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INTRODUCTION

Gallbladder cancer (GBC) is one of the common biliary tract
cancer and the worldwide occurrence of GBC is less than
2/100,000 individuals and there is considerable variation in this
number based on geographic distribution and gender." The lowest
rates of GBC incidence are found in the United States, Western,
and Mediterranean European countries, while the highest
incidence rates are found in India, Pakistan, Latin America, and
Asia.”’ Age-standardized incidence and mortality rates are higher
in females worldwide (1.4 and 1.0 per 100,00 females, and 0.9 and
0.7 per 100,000 males)." The Korea Central Cancer Registry
(KCCR), a nationwide, hospital-based cancer registry reported
that GBC incidence increased exponentially with age and the
age-standardized incidence rate (ASR) was similar in both sexes
(2.57 per 100,000 in 2017 annual report). However, ASR by age
group has been higher in women for younger age groups less than
60 years old.” Furthermore, the 5-year cancer relative survival rate
was lower in female compared to male patients (25% vs. 26.4%,
respectively)

Known risk factors for GBC include the female sex, age >65
years, and longstanding gallstones.® Gallstone is one of the
strongest risk factors for the development of GBC, and 70% to
90% of GBC patients have gallstones.” It is well known that
estrogens increase the formation of gallstones, mainly by elevating

cholesterol levels of bile.”"

Therefore, women have a higher
incidence of gallstones than males, and have higher incidence of
GBC.

Furthermore, in certain regions and countries, female-to-male
incidence ratios were generally around 3, but ranged from 1 in Far
East Asia to over 5 in Spain and Colombia.” However, the gender
impact in GBC is not well understood. Although the risk factors
for GBC and environmental, genetic factors are known and

6,10-12

studied, direct comparative studies according to gender have

not been conducted well. Thus, this study aimed to study the
gender difference in surgical ascpects of GBC prognosis.

METHODS

Patients who were diagnosed with GBC at seven centers in
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Korea (Korea University Guro Hospital, National Cancer Center,
Gachon University Gil Medical Center, Yonsei University
Gangnam Severance Hospital, Wonju Severance Christian
Hospital, Kyungpook National University Hospital, Chonbuk
National University Hospital) between January 2006 and January
2020 were included retrospectively. Clinical data of patients at the
time of diagnosis including sex, age, body mass index (BMI),
bilirubin, carbohydrate antigen 19-9 (CA 19-9), and surgical
treatment were retrieved by reviewing electronic medical records.

To identify independent prognostic factors, each factor (Age,
BMI, CA 19-9, Bilirubin) was categorized. BMI category was
classified into BMI >25 kg/m’ or <25 kg/m’. Normal reference
values for CA 19-9 were less than 37 U/mL and it was categorized
CA 19-9 <37 U/mL vs. 37 U/mL =CA 19-9. Bilirubin was
categorized bilirubin <2 mg/dL vs. 2 mg/dL = Bilirubin.

In patients where surgery with curative intent was possible, T
stage, and N stage were also reviewed. T stage was categorized
T-stage =2 vs. T-stage >2 to reflect the clinical outcome of
patients with surgically treated GBC. The N category was classified
into NO or node metastases.

Unresectability was defined as the cases who are not eligible for
curative-intent surgery because of advanced tumor extent. Cases
who surgery was not performed due to refusal of surgery for severe
comorbidity were excluded. Cases who surgery was not performed
due to refusal of surgery for severe comorbidity were excludedThis
study was approved by the Institutional Review Board of KUGH
(Accession No. 2020GR1781).

We performed a univariate and multivariate logistic regression
analysis. For the univariate analyses, the categorical variables were
compared using the Wald chi square tests and the Fisher’s scoring
test, and those variables with p-values. Statistical analysis was
performed using SAS version 9.3 (SAS Institute, Cary, NC, USA)

and statistical significance was set at p<0.05.

RESULTS

1. Baseline characteristics of GBC patients

A total of 927 patients were enrolled and 521 patients (56.2%)



were female. Two hundred ninety two patients (31.5%) of 927
patients less than 65 years old. Baseline characteristics were mostly
similar for female and male patients, except for BMI (p=0.034).
Median BMI at the time of diagnosis was 23.6 kg/m’, and females
and males were 23.8 kg/m’ and 23.3 kg/m”, respectively. 281
patients (30.3%) had BMI over 25 kg/m’; females and males in this
group numbered 175 (34.1%) and 106 (26.4%), respectively, more
females than males were overweight. As for normal bilirubin (less
than <2), normal CA 19-9 (less than 37 U/mL), there was no
statistical difference between females and males (Table 1).

