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Abstract 

Purpose: Being elevated body mass index (BMI) has been considered a poor prognostic factor in patients with 
cancer. However, studies about the impact of elevated BMI on the survival outcome after cancer surgery have 
conflicting results. This study aimed to evaluate the impact of BMI on long-term postoperative survival outcome 
in a large cohort of Asian population with solid cancers. 
Methods: A total of 33,551 patients who underwent curative-intent surgery for solid cancers between January 
2007 and December 2012 at four hospitals in Taiwan were included. BMI was analyzed using univariate and 
multivariate regression analyses to determine its association with survival outcome. 
Results: With a median follow-up of 43.8 (range, 1–91) months, the rate of all-cause mortality was 21.7% 
(n=7264 patients), while that of cancer-related mortality was 13.4% (n=4499 patients). BMI was a significant 
prognostic factor in multivariate analysis for overall survival (OS) and cancer-specific survival (CSS). The 
adjusted hazard ratio (HR) per kg/m2 was 0.922 (95% confidence interval [CI], 0.916–0.929; P<0.001) and 0.932 
(95% CI, 0.924–0.940; P<0.001) for OS and CSS, respectively. Patients with BMI <17 kg/m2 had the highest 
postoperative mortality risk, with a hazard ratio of 3.8-fold higher for OS and 5.0-fold higher for CSS than those 
with BMI >35 kg/m2.  
Conclusions: This study showed that BMI was positively associated with survival outcome in patients with 
cancer who underwent radical surgery. BMI was an independent prognostic factor and can be used to risk 
stratify patients in Asians with solid cancers. 
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Introduction 
Body mass index (BMI), calculated as body 

weight divided by the square of height, is a simple 
formula to quantify the amount of tissue mass in an 
individual 1. In the healthy population, BMI is used as 
an indicator for predicting the risk for various 

metabolic diseases, cardiovascular events, and 
malignant diseases 2. The association between BMI 
and mortality was frequently described as a U curve, 
with the lowest mortality rate in the population with 
normal weight and highest mortality rate among 
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those who are extremely underweight and 
overweight3. Elevated BMI, defined as >25kg/m2, is 
frequently associated with comorbidities, particularly 
metabolic disease; as such, it has long been considered 
a risk factor for poor outcomes in the general 
population 4, 5. Furthermore, elevated BMI are an 
emergent public health issue because the prevalence 
of being elevated BMI has been rapidly increasing to 
up to 40% in the general population in developed 
countries 6, 7 and because of an almost 3-fold increase 
in the last four decades globally 8.  

 In the general population, elevated BMI has 
been considered a poor prognostic factor in various 
surgical procedures in cancer treatment 9. The death 
rates among patients with cancer whose BMI is ≥40 
kg/m2 has been reported to be up to 50%–60% than 
those with normal weight 9. However, recent studies 
reported that the impact of elevated BMI on survival 
outcome varies among different cancer types. For 
example, elevated BMI is associated with poor 
survival outcome in patients with gastrointestinal 
cancer 9 and prostate cancer 10, while it had a 
protective effect in lung cancer 11.  

 The poor outcome of elevated BMI patients was 
hypothesized to be associated with a high risk of 
postoperative complications and physical stress after 
extensive surgery 12, 13, 14. One national study from 
Japan that included 30,765 patients who underwent 
surgery for gastrointestinal cancer reported that 
elevated BMI patients had more postoperative 
complications and greater postoperative cost than 
those with normal weight 14. However, another 
multi-institute study from the United States that 
included 2,258 patients who underwent major 
intra-abdominal cancer surgery reported that only 
underweight, and not elevated BMI, was an 
independent risk factor for postoperative mortality or 
major complications 15. Recently, an increasing 
number of studies from the Western populations 
supported the phenomenon of “obesity paradox” in 
patients with cancer after radical surgery, that is, 
elevated BMI patients with cancer had a favorable 
outcome after surgery 16, 17.  

The prevalence of elevated BMI and obesity in 
Asian populations is significantly different from that 
in Western counties 18, 19. Even at the same BMI, the 
Asian population frequently presents with higher 
amount of body fat and greater risk of developing 
metabolic disease than the Western population 20. 
Reports on the association of BMI and survival 
outcome in Asian patients with cancer are relatively 
rare 14, 21. Moreover, whether the phenomenon of 
“obesity paradox” observed in the Western 
population can be generalized in the Asian 
population after cancer surgery remains unknown. 

