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ABSTRACT
Cancer patients often experience weight loss caused by protein calorie 

malnutrition (PCM) during the course of the disease or treatment. PCM 
is expressed as severe if the patient has two or more of the following 
characteristics: obvious significant muscle wasting, loss of subcutaneous 
fat; nutritional intake of <50% of recommended intake for 2 weeks or more; 
bedridden or otherwise significantly reduced functional capacity; weight loss 
of >2% in 1 week, 5% in 1 month, or 7.5% in 3 months. Cancer anorexia-
cachexia syndrome (CACS) is a multifactorial condition of advanced PCM 
associated with underlying illness (in this case cancer) and is characterized 
by loss of muscle with or without loss of fat mass. Cachexia is defined as 
weight loss of more than 5% of body weight in 12 months or less in the 
presence of chronic disease. Hence with a chronic illness on board even a 
small amount of weight loss can open the door to cachexia. These nutritional 
challenges can lead to severe morbidity and mortality in cancer patients. 
In the clinic, the application of personalized medicine and the ability to 
withstand the toxic effects of anti-cancer therapies can be optimized when 
the patient is in nutritional homeostasis and is free of anorexia and cachexia. 
Routine assessment of nutritional status and appropriate intervention are 
essential components of the effort to alleviate effects of malnutrition on 
quality of life and survival of patients.

INTRODUCTION

Protein-Calorie Malnutrition (PCM) refers to a 
nutritional status in which reduced availability of nutrients 
leads to changes in body composition and function [1]. 
Disease-associated malnutrition is a common problem 
among patients with cancer, affecting more than 50% of 
patients with certain cancers (e.g., pancreas, esophageal, 
gastrointestinal, and head and neck cancers). Acute and 

chronic inflammation play a major role in the pathogenesis 
of cancer-related malnutrition [2]. Altered nutritional 
status may be due to increased nutrient requirements of 
the tumor, changes in host metabolism induced by tumor 
or due to side effects of aggressive anti-cancer therapies 
[3]. PCM in cancer patients is caused by several factors 
including loss of appetite, altered taste, and smell, physical 
inability to ingest food and metabolic alterations including 
insulin resistance, glucose intolerance, energy imbalance 
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and increased lipolysis and proteolysis. These factors are 
influenced by the type of cancer, local tumor effects, the 
anticancer therapy being employed, and psychosocial 
response to therapy [4, 5]. 

Weight loss in cancer patients is often characterized 
by loss of muscle mass and adipose tissue which is 
different from starvation induced weight loss [6]. If left 
untreated, it often progresses to severe wasting associated 
with cancer anorexia-cachexia syndrome (CACS). CACS, 
a condition of advanced PCM, is a major paraneoplastic 
syndrome characterized by metabolic abnormalities and 
loss of skeletal muscle with or without loss of adipose 
tissues. Anorexia, clinically defined as a loss of appetite 
or desire to eat is present in 15-20% of cancer patients at 
diagnosis, and is a common side effect in individuals with 
metastatic disease [7]. Anorexia is a major component of 
cachexia. 

Cancer cachexia is clinically categorized by severe 
loss of skeletal muscle and overall - body mass due to 
metabolic alterations and advanced malnutrition. Cachexia 
is defined as weight loss of more than 5% of body weight 
in 12 months or less in the presence of chronic illness; 
cachexia is also defined as a body mass index (BMI) less 
than 20 kg/m2 accompanied by three of following criteria: 
decreased muscle strength, fatigue, anorexia, low fat-free 
mass index, increased levels of C-reactive protein or IL-6 
and low serum albumin [8]. The European Society for 
Clinical Nutrition and Metabolism (ESPEN) identifies pre-
cachexia in cancer patients as unintentional weight loss 
of 5% within six months [7]. The underlying mechanisms 
of CACS are currently under extensive investigations and 
there are no clinically available biomarkers that would 
identify patients who are at a high risk of developing 
CACS.

Nutrient intake in cancer patients is also affected 
by abnormalities in gastrointestinal (GI) tract functions 
due to anticancer therapies. Commonly found symptoms 
involved in GI tract problems include nausea, vomiting, 
constipation and diarrhea. Tumor-associated and therapy-
associated pain and fatigue also adversely affect nutrient 
intake [9]. The extent and range of symptoms varies 
among patients, and there are no readily available 
clinical methods to identify patients who are more 
likely to develop serious complications. The American 
Society for Parenteral and Enteral Nutrition (ASPEN), 
the American Dietetic Association, and ESPEN suggest 
that physicians begin nutritional support in malnourished 
patients and in patients who may have difficulty eating 
[10-12]. The National Comprehensive Cancer Network 
(NCCN) suggests treating malnutrition in patients with 
life expectancies measured in months to years but not 
in patients with shorter life expectancies [12]. Here, we 
provide a comprehensive overview of factors affecting 
nutrient intake in cancer patients with a focus on 
nutritional support available for undernourished patients; 
we discuss promising biomarkers under investigation that 

may be used to identify patients who are likely to develop 
severe nutritional complications. 

TUMOR-INDUCED MOLECULAR 
CHANGES ASSOCIATED WITH CACS

The beginnings of malnutrition in cancer patients 
can be traced to molecular changes induced by tumor-
host interactions (Figure 1). Tumor cells have an elevated 
requirement for nutrients compared to normal tissues. 
Mobilization of metabolites by tumor, aimed at supporting 
its growth has a systemic effect on metabolism at the 
whole organism level which leads to the onset of CACS 
[13]. CACS occurs as a result of a number of factors 
including mechanical changes due to the tumor location, 
systemic inflammation resulting in altered catabolism, 
and anorexia and neuroendocrine changes occurring due 
to tumor presence. Skeletal muscle and fat loss in cancer 
patients caused by decreased protein synthesis, increased 
protein degradation, and increased lipolysis are not readily 
reversed through conventional nutritional support [14, 
15]. Increase in circulating inflammatory cytokines is 
implicated in regulating metabolic responses leading to 
both cachexia and associated anorexia [16].

Anorexia

Cancer anorexia involves alterations in signaling 
pathways modulating energy intake mediated by 
hormones (e.g., leptin), neuropeptides (e.g., Neuropeptide 
Y [NPY]), inflammatory cytokines (e.g., interleukin-1 
[IL-1], interleukin-6 [IL-6], tumor necrosis factor-alpha 
[TNF- α], and neurotransmitters (e.g., serotonin and 
dopamine) [17]. Peripheral signals including hormones 
and inflammatory cytokines being sent to the arcuate 
nucleus of hypothalamus cause variations in the balance 
of appetite stimulating neurotransmitters (e.g., NPY and 
Agouti Related Peptide [AGRP]) or appetite inhibiting 
neurotransmitters (Opiomelanocortin and Cocaine 
Amphetamine Related Factor [18]), which alter food 
intake [19, 20]. It has been reported that in patients with 
CACS, the melanocortin system is persistently activated 
[9]. Frequently used tools to diagnose anorexia in cancer 
patients such as the Functional Assessment of Anorexia/
Cachexia Therapy (FAACT) and the North Center Cancer 
Treatment Group (NCCTG) questionnaire are based on 
assessments of appetite and appetite related symptoms. 
However, anorexia is often under diagnosed, and the 
associated advancement of malnutrition effects become 
distinguishing features of cachexia [7]. 

Inflammatory responses

Pro-inflammatory cytokine activity increases during 
cancer progression, and systemic inflammation is the 
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hallmark of cancer cachexia indicated by production of 
acute-phase response (APR) proteins such as C-reactive 
protein and fibrinogen. Increased production of APRs 
could result in a higher requirement for amino acids 
compensated by increase in muscle catabolism [21]. 
Cachexia often appears with anorexia as a result of 
imbalances between pro-inflammatory (e.g., TNF-α, IL-1, 
IL-6, interferon-gamma [IFN-γ]) and anti-inflammatory 
cytokines (e.g., interleukin-4 [IL-4], interleukin-12 
[IL-12], interleukin-15 [IL-15]) [7]. Pro-inflammatory 
cytokines such as TNF-α, IL-1, IL-6, and IFN-γ are 
transported across the blood-brain barrier, and they 
interact with brain endothelial cells causing release of 
substances that affect appetite (Figure 1). These cytokines 
alter metabolic pathways in muscle, liver, and adipose 
tissue, which collectively contribute to cancer cachexia 
[22]. TNF-α has been implicated in wide range of 
cachexia- associated mechanisms including protein and 

lipid synthesis and degradation, gluconeogenesis and 
expression of Uncoupling proteins. It promotes skeletal 
muscle wasting by activating the NF-κB pathway [23]. 
Circulating levels of IL-6 has been shown to be elevated 
in cachectic cancer patients and it can activate signal 
transducer and activator of transcription3 (STAT3) which 
is known to be involved in muscle wasting [24]. Leukemia 
inhibitory factor, a member of IL-6 family, has also been 
implicated in pathogenesis of cachexia [25]. However, 
unlike anorexic patients, cachectic patients have both low 
leptin (inhibits appetite) levels and high ghrelin (stimulates 
appetite) levels [26, 27].

Metabolic alterations

Increased resting energy expenditure and 
a wide range of metabolic activity from hypo- to 

Table 1: Common anticancer therapy derived complications in advanced cancers
Anti-cancer therapy  Site/Agents CACS precursors Ref

Surgery

Oral cavity, larynx, pharynx Dysphagia, Xerostomia [48, 49]

Thoracic, esophagus Dysphagia, Dumping Syndrome,
Pain during alimentation, Weight Loss. [52]

Stomach Dumping Syndrome, Malabsorption (fat, iron, calcium, 
vitamin B12) ,Weight Loss [9, 54, 56]

Small Intestine (total or subtotal 
resection)

Malabsorption, Diarrhea,
Bacterial Overgrowth [9]

Colon Water and electrolyte loss [52]
Pancreas Malabsorption, Nausea, Vomiting [57-59]
Liver Transitory hypo-albuminemia [52]

Chemotherapy

Alkylating Agents Nausea, Vomiting, Mucositis, Stomatitis, Esophagitis, 
Diarrhea, Malabsorption [60]

Antimetabolites Nausea, Vomiting, Diarrhea
Loss of appetite, Constipation. [203, 204]

Topoisomerase inhibitors Diarrhea [9]
Corticosteroids Electrolyte Abnormalities, Hyperglycemia, Pancreatitis [205]

Radiotherapy
Radiotherapy

Total Body Nausea, Vomiting [9]

Head and Neck
Mucositis, Odynofagia, Dysguesia,
Dysosmia, Dental Caries, Trismus,
Tissue Ulceration, Xerostomia
Dysgeusia

[90]

Esophagus Reflux, Dysphagia, Odynophagia, Fibrosis, Stenosis Fistula [88]

Lung Odynophagia, Nausea, Fibrosis [9, 88]

Abdomen and pelvis
Vomiting, Diarrhea, Acute Enteritis, Colitis, Inflammation 
and blockage of the intestine or rectum, Ulcer, 
Malabsorption

[89, 135, 
161, 163]

Immunotherapy
Monoclonal Antibodies

Nausea, Vomiting, Diarrhea
Toxicity to normal tissues (trastuzumab) ,induction of 
severe autoimmunity (ipilimumab) 

[91]

Cytokines Nausea, Vomiting [92]
Immune System Checkpoint Targets Diarrhea [91]

Hematopoietic and 
Peripheral Blood stem 
cell transplantation

Mouth
(GVHD complications)
Graft –versus –Host Disease

Mucositis, Eythema, Pain, Xerostomia, Ulcers, Mucocele
Restriction of mouth opening from sclerosis [93]

GI Tract
(GVHD complications) Nausea, Vomiting, Weight loss [93]
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hypermetabolism have been reported in cancer patients 
[28]. Hypermetabolism in malnourished patients 
contributes to a negative energy balance, which manifests 
in weight loss. Resting energy expenditure has been shown 
to vary by tumor type. Gastric and colorectal cancer 
patients tend to have normal resting energy expenditure, 
while pancreatic and lung cancer patients have higher 
resting energy expenditure [29]. The increase in resting 
energy expenditure experienced by lung cancer patients is 
generally the result of a systemic inflammatory response 
[30].

Increased glucose oxidation, protein turn over and 
lipolysis are widely observed metabolic disturbances 
in cancer patients. Altered carbohydrate metabolism in 
cachexia is characterized by insulin resistance, glucose 
intolerance, and gluconeogenesis from amino acids and 
lactate [31]. Increased energy consumption in cancer 
patients due to alterations in glucose metabolism has been 
reported. Tumor suppressors, p53 and Vhl, which increase 
dependence on glucose, are often lost in cancer patients 
[32, 33]. In addition, the hypoxic environment of the 
tumor and hypoxia-inducible factor I induce the formation 
of lactate [34]. Excess lactate can enter the Cori cycle in 
the liver and be converted back to glucose, increasing net 
ATP consumption (Figure 1). This has been documented 
in weight loss occurring cancer patients [35]. It has also 
been reported that gluconeogenesis and glycogenolysis 

are increased in cancer patients who experience weight 
loss [36]. The change in glucose level in cancer cells has 
been estimated to account for 40% of the increased energy 
expenditure in metastatic cancer [31]. 

During cachexia, the balance between muscle 
protein catabolism and anabolism is disrupted. Decrease 
in levels of anabolic factors and increase in catabolic 
factors have been observed in patients and cachectic 
mouse models. Circulating levels of insulin-like growth 
factor-1(IGF-1), an anabolic factor is decreased in 
cachectic patients [37]. Expression and production of a 
negative regulator of IGF-1 and insulin signaling, Impl2, 
has been observed in different tumor types. This can lead 
to insulin resistance and tissue wasting [38]. Factors that 
are upregulated during muscle atrophy include cytokines, 
activin A, myostatin and TNF-α receptor adapter protein6 
(TRAF6) [39-41]. Different proteolytic pathways in the 
muscle including the ubiquitin-proteasome and autophagy 
dependent pathways are found to be upregulated in 
cachectic patients. Mitochondrial metabolism in cachectic 
muscles is also affected. Uncoupling proteins that reduce 
proton gradient, produce reactive oxygen species and 
promote thermogenesis are overexpressed in muscle tissue 
[42]. 

