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Impact of Skeletal Muscle Mass Reduction on Long-term
Survival After Radical Resection of Gastric Cancer
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Abstract. Background/Aim: This study aimed to investigate
the effect of preoperative skeletal muscle mass and muscle
mass loss after surgery on overall survival in patients with
gastric cancer who underwent radical resection. We also
examined factors involved in postoperative skeletal muscle
loss. Patients and Methods: One hundred fifty gastric cancer
patients who underwent radical resection were retrospectively
examined. Skeletal muscle index (SMI) was measured using
computed tomography before surgery and 1 year after. Degree
of muscle reduction (MR) was calculated. Patients were
stratified according to preoperative SMI (high/low) and MR
(high/low) for analysis. In addition, patients were grouped
according to SMI and MR stratification as follows: group A,
low SMI/high MR; group B, low SMI/low MR; group C, high
SMI/high MR; and group D, high SMI/low MR. Results: In
multivariate analysis, preoperative SMI and MR were
independent predictors of overall survival. Overall survival
significantly differed among groups A, B, C, and D (p<0.0001).
The list of groups in order of worsening overall survival was
as follows: group D, group C, group B, and group A. In
multivariate analysis, patient group according to SMI and MR
stratification was an independent predictor of overall survival.
MR was affected by operation time (>430 min) and surgical
procedure (total gastrectomy). Conclusion: Preoperative SMI
and reduction in skeletal muscle mass after gastric cancer
surgery were significantly associated with overall survival.
Long-term management of these patients should focus on
maintenance of postoperative skeletal muscle mass.

Correspondence to: Keishiro Aoyagi, MD, Ph.D., Department of
Surgery, School of Medicine, Kurume University, 67 Asahi-machi,
Kurume, 830-0011 Japan. Tel: +81 942317566, Fax: +81
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Gastric cancer is the third-most common cancer worldwide
and second leading cause of cancer-related death (1). Despite
advances in diagnosis and treatment, patients with gastric
cancer frequently experience malnourishment and loss of
skeletal muscle mass owing to tumor-induced gastrointestinal
obstruction or nutritional disorders associated with surgery
and perioperative management (2). Previous studies have
suggested that body composition of patients with gastric
cancer is associated with postoperative complications and
long-term outcomes (3-6). Sarcopenia, which is characterized
by loss of skeletal muscle mass and strength, has been
associated with worse survival in healthy older people as
well as patients with gastric cancer (7, 8).

Myokines secreted by muscle tissue are physiologically
active substances that affect muscle anabolism and
catabolism (7, 9, 10). In cancer patients, preoperative
cachexia is suspected to alter myokine production and
influence cancer growth and response to therapy (11). Low
skeletal muscle mass before surgery in patients with gastric
cancer increases incidence of postoperative complications
and is associated with worse long-term outcomes (2).

However, the relationship between postoperative skeletal
muscle mass reduction and survival in patients with gastric
cancer remains poorly understood. Postoperative skeletal
muscle mass in these patients is influenced by the extent of
gastric resection, method of gastrointestinal reconstruction,
and chemotherapy. We hypothesized that both preoperative
skeletal muscle mass and muscle mass loss after surgery
have a strong effect on long-term survival in patients with
gastric cancer undergoing radical resection. This study aimed
to investigate our hypothesis and clarify factors involved in
postoperative skeletal muscle loss.

Patients and Methods

Patients. This retrospective study reviewed consecutive patients who
underwent radical resection of gastric cancer between January 2012
and December 2013 at Kurume University Hospital. Among the 202
patients who underwent primary gastric cancer surgery during this
period, we excluded 20 patients with unresectable disease, nine with
other active concurrent cancers, and 23 who underwent preoperative
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Primary gastric cancer surgery
(N=202)

Excluded:
+ Non-curative resection
- Stage IV

« Active concurrent cancer
+ Computed tomography

Preoperative skeletal muscle mass assessment

(N=150)

not available

stage |, 88; stage II, 29; stage Ill, 33

men, 102; women, 48

Computed tomography available for analysis

of muscle mass reduction
(N=115)

Figure 1. The flowchart for the process for inclusion of patients.

whole-body computed tomography (CT) at another hospital. Finally,
150 patients were included for analysis. Skeletal muscle mass
reduction was examined in 115 patients whose CT was available for
analysis one year after surgery (Figure 1). Patients were diagnosed
before surgery using upper gastrointestinal endoscopy, upper
gastrointestinal series, and CT according to the Japanese classification
of gastric carcinoma, third English edition (12). Selection of surgical
method was based on tumor location within the stomach. D1+ and D2
lymph node dissection were performed for early-stage and advanced
cancer, respectively, according to the 2010 Japanese gastric cancer
treatment guidelines (13). This study was approved by the Kurume
University Hospital ethics committee (approval number, 20098).

Skeletal muscle mass assessment. Skeletal muscle mass was assessed
as total skeletal muscle area on CT at the level of the inferior margin
of the third lumbar vertebra. Measurements were performed using
Image J software (National Institutes of Health, Bethesda, MD, USA)
before surgery and 1 year after (14). Skeletal muscle index (SMI) was
calculated by dividing the measured total skeletal muscle area by the
square of the height. Muscle reduction (MR) was calculated as
follows: (preoperative SMI — SMI 1 year after surgery)/preoperative
SMIx100%. The 25t percentile of the preoperative SMI value and
MR for each sex was set as the cutoff. For each preoperative SMI and
MR, patients with higher values than the cutoff values were classified
as the high group, and patients with lower values were classified as
the low group. Patients were stratified according to preoperative SMI
(low/high) and MR (low/high) for analysis. In addition, patients were
grouped according to SMI and MR stratification as follows: group A,
low SMI/high MR; group B, low SMI/low MR; group C, high
SMI/high MR; and group D, high SMI/low MR.

Assessment of clinical parameters. All patients followed the Enhanced
Recovery After Surgery (ERAS) program (15). Fluid intake was
initiated on postoperative day 1 and oral intake on postoperative day
2. Length of hospitalization was defined as the time from the date of
surgery to the date of discharge. Post-operative adjuvant therapy was
administered according to the 2010 Japanese gastric cancer treatment
guidelines (13). Postoperative adverse events were graded according
to the Clavien-Dindo classification; those classified as grade II and
higher were recorded and reported as complications (16).
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Table 1. Patient characteristics.

