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Highlights: Impact and implications:

e There is evidence of sexual dimorphism in treatment out- This study investigated the impact of biological sex on treat-

comes for patients with cancer. ment outcomes in patients receiving chemotherapy for biliary
tract cancers, which are typically associated with poor out-
comes. Analysis of ABC and BILCAP clinical trials found a
higher incidence of severe grade adverse events in women
e Females experienced higher rates of grade 3 and 4 adverse receiving cisplatin/gemcitabine and adjuvant capecitabine,

events: fatigue, lethargy and nausea and vomiting. relative to males, whilst overall survival was superior in women
in the BILCAP trial. These findings are important for clinicians
treating patients with biliary tract cancers and should be
considered in the design and analysis of future clinical trials in

o This work underlines the need to consider sex differences in ~ biliary tract cancer, as the role of biological sex may an
the design, analysis and interpretation of clinical trials. important determinant of chemotherapy response.

e Outcomes for patients receiving chemotherapy for biliary tract
cancers were investigated in RCT and population cohorts.

e Despite more adverse events, females experienced superior
survival compared to males across all biliary tract cancers.
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Background & Aims: Increasing evidence suggests sexual dimorphism in treatment effects across cancers; however, its impact
in biliary tract cancer (BTC) remains unclear. We compared toxicity and efficacy of palliative and adjuvant chemotherapy between
male and female patients with BTC.

Methods: We conducted a retrospective cohort analysis of individual patient data from four randomized controlled trials in BTC
and English population-based data. Study outcomes were adverse events and overall survival (OS), compared by sex.

Results: Among 994 trial participants (49% male, 51% female) included in time-to-event analyses, 770 were evaluable for
adverse events. Population data included 3,953 patients (46% male, 54% female) for OS analysis. Females experienced higher
rates of grade 3/4 fatigue (odds ratio [OR] 2.18; 95% CI 1.02-4.67; p = 0.045). Higher rates of grade 3/4 vomiting (OR 1.97; 95%
Cl 1.00-3.91; p = 0.052), nausea (OR 1.99; 95% CI 0.80-4.97; p = 0.14), and fatigue in BILCAP (OR 2.31; 95% CI 0.77-6.88; p =
0.13) were observed in females but were not statistically significant. OS was similar between sexes in ABC trials (hazard ratio
[HR] 0.94; 95% CI 0.79-1.11; p = 0.45) and in population data (HR 1.03; 95% CI 0.79-1.11; p = 0.45). In BILCAP, the HR for
adjuvant capecitabine vs. observation was 0.71 in males (95% CI 0.50-1.00; p = 0.048) and 0.91 in females (95% CI 0.63-1.32;
p = 0.625). Females with gallbladder cancer demonstrated improved OS compared with males in BILCAP (HR 0.48; 95% CI
0.24-0.98; p = 0.04).

Conclusion: Sex differences in toxicity were observed, with higher rates of grade 3/4 fatigue in females. Survival outcomes were
broadly similar; however, females with gallbladder cancer receiving adjuvant capecitabine showed improved survival compared
with males. Although population analyses were limited by sample size, these findings warrant consideration in the design and
interpretation of future BTC trials.

© 2026 The Authors. Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The importance of sex and gender as modifiers of health,
disease and medicine is increasingly recognized." Marked
differences in incidence and survival between male and female
patients have been described for the majority of non-sex-
related cancers and in different populations, with mortality
generally being higher in males.?® Biliary tract cancers (BTC)
are comprised of cholangiocarcinoma (intrahepatic [i[CCA] and
extrahepatic [eCCA]) and gallbladder adenocarcinoma (GBC).
The incidence rates are distributed unevenly between the
sexes, with a characteristically higher incidence of iCCA in
females and eCCA in males. GBC* develops significantly more
frequently in females®® with a worldwide female:male inci-
dence rate ratio of 2:1, although this varies greatly with ge-
ography.®'° The association between high parity and risk of
GBC is highly suggestive of a role of female sex hormones in
its aetiology.'® Furthermore, differences in biology of cancers

that are not sex-related arising in male and female patients,
also referred to as sexual dimorphism in cancer, are supported
by accumulating evidence."'~'* For example, among gastro-
intestinal cancers, diffuse type gastric'® and right-sided colon
cancers'®"” are significantly more common in females, while
rectal cancers are more common in males.'® Additionally, sex
can affect drug metabolism,"® with greater toxicity reported in
females for various types of anticancer treatment®®=2* over the
past 15 years.

For patients with BTC, where the standard of care systemic
anticancer treatments are established by studies in early
stage® and advanced disease,*®® the impact of the patients’
sex on treatment toxicity and outcomes is unknown.

