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Abstract

Introduction Biliary tract cancer (BTC) is a rare and aggressive cancer with a poor prognosis. Despite treatment, overall
survival is less than 12 months. It is a proven fact that women have better chemotherapy responses and survival than men in
almost all cancer types. We believe that gender is one of the important factors affecting the prognosis of BTC. In this study,
we aimed to investigate the effect of gender on prognosis in this type of cancer.

Methods This study was designed as a single-centre retrospective analysis of patients with BTC. All patients, regardless of
operability, were included in the study. Prognostic factors were analysed using univariate and multivariate analysis.

Results A total of 100 patients (48% female) were included in the study. The median follow-up time was 72.2 months (95%
CI 39.3-105.0), and the median OS was 9.5 months (95% CI 5.3—13.8) for all study patients. The 72-month survival rate was
13.4%. The observed survival rates at 10.4% for male patients and 15.7% for female patients demonstrate the importance of
considering gender as a prognostic factor. A multivariate analysis indicated a significant association between female gender
and longer overall survival, with an adjusted hazard ratio of 0.59 (95% CI 0.38-0.92, p=0.02).

Conclusion It is clear that female gender is associated with a better response to chemotherapy and longer survival in BTCs.
These findings should be taken into account in treatment selection and prognosis predictions. Further research may help
elucidate the mechanisms underlying these sex differences and help develop more effective treatments.
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Introduction

Biliary tract tumors (BTC) is subclassified according to
the location of the tumour as gallbladder (GB), intrahe-
patic cholangiocarcinoma (ICC) and extrahepatic chol-
angiocarcinoma (eCCA). In general, BTCs are rare in
high-income countries, but incidence rates vary widely by
sex, geographical region and anatomical subregion (Valle
et al. 2021). Although systemic chemotherapy is among the
first-line treatment options for patients with BTCs, systemic
treatment approaches for these tumors have evolved sig-
nificantly in recent years. Therapies such as immune check-
point inhibitors (ICI) have shown promising results in the
treatment of BTC. However, the side effects of these thera-
pies are also noteworthy (Rizzo et al. 2021). For example,
it has been reported that most cases of hearing loss associ-
ated with IClIs are reversible and usually occur in melanoma
patients (Guven et al. 2023). In addition to IClIs, the iden-
tification of mutations, particularly in DNA damage repair
(DDR) pathways, such as BRCA1/2 mutations, also affects
treatment strategies for patients with BTC. The presence of
these mutations is considered as potential biomarkers for
targeted therapies (Ricci et al. 2020).

Although they have a similar anatomical origin in the
biliary system, there are significant differences in clinico-
pathological features and prognostic factors in this group
of diseases. As BTC is a rare and heterogeneous group of
tumors with high mortality, there is an incomplete under-
standing of long-term outcomes that affect survival. How-
ever, according to the data we have obtained, there is a
gender-related survival disparity in this tumor group and
it is thought that the survival rate is better in the female
gender. Many studies have shown that gender is associ-
ated with prognosis and survival in gallbladder cancer(He
et al. 2010; Zhang et al. 2015). In primary liver cancers,
prognosis differs according to gender and mortality rate is
higher in males than females. One of the reasons for this
may be the known differences in liver disease between
men and women(Scaglione et al. 2015). The sex hormones
estrogen and androgens are responsible for many physio-
logical processes by signalling through their receptors (Kur
et al. 2020). Estrogen receptors (ER) and androgen recep-
tors (AR) are expressed in liver and bile duct cells in both
men and women in normal and diseased states. The liver is
therefore considered to be a sex hormone-sensitive organ.
It is thought that this information may explain sex differ-
ences in the incidence of treatment response and survival
in primary liver cancer (BTCs, including GBC, hepatocel-
lular carcinoma and cholangiocarcinoma). In addition, this
difference may be due to sex-related differences in metabo-
lism, drug pharmacokinetics or pharmacodynamic activities
between men and women(Desbois et al. 2020) Based on this
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information, we aimed to analyse the prognostic factors and
the relationship between treatment response and gender in
our patients diagnosed with BTC.