Agef 69 (34-88)
Sex (male/female) 102 (68.0%)/48 (32.0%)
Upper stomach location 39 (25.3%)
Size of tumor (mm)¥ 44 (5-240)

T stage (T1-2/T3-4)
N stage (NO/N+)
Pathological stage (I/II/IIT)

101 (67.3%)/49 (32.7%)
93 (63.4%)/56(37.6%)
88 (58.7%)/29 (19.3%)/33 (22.0%)

Preoperative comorbidity 47 (31.3%)
Circulatory 26 (17.3%)
Dialysis 3 (2.0%)
Diabetes mellitus 13 (8.7%)
Respiratory 13 (8.7%)
Operative method
TG/DG/PG/Other 41 (27.3%)/91 (60.7%)/11 (7.3%)I7 (4.7%)
Preoperative SMI (cm2/m2)# Male, 41.7+0.8; Female, 34.2+0.7
Muscle reduction (%)* 7.5+0.8
Postoperative complications* 36 (24.0%)
Bleeding 3 (2.0%)
Anastomotic leakage 8 (5.3%)
Pancreatic fistula 2 (1.3%)
Abscess 6 (4.0%)
Pneumonia 5 (3.3%)
Other 13 (8.7%)
Recurrence 24 (16.0%)
Death 41 (27.3%)
fMedian (range). *Meansstandard deviation. *Clavien-Dindo

classification >2. T1: Tumor confined to the mucosa or submucosa; T2:
tumor invading the muscularis propria; T3: tumor invading the
subserosa; T4: tumor invasion beyond the serosa; NO: no regional
lymph node metastasis; N+: metastasis in regional lymph nodes; TG:
total gastrectomy; DG: distal gastrectomy; PG: proximal gastrectomy;
SMI: skeletal muscle index.

Nutritional parameters. Body mass index, prognostic nutrition index
(PNI), and neutrophil/lymphocyte ratio (NLR) were used to assess
nutrition. PNI was calculated as follows: [10xalbumin concentration
(g/d1)]+[0.005xtotal lymphocyte count (/mm3)].
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Table II. Univariate and multivariate analysis for overall survival.

Univariate analysis

Multivariate analysis

Variable HR (95%CI) p-Value HR (95%CTI) p-Value
Age (years) 1.052 (1.019-1.086) 0.0020 1.031 (0.975-1.090) 0.2825
Sex
Male 1.664 (0.815-3.394) 0.1617
Upper location 2.265 (1.209-4.245) 0.0107 2.227 (0.117-0.812) 0.1101
T stage
T1-T2 2.823 (1.527-5.221) 0.0009 1.600 (0.536-5.956) 0.4328
T3-T4
N stage
NO 3.018 (1.602-5.686) 0.0006 2.297 (0.812-6.689) 0.1194
NI1-3
Pathological stage
Stage 1 3.342 (1.779-6.559) 0.0002 1.148 (0.242-4.908) 0.8544
Stage II/II1
Lymphatic invasion 2.694 (1.349-5.383) 0.0050 2.280 (0.656-8.492) 0.1944
Venous invasion 2.242 (1.208-4.162) 0.0105 0.682 (0.269-1.823) 0.4263
Preoperative comorbidity 2.127 (1.150-3.933) 0.0161 1.622 (0.661-3.995) 0.2878
Postoperative complication 1.831 (0.959-3.495) 0.0667 0.954 (0.354-2.336) 09217
Preoperative SMI 0.903 (0.863-0.945) <0.0001 0.927 (0.877-0.979) 0.0066
Postoperative SMI 0911 (0.867-0.957) 0.0002
Muscle reduction 0.953 (0.917-0.990) 0.0133 0.954 (0.917-0.992) 0.0177
PNI 0.919 (0.874-0.966) 0.0008 1.043 (0.953-1.149) 0.3712
NLR 1.250 (1.031-1.515) 0.0230 1.370 (0.877-0.979) 0.0802

HR: Hazard ratio; CI: confidence interval; T1: tumor confined to the mucosa or submucosa; T2: tumor invading the muscularis propria; T3: tumor
invading the subserosa; T4: tumor invasion beyond the serosa; NO: no regional lymph node metastasis; N1: metastasis in 1-2 regional lymph nodes;
N2: metastasis in 3-6 regional lymph nodes; N3: metastasis in 7 or more regional lymph nodes; SMI: skeletal muscle index; PNI: prognostic nutrition

index; NLR: neutrophil/lymphocyte ratio.

Decision tree algorithm. Factors involved in MR were analyzed
using a decision tree algorithm that included surgical factors
(operation time, intraoperative bleeding, surgical method, and
postoperative complications), oncological factors (tumor markers,
tumor size, depth of tumor invasion, and lymph node metastasis),
and patient factors (preoperative SMI, preoperative comorbidity,
PNI, and NLR).

Statistical analysis. Statistical analyses were performed using JMP
software version 15 (SAS Institute, Cary, NC, USA). Groups were
compared using the Student’s 7-test or Fisher’s exact test as
appropriate. Survival curves were constructed using the Kaplan-
Meier method and compared using the log-rank test. Univariate and
multivariate Cox proportional hazards regression was performed to
calculate hazard ratios (HRs) with 95% confidence intervals (Cls).
p<0.05 was considered significant.

Terms. Clinicopathological terms used in this study were defined

according to the Japanese classification of gastric carcinoma, third
English edition (12).

Results

Patient characteristics. Patient characteristics are shown in
Table I. Median follow up was 57 months. Median age was

69 years. One hundred two patients were men and 48 were
women. Tumor location was upper third of the stomach in
39% of patients. Distal gastrectomy (DG) was performed in
91 patients (60.7%), total gastrectomy (TG) in 41 (27.3%),
and proximal gastrectomy (PG) in 11 (7.3%).

Preoperative SMI and MR. Mean SMI was 41.7+0.8 cm?/m?
in men and 34.2+0.7 cm%/m? in women; the cut-off value in
men and women was 364 cm%m? and 31.2 cm%m?2,
respectively. SMI was classified as low in 35 patients (23.3%).
Mean SMI 1 year after surgery was 39.8+0.9 cm?/m? in men
and 31.3+1.1 cm*m? in women. Mean MR was 7.5%:+0.8%.
The MR cut-off value was 14% in both men and women. MR
was classified as high in 28 patients (24.3%).

