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Simple Summary

Biliary tract cancers are aggressive malignancies with limited treatment options. Com-
bining chemotherapy with immunotherapy has become the standard first-line treatment
for advanced disease, but clinically useful markers of benefit remain limited. We eval-
uated treatment-emergent adverse events in a large international real-world cohort of
1358 patients receiving cisplatin-gemcitabine plus durvalumab. Immune-mediated ad-
verse events (imAEs) occurred in 20.3% of patients and were associated with longer overall
and progression-free survival even after adjustment for major baseline prognostic factors.
Because exact imAE onset dates were not consistently available, this observational associa-
tion may be affected by immortal time bias and should not be interpreted as validation of a
surrogate endpoint. Baseline corticosteroid exposure was uncommon (21 patients), making
its association with poorer outcomes particularly vulnerable to confounding by indication;
corticosteroids administered for imAE management were not significantly associated with
worse survival. These findings support imAEs as potential clinical correlates of treatment
benefit that require prospective validation with precise exposure timing.

Abstract

Background: Biliary tract cancers (BTCs) are aggressive malignancies with limited treat-
ment options. The addition of durvalumab or pembrolizumab to cisplatin—gemcitabine im-
proves overall survival (OS), but validated biomarkers of benefit remain limited. Immune-
mediated adverse events (imAEs) have been proposed as treatment-emergent clinical
correlates of immune activation. Methods: We retrospectively analyzed an international
cohort of patients with locally advanced or metastatic BTC treated with first-line cisplatin—
gemcitabine plus durvalumab. Primary endpoints were OS and progression-free survival
(PFS). The principal exposure was the occurrence of any imAE. A post hoc complete-case
Cox model was adjusted for age, sex, primary tumor site, prior surgery, ECOG perfor-
mance status, disease stage, albumin, bilirubin, and neutrophil-to-lymphocyte ratio (NLR);
analyses of individual AEs were exploratory. Exact AE onset dates were not consistently
available, precluding a reliable formal time-dependent exposure analysis. Results: A total
of 1358 patients were included; all received durvalumab, and 276 (20.3%) developed at
least one imAE. In the fully baseline-adjusted model, any imAE remained associated with
a lower risk of death (adjusted HR 0.72, 95% CI 0.57-0.92; p = 0.008) and progression or
death (adjusted HR 0.63, 95% CI 0.52-0.77; p < 0.001). In exploratory baseline-adjusted
analyses of individual imAEs, other imAEs remained associated with OS (HR 0.39, 95%
CI 0.24-0.62; p < 0.001) and PFS (HR 0.56, 95% CI 0.40-0.77; p < 0.001), while hypothy-
roidism remained associated with PFS only (HR 0.65, 95% CI 0.43-0.97; p = 0.034); rash and
hyperthyroidism were not independently associated after full baseline adjustment. In AE-
focused exploratory models, decreased appetite and hyponatremia were associated with
worse outcomes, neutropenia with better outcomes, and ALT elevation with worse PFS.
Baseline corticosteroid use was uncommon (1 = 21), and all steroid analyses are vulnerable
to confounding by indication and exposure-timing bias. Conclusions: Treatment-emergent
imAEs may represent potential prognostic markers or clinical correlates of benefit, but they
are not validated surrogate endpoints. Prospective studies with precise AE-onset capture
are required.

Keywords: biliary tract cancer; cholangiocarcinoma; immune-mediated adverse events;
corticosteroids
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1. Introduction

Biliary tract cancers (BTCs) comprise a heterogeneous group of highly aggressive
malignancies, including intrahepatic cholangiocarcinoma (iCCA), extrahepatic cholan-
giocarcinoma (eCCA), and gallbladder carcinoma (GBC) [1,2]. Cholangiocarcinoma was
first described by Durand-Fardel in 1840 [3]. Although BTCs are considered rare, their
epidemiology is markedly heterogeneous: in an international registry analysis, overall BTC
incidence ranged from 1.25 to 14.35 per 100,000 person-years, with the highest incidence
reported in Chile, whereas mortality was highest in the Republic of Korea [4]. A single
worldwide rank for all BTCs is not provided by GLOBOCAN because the component
diseases are coded separately; in 2022, GBC alone accounted for 122,491 new cases and
89,055 deaths worldwide, ranking 22nd for incidence and 20th for cancer mortality [5]. BTC
are often diagnosed at an advanced stage, and long-term survival remains poor [1,2]. For
advanced disease, the phase III ABC-02 trial established cisplatin-gemcitabine (CG) as a ref-
erence regimen, with median OS of 11.7 versus 8.1 months with gemcitabine alone (HR 0.64,
95% C1 0.52-0.80; p < 0.001) [6]. The treatment landscape subsequently expanded to include
biomarker-driven targeted therapies [7,8] and immune checkpoint inhibitors. In TOPAZ-1,
adding durvalumab to CG improved median OS from 11.5 to 12.8 months (HR 0.80, 95%
CI 0.66-0.97), while KEYNOTE-966 showed median OS of 12.7 versus 10.9 months with
pembrolizumab plus CG versus CG alone (HR 0.83, 95% CI 0.72-0.95) [9-14]. A recent meta-
analysis of the two randomized trials confirmed an OS benefit for chemo-immunotherapy
(pooled HR 0.80, 95% CI 0.72-0.89) [15]. Alongside treatment advances, there is increasing
interest in biomarkers capable of refining prognosis and treatment stratification in BTC.
Conventional clinical variables such as ECOG performance status, disease extent, albumin,
bilirubin, and systemic inflammatory indices remain relevant, and contemporary real-
world data also identify poor ECOG performance status and hypoalbuminemia as adverse
prognostic factors [16]. Molecular profiling can identify actionable alterations such as IDH1
mutations, FGFR?2 fusions, and HER2 amplification, while circulating tumor DNA and
other liquid-biopsy approaches are being investigated for non-invasive genomic profiling,
response assessment, resistance detection, and recurrence monitoring [16,17]. Emerging
tissue-based signatures may add complementary information; for example, STMN1 expres-
sion has recently been associated with prognosis and differential treatment response in
BTC [18]. Treatment-emergent clinical events may provide an additional dynamic layer of
information. Across solid tumors, immune-mediated adverse events (imAEs) have been
associated with immune-checkpoint inhibitor efficacy [19-23], and a dedicated exploratory
analysis of TOPAZ-1 reported a numerically greater durvalumab treatment effect among
patients with recorded imAEs [24]. At the same time, systemic corticosteroids used to
manage immune toxicity raise concerns because of potential immunosuppressive effects.
We therefore evaluated the association of imAEs and non-imAEs with OS and PFS in a large
international real-world cohort of patients with advanced BTC treated with first-line CG
plus durvalumab [25-27], while also examining corticosteroid exposure as an exploratory
clinical factor.

2. Materials and Methods
2.1. Study Population

The study population included patients with unresectable, locally advanced, or
metastatic BTC, encompassing iCCA, eCCA (distal and perihilar), and GBC. All pa-
tients received first-line CG in combination with durvalumab (1358/1358; 100%); no
patient received pembrolizumab. Data were retrospectively collected from 55 centers
across 12 countries (Italy, Germany, Austria, Spain, Portugal, Belgium, United Kingdom,
United States of America, Republic of Korea, China, Hong Kong Special Administrative
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Region of China, and Japan) from February 2022 through April 2025, with data cutoff on
1 May 2025. Treatment consisted of intravenous CG plus durvalumab every 21 days for up
to eight cycles: durvalumab 1500 mg on day 1, gemcitabine 1000 mg/m? on days 1 and 8,
and cisplatin 25 mg/m? on days 1 and 8. After completion of CG, durvalumab 1500 mg ev-
ery 4 weeks could be continued until disease progression or unacceptable toxicity. Adverse
events were collected during treatment, and patients were classified according to whether
at least one treatment-emergent AE had been recorded.
The following toxicities were evaluated:

- imAEs: pruritus, rash, hypothyroidism, hyperthyroidism, colitis, and other imAEs
(musculoskeletal, pulmonary, neurological, cardiac);

- non-imAEs: fatigue, anemia, neutropenia, thrombocytopenia, leukopenia, throm-
bocytosis, nausea, decreased appetite, ALT elevation, fever, constipation, diar-
rhea, vomiting, neuropathy, cholangitis, hyponatremia, hypokalemia, insomnia,
other non-imAEs.

The present study was approved by the local Ethics Committee at each center, complied
with the provisions of the Good Clinical Practice guidelines and the Declaration of Helsinki
and local laws, and fulfilled the Regulation (EU) 2016/679 of the European Parliament
and of the Council of 27 April 2016 on the protection of natural persons with regard to the
processing of personal data.

2.2. Statistical Analysis

This work evaluated OS and PFS as primary endpoints and their associations with
treatment-emergent imAEs and non-imAEs. OS was defined as the time from initiation of
first-line therapy to death from any cause. PFS was defined as the time from initiation of
first-line therapy to disease progression or death, whichever occurred first. OS and PFS
were estimated using the Kaplan-Meier method, and survival curves were compared using
the log-rank test.