Material methods

We retrospectively analysed patients aged 18 years and
older with histologically confirmed biliary adenocarcinoma
(intrahepatic or extrahepatic cholangiocarcinoma and gall-
bladder) who were seen at the medical oncology outpatient
clinic between January 2011 and December 2023. The
study was approved by our hospital’s local ethics commit-
tee, approval number [22.04.2024.502]. All patients who
were operable or inoperable at diagnosis were included in
the study. A total of 100 patients with available clinical data
were analysed. Demographic and clinical information was
obtained from patient records and an electronic database.
Progression-free survival (PFS) was calculated as the time
from treatment initiation to disease progression or death,
and overall survival (OS) was calculated as the time from
diagnosis to death. Factors included in the univariate anal-
yses for PFS and OS were age, sex, ECOG performance
status, tumor location, primary tumor surgery, presence of
biliary drainage, disease stage and chemotherapy regimen
used in treatment.

Statistical analysis

Data analysis was performed using SPSS 26.0 statistical
software, with continuous data summarised as median and
interquartile range. Categorical variables were analysed
using chi-square or Fisher’s exact test. Survival curves
were constructed for each subgroup using the Kaplan-Meier
method, with 95% confidence intervals (CIs). The log-rank
test was used to compare differences in survival between
groups. Prognostic factors were examined using univariate
analysis, and factors with a p-value of less than 0.5 in multi-
variate analysis were then examined. Statistical significance
was defined as p<0.05. Cox regression backward LR model
was calculated from sex, current lymph node dissection and
lymph node metastasis, current CEA and Cal9.9 level, stage
at diagnosis, grade and current primary surgery that were
significant in univariable analysis. Hazard ratios (HRs) for
these comparisons were calculated using a Cox proportional
hazards model.
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Results

Demographic and clinical characteristics of the
Study population

A total of 100 patients were included in the study, with a
median age of 61 years (interquartile range: 56—68). The
gender distribution was 52% male and 48% female. The
Eastern Cooperative Oncology Group (ECOG) performance
score distribution revealed that 93% of patients had scores of
0-1. 28% of patients had intrahepatic cholangiocarcinoma,

Table 1 The clinical and demographic characteristics of the study
patients

Age, year

Median (Interquartile range) 61 (56-68)
Gender, n (%)

Female 48 (48.0)

Male 52 (52.0)
ECOG-performance status, n (%)

0-1 93 (93.0)

2 and above 7(7.0)
Primary tumor location, n (%)

Intrahepatic 28 (28.0)

Extrahepatic 43 (43.0)

Gall bladder 29 (29.0)
Tumor number, n (%)

Solitary 30 (30.0)

Multiple 70 (70.0)
Largest tumor dimension (mm)

<30 52 (52.0)

>30 48 (48.0)
Lymph node dissection, 34 (34.0)

present, n (%)
Lymph node metastasis,

present, n (%) 66 (66.0)
Increased CA 19.9 level

Absent 25 (25.0)

Present 75 (75.0)
Increased CEA level

Absent 64 (64.0)

Present 36 (36.0)
Stage at initial diagnosis

Stage I-111 37 (37.0)

Stage IV 63 (63.0)
Grade

Grade 1 13 (13.0)

Grade 2 24 (24.0)

Grade 3 63 (63.0)
Primary surgery, present, n (%) 40 (40.0)
Adjuvant chemotherapy, present, n (%) 30 (30.0)
Systemic treatment in first line, n (%)
Cisplatin — Gemcitabine 44 (50.0)
Other chemotherapy regimens 44 (50.0)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; CA
19-9, carbohydrate antigen 19—9; CEA, carcinoembryonic antigen

43% had extrahepatic cholangiocarcinoma, and 29% had
gallbladder carcinoma. The diameter of the primary tumor
was greater than 30 mm in 48% of patients. While the tumor
was solitary in 30% of patients, it was multiple in 70% of
patients. At the time of diagnosis, 66% of patients had lymph
node metastasis. At the initial diagnosis, 37% of patients
were stage I-11I, and 63% of patients were stage I'V. 40% of
patients had undergone surgical intervention at the time of
diagnosis, while 30% had received adjuvant chemotherapy.
The most commonly used systemic chemotherapy regimen
in the first-line setting was cisplatin-gemcitabine. (Table 1).

