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Purpose. This study investigated how body mass index (BMI) affects the
prognosis of stage II or III colon cancer.

Methods: In a retrospective review, we examined 1437 patients who un-
derwent surgical treatment for colorectal adenocarcinoma at Taipei Medi-
cal University Shuang-Ho Hospital from January 2010 to December 2019.
Ultimately, 697 patients with stage II or III colon cancer who underwent
curative resection were included in this study. These patients were divided
into four groups based on their BMI according to the corresponding World
Health Organization definitions. The primary outcomes assessed were
overall survival and disease-free survival (DFS).

Results. The patients were categorized as follows: underweight (56 pa-
tients, 8.0%), healthy weight (361 patients, 51.8%), overweight (224 pa-
tients, 32.1%), and obese (56 patients, 8.0%). In the multivariate analysis
of DFS, overweight patients exhibited the most favorable prognoses. Ad-
ditionally, poor prognostic factors were older age, lymphovascular inva-
sion, perineural invasion, positive surgical margin, and advanced AJCC
stage.

Conclusions. Among a sample of patients with stage II or III colon cancer
who underwent curative resection, overweight (BMI 25-29.9) demonst-
rated to be a favorable prognostic factor for DFS.

[J Soc Colon Rectal Surgeon (Taiwan) 2024,;35:132-140]

Colon adenocarcinoma is a major global health
concern, and surgical resection is the standard
treatment for stage I to stage I1I colon adenocarcinoma
according to the American Joint Committee on Cancer
(AJCC).' Regarding the long-term survival of patients
with colon cancer, adjuvant chemotherapy also plays a
key role in the treatment of stage II or I1I colon cancer.
Therefore, whether patients can undergo a complete
course of adjuvant chemotherapy and tolerate chemo-
therapy toxicity is a critical determinant of prognosis.

Regardless of whether chemotherapy has been ad-
ministered, several factors influencing the prognosis
of colon cancer have been identified.>* However, re-
garding the effect of body mass index (BMI) on the
prognosis of colon cancer, a consensus is yet to be
reached. It has been well-established that obesity ex-
erts a detrimental impact on many diseases, including
many cancers.”” In addition, studies have suggested
that being underweight constitutes a risk factor for
poor prognosis.®® Hence, this study investigated which
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of the underweight, normal weight, overweight, and
obese groups of a sample of patients categorized on
the basis of their BMI exhibited the most favorable
prognosis and examined the factors influencing the
prognoses of stage II and stage I1I colon cancers.

Materials and Methods
Patients

We reviewed 1437 consecutive patients who un-
derwent curative resection for colorectal adenocar-
cinoma from January 2010 to December 2019 at Tai-
pei Medical University Shuang-Ho Hospital. Patients
with stage [ or stage IV cancer, with carcinoma in situ,
with a follow-up period of less than 30 days, with syn-
chronous cancer, or with R2 resection were excluded.
The TNM staging system of the AJCC (AJCC/UICC
8th Edition) was used for staging. After exclusion
based on the aforementioned criteria, 697 patients
were eligible for analysis (Fig. 1). These patients were
divided into the aforementioned four BMI groups ac-
cording to the 2010 World Health Organization defi-
nitions: BMI of less than 18.5: underweight; BMI of
18.5-24.9: normal; BMI of 25-29.9: overweight; BMI

1437 patients underwent
resection of colorectal
adenocarcinoma

(January 2010-December
2019).

of more than 30: obese. From medical charts, we col-
lected patients’ demographic and histopathologic cha-
racteristics, including age at diagnosis, sex, emergency
surgery, surgical method, preoperative carcinoem-
bryonic antigen (CEA) level, tumor size, lymphovas-
cular invasion (LVI), perineural invasion (PNI), tu-
mor grading, tumor location, AJCC stage, number of
lymph nodes harvested, adjuvant chemotherapy, sur-
gical margin, and follow-up time (Table 1).

Outcomes

Overall survival (OS) and disease-free survival
(DFS) were the primary outcomes. OS was defined as
the time from primary tumor resection to death from
any cause, and DFS was defined as the time from pri-
mary tumor resection to the first cancer recurrence
confirmed by radiology or pathology or death from
any cause.

Statistical analysis

Continuous variables are presented as medians
(Q1-Q3) resulting from the skewed distribution con-
firmed by Kolmogorov-Smirnov and Shapiro-Wilk
tests, and comparisons were made using the Kruskal-

697 patients were eligible for
analysis.