Unadjusted hazard ratios (HRs) for any imAE, individual imAEs, and non-imAEs
were estimated using Cox proportional hazards models. In the harmonized dataset, AE
occurrence was recorded as a binary ever/never variable and exact onset dates were not
consistently available. Accordingly, a reliable formal time-dependent exposure model for
imAEs or non-imAEs could not be implemented, and these analyses should be interpreted
as associative and potentially affected by immortal time bias. The overall any-imAE
analysis was the principal exposure analysis. Individual imAE and non-imAE analyses,
including two AE-focused multivariable Cox models (one entering overall imAEs and one
entering individual imAEs together with non-imAEs that were significant in univariable
analysis), were considered exploratory. Corticosteroid use at baseline and corticosteroids
administered for inAE management were evaluated in separate exploratory Cox models;
the latter is a post-baseline exposure and was therefore interpreted cautiously.

To address confounding by baseline prognosis, a post hoc complete-case Cox sensitiv-
ity model was fitted including any imAE together with age, sex, primary tumor location
(iCCA vs. eCCA/GBCQ), prior surgery, ECOG performance status (>1 vs. 0), disease stage
(metastatic vs. locally advanced), albumin (<3.5 vs. >3.5 g/dL), bilirubin (elevated vs.
normal), and NLR (>3 vs. <3), irrespective of univariable statistical significance. No
missing-data imputation was performed. A sensitivity analysis used robust standard er-
rors, clustered by treatment center. An analogous baseline-adjusted exploratory model
assessed individual imAEs. Because a large number of individual AEs were evaluated, no
multiplicity correction was applied and p-values for individual-event analyses are nom-
inal; borderline associations should be considered hypothesis-generating. Patients were
monitored every 2-3 months using multiphasic imaging according to each center’s clinical
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practice. Response was classified according to RECIST version 1.1. Median follow-up was
estimated using the reverse Kaplan-Meier method. AEs were graded according to CTCAE
version 5.0. HRs are reported with 95% confidence intervals (CIs) and two-sided p-values;
p < 0.05 was used as a descriptive threshold for statistical significance.

Descriptive and AE-focused survival analyses were performed using MedCalc soft-
ware (MedCalc, version 16.8.4). Fully baseline-adjusted and center-clustered Cox sensitivity
analyses were performed in Python 3.13.5 using statsmodels 0.14.6.

3. Results
3.1. Characteristics of the Study Population and Development of AEs

Between February 2022 and April 2025, 1358 patients were included in the study;
all 1358 (100%) received first-line cisplatin-gemcitabine plus durvalumab. Overall,
711 patients (52.4%) were male, and the median age was 69 years (range 24-91 years).
A total of 758 patients (55.8%) had iCCA, 366 (27.0%) had eCCA, and 234 (17.2%) had GBC.
Baseline characteristics are summarized in Table 1.

Table 1. Baseline characteristics (N = 1358).

Characteristic Patients, n (%)
Age, Years, Median 69 (24-91)
Sex

male 711 (52.4)
female 647 (47.6)
ECOG Performance Status

0 684 (50.4)
1 626 (46)
2 42 (3.1)
3 6 (0.5)
Site of the tumor

intrahepatic 758 (55.8)
perihilar 217 (16.1)
distal 149 (10.9)
gallbladder 234 (17.2)
Prior Surgery

yes 386 (28.5)
no 972 (71.5)
Stage of Disease

locally advanced 266 (19.6)
metastatic 1092 (80.4)
Number of metastatic sites

<3 1076 (79)
>3 282 (21)
Sites of metastasis

liver 777 (57.2)
lymph nodes 601 (44.2)
peritoneal 336 (24.7)
lung 283 (20.8)
bone 138 (10.2)
First-line immunotherapy

durvalumab 1358 (100.0)

At data cutoff (1 May 2025), the median duration of follow-up was 14.5 months (95%
CI: 13.7-36.5); 934 patients (68.7%) discontinued treatment due to disease progression, and
605 patients (44.5%) had died.

Estimated median OS was 15.6 months (95% CI: 14.6-16.5) and median PFS was
7.6 months (95% CI: 7.2-8.1) (Figures 1 and 2).
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Figure 1. Kaplan—-Meier curve for overall survival.
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Figure 2. Kaplan—-Meier curve for progression-free survival.

A total of 276 patients (20.3%) developed imAEs of any grade. Among these 276 pa-
tients, the most frequently reported imAEs were pruritus (112, 40.6%) and rash (110, 39.9%);
endocrine events included hypothyroidism (65, 23.6%) and hyperthyroidism (27, 9.8%),
immune-mediated colitis occurred in 21 patients (7.6%), and other imAEs (musculoskeletal,
pulmonary, neurological, or cardiac) were reported in 97 patients (35.1%). Among the
full cohort, the most common any-grade non-imAEs were fatigue (706, 52.0%), anemia
(634, 46.7%), neutropenia (588, 43.3%), thrombocytopenia (488, 35.9%), leukopenia (419,
30.8%), and thrombocytosis (141, 10.4%). Gastrointestinal toxicities included nausea (408,
30.0%) and decreased appetite (328, 24.1%). Other frequently reported events were ALT
elevation (297, 21.9%), fever (257, 18.9%), neuropathy (157, 11.6%), hyponatremia (117,
8.6%), and hypokalemia (98, 7.2%) (Table 2). Patients could experience more than one AE.
Most AEs were grade 1-2, whereas grade 3—4 events were less frequent. Among imAEs,
235 patients (17.3% of the full cohort) experienced grade 1-2 events and 40 (2.9%) expe-
rienced grade 3—4 events. Individual imAEs were predominantly low-grade, with grade
3—4 rash, pruritus, and colitis occurring in only three (0.2%), one (0.1%), and one (0.1%)
patient, respectively. Grade 3—4 non-imAEs were more frequent among hematological
toxicities, particularly neutropenia (n = 286, 21.1%), thrombocytopenia (n = 102, 7.5%),
anemia (1 =78, 5.7%), and leukopenia (1 = 78, 5.7%) (Table 3).
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Table 2. Treatment-related adverse events of any grade. Percentages for individual imAEs are

calculated among the 276 patients with at least one imAE; percentages for non-imAEs are calculated

using the full cohort (N = 1358). Patients could experience more than one event.

Adverse Event

Patients, n (%)

Immune-Mediated Adverse Events

pruritus

rash
hypothyroidism
hyperthyroidism
colitis

other immune-mediated events
Non-Immune-Mediated Adverse Events

fatigue

anemia
neutropenia
thrombocytopenia
leukopenia
thrombocytosis
nausea

decreased appetite
ALT elevation
fever

constipation
diarrhea

vomiting
neuropathy
cholangitis
hyponatremia
hypokalemia
insomnia

other non-imAEs

112 (40.6)
110 (39.9)
65 (23.6)

706 (52.0)
634 (46.7)
588 (43.3)
488 (35.9)
419 (30.8)
141 (10.4)
408 (30.0)
328 (24.1)
297 (21.9)
257 (18.9)
241 (17.7)
160 (11.8)
159 (11.7)
157 (11.6)
125 (9.2)
117 (8.6)
98 (7.2)
45 (3.3)
212 (15.6)

Table 3. Distribution of immune-mediated and non-immune-mediated adverse events according to

toxicity grade.

Toxicity Grade1-2,n Grade1-2,% Grade3-4,n Grade 3-4, %
imAEs 235 17.3 40 29
rash 107 79 3 0.2
pruritus 111 8.2 1 0.1
colitis 20 1.5 1 0.1
hypothyroidism 62 4.6 2 0.1
hyperthyroidism 27 2 0 0
other imAEs 71 52 24 1.8
decreased appetite 318 234 9 0.7
fever 235 17.3 22 1.6
fatigue 680 50.1 26 1.9
neuropathy 150 11 7 0.5
nausea 400 29.5 8 0.6
vomiting 152 11.2 7 0.5
diarrhea 148 10.9 12 0.9
constipation 238 17.5 3 0.2
insomnia 45 3.3 0 0
cholangitis 62 4.6 62 4.6
anemia 556 40.9 78 5.7
leukopenia 341 25.1 78 5.7
neutropenia 301 222 286 21.1
thrombocytopenia 386 28.4 102 7.5
thrombocytosis 138 10.2 3 0.2
ALT increase 263 19.4 34 2.5
hypokalemia 93 6.8 5 0.4
hyponatremia 102 7.5 15 1.1
other non-imAEs 178 13.1 32 24
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3.2. Survival Analysis

In exploratory univariable analyses of OS according to individual AEs (Table 4), imAEs
overall (HR 0.74, 95% CI 0.62-0.89; p = 0.001), rash (HR 0.69, 95% CI 0.53-0.90; p = 0.007),
hyperthyroidism (HR 0.53, 95% CI 0.35-0.82; p = 0.004), and other imAEs (HR 0.60, 95%
CI 0.46-0.79; p = 0.0002) were associated with lower risk of death. Among non-imAEs,
neutropenia (HR 0.71, 95% CI 0.60-0.83; p < 0.0001) and leukopenia (HR 0.81, 95% CI
0.69-0.96; p = 0.02) were associated with better OS, whereas ALT elevation (HR 1.25,
95% CI 1.03-1.51; p = 0.02), decreased appetite (HR 1.58, 95% CI 1.32-1.94; p < 0.0001),
hyponatremia (HR 1.73, 95% CI 1.28-2.33; p = 0.0003), and hypokalemia (HR 1.68, 95% CI
1.22-2.33; p = 0.002) were associated with worse OS. No significant association with OS

was observed for the other AEs evaluated (Figure 3).