The current exploratory analysis aims to describe, accord-
ing to the patients’ sex: i) AEs and treatment administration/
dose modification; ii) efficacy, in terms of progression-free
(PFS) and overall survival (OS) for palliative chemotherapy in
advanced/metastatic disease and relapse-free (RFS) and OS

* Corresponding author. Address: UCL School of Pharmacy, London WC1E 6DD, UK, Tel.: +44 203447 9093.
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Sex differences in biliary tract cancer chemotherapy effects

after adjuvant treatment of early disease in a large dataset of
prospective BTC clinical trial participants. To validate our
findings from trial data, we investigated the second objective,
OS, using population data obtained from England. Of note,
while “gender” is defined by the World Health Organization as
the socially constructed roles, behaviours, activities, and at-
tributes that a given society considers appropriate for men and
women, “sex” refers to the biological bases that underlie fe-
male or male anatomy and physiology. Our study is related to
biological differences and therefore the term “sex”, will
be used.

Patients and methods

Procedures and study participants

Four prospective advanced BTC (ABC) clinical trials were
included, ABC-022° (gemcitabine +/- cisplatin), -032° (cisplatin/
gemcitabine +/- cediranib), -04°” (cisplatin/gemcitabine +/-
selumetinib) and the BILCAP?® adjuvant trial in surgically
resected BTC. Population data for England®® were accessed
for those aged 18 or over with a diagnosis of BTC identified
using ICD-10 codes (C22.1, C23.0, C24.0/C24.8/C24.9), be-
tween April 1, 2012, and December 31, 2019. In the population
data we included those receiving cisplatin + gemcitabine
combination or capecitabine monotherapy as first-line and
adjuvant therapy, respectively.

Data analysis
Trial datasets

AEs were classified according to National Cancer Institute’s
Common Toxicity Criteria v4.03. The incidence of AEs was
extracted, and logistic regression used to investigate the as-
sociations with biological sex. Separate analyses of AEs were
conducted for ABC trials and BILCAP, as well as for all graded
AEs (Fig. S8), and AEs with a severity grade of >3 (Fig. S2).
Secondary outcomes were OS, PFS and RFS. OS was
measured from randomization to death or the last day of
follow-up; PFS and RFS were measured to the time to pro-
gression (PFS), recurrence, or the last day of follow-up. Inter-
action tests between sex and treatment were used to examine
whether the influence of sex on OS, PFS, and RFS varied
by treatment.

Given the higher incidence of GBC in women and its as-
sociation with reproductive factors,'® separate analyses of OS,
PFS and RFS were conducted in patients with GBC. Addi-
tionally, the percentage of patients experiencing at least one
dose reduction and the median time on treatment were
compared using chi-square test and quantile regres-
sion respectively.

Time to event outcomes were compared between the sexes
using Kaplan Meier plots and Cox regression. All statistical
tests were two-sided. A p value of <0.05 was considered a
statistically significant difference in survival where the hazard
ratio did not cross the null.

Population data

National Cancer Registry and Analysis Service (NCRAS) °° and
Systemic Anti-Cancer Therapy (SACT) datasets.?® were used
to study the English patient population. These datasets record

specific information such as patient age, diagnosis by ICD-10
code, follow-up status, and specific SACT received for their
cancer. NCRAS has recorded all cancer diagnoses since 1971
in England and the reporting of SACT data has been mandated
since 2014 for NHS cancer-treating sites. There is a known
reporting lag of up to 5 years for cancer diagnoses to be
collated into the NCRAS registry, which have been discussed
by authors of the Data Resource Profile for this registry.
However, this was not considered a significant proportion of
patients with BTC that would impact the analysis presented
here. The study period was also selected to account for this.

The outcome measure was OS in this group. OS was
measured from date of treatment initiation to death or
censoring date. Kaplan-Meier analysis was used to compare
1- and 5-year all-cause mortality between male and female
patients for each treatment regimen, separating the patients
with GBC to replicate the analysis of the trial data.

Multivariable Cox regression analysis was performed
separately for patients receiving palliative cisplatin—
gemcitabine for BTC and for those receiving adjuvant cape-
citabine monotherapy. One-year and 5-year survival was
calculated as time from first chemotherapy treatment to death
by any cause.

Trial data were analysed using STATA 17 and RStudio
version 4-3-0 was used for population data analysis. Ethical
approval for use of these data was granted under the Cancer
Research UK Grant “Benefits and Risks of Cancer Treat-
ments”, favourable opinion given 10/06/2019, REC refer-
ence'®/NS/0057).

Results

Patient characteristics

A total of 994 patients from ABC-02, ABC-03, ABC-04, and
BILCAP were evaluable for time-to-event analyses, including
AEs, comprising 484 (49%) males and 510 (51%) females (n =
410, 124, 13, and 447 per trial, respectively). Patients rando-
mised to the control/observation group in the BILCAP study
(n = 224) were not assessed for safety. Therefore, 770/994
(77 %) patients were included in the analysis of AEs. All patients
included in the ABC studies were analysed for efficacy,
including those who received CisGem + experimental treat-
ment. We considered this a valid approach as CisGem was
given as the backbone treatment and no significant difference
in survival was observed between treatment groups in the
ABC-03/04 studies. The patient disposition across trials and
analysis subgroups is depicted in Fig. S1A. Baseline patient
and tumour characteristics are presented in Table 1.

