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Malnutrition and muscle wasting are associated with impaired physical functioning and quality of life in oncology patients.

Patients diagnosed with upper gastrointestinal (GI) cancers are considered at high risk of malnutrition and impaired

function. Due to continuous improvement in upper GI cancer survival rates, there has been an increased focus on

multimodal interventions aimed at minimizing the adverse effects of cancer treatments and enhancing survivors’ quality of

life. 
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1. Introduction

Upper GI cancers, namely esophageal cancer, gastric cancer, hepatobiliary cancers, and pancreatic cancer, were

reported to affect 3.12 million individuals (17.3% of the global cancer incidence) in 2018 . Adding to this, upper GI

cancers were responsible for 2.6 million deaths worldwide in 2018. The treatment for upper GI cancer includes surgery,

chemotherapy, and radiotherapy. Although advances in these cancer treatments, and early cancer diagnosis, has led to

higher survival rates, the treatments are accompanied by adverse effects on patients’ nutritional status and physical

function .

Cachexia and muscle loss are one of the main complications in cancer patients that hinder cancer treatment and survival

. Muscle wasting is accompanied by reduced physical function, fatigue, chemotherapy toxicity, lower quality of life, and a

higher rate of postoperative complications . Due to the tumor location and the unique influences of curative

surgery on a patient’s dietary intake, patients with upper GI cancer are at a greater risk of malnutrition and its related

complications .  As the survival rates for upper GI cancer continue to improve, the long-term nutritional and

physical status of upper GI cancer survivors requires further attention. There is a need to offer effective care plans to

prevent muscle wasting and optimize nutritional and functional status in upper GI cancer patients, which subsequently

would improve treatment outcomes and enhance survivors’ quality of life.

Multimodal interventions consisting of nutrition and exercise prescription have been reported to favorably change health-

related outcomes in cancer patients, such as fatigue, quality of life, and functional capacity . These multimodal

interventions may play an even more significant role in older cancer patients who are at a further increased risk of

suboptimal nutritional and functional status .

As both nutrition and exercise have positive effects on muscle loss, combining nutrition and exercise may further improve

muscle protein synthesis and increase muscle mass . It should be mentioned that the impact of combined nutritional

care with physical exercise specifically on body composition is not clear yet . Thus, the present

systematic review of combined nutritional and exercise interventions in upper GI cancer patients aimed to determine

whether these interventions are an effective approach for preserving muscle mass. In addition, these care programs need

to be evaluated to define optimal intervention design and optimal timepoint for delivery within the cancer trajectory, i.e.,

prehabilitation or rehabilitation. Moreover, patients’ acceptance and adherence to these programs need to be reviewed, as

the effectiveness and acceptance of nutritional and exercises interventions may be different in patients with upper GI

cancer compared to other cancer types, owing to the impact of surgery on food intake and postoperative complications,

such as food intolerance and malabsorption.

2. Nutrition Interventions Combined with Exercise in Upper
Gastrointestinal Cancers

Nutritional interventions were mainly individual consults alone or along with prescribing oral nutritional supplements to

ensure energy and protein requirements were met. It is noteworthy that the rationale behind prescribing nutritional

supplements or support (PN) was not explained in the Ausania et al. and Minnella et al. studies. This is important as a
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lack of details regarding the delivered intervention may complicate interpretation of the reported results in these studies

. Exercise training included supervised and/or home-based walking and/or resistance training. Although there is

growing interest in multidisciplinary care plans for cancer patients, acknowledging the potential beneficial effects of these

interventions on patients’ quality of life, a limited number of studies have examined the effectiveness of these interventions

in upper GI cancers to date .

Interventions incorporating nutrition and exercise appear to be safe and acceptable in patients diagnosed with upper GI

cancer, with a higher rate of compliance with supervised interventions . However, only three studies reported

compliance with the intervention, of which a single study reported adherence to nutrition consult sessions . O’Neil

et al. did not report adherence to dietetic consult and education sessions and Minnella et al. reported overall compliance

with prehab intervention rather than specifying adherence to exercise and nutrition components separately . A lack

of sufficient data regarding the adherence rate in some of the reviewed studies makes it difficult to understand whether

non-significant findings were due to the ineffectiveness of the interventions or lack of compliance with the intervention.

