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1  | INTRODUC TION

Although it is steadily declining in incidence, gastric cancer re-
mains one of the most common and deadly neoplasms worldwide.1 
Gastrectomy with sufficient lymph node dissection is recommended 
for patients with gastric cancer in whom endoscopic resection is 
not indicated.2 However, gastric cancer surgery may be associated 
with several complications. Recent studies have reported that post-
operative surgical complications affect the long- term oncological 
outcomes of gastric cancer.3- 5 Therefore, it is necessary to take mea-
sures to prevent postoperative complications.

Various patient- related factors, such as age, sex, and perfor-
mance status, influence the development of postoperative compli-
cations after gastrectomy for gastric cancer.6,7 Among these factors, 
perioperative malnutrition and sarcopenia are strongly related to 
developing postoperative complications and poor survival out-
comes.8- 10 Impaired nutritional status is common in cancers of the 
gastrointestinal tract, where the prevalence of malnutrition ranges 
from 20% to 70%.11 In gastric cancer patients, insufficient oral in-
take related to disease- specific symptoms can induce more severe 
nutritional depletion than in other cancer patients, and this may re-
sult in an increased prevalence of sarcopenia.
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Abstract
Patients with gastric cancer are often malnourished or sarcopenic during tumor pro-
gression. Perioperative malnutrition, including sarcopenia, is strongly related to post-
operative complications and long- term outcomes. To improve outcomes, nutritional 
intervention is common for patients with gastric cancer, especially for those undergo-
ing elective surgery. Several clinical trials evaluating perioperative nutritional inter-
vention have set postoperative loss of body weight and lean body mass as endpoints; 
however, the results were inconsistent. Therefore, recently, perioperative multi-
modal interventions that are expected to have a synergistic effect between nutri-
tional intervention and exercise have gained attention. Furthermore, supplementing 
with leucine, a branched- chain amino acid, in addition to exercise, may be promising 
for preventing perioperative sarcopenia. However, whether perioperative nutritional 
intervention and exercise has clinical benefits in gastric surgery is unclear. With the 
aging of gastric cancer patients, measures to address sarcopenia will become more 
important in the future. Understanding the significance of nutritional intervention 
and exercise in patients undergoing gastric cancer surgery will help achieve good 
outcomes.
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Nutritional intervention is common in patients with gastric can-
cer, especially for those undergoing elective surgery. Various clini-
cal trials evaluating nutritional intervention have been conducted; 
however, the results were inconsistent.12- 15 Furthermore, clinical 
trials evaluating preoperative nutritional intervention with exercise 
in gastric cancer have been performed16; however, how patients un-
dergoing gastrectomy may benefit from this intervention is unclear. 
The purpose of this review was to summarize the current evidence 
supporting perioperative nutritional intervention and exercise for 
gastrectomy. The particular focus is on measures of preventing sar-
copenia perioperatively.

2  | CLINIC AL IMPAC T OF PERIOPER ATIVE 
SARCOPENIA ON GA STRIC C ANCER 
REGARDING GA STREC TOMY

Sarcopenia was initially proposed to represent loss of skeletal 
muscle mass with aging.17 However, recently, in addition to loss of 
skeletal muscle mass, functional decline with advancing age has 
become important. Sarcopenia is defined as loss of muscle mass 
plus low muscle strength and/or low physical performance, accord-
ing to the European Working Group on Sarcopenia in Older People 
(EWGSOP)18 and the Asian Working Group for Sarcopenia (AWGS) 
criteria.19 Although the cut- off values are not contained in this re-
view, these criteria recommend measuring bioimpedance analysis 
(BIA) and dual energy X- ray absorptiometry (DXA) to evaluate skel-
etal muscle mass, handgrip strength for muscle strength, and walk-
ing speed for physical function, clinically.

Many studies have suggested that sarcopenia is associated 
with postoperative complications and poor prognosis in various 
gastrointestinal cancer patients,10,20- 25 although several studies 
have shown the opposite outcomes.26- 28 In a study of 491 gas-
tric cancer patients who underwent gastrectomy, Kuwada et al27 
reported that although sarcopenia was not associated with post-
operative complications, it was an independent prognostic factor 
for overall survival. In addition, Tegels et al28 reported a high prev-
alence of sarcopenia in their study (57.7%); however, sarcopenia 
was not a prognostic factor for severe postoperative complications 
and 6- month survival in patients with gastric cancer. Although the 
reasons for the difference between these studies, which showed 
opposite outcomes, are unclear, the differences might be affected 
by differing methods of evaluating and determining cut- off values 
for sarcopenia. In many studies, skeletal muscle mass index (SMI), 
which is skeletal muscle mass normalized by height, was used as a 
sarcopenia index.20,22,24- 26 However, to reduce the effect of obe-
sity, Kuwada et al27 used a different index, SMI divided by body 
surface area, and Tegels et al28 used different cutoff values for SMI 
in males with a BMI of ≥25 vs <25.