Within the population data, a total of 3,362 patients
receiving cisplatin+ gemcitabine and 591 patients receiving
capecitabine were included from 14/11/2013, with the final
treatment given on 16/06/2022. The included cohort is pre-
sented in Fig. S1B and characteristics of this cohort are pro-
vided in Table 1.

Tolerability

Of the 770 evaluable patients, 540 in the ABC trials and 230 in
BILCAP, 371 (48%) were male and 399 (52%) were female.
Overall, the largest differences in grade 3/4 AEs were observed
for fatigue, which was significantly more common in females
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Table 1. Baseline characteristics of the ABC, BILCAP and population data cohorts.

Research article

All ABC-studies BILCAP Population data
Males Females Males Females Males Females All Males Females
Baseline characteristics n =484 n =510 n = 260 n = 287 n =224 n =223 n = 3,953 n = 1,805 n = 2,148
Primary site
iCCA 100 (21) 111 (22) 65 (25) 62 (22) 35 (16) 49 (22) 2,120 (54) 1,059 (59) 1,061 (49)
hCCA 119 (25) 78 (15) 39 (15) 30 (10) 80 (36) 48 (22) 0 (0) 0 (0) 0 (0)
eCCA 68 (14) 62 (12) 68 (26) 62 (22) 0 (0) 0 (0) 772 (20) 433 (24) 339 (16)
Gallbladder 72 (15) 171 (34) 53 (20) 111 (39) 19 (8) 60 (27) 1,059 (27) 312 (17) 747 (35)
Ampulla 23 (5) 8 (2) 23 (9) 8 (3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
CCA - NS* 100 (21) 76 (15) 10 (4) 10 (3) 90 (40) 66 (30) 2 (0) 1(0) 1(0)
Not reported 2 (<1) 4 (1) 2(1) 4 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
ECOG perform status
0 207 (43) 186 (36) 102 (39) 91 (32) 105 (47) 95 (43) 635 (16) 327 (18) 326 (15)
1 252 (52) 281 (55) 138 (53) 164 (57) 114 (51) 117 (52) 1,218 (31) 539 (30) 679 (32)
2 24 (5) 41 (8) 19 (7) 32 (11) 5(2) 9 (4) - - -
Not reported 1(<1) 2 (<1) 1(0) 0 (0) 0 (0) 2 (1) 2,082 (53) 939 (52) 1,143 (53
Diagnosis grading
Well differentiated 52 (11) 61 (12) 20 (8) 23 (8) 2 (14) 38 (17) - - -
Moderately differentiated 204 (42) 196 (38) 88 (34) 82 (29) 116 (52) 114 (51) - - -
Poorly differentiated 111 (23) 113 (22) 48 (18) 56 (20) 63 (28) 57 (26) - -
Not available 117 (24) 140 (27) 104 (40) 126 (44) 13 (6) 14 (6) 3,953 (100) 1,805 (100) 2,148 (100)
T-stage
0 5(1) 2(0) 5() 2(1) 0(0) 0(0) 0(0) 0(0) 0(0)
1 30 (6) 33 (6) 14 (5) 13 (5) 6 (7) 20 (9) 127 (3) 61 (3) 6 (3)
2 104 (21) 116 (23) 29 (11) 28 (10) ( 3) 88 (39) 466 (12) 247 (14) 219 (10)
3 180 (37) 190 (37) 59 (23) 87 (30) 121 ( 4) 103 (46) 499 (13) 215 (12) 284 (13)
4 60 (12) 52 (10) 48 (18) 41 (14) 2 (5) 11 (5) 1,774 (45) 760 (42) 1,014 (47)
Not available 105 (22) 117 (23) 105 (40) 116 (40) 0 (0) 1(0) 1,087 (27) 522 (29) 565 (26)
N-stage
0 170 (35) 186 (36) 54 (21) 66 (23) 116 (52) 120 (54) - - -
1 209 (43) 197 (39) 101 (39) 95 (33) 108 (48) 102 (46) - - -
2 0 (0) 1(<1) 0 (0) 10 0 (0) 0 (0) - - -
Not available 105 (22) 126 (25) 105 (40) 125 (44) 0 (0) 1(0) 3,953 (100) 1,805 (100) 2,148 (100)
M-stage
0 291 (60) 292 (57) 67 (26) 71 (25) 224 (100) 221 (99) - - -
1 193 (40) 215 (42) 193 (74) 214 (75) 0 (0) 1(0) - - -
Not available 0 (0) 3 (1) 0 (0) 2 (1) 0 (0) 1(0) 3,953 (100) 1,805 (100) 2,148 (100)
Prior therapy at entry
No 57 (12) 85 (17) 57 (22) 85 (30) 0 (0) 0 (0) - - -
Yes 203 (42) 202 (40) 203 (78) 202 (70) 0 (0) 0 (0) - - -
Not reported 224 (46) 223 (44) 0 (0) 0 (0) 224 (100) 223 (100) 3,953 (100) 1,805 (100) 2,148 (100)
BMI
Normal 228 (47) 215 42) 128 (49) 127 (44) 100 (45) 88 (39) 1,210 (31) 554 (31) 656 (31)
Underweight 11 (2) 7 (5) 9 (3) 4 (5) 2(1) 13 (6) 99 (3) 37 (2 62 (3)
Overweight 175 (36) 149 (29) 87 (33) 76 (26) 88 (39) 73 (33) 1,033 (26) 507 (28) 526 (25)
Obese 56 (12) 109 (21) 28 (11) 66 (23) 28 (13) 43 (19) 621 (16) 267 (15) 354 (16)
Not available 14 (3) 10 (2) 8 (3) 4 (1) 6 (3) 6 (3) 990 (25) 440 (24) 550 (25)
Treatment
Gem alone 98 (20) 108 (21) 98 (38) 108 (38) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
CisGem 124 (26) 142 (28) 124 (48) 142 (49) 0 (0) 0 (0) 3,362 (85) 1,517 (84) 1,845 (86)
CisGem + cediranib 34 (7) 28 (5) 34 (13) 28 (10) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
CisGem + selumetinib 4 (1) 9 (2 4(2) 9 (3) 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Observation 113 (23) 111 (22) 0 (0) 0 (0) 113 (50) 111 (50) 0 (0) 0 (0) 0 (0)
Capecitabine 111 (23) 112 (22) 0 (0) 0 (0) 111 (50) 112 (50) 591 (15) 288 (16) 303 (14)

