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Abstract

Background The effects of obesity on prognosis in gastric cancer are controversial.

Aims To evaluate the association between body mass index (BMI) and mortality in patients with gastric cancer.

Methods A single-institution cohort of 7765 patients with gastric cancer undergoing curative gastrectomy between October
2000 and June 2016 was categorized into six groups based on BMI: underweight (< 18.5 kg/m?), normal (18.5 to <23 kg/
m?), overweight (23 to < 25 kg/m?), mildly obese (25 to < 28 kg/m?), moderately obese (28 to < 30 kg/m?), and severely obese
(=30 kg/mz). Hazard ratios (HRs) for overall survival (OS) and disease-specific survival (DSS) were calculated using Cox
proportional hazard models.

Results We identified 1279 (16.5%) all-cause and 763 (9.8%) disease-specific deaths among 7765 patients over 83.05 months
(range 1.02-186.97) median follow-up. In multivariable analyses adjusted for statistically significant clinicopathological
characteristics, preoperative BMI was associated with OS in a non-linear pattern. Compared with normal-weight patients,
underweight patients had worse OS [HR 1.42; 95% confidence interval (CI) 1.15-1.77], whereas overweight (HR 0.84; 95%
CI0.73-0.97), mildly obese (HR 0.77; 95% CI 0.66-0.90), and moderately obese (HR 0.77; 95% CI 0.59-1.01) patients had
better OS. DSS exhibited a similar pattern, with lowest mortality in moderately obese patients (HR 0.58; 95% CI 0.39-0.85).
Spline analysis showed the lowest all-cause mortality risk at a BMI of 26.67 kg/m?.

Conclusion In patients undergoing curative gastric cancer surgery, those who were overweight or mildly-to-moderately obese
(BMI 23 to < 30 kg/m?) preoperatively had better OS and DSS than normal-weight patients.
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Introduction
Jung Hwan Lee and Boram Park have contributed equally to this
work. Gastric cancer is the fourth most common malignancy and
. . . . . the third leading cause of cancer-related death [1]. For the
Electronic supplementary material The online version of this . . L.
article (https://doi.org/10.1007/510120-018-0818-x) contains past 20 years, survival has improved significantly because of
supplementary material, which is available to authorized users. several factors, including early detection, more skillful surgi-

cal treatment, improved nutritional care, and widespread use
of systemic chemotherapy [2]. However, it is not yet clear
whether or how obesity is related to prognosis in patients
with gastric cancer.

Obesity is an undisputed risk factor for the development
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L Center for Gastric Cancer, National Cancer Center, of several cancers [3]. Endometrial cancer, for example,
323 Ilsan-ro, Ilsandong-gu Goyang, Gyeonggi 10408, has been strongly associated with an increased body mass
Republic of Korea index (BMI) [4]. However, the association between BMI and
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Cancer Center, 323 Ilsan-ro, Iisandong-gu Goyang, [5]. Two independent meta-analyses about the relationship
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between BMI and the incidence of gastric cancer reported
conflicting conclusions [5, 6]. Tumor location appears to
play arole, as obesity may be associated with cardia gastric
cancers but not non-cardia cancers [6-9].

Interestingly, some studies reported that obesity at diag-
nosis improves survival in cancer patients. This “obesity
paradox” has been observed primarily in renal cell [10, 11]
and colorectal cancers [12—-14]. Among patients who under-
went gastric resection for gastric cancer, outcomes seemed
to be better in patients with a high BMI than in patients with
anormal or low BMI [15, 16]. However, the previous studies
compared patients using only the criteria of a BMI above
25 kg/m?, which is inappropriate for the Asian population
[17], or the sample size of these studies was relatively small
for conducting comprehensive subgroup analyses according
to tumor stage.

In the present study, we used data from a prospectively
collected data set of >7000 patients with primary gastric
cancer undergoing curative gastrectomy to retrospectively
perform robust, comprehensive subgroup analyses to deter-
mine whether BMI at diagnosis is associated with patient
survival during a median follow-up of > 80 months.

Methods
Patients

This retrospective study was conducted at the National
Cancer Center (Korea) and used a prospectively collected
data set of consecutive patients. A total of 9173 consecu-
tive patients underwent gastrectomy from December 2000
to June 2016 at the Center for Gastric Cancer at National
Cancer Center. We excluded 310 patients, because they
had benign neoplasms (n="72) or a malignancy other than
adenocarcinoma (e.g., squamous cell carcinoma, neuroen-
docrine carcinoma, gastrointestinal stromal tumors, and
lymphoma; n=238). Moreover, 916 patients were further
excluded, because they had recurrent cancers (n=137), neo-
adjuvant chemotherapy (n=21), stage IV cancer (n=630),
or R1 or R2 resections (n=128). Of the remaining 7947
patients undergoing curative gastrectomy for primary gastric
adenocarcinoma, 158 were lost to follow-up and 22 died
within 1 month after surgery (these were considered post-
operative deaths, representing hospital mortality). In two
patients, the BMI at diagnosis was missing. Finally, 7765
patients were enrolled in this study (Fig. 1). The institu-
tional review board of the National Cancer Center, Korea,
approved this study (NCC2017-0046).

