . Alterations in taste can be attrib-
uted to ageusia (absence of taste perception), hypogeusia (decreased sensitivity to 
taste perception), dysgeusia (distortion of taste perception), or phantogeusia (per-
ception of taste, often described as metallic or salty, without an external stimulus). 
Alterations in odor or smell can be attributed to anosmia (absence of odor percep-
tion), hyposmia (decreased sensitivity to odor perception), dysosmia (distorted abil-
ity to identify odors), parosmia (altered odor perception in the presence of another 
odor), agnosia (inability to discriminate perceived odors), and phantosmia (odor 
perception without the presence of any odor)  [  3,   4  ] . Taste alterations are character-
ized by change in the fi ve tastes: sweet, sour, bitter, salty, and umami (savoriness). 
Alterations in taste and smell including decreased taste sensations and metallic 
tastes  [  5  ]  are consistently reported by cancer patients during and posttreatment for 
cancer. Most commonly, the bitter taste threshold is lowered, while the sweet thresh-
old is increased  [  6  ] . Steinbach et al.  [  7  ]  reported salty taste to be altered most often. 
However, the patterns and intensity of these alterations vary considerably between 
patients. Some patients prefer sweet foods, while others are able to tolerate more 
salty foods. Steinbach et al.  [  7  ]  found that most food aversion was to meat, followed 
by chocolate, fruit, and coffee. Taste sensations have also been reported to be varied, 

 Surgery to remove tumors of the oral or nasal cavity or tumors obstructing 
airfl ow, cytotoxic and radiation therapy to the head and neck region, infec-
tions of the nasopharyngeal and oral cavity, and depression are some of con-
tributors of taste and smell alterations. 

 Dysfunction of the olfactory sense could also lead to taste changes, and 
diagnoses such as sinusitis and nasal polyps should be considered. Medications 
such as antidepressants, antihypertensives, and antiemetics may be responsi-
ble for taste changes. 

 Most cancer patients have increased nutritional intake due to hypermetabo-
lism and multiple nutritional defi cits in addition to several symptom clusters 
that compromise nutritional intake leading to malnutrition. 

 The loss or marked changes in taste and smell seriously compromise nutri-
tional intake and can lead to increased compromise of nutritional status, lead-
ing to disruption in serial treatments, tolerance to treatments, and recovery 
from therapeutic intervention, as well as quality of life. 
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with some subjects reporting chemosensory changes as peppery, greasy, soapy, 
powdery, and chemical taste  [  8  ] . Others have reported “saw dust,” “toilet paper,” 
and “metal” taste  [  5  ] . These alterations in smell and taste in cancer patient are mani-
fested by food aversions and decreased caloric and nutrient intake  [  5,   9,   10  ] . Most 
cancer patients have increased nutritional intake due to hypermetabolism and mul-
tiple nutritional defi cits in addition to several symptom clusters that compromise 
nutritional intake, leading to malnutrition. The loss or marked changes in taste and 
smell seriously compromise nutritional intake and can lead to increased compro-
mise of nutritional status, leading to disruption in serial treatments, tolerance to 
treatments, and recovery from therapeutic intervention, as well as quality of life 
 [  63  ] . In a recent study to characterize chemosensory alterations and their relation-
ship with dietary intake and quality of life (QOL), Brisbois et al.  [  11  ]  reported that 
patients reporting chemosensory alteration consumed 20–25% fewer calories per 
day, experienced greater weight loss, and had poorer QOL scores compared with 
patients with no alterations, but results did not vary by chemosensory phenotype. 
Chemosensory alterations were not related to tumor type, gender, or nausea. 
Dysgeusia is viewed as extremely frustrating, and patients rank taste change second 
only to alopecia as a bothersome side effect of chemotherapy  [  5  ] . Although altera-
tions in taste and smell are of signifi cant concerns to cancer patients and families, 
these symptoms are rarely addressed by the healthcare providers, and only 17% of 
patients received information about dysgeusia before initiating treatments  [  12  ] .  

    12.2   Prevalence 

 Cancer patients receiving chemotherapy, radiation therapy, and combination thera-
pies report both taste and smell alterations of varying intensities, time to occurrence, 
and duration. Of patients who report alterations in taste and smell, 56.3% are only 
receiving chemotherapy; 66.5%, radiation therapy; and 76%, combination therapy. 
Inability to taste (dysgeusia) or decreased taste acuity (hypogeusia)  [  13–  16  ]  is a 
common side effect of cancer and cancer treatment and reportedly occurs in 56–76% 
cancer patients, depending on the type of cancer treatment  [  5,   17  ] . It is reported that 
two out of three cancer patients (68%) receiving chemotherapy report altered sen-
sory perception such as decreased or lost taste acuity or metallic taste  [  18,   19  ] . It is 
also estimated that over 50% of patients develop a food aversion after chemotherapy 
and decreased oral intake leads to involuntary weight loss and ultimately malnutri-
tion  [  20,   21  ] , leading to prolonged morbidity and chemotherapy-induced side 
effects, decreased response to therapy, and cancer treatment delays that can result 
from nutritional compromise  [  8,   22  ] . While most taste alterations are transient, last-
ing less than 3 months after completion of treatment, dysgeusia may persist after 
drug clearance due to damage to the taste buds  [  23  ] . Among cancer patients treated 
with radiotherapy (RT) in head and neck area, the vast majority report an altered 
taste sense during and after treatments. In a study of patients with head and neck 
irradiation, Dirix et al.  [  24  ]  reported that 63% reported taste loss. The minimal 
amount of irradiation to produce this taste and smell alterations ranges from 15 to 
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30 Gy, depending on the treatment condition and disease stage of the individual 
patient. Taste impairment starts a few weeks after the beginning of irradiation, and 
almost 90–100% of patients experienced loss of taste acuity at a dose of 60 Gy  [  25, 
  26  ] . Following radiation therapy, taste thresholds peak after 3–5 weeks; however, 
these thresholds decrease signifi cantly after that period, and sensory recovery 
returns to baseline sensitivity within 6 months–1 year  [  27–  30,   64  ] . On the other 
hand, patients receiving radiation therapy for oropharyngeal cancers were not sig-
nifi cantly impacted in their ability to recognize odors, although 7% of patients 
reported a decrease in smell acuity  [  28,   31  ] . Over 80% of breast cancer patients on 
chemotherapy also report change in food odors and increased sensitivity to odors 
after chemotherapy  [  32  ] . Dysosmia is commonly reported in both radiation and 
chemotherapy patients, especially in the clinical setting, lasting up to 6–9 months 
posttreatment, when recovery from this symptom accompanied by increase in smell 
acuity is reported  [  32–  34  ] .  

    12.3   Etiology/Common Causes 

 In general, taste and smell abnormalities can be attributed to several etiologies 
including a number of physiological alterations such as normal aging, injuries to the 
oral/pharyngeal anatomy, neural injury, medications, nutritional and immune disor-
ders, and disease states  [  2,   13–  16  ] . Other causes specifi c to cancer patient popula-
tions include cancers of the oral cavity; surgery of the tongue, palate, and oropharynx; 
elimination of the olfactory component of taste after laryngectomy; radiotherapy for 
head and neck cancers, abdomen, or pelvis; presence of oral lesions such as stoma-
titis, ulcer, necrosis, candidiasis, and/or severe xerostomia; damage to the nervous 
system following surgery or cerebral lesions; metabolic alterations/disorders; nutri-
tional and immune defi ciency; endocrine or neurological diseases infl uencing taste 
and/or smell sensitivity; chemotherapy or other drugs affecting taste; local disease 
in the nose or ears; dental pathology; tobacco use; and plasma and salivary levels of 
zinc  [  2,   27,   35–  37  ] . Whatever the type    of cancers, duration of treatments differs 
signifi cantly among patients. In addition, the underlying mechanism of each of 
these disorders is not clearly understood since the etiological basis of these symp-
toms is multifactorial  [  38  ] . 

 Several investigators have consistently shown the relationship between associ-
ated symptoms of cancer, emphasizing the need to evaluate symptom clusters and 
inventions targeting these clusters to fully resolve symptoms observed in cancer 
patients. 