Data are presented as n (%).

eCCA, extrahepatic cholangiocarcinoma; hCCA, hilar cholangiocarcinoma; iCCA, intrahepatic cholangiocarcinoma.

*NS: not specified.

(odds ratio [OR] 2.18; 95% CIl 1.02-4.67; p = 0.045). Higher
= 0.14),

rates of lethargy (OR 1.39; 95% CIl 0.89-2.17; p
vomiting (OR 1.97; 95% CI 1.00-3.91; p = 0.052), and nausea
(OR 1.99; 95% CI 0.80-4.97; p = 0.14) were also observed in
females with advanced BTC, although these were not statis-

tically significant.

In BILCAP, grade 3/4 fatigue was more

frequent in females, but this difference was not significant (OR
2.31; 95% CIl 0.77-6.88; p = 0.13).

ABC studies

All grade AEs reported in 215 patients are shown in Fig. 1.
Laboratory adverse events were more frequent in males, with
significantly higher rates of thrombocytopaenia (146, 56.2% vs.
125, 43.6%; p <0.01), elevated creatinine (28, 10.8% vs. 17,
5.9%; p = 0.04), weight loss (22, 8.5% vs. 11, 3.8%; p = 0.03),
and hyperglycaemia (13, 5.0% vs. 5, 1.7%; p = 0.04). Anaemia
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Sex differences in biliary tract cancer chemotherapy effects