Survival outcome. The univariate and multivariate overall
survival analyses are shown in Table II. Factors evaluated
included age, sex, tumor location, depth of invasion (T
stage), lymph node metastasis (N stage), pathological stage
(I, II, or III), lymphatic invasion, venous invasion, and
preoperative comorbidity, SMI, MR, PNI, and NLR. All
factors except sex were significantly associated with overall
survival in the univariate analyses. In the multivariate
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Figure 2. Kaplan-Meier overall survival and cancer-specific survival curves in patients grouped according to (A) skeletal muscle index (SMI) and
(B) skeletal muscle reduction rate (MR). A) Both overall and cancer-specific survival were significantly lower in the low SMI group than in the
high SMI group (p<0.0001 and p=0.0115, respectively). B) Both were significantly lower in the high MR group than in the low MR group (p=0.0001

and p=0.0083, respectively).

analysis, preoperative SMI (HR=0.927; 95%CI=0.877-0.979;
p=0.0066) and MR (HR=0.954; 95%CI=0.917-0.992;
p=0.0177) were independent prognostic factors. Overall and
cancer-specific survival curves of patients stratified
according to SMI and MR classifications are shown in
Figure 2. Both overall and cancer-specific survival were
significantly lower in the low SMI group than in the high
SMI group (p<0.0001 and p=0.0115, respectively). Similarly,
both were significantly lower in the high MR group than in
the low MR group (p=0.0001 and 0.0083, respectively).
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Characteristics of patients stratified according to SMI and MR
classifications. Characteristics of patients stratified according
to SMI and MR classifications are shown in Table III. Mean
age was significantly higher and body mass index was
significantly lower in the low SMI group than in the high SMI
group (p=0.0004 and p<0.0001, respectively). Tumor diameter,
depth of invasion, prevalence rates of lymph node metastasis
and preoperative comorbidity, and recurrence rate were
significantly higher in the low SMI group that in the high SMI
group (p=0.0002, 0.0082, 0.0133, 0.0402, and 0.0016,
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Table III. Characteristics of patients grouped according to skeletal mass index and muscle reduction classifications.

High SMI Low SMI p-Value Low MR High MR p-Value
N=115 N=35 N=87 N=28

Agef 65.5+1.0 73.2+1.9 0.0004 65.3+1.2 69.0+2.1 0.1371
Sex (male/female) 78 (67.9%)/37 (32.1%) 24 (68.6%)/11 (31.4%) 0.9340 62 (71.3%)/25 (28.7%) 15 (53.6%)/13 (46.4%) 0.1066
BMIf 22.9+3.2 19.9+2.1 <0.0001 22.4+0.3 21.9+0.6 04771
Operation method 74 (64.4%)/28 (24.4%) 17 (48.6%)/13 37.1%) 0.4155 56 (64.3%)/21 (24.1%) 13 (46.4%)/14 (50.0%) 0.0259

DG/TG/PG/other /18 (7.0%)/5 (4.4%) /3 (8.6%)/2 (5.7%) /7 (8.0%)/3 (3.4%) /0/1 (3.6%)
Upper location 27 (23.5%) 11 (31.3%) 0.3514 20 (23.0%) 7 (25.0%) 0.9043
Size of tumor# (mm) 40 (5-162) 61 (7-240) 0.0002 44 (4-240) 48 (20-170) 0.0191
T stage

T1-T2/T3-T4 84 (73.0%)/31 (27.0%) 17 (48.6%)/18 (51.4%) 0.0082 60 (69.0%)/27 (31.0%) 15 (53.6%)/13 (46.4%) 0.1712
N stage

NO/N1-N3 78 (67.8%)/37 (32.2%) 15 (44.1%)/19 (559%) 0.0133 51 (58.6%)/36 (41.4%) 15 (53.6%)/13 (46.4%) 0.6656
Lymphatic invasion 59 (51.3%) 23 (65.7%) 0.1305 52 (59.8%) 18 (64.3%) 0.8243
Venous invasion 45 (39.1%) 16 (45.7%) 0.4891 38 (43.7%) 13 (46.4%) 0.8296
Recurrence 12 (10.4%) 12 (34.3%) 0.0016 12 (13.8%) 7 (25.0%) 0.2395
Preoperative 31 (27.0%) 16 (45.7%) 0.0402 25 (28.4%) 10 (35.7%) 0.4882
comorbidity

Circulatory 17 (14.8%) 9 (25.7%) 0.1488 15 (17.2%) 5 (17.9%) 0.9405

Dialysis 2 (1.7%) 1 (2.9%) 0.6913 2 (2.3%) 0 0.2883

Diabetes mellitus 9 (7.8%) 4 (11.4%) 0.5194 8 (9.2%) 2 (7.1%) 0.7323

Respiratory 9 (7.8%) 4 (11.4%) 0.5194 4 (4.6%) 5(17.9%) 0.0358
Postoperative 24 (20.8%) 12 (34.3%) 0.1132 17 (19.5%) 11 (39.3%) 0.0406
complications*

Bleeding 2 (1.7%) 1 (2.9%) 0.6913 1 (1.2%) 2 (7.1%) 0.1161

Anastomotic leakage 5 (4.4%) 3 (8.6%) 0.3552 5 (5.8%) 1 (3.6%) 0.6394

Pancreatic fistula 2 (1.7%) 0 0.3007 0 2 (7.1%) 0.0164

Abscess 4 (3.5%) 2 (5.7%) 0.5700 2 (2.3%) 1 (3.6%) 0.7226

Pneumonia 3 (2.6%) 2 (5.7%) 0.3987 3 (3.4%) 2 (7.1%) 0.5939

Other 9 (7.8%) 4 (11.4%) 0.5197 7 (8.1%) 3 (10.7%) 0.6693

"Meanzstandard deviation. ¥Median (range). *Clavien-Dindo classification =2. SMI: Skeletal muscle index; MR: muscle reduction; BMI: body
mass index; TG: total gastrectomy; DG: distal gastrectomy; PG: proximal gastrectomy; T1: tumor confined to the mucosa or submucosa; T2: tumor
invading the muscularis propria; T3: tumor invading the subserosa; T4: tumor invasion beyond the serosa; NO: no regional lymph node metastasis;
N1-N3: metastasis in regional lymph nodes.

Table IV. Univariate and multivariate analysis for overall survival according to group.

