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Sarcopenia predicts poor long-term survival @
but not postoperative complications in gastric
cancer surgery: an 18-year retrospective

cohort study

Johan Back!", Tommi Jarvinen?, Ville Sallinen'?, Pauli Puolakkainen'" and Arto Kokkola'

Abstract

Introduction Sarcopenia, defined as the loss of skeletal muscle mass and function, is common in gastric cancer (GC)
patients and has been associated with adverse outcomes. This study aimed to evaluate the impact of sarcopenia on
postoperative complications, mortality, and long-term survival following gastrectomy for GC.

Methods We conducted a retrospective cohort study of 337 patients who underwent gastrectomy with curative
intent at a single tertiary centre between 2000 and 2017. Sarcopenia was defined using CT-based skeletal muscle
index at the L3 level, threshold values of <39 cm?/m? for women and < 55 cm?/m? for men. The primary outcome
was overall survival (OS). Postoperative complication burden assessed using the Comprehensive Complication Index
(CCl), along with 30- and 90-day mortality and, disease-specific survival (DSS), and disease-free survival (DFS) formed
secondary outcomes.

Results Sarcopenia was present in 174 (51.6%) and 163 (48.4%) patients were defined as non-sarcopenic.
Complication burden, 30- and 90-day mortality, and DSS/DFS did not differ by sarcopenia status. In the overall cohort,
sarcopenia was not independently associated with OS. However, a significant sarcopenia X stage interaction was
observed: sarcopenia predicted poorer OS in stage 0-Il patients (HR 1.82, 95% Cl 1.05-3.17, P=0.034) but not in stage
-1V disease.

Conclusions Sarcopenia was not associated with increased postoperative morbidity or short-term mortality,

but in stage 0-1l GC it was an adverse prognostic factor, conferring an 82% higher risk of death. Routine CT-based
assessment may help identify high-risk early-stage patients who could benefit from timely nutritional and physical
interventions.
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Introduction

Gastric cancer (GC) remains a major global health con-
cern, with approximately 1 million new cases diagnosed
annually, making it the fourth leading cause of cancer-
related deaths worldwide [1]. Despite advancements in
treatment, long-term survival remains poor, particularly
in advanced stages. Surgical resection with adequate
lymph node dissection continues to be the cornerstone of
treatment for resectable GC [2, 3].

Sarcopenia, defined as the loss of skeletal muscle mass
and function, is common in patients with GC due to poor
nutritional intake and cancer-related metabolic altera-
tions [4, 5]. Tumour-induced anorexia, dysphagia, mal-
absorption after gastrectomy, and systemic inflammation
contribute to muscle wasting and reduced physical per-
formance [5].

Patients with sarcopenia are more susceptible to
postoperative complications, prolonged recovery, and
extended hospital stays [5-7]. Moreover, sarcopenia
has been associated with lower chemotherapy tolerance
and poorer long-term survival, suggesting it may be an
important prognostic factor in GC [5, 8, 9].

Although sarcopenia is generally associated with poor
outcomes in gastric cancer, its relative impact may vary
across tumour stages. In advanced disease, survival is
largely determined by tumour burden and biology, which
may mask the influence of host-related factors. In con-
trast, among patients with lower-stage disease—where
long-term survival is otherwise achievable—sarcopenia
may have a clearer prognostic effect. This study therefore
examines the prognostic significance of sarcopenia and
its association with surgical and oncological outcomes in
patients undergoing gastrectomy for GC.

Materials and methods

Study design and patient selection

This retrospective study was conducted at Helsinki Uni-
versity Hospital (HUH), a teaching hospital that provides
both secondary and tertiary care for GC surgery, serving
a population of approximately 2.2 million. Patient iden-
tification was carried out using the electronic operating
room database, based on the International Classification
of Diseases (ICD-10) code C16, which denotes malignant
neoplasm of the stomach, along with relevant procedure
codes for gastrectomy (JCD10, JDA96, JDCO00, JDC10,
JDC20, JDC30, JDC6, JDDOO, and JDD96). The data col-
lection was limited to procedures performed between
January 1, 2000, and December 31, 2017.

Study endpoints

The primary endpoint was overall survival (OS). Second-
ary endpoints include disease-specific survival (DSS), and
disease-free survival (DFS), along with comprehensive
complication index (CCI), 30-day and 90-day mortality.
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Data collection

We manually extracted data from patient records, includ-
ing demographic details, American Society of Anes-
thesiologists (ASA) classification, medication use, and
comorbidities assessed using the Charlson Comorbid-
ity Index [10]. Additionally, laboratory results, surgical
characteristics, length of hospital stay, intensive care unit
(ICU) admissions, reoperations, and readmissions within
30 days after discharge were collected. Postoperative
complications were classified according to the Clavien—
Dindo grading system [11], and the overall complication
burden was evaluated using the Comprehensive Compli-
cation Index (CCI) [12]. The date of diagnosis, typically
determined during gastroscopy, was also recorded. To
ensure transparency, missing laboratory values were doc-
umented as missing, and no imputation was performed;
analyses were conducted using complete-case data.
Missing CT scans, height measurements, and labora-
tory results were primarily due to unavailable imaging or
laboratory records from referring hospitals, which used
separate electronic data systems.