As shown above, many studies evaluated only one item, such 
as loss of skeletal muscle mass or muscle strength, and few reports 
evaluated sarcopenia according to the diagnostic criteria. In gastric 
cancer, two retrospective studies evaluated sarcopenia according 

to the diagnostic criteria in the EWGSOP algorithm. Huang et al22 
described the results of 470 patients aged ≥18 years who under-
went gastrectomy. Among them, 47 patients (10%) and 32 patients 
(6.8%) were diagnosed as having sarcopenia and severe sarcopenia, 
respectively. The overall complication rate increased with advancing 
sarcopenia stages in normal (non- sarcopenic) vs sarcopenia vs se-
vere sarcopenia patients as 18.7% vs 27.7% vs 68.8%, respectively. 
In addition, Fukuda et al23 reported that 21 of 99 patients (21.2%) 
with gastric cancer older than 65 years were diagnosed with sar-
copenia preoperatively. The rate of severe postoperative compli-
cations (Clavien- Dindo grade ≥ IIIa) was significantly higher in the 
sarcopenic group than in the non- sarcopenic group (28.6% vs 9.0%, 
respectively). With the aging of the cancer population, perioperative 
assessment and intervention for sarcopenia is becoming increasingly 
important.

3  | SIGNIFIC ANCE OF NUTRITIONAL 
INTERVENTION

3.1 | Preoperative immunonutritional intervention

Recently, enteral immunonutrition with omega- 3 fatty acids, glu-
tamine, arginine, and nucleotides has received increasing atten-
tion. A meta- analysis reported that preoperative immunonutritional 
intervention should be encouraged in routine practice in patients 
undergoing surgery for gastrointestinal cancer because preopera-
tive immunonutritional intervention for a minimum of 5 days before 
surgery reduced postoperative complications and shortened the 
hospital stay.29 However, the results of published meta- analyses are 
difficult to interpret owing to the heterogeneity of the available stud-
ies, which include different types of cancers, surgical procedures, 
and nutritional status. Therefore, the recommendation to implement 
preoperative immunonutrition in major nutritional guidelines varies. 
The American Society for Parenteral and Enteral Nutrition (ASPEN) 
guidelines recommend that individuals undergoing gastrointestinal 
surgery in whom there is preexisting malnutrition would benefit 
from 5 to 7 days of preoperative supplementation.30 In contrast, 
the European Society for Clinical Nutrition and Metabolism (ESPEN) 
Clinical Guideline states that immune- modulating oral nutritional 
supplements, including arginine, omega- 3 fatty acids, and nucleo-
tides, can be preferred preoperatively as there is no clear evidence 
for the preoperative use of immunonutrients compared with stand-
ard oral nutritional supplements exclusively.31

Fujitani et al12 reported that preoperative immunonutrition 
(Impact®; Nestle Japan Health Science, Tokyo, Japan) for 5 consec-
utive days before gastrectomy in well- nourished patients did not 
reduce the incidence of postoperative complications. In the study, 
more than 95% of the enrolled patients were well- nourished, and the 
authors stated that this might have influenced the results. In addi-
tion, there was a possibility that recent procedural standardizations 
and sophisticated perioperative management might have contrib-
uted to the study results; therefore, it might be difficult to evaluate 
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the effect of immunonutrition alone. Currently, there is no evidence 
to support preoperative immunonutrition alone for gastric cancer.

3.2 | Postoperative intervention

The effectiveness of postoperative enteral nutrition in gastric 
cancer has not been fully demonstrated. Ida et al14 and Aoyama 
et al15 reported that perioperative immunonutrition (with ProSure®; 
Abbott Japan, Tokyo Japan, an eicosapentaenoic acid- enriched en-
teral formula) for 7 days before and 21 days after total gastrectomy 
did not prevent loss of body weight and lean body mass. In con-
trast, Imamura et al13 reported positive results in an RCT evaluat-
ing 300 kcal/day of an elemental diet (Elental®; EA Pharma, Tokyo, 
Japan, an amino- acid- rich enteral formula) for 6- 8 weeks after gas-
trectomy. The authors reported that elemental diet intervention 
suppressed body weight loss significantly, especially in patients who 
underwent total gastrectomy (controls: 9.13% ± 5.43%, intervention 
group: 5.03% ± 3.65%; P = .012). In addition, it is interesting that 
suppressing body weight loss was seen both 6- 8 weeks postopera-
tively and 1 year postoperatively in patients who underwent total 
gastrectomy.32 The reason for the discrepancy between these two 
RCTs (Ida et al’s study14: negative results; Imamura et al’s study13: 
positive results) is unclear, however, there are possible explana-
tions. The first explanation is the difference in the content of the 
nutritional supplement. Amino acids may have affected the results, 
such as by suppressing lean body mass loss. Second, differences in 
the compliance rate and duration of nutritional intervention may 
also have affected the results. Imamura et al’s study had a higher 