Univariate analysis

Multivariate analysis*

Group Pre SMI Muscle reduction HR (95%CI) p-Value Type 3 test HR (95%CTI) p-Value Type 3 test
A Low High 1 <0.0001 1 <0.0001
B Low Low 0.245 (0.084-0.713) 0.0099 0.082 (0.022-0.309) 0.0002

C High High 0.189 (0.065-0.550) 0.0022 0.109 (0.030-0.390) 0.0007

D High Low 0.064 (0.024-0.168)  <0.0001 0.047 (0.015-0.146)  <0.0001

*Adjusted for age, tumor size, T stage, N stage, pathological stage, lymphatic invasion, venous invasion, preoperative comorbidity, postoperative
complications, prognostic nutrition index, and neutrophil/lymphocyte ratio. Pre SMI: Preoperative skeletal muscle index; HR: hazard ratio; CI:

confidence interval.

respectively). However, the TG rate, tumor diameter,

prevalence of preoperative respiratory comorbidity, and

postoperative complication rate were significantly higher in the
high MR group than in the low MR group (p=0.0259, 0.0191,
0.0358, and 0.0406, respectively). In summary, oncological

factors were significantly associated with preoperative SMI and
surgery-related factors were significantly associated with MR.

Group analysis. Overall survival significantly differed among
the four groups (p<0.0001) (Figure 3). The list of groups in
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Figure 3. Kaplan-Meier overall survival curves in groups A (low
SMI/high MR), B (low SMI/low MR), C (high SMI/high MR), and D
(high SMI/low MR). Overall survival significantly differed among the
four groups (p<0.0001). The list of groups in order of worsening overall
survival is as follows: group D, group C, Group B, and group A.

order of worsening overall survival is as follows: group D,
group C, group B, and group A. The univariate and multivariate
analyses of overall survival according to group are shown in
Table IV. Patient group was an independent prognostic factor
(p<0.0001). Compared with group A, survival was significantly
better in groups B (HR=0.082; 95%CI=0.022-0.309; p=0.0002),
C (HR=0.109; 95%CI=0.030-0.390; p=0.0007), and D
(HR=0.047; 95%C1=0.015-0.146; p<0.0001).

Causes of MR. The decision tree algorithm is shown in
Figure 4. As a result, the upper branches most associated
with MR were an operation time of 430 min or more. The
next branch was the involvement of surgical procedures, and
TG affected MR.

Discussion

Aging is associated with progressive loss of muscle mass and
physical function that may lead to progressive disability and
loss of independence (17). Because the risks of cancer
treatment increase with aging, accurate risk assessment and
careful selection of appropriate treatment are necessary in
older patients. This is of particular importance in Japan,
where the population is aging rapidly.

Low skeletal muscle mass before surgery has been associated
with increased incidence of postoperative complications and
worse long-term outcomes in patients with gastric cancer (18-
20). Sarcopenia has been shown to cause decreased patient
compliance with postoperative chemotherapy (6), decreased
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muscular myokine secretion (2), and decreased immuno-
competence (21). Skeletal muscle mass is frequently low in
patients with gastric cancer because of tumor-induced digestive
tract obstruction. Moreover, surgery and chemotherapy for
gastric cancer may cause further MR. If MR contributes to
worse long-term outcomes in these patients, preventing
perioperative skeletal muscle loss might be beneficial.

In our study, low SMI had a significant relationship with
patient and oncological factors, while high MR was
significantly associated with surgical procedure and
postoperative complications. In multivariate analysis, both
postoperative MR and preoperative SMI were strong predictors
of overall survival. Therefore, MR may be related to
gastrectomy extent and method of reconstruction. Postoperative
weight loss of 15% or more has been associated with poor
compliance with postoperative chemotherapy and poor outcome
(22). Another study reported that skeletal muscle loss of 5% or
more at 6 months after surgery is associated with worse overall
and recurrence-free survival (23). Kuwada et al. reported that
postoperative muscle loss was an independent indicator of poor
prognosis in gastric cancer patients who underwent gastrectomy
(24). Therefore, perioperative management that focuses on
postoperative skeletal muscle maintenance may be more
important than postoperative weight loss.

As in previous studies, patients with low preoperative
SMI, which presumably includes those with sarcopenia and
cachexia, had worse survival outcomes in our study. In
addition, patients with both low preoperative SMI and a high
degree of MR had the worst survival. In patients with high
preoperative SMI, overall survival significantly differed
between those with low MR and high MR. Similar results
were observed in patients with low preoperative SMI. These
results suggest that treatment selection and perioperative
management should focus on maintaining skeletal muscle.

Patient, oncological, and surgery-related factors involved
in MR were analyzed using a decision tree algorithm.
Surgical factors such as long operation time and total
gastrectomy were more involved than oncological and
patient factors. Surgeons should be aware that more invasive
surgery is strongly associated with MR. Previous surgical
clinical trials in patients with gastric cancer have shown that
extensive measures such as para-aortic lymph node
dissection and bursa resection are not necessary (25, 26); nor
is splenectomy required for advanced gastric cancer that does
not invade the greater curvature side (27). Another study of
patients with upper gastric cancer showed that laparoscopic
proximal gastrectomy with hand-sewn esophagogastrostomy
results in less postoperative body weight loss and better
quality of life than laparoscopic total gastrectomy (28),
which is in line with our findings.

This study has several limitations. It was retrospective in
design and was conducted in a single center. In addition, the
sample size was relatively small and muscle mass was only
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Figure 4. Muscle reduction decision tree algorithm. The upper branches most associated with muscle reduction had an operation time of 430 min or
more. The next branch was the involvement of surgical procedures, and total gastrectomy affected muscle reduction. *Values shown are mean muscle
reduction%otstandard deviation. TG: Total gastrectomy; DG: distal gastrectomy; PG: proximal gastrectomy; NLR: neutrophil/lymphocyte ratio.

evaluated 1 year after surgery. Furthermore, muscle strength
and function were not assessed.

In conclusion, preoperative SMI and reduction in skeletal
muscle mass after gastric cancer surgery were significantly
associated with overall survival. Long-term management of
these patients should focus on maintenance of postoperative
skeletal muscle mass.

Conflicts of Interest

The Authors declare no conflicts of interest in relation to this study.

Authors’ Contributions

Study design and data acquisition, analysis, and interpretation: Yuya
Tanaka, Keishiro Aoyagi, Yuki Umetani, Yu Tanaka, Hiedaki Kaku,
Taizan Minami, Taro Isobe. Manuscript writing and revision: Yuya
Tanaka, Keishiro Aoyagi. Final approval of published version:
Keishiro Aoyagi, Naotaka Murakami, Fumihiko Fujita, Yoshito Akagi.