Pathological data

The pathological analysis classified tumour histology
according to the Lauren classification [13] and deter-
mined staging based on the AJCC TNM 7th edition cri-
teria [14]. Postoperative mortality was defined as death
occurring within 30 days after gastrectomy. Follow-
up data were manually retrieved from hospital patient
records and the Population Information System. This
system, maintained by the Finnish Digital and Popula-
tion Data Services Agency maintains up-to-date records
on whether a person is alive or deceased, ensuring accu-
rate identification [15]. The most recent recorded patient
contact with a healthcare facility, potential disease recur-
rence, long-term mortality, and cause of death were
extracted from hospital records. For patients whose fol-
low-up was conducted outside HUH, additional records
were obtained from the referring hospital to ensure com-
prehensive follow-up data.

Patient selection and recurrence follow-up
Curative intent was defined as the goal of achieving an RO
resection, as determined intraoperatively by the surgeon.
An RO resection was classified as the complete removal of
all malignant tissue with histologically negative margins,
typically verified through frozen section analysis dur-
ing surgery. Patients with limited, resectable metastatic
disease, such as a single metastatic lesion (e.g., ovarian
metastasis), were included if an RO resection was accom-
plished. However, those with unresectable or dissemi-
nated metastatic disease were excluded from the study.
Disease recurrence was diagnosed based on radiologi-
cal findings (primarily CT scans), surgical exploration,
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or endoscopic evaluation. At our institution, follow-up
imaging is performed selectively, based on clinical sus-
picion of recurrence, such as new symptoms or elevated
tumour markers (e.g., CEA, CA19-9), rather than as part
of routine surveillance.

Definition of sarcopenia and patient grouping

All skeletal muscle measurements were obtained from
preoperative staging CT scans performed before gastrec-
tomy. A single axial CT image at the L3 vertebral level,
ensuring visibility of both transverse processes, was
selected for analysis. Images were processed using OsiriX
Version 3.3 (32-bit Pixmeo, OsiriX, Sarl, Switzerland),
where abdominal muscles were identified using a semi-
automated region of interest (ROI) selection. Skeletal
muscle tissue was defined within a Hounsfield Unit (HU)
range of —29 to +150. Manual corrections were per-
formed when necessary, using the propulsion and brush
tools in OsiriX.

The cross-sectional total muscle area (TMA) at L3 was
measured, and the skeletal muscle index (SMI) was cal-
culated as TMA divided by height squared (cm®/m?). Sar-
copenia was classified based on internationally validated
consensus criteria, with threshold values of < 39 cm?®/
m” for women and < 55 cm®/m® for men [16]. As func-
tional assessments such as handgrip strength were not
routinely recorded during the study period, sarcopenia in
this study reflects CT-defined low skeletal muscle index
rather than the full EWGSOP criteria that also require
low muscle strength.

Perioperative chemotherapy

Perioperative =~ EOX  (epirubicin, oxaliplatin and
capecitabine) chemotherapy was introduced in 2006
and was initially administered selectively, primarily to
younger and fitter patients with locally advanced gastric
cancer (e.g., ¢cI'3-T4 and/or cN+) based on preopera-
tive staging [17, 18]. Over time, its use expanded, and by
2010, EOX had become the standard treatment for locally
advanced gastric cancer, leading to routine adoption in
clinical practice in our institution. However, in recent
years, EOX has been progressively replaced by FLOT
(fluorouracil, leucovorin, oxaliplatin and docetaxel) as
the preferred perioperative chemotherapy regimen [19].

Statistical analysis

All statistical analyses were conducted using SPSS° ver-
sion 29 (IBM, Armonk, NY, USA). Continuous variables
were compared using the Student’s t-test for normally
distributed data and the Mann—Whitney U-test for
non-normally distributed data. Normally distributed
continuous variables are presented as the mean (+SD),
while non-normally distributed variables are reported
as the median [interquartile range (IQR)]. Distributional
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characteristics were evaluated using summary statistics,
and a non-parametric approach was preferred for vari-
ables that showed apparent skewness. Categorical vari-
ables were analysed using the chi-square test or Fisher’s
exact test when expected frequencies were below five.