This study aimed to evaluate the impact of BMI on 
long-term postoperative survival outcome in a large 
cohort of patients with solid cancers. 

Materials and Methods 
Patient selection  

A total of 37,288 patients who underwent 
surgery for solid cancers between January 2007 and 
December 2012 at four hospitals affiliated with the 
Chang Gung Memorial Hospital system (CGMH) 
(namely, The Linkou, Keelung, Chiayi, and 
Kaohsiung branches of the CGMH) were included in 
this study. All patients with either pathologically or 
radiographically diagnosed malignancies underwent 
radical resection of their primary cancers with a 
curative intent. Patients who underwent palliative 
resection or bypass surgery, were less than 20 years 
old, with incomplete record for body weight or height 
within 7 days before cancer surgery, and with 
non-melanoma skin cancers or superficial urinary 
bladder cancers were excluded (n=3,737). Finally, 
33,551 patients were included and were categorized 
according to BMI for survival analysis. This study was 
approved by the institutional review boards of all the 
CGMH branches and has been conducted in 
compliance with the Helsinki Declaration (1996). 

Data collection 
The patient’s demographic and clinical data 

including age, sex, body weight, body height, Eastern 
Cooperative Oncology Group (ECOG) performance 
status, mode of admission (outpatient or emergency 
department), cancer history, pre-existing 
comorbidities, anatomic location of the primary 
cancer, histological grade, and clinical stage were 
recorded by primary care clinicians preoperatively 
using a prospectively formulated electronic data form 
from our previous study 22, 23. The tumor stage was 
classified as localized, regional, advanced, and 
unclassified in compliance with the Surveillance, 
Epidemiology, and End Results summary staging 
program 24. Comorbidity was calculated via Charlson 
comorbidity index (CCI) using tabulated electronic 
record forms in compliance with The International 
Classification of Diseases (Ninth Revision) coding 25. 
A modified CCI excluding the scores for patient age 
and cancer type was used in this study. All included 
patients were followed until death or June 30, 2014. 
Overall survival (OS) and cancer-specific survival 
(CSS) were calculated from the time of surgery until 
the date of death from any cause and due to cancer, 
respectively. All dates of death were obtained from 
either the Institutional Cancer Registry or the 
National Registry of Death database in Taiwan.  
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Statistical analysis 
All patients were initially categorized according 

to the World Health Organization (WHO) BMI criteria 
1 for intergroup comparison. Due to the unequal 
distribution of patients among the WHO BMI 
subgroups, all patients were further stratified into 
BMI subgroup by kg/m2 for survival analysis. The 
survival time was calculated using the Kaplan-Meier 
method. Clinical variables for OS and CSS after cancer 
surgery were examined via univariate and 
multivariate logistic regression analyses. The effect of 
BMI on survival was examined using Cox’s 
proportional hazards model. Adjusted hazard ratios 
(HRs) for BMI groups were estimated using 
multivariate Cox regression after adjusting for sex, 
age, ECOG performance status, CCI, admission type, 
primary cancer site, tumor stage, and tumor grade. 
These eight clinicopathologic variables were chosen 
according to our previous study 22 to minimize the 
confounding of postoperative outcome after cancer 
surgery. In our previous publication, we created 5 
cancer groups that showed similar post-operative 
survival22. We used the same stratification to adjust 
for innate OS differences in various cancers. The SPSS 
17.0 software (SPSS Inc., Chicago, IL, USA) was used 
for statistical analysis. All statistical assessments were 

two sided, and a p-value less than 0.05 was 
considered statistically significant.  