postoperative compliance rate (median: 81.2%) and a longer admin-
istration period (42- 56 days) compared with Ida et al’s study (median: 
54% and 21 days after surgery, respectively). In addition, the pos-
sible effects of dose and duration can be inferred from the results 
of another prospective interventional study. Kobayashi et al con-
ducted a prospective study of 400 kcal/day of Racol® NF (Otsuka 
Pharmaceutical Factory, Tokushima, Japan) for 3 months after gas-
trectomy.33 The authors reported a significant reduction in body 
weight loss for patients who tolerated ≥200 mL/day compared with 
those who could not tolerate this amount.33 A summary of these 
three studies is shown in Table 1. These studies indicate that postop-
erative nutritional intervention for gastric cancer may be significant; 
however, there is no evidence supporting perioperative nutritional 
intervention. There are still issues to consider, such as selecting the 
appropriate risk groups, content of the supplements, and the admin-
istration period.

4  | PERIOPER ATIVE MULTIMODAL 
INTERVENTION FOR SARCOPENIA

4.1 | Exercise

Resistance exercise is an important factor that directly stimulates 
protein synthesis in skeletal muscle, and at low to moderate inten-
sity, the rate of protein synthesis increases, depending on the inten-
sity.34 Aerobic exercise training improves maximal oxygen uptake, 
mitochondrial oxidative enzyme activity, and insulin sensitivity.35 
In addition, aerobic exercise also improved protein synthesis when 

TA B L E  1   Significance of perioperative nutritional intervention for gastrectomy

References Imamura et al13 Ida et al14 Kobayashi et al33

Date 2016 2017 2017

Design RCT RCT Prospective, single arm

Sample size 106 123 82

Type of gastrectomy TG and DG TG TG and DG

Formula Elental® ProSure® Racol®NF

Calorie (kcal/day) 300 600 400

Periods (days)

Pre- 0 7 0

Post- 42- 56 21 90

Compliance rate: mean (%)

Pre- N/A 92 N/A

Post- 68.7 61 52.7

Primary outcome:
BW loss rate (%)

Control: 6- 8W (mean ± SD)
6.60 ± 4.90

Control: 1 M:3 M (median)
8.9:13.0

<200 mL: 1 M:3 M (mean ± SD)
7.7 ± 2.6:10.4 ± 5.2

Intervention: 6- 8 W
4.86 ± 3.72*

Intervention: 1 M:3 M
8.8:12.9

≧200 mL: 1 M:3 M
6.3 ± 2.7*: 6.1 ± 4.3*

Abbreviations: BW, body weight; DG, distal gastrectomy; M, months; N/A, not applicable; RCT, randomized control trial; SD, standard deviation; TG, 
total gastrectomy; W, weeks.
*Statistical significance: P < .05.
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combined with resistance exercise.36 Furthermore, improving flex-
ibility, i.e. stretching, can enhance the overall physical performance 
of other types of exercise. Furthermore, it is interesting to note 
that regular physical exercise induces anti- inflammatory cytokines 
and may suppress skeletal muscle wasting associated with cancer- 
induced inflammation.37

The Borg scale is used as an indicator of exercise intensity, and 
the scale is a self- monitoring visual scale on which patients are asked 
to rate the intensity of their effort, from 6 (no perceived effort) to 
20 (maximal exertion).38 Patients should be instructed to rehabilitate 
with a goal of moderate intensity as “somewhat hard,” which is quan-
tified as 12- 14 on the Borg scale.

