
Research Article
Hepatic and Biliary Cancer
Association of candidate surrogate endpoints with overall
survival in advanced biliary tract cancer

Authors

Florian Castet, Carles Fabregat-Franco, John Bridgewater, ., Changhoon Yoo, Juan W. Valle, Teresa Macarulla

Correspondence

tmacarulla@vhio.net (T. Macarulla).

Graphical abstract

Surrogate endpoints of OS in advanced BTC

Study design Results

Conclusion: PFS shows a moderate correlation with OS, while ORR and DCR show a low correlation

Trial-level analysis Patient-level analysisTrial-level analysis

Patient-level analysis

1L

2L

ABC-01, -02, -03 (RCT)
DURVABTC (RWD)
RETUD 2L (RWD)

NIFTY, FIReFOX (RCT)
RETUD 2L (RWD)

41 studies
7,817 patients

5 RCTs
3 RWD cohorts
2,512 patients

Cohort
Treatment

line (n)

ABC-01, -02, -03 1L (n = 512)
DURVABTC 1L (n = 628)
RETUD 1L (n = 773)
NIFTY, FIReFOX 2L (n = 277)
RETUD 2L (n = 322)

ρimi
(PFS)

0.84
0.86
0.83
0.73
0.81

Study 2
Study 3

Study 1Systematic reviewSyste

ORR - R2  0.01

ORR - R2  0.01DCR - R2  0.39

PFS - R2  0.71

1.00.5 2.0
Surrogate endpoint

0.5

1.0

2.0

O
S 

ha
za

rd
 ra

tio

Highlights Impact and implications
� PFS showed a moderate correlation with OS at the trial- and
patient-level.

� A PFS hazard ratio of 0.61 in a hypothetical trial of 200
patients would likely lead to an OS benefit.

� Disease control rate and response rate showed a low cor-
relation at the trial-level.

� Patients who responded to first- or second-line chemo-
therapy did not show significantly improved OS.
https://doi.org/10.1016/j.jhep.2025.05.020

© 2025 Published by Elsevier B.V. on behalf of European Association for the Study
The use of validated surrogate endpoints in biliary tract cancer
trials may decrease costs and improve study feasibility,
particularly with agents that only target small subsets of pa-
tients or in trials that incorporate a crossover design. A formal
statistical validation of surrogacy requires patient-level and
trial-level data. This is the first comprehensive analysis to
incorporate novel agents (including immunotherapies and tar-
geted agents), include patient-level data and rigorously and
homogeneously extract appropriate measures of treatment
effect for endpoint correlation. These results show a moderate
correlation for progression-free survival both at the trial- and
patient-level and a low correlation for disease control rate and
response rate. This information will aid clinicians in appropri-
ately interpreting contemporary clinical trials and guide clinical
researchers and trial sponsors involved in clinical trial design.
Furthermore, it has important implications for the regulatory
approval process and may aid agencies in appropriately eval-
uating novel drugs.
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Background & Aims: Surrogate endpoints are increasingly used in biliary tract cancer (BTC) trials. While this may expedite drug
approval and decrease costs, surrogate endpoints may not always correlate with an overall survival (OS) advantage. We aimed to
explore the association of progression-free survival (PFS), objective response rate (ORR) and disease control rate (DCR) with OS at
the trial- and patient-level.
Methods: For the trial-level analysis, we performed a systematic review of Pubmed/MEDLINE, Embase, Cochrane, clinicaltrials.
gov and conference proceedings for phase II-III trials in advanced BTC. We used a weighted linear regression to measure the
correlation of OS with PFS, ORR and DCR. For the patient-level analysis, we analyzed patients included in five randomized trials
and three real-world datasets. The protocol is registered with PROSPERO, CRD42023398279.
Results: For the trial-level analysis, we included 41 studies, involving 88 treatment arms and 7,817 patients. The coefficient of
determination (R2) of the model was 0.71 (95% CI 0.56-0.86) for PFS, 0.01 (0-0.08) for ORR and 0.39 (0.14-0.64) for DCR. Pre-
defined subgroup analysis showed consistent results. For the patient-level analysis, we included a total of 2,506 patients, 783 in
randomized trials (first-line 512, second-line 271) and 1,723 in routine clinical care (first-line chemotherapy 773, first-line
chemotherapy-durvalumab 628, second-line chemotherapy 322). Across the distinct datasets, the correlation coefficient
ranged from 0.73 to 0.86 for PFS. A responder analysis found no association between response and survival.
Conclusion: PFS shows a moderate correlation with OS both at the trial- and patient-level, while ORR and DCR show a low
correlation. Whilst PFS is currently the best candidate surrogate marker for OS, our results highlight the need for novel endpoints
in this field.