Acknowledgements

The Authors are deeply grateful to Professor Takumi Kawaguchi of
the Department of Gastroenterology and Professor Kenta Murotani
of the Biostatistics Center at Kurume University for providing
technical and statistical advice, respectively. The Authors also thank
Edanz (https://jp.edanz.com/ac) for editing a draft of this manuscript.

References

1 Bray F, Ferlay J, Soerjomataram I, Siegel R, Torre L, Jemal A:
Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185
countries. CA Cancer J Clin 68(6): 394-424, 2018. DOI:
10.3322/caac.21492

2 Ongaro E, Buoro V, Cinausero M, Caccialanza R, Turri A,

Fanotto V, Basile D, Vitale M, Ermacora P, Cardellino G,
Nicoletti L, Fornaro L, Casadei-Gardini A, Aprile G: Sarcopenia
in gastric cancer: when the loss costs too much. Gastric Cancer
20(4): 563-572,2017. DOI: 10.1007/s10120-017-0722-9

3 Kamarajah S, Bundred J, Tan B: Body composition assessment

and sarcopenia in patients with gastric cancer: a systematic
review and meta-analysis. Gastric Cancer 22(1): 10-22, 2019.
DOI: 10.1007/s10120-018-0882-2

4 Matsui R, Inaki N, Tsuji T, Fukunaga T: Relationship between

fat mass indices and postoperative complications after
laparoscopic gastrectomy in patients with gastric cancer: a
propensity score matching analysis. Anticancer Res 42(10):
4841-4848, 2022. DOI: 10.21873/anticanres.15989

5 Okada K, Nishigori T, Obama K, Tsunoda S, Hida K, Hisamori

S, Sakai Y: The incidence of postoperative complications after
gastrectomy increases in proportion to the amount of
preoperative visceral fat. J Oncol 2019: 1-9, 2019. DOLI:
10.1155/2019/8404383

6 Aoyama T: Perioperative body composition changes in the

multimodal treatment of gastrointestinal cancer. Surg Today
50(3): 217-222, 2020. DOI: 10.1007/s00595-019-01815-8

7 Fielding R, Vellas B, Evans W, Bhasin S, Morley J, Newman A,

Abellan van Kan G, Andrieu S, Bauer J, Breuille D, Cederholm
T, Chandler J, De Meynard C, Donini L, Harris T, Kannt A,
Keime Guibert F, Onder G, Papanicolaou D, Rolland Y, Rooks
D, Sieber C, Souhami E, Verlaan S, Zamboni M: Sarcopenia: an
undiagnosed condition in older adults. Current consensus
definition: Prevalence, etiology, and consequences. International
Working Group on Sarcopenia. ] Am Med Dir Assoc 12(4): 249-
256,2011. DOI: 10.1016/j.jamda.2011.01.003

8 Kawamura T, Makuuchi R, Tokunaga M, Tanizawa Y, Bando E,

Yasui H, Aoyama T, Inano T, Terashima M: Long-term outcomes
of gastric cancer patients with preoperative sarcopenia. Ann Surg
Oncol 25(6): 1625-1632, 2018. DOIL: 10.1245/s10434-018-6452-3

9  White T, Lebrasseur N: Myostatin and Sarcopenia: Opportunities

and challenges - a mini-review. Gerontology 60(4): 289-293,
2022. DOI: 10.1159/000356740

3785



ANTICANCER RESEARCH 43: 3779-3786 (2023)

10 Tandon P, Montano-Loza A, Lai J, Dasarathy S, Merli M:
Sarcopenia and frailty in decompensated cirrhosis. J Hepatol 75:
S147-S162, 2021. DOI: 10.1016/j.jhep.2021.01.025

11 De Castro G, Correia-Lima J, Simoes E, Orsso C, Xiao J, Gama L,
Gomes S, Gongalves D, Costa R, Radloff K, Lenz U, Taranko A,
Bin F, Formiga F, De Godoy L, De Souza R, Nucci L, Feitoza M,
De Castro C, Tokeshi F, Alcantara P, Otoch J, Ramos A, Laviano
A, Coletti D, Mazurak V, Prado C, Seelaender M: Myokines in
treatment-naive patients with cancer-associated cachexia. Clin Nutr
40(4): 2443-2455,2021. DOI: 10.1016/j.cInu.2020.10.050

12 Japanese Gastric Cancer Association: Japanese classification of
gastric carcinoma: 3rd English edition. Gastric Cancer 14(2):
101-112,2011. DOI: 10.1007/s10120-011-0041-5

13 Japanese Gastric Cancer Association: Japanese gastric cancer
treatment guidelines 2010 (ver. 3). Gastric Cancer 14(2): 113-
123,2011. DOI: 10.1007/s10120-011-0042-4

14 Ryan AM, Power DG, Daly L, Cushen SJ, Ni Bhuachalla E, Prado
CM: Cancer-associated malnutrition, cachexia and sarcopenia: the
skeleton in the hospital closet 40 years later. Proc Nutr Soc 75(2):
199-211, 2016. DOI: 10.1017/S002966511500419X

15 Nelson G, Bakkum-Gamez J, Kalogera E, Glaser G, Altman A,
Meyer LA, Taylor JS, Iniesta M, Lasala J, Mena G, Scott M,
Gillis C, Elias K, Wijk L, Huang J, Nygren J, Ljungqvist O,
Ramirez PT, Dowdy SC: Guidelines for perioperative care in
gynecologic/oncology: Enhanced Recovery After Surgery
(ERAS) Society recommendations-2019 update. Int J Gynecol
Cancer 29(4): 651-668, 2019. DOI: 10.1136/ijgc-2019-000356

16 Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D,
Schulick RD, de Santibafies E, Pekolj J, Slankamenac K, Bassi
C, Graf R, Vonlanthen R, Padbury R, Cameron JL, Makuuchi M:
The Clavien-Dindo classification of surgical complications: five-
year experience. Ann Surg 250(2): 187-196, 2009. DOI:
10.1097/SLA.0b013e3181b13ca2

17 Doherty T: Invited review: Aging and sarcopenia. J Appl Physiol
95(4): 1717-1727, 2003. DOI: 10.1152/japplphysiol.00347.2003

18 Ma B, Chen X, Fan S, Zhang F, Huang D, Li B, Shen X, Zhuang
C, Yu Z: Impact of sarcopenia on clinical outcomes after radical
gastrectomy for patients without nutritional risk. Nutrition 61:
61-66, 2019. DOI: 10.1016/j.nut.2018.10.025