Survival outcomes were assessed with the Kaplan—
Meier method, and differences between groups were
determined using the log-rank test. Cox proportional
hazards regression was applied to estimate hazard ratios
(HRs) with 95% confidence intervals (CIs). Univariable
models were first constructed, followed by multivariable
models adjusted for clinically relevant covariates, includ-
ing age, sex, body mass index (BMI), ASA class, Charlson
comorbidity index, adjuvant treatment, type of gastrec-
tomy, additional resections, histological subtype, patho-
logical stage, and R-class. Because the prognostic effect
of sarcopenia was hypothesised to differ by tumour stage,
we tested an interaction term between sarcopenia and
stage (0—II vs. III-1V) within the fully adjusted multivari-
able model. When a significant interaction was identified,
stage-specific Cox analyses were performed, adjusted for
sex and BMI. The proportional hazards assumption was
assessed by visual inspection of log—log survival plots,
which demonstrated roughly parallel curves for all vari-
ables, indicating that the assumption was reasonably
satisfied.

Overall survival (OS) was defined as the time from
diagnosis to death from any cause, with patients still alive
at the last follow-up censored. Disease-specific survival
(DSS) was measured from diagnosis to death specifically
due to gastric cancer, censoring patients alive or deceased
from other causes. Disease-free survival (DFS) was calcu-
lated from diagnosis to either recurrence or death from
gastric cancer, with patients censored at the last follow-
up if alive without recurrence or deceased from unrelated
causes. Median survival times were reported when avail-
able. For outcomes where the median was not reached,
5-year Kaplan—Meier survival estimates were presented.
All statistical tests were two-tailed, with P-values below
0.05 considered statistically significant.

Results

Patient cohort

Between January 1, 2000, and December 31, 2017, a total
of 420 patients underwent gastrectomy with curative
intent for GC. Of these, 66 patients were excluded due to
missing data (e.g., preoperative CT scans or height mea-
surements), and an additional 17 patients were excluded
having undergone emergency surgery, which resulted in
a final study cohort of 337 patients. Based on the skeletal
muscle index (SMI), 174 patients were classified as sar-
copenic, while 163 were categorized as non-sarcopenic.
The baseline characteristics of the study population are
presented in Table 1 and operative details in Table 2, a
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Table 1 Baseline characteristics
All patients N=337 Sarcopenic N=174 Non-Sarcopenic N=163 P
Median age, in years (IQR) 68.5 (60.3-76.6) 69.6 (62.0-76.8.0.8) 66.7 (57.3-76.2) 0.074
Sex, male (%) 178 117 (67.2) 61(374) <0.001
Mean body mass index, in kg/m2 (+SD) 25.7 (5.0) 238 (3.7) 27.7 (5.5) <0.001
ASA physical status, n (%) 0.521
1 26 12 (6.9) 14 (8.6)
2 99 46 (26.4) 53(325)
3 175 95 (54.6) 80 (49.1)
4 37 21 (12.1) 16 (9.8)
Comorbidities, n (%)
Myocardial infarction 21 13(7.5) 8(4.9) 0.331
Congestive heart failure 21 10 (5.7) 11(6.7) 0.704
Peripheral vascular disease 15 11(6.3) 4(2.5) 0.085
Cerebrovascular disease 25 16 (9.2) 9 (5.5) 0.198
Hemiplegia 10 6 (34) 4(2.5) 0.752
COPD or asthma 29 18(10.3) 11(6.7) 0.239
Connective tissue disease 11 4(2.3) 7 (4.3) 0.303
Liver disease
Mild 4 4(2.3) 0 0.123
Moderate 1 0.6 0 1.000
Diabetes mellitus
without complications 49 20(11.6) 29(17.8) 0.106
with complications 6 4(23) 2(1.2) 0.686
Kidney disease (moderate/severe) 13 10 (5.7) 3(1.8) 0.063
Cancer (metastatic) 12 5(2.9) 7 (4.3) 0.482
Peptic ulcer 28 19 (10.9) 9 (5.5) 0.073
Lymphoma 1 1(0.6) 0 1.000
Dementia 8 5(2.9) 3(1.8) 0.724
Charlson comorbidity index, n (%)
mild (0-2) 177 86 (49.7) 91 (55.8) 0.262
moderate (3-4) 117 63 (36.2) 54 (33.1) 0.553
Severe (>5) 42 24(13.8) 18(11.0) 0.445
Mean Charlson comorbidity index (+SD) 3.0(1.4) 3.1(1.5) 2.8(1.3) 0.157
Medication, n (%)
Anticoagulant 27 15 (8.6) 12 (0.6) 0.671
Corticosteroid 15 10 (5.7) 5(3.1) 0.233
Immunosuppressive 2 1(0.6) 1(0.6) 1.000
Laboratory, median (IQR)
CA19-9 8.0 (4.0-17.0) 8.0(4.0-163.03) 8.0(3.0-17.0) 0.545
Missing no 70 36 34
CEA 2.1(1.3-34) 2.1(1.3-33) 2.2 (14-36) 0.268
Missing no 42 22 20
Hb 125.0 (114.0-137.0.0.0) 124.0 (112.5-136.0) 127.5(116.0-139.0.0.0) 0177
Missing no 2 1 1
Alb 376 (34.3-39.7) 37.5(34.0-394.04) 37.8(34.9-39.9) 0.141
Missing no 8 5 3
Creatinine 71.0 (60.0-82.0) 71.0 (61.0-85.0) 70.5 (59.8-79.0) 0.250
Missing no 2 1 1
Neoadjuvant treatment (%) 101 57 (32.8) 44 (27.0) 0.248