© 2025 Published by Elsevier B.V. on behalf of European Association for the Study of the Liver.
Introduction
Biliary tract cancers (BTCs) are a heterogeneous group of
aggressive neoplasms arising in the biliary tree.1 Around 60%
of tumors are diagnosed at advanced stages and more than
70% of tumors treated with local curative treatments will
eventually relapse,2 resulting in a dismal median survival of
about 1 year despite optimal systemic treatment.3,4

In this setting, overall survival (OS) is the most robust, reli-
able and clinically meaningful endpoint for the design of
randomized-controlled trials (RCTs).5 The relatively low follow-
up necessary to reach sufficient events, coupled with the
scarcity of effective treatment options beyond first-line therapy,
make OS an ideal endpoint and less prone to biases arising
* Corresponding author. Address: Vall d’Hebron Institute of Oncology, C/ Natzaret, 115-11
E-mail address: tmacarulla@vhio.net (T. Macarulla).
https://doi.org/10.1016/j.jhep.2025.05.020
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from post-progression treatment imbalances and biological
differences in molecular subgroups.6,7 However, some cir-
cumstances may hinder the interpretation of OS, such as
crossover designs or conditional accelerated approval pro-
grams, where the experimental drug is made available to cli-
nicians during the execution of the validation trial, leading to
uncontrolled post-progression crossover.

Surrogate endpoints are intended to substitute for final
patient-relevant outcomes that directly measure how patients
feel, function or survive in clinical trials.8 The use of surrogates
is cost-effective and may overcome some of the challenges
associated with OS. The use of these endpoints in oncology
trials has increased dramatically in recent years, best reflected
by the fact that 78% of drug approvals by the US FDA
7 08035 Barcelona, Spain; Tel.: 934894350, fax: 932746781.
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between 2005 and 2023 were based on surrogate endpoints.9

However, only 32% of approved indications based on
surrogate endpoints eventually demonstrated an improvement
in OS,10 highlighting the need for appropriate validation of
these endpoints.

Previous studies have explored the association of
progression-free survival (PFS) and objective response rate
(ORR) with OS in BTC, although the results have been con-
flicting, the statistical methodology has been suboptimal, and
only trial-level information has been included.11–14 Despite the
lack of robust data supporting the use of surrogate endpoints in
BTC, 25% of randomized phase II-III trials used ORR as a
primary endpoint and 44% used PFS.15 In addition, the FDA
has granted accelerated approval for pemigatinib and futibati-
nib based on ORR and duration of response for FGFR2-rear-
ranged tumors and regular approval to ivosidenib based on
PFS for IDH1-mutant tumors.16

To address these issues and explore the feasibility of using
surrogate endpoints in advanced BTC, we performed a
comprehensive analysis evaluating the association of PFS,
ORR and disease control rate (DCR) at a trial-level through a
meta-analysis of RCTs and at a patient-level through an anal-
ysis of five cohorts comprising both patients treated within the
context of a RCT and in the real-world setting.

Patients and methods

Theoretical framework

One of the most used methodologies for evaluating potential
surrogate endpoints is the two-stage meta-analytic framework,
which requires individual patient-level data from all trials included
in the systematic review to calculate the individual- and trial-level
correlation.17 In this framework, a validated endpointwillmeet two
conditions: demonstrate a correlationof treatment effects onboth
endpoints (Condition 1) and a strong correlation between the
surrogate and definitive endpoint (Condition 2). One of the major
limitations of this approach is that identified trialswhose individual
data cannot be retrieved are excluded from the trial-level analysis,
which leads to a selection bias.18,19 To address this potential
limitation and because we did not have access to individual-level
data from all identified trials in the systematic review, we applied
an adaptation of this framework that intended to demonstrate
both conditions.

For Condition 1 (trial-level), we performed a systematic re-
view and correlation analyses of all trials based on aggregate-
level data, as detailed below. For Condition 2 (patient-level), we
analyzed two cohorts of patients included in RCTs evaluating
first-line (ABC-01,20 ABC-0221 and ABC-0322) and second-line
chemotherapy (NIFTY23 and FIReFOX24). Given the comple-
mentary information provided by real-world data (RWD),25

especially in the context of PFS, which is sensitive to the
timing of assessments and response evaluation,26 we also
included a cohort of patients treated in the real-world setting
with first-line chemotherapy, another cohort treated with
cisplatin-gemcitabine and durvalumab and a final cohort of
patients treated with second-line chemotherapy.