Results 
Of the 33,551 patients, the percentages of 

underweight (BMI <18.5 kg/m2), normal weight (BMI 
18.5–25 kg/m2), overweight (BMI 25–30 kg/m2), 
moderately obese (BMI 30–35 kg/m2), and severely 
obese (BMI ≥35 kg/m2) as classified according to the 
WHO criteria were 5.3%, 57.8%, 29.8%, 5.8%, and 
1.3%, respectively. The baseline characteristics of the 
patients included in the study are shown in Table 1. 
An increase in the number of young age, female sex, 
primary tumors originating from the thyroid or 
breast, well-differentiated tumor grade, localized 
tumor stage, better ECOG performance status, 
admission from outpatient department, and high 
numbers of comorbidities was observed in patients 
with increasing WHO BMI categories (all p value 
<0.001). The distribution of patients according to the 
BMI subgroup categorized by kg/m2 is shown in 
Figure 1. The distribution ranged widely from less 
than 14 kg/m2 to more than 40 kg/m2 in our patient 
cohort, with the highest number of patients (n=4,268, 
12.7%) distributed in 23–24 kg/m2 subgroup.  

 

Table 1. Patient’s demographic data according to BMI category 

Variable Category Overall, n (%) Underweight 
(BMI <18.5 
kg/m2) 

Normal 
(BMI 18.5–25 
kg/m2) 

Overweight 
(BMI 25–30 
kg/m2) 

Moderately obese  
(BMI 30–35 
kg/m2) 

Severely obese 
(BMI >35 
kg/m2) 

p 
value 

Overall No (%) 33551 (100) 1792 (5.3) 19397 (57.8) 10000 (29.8) 1942 (5.8) 420 (1.3)  
Age median (IQR) 58 (49-68) 56 (45–70) 57 (48–68) 59 (50-68) 56 (48–66) 50 (42–59) <0.00

1 
Sex male 17595 (52.4) 969 (54.1) 10514 (54.2) 5082 (44.9) 872 (44.9) 158 (37.6) <0.00

1 
  female 15956 (47.6) 823 (45.9) 8883 (45.8) 4918 (55.1) 1070 (55.1) 262 (62.4)  
Primary site of cancer breast + thyroid 5512 (16.4) 182 (10.2) 3040 (15.7) 1777 (17.8) 420 (21.6) 93 (22.1) <0.00

1 
CRC+GYN+GU 14224 (42.4) 672 (37.5) 8149 (42.0) 4365 (43.7) 842 (43.4) 196 (46.7)  

 HN, esophagus, thorax, 
and others 

7949 (23.7) 560 (31.3) 4608 (23.8) 2268 (22.7) 429 (22.1) 84 (20)  

 HPB, stomach, and small 
bowel 

5310 (15.8) 347 (19.4) 3251 (16.8) 1444 (14.4) 228 (11.7) 40 (9.5)  

 CNS 556 (1.7) 31 (1.7) 349 (1.8) 146 (1.5) 23 (1.2) 7 (1.7)  
Tumor grade Well 4845 (14.4) 227 (12.7) 2727 (14.1) 1503 (15.0) 314 (16.2) 74 (17.6) <0.00

1 
 Moderate 15288 (45.6) 860 (48.0) 8874 (45.7) 4520 (45.2) 847 (43.6) 187 (44.5)  
 Poor  7687 (22.9) 438 (24.4) 4521 (23.3) 2210 (22.1) 422 (21.7) 96 (22.9)  
 Unclassified 5731 (17.1) 267 (14.9) 3275 (16.9) 1767 (17.7) 359 (18.5) 63 (15.0)  
Tumor stage Local 18131 (54.0) 786 (43.9) 10384 (53.5) 5625 (56.3) 1101 (56.7) 235 (56.0) <0.00

1 
 Regional 13203 (39.4) 858 (47.9) 7692 (39.7) 3755 (37.6) 734 (37.8) 164 (39.0)  
 Advanced 997 (3.0) 83 (4.6) 601 (3.1) 260 (2.6) 42 (2.2) 11 (2.6)  
 Unclassified 1220 (3.6) 65 (3.6) 720 (3.7) 360 (3.6) 65 (3.3) 10 2.4)  
ECOG performance 
status 