Abbreviations: IQR interquartile range, SD standard deviation, ASA American Society of Anesthesiologists class, COPD chronic obstructive pulmonary disease, CEA
carcinoembryonic antigen, CA 19— 9 cancer antigen 19—9 Hb, haemoglobin, Alb albumin

Continuous variables are presented as mean = SD or median (IQR), and categorical variables as n (%)
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Table 2 Operative details

All Sarco- Non-Sar- P
patients penic copenic
N=337 N=174 N=163
Type of resection, n (%)
Total gastrectomy 171 95(546) 76(466) 0.144
Distal gastrectomy 166 79 (454)  87(534)
Approach, n (%)
Open 316 164 (94.3) 152(93.3) 0.704
Laparoscopic* 21 10 (5.7) 11(6.7)
Lymph node dissection, 0.989
n (%)
DO 2 1(0.6) 1(0.6)
D1 44 23(13.2) 21(12.9)
D1+ 24 13 (7.5) 11 (6.7)
D2 267 137(78.5) 130(79.8)
Time median, in minutes 208 204 214 0.216
(IQR) (73— (172-236) (175-248)
243)
Blood loss (ml), median (IQR) 500 500 500 0.267
(300- (300-900)  (300-900)
900)
Resection of adjacent or another organ**
Splenectomy 107 54 (31.0) 53(32.5) 08715
Liver 2 2(1.1) 0.266
Pancreas 15 6(34) (5.5) 0433
Other 18 9(7.3) 1.000
Reconstruction, n (%) 0.081
Roux-en-Y 187 101 (58.0) 86(52.8)
Billroth | 7 6(3.4) 1(0.6)
Billroth Il 143 67 (38.5) 76 (46.6)

Abbreviations: IQR interquartile range

Continuous variables are presented as median (IQR), and categorical variables
asn (%)

*Conversions are in the open category

**This included the following resections: 6 transverse colon resections, 1
rectum resection, 3 bowel resections, 3 adrenal gland resections, 1 kidney
resection, 1 breast resection, 1 esophageal resection and 3 ovary resections

detailed flowchart of the inclusion and exclusion process
is provided in Supplementary Material 1.

Demographics and clinical characteristics

Sarcopenic patients were slightly older than non-sarco-
penic patients (median 69.6 vs. 66.7 years, P=0.074). Sar-
copenia was significantly more common in males (67.2%
vs. 37.4%, P<0.001) and associated with a lower mean
BMI (23.8 vs. 27.7 kg/m? P<0.001).

ASA classification and comorbidities

ASA classification was similar between groups
(P=0.521), with most patients classified as ASA class 3.
Comorbidities were also comparable. Peripheral vascu-
lar disease (6.3% vs. 2.5%, P=0.085) and moderate/severe
kidney disease (5.7% vs. 1.8%, P=0.063) were more fre-
quent in sarcopenic patients, though not statistically sig-
nificant. Charlson Comorbidity Index scores were slightly
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higher in sarcopenic patients (mean 3.1 vs. 2.8, P=0.157),
but overall distribution did not differ (P=0.262), with
mild comorbidity being most common.

Medication and laboratory values

The use of anticoagulants, corticosteroids, and immu-
nosuppressive medications was similar between the two
groups, with no significant differences observed. Labora-
tory values, including CA19-9, carcinoembryonic antigen
(CEA), haemoglobin (Hb), albumin (Alb), and creatinine
levels, were also comparable between sarcopenic and
non-sarcopenic patients, with no statistically significant
differences.

Neoadjuvant treatment

A higher proportion of sarcopenic patients received neo-
adjuvant treatment compared to non-sarcopenic patients
(32.8% vs. 27.0%), although this difference was not statis-
tically significant (P=0.248).