Protocol and registration

The protocol of the study was registered on the International
Prospective Register of Systematic Reviews in February 2023
Journal of Hepatology, Novemb
(PROSPERO registration ID CRD42023398279). Following
a protocol amendment in October 2023, incorporating
the patient-level data and an improvement in the search
strategy, an updated systematic review and a new
analysis were performed (see Protocol). We followed the
PRISMA reporting guidelines.27 The study was approved by
the Vall d’Hebron Research Ethics Committee (PR(AG)
29/2024).

Search strategy

We searched Medline through Pubmed, Embase, Cochrane
Library and ClinicalTrials.gov databases from inception to
October 2023 (Table S1). Additionally, we searched references
of the selected studies and abstract proceedings from the
American Society of Clinical Oncology (ASCO), European So-
ciety of Medical Oncology (ESMO), ASCO Gastrointestinal
Cancers Symposium (ASCO-GI), ESMO World Congress on
Gastrointestinal Cancer and ESMO Asia.

The title and abstract of non-English studies were translated
into English for the first screening step. The full text of those
studies considered eligible for further evaluation was then
translated. Of note, we identified no non-English study that
required full-text evaluation.

All abstracts were reviewed and independently
evaluated by two investigators through the Rayyan interface.
Any disagreements were resolved by consensus with a
third reviewer.

Eligibility criteria

Eligible studies were comparative phase II-III RCTs assessing
systemic agents in the treatment of advanced BTC and
included OS, PFS and/or ORR/DCR as an endpoint (Table S2).
Studies that assessed locoregional or maintenance therapies,
involved tumors other than BTC (except for periampullary car-
cinomas), were non-randomized, non-comparative or included
patients in the (neo)adjuvant settings were excluded. The most
recent and updated version of the trial was included in the
final analysis.

Data extraction and quality assessment

We extracted the following data from the available reports: trial
and baseline patient characteristics, number of patients
included, endpoints, intervention details, median follow-up,
response assessment criteria, OS hazard ratio (HR), PFS HR,
ORR and DCR.

We generated funnel plots to assess publication bias (taking
the 95% CIs to account for the heterogeneity estimated by the
model) and used Egger’s regression test to assess funnel plot
asymmetry. Additionally, a p curve analysis was used to assess
any further publication bias.

To assess the methodological quality of the included
studies, we used two distinct tools: the Cochrane Handbook
for Systematic Reviews of Interventions Risk of Bias tool
(RoB version 2.0)28 and the Delphi list.29 Reports with a low
or moderate risk of bias according to Cochrane’s RoB or a
score >−5 points in the Delphi list were considered high quality.

A description of patients and datasets used for the
individual-level correlation can be found in the supplementary
materials and methods.
er 2025. vol. 83 j 1102–1115 1103
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Statistical analyses

Condition 1 (Trial-level): All extracted endpoints were collected
as defined by the trial. For trials that did not report HR, we
estimated these with the methods described by Tierney et al.
The odds ratio (OR) estimates for ORR and DCR were obtained
from logistic regression models, including patients with
measurable disease and considering non-evaluable patients as
non-responders. The HR and OR were log-transformed and the
associations estimated using a linear regression model
weighed by trial size. The variation of the weighted treatment
effects explained by the model was measured with the coeffi-
cient of determination (R2).

The surrogate threshold effect (STE) represents the mini-
mum treatment effect of the intermediate endpoint needed to
predict a non-zero effect on OS and is calculated based on the
prediction interval. The 95% prediction intervals were con-
structed for the regression line of the treatment effect on OS vs.
the surrogate with a weight (i.e. trial size) of 200. The STE was
defined as the intersection of the upper 95% prediction interval
with the horizontal y-axis = 0, representing a hazard ratio
of 1.30,31

We analyzed predefined subgroups according to the pres-
ence of crossover, trial size, type of treatment, disease setting/
line of treatment and quality of the trials. We further performed
two non-preplanned sensitivity analyses based on disease
location and stage by assigning each trial a weight proportional
to the number of included patients for each category. Addi-
tionally, we performed a leave-one-out cross-validation,
whereby each trial was left out once, and the model was refitted
with the remaining trials. The resulting model was then applied
to the left-out trial to predict the effect of treatment on the
reference endpoints. The R2 of the cross-validated model was
calculated as the correlation between the individual predictions
made by the model and the actual treatment effects.32

Condition 2 (Patient-level): The correlation between OS and
PFS was measured by using the normal score rank correlation,
calculated by the iterative multiple imputation approach.33

Although this approach is semiparametric and does not
require any assumptions about the marginal distributions, it
uses a Gaussian dependency structure. Therefore, we also
calculated the rank correlation between OS and PFS using a
non-parametric estimator of Spearman’s correlation, based on
a non-parametric bivariate survival surface estimator.34 The
95% CIs were calculated by bootstrap resampling 1,000 times.