 In researching chemosensory interaction and the impact of acquired olfactory 
impairment, Landis et al.  [  39,   40  ]  observed    an association between decreased 
taste function and olfaction, taste and trigeminal function. Trigeminal function is 
the sensory function of the trigeminal nerve that provides the tactile, propriocep-
tive, and nociceptive afference of the face and mouth. The motor function acti-
vates the muscles of mastication, the tensor tympani, tensor veli  palatini, 
mylohyoid, and anterior belly of the digastric. However, in daily life, they are 
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often activated  concomitantly. In health and disease, such as cancer, it has been 
shown that in two of these senses, the trigeminal and olfactory senses, modifi ca-
tion of one sense leads to changes in the other sense, and vice versa. In a study to 
investigate whether and (if so) how the third modality, taste, is infl uenced by 
olfactory impairment, Landis et al. tested 210 subjects with normal ( n  = 107) or 
impaired ( n  = 103) olfactory function for their taste identifi cation capacities. 
Validated tests were used for olfactory and gustatory testing (Sniffi n’ Sticks, taste 
strips). In an additional experiment, healthy volunteers underwent reversible 
olfactory cleft obstruction to investigate short-time changes of gustatory function 
after olfactory alteration. Mean gustatory identifi cation (taste-strip score) for the 
subjects with impaired olfaction was 19.4 ± 0.6 points and 22.9 ± 0.5 points for 
those with normal olfactory function ( t  = 4.6,  p  < 0.001). The frequencies of both 
smell and taste impairments interacted signifi cantly (Chi(2),  F  = 16.4,  p  < 0.001) 
and olfactory and gustatory function correlated ( r  (210) = 0.30,  p  < 0.001). Neither 
age nor olfactory impairment cause effects interfered with this olfactory-gusta-
tory interaction. In contrast, after short-lasting induced olfactory decrease, gusta-
tory function remained unchanged. The present study suggests that long-standing 
impaired olfactory function is associated with decreased gustatory function, con-
fi rming the mutual chemosensory interactions between smell and taste senses and 
implying that, in general, these senses decrease mutually after acquired damage 
 [  40  ]  (Fig   .  12.1 ).  

    12.3.1   Chemotherapy Induced 

 Chemotherapeutic agents such as cyclophosphamide, dacarbazine, doxorubicin, 
5-FU, methotrexate, nitrogen mustard, cisplatin, and vincristine have frequently 
been associated with taste alterations  [  5,   6  ]  and heightened sensitivity to one or 
several odors. While patients on these chemotherapies report dysgeusia, all patients 
on chemotherapy are at risk for taste alterations due to complications of treatment. 
Dysgeusia can be a prominent symptom in patients who are receiving chemotherapy 
or head/neck radiation  [  41,   42  ] . The type of chemotherapy is another risk factor for 
the development of dysgeusia. Steinbach et al.  [  7  ]  found taxane-based chemothera-
pies to cause the most severe taste alterations, while Wickham et al.  [  18  ]  reported 
cisplatin and doxorubicin to be the agents most likely to cause dysgeusia. Etiology 
is likely associated with several factors, including direct neurotoxicity to taste buds, 
xerostomia, infection, and psychological conditioning. Neurotoxicity from systemic 
chemotherapy probably contributes to dysgeusia. Cranial nerves VII (facial), IX 
(glossopharyngeal), and X (vagus) control integral sensory functions in the tongue, 
and damage to them has been implicated in taste alterations  [  43  ] . Direct insult to the 
taste cell receptors is one suggested theory. Some chemotherapy agents are secreted 
in saliva and gain direct contact with taste receptors. Patients may experience a 
metallic or “chemical” taste when chemotherapy is delivered, and this is consistent 
with drug secretion in saliva  [  43  ] . Hong et al.  [  1  ]  suggest that cell damage occurs in 
three ways: (1) a decrease in the number of normal cell receptors, (2) alteration of 
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cell structure or receptor surface changes, and (3) interruption of neural coding. The 
turnover rate of normal human taste bud cells is 10 days, and chemotherapy kills 
cells with high turnover rates, resulting in taste alteration. Xerostomia or dry mouth 
has also been implicated in the development of dysgeusia  [  44  ] . Decreased saliva 
secretion alters the amount of chemicals released by the foods, thereby changing the 
taste. A metallic and or bitter taste is associated with chemotherapy with cyclophosph-
amide, doxorubicin, 5-fl uorouracil, methotrexate, and cisplatin  [  9,   32  ] . Over 75% of 
patients treated with cisplatin alone or in combination with other  chemotherapeutic 
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agents reported metallic taste perception  [  45  ] . Anywhere from 16% to 55% of 
 cancer patients also complain about odor and unpleasant taste of high-protein foods, 
especially red meats, and avoid consumption during treatment, implicating a pos-
sible relationship between metallic taste and abundant levels of iron compounds 
such as hemoglobin present in red meats  [  1,   46,   47  ] . On the other hand, these patients 
tolerate proteins from white meats such as chicken, fi sh, and eggs  [  1,   46–  48  ] . 
Chemotherapies such as cyclophosphamide, epirubicin/methotrexate, and 5-fl uorou-
racil when used in the adjuvant setting have been implicated in causing xerostomia, 
and a 49.9% prevalence rate of xerostomia has been observed in patients undergoing 
chemotherapy  [  42  ] . In addition, taste dysfunction can be associated with damage 
caused by graft-versus-host disease to the taste perception units  [  13  ] . In data derived 
from a qualitative interview study and a cross-sectional survey of 518 patients, with 
all patients receiving outpatient cancer chemotherapy in Sweden, 100% of partici-
pants reported heightened sensitivity to one or several odors which could not fully 
be explained by the potential explanatory models of anticipatory nausea and vomit-
ing, pseudohallucination, or increased chemical sensitivity  [  5  ] . Although these data 
do not provide any confi rmatory evidence of time to onset and intensity of symp-
toms enough to compromise nutritional intake, it is clear that most patient popula-
tions experience some degree of taste alterations as well as heightened sensitivity to 
odors during active treatment with cytotoxic therapies.  

    12.3.2   Radiation Therapy Induced 

 Similar to chemotherapy, radiation-induced alterations in taste and smell are reported 
in specifi c segments of cancer patient populations. Patients receiving radiation ther-
apy for head and neck cancers are potentially at highest risk for alterations of both 
taste and smell senses with potential or damage to tissues in the oral cavity, tongue, 
salivary glands and olfactory epithelium, and nerves associated with taste and smell 
perception such as the chorda tympani  [  27  ] . Some studies investigated the four basic 
taste intensities (sweet, salty, sour, and bitter) and the umami taste, and several of 
these reports identifi ed diminished threshold sensitivity for at least one taste quality. 
In a prospective study, Mirza et al.  [  49  ]  determined whether radiation alters taste 
function and structure, testing prior to starting radiation and 2 weeks, 2 months, and 
6 months after completing radiation. Relative to controls, patients had lower taste 
identifi cation test scores for bitter, salty, and sour tastes. Sour taste also showed a 
signifi cant group-by-time interaction ( p  = 0.03). Taste pores were decreased in the 
irradiated group, with a signifi cant group-by-time interaction ( p  = 0.03). Head and 
neck cancer patients have decreased taste function, and radiation adversely affected 
sour taste and taste pores. Similarly, taste dysfunction in patients receiving radio-
therapy was evaluated by Yamashita et al.  [  50  ]  in a prospective study involving 51 
patients undergoing radical head and neck irradiation Taste ability was measured by 
the taste threshold for the four basic tastes (sweet, sour, salt, and bitter qualities) 
plus “umami” quality using a fi lter-paper disk method in patients before, during, 
and after radiotherapy (RT). All tastes declined on the fi fth week after the start of 



278 12 Alterations in Taste and Smell

RT and improved on the 11th week. Anatomic pathologic analyses in rats revealed 
that taste buds diminished completely on the sixth day after irradiation of 15 Gy in 
a single fraction, and the appearance of taste buds returned almost to the preirradia-
tion state on the 28th day. The main cause of taste disorder resulting from RT was 
believed to be a disappearance of taste buds and not damage to the taste nerves. 
Radiation therapy can damage salivary glands, causing salivary hypofunction and 
xerostomia. A total fractionated radiation dose higher than 3,000 Gy reduces acuity 
of sweet, sour, bitter, and salt tastes. Damage to the microvilli and outer surface of 
the taste cells has been proposed as the principal mechanism for loss of the sense of 
taste. In many cases, taste acuity returns in 2–3 months after cessation of radiation. 
However, many other patients develop permanent hypogeusia. Damage to the major 
salivary glands during head and neck RT leads to disturbance in taste acuity. 

 The relationship between the time course and the degree of taste disorder was 
studied in both acute and late phases  [  51  ]  in a small sample size. Taste ability was 
measured by the taste threshold for the four basic tastes using a fi lter-paper disk 
method in patients before, during, and after radiotherapy. The subjects were divided 
into two groups. In group A, the radiation fi elds included most of the tongue 
( n  = 100), and in group B, the radiation fi elds did not include the tip of the tongue 
( n  = 18). In group A, there was a signifi cant impairment of the threshold of all four 
basic tastes at 3 weeks after starting radiotherapy (RT), and this impairment remained 
at 8 weeks ( p  < 0.05). This was not seen in group B. In group A, there was no signifi -
cant difference in the patterns of taste sensitivity change between the high-dose 
(>20 Gy) and low-dose ( £ 20 Gy) groups. In the late phase, recovery of taste loss 
was seen in both groups even 4 months after completing RT. Researchers concluded 
that unless the anterior part of the tongue was irradiated, taste loss was not observed 
during RT. When the anterior part of the tongue was irradiated, a difference by 
radiation dose was not observed in the taste-loss pattern. Additionally, radiation-
induced taste dysfunction appears to be a temporal effect  [  51  ] . 