A

Males Females
System organ class and CTCAE term 4.03 n(%),n=260 n (%) n=287 OR (95% ClI) P
Injury, poisoning and procedural complications
Procedural complications (unspecified) 12 (4.6%) 5(1.7%) ————— 0.37 (0.13;1.05) 0.063
Metabolism and nutrition disorders
Anorexia 134 (51.5%) 161 (56.1%) —_—— 0.286
Hypocalcemia/Hypercalcemia 30 (11.5%) 35 (12.2%) —_—t 0.813
Hypoalbuminemia 33 (12.7%) 37 (12.9%) —_— 0.944
Hypophosphatemia 28 (10.8%) 25 (8.7%) —_— 0.417
Hypernatremia/Hyponatremia 43 (16.5%) 36 (12.5%) ——— 0.186
Hyperkalemia/Hypokalemia 28 (10.8%) 22 (7.7%) —_——— 0.210
Hyperglycemia 13 (5.0%) 5(1.7%) —_——— 0.041
and ive tissue di
Back pain 17 (6.5%) 28 (9.8%) 0.174
Myalgia 10 (3.8%) 16 (5.6%) 0.345
Generalized muscle weakness 8(3.1%) 12 (4.2%) 0.494
Arthralgia 18 (6.9%) 22 (7.7%) 0.739
Nervous system disorders
Headache 17 (6.5%) 30 (10.5%) 0.106
Nervous system disorders (unspecified) 14 (5.4%) 24 (8.4%) 0.175
Lethargy 216 (83.1%) 244 (85.0%) — 0.536
Dysgeusia 34 (13.1%) 40 (13.9%) —_— 0.769
Dizziness 16 (6.2%) 18 (6.3%) 0.955
Peripheral sensory neuropathy 14 (5.4%) 14 (4.9%) 0.788
Paresthesia 18 (6.9%) 18 (6.3%) — 0.759
Psychiatric disorders
Depression 15 (5.8%) 21 (7.3%) 0.467
Insomnia 23 (8.8%) 18 (6.3%) —_—— 0.256
Renal and urinary disorders
Renal and urinary disorders (unspecified) 25 (9.6%) 30 (10.5%) —_— 0.745
Proteinuria 8(3.1%) 7 (2.4%) 0.649
Respiratory, thoracic and mediastinal disorders
Dyspnea 82 (31.5%) 86 (30.0%) —— 0.690
Sore throat 14 (5.4%) 14 (4.9%) 0.788
Epistaxis 20 (7.7%) 16 (5.6%) e 0.321
Cough 27 (10.4%) 21(7.3%) ———— 0.208
Skin and subcutaneous tissue disorders
Alopecia 38 (14.6%) 93 (32.4%) 0.000
Rash maculo-papular 11 (4.2%) 14 (4.9%) 0.718
Rash acneiform 9 (3.5%) 11 (3.8%) 0.817
Pruritus 18 (6.9%) 20 (7.0%) 0.983
Hyperhidrosis 12 (4.6%) 12 (4.2%) 0.805
Skin and tissue di (t ified) 7 (10.4%) 20 (7.0%) —— 0.157
Vascular disorders
Thromboembolic event 19 (7.3%) 22 (7.7%) —_—f 0.874
Hypertension 50 (19.2%) 42 (14.6%) R 0.152
T T T 1T T 7T I
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.50
Higher odds Higher odds
B in men in women
Males Females

System organ class and CTCAE term 4.03 n (%), n =260 n (%), n =287 OR (95% CI) P
Investigations
Aspartate aminotransferase increased 155 (59.6%) 179 (62.4%) _—— 1.12 (0.80; 0.510
GGT increased 68 (26.2%) (24.7%) — 0.93 (0.6: 0.704
White blood cell decreased 140 (53.8%) 149 (51.9% ———— 0.93 (0.6 0.652
Alanine aminotransferase increased 160 (61.5%) 170 (59.2%) —t— 0.91 (0.64;1.. 0.582
Alkaline phosphatase increased 72 (27.7%, 73 (25.4%, —— 0.89 (0.61;1. 0.550
Neutrophil count decreased 162 (62.3%) 167 (58.2%) —— 1 0.84 (0.6 0.326
Investigations (unspecified) 42 (16.2%) 38 (13 2%) —e— 0.79 (0.4 0.336
Blood bilirubin increased 109 (41.9%) %) —t 0.72 (0.5 0.061
Hypermagnesemia/Hypomagnesemia 33 (12.7%) (9 1"/) —_————— 0.69 (0.4 0.173
Platelet count decreased 146 (56.2%) 125 (43.6%) ——— 0.60 (0.4: 0.003
Creatinine increased 28 (10.8%) 17 (5.9%) —_——— 0.52 (0.2 0.042
Weight loss 22 (8.5%) 1(3.8%) — - 0.43 (0.20:0.91) 0.027
Blood and lymphatic system disorders
Febrile neutropenia 30 (11.5%) 45 (15.7%) 1.43 0.161
Anemia 232 (89.2%) 239 (83.3%) — | 0.60 0.046
Ear and Iabyrlnth disorders
Hearing impaired 6(2.3%) 12 (4.2%) 1.8 0.227
Tinnitus 10 (3.8%) 13 (4. 5%) 1.1 0.691
Gastrointestinal disorders
Nausea 146 (56.2%) 213 (74.2%) 2.25 (1.57;3.22) 0.000
Vomiting 92 (35.4%) 150 (52.3%) 2.00 (1.42:2.82) 0.000
Mucositis oral 84 (32.3%) 102 (35 5%) —t 1.16 (0.81;1.65) 0.426
Dry mouth 16 (6.2%) 9 (6.6%) 1.08 (0.54;2. 0.824
Constipation 144 (55.4%) 164 (57.1%) —_— 1.07 (0.7 0.679
Ascites 13 (5.0%) 15 (5.2%) 1.05 (0.4 0.904
Dyspepsia 28 (10.8%) 32 (11.1%) o 1.04 (0.6 0.887
Diarrhea 111 (42.7%) 122 (42.5%) — 0.99 (0.7 0.965
Abdominal pain 65 (25.0%) 67 (23.3%) —— 0.91 (0.6 0.651
Bloating 11 (4.2%) 11 (3.8%) 0.90 (0.3 0.813
Gastroesophageal reflux disease 10 (3.8%) 9 (3.1%) 0.81 (0.3 0.651
Flatulence 14 (5.4%) 8 (2.8%) [N 0.50 (0.2 0.129
General disorders and administration site conditions
Non-cardiac chest pain 6 (2.3%) 10 (3.5%) 1.53 (0. .27) 0.418
Fatigue 58 (22.3%) 79 (27.5%) —— 1.32(0.90;1.95) 0.160
Flu like symptoms 14 (5.4%) 19 (6.6%) 1.25 (0. .54) 0.545