Regarding physical functioning, the promising effects of combined nutritional interventions with physical training on

functional and cardiorespiratory outcomes have been reported in several studies . This improvement in physical

performance is important as higher physical performance and functioning has been associated with improved quality of

life, treatment response, and prognosis in cancer patients in several studies . Although, further high-quality

studies are needed to confirm the positive effects of multidisciplinary interventions on physical functioning due to the poor

quality of the included studies.

The present study showed that changes in body composition following multimodal interventions in upper GI cancer

patients have been understudied and the limited available evidence showed mixed results. As mentioned previously,

muscle wasting is associated with impaired quality of life and reduced survival following cancer treatments . However,

the optimal care that can effectively counteract cancer-associated cachexia has not been defined yet . Cachexia and

muscle wasting have received much attention in the scientific literature in recent years, but there remains limited evidence

regarding the effectiveness of combined nutritional and exercise interventions in improving impaired body composition 

. It is acknowledged that meeting patients’ protein and energy requirements is crucial to maintain muscle mass during

cancer treatment and recovery, and exercise interventions may be effective in preventing and reversing muscle wasting

. It is worthy of note that, although four of the included studies assessed dietary intake at some time point of the

study, none of them reported dietary intake data . This could be considered as one of the factors that resulted

in a high risk of bias in the reviewed studies as lack of dietary intake data makes it difficult to examine whether nutritional

adequacy had been achieved by these interventions. Dietary intake assessment is crucial to ensure whether adequate

protein and energy intake has been supported during multidisciplinary interventions. This is even more important in UGI

cancer survivors as they experience severe reductions in their dietary intake and impaired food tolerance following

surgeries .

The increased survival rate of patients diagnosed with cancer is accompanied by an acknowledgement of the need to

ensure good quality of life. Cancer can negatively impact the quality of life and improved HRQOL may be associated with

lower mortality and recurrence . Assessing changes in HRQOL during and beyond cancer, and following interventions

can assist researchers to have a better understanding of the effects of treatment on patients’ physical, mental, and

emotional status .

The limited studies that examined the effectiveness of prehabilitation versus rehabilitation in cancer reported inconsistent

results from observing no significant differences in functional walking capacity to better responses to prehabilitaion

compared with rehabilitation . Therefore, the optimal timepoint for providing multidisciplinary care programs is yet to

be known and requires further studies.

3. Conclusions

Limited evidence is available on the effectiveness of multimodal interventions, with a core component of nutrition and

exercise, in improving outcomes in upper GI cancer patients. Although studies showed an improvement in physical

function and exercise capacity, the evidence regarding positive changes in muscle mass and quality of life was scarce and

conflicting. In conclusion, due to the poor quality of limited available evidence, further high-quality studies are warranted to

examine the effectiveness of multidisciplinary care programs in improving outcomes in upper GI cancers with a focus on

improving the body composition and quality of life in these patients. Considering a core outcome set for measuring the

clinical effectiveness of multidisciplinary supportive care programs may improve the consistency and quality of future

investigations . Moreover, it may facilitate more meaningful comparison across studies and support evidence synthesis.

[15][24]

[25][26][27]

[22][28]

[15][22][28]

[15][22]

[29][30]

[31][32][33]

[34]

[34]

[16]

[35]

[36][37][38]

[15][22][24][28]

[11]

[39]

[40]

[41][42]

[43]



References

1. Ferlay, J.E.M.; Lam, F.; Colombet, M.; Mery, L.; Piñeros, M.; Znaor, A.; Soerjomataram, I.; Bray, F. Global Cancer
Observatory: Cancer Today. 2018. Available online: https://gco.iarc.fr/today/fact-sheets-cancers (accessed on 15
December 2020).

2. Miller, K.D.; Nogueira, L.; Mariotto, A.B.; Rowland, J.H.; Yabroff, K.R.; Alfano, C.M.; Jemal, A.; Kramer, J.L.; Siegel, R.L.
Cancer treatment and survivorship statistics, 2019. CA A Cancer J. Clin. 2019, 69, 363–385.

3. Arends, J.; Bachmann, P.; Baracos, V.; Barthelemy, N.; Bertz, H.; Bozzetti, F.; Fearon, K.; Hütterer, E.; Isenring, E.;
Kaasa, S. ESPEN guidelines on nutrition in cancer patients. Clin. Nutr. 2017, 36, 11–48.