 Previous studies have reported the alteration of the four basic tastes in patients 
with head and neck cancer during radiotherapy. However, only a few studies have 
been conducted on the effects of irradiation on the function of umami taste, a novel 
and basic taste recently recognized. In a prospective study, 52 patients undergoing 
radical head and neck irradiation were assessed for taste loss. Taste ability was mea-
sured by the taste threshold for umami quality using the whole-mouth taste method 
in patients before, during, and immediately after radiotherapy. Umami taste declined 
on the third week after the start of radiotherapy and improved on the 8 week. 
Yamashita  [  52  ]  and Shi  [  52  ]  investigated the recognition threshold of umami and 
the four basic tastes at different irradiation dose intervals during radiotherapy for 
head and neck cancer in 30 patients with malignant neoplasm of head and neck. 
Objective taste thresholds were examined by use of a whole-mouth method at pre-
radiotherapy with irradiation doses at 15, 30, 45, and 60 Gy, respectively. Subjective 
taste loss and some distresses were recorded simultaneously. Sweet, sour, salty, and 
bitter tastes showed temporarily and slightly increased thresholds during the treat-
ment, but no statistical difference was found between the threshold at preradiother-
apy and that at 15, 30, 45, and 60 Gy in any taste quality (all  p  > 0.05). Signifi cantly 
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impaired threshold of umami taste was revealed at 30 Gy ( p  < 0.05) and remained 
throughout the following treatment (at 45 and 60 Gy, both  p  < 0.01). Subjective taste 
impairment, appetite loss, and satisfaction with the current state tended to deterio-
rate signifi cantly during the irradiation. Mean body weight of the patients experi-
enced a continuous loss, decreasing from an average of 60.4 kg before treatment to 
57.3 kg at 60 Gy ( p  < 0.01). Scores of satisfaction with current state showed a sig-
nifi cant correlation with umami taste thresholds ( p  = 0.035). They concluded that 
the clinical impairment pattern of umami taste is different from that of the other four 
basic tastes in HNC patients during radiotherapy. Impaired umami taste acuity plays 
an important role in impacting the quality of life of the patients irradiated to the 
head and neck. Taste alterations, whether caused by chemotherapy or a side effect 
of the chemotherapy, lead to food aversions, compromising nutritional intake. Poor 
oral hygiene, infection of the oral cavity, and dentures have been associated to 
worsen chemotherapy-induced taste alterations  [  6,   53  ] . 

 Based on these studies, it is clear that patients who received radiation therapy for 
head and neck cancers and had high-dose chemotherapy experienced a loss of taste 
and smell during and after treatment. Six months to 1 year after RT, taste acuity 
recovers to its previous level in many patients, but some patients show incomplete 
or no recovery even several years later  [  25  ] . With the implementation of new radia-
tion techniques, such as conformal and intensity-modulated RT in head and neck 
irradiation, the late radiation effects can probably be reduced, but the remaining 
sequelae are still bothersome to the patients  [  45,   54  ] .  

    12.3.3   Other Causes of Taste and Smell Alterations in Cancer 

 Bernhardson et al.  [  5  ]  found that taste changes to be more prevalent among women 
and younger patients. Several differential diagnoses are associated with clinical pre-
sentation of dysgeusia. Taste alteration may be the result of mucositis, nausea, 
xerostomia, oral infections, zinc defi ciency, or depression  [  21,   55,   56  ] . Medications 
such as antidepressants, antihypertensives, and antiemetics may be responsible for 
taste changes, and use of such medications needs to be assessed during clinical 
evaluation  [  14,   33,   57  ] . Dysfunction of the olfactory sense could also lead to taste 
changes, and diagnoses such as sinusitis and nasal polyps should be considered. 
Surgery of the oral and nasal cavity can also compromise taste and smell. Tumors 
obstructing airfl ow in the nasal cavity can also alter smell since up to 80% of the 
taste of a meal is related to how it smells  [  58–  62  ] .   

    12.4   Current Treatment Strategies 

 The treatment of dysgeusia has vexed clinicians for decades. This is partially due to 
incomplete understanding of its pathophysiology, but also because this diagnosis has 
been understudied. Current principles of management have relied on early detection 
and management that involves alteration and enhancement of nutritional intake 
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 tailored to the individual patient. In a recent meta-analysis of dysgeusia induced by 
cancer therapies, Hovan et al.  [  17  ]  examined the prevalence and management of dys-
geusia as an oral side effect of cancer treatment. A total of 30 papers were reviewed; 
the results of 26 of these papers were included in the present systematic review. 
Results of these studies indicated that both pharmacological and nonpharmacological 
approaches to the management of taste and smell alterations have been examined. 

    12.4.1   Assessment 

 Assessment of gustatory sensitivity in a clinical setting is the prerequisite for correct 
diagnosis and adequate treatment of taste dysfunction. Although quantitative, objec-
tive methods for detection or recognition of threshold values of the fi ve basic tastes 
have been used in laboratory settings (e.g., gustometers)  [  61,   62  ] , patient-reported 
qualitative assessments have been found to have a relatively better utility value in 
clinical settings. Quantitative assessment of gustatory function in a clinical context 
using impregnated “taste strips.” More recent studies using “taste strips,”  [  39  ]  which 
is a rapid, lateralized, gustatory bedside identifi cation test based on impregnated 
fi lter papers. The investigation involved 537 participants reporting a normal sense of 
smell and taste (318 female, 219 male, mean age 44 years, age range 18–87 years). 
The taste test was based on spoon-shaped fi lter paper strips (“taste strips”) impreg-
nated with the four (sweet, sour, salty, and bitter) taste qualities in four different 
concentrations. The strips were placed on the left or right side of the anterior third 
of the extended tongue, resulting in a total of 32 trials. With their tongue still 
extended, patients had to identify the taste from a list of four descriptors, i.e., sweet, 
sour, salty, and bitter (multiple forced choice). To obtain an impression of overall 
gustatory function, the number of correctly identifi ed tastes was summed up for a 
“taste score.” Result of these studies indicated that taste function decreased signifi -
cantly with age. Women exhibited signifi cantly higher taste scores than men, which 
was true for all age groups. The taste score at the 10(th) percentile was selected as a 
cutoff value to distinguish normogeusia from hypogeusia. Results from a small 
series of patients with ageusia confi rmed the clinical usefulness of the proposed 
normative values based on over 500 subjects tested. Using this assessment tech-
nique, which may have clinical utility in cancer patient populations, Mueller et al. 
 [  65  ]  administered this to 69 subjects. Each subject received 18 taste strips (four 
concentrations of each taste quality plus two blanks) in a pseudorandomized 
sequence. Results from this new procedure correlated signifi cantly with the results 
of the well-established extensive three-drop technique (r69 = 0.67). Repeated mea-
sures indicated good reproducibility of the results for the taste strips (r69 = 0.68). 
These data suggest the usefulness of this new technique in routine clinical practice. 
Major advantages are long shelf life, convenience of administration, short time 
needed for testing (approximately 8 min), and the possibility to test each side of the 
tongue separately  [  65  ] . In a prospective study of ovarian and breast cancer patients 
by Steinbach et al.  [  7  ] , olfactory function was tested using Sniffi n’ Sticks (Burghart, 
Wedel, Germany) and gustatory function was tested using taste strips before,  during, 
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and immediately and 3 months after chemotherapy. Results indicated that olfactory 
and gustatory function signifi cantly decreased during chemotherapy and recovered 
almost completely 3 months after chemotherapy. Scores of odor thresholds were 
affected more than those of discrimination or identifi cation. The olfactory function 
of older patients was affected more than that of younger patients. There was no dif-
ference in the olfactory function during chemotherapy with respect to the chemo-
therapeutic agent or initial diagnosis (breast or ovarian cancer). Regarding taste, 
scores of salty taste were affected more than scores of sweet, sour, or bitter taste. 
The gustatory function did not differ signifi cantly during chemotherapy with respect 
to age or diagnosis but did differ with respect to the chemotherapeutic agent. Taxane-
based chemotherapy caused the most severe disorders. These initial studies inform 
clinicians of the validity of utilizing these techniques that can be applied to effi -
ciently identify those subjects who experience this symptom cluster and provide an 
opportunity to intervene to treat these symptoms.  

    12.4.2   Pharmacological 

 With regard to pharmacological approaches, several studies have evaluated the use of 
zinc sulfate in mitigating taste alterations. Two pilot studies found that zinc supple-
mentation increased recovery in taste acuity, but a larger phase III trial found that zinc 
supplementation had no effect on taste alteration  [  26,   54  ] . Anecdotal observations and 
pilot studies have suggested zinc may mitigate these symptoms. In a multi-institu-
tional, double-blind, placebo-controlled trial, Haylard et al. (2007)  [  22  ]  attempted to 
provide defi nitive evidence of zinc’s palliative effi cacy. A total of 169 evaluable 
patients were randomly assigned to zinc sulfate 45 mg orally three times daily versus 
placebo throughout RT and for 1 month after. All patients were scheduled to receive 
>2,000 cGy of external beam RT to >30% of the oral cavity, were able to take oral 
medication, and had no oral thrush at study entry. Changes in taste were assessed 
using the previously validated Wickham questionnaire. Results indicated that overall, 
61 zinc-treated (73%) and 71 placebo-exposed (84%) patients described taste altera-
tions during the fi rst 2 months ( p  = 0.16   ). The median interval to taste alterations was 
2.3 versus 1.6 weeks in the zinc-treated and placebo-exposed patients, respectively 
( p  = 0.09). The reported taste alterations included the absence of any taste (16%), bitter 
taste (8%), salty taste (5%), sour taste (4%), sweet taste (5%), and the presence of a 
metallic taste (10%), as well as other descriptions provided by a write-in response 
(81%). Zinc sulfate did not favorably affect the interval to taste recovery in this study, 
indicating that zinc, as prescribed in this trial, did not prevent taste alterations in can-
cer patients who were undergoing RT to the oral pharynx. This treatment should be 
used with caution until further research confi rms its effi cacy because excessive zinc 
supplementation can negatively impact the immune system  [  55  ] . 