In real world daily practice, we may face several questions re-
garding exercise intervention for high- risk cancer patients, such as 
whether older adult patients or those with severe comorbidities are 
suitable candidates for this intervention, i.e. can it be done, and if 
so, how? Karlsson et al39 conducted a randomized feasibility study 
of preoperative exercise in older adults scheduled to undergo col-
orectal cancer surgery. The median age of the intervention group 
was 83.5 years. The exercises (respiratory, strength, and aero-
bic) comprised two to three supervised sessions each week in the 
participants’ homes, for at least 2- 3 weeks or until surgery, and a 
self- administered exercise program between visits. The resistance 
level started at 50% of maximal capacity and was gradually adjusted 
with reference to the Borg scale. The self- administered exercise was 
performed 2- 3 times/week and comprised 150 min/week of mod-
erate physical activity, functional strength exercises (chair stands 
and step- up) 2- 3 times/week, and inspiratory muscle training for 30 
breaths twice a day. The compliance rate was 97%, and no severe 
adverse events occurred during training. In addition, a statistically 
significant between- group difference was found only for inspiratory 
muscle strength (P < .01). Chia et al40 also conducted a perioperative 
exercise study involving frail elderly patients with colorectal cancer. 
The study included education and ensuring compliance, cardiovas-
cular strengthening, mobilizing, muscle strengthening, and attention 
to nutrition. The authors reported that even in the high- risk group 
of patients, with a median age of 79 years and an American Society 
of Anesthesiologists (ASA) class ≥3 in 26% of the patients, an 80% 
adherence rate was achieved. Although selection bias in these stud-
ies must be considered, home- based exercise with attention to its 
intensity may be safe and feasible even for high- risk patients.

Perioperative exercise intervention is a possible means to en-
hance physical fitness and quality of life; however, the effect of 
perioperative exercise intervention alone is currently unclear re-
garding clinical outcomes (e.g. reduced postoperative complications).

4.2 | Amino acid supplements with exercise

After a single bout of resistance exercise, muscle protein synthe-
sis and muscle protein breakdown are simultaneously stimulated 
in healthy individuals.41 Indeed, exercise alone, in the absence 
of adequate nutrition, such as occurs perioperatively, does not 

lead to muscle protein accretion or maximal improvements in 
functional capacity.

Leucine, a branched- chain amino acid (BCAA), is a key nutrient 
in multimodal intervention. Oral administration of leucine stimu-
lates muscle protein synthesis by activating the mammalian target 
of rapamycin (mTOR).42 In addition, muscle protein synthesis is ef-
ficiently induced by a single intake of leucine- enriched essential 
amino acids (3 g of 40% leucine).43 Furthermore, administration of 
3 g of essential amino acids containing 40% leucine for 3 months 
combined with exercise for elderly Japanese people improved both 
muscle mass and muscle strength, and walking speed.44,45

Based on these findings, 3 g of essential amino acids containing 
40% leucine was set as the optimum amount for muscle protein syn-
thesis. However, leucine supplementation may not further enhance 
muscle protein synthesis in patients already consuming a protein/
leucine- sufficient diet (i.e. >1.0 g/kg/d).46

4.3 | Clinical impact of preoperative nutritional 
intervention with exercise for gastrectomy

There is a preoperative interventional strategy called prehabilitation, 
which capitalizes on the waiting period before surgery, to optimize 
the patient's physical condition and promote earlier postoperative 
recovery.37 Prehabilitation includes exercise as well as several pre-
operative management measures, such as nutritional intervention or 
psychological intervention, but involves mainly preoperative nutri-
tional intervention and exercise.47

Yamamoto et al16 evaluated the effects of preoperative nutri-
tional intervention with exercise in 22 sarcopenic gastric cancer pa-
tients who were ≥65 years old. Although the study was a single- arm 
pilot study, it is the only interventional study of gastric cancer pa-
tients diagnosed with sarcopenia preoperatively. Table 2 shows the 
summary of this study. The nutritional intervention constituted add-
ing 2.4 g of daily oral supplementation with the leucine metabolite, 
β- hydroxy- β- methylbutyrate (HMB). In addition, the preoperative 
exercise program constituted handgrip training, walking, and resis-
tance training at home every day until admission for surgery. The 
mean age of the 22 enrolled patients was 75 years, and the median 
period of intervention was 16 days. During the program, no adverse 
events were observed. The results showed that handgrip strength 
improved significantly after exercise (20.0 ± 5.3 kg vs 21.2 ± 5.2 kg, 
before exercise vs after exercise, respectively; P = .022). In addi-
tion, four patients (18.8%) became non- sarcopenic after the exercise 
program. They concluded that preoperative nutritional intervention 
with exercise might reduce sarcopenia in older adult sarcopenic gas-
tric cancer patients.