Table 4. Exploratory univariable analysis of immune-mediated and non-immune-mediated adverse

events. Individual-event p-values are nominal and were not adjusted for multiplicity.

PFS p-Value 0S p-Value

HR IC 95% HR IC 95%
imAEs
no vs. yes 0.70 (0.61-0.82) <0.0001 0.74 (0.62-0.89) 0.0011
pruritus
no vs. yes 0.85 (0.69-1.06) 0.15 0.99 (0.76-1.32) 0.98
rash
no vs. yes 0.78 (0.63-0.97) 0.03 0.69 (0.53-0.90) 0.007
hypothyroidism
no vs. yes 0.72 (0.55-0.94) 0.01 0.79 (0.56-1.09) 0.16
hyperthyroidism
no vs. yes 0.68 (0.47-0.97) 0.03 0.53 (0.35-0.82) 0.004
colitis
no vs. yes 0.68 (0.44-1.06) 0.09 0.61 (0.34-1.09) 0.09
other imAEs
no vs. yes 0.65 (0.52-0.80) 0.0001 0.60 (0.46-0.79) 0.0002
fatigue
no vs. yes 1.10 (0.97-1.26) 0.14 1.20 (1.03-1.41) 0.02
anemia
no vs. yes 1.02 (0.89-1.16) 0.82 0.92 (0.79-1.08) 0.32
neutropenia
no vs. yes 0.78 (0.69-0.89) 0.0002 0.71 (0.60-0.83) <0.0001
thrombocytopenia
no Vs. yes 0.92 (0.80 -1.05) 0.19 0.90 (0.77-1.07) 0.23
leukopenia
no vs. yes 0.85 (0.74-0.98) 0.02 0.81 (0.69-0.96) 0.02
thrombocytosis
no vs. yes 1.04 (0.85-1.29) 0.71 1.10 (0.85-1.43) 0.47
nausea
no vs. yes 1.02 (0.89-1.18) 0.75 1.05 (0.89-1.25) 0.57
decreased appetite
no vs. yes 1.42 (1.21-1.66) <0.0001 1.58 (1.32-1.94) <0.0001
ALT elevation
no vs. yes 1.22 (1.05-1.43) 0.012 1.25(1.03-1.51) 0.02
fever
no vs. yes 1.09 (0.92-1.28) 0.32 1.09 (0.89-1.33) 0.38
constipation
no vs. yes 1.02 (0.87-1.20) 0.81 1.04 (0.85-1.27) 0.72
diarrhea
no vs. yes 0.97 (0.80-1.17) 0.73 0.97 (0.78-1.21) 0.78
vomiting
no vs. yes 0.98 (0.80-1.19) 0.81 1.11 (0.87-1.42) 0.40
neuropathy
no vs. yes 0.85 (0.71-1.02) 0.09 0.82 (0.65-1.02) 0.08
cholangitis
no vs. yes 1.25 (0.99-1.56) 0.06 1.36 (1.03-1.79) 0.032
hyponatremia
no vs. yes 1.54 (1.19-1.98) 0.0008 1.73 (1.28-2.33) 0.0003
hypokalemia
no vs. yes 1.48 (1.13-1.95) 0.005 1.68 (1.22-2.33) 0.002
insomnia
no vs. yes 0.95 (0.69-1.31) 0.74 1.23 (0.83-1.81) 0.31
other non-imAEs
no vs. yes 1.11 (0.93-1.33) 0.25 1.02 (0.82-1.28) 0.85
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Figure 3. (A) Kaplan—-Meier curve of OS comparing patients who developed immune-mediated
adverse events (imAEs) versus those who did not; (B) Kaplan—Meier curve of OS comparing patients
who developed rash to those who did not; (C) Kaplan—-Meier curve of OS comparing patients
who developed hyperthyroidism events to those who did not; (D) Kaplan-Meier curve of OS
comparing patients who developed neutropenia to those who did not; (E) Kaplan-Meier curve of OS
comparing patients who developed leukopenia to those who did not; (F) Kaplan-Meier curve of OS
comparing patients who developed ALT increase to those who did not; (G) Kaplan—Meier curve of
OS comparing patients who developed hyponatremia to those who did not; (H) Kaplan-Meier curve
of OS comparing patients who developed hypokalemia to those who did not; and (I) Kaplan-Meier
curve of OS comparing patients who developed other imAEs to those who did not.

In exploratory univariable analyses of PFS, imAEs overall (HR 0.70, 95% CI 0.61-0.82;
p < 0.0001), hyperthyroidism (HR 0.68, 95% CI 0.47-0.97; p = 0.03), hypothyroidism (HR
0.72,95% CI 0.55-0.94; p = 0.01), and other imAEs (HR 0.65, 95% CI 0.52-0.80; p = 0.0001),
were associated with better PFS. Neutropenia (HR 0.78, 95% CI 0.69-0.89; p = 0.0002) and
leukopenia (HR 0.85, 95% CI 0.74-0.98; p = 0.02) were also associated with better PFS,
whereas ALT elevation (HR 1.22, 95% CI 1.05-1.43; p = 0.012), decreased appetite (HR 1.42,
95% CI 1.21-1.66; p < 0.0001), hypokalemia (HR 1.48, 95% CI 1.13-1.95; p = 0.005), and
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hyponatremia (HR 1.54, 95% CI 1.19-1.98; p = 0.0008) were associated with worse PFS

(Figure 4).

: Hyperthyroidism Events, No. (%) | HR(95%, CI)
A Immune-mediated Adverse events Events, No. (%) | HR (95%, CI) Hyperthyroidism YES | 19 (73.1) 0.53 (0.35-0.82)
Immune mediated Adverse events YES | 186 (67.6) 0.70 (0.62-0.81) it a h i
908 (68.9) 1.86(1.22-2.88]
Immune mediated Adverse events NO | 741 (69.3) 1.42(1.22-1.64) i parreidism NG 162:9) ( )
2 s = =0.03
b | p<0.001 N °
’ i, 9.9 months (7.6 to 26.2 months)
9.5 months (8.5 to 10.2 months) a0 h
a0l 7.5 months (7.1 to 8.1 months)
\ 7.1 months (6.6 to 35.1 months)
2
- E 60}
g 60} %
s I
g ol . U A—
H
20}
20}
-m—rr—n—!—\
o of : ; ! ;
- ~ 0 10 20 30 40
0 10 20 30 40 Time
Time Number at risk.
Number at riskc Group: 0
ol i % B o oo e 282 a7 6 0
g ™ %2 20 3 0 % iy 4 L N
Hypothyroidism Events, No. (%) | HR(95%, Cl)
C Hypothyroidism YES | 42 (64.6) 0.72 (0.56-0.94) Leukopeni Events, No. (%) | HR (95%, CI)
Hypothyroidism NO [ 885(69.2) 1.39(1.10-1.80) D Leukopenia YES | 288 (69.6) 0.85 (0.74-0.98)
w00l p=0.014 LeukopeniaNO | 639 (68.7) 1.17 (1.02-1.34)
00
10.2 months (7.6 to 12.2 months) p=0.02
b | 7.5 months (7.1 to 35.1 months) wl LY 8.3 months (7.7 to 8.9 months)
g | \\ 7.1 months (6.6 to 7.8 months)
: of =
8 i >
g s0f- ‘:"
@ E wf-
20f-
_______ 0}
L =1 L i L L
o 0 20 30 0 ofy | | | |
Number at risk b o . Tf:n N 9
= 01279 269 47 5 0 g:’;:(;!lml
. 2 " 3 N P 530 182 a7 5 0
43 1" " 1 °
Rash Events, No. (%) HR (95%, CI) Neutropenia Events, No. (%) | HR (95% CI)
Rash YES 71(65.1) 1.28(1.03-1.59) F Neutropenia YES | 404 (69.3) 0.78 (0.69-0.89)
Rash NO 856 (69.3) 0.78 (0.53-0.97) NeutropeniaNO | 523 (68.7) 1.28(1.12-1.45)
= 100}~
b p <0.003 p=0.0002
- 8.9 months (7.4 to 10.5 months) 8.4months (7.9 to 35.1 months)
aof- aof-
7.4 months (7.1 to 7.9 months) 6.6 months (6.2 to 7.3 months)
:_E L] o g 60}
i | 3
g g
E sof- —§ wf-
@ 2
20 20
| St s it
Ll =l i ! I i ol | I . !
0 10 20 30 40 0 10 20 30 40
Time Time
Numbder alnsk Number atnisk
Group: 0 Greup: 0
1235 39 4@ 5 o 761 145 n 3 0
Group. 1 Greup: 1
10¢ 3¢ 7 1 ° 583 148 20 3 0

Figure 4. Cont.