 The amino acid glutamine has also been investigated as a treatment for dysgeusia 
 [  56–  58  ] . Strasser et al. (2008)  [  58  ]  investigated glutamine’s role in reducing taste 
alterations because research supports the use of glutamine in improving mucositis 
and recovery time in patients receiving high-dose chemotherapy. Taste alteration 
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(dysgeusia), an underrecognized toxicity associated with taxane-based  chemotherapy 
(TaxCh), lacks standard treatment. Jacobson et al. and SD et al.  [  59  ]  investigated 
prevention of dysgeusia with oral glutamine in patients undergoing fi rst-time taxane-
based chemotherapy; adult patients were randomized to receive either 30 g/day glu-
tamine or placebo (maltodextrin) from day 1 of TaxCh. Dysgeusia was measured 
daily with a visual analogue scale (VAS). On each chemotherapy cycle, objective 
(sour, sweet, salty, bitter) and subjective (four-category scale) taste and toxicity 
(National Cancer Institute Common Toxicity Criteria, v.3) were assessed. Stomatitis 
and zinc defi ciency were treated. For primary outcomes, repeated dysgeusia scores 
were analyzed with a linear mixed model. Repeated data on each objective or subjec-
tive taste item were analyzed with a generalized estimating equation. Of 52 patients 
randomized, 41 completed treatment (median study duration, 74 days). At baseline, 
the glutamine ( n  = 21) and placebo ( n  = 20) groups were comparable for age (64 years), 
gender (32% men), tumor types, chemotherapy (docetaxel, 44%; paclitaxel, 56%), 
schedule (weekly, 78%; triweekly, 22%), treatment intention (15% adjuvant), dys-
geusia (VAS, 11/100), and taste recognition (88%). Twenty-four patients had periph-
eral neuropathy grades 1–2; none had grade 3. Glutamine and placebo were not 
different for maximal dysgeusia and increase from baseline, with an insignifi cant 
linear time effect. Separate subgroup analyses for patients with baseline dysgeusia 
 £ 11 or >11 did not alter the results. Objective or subjective taste tests were not dif-
ferent, nor were adverse events. Compared with placebo, oral glutamine did not 
prevent or decrease subjective taste disturbances or altered taste perception associ-
ated with TaxCh. The role of glutamine in supportive care of taxane-associated dys-
geusia seems limited. Based on these studies, there is limited evidence supporting 
the use of zinc sulfate or glutamine for treatment of these symptoms, and more 
research needs to occur before pharmacological recommendations can be made.  

    12.4.3   Nonpharmacological 

 Nonpharmacological management strategies and patient education have been the 
mainstay of treatment for dysgeusia. Many of the suggested recommendations deal 
with nutritional counseling including food preparation techniques to ameliorate 
symptoms  [  1,   60,   61  ] . Most studies suggest strategies to improve fl avors as addi-
tional spices and fl avoring may compensate for this diminished chemosensory func-
tion, enhancing patient compliance and quality of life  [  5,   23  ] , and suggest 
psychological strategies for dealing with chemosensory changes such as dysgeusia. 
Patients in this study stated giving up expectations of food and drink and using taste 
memory helped them with taste changes. Remembering how things tasted and using 
these memories in meal situations was found to be helpful when dysgeusia occurred. 
Having someone else prepare the meal was also found to be effective at reducing 
food aversion. Both chemotherapy and radiation therapy alter the pleasure produced 
by taste and smell through the formation of conditioned aversions. i.e., foods con-
sumed in proximity with the nausea of therapy come to be unpleasant. The impact 
of conditioned aversions can be diminished by providing a scapegoat food just 
before therapy. Alterations in foods may be benefi cial to the cancer patient. 
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Increasing the concentrations of fl avor ingredients can compensate for sensory 
losses, and providing pureed foods that retain the cognitive integrity of a meal can 
benefi t the patient who has chewing or swallowing problems  [  62  ] . Stress of the 
patient may be further alleviated to know that dysgeusia is a transient condition last-
ing approximately 3–6 months after completion of chemotherapy and/or radiation 
therapy  [  5,   23  ] . Patients must be counseled regarding these critical timelines which 
may be helpful to some patients in minimizing the symptoms of dysgeusia.   

    12.5   Guidelines for Management 

 Currently, no guidelines exist for the pharmacological management of dysgeusia. 
These suggestions, though useful, do not resolve the recurring incidence of taste and 
odor abnormalities among cancer patients. 

 The following guidelines are considered best practice standards. Improved man-
agement of these symptoms may require a  multimodal approach by multidisci-
plinary teams . Systematic screening of symptoms, current and past treatments, 
other medications, infections, oral care, and additional symptoms of cancer treat-
ments must be taken into account prior to providing modifi cation of food prepara-
tion and nutritional intake recommendations. The modifi cations in nutritional intake 
and behaviors appear to be the only effective management approach at this time. 

    12.5.1   Education of Patient and Family About These Symptoms 

 Taste and smell alterations not only affect the QOL of patients undergoing cancer 
treatment, but have the potential to prolong morbidity and decrease response to 
therapy. Taste and smell alteration varies with each patient, and specifi c suggestions 
for management of symptoms must be tailored on an individual basis. Modifi cation 
of food preparation appears to be only the effective management approach at this 
time. Since alterations in taste and smell are rarely brought up by the healthcare 
provider, a conversation about dysgeusia needs to take place before the initiation of 
chemotherapy or radiation therapy. Stress of the patient may be further alleviated to 
know that dysgeusia is a transient condition lasting approximately 3–6 months after 
completion of chemotherapy and/or radiation therapy. Patients must be counseled 
regarding these critical timelines which may be helpful to some patients in minimiz-
ing the symptoms. The patient can therefore prepare for the psychological and phys-
ical manifestations of taste alteration.  

    12.5.2   Referral to Dentist 

 Since poor oral hygiene, infection of the oral cavity, and dentures have been associ-
ated with chemotherapy-induced taste alterations, a visit to the dentist and frequent 
periodical check with dental hygienist to ensure that dental care is maintained is 
recommended. Patients should be examined for any dental problems that may affect 
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the taste or smell of food. Frequent oral hygiene such as regularly rinsing the mouth 
and brushing the teeth is a good suggestion. Routine dental visits are also helpful 
and may help in identifying any new infections. Practicing good oral    hygiene, 
including frequent tooth brushing and use of mouthwash must be emphasized.  

    12.5.3   Treatment of Infections 

 Patients should be checked prior to start of treatment and periodically thereafter to 
monitor for mucositis, nausea, xerostomia, oral infections, and any dysfunction of 
the olfactory sense which could also lead to taste changes, and diagnoses such as 
sinusitis and nasal polyps should be included.  

    12.5.4   Screening for Alterations in Taste and Smell 

 Assessment of gustatory sensitivity in a clinical setting is the prerequisite for correct 
diagnosis and adequate treatment of taste dysfunction. A variety of approaches to 
the assessment of taste and smell alterations have evolved in the literature including 
self-reported tools that continue to generate a description of the development, dura-
tion, and recovery of distorted chemosensory perception in cancer patients. 
Quantitative assessment of gustatory function in a clinical context using impreg-
nated “taste strips” or “Sniffi n’ Strips” has been validated by several groups and has 
been found to be used in 8–10 min by the patient at bedside   . The taste from a list of 
four to now fi ve descriptors, i.e., sweet, sour, salty, bitter, and umami (multiple 
forced choice), can be assessed serially using these strips objectively.  

    12.5.5   Current Treatment 

 Patients should be screened for history of recent treatments for cancer as well as the 
current treatments that the patient is receiving. Surgery of the oral and nasal cavity 
can also compromise taste and smell. Tumors obstructing airfl ow in the nasal cavity 
can also alter smell since up to 80% of the taste of a meal is related to how it smells. 
Similarly, specifi c cytotoxic regimens and radiation therapy, including dose and 
region of therapy, must be taken into consideration.  

    12.5.6   Other Causes Must Be Examined 

 Taste changes are more prevalent among women and younger patients. Several dif-
ferential diagnoses are associated with clinical presentation of dysgeusia. Patients 
should also be screened for other contributing factors such as mucositis, nausea, 
xerostomia, oral infections, zinc defi ciency, or depression. 
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 Dysfunction of the olfactory sense could also lead to taste changes, and diagno-
ses such as sinusitis and nasal polyps should be considered. 