To evaluate the association between response and OS, we
performed a responder analysis.35–37 Responders were defined
as patients who achieved a partial or complete response and
non-responders as those with stable disease, progressive
disease or whose response status was unknown or non-
evaluable. To adjust for immortal-time bias, a landmark anal-
ysis was performed38 at 3-month and 6-month landmark times
for first-line trials and 2-month and 4-month times for second-
line trials. Only the datasets of patients included in randomized
trials were used for this analysis, as no longitudinal response
assessment was available for the RWD cohorts.

We scored the strength following the criteria used by Prasad
et al.:39 low correlation (r <−0.7), moderate strength correlation
(r >0.7 to r <0.85), and high correlation (r >−0.85).

All statistical analyses were completed using R version 4.1.2
(R Foundation).
1104 Journal of Hepatology, Novemb
Results

Condition 1: Trial-level association

Of the 8,576 records identified, a total of 41 randomized phase
II and phase III clinical trials were eligible, including 44 treat-
ment comparisons, 88 treatment arms and 7,817 patients
(Fig. 1; Tables 1, 2 and S3). Most studies were phase II trials
(70.7%), included first-line combinations (65.9%), tested
chemotherapy (53.7%) or targeted/tyrosine kinase inhibitor
(36.6%) agents, and were multicenter (80.5%), while only 2
(4.9%) allowed for crossover. The median follow-up was 10.85
months (IQR 10.1-15.7 months), although 17 (41.5%) trials did
not report this information. Twenty trials (48.8%) used PFS as a
primary endpoint and 16 (39%) used OS. Eleven (26.8%) were
double blind and the remaining 30 trials were open-label.

We found no evidence of publication bias by applying the
two distinct detection methods for OS, PFS and ORR (Fig. S1).
A funnel plot asymmetry was detected for DCR, although the p-
curve analysis showed that evidential value was present. The
overall risk of bias was low or moderate, and only two studies
were found to be at high risk of bias (Fig. S2 and S3). When
applying the Delphi assessment criteria,29 35 studies were
found to be of high quality, and six had a score below 5
points (Fig. S4).

The correlation between PFS and OS showed an R2 of 0.71
(95% CI 0.56-0.86) and the STE was 0.61 (Fig. 2A), meaning
that a HR of 0.61 in a hypothetical trial of 200 patients would
likely lead to a non-zero effect on OS. Importantly, the corre-
lations with ORR and DCR were low or non-existent, with R2

values of 0.01 (95% CI 0-0.08) and 0.39 (95% CI 0.14-0.64),
respectively (Fig. 2B,C). Prespecified subgroup analyses based
on the line of treatment, presence of crossover, study phase,
type of systemic treatment, sample size and trial quality
confirmed these findings (Figs 2D, 3, S5 and S6). Non-
preplanned sensitivity analyses showed consistent results
for distinct disease locations and stages (Fig. S7–S9). The
correlation of ORR and DCR with OS remained low across
all subgroups. We further calculated the STE for all
surrogate endpoints based on different hypothetical sample
sizes (Table S4).

Finally, we performed a leave-one-out cross-validation
procedure to confirm the correlation observed between OS and
PFS. The R2 ranged from 0.61 to 0.78. All trial HR estimates for
OS fell within the predicted intervals except for three (Fig. S10).
Two of these were highly influential trials in the cross-validation:
the ClarIDHy trial,40 whose exclusion from the model led to an
R2 of 0.78, and the NuTide:121,41 whose exclusion led to an R2

of 0.61. The R2 remained consistent after individually excluding
the remaining trials, with R2 values that ranged from 0.7 to
0.73 (Fig. S10B).
Condition 2: Patient-level association

We analyzed five datasets involving 2,506 patients diagnosed
with advanced BTC who received systemic treatments: a
pooled population of 512 patients included in the ABC-01,20

-0221 and -0322 trials, a RWD dataset of 628 patients treated
with first-line cisplatin-gemcitabine and durvalumab, a RWD
dataset of 773 patients treated with first-line chemotherapy, a
pooled population of 271 patients included in the NIFTY23 and
er 2025. vol. 83 j 1102–1115
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  (n = 12)

Fig. 1. PRISMA flowchart reporting the results of the systematic review.
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FIReFOX24 trials and a RWD dataset of 322 patients treated
with standard second-line chemotherapy (Table S5–S8).