Tumors can also cause increased mobilization 
and oxidation of lipids that result in increased energy 
expenditure (Figure 1). Lipid mobilizing factor, produced 

Figure 1: Tumor induced changes in different organs leading to the development of CACS. CACS is a multi-organ 
syndrome promoted by different factors secreted by tumor like cytokines and Lipid Mobilizing Factor (LMF). These factors induce changes 
in metabolic pathways and variations in appetite ultimately leading to loss of skeletal muscle mass.
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by cachexia-inducing tumors, causes the release of 
free fatty acids and glycerol from adipose tissue [43]. 
Lipolysis is also induced by IL-1, IL-6, TNF-α and TNF-γ 
[43, 44]. Cancer patients exhibit increased expression of 
mitochondrial uncoupling proteins in brown adipose tissue. 
Increased expression of uncoupling protein-1 in brown 
fat results in the loss of proton gradient, which causes 
uncoupling of ATP synthesis and oxygen consumption 
leading to increased metabolism and generation of heat. 
High uncoupling protein-3 mRNA levels are observed 
in gastrointestinal patients experiencing weight loss 
[45]. Studies in a knockout mouse model have indicated 
that activin signaling may play a role in controlling 
mitochondrial uncoupling and energy expenditure [46]. 

NUTRITIONAL COMPLICATIONS 
ARISING FROM ANTI-CANCER 
THERAPIES

Patients suffering from cancer and/or receiving 
anticancer therapy experience a variety of physiological 
manifestations that negatively affect appetite and dietary 
intake (Table 1). These side effects can result in reduced 
food intake, improper digestion, and nutrient absorption 
leading to the development of anorexia. 

Surgery

Efforts to correct nutritional deficiencies should be 
made prior to surgery to improve the rate of treatment 
success, however this may be difficult to accomplish 
if surgery is adjuvant to chemoradiation treatment. 
Nutritional complications of surgery vary by cancer site. 
Oral and esophageal resections often cause reduced food 
consumption and increased nutritional requirements that 
persist long after surgery [47]. Mastication complications 
may continue for a year in as many as 50% of post-
surgery patients [48, 49]. Surgical intervention on the 
tongue, salivary glands, or olfactory nerves can cause loss 
of taste and smell, which can lead to reduced food intake 
and negative nutritional effects [47]. As many as 50% of 
pharyngo-laryngectomy and 42% of laryngectomy patients 
experience dysphagia and chronic xerostomia for three to 
five years post-surgery [50, 51]. As many as 50-60% of 
patients undergoing esophagectomy experience loss of 
hunger, which is accompanied by reflux; 75% suffer from 
postprandial dumping syndrome, and 80-90% experience 
early satiety. Associated symptoms include dysphagia, 
weight loss, increased stool frequency, and dumping 
syndrome which consists of abdominal cramps, nausea, 
dizziness, diarrhea, and diaphoresis (Table 1) [52]. 

Surgeries of the gastrointestinal tract result in 
alterations to digestion and absorption of nutrients. Akin 
to head and neck surgeries, dysgeusia and dysosmia have 
been reported to occur in half of all patients undergoing 

upper gastrointestinal surgery; symptoms generally resolve 
within a 6- to 12-month timeframe [53]. However, 80% of 
cancer patients undergoing gastrectomy are malnourished 
due to maldigestion, malabsorption, shortened intestinal 
transit time, and bacterial overgrowth [54, 55]. Factors 
that influence maldigestion and malabsorption include 
lack of gastric hormones (partly caused by vagotomy) 
and the body’s inability to stimulate biliary and pancreatic 
secretions [56].

Malnutrition subsequent to pancreatico-
duodenectomy is often an outcome of disease progression, 
extent of parenchymal resection, and functional status of 
the remaining pancreas [57, 58]. Within two years post-
surgery, more than 50% of patients develop pancreatic 
exocrine insufficiency. The loss of enzymatic activity in 
the intestinal lumen, particularly loss of lipase activity, 
results in malabsorption of fat, protein, starch, and fat-
soluble vitamins, such as A, D, E, and K [59]. 

Chemotherapy

Toxicity of chemotherapy induces a host of 
complications in cancer patients including nausea, 
vomiting, anorexia, taste and smell changes, early 
satiety, mucositis, esophagitis, diarrhea, xerostomia, 
and constipation (Table 1). These symptoms occur as a 
function of the length and number of treatments. One 
of the most notable features of chemotherapy is nausea, 
which occurs in 84% of patients. Nausea occurring within 
24 hrs of treatment is mediated by activation of serotonin 
type 3 receptors, while delayed symptoms involve several 
factors including adrenal hormones, substance P, and 
gastrointestinal motility disruption [9].

In addition to decreased nutrient intake, metabolic 
abnormalities such as hyperglycemia and hypercalcemia 
occur post chemotherapy [53]. Alkylating agents such as 
cyclophosphamide, ifosfamide, or methotrexate can cause 
malabsorption by inducing direct mucosal and metabolic 
alterations [60]. Due to alterations from mucositis, 
erosive lesions may appear in the gastrointestinal 
tract [53]. Antineoplastic agents such as fluorouracil, 
doxorubicin, methotrexate, and cisplatin can induce severe 
gastrointestinal complications [61] . Biological therapies 
with interferons or with monoclonal antibodies, such as 
bevacizumab or cetuximab, can cause low to moderate 
nausea and/or vomiting. Tyrosine kinase inhibitors, such 
as lapatinib cause diarrhea [9]. 

Taste changes are common, and occur in 45-84% of 
cancer patients receiving chemotherapy [62-66]; changes 
in the ability to smell occur in 5% to 60% of patients [67-
69]. Patients with head and neck tumors have an especially 
high prevalence of chemosensory disorders [70, 71] due 
to the location of their cancer and the long-term effects 
of cancer therapies [72]. Chemosensory dysfunctions 
affect food intake and appetite [73-75] leading to the 
development of food aversions and weight loss [76, 77]. 
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Taste changes have been assessed by electrogustometry 
[78-80], which involves the application of an electric 
current to the tongue. Berteretche et al found an increase 
in electrical taste detection thresholds in chemotherapy 
patients compared to healthy controls [62]. Ovesen et al. 
observed decreased electrical taste detection thresholds 
in patients with different solid tumors undergoing 
chemotherapy compared to control patients with non-
cancerous disease [81]. In lung cancer patients and 
treatment responders, multiple studies have reported 
a decrease in electrical taste detection thresholds post 
chemotherapy compared to pre-chemotherapy [79, 81]. 

Chemotherapy patients showed increased chemical 
taste thresholds assessed by application of dilutions 
of basic taste substances [67, 79, 80, 82, 83] or with 
impregnated filter paper Taste Strips [84]. Higher 
thresholds were found for bitter [85, 86], sweet [86, 87], 
sour [84, 86], and salty tastes [86]. However, in other 
studies changes or variations in sensitivity to different 
concentrations were not observed [82, 83]. Because these 
studies involved small sample sizes, these contradictory 
findings might be artefactual. 

Few studies have prospectively investigated 
smell alterations in chemotherapy patients. However, 
multiple studies have reported that smell thresholds were 
unchanged during chemotherapy [69, 81]. Yakirevitch 
et al. observed that smell thresholds were increased 
after the end of treatment, although there was no change 
during chemotherapy [69]. Steinbach et al. also reported 
a decrease in olfactory function during chemotherapy, 
and found that compared to smell thresholds, smell 
discrimination and identification were largely unaffected 
[84]. 

Radiotherapy

The side effects of radiation therapy depend on the 
area irradiated, total dose, fractionation, duration, and 
volume irradiated. Side effects last several weeks; patients 
only begin the process of healing after the first 2-3 weeks 
out from treatment due to the continued radiation effects. 
Because of this,, 90% of patients that undergo irradiation 
for head and neck, thoracic, abdominal, and pelvic tumors 
become malnourished and experience weight loss (Table 
1) [9]. Radiotherapy of the head, neck, and thorax can 
cause xerostomia, mucositis, hypophagia, and pain. 
Radiation treatment of the oral cavity causes nausea, 
vomiting, dysphagia, odynophagia, sore throat, anorexia, 
esophagitis, mucositis, xerostomia, tissue ulceration, and 
taste alterations [9]. Oral cavity irradiation can have direct 
toxic effects on taste buds through effects on innervating 
nerve fibers, and can affect secretary cell functions in 
the mouth, reducing output and altering viscosity of 
saliva [53]. Acute esophagitis is a common side effect 
of radiotherapies for intra-thoracic neoplasms following 
chemotherapy or of radiotherapy exceeding 50 Gy, which 

is the case for 30% of cancer patients [88]. 
Abdominal irradiation often causes malabsorption 

because of direct toxic effects on microvilli of the 
gastrointestinal mucosa. Nausea or emesis occurring 
around three days post-irradiation is reported in 
approximately 50% of patients receiving upper abdominal 
radiation [9, 89]. Radiation induced emesis occurs in more 
than 90% of patients receiving total body irradiation [9].

Chronic radiation enteropathy is another 
complication that has a strong negative effect on the 
nutritional status of cancer patients due to the formation of 
multiple severe gastrointestinal strictures and fistulas [47]. 
In the chronic phase, when a stenosis occurs following 
esophagitis, the most common intervention is the initiation 
of enteral nutrition; otherwise, esophageal dilation and 
stent placement are necessary [9]. Symptoms are usually 
most severe in the week following radiation, but generally 
plateau and may wither thereafter [90]. The pain caused by 
these side effects may be severe enough to limit adequate 
hydration and nutrition [9]. 

Immunotherapy

Depending on the specific therapy used, 
immunotherapy can cause gradual or drastic weight 
loss. Monoclonal antibodies, which are used to block 
cancer-cell receptors for growth-stimulating factors, 
may cause a cascade of symptoms due to their inherent 
toxicity and possible autoimmune manifestations [91]. 
Cytokine therapy involves the therapeutic introduction of 
cytokines to induce the immune response to disrupt tumor 
growth. Treatments with cytokines such as interleukin 
2 or granulocyte-macrophage colony stimulating factor 
produce side effects including weight loss, fever, nausea, 
vomiting, and diarrhea (Table 1) [92].

Hematopoietic and peripheral blood stem cell 
transplantation(HSCT)

Patients receiving allogeneic donor stem cells often 
develop mucositis depending on the level of cytotoxicity 
of the immunosuppressive drug regimen, and may have 
difficulty meeting caloric needs [93]. Often the nutritional 
deficiencies result from acute graft versus host disease 
(GVHD), especially of the alimentary tract, resulting in 
taste changes, oral dryness, thick saliva, mouth and throat 
sores, nausea and vomiting, diarrhea, constipation, lack of 
appetite/weight loss, and weight gain [93]. 

NUTRITIONAL SCREENING IN CANCER 
PATIENTS

Patients at high risk of developing PCM can be 
identified using simple, non-invasive tools, which are 
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sufficiently sensitive to predict nutritional deterioration 
under current and likely future circumstances associated 
with disease processes. Thus, identified high-risk patients 
should be seen by an expert for detailed assessment of 
metabolism, body composition, and other variables to 
determine an appropriate nutritional therapy regimen. 
Nutritional screening should ideally be done before the 
start of anti-cancer therapy so that the nutritionist and 
dietician can give informed dietary recommendations 
according to scheduled treatment. Three commonly 
used nutritional screening tools used in assessment of 
oncology patients are Nutritional Risk Screening (NRS-
2002), Malnutrition Screening Tool (MST), and the more 
detailed Patient-Generated Subjective Global Assessment 
(PG-SGA) [94].

NRS-2002 generates a nutritional score based on 
change in dietary intake, recent weight loss, BMI changes, 
and a subjective assessment of disease severity[95]. NRS-
2002 is widely used in evaluating hospitalized patients, 
and is a good predictor of post-operative complications 
in cancer patients [96, 97]. MST is a three question test to 
assess loss of appetite and recent weight loss in medical, 
surgical, and oncology patients [94]. MST has been 
accepted as a predictable test for identifying high-risk 
oncology outpatients, especially those who are undergoing 
radiotherapy [98]. Subjective Global Assessment (SGA) is 
a widely used objective method based on medical history 
and patient physical examination [99]. PG-SGA has been 
specifically tailored for cancer patients incorporating an 
expanded questionnaire and a numerical scoring system 
[100, 101]. SGA is the most commonly used system for 
nutritional assessment, and is considered to be the gold 
standard for evaluating oncology patients. 

In patients with increased risk of malnutrition, a 
detailed evaluation accompanied with data collection 
is recommended. Information that need to be gathered 
include demographic and anthropometric data, details 
on the disease and its treatments and biochemical data 
which includes the plasma concentrations of positive and 
negative APR proteins [102]. Although bodyweight is 
the most important endpoint of any cachexia treatment, 
any tool used should include measurements for body 
composition, physical performance status such as Eastern 
Co-operative Oncology group (ECOG) score for cancer 
patients and quality of life. Clusters of multiple parameters 
are recommended for assessment to avoid interference 
from tumor derived factors[2].

MANAGEMENT FOR NUTRITION-
RELATED COMPLICATIONS

Adequate calorie and nutrient intake is imperative 
for the management of cancer-related symptoms and 
adverse effects of treatment. In general, the most highly 
recommended diet for cancer patients is a high calorie, 
high protein diet that includes a wide variety of fruits, 

vegetables, and proteins, and is low in saturated fats, but 
high in monounsaturated fats. Aggressive efforts should 
be made to ensure that patients continue to consume 
foods that are high in calories and protein to meet their 
nutritional needs throughout the course of their treatment 
(Figure 2).

Due to the complex nature of complications arising 
from cancer or anti-cancer therapies, a significant effort is 
necessary to identify drugs that can alleviate the symptoms 
and provide relief to patients. Although drugs are approved 
by the FDA for safety, clinical trials focused on assessing 
effectiveness for treating symptoms have been limited 
(small patient cohorts, lack of complete patient history). 
Despite these shortcomings, drugs have been identified 
that are effective for treating symptoms arising from 
cancer and anti-cancer therapies (Supplementary Table 1). 

Anorexia

Anorexia is one of the most common problems 
for cancer patients. To manage anorexia, cancer patients 
are advised to eat small high-protein and high-calorie 
meals every 1-2 hours instead of 3 larger meals, and 
take to liquid supplements (special drinks containing 
nutrients) [47]. Eating more dairy products also helps to 
ameliorate anorexia (Figure 2). Also, insure that patient is 
not suffering with constipation and if so discuss methods 
for relief as constipation can promote feelings of poor 
appetite/intake/early satiety and aggravate anorexia.