 Medications such as antidepressants, antihypertensives, and antiemetics may be 
responsible for taste changes, and use of such medications needs to be assessed dur-
ing clinical evaluation.  

    12.5.7   Nutrition Guidelines 

  Nutritional assessment must be performed within 24 h of admission of the patient by 
a Registered Dietitian. 
    1.    Assess current nutritional status and estimate caloric, protein, and multivitamin/

mineral needs.  
    2.       Provide adequate nutrition by including education material on “calorie” and 

“protein” boosters and nutritional supplements to ensure intake of proteins 0.8 
g–1.0 g/kg/day and dense caloric supplements up to 400 cal/day containing 
1.5 kcal/mL (Ensure Plus or alternate). The choice of nutritional supplements 
will be based in the personal choice of the patient. Supplement diet if inadequate 
with smoothies, instant breakfast powders, Scandishake®, Ensure Plus®, Boost 
Plus®, and Resource®.  

    3.    Include a standard multivitamin/mineral supplementation to prevent any further 
defi cits and meet increased needs.  

    4.    Assess adequacy of intake and provide an appetite stimulant (megestrol acetate 
800 mg/day or alternate) if patient has cancer anorexia to ensure adequate intake 
and prevent further weight loss.  

    5.    Provide each patient with nutritional guidelines to ensure adequate intake of 
calories and proteins and a list of suggested high-caloric and high-protein nutri-
tional supplements to choose from, taking into consideration taste alterations, 
early satiety, nausea, and vomiting that are common symptoms observed in this 
patient population.  

    6    Other tips to enhance nutritional intake:
   Studies of taste sensitivity in malignant disease have shown variable results • 
indicating that different people may have different experiences. Research has 
shown that overall sweet tastes may be perceived very weakly, while metallic 
and bitter tastes come to the fore and seem very intense.  
  Patients should avoid being in a room where food is prepared or where these • 
odors can be detected.  
  Cancer patients often prefer cold foods; foods that require less cooking, such • 
as breakfast foods; and foods that require minimum cooking.  
  Recommend use of plastic utensils if there is a need to minimize metallic taste • 
and avoid the use of metallic silverware.  
  Additional sweeteners can be used to reduce bitter taste or acid taste.  • 
  Increasing the honey or sugar in foods may decrease bitter or acid tastes.  • 
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  To improve fl avor, suggest fl avoring food with herbs such as basil, oregano, • 
rosemary, tarragon, or mint and other fl avorings such as vinegar, mustard, and 
catsup. Use fresh herbs and lemon for more robust fl avors.  
  Garlic, onions, citrus, and ripe berries, if tolerated, can signifi cantly increase • 
food fl avors.  
  Marinating and cooking foods using tart or sweet fl avors help foods to taste • 
better. Suggestions include cooking in sweet juices or with fruits and using 
marinades made with fruits, dressings, or wine. Examples would include 
sweet-and-sour pork, chicken with mustard, or marinating and basting beef in 
Italian dressing.  
  If foods taste “off,” recommend clearing taste buds before eating by rinsing or • 
drinking water, tea, ginger ale, or fruit juices mixed with club soda, lemon ice, 
or lemon sorbet.  
  Season foods with tart fl avors such as a lemon wedge, citrus fruits, and vine-• 
gar, which all help to stimulate saliva fl ow and taste (avoid if patient has 
mucositis or esophagitis).  
  Hard candies, lemon drops, mints, or chewing gum is recommended. Use • 
sialogogues (agents that stimulate salivary secretion), such as sugar-free gums 
or sour-tasting drops.  
  Use smell, texture, and eye appeal to help stimulate the desire to eat. The • 
smell of fresh bread baking may help stimulate appetite, and visual appeal is 
essential.  
  Increase garnishes on foods.  • 
  Fresh fruits and vegetables may be more appealing than canned or frozen ones.  • 
  Experiment with different food textures as crunchy, creamy, and crispy • 
foods.  
  When shopping, recommend choosing foods that are beautiful, fresh, and full • 
fl avored.  
  Include other protein sources in the diet such as poultry, fi sh, milk, eggs, bean • 
group, tofu, peanut butter, and other nut butters if patient is unable to tolerate 
meats during this time.  
  Marinating meat, poultry, or fi sh in yogurts, sweet fruit juices, sweet wine, • 
Italian dressing, or sweet-and-sour sauce or honey    may reduce odors.  
  Since eating is a social event, patients no longer derive enjoyment from the • 
experience because of taste alteration. Patients report avoiding eating around 
friends and family and isolate themselves during profound episodes of dys-
geusia. Make patients and families aware of this, including understanding of 
patient’s needs as well as providing encouragement.  
  Reduce consumption of bitter- or metallic-tasting foods such as coffee and • 
chocolate.  
  Fruit intake can be enhanced by freezing fruits such as melon balls, grapes, or • 
oranges.  
  Recommend drinking more water with meals to help with swallowing or to • 
rinse away bad taste. Recommend rinsing with cool black or green tea, lightly 
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salted water, or baking soda and water to “clear” taste buds before eating. 
Fruit sorbets such as lemon or lime sorbets can also help.  
  When drinking liquids, recommend use of a cup with a lid or cover to further • 
reduce odors.  
  Use liquid nutrition products to fi ll in the nutrition gaps if nutritional intake is • 
not adequate.  
  If patient has nausea and vomiting, recommend that they avoid their favorite foods.         • 

    12.5.8   Pharmacotherapy 

 Use saliva substitutes and lubricating solutions containing mucin and carboxymethyl 
cellulose. Concomitant medications such as antidepressants, antihypertensives, and 
antiemetics may be responsible for taste changes, and use of such medications needs 
to be assessed during clinical evaluation (Comeau, Epstein, and Migas 2001).  

    12.5.9   Markers and Instruments for Patient Monitoring 
and Assessment of Response to Treatment by the 
Interdisciplinary Medical Team 

     1.     Anthropometric measurements  such as participant’s height, weight, and body 
mass index can be performed at admission and at regular intervals established by 
the medical team.  

    2.     Body composition by DXA scan : DXA should be used to assess both total lean 
body mass (LBM), fat mass (FM), and total bone mineral density (BMD). Total 
bone mineral density (BMD) is a valid indirect measure of skeletal muscle and 
patient activity. Total LBM is sometimes called total fat-free mass (FFM), 
depending upon specifi c DXA manufacturer. DXA instruments use an X-ray 
source that generates or is split into two energies to measure bone mineral mass 
and soft tissue from which fat and fat-free mass are estimated. The exam is quick 
(1–2 min), precise (0.5–1%), and noninvasive. DXA scanners have the precision 
required to detect changes in muscle mass as small as 5%. Radiation exposure 
from DXA scans is minimal. The National Council of Radiation Protection and 
Measurements (NCRP) has recommended that the annual effective dose limit for 
infrequent exposure of the general population is 5,000  m Sv and that an annual 
effective dose of 10  m Sv be considered a negligible individual dose. The effective 
dose of a dual-energy X-ray absorptiometry whole-body scan on an adult is 2.1 
 m Sv. Studies have shown that quality assurance is an important issue in the use 
of DXA scans to determine body composition including lean body mass and 
bone mineral density. DXA instrument manufacturer and model should remain 
consistent, and their calibration should be monitored throughout treatment. Use 
of a standardized scan acquisition protocol and appropriate and unchanging scan 
acquisition and analysis software is essential to achieve consist results.  
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    3.     Dietary intake  must be assessed at baseline and periodical intervals by conduct-
ing random weekly, 2 weekdays + 1 weekend day, 24-h dietary recalls (gold 
standard for collecting dietary data) using a fi ve-step multipass procedure 
(which has been found to assess mean energy intake within 10% of actual 
intake) and using the frequently updated University of Minnesota Nutrition 
Data System for Research (NDS-R) version database for analysis of nutrient 
composition. Food portion visuals can be provided to patients to estimate por-
tion sizes of foods while monitoring intake..  

    4.     Symptom log  may be completed daily and collected from patients on a monthly 
basis. Based on these symptoms, all anticipated and unanticipated, grades of 
constitutional, dermatological, gastrointestinal (GI), metabolic, and pain symp-
toms can be continuously monitored including those symptoms affecting nutri-
tional intake and utilization.  

    5.     CMP and CBC : Monthly CMP and CBC should be monitored to assess electro-
lytes and organ function.  

    6.     Functional markers  ( Karnofsky performance score ): Evaluation of patients’ func-
tional status and barriers to obtaining adequate nutrients are also necessary. A 
physical exam combined with personal interview should include the evaluation of 
functional status such as the ability to chew and swallow, dental or oral problems 
causing odynophagia or dysphagia, signs of muscle wasting or anasarca, pres-
ence of edema, presence of skin or mouth lesion, and ability to perform instru-
mental activities of daily living (IADLs) such as cooking shopping, and 
self-feeding. It is critical to assess activities of daily living, physical activity, exer-
cise, and sleep and ability to work and perform other functional roles. Limitations 
in the activities of daily living have been identifi ed secondary to and as a cause of 
weight loss in cancer patients. Cancer and other chronic diseases pose diffi culties 
specifi cally for the cancer patient receiving treatment and the elderly in carrying 
out activities of daily living. A loss of postural and locomotive muscle mass has 
been observed within 7 days of inactivity. The Karnofsky Performance Scale 
Index allows patients to be classifi ed as to their functional impairment. This has 
been used to compare effectiveness of different therapies and to assess the prog-
nosis in individual patients and has been validated in cancer patient populations.  