4. Sawicka, J.; Eisenthal, S.; Ross, D. Fatigue syndrome due to localized radiation. J. Pain Symptom Manag. 1992, 7,
38–45.

5. Hurria, A.; Togawa, K.; Mohile, S.G.; Owusu, C.; Klepin, H.D.; Gross, C.P.; Lichtman, S.; Gajra, A.; Bhatia, S.; Katheria,
V.; et al. Predicting chemotherapy toxicity in older adults with cancer: A prospective multicenter study. J. Clin. Oncol.
2011, 29, 3457.

6. Guinan, E.M.; Bennett, A.E.; Doyle, S.L.; O’Neill, L.; Gannon, J.; Foley, G.; Elliott, J.A.; O’Sullivan, J.; Reynolds, J.V.;
Hussey, J. Measuring the impact of oesophagectomy on physical functioning and physical activity participation: A
prospective study. BMC Cancer 2019, 19, 682.

7. Arends, J.; Baracos, V.; Bertz, H.; Bozzetti, F.; Calder, P.; Deutz, N.; Erickson, N.; Laviano, A.; Lisanti, M.; Lobo, D.
ESPEN expert group recommendations for action against cancer-related malnutrition. Clin. Nutr. 2017, 36, 1187–1196.

8. Muscaritoli, M.; Anker, S.; Argiles, J.; Aversa, Z.; Bauer, J.; Biolo, G.; Boirie, Y.; Bosaeus, I.; Cederholm, T.; Costelli, P.
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, 154–159.

9. Ryan, A.M.; Power, D.G.; Daly, L.; Cushen, S.J.; Bhuachalla, Ē.N.; Prado, C.M. Cancer-associated malnutrition,
cachexia and sarcopenia: The skeleton in the hospital closet 40 years later. Proc. Nutr. Soc. 2016, 75, 199–211.

10. Elliott, J.A.; Doyle, S.L.; Murphy, C.F.; King, S.; Guinan, E.M.; Beddy, P.; Ravi, N.; Reynolds, J.V. Sarcopenia:
Prevalence, and Impact on Operative and Oncologic Outcomes in the Multimodal Management of Locally Advanced
Esophageal Cancer. Ann. Surg. 2017, 266, 822–830.

11. Grace, E.; Shaw, C.; Lalji, A.; Mohammed, K.; Andreyev, H.; Whelan, K. Nutritional status, the development and
persistence of malnutrition and dietary intake in oesophago-gastric cancer: A longitudinal cohort study. J. Hum. Nutr.
Diet. 2018, 31, 785–792.

12. La Torre, M.; Ziparo, V.; Nigri, G.; Cavallini, M.; Balducci, G.; Ramacciato, G. Malnutrition and pancreatic surgery:
Prevalence and outcomes. J. Surg. Oncol. 2013, 107, 702–708.

13. Marshall, K.M.; Loeliger, J.; Nolte, L.; Kelaart, A.; Kiss, N.K. Prevalence of malnutrition and impact on clinical outcomes
in cancer services: A comparison of two time points. Clin. Nutr. 2019, 38, 644–651.

14. Baguley, B.J.; Bolam, K.A.; Wright, O.R.; Skinner, T.L. The effect of nutrition therapy and exercise on cancer-related
fatigue and quality of life in men with prostate cancer: A systematic review. Nutrients 2017, 9, 1003.

15. Minnella, E.M.; Awasthi, R.; Loiselle, S.-E.; Agnihotram, R.V.; Ferri, L.E.; Carli, F. Effect of exercise and nutrition
prehabilitation on functional capacity in esophagogastric cancer surgery: A randomized clinical trial. JAMA Surg. 2018,
153, 1081–1089.

16. Denison, H.J.; Cooper, C.; Sayer, A.A.; Robinson, S.M. Prevention and optimal management of sarcopenia: A review of
combined exercise and nutrition interventions to improve muscle outcomes in older people. Clin. Interv. Aging 2015, 10,
859–869.

17. Cermak, N.M.; Res, P.T.; de Groot, L.C.; Saris, W.H.; van Loon, L.J. Protein supplementation augments the adaptive
response of skeletal muscle to resistance-type exercise training: A meta-analysis. Am. J. Clin. Nutr. 2012, 96, 1454–
1464.