The most widely employed appetite stimulants 
used to treat anorexia are Megestrol acetate (Megace) 
and Medroxyprogesterone acetate (MPA), both of which 
are synthetic progestins, which stimulate appetite via 
Neuropeptide Y (NPY)-release in the hypothalamus 
[103] or by downregulating synthesis and release of 
proinflammatory cytokines [104]. Anorexia has been 
shown to be treatable with androgenic and anabolic 
steroids including nadrolone, decanoate, and oxandrolone 
[105-107].

Cachexia

The majority of cancer patients experience weight 
loss as their disease progresses. Nutritional management 
of cachexia in cancer patients involves intake of high-
protein and high-energy foods. Supplementation with 
eicosapentaenoic acid, antioxidants, and proteins may 
reverse severe weight loss in cancer patients with high 
inflammatory stress [108]. However care has to be taken 
to avoid interference of the supplements in inflammatory 
response induced by treatment aimed at destroying 
cancer cells. Hence antioxidant supplements are only 
prescribed in practice several months or years post 
treatment. A combination of ß-hydroxy-ß-methylbutyrate 
(HMB), arginine, and glutamine has demonstrated an 
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overall benefit including increased lean body mass, 
improved emotional profile, less weakness, and improved 
hematological parameters [109]. 

Although multifactorial, cachexia can be treated 
with corticosteroids such as dexamethasone, prednisolone, 
and methylprednisolone that enhance appetite and 
sensation of well-being [110]. Several neuropeptides 
regulate appetite, and are currently undergoing clinical 
trials to determine their efficacy in the treatment of cancer 

cachexia. Among these is ghrelin, a neuropeptide released 
from the stomach in response to fasting that stimulates 
food intake and improves total and lean body mass. 
Ghrelin has been suggested as a therapeutic approach for 
the treatment of cachexia [111]. Anamorelin, a ghrelin 
agonist has completed phase III trials in which it was 
shown to have a significant impact on reversal of skeletal 
muscle loss and a positive effect on appetite and weight 
gain [112]

Figure 2: Nutritional support strategies for common physiological complications arising from anti-cancer therapies.
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Dysphagia

Dysphagia associated with head, neck, and 
esophageal tumors can persist despite surgical excision 
of the tumor mass. Mechanical dysphagia can morph into 
neurogenic dysphagia due to ablations of muscular and 
nervous tissue, and presence of chemo and/or radiotherapy 
[113, 114]. Nutritional deficiencies caused by mechanical 
dysphagia can be avoided by early enteral nutrition [9]. 
Improving the texture of food presented in smoothie form 
using food thickeners, diluents, and lubricants is highly 
recommended. Fats consumed in smaller volumes can 
increase calorie intake [115]. 

Dumping syndrome 

Dumping syndrome usually follows gastrectomy 
and esophagectomy. Early dumping syndrome occurs 
immediately following meals rich in simple carbohydrates 
due to rapid abdominal distension with the release of 
vasoactive substances such as serotonin and bradykinin 
[9]. This can be avoided by small, frequent meals high 
in protein and complex carbohydrates, and allowing 
a 40 minute gap between food and drink ingestion 
(Figure 2). Complex carbohydrates rich in fiber delay 
glucose absorption and prolong bowel transit time. 
Supplementation with dietary fiber, including pectin 
and guar gum, has been shown to effectively treat 
hypoglycemia [116]. Late dumping syndrome occurs 2-3 
hours following a meal due to a postprandial hypoglycemia 
crisis that develops due to hyperinsulinemia induced by 
a rapid influx of glucose into the blood [116]. Avoiding 
sugar containing drinks and alcohol is also recommended 
to prevent late dumping [115]. 

Nausea and vomiting

Before and during chemotherapy/radiotherapy, 
patients may experience anticipatory nausea and vomiting. 
In addition, tastes, smells, visual cues, and thoughts might 
trigger the onset of emesis [117, 118]. In general, nausea 
can be avoided by eating dry, non-spicy foods after 
waking up and every few hours during the day. Foods that 
are overly sweet, greasy, fried, spicy, or have strong odors 
should be avoided. Nausea can also be avoided by sitting 
up or reclining with head raised for at least an hour after 
eating. Care should be taken to drink sufficient liquids 
to prevent dehydration. A bad taste in the mouth can be 
ameliorated by sucking on hard sweet candies or chewing 
peppermint chewing gum [119]. Avoid hot, stuffy rooms 
or strong cooking odors by using baking bags as well.

Metoclopramide, Haloperidol, Cyclizine, 
Domperidone, Ondansetron, Scopolamine, 
Prochlorperazine, Chlorpromazine, and Levomepromazine 
have been found to be effective in reducing the severity 

of nausea and vomiting arising from chemotherapy [120-
123]

Oral complications

Oxidative stress caused by chemotherapy and 
radiotherapy often leads to inflammation resulting in 
a host of ulcer-inducing alimentary tract inflammatory 
symptoms. Mucositis is often related to antimetabolites 
(e.g., 5-fluorouracil), antitumor antibiotics, taxanes, 
cisplatin, etoposide, cyclophosphamide, and irinotecan 
[124, 125]. Oral mucositis develops in a significant 
number of patients undergoing chemotherapy for 
different cancers and patients undergoing radiotherapy 
for head and neck cancers. Pain control, nutritional 
support, oral decontamination, management of bleeding 
and dry mouth and therapeutic interventions are used in 
the clinic to tackle the condition [126]. Cryotherapy is 
often performed in conjunction with chemotherapy. Oral 
rinsing with ice water or sucking on ice chips causes 
local vasoconstriction, which reduces the distribution of 
drug, reducing the severity of oral mucositis[127-129]. 
In combination with induced myelosuppression caused 
by antimetabolites, mucositis can result in viral and 
bacterial infections. Oral washes with baking soda or salt 
can be used to prevent infection and to provide soothing 
effects [129]. Frequent dental examinations decrease the 
possibility of infection, as well. 

Head and neck cancer patients suffering from 
xerostomia (dry mouth) have shown improvement when 
treated with Amifostine, Pilocarpine, and Cevimeline, 
which are cholinergic agonists that work by stimulating 
certain nerves to increase saliva production [130-
132]. In addition, head and neck cancer patients may 
suffer from mucositis for which analgesic therapy and 
antibiotics/antifungals are given in addition to drugs 
such as Palifermin [Keratinocyte growth factor (KGF) 
produced by recombinant DNA technology] to prevent 
infection[18]. Mouthwashes containing diphenhydramine, 
lidocaine, nystatin, and corticosteroids are also used in 
clinical practice [127, 129].

Diarrhea

Severe diarrhea is usually treated with a combination 
of clear liquid intake of at least 3 L per day, water soluble 
fiber supplements, and anti-diarrheal drugs[133]. It is 
helpful to eat small, frequent meals, while avoiding 
alcohol, caffeine, gas-forming food or drink, high fiber 
foods, high fat foods, and spicy foods. Lactose intolerant 
patients should avoid lactose-containing foods. Diarrhea 
resulting from anti-cancer therapies can be treated with 
Imodium, Cholestyramine, Diphenoxylate, and Octreotide 
acetate [120-123, 134]. These drugs can also be used in 
conjunction with anti-inflammatory drugs and antibiotics 
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to treat radiation enteritis [135]. Probiotic supplementation 
is a potential preventive method for diarrhea resulting 
from radiotherapy to the lower abdomen and pelvis. In a 
study of 490 patients receiving surgery for sigmoid, rectal, 
and cervical cancers, supplementation with VSL#3® 
(VSL Pharmaceuticals, Inc) before and during subsequent 
radiation led to a significant difference in the number 
of bowel movements and toxicity of diarrhea [133]. 
Supplementation with another potential preventative 
probiotic, Lactobacillus acidophilus, significantly reduced 
diarrhea in 1748 patients following radiation to the pelvis 
[136]. In addition, to reduce radiation-induced diarrhea, 
psyllium fiber supplementation is helpful [137, 138].

Dysgeusia and dysosmia

Dysgeusia is a distortion of the sense of taste and 
dysosmia is any alteration of the perception of smell. 
Dysgeusia is a condition in which a foul, salty, rancid, 
or metallic taste sensation persists in the mouth and also 
often associated with ageusia, which is the complete lack 
of taste, and hypogeusia, which is a decrease in taste 
sensitivity. Often, people who feel they have a problem 
with their sense of taste are experiencing a loss of smell 
instead of a loss of taste [139]. Zinc plays an important 
role in taste perception, and zinc deficiency is often 
responsible for taste perception abnormalities in otherwise 
healthy persons [140], in various diseases [86, 141], and 
in drug-induced taste disorders [142]. Beneficial effects 
of zinc sulfate [80, 143, 144] or polaprezinc (zinc-L-
carnosine) [145] on taste disturbances have been reported 
in patients with head and neck cancer or lung cancer 
(Figure 2). However, a phase III trial found no significant 
effect of zinc sulfate therapy on the median interval to 
taste alterations following radiotherapy, and no significant 
benefit of zinc therapy on taste or smell was found among 
cancer patients undergoing chemotherapy [146, 147]. 
Zinc supplementation should be used cautiously until 
further research confirms its efficacy, because long-term 
and excessive consumption of zinc may have a negative 
impact on the immune system in cancer patients [148]. 
Zinc supplementation should not go on beyond 3 months 
as iron and copper stores can be lowered.

Drugs such as bovine lactoferrin, which can 
treat taste alterations, are currently undergoing clinical 
study. Results of a randomized placebo-controlled 
pilot study to determine if administration of delta-9-
tetrahydrocannabinol (THC) improved taste and smell 
perception as well as appetite, caloric intake, and quality 
of life for cancer patients with chemosensory alterations 
showed that treatment with THC improved chemosensory 
perception as well as appetite in patients with advanced 
cancer [149]. THC increases appetite via endocannabinoid 
receptors (CB1r) [150]. CB1r are located in reward-
related areas of brain and in the olfactory epithelium and 
bulb [151, 152]. CB1r are involved in peripheral odor 

processing and potentially in taste function [151, 153]. 
A detailed list of drugs used for treating therapy-related 
symptoms is provided in Supplementary Table 1.

Metallic taste is frequently reported by cancer 
patients [154]. After at least two cycles of chemotherapy, 
78% (29/37) of patients with various cancer types 
described their perceived taste change as metallic [64]. 
Several strategies have been suggested for managing 
metallic taste. The most commonly mentioned strategy 
is the use plastic instead of metallic utensils [77, 155]. 
Patients receiving cyclophosphamide as part of their 
treatment reported a slight but lingering metallic taste; a 
few of these patients reported that using plastic utensils 
made food more palatable [156]. In patients with 
lymphoma, breast, lung, or ovarian cancer, consumption 
of cold foods was found to be more helpful for metallic 
taste than for other taste alterations [64]. In a study of 
ten colorectal cancer patients treated with oxaliplatin-
containing chemotherapy, one patient reduced the metallic 
taste through the use of very strong flavors, such as lots of 
salt [157]. 

A new approach was suggested in a pilot study using 
the fruit Synsepalum dulcificum, also known as “miracle 
fruit,” to improve food palatability for patients receiving 
chemotherapy [158]. “Miracle fruit” was developed as 
a sweetness enhancer. It contains the protein miraculin, 
which binds to sweet receptors on the tongue, having 
the effect of turning sour-tasting foods into sweet, and 
providing short-duration masking of certain unpleasant 
tastes, including metallic [159]. However larger studies are 
warranted on possible side effects of using miracle fruit 
since its antioxidant activity could interfere with the action 
of some chemotherapeutic drugs such as doxorubicin 
and platinum compounds. Also, stomach ache and sore 
throat have been reported with use. Lipid oxidation is 
thought to play a role in the development of metallic taste. 
Lipid oxidation may be reduced or prevented by use of 
antioxidants and chelating agents. A study of the effect 
of antioxidants (Vitamin C and E) and chelating agents 
(Ethylenediaminetetraacetic acid and lactoferrin) on the 
perceived intensity of metallic taste and lipid oxidation 
in healthy participants (22 participants, age 19-53 years) 
[160]. The antioxidants were not effective in removing 
the metallic taste, but the chelating agents were effective; 
lactoferrin completely eliminated the metallic taste in all 
participants.

Radiation enteritis

The use of radiation in the treatment of cancer comes 
with risks, one of which is radiation enteritis. Radiation 
enteritis is inflammation of the small and/or large intestine 
resulting from radiation treatments of the stomach, sexual 
organs, bladder or rectum. More than one fifth of patients 
receiving radiotherapy will develop radiation enteritis, 
with chronic enteritis developing between 18 months 
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Table 2: List of studies evaluating candidate biomarkers for CACS and therapy-associated complications
Physiological 
Conditions Biomarker Function Comparison/ Purpose Results Ref

CACS

IL-1β Pro-inflammatory 
cytokine

Plasma levels of pro-
inflammatory cytokines in 
advanced cancer patients

IL-1β levels strongly associated with 
subjective (weight loss, loss of appetite) 
and objective (albumin and CRP levels) 
measurements of cancer cachexia. 

[206]

IL-6 Pro-inflammatory 
cytokine

Identification of high risk factors 
contributing to increased serum 
IL-6 levels in chemo-naïve 
advanced pancreatic cancer 
patients.

High serum IL-6 related to anemia (P < 0.01), 
high CRP levels (P = 0.02), severe fatigue (P = 
0.02) and hepatic metastasis (P < 0.01).

[207]

Serum pro-inflammatory 
cytokine levels in 
gastroesophageal patients.

IL-6 and other pro-inflammatory markers are 
elevated in cachetic gastroesophageal patients 
compared to non-cachetic (6.582pg/ml vs 
3.018pg/ml) and healthy controls (6.582pg/ml 
vs 1.002pg/ml). 

[208]

IL-8 Pro-inflammatory 
cytokine

Serum IL-8 levels were 
compared between healthy 
controls, non-cachetic gastric 
cancer (GC) patients and 
cachetic GC patients.

IL-8 levels were significicantly higher in 
cachetic patients compared to non-cachetic 
patients and healthy subjects (1.413 ± 
0.130 ng/mL vs 0.899 ± 0.076 ng/mL). 