    7.     Godin Leisure-Time Exercise Questionnaire  weekly to monitor physical activity.  
    8.     Handgrip strength dynamometry assessment : A validated tool commonly used 

to assess handgrip strength is the Jamar dynamometer, which is a fast, reliable, 
and an easy-to-perform device commonly used by our team to measure improve-
ments in functional strength. The Jamar dynamometer has a lower % coeffi -
cient of variation and is thus a more precise device than other handgrip 
dynamometers.  

    9.     Biochemical markers  o f protein status  ( serum albumin and transferrin ): 
Assessment of protein status is critical in the identifi cation and treatment of 
abnormalities in protein metabolism. There is substantial evidence of the 
 correlation between serum hepatic proteins and infl ammation, making these the 
most relevant biomarkers in cancer patient populations. Serum transferrin, pre-
albumin, and albumin have been observed as intermediate endpoint biomarkers 
and independently associated with clinical outcomes. Measurements of body 
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composition combined with more objective and sensitive measure of protein 
nutriture are ideal for the biochemical assessment of intravascular and visceral 
protein stores. We have thus included the three major valid intermediate end-
point biomarkers (IEBs) that represent intravascular and visceral protein pools 
– transferrin, prealbumin and albumin – as the biochemical indicators of pro-
tein status. Although transferrin levels are affected by iron status, serum trans-
ferrin, either singly or as part of a multiparameter index, is the strongest 
predictor of cancer patient morbidity and mortality.  

    10.     Immune and infl ammatory markers : A range of metabolic responses triggered 
by infl ammatory and immunological responses in cancer patients. Cytokines 
can be measured in a panel including IL-1, IL-4, IL-6, IL-8, IL-10, GM-CSF, 
IFN- k , TNF- a , and CRP (Bio-Rad-Bio-Plex). All of these biomarkers have 
been shown to increase with disease, aging, and cytotoxic agents. Though we 
realize these intermediate endpoint biomarkers of cytokines cannot be reliably 
interpreted, as over 70% of the subjects as observed in our studies were on 
active treatment with cytotoxic agents, these variables are important to deter-
mine as they may provide useful information and contribute to the better under-
standing of the mechanistic process.  

    11.     Quality of life  should be measured at baseline and monthly using the Rand Short 
Form (SF)-36 (Medical Outcomes Study SF36)  [  66  ] . The SF-36 has been used 
extensively with general, high-risk, and cancer populations and has available 
norms for mail and telephone versions and comparisons between group and indi-
vidual scores. Scores are calculated and transformed to a 0–100 scale, with 
higher scores indicating increased health status. Reliability of the SF-36 scales 
was measured by Cronbach  a  coeffi cient and the results ranged from 0.78 in 
general health perceptions to 0.91 in the physical functioning domain.  

    12.     Assessment for alterations in taste and smell : Assessment of gustatory sensitiv-
ity in a clinical setting is the prerequisite for correct diagnosis, adequate treat-
ment, and evaluation of taste dysfunction. A variety of approaches to the 
assessment of taste and smell alterations have evolved in the literature includ-
ing self-reported tools that continue to generate a description of the develop-
ment, duration, and recovery of distorted chemosensory perception in cancer 
patients. Quantitative assessment of gustatory function in a clinical context 
using impregnated “taste strips” or “Sniffi n’ Strips” has been validated by sev-
eral groups. The duration of these tests range between 8 to 10 minutes and can be 
completed at patient’s bedside. The taste from a list of four to now fi ve descrip-
tors, i.e., sweet, sour, salty, bitter, and umami (multiple forced choice), can be 
assessed serially using these strips objectively. This ongoing assessment will 
inform the interdisciplinary team as to the effectiveness of the intervention.      

    12.5.10   Follow-up 

 Patients must be seen by the multidisciplinary team on a regularly scheduled basis to 
monitor progress and to review compliance to intervention including diet intake ade-
quacy, symptom logs, change in concomitant medications, and any other issues 
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related to treatment. Reassessment/reevaluation for monitoring and evaluation of 
nutritional therapy must include monitoring of clinical, functional, dietary, and 
behavioral outcomes that were identifi ed by the comprehensive nutritional 
assessment   

    12.6   Future Directions 

 As with all symptoms of cancer treatment and interventional approaches to prevent 
and/or ameliorate these symptoms, alteration in smell and taste continue to perplex 
the medical teams treating cancer patients    as well as frustrate patients and families. 
In general, there is no cure for chemotherapy-induced dysgeusia, only strategies to 
help manage the disorder. There is a paucity of high-level evidence on potentially 
useful interventions and a continued need for new and innovative research, incorpo-
rating quality-of-life measurements in patients experiencing these symptoms.         

  Summary for the Clinician 
 Current principles of management have relied on early detection and manage-
ment that involves alteration and enhancement of nutritional intake tailored to 
the individual patient. 

 Results of research over the past decade indicate that both pharmacological 
and nonpharmacological approaches to the management of taste and smell 
alterations have been examined. 

 Assessment of gustatory sensitivity in a clinical setting is the prerequisite 
for correct diagnosis and adequate treatment of taste dysfunction. 

 Although quantitative, objective methods for detection or recognition of 
threshold values of the fi ve basic tastes have been used in laboratory settings, 
patient-reported qualitative assessments have been found to have a relatively 
better utility value in clinical settings. 

 Since alterations in taste and smell are rarely brought up by the healthcare 
provider, a conversation about these symptoms needs to take place before the 
initiation of chemotherapy or radiation therapy. 

 Improved management of these symptoms may require a  multimodal 
approach by multidisciplinary teams.  

 With regard to pharmacological approaches, several studies have evaluated 
the use of zinc sulfate in mitigating taste alterations and the amino acid glu-
tamine as a treatment for dysgeusia. Based on these studies, there is limited 
evidence supporting the use of zinc sulfate or glutamine for treatment of these 
symptoms, and more research needs to occur before pharmacological recom-
mendations can be made. 
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 energy intake , 46–47  
 neuropeptide Y (NPY) , 47  
 psychosocial support , 48–49  
 radiation , 46  
 reduction, nutritional intake , 46  
 role, cytokines , 47  
 tumor–bearing mouse models , 47  

 guidelines 
 anthropometric measurements , 56  
 body composition, DXA scan , 56–57  
 CMP and CBC , 57  
 dietary intake , 57  
 follow-up , 59  
 handgrip strength dynamometry 

assessment , 58  
 immune and infl ammatory markers , 58  
 Karnofsky performance score , 57–58  
 nutrition , 53–55  
 pharmacotherapy , 56  
 quality of life , 58–59  
 serum albumin and transferrin , 58  
 speech therapist , 56  
 symptom log , 57  

 physical activity , 53  
 prevalence , 45  
 treatment 

 antidepressants , 52–53  
 cannabinoids , 52  
 diagnosis , 50  
 dronabinol , 52  
 MA , 51–52  
 nutrition supplementation , 51  
 thalidomide , 50   

  Cancer cachexia (CC) 
 appetite stimulants , 72–73  
 defi nition , 66  
 guidelines 

 anthropometric measurements , 76  
 body composition, DXA scan , 77  

          Index           
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 Cancer cachexia (CC) (cont.) 
 CMP and CBC , 77  
 dietary intake , 77  
 erythrocyte n–3 index , 79  
 functional markers , 77–78  
 immune and infl ammatory markers , 78  
 nutrition guidelines , 74–75  
 pharmacotherapy , 76  
 physical activity , 76  
 quality of life , 78–79  
 serum albumin and transferrin , 78  
 symptom log , 77  

 nutritional approaches 
 EPA , 70–71  
 hypermetabolism , 69  
 protein sparing , 69  

 physical activity , 73  
 potential molecular mechanisms 

 multi-modal approaches , 68, 69  
 multiple biologic pathways , 67  
 myostatin , 68–69  
 pharmacological inhibition, metabolic 

lipases , 67–68  
 role, TNF a , IL-1, and IL-6 , 67  

 prevalence , 66   
  Cancer-related fatigue (CRF) 

 assessment, etiology 
 diagnosis, fatigue , 145  
 tools and scales , 145  

 defi nition , 132  
 depression , 142–144  
 environmental factors , 134, 144  
 guidelines 

 anthropometric measurements , 155  
 Beck depression inventory , 157  
 body composition, DXA scan , 155  
 CMP and CBC , 155  
 comprehensive assessment , 151–152  
 dietary intake , 155  
 evaluation , 150–151  
 fatigue symptom scales , 157  
 follow-up , 157  
 immune and infl ammatory markers , 156  
 Karnofsky performance score , 156  
 nonpharmacological interventions , 152  
 nutritional , 153–154  
 pain , 157  
 pharmacological interventions , 152  
 physical activity , 152–153  
 psychosocial support , 154  
 quality of life , 156  
 serum albumin and transferrin , 156  
 sleep therapy , 154  
 symptom log , 155  

 medications , 142  

 nutritional support and counseling , 150  
 pharmacological approaches 

 antidepressants , 147  
 description , 145–146  
 erythropoietin (EPA) 

and darbepoetin , 146  
 fatigue and depression , 146  
 psychostimulants , 146  

 physical activity 
 brain tumors , 148  
 exercise programs , 148  
 vigor and vitality , 147  

 physiological factors 
 anemia , 137–138  
 chemotherapeutic drugs , 137  
 HPA axis , 135  
 hypothyroidism , 136, 138–140  
 immune infl ammatory activity , 135  
 nutritional status , 141  
 physical inactivity , 141  
 radiation therapy , 137  
 sleep disorders , 140–141  
 thyroid disorders and breast cancer , 

