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ABSTRACT

Introduction. The role of recurrence-free survival (RFS)
as a validated surrogate endpoint for overall survival (OS)
among patients undergoing upfront surgery for intrahepatic
cholangiocarcinoma (ICC) has not been defined. We sought
to evaluate the correlation between RFS and OS after sur-
gical resection for ICC. We hypothesized that RFS was a
reliable surrogate endpoint for OS among patients with ICC.
Methods. Patients who underwent upfront curative-intent
surgery for ICC between 2000 and 2023 were identified from
an international, multi-institutional database. The correlation
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between RFS and OS was assessed using rank correlation.
Landmark analysis evaluated concordance between survival
at 5 years and recurrence status at 6, 12, 24, 36, 48, and 54
months postoperatively.

Results. Among 1541 patients who underwent curative-
intent hepatic resection, the median RFS and OS were 22.6
months and 41.5 months, respectively. A moderately strong
correlation between RFS and OS was identified (p = 0.79,
95% CI10.76 to 0.82). In the landmark analysis, the concord-
ance between 5-year OS after surgery and recurrence status
at different time points (6, 12, 24, 36, 48, and 54 months)
was 60.7%, 72.0%, 81.4%, 83.1%, 83.0%, and 82.5%, respec-
tively. Restricted cubic spline analysis indicated that the
prediction of OS based on RFS increased with time and
plateaued 3 years after surgery.

Conclusions. Among patients undergoing curative-intent
resection of ICC, there was a moderately strong correlation
between RFS and OS. Three-year RFS may be a reliable
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surrogate endpoint to predict 5-year OS and should be con-
sidered in future trial design.

Intrahepatic cholangiocarcinoma (ICC) is the second
most common type of primary liver cancer, accounting for
roughly 10-20% of all hepatic tumors.! Over the past few
decades, the global incidence of ICC has been increasing,
representing a growing public health challenge.* Surgical
resection remains the only potentially curative treatment
option for ICC; however, the prognosis for resectable ICC
is still poor with 5-year overall survival (OS) ranging from
20-35%.* Additionally, despite curative-intent surgery, the
incidence of recurrence is alarmingly high with around 80%
of patients experiencing recurrence within two years post-
resection and 25% experiencing a recurrence within just
six months.>® These statistics highlight an urgent need for
improved treatment strategies, including multidisciplinary
approaches that involve perioperative systemic chemother-
apy, targeted therapies, and immunotherapies.*

Several randomized controlled trials (RCTs) have been
conducted among patients with biliary tract cancers (BTCs)
including ICC to investigate the potential benefits of perio-
perative adjuvant therapies.”® While OS is traditionally
regarded as the gold standard primary endpoint in cancer
therapy trials, relying on OS has notable limitations.” Of
note, its requirement for larger patient cohorts and longer
follow-up periods can delay the development and clini-
cal application of new therapies.'® Consequently, there is
a growing need to identify alternative surrogate endpoints
that are both statistically robust and clinically relevant.'!
Recurrence-free survival (RFS) has emerged as a prom-
ising alternative endpoint, offering multiple advantages,
such as shorter follow-up durations and faster trial comple-
tion, which may lead to earlier access to new treatments,
enhanced trial efficiency, and cost savings.9 For instance, in
colorectal cancer, disease-free survival (DFS) has become
the primary endpoint in several RCTs of adjuvant therapy.'?
Specifically, among patients with colorectal cancer, a 3-year
DEFS has been established as a reliable substitute for tradi-
tional 5-year 0S.'> Moreover, DFS has been validated as a
surrogate endpoint for OS in other cancers, including gastric,
renal, and lung cancers, suggesting its potential to streamline
clinical trials and conserve resources.'>'> However, despite
the success of these surrogate endpoints in various cancers,
research on the application of RFS as a validated endpoint
among patients with ICC remains limited.’