0 13866(41.3) 665 (37.1) 7935 (40.9) 4212 (42.1) 861 (44.3) 193 (46.0) <0.00
1 

 1 13589 (40.5) 735 (41.0) 7910 (40.8) 4074 (40.7) 719 (37.0) 151 (36.0)  
 2 4416 (13.2) 286 (16.0) 2612 (13.5) 1214 (12.1) 245 (12.6) 59 (14.0)  
 3 or 4 1680 (5.0) 106 (5.9) 940 (4.8) 500 (5.0) 117 (6.0) 17 (4.0)  
Admission type Emergency department 4205 (12.5) 326 (18.2) 2660 (13.7) 1028 (10.3) 165 (8.5) 26 (6.2) <0.00

1 
 Outpatient department 29346 (87.5) 1466 (81.8) 16737 (86.3) 8972 (89.7) 1777 (91.5) 394 (93.8)  
CCI  0 23269 (69.4) 1321 (73.7) 13773 (71.0) 6673 (66.7) 1236 (63.6) 266 (63.3) <0.00

1 
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Variable Category Overall, n (%) Underweight 
(BMI <18.5 
kg/m2) 

Normal 
(BMI 18.5–25 
kg/m2) 

Overweight 
(BMI 25–30 
kg/m2) 

Moderately obese  
(BMI 30–35 
kg/m2) 

Severely obese 
(BMI >35 
kg/m2) 

p 
value 

 1 7189 (21.4) 336 (18.8) 3918 (20.2) 2344 (23.4) 483 (24.9) 108 (25.7)  
 2 2128 (6.3) 98 (5.5) 1155 (6.0) 698 (7.0) 150 (7.7) 7 (6.4)  
 ≥3 965 (2.9) 37 (2.0) 551 (2.8) 285 (2.9) 73 (3.8) 19 (4.5)  

IQR, interquartile range; CRC, colorectal cancer; GYN, gynecology; GU, genitourinary; HN, head and neck; HPB, hepato–biliary–pancreatic; CNS, central nervous system; 
ECOG, Eastern Cooperative Oncology Group; CCI, Charlson comorbidity index  

 

 
Fig. 1. Distribution of patients according to body mass index 

 
With a median follow-up of 43.8 (range, 1–91) 

months, the rate of all-cause death was 21.7% 
(n=7,264) and that of cancer-related death was 13.4% 
(n=4,499). The results of univariate and multivariate 
analyses for the clinical variables associated with OS 
and CSS are presented in Table 2. Univariate analysis 
showed that all the 9 preselected variables, namely, 
age, comorbidity, ECOG performance status, primary 
tumor type, admission mode, tumor stage, 
histological grade, sex, and BMI, statistically 
significantly affected OS and CSS. In the multivariate 
analysis, BMI remained the independent prognostic 
factor with the adjusted HR per kg/m2 of 0.922 (95% 
confidence interval [CI], 0.916–0.929; p<0.001) and 
0.932 (95% CI, 0.924–0.940; p<0.001) for OS and CSS, 
respectively. Using the patients with BMI 24–25 
kg/m2 as the reference group, the crude and adjusted 
HR for postoperative survival time among the 
different BMI subgroups are shown in Figure 2. In 
general, patients with low BMI had significantly short 
postoperative survival time in terms of OS and CSS 
than those with high BMI. The significant difference 
in OS and CSS persisted after adjusting for other 

independent clinical variables relevant to the survival 
outcome. The HR was 3.8-fold higher for OS and 
5.0-fold higher for CSS when compared those with 
BMI ≤ 17 kg/m2 and those with >35 kg/m2.  

Figure 3 shows the mortality rates (3A) and 
tumor recurrent rates (3B) among the patients 
according to the BMI subgroups. The postoperative 
1-year, 2-year, and 3-year overall mortality rate and 
cancer-specific mortality rate of all patients were 6.8%, 
14.3%, and 22.3% and 4.4%, 8.1%, and 10.6%, 
respectively. Patients with BMI <17 kg/m2 had the 
highest postoperative 1-year (12.0%), 2-year (32.6%), 
and 3-year (51.4%) mortality rate, while the low 
postoperative mortality rates were noted among those 
with high BMI subgroups. Similarly, patients with 
BMI <17 kg/m2 had the highest postoperative 1-year 
(19.4%), 2-year (33.9%), and 3-year (45.7%) recurrent 
rate, while the low postoperative recurrent rates were 
noted among those with high BMI subgroups.  