https://doi.org/10.3390/cancers18182921


https://doi.org/10.3390/cancers18182921

Cancers 2026, 18, 2921

13 of 23

Sunvival probability (%)

ok

ALTincrease Events, No. (%) HR (95% Cl) Hypokalemia Events, No. (%) HR (95% CI)
G AlTincrease YES | 223(79.8) 1.22(1.04-1.43) H Hypokalemia YES | 76 (78.3) 1.48(1.13-1,95)
ALTincrease NO 694 (65.9) 0.82(0.69-0.96) Hypokalemia NO 851 (68.2) 0.67 (0.51-0.89)
100} p=0.01 ks | p=0.005
6.2 months (7.4 to 8.5 months) 5.9 months (5.1 to 26.2 months)
s0f- 8.1 months (7.4 to 8.5 months) - 7.9 months (7.3 to 8.3 months)
g g
T oo} B
2 $ oo
;_;’ 0 a I
20)- 20
= " -
0 20 30 0
Time Numder at risk
Numbder trisk Grewp: 0
Geoup: 0 O 278 49 L 0
1052 33 6 0 Grovp: 1
Group: 1 7 15 2 o 0
29 13 0 0
Hyponatremia Events, No. (%) HR (95%, Cl) Other Immune-mediated Adverse events Events, No. (%) | HR (95%, Cl)
Hyponatremia YES | 92(80.7) 1.54 (1.19-1.98) J Other Immune mediated Adverse events YES | 32(32.9) 0.60 (0.46-0.79)
| Hyponatremia NO | 835 (67.9) 0.66 (0.51-0.84) Other Immune mediated Adverse events NO | 573 (45.7) 1.66 (1.27-2.18)
100 p=0.0008 or p=0.0001
5.8 months (4.6 to 6.6 months) ™, 10.2 months (8.8 to 12.2 months)
™~

7.9 months (7.4 to 8.3 months) 80 7.4 months (6.9 to 7.9 months)

60}

Survival probability (%)

20

] =i

Number atrisk
Group: 0

1247
Group: 1

97

Number atrisk
Group: 0
4 B g 1247 257 39 5 0
Group: 1

o7

Figure 4. (A) Kaplan-Meier curves of progression-free survival (PFS) comparing patients who
developed immune-mediated adverse events (imAEs) to those who did not; (B) Kaplan-Meier curve
of PFS comparing patients who developed hyperthyroidism to those who did not; (C) Kaplan—
Meier curve of PFS comparing patients who developed hypothyroidism to those who did not;
(D) Kaplan-Meier curve of PFS comparing patients who developed leukopenia to those who did
not; (E) Kaplan-Meier curve of PFS comparing patients who developed rash to those who did not;
(F) Kaplan-Meier curve of PFS comparing patients who developed neutropenia to those who did not;
(G) Kaplan—Meier curve of PFS comparing patients who developed ALT increase to those who did
not; (H) Kaplan—-Meier curve of PFS comparing patients who developed hypokalemia to those who
did not; (I) Kaplan—Meier curve of PFS comparing patients who developed hyponatremia to those
who did not; and (J) Kaplan-Meier curve of PFS comparing patients who developed other imAEs to
those who did not.

In the first exploratory AE-focused multivariable Cox model, which included overall
imAEs and non-imAEs associated with outcome in univariable analysis, overall imAEs
(HR 0.71, 95% CI 0.58-0.86; p = 0.0007), hyponatremia (HR 1.33, 95% CI 1.01-1.74; p = 0.04),
decreased appetite (HR 1.46, 95% CI 1.22-1.75; p < 0.0001), and neutropenia (HR 0.69, 95%
CI0.58-0.81; p < 0.0001) were associated with OS. Overall imAEs (HR 0.66, 95% CI 0.56-0.78;
p <0.0001), decreased appetite (HR 1.32, 95% CI 1.14-1.54; p = 0.0002), hyponatremia (HR
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1.27,95% CI 1.01-1.61; p = 0.04), ALT elevation (HR 1.19, 95% CI 1.02-1.39; p = 0.03), and
neutropenia (HR 0.76, 95% CI 0.67-0.86; p < 0.0001) were associated with PFS (Table 5).

Table 5. Exploratory AE-focused multivariable Cox regression models for PFS and OS including
overall immune-mediated adverse events and non-immune-mediated adverse events.

PES (O 1]
HRIC95%  P-Value  gricesy, ~ p-Value
imAEs
no vs. yes 0.66 (0.56-0.78) <0.0001 0.71 (0.58-0.86) 0.0007
decreased appetite
no vs. yes 1.32 (1.14-1.54) 0.0002 1.46 (1.22-1.75) <0.0001
neutropenia
no vs. yes 0.76 (0.67-0.86) <0.0001 0.69 (0.58-0.81) <0.0001
ALT elevation
no vs. yes 1.19 (1.02-1.39) 0.03 1.18 (0.98-1.43) 0.08
hypokalemia
no vs. yes 1.25 (0.98-1.61) 0.07 1.28 (0.96-1.70) 0.10
hyponatremia
no vs. yes 1.27 (1.01-1.61) 0.04 1.33 (1.01-1.74) 0.04

In the second exploratory AE-focused multivariable model, in which individual imAEs
and non-imAEs were entered as distinct covariates, decreased appetite (HR 1.50, 95% CI
1.26-1.80; p < 0.0001), hyponatremia (HR 1.39, 95% CI 1.06-1.83; p = 0.02), neutropenia (HR
0.67, 95% CI 0.57-0.79; p < 0.0001), hyperthyroidism (HR 0.37, 95% CI 0.19-0.71; p = 0.0035),
and other imAEs (HR 0.55, 95% CI 0.42-0.72; p < 0.0001) were associated with OS. Decreased
appetite (HR 1.37, 95% CI 1.18-1.60; p < 0.0001), hyponatremia (HR 1.34, 95% CI 1.06-1.69;
p = 0.02), ALT elevation (HR 1.17, 95% CI 1.01-1.37; p = 0.04), neutropenia (HR 0.74,
95% CI0.65-0.85; p < 0.0001), hypothyroidism (HR 0.72, 95% CI 0.53-1.00; p = 0.047), and
hyperthyroidism (HR 0.59, 95% CI 0.37-0.94; p = 0.03) were associated with PFS (Table 6).

Table 6. Exploratory AE-focused multivariable Cox regression models for PFS and OS including

individual immune-mediated and non-immune-mediated adverse events.

PFS (O 1]
HRIC95%  P-Value  pgricesy, ~ p-Value
rash
no vs. yes 0.87 (0.68-1.11) 0.26 0.74 (0.54-1.02) 0.07
hypothyroidism
no vs. yes 0.72 (0.53-1.00) 0.047 0.88 (0.60-1.30) 0.53
hyperthyroidism
no vs. yes 0.59 (0.37-0.94) 0.03 0.37 (0.19-0.71) 0.004
other imAEs
no vs. yes 0.55 (0.42-0.72) <0.0001 0.47 (0.32-0.67) <0.0001
decreased appetite
no vs. yes 1.37 (1.18-1.60) <0.0001 1.50 (1.26-1.80) <0.0001
neutropenia
no vs. yes 0.74 (0.65-0.85) <0.0001 0.67 (0.57-0.79) <0.0001
ALT increase
no vs. yes 1.17 (1.01-1.37) 0.04 1.17 (0.97-1.42) 0.10
hypokalemia
no vs. yes 1.20 (0.93-1.54) 0.16 1.24 (0.93-1.67) 0.14
hyponatremia
no vs. yes 1.34 (1.06-1.69) 0.02 1.39 (1.06-1.83) 0.02

To address confounding by baseline prognosis, a complete-case Cox model was fitted,
including any imAE together with age, sex, primary tumor location, prior surgery, ECOG
performance status, disease stage, albumin, bilirubin, and NLR. Among 920 patients with
complete data for OS (399 deaths), any imAE remained associated with a lower risk of
death (adjusted HR 0.72, 95% CI 0.57-0.92; p = 0.008). For PFS, 918 patients (610 events)
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were evaluable and any imAE remained associated with a lower risk of progression or
death (adjusted HR 0.63, 95% CI 0.52-0.77; p < 0.001) (Table 7).

Table 7. Fully baseline-adjusted Cox proportional hazards model for the association of any immune-
mediated adverse event with PFS and OS.

PES Adjusted HR (95% CI);

OS Adjusted HR (95% CI);

Variable Comparison p-Value p-Value

Any imAEs Yes vs. no 0.63 (0.52-0.77); p < 0.001 0.72 (0.57-0.92); p = 0.008
Age Per year 0.99 (0.98-1.00); p = 0.008 1.00 (0.99-1.01); p = 0.881
Sex Female vs. male 0.96 (0.82-1.13); p = 0.602 0.95 (0.78-1.16); p = 0.603

Primary location
Prior surgery
ECOG PS
Disease stage
Albumin
Bilirubin

NLR

iCCA vs. eCCA/GBC

Yes vs. no
>1vs. 0

Metastatic vs. locally advanced
<3.5vs. >3.5¢g/dL
Elevated vs. normal

<3vs. <3

1.02 (0.86-1.21); p = 0.804
0.78 (0.64-0.96); p = 0.019
1.63 (1.39-1.93); p < 0.001
1.59 (1.27-1.99); p < 0.001
1.29 (1.06-1.56); p = 0.010
1.17 (0.96-1.43); p = 0.117

1.38 (1.16-1.64); p < 0.001

1.02 (0.83-1.25); p = 0.880
0.72 (0.56-0.94); p = 0.014
1.97 (1.59-2.43); p < 0.001
1.70 (1.27-2.29); p < 0.001
1.64 (1.31-2.05); p < 0.001
1.34 (1.06-1.70); p = 0.014
1.65 (1.33-2.05); p < 0.001

Complete-case analysis: PFS N = 918 (610 events); OS N = 920 (399 deaths). No missing-data
imputation was performed. Center-clustered robust-standard-error sensitivity analyses yielded
similar estimates for any imAE (PFS HR 0.63, 95% CI 0.49-0.81, p < 0.001; OS HR 0.72, 95% CI
0.56-0.92, p = 0.009).