Survival analysis

The median follow-up time was 72.2 months (95% CI
39.3-105.0), and the median OS was 9.5 months (95% CI
5.3-13.8) for all study patients. For patients with stage 4
disease, the median progression-free survival (PFS) was 3.5
months (95% confidence interval (CI) 3.1-3.9 months). The
median progression-free survival (PFS) for patients receiv-
ing gemcitabine and cisplatin as first-line therapy for meta-
static disease was 5.4 months (95% confidence interval (CI)
2.9-8.1), while the median PFS for patients receiving other
regimens was 3.1 months (95% CI 2.4-3.7) (p=0.06). At
the 72-month follow-up, the survival rate was 13.4%. The
respective survival rates at 10.4% for male and 15.7% for
female patients (shown in Fig. 1) indicate that there is a sig-
nificant difference in survival outcomes between male and
female patients. The 72nd-month survival rate was 30.5%
for patients diagnosed with stage I-11I disease and 3.3% for
those diagnosed with stage IV disease (shown in Fig. 2).

Univariable and multivariable cox proportional
hazards models

Table 2 demonstrated the univariable factors associated
with overall survival. The analysis demonstrated that age
(»=0.71), ECOG performance score (p=0.79), tumor
location (p=0.44), tumor number (p=0.20), tumor size
(»=0.62) and systemic treatment (p=0.23) had no signifi-
cant associations with survival outcomes. The results dem-
onstrated that gender (»p=0.009), the presence of lymph
node dissection (p=0.006), the presence of lymph node
metastasis (p<0.001), an increased Cal9-9 level at the diag-
nosis (»p=0.008), an increased CEA level at the diagnosis
(»=0.002), the stage at the initial diagnosis (p<0.001), the
grade (p<0.001), and the primary surgery (p<0.001) were
significantly associated with longer OS.

The patients were analyzed in two separate groups as
male and female. There was no difference between the two
groups in terms of age (p=0.61), tumor location (p=0.17),
those with metastatic disease at diagnosis (p=0.18), those
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Fig. 1 Comparison of overall survival in female and male participants with BTC
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Table 2 Univariable analyses of prognostic factors for OS

Table 3 Patient characteristics by gender

72-months Median OS p
(%) (95%CI)

Age, year
<65 12.5 9.0 (6.9-11.2) 0.71
>65 15.4 13.2 (5.6-20.8)

Gender
Female 15.7 16.0 (13.8-18.1) 0.009
Male 10.4 7.8 (5.8-9.8)

ECOG-performance status
0-1 13.9 10.5 (5.4-15.5) 0.79
2 and above 0 6.0 (5.2-6.9)

Primary tumor location
Intrahepatic 0 10.5(0.2-20.9) 0.44
Extrahepatic 11.1 8.7 (7.0-10.4)
Gall bladder 17.9 15.0 (6.1-24.0)

Tumor number
Solitary 12.4 16.5 (13.9-19.1) 0.2
Multiple 13.5 8.7 (7.1-10.2)

Primary tumor dimension
<30 13.7 9.1 (5.4-12.8) 0.62
>30 13.7 14.5 (5.9-23.1)

Lymph node dissection
Absent 10.3 8.5 (6.2-10.7) 0.006
Present 20.3 18.5 (11.9-25.1)

Lymph node metastasis
Absent 29.6 27.1(8.3-45.8) <0.001
Present 7.5 8.0 (6.3-9.8)

Increased Cal9.9 level
Absent 18.1 21.8 (0-48.9) 0.008
Present 10.5 8.5(7.1-9.8)

Increased CEA level
Absent 17.5 15.0 (8.4-21.6) 0.002
Present 5.3 7.8 (4.5-11.2)

Stage at initial diagnosis
Stage I-111 30.5 22.4 (13.1-31.6) <0.001
Stage IV 33 7.4 (4.7-10.1)

Grade
Grade 1 54.5 118.6 (NA-NA) <0.001
Grade 2 13.4 19.8 (12.9-26.6)
Grade 3 4.8 7.4 (5.2-9.7)

Primary surgery
Absent 6.7 7.1 (4.0-10.1) <0.001
Present 249 21.8(13.0-30.7)

Systemic treatment
Cisplatin-Gemcitabine 8.8
Others 7.2

9.5(7.0-12.0)  0.23
7.0 (4.2-9.9)

with recurrence during follow-up (p=0.71) and systemic
treatment used in the first line (p=0. 58). We also conducted
a comparison between male and female patients regarding
adjuvant therapy. In both groups, the most commonly used
regimens were capecitabine or gemcitabine, either alone or
in combination with other agents. There was no significant
difference between the two groups in terms of the type of
therapy received (p=0.10) (Table 3).