Operative details
Total gastrectomy was performed in 54.6% of sarcopenic
patients compared to 46.6% in non-sarcopenic patients
(P=0.144), while surgical approach did not differ signifi-
cantly, with most procedures conducted via open surgery.
D2 lymphadenectomy was the most common extent of
dissection in both groups (78.5% vs. 79.8%, P=0.989).
Median operative time was 204 min in sarcope-
nic patients vs., 214 min in non-sarcopenic patients
(P=0.216), while blood loss was comparable (median
500 mL in both groups, P=0.267). Splenectomy was per-
formed in roughly one-third of patients in both groups
(31.0% vs. 32.5%, P=0.815). Other adjacent organ resec-
tions included pancreas (3.4% vs. 5.5%), liver (1.1% vs.
0%), and various others such as bowel, adrenal gland,
kidney, breast, oesophagus, and ovary, with no significant
differences observed.

Operative results and complications

Postoperative outcomes were comparable between
groups (Table 3). Complication severity did not differ
(Clavien—Dindo, P=0.637), and median CCI was iden-
tical (median 22.6 in both groups, P=0.782). Reopera-
tion, ICU admission, and readmission rates were similar.
Median hospital stay was 9 days in the sarcopenic vs. 8
days in the non-sarcopenic group (P=0.631). Thirty-day
mortality was 1.1% in sarcopenic and 0.6% in non-sarco-
penic patients (P=1.000); 90-day mortality was 2.3% vs.
0.6% (P=0.373), respectively.

Pathological results

Pathological characteristics were largely compara-
ble between sarcopenic and non-sarcopenic patients
(Table 4). Histological subtype distribution did not show
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Table 3 Operative results
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Table 4 Pathological details

Allpa-  Sarco- Non-sar- P All pa-  Sarco- Non-sar- P

tients  penic copenic tients  penic copenic

N=337 N=174 N=163 N=337 N=174 N=163
Clavien-Dindo grade, n (%) * 0.637 Histology, n (%) 0174

0 45 22(126)  23(14.7) Intestinal 115 66 (37.9)  49(30.1)

1 83 42 (24.1)  41(25.2) Diffuse 191 90 (51.7) 101 (62.0)

2 133 69(39.7) 64(39.3) Mixed/other* 31 18(10.3) 13 (8.0)

3a 46 26(149)  20(12.3) Tumour location, n (%) 0.005

3b 10 6 (3.4) 4(2.5) Lower (antrum, angulus) 125 62 (356) 63(38.7)

43 10 6(34) 4(2.5) Middle (body) 178 85 (48.9) 93(57.1)

4b 7 1(0.6) 6(3.7) Upper (fundus, cardia) 23 17 (9.8) 6 (

5 3 2(1.1) 1(0.6) Other** 1 10 (5.7) 1(

CCl, median (IQR) 226 226 226 0.782 pT category, n (%) 0.083
(8.7~ (87-332) (8.7-33.6) pTO*** 14 10(57) 45

A 332) pT1 72 30(172)  42(258)
Reoperat.\o'n, n (%) 17 10 (5.7) 7(43) 0.623 oT2 65 29(167) 36 (22.1)
ICU admission, n (%) 39 20(11.5) 19(11.7) 1.000 o3 102 59 (33.9) 43 (26.4)
Ljngth ofgpsmltaletay 9(7-12) 9(7-12) 8(7-11) 0.631 oT4 84 46 (264)  38(233)
(R ayds), me tan (S ) 36 500118 16008 0795 Lymph node status, n (%) 0913
Szadrmsyon, lr_‘( ‘) y ; . 1(] =) 0(6 ) o Negative 153 78 (448) 75 (46.0)

’day mortalfty’” (O/O) 4(2‘ ) 1 0e 1. i Positive 184 96(552) 88(540)
90-day mortality, n (%) > @3) 00 0373 i category,n () n 509 637 0765
Abbreviations: IQR interquartile range, CCl comprehensive complication index,

ICU intensive care unit Lymph node harvested, 20 20 (14-31) 20(13-29) 0495
Continuous variables are presented as median (IQR), and categorical variables median (IQR) (14-30)
asn (%) Stage, n (%) 0.784
* Highest complication grade 0 12 8(4.6) 4(2.5)
IA 55 24 (13.8) 31(19.0)
significant differences (P=0.174), with diffuse-type car- 8 40 20015 20(123)
. . . o A 55 27 (15.5) 28 (17.2)
cinoma being the most common in both groups (51.7% 3 " 25 an 17 (104
vs. 62.0%). Tumour location differed between groups ' :
. . A 39 23(13.2) 16 (9.8)
(P=0.005), with upper gastric tumours more frequently
: . . N . I 59 29(167)  30(184)
observed in sarcopenic patients (9.8% vs. 3.7%). Patho-
. . . .. lnc 23 12 (6.9) 11(6.7)
logical T category distribution was similar (P=0.083), v " 5029 6G7)
and lymph node statl.ls: showed no significant dlfferer‘lce Metastatic lymph nodes, 105 1(0-4) 105 0956
(55.2% vs. 54.0% positive nodes, P=0.913). The median .43 (I0R)
number of lymph nodes harvested was 20 in both groups 1,1 0ur size (mm), median 400 450 350 0.169
(P=0.495), and the median number of metastatic lymph  (Qr) (250-  (250-700) (20.0-750)
nodes was 1 in both groups (P=0.956). 70.0)