BMI was calculated as weight divided by height squared
(kg/m?). BMI was classified into six categories reflecting
the International World Health Organization (WHO) criteria
and revised WHO criteria for Asian populations [17, 18]:
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normal-weight, 18.5 to <23 kg/m%; underweight, < 18.5 kg/
m?; overweight, 23 to <25 kg/mz; mildly obese, 25
to<28 kg/mz; moderately obese, 28 to <30 kg/mz; and
severely obese, > 30 kg/m>.

Patient follow-up continued until death or the study cut-
off date of June 30, 2016. Median follow-up duration was
83.05 months (range 1.02-186.97 months). Post-operatively,
follow-up endoscopy was performed at 3, 6, and 12 months
and then annually to detect local recurrence or another pri-
mary lesion. To detect lymph node and distant metastases,
abdominal computed tomography was performed 6 months
post-operatively and then annually.

Most patients undergoing gastrectomy experienced
weight loss. To assess the effect of weight change, post-
operative BMI at 1 year was determined for patients enrolled
in 2010-2012 (n=1765). One-year post-operative BMI was
the weight measured between 9 and 15 months after surgery.
Post-operative BMI tends to be maintained after 12 months
regardless of the type of operation [19].

Considering other factors possibly affecting survival,
we collected other patient data: age, sex, lifestyle, comor-
bidity, family history of gastric cancer, operation method,
WHO histological classification, tumor size, tumor loca-
tion, TNM stage, and adjuvant chemotherapy. Family his-
tory was defined as a first-degree relative with gastric can-
cer. Smoking was categorized as former or current smoker.
Cumulative smoking amount was calculated in pack-years,
assuming that one pack contained 20 cigarettes. Drinking
was judged as present or absent. Gastric cancer staging was
defined according to the 7th Edition of the American Joint
Committee for Cancer [20]. The Lauren classification was
excluded, because we considered detailed WHO histology
as a covariate. Tumor location was divided into proximal
third (fundus, cardia, and high body), middle third (mid-
body, lower body, and angle), and lower third (antrum and
pylorus). Location was classified as “extended” when the
cancer invaded > 2 sections. Cancer size was the longest
diameter in the pathology results.

American Society of Anesthesiologists (ASA) score
was used as an indicator of comorbidity. It is a subjective
assessment of overall health, divided into five classes [21]:
I, completely healthy and fit; II, mild systemic disease; III,
severe systemic disease, which is not incapacitating; IV,
incapacitating disease that is a constant threat to life; and
V, moribund and expected to die within 24 h (with or with-
out surgery). No level V patient was included. Complica-
tions included immediate events during hospitalization and
delayed events after discharge.

Surgery and adjuvant chemotherapy

All patients underwent open or laparoscopy-assisted total
or subtotal gastrectomy with D14 or D2 lymphadenectomy
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Fig. 1 Flow chart of included patients with gastric cancer who underwent curative resection. BMI body mass index

[22]. Total or subtotal gastrectomy was based on tumor size
and location, status of resection margin, and lymph node
involvement. Since 2012, functional preserving gastrec-
tomy, such as proximal gastrectomy, pylorus-preserving
gastrectomy, or wedge resection, was also performed based
on tumor characteristics. Patients undergoing wedge resec-
tion were recruited for a phase III clinical trial [SEntinel
Node ORIented Tailored Approach (SENORITA) trial] [23,
24]. Curative resection was confirmed in all patients, based
on the Japanese guideline definition: no peritoneal or dis-
tant metastasis and negative peritoneal fluid cytology [25].
Adjuvant chemotherapy was determined by patient age and
performance status, as well as tumor stage. The regimens
included 5-fluorouracil/cisplatin, capecitabine/oxaliplatin,
tegafur, or tegafur/cisplatin.