Table 1. Baseline characteristics of gallbladder cancer

2. Predicting factors of unresectability

In total 927 patients, four cases refused the surgery for severe
comorbidity and surgical resection was possible in 499 patients,
53.5% (279/521) in female and 54.2% (220/406) in male. In
multivariate analysis of total 927 patients, age (OR, 1.02 [1.00-
1.03]; p=0.007), Bilirubin of 2 mg/dL or more (OR, 3.58 [2.37-
5.41], p<0.001), CA 19-9 of 37 U/mL or more (OR, 4.30 [3.13-
5.89], p<0.001) were identified as independent factors predicting
unresectability (Table 2).

In male patients, abnormal bilirubin (OR, 2.36 [1.32-4.20],
p=0.003) and CA 19-9 (OR, 4.69 [2.92-7.52], p<0.001) were

Variable Total (n=927) Male (n=406) Female (n=521) p-value
Age (years) 69.6+10.5 69.1+£9.8 70.0£11.0 0.163
Height (cm) 1579489 164.9+6.2 152.4+6.5 <0.001
Weight (kg) 59.04+10.7 63.7410.3 55.3+9.6 <0.001
BMI (kg/m?’) 23.6434 233430 23.83+37 0.034
BMI (<25 kg/m?) 281 (30.3) 106 (26.4) 175 (34.1) 0.014
Normal bilirubin 723 (78.0) 313 (779) 410 (80.2) 0492
Normal CA 19-9 422 (45.5) 178 (50.4) 244 (52.2) 0.720

Values are presented as number (%) or meanzstandard deviation.
BMI, body mass index; CA 19-9, carbohydrate antigen 19-9.

Table 2. Univariate and multivariate analysis of the factors predicting unresectability (total)

Variable Univariate analysis Multivariate analysis

OR (95% Cl) p-value OR (95% ClI) p-value
Age 1.02 (1.01-1.03) <0.001 1.02 (1.00-1.03) 0.007
BMI (<25 kg/mz) 170 (1.27-2.27) <0.001 1.34 (0.95-1.89) 0.087
Bilirubin (=2 mg/dL) 5.07 (3.52-7.29) <0.001 3.58 (2.37-5.41) <0.001
CA19-9 (=37 U/mL) 5.25 (3.89-7.07) <0.001 4.30(3.13-5.89) <0.001

OR, odds ratio; Cl, confidence interval; BMI, body mass index; CA 19-9, carbohydrate antigen 19-9

Table 3. Univariate and multivariate analysis of the factors predicting unresectability (male)

Variable Univariate analysis Multivariate analysis

OR (95% Cl) p-value OR (95% Cl) p-value
Age 1.01 (0.99-1.03) 0.206
BMI (<25 kg/m’) 1.80 (1.13-2.85) 0.012 1.33(0.77-2.28) 0.293
Bilirubin (=2 mg/dL) 379 (2.27-6.31) <0.001 2.36 (1.32-4.20) 0.003
CA19-9 (=37 U/mL) 5.59 (3.54-8.83) <0.001 4.69 (2.92-752) <0.001

OR, odds ratio; Cl, confidence interval; BMI, body mass index; CA 19-9, carbohydrate antigen 19-9.
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independent factors predicting unresectability. However, age was
not associated with resectability in male (Table 3). Conversely, age
(OR, 1.02 [1.00-1.04], p=0.031), bilirubin (OR, 5.47 [2.97-10.07],
p<0.001) and CA 19-9 (OR, 3.81 [2.50-5.81], p<0.001) were
factors of predicting unresectability in female patients (Table 4).

Furthermore comparison of two groups with age <65 years (292
patients) vs. 65 years <age (635 patients), age factor was not
associated in both sex of younger group, but it was a predicting
factor of unresectability only in elderly female group (OR, 1.05
[1.004-1.088], p=0.03).