18. Burden, S.; Jones, D.J.; Sremanakova, J.; Sowerbutts, A.M.; Lal, S.; Pilling, M.; Todd, C. Dietary interventions for adult
cancer survivors. Cochrane Database Syst. Rev. 2019.

19. Mefferd, K.; Nichols, J.F.; Pakiz, B.; Rock, C.L. A cognitive behavioral therapy intervention to promote weight loss
improves body composition and blood lipid profiles among overweight breast cancer survivors. Breast Cancer Res
Treat 2007, 104, 145–152.

20. Swisher, A.K.; Abraham, J.; Bonner, D.; Gilleland, D.; Hobbs, G.; Kurian, S.; Yanosik, M.A.; Vona-Davis, L. Exercise
and dietary advice intervention for survivors of triple-negative breast cancer: Effects on body fat, physical function,



quality of life, and adipokine profile. Support Care Cancer 2015, 23, 2995–3003.

21. Demark-Wahnefried, W.; Rogers, L.Q.; Gibson, J.T.; Harada, S.; Frugé, A.D.; Oster, R.A.; Grizzle, W.E.; Norian, L.A.;
Yang, E.S.; Della Manna, D.; et al. Randomized trial of weight loss in primary breast cancer: Impact on body
composition, circulating biomarkers and tumor characteristics. Int. J. Cancer 2020, 146, 2784–2796.

22. O’Neill, L.M.; Guinan, E.; Doyle, S.L.; Bennett, A.E.; Murphy, C.; Elliott, J.A.; O’Sullivan, J.; Reynolds, J.V.; Hussey, J.
The RESTORE randomized controlled trial: Impact of a multidisciplinary rehabilitative program on cardiorespiratory
fitness in Esophagogastric cancer survivorship. Ann. Surg. 2018, 268, 747–755.

23. Scott, E.; Daley, A.J.; Doll, H.; Woodroofe, N.; Coleman, R.E.; Mutrie, N.; Crank, H.; Powers, H.J.; Saxton, J.M. Effects
of an exercise and hypocaloric healthy eating program on biomarkers associated with long-term prognosis after early-
stage breast cancer: A randomized controlled trial. Cancer Causes Control 2013, 24, 181–191.

24. Ausania, F.; Senra, P.; Meléndez, R.; Caballeiro, R.; Ouviña, R.; Casal-Núñez, E. Prehabilitation in patients undergoing
pancreaticoduodenectomy: A randomized controlled trial. Rev. Esp. Enferm. Dig. 2019, 111, 603–608.

25. Glare, P.; Jongs, W.; Zafiropoulos, B. Establishing a cancer nutrition rehabilitation program (CNRP) for ambulatory
patients attending an Australian cancer center. Support Care Cancer 2011, 19, 445–454.

26. Ristevsk, E.; Trinh, T.; Vo, N.; Byrne, A.; Jamieson, P.; Greenall, A.; Barber, G.; Roman, A.; Schmidt, U.I. CAN: Health
coaching provides tailored nutrition and physical activity guidance to people diagnosed with cancer in a rural region in
West Gippsland, Australia. J. Cancer Surviv. 2020, 14, 48–52.

27. Stubbins, R.; Bernicker, E.H.; Quigley, E.M.M. Cancer cachexia: A multifactoral disease that needs a multimodal
approach. Curr. Opin Gastroenterol. 2020, 36, 141–146.

28. Xu, Y.-J.; Cheng, J.C.-H.; Lee, J.-M.; Huang, P.-M.; Huang, G.-H.; Chen, C.C.-H. A walk-and-eat intervention improves
outcomes for patients with esophageal cancer undergoing neoadjuvant chemoradiotherapy. Oncologist 2015, 20, 1216.

29. Storck, L.J.; Ruehlin, M.; Gaeumann, S.; Gisi, D.; Schmocker, M.; Meffert, P.J.; Imoberdorf, R.; Pless, M.; Ballmer, P.E.
Effect of a leucine-rich supplement in combination with nutrition and physical exercise in advanced cancer patients: A
randomized controlled intervention trial. Clin. Nutr. 2020, 39, 3637–3644.