156 (60.0%) 176 (61.3%) —_— 1.06 (0. .49) 0.752
Edema limbs 72 (27.7%) 82 (28.6%) B 1.04 (0. .52) 0.819
General disorders (unspecified) 20 (7.7%) 21(7.3%) 0.95 (0. 79) 0.868
Fever 52 (20.0%) 43 (15.0%) —_—— 0.70 (0. .10) 0.123
Chills 21(8.1%) 16 (5.6%) —_———— 0.67 (0. .32) 0.247
Infections and infestations
Urinary tract infection 5(1.9%) 22(7.7%) %‘23(1.5 ;11.35) 0.004
Lung infection 14 (5.4%) 16 (5.6%) 1.04 (0.5 0.922
Sepsis 10 (3.8%) 10 (3.5%) 0.90 (0.3 0) 0.822
Infections and infestations (unspecified) 71(27.3%) 72(25.1%) R e — 0.89 (0.61;1.31) 0.555
Biliary tract infection 30 (11.5%) 24 (8:4%) — 0.70 (0.40:1.23) 0.215

I I I I I I I I I
000 025 050 075 100 125 150 1.75 200 250
Higher odds Higher odds
in men in women

Fig. 1. Summary of adverse events for ABC studies. OR, odds ratio.
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was also more common in males but did not reach statistical
significance (232, 89.2% vs. 239, 83.3%; p = 0.054). In contrast,
females had higher rates of clinical adverse events, including
nausea (213, 74.2% vs. 146, 56.2%; p <0.01), vomiting (150,
52.3% vs. 92, 35.4%; p <0.01), urinary tract infection (22, 7.7%
vs. 5, 1.9%; p <0.01), and alopecia (93, 32.4% vs. 38, 14.6%;
p <0.01).

BILCAP study

All grade AEs are shown in Fig. S3.

Only fatigue, diarrhoea and skin disorders were reported as
grade 3-5 AEs in 215 patients, with no differences between
sexes reaching statistical significance for these events.

Efficacy
ABC studies

Median OS was 10.6 months (95% CI 9.1-11.9) for females and
10.2 months (95% CI 8.4-11.9) for males (HR 0.94; 95% CI
0.79-1.11; p = 0.45; Fig. 2). Median PFS was 6.5 months (95%
Cl 5.9-7.6) for females and 6.4 months (95% CI 5.8-7.1) for
males (HR 1.03; 95% CI 0.86-1.22; p = 0.77). OS and PFS did
not differ significantly by sex (test for interaction p = 0.67 and
p = 0.85, respectively). Subgroup analysis of patients with GBC
also showed no sex differences in OS (p = 0.93) or PFS
(o = 0.54).

BILCAP study

As previously reported, adjuvant capecitabine improved OS
compared with observation in the intention-to-treat analysis
(median OS 51.1 months [95% CI 34.6-59.1] vs. 36.4 months
[95% CI 29.7-44.5]), although this difference did not reach
statistical significance (HR 0.81; 95% CI 0.63-1.04; p = 0.10).

Across the two arms of BILCAP, median OS was 49.6
months (95% CI not calculated) in females vs. 35.1 months
(95% CI 30.3-44.5) in males (HR 0.76; 95% CIl 0.59-0.98; p =
0.04; Fig. S4). There was no evidence of a sex difference in
recurrence-free survival (RFS), with median RFS of 19.4 months
in females and 20.8 months in males (HR 0.89; 95% CI
0.71-1.13; p = 0.34). The superior OS in females was observed
in both the capecitabine and observation arms. In the capeci-
tabine arm, median OS was 57.0 months (95% CI not calcu-
lated) in females vs. 42.9 months (95% CI 32.2-58.9) in males. In
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X
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Fig. 2. Overall survival curve for ABC studies.
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the observation arm, median OS was 44.2 months (95% CI not
calculated) in females vs. 31.9 months (95% CIl 23.9-36.9) in
males. The interaction between sex and treatment did not reach
statistical significance (interaction p = 0.36); however, the esti-
mated treatment effect on OS was more pronounced in males
(HR 0.71; 95% CI 0.50-1.00; p = 0.05) than in females (HR 0.91;
95% CI10.63-1.32; p = 0.63) (Fig. 3A,B). The interaction between
sex and treatment for RFS was similar to that observed for OS
(interaction p = 0.50; Fig. 4A,B). Among patients with GBC in
BILCAP, females had superior OS (HR 0.48; 95% CI 0.24-0.98;
p = 0.04) and RFS (HR 0.52; 95% CI 0.27-1.02; p = 0.057)
compared with males (Fig. 5A,B).