To date, ICC has often been included in RCTs as part of
a heterogeneous group of patients with other bile duct and
gallbladder cancers due to the low incidence of ICC.* While
this approach has provided some insights, the heterogeneity
of the patient population can obscure the effects of targeted
treatments specific to ICC. To facilitate the development

and application of promising therapies tailored to ICC, it
is crucial to conduct efficient clinical trials focusing exclu-
sively on ICC patients.* Therefore, the current study sought
to evaluate the correlation between RFS and OS after surgi-
cal resection for ICC using data from a large, international,
multi-institutional database. We hypothesized that RFS
was a reliable surrogate endpoint for OS among patients
with ICC. If true, use of RFS in future clinical trials may
help accelerate the testing and delivery of new therapies for
patients with ICC.

METHODS
Data Source and Patient Selection

Patients who underwent curative-intent liver resection
for ICC between 2000 and 2023 were identified from the
International Intrahepatic Cholangiocarcinoma Study Group
database (Supplementary Table 1).!® The database con-
sisted of retrospectively collected data from participating
institutions across the globe. Each participating institution
was responsible for collecting and auditing its own data.
At The Ohio State University Wexner Medical Center, data
from each participating institution were merged, re-audited,
and securely stored in a dedicated institutional database for
research purposes. The most recent update, which included
data up to December 2023, was used for the current study.
Patients were excluded based on (1) receipt of preoperative
systemic chemotherapy, (2) macroscopically positive surgi-
cal margins (R2 resection), (3) extrahepatic metastasis, and
(4) lack of follow-up data. The Institutional Review Boards
of each participating institution approved the study.

Variables and Outcomes

Patient demographic and clinicopathologic variables
included age, sex, American Society of Anesthesiologists
Physical Status (ASA PS) classification, geographic region
(i.e., USA/Canada, Europe, Australia, Asia), year of sur-
gery (i.e., 2000-2010, 2011-2023), pathological tumor size
and number, T-category based on AJCC 8th edition,'” nodal
diseases (i.e. NO: negative, Nx: not examined, N1: posi-
tive), microvascular invasion (MVI), surgical margin (i.e.,
RO, R1), and adjuvant chemotherapy. In this study, multifo-
cal disease included both satellite lesions, defined as tumors
within the same Couinaud liver segment, and intrahepatic
metastases, defined as tumors located in different Couin-
aud liver segments.'” Due to the retrospective nature of this
study, distinguishing between intrahepatic metastases and
multicentric tumors was not feasible.

OS was defined as the time interval between the date of
liver resection for ICC and the date of death or last follow-
up. RFS was defined as the time elapsed between the date of
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liver resection and recurrence, confirmed either on biopsy or
based on evidence of a suspicious lesion on follow-up imag-
ing. Survival after recurrence (SAR) was calculated only in
cases that experienced recurrence and was defined as the
date of recurrence to the data of death from any cause. Fol-
lowing curative-intent hepatectomy, patients were monitored
for recurrence based on serum tumor markers and imaging
including CT and/or MRI. Patients were followed once every
3 months during the first 3 years, once every 6 months dur-
ing the 4™ and 5" years, and then annually thereafter.'*While
the overall follow-up strategy was generally aligned with the
described schedule, follow-up intervals varied among cent-
ers due to differences in institutional protocols and regional
practices. The last follow-up date was December 26, 2023.
The treatment of tumor recurrence was decided based on
consensus among the multidisciplinary team at each insti-
tution. The primary outcome of interest was the correlation
between RFS and OS. Furthermore, a landmark analysis was
performed to determine the number of years of RES that was
an appropriate alternative to 5-year OS.