740 patients were excluded:
-Stage | cancer (183 patients)
-Stage IV cancer (170 patients)
-Rectal cancer (296 patients)
-Follow-up < 30 days (52 patients)
-Synchronous cancer (9 patients)
-Noncurable resection (5 patients)
-Carcinoma in situ (25 patients)

Fig. 1. Flow diagram of colorectal cancer patients analyzed in this study.
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Wallis test. Comparisons of categorical variables were
made using the chi-squared test. Kaplan-Meier curves
were generated to compare OS and DFS according to
patients’ BMIs. Univariate analysis was performed
through Cox regression with hazard ratios (HRs), and
95% confidence intervals (Cls) were estimated to de-
termine the risks of survival outcomes. Variables that
might influence DFS (those with p < 0.2 in univariate
analysis) were all included to subsequent multivariate
analysis to minimize the inter-variable interference. A
p value of <0.05 was considered statistically significant.

Table 1. Characteristics of all patients

Results
Clinical and pathological characteristics

After the exclusion of ineligible patients, 697 pa-
tients were classified into four groups: underweight
(56 patients, 8.0%), normal (361 patients, 51.8%),
overweight (224 patients, 32.1%), and obese (56 pa-
tients, 8.0%). The patient characteristics are listed in
Table 1. We found that patients with lower BMI were
more likely to be female and had higher rates of emer-

Characteristic Underweight Normal Overweight Obese » value
(n=56) (n=1361) (n=224) (n=56)

Age (years) 71 (59.25-81.75) 67.0 (58.0-77.5) 66.0 (58.0-75.8) 64.0 (57.0-68.0) 0.06

Sex, male, n (%) 23 (41.1%) 186 (51.5%) 139 (62.1%) 33 (58.9%) 0.01

Emergency surgery, n (%) <0.01
Elective surgery 42 (70.0%) 339 (87.4%) 213 (89.9%) 54 (90.0%)
Emergency surgery 18 (30.0%) 49 (12.6%) 24 (10.1%) 6 (10.0%)

Surgical method, n (%) <0.01
Open surgery 38 (63.3%) 171 (44.1%) 94 (39.7%) 22 (36.7%)
Minimally invasive surgery 22 (36.7%) 217 (55.9%) 143 (60.3%) 38 (63.3%)

Carcinoembryonic antigen 5.9(2.0-17.3) 4.4 (2.1-12.2) 4.0 (2.2-10.5) 5.2(2.2-9.4) 0.98

Tumor size (cm) 5.4 (3.9-7.0) 4.6 (3.5-6.1) 4.4 (3.4-5.5) 4.5 (3.2-6.0) 0.03

Lymphovascular invasion, n (%) 35 (58.3%) 226 (58.2%) 126 (53.4%) 31 (51.7%) 0.57

Perineural invasion, n (%) 35 (58.3%) 182 (47.0%) 103 (43.6%) 21 (35.0%) 0.06

Tumor grade, n (%) 0.25
Grade 1-2 55 (91.7%) 359 (93.0%) 227 (96.6%) 56 (93.3%)

Grade 3-4 5(8.3%) 27 (7.0%) 8 (3.4%) 4 (6.7%)

Location® 0.046
Left side, n (%) 32 (57.1%) 217 (60.1%) 158 (70.5%) 38 (67.9%)

Right side, n (%) 24 (42.9%) 144 (39.9%) 66 (29.5%) 18 (32.1%)

T stage, n (%) 0.89

T1 1 (1.7%) 9 (2.3%) 8 (3.4%) 2 (3.3%)
T2 1 (1.7%) 23 (5.9%) 11 (4.6%) 5(8.3%)
T3 43 (71.7%) 261 (67.3%) 163 (68.8%) 40 (66.7%)

T4 15 (25.0%) 95 (24.5%) 55 (23.2%) 13 (21.7%)

N stage, n (%) 0.54
NO 30 (50.0%) 147 (37.9%) 84 (35.4%) 21 (35.0%)

N1 19 (31.7%) 159 (41.0%) 96 (40.5%) 25 (41.7%)
N2 11 (18.3%) 82 (21.1%) 57 (24.1%) 14 (23.3%)

American Joint Committee on cancer stage, n (%) 0.21
I 30 (50.0%) 147 (37.9%) 84 (35.4%) 21 (35.0%)

111 30 (50.0%) 241 (62.1%) 153 (64.6%) 39 (65.0%)

Adjuvant chemotherapy, n (%) 31 (51.7%) 253 (65.2%) 161 (67.9%) 46 (76.7%) 0.29

Surgical margin, No. of positive, n (%) 8 (13.3%) 35 (9.0%) 18 (7.7%) 5(8.3%) 0.58