We estimated the correlation between PFS and OS at the
patient-level using two distinct methods. We applied the mul-
tiple imputation approach33 and found a rank correlation
ranging between 0.73 and 0.86 across all five datasets (Table
3). Only the pooled population of NIFTY23 and FIReFOX24 tri-
als showed a slightly lower correlation of 0.73, while all other
datasets showed a rank correlation above 0.8. We also calcu-
lated the correlation using a more conservative, non-parametric
estimator of Spearman’s correlation.34 This approach rendered
similar results, although the correlation estimated by this
method tended to be lower in all datasets, with a rank corre-
lation that ranged between 0.68 and 0.82 (Table S9). We found
Journal of Hepatology, Novemb
consistent results across distinct disease locations and stages
(Table S10 and S11).

Finally, to estimate the association between ORR and OS,
we performed a responder analysis.35–37 We only included
datasets of patients treated in RCTs, as longitudinal response
data was not available in the RWD. In the first-line setting, 370
patients had measurable disease and were included in this
analysis. The ORR was 23% and the DCR was 77.8%. Re-
sponders did not experience better survival, either at the 3-
month or 6-month landmark times (Fig. 4). In the second-line
setting, 256 patients were included in the analysis. The ORR
was 9.4% and the DCR was 64.1%. Similar to the first-line
setting, responders did not experience better survival
(Fig. S11). However, given the low response rate in the second-
er 2025. vol. 83 j 1102–1115 1105



Table 1. Characteristics of the trials, treatment comparisons and patients included in the studies.

Patients (n = 7,817) Trials (n = 41) Comparisons (n = 44)1

Age, median (IQR) 63 (60.5–64) - -
Missing 151 (1.9%)

Sex, n (%) - -
Males 3,952 (50.6%)
Females 3,818 (48.8%)
Missing 47 (0.6%)

Tumor location, n (%)
Intrahepatic 3,445 (44.1%) 37 (90.2%) 38 (86.4%)
Extrahepatic 1,410 (18%) 36 (87.8%) 37 (84.1%)
Gallbladder 2,272 (29.1%) 40 (97.6%) 43 (97.7%)
Ampullary 192 (2.5%) 17 (41.5%) 18 (40.9%)
Other 36 (0.5%) - -
Missing 462 (5.9%) - -

Disease stage, n (%)
Locally advanced 1,457 (18.6%) 382 (95%) 412 (95.3%)
Metastatic 5,810 (74.3%) 41 (100%) 44 (100%)
Missing 550 (7%) - -

ECOG status, n (%)
0 3,194 (40.9%) 40 (97.6%) 42 (95.5%)
1 3,569 (45.7%) 40 (97.6%) 42 (95.5%)
2-3 311 (4%) 14 (34.1%) 16 (36.4%)
Missing 743 (9.5%) - -

Number of centers, n (%)
Multicenter 7,088 (90.7%) 33 (80.5%) 34 (77.3%)
Single-center 634 (8.1%) 6 (14.6%) 8 (18.2%)
Missing 95 (1.2%) 2 (4.9%) 2 (4.5%)

Treatment line, n (%)
First line 6,164 (78.9%) 27 (65.9%) 29 (65.9%)
Beyond first line 1,653 (21.1%) 14 (34.1%) 15 (34.1%)

Systemic agents, n (%)
Chemotherapy 5,295 (67.7%) 223 (53.7%) 23 (52.3%)
Immunotherapy 1,153 (14.7%) 5 (12.2%) 5 (11.4%)
Targeted therapy 1,066 (13.6%) 153 (36.6%) 16 (36.4%)
Placebo/BSC 303 (3.9%) - -

Clinical trial phase, n (%)
Phase II 2,814 (36%) 29 (70.7%) 31 (70.5%)
Phase III 5,003 (64%) 12 (29.3%) 13 (29.5%)

Crossover, n (%) 53 (0.7%) 2 (4.9%) 2 (4.5%)
Follow-up (months), median (IQR) - 10.85 (10.1–15.7) -
Missing 17 (41.5%)

BSC, best supportive care; ECOG, Eastern Cooperative Oncology Group.
1Three trials54–56 contained three arms, leading to two comparisons.
2One trial57 did not specify whether locally advanced patients were included.
3One trial55 had two experimental arms, one including chemotherapy and another targeted therapy.