Statistical analysis

Baseline characteristics were described according to the
6 BMI groups. Continuous variables were summarized as
mean + standard deviation and analyzed using one-way
analysis of variance. For categorical variables, frequency
and percentage were determined, and differences in distribu-
tion were estimated using Pearson’s Chi-square test. Overall
survival (OS) was determined from surgery until death from
any cause. Disease-specific survival (DSS) was determined
from surgery to death due to gastric cancer. Survival curves
were derived using the Kaplan—Meier method, and statisti-
cal differences between BMI groups were evaluated using
the log-rank test. To investigate associations between BMI
and gastric cancer mortality, hazard ratios (HRs) and 95%
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confidence intervals (CIs) were calculated using Cox pro-
portional hazards models. In multivariable Cox proportional
hazards models, statistically significant factors were adjusted
for among these 12 factors: age, sex, current smoker, alcohol
use, family history of gastric cancer, operation, tumor histol-
ogy, tumor size, adjuvant chemotherapy, TNM stage, loca-
tion, and ASA score. We also performed subgroup analyses
based on age (<40 vs. >40 to < 65 vs.>65), TNM stage, and
operation method. When subgroup analyses were performed,
age, sex, and TNM stage were adjusted for in multivariable
analysis. To account for the possibility of reverse causality,
we repeatedly analyzed both OS and DSS after excluding the
146 patients who died within the 1 year after surgery. We
also examined the U-shaped relationships between BMI and
survival through smoothing splines analysis using a B-spline
basis [26]. The splines analysis was conducted with the mul-
tivariable model adjusting significant factors including age,
sex, current smoker, family history of gastric cancer, opera-
tion, tumor histology, TNM stage, location, and ASA score.
P values < 0.05 were considered statistically significant. All
statistical analyses were performed using SAS software, ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA.) and R soft-
ware, version 3.3.3 (R Project for Statistical Computing).

Results
Baseline characteristics

Of the 7765 patients included in this study, 5153 (66.4%)
were male and 2612 (33.6%) were female. Table 1 presents
the baseline characteristics classified by BMI. The percent-
age of men was higher than that of women in all BMI groups,
and the percentage of women was higher in the severely
obese group than in other groups. As BMI increased, the
proportion of current smokers tended to decrease; the cur-
rent smoker rate was highest in underweight patients. The
proportion of patients drinking alcohol was lower in under-
weight and severely obese patients than in other groups.
As BMI increased, the proportion of patients undergoing
subtotal gastrectomy tended to increase, while that of total
gastrectomy tended to decrease.

TNM stage was more advanced and tumor size was larger
in underweight patients than in normal and overweight
groups. Accordingly, underweight patients were more likely
to receive adjuvant chemotherapy. Patients with stage Ia
cancer were more common in overweight and obese groups
compared with patients who were normal weight or under-
weight. Underweight patients were likely to have upper third
cancers or extended tumors.

An ASA score >3 was most common in underweight
patients and least common in overweight patients. The com-
plication rate was highest in the underweight group.
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Survival analyses of overall and disease-specific
survival

Of the 7765 patients, 1279 (16.5%) died, and 763 (9.8%)
deaths were due to gastric cancer. OS and DSS rates were
significantly lower in the underweight group (log-rank
P <0.001 for both OS and DSS). OS and DSS rates gener-
ally increased as BMI increased during long-term follow-up
(Fig. 2).

Cox proportional hazards model (Table 2) showed that
underweight patients had the worst OS, and patients who
were overweight, mildly obese, and moderately obese groups
had better OS. Severely obese patients had the best OS com-
pared with normal-weight patients. In multivariable analysis
adjusting for age, sex, and TNM stage, survival results were
similar to the univariable results, although the association
for OS in severely obese patients was attenuated and no
longer statistically significant. When additionally adjusting
for smoking, family history of gastric cancer, operation, his-
tology, location, and ASA score, mildly obese patients had
the best OS (this was statistically significant, with an HR
0.77 and 95% CI 0.66—0.90), and the association between the
moderately obese group and OS was no longer significant.

DSS results according to BMI groups were similar to the
results for OS. However, the lowest HR was observed in
the moderately obese group in both the age, sex, and TNM
stage-adjusted model (HR 0.56; 95% CI 0.38-0.83) and the
age, TNM stage, operation, histology, and tumor location-
adjusted model (HR 0.58; 95% CI 0.39-0.85).

From the spline function analysis, a bell-shaped curve
was shown and the HR for all-cause death was the lowest
(HR 0.88; 95% CI1 0.81-0.95) at a BMI of 26.67 (Fig. 3).

Subgroup analysis

In subgroup analyses, according to TNM stage, univariable
and multivariable models adjusting for age and sex were
considered. The relationships between BMI and survival
showed a non-linear pattern and similar trends to those noted
in the whole group. The underweight group had the highest
mortality in most subgroups.