Results were similar when robust standard errors were clustered by treatment center
(OS HR 0.72, 95% CI 0.56-0.92; p = 0.009; PFS HR 0.63, 95% CI 0.49-0.81; p < 0.001).
In an exploratory baseline-adjusted model of individual imAEs, other imAEs remained
associated with OS (HR 0.39, 95% CI 0.24-0.62; p < 0.001) and PFS (HR 0.56, 95% CI
0.40-0.77; p < 0.001), and hypothyroidism remained associated with PFS (HR 0.65, 95% CI
0.43-0.97; p = 0.034). Rash and hyperthyroidism were not independently associated with
either endpoint after full baseline adjustment.

Baseline corticosteroid exposure within 15 days before treatment initiation was
recorded in 21 of 1358 patients (1.5%). Data on corticosteroid use for imAE manage-
ment were available for 1276 patients (94.0%), of whom 68 (5.3%) received corticosteroids
during treatment. Among exposed patients with available timing information, the me-
dian time from chemo-immunotherapy initiation to corticosteroid use was 197 days (IQR
115.5-335.3 days).

In univariable analysis, baseline corticosteroid use was associated with shorter OS
compared with no baseline corticosteroid exposure (median OS 7.7 vs. 15.6 months; HR
1.59, 95% CI11.07-2.37; p = 0.021) (Figure 5A). In the original exploratory adjusted analysis
including ECOG performance status, disease stage, prior surgery, albumin, bilirubin, NLR,
CA19-9, CEA, and AST, the association remained statistically significant (adjusted HR 1.43,
95% CI 1.02-1.88; p = 0.049). Given that only 21 patients were exposed at baseline, this
estimate is imprecise and highly susceptible to residual confounding and confounding
by indication.

Corticosteroid use for imAE management during treatment was associated with
numerically longer OS, but the difference was not statistically significant (median OS 18.6
vs. 15.1 months; HR 0.77, 95% CI 0.58-1.03; p = 0.071) (Figure 5B). In an exploratory model
adjusted for the same baseline factors, the association remained non-significant (adjusted
HR 0.79, 95% CI 0.61-1.06; p = 0.08).
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Figure 5. (A) Kaplan-Meier curve of overall survival for patients with vs. without baseline corticos-
teroid use within 15 days prior to treatment initiation. (B) Kaplan—-Meier curve of overall survival
for patients with vs. without corticosteroid use for immune-mediated adverse events (imAEs)
during treatment.

4. Discussion

To the best of our knowledge, this is the first large, multicenter, international, real-
world study evaluating the association of imAEs and non-imAEs with OS and PFS in
patients with unresectable, locally advanced, or metastatic BTC treated uniformly with
first-line cisplatin-gemcitabine plus durvalumab.

The occurrence of imAEs has been associated with favorable outcomes across several
cancers treated with immune checkpoint inhibitors [28,29]. BTC-specific randomized evi-
dence is limited but directionally consistent: an exploratory TOPAZ-1 analysis reported
imAEs in 13.9% of participants receiving durvalumab plus GemCis versus 4.7% receiv-
ing placebo plus GemCis; the OS HR for durvalumab versus placebo was 0.59 (95% CI
0.30-1.23) among participants with imAEs and 0.83 (95% CI 0.70-1.00) among those without
recorded imAEs [24]. Because this was a post hoc subgroup analysis, it supports biological
plausibility but does not establish imAEs as a validated predictive or surrogate biomarker.

In our cohort, 276 of 1358 patients (20.3%) developed at least one imAE. Importantly,
the association of any imAE with better OS and PFS persisted in a model adjusting for
major baseline prognostic factors (OS adjusted HR 0.72; PFS adjusted HR 0.63) and was
essentially unchanged when standard errors were clustered by treatment center. By con-
trast, individual-toxicity signals attenuated after full baseline adjustment: other imAEs
remained associated with both endpoints and hypothyroidism with PFS, whereas rash
and hyperthyroidism were no longer independently associated. AE-focused multivariable
models describing patterns among toxicities should be considered exploratory rather than
evidence that individual AEs are independent predictive biomarkers.

The observation that imAEs were associated with improved outcomes is biologically
compatible with the hypothesis that immune activation underlying toxicity may accompany
antitumor activity. Previous studies have shown that increased T-cell clonality within
the tumor microenvironment can correlate with response to anti-PD-1 therapy. Since
immune checkpoint inhibitors modulate T-cell function, local antitumor T-cell responses
may contribute to therapeutic efficacy, while systemic T-cell activation against self-antigens
may promote imAEs [30]. Nevertheless, the present observational data cannot determine
whether imAEs themselves identify treatment sensitivity or simply occur more often in
patients who remain on therapy long enough to develop them.
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The univariable and AE-focused signals observed for thyroid dysfunction are consis-
tent with previous reports describing endocrine imAEs as potential markers of checkpoint-
inhibitor activity [31-33]. However, after adjustment for baseline prognostic factors in our
cohort, only hypothyroidism remained associated with PFS, while hyperthyroidism was
not independently associated with either endpoint. The small number of thyroid events
and the large number of exploratory comparisons further limit inferences. Thyroid function
monitoring remains essential for toxicity management, but any prognostic interpretation of
thyroid imAEs should be considered hypothesis-generating.

Neutropenia was associated with improved OS and PFS in the exploratory AE-focused
models, although its biological interpretation depends on treatment context and severity.
Treatment-induced neutropenia may correlate with reduced systemic inflammatory indices
such as NLR and can also reflect greater cytotoxic drug exposure. Accordingly, neutropenia
may act as a clinical correlate of drug exposure or host-treatment interaction rather than a
surrogate endpoint of efficacy [34,35].

In both exploratory AE-focused multivariable analyses, decreased appetite and hy-
ponatremia were associated with poorer OS and PFS, whereas ALT elevation was associated
with worse PFS. Hyponatremia has been recognized as an adverse prognostic factor across
several malignancies [36—40]. Malnutrition and hyponatremia are closely interconnected,
and decreased appetite may contribute to electrolyte imbalance; however, appetite is a
subjective clinical symptom prone to underreporting in retrospective cohorts, whereas hy-
ponatremia is laboratory-confirmed. These findings, therefore, require external validation
and should not be interpreted as treatment-specific predictive effects.

Previous studies have suggested that low-grade hepatotoxicity may accompany im-
mune activation [41]. In our cohort, however, ALT elevation was associated with worse
PFS in exploratory analyses and was not significantly associated with OS after multivari-
able modeling. Because ALT elevation was not analyzed according to timing, etiology,
or detailed toxicity trajectory, and because treatment interruption or immunosuppres-
sion may mediate its clinical consequences, the direction of this association should be
interpreted cautiously.

Baseline corticosteroid use before treatment initiation was recorded in only 21 patients.
Although shorter OS was observed in this subgroup, the very small exposed sample and
heterogeneous indications make confounding by indication a major concern. A separate re-
port from the same international program similarly reported worse outcomes with baseline
corticosteroid exposure [42], and analogous associations have been described in other tu-
mor types [43—45]. These observations are biologically plausible because corticosteroids can
suppress T-cell activation and other immune functions, but the present study cannot distin-
guish a direct pharmacologic effect from the adverse prognosis of the conditions requiring
corticosteroids. Therefore, baseline corticosteroid exposure should be regarded here as an
exploratory clinical correlate, not a causal determinant of reduced immunotherapy efficacy.

Corticosteroids administered for inAE management were not significantly associated
with worse OS in the exploratory analysis. This is clinically reassuring, but the result
should not be overinterpreted: steroid exposure occurred after treatment initiation, was
determined by toxicity occurrence and severity, and involved a relatively small subgroup.
The apparent numerical survival advantage may therefore reflect the favorable association
of imAESs themselves, treatment duration, and selection factors, rather than a beneficial
effect of corticosteroids.

This interpretation is consistent with the literature suggesting that outcomes with
corticosteroids depend strongly on treatment indication [46,47]. Steroids prescribed for
cancer-related supportive care often identify patients with aggressive disease and poor
prognosis, whereas steroids used to manage imAEs have not consistently been associ-
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ated with inferior checkpoint-inhibitor outcomes. Clinically indicated corticosteroids
should therefore not be withheld solely because of concern about immunotherapy efficacy;
however, our retrospective data do not establish equivalence or safety with respect to
anticancer effectiveness.