[209]

Serum IL-8 levels in 
gastroesophageal patients.

 IL-8 is elevated in cachetic patients compared 
to non-cachetic and healthy controls. [208]

Ghrelin
Gastric hormone 
involved in energy 
balance and 
hunger.

Role of ghrelin in cachexia and 
its potential as a diagnostic tool 
in NSCLC patients.

Serum ghrelin levels were higher in patients 
experiencing weightloss compared to healthy 
individuals (0.5 ± 0.4 ng/ml vs. 0.4 ± 0.3ng/
ml) and patients without weight loss. (0.56 ± 
0.24 ng/ml vs. 0.52 ± 0.44 ng/ml) 

[210]

Leptin
Adipokine 
involved in energy 
homeostasis

Predict potential of using leptin 
as a diagnostic and prognostic 
biomarker for cachexia in cancer 
patients.

Serum leptin was significantly lower in 
cachetic cancer patients with a diagnostic 
(sensitivity 79%, specificity 73%) and 
prognostic significance (HR 0.94; 95% CI 
0.92 - 0.96; p < 0.0001). 

[171]

Angiotensin II
Peptide hormone 
involved in 
skeletal muscle 
maintenance.

Identification of blood based 
biomarkers of cachexia in 
advanced cancer patients.

 Pre-cachetic (~18±2pg/ml) and cachetic 
(~17±2pg/ml ) patients showed significantly 
elevated levels of angiotensin II in blood 
compared to non-cachetic (~8±1.8pg/ml) 
patients.

[179]

Growth 
Differentiation 
Factor (GDF-15)

TGFβ family 
cytokine

Measurement of plasma GDF-
15 levels in cancer patients 
compared to controls

Plasma GDF-15 levels were elveated in cancer 
patients experiencing weight loss compared to 
those who are not.(median levels of GDF-15- 
2.5ng/ml compared to 1.5ng/ml) 

[188]

Nausea and Vomiting Arginine 
Vasopressin202

Direct stimulation 
of the medullary 
vomiting center 
via vagal afferents

AVP levels in plasma of 
patients with vomiting after 
chemotherapy to those who 
don’t.

Increased levels of AVP in patients with 
vomiting symptoms(4 to 129 fold difference). [193]

Mucositis Citrulline
Inflammation 
caused by GI tract 
damage.

Usage of citrulline as a marker 
for GI mucositis in HSCT 
patients

Citrulline levels were <10µmol/L in patients 
with severe mucositis. [196]

Chemotherapy – 
induced Diarrhea Calprotectin Calcium binding 

protein 

Identification of biomarkers for 
chemotherapy-induced diarrhea 
in fecal samples of cancer 
patients 

Fecal calprotectin levels were increased in 
patients with diarrhea (6.82±1.20 ng/ml)
compared to healthy controls( 0.54±0.54 ng/
ml).

[197]

Radiation-induced 
Acute Intestinal 
Symptoms (diarrhea, 
tenesmus, bloody 
stools)

Transthyretin Thyroid hormone-
binding protein

Identification of biomarkers for 
the condition in cervical cancer 
patients.

Patients with RIAIS showed significantly 
decreased levels of serum TTR compared to 
patients without RIAIS ( 22.112 vs 27.528 ng/
ml)

[200]

Neurosecretory 
protein VGF 
fragments

Energy 
homeostasis

Identification of biomarkers for 
the condition in cervical cancer 
patients.

Patients with RIAIS showed significantly 
higher levels of serum TTR compared 
to patients without RIAIS ( 3824.244 vs 
2944.890 pg/ml)

[200]

GVHD
Regenerating 
islet-derived 
3-alpha 
(REG3α)

Protect epithelial 
barrier function of 
intestinal mucosa

Identification of plasma 
biomarkers specifically for 
gastrointestinal GVHD.

REG3α levels showed 3 fold increase in 
patients with GI GVHD and serves as a 
prognostic indicator for non-relapse mortality.

[211]
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and 6 years following treatment [161-163]. It is often 
suggested that patients affected by radiation enteritis make 
changes in their diet to reduce aggravation to the digestive 
system. Among the recommendations are avoidance of 
dairy products (with exception of yogurt), whole wheat 
products, chocolate, and raw vegetables, and inclusion of 
protein-rich foods and fruits in the diet (Figure 2).

Nutrition support therapy

Moderately to severely malnourished cancer patients 
who are at risk of not receiving adequate nutrition for 7 
to 14 days following surgery would benefit from enteral 
nutrition (EN). Administration of an immune enhancing 
formula that includes supplemental arginine, ω-3 fatty 
acids, and nucleotides has been shown to decrease the 
incidence of surgical complications in these patients [164]. 
EN is also the preferred mode of nutritional support in 
post-operative malnourished patients as it is associated 
with reduced incidences of infectious complications and 
hyperglycemia [165]. EN delivered by feeding tube is also 
used in patients with head and neck cancer undergoing 
chemoradiotherapy. Depending on the tumor status and the 
patient’s nutritional status, administration of prophylactic 
or reactive enteral tube feedings is advisable to combat 
malnourishment [166]. 

Although oral and EN methods are preferred, 
parenteral nutrition (PN) is generally used when patients 
begin to experience severe side effects from anticancer 
therapies. PN is recommended when malnourished 
patients are unable to digest and absorb nutrients delivered 
enterally for more than 7 to 10 days [167]. Cachectic and 
hypophagic patients suffering from sub-acute intestinal 
obstruction due to peritoneal carcinomatosis may require 
long term PN [168]. PN is recommended in cases where 
severe mucositis or severe radiation enteritis is present, 
or when oral or enteral nutrition is not possible [169]. 
PN is not recommended for non-aphagic patients or for 
those with severe gastrointestinal obstructions, in which 
case PN is ineffective and possibly damaging but PN is 
typically recommended or even required for patients with 
gastrointestinal obstructions; in these cases, some terminal 
patients (3+ months expected lifespan) palliative PN 
should be considered, but is not a cancer-specific treatment 
and will not likely prolong the patient’s life [169]. 

PN will not increase survival in a patient who is 
undergoing chemotherapy and radiation therapy, and is 
only recommended for patients whose nutrient absorption 
is inadequate and EN is not possible [167]. In HSCT 
patients, PN is not routinely recommended but may be 
used to ensure nutrition in patients experiencing severe 
mucositis, ileus, and intractable vomiting [168]. Glutamine 
supplementation may be beneficial to these patients. PN 
should be discontinued when patients are able to attain 
50% of nutritional needs enterally [168]. If GVHD 
develops, patients should be put on PN, and are usually 

not taken off PN until bone marrow recovers [168]. In 
patients with incurable cancers, PN is recommended when 
life expectancy is greater than 2 to 3 months, EN is not 
plausible, PN will likely improve quality of life, and the 
patient requests this form of nutrition [168]. Both EN and 
PN involve risks, including psychological risks associated 
with stress and discomfort from feeding tube insertion. 
Common complications also include infections, metabolic 
issues such as hyperglycemia, electrolyte imbalances, 
diarrhea, and, in the terminally ill, fluid overload [169]. 

BIOMARKERS FOR NUTRITIONAL 
STATUS

Diagnosis and management of CACS is a challenge; 
identification of biomarkers to precisely diagnose CACS 
in early stages and to predict the progression and outcome 
would significantly impact treatment and survival of 
cancer patients. Here we list a few promising candidate 
biomarkers with diagnostic and prognostic significance in 
CACS (Table 2).

Ghrelin

Ghrelin is a circulating, gut-derived hormone that 
crosses the blood brain barrier, acts through growth 
hormone secretagogue receptor in several parts of the 
brain to stimulate appetite and increase food intake [170]. 
Given the significance of ghrelin in increasing food intake, 
multiple studies have looked at plasma or serum ghrelin 
levels in cancer patients. Ghrelin levels were elevated 
in 140 cachectic adults with different cancers compared 
to healthy controls [171]. Individual studies have also 
reported elevated ghrelin levels in cachectic patients 
with lung or colon cancer [27, 172, 173]. Biologically 
active octanoylated ghrelin and active to total ghrelin 
levels have also been found to be increased in cancer 
patients compared to non-cancer controls [174]. It has 
been suggested that increased ghrelin levels might be a 
compensatory response to weight loss. Lower ghrelin 
levels in cancer patients have also been linked to increased 
survival [171]. Detailed studies on regulatory mechanisms 
of production and secretion of total and active ghrelin 
levels in cancer patients at risk of developing cachexia are 
needed to evaluate the potential of ghrelin as a biomarker 
for cachexia. 

Leptin

Leptin is produced predominantly in adipose 
tissues, and is a pleiotropic cytokine involved in the 
regulation of energy homeostasis, metabolism, and 
immune function. Leptin receptor is expressed in 
several cancers, and leptin signaling has been proposed 
to be involved in carcinogenesis [175]. Plasma leptin 
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concentration is dependent on the amount of fat tissue. 
Lung and gastrointestinal cancer cachectic patients show 
lower serum leptin levels, presumably due to decreased 
fat. However, leptin levels have been found to be elevated 
in breast and gynecological cancer patients due to factors 
other than cachexia, limiting the potential of leptin as a 
universal biomarker for identifying cachectic patients 
[43]. However, additional studies on the role of leptin in 
cachexia and use of leptin as a biomarker are warranted. 

Angiotensin II

Angiotensin II, the main component of the renin-
angiotensin system (RAS), increases protein degradation 
and apoptosis in skeletal muscle [176]. Angiotensin 
II inhibits the IGF-1 signaling pathway, which results 
in decreased protein synthesis. Increased angiotensin 
levels also cause elevated levels of TNF-α, IL-6, and 
myostatin, which results in increased protein degradation 
and attenuated protein synthesis. In addition, angiotensin 
II regulates anorexic/orexic associated neuropeptides to 
regulate appetite and food intake [177, 178]. Angiotensin 
II mRNA in blood and plasma levels of angiotensin II 
were found to be elevated in patients with different cancer 
types prior to anti-cancer therapy. Angiotensin II was 
found to be elevated in both pre-cachectic and cachectic 
cancer patients compared to patients without cachexia, 
suggesting that angiotensin II has potential as a biomarker 
for early detection of patients at increased risk [179]. 
Angiotensin converting enzyme inhibitors have been used 
to inhibit muscle wasting and improve weight loss, which 
further indicates the possible significance of angiotensin in 
management of cachexia [180]. 

Cytokines

Systemic inflammation is closely associated with 
development of CACS, and pro-inflammatory cytokines 
have been explored as potential biomarkers for cachexia 
(Table 2). Plasma levels of several pro-inflammatory 
cytokines including TNFα, IL-6, IL-1 and IFN-γ in 
circulation have been assessed as markers of cachexia 
[181-184]. Although levels of these cytokines were found 
to be elevated in multiple studies, the results were not 
consistent [185, 186]. Variations in assay sensitivities, 
short half-life of cytokines, and presence of natural 
cytokine inhibitors may be associated with differences in 
detected levels of cytokines [183]. The TGFβ signaling 
pathway has been implicated in development of cachexia, 
and its superfamily members including TGFβ-1 and 
Growth Differentiation Factor (GDF-15) have been found 
to be elevated in plasma of pre-cachectic and cachectic 
cancer patients experiencing weight loss [179, 187, 188].

MicroRNAs (miRNAs)

Recently, several miRNAs, short non-coding 
RNAs that play a significant regulatory role in several 
biological processes, have been found to play important 
roles in muscle wasting processes. Lung and pancreatic 
cancer-derived microvesicles expressing miR-21 were 
shown to activate TLR7 receptor and to induce apoptosis 
of skeletal muscle cells [189]. Global miRNA profiling 
in adipose tissues of gastrointestinal cancer patients with 
or without cachexia indicated that miR-483-5p/-23a/-
744/-99b were downregulated and that miR-378 was up 
regulated in cachexia. Upregulation of miR378 correlated 
with catecholamine-stimulated lipolysis in adipocytes and 
with expression of key lipolytic regulators [190]. These 
findings indicate a key regulatory role for miRNAs in 
cancer cachexia, and suggest that, with further analysis, 
miRNAs may provide useful diagnostic and prognostic 
markers.

BIOMARKERS FOR ANTI-CANCER 
THERAPY-RELATED SYMPTOMS

Identification of biomarkers that predict the 
likelihood of occurrence of particular physiological 
complications following cancer therapy is difficult, in 
part, because of the complexity of generating an accessible 
biomarker that accurately predicts outcomes under highly 
variable circumstances such as age, nutritional and health 
status, medication, metabolic activity, and therapeutic 
modality [191]. These issues can be complicated further 
by overlapping symptoms that may be regulated by similar 
physiological underpinnings [192]. Although difficult to 
identify, genetic anomalies that predispose to particular 
reactions to anticancer therapies and physiological 
changes associated with complications can be used as 
biomarkers (Table 2). 

Nausea and vomiting

The most common symptoms following anti-cancer 
therapy are nausea and vomiting, which have been found 
to correlate with an increase in the hormone arginine 
vasopressin [193, 194]. Vasopressin induces vomiting 
by activation of chemoreceptor trigger zones in the area 
postrema of the brain, which induces afferent pathway 
activation of the medullary vomiting center [193]. No 
other markers predictive for vomiting or nausea are 
known.

Mucositis

There is a need for readily accessible mucositis 
biomarkers. Current methods for symptom determination 
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are invasive and harmful to patients undergoing concurrent 
anticancer treatments. Several diagnostic biomarkers for 
determining mucositis in chemotherapy patients have 
been generated including 13CO2, Lactulose/Mannitol, 
and citrulline; the latter has been found to be an accurate 
indicator of mucositis in HSCT patients [195, 196]. 
These tests assess components of mucositis-activating 
mechanisms that encourage tissue turnover in damaged 
gastrointestinal tracts. In chemotherapy patients, mucositis 
usually occurs in conjunction with diarrhea, and can be 
indicated by increases in the enzyme MMP-3, by changes 
in bacterial flora, such as increases in Bacteroides spp., 
and by inflammation in the gut mediated by an increase in 
fecal calprotectin [197]. A further complication that may 
occur during GI turnover is malabsorption; however, there 
are no specific biomarkers to indicate malabsorption in 
cancer patients. Stool weight can be used to indicate lack 
of absorption [198]. 