As TNM stage increased, the lowest risk of death changed
from patients who were overweight to those who were obese
(Table 3). In stage Ia, HRs for OS in the overweight (HR
0.67; 95% CI 0.50-0.89) and mildly obese (HR 0.74; 95%
CI 0.55-0.99) groups were significantly lower than in the
normal group in the multivariable model. The best OS
was observed in the mildly obese group in stage Ib (HR
0.55; 95% CI 0.36-0.84) and stage II (HR 0.71; 95% CI
0.51-0.99). In stage III, the moderately obese group had
the best OS (HR 0.54; 95% CI 0.32-0.91). For DSS, the
highest risk of mortality was in the underweight group in
stage Ia (HR 2.82; 95% CI 1.07-7.42) and stage 1II (HR
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Table 1 Baseline characteristics according to body mass index at diagnosis

Total Underweight Normal (18.5 Overweight (23 Mildly Moderately Severely obese P value
(<18.5) t0<23) to<25) obese (25 obese (28 (=30)
to<28) to<30)
(N=7765) (N=299) (N=2976) (N=1949) (N=1848) (N=467) (N=226)
Age (years)
Mean=+SD 58.6+119 594+14.4 583127 589+11.3 58.7+11.1 58.4+10.9 57.0+11.1 0.136
Sex
Male 5153 (66.4) 192 (64.2) 1886 (63.4) 1356 (69.6) 1287 (69.6) 307 (65.7) 125 (55.3) <0.001
Female 2612 (33.6) 107 (35.8) 1090 (36.6) 593 (30.4) 561(30.4) 160 (34.3) 101 (44.7)
Smoke
Never 3166 (41.9) 119 (41.8) 1258 (43.3) 761 (40.3) 724 (40.0) 189 (41.8) 115 (52.8) <0.001
Former <30 1677 (22.2) 53 (18.6) 572 (19.7) 451 (23.9) 458 (25.3) 104 (23.0) 39 (17.9)
pack-years
Former > 30 1068 (14.1) 30 (10.5) 403 (13.9) 287 (15.2) 260 (14.4) 67 (14.8) 21 (9.6)
pack-years
Current<30 910 (12.0) 42 (14.7) 350 (12.0) 227 (12.0) 205 (11.3) 56 (12.4) 30 (13.8)
pack-years
Current>30 742 (9.8) 41 (14.4) 324 (11.2) 163 (8.6) 165 (9.1) 36 (8.0) 13 (6.0)
pack-years
Alcohol
No 3378 (44.3) 150 (51.9) 1346 (46.0) 811 (42.6) 766 (42.0) 198 (43.5) 107 (48.6) 0.003
Yes 4239 (55.7) 139 (48.1) 1579 (54.0) 1092 (57.4) 1059 (58.0) 257 (56.5) 113 (51.4)
Family history of gastric cancer
No 6077 (78.3) 240 (80.3) 2342 (78.7) 1549 (79.5) 1406 (76.1) 360 (77.1) 180 (79.7) 0.130
Yes 1688 (21.7) 59 (19.7) 634 (21.3) 400 (20.5) 442 (23.9) 107 (22.9) 46 (20.3)
Operation
Subtotal gas- 5534 (71.3) 185 (61.9) 2096 (70.4) 1399 (71.8) 1345 (72.8) 333 (71.3) 176 (77.9) <0.001
trectomy
Total gastrec- 1865 (24.0) 105 (35.1) 752 (25.3) 442 (22.7) 415 (22.5) 107 (22.9) 44 (19.5)
tomy
Functional 366 (4.7) 9 (3.0) 128 (4.3) 108 (5.5) 88 (4.8) 27 (5.8) 6 (2.6)
gastrectomy
Histology
Well-differen- 1424 (18.3) 47 (15.7) 511 (17.2) 371 (19.0) 368 (19.9) 84 (18.0) 43 (19.0) 0.003
tiated
Moderate-dif- 2191 (28.2) 89 (29.8) 786 (26.4) 551 (28.3) 553 (29.9) 140 (30.0) 72 (31.9)
ferentiated
Poor-differen- 2106 (27.1) 85 (28.4) 866 (29.1) 538 (27.6) 433 (23.4) 126 (27.0) 58 (25.7)
tiated
Signet ring 1690 (21.8) 56 (18.7) 680 (22.9) 407 (20.9) 407 (22.0)  92(19.7) 48 (21.2)
cell
Mucinous 184 (2.4) 14 (4.7) 75 (2.5) 35(1.8) 48 (2.6) 10 (2.1) 2(0.9)
Papillary 170 (2.2) 8(2.7) 58 (1.9) 47 (2.4) 39 (2.1) 15(3.2) 3(1.3)
Size (cm)
Mean +SD 42+2.6 54+34 44+238 4.0+2.5 4.0+25 40+23 39+25 <0.001
Chemotherapy, adjuvant
No 5977 (77.0) 203 (67.9) 2244 (75.4) 1539 (79.0) 1463 (79.2) 357 (76.5) 171 (75.7) <0.001
Yes 1788 (23.0) 96 (32.1) 732 (24.6) 410 (21.0) 385 (20.8) 110 (23.5) 55 (24.3)
TNM stage
Ia 4055 (52.2) 102 (34.1) 1471 (49.4) 1084 (55.6) 1011 (54.7) 250 (53.5) 137 (60.6) <0.001
Ib 1288 (16.6) 53 (17.7) 484 (16.3) 323 (16.6) 318 (17.2)  82(17.6) 28 (12.4)
1I 1278 (16.5) 59 (19.7) 517 (17.4) 294 (15.1) 293(15.9) 80(17.1) 35 (15.5)
1 1144 (14.7) 85(28.4) 504 (16.9) 248 (12.7) 226 (12.2)  55(11.8) 26 (11.5)
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Table 1 (continued)