3. Pathologic prognostic factors in resected
patients

Subgroup analysis was done in 499 patients whose surgical
resection was performed with curative intent. In all patients,
multivariate analysis for the factors predicting T-stage >2 showed
that age, abnormal bilirubin and CA 19-9 were statistically
significant as independent factors, age (OR, 1.03 [1.01-1.05],
p=0.005) and CA 19-9 (OR, 2.68 [1.71-4.19], p<0.001) (Table 5).
In male patients, BMI, bilirubin and CA 19-9 were identified as
predictive factors of T-stage >2 in univariate analysis. However, in
multivariate analysis, only CA 19-9 (OR, 3.12 [1.59-6.13],
p=0.001) was an independent factor predicting T state >2 (Table
6). In female patients, age, bilirubin and CA 19-9 were identified as

Table 4. Univariate and multivariate analysis of the factors predicting unresectability (female)

Variable Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% CI) p-value
Age 1.03 (1.01-1.04) <0.001 1.02 (1.00-1.04) 0.031
BMI (<25 kg/m?) 1,65 (1.13-2.39) 0.008 1.39(0.89-2.16) 0147
Bilirubin (=2 mg/dL) 6.73 (3.96-11.42) <0.001 547 (2.97-10.07) <0.001
CA 19-9 (=37 U/mL) 5.00 (3.37-742) <0.001 3.81(2.50-5.81) <0.001

OR, odds ratio; Cl, confidence interval; BMI, body mass index; CA 19-9, carbohydrate antigen 19-9

Table 5. Univariate and multivariate analysis of the factors predicting T stage >2 (total)

Variable Univariate analysis Multivariate analysis

OR (95% CI) p-value OR (95% ClI) p-value
Age 1.03 (1.01-1.05) 0.004 1.03 (1.01-1.05) 0.005
BMI (<25 kg/m?) 147 (0.98-2.22) 0.061
Bilirubin (=2 mg/dL) 3.24 (1.74-6.01) <0.001 2.08 (1.04-4.16) 0.038
CA 19-9 (=37 U/ml) 297 (1.93-4.57) <0.001 2.68 (1.71-4.19) <0.001

OR, odds ratio; Cl, confidence interval; BMI, body mass index; CA 19-9, carbohydrate antigen 19-9

Table 6. Univariate and multivariate analysis of the factors predicting T stage >2 (male)

Variable Univariate analysis Multivariate analysis

OR (95% ClI) p-value OR (95% Cl) p-value
Age 1.02 (0.99-1.05) 0.201
BMI (<25 kg/mz) 2.79 (1.40-5.54) 0.003 2.08(0.99-4.38) 0.053
Bilirubin (=2 mg/dL) 2.29 (1.00-5.25) 0.050 1.59 (0.64-3.95) 0.314
CA19-9 (=37 U/mL) 3.32(1.73-6.40) >0.001 312 (1.59-6.13) 0.001

OR, odds ratio; Cl, confidence interval; BMI, body mass index; CA 19-9, carbohydrate antigen 19-9.
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predictive factors of T-stage >2 in univariate analysis. However,
age (OR, 1.05 [1.02-1.08], p=0.002) and CA 19-9 (OR, 2.44 [1.31-
4.56], p=0.005) were identified in multivariate analysis (Table 7).
Regarding lymph node metastasis, among the all patients who
were eligible for surgery, high BMI (OR, 0.56 [0.56-0.87],
p=0.011), abnormal bilirubin (OR, 2.27 [1.12-4.58], p=0.022),

and CA 19-9 (OR, 2.26 [1.43-3.56], p<0.001) were significant
factors in multivariate analysis (Table 8). These factors were
significant in female, BMI (OR, 0.42 [0.23-0.77], p=0.005),
Bilirubin (OR, 5.55 [1.56-19.67], p=0.008), and CA 19-9 (OR,
2.97 [1.60-5.53], p=0.001) (Table 9). Meanwhile there was no
significant factor related to the possibility of lymph node metastasis

Table 7. Univariate and multivariate analysis of the factors predicting T stage >2 (female)

Variable Univariate analysis Multivariate analysis

OR (95% ClI) p-value OR (95% Cl) p-value
Age 1.04 (1.01-1.06) 0.006 1.05 (1.02-1.08) 0.002
BMI (<25 kg/m?) 095 (0.56-1.61) 0.854
Bilirubin (=2 mg/dL) 493 (1.89-12.87) 0.001 2.65 (0.88-7.98) 0.082
CA19-9 (=37 U/mL) 2.75(1.55-4.88) 0.001 244 (1.31-4.56) 0.005

OR, odds ratio; Cl, confidence interval; BMI, body mass index; CA 19-9, ca

rbohydrate antigen 19-9

Table 8. Univariate and multivariate analysis of the factors predicting N metastasis (total)

Variable Univariate analysis Multivariate analysis

OR (95% ClI) p-value OR (95% Cl) p-value
Age 1.03 (1.01-1.04) 0.011 1.02 (1.0-1.04) 0.057
BMI (<25 kg/m?) 0.63 (0.43-0.94) 0.027 0.56 (0.36-0.87) 0.011
Bilirubin (=2 mg/dL) 2,66 (1.44-4.92) 0.002 2.27 (1.12-4.58) 0.022
CA19-9 (=37 U/mL) 2.52(1.63-3.89) <0.001 2.26 (143-3.56) >0.001

OR, odds ratio; Cl, confidence interval; BMI, body mass index; CA 19-9, carbohydrate antigen 19-9.