Female Male p
Age, year, n (%)
<65 30(46.2) 35(53.8) 0.61
>65 18 (51.4) 17 (48.6)
ECOG-performance status, n (%)
0-1 43 (46.2) 50(53.8) 02
>2 5(71.4) 2 (28.6)
Primary tumor location, n (%)
Gall bladder 17 (58.6) 12(41.4) 0.17
Cholangiocellular ICC, eCCA) 31(43.7) 40 (56.3)
Stage at initial diagnosis, n (%)
Stage I-111 21(56.7) 16(43.3) 0.18
Stage IV 27 (42.8) 36(57.2)
Primary surgery, present, n (%) 21(52.5) 19(47.5) 0.46
Adjuvant chemotherapy, present, 18 (60.0) 12 (40.0) 0.11
n (%)
Recurrence/metastasis during 13 (52) 12 (48) 0.71
follow-up, n (%)
First line systemic treatment, n (%)
Cisplatin — Gemcitabine 20 (45.5) 24(55.5) 0.58

Table 4 Multivariate cox regression between variables and OS

Multivariate analysis

HR 95% CI P

0.59 (0.38-0.92) 0.02
1.12 (0.35-3.53) 0.83
1.63 (0.83-3.23) 0.15
1.56 (0.90-2.70) 0.11
1.24 (0.75-2.06) 0.39
3.34 (2.01-5.55) <0.001
1.56 (0.73-3.31) 0.24
1.73 (0.66—4.53) 0.26

Gender, female

Lymph node dissection, present
Lymph node metastasis, present
Increased Cal9.9 level, present
Increased CEA level, present
Stage at initial diagnosis, stage [V
Grade, grade 3

Primary surgery, present

The results of the multivariate analysis demonstrated that
female gender (HR 0.59, 95% CI 0.38-0.92, p=0.02) and
stage at initial diagnosis, stage IV (HR 3.34, 95% CI 2.01-
5.55, p<0.001), were significantly associated with longer
OS (Table 4).

Discussion

Despite the availability of new treatment options, survival
rates remain poor in patients diagnosed with BTC. In this
study, the survival differences observed between male and
female patients with biliary tract tumors are striking. Female
patients demonstrated better OS compared to male patients,
despite having similar disease stages and receiving compa-
rable treatment protocols. Hormonal factors, immune sys-
tem differences, and BRCA gene mutations may contribute
to these distinct outcomes. This gender-related survival dis-
parity raises critical questions about the influence of gender
on BTC prognosis. Our study draws attention to this gap in
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the literature and provides a basis for better understanding
the impact of gender differences on treatment response and
prognostic outcomes

Several studies have suggested that female gender is
associated with a more favorable prognosis in BTC. For
instance, a systematic review analyzing 587 cholangiocellu-
lar cancer patients from different centers found that survival
was longer in women than in men (Ledenko et al. 2022).
A meta-analysis summarizing seventeen prospective study
publications and three retrospective study publications
involving nearly 1,000 participants, response rates to gem-
citabine and cisplatin-based chemotherapy were 10% higher
in women than in men (Park et al. 2015). In a study of 313
matched pairs of patients with intrahepatic cholangiocarci-
noma, male gender was an independent risk factor for over-
all survival and tumor recurrence (Zou et al. 2024). More
recently, data from the United States have shown that mor-
tality from CCA is lower among females, with a risk ratio of
0.78 (95% CI1 0.77-0.79) (Yao et al. 2016). Our study also
reveals the difference of better survival in female gender in
patients with BTC and makes a valuable contribution to the
literature.