Surrogate endpoints of OS in BTC
line setting, the number of responders at each landmark time is
low and precludes any definitive conclusions.

Discussion
Inappropriate validation of intermediate endpoints may lead to
the approval of potentially ineffective or even harmful treat-
ments.10 Previous studies have evaluated the association of
PFS and response with OS at the trial-level in the context of
first-12,14 and second-line treatment of BTC.11,13 Our analysis
can be distinguished from these studies in several important
ways: First, it is the only one, to our knowledge, that has
included trial- and patient-level data. Second, it includes
contemporary trials testing distinct systemic agents, including
immunotherapies and targeted agents. Third, we rigorously
extracted and calculated the HR for time-to-event endpoints
and OR for binomial endpoints to ensure homogeneous ana-
lyses of these variables and appropriate measures of treatment
effect. Finally, we also included RWD to complement the
RCT information.
1106 Journal of Hepatology, Novemb
This comprehensive analysis suggests that the correlation
for PFS is moderate both at the trial- and patient-level but is low
for ORR and DCR in advanced BTC. Whether the strength of
the correlation is sufficient to justify the use of PFS as a sur-
rogate endpoint is arguable and controversial. For instance,
PFS would meet the surrogacy criteria established by the
BSES42,43 and ReSEEM17 guidelines, while the IQWiG44

guidelines would consider the evidence “Unclear”. Regulatory
agencies have not established criteria for defining surrogate
endpoints. We believe that PFS could be used as a primary
endpoint in advanced BTC in circumstances when OS may be
confounded, such as crossover designs or accelerated
approval programs that may lead to uncontrolled post-
progression crossover in the confirmatory trial. In these cir-
cumstances, a careful evaluation of OS should continue to be
mandatory to ensure no detrimental effect is observed.5,45 The
magnitude of the benefit in PFS should also be considered. Our
analysis of the STE shows that a magnitude of 0.61 (0.67 after
excluding crossover trials) in PFS would likely lead to an OS
er 2025. vol. 83 j 1102–1115



Table 2. Characteristics and design of the trials included in the systematic review.