Figure 4 show the impact of BMI on overall 
survival (OS) in different patient groups stratified by 
gender (4A), age (4B), tumor stage (4C), and tumor 
subtypes (4D). Overall, patients with lower BMI had 
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poorer OS compared to those of higher BMI, 
independent of gender, age, and tumor stages. 
Furthermore, patients of lower BMI with cancers of 
head and neck, intra-thoracic and intra-abdominal 
origins had poorer OS; however, those of lower BMI 
with breast, thyroid and central nervous system 

cancers did not show such impact. The detail HRs for 
overall survival and different patient groups stratified 
by gender, age, tumor stage, and tumor sites 
according to WHO body mass index are show in 
Table 3.  

 
 

Table 2. Univariate and multivariate analysis for overall and cancer-specific survival 

Variable Category Overall survival  Cancer-specific survival 
  Univariate Multivariate  Univariate Multivariate 
  HR (95% CI) P Adjusted HR (95% 

CI) 
P  HR (95% CI) P Adjusted HR (95% CI) P 

Age Per year 1.027 (1.026–1.029) <0.001 1.018 (1.017–1.020) <0.001  1.019 (1.017–1.021) <0.001 1.006 (1.004–1.008) <0.001 
CCI Per scale 1.338 (1.309–1.368) <0.001 1.064 (1.035–1.093) <0.001  1.252 (1.214–1.291) <0.001 1.029 (0.994–1.065) 0.11 
ECOG Per scale 1.637 (1.598–1.677) <0.001 1.321 (1.24–1.359) <0.001  3.060 (2.923–3.204) <0.001 2.346 (2.228–2.470) <0.001 
Primary tumor site Breast or thyroid 1  1   1  1  

CRC + GYN +GU 2.827 (2.537–3.151) <0.001 1.916 (1.712–2.146) <0.001  2.843 (2.466–3.279) <0.001 2.168 (1.876–2.507) <0.001 
 HN, esophagus, 

thorax, and others 
6.078 (5.437–6.794) <0.001 4.139 (3.679–4.657) <0.001  5.289 (4.585–6.101) <0.001 5.275 (4.563–6.098) <0.001 

 HBP, stomach, 
Small bowel  

4.866 (4.362–5.428) <0.001 4.157 (3.693–4.680) <0.001  7.022 (6.076–8.115) <0.001 5.959 (5.144–6.904) <0.001 

 CNS  12.09 (10.39–14.05) <0.001 7.687 (6.563–9.003) <0.001  11.99 (9.831–14.62) <0.001 9.781 (7.984–11.98) <0.001 
Admission mode Outpatient 

department 
1  1   1  1  

 Emergency 
department 

2.130 (2.014–2.252) <0.001 1.371 (1.294–1.453) <0.001  2.093 (1.949–2.248) <0.001 1.195 (1.109–1.288) <0.001 

Tumor stage Local 1  1   1  1  
 Regional 

(localized) 
2.266 (2.156–2.382) <0.001 2.282 (2.169–2.401) <0.001  2.623 (2.458–2.799) <0.001 2.730 (2.556–2.917) <0.001 

 Distant 
metastases  

3.779–4.616 <0.001 4.181 (3.777–4.629) <0.001  5.303 (4.701–5.983) <0.001 5.315 (4.702–6.009) <0.001 

 Unclassified  1.935 (1.729–2.165) <0.001 2.197 (1.956–2.467) <0.001  2.096 (1.812–2.425) <0.001 2.073 (1.786–2.408) <0.001 
Tumor grade Well 1  1   1  1  
 Moderately  1.522 (1.403–1.651) <0.001 1.536 (1.413–1.670) <0.001  1.729 (1.551–1.927) <0.001 1.782 (1.596–1.991) <0.001 
 Poorly or 

undifferentiated  
2.306 (2.120–2.509) <0.001 2.350 (2.152–2.566) <0.001  2.652 (2.372–2.966) <0.001 2.554 (2.274–2.87) <0.001 