Statistical Analysis

The median follow-up period (95% CI) was determined
using the reverse Kaplan-Meier method, while OS and RFS
were estimated using the standard Kaplan-Meier method.’
To assess the correlation between OS and RFS, Spearman
correlation analysis was conducted. The correlation coef-
ficient (p) was classified following the guidelines proposed
by Prasad et al.: low correlation (0.7 or below), moderately
strong correlation (greater than 0.70 but less than 0.85), and
strong correlation (0.85 or above).'®! For the landmark
analysis, concordance of 5-year survival among patients
without recurrence and 5-year mortality among individuals
with recurrence was evaluated at various time points (6, 12,
24,36, 48, and 54 months).’ Restricted cubic splines (RCS)
with four knots were utilized to examine changes in con-
cordance. In addition, to interrogate the potential effect of
adjuvant chemotherapy, the correlation between RES and OS
was examined according to adjuvant chemotherapy. Further-
more, a subgroup analysis stratified by geographic regions
into Western countries (USA/Canada, Europe, Australia)
and Eastern countries (Asia) was conducted; patient char-
acteristics were compared between these two groups. Sub-
sequently, the correlation between RFS and OS was inde-
pendently evaluated within the Western and Eastern cohorts.

Descriptive statistics were presented as median values
with interquartile ranges (IQR) for continuous variables
and as frequencies with percentages (%) for categorical
variables. Survival was compared with log-rank test. Sta-
tistical significance was set at o = 0.05. All analyses were
performed using R version 4.2.2 (R Project for Statistical
Computing, Vienna, Austria).

RESULTS
Baseline Cohort Characteristics

Among 1,591 patients who met the inclusion criteria, 875
(55.0%) were male with a median age of 62 years (IQR, 54
to 70); approximately one-half of patients (n = 818, 51.4%)
were classified as ASA-PS 1 or 2. Most patients (n = 1,274,
80.1%) had a solitary tumor with a median size of 5.8 cm
(IQR, 3.9 to 8.1). On final pathology, 596 (37.5%) patients
had T2 disease and 347 (21.8%) had lymph node metasta-
sis (N1). Microvascular invasion (MVI) was present in 453
(28.5%) patients; 280 (17.6%) patients had an R1 margin
status. In the post-operative setting, 436 (27.4%) received
adjuvant chemotherapy (Table 1).

Survival and the Correlation Between Recurrence-Free
Survival and Overall Survival

The median duration of follow-up was 45.8 months
(95%C142.0 to 49.3). A total of 816 (51.3%) patients expe-
rienced a recurrence and 765 (48.1%) patients had died at
the time of last follow-up. Median RFS was 22.6 months
(95%CI 19.9 to 26.4) with a 3-year RFS of 41.2% (95%ClI
38.5 to 44.2); median OS was 41.5 months (95%CI 36.9
to 47.2) with a 5-year OS of 41.5% (95%CI 36.9 to 47.2)
(Fig. 1). Median SAR was 16.4 months (95%CI 14.4 to 18.0)
among patients with a recurrence (Supplementary Fig. 1).
In the primary analysis of patients in the entire cohort, there
was a moderately strong correlation between RFS and OS (p
=0.79,95%CI1 0.76 to 0.82) (Fig. 2).

The Landmark Analysis for Predicting Death or Survival
at 5 Years

Survival at 5 years after resection was predicted using a
landmark analysis stratified by the presence or absence of
recurrence at each time point. Among patients with recur-
rence within 6, 12, 24, 36, 48, and 54 months following the
index hepatic resection, predicted survival at 5 years was
8.0% (95%ClL 4.5 to 14.2), 13.2% (95%C1 9.7 to 18.0), 16.6%
(95%CI 13.3 to 20.9), 19.9% (95%CI 16.4 to 24.0), 20.9%
(95%CI 17.5 to 25.0), and 21.9% (95%CI 18.5 to 26.0),
respectively. In contrast, among patients who did not expe-
rience a recurrence at each time point, the estimated survival
of individuals who remained alive at 5 years after resec-
tion was 52.6% (95%CI 49.0 to 56.4), 62.8% (95%CI 58.8
to 67.1), 78.5% (95%CI 74.4 to 82.9), 89.9% (95%CI 86.3
to 93.6), 95.5% (95%CI 92.9 to 98.3), and 99.5% (95%ClI
98.5 to 100.0), respectively. The RCS plot demonstrated that
prognosis was particularly poor among patients with recur-
rence within 24 months. However, prognosis did improve
rapidly among patients who had longer recurrence-free
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TABLE 1 Clinicopathological characteristics of the analytic cohort