Total Underweight Normal (18.5 Overweight (23 Mildly Moderately Severely obese P value
(<18.5) to<23) to<25) obese (25 obese (28 (=30)
to<28) to <30)
(N=T7765) (N=299) (N=2976) (N=1949) (N=1848) (N=467) (N=226)
T stage
1 4569 (58.8) 119 (39.8) 1634 (54.9) 1215 (62.3) 1163 (62.9) 283 (60.6) 155 (68.6) <0.001
2 1029 (13.3) 41 (13.7) 396 (13.3) 248 (12.7) 250 (13.5) 69 (14.8) 25 (11.1)
3 1374 (17.7) 70 (23.4) 586 (19.7) 309 (15.9) 301 (16.3) 79 (16.9) 29 (12.8)
4 793 (10.2) 69 (23.1) 360 (12.1) 177 (9.1) 134 (7.3) 36 (7.7) 17 (7.5)
N stage
0 5257 (67.7) 162 (54.2) 1971 (66.2) 1378 (70.7) 1265 (68.5) 321 (68.7) 160 (70.8) <0.001
1 1035 (13.3) 43 (14.4) 392 (13.2) 232 (11.9) 260 (14.1) 79 (16.9) 29 (12.8)
2 775 (10.0) 35(11.7) 307 (10.3) 199 (10.2) 179 (9.7) 35(7.5) 20 (8.9)
3 698 (9.0) 59 (19.7) 306 (10.3) 140 (7.2) 144 (7.8) 32(6.9) 17 (7.5)
Location
Upper 1305 (16.8) 58 (19.4) 516 (17.3) 312 (16.0) 300 (16.2) 84 (18.0) 35(15.5) 0.014
Middle 2870 (37.0) 97 (32.4) 1096 (36.8) 754 (38.7) 674 (36.5) 164 (35.1) 85(37.6)
Lower 3520 (45.3) 135(45.2) 1332 (44.8) 871 (44.7) 862 (46.7) 214 (45.8) 106 (46.9)
Extended 70 (0.9) 9(3.0) 32(1.1) 12 (0.6) 12 (0.6) 5(1.1) 0(0.0)
ASA score
1 2664 (34.3) 105 (35.1) 1155 (38.8) 672 (34.5) 566 (30.6) 117 (25.0) 49 (21.7) <0.001
2 4821 (62.1) 178 (59.5) 1702 (57.2) 1223 (62.7) 1218 (65.9) 330 (70.7) 170 (75.2)
>3 280 (3.6) 16 (5.4) 119 (4.0 54 (2.8) 64 (3.5) 20 (4.3) 7(3.1)
Complication
No 6509 (83.8) 231 (77.3) 2536 (85.2) 1645 (84.4) 1536 (83.1) 376 (80.5) 185 (81.9) 0.002
Yes 1256 (16.2) 68 (22.7) 440 (14.8) 304 (15.6) 312(16.9) 91 (19.5) 41 (18.1)

ASA American Society of Anesthesiologists, M stage metastasis stage, N stage node stage, SD standard deviation, T stage tumor stage, TNM
tumor-node-metastasis
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Table 2 Hazard ratios for body mass index at diagnosis obtained using Cox proportional hazard models