 Unclassified  1.289 (1.172–1.418) <0.001 1.379 (1.247–1.525) <0.001  1.430 (1.261–1.622) <0.001 1.484 (1.301–1.694) <0.001 
Sex Female 1  1   1  1  
 Male  1.893 (1.804–1.987) <0.001 1.178 (1.148–1.208) <0.001  1.380 (1.339–1.424) <0.001 1.174 (1.137–1.212) <0.001 
BMI Per kg/m2  0.907 (0.901–0.913) <0.001 0.922 (0.916–0.929) <0.001  0.906 (0.899–0.914) <0.001 0.932 (0.924–0.940) <0.001 

CCI, Charlson comorbidity index; ECOG, Eastern Cooperative Oncology Group; CRC, colorectal cancer; GYN, gynecology; GU, genitourinary; HN, head and neck; HPB, 
hepato–biliary–pancreatic; CNS, central nervous system; BMI, body mass index 

 
 

Table 3. Hazard ratio for overall survival and different patient groups stratified by gender, age, tumor stage, and tumor sites according to 
WHO body mass index (patients with normal weight were used as the reference group) 

Category, HR (95% CI) Underweight 
(BMI <18.5 kg/m2) 

Normal weight 
(BMI 18.5~25 kg/m2) 

Overweight 
(BMI 25-30 kg/m2) 

Moderately obese 
(BMI 30~35 kg/m2) 

Severely obese 
(BMI > 35 kg/m2) 

Overall cohort 2.19 (2.03–2.36)** 1 0.68 (0.64–0.72)** 0.48 (0.42–0.55)** 0.48 (0.36–0.63)** 
Male 2.16 (1.97–2.37)** 1 0.61 (0.56–0.65)** 0.43 (0.36–0.52)** 0.55 (0.37–0.80)* 
Female 2.31 (2.02–2.63)** 1 0.87 (0.80-0.95)* 0.63 (0.52-0.77)** 0.53 (0.35-0.80)* 
Age <70 2.49 (2.28–2.72)** 1 0.69 (0.64–0.74)** 0.46 (0.39–0.54)** 0.51 (0.37–0.70)** 
Age ≥70 1.74 (1.47–2.06)** 1 0.64 (0.57–0.72)** 0.58 (0.44–0.75)** 0.74 (0.39–1.43) 
Tumor stage: Local 2.40 (2.12–2.71)** 1 0.71 (0.65–0.78)** 0.58 (0.48–0.70)** 0.49 (0.32–0.74)* 
Tumor stage: Regional 1.98 (1.76–2.24)** 1 0.68 (0.61–0.74)** 0.39 (0.31–0.50)** 0.45 (0.26–0.77)* 
Tumor stage: Distant 1.62 (1.32–1.98)** 1 0.73 (0.61–0.86)** 0.59 (0.40–0.87)* 0.55 (0.25–1.23) 
Tumor stage: Unclassified 1.49 (1.17–1.90)* 1 0.67 (0.57–0.79)** 0.37 (0.24–0.58)** 0.77 (0.37–1.62) 
Tumor site: Breast or thyroid 1.51 (0.92–2.48) 1 0.99 (0.80–1.25) 0.73 (0.46–1.14) 0.66 (0.24–1.76) 
Tumor site: CRC + GYN +GU 1.85 (1.60–2.13)** 1 0.70 (0.64–0.77)** 0.54 (0.44–0.67)** 0.71 (0.49–1.04) 
Tumor site: HN, esophagus, thorax, and others 2.34 (2.07–2.64)** 1 0.69 (0.62–0.76)** 0.44 (0.34–0.57)** 0.19 (0.08–0.45)** 
Tumor site: HBP, stomach, Small bowel 2.05 (1.77–2.37)**  1 0.67 (0.59–0.75)** 0.55 (0.41–0.74)** 0.70 (0.38–1.31) 
Tumor site: CNS 0.67 (0.40–1.13) 1 0.67 (0.51–0.88)* 0.57 (0.29–1.11) 0.37 (0.09–1.48) 

CRC, colorectal cancer; GYN, gynecology; GU, genitourinary; HN, head and neck; HPB, hepato–biliary–pancreatic; CNS, central nervous system; BMI, body mass index 
(* indicated P<0.01, ** indicated P<0.001) 
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Fig. 2. Crude and adjusted hazard ratio for cancer-specific survival (CSS) (2A) and overall survival (OS) (2B) according to body mass index (patients with BMI 
24–25kg/m2 were used as the reference group) 