Tumour stage distribution did not significantly dif-  Rclass,n (%) 0.268
fer (P=0.784), and tumour size was comparable, with a RO 320 163(93.7) 157(9%6.3)
median of 45 mm in sarcopenic and 35 mm in non-sarco- R1 16 1m@©3) 6G37)
penic patients (P=0.169). Resection status (R0 93.7% vs. ~ Adjuvant treatment (%) 128 65(374) 63(387) 0612
96.3%, P=0.163) was also similar. Missing no ! 0 !

The administration of pre- and postoperative
chemotherapy

The administration of neo- and adjuvant treatment was
comparable between sarcopenic and non-sarcopenic
patients. In the sarcopenic group, 57 (32.8%) patients
received preoperative EOX. Of these, 50 (87.7%) com-
pleted three or more cycles, while 3 patients received two
cycles, and 4 patients received only one cycle. Postopera-
tively, 65 (37.4%) patients received adjuvant treatment in
the sarcopenic group.

Abbreviations: IQR interquartile range

Continuous variables are presented as median (IQR), and categorical variables
asn (%)

*Histology is classed as ‘other’ when the histology could not be determined
from the gastroscopy biopsies and the final specimen showed no tumour due
to a total response of neoadjuvant treatment

**Seven cases had cancer in the remnant ventricle due to a previous gastric
resection, four cases had cancer affecting the whole ventricle

***10 cases of total response due to neoadjuvant treatment. One patient had
GC in the gastroscopy biopsies, but this was not confirmed in the specimen by
pathology
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Among non-sarcopenic patients, 44 (27.0%) received
preoperative EOX, while 37 (84.1%) completed all three
or more cycles, while 3 patients received two cycles, and
4 patients received only one cycle. The remaining patients
received one (4 patients), two (3 patients) cycles of EOX

a) Survival: all patients

Sarcopenia
Non-sarcopenic
Sarcopenic
Non-sarcopenic-censored
Sarcopenic-censored

Overall survival

o 1 2 3 4 s 6 7 8 9 10 M 12 13 14 15

Follow-up (years) from diagnosis

mo o ous o s 2 4 @ 3% ® u

Non. 1  us w8 107 & v & 2 a7 M@ 3

uuuuuuuu

b) Survival: all patients

Sarcopenia
Non-sarcopenic
Sarcopenic
Non-sarcopenic-censored

08 Sarcopenic-censored

06

04

Disease-specific survival

02

00

0 1 2 3 4 5 & 7 8 9 10 1 12 13 14 15

Follow-up (years) from diagnosis

©) Survival: all patients

Sarcopenia
Non-sarcopenic
1Sarcopenic
Non-sarcopenic-censored
Sarcopenic-censored

Disease-free survival

o 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

Follow-up (years) from diagnosis

va 10 108 2 w0 e 4 ¥ 3 0 25

Bouws w0 9 3 s 4w 3w B

Fig. 1 Kaplan-Meier survival of all patients (@) Overall survival (OS,
P=0.101); (b) disease-specific survival (DSS, P=0.867) and (c) disease-free
survival (DFS, P=0.959). Number-at-risk tables are displayed below the
X-axis
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preoperatively. Postoperatively, 63 (38.7%) received adju-
vant treatment in the non-sarcopenic group.

Long-term survival

Survival between sarcopenic and non-sarcopenic patients
is presented in Fig. 1. The median follow-up from diagno-
sis was 3.9 years (IQR 1.7-7.8) for all patients, 3.6 years
(IQR 1.3-6.1) for sarcopenic patients, and 4.3 years (IQR
2.0-8.9) for the non-sarcopenic patients (P=0.023).

The median estimated overall survival (OS) from diag-
nosis was 5.7 years (95% confidence interval [CI], 6.9—
8.4). Among sarcopenic patients, the median OS was 5.2
years (95% CI, 3.8-6.7), compared to 6.5 years (95% CI,
4.1-9.0) in non-sarcopenic patients. Five-year OS was
50.9% in sarcopenic patients and 55.2% in non-sarcope-
nic patients (P=0.101).

Median survival was not reached for either group in
disease-specific survival (DSS) or disease-free survival
(DES). Five-year DSS was 62.2% in sarcopenic patients
and 60.8% in non-sarcopenic patients (P=0.867),
while five-year DFS was 59.3% and 56.4%, respectively
(P=0.959).