This study has several limitations. First, its retrospective design and inter-center
variability may introduce selection, ascertainment, and supportive-care confounding. PFS
was assessed locally without centralized radiologic review. Second, exact onset dates
for imAEs and non-imAEs were not consistently captured in the harmonized database.
Consequently, a reliable time-dependent AE exposure model could not be performed, and
immortal time bias remains an important limitation that may inflate favorable associations
for treatment-emergent toxicities. Without reliable onset dates, exposure status at fixed
landmarks cannot be reconstructed consistently; residual immortal time bias therefore
remains. Third, the fully baseline-adjusted model used complete cases (920 for OS and 918
for PFS), which reduced the analyzable sample; no imputation was performed. Fourth,
numerous individual AEs were evaluated without multiplicity correction, so nominal
borderline p-values are exploratory. Finally, detailed steroid dose, indication, duration, and
timing were incomplete for some patients, limiting causal interpretation. Strengths include
the large international cohort, uniform first-line durvalumab-based regimen, adjustment
for major baseline prognostic factors, and a center-clustered sensitivity analysis.

Overall, this large international real-world cohort shows that the occurrence of any
imAE during first-line cisplatin-gemcitabine plus durvalumab is associated with improved
OS and PFS even after adjustment for major baseline prognostic factors. The findings
support imAEs as potential treatment-emergent prognostic markers or clinical correlates of
benefit, not as validated surrogate endpoints. Signals from individual toxicities, including
endocrine imAEs, should be considered exploratory pending prospective confirmation
with precise onset timing.

The corticosteroid findings likewise require a non-causal interpretation. Baseline
exposure was uncommon and may primarily identify patients with comorbidity or poorer
underlying prognosis, while post-baseline corticosteroid use for imAEs is intrinsically
linked to the occurrence of toxicity and duration of treatment. Although we found no
statistically significant adverse association for corticosteroids used to manage imAEs, these
data should not be used to infer that timing or dose has no effect on efficacy.

Treatment-emergent clinical markers should also be viewed within the broader
biomarker landscape in BTC. Molecular profiling, liquid-biopsy approaches such as ctDNA,
and emerging tissue signatures may provide complementary prognostic or treatment-
selection information [16-18]. In hepatobiliary oncology more broadly, proof-of-concept
work combining extracellular-vesicle profiling with machine-learning methods illustrates
how non-invasive molecular signatures may eventually be integrated with clinical vari-
ables [48]. Future BTC studies should prospectively capture exact AE onset, grade tra-
jectory, treatment interruption, and corticosteroid timing so that time-dependent and,
where assumptions are met, causal analyses can be performed alongside molecular and
circulating biomarkers.

5. Conclusions

The occurrence of treatment-emergent imAEs was associated with longer OS and
PFS in this large durvalumab-treated BTC cohort, including after adjustment for major
baseline prognostic factors. These events should be considered potential prognostic markers
or clinical correlates of treatment benefit rather than surrogate endpoints. Prospective
validation with precise AE-onset capture and multiplicity-aware analyses is required.
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iCCA  Intrahepatic cholangiocarcinoma
eCCA  Extrahepatic cholangiocarcinoma
GBD Gallbladder carcinoma

(O] Overall Survival

imAEs Immune-mediated adverse events

PFS Progression free survival

D Durvalumab

P Pembrolizumab

CG Cisplatine and Gemcitabine
BTC Biliary tract cancer

ICI Immune checkpoint inhibitor
HR Hazard Ratio

https://doi.org/10.3390/ cancers18182921


https://doi.org/10.3390/cancers18182921

Cancers 2026, 18, 2921 21 of 23

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Vogel, A.; Bridgewater, ].; Edeline, J.; Kelley, R.; Kliimpen, H.; Malka, D.; Primrose, J.; Rimassa, L.; Stenzinger, A.; Valle, J.; et al.
Biliary tract cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann. Oncol. 2023, 34, 127-140.
[CrossRef] [PubMed]

Banales, ].M.; Rodrigues, PM.; Affo, S.; Andersen, ].B.; Aspichueta, P.; Boulter, L.; Bridgewater, J.; Calvisi, D.F.; Cardenas, A.;
Cardinale, V.; et al. Cholangiocarcinoma 2026: Status quo, unmet needs and priorities. Nat. Rev. Gastroenterol. Hepatol. 2025, 23,
65-96. [CrossRef]

Olnes, M.J.; Erlich, R. A Review and Update on Cholangiocarcinoma. Oncology 2004, 66, 167-179. [CrossRef] [PubMed]

Baria, K.; De Toni, E.N.; Yu, B,; Jiang, Z.; Kabadi, S.M.; Malvezzi, M. Worldwide Incidence and Mortality of Biliary Tract Cancer.
Gastro Hep Adv. 2022, 1, 618-626. [CrossRef] [PubMed]

Bray, F,; Laversanne, M.; Sung, H.; Ferlay, J.; Siegel, R.L.; Soerjomataram, I.; Jemal, A. Global cancer statistics 2022: GLOBOCAN
estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA A Cancer ]. Clin. 2024, 74, 229-263. [CrossRef]
[PubMed]

Valle, J.; Wasan, H.; Palmer, D.H.; Cunningham, D.; Anthoney, A.; Maraveyas, A.; Madhusudan, S.; Iveson, T.; Hughes, S.;
Pereira, S.P,; et al. Cisplatin plus Gemcitabine versus Gemcitabine for Biliary Tract Cancer. N. Engl. . Med. 2010, 362, 1273-1281.
[CrossRef] [PubMed]

Vogel, A.; Ducreux, M. ESMO Clinical Practice Guideline interim update on the management of biliary tract cancer. ESMO Open
2024, 10, 104003. [CrossRef] [PubMed]

Rimassa, L.; Lamarca, A.; O'’KAne, G.M.; Edeline, J.; McNamara, M.G.; Vogel, A.; Fassan, M.; Forner, A.; Kendall, T.; Adeva, J.;
et al. New systemic treatment paradigms in advanced biliary tract cancer and variations in patient access across Europe. Lancet
Reg. Health Eur. 2025, 50, 101170. [CrossRef] [PubMed]

Oh, D.-Y,; He, AR; Qin, S.; Chen, L.-T.; Okusaka, T.; Vogel, A.; Kim, ].W.; Suksombooncharoen, T.; Lee, M.A.; Kitano, M.; et al.
Durvalumab plus Gemcitabine and Cisplatin in Advanced Biliary Tract Cancer. NEJM Evid. 2022, 1, EVID0a2200015. [CrossRef]
[PubMed]

Oh, D.Y,; He, AR; Qin, S.; Chen, L.T.; Okusaka, T.; Vogel, A.; Kim, ] W.; Suksombooncharoen, T.; Lee, M.A.; Kitano, M.; et al.
TOPAZ-1 Investigators. Three-year survival, safety and extended long-term survivor analysis from the phase IIl TOPAZ-1 study.
Lancet Gastroenterol. Hepatol. 2024, 9, 663-676.

Oh, D.-Y,; He, A.R;; Qin, S.; Chen, L.-T.; Okusaka, T.; Kim, ].W.; Suksombooncharoen, T.; Lee, M.A.; Kitano, M.; Burris, H.A.; et al.
Durvalumab plus chemotherapy in advanced biliary tract cancer: 3-year overall survival update from the phase IIl TOPAZ-1
study. J. Hepatol. 2025, 83, 1092-1101. [CrossRef] [PubMed]

Oh, D.-Y,; He, A.R;; Qin, S.; Chen, L.-T.; Okusaka, T.; Griffin, R.; Wang, J.; Xynos, I.; Vogel, A.; Valle, ].W. Durvalumab Plus
Chemotherapy for Advanced Biliary Tract Cancer: A Post Hoc Analysis of the TOPAZ-1 Randomized Clinical Trial. JAMA Oncol.
2026. [CrossRef] [PubMed]

Kelley, RK.; Ueno, M,; Yoo, C.; Finn, R.S.; Furuse, J.; Ren, Z.; Yau, T.; Kliumpen, H.J.; Chan, S.L.; Ozaka, M.; et al. Pembrolizumab
plus gemcitabine and cisplatin versus gemcitabine and cisplatin alone for advanced biliary tract cancer (KEYNOTE-966):
A randomised, double-blind, placebo-controlled phase 3 trial. Lancet 2023, 401, 1853-1865. [CrossRef] [PubMed]

Finn, R.S.; Ueno, M.; Yoo, C.; Ren, Z; Furuse, J.; Kelley, RK.; Chan, S.L.; Edeline, J.; Klimpen, H.J.; Yau, T.; et al. Three-year
follow-up from KEYNOTE-966: Pembrolizumab plus gemcitabine and cisplatin in advanced biliary tract cancer. J. Clin. Oncol.
2024, 42, 4093. [CrossRef]

Tojjari, A.; Razi, S.; Younis, O.M.; Odat, R.M.; Sahin, .H.; Saeed, A. Chemoimmunotherapy in Advanced Biliary Tract Cancers:
A Meta-Analysis of Clinical Outcomes. Biomedicines 2025, 13, 2099. [CrossRef] [PubMed]

Wonglhow, J.; Wong, H.-L.; Michael, M. Effectiveness of Chemotherapy Plus Immunotherapy and Molecular Alterations
in Advanced Biliary Tract Cancer: Real-World Evidence from a Single-Center Australian Cohort. Cancer Control 2025,
32,10732748251397095. [CrossRef] [PubMed]

Teixeira, M.E,; Borad, M.; Junior, P.L.S.U. Circulating tumor DNA in biliary tract cancers: A review of current applications. World
J. Clin. Oncol. 2025, 16, 107875. [CrossRef] [PubMed]