BMI category Patients Events Univariable model Multivariable model 1° Multivariable model 29
No. No.? HR (95% CI) Pvalue HR (95% CI) Pvalue HR (95% CI) P value
Overall survival
Total 7765 1279 (16.5)
Normal (18.5t0<23) 2976 564 (19.0) 1 (ref) (<0.001) 1 (ref) (<0.001) 1 (ref) (<0.001)
Underweight (< 18.5) 299 102 (34.1) 1.97(1.59-2.43) <0.001  1.48(1.20-1.83) <0.001  1.42(1.15-1.77) 0.002
Overweight (23t0<25) 1949 284 (14.6)  0.75(0.65-0.87) <0.001  0.81 (0.71-0.94) 0.005 0.84 (0.73-0.97) 0.018
Mildly obese  (25to<28) 1848 243 (13.2) 0.68 (0.59-0.79) <0.001  0.75(0.64-0.87) <0.001  0.77 (0.66-0.90) 0.001
Moderately (28t0<30) 467 61 (13.1) 0.68 (0.52-0.88) 0.004 0.75 (0.57-0.98) 0.032 0.77 (0.59-1.01) 0.060
obese
Severely obese (>30) 226 25 (11.1) 0.56 (0.38-0.84) 0.005 0.75 (0.50-1.12) 0.156 0.77 (0.51-1.15) 0.205
Disease-specific survival
Total 7765 763 (9.8)
Normal (18.5t0<23) 2976 339 (11.4) 1 (ref) (<0.001) 1 (ref) (<0.001) 1 (ref) (<0.001)
Underweight (< 18.5) 299 70 (23.4) 2.19(1.70-2.84) <0.001 1.50 (1.16-1.94) 0.002 1.48 (1.14-1.92) 0.003
Overweight (23t0<25) 1949 161 (8.3)  0.71(0.59-0.85) <0.001  0.81 (0.67-0.98) 0.030 0.84 (0.70-1.01) 0.068
Mildly obese  (25to<28) 1848 152(8.2)  0.71(0.58-0.86) <0.001  0.83 (0.68-1.00) 0.052 0.84 (0.70-1.02) 0.082
Moderately (28t0o<30) 467 27 (5.8) 0.50 (0.34-0.74) 0.001 0.56 (0.38-0.83) 0.004 0.58 (0.39-0.85) 0.006
obese
Severely obese (>30) 226 14 (6.2) 0.53(0.31-0.91) 0.021 0.72 (0.42-1.22) 0.220 0.75 (0.44-1.27)

BMI body mass index, CI confidence interval, HR hazard ratio, No. number, ref reference, TNM tumor-node-metastasis

#An event indicates a death, either overall or disease-specific

bAge, sex, and TNM stage were adjusted for in multivariable model 1 for overall survival and disease-specific survival

€Age, sex, current smoker, family history of gastric cancer, operation, histology, TNM stage, location, and American Society of Anesthesiolo-

gists score were adjusted for in multivariable model 2 for overall survival

dAge, operation, histology, TNM stage, and location were adjusted for in multivariable model 2 for disease-specific survival
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Fig.3 Body mass index (BMI) at diagnosis and overall survival. Age,
sex, current smoker, family history of gastric cancer, operation, his-
tology, TNM stage, location, and American Society of Anesthesiolo-
gists score were adjusted

1.42;95% CI 1.02—1.98). The best DSS was observed in the
mildly obese group in stage Ib patients (HR 0.50; 95% CI
0.25-0.99), the overweight group in stage II patients (HR
0.68; 95% CI 0.47-0.99), and the moderately obese group in
stage III patients (HR 0.46; 95% CI 0.25-0.84). Therefore,
as stage increased, the importance of weight on mortality
seemed to increase. In early stage disease, underweight did
not seem to have a large effect on OS; it had a greater effect
on DSS.

In subgroup analysis of age stratified by three subgroups
separated by cut-off points at 40 and 65 years, BMI was not
associated with survival in the <40 year subgroup (Supple-
mentary Table 1). The effect of being underweight became
prominent in patients over 40. In the > 40 to < 65 years sub-
group, DSS was the best for moderately obese patients (HR
0.47;95% CI 0.25-0.89). In > 65 years patients, OS was the
best in the mildly obese group (HR 0.63; 95% CI1 0.51-0.78),
and DSS was the best in the mildly obese group (HR 0.73;
95% CI 0.55-0.96) and overweight group (HR 0.71; 95%
CI1 0.54-0.94).

For patients undergoing subtotal gastrectomy (Sup-
plementary Table 2), overweight patients had the best OS
(HR 0.76; 95% CI 0.32-0.91) and DSS (HR 0.76; 95% CI
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0.59-0.96). Mildly obese patients had only significantly
better OS compared with normal-weight patients (HR 0.81;
95% CI 0.67-0.97). OS and DSS were similar for under-
weight and normal-weight patients in multivariable mod-
els. For those undergoing total gastrectomy, underweight
patients had the worst prognosis for both OS (HR 1.64; 95%
CI 1.21-2.22) and DSS (HR 1.86; 95% CI 1.30-2.67). Obese
patients exhibited a better survival than normal or under-
weight patients. Particularly, moderately obese patients had
the lowest HR for both OS (HR 0.51; 95% CI 0.30-0.87) and
DSS (HR 0.36; 95% CI 0.16-0.82), compared with normal-
weight or overweight patients. No trends according to BMI
were observed in the functional gastrectomy subgroup. Our
findings suggest that being underweight adversely affects
outcomes in patients undergoing total gastrectomy but not
subtotal gastrectomy. BMI was more important for survival
in patients undergoing total gastrectomy than those undergo-
ing subtotal gastrectomy.