30. Chasen, M.R.; Bhargava, R. A rehabilitation program for patients with gastroesophageal cancer--a pilot study. Support
Care Cancer 2010, 18 (Suppl. S2), S35–S40.

31. Ngo-Huang, A.; Parker, N.H.; Bruera, E.; Lee, R.E.; Simpson, R.; O’Connor, D.P.; Petzel, M.Q.B.; Fontillas, R.C.;
Schadler, K.; Xiao, L.; et al. Home-Based Exercise Prehabilitation During Preoperative Treatment for Pancreatic
Cancer Is Associated With Improvement in Physical Function and Quality of Life. Integr. Cancer 2019, 18,
1534735419894061.

32. Kim, S.H.; Kim, I.; Koh, Y.; Shin, D.; Hong, J.; Seo, K.S. The importance of physical function in patients with multiple
myeloma for improving quality of life. Support Care Cancer 2020, 28, 2361–2367.

33. Guldberg, T.L.; Christensen, S.; Zachariae, R.; Jensen, A.B. Prognostic factors in early breast cancer associated with
body mass index, physical functioning, physical activity, and comorbidity: Data from a nationwide Danish cohort. Breast
Cancer Res. Treat 2017, 162, 159–167.

34. Schmidt, S.F.; Rohm, M.; Herzig, S.; Berriel Diaz, M. Cancer Cachexia: More Than Skeletal Muscle Wasting. Trends
Cancer 2018, 4, 849–860.

35. Hsu, K.J.; Liao, C.D.; Tsai, M.W.; Chen, C.N. Effects of Exercise and Nutritional Intervention on Body Composition,
Metabolic Health, and Physical Performance in Adults with Sarcopenic Obesity: A Meta-Analysis. Nutrients 2019, 11,
2163.

36. Vlietstra, L.; Hendrickx, W.; Waters, D.L. Exercise interventions in healthy older adults with sarcopenia: A systematic
review and meta-analysis. Australas. J. Ageing 2018, 37, 169–183.

37. Csapo, R.; Alegre, L. Effects of resistance training with moderate vs heavy loads on muscle mass and strength in the
elderly: A meta-analysis. Scand. J. Med. Sci. Sports 2016, 26, 995–1006.

38. Martone, A.M.; Marzetti, E.; Calvani, R.; Picca, A.; Tosato, M.; Santoro, L.; Di Giorgio, A.; Nesci, A.; Sisto, A.;
Santoliquido, A.; et al. Exercise and Protein Intake: A Synergistic Approach against Sarcopenia. BioMed Res. Int. 2017,
2017, 2672435.

39. Epplein, M.; Zheng, Y.; Zheng, W.; Chen, Z.; Gu, K.; Penson, D.; Lu, W.; Shu, X.-O. Quality of life after breast cancer
diagnosis and survival. J. Clin. Oncol. 2011, 29, 406.

40. Pickard, A.S.; Wilke, C.T.; Lin, H.-W.; Lloyd, A. Health Utilities Using the EQ-5D in Studies of Cancer.
Pharmacoeconomics 2007, 25, 365–384.



41. Carli, F.; Bousquet-Dion, G.; Awasthi, R.; Elsherbini, N.; Liberman, S.; Boutros, M.; Stein, B.; Charlebois, P.; Ghitulescu,
G.; Morin, N.; et al. Effect of Multimodal Prehabilitation vs Postoperative Rehabilitation on 30-Day Postoperative
Complications for Frail Patients Undergoing Resection of Colorectal Cancer: A Randomized Clinical Trial. JAMA Surg.
2020, 155, 233–242.

42. Gillis, C.; Li, C.; Lee, L.; Awasthi, R.; Augustin, B.; Gamsa, A.; Liberman, A.S.; Stein, B.; Charlebois, P.; Feldman, L.S.;
et al. Prehabilitation versus rehabilitation: A randomized control trial in patients undergoing colorectal resection for
cancer. Anesthesiology 2014, 121, 937–947.

43. O’Connor, L.; Smyth, E.; Bennett, A.E.; Smith, V.; O’Neill, L.; Reynolds, J.V.; Hussey, J.; Guinan, E. Identifying
outcomes reported in exercise interventions in oesophagogastric cancer survivors: A systematic review. BMC Cancer
2021, 21, 586.

Retrieved from https://encyclopedia.pub/entry/history/show/34401