There is no consensus on the optimal duration of nutritional 
intervention and exercise; however, Yamamoto et al16 reported 
that patients who underwent ≥3 weeks of intervention showed 
significant increases in lean body mass compared with those who 
participated for less than 3 weeks before gastrectomy. In addi-
tion, previous studies have identified 4 weeks as sufficient time 
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to modify behavior to improve physical function before colorectal 
surgery.48 That is, the effect of nutritional intervention and exer-
cise takes time. Therefore, it is necessary to develop a program 
that starts as soon as the diagnosis is made and that can be per-
formed at home before admission.

4.4 | Clinical impact of exercise after gastrectomy

Cho et al49 evaluated the safety and feasibility of a postoperative 
recovery exercise program (without nutritional intervention) in 
gastric cancer patients undergoing laparoscopic or robot- assisted 
gastrectomy. The exercise program comprised three phases: in- 
hospital exercise (1 week), home exercise (1 week), and fitness im-
provement exercise (8 weeks). In- hospital exercise was selected to 
increase the range of motion after gastrectomy and was performed 
under the supervision of an exercise specialist. Walking was en-
couraged as much as possible, without supervision. The home 
exercise was designed to improve the range of motion after hos-
pital discharge. Patients were encouraged to complete the home 
exercise regimen in addition to the previous in- hospital exercise 
regimen more than once per day. The fitness improvement exercise 
program focused mainly on resistance exercises to improve post-
operative function and reduction in muscle volume. Patients exer-
cised three times a week. Among 24 patients enrolled in this study, 
20 completed the study without adverse events related to exercise. 
The adherence and compliance rates for the fitness improvement 
exercises were 79.4% and 99.4%, respectively. Upon completing 
this program, patients showed significant improvement in cardio-
pulmonary function and muscular strength. Additionally, muscle 
volume was preserved between the preoperative period and after 
completing the program.

This study has some limitation, namely, the population was 
younger (mean age: 45.9 years) and the patients underwent mini-
mally invasive surgery only. However, a systemic exercise interven-
tion program might have some benefit for postoperative sarcopenia 
after gastrectomy.

5  | FUTURE PERSPEC TIVE

Two clinical trials evaluating preoperative or postoperative multi-
modal intervention for gastric cancer patients are ongoing. One is 
an RCT being conducted in Lithuania (ClinicalTrials.gov identifier: 
NCT04223401) that is investigating the efficacy of preoperative 
intervention (nutritional intervention, psychological intervention, 
and exercise) for 128 patients undergoing gastrectomy for gastric 
cancer. The primary endpoint is the postoperative morbidity rate, 
and the secondary endpoints are physical function and quality of 
life up to 1 year after gastrectomy. Another RCT involving 242 
Japanese patients aims to verify the effect of leucine administra-
tion and exercise on lean body mass loss 3 months after gastrec-
tomy (UMIN000042307). Changes in physical function and activity 
up to 1 year after surgery are included as secondary endpoints. The 
results of these RCTs may contribute to developing an optimal pro-
gram and may provide evidence supporting beneficial clinical out-
comes in patients with gastric cancer.

6  | CONCLUSION

Perioperative nutritional intervention and exercise might have clini-
cal benefit in gastric cancer patients. However, each intervention 
alone might be insufficient to improve the short-  and long- term 
outcomes; therefore, it is necessary to establish a novel multimodal 
intervention program (nutritional intervention with exercise) and 
clarify its benefit in short-  and long- term outcomes. With aging of 
the cancer population, understanding the importance of nutritional 
intervention and exercise will help achieve good outcomes in pa-
tients undergoing gastric cancer surgery.
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TA B L E  2   Summary of preoperative multimodal intervention for 
gastrectomy

Reference Yamamoto et al16

Date 2017

Design Pilot study

Sample size 22

Age (mean) 75

Nutritional 
intervention

Daily oral supplementation with 2.4 g HMB

Exercise 
intervention

HGS training: 10 kg*20 times/d
Walking: ≥7500 steps/day (for 1 h/d)
Resistance training: three sets of 10 

repetitions with 40%- 60% maximum 
intensity

Timing From diagnosis until operation

Duration Median: 16 days (depends on the surgery date)

Outcomes GS, HGS, body composition

Abbreviations: GS, gait speed; HMB, β- hydroxy- β- methylbutyrate; HGS, 
hand grip strength.

https://orcid.org/0000-0002-9179-7945
https://orcid.org/0000-0002-9179-7945
https://orcid.org/0000-0001-6165-5105
https://orcid.org/0000-0001-6165-5105
https://orcid.org/0000-0003-3012-5632
https://orcid.org/0000-0003-3012-5632


202  |     IDA et Al.