When BMI was measured 1-year post-operatively, obese
patients tended to have a lower risk of mortality (Sup-
plementary Table 3), which was similar to the pattern of
associations observed for BMI at diagnosis. Underweight
patients had worse OS (HR 2.54; 95% CI 1.70-3.79) and
DSS (HR 2.74; 95% CI 1.72-4.36). OS (HR 0.35; 95% CI
0.15-0.85) and DSS (HR 0.23; 95% CI 0.07-0.70) were best
in mildly obese patients. The overweight group also exhib-
ited significantly better DSS (HR 0.52; 95% CI 0.28-0.98)
than normal-weight patients.

Considering changes in BMI after 1 year, overweight or
obese patients exhibited better prognosis than normal-weight
or underweight groups, regardless of changes in BMI.
Patients with change of BMI of > 10% had worse overall
(HR 1.44; 95% CI 1.08-1.93) and disease-specific survival
(HR 1.61; 95% CI 1.14-2.26) than those with change of
BMI of < 10%. We also did multivariate analyses according
to BMI at diagnosis. Most BMI groups with change of BMI
of > 10% tended to have worse overall and disease-specific
survival than those with <10%. However, small sample and
event numbers caused by cellularized groups may lead to
statistically insignificant results (Supplementary Table 4).

Both OS and DSS were no major changes in the Cox pro-
portional hazard model and subgroup analysis results when
the analyses were repeated excluding the 146 patients who
died in the first year post-gastrectomy. The risk of death in
underweight patients was somewhat reduced when excluding
these early deaths (data not shown).

Discussion

In this large cohort study, patients who were overweight
or obese at diagnosis had better OS and DSS than those
who were normal-weight or underweight. When subgroup

analyses were performed according to tumor stage, this pat-
tern was maintained in all stage groups. Even in stage Ia, the
best OS was observed in the overweight group. A similar
pattern was found during subgroup analysis when patients
were classified according to age or operation method, except
in the < 40-year age group and patients who underwent func-
tional preserving gastrectomy. The lack of an association
between BMI and survival in these two exceptions may
be caused by the relatively small size of these subgroups.
Interestingly, the influence of weight on patient mortality
increased, as tumor stage or gastric resection increased,
such as in case of total gastrectomy. Under these condi-
tions, weight loss is more likely to occur rather compared
with less advanced tumor stage or subtotal gastrectomy. The
non-linear pattern of association between BMI and survival
was observed even when BMI was measured 1 year after
gastrectomy. When we excluded deaths within 1 year after
surgery because of possible reverse causality, in which the
cancer may have already progressed in underweight patients,
the same pattern was observed.

The previous studies investigating the effect of BMI on
gastric cancer have produced conflicting results. Some stud-
ies suggested that BMI at diagnosis did not affect mortality
in patients undergoing resection for gastric cancer [27-32].
Other studies reported that obese patients at the time of diag-
nosis had better long-term survival [15, 16, 33]. However,
those studies had small sample sizes or were confined to
specific groups. Furthermore, patients were categorized into
only two or three BMI groups because of the small sample
size. The current study included a larger cohort than the
previous gastric cancer studies and followed the patients for
a prolonged period. We also considered many variables that
could affect OS and DSS, leading to comprehensive analy-
ses. Our results were consistent with those of previous stud-
ies comparing at-diagnosis BMI vs. post-operative BMI [31]
and early vs. advanced gastric cancers [28, 29]. The current
study confirmed the obesity paradox in gastric cancer.

At a BMI of less than 18.5, hazard ratios for all-cause
death were significantly increased in general population of
both Western and Asians [34, 35]. Our result that under-
weight patients who underwent gastric resection were asso-
ciated with worse survival is consistent with finding general
population.

In this study, we attempted to correct biases found in
other studies about BMI affecting survival. First, cancer inci-
dence is a collider variable, because it is generally caused
by both obesity and other risk factors. We tried to include
all variables influencing survival, and we minimized surgi-
cal confounding factors by limiting enrollment to patients
who underwent curative resection from our well-designed
cohorts. Second, detection bias may occur if two diagnoses
coexisted [36]. To minimize this bias, we also adjusted for
possible confounding variables in all analyses.
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The non-linear pattern was not observed in
patients <40 years for both OS and DSS, whereas those
40-65 years and > 65 years exhibited the non-linear rela-
tionship between BMI and survival. This suggests that
the prognosis of younger patients may be less likely to be
affected by body weight than older patients. However, the
lack of association may also reflect the small sample size and
number of events in the < 40-year subgroup, prohibiting the
demonstration of statistically significant results.