Follow time (month) 26.37 (11.2-60.1) 35.9 (16.6-62.1) 34.6 (15.2-61.1) 39.6 (18.4-60.7) 0.45

* Primary tumors located at the cecum, ascending colon, or transverse colon were defined as right sided, whereas primary tumors
located at the splenic flexure, descending colon, or sigmoid colon were defined as left sided.
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gency surgery and open surgery, larger tumor size,
and a higher rate of right-side colon cancer. Owing to
the evident differences between underweight and the
other groups, we excluded the underweight patients
for the purpose of a comprehensive reassessment of
patient attributes (Table 2). After the exclusion of un-
derweight patients, the patients with lower BMI were
still more likely to be female and to have right-sided
colon cancer (p =0.04 and 0.03, respectively; Table 2).

Survival analyses

Kaplan-Meier curves revealed poorer survival rates

of underweight patients and better survival rates of
overweight patients in OS or DFS among the four
BMI groups (Figs. 2 and 3, p = 0.01 and p < 0.01).
Further survival analyses of recurrent risks (shorter
DFS) were performed using Cox regression (Table 3).
In the univariate analysis, the risk factors for shorter
DFS were older age (for every 1 additional year in
age, HR: 1.02, 95% CI: 1.01-1.03, p < 0.01), emer-
gency surgery (HR: 1.74, 95% CI: 1.11-2.71, p=0.02),
open surgery (HR: 1.40, 95% CI: 1.02-1.92, p =0.04),
high preoperative CEA level (for every 1-ng/mL addi-
tion in CEA level, HR: 1.01, 95% CI: 1.00-1.01, p =
0.01), LVI (HR: 1.83, 95% CI: 1.31-2.56, p < 0.01),

Table 2. Characteristics of patients after exclusion of the underweight group

Characteristic Normal (n=361)  Overweight (n =224) Obese (n = 56) p value
Age (years) 67.0 (58.0-77.5) 66.0 (58.0-75.8) 64.0 (57.0-68.0) 0.19
Sex, male, n (%) 186 (51.5%) 139 (62.1%) 33 (58.9%) 0.04
Emergency surgery, n (%) 0.61

Elective surgery 339 (87.4%) 213 (89.9%) 54 (90.0%)

Emergency surgery 49 (12.6%) 24 (10.1%) 6 (10.0%)

Surgical method, n (%) 0.54

Open surgery 171 (44.1%) 94 (39.7%) 22 (36.7%)

Minimally invasive surgery 217 (55.9%) 143 (60.3%) 38 (63.3%)
Carcinoembryonic antigen 4.4 (2.1-12.2) 4.0 (2.2-10.5) 5.2(2.2-94) 0.92
Tumor size (cm) 4.6 (3.5-6.1) 4.4 (3.4-5.5) 4.5 (3.2-6.0) 0.27
Lymphovascular invasion, n (%) 226 (58.2%) 126 (53.4%) 31 (51.7%) 0.59
Perineural invasion, n (%) 182 (47.0%) 103 (43.6%) 21 (35.0%) 0.13
Tumor grade, n (%) 0.16

Grade 1-2 359 (93.0%) 227 (96.6%) 56 (93.3%)
Grade 3-4 27 (7.0%) 8 (3.4%) 4 (6.7%)
Location® 0.03
Left side, n (%) 217 (60.1%) 158 (70.5%) 38 (67.9%)
Right side, n (%) 144 (39.9%) 66 (29.5%) 18 (32.1%)
T stage, n (%) 0.82
Tl 9 (2.3%) 8 (3.4%) 2 (3.3%)
T2 23 (5.9%) 11 (4.6%) 5(8.3%)
T3 261 (67.3%) 163 (68.8%) 40 (66.7%)
T4 95 (24.5%) 55 (23.2%) 13 (21.7%)
N stage, n (%) 0.97
NO 147 (37.9%) 84 (35.4%) 21 (35.0%)
N1 159 (41.0%) 96 (40.5%) 25 (41.7%)
N2 82 (21.1%) 57 (24.1%) 14 (23.3%)
American Joint Committee on cancer stage, n (%) 0.89
I 147 (37.9%) 84 (35.4%) 21 (35.0%)
111 241 (62.1%) 153 (64.6%) 39 (65.0%)
Adjuvant chemotherapy, n (%) 253 (65.2%) 161 (67.9%) 46 (76.7%) 0.18
Surgical margin, No. of positive, n (%) 35 (9.0%) 18 (7.7%) 5 (8.3%) 0.56

Follow time (month)

35.9 (16.6-62.1)

34.6 (15.2-61.1) 39.6 (18.4-60.7) 0.72

 Primary tumors located at the cecum, ascending colon, or transverse colon were defined as right sided, whereas primary tumors
located at the splenic flexure, descending colon, or sigmoid colon were defined as left sided.
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Fig. 2. Kaplan-Meier curves of OS of patients in the four

BMI groups.
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Fig. 3. Kaplan-Meier curves of DFS of patients in the four

BMI groups.