R E FE R E N C E S
 1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal 

A, et al. Global cancer statistics 2020: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin. 2021;71(3):209– 49.

 2. Japanese gastric cancer treatment guidelines 2014 (ver. 4). Gastric 
Cancer 2017;20(1):1- 19.

 3. Kubota T, Hiki N, Sano T, Nomura S, Nunobe S, Kumagai K, et al. 
Prognostic significance of complications after curative surgery for 
gastric cancer. Ann Surg Oncol. 2014;21(3):891– 8.

 4. Okumura Y, Hiki N, Kumagai K, Ida S, Nunobe S, Ohashi M, et al. 
Postoperative prolonged inflammatory response as a poor prog-
nostic factor after curative resection for gastric cancer. World J 
Surg. 2017;41(10):2611– 8.

 5. Aurello P, Cinquepalmi M, Petrucciani N, Moschetta G, Antolino L, 
Felli F, et al. Impact of anastomotic leakage on overall and disease- 
free survival after surgery for gastric carcinoma: A systematic re-
view. Anticancer Res. 2020;40(2):619– 24.

 6. Zhao B, Zhang J, Zhang J, Zou S, Luo R, Xu H, et al. The impact 
of preoperative underweight status on postoperative complication 
and survival outcome of gastric cancer patients: A systematic re-
view and meta- analysis. Nutr Cancer. 2018;70(8):1254– 63.

 7. Guner A, Kim SY, Yu JE, Min IK, Roh YH, Roh C, et al. Parameters 
for predicting surgical outcomes for gastric cancer patients: Simple 
is better than complex. Ann Surg Oncol. 2018;25(11):3239– 47.

 8. Tamura T, Sakurai K, Nambara M, Miki Y, Toyokawa T, Kubo N, 
et al. Adverse effects of preoperative sarcopenia on postopera-
tive complications of patients with gastric cancer. Anticancer Res. 
2019;39(2):987– 92.

 9. Zhou J, Hiki N, Mine S, Kumagai K, Ida S, Jiang X, et al. Role of 
prealbumin as a powerful and simple index for predicting postop-
erative complications after gastric cancer surgery. Ann Surg Oncol. 
2017;24(2):510– 7.

 10. Sato T, Aoyama T, Hayashi T, Segami K, Kawabe T, Fujikawa H, et al. 
Impact of preoperative hand grip strength on morbidity following 
gastric cancer surgery. Gastric Cancer. 2016;19(3):1008– 15.

 11. Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, Bozzetti 
F, et al. ESPEN guidelines on nutrition in cancer patients. Clin Nutr. 
2017;36(1):11– 48.

 12. Fujitani K, Tsujinaka T, Fujita J, Miyashiro I, Imamura H, Kimura Y, 
et al. Prospective randomized trial of preoperative enteral immuno-
nutrition followed by elective total gastrectomy for gastric cancer. 
Br J Surg. 2012;99(5):621– 9.

 13. Imamura H, Nishikawa K, Kishi K, Inoue K, Matsuyama J, 
Akamaru Y, et al. Effects of an oral elemental nutritional sup-
plement on post- gastrectomy body weight loss in gastric cancer 
patients: A randomized controlled clinical trial. Ann Surg Oncol. 
2016;23(9):2928– 35.

 14. Ida S, Hiki N, Cho H, Sakamaki K, Ito S, Fujitani K, et al. Randomized 
clinical trial comparing standard diet with perioperative oral im-
munonutrition in total gastrectomy for gastric cancer. Br J Surg. 
2017;104(4):377– 83.

 15. Aoyama T, Yoshikawa T, Ida S, Cho H, Sakamaki K, Ito Y, et al. 
Effects of perioperative Eicosapentaenoic acid- enriched oral nutri-
tional supplement on lean body mass after total gastrectomy for 
gastric cancer. J Cancer. 2019;10(5):1070– 6.

 16. Yamamoto K, Nagatsuma Y, Fukuda Y, Hirao M, Nishikawa K, 
Miyamoto A, et al. Effectiveness of a preoperative exercise and 
nutritional support program for elderly sarcopenic patients with 
gastric cancer. Gastric Cancer. 2017;20(5):913– 8.

 17. Rosenberg IH. Summary comments: epidemiological and method-
ological problems in determining nutritional status of older per-
sons. Am J Clin Nutr. 1989;50:1231– 3.

 18. Cruz- Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, 
Landi F, et al. Sarcopenia: European consensus on definition and 

diagnosis: Report of the European Working Group on Sarcopenia in 
Older People. Age Ageing. 2010;39(4):412– 23.