 

 
Fig. 3. Postoperative 1-year, 2-year, and 3-year overall mortality rate (3A) and tumor recurrent rate (3B) according to body mass index 
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Fig. 4. The impact of body mass index on overall survival (OS) in different patient groups stratified by gender (4A), age (4B), tumor stage (4C), and tumor subtypes 
(4D) (patients with BMI 24–25kg/m2 were used as the reference group) 

 

Discussion 
This multi-center study included a large patient 

cohort with various types of solid cancer during a 
6-year period. BMI was identified as an independent 
prognostic factor for OS and CSS after cancer surgery. 
Moreover, we found a positive association between 

BMI and long-term survival outcome, with the worse 
outcome in underweight patients and best outcome in 
elevated BMI patients. Notably, a 3.8-fold increased 
risk of overall mortality and a 5-fold increased risk of 
cancer-specific mortality was observed in patients 
with BMI ≤17 kg/m2 compared to those with BMI >35 
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kg/m2. In line with the phenomenon of “obesity 
paradox” reported from Western countries 16, 17, we 
confirmed that BMI had a protective effect on 
long-term survival outcomes in Asian population 
after cancer surgery. 

 Radical surgery is the optimal curative modality 
for patients with solid cancers. However, such 
intensive treatment modality leads to high morbidity 
and mortality rate in patients with cancer, particularly 
in those who are medically unfit or frail 22, 26-28. 
Elevated BMI and obesity is frequently associated 
with several medical comorbidities; as such, obesity 
had long been considered a poor prognostic factor for 
cancer surgery 9. By contrast, our study identified 
elevated BMI as a positive prognostic variable for 
patients who underwent cancer surgery. In addition 
to BMI, our study also identified that the surgical 
outcome of patients with cancer was influenced by 
multiple factors such as patient’s characteristics (age, 
sex, comorbidity, performance, and admission mode) 
and tumor features (primary tumor location, stage, 
and grade). Patients with high BMI in our patient 
cohort were more likely to present with other good 
prognostic factors, including young age, female sex, 
well-differentiated tumor grade, localized tumor 
stage, better ECOG performance status, and 
admission from outpatient department as compared 
to those patients with low BMI. A selection bias 
regarding which elevated BMI patients were offered 
the radical surgery might partially explain the 
difference of patient distribution in terms of clinical 
presentation. However, the BMI remained an 
important independent prognostic factor after 
adjustment for other confounding factors in the 
multivariate model in our study.  

Studies regarding the impact of the BMI on 
survival outcome after cancer surgery have reported 
conflicting results. Early studies showed that obesity 
was associated with high risk for postoperative 
complications after surgery for urologic 29, gastric 30, 
and pancreatic cancer 31. Several prospective studies 
subsequently demonstrated that obesity alone is not a 
risk factor for perioperative morbidity or mortality 15, 

32-33. This concept was further confirmed by another 
large-scale study that included 529,955 patients who 
underwent major cancer resection from the American 
College of Surgeons National Surgical Quality 
Improvement Program database during 2005–2012 34. 
Consistent with previously published reports, our 
study showed that obesity was not a negative 
prognostic factor for postoperative mortality. 
Inversely, elevated BMI was significantly associated 
with lower postoperative mortality rate than those 
with underweight. As such, obese patients should be 
treated with the aim for standard oncologic procedure 

without being hindered by a misleading perception of 
prohibitively increased postoperative morbidity or 
mortality 17.  

Patients who are extremely underweight 
undergoing cancer surgery had the poorest survival 
outcome compared with extremely obese patients. 
The underweight status represented the underlying 
malnourish state 15, a recent significantly body weight 
loss due to advanced tumor burden, and loss of 
skeletal mass due to muscle wasting 35, 36, all of which 
are well-known risk factors for adverse surgical 
outcomes and poor reserve for antitumor treatment 37. 
Furthermore, the malnourished state might lead to 
impaired immunologic response and compromised 
antitumor response 38. Conversely, obese patients 
might have a better nutritional reserve to cope with 
the stress of cancer and antitumor treatment. After the 
first article published in 1999 describing the 
phenomenon of the “obesity paradox,” which 
suggested a survival advantage for obese patients 
undergoing hemodialysis 39, increasing number of 
studies supported that elevated BMI is “protective” 
factor for mortality and other adverse events in 
patients with respiratory failure 40, congestive heart 
failure 41, and coronary artery disease undergoing 
percutaneous coronary intervention 42. Thus, the 
“obesity paradox” appears to be a common 
phenomenon in several diseases. Patients with better 
nutrition, excessive fat, and surplus calories might 
have better tolerance for antitumor therapy, therefore 
partially conferring some survival advantage 43. 
However, the real reason for the phenomenon is still 
uncertain.  