19 Wang S, Zhuang C, Huang D, Pang W, Lou N, Chen F, Zhou C,
Shen X, Yu Z: Sarcopenia adversely impacts postoperative
clinical outcomes following gastrectomy in patients with gastric
cancer: a prospective study. Ann Surg Oncol 23(2): 556-564,
2016. DOI: 10.1245/5s10434-015-4887-3

20 Waki Y, Irino T, Makuuchi R, Notsu A, Kamiya S, Tanizawa Y,
Bando E, Kawamura T, Terashima M: Impact of preoperative
skeletal muscle quality measurement on long-term survival after
curative gastrectomy for locally advanced gastric cancer. World
J Surg 43(12): 3083-3093, 2019. DOI: 10.1007/s00268-019-
05145-1

3786

21 Kitano Y, Yamashita Y, Saito Y, Nakagawa S, Okabe H, Imai K,
Komohara Y, Miyamoto Y, Chikamoto A, Ishiko T, Baba H:
Sarcopenia affects systemic and local immune system and
impacts postoperative outcome in patients with extrahepatic
cholangiocarcinoma. World J Surg 43(9): 2271-2280, 2019.
DOI: 10.1007/s00268-019-05013-y

22 Aoyama T, Kawabe T, Fujikawa H, Hayashi T, Yamada T,
Tsuchida K, Yukawa N, Oshima T, Rino Y, Masuda M, Ogata T,
Cho H, Yoshikawa T: Loss of lean body mass as an independent
risk factor for continuation of S-1 adjuvant chemotherapy for
gastric cancer. Ann Surg Oncol 22(8): 2560-2566, 2015. DOI:
10.1245/s10434-014-4296-z

23 Kugimiya N, Harada E, Oka K, Kawamura D, Suehiro Y,
Takemoto Y, Hamano K: Loss of skeletal muscle mass after
curative gastrectomy is a poor prognostic factor. Oncol Lett
16(1): 1341-1347,2018. DOI: 10.3892/01.2018.8747

24 Kuwada K, Kikuchi S, Kuroda S, Yoshida R, Takagi K, Noma
K, Nishizaki M, Kagawa S, Umeda Y, Fujiwara T: Survival
impact of postoperative skeletal muscle loss in gastric cancer
patients who underwent gastrectomy. Anticancer Res 43(1): 223-
230, 2023. DOI: 10.21873/anticanres.16153

25 Sasako M, Sano T, Yamamoto S, Nashimoto A, Kurita A,
Furukawa H, Tsujinaka T, Kinoshita T, Arai K: Randomized
phase III trial of standard D2 versus D2 + para-aortic lymph
node (PAN) dissection (D) for clinically MO advanced gastric
cancer: JCOG9501. J Clin Oncol 24(18_suppl): LBA4015-
LBA4015, 2006. DOI: 10.1200/jc0.2006.24.18_suppl.lba4015

26 Kurokawa Y, Doki Y, Mizusawa J, Terashima M, Katai H,
Yoshikawa T, Kimura Y, Takiguchi S, Nishida Y, Fukushima N,
Iwasaki Y, Kaji M, Hirao M, Katayama H, Sasako M:
Bursectomy versus omentectomy alone for resectable gastric
cancer (JCOG1001): a phase 3, open-label, randomised
controlled trial. Lancet Gastroenterol Hepatol 3(7): 460-468,
2018. DOI: 10.1016/S2468-1253(18)30090-6

27 Sakaguchi M, Hosogi H, Hisamori S, Kinjo Y, Kanaya S, Obama
K: Limited oncological benefits of laparoscopic total
gastrectomy with splenectomy for patients with Type 4 or large
Type 3 gastric cancer. Anticancer Res 42(12): 5937-5944, 2022.
DOI: 10.21873/anticanres.16103

28 Nishigori T, Okabe H, Tsunoda S, Shinohara H, Obama K,
Hosogi H, Hisamori S, Miyazaki K, Nakayama T, Sakai Y:
Superiority of laparoscopic proximal gastrectomy with hand-
sewn esophagogastrostomy over total gastrectomy in improving
postoperative body weight loss and quality of life. Surg Endosc
31(9): 3664-3672,2017. DOI: 10.1007/s00464-016-5403-y

Received May 13, 2023
Revised May 31, 2023
Accepted June 1, 2023



INSTRUCTIONS FOR AUTHORS
General Policy

ANTICANCER RESEARCH (AR) will accept original high-quality works and reviews on all aspects of experimental and clinical cancer research. The
Editorial Policy suggests that priority will be given to papers advancing the understanding of cancer causation, and to papers applying the results of basic
research to cancer diagnosis, prognosis, and therapy. Each article should include a concrete conclusion constituting of a “new piece of knowledge” backed
up by unambiguous and accurate scientific evidence. AR will also accept the following for publication: (a) Abstracts and Proceedings of scientific meetings
on cancer, following consideration and approval by the Editorial Board; (b) Announcements of meetings related to cancer research; (c) Short reviews (of
approximately 120 words) and announcements of newly received books and journals related to cancer, and (d) Announcements of awards and prizes.

The principal aim of AR is to provide prompt publication (print and online) for original works of high quality, generally within 1-2 months from
final acceptance. Manuscripts will be accepted on the understanding that they report original unpublished works in the field of cancer research that
are not under consideration for publication by another journal, and that they will not be published again in the same form. All authors should sign
a submission letter confirming the approval of their article contents. All material submitted to AR will be subject to peer-review, when appropriate,
by two to three suitable referees. All manuscripts submitted to AR are urgently treated with absolute confidence, with access restricted to the
Managing Editor, the journal’s secretary, the reviewers, and the printers. The Editors reserve the right to improve manuscripts on grammar and
style.

AR requires that all manuscripts be prepared in accordance with the “Recommendations for the Conduct, Reporting, Editing, and Publication
of Scholarly work in Medical Journals” (https:/www.icmje.org/icmje-recommendations.pdf) as published by the International Committee of Medical
Journal Editors (ICMJE). We also support and adhere to the “Principles of Transparency and Best Practice in Scholarly Publishing”
(https://publicationethics.org/resources/guidelines/principles-transparency-and-best-practice-scholarly-publishing) (a joint statement by COPE, DOAJ,
WAME, and OASPA).

The Editors and Publishers of AR accept no responsibility for the contents and opinions expressed by the contributors. Authors should warrant due
diligence in the creation and issuance of their work.