Wang, C.; Nan, L.; Meng, Q.; Lu, C.; Cui, W.; Suo, T.; Zhang, S.; Liu, H.; Wang, Y.; Qiu, W.; et al. STMN1 expression is associated
with chemotherapy and immunotherapy efficacy in biliary tract cancer. Front. Oncol. 2026, 16, 1859927. [CrossRef] [PubMed]
Amoroso, V.,; Gallo, E; Alberti, A.; Paloschi, D.; Bravo, WE,; Esposito, A.; Cosentini, D.; Grisanti, S.; Pedersini, R.; Petrelli, E;
et al. Inmune-related adverse events as potential surrogates of immune checkpoint inhibitors” efficacy: A systematic review and
meta-analysis of randomized studies. ESMO Open 2023, 8, 100787. [CrossRef] [PubMed]

Kawai, T; Sato, Y.; Makino, K.; Yamada, Y.; Nomiya, A.; Nakamura, M.; Yamada, D.; Suzuki, M.; Igawa, Y.; Kume, H. Immune-
related adverse events predict pembrolizumab efficacy in urothelial cancer. Eur. ]. Cancer 2019, 116, 114-115. [CrossRef]
[PubMed]

https://doi.org/10.3390/ cancers18182921


https://doi.org/10.1016/j.annonc.2022.10.506
https://www.ncbi.nlm.nih.gov/pubmed/36372281
https://doi.org/10.1038/s41575-025-01153-w
https://doi.org/10.1159/000077991
https://www.ncbi.nlm.nih.gov/pubmed/15218306
https://doi.org/10.1016/j.gastha.2022.04.007
https://www.ncbi.nlm.nih.gov/pubmed/39132071
https://doi.org/10.3322/caac.21834
https://www.ncbi.nlm.nih.gov/pubmed/38572751
https://doi.org/10.1056/nejmoa0908721
https://www.ncbi.nlm.nih.gov/pubmed/20375404
https://doi.org/10.1016/j.esmoop.2024.104003
https://www.ncbi.nlm.nih.gov/pubmed/39864891
https://doi.org/10.1016/j.lanepe.2024.101170
https://www.ncbi.nlm.nih.gov/pubmed/40093395
https://doi.org/10.1056/evidoa2200015
https://www.ncbi.nlm.nih.gov/pubmed/38319896
https://doi.org/10.1016/j.jhep.2025.05.003
https://www.ncbi.nlm.nih.gov/pubmed/40381735
https://doi.org/10.1001/jamaoncol.2026.2204
https://www.ncbi.nlm.nih.gov/pubmed/42424063
https://doi.org/10.1016/s0140-6736(23)00727-4
https://www.ncbi.nlm.nih.gov/pubmed/37075781
https://doi.org/10.1200/jco.2024.42.16_suppl.4093
https://doi.org/10.3390/biomedicines13092099
https://www.ncbi.nlm.nih.gov/pubmed/41007662
https://doi.org/10.1177/10732748251397095
https://www.ncbi.nlm.nih.gov/pubmed/41212690
https://doi.org/10.5306/wjco.v16.i10.107875
https://www.ncbi.nlm.nih.gov/pubmed/41178929
https://doi.org/10.3389/fonc.2026.1859927
https://www.ncbi.nlm.nih.gov/pubmed/42548585
https://doi.org/10.1016/j.esmoop.2023.100787
https://www.ncbi.nlm.nih.gov/pubmed/36842300
https://doi.org/10.1016/j.ejca.2019.05.017
https://www.ncbi.nlm.nih.gov/pubmed/31195355
https://doi.org/10.3390/cancers18182921

Cancers 2026, 18, 2921 22 of 23

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Socinski, M.A.; Jotte, R.M.; Cappuzzo, F.; Nishio, M.; Mok, T.; Reck, M.; Finley, G.; Yu, W.; Patel, H.; Paranthaman, N.; et al.
Pooled analyses of immune-related adverse events and efficacy from the phase 3 IMpower trials. J. Clin. Oncol. 2021, 39, 9002.
[CrossRef]

Sung, M.; Zer, A.; Walia, P; Khoja, L.; Maganti, M.; Labbe, C.; Shepherd, FA.; Bradbury, P.A.; Liu, G.; Leighl, N.B. Correlation of
immune-related adverse events and response from immune checkpoint inhibitors in patients with advanced non-small cell lung
cancer. J. Thorac. Dis. 2020, 12, 2706-2712. [CrossRef] [PubMed]

Lau, G.; Sangro, B.; Cheng, A.-L.; Kudo, M.; Kelley, R.K.; Tak, W.Y.; Gasbarrini, A.; Reig, M.; Lim, H.Y.; Tougeron, D.; et al.
Immune-mediated adverse events and overall survival with tremelimumab plus durvalumab and durvalumab monotherapy in
unresectable HCC: HIMALAYA phase III randomized clinical trial. Hepatology 2025, 83, 484-496. [CrossRef] [PubMed]
Antonuzzo, L.; Takahashi, H.; Park, J.O.; Sookprasert, A.; Gillmore, R.; Yang, S.-S.; Cundom, ].; Petrova, M.; Vaccaro, G.; Holmblad,
M.; et al. Immune-mediated adverse events in the randomized phase 3 TOPAZ-1 study of durvalumab plus gemcitabine and
cisplatin in advanced biliary tract cancer. Oncologist 2025, 30, oyaf148. [CrossRef] [PubMed]

Rimini, M.; Fornaro, L.; Lonardi, S.; Niger, M.; Lavacchi, D.; Pressiani, T.; Lucchetti, J.; Giordano, G.; Pretta, A.; Tamburini, E.;
et al. Durvalumab plus gemcitabine and cisplatin in advanced biliary tract cancer: An early exploratory analysis of real-world
data. Liver Int. 2023, 43, 1803-1812. [CrossRef] [PubMed]

Rimini, M.; Fornaro, L.; Rizzato, M.D.; Antonuzzo, L.; Rossari, E; Satake, T.; Vandeputte, H.; Vivaldi, C.; Pressiani, T.; Lucchetti, J.;
et al. Durvalumab plus gemcitabine and cisplatin in advanced biliary tract cancer: A large real-life worldwide population. Eur. J.
Cancer 2024, 208, 114199. [CrossRef] [PubMed]

Rimini, M.; Fornaro, L.; Ikeda, M.; Abidoye, O.; Lucchetti, ].; Antonuzzo, L.; Kim, ].W.; Nichetti, F.,; Saborowski, A.; Pressiani, T.; et al.
Durvalumab in Advanced Biliary Tract Cancer: Real-World Data from a Large Cohort of Patients Across Multiple International
Centers. Liver Int. 2025, 45, €70428. [CrossRef] [PubMed]

Dey, A.; Austin, M.; Kluger, H.M.; Trunova, N.; Mann, H.; Shire, N.; Morgan, C.; Zhou, D.; Mugundu, G.M. Association between
immune-mediated adverse events and efficacy in metastatic non-small-cell lung cancer patients treated with durvalumab and
tremelimumab. Front. Immunol. 2022, 13, 1026964. [CrossRef] [PubMed]

Cortellini, A; Buti, S.; Agostinelli, V.; Bersanelli, M. A systematic review on the emerging association between the occurrence of
immune-related adverse events and clinical outcomes with checkpoint inhibitors in advanced cancer patients. Semin. Oncol. 2019,
46, 362-371. [CrossRef] [PubMed]

Osorio, J.C.; Ni, A; Chaft, ].E,; Pollina, R.; Kasler, M.K.; Stephens, D.; Rodriguez, C.; Cambridge, L.; Rizvi, H.; Wolchok, ].D.; et al.
Antibody-mediated thyroid dysfunction during T-cell checkpoint blockade in patients with non-small-cell lung cancer. Ann.
Oncol. 2017, 28, 583-589. [CrossRef] [PubMed]

Downey, S.G.; Klapper, ].A.; Smith, FO.; Yang, ].C.; Sherry, RM.; Royal, R.E.; Kammula, U.S.; Hughes, M.S.; Allen, T.E; Levy, C.L,;
et al. Prognostic Factors Related to Clinical Response in Patients with Metastatic Melanoma Treated by CTL-Associated Antigen-4
Blockade. Clin. Cancer Res. 2007, 13, 6681-6688. [CrossRef] [PubMed]

Ferreira, J.L.; Costa, C.; Marques, B.; Castro, S.; Victor, M.; Oliveira, J.; Santos, A.P.; Sampaio, I.L.; Duarte, H.; Marques, A.P;
et al. Improved survival in patients with thyroid function test abnormalities secondary to immune-checkpoint inhibitors. Cancer
Immunol. Immunother. 2020, 70, 299-309. [CrossRef] [PubMed]

Dong, Y.; Li, Y.; Peng, X.; Fang, W. Immune checkpoint inhibitors-induced thyroid dysfunction improves the prognosis of patients
with lung cancer: A meta-analysis and systematic review. Front. Endocrinol. 2026, 16, 1743245. [CrossRef] [PubMed]