Table 3. Univariate and multivariate analyses for DFS in the BMI groups conducted using Cox proportional hazards regression

Univariate analysis (N = 697)

Multivariate analysis® (N = 697)

Characteristic
HR (95% CI) p value HR (95% CI) p value
BMI <0.01 0.03
Normal 1 1
Underweight 2.02 (1.30-3.14) 1.61 (0.83-3.11)
Overweight 0.71 (0.49-1.01) 0.68 (0.46-1.01)
Obese 0.96 (0.55-1.65) 1.36 (0.78-2.38)
Age (for every 1 additional year in age) 1.02 (1.01-1.03) <0.01 1.02 (1.01-1.04) <0.01
Sex
Male 1
Female 1.14 (0.85-1.53) 0.38
Emergency surgery 0.02 0.76
Elective surgery 1 1
Emergency surgery 1.74 (1.11-2.71) 1.11 (0.57-2.16)
Surgical method 0.01 0.02
Minimally invasive surgery 1 1
Open surgery 1.63 (1.11-2.40) 1.53 (1.08-2.16)
CEA (for every 1 ng/mL additional in CEA) 1.01 (1.00-1.01) <0.01 1.00 (0.998-1.01) 0.32
LVI <0.01 0.02
LVI(-) 1 1
LVI (+) 1.83 (1.34-2.50) 1.57 (1.09-2.26)
PNI <0.01 <0.01
PNI(-) 1 1
PNI (+) 2.09 (1.55-2.81) 1.74 (1.24-2.42)
Surgical margin <0.01 <0.01
RO resection 1 1
RI resection 2.78 (1.87-4.14) 2.06 (1.26-3.36)
Tumor grade 0.61
Grade 1-2 1
Grade 3-4 1.17 (0.65-2.10)
AJCC stage <0.01 <0.01
I 1 1
I 2.20(1.57-3.10) <0.01 1.75 (1.17-2.62)
Tumor size (for every additional 1 cm) 1.02 (0.96-1.09) 0.49
Adjuvant chemotherapy 0.73
No 1
Yes 1.06 (0.77-1.46)

# Only variables with p < 0.2 in the univariate analysis were included in the multivariate analysis.
BMI, body mass index; LVI, lymphovascular invasion; PNI, perineural invasion.
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PNI (HR: 2.08, 95% CI: 1.51-2.87, p <0.01), positive
surgical margin (HR: 2.80, 95% CI: 1.84-4.28, p <
0.01), and advanced AJCC stage (HR: 2.20, 95% CI:
1.57-3.10, p <0.01). In the multivariate analysis, BMI
still influenced DFS significantly (p = 0.03); specifi-
cally, the overweight patients had a relatively low risk
of poor prognosis (HR: 0.68, 95% CI: 0.46-1.01),
while underweight showed to be associated with poorer
prognosis (HR: 1.61, 95% CI: 3.11). Other risk factors
were older age (for every 1 additional year in age, HR:
1.02,95% CI: 1.01-1.04, p <0.01), open surgery (HR:
1.53,95% CI: 1.08-2.16, p = 0.02), LVI (HR: 1.57,
95% CI: 1.09-2.26, p=0.02), PNI (HR: 1.74, 95% CI:
1.24-2.42, p < 0.01), positive surgical margin (HR:
2.06, 95% CI: 1.26-3.36, p < 0.01), and advanced
AJCC stage (HR: 1.75, 95% CI: 1.17-2.62, p < 0.01).

Discussion

This study analyzed more than 600 patients who
underwent curative resection for stage Il or Il colon
cancer and had a median follow-up time of nearly 3
years (35.5 months). The multivariate analysis dem-
onstrated that overweight was a favorable prognostic
factor for DFS (Table 3). In addition, we discovered
poor prognostic factors for DFS in patients with stage
II or III colon cancer, including older age, LVI, PNI,
positive surgical margin, and advanced AJCC stage;
this finding was consistent with those of previous stu-
dies.”