Table 9. Univariate and multivariate analysis of the factors predicting N metastasis (female)

Variable Univariate analysis Multivariate analysis

OR (95% ClI) p-value OR (95% Cl) p-value
Age 1.03 (1.00-1.05) 0.041 1.02 (1.00-1.05) 01Mm
BMI (<25 kg/mz) 0.52 (0.31-0.87) 0.014 042 (0.23-0.77) 0.005
Bilirubin (=2 mg/dL) 4.56 (1.75-11.90) 0.002 5.55 (1.56-19.67) 0.008
CA19-9 (=37 U/mL) 347 (1.96-6.13) <0.001 2.97 (1.60-5.53) 0.001

OR, odds ratio; Cl, confidence interval; BMI, body mass index; CA 19-9, carbohydrate antigen 19-9.

Table 10. Univariate and multivariate analysis of the factors predicting N metastasis (male)

Variable Univariate analysis Multivariate analysis
OR (95% ClI) p-value OR (95% Cl) p-value
Age 1.02 (0.99-1.05) 0127
BMI (<25 kg/mz) 0.89 (0.47-1.67) 0.721
Bilirubin (=2 mg/dL) 1.86 (0.79-4.38) 0.154
CA19-9 (=37 U/mL) 1.61(0.82-3.17) 0.163

OR, odds ratio; Cl, confidence interval; BMI, body mass index; CA 19-9, carbohydrate antigen 19-9.
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could be found in male patients (Table 10).

DISCUSSION

We compared the predicting factors for curative resection for
GBCin each gender. CA 19-9 was a significant prognostic factor in
both sexes, but age factor showed a gender difference. Age was not
a significant factor in male patients but elderly female patients
more than 65 years old showed the risk for surgical resection.

In this study, we analyzed pathologic data, liver involvement
(T-stage >2) and lymph node metastases as known for significant
prognostic factors. Age in female patients was also poor prognostic
factors predicting T-stage >2 (OR, 1.05), however, 0.2-3.0% of
GBCs are incidentally detected at an early stage via pathologic
review of gallbladder resections performed for benign diseases such
as gallstones, and have a good prognosis.” " Thus incidental GBC
could be common in relatively young female patients, less than 65
years old and old aged female GBC patiwnts might showed the
poor prognostic factor, unresectability and advanced T-staging,

Meanwhile, BMI showed conflicting results in both sexes. A
lower BMI (<25 kg/m’) was the significant factor for NO staging
in female patients, but lower BMI was the significant factor for
advanced T staging in male, although it was significant only in
univariate analysis. Even if it was judged that a patient could be
operated on, a lower BMI at the time of diagnosis, was associated
with a less possibility of having lymph node metastasis after
operation in female patients, but high possibility of having T-stage
>2 in male patients. These results suggest that there is a possibility
of gender difference in GBC prognosis.

It is known that incidence rates have heterogeneity in geographic
distribution and gender. Therefore, a study on the clinical factors
associated with prognosis are required for survival improvement.
A recent study reported the trend of GBC incidence and survival in
Korea, but there has been no large study evaluating the prognosis
and gender difference in GBC until now. Thus, this study provides
a foundation for future GBC studies.

This study has several strengths. First, this is a large multi-center
study including over nine-hundred patients and about
five-hundred surgical patients. Third, multi-center results were

obtained from six provinces for the bias of geographical variation
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within Korea.

Lastly, there are a few limitations in this study. First, there was
no data for survival evidence. It was very difficult to obtain past
information retrospectively, because the last follow-up date or
the date of death concludes the personal information. Second,
there was no data on gallstone as a risk factor for GBC. Gallstone
could be best detected via US (ultrasound) exam, but imaging
methods used in GBC diagnosis were computed tomography or
magnetic resonance imaging in this study. In conclusion, age and
high BMI were poor prognostic factors for curative resection for
female GBC patients and these results suggest that there is a
possibility of gender difference in GBC prognosis.
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