Li, Y; Meng, Y,; Sun, H; Ye, L.; Zeng, F.; Chen, X.; Deng, G. The Prognostic Significance of Baseline Neutrophil-to-Lymphocyte
Ratio in Melanoma Patients Receiving Immunotherapy. . Immunother. 2021, 45, 43-50. [CrossRef] [PubMed]

Xiong, Q.; Huang, Z.; Xin, L.; Qin, B.; Zhao, X.; Zhang, J.; Shi, W.; Yang, B.; Zhang, G.; Hu, Y. Post-treatment neutrophil-to-
lymphocyte ratio (NLR) predicts response to anti-PD-1/PD-L1 antibody in SCLC patients at early phase. Cancer Immunol.
Immunother. 2020, 70, 713-720. [CrossRef] [PubMed]

Svaton, M.; Fiala, O.; Pesek, M.; Bruha, F.; Mukensnabl, P.; Racek, J.; Minarik, M.; Bortlicek, Z. Predictive and prognostic
significance of sodium levels in patients with NSCLC treated by erlotinib. Anticancer. Res. 2014, 34, 7461-7465. [PubMed]
Zhou, X,; Yao, Z.; Yang, H.; Liang, N.; Zhang, X.; Zhang, F. Are immune-related adverse events associated with the efficacy of
immune checkpoint inhibitors in patients with cancer? A systematic review and meta-analysis. BMC Med. 2020, 18, 87. [CrossRef]
[PubMed]

Jeppesen, A.N,; Jensen, HK.; Donskov, F.; Marcussen, N.; von der Maase, H. Hyponatremia as a prognostic and predictive factor
in metastatic renal cell carcinoma. Br. J. Cancer 2010, 102, 867-872. [CrossRef] [PubMed]

Wang, T,; Lv, Z,; Fan, R.; Han, W.; Mei, Q. Hyponatremia predicts immunotherapy resistance in biliary tract cancer. Hum. Vaccines
Immunother. 2025, 21, 2535168. [CrossRef] [PubMed]

Karaoglan, B.B.; Yekediiz, E.; Yazgan, S.C.; Mocan, E.E.; Koksoy, E.B.; Yasar, H.A.; Senler, FE.C.; Utkan, G.; Demirkazik, A.;
Akbulut, H.; et al. Impact of low sodium values on survival outcomes of patients with cancer receiving immune checkpoint
inhibitors. Immunotherapy 2024, 16, 821-828. [CrossRef] [PubMed]

https://doi.org/10.3390/ cancers18182921


https://doi.org/10.1200/jco.2021.39.15_suppl.9002
https://doi.org/10.21037/jtd.2020.04.30
https://www.ncbi.nlm.nih.gov/pubmed/32642178
https://doi.org/10.1097/hep.0000000000001385
https://www.ncbi.nlm.nih.gov/pubmed/40384092
https://doi.org/10.1093/oncolo/oyaf148
https://www.ncbi.nlm.nih.gov/pubmed/40622010
https://doi.org/10.1111/liv.15641
https://www.ncbi.nlm.nih.gov/pubmed/37452505
https://doi.org/10.1016/j.ejca.2024.114199
https://www.ncbi.nlm.nih.gov/pubmed/39002348
https://doi.org/10.1111/liv.70428
https://www.ncbi.nlm.nih.gov/pubmed/41221651
https://doi.org/10.3389/fimmu.2022.1026964
https://www.ncbi.nlm.nih.gov/pubmed/36405729
https://doi.org/10.1053/j.seminoncol.2019.10.003
https://www.ncbi.nlm.nih.gov/pubmed/31727344
https://doi.org/10.1093/annonc/mdw640
https://www.ncbi.nlm.nih.gov/pubmed/27998967
https://doi.org/10.1158/1078-0432.ccr-07-0187
https://www.ncbi.nlm.nih.gov/pubmed/17982122
https://doi.org/10.1007/s00262-020-02664-y
https://www.ncbi.nlm.nih.gov/pubmed/32712715
https://doi.org/10.3389/fendo.2025.1743245
https://www.ncbi.nlm.nih.gov/pubmed/41641031
https://doi.org/10.1097/cji.0000000000000392
https://www.ncbi.nlm.nih.gov/pubmed/34510106
https://doi.org/10.1007/s00262-020-02706-5
https://www.ncbi.nlm.nih.gov/pubmed/32910245
https://www.ncbi.nlm.nih.gov/pubmed/25503188
https://doi.org/10.1186/s12916-020-01549-2
https://www.ncbi.nlm.nih.gov/pubmed/32306958
https://doi.org/10.1038/sj.bjc.6605563
https://www.ncbi.nlm.nih.gov/pubmed/20145619
https://doi.org/10.1080/21645515.2025.2535168
https://www.ncbi.nlm.nih.gov/pubmed/40679256
https://doi.org/10.1080/1750743x.2024.2370231
https://www.ncbi.nlm.nih.gov/pubmed/39016058
https://doi.org/10.3390/cancers18182921

Cancers 2026, 18, 2921 23 of 23

41.

42.

43.

44.

45.

46.

47.

48.

Celsa, C.; Cabibbo, G.; Fulgenzi, C.A.; Scheiner, B.; D’alessio, A.; Manfredi, G.F,; Nishida, N.; Ang, C.; Marron, T.U.; Saeed, A.;
et al. Characteristics and outcomes of immunotherapy-related liver injury in patients with hepatocellular carcinoma versus other
advanced solid tumours. J. Hepatol. 2023, 80, 431-442. [CrossRef] [PubMed]

Prinzi, FL.; Salani, F.; Camera, S.; Rizzato, M.D.; Saborowski, A.; Antonuzzo, L.; Rossari, F.; Satake, T.; Peeters, F.; Pressiani, T.;
et al. Negative impact of corticosteroid use on outcome in patients with advanced BTCs treated with cisplatin, gemcitabine, and
durvalumab: A large real-life worldwide population. Int. J. Cancer 2025, 157, 2092-2102. [CrossRef] [PubMed]

Skribek, M.; Rounis, K.; Afshar, S.; Grundberg, O.; Friesland, S.; Tsakonas, G.; Ekman, S.; De Petris, L. Effect of corticosteroids on
the outcome of patients with advanced non-small cell lung cancer treated with immune-checkpoint inhibitors. Eur. J. Cancer 2021,
145, 245-254. [CrossRef] [PubMed]

Goodman, R.S.; Johnson, D.B.; Balko, J.M. Corticosteroids and Cancer Immunotherapy. Clin. Cancer Res. 2023, 29, 2580-2587.
[CrossRef] [PubMed]

Tokunaga, A.; Sugiyama, D.; Maeda, Y.; Warner, A.B.; Panageas, K.S.; Ito, S.; Togashi, Y.; Sakai, C.; Wolchok, J.D.; Nishikawa, H.
Selective inhibition of low-affinity memory CD8+ T cells by corticosteroids. J. Exp. Med. 2019, 216, 2701-2713. [CrossRef]
[PubMed]

Petrelli, F; Signorelli, D.; Ghidini, M.; Ghidini, A.; Pizzutilo, E.G.; Ruggieri, L.; Cabiddu, M.; Borgonovo, K.; Dognini, G.;
Brighenti, M.; et al. Association of Steroids Use with Survival in Patients Treated with Immune Checkpoint Inhibitors:
A Systematic Review and Meta-Analysis. Cancers 2020, 12, 546. [CrossRef] [PubMed]

Byron, Y.; Yegorova-Lee, S.; Tio, M. Do corticosteroids affect immunotherapy efficacy in malignancy?—A systematic review.
Cancer Med. 2024, 13, €70254. [CrossRef] [PubMed]

Di Santo, R.; Niccolini, B.; Rosa, E.; De Spirito, M.; Pizzolante, F.; Pitocco, D.; Tartaglione, L.; Rizzi, A.; Basile, U.; Petito, V,;
et al. Artificial Intelligence for Liquid Biopsy: FTIR Spectroscopy and Autoencoder-Based Detection of Cancer Biomarkers in
Extracellular Vesicles. Cells 2025, 14, 1909. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https:/ /doi.org/10.3390/cancers18182921


https://doi.org/10.1016/j.jhep.2023.10.040
https://www.ncbi.nlm.nih.gov/pubmed/37972660
https://doi.org/10.1002/ijc.70009
https://www.ncbi.nlm.nih.gov/pubmed/40641448
https://doi.org/10.1016/j.ejca.2020.12.012
https://www.ncbi.nlm.nih.gov/pubmed/33419647
https://doi.org/10.1158/1078-0432.ccr-22-3181
https://www.ncbi.nlm.nih.gov/pubmed/36648402
https://doi.org/10.1084/jem.20190738
https://www.ncbi.nlm.nih.gov/pubmed/31537643
https://doi.org/10.3390/cancers12030546
https://www.ncbi.nlm.nih.gov/pubmed/32120803
https://doi.org/10.1002/cam4.70254
https://www.ncbi.nlm.nih.gov/pubmed/39315510
https://doi.org/10.3390/cells14231909
https://www.ncbi.nlm.nih.gov/pubmed/41369398
https://doi.org/10.3390/cancers18182921

	Introduction 
	Materials and Methods 
	Study Population 
	Statistical Analysis 

	Results 
	Characteristics of the Study Population and Development of AEs 
	Survival Analysis 

	Discussion 
	Conclusions 
	References