AR is a monthly print and online hybrid open-access journal (a subscription journal in which some of the articles are open access). All articles that
are published as open access are with gold OA, which means that the final published version is permanently and freely available to anyone. All articles
of Anticancer Research in HighWire become open access two years after their publication. Our open access articles are distributed under the terms and
conditions of the Creative Commons Attribution (CC BY-NC-ND) 4.0 international license (https://creativecommons.org/licenses/by-nc-nd/4.0).

Manuscript Format

Three types of papers may be submitted: (i) Full papers containing completed original work, (ii) review articles concerning fields of recognizable
progress, and (iii) letters to the Editor. Papers should contain all essential data in order to make the presentation clear. Reasonable economy should
be exercised with respect to the number of tables and illustrations used. Papers should be written in clear, concise American English.

Submitted original manuscripts exceeding 4 printed pages will be subject to excess page charges. The 4 printed pages correspond approximately
to twelve (12) document pages (~250 words per double-spaced typed page in Arial 12), including abstract, text, tables, figures, and references.
Excess pages are charged USD 230.00 each. Each color page is charged USD 350.00. Review articles should not exceed 35 pages (approximately
250 words per double-spaced typed page) including all tables, figures, and references.

Sections

All manuscripts should be divided into the following sections:

a. First page including (i) the title of the presented work [not exceeding fifteen (15) words], (ii) full names and affiliations of all authors (with a
maximum of 20 authors), (iii) name of the corresponding author(s) (with a maximum of 2 corresponding authors) to whom proofs are to be sent
(with affiliation, full postal address, telephone and e-mail), (iv) key words, (v) an abbreviated running title, (vi) an indication “review”, “clinical”,
“epidemiological”, or “experimental” study, and (vii) the date of submission. Note: The order of the authors is not necessarily indicative of their
contribution to the work. Authors may note their individual contribution(s) in the appropriate section(s) of the presented work. Affiliations should
be indicated with a superscript number immediately after each author's name and in front of the appropriate address. Affiliations should not
include street, box number or postal (zip) code.

b. Abstract not exceeding 250 words, organized according to the following headings: Background/Aim — Materials and Methods/Patients and

Methods — Results — Conclusion. For Case Reports the structure should be as follows: Background/Aim — Case Report — Conclusion.

. Introduction;

. Materials and Methods/Patients and Methods/Case Report;

. Results (not needed in a Case Report);

. Discussion;

. Conclusion;

. Conflicts of Interest;

i. Authors’ Contributions;

=2 - B CE =N o]

j. Acknowledgements;
k. Funding;
1. References.



All pages must be numbered consecutively. Footnotes should be avoided. Review articles may follow a different style according to the subject
matter and the author’s opinion.

Headings and Subsections

The article should be divided into clearly defined unnumbered sections. Main headings should be typed in bold on a separate line on the left of the
page. The subheadings should be typed in bold italics at the left of the page on a separate line, and only the first word should begin with a capital
letter. The sub-subheadings should be typed in italics on a new line, aligned full left. The text should start on the same line with subheadings and
sub-subheadings.

Figures

All figures should appear at the end of the submitted document file and should be numbered with Arabic numerals (1, 2, 3, etc.) according to their
sequence in the text. Once a manuscript is accepted all figures and graphs should be submitted separately in either jpg, tiff, or pdf format and at a
minimum resolution of 300 dpi. Graphs must be submitted as pictures made from drawings and must not require any artwork, typesetting, or size
modifications. Symbols, numbering, and lettering should be clearly legible. The number and top of each figure must be indicated.

Tables

All tables should appear at the end of the submitted document file and should be numbered with Latin numerals (I, II, III, etc.) according to their
sequence in the text. Once a manuscript is accepted, each table should be submitted separately in an editable format, typed double-spaced. Tables
should include a short title. Tables should not be divided into two or more parts, should not contain vertical rules, and the main body of the table
should not contain horizontal rules.

Numerals

The authors should write numbers of 10 or more as numerals except at the beginning of a sentence. Numbers one to nine should be written in words,
unless they precede units of measure or are used as designators. The authors should use decimal points (not decimal commas) and a comma for
thousands (1,000 and above). Decimals should not be quoted with naked points, for example the authors should quote 0.01, not .01. p-Values for
significant outcomes can be quoted as below a threshold significance value (e.g., p<0.05, 0.01, 0.001), but wherever possible should be quoted as
an exact probability value. Departure from a significance threshold of 0.05 should be stated and justified in the Methods. Nonsignificant outcomes
should be indicated with an exact probability value whenever possible, or as NS or p>0.05, as appropriate for the test.

Supplementary Material

The journal does not have provision for use of supplementary material (Tables, Figures, Videos, or other material). The authors may (i) include
their supplementary Tables/Figures as standard material or (ii) provide their own http/ftp link and upload the material on a website maintained by
the authors (in this case the links for the supplementary material are given at the end of the paper under the section “Supplementary Material”) or
(iii) exclude the material from publication and provide it only for Reviewers’ attention.

Conflicts of Interest and Authors’ Contributions

All authors will be asked to supply authors’ contributions and conflicts of interest information. We encourage authors to outline their individual contributions
to the paper using the relevant CRediT roles: Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review & editing.

References
Authors must assume responsibility for the accuracy of the references used. Citations for the reference sections of submitted works should follow
the form below and must be numbered consecutively. In the text, references should be cited by number in parenthesis, e.g., (1, 2). Examples:

1 Kenyon J, Liu W, Dalgleish A: Report of objective clinical responses of cancer patients to pharmaceutical-grade synthetic cannabidiol. Anticancer
Res 38(10): 5831-5835, 2018. DOI: 10.21873/anticanres.12924 (DOIs only if applicable)

2 McGuire WL and Chamnes GC: Studies on the oestrogen receptor in breast cancer. In: Receptors for Reproductive Hormones. O’ Malley BW,
Chamnes GC (eds.). New York City, NY, USA, Plenum Publ Corp., pp 113-136, 1973.