Radiotherapy-related complications

Parotid gland [(18)F] fluorodeoxyglucose-labeled 
positron emission tomography-computed tomography 
(FDG-PET-CT) uptake has been found to be a possible 
biomarker for post-radiotherapy xerostomia [199]. In 
cervical cancer patients, radiotherapy is commonly 
performed in the pelvis, often resulting in mucosal 
dysfunction and numerous acute intestinal symptoms. 
Decreased levels of osteopontin (OPN) [200], a cytokine 
regulating mucosal protective functions through 
transduction pathways, and Transthyretin (TTR) [200], a 
transporter of thyroxine through the blood/brain barrier, 
have been associated with an increased chance of intestinal 
complications. 

FUTURE DIRECTIONS

Cancer patients suffer from cancer-induced and 
therapy- induced nutritional deficiencies (mainly protein 
and caloric). In patients with advanced cancers frequently, 
PCM advances to a serious and challenging problem, 
which is often not solved by increasing nutrient intake 
because it involves loss of lean body mass induced by 
metabolic alterations caused by the presence of the tumor. 
In patients with nutritional deficits at the time of diagnosis, 
treatments will likely aggravate side effects leading to 
suspension or decrease in dosage of therapy. To practice 
personalized cancer care, the clinic needs to monitor 
nutritional status of cancer patients right from diagnosis 
and throughout the treatment period. Currently, nutritional 
interventions are shown to have some beneficial effects 
on quality of life but there is little effect on mortality 
[201] and this minimal effect is likely caused by lack of 
early nutritional interventions. Research leading to more 
complete understanding of the relationship between 
complications of cancer treatment and progression toward 

malnutrition and acute nutritional deficits will allow for 
efficient measures to prevent the transition to cancer 
cachexia. 

Nutritional supplementation offered in conjunction 
with patient selection at early stage of anti-cancer therapies 
can help patients withstand the toxic effects of therapy 
[202]. At onset and throughout the course of illness, 
patients should receive ongoing nutritional counseling. 
For selected patients, personalized dietary counseling with 
their family is important, and has been shown to improve 
the patient’s nutritional status, decrease morbidity, 
and improve quality of life. Clinicians and healthcare 
providers should be equipped to educate the patient and 
family members on potential effects of a prescribed 
treatment regimen on nutrient intake, and should make 
dietary recommendations. Follow-up visits should include 
assessment of symptom control, weight, appetite, and 
function as part of continued medical surveillance and 
monitoring of health status. This level of care requires an 
interdisciplinary approach involving physicians, nurses, 
nutritionists, dietitians, and psychologists. 

Research aimed at preventing and treating 
malnutrition must consider the multifactorial nature of 
the condition, beginning with establishment of a uniform 
definition of cancer-related malnourishment that should 
be followed as an eligibility criterion. In conjunction 
with nutritional therapy, a focus should be placed on 
management of symptoms resulting from toxicities 
associated with therapy. If therapy- associated nutritional 
complications get worsened prospects of postponing 
treatment until patient gets sufficient nourishment 
should be considered. Targeting specific symptoms with 
preventative measures, appropriate nutritional support, 
and drug administration will be beneficial to patient 
recovery. Considering the important role that changes in 
taste and smell exert on food intake and appetite, and in 
health and health-related quality of life of cancer patients, 
an objective assessment of qualitative taste and smell 
changes and adequate interventions should be applied. As 
symptoms of taste and smell disorders vary widely from 
patient to patient, specific interventions that combine 
pharmacologic and non-pharmacologic treatments into 
daily routines should be employed and customized for the 
individual patient. 

Future directions in the field of cancer cachexia may 
also come from aggressive research efforts by scientists 
towards discovery and validation of “biomarkers” for early 
detection and prevention of cancer-induced weight loss. 
Research is also needed in the area of cancer-associated 
anorexia; reduced food intake is common among cancer 
patients, and effective therapies to improve appetite 
and daily caloric intake are lacking. Results from the 
study of candidate biomarkers that may predict possible 
physiological complications following anti-cancer therapy 
promise to facilitate effective management of treatment 
and to prevent progression toward cachexia.



Oncotarget24023www.impactjournals.com/oncotarget

ACKNOWLEDGMENTS

We thank the John Theurer Cancer Center and 
Hackensack University Medical Center for supporting 
funding for this manuscript. We also thank the The Leroy 
Schecter Foundation, the Leon Lowenstein Foundation, 
and the Walter & Louise Sutcliffe Foundation for 
supporting publication and research at the Genomics and 
Biomarkers Program. 

CONFLICTS OF INTEREST

None of the authors have a conflict of interest 
pertaining to this manuscript.

FINANCIAL SUPPORT

John Theurer Cancer Center of HackensackUMC, 
Schecter Foundation, Leon Lowenstein Foundation and 
Walter & Louise Sutcliffe Foundation.

REFERENCES

1. Marshall S. Protein-energy malnutrition in the rehabilitation 
setting: Evidence to improve identification. Maturitas. 2016; 
86: 77-85.

2. Jensen GL, Compher C, Sullivan DH, Mullin GE. 
Recognizing malnutrition in adults: definitions and 
characteristics, screening, assessment, and team approach. 
JPEN J Parenter Enteral Nutr. 2013; 37: 802-7.

3. Nitenberg G, Raynard B. Nutritional support of the cancer 
patient: issues and dilemmas. Crit Rev Oncol Hematol. 
2000; 34: 137-68.

4. Baracos VE. Cancer-associated cachexia and underlying 
biological mechanisms. Annu Rev Nutr. 2006; 26: 435-61.

5. Bozzetti F. Nutritional support of the oncology patient. Crit 
Rev Oncol Hematol. 2013; 87: 172-200.

6. Porporato PE. Understanding cachexia as a cancer 
metabolism syndrome. Oncogenesis. 2016; 5: e200.

7. Muscaritoli M, Anker SD, Argiles J, Aversa Z, Bauer 
JM, Biolo G, Boirie Y, Bosaeus I, Cederholm T, Costelli 
P, Fearon KC, Laviano A, Maggio M, et al. Consensus 
definition of sarcopenia, cachexia and pre-cachexia: joint 
document elaborated by Special Interest Groups (SIG) 
“cachexia-anorexia in chronic wasting diseases” and 
“nutrition in geriatrics”. Clin Nutr. 2010; 29: 154-9.

8. Drescher C, Konishi M, Ebner N, Springer J. Loss of 
muscle mass: current developments in cachexia and 
sarcopenia focused on biomarkers and treatment. J Cachexia 
Sarcopenia Muscle. 2015; 6: 303-11.

9. Nicolini A, Ferrari P, Masoni MC, Fini M, Pagani S, 
Giampietro O, Carpi A. Malnutrition, anorexia and cachexia 
in cancer patients: A mini-review on pathogenesis and 
treatment. Biomed Pharmacother. 2013; 67: 807-17.

10. Huhmann MB, August DA. Nutrition support in surgical 
oncology. Nutr Clin Pract. 2009; 24: 520-6.

11. Arends J, Bodoky G, Bozzetti F, Fearon K, Muscaritoli 
M, Selga G, van Bokhorst-de van der Schueren MA, von 
Meyenfeldt M, DGEM, Zurcher G, Fietkau R, Aulbert E, 
Frick B, et al. ESPEN Guidelines on Enteral Nutrition: 
Non-surgical oncology. Clin Nutr. 2006; 25: 245-59.

12. Robien K, Levin R, Pritchett E, Otto M. American 
Dietetic Association: standards of practice and standards 
of professional performance for registered dietitians 
(generalist, specialty, and advanced) in oncology nutrition 
care. J Am Diet Assoc. 2006; 106: 946-51.

13. Sakurai Y, Klein S. Metabolic alteration in patients with 
cancer: nutritional implications. Surg Today. 1998; 28: 247-
57.

14. Anandavadivelan P, Lagergren P. Cachexia in patients with 
oesophageal cancer. Nat Rev Clin Oncol. 2016; 13: 185-98.

15. Gorenc M, Kozjek NR, Strojan P. Malnutrition and 
cachexia in patients with head and neck cancer treated with 
(chemo)radiotherapy. Rep Pract Oncol Radiother. 2015; 20: 
249-58.

16. Braun TP, Marks DL. Pathophysiology and treatment 
of inflammatory anorexia in chronic disease. J Cachexia 
Sarcopenia Muscle. 2010; 1: 135-45.

17. Rossi Fanelli F, Laviano A. Cancer anorexia: a model for 
the understanding and treatment of secondary anorexia. Int 
J Cardiol. 2002; 85: 67-72.

18. Spielberger R, Stiff P, Bensinger W, Gentile T, Weisdorf 
D, Kewalramani T, Shea T, Yanovich S, Hansen K, Noga 
S, McCarty J, LeMaistre CF, Sung EC, et al. Palifermin 
for oral mucositis after intensive therapy for hematologic 
cancers. N Engl J Med. 2004; 351: 2590-8.

19. Aleman MR, Santolaria F, Batista N, de La Vega M, 
Gonzalez-Reimers E, Milena A, Llanos M, Gomez-Sirvent 
JL. Leptin role in advanced lung cancer. A mediator of the 
acute phase response or a marker of the status of nutrition? 
Cytokine. 2002; 19: 21-6.

20. Zigman JM, Elmquist JK. Minireview: From anorexia 
to obesity—the yin and yang of body weight control. 
Endocrinology. 2003; 144: 3749-56.

21. Aoyagi T, Terracina KP, Raza A, Matsubara H, Takabe 
K. Cancer cachexia, mechanism and treatment. World J 
Gastrointest Oncol. 2015; 7: 17-29.

22. Argiles JM, Busquets S, Stemmler B, Lopez-Soriano FJ. 
Cancer cachexia: understanding the molecular basis. Nat 
Rev Cancer. 2014; 14: 754-62.

23. Han Y, Weinman S, Boldogh I, Walker RK, Brasier AR. 
Tumor necrosis factor-alpha-inducible IkappaBalpha 
proteolysis mediated by cytosolic m-calpain. A mechanism 
parallel to the ubiquitin-proteasome pathway for nuclear 
factor-kappab activation. J Biol Chem. 1999; 274: 787-94.

24. Bonetto A, Aydogdu T, Kunzevitzky N, Guttridge DC, 
Khuri S, Koniaris LG, Zimmers TA. STAT3 activation in 
skeletal muscle links muscle wasting and the acute phase 



Oncotarget24024www.impactjournals.com/oncotarget

response in cancer cachexia. PLoS One. 2011; 6: e22538.
25. Seto DN, Kandarian SC, Jackman RW. A Key Role for 

Leukemia Inhibitory Factor in C26 Cancer Cachexia. J Biol 
Chem. 2015; 290: 19976-86.

26. Mantovani G. Assessment of nutritional status and 
prognosis in advanced cancer: interleukin-6, C-reactive 
protein, and the prognostic and inflammatory nutritional 
index. By Declan Walsh et al. Supportive Care in Cancer 
(2003) 11:60-62. Support Care Cancer. 2003; 11: 494-5.

27. Shimizu Y, Nagaya N, Isobe T, Imazu M, Okumura H, 
Hosoda H, Kojima M, Kangawa K, Kohno N. Increased 
plasma ghrelin level in lung cancer cachexia. Clin Cancer 
Res. 2003; 9: 774-8.

28. Bosaeus I. Nutritional support in multimodal therapy for 
cancer cachexia. Support Care Cancer. 2008; 16: 447-51.

29. Fredrix EW, Soeters PB, Wouters EF, Deerenberg IM, von 
Meyenfeldt MF, Saris WH. Effect of different tumor types 
on resting energy expenditure. Cancer Res. 1991; 51: 6138-
41.

30. Staal-van den Brekel AJ, Schols AM, Dentener MA, ten 
Velde GP, Buurman WA, Wouters EF. The effects of 
treatment with chemotherapy on energy metabolism and 
inflammatory mediators in small-cell lung carcinoma. Br J 
Cancer. 1997; 76: 1630-5.

31. Lundholm K, Edstrom S, Karlberg I, Ekman L, Schersten 
T. Glucose turnover, gluconeogenesis from glycerol, and 
estimation of net glucose cycling in cancer patients. Cancer. 
1982; 50: 1142-50.

32. Hu S, Balakrishnan A, Bok RA, Anderton B, Larson 
PE, Nelson SJ, Kurhanewicz J, Vigneron DB, Goga A. 
13C-pyruvate imaging reveals alterations in glycolysis that 
precede c-Myc-induced tumor formation and regression. 
Cell Metab. 2011; 14: 131-42.

33. Dang CV. PKM2 tyrosine phosphorylation and glutamine 
metabolism signal a different view of the Warburg effect. 
Sci Signal. 2009; 2: pe75.

34. Vordermark D, Kaffer A, Riedl S, Katzer A, Flentje M. 
Characterization of carbonic anhydrase IX (CA IX) as an 
endogenous marker of chronic hypoxia in live human tumor 
cells. Int J Radiat Oncol Biol Phys. 2005; 61: 1197-207.

35. Holroyde CP, Gabuzda TG, Putnam RC, Paul P, Reichard 
GA. Altered glucose metabolism in metastatic carcinoma. 
Cancer Res. 1975; 35: 3710-4.

36. Eden E, Edstrom S, Bennegard K, Schersten T, Lundholm 
K. Glucose flux in relation to energy expenditure in 
malnourished patients with and without cancer during 
periods of fasting and feeding. Cancer Res. 1984; 44: 1718-
24.

37. Penna F, Bonetto A, Muscaritoli M, Costamagna D, Minero 
VG, Bonelli G, Rossi Fanelli F, Baccino FM, Costelli P. 
Muscle atrophy in experimental cancer cachexia: is the 
IGF-1 signaling pathway involved? Int J Cancer. 2010; 127: 
1706-17.

38. Kwon Y, Song W, Droujinine IA, Hu Y, Asara JM, 

Perrimon N. Systemic organ wasting induced by localized 
expression of the secreted insulin/IGF antagonist ImpL2. 
Dev Cell. 2015; 33: 36-46.

39. Yoshida T, Delafontaine P. Mechanisms of Cachexia in 
Chronic Disease States. Am J Med Sci. 2015; 350: 250-6.

40. Loumaye A, de Barsy M, Nachit M, Lause P, Frateur L, 
van Maanen A, Trefois P, Gruson D, Thissen JP. Role of 
Activin A and myostatin in human cancer cachexia. J Clin 
Endocrinol Metab. 2015; 100: 2030-8.

41. Sun YS, Ye ZY, Qian ZY, Xu XD, Hu JF. Expression of 
TRAF6 and ubiquitin mRNA in skeletal muscle of gastric 
cancer patients. J Exp Clin Cancer Res. 2012; 31: 81.

42. Giordano A, Calvani M, Petillo O, Carteni M, Melone MR, 
Peluso G. Skeletal muscle metabolism in physiology and in 
cancer disease. J Cell Biochem. 2003; 90: 170-86.

43. Ebadi M, Mazurak VC. Potential Biomarkers of Fat Loss 
as a Feature of Cancer Cachexia. Mediators Inflamm. 2015; 
2015: 820934.

44. Batista ML, Jr., Olivan M, Alcantara PS, Sandoval R, 
Peres SB, Neves RX, Silverio R, Maximiano LF, Otoch JP, 
Seelaender M. Adipose tissue-derived factors as potential 
biomarkers in cachectic cancer patients. Cytokine. 2013; 
61: 532-9.

45. Collins P, Bing C, McCulloch P, Williams G. Muscle UCP-
3 mRNA levels are elevated in weight loss associated with 
gastrointestinal adenocarcinoma in humans. Br J Cancer. 
2002; 86: 372-5.

46. Li L, Shen JJ, Bournat JC, Huang L, Chattopadhyay A, Li 
Z, Shaw C, Graham BH, Brown CW. Activin signaling: 
effects on body composition and mitochondrial energy 
metabolism. Endocrinology. 2009; 150: 3521-9.

47. Rivadeneira DE, Evoy D, Fahey TJ, 3rd, Lieberman MD, 
Daly JM. Nutritional support of the cancer patient. CA 
Cancer J Clin. 1998; 48: 69-80.

48. Pauloski BR, Logemann JA, Rademaker AW, McConnel 
FM, Stein D, Beery Q, Johnson J, Heiser MA, Cardinale S, 
Shedd D, et al. Speech and swallowing function after oral 
and oropharyngeal resections: one-year follow-up. Head 
Neck. 1994; 16: 313-22.

49. Zuydam AC, Lowe D, Brown JS, Vaughan ED, Rogers SN. 
Predictors of speech and swallowing function following 
primary surgery for oral and oropharyngeal cancer. Clin 
Otolaryngol. 2005; 30: 428-37.

50. Abendstein H, Nordgren M, Boysen M, Jannert M, Silander 
E, Ahlner-Elmqvist M, Hammerlid E, Bjordal K. Quality of 
life and head and neck cancer: a 5 year prospective study. 
Laryngoscope. 2005; 115: 2183-92.

51. Ward EC, Bishop B, Frisby J, Stevens M. 
Swallowing outcomes following laryngectomy and 
pharyngolaryngectomy. Arch Otolaryngol Head Neck Surg. 
2002; 128: 181-6.

52. Haverkort EB, Binnekade JM, Busch OR, van Berge 
Henegouwen MI, de Haan RJ, Gouma DJ. Presence and 
persistence of nutrition-related symptoms during the 



Oncotarget24025www.impactjournals.com/oncotarget

first year following esophagectomy with gastric tube 
reconstruction in clinically disease-free patients. World J 
Surg. 2010; 34: 2844-52.

53. Van Cutsem E, Arends J. The causes and consequences of 
cancer-associated malnutrition. Eur J Oncol Nurs. 2005; 9 
Suppl 2: S51-63.

54. Ryan AM, Healy LA, Power DG, Rowley SP, Reynolds 
JV. Short-term nutritional implications of total gastrectomy 
for malignancy, and the impact of parenteral nutritional 
support. Clin Nutr. 2007; 26: 718-27.

55. Ryu SW, Kim IH. Comparison of different nutritional 
assessments in detecting malnutrition among gastric cancer 
patients. World J Gastroenterol. 2010; 16: 3310-7.

56. Friess H, Bohm J, Muller MW, Glasbrenner B, Riepl RL, 
Malfertheiner P, Buchler MW. Maldigestion after total 
gastrectomy is associated with pancreatic insufficiency. Am 
J Gastroenterol. 1996; 91: 341-7.

57. Kahl S, Malfertheiner P. Exocrine and endocrine pancreatic 
insufficiency after pancreatic surgery. Best Pract Res Clin 
Gastroenterol. 2004; 18: 947-55.

58. Morrison M. Post-pancreatic resection: general overview 
and unique complications. Dimens Crit Care Nurs. 2010; 
29: 157-62.

59. Ghaneh P, Neoptolemos JP. Exocrine pancreatic function 
following pancreatectomy. Ann N Y Acad Sci. 1999; 880: 
308-18.

60. Ferrari S, Palmerini E, Alberghini M, Staals E, Mercuri 
M, Barbieri E, Longhi A, Cantero L, Cesari M, Abate M, 
Balladelli A, Picci P, Bacci G. Vincristine, doxorubicin, 
cyclophosfamide, actinomycin D, ifosfamide, and etoposide 
in adult and pediatric patients with nonmetastatic Ewing 
sarcoma. Final results of a monoinstitutional study. Tumori. 
2010; 96: 213-8.

61. Mitchell EP. Gastrointestinal toxicity of chemotherapeutic 
agents. Semin Oncol. 2006; 33: 106-20.

62. Berteretche MV, Dalix AM, d’Ornano AM, Bellisle F, 
Khayat D, Faurion A. Decreased taste sensitivity in cancer 
patients under chemotherapy. Support Care Cancer. 2004; 
12: 571-6.

63. Gamper EM, Zabernigg A, Wintner LM, Giesinger JM, 
Oberguggenberger A, Kemmler G, Sperner-Unterweger B, 
Holzner B. Coming to your senses: detecting taste and smell 
alterations in chemotherapy patients. A systematic review. J 
Pain Symptom Manage. 2012; 44: 880-95.

64. Rehwaldt M, Wickham R, Purl S, Tariman J, Blendowski 
C, Shott S, Lappe M. Self-care strategies to cope with taste 
changes after chemotherapy. Oncol Nurs Forum. 2009; 36: 
E47-56.

65. White JV, Guenter P, Jensen G, Malone A, Schofield M, 
Academy of N, Dietetics Malnutrition Work G, Force 
ASPENMT, Directors ASPENBo. Consensus statement 
of the Academy of Nutrition and Dietetics/American 
Society for Parenteral and Enteral Nutrition: characteristics 

recommended for the identification and documentation of 
adult malnutrition (undernutrition). J Acad Nutr Diet. 2012; 
112: 730-8.

66. Zabernigg A, Gamper EM, Giesinger JM, Rumpold 
G, Kemmler G, Gattringer K, Sperner-Unterweger B, 
Holzner B. Taste alterations in cancer patients receiving 
chemotherapy: a neglected side effect? Oncologist. 2010; 
15: 913-20.

67. Skolin I, Wahlin YB, Broman DA, Koivisto Hursti UK, 
Vikstrom Larsson M, Hernell O. Altered food intake 
and taste perception in children with cancer after start of 
chemotherapy: perspectives of children, parents and nurses. 
Support Care Cancer. 2006; 14: 369-78.

68. Wickham RS, Rehwaldt M, Kefer C, Shott S, Abbas K, 
Glynn-Tucker E, Potter C, Blendowski C. Taste changes 
experienced by patients receiving chemotherapy. Oncol 
Nurs Forum. 1999; 26: 697-706.

69. Yakirevitch A, Talmi YP, Baram Y, Weitzen R, Pfeffer 
MR. Effects of cisplatin on olfactory function in cancer 
patients. Br J Cancer. 2005; 92: 1611-3.

70. Mossman KL, Henkin RI. Radiation-induced changes in 
taste acuity in cancer patients. Int J Radiat Oncol Biol Phys. 
1978; 4: 663-70.

71. Schnarch A, Markitziu A. Dysgeusia, gustatory sweating, 
and crocodile tears syndrome induced by a cerebellopontine 
angle meningioma. Oral Surg Oral Med Oral Pathol. 1990; 
70: 711-4.

72. Roing M, Hirsch JM, Holmstrom I, Schuster M. Making 
new meanings of being in the world after treatment for oral 
cancer. Qual Health Res. 2009; 19: 1076-86.

73. Bernhardson BM, Tishelman C, Rutqvist LE. 
Chemosensory changes experienced by patients undergoing 
cancer chemotherapy: a qualitative interview study. J Pain 
Symptom Manage. 2007; 34: 403-12.

74. Brisbois TD, Hutton JL, Baracos VE, Wismer WV. Taste 
and smell abnormalities as an independent cause of failure 
of food intake in patients with advanced cancer—an 
argument for the application of sensory science. J Palliat 
Care. 2006; 22: 111-4.

75. Ravasco P, Monteiro-Grillo I, Marques Vidal P, Camilo 
ME. Impact of nutrition on outcome: a prospective 
randomized controlled trial in patients with head and neck 
cancer undergoing radiotherapy. Head Neck. 2005; 27: 659-
68.

76. Grosvenor M, Bulcavage L, Chlebowski RT. Symptoms 
potentially influencing weight loss in a cancer population. 
Correlations with primary site, nutritional status, and 
chemotherapy administration. Cancer. 1989; 63: 330-4.

77. Hong JH, Omur-Ozbek P, Stanek BT, Dietrich AM, Duncan 
SE, Lee YW, Lesser G. Taste and odor abnormalities in 
cancer patients. J Support Oncol. 2009; 7: 58-65.

78. Ovesen L, Hannibal J, Sorensen M. Taste thresholds in 
patients with small-cell lung cancer. J Cancer Res Clin 



Oncotarget24026www.impactjournals.com/oncotarget

Oncol. 1991; 117: 70-2.
79. Ovesen L, Hannibal J, Sorensen M, Allingstrup L. Food 

intake, eating-related complaints, and smell and taste 
sensations in patients with cancer of the lung, ovary and 
breast undergoing chemotherapy. Clin Nutr. 1991; 10: 336-
41.

80. Yamagata T, Nakamura Y, Yamagata Y, Nakanishi M, 
Matsunaga K, Nakanishi H, Nishimoto T, Minakata Y, 
Mune M, Yukawa S. The pilot trial of the prevention of 
the increase in electrical taste thresholds by zinc containing 
fluid infusion during chemotherapy to treat primary lung 
cancer. J Exp Clin Cancer Res. 2003; 22: 557-63.

81. Ovesen L, Sorensen M, Hannibal J, Allingstrup L. Electrical 
taste detection thresholds and chemical smell detection 
thresholds in patients with cancer. Cancer. 1991; 68: 2260-
5.

82. Mulder NH, Smit JM, Kreumer WM, Bouman J, 
Sleijfer DT, Veeger W, Schraffordt Koops H. Effect 
of chemotherapy on taste sensation in patients with 
disseminated malignant melanoma. Oncology (Williston 
Park). 1983; 40: 36-8.

83. Strasser F, Demmer R, Bohme C, Schmitz SF, Thuerlimann 
B, Cerny T, Gillessen S. Prevention of docetaxel- or 
paclitaxel-associated taste alterations in cancer patients with 
oral glutamine: a randomized, placebo-controlled, double-
blind study. Oncologist. 2008; 13: 337-46.

84. Steinbach S, Hummel T, Bohner C, Berktold S, Hundt 
W, Kriner M, Heinrich P, Sommer H, Hanusch C, Prechtl 
A, Schmidt B, Bauerfeind I, Seck K, et al. Qualitative 
and quantitative assessment of taste and smell changes 
in patients undergoing chemotherapy for breast cancer or 
gynecologic malignancies. J Clin Oncol. 2009; 27: 1899-
905.

85. Sanchez-Lara K, Sosa-Sanchez R, Green-Renner D, 
Rodriguez C, Laviano A, Motola-Kuba D, Arrieta O. 
Influence of taste disorders on dietary behaviors in cancer 
patients under chemotherapy. Nutr J. 2010; 9: 15.

86. Wall DT, Gabriel LA. Alterations of taste in children with 
leukemia. Cancer Nurs. 1983; 6: 447-52.

87. Bruera E, Carraro S, Roca E, Cedaro L, Chacon R. 
Association between malnutrition and caloric intake, 
emesis, psychological depression, glucose taste, and tumor 
mass. Cancer Treat Rep. 1984; 68: 873-6.

88. Caglar HB, Othus M, Allen AM. Esophagus in-field: a new 
predictor for esophagitis. Radiother Oncol. 2010; 97: 48-53.

89. Maranzano E, De Angelis V, Pergolizzi S, Lupattelli M, 
Frata P, Spagnesi S, Frisio ML, Mandoliti G, Malinverni 
G, Trippa F, Fabbietti L, Parisi S, Di Palma A, et al. A 
prospective observational trial on emesis in radiotherapy: 
analysis of 1020 patients recruited in 45 Italian radiation 
oncology centres. Radiother Oncol. 2010; 94: 36-41.

90. Raber-Durlacher JE, Elad S, Barasch A. Oral mucositis. 
Oral Oncol. 2010; 46: 452-6.

91. Caspi RR. Immunotherapy of autoimmunity and cancer: the 
penalty for success. Nat Rev Immunol. 2008; 8: 970-6.

92. Baldo BA. Side effects of cytokines approved for therapy. 
Drug Saf. 2014; 37: 921-43.

93. Mohty B, Mohty M. Long-term complications and 
side effects after allogeneic hematopoietic stem cell 
transplantation: an update. Blood Cancer J. 2011; 1: e16.

94. Leuenberger M, Kurmann S, Stanga Z. Nutritional 
screening tools in daily clinical practice: the focus on 
cancer. Support Care Cancer. 2010; 18 Suppl 2: S17-27.

95. Anthony PS. Nutrition screening tools for hospitalized 
patients. Nutr Clin Pract. 2008; 23: 373-82.

96. Schwegler I, von Holzen A, Gutzwiller JP, Schlumpf 
R, Muhlebach S, Stanga Z. Nutritional risk is a clinical 
predictor of postoperative mortality and morbidity in 
surgery for colorectal cancer. Br J Surg. 2010; 97: 92-7.

97. Schiesser M, Muller S, Kirchhoff P, Breitenstein S, Schafer 
M, Clavien PA. Assessment of a novel screening score 
for nutritional risk in predicting complications in gastro-
intestinal surgery. Clin Nutr. 2008; 27: 565-70.

98. Isenring E, Capra S, Bauer J, Davies PS. The impact of 
nutrition support on body composition in cancer outpatients 
receiving radiotherapy. Acta Diabetol. 2003; 40 Suppl 1: 
S162-4.

99. Detsky AS, McLaughlin JR, Baker JP, Johnston N, 
Whittaker S, Mendelson RA, Jeejeebhoy KN. What is 
subjective global assessment of nutritional status? JPEN J 
Parenter Enteral Nutr. 1987; 11: 8-13.

100. Ottery FD. Rethinking nutritional support of the cancer 
patient: the new field of nutritional oncology. Semin Oncol. 
1994; 21: 770-8.

101. Bauer J, Capra S, Ferguson M. Use of the scored Patient-
Generated Subjective Global Assessment (PG-SGA) as a 
nutrition assessment tool in patients with cancer. Eur J Clin 
Nutr. 2002; 56: 779-85.

102. Santarpia L, Contaldo F, Pasanisi F. Nutritional screening 
and early treatment of malnutrition in cancer patients. J 
Cachexia Sarcopenia Muscle. 2011; 2: 27-35.

103. Mantovani G, Maccio A, Massa E, Madeddu C. Managing 
cancer-related anorexia/cachexia. Drugs. 2001; 61: 499-
514.

104. Mantovani G, Maccio A, Esu S, Lai P, Santona 
MC, Massa E, Dessi D, Melis GB, Del Giacco GS. 
Medroxyprogesterone acetate reduces the in vitro 
production of cytokines and serotonin involved in anorexia/
cachexia and emesis by peripheral blood mononuclear cells 
of cancer patients. Eur J Cancer. 1997; 33: 602-7.

105. Pascual Lopez A, Roque i Figuls M, Urrutia Cuchi G, 
Berenstein EG, Almenar Pasies B, Balcells Alegre M, 
Herdman M. Systematic review of megestrol acetate in the 
treatment of anorexia-cachexia syndrome. J Pain Symptom 
Manage. 2004; 27: 360-9.

106. Demling RH, DeSanti L. Oxandrolone induced lean mass 



Oncotarget24027www.impactjournals.com/oncotarget

gain during recovery from severe burns is maintained after 
discontinuation of the anabolic steroid. Burns. 2003; 29: 
793-7.

107. Tec L. Letter: Nandrolone in anorexia nervosa. JAMA. 
1974; 229: 1423.

108. Grimble RF. Nutritional therapy for cancer cachexia. Gut. 
2003; 52: 1391-2.

109. Rathmacher JA, Nissen S, Panton L, Clark RH, Eubanks 
May P, Barber AE, D’Olimpio J, Abumrad NN. 
Supplementation with a combination of beta-hydroxy-beta-
methylbutyrate (HMB), arginine, and glutamine is safe and 
could improve hematological parameters. JPEN J Parenter 
Enteral Nutr. 2004; 28: 65-75.

110. Melstrom LG, Melstrom KA Jr, Ding XZ, Adrian TE. 
Mechanisms of skeletal muscle degradation and its therapy 
in cancer cachexia. Histol Histopathol. 2007; 22: 805-14.

111. Akamizu T, Kangawa K. Ghrelin for cachexia. J Cachexia 
Sarcopenia Muscle. 2010; 1: 169-76.

112. Crawford J. Clinical results in cachexia therapeutics. Curr 
Opin Clin Nutr Metab Care. 2016; 19: 199-204.

113. Bhattacharyya N. Factors predicting survival for cancer of 
the ethmoid sinus. Am J Rhinol. 2002; 16: 281-6.

114. Chua KS, Reddy SK, Lee MC, Patt RB. Pain and loss of 
function in head and neck cancer survivors. J Pain Symptom 
Manage. 1999; 18: 193-202.

115. NCCN. (2013). NCCN Clinical Practice Guidelines in 
Oncology (NCCN Guidelines®) Breast Cancer., pp. 1-174.

116. Ukleja A. Dumping syndrome: pathophysiology and 
treatment. Nutr Clin Pract. 2005; 20: 517-25.

117. Di Fiore F, Van Cutsem E. Acute and long-term 
gastrointestinal consequences of chemotherapy. Best Pract 
Res Clin Gastroenterol. 2009; 23: 113-24.

118. Herrstedt J, Aapro MS, Roila F, Kataja VV, Force 
EGT. ESMO Minimum Clinical Recommendations for 
prophylaxis of chemotherapy-induced nausea and vomiting 
(NV). Ann Oncol. 2005; 16 Suppl 1: i77-9.

119. KK EBH. (2004). Management of Nutrition Impact 
Symptoms in Cancer and Educational Handouts. In: 
Association AD, ed. (Chicago, IL.)

120. Araki Y, Tamura K, Seita M. [Prophylactic antiemetic 
treatment for cancer chemotherapy--comparison of 
domperidone and chlorpromazine]. Gan To Kagaku Ryoho. 
1983; 10: 2335-40.

121. Chestnutt WN, Dundee JW. The influence of cyclizine 
and perphenazine on the emetic effect of meptazinol. Eur J 
Anaesthesiol. 1986; 3: 27-32.

122. Kaasa S, Kvaloy S, Dicato MA, Ries F, Huys JV, Royer 
E, Carruthers L. A comparison of ondansetron with 
metoclopramide in the prophylaxis of chemotherapy-
induced nausea and vomiting: a randomized, double-blind 
study. International Emesis Study Group. Eur J Cancer. 
1990; 26: 311-4.

123. Lane M, Vogel CL, Ferguson J, Krasnow S, Saiers JL, 
Hamm J, Salva K, Wiernik PH, Holroyde CP, Hammill S, 
Shepard K, Plasse T. Dronabinol and prochlorperazine in 
combination for treatment of cancer chemotherapy-induced 
nausea and vomiting. J Pain Symptom Manage. 1991; 6: 
352-9.

124. Jones JA, Avritscher EB, Cooksley CD, Michelet M, Bekele 
BN, Elting LS. Epidemiology of treatment-associated 
mucosal injury after treatment with newer regimens for 
lymphoma, breast, lung, or colorectal cancer. Support Care 
Cancer. 2006; 14: 505-15.

125. Peterson DE. New strategies for management of oral 
mucositis in cancer patients. J Support Oncol. 2006; 4: 
9-13.

126. Lalla RV, Sonis ST, Peterson DE. Management of oral 
mucositis in patients who have cancer. Dent Clin North Am. 
2008; 52: 61-77, viii.

127. Baydar M, Dikilitas M, Sevinc A, Aydogdu I. Prevention 
of oral mucositis due to 5-fluorouracil treatment with oral 
cryotherapy. J Natl Med Assoc. 2005; 97: 1161-4.

128. Katranci N, Ovayolu N, Ovayolu O, Sevinc A. Evaluation 
of the effect of cryotherapy in preventing oral mucositis 
associated with chemotherapy - a randomized controlled 
trial. Eur J Oncol Nurs. 2012; 16: 339-44.

129. Rubenstein EB, Peterson DE, Schubert M, Keefe D, 
McGuire D, Epstein J, Elting LS, Fox PC, Cooksley C, 
Sonis ST, Mucositis Study Section of the Multinational 
Association for Supportive Care in C, International 
Society for Oral O. Clinical practice guidelines for the 
prevention and treatment of cancer therapy-induced oral 
and gastrointestinal mucositis. Cancer. 2004; 100: 2026-46.

130. Chambers MS, Posner M, Jones CU, Biel MA, Hodge KM, 
Vitti R, Armstrong I, Yen C, Weber RS. Cevimeline for 
the treatment of postirradiation xerostomia in patients with 
head and neck cancer. Int J Radiat Oncol Biol Phys. 2007; 
68: 1102-9.

131. Gornitsky M, Shenouda G, Sultanem K, Katz H, Hier M, 
Black M, Velly AM. Double-blind randomized, placebo-
controlled study of pilocarpine to salvage salivary gland 
function during radiotherapy of patients with head and neck 
cancer. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 
2004; 98: 45-52.

132. Santini V, Giles FJ. The potential of amifostine: from 
cytoprotectant to therapeutic agent. Haematologica. 1999; 
84: 1035-42.

133. Park SH, Nam E, Park J, Cho EK, Shin DB, Lee JH, 
Lee WK, Chung M, Lee SI. Randomized phase II study 
of irinotecan, leucovorin and 5-fluorouracil (ILF) versus 
cisplatin plus ILF (PILF) combination chemotherapy for 
advanced gastric cancer. Ann Oncol. 2008; 19: 729-33.

134. Eisenchlas JH, Garrigue N, Junin M, De Simone GG. Low-
dose levomepromazine in refractory emesis in advanced 
cancer patients: an open-label study. Palliat Med. 2005; 19: 



Oncotarget24028www.impactjournals.com/oncotarget

71-5.
135. Theis VS, Sripadam R, Ramani V, Lal S. Chronic radiation 

enteritis. Clin Oncol (R Coll Radiol). 2010; 22: 70-83.
136. Marteau PR, de Vrese M, Cellier CJ, Schrezenmeir J. 

Protection from gastrointestinal diseases with the use of 
probiotics. Am J Clin Nutr. 2001; 73: 430S-6S.

137. Murphy J, Stacey D, Crook J, Thompson B, Panetta 
D. Testing control of radiation-induced diarrhea with a 
psyllium bulking agent: a pilot study. Can Oncol Nurs J. 
2000; 10: 96-100.

138. Singh B. Psyllium as therapeutic and drug delivery agent. 
Int J Pharm. 2007; 334: 1-14.

139. (April 2014). Taste and Smell. Health Information. 
(Bethesda, MD: National Institute on Deafness and Other 
Communication Disorders, National Institute of Health).

140. Ueda C, Takaoka T, Sarukura N, Matsuda K, Kitamura Y, 
Toda N, Tanaka T, Yamamoto S, Takeda N. Zinc nutrition 
in healthy subjects and patients with taste impairment from 
the view point of zinc ingestion, serum zinc concentration 
and angiotensin converting enzyme activity. Auris Nasus 
Larynx. 2006; 33: 283-8.

141. Argani H, Tabrizi A, Ahamadi M, Hassanzadeh H. Taste 
sense and serum zinc in renal transplantation. Transplant 
Proc. 2003; 35: 2722-3.

142. Fukasawa T, Orii T, Tanaka M, Suzuki N, Kanzaki Y. 
Relation between drug-induced taste disorder and chelating 
behavior with zinc ion; statistical approach to the drug-
induced taste disorder, part II. Chem Pharm Bull (Tokyo). 
2008; 56: 1177-80.

143. Najafizade N, Hemati S, Gookizade A, Berjis N, Hashemi 
M, Vejdani S, Ghannadi A, Shahsanaee A, Arbab N. 
Preventive effects of zinc sulfate on taste alterations in 
patients under irradiation for head and neck cancers: A 
randomized placebo-controlled trial. J Res Med Sci. 2013; 
18: 123-6.

144. Ripamonti C, Zecca E, Brunelli C, Fulfaro F, Villa S, 
Balzarini A, Bombardieri E, De Conno F. A randomized, 
controlled clinical trial to evaluate the effects of zinc sulfate 
on cancer patients with taste alterations caused by head and 
neck irradiation. Cancer. 1998; 82: 1938-45.

145. Watanabe T, Ishihara M, Matsuura K, Mizuta K, Itoh 
Y. Polaprezinc prevents oral mucositis associated with 
radiochemotherapy in patients with head and neck cancer. 
Int J Cancer. 2010; 127: 1984-90.

146. Halyard MY, Jatoi A, Sloan JA, Bearden JD 3rd, Vora SA, 
Atherton PJ, Perez EA, Soori G, Zalduendo AC, Zhu A, 
Stella PJ, Loprinzi CL. Does zinc sulfate prevent therapy-
induced taste alterations in head and neck cancer patients? 
Results of phase III double-blind, placebo-controlled trial 
from the North Central Cancer Treatment Group (N01C4). 
Int J Radiat Oncol Biol Phys. 2007; 67: 1318-22.

147. Lyckholm L, Heddinger SP, Parker G, Coyne PJ, 
Ramakrishnan V, Smith TJ, Henkin RI. A randomized, 
placebo controlled trial of oral zinc for chemotherapy-

related taste and smell disorders. J Pain Palliat Care 
Pharmacother. 2012; 26: 111-4.

148. Peregrin T. Improving taste sensation in patients who have 
undergone chemotherapy or radiation therapy. J Am Diet 
Assoc. 2006; 106: 1536-40.

149. Brisbois TD, de Kock IH, Watanabe SM, Mirhosseini M, 
Lamoureux DC, Chasen M, MacDonald N, Baracos VE, 
Wismer WV. Delta-9-tetrahydrocannabinol may palliate 
altered chemosensory perception in cancer patients: results 
of a randomized, double-blind, placebo-controlled pilot 
trial. Ann Oncol. 2011; 22: 2086-93.

150. Cota D, Marsicano G, Lutz B, Vicennati V, Stalla GK, 
Pasquali R, Pagotto U. Endogenous cannabinoid system as 
a modulator of food intake. Int J Obes Relat Metab Disord. 
2003; 27: 289-301.

151. Czesnik D, Schild D, Kuduz J, Manzini I. Cannabinoid 
action in the olfactory epithelium. Proc Natl Acad Sci U S 
A. 2007; 104: 2967-72.

152. Mackie K. Distribution of cannabinoid receptors in 
the central and peripheral nervous system. Handb Exp 
Pharmacol. 2005: 299-325.

153. Oike H, Wakamori M, Mori Y, Nakanishi H, Taguchi R, 
Misaka T, Matsumoto I, Abe K. Arachidonic acid can 
function as a signaling modulator by activating the TRPM5 
cation channel in taste receptor cells. Biochim Biophys 
Acta. 2006; 1761: 1078-84.

154. Ijpma I, Renken RJ, Ter Horst GJ, Reyners AK. Metallic 
taste in cancer patients treated with chemotherapy. Cancer 
Treat Rev. 2015; 41: 179-86.

155. Sherry VW. Taste alterations among patients with cancer. 
Clin J Oncol Nurs. 2002; 6: 73-7.

156. Holmes S. Food avoidance in patients undergoing cancer 
chemotherapy. Support Care Cancer. 1993; 1: 326-30.

157. Boltong A, Keast R, Aranda S. Experiences and 
consequences of altered taste, flavour and food hedonics 
during chemotherapy treatment. Support Care Cancer. 
2012; 20: 2765-74.

158. Wilken MK, Satiroff BA. Pilot study of “miracle fruit” 
to improve food palatability for patients receiving 
chemotherapy. Clin J Oncol Nurs. 2012; 16: E173-7.

159. Wong JM, Kern M. Miracle fruit improves sweetness of a 
low-calorie dessert without promoting subsequent energy 
compensation. Appetite. 2011; 56: 163-6.

160. Omur-Ozbek P, Dietrich AM, Duncan SE, Lee Y. Role 
of lipid oxidation, chelating agents, and antioxidants in 
metallic flavor development in the oral cavity. J Agric Food 
Chem. 2012; 60: 2274-80.

161. Andreyev HJ. Gastrointestinal problems after pelvic 
radiotherapy: the past, the present and the future. Clin 
Oncol (R Coll Radiol). 2007; 19: 790-9.

162. Galland RB, Spencer J. The natural history of clinically 
established radiation enteritis. Lancet. 1985; 1: 1257-8.

163. Miller AR, Martenson JA, Nelson H, Schleck CD, Ilstrup 
DM, Gunderson LL, Donohue JH. The incidence and 



Oncotarget24029www.impactjournals.com/oncotarget

clinical consequences of treatment-related bowel injury. Int 
J Radiat Oncol Biol Phys. 1999; 43: 817-25.

164. Braga M, Gianotti L, Nespoli L, Radaelli G, Di Carlo V. 
Nutritional approach in malnourished surgical patients: a 
prospective randomized study. Arch Surg. 2002; 137: 174-
80.

165. Huhmann MB, August DA. Perioperative nutrition support 
in cancer patients. Nutr Clin Pract. 2012; 27: 586-92.

166. Koyfman SA, Adelstein DJ. Enteral feeding tubes in 
patients undergoing definitive chemoradiation therapy for 
head-and-neck cancer: a critical review. Int J Radiat Oncol 
Biol Phys. 2012; 84: 581-9.

167. Directors ABo, the Clinical Guidelines Task F. Guidelines 
for the use of parenteral and enteral nutrition in adult and 
pediatric patients. JPEN J Parenter Enteral Nutr. 2002; 26: 
1SA-138SA.

168. Bozzetti F, Arends J, Lundholm K, Micklewright A, 
Zurcher G, Muscaritoli M, Espen. ESPEN Guidelines on 
Parenteral Nutrition: non-surgical oncology. Clin Nutr. 
2009; 28: 445-54.

169. Akbulut G. New perspective for nutritional support of 
cancer patients: Enteral/parenteral nutrition. Exp Ther Med. 
2011; 2: 675-84.

170. Hsu TM, Suarez AN, Kanoski SE. Ghrelin: A link between 
memory and ingestive behavior. Physiol Behav. 2016; 162: 
10-7.

171. Mondello P, Lacquaniti A, Mondello S, Bolignano D, Pitini 
V, Aloisi C, Buemi M. Emerging markers of cachexia 
predict survival in cancer patients. BMC Cancer. 2014; 14: 
828.

172. Nikolopoulos D, Theocharis S, Moutsios-Rentzos A, 
Kouraklis G, Kostakis A. The role of serum total ghrelin 
level elevation in colon cancer patients. J BUON. 2014; 19: 
388-93.

173. Takahashi M, Terashima M, Takagane A, Oyama K, 
Fujiwara H, Wakabayashi G. Ghrelin and leptin levels in 
cachectic patients with cancer of the digestive organs. Int J 
Clin Oncol. 2009; 14: 315-20.

174. Garcia JM, Garcia-Touza M, Hijazi RA, Taffet G, Epner D, 
Mann D, Smith RG, Cunningham GR, Marcelli M. Active 
ghrelin levels and active to total ghrelin ratio in cancer-
induced cachexia. J Clin Endocrinol Metab. 2005; 90: 2920-
6.

175. Inacio Pinto N, Carnier J, Oyama LM, Otoch JP, 
Alcantara PS, Tokeshi F, Nascimento CM. Cancer as a 
Proinflammatory Environment: Metastasis and Cachexia. 
Mediators Inflamm. 2015; 2015: 791060.

176. Song YH, Li Y, Du J, Mitch WE, Rosenthal N, Delafontaine 
P. Muscle-specific expression of IGF-1 blocks angiotensin 
II-induced skeletal muscle wasting. J Clin Invest. 2005; 
115: 451-8.

177. Trobec K, von Haehling S, Anker SD, Lainscak M. 
Growth hormone, insulin-like growth factor 1, and insulin 
signaling-a pharmacological target in body wasting and 

cachexia. J Cachexia Sarcopenia Muscle. 2011; 2: 191-200.
178. Yoshida T, Tabony AM, Galvez S, Mitch WE, Higashi 

Y, Sukhanov S, Delafontaine P. Molecular mechanisms 
and signaling pathways of angiotensin II-induced muscle 
wasting: potential therapeutic targets for cardiac cachexia. 
Int J Biochem Cell Biol. 2013; 45: 2322-32.

179. Penafuerte CA, Gagnon B, Sirois J, Murphy J, MacDonald 
N, Tremblay ML. Identification of neutrophil-derived 
proteases and angiotensin II as biomarkers of cancer 
cachexia. Br J Cancer. 2016; 114: 680-7.

180. Sanders PM, Russell ST, Tisdale MJ. Angiotensin II 
directly induces muscle protein catabolism through the 
ubiquitin-proteasome proteolytic pathway and may play a 
role in cancer cachexia. Br J Cancer. 2005; 93: 425-34.

181. el-Far M, Fouda M, Yahya R, el-Baz H. Serum IL-10 
and IL-6 levels at diagnosis as independent predictors of 
outcome in non-Hodgkin’s lymphoma. J Physiol Biochem. 
2004; 60: 253-8.

182. Pfitzenmaier J, Vessella R, Higano CS, Noteboom JL, 
Wallace D Jr, Corey E. Elevation of cytokine levels in 
cachectic patients with prostate carcinoma. Cancer. 2003; 
97: 1211-6.

183. Tan BH, Deans DA, Skipworth RJ, Ross JA, Fearon KC. 
Biomarkers for cancer cachexia: is there also a genetic 
component to cachexia? Support Care Cancer. 2008; 16: 
229-34.

184. Okada S, Okusaka T, Ishii H, Kyogoku A, Yoshimori M, 
Kajimura N, Yamaguchi K, Kakizoe T. Elevated serum 
interleukin-6 levels in patients with pancreatic cancer. Jpn J 
Clin Oncol. 1998; 28: 12-5.

185. Kayacan O, Karnak D, Beder S, Gullu E, Tutkak H, Senler 
FC, Koksal D. Impact of TNF-alpha and IL-6 levels on 
development of cachexia in newly diagnosed NSCLC 
patients. Am J Clin Oncol. 2006; 29: 328-35.

186. Maltoni M, Fabbri L, Nanni O, Scarpi E, Pezzi L, Flamini 
E, Riccobon A, Derni S, Pallotti G, Amadori D. Serum 
levels of tumour necrosis factor alpha and other cytokines 
do not correlate with weight loss and anorexia in cancer 
patients. Support Care Cancer. 1997; 5: 130-5.

187. Guttridge DC. A TGF-beta pathway associated with cancer 
cachexia. Nat Med. 2015; 21: 1248-9.

188. Lerner L, Hayes TG, Tao N, Krieger B, Feng B, Wu Z, 
Nicoletti R, Chiu MI, Gyuris J, Garcia JM. Plasma growth 
differentiation factor 15 is associated with weight loss and 
mortality in cancer patients. J Cachexia Sarcopenia Muscle. 
2015; 6: 317-24.

189. He WA, Calore F, Londhe P, Canella A, Guttridge DC, 
Croce CM. Microvesicles containing miRNAs promote 
muscle cell death in cancer cachexia via TLR7. Proc Natl 
Acad Sci U S A. 2014; 111: 4525-9.

190. Kulyte A, Lorente-Cebrian S, Gao H, Mejhert N, Agustsson 
T, Arner P, Ryden M, Dahlman I. MicroRNA profiling links 
miR-378 to enhanced adipocyte lipolysis in human cancer 
cachexia. Am J Physiol Endocrinol Metab. 2014; 306: 



Oncotarget24030www.impactjournals.com/oncotarget

E267-74.
191. Lutgens LC, Blijlevens NM, Deutz NE, Donnelly JP, 

Lambin P, de Pauw BE. Monitoring myeloablative 
therapy-induced small bowel toxicity by serum citrulline 
concentration: a comparison with sugar permeability tests. 
Cancer. 2005; 103: 191-9.

192. Cleeland CS, Bennett GJ, Dantzer R, Dougherty PM, 
Dunn AJ, Meyers CA, Miller AH, Payne R, Reuben JM, 
Wang XS, Lee BN. Are the symptoms of cancer and cancer 
treatment due to a shared biologic mechanism? A cytokine-
immunologic model of cancer symptoms. Cancer. 2003; 97: 
2919-25.

193. Edwards CM, Carmichael J, Baylis PH, Harris AL. Arginine 
vasopressin—a mediator of chemotherapy induced emesis? 
Br J Cancer. 1989; 59: 467-70.

194. Veyrat-Follet C, Farinotti R, Palmer JL. Physiology of 
chemotherapy-induced emesis and antiemetic therapy. 
Predictive models for evaluation of new compounds. Drugs. 
1997; 53: 206-34.

195. Tooley KL, Howarth GS, Butler RN. Mucositis and non-
invasive markers of small intestinal function. Cancer Biol 
Ther. 2009; 8: 753-8.

196. van der Velden WJ, Herbers AH, Bruggemann RJ, Feuth 
T, Peter Donnelly J, Blijlevens NM. Citrulline and albumin 
as biomarkers for gastrointestinal mucositis in recipients of 
hematopoietic SCT. Bone Marrow Transplant. 2013; 48: 
977-81.

197. Stringer AM, Al-Dasooqi N, Bowen JM, Tan TH, Radzuan 
M, Logan RM, Mayo B, Keefe DM, Gibson RJ. Biomarkers 
of chemotherapy-induced diarrhoea: a clinical study 
of intestinal microbiome alterations, inflammation and 
circulating matrix metalloproteinases. Support Care Cancer. 
2013; 21: 1843-52.

198. Wierdsma NJ, Peters JH, Weijs PJ, Keur MB, Girbes AR, 
van Bodegraven AA, Beishuizen A. Malabsorption and 
nutritional balance in the ICU: fecal weight as a biomarker: 
a prospective observational pilot study. Crit Care. 2011; 15: 
R264.

199. Cannon B, Schwartz DL, Dong L. Metabolic imaging 
biomarkers of postradiotherapy xerostomia. Int J Radiat 
Oncol Biol Phys. 2012; 83: 1609-16.

200. Chai Y, Wang J, Gao Y, Wang T, Shi F, Su J, Yang Y, 
Zhou X, Song L, Liu Z. Identification of biomarkers for 
radiation-induced acute intestinal symptoms (RIAISs) in 
cervical cancer patients by serum protein profiling. J Radiat 
Res. 2015; 56: 134-40.

201. Baldwin C, Spiro A, Ahern R, Emery PW. Oral nutritional 
interventions in malnourished patients with cancer: a 
systematic review and meta-analysis. J Natl Cancer Inst. 
2012; 104: 371-85.

202. Nayel H, el-Ghoneimy E, el-Haddad S. Impact of nutritional 
supplementation on treatment delay and morbidity in 
patients with head and neck tumors treated with irradiation. 
Nutrition. 1992; 8: 13-8.

203. Saif MW, Katirtzoglou NA, Syrigos KN. Capecitabine: 
an overview of the side effects and their management. 
Anticancer Drugs. 2008; 19: 447-64.

204. Wang H, Chi ZF, Li S, Wang XL, Hao LC. [Efficacy, 
side effects and blood concentration monitoring of high-
dose methotrexate in treatment of 180 children with acute 
lymphoblastic leukemia]. Zhongguo Shi Yan Xue Ye Xue 
Za Zhi. 2011; 19: 949-52.

205. Buchman AL. Side effects of corticosteroid therapy. J Clin 
Gastroenterol. 2001; 33: 289-94.

206. Scheede-Bergdahl C, Watt HL, Trutschnigg B, Kilgour 
RD, Haggarty A, Lucar E, Vigano A. Is IL-6 the best pro-
inflammatory biomarker of clinical outcomes of cancer 
cachexia? Clin Nutr. 2012; 31: 85-8.

207. Miura T, Mitsunaga S, Ikeda M, Shimizu S, Ohno I, 
Takahashi H, Furuse J, Inagaki M, Higashi S, Kato H, 
Terao K, Ochiai A. Characterization of patients with 
advanced pancreatic cancer and high serum interleukin-6 
levels. Pancreas. 2015; 44: 756-63.

208. Krzystek-Korpacka M, Matusiewicz M, Diakowska D, 
Grabowski K, Blachut K, Kustrzeba-Wojcicka I, Banas T. 
Impact of weight loss on circulating IL-1, IL-6, IL-8, TNF-
alpha, VEGF-A, VEGF-C and midkine in gastroesophageal 
cancer patients. Clin Biochem. 2007; 40: 1353-60.

209. Song B, Zhang D, Wang S, Zheng H, Wang X. Association 
of interleukin-8 with cachexia from patients with low-third 
gastric cancer. Comp Funct Genomics. 2009; 212345.

210. Karapanagiotou EM, Polyzos A, Dilana KD, Gratsias I, 
Boura P, Gkiozos I, Syrigos KN. Increased serum levels of 
ghrelin at diagnosis mediate body weight loss in non-small 
cell lung cancer (NSCLC) patients. Lung Cancer. 2009; 66: 
393-8.

211. Ferrara JL, Harris AC, Greenson JK, Braun TM, Holler E, 
Teshima T, Levine JE, Choi SW, Huber E, Landfried K, 
Akashi K, Vander Lugt M, Reddy P, et al. Regenerating 
islet-derived 3-alpha is a biomarker of gastrointestinal graft-
versus-host disease. Blood. 2011; 118: 6702-8.