 19. Chen LK, Woo J, Assantachai P, Auyeung TW, Chou MY, Iijima K, 
et al. Asian working group for sarcopenia: 2019 consensus up-
date on sarcopenia diagnosis and treatment. J Am Med Dir Assoc. 
2020;21(3):300– 7.

 20. Harimoto N, Shirabe K, Yamashita YI, Ikegami T, Yoshizumi T, 
Soejima Y, et al. Sarcopenia as a predictor of prognosis in patients 
following hepatectomy for hepatocellular carcinoma. Br J Surg. 
2013;100(11):1523– 30.

 21. Ida S, Watanabe M, Yoshida N, Baba Y, Umezaki N, Harada K, 
et al. Sarcopenia is a predictor of postoperative respiratory com-
plications in patients with esophageal cancer. Ann Surg Oncol. 
2015;22(13):4432– 7.

 22. Huang DD, Zhou CJ, Wang SL, Mao ST, Zhou XY, Lou N, et al. 
Impact of different sarcopenia stages on the postoperative out-
comes after radical gastrectomy for gastric cancer. Surgery. 
2017;161(3):680– 93.

 23. Fukuda Y, Yamamoto K, Hirao M, Nishikawa K, Nagatsuma Y, 
Nakayama T, et al. Sarcopenia is associated with severe postoper-
ative complications in elderly gastric cancer patients undergoing 
gastrectomy. Gastric Cancer. 2016;19(3):986– 93.

 24. Zhuang CL, Huang DD, Pang WY, Zhou CJ, Wang SL, Lou N, et al. 
Sarcopenia is an independent predictor of severe postoperative 
complications and long- term survival after radical gastrectomy 
for gastric cancer: analysis from a large- scale cohort. Medicine 
(Baltimore). 2016;95(13):e3164.

 25. Wang SL, Zhuang CL, Huang DD, Pang WY, Lou N, Chen FF, et al. 
Sarcopenia adversely impacts postoperative clinical outcomes fol-
lowing gastrectomy in patients with gastric cancer: a prospective 
study. Ann Surg Oncol. 2016;23(2):556– 64.

 26. Siegal SR, Dolan JP, Dewey EN, Guimaraes AR, Tieu BH, Schipper 
PH, et al. Sarcopenia is not associated with morbidity, mortal-
ity, or recurrence after esophagectomy for cancer. Am J Surg. 
2018;215(5):813– 7.

 27. Kuwada K, Kuroda S, Kikuchi S, Yoshida R, Nishizaki M, Kagawa S, 
et al. Sarcopenia and comorbidity in gastric cancer surgery as a use-
ful combined factor to predict eventual death from other causes. 
Ann Surg Oncol. 2018;25(5):1160– 6.

 28. Tegels JJ, van Vugt JL, Reisinger KW, Hulsewé KW, Hoofwijk AG, 
Derikx JP, et al. Sarcopenia is highly prevalent in patients undergo-
ing surgery for gastric cancer but not associated with worse out-
comes. J Surg Oncol. 2015;112(4):403– 7.

 29. Adiamah A, Skorepa P, Weimann A, Lobo DN. The impact of pre-
operative immune modulating nutrition on outcomes in patients 
undergoing surgery for gastrointestinal cancer: a systematic review 
and meta- analysis. Ann Surg. 2019;270(2):247– 26.

 30. August DA, Huhmann MB. A.S.P.E.N. clinical guidelines: nutri-
tion support therapy during adult anticancer treatment and in 
hematopoietic cell transplantation. JPEN J Parenter Enteral Nutr. 
2009;33(5):472– 500.

 31. Weimann A, Braga M, Carli F, Higashiguchi T, Hubner M, Klek S, 
et al. ESPEN guideline: clinical nutrition in surgery. Clin Nutr. 
2017;36(3):623– 50.

 32. Kimura Y, Nishikawa K, Kishi K, Inoue K, Matsuyama J, Akamaru Y, 
et al. Long- term effects of an oral elemental nutritional supplement 
on post- gastrectomy body weight loss in gastric cancer patients 
(KSES002). Ann Gastroenterol Surg. 2019;3(6):648– 56.

 33. Kobayashi D, Ishigure K, Mochizuki Y, Nakayama H, Sakai M, Ito 
S, et al. Multi- institutional prospective feasibility study to explore 
tolerability and efficacy of oral nutritional supplements for patients 
with gastric cancer undergoing gastrectomy (CCOG1301). Gastric 
Cancer. 2017;20(4):718– 27.