135–136  
 prevalence 

 diagnosis and treatment , 132–133  
 Hodgkin’s disease , 133  
 malignancies , 133  

 psychosocial support , 149–150  
 sleep therapy , 149   

  CBC.    See  Complete blood count (CBC)  
  CC.    See  Cancer cachexia (CC)  
  Central nervous system (CNS) 

 dexamethasone  vs.  prednisone, 
penetrance , 198  

 toxicity , 195  
 tumors , 195–196   

  Chemoreceptor trigger zone (CTZ) 
 area postrema cells , 110  
 drugs , 112  
 radiation , 111   

  Chemotherapy 
 cytotoxic , 111  
 errors in dose , 35  
 granisetron , 115  
 taste and smell, alterations 

 agents and dysgeusia , 275  
 cell damage , 275–276  
 metallic taste perception , 276–277  
 xerostomia and taste 

dysfunction , 277  
 treatment-related fatigue , 137   

  CMP.    See  Comprehensive metabolic profi le 
(CMP)  

  CNS.    See  Central nervous system (CNS)  
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  Cognitive training (CT) 
 anti-infl ammatory agents , 203–204  
 nutrients and nutrient-derived agents 

 antioxidants , 202  
 nonvitamin phytochemicals , 202  
 NT-020 components , 203  

 UFOV protocol , 201–202   
  Complete blood count (CBC) 

 CA , 57  
 CC , 77  
 constipation , 238  
 CRF , 155  
 dysphagia , 263  
 enteritis , 186  
 NI , 209  
 nutritional assessment, malnutrition , 21  
 N&V , 123  
 OM , 100  
 taste and smell, alterations , 288   

  Comprehensive metabolic profi le (CMP) 
 CA , 57  
 CC , 77  
 constipation , 238  
 CRF , 155  
 dysphagia , 263  
 enteritis , 186  
 NI , 209  
 nutritional assessment, malnutrition , 21  
 N&V , 123  
 OM , 100  
 taste and smell, alterations , 288   

  Constipation 
 defi nition , 222  
 etiology 

 anticholinergic preparations , 227  
 cancer patients , 224, 225  
 cytotoxic agents , 224  
 opioids (   see  Opioid therapy and 

constipation) 
 physiologic factors , 224  
 psychological factors , 224, 227  
 tumor-radiation-induced 

constipation , 227  
 guidelines 

 anthropometric measurements , 237  
 body composition, DXA scan , 237–238  
 CMP and CBC , 238  
 comprehensive assessment , 233–234  
 dietary intake and symptom log , 238  
 environmental changes , 237  
 follow-up , 240  
 handgrip strength dynamometry 

assessment , 239  
 immune and infl ammatory 

markers , 239  

 Karnofsky performance score , 238  
 multimodal approach , 233  
 nutrition , 235–237  
 occult blood , 240  
 pharmacotherapy , 234–235  
 physical activity , 237  
 quality of life , 239  
 serum albumin and transferrin , 239  
 stool frequency, assessment , 239–240  
 stool impaction/obstruction , 240  

 physical sequelae , 222–223  
 prevalence , 223  
 risk factors , 223  
 treatment 

 antiemetics , 232  
 BFI , 228–229  
 bulk producers , 229–230  
 laxatives , 228, 230–231  
 nonpharmacological 

approaches , 233  
 opioid agonists , 231–232  
 PAC-QOL and PAC-SYM 

instruments , 228  
 Victoria BPS , 229   

  CRF.    See  Cancer-related fatigue (CRF)  
  CT.    See  Cognitive training (CT)  
  CTZ.    See  Chemoreceptor 

trigger zone (CTZ)   

  D 
  Depression, CRF 

 anxiety , 142  
 diagnosis and treatment , 143  
 infl ammatory cytokines , 143  
 radiation therapy , 143  
 risk factors , 144  
 treatment, breast cancer , 147   

  Dual-energy X-ray absorptiometry (DXA) 
 body composition 

 CA , 77  
 CC , 77  
 constipation , 237–238  
 CRF , 155  
 dysphagia , 263  
 enteritis , 185  
 NI , 208  
 N&V , 122–123  
 OM , 99–100  
 taste and smell, alterations , 287  

 primary calibration, aluminum/acrylic 
combinations , 17  

 total LBM , 18   
  DXA.    See  Dual-energy X-ray absorptiometry 

(DXA)  
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  Dysphagia 
 classifi cation , 246–247  
 description , 246  
 etiology 

 cancer patient , 248–250  
 chemotherapy , 250  
 radiation and chemoradiation therapy , 

250–252  
 tumor location , 248, 250  

 guidelines 
 anthropometric measurements , 262  
 body composition, DXA scan , 263  
 CMP and CBC , 263  
 compensatory techniques , 258  
 dentist , 261  
 diagnosis and management , 256–257  
 dietary intake and symptom log , 263  
 feeding route , 259  
 follow-up , 265  
 handgrip strength dynamometry 

assessment , 264  
 immune and infl ammatory 

markers , 264  
 Karnofsky performance score , 263–264  
 nutrition , 257  
 pharmacotherapy , 261–262  
 physical activity , 262  
 principles, nutritional intake 

adequacy , 259  
 quality of life , 265  
 serum albumin and transferrin , 264  
 speech pathologist/radiologist , 258  
 swallowing capacity and 

recommendations , 259–260  
 prevalence , 247  
 treatment strategies 

 diagnosis and management , 252  
 FEES , 253  
 multidisciplinary team , 252  
 nutritional interventions , 254–255  
 pharmacotherapies , 256  
 physical therapy , 255–256  
 self-expanding metal stents , 254  
 squamous cell carcinoma , 253–254  
 videofl uoroscopic swallowing studies , 

252–253    

  E 
  Eicosapentaenoic acid (EPA) 

 antitumor and anticachectic effects , 70  
 inhibition, proteasome activity , 70–72  
 multimodal intervention , 70  
 serum albumin and baseline , 70, 71   

  Enteritis 
 alimentary tract, treatment 

 glutamine and arginine-enriched diets , 180  
 pharmaceutical management , 178–179  
 probiotic supplementation , 179  
 radiation techniques , 176–177  
 screening and comprehensive 

evaluation , 176  
 structured approach , 175–176  
 surgical management , 177–178  
 TPN , 179–180  

 defi nition , 172–173  
 etiology 

 description , 174–175  
 patient-related factors , 173  
 proinfl ammatory cytokines , 174  
 treatment-related factors , 173–174  

 prevalence , 173  
 treatment guidelines 

 anthropometric measurements , 185  
 assessment and surgical management , 

181–182  
 body composition, DXA scan , 185  
 CMP and CBC , 186  
 dietary intake , 185  
 evidence base , 180–181  
 follow-up , 187  
 immune and infl ammatory markers , 

186–187  
 Karnofsky performance score , 186  
 nutritional assessment and therapy , 

182–184  
 pharmacotherapy , 184–185  
 quality of life , 187  
 serum albumin and transferrin , 186  
 symptom log , 185–186   

  EPA.    See  Eicosapentaenoic acid (EPA)   

  F 
  FEES.    See  Fiberoptic endoscopic evaluation of 

swallowing (FEES)  
  Fiberoptic endoscopic evaluation 

of swallowing (FEES) , 253, 258    

  H 
  Hypothyroidism, CRF 

 chemotherapeutic agents , 139  
 depression , 146  
 diagnosis , 136  
 physical activity , 139  
 symptoms , 140  
 thyroid disorders , 136    
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  M 
  Malnutrition 

 communication , 34–35  
 defi nition , 7  
 etiology 

 agents , 8–9  
 AML , 10  
 antioxidants and selenium , 10  
 description , 8, 9  
 gastric resections , 8  
 infl ammatory response , 9–10  
 radiotherapy , 10  

 integrated nutrition care process , 11, 12  
 nutritional assessment , 13–23  
 nutritional screening 

 clinical settings , 11  
 depression , 12  
 diagnosis , 13  
 MNA , 11  
 tools and instruments , 11  

 nutrition therapy (   see  Nutrition therapy) 
 patient and family education , 34  
 prevalence , 8  
 reassessment and follow-up nutritional 

care , 34   
  MA treatment.    See  Megestrol acetate (MA) 

treatment  
  Megestrol acetate (MA) treatment , 51–52   
  Mini Nutritional Assessment (MNA) , 11   
  MNA.    See  Mini Nutritional Assessment 