Population study
Palliative treatment with cisplatin + gemcitabine

For patients undergoing palliative chemotherapy with
gemcitabine + cisplatin, median OS was 10.0 months (95% CI
9.6-10.5) in females and 9.8 months (95% CI 9.33-10.20) in
males (p = 0.3) (Fig. S5).

The HR calculated for 1-year all-cause mortality was 0.97
(95% CI 0.88-1.14, p = 0.6) for risk of male sex relative to female
sex, suggesting no significant difference in survival for males
and females treated with cisplatin + gemcitabine (Table S1).

Adjuvant treatment with single-agent capecitabine

Median OS was 30.7 months (95% CIl 27.3-34.1) in females
and 26.7 months (95% CI 23.7-29.9) in males (p = 0.20). The
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Fig. 3. Overall survival for the BILCAP study comparing 5-year overall
survival between observation and capecitabine treatment arms.
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Fig. 5. Five-year overall survival for BILCAP patients with gallbladder can-
cer only, stratified by sex.

hazard ratio for death for females relative to males was 0.85
(95% CI 0.57-1.26; p = 0.40) (Fig. S6, Table S3).

Among patients with GBC, median OS was 33.8 months in
females and 26.5 months in males (p = 0.07; n = 103 females,
n = 49 males) (Fig. S7). When patients with GBC treated with
capecitabine were excluded from the population data, OS
remained comparable between sexes. Median OS in this
subgroup was 29.1 months (95% CI 25.0-32.0) in females and
26.4 months (95% CI 23.6-30.3) in males (p = 0.81; n = 199
females, n = 238 males).

Discussion

Our analysis of individual patient data from 994 patients in the
prospective UK BTC portfolio of studies and 3,953 patients
from population data revealed clinically relevant sex differ-
ences in AE prevalence, and potential differences in survival
benefit from adjuvant chemotherapy between male and female
patients treated for BTC.

With regard to AEs, the analysis of gemcitabine-based
chemotherapy in the ABC-trials confirms the findings of
several studies in other tumour types,®'™>* with other chemo-
therapies, targeted therapies and immunotherapy?® that re-
ported substantially higher rates of AEs in females. In females
receiving standard-of-care palliative chemotherapy for BTC
(cisplatin 25 mg/m? and gemcitabine 1,000 mg/m? on days 1
and 8 every 3 weeks), this study observed a clinically relevant,
nearly twofold increase in several grade 23 clinical adverse
events: rates of nausea were significantly higher in females,
while increased rates of vomiting and fatigue approached sta-
tistical significance. These toxicities are most likely related to
cisplatin, for which emesis is a particular issue,>' whereas
gemcitabine has relatively low emetogenic potential. Sex dif-
ferences in the mechanisms of cisplatin-associated toxicity
have been described previously (for review, see Marcu 2022%?)
in preclinical studies, with cisplatin-associated toxicity being
dependent not only on dose and schedule,*® but also sex and
age. Furthermore, significantly higher rates of non-
haematological toxicities, such as grade >3 nausea (33% vs.
20%, p <0.01) and vomiting (30 vs. 18%, p <0.01) have been
reported previously in females with lung cancer treated with
platinum-based combination chemotherapy.** Nephrotoxicity,
another significant side effect of cisplatin, occurs at higher rates
in peri-menopausal females.®® By contrast, in children, the risk
of cisplatin-induced hearing loss was significantly higher in
males (OR 4.812, p = 0.005),® confirming that both sex and
age modulate the risk of chemotherapy-related AEs. The
reason for the overall low rates of nephrotoxicity and ototoxicity
in the present study are probably the relatively low cisplatin
doses. It is notable that some laboratory AEs, especially
thrombocytopenia (146, 56.2% vs. 125, 43.6%; p <0.01) were
reported more frequently in males, while females showed a
higher incidence of clinical AEs such as nausea (213, 74.2% vs.
146, 56.2%; p <0.01) and vomiting (150, 52.3% vs. 92, 35.4%;
p <0.01). This observation could be explained by different
mechanisms responsible for and sensitivity to these types of
toxicities in male and female patients, which vary according to
the type of drug. However, importantly a lower rate of labora-
tory AEs in females has not been observed in other trials:
among patients undergoing adjuvant chemotherapy for colon
cancer, the significantly greater rates of haematological
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toxicities (leukopenia and neutropenia) in females are associ-
ated with higher rates of nausea and vomiting.>” The higher
incidence of specific AEs (nausea, vomiting, fatigue) in women
observed in the ABC studies could also be associated with
lower incidence of other AEs such as thrombocytopaenia, as
dose reductions and treatment delays are frequently used to
manage toxicity. This aspect of chemotherapy scheduling may
also have influenced the disparity in AEs between males and
females observed in these clinical trials.