In univariable Cox regression, sarcopenia was associ-
ated with a non-significant increase in the risk of death
(HR 1.25, 95% CI 0.95-1.64, P=0.116, Supplementary
Material 2a).

In multivariable Cox regression, sarcopenia was not
independently associated with survival (HR 1.03, 95% CI
0.75-1.42, P=0.860, see Supplementary Material 2b). As
expected, advanced stage (III or above) was the strongest
predictor of poor prognosis (HR 3.21, 95% CI 2.35-4.39,
P<0.001). Other independent predictors included total
gastrectomy, higher ASA class, and older age, whereas
receipt of postoperative chemotherapy was associated
with improved survival.

Stage-specific survival

Because the prognostic effect of sarcopenia was hypoth-
esized to differ by tumour stage, we tested an interaction
between sarcopenia and stage (0-II vs. III-IV). This was
statistically significant (P=0.034), indicating that the effect
of sarcopenia varied by stage. In stage-specific analyses, sar-
copenia was associated with an 82% increased risk of death
among patients with stage 0-II disease (HR 1.82, 95% CI
1.05-3.17, P=0.034; Supplementary Material 2c), whereas
no association was observed in stage III-IV patients. Corre-
sponding stage 0—II subgroup characteristics are presented
in Supplementary Material 3.

Kaplan—Meier estimates for stage 0-II patients are
shown in Fig. 2. The median OS was 7.1 years (95% CI
5.3-8.9) in sarcopenic patients and 11.3 years (95%
CI 9.7-13.0) in non-sarcopenic patients (P=0.007).
Five- and ten-year OS were 65.7% and 32.9% in sar-
copenic patients compared with 73.7% and 60.9% in
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Fig. 2 Kaplan-Meier survival of stage 0-Il patients (a) Overall survival (OS,
P=0.007); (b) disease-specific survival (DSS, P=0.113) and (c) disease-free
survival (DFS, P=0.206). Number-at-risk tables are displayed below the
X-axis

non-sarcopenic patients, respectively. No significant dif-
ferences were seen in DSS or DFS.

Discussion

The study groups were well balanced in terms of base-
line characteristics, operative details, postoperative out-
comes, and pathological data. No significant differences
were observed in morbidity or short-term mortality
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between sarcopenic and non-sarcopenic patients. How-
ever, long-term survival analysis demonstrated poorer
outcomes particularly in stage 0-II sarcopenic patients,
with significantly reduced overall survival.

Sarcopenic patients were slightly older than their
non-sarcopenic counterparts; however, this difference
was not statistically significant. Additionally, sarcopenia
was more prevalent among male patients, this finding is
consistent with previous meta-analysis [20]. The over-
representation of male patients in the sarcopenic group
is likely multifactorial, potentially driven by a more pro-
nounced age-related decline in muscle mass compared
to females. Men generally experience a steeper reduction
in testosterone levels with ageing, a hormone that plays a
critical role in muscle protein synthesis and maintenance
[21]. This hormonal decline may contribute to acceler-
ated muscle loss in male patients.

Additionally, physical activity levels tend to decline
more sharply in men after retirement, whereas women
often maintain higher levels of daily functional activ-
ity, which may help preserve muscle mass. Lifestyle
factors, including higher rates of smoking, alcohol
consumption, and poorer dietary habits, which are
more prevalent among men, may further contribute to
this disparity. Furthermore, comorbidities known to
promote muscle loss, such as cardiovascular disease,
chronic kidney disease, and diabetes, are more fre-
quently observed in males, increasing the risk of sarco-
penia [22]. Taken together, these factors likely explain
the higher proportion of sarcopenic patients in the
male population of this study.

A recent meta-analysis of 42 studies including 11,981
patients found increased short-term mortality, higher
complication rates, and poorer OS and DFS in sarcopenic
patients [23]. In contrast, our cohort did not demonstrate
higher perioperative risk, which may reflect strict periop-
erative optimisation, patient selection, and uniform sur-
gical protocols in this tertiary setting. While sarcopenia
is linked to worse long-term survival. Selection bias likely
contributed in this real-world setting, as only patients fit
for surgery were included, while patients with severe sar-
copenia or frailty, who were at higher risk, were excluded,
potentially underestimating its actual impact. Our study
examined stage-specific effects, indicating that sarco-
penia adversely affected survival in stage 0-II disease,
whereas in advanced stages prognosis was dominated by
tumour burden.

Tumour location differed between the groups, with sar-
copenic patients more often presenting with tumours in
the upper stomach. This anatomical distribution likely
contributed to the higher proportion of total gastrecto-
mies in sarcopenic patients, although the difference did
not reach statistical significance. Total gastrectomy is
typically required for tumours in the proximal stomach
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or those involving the entire gastric body, and this more
extensive resection may adversely affect long-term nutri-
tional status. In sarcopenic patients, who already have
compromised muscle mass, this could partly explain the
observed reduction in overall survival.