The association between survival outcome and 
BMI is frequently reported as reverse “J” shape 14 or 
“U” shape 3 and indicates a higher mortality rate 
among patients with extreme obesity compared with 
those with normal weight. Patients with extreme 
obesity are more likely to present with more advanced 
tumor stage that directly affects the survival outcome 
but did not increase the rate of postoperative 
complications 44. Furthermore, the prevalence of 
obesity was significantly different between Western 
and Asian population. For example, nearly 1 in every 
3 adults is obese (BMI >30 kg/m2) and 1 in every 20 
adults is morbidly obese (BMI >40 kg/m2) in the 
general population in the United States. In our patient 
cohort, the majority of patients (87.6%) was 
categorized as normal or overweight (BMI, 18.5–30 
kg/m2), while only 6.7% and 0.3% of our patients 
were categorized as obese and morbidly obese, 
respectively. Due to the relative rarity of morbidly 
obese patients, we were unable to demonstrate the 
association of survival outcome and BMI with a 
reverse “J” shape or “U” shape in our patient cohort 
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as that in Western countries. A “U shape” survival 
curve association between BMI and all-cause 
mortality had been reported among elderly 
population in Korea45. Small numbers of patients with 
obese in our patient cohort might the main reason for 
the absence of U shape survival curve in our study. 
Our result is insufficient to draw conclusion in the 
morbid obese group because of a lack of sufficient 
number of cases. The impact of morbid obesity (BMI 
>40 kg/m2) on survival outcome after cancer surgery 
in the Asian population still needs further studies.  

This observational cohort study evaluated the 
impact of BMI on OS and CSS outcomes after cancer 
surgery. The other important clinicopathologic 
variables that potentially influence postoperative 
outcome were prospectively identified and adjusted 
to minimize the confounding factors for the survival 
analysis in our study. The strength of our study 
included the large number of patients from multiple 
institutions across Taiwan within a 6-year period. 
However, this study also has several limitations as 
follows. First, selection bias might exist as this was a 
retrospective study and high BMI was associated with 
young age, excellent ECOG status, and better 
prognostic characteristics of tumor than those in the 
low BMI. Radical cancer surgery might be deferred 
among extremely obese patients to avoid 
postoperative complication; therefore, the true 
postoperative mortality risk may be underestimated 
in such patient group. Second, the short-term 
postoperative complication might influence the 
survival outcome in patients who underwent cancer 
surgery. Unfortunately, we were unable to 
demonstrate the associations between perioperative 
morbidity and BMI because these complications were 
not included at the time of data analysis. Third, the 
survival outcome might be influenced by the efficacy 
and toxicity of postoperative adjuvant treatment. 
Because we did not include postoperative 
chemotherapy in our analysis, we therefore listed this 
as one possible limitation in our study even though 
lower doses46 and poorer tolerance47 of the patients 
with elevated BMI may suggest poorer outcome. 
Forth, the smoking status of our patient cohort, which 
possible impact survival outcome, was not available. 
Finally, the use of single BMI assessment at the time 
before cancer surgery might not properly represent 
the patient’s constant BMI, whereas BMI plus the 
percentage of recent weight loss might better enhance 
the clinical value than BMI alone in determining the 
prognosis of patients with cancer 37. A prospective, 
comprehensive study would be helpful to address 
these issues.  

In conclusion, this study showed a positive 
association of BMI and long-term survival outcome in 

patients with cancer who underwent radical surgery. 
BMI was found to be an independent prognostic 
factor and can be used to risk stratify patients in 
Asians with solid cancers.  
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