Our data suggest a potential sex-specific pattern in toxicity
from gemcitabine—cisplatin chemotherapy, with higher rates of
chemotherapy-induced nausea and vomiting in females and a
greater incidence of haematological toxicities in males. Conse-
quently, biologically optimal doses of gemcitabine and cisplatin
may differ between the sexes. Furthermore, sex-specific sup-
portive care strategies that account for differential toxicity risks
should be considered and may help reduce AEs. In contrast,
higher rates of nausea, vomiting and fatigue observed in females
treated with capecitabine in the BILCAP-study are in line with
previous observations®* and possibly explained by potentially
higher plasma levels of capecitabine and/or its metabolites.*®

Concerning treatment efficacy, in the BILCAP observation
group, there was potentially survival in females compared to
males (median survival 44.2 [95% CI not calculated] vs. 31.9
[95% CI 23.9-36.9] months); however, this did not reach sta-
tistical significance. In the population-based cohort, similar
findings were observed, with a point estimate for median OS
approximately 4 months lower in males than in females;
however, the overlapping 95% Cls preclude a definitive
conclusion regarding a statistically significant survival differ-
ence among patients treated with adjuvant capecitabine in
routine care. Of note, the population study included only pa-
tients treated with capecitabine, without a control group, as
the data available did not provide data for patients who
received no treatment. Thus, these data did not allow for the
evaluation of the benefit of adjuvant capecitabine therapy for
women treated for BTC. Other studies have reported signifi-
cantly improved survival in females with early-stage GBC in
Japan,®® which was not observed in the US.*° As such, an
interaction between sex and the biology of GBC is not only
plausible, but likely. This finding is consistent with the asso-
ciation between reproductive factors and the risk of GBC,'®
but could not be statistically confirmed in this study and should
be prospectively evaluated in a prospective study.

In BILCAP, the benefit of chemotherapy in terms of OS is
more pronounced in males, possibly attributable to a difference
in disease biology. In males, adjuvant chemotherapy with
capecitabine improved survival (HR 0.71, 95% CI 0.50-1.99, p =
0.048), whereas the benefit of capecitabine treatment in fe-
males was smaller and did not reach statistical significance (HR
0.91, 95% CI 0.63-1.32, p = 0.625). Thus, considering both the
apparent increased toxicity and lesser effectiveness of adjuvant
capecitabine in BILCAP, our findings suggest the need for a
thorough re-evaluation of the treatment’s advantages and risks,
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as well as the evaluation of other treatment options specifically
in female patients with this disease. This finding should be
evaluated as well in the ACTICCA-01 study that recently
completed accrual, for which the control arm was capecita-
bine,*" although this trial did not include an observation-only
arm; therefore, the benefit of adjuvant capecitabine for fe-
males with BTC should be questioned in future trials.

Importantly, sex differences in cancer biology'**** are not
limited to BTC. They have been observed in multiple tumour
types, with lung cancer being a prime example (for review see
Mederos, 2020*%). These findings support the further investi-
gation of potential sex variations in tumour biology, which
should be considered in the design and analysis of future
clinical trials to provide an accurate assessment of treatment
benefits and risks, especially for patients with GBC.

Our findings should be considered in the context of several
limitations. Most important are the limited size of the study
population in our trial datasets, the unplanned, post hoc nature
of the analysis, and the lack of statistical significance of some
findings, particularly in relation to efficacy and survival out-
comes. Furthermore, we are limited by the lack of pharmaco-
kinetic data. A recent systematic review analysing sex
differences in pharmacokinetics, pharmacodynamics and AEs**
found that differences in pharmacokinetics are strongly pre-
dictive of adverse drug reactions for females but not males,
highlighting that these differences were not explained only by
differences in body weight. Finally, while the use of combination
regimens in the ABC-trials makes the interpretation more chal-
lenging, this represents a common and clinically relevant situ-
ation. A major strength of our study is that it is the first of its kind
to provide granular evidence from trial data on survival out-
comes, and to compare these outcomes to an independent set
of population data. Population data alone would not enable us
to determine the types or severity of toxicity; however, this large
and diverse dataset confirms the prevalence of our observation
of clinically relevant sex differences in AEs, and potentially ef-
ficacy, for patients with localized and locally advanced GBC in a
real-world setting.

In conclusion, our combined analysis of individual patient
data from randomized controlled trials and real-world data
suggests clinically relevant sex differences in AEs in the trial
setting, with potential survival differences between males and
females, although this analysis was limited by sample size and
lack of an observational study arm. Differences in AE profiles
between male and female patients undergoing standard-of-
care, palliative chemotherapy for metastatic biliary cancer
were observed, with females being at higher risk. This study
adds to the growing body of evidence supporting sex-related
differences in cancer biology and treatment outcomes,
underscoring the need to further investigate these effects and
to incorporate sex as a key variable in the design, analysis, and
interpretation of future clinical trials, as well as in the devel-
opment of tailored treatment and supportive care strategies for
male and female patients.
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