(MNA)   

  N 
  Nausea and vomiting (N&V) 

 chemotherapy and radiation 
 classifi cation , 111  
 CTZ and prevalence , 111  
 neurotransmitters , 111  

 description , 108–109  
 drugs , 112  
 emetogenic pathways , 114  
 guidelines 

 anthropometric measurements , 122  
 assessment , 119  
 body composition, DXA scan , 122–123  
 CMP and CBC , 123  
 dentist , 125  
 diagnosis and management , 119  
 dietary intake , 123  
 follow-up , 125  
 functional markers , 123  
 handgrip strength dynamometry 

assessment , 124  

 immune and infl ammatory 
markers , 124  

 nutrition , 120–122  
 pharmacologic interventions , 119–120  
 quality of life , 124  
 serum albumin and transferrin , 124  
 symptom log , 123  

 intracranial pressure , 112  
 neurophysiology 

 central nervous system , 110  
 CTZ , 110  
 neurologic pathways , 110  

 nonpharmacological approaches 
 acupressure , 117–118  
 botanicals , 117  

 pharmacological approaches 
 aprepitant , 115  
 ASCO guideline , 116  
 metoclopramide , 115  
 palonosetron and granisetron , 115–116  
 serotonin receptor antagonists , 115  
 therapeutic agents , 114  

 prevalence , 109  
 psychological etiology , 112–113  
 transmitters and receptors , 114   

  Neurocognitive impairment (NI) 
 defi nition , 194–195  
 etiology 

 adult cancers , 196–197  
 cancer patient population , 199  
 chemotherapeutic agents , 196  
 corticosteroids , 198  
 craniospinal radiation therapy , 198  
 cytokines and infl ammation , 199  
 leukoencephalopathy 

and dexamethasone , 197–198  
 guidelines 

 anthropometric measurements , 208  
 biomarkers, analysis , 210  
 body composition, DXA scan , 208  
 CMP and CBC , 209  
 dietary intake , 208  
 fatigue, depression and anemia , 210  
 follow-up , 211  
 handgrip strength dynamometry 

assessment , 209  
 immune and infl ammatory 

markers , 210  
 Karnofsky performance score , 209  
 neuropsycho-oncology referral , 

205–206  
 nutrition screening, assessment and 

therapy , 206–207  
 oxidative stress, biomarkers , 210  
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 Neurocognitive impairment (NI) (cont.) 
 physical activity , 207–208  
 quality of life , 210  
 serum albumin and transferrin , 209  
 symptom log , 208–209  

 prevalence 
 breast cancer patient , 195  
 CNS tumors and ALL , 195–196  

 treatment 
 anemia , 199–200  
 antioxidants and anti-infl ammatory 

agents , 204  
 breast cancer , 204–205  
 CT , 201–204  
 fatigue , 200–201   

  NI.    See  Neurocognitive impairment (NI)  
  Nutritional assessment, malnutrition 

 biochemical markers 
 cachexia , 22  
 CMP and CBC , 21  
 measurements, body composition , 22  
 prealbumin , 21, 22  
 serum albumin , 21–22  
 transferrin , 21, 22  

 BMI , 15–16  
 body composition 

 DXA , 17–18  
 measurements , 16  
 MRI, thigh muscle , 18–19  

 body weight , 15  
 description , 13  
 immune and infl ammatory markers , 22–23  
 measurements 

 functional markers , 19–20  
 Jamar dynamometers , 19, 20  

 medical history , 13–14  
 nutritional intake , 20–21  
 psychosocial history , 14  
 quality of life , 23   

  Nutrition therapy 
 calories 

 BEE and BMR , 24–25  
 calculations, TEE , 25–26  
 measurement, metabolic rate , 25  

 communication , 34–35  
 determinants , 23  
 effectiveness , 24  
 enteral nutrition 

 chemoradiation therapy , 29  
 description , 29  
 guidelines/criteria , 30–32  
 jejunostomy tubes (JT) , 29–30  
 nasogastric tubes , 30  
 T-fastener gastropexy technique , 30  

 fats/lipids , 27  
 follow-up , 34  
 hydration, determination , 28  
 oral intake , 28–29  
 palliative care , 24  
 parenteral nutrition 

 effects, TPN and EN , 33  
 ESPEN guidelines , 33  

 patient and family education , 34  
 protein , 26–27  
 vitamins and minerals , 28   

  N&V.    See  Nausea and vomiting (N&V)   

  O 
  Opioid therapy and constipation 

 cancer pain/sedatives , 224–225  
 dose-related phenomenon , 225–226  
 endogenous and exogenous opioids , 

226–227  
 transdermal opioids , 226   

  Oral mucositis (OM) 
 assessment and treatment 

 erythematous mucositis , 90–91  
 high-dose chemotherapy , 91  
 instruments , 91  
 measurements , 91  
 oral management , 90  
 screening , 91  

 chlorhexidine mouthwash , 94  
 defi nition , 86–87  
 etiology 

 biological development , 90  
 cytotoxic drugs , 88  
 radiation and chemotherapy , 88–89  

 guidelines 
 anthropometric measurements , 99  
 body composition, DXA scan , 99–100  
 CMP and CBC , 100  
 dental care , 96  
 dietary intake , 100  
 evaluation scales , 95  
 follow-up , 101–102  
 functional markers , 100–101  
 immune and infl ammatory 

markers , 101  
 nutrition , 97–99  
 pharmacotherapy , 96–97  
 physical activity , 99  
 prevention and management , 94–95  
 quality of life , 101  
 serum albumin and transferrin , 101  
 symptom log , 100  
 timeline , 95  
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 immunomodulators, amino acids and 
vitamins 

 agents , 92  
 antrum mucosal protein (AMP)-18 , 92  
 in vitro and in vivo models , 92  
 interventions , 93  
 radiation and chemotherapy , 92–93  

 patient-controlled analgesia , 94  
 physical approaches , 93  
 prevalence , 87–88    

  P 
  PAC-QOL.    See  Patient Assessment of Consti-

pation Quality of Life (PAC-QOL)  
  PAC-SYM.    See  Patient Assessment of Consti-

pation Symptoms (PAC-SYM)  
  Patient Assessment of Constipation Quality of 

Life (PAC-QOL) , 228   
  Patient Assessment of Constipation Symptoms 

(PAC-SYM) , 228    

  R 
  Radiation enteritis.    See  Enteritis  
  Radiation therapy, taste and smell alterations 

 head and neck cancers , 277  
 taste dysfunction and buds , 277–278  
 time course and taste disorder , 278  
 umami taste , 278–279    

  T 
  Taste and smell alterations 

 cancer , 275, 276  
 chemosensory interaction and olfactory 

impairment , 274–275  
 chemotherapy 

 agents and dysgeusia , 275  
 cell damage , 275–276  
 metallic taste perception , 276–277  
 xerostomia and taste dysfunction , 277  

 defi nition , 272–273  
 management guidelines 

 anthropometric measurements , 287  
 body composition, DXA scan , 287  
 CMP and CBC , 288  
 dentist , 283–284  
 dietary intake and symptom log , 288  
 education, patient and family , 283  
 follow-up , 289–290  
 gustatory sensitivity , 289  

 handgrip strength dynamometry 
assessment , 288  

 immune and infl ammatory markers , 289  
 infections , 284  
 Karnofsky performance score , 288  
 nutrition guidelines , 285–287  
 pharmacotherapy , 287  
 quality of life , 289  
 screening and treatment , 284  
 serum albumin and transferrin , 

288–289  
 taste changes and medications , 

284–285  
 physiological alterations , 274  
 prevalence 

 chemotherapy , 273  
 dysosmia , 274  
 radiation therapy , 273–274  

 radiation therapy 
 head and neck cancers , 277  
 taste dysfunction and buds , 277–278  
 time course and taste disorder , 278  
 umami taste , 278–279  

 treatment strategies 
 dysgeusia , 279–280  
 gustatory sensitivity , 280–281  
 nonpharmacological management , 

282–283  
 pharmacological approaches , 281–282  
 taxane-based chemotherapy , 281  

 trigeminal and motor function , 274–275  
 women and younger patients , 279   

  TEE.    See  Total energy expenditure (TEE)  
  Total energy expenditure (TEE) , 25–26   
  Total parenteral nutrition (TPN) , 29, 33, 

179–180   
  TPN.    See  Total parenteral nutrition (TPN)   

  U 
  Useful fi eld of view (UFOV) training protocol , 

201–202, 206    

  V 
  Victoria bowel performance scale (BPS) , 229    

  X 
  Xerostomia 

 laser phototherapy (LPT) use , 97  
 prevalence rate , 277         
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