3 Global Health Estimates 2015: Disease Burden by Cause, Age, Sex, by Country and by Region, 2000-2015. Geneva, Switzerland, World Health
Organisation, 2016. Available at: http://www.who.int/healthinfo/global_burden_disease/estimates/en/index2.html [Last accessed on April 3,
2018] (The web address should link directly to the cited information and not to a generic webpage)

You may download our journal's style for Endnote at https://iiar-anticancer.org/wp-content/uploads/2023/04/IIAR_Anticancer-Res_2023.zip

Nomenclature and Abbreviations

Nomenclature should follow that given in “Chemical Abstracts”, “Index Medicus”, “Merck Index”, “IUPAC -IUB”, “Bergey’s Manual of
Determinative Bacteriology”, The CBE Manual for Authors, Editors and Publishers (6th edition, 1994), and MIAME Standard for Microarray Data.
Human gene symbols may be obtained from the HUGO Gene Nomenclature Committee (HGNC) (http://www.gene.ucl.ac.uk/). Approved mouse



nomenclature may be obtained from http://www.informatics.jax.org/. Standard abbreviations are preferable. The authors should define abbreviations
that are not standard in this field at their first mention in the abstract, main text, Figures and Table legends, and should ensure consistency of
abbreviations throughout the article.

Definitions

Sex generally refers to a set of biological attributes that are associated with physical and physiological features (e.g., chromosomal genotype,
hormonal levels, internal and external anatomy). In humans, a binary sex categorization (male/female) is usually designated at birth ('sex assigned
at birth'), most often based solely on the visible external anatomy of a newborn. Gender generally refers to socially constructed roles, behaviours
and identities of women, men, and gender-diverse people that occur in a historical and cultural context and may vary across societies and over time.
The terms 'sex' and 'gender' can be ambiguous; thus, it is important for authors of studies on human subjects to define the way they are used.
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Manuscripts must be submitted only through our online submission system at: http://www.iiar-submissions.com/login.html

In case a submission is incomplete, the corresponding author will be notified accordingly. Questions regarding difficulties in using the online
submission system should be addressed to email: journals@iiar-anticancer.org

Article Transfer Service

If the Editor feels that the submitted manuscript is more suitable for an alternative journal, the authors might be asked to consider transferring the
manuscript to such a journal. If they agree, the manuscript will be transferred, though the authors will have the opportunity to make changes to the
manuscript before the submission is complete. The manuscript will be independently reviewed by the new journal.

Revision of Manuscripts

When the authors revise their paper, they need to prepare a detailed explanation of how they have dealt with the reviewers' comments and include
their response in the first page of the revised manuscript file. In addition, the authors should use the reviewers’ edited manuscript file for their
corrections (not the original submitted file) and submit online a highlighted version of their revised manuscript. For the highlighted version, the
authors may use the Track Changes tool in MS Word or highlight their changes in yellow.

Galley Proofs
Unless otherwise indicated, galley proofs will be sent to the corresponding author of the submission. Corrections of galley proofs should be limited
to typographical errors. Galley proofs should be returned corrected to the Editorial Office by email (iiar@iiar-anticancer.org) within 24 hours.

Specific Information and Additional Instructions for Authors
. Anticancer Research (AR) closely follows the new developments in all fields of experimental and clinical cancer research by (a) inviting reviews
on topics of immediate importance and substantial progress in the last three years, and (b) providing the highest priority for rapid publication to

—_

manuscripts presenting original results judged to be of exceptional value. Theoretical papers will only be considered and accepted if they bear
a significant impact or formulate existing knowledge for the benefit of research progress.

2. AR will consider the publication of conference proceedings and/or abstracts provided that the material submitted fulfils the quality requirements
and instructions of the journal, following the regular review process by two-three suitable referees.

3. An acknowledgement of receipt, including the article number, title and date of receipt is sent to the corresponding author of each manuscript
upon receipt. If this receipt is not received within 20 days from submission, the author should call or write to the Editorial Office to ensure that
the manuscript (or the receipt) was properly uploaded during the electronic submission.

4. Each manuscript submitted to AR is sent for peer-review (single-blind) in confidence to two-three suitable referees with the request to return
the manuscript with their comments to the Editorial Office within 12 days from receipt. If reviewers need a longer time or wish to send the
manuscript to another expert, the manuscript may be returned to the Editorial Office with a delay. All manuscripts submitted to AR, are treated
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examine carefully manuscripts which have undergone language correction at the pre-proof or proof stage.

6. Authors should pay attention to the following points when writing an article for AR:

® The Instructions to Authors must be followed in every detail.

@ The presentation of the experimental methods should be clear and complete in every detail facilitating reproducibility by other scientists.

@ The presentation of results should be simple and straightforward in style. Results and discussion should not be combined into one section, unless
the paper is short.

@ Results given in figures should not be repeated in tables.

@ Figures (graphs or photographs) should be prepared at a width of 8 or 17 cm with legible numbers and lettering.

® Photographs should be clear with high contrast, presenting the actual observation described in the legend and in the text. Each legend should



provide a complete description, being self-explanatory, including technique of preparation, information about the specimen and magnification.

@ Statistical analysis should be elaborated wherever it is necessary. Simplification of presentation by giving only numerical or % values should
be avoided.

@ Fidelity of the techniques and reproducibility of the results should be points of particular importance in the discussion section. Authors are
advised to check the correctness of their methods and results carefully before writing an article. Probable or dubious explanations should be
avoided.

@ Authors should not cite results submitted for publication in the reference section. Such results may be described briefly in the text with a note
in parenthesis (submitted for publication by... authors, year).

® References. Each article should address, list, and discuss the entire spectrum of current publications relevant to its field. All cited references
must provide sufficient and valid peer-reviewed results leading to clear and reliable conclusions.

@ By following these instructions, Authors will facilitate a more rapid review and processing of their manuscripts and will provide the readers
with concise and useful papers.

7. Following review and acceptance, a manuscript is examined in language and style, and galley proofs are rapidly prepared. Second proofs are

not sent unless required.

. Authors should correct their galley proofs very carefully and preferably twice. An additional correction by a colleague always proves to be

useful. Particular attention should be paid to chemical formulas, mathematical equations, symbols, medical nomenclature etc. Any system of
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correction marks can be used in a clear manner, preferably in red. Additions or clarifications are allowed provided that they improve the
presentation but do not bring new results (no fee).

9. Articles submitted to AR may be rejected without review if:

o they do not fall within the journal’s policy.

@ they do not follow the instructions for authors.

® language is unclear.

@ results are not sufficient to support a final conclusion.

@ results are not objectively based on valid experiments.

@ they repeat results already published by the same or other authors before the submission to AR.

@ plagiarism is detected by plagiarism screening services.
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topic of the review. The expression of interest by the Managing Editor does not necessarily imply acceptance of the review by the journal.
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