Furthermore, our analysis revealed that 73% of patients
were diagnosed in the metastatic stage, which is associated
with reduced treatment efficacy. The results of our study
indicate that the gender factor, which represents a significant
gap in treatment research, should be taken into consideration
in this patient group, which is predominantly diagnosed at
an advanced stage and has a poor prognosis. The effect of
sex hormones may be one of the factors responsible for the
significant difference in long-term prognosis between male
and female BTC patients. Previous studies have investigated
the association between sex hormones and the risk of ICC in
women. A recent study on menopausal hormone therapy and
the risk of biliary tract cancers revealed that estrogen-only
formulations were associated with a lower risk of cholan-
giocarcinoma (Stieger et al. 2000). Although these results
are on the risk of developing CCA, they suggest that estro-
gen may also have a protective effect during the treatment
process. Addressing the gender factor adequately may clar-
ify the reasons for survival differences and guide personal-
ized treatment options to improve survival outcomes in this
high-risk group.

Sex-specific differences in cancer mortality are most pro-
nounced for malignant melanoma, lung, larynx, oesophagus
and bladder cancers (Cook et al. 2009, 2011). Apart from
cancer causes and hormonal regulation, differences in the
immune system are believed to contribute to this male
biased mortality rate. Studies indicate that women exhibit
a stronger immune response than men, which may con-
tribute to a reduced cancer mortality rate (Cook, Dawsey,
Freedman, Inskip, Wichner, Quraishi, Devesa and McGlynn
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2009; Cook et al. 2011; Klein and Flanagan 2016; Pennell
et al. 2012). These immune system differences may impact
tumor progression and treatment response in BTC patients,
potentially hindering treatment efficacy in males.

Another possible explanation for the higher survival rates
in women with BTC may be gender differences in CYP3A4
enzyme activity, which plays a critical role in drug metabo-
lism. The CYP3A4 enzyme is involved in the processing
of various drugs and steroid hormones, and generally has
higher activity in women compared to men (Su et al. 2017,
Yang et al. 2012). This may positively influence women’s
treatment response and therefore survival rates, particu-
larly by affecting the rate at which drugs used in some can-
cer treatments are metabolized. The higher activity of the
CYP3A4 enzyme may lead to faster clearance of drugs in
women, reducing the risk of side effects and making treat-
ments easier to tolerate (Klein and Zanger 2013). This dif-
ference may also be reflected in the processing of hormones,
as CYP3A4 may accelerate the breakdown of steroid hor-
mones, influencing hormone-induced tumor development.
These factors may potentially provide the biological basis
for women responding better to bile cancer treatments than
men. Addressing the gender factor more thoroughly could
shed light on the mechanisms behind these survival differ-
ences and enable the development of personalized treatment
options that enhance outcomes for both sexes.

It should be noted that this study is subject to several
limitations. First, the relatively small number of patients
included in this retrospective analysis limits the statistical
power and generalizability of our findings. Second, the het-
erogeneity of the patient cohort, encompassing both early-
stage and advanced-stage patients, may introduce variability
that could affect the interpretation of gender-related sur-
vival differences. Third, the limited sample size restricted
our ability to perform subgroup analyses, which could have
provided more nuanced insights into the observed dispari-
ties. Fourth, the lack of data on differences in treatment
care standards between patients prevents a comprehensive
evaluation of how variations in clinical management might
influence survival outcomes. Additionally, hormone levels
and detailed pathological subtypes were not included in
the analysis due to limitations in the data collected, which
may restrict the scope of our interpretation. These limita-
tions highlight the need for caution when interpreting our
results and underscore the importance of further research to
validate and expand upon the conclusions drawn from this
study.



Journal of Cancer Research and Clinical Oncology (2025) 151:95

Page70f8 95

Conclusion

Our study findings suggest that female patients with BTC
have better overall survival rates compared to male patients.
The reasons behind this observed gender-related survival
disparity remain unclear. Despite the well-documented
biological and physiological differences between men and
women, as well as extensive literature on the impact of gen-
der on drug pharmacokinetics, pharmacodynamics, and effi-
cacy, therapeutic approaches are rarely designed or tested
with gender-specific considerations in mind. Furthermore,
comprehensive biomolecular analyses are needed to inves-
tigate the roles of hormonal influences, genetic factors, and
immune differences in the pathogenesis of BTC. In this
patient group with gender-related survival differences, the
lack of prospective studies examining the impact of gender
on survival in larger, homogeneous patient populations is
particularly striking. Addressing these gaps in the literature
will be crucial for reaching more definitive conclusions,
and future studies should aim to explore the potential for
gender-specific therapies in BTC.
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