High BMI and obesity have been recognized to
have negative effects on colorectal cancer and other
malignancies.”’ Other studies have revealed that BMI
indicating underweight is a risk factor for poor prog-
nosis in patients with colorectal cancer;® this finding
is compatible with our study results (Figs. 2 and 3, Ta-
ble 3). We assumed two theories behind this phenom-
enon: First, underweight patients may already be ex-
periencing cancer cachexia resulting from significant
tumor burden-induced weight loss. These patients were
not staged as stage IV at the time of surgery, but they
exhibited poorer DFS compared to other patients in the
same stage. This difference may suggest the presence
of occult metastasis. Second, underweight patients

may be in a state of malnutrition, rendering them rela-
tively incapable of tolerating a full course of adjuvant
chemotherapy following curative surgery. Another
study assumed that patients who are obese or over-
weight may experience relatively low chemotherapy
toxicity, which results in higher compliance and more
favorable outcomes compared with underweight pa-
tients.'* In our study, we also demonstrated that under-
weight patients tend to be older, have a larger tumor
size, and have a lower proportion of those undergoing
adjuvant chemotherapy compared with patents in the
other groups (Table 1).

After the exclusion of the underweight group, most
of the variables were consistent across all the groups,
except for sex and tumor side (Table 2). Colon cancer
is more prevalent in men,'" and accordingly, men con-
stituted a larger proportion in each group in this study.
This male predominance was most pronounced in the
overweight group (p = 0.04). According to previous
studies,'*"* the average BMI for men is approximately
24 kg/m?, with a difference of 1-3 kg/m?* compared
with women. Consequently, the significantly higher
proportion of men in the overweight group in this study
was expected. Additionally, because this study included
a higher proportion of men with left-sided colon can-
cer than those with right-sided colon cancer,'*!® the
overweight group included a significantly higher pro-
portion of left-sided colon cancer cases compared with
the other groups.

Our study revealed that the overweight showed to
be a favorable prognostic factor for DFS (Table 3).
Sinicrope et al. and Aparicio et al. have reported simi-
lar findings, namely overweight groups exhibiting
higher OS than other groups.'” Because BMI is calcu-
lated solely using height and weight, individuals with
the same BMI may have vastly different body compo-
sitions. Even individuals with a bodybuilder physique
can be categorized as being overweight. Therefore,
we posit that being regarded as overweight does not
necessarily indicate less healthy status compared with
the normal weight group. Previous studies also indi-
cated that the highest survival rates are observed with-
in the overweight range (BMI 25-29.9).!%2 However,
for those patients classified as obese group (BMI more
than 30), an excess of insulin and IGFs has been found
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to inhibit cancer cell apoptosis, leading to a poorer
prognosis.?!"*® Therefore, while overweight is a favor-
able prognostic factor for DFS, an association with a
poorer prognosis is observed when BMI exceeds 30.

In our study, although no statistically significant
differences were observed, a relatively high propor-
tion of patients in the higher BMI groups tended to re-
ceive adjuvant chemotherapy (Table 2). As mentioned,
overweight and even obese patients have been shown
to experience lower chemotherapy toxicity, which may
contribute to their more favorable overall progno-
ses.!%?* Identifying high-risk populations with poor
nutritional status based on BMI or albumin levels prior
to chemotherapy initiation or at the time of cancer di-
agnosis could facilitate the implementation of early
nutritional interventions and, consequently, lead to
improved overall prognosis.

This study had four primary limitations. First, the
population of this retrospective study was recruited
from a single institution, which may have contributed
to institutional bias. Second, an analysis of under-
weight patients was not conducted for the following
reason: Because we could not distinguish between ini-
tially underweight patients and those with underweight
caused by cancer cachexia, analysis of underweight
patients would have been valueless. Third, no details
of mortality causes are provided in this paper. Although
we demonstrated the impact of BMI on DFS, we could
not identify the incidence of complications associated
with obesity (e.g., pneumonia and respiratory failure)
or their impact on mortality. Finally, although statis-
tics regarding the proportions of patients receiving
adjuvant chemotherapy in the BMI groups were avail-
able, data regarding treatment completion or details of
chemotherapy toxicity were not available; thus, whe-
ther chemotherapy regimens and toxicity or the num-
ber of treatment cycles were influenced by BMI in
any of the groups remains unclear.

Conclusions
Among a sample of patients with stage II or III co-

lon cancer who underwent curative resection, over-
weight (BMI 25-29.9) demonstrated to be a favorable

prognostic factor for DFS. For underweight patients
showing poorer prognosis, clinicians are recommended
to pay close attention to nutritional status and adher-
ence to subsequent adjuvant therapy.
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