Trial1 Treatments Phase N Blinding Primary
Endpoint

Response evaluation Timing of scans

ABC-02 CG
Gemcitabine

III 410 Open-label OS RECIST 1.0 Q12w

ABC-03 CG+cediranib
CG+placebo

II 124 Double blind PFS RECIST 1.1 Q12w

BilT-01 Nivo-ipi
CG-nivo

II 68 Open-label PFS 6 months RECIST 1.1/irRECIST Q8w

BREGO mGEMOX+regorafenib
mGEMOX

II 66 Open-label NA RECIST 1.0 NA

BT22 CG
Gemcitabine

II 83 Open-label OS 1 year NA Q8w

Chen 2015 GEMOX+cetuximab
GEMOX

II 122 Open-label ORR RECIST 1.1 Q8w

ClarIDHy Ivosidenib
Placebo

III 187 Double blind PFS RECIST 1.1 Q6w

FIReFOX mFOLFIRI
mFOLFOX

II 118 Open-label OS 6 months RECIST 1.1 Q6w

Gambit Irinotecan+Cisplatin
CG

II 47 Open-label ORR RECIST 1.1 NA

GB-SELECT CAPIRI
Irinotecan

II 98 Open-label OS 6 months RECIST 1.1 Q8w

GEMSO-AIO Gemcitabine+sorafenib
Gemcitabine

II 97 Double blind PFS RECIST 1.0 Q8w

Ikeda 2023 Nanvuranlat
Placebo

II 104 Double blind PFS RECIST 1.1 NA

IMbrave151 CG+atezolizumab+bevacizumab
CG+atezolizumab+placebo

II 162 Double blind PFS RECIST 1.1 Q9w

JCOG0805 SG
S1

II 101 Open-label OS 1 year RECIST 1.0 Q6w

JCOG1113 SG
CG

III 354 Open-label OS RECIST 1.1 Q6w

Kang 2012 SG
CG

II 96 Open-label PFS 6 months RECIST 1.0 Q6w

Kataria 2022 Capecitabine
BSC

II/III 69 Open-label OS RECIST 1.1 NA

Kataria 2022 Erlotinib
BSC

II/III 69 Open-label OS RECIST 1.1 NA

KEYNOTE-966 CG+pembrolizumab
CG-placebo

III 1,069 Double blind OS RECIST 1.1 Q6w

KHBO1401-MITSUBA CG
CGS

III 246 Open-label OS RECIST 1.1 Q12w

Kim 2019 CAPOX
GEMOX

III 222 Open-label PFS RECIST 1.1 Q6w

Lee 2012 GEMOX+erlotinib
GEMOX

III 268 Open-label PFS RECIST 1.0 Q6w

Markussen 2020 GEMOX-capecitabine
CG

II 96 Open-label PFS RECIST 1.1 Q12w

NALIRICC 5FU-nalIRI
5FU

II 100 Open-label PFS RECIST 1.1 Q6w

NIFTY 5FU-nalIRI
5FU

II 174 Open-label PFS RECIST 1.1 Q6w

(continued on next page)
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Table 2. (continued)

Trial1 Treatments Phase N Blinding Primary
Endpoint

Response evaluation Timing of scans

Nutide:121 Cisplatin+NUC1031
CG

III 773 Open-label OS, ORR RECIST 1.1 Q9w

Pape 2020 CAP7.1
BSC

II 27 Open-label DCR RECIST 1.1 Q8w

PICCA CG+panitumumab
CG

II 90 Open-label PFS 6 months RECIST 1.0 Q6w

REACHIN Regorafenib
Placebo

II 66 Double blind PFS RECIST 1.1 Q6w

Schinzari 2017 FOLFOX4
De Gramont

II 48 Open-label OS RECIST 1.1 Q8w

Sharma 2010 mGEMOX
BSC

II 53 Open-label OS, ORR, toxicity RECIST 1.0 Q6w

Sharma 2010 FUFA
BSC

II 55 Open-label OS, ORR, toxicity RECIST 1.0 Q6w

Sharma 2019 mGEMOX
CG

III 243 Open-label OS RECIST 1.1 NA

Shirahama 2017 PPV+CPA
PPV

II 49 Open-label Immune response RECIST 1.0 Q8w

SWOG 1815 CG+Nab/paclitaxel
CG

III 441 Open-label OS RECIST 1.1 Q9w

SWOG S1310 Trametinib
5FU/capecitabine

II 44 Open-label OS RECIST 1.1 Q6w

TOPAZ-1 CG+durvalumab
CG

III 685 Double blind OS RECIST 1.1 Q6w

TreeTopp Varlitinib+capecitabine
Placebo+capecitabine

II 127 Double blind ORR, PFS RECIST 1.1 Q6w

Ueno 2021 Reminostat+S1
Placebo+S1

II 101 Double blind PFS RECIST 1.1 Q6w

Valle 2021 Ramucirumab
Placebo

II 207 Double blind PFS RECIST 1.1 Q6w

Valle 2021 Merestinib
Placebo

II 203 Double blind PFS RECIST 1.1 Q6w

Vecti-BIL GEMOX+panitumumab
GEMOX

II 89 Open-label PFS RECIST 1.1 Q8w

Yang 2022 Cisplatin+Nab/paclitaxel
CG

II 67 Open-label PFS NA NA

Zheng 2018 XELIRI
Irinotecan

II 60 Open-label PFS RECIST 1.1 Q6w

BSC, best supportive care; CG, cisplatin + gemcitabine; DCR, disease control rate; NA, not available; ORR, objective response rate; OS, overall survival; PFS, progression-free survival.
1A complete list of the studies referenced in the table is found in the Supplementary Materials.
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Fig. 2. Trial-level correlation of PFS, ORR and DCR with OS (Condition 1). Bubble plot assessing the correlation of (A) PFS, (B) ORR and (C) DCR with OS. Every
bubble represents a trial, the color represents the treatment type and the size is proportional to the number of patients included in the trial. The hazard ratios and odds
ratios are presented in the logarithmic scale. The red lines show the 95% prediction interval for a weight (i.e. sample size) of 200. (D) Subgroup analysis assessing the
coefficient of determination across different subgroups according to the indicated criteria (left column). The shaded blue rectangles indicate the reference R2 and its
95% CI of the global correlation. The correlation was estimated by using a linear regression model weighed by trial size. The variation of the weighted treatment effects
explained by the model was measured with the coefficient of determination (R2). DCR, disease control rate; ORR, objective response rate; OS, overall survival; PFS,
progression-free survival; STE, surrogate threshold effect. (This figure appears in color on the web.)