 34. Kumar V, Selby A, Rankin D, Patel R, Atherton P, Hildebrandt W, 
et al. Age- related differences in the dose- response relationship of 



     |  203IDA et Al.

muscle protein synthesis to resistance exercise in young and old 
men. J Physiol. 2009;587(1):211– 7.

 35. Jones AM, Carter H. The effect of endurance training on parame-
ters of aerobic fitness. Sports Med. 2000;29(6):373– 86.

 36. Colleluori G, Aguirre L, Phadnis U, Fowler K, Armamento- Villareal 
R, Sun Z, et al. Aerobic plus resistance exercise in obese older adults 
improves muscle protein synthesis and preserves myocellular qual-
ity despite weight loss. Cell Metab. 2019;30(2):261– 73.

 37. Battaglini CL, Hackney AC, Goodwin ML. Cancer cachexia: muscle 
physiology and exercise training. Cancers (Basel). 2012;4(4):1247– 51.

 38. Borg GA. Psychophysical bases of perceived exertion. Med Sci 
Sports Exerc. 1982;14(5):377– 81.

 39. Karlsson E, Farahnak P, Franzén E, Nygren- Bonnier M, Dronkers J, 
van Meeteren N, et al. Feasibility of preoperative supervised home- 
based exercise in older adults undergoing colorectal cancer surgery 
-  A randomized controlled design. PLoS One. 2019;14(7):e0219158.

 40. Chia CL, Mantoo SK, Tan KY. 'Start to finish trans- institutional trans-
disciplinary care': a novel approach improves colorectal surgical re-
sults in frail elderly patients. Colorectal Dis. 2016;18(1):O43– 50.

 41. Phillips SM, Tipton KD, Aarsland A, Wolf SE, Wolfe RR. Mixed mus-
cle protein synthesis and breakdown after resistance exercise in 
humans. Am J Physiol. 1997;273(1 Pt 1):E99– 107.

 42. Anthony JC, Yoshizawa F, Anthony TG, Vary TC, Jefferson LS, 
Kimball SR. Leucine stimulates translation initiation in skeletal 
muscle of postabsorptive rats via a rapamycin- sensitive pathway. J 
Nutr. 2000;130(10):2413– 9.

 43. Bukhari SS, Phillips BE, Wilkinson DJ, Limb MC, Rankin D, Mitchell 
WK, et al. Intake of low- dose leucine- rich essential amino acids 
stimulates muscle anabolism equivalently to bolus whey protein in 
older women at rest and after exercise. Am J Physiol Endocrinol 
Metab. 2015;308(12):E1056– 65.

 44. Kawada S, Okamoto Y, Ogasahara K, Yanagisawa S, Ohtani M, 
Kobayashi K. Resistance exercise combined with essential amino 

acid supplementation improved walking ability in elderly people. 
Acta Physiol Hung. 2013;100(3):329– 39.

 45. Kim HK, Suzuki T, Saito K, Yoshida H, Kobayashi H, Kato H, et al. 
Effects of exercise and amino acid supplementation on body com-
position and physical function in community- dwelling elderly 
Japanese sarcopenic women: a randomized controlled trial. J Am 
Geriatr Soc. 2012;60(1):16– 23.

 46. Hurt RT, McClave SA, Martindale RG, Ochoa Gautier JB, Coss- Bu 
JA, Dickerson RN, et al. Summary points and consensus recom-
mendations from the international protein summit. Nutr Clin Pract. 
2017;32(1_suppl):142s– 51.

 47. Carli F, Gillis C, Scheede- Bergdahl C. Promoting a culture of 
prehabilitation for the surgical cancer patient. Acta Oncol. 
2017;56(2):128– 33.

 48. Chen BP, Awasthi R, Sweet SN, Minnella EM, Bergdahl A, Santa 
Mina D, et al. Four- week prehabilitation program is sufficient to 
modify exercise behaviors and improve preoperative functional 
walking capacity in patients with colorectal cancer. Support Care 
Cancer. 2017;25(1):33– 40.

 49. Cho I, Son Y, Song S, Bae YJ, Kim YN, Kim HI, et al. Feasibility 
and effects of a postoperative recovery exercise program de-
veloped specifically for gastric cancer patients (PREP- GC) un-
dergoing minimally invasive gastrectomy. J Gastric Cancer. 
2018;18(2):118– 33.

How to cite this article: Ida S, Kumagai K, Nunobe S. Current 
status of perioperative nutritional intervention and exercise 
in gastric cancer surgery: A review. Ann Gastroenterol Surg. 
2022;6:197– 203. https://doi.org/10.1002/ags3.12520

https://doi.org/10.1002/ags3.12520