Several reasons have been suggested for why patients
with obesity exhibit a better prognosis in gastric cancer.
One explanation is tumor biology: obese patients tend to
have a less aggressive type of cancer. Obese patients with
endometrial and renal cell cancers were reported to have
predominantly subtypes with a good prognosis [10, 37]. In
gastric cancer, overweight patients were less likely to have
aggressive tumors [33]. Visceral obesity was significantly
associated with decreased lymph node metastasis in colorec-
tal cancer [38]. Our results likewise showed that advanced
stage cancer was less common in patients with a high BML.
Conversely, obesity has been reported to promote perito-
neal dissemination of gastric cancer [30, 39]. Further inves-
tigation is required to clarify this issue. A second reason is
that weight loss can occur after gastrectomy. Overweight
or obese patients may achieve ideal body weight, resulting
in better long-term prognosis after gastrectomy [33]. This
is supported by our results showing the worst outcomes in
underweight patients and the best survival in moderately
obese patients undergoing total gastrectomy, as well as the
best outcomes in overweight patients undergoing subtotal
gastrectomy. A previous study reported that patients who
underwent gastrectomy had reduced cardiovascular mortal-
ity because of significantly reduced body weight and vis-
ceral fat post-operatively [40]. Gastrectomy causes weight
loss because of decreased gastric volume and hormonal
changes [41]. Patients undergoing gastrectomy commonly
have impaired production of ghrelin, which stimulates secre-
tion of growth hormones, increases food intake, and causes
weight gain [42—44]. A third explanation is that excess adi-
pose tissue serves as a nutrient reserve and confers a survival
advantage in times of stress, such as during anti-cancer treat-
ment [45]. Especially after gastrectomy, patients are prone
to malnutrition because of esophagitis, dumping syndrome,
or gastric stasis.

There are several limitations to our study. First, our study
did not consider physical activity or BMI at least 6 months
before diagnosis as covariates, both of which may have
affected BMI at diagnosis. However, other factors that can
affect BMI, including tumor stage, smoking, family history,
and adjuvant chemotherapy, were adjusted for. Second,
lean body mass was not evaluated when BMI was checked.
Because low muscle mass in advanced cancer is common
and is known to be an independent predictor of immobility

@ Springer

and mortality [46], sarcopenia may be more helpful prog-
nostic factor rather than BMI to predict post-operative out-
come in gastric cancer patients. Third, and most importantly,
although low BMI was a poor prognostic factor in the pre-
sent study, gastric cancer itself can cause weight loss—the
so-called “reverse causality” [47]. In general, gastric cancer
patients with weight loss tend to have an advanced tumor
stage [48, 49], which is the strongest prognostic factor for
gastric cancer. To minimize this phenomenon, we performed
subgroup analysis according to tumor stage and the similar
pattern—high mortality in underweight patients and low
mortality in overweight or obese patients—was observed
even in patients with stage Ia and Ib tumors. In addition, we
repeated our analyses excluding patients who died within
1 year after surgery. The previous studies of endometrial
cancer showed that the extent of weight loss correlated
with the initial BMI, such that heavier patients lost more
body weight than lighter patients [50], and post-diagnosis
BMI was less likely to influence survival than pre-diagnosis
BMI [51]. However, that study included only early stage
tumors. When we compared patients with severe weight loss
(weight change > 10%) and those with mild weight loss or
no change (weight change <10%) at 1 year after surgery,
both OS and DSS were significantly different. Further study
is necessary to evaluate associations between post-opera-
tive weight change and survival. Of note, as cancer stage
increased, the lowest risk of death changed from overweight
to obese patients, suggesting that the importance of nutrition
increases with stage in patients with gastric cancer. Simi-
lar pattern was observed, as the extent of gastric resection
increased. Therefore, significance of nutrition should be
emphasized to weight loss—anticipated patients, especially
patients with advanced tumor stage or those undergoing total
gastrectomy.

Our study demonstrated that overweight and mildly obese
status are good prognostic factors for both OS and DSS in
patients with gastric cancer undergoing curative gastrec-
tomy. These conclusions emphasize the risks of weight loss
before and after surgery and remind the importance of nutri-
tion in patients with gastric cancer. Our study also showed
that patients with large change of BMI at 1 year after surgery
tended to have worse OS and DSS than those with small
change of BMI. This suggests that nutritional support after
gastric resection may improve patients’ outcome. A rand-
omized study of intensive nutritional support after gastric
resection may reveal if it improves patients’ short- and long-
term outcomes.
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