Research Article
benefit in a 200-patient randomized trial, which may be infor-
mative for interpreting and designing future studies. In addition,
the use of a STE may provide a more reasonable standard for
evaluating the magnitude of a treatment benefit in BTC when
using PFS as a surrogate endpoint, such as the ones proposed
by the ESMO Magnitude of Clinical Benefit Scale guidelines.46

However, our data also highlight the importance of further
refining and developing novel endpoints. In the case of PFS, for
example, the use of time to treatment failure, which in-
corporates treatment discontinuation due to toxicity as an
event to avoid informative censoring26,47–49 or considering the
pattern of progression may help to better capture OS.50

The results of our study do not support the use of
either ORR or DCR as surrogate endpoints in this setting.
Several factors may account for this finding. First, BTCs are
frequently infiltrative and irregular, making it challenging to
radiologically monitor the disease.51 Second, patients who do
not achieve a response might not be uniformly
Journal of Hepatology, Novemb
disadvantaged, especially when receiving non-cytotoxic
agents, as these may confer improved survival by restrain-
ing tumor progression without inducing radiological re-
sponses.3,40 Third, BTCs are densely fibrotic tumors in which
treatment-induced tumor death may not necessarily lead to
tumor shrinkage. Other parameters, such as metabolic
changes, may be more accurate in discriminating response.52

Finally, the low ORR observed with most systemic therapies
in BTC may decrease the prognostic discrimination of
response and lead to this poor correlation.

Several limitations should be considered when interpreting
this study. First, the systematic review included a heteroge-
neous group of trials involving different study lines, treatment
regimens and patient populations. Nonetheless, this high het-
erogeneity is necessary to support the assertion of the validity
of a surrogate for application in a new trial.53 Additionally, we
conducted several predefined subgroup and sensitivity ana-
lyses which showed consistent levels of correlation. Second,
er 2025. vol. 83 j 1102–1115 1109
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Table 3. Patient-level correlation of PFS with OS across the different datasets using the iterative imputation method.

Cohort Setting Treatment line N (events) Follow-up (95% CI) Median OS (95% CI) Median PFS (95% CI) qimi (95% CI)

ABC-01, -02, -03 RCT First line 512 (497) 51 (41.1-NA) 10.2 (9-11.5) 6.5 (6-7.4) 0.84 (0.81-0.86)
DURVABTC RWD First line 628 (190) 8.4 (7.8-9.4) 14.9 (13.4-17.8) 8.2 (7.5-8.9) 0.86 (0.81-0.9)
RETUD RWD First line 773 (623) 32 (25.3-37.3) 9.7 (8.7-10.4) 5 (4.5-5.4) 0.83 (0.8-0.85)
NIFTY, FIReFOX RCT Second line 277 (236) 33 (27-37.2) 6.3 (5.5-7.4) 2.6 (2.4-2.9) 0.73 (0.67-0.79)
RETUD RWD Second line 322 (279) 24.8 (22.3-NA) 5.2 (4.8-6) 2.8 (2.5-3) 0.81 (0.78-0.83)

The correlation coefficient qimi was measured by using a normal score rank correlation calculated by the iterative multiple imputation approach.
Follow-up, OS, and PFS measured in months.
NA, not available; OS, overall survival; PFS, progression-free survival; RCT, randomized-controlled trial; RWD, real-world data.
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Research Article
the trial-level correlation was performed with aggregate data
rather than patient-level data. We intentionally modelled the
trial-level and individual-level correlation separately to ensure a
broad inclusion of trials in the first condition and decrease the
risk of selection bias. Third, most of the trials explored
chemotherapy or tyrosine kinase inhibitors. The meta-analysis
will have to be updated when further randomized studies
exploring immunotherapy combinations and targeted therapies
(especially FGFR inhibitors) become available. Importantly, the
association of ORR/DCR and PFS with OS will have to be
confirmed in individual-level data for patients treated with these
therapies. Fourth, trials did not uniformly time the radiological
assessments nor use a uniform definition for response
Journal of Hepatology, Novemb
evaluation. Although this may influence PFS and ORR/DCR, it
is reflective of the current scenario of RCTs and highlights the
need to establish a uniform set of criteria for defining and
evaluating PFS in future trials.

In conclusion, our results caution against the routine use of
surrogate endpoints in randomized trials testing systemic
agents in advanced BTC and highlight the need for further
developments to better capture OS. However, until better sur-
rogate endpoints are developed and validated, PFS should be
prioritized over ORR and DCR. Furthermore, validation in RCTs
including targeted therapies and immunotherapies will be
necessary to confidently extrapolate these results to trials
assessing these therapies.
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