Characteristics All patients
n = 1591
Age, v, median (IQR) 62 [54, 70]
Sex, men 875 (55.0)
ASA- PS classification
lor2 818 (51.4)
>2 638 (40.1)
Missing 135 (8.5)
Geographic region
USA/Canada 460 (28.9)
Europe 573 (36.0)
Australia 95 (6.0)
Asia 463 (29.1)
Year of surgery
2000-2010 616 (38.7)
2011-2023 975 (61.3)
Number of tumors
Solitary lesions 1274 (80.1)
Multiple lesions 205 (12.9)
Missing 112 (7.0)
Size of largest tumor, cm, median (IQR) 5.8[3.9,8.1]
Pathological T category
Tl 499 (31.4)
T2 596 (37.5)
T3 372 (23.4)
T4 58 (3.6)
Missing 66 (4.1)
Pathological N category
NO 503 (31.6)
NI 347 (21.8)
Nx 678 (42.6)
Missing 63 (4.0)
Microvascular invasion
Yes 453 (28.5)
No 1030 (64.7)
Missing 108 (6.8)
Margin, positive
RO 1311 (82.4)
R1 280 (17.6)
Adjuvant chemotherapy 208 (14.7)
Yes 436 (27.4)
No 1155 (72.6)

Values are n (%) unless otherwise indicated

ASA PS, American society of anesthesiologists physical status

periods even over the initial 6 to 24 months after resec-
tion (Fig. 3A). The concordance of 5-year survival among
patients without recurrence and 5-year mortality among
individuals with recurrence at each time point was 60.7%
(95%CI 56.5 to 64.4), 72.0% (95%CI 67.7 to 76.0), 81.4%
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FIG.1 Kaplan-Meier estimates of recurrence-free survival (RFS)
and overall survival (OS) for the entire cohort

(95%CI 77.2 to 85.1), 83.1% (95%CI 79.1 to 86.6), 83.0%
(95%CI 79.0 to 86.3), and 82.5% (95%CI 79.0 to 85.1),
respectively. The RCS plot indicated that the prediction of
OS based on RFS increased with time and plateaued 3 years
after surgery (Fig. 3B). Of note, patients with recurrence
within 3 years had a worse prognosis after recurrence com-
pared with individuals who had a recurrence after 3 years
(median SAR, 16.0 months [95%CI 14.1 to 17.6] vs 66.7
months [95%CI 21.1 to not reached], p < 0.001) (Supple-
mentary Fig. 2).

Additional Analysis Among Patients Who Received
Adjuvant Chemotherapy

To investigate the potential effect of adjuvant chemo-
therapy, a sensitive analysis was performed among patients
who received adjuvant chemotherapy. Among 436 patients
treated with postoperative adjuvant chemotherapy, 279
(64.0%) patients recurred and 223 (51.1%) patients had died
at last follow-up. There was a moderately strong correla-
tion between RFS and OS (p = 0.78, 95%CI 0.72 to 0.82)
(Fig. 4).

Additional Analysis Stratified by Geographic Region.

In the entire cohort, 1,128 (70.9%) patients were from
Western countries, while 463 (29.1%) patients were from
Eastern countries. The differences in clinicopathological
characteristics between the two groups are summarized in
Supplementary Table 2. Patients in Western countries were
more likely to have adverse tumor features, such as larger
tumor size, multifocality, nodal disease, MVI, and positive
surgical margins. When the correlation between RFS and OS
was analyzed by region, a strong correlation was observed
among patients from Western countries (p = 0.85, 95% CI
0.82 to 0.87) (Supplementary Fig. 3); patients from Eastern
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countries demonstrated a lower correlation (p = 0.65, 95%
CI10.57 t0 0.71) (Supplementary Fig. 4).

DISCