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ABSTRACT 

Anorexia and malnutrition are the physiological response of the body to the development of cancer (i.e. activation of 

the immune system, increased energy consumption...).  Initially, it is believed that all these changes help the body 

fight tumor growth.  In this context, the effectiveness of anorexia treatment is related to several mechanisms.  Firstly, 

the patient's body is not activated and is not in search of food and thus saves energy, it also reduces the heat loss that 

can occur due to increased convection.  The stored temperature in this case is used by the body to fight the rapid 

growth of cancer.  Second, eating less during illness also reduces the intake of nutrients needed by cancer cells, as 

well as reducing the energy intake needed for digestion.  This effect of early anorexia is supported by a classic study 

in which force-feeding infected experimental mice resulted in increased mortality (1).  However, despite the benefits 

of early anorexia, prolonged anorexia compromises the body's defenses and makes recovery more difficult. 

KEYWORDS 

Body fight tumor growth, food and thus saves energy. 

INTRODUCTION

Clinical significance of cancerous anorexia.  

 The development of a cancerous tumor itself is often 

associated with the development of anorexia.  

Therefore, anorexia in cancer should not be confused 

with nausea and vomiting caused by radio-

chemotherapy.  Cancer patients may experience 

anorexia secondary to food refusal.  In this case, 

anorexia is the result of the central integration of 

negative psychobiological, olfactory/taste sensations.  
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Food aversion is an adaptive, powerful mechanism 

associated with the clinical state of the body, as it 

affects food choice and dysregulation of appetite (2).  

However, this mechanism appears to play a large role 

in chemotherapy-associated nausea and vomiting and 

has little effect on anorexia cancer.  

Degrees of prevalence and severity  

Anorexia and malnutrition are known to be common in 

cancer patients (3).  The classic work of DeWys (4) 

helps estimate the prevalence of anorexia in cancer 

patients, showing that approximately 50% of cancer 

patients are malnourished at the time of diagnosis.  In 

terminally ill patients, anorexia occurs in 60-64% of 

cases (5, 6).  However, it should be clear that in some 

cases anorexia may also be due to prior therapeutic 

treatment.  But not only the prevalence rate is high, 

especially in patients with a progressive cancer 

process.  If anorexia is observed, it is usually of 

moderate severity (7), which is a problem for patients 

and their relatives (Fig. 1). 

 

Fig.  1 Severity of anorexia in cancer patients. 

Pathogenetic mechanisms of cancerous anorexia. 

The pathogenesis of cancerous anorexia is 

multifactorial and is primarily associated with 

dysfunction of the central physiological mechanism 

that controls food intake, although the issue of specific 

neurochemical processes is still under discussion.  

Numerous factors are involved in the pathogenesis of 

anorexia;  it significantly influences the development 

of the underlying disease, contributing to the onset of 

cachexia, increasing the incidence of complications 

and mortality, and worsening the quality of life (Fig. 2).
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Fig.2 The pathogenesis of anorexia cancer is based on many factors and is of great clinical importance. 

Under normal conditions, energy consumption is 

controlled by the hypothalamus, where peripheral 

signals transmit information about energy and the 

state of adipose tissue (14) (Fig. 3).  In the 

hypothalamus, the arcuate nucleus contains specific 

neuronal components that convert these signals into a 

neuronal response and then, via second-order 

signaling pathways, into a behavioral response (Fig. 4).  

Therefore, cancer anorexia may be secondary to 

defective signals coming from the periphery due to an 

erroneous transduction process or due to a 

disturbance in the activity of second-order neuronal 

signaling pathways.

 

Fig.  3 Food intake is regulated by the arcuate nucleus of the hypothalamus (ARC-arcuate nucleus) 
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Role of Peripheral Signals  

 The hypothesis that peripheral signals are involved in 

the pathogenesis of anorexia cancer is very interesting.  

Among the large number of peripheral signals, the 

hormones leptin and ghrelin are suitable candidates for 

discussion.  

 Leptin is produced primarily by adipocytes in 

proportion to body fat, and an increase in circulating 

levels of leptin leads to a decrease in energy intake.  

Thus, leptin is the most likely mediator of anorexia 

cancer.  However, results from clinical and animal 

studies are conflicting (15, 16) and do not support this 

hypothesis.  Later it was found that anorexia in both 

animals and humans develops without affecting the 

normal process of leptin synthesis (17, 18).  

 Ghrelin is a peptide produced primarily by the stomach 

in response to fasting (19).  Increasing its levels in the 

circulation increases appetite and increases the need 

to eat (19).  Therefore, cancerous anorexia may be 

associated, at least in part, with a decrease in ghrelin 

levels.  However, animal and human data do not 

support this hypothesis, demonstrating elevated levels 

of ghrelin in both tumor-bearing animals and patients 

with cancer cachexia (see reference 20 for a more 

detailed discussion).  

 Putting these facts together, it follows from these 

data that cancerous anorexia is the result of 

"hypothalamic resistance," that is, the inability of the 

hypothalamic mechanisms for controlling food intake 

to adequately respond to peripheral signals. 

Energy signals  

Like changes in fat mass, changes in energy 

metabolism affect energy intake.  Many studies 

suggest the existence of metabolic control over food 

intake, in which biochemical separation in 

hypothalamic neurons between fatty acid oxidation 

and synthesis is the main signal indicating catabolic and 

anabolic energy status [21].  Under normal 

physiological conditions, food intake increases the 

intracellular level of malonyl-CoA (22), which is a 

powerful signal that reduces food intake (Fig. 6).  

Therefore, energy signals may play a role in cancer 

anorexia, possibly due to the disturbed "feeling" of 

energy metabolism in cancer patients.  This hypothesis 

is indirectly supported by the fact that during tumor 

development, fat metabolism changes and leads to a 

decrease in fatty acid oxidation (23) and possibly an 

increase in intracellular levels of malonyl-CoA.  

However, in order to reliably judge the participation of 

energy signals in the development of cancerous 

anorexia, additional studies are needed.
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Fig.  4 Metabolic control of food intake. 

Neuropeptides  

 Consistent and convincing evidence suggests that 

cancerous anorexia is the result of a disorder in the 

hypothalamic system that converts peripheral signals 

into a neural response.  Under normal conditions, 

peripheral signals interact with two distinct types of 

neuronal components in the arcuate nucleus: 

NPY/Agouti peptide (AgRP)-associated neurons and 

opiomelanocortin (ROMS)/cocaine and amphetamine 

(CART)-regulated neurons (for a detailed review, see 

section 14 of the literature list).  These neurons create 

two pathways: first stimulation, and then slowing 

down the process of energy consumption.  In an animal 

model of cancerous anorexia, it is clearly seen that NPY 

immunoreactivity is reduced (24) (Fig. 5), resulting in a 

reduced ability to stimulate food intake.

 

Fig.  5 Arcuate nucleus NPY and cancerous anorexia (24). 

On the other hand, it has been repeatedly 

demonstrated that when the hypothalamic 

melanocortical system is blocked, either due to a 

physiological inhibitor (i.e., AgRP) or due to synthetic 

substitutes, food intake in cancerous animals resumes, 

which prevents the development of cachexia (25, 26).  

Similar results were achieved in experimental mice 

treated with melanocortin 4 (MC4R). In these mutants, 

POMC/CART neurons cannot be fully activated due to 

the absence of this class of receptors, and tumor 

development is not accompanied by the development 

of anorexia and cachexia, which is observed in normal 

mice (25) (Fig. 6).
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Fig.  6 Melanocortin system in cancerous anorexia (25). 

Therefore, cancerous anorexia is associated with the 

inability of the hypothalamus to adequately respond to 

constant peripheral signals due to hyperactivation of 

the melanocortin system and partial slowing of NPY.  

This disorder may be caused by cytokines.  

The role of cytokines  

Many studies show that cytokines play a role in the 

process of anorexia cancer (27).  In the Fisher/MCA rat 

model of cancer, interleukin-1 (IL-1) levels in the brain 

are inversely related to food intake (28), while 

microinjection of an IL-1 receptor antagonist inside the 

hypothalamus increases energy intake (29).  In the 

same model, administration of recombinant soluble 

human tumor necrosis factor (TNF) receptor reduced 

anorexia and improved food intake (30) (Figure 7).
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Fig.  7 TNF inhibitors and cancerous anorexia (30). 

In cancer patients, cytokines and anorexia are 

interrelated, although there is no indisputable 

evidence for this, since the biological effects of 

cytokines are largely mediated by paracrine and 

autocrine influences.  Thus, the level of cytokine 

circulation does not reliably reflect their role in 

determining specific biological responses, but rather 

indicates their involvement.  However, the role of 

interleukin-1 and other cytokines (interleukin-6 (IL-6), 

TNF-α, INF-γ (interferon-γ)) is noticeable in 

experimental models of cancer in the development of 

cancer anorexia. However, it should be noted that 

there are other studies that could not show a clear role 

of cytokines in experimental models of cancer anorexia 

and suggest the involvement of the nitric oxide system 

and systemic or local production of eicosanoids [3 1].  

The role of neuro-immune interactions of the 

hypothalamus  

 Currently, the mechanisms of the negative effect of 

cytokines on energy consumption are being actively 

investigated.  Inui has suggested that cytokines may 

play an important role in long-term nutritional 

suppression by mimicking the function of the 

hypothalamus to respond to negative signals (32).  This 

occurs due to the suppression of the processes that 

stimulate the appetite NPY/AgRP and the stimulation 

of the anorexigenic processes POMC/CART.  

 Recent evidence indicates that hypothalamic 

serotonergic neurotransmission may be critical in the 

combination of cytokines and the melanocortin 

system.  Fenfluramine increases serotonin levels in the 

hypothalamus, which activates the POMC/CART 

neurons in the arcuate nucleus and thus leads to 

anorexia and reduces food intake (33).  On the other 

hand, it is known that cytokines, in particular IL-1, 

stimulate the release of serotonin in the hypothalamus 

[34].  Consequently, during tumor development, 

cytokines increase the serotonergic activity of the 

hypothalamus, which, in turn, activates POMC/CART 

neurons and leads to the development of anorexia and 

poor food intake (Fig. 10).
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Fig.  8 Serotonin (5-HT) mediates the anorectic effect of cytokines on the hypothalamus. 

To prove the theory of the role of serotonin in the 

pathogenesis of cancerous anorexia in animals with 

cancer and anorexia, the level of serotonin in the 

hypothalamus was overestimated compared to the 

control group of rats, and after removal of the tumor, 

the level of serotonin in the hypothalamus returned to 

normal and the process of eating was normalized.  

consumption improved [35].  In cancer patients, the 

activity of the serotonergic system of the 

hypothalamus is activated by the level of tryptophan, a 

precursor of serotonin, in the cerebrospinal fluid (CSF).  

In patients with cancerous anorexia, tryptophan levels 

in the blood and cerebrospinal fluid are elevated 

compared with the control group (13, 36). Analysis of 

these data leads to the conclusion that the content of 

serotonin in the brain is a key factor in the 

pathogenesis of anorexia cancer.  

 In cancer patients, the appearance of anorexia 

contributes to the development of nutritional 

deficiencies and cachexia, as it reduces calorie intake, 

which leads to wasting of skeletal muscles.  This 

exacerbates the detrimental effect of cancer-

associated changes in protein metabolism on the 

patient's nutritional status and ultimately leads to 

increased morbidity and mortality (8).  In addition, the 

clinical significance of anorexia is underlined by the fact 

that it serves as a factor closely associated with an 

increased risk of death in cancer patients (9) (Table 1), 

being as reliable in predicting survival as strong 

prognostic factors such as Karnofsky's performance 

status (Karnofsky Index) and Clinical prognosis of 

survival (Clinical prognosis of survival) (6, 9).

Table 1 Factors associated with an increased risk of mortality.  Anorexia is defined as early satiety. 

 

As a result, anorexia and a decrease in energy intake negatively affect the quality of life of the patient (11) (Fig. 9). 
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Fig.  9 Negative impact of anorexia and reduced food intake on the quality of life of patients (11). 

CONCLUSION  

 Anorexia is often mentioned by cancer patients and 

can be a symptom of the disease.  Cancer anorexia is an 

important symptom because it affects malnutrition 

and ultimately cachexia, increases morbidity and 

mortality, and negatively affects quality of life.  The 

pathogenesis of cancerous anorexia is multifactorial, 

but the main role is played by the inflammatory 

response of the body, provoked by a growing tumor, 

and the production of pro-inflammatory cytokines.  

Cytokines impair the function of the hypothalamus 

responsible for food intake, resulting in "hypothalamic 

resistance" to peripheral signals.  These processes are 

mediated, at least in part, by serotonin.  Due to the 

multifactorial nature of pathogenesis, it is difficult to 

find a sufficiently effective and reliable therapeutic 

approach.  Although drug therapy can significantly 

improve appetite, in the first place, patients who lose 

their appetite should receive individualized nutritional 

advice, which can significantly affect the outcome of 

treatment.  

 

REFERENCES 

1. Murray MJ, Murray AB. Anorexia of infection as 

a mechanism of host defense. Am J Clin Nutr 

1979; 32:593-596. 

2. Bernstein IL. Taste aversion learning: a 

contemporary perspective. Nutrition 1999; 

15:229-234. 

3. Sutton LM, Demark-Wahnefried W, Clipp EC. 

Management of terminal cancer in elderly 

patients. Lancet Oncol 2003; 4:149-157. 

4. DeWys WD, Begg C, Lavin PT, et al. Prognostic 

effect of weight loss prior to chemotherapy in 

cancer patients. Eastern Cooperative Oncology 

Group. Am J Med 1980; 69:491-497. 

5. Pirovano M, Maltoni M, Nanni O, et al. A new 

palliative score: a first step for the staging of 

terminally ill cancer patients. Italian 

Multicenter and Study Group on Palliative Care. 

J Pain Symptom Manage 1999; 17:231-239. 

6. Maltoni M, Nanni O, Pirovano M, et al. 

Successful validation of the palliative 

prognostic score in terminally ill cancer 



55 Volume 05 Issue 07-2023 

                 

 
 

   
  
 

The American Journal of Medical Sciences and Pharmaceutical Research 
(ISSN – 2689-1026) 
VOLUME 05 ISSUE 07     Pages: 46-56 

SJIF IMPACT FACTOR (2020: 5. 286) (2021: 5. 64) (2022: 6. 319) (2023: 7. 396) 
 OCLC – 1121105510    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Publisher: The USA Journals 

patients. Italian Multicenter Study Group on 

Palliative Care. J Pain Symptom Manage 1999; 

17:240-247. 

7. Donnelly S, Walsh D. The symptoms of 

advanced cancer. Semin Oncol 1995; 22 (suppl. 

3): 67-72. 

8. Tisdale MJ. Cachexia in cancer patients. Nat 

Rev Cancer 2002; 2:862-871. 

9. Walsh D, Rybicki L, Nelson KA, et al. Symptoms 

and prognosis in advanced cancer. Support 

Care Cancer 2002; 10:385-388. 

10. Maltoni M, Pirovano M, Scarpi E, et al. 

Prediction of survival of patients terminally ill 

with cancer. Results of an Italian prospective 

multicentric study. Cancer 1995; 75:2613-2622. 

11. Ravasco P, Monteiro-Grillo I, Vidal PM, Camilo 

ME. Cancer: disease and nutrition are key 

determinants of patients' quality of life. 

Support Care Cancer 2004; 12:246-252. 

12. Laviano A, Meguid MM, Rossi Fanelli F. Cancer 

anorexia: clinical implications, pathogenesis 

and therapeutic strategies. Lancet Oncol 2003; 

4:686-694. 

13. Rossi Fanelli F, Cangiano C, Ceci F, et al. Plasma 

tryptophan and anorexia in human cancer. Eur 

J Cancer Clin Oncol 1986; 22:89-95. 

14. Schwartz MW, Woods SC, Porte D Jr, et al. 

Central nervous system control of food intake. 

Nature 2000; 404:661-671. 

15. Chance WT, Sheriff S, Moore J, et al. Reciprocal 

changes in hypothalamic receptor binding and 

circulating leptin in anorectic tumor-bearing 

rats. Brain Res 1998; 803:27-33. 

16. Simons JP, Schols AM, Campfield LA, et al. 

Plasma concentration of total leptin and 

human lung-cancer-associated cachexia. Clin 

Sci 1997; 93:273-277. 

17. Bing C, Taylor S, Tisdale MJ, et al. Cachexia in 

MAC 16 adeno-carcinoma: suppression of 

hunger despite normal regulation of leptin, 

insulin and hypothalamic NPY. J Neurochem 

2001; 79:1004-1012. 

18. Mantovani G, Maccio A, Mura L, et al. Serum 

levels of leptin and proinflammatory cytokines 

in patients with advanced-stage cancer at 

different sites. J Mol Med 2000; 78:554-561. 

19. Inui A, Asakawa A, Bowers CY, et al. Ghrelin, 

appetite and gastric motility: the emerging role 

of the stomach as an endocrine organ. FASEB J 

2004; 18:439-456. 

20. Laviano A, Meguid MM; Inui A, et al. Therapy 

Insight: cancer anorexia-cachexia sindrome - 

when all you can eat is yourself. Nat Clin Pract 

Oncol 2005; 2:158-165. 

21. Kahler A, Zimmermann M, Langhans W. 

Suppression of hepatic fatty acid oxidation and 

food intake in men. Nutrition 1999; 15:819-828. 

22. Loftus TM, Jaworsky DE, Frehywot GL, et al. 

Reduced food intake and body weight in mice 

treated with fatty acid synthase inhibitors. 

Science 2000; 288:2379-2381. 

23. Peluso G, Nicolai R, Reda E, et al. Cancer and 

anticancer therapy-induced modification on 

metabolism mediated by carnitine system. J 

Cell Physiol 2000; 182:339-350. 

24. Makarenko IG, Meguid MM, Gatto L, et al.. 

Decreased NPY innervation of the 

hypothalamic nuclei in rats with cancer 

anorexia. Brain Res 2003; 961:100-108. 

25. Marks DL, Ling N, Cone RD. Role of central 

melanocortin system in cachexia. Cancer Res 

2001; 61:1432-1438. 

26. Wisse BE, Frayo RS, Schwartz MW, et al. 

Reversal of cancer anorexia by blockade of 

central melanocortin receptors in rats. 

Endocrinology 2001; 142:3292-3301. 

27. Plata-Salaman CR. Anorexia during acute and 

chronic disease. Nutrition 1996; 12:69-78. 



56 Volume 05 Issue 07-2023 

                 

 
 

   
  
 

The American Journal of Medical Sciences and Pharmaceutical Research 
(ISSN – 2689-1026) 
VOLUME 05 ISSUE 07     Pages: 46-56 

SJIF IMPACT FACTOR (2020: 5. 286) (2021: 5. 64) (2022: 6. 319) (2023: 7. 396) 
 OCLC – 1121105510    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Publisher: The USA Journals 

28. Opara EI, Laviano A, Meguid MM, et al. 

Correlation between food intake and CSF IL-1 in 

anorectic tumor bearing rats. NeuroReport 

1995; 6:750-752. 

29. Laviano A, Gleason JR, Meguid MM, et al. 

Effects of intra-VMN mianserin and IL-1ra on 

meal number in anorectic tumor-bearing rats. J 

Investig Med 2000: 48:40-48. 

30. Torelli GF, Meguid MM, Moldawer LL, et al. Use 

of recombinant human soluble TNF receptor in 

anorectic tumor-bearing rats. Am J Physiol 

1999; 277:R850-R855. 

31. Wang W, Lonnroth C, Svanberg E, et al. 

Cytokine and COX-2 protein in brain areas of 

tumor-bearing mice with prostanoid-related 

anorexia. Cancer Res 2001, 61:4707-4715. 

32. Inui A. Cancer anorexia-cachexia syndrome: are 

neuropeptides the key? Cancer Res 1999; 

59:4493-4501. 

33. Heisler LK, Cowley MA, Tecott LH, et al. 

Activation of central melanocortin pathways 

by fenfluramine. Science 2002, 297:609-611. 

34. Shintani F, Kanba S, Nakaki T, et al. Interleukin-

1beta augments release of norepinephrine, 

dopamine and serotonin in the rat anterior 

hypothalamus. J Neurosci 1993; 13:3574-3581. 

35. Blaha V, Yang ZJ, Meguid MM, et al. 

Ventromedial nucleus of hypothalamus is 

related to the development of cancer-induced 

anorexia: in vivo microdialysis study. Acta 

Medica (Hradec Kralove) 1998; 41:3-11. 

36. Cangiano C, Cascino A, Ceci F, et al. Plasma and 

CSF tryptophan in cancer anorexia. J Neural 

Transm (Gen Sect) 1990; 81:225-233. 

37. Ravasco P. Aspects of taste and compliance in 

patients with cancer. Eur J Oncol Nurs 2005; 9 

(suppl. 2):S84-S91. 

38. Inui A. Cancer anorexia-cachexia syndrome: 

current issues in research and management. CA 

Cancer J Clin 2002; 52:72-91. 

39. Loprinzi CL, Kugler JW, Sloan JA, et al. 

Randomized comparison of megestrol acetate 

versus dexamethasone versus 

fluoxymesterone for the treatment of cancer 

anorexia/cachexia treatment. J Clin Oncol 

1999; 17:3299-3306.

 