These patterns remained consistent in the subgroup
of patients with stage 0-II disease. Within this sub-
group, sarcopenic patients were also more likely to
have intestinal-type GC than non-sarcopenic patients.
The relationship between sarcopenia, tumour loca-
tion, and histological subtype may reflect shared risk
factors. Proximal tumours can impair oral intake, con-
tributing to malnutrition and muscle loss. Intestinal-
type gastric cancer tends to develop slowly and is more
prevalent in older patients, who are also more likely
to be sarcopenic. Furthermore, the prolonged disease
course of intestinal-type cancer may itself promote
progressive muscle wasting.

Patients in both groups received neoadjuvant treatment
at comparable rates, consisting exclusively of EOX che-
motherapy. This suggests that fitter sarcopenic patients
were able to undergo standard treatment protocols at
our institution. Previous studies have reported that sar-
copenic patients may have reduced tolerance to adjuvant
therapy, potentially impacting long-term survival [5, 7].
However, in our cohort, we observed no significant dif-
ference in the proportion of patients receiving adjuvant
treatment postoperatively.

Adjuvant treatment improved survival significantly
in our study. Patients who received preoperative EOX
typically continued with the same regimen postop-
eratively. In cases of poor treatment tolerance, less
toxic alternatives were chosen. If disease progression
was detected and the patient was able to tolerate fur-
ther therapy, more effective treatment regimens were
selected accordingly. In the early part of the study
period, very few patients received adjuvant treatment
and were instead admitted to follow-up only; during
this time, chemoradiation therapy was also used as a
possible adjuvant option.

In the full cohort of 337 patients, sarcopenia at the time
of diagnosis was not independently associated with over-
all, disease-specific, or disease-free survival. Importantly,
our interaction analysis showed that the prognostic effect
of sarcopenia was not consistent across stages. Sarcope-
nia was linked to significantly poorer overall survival in
patients with stage 0-1I disease, whereas no such associa-
tion was observed in stage III-IV disease.

This stage-dependent effect is biologically plausible.
In advanced GC, tumour burden and biology largely
dictate survival, which may overshadow the influence
of host-related factors such as muscle mass or nutri-
tional status. In contrast, among patients with lower-
stage disease—where cancer-specific mortality is less
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dominant—sarcopenia may indicate reduced physiologi-
cal reserve, chronic inflammation, and limited recovery
capacity, all of which can impair long-term outcomes.
Recent studies emphasise the importance of functional
measures such as handgrip strength, nutritional optimi-
sation, and multimodal prehabilitation strategies in older
surgical patients [24—26], supporting the concept that
host factors become particularly relevant once tumour
control is achievable. The adverse impact of sarcopenia
in lower-stage disease was most evident for overall rather
than cancer-specific survival, suggesting that compet-
ing risks such as comorbidity and reduced physiological
reserve may contribute.

This single-centre study is characterized by its robust
long-term follow-up, spanning 20 years and encompass-
ing consecutive selected patients who underwent gas-
trectomy with curative intent for GC. A key strength of
the study is the comprehensive manual review of patient
records, rather than reliance on registries, ensuring high-
quality data collection. While this approach enhances
data accuracy, it also presents a limitation due to its
labour-intensive nature.

Nevertheless, the retrospective study design introduces
certain inherent limitations, including potential biases
such as patient selection and variability in prognostic
factors. In subgroup analyses, the number of events was
limited, which may have reduced the statistical power
of multivariable Cox regression models. Therefore, the
data should be interpreted exploratory and further larger
prospective studies are needed to confirm these findings.
Finally, sarcopenia was defined using CT-based muscle
index only, as muscle strength measures and nutritional
status were not available.

Conclusions

Sarcopenia was common among patients undergoing gas-
trectomy for GC, particularly male patients. Although it was
not an independent prognostic factor in the overall cohort,
interaction analysis revealed that sarcopenia was associated
with significantly poorer long-term survival in patients with
stage O-II disease, whereas no such association was seen in
stage III-IV disease. Despite similar rates of perioperative
treatment, operative outcomes, and postoperative com-
plications, sarcopenic patients experienced inferior overall
survival in lower-stage disease. These findings suggest that
sarcopenia is a clinically relevant prognostic factor, even in
patients otherwise considered to have a favourable prog-
nosis. Routine assessment of sarcopenia may help identify
high-risk patients who could benefit from early nutritional
and physical rehabilitation interventions to improve long-
term outcomes. Future prospective trials are needed to
determine whether such targeted interventions can modify
survival in sarcopenic patients, particularly those with early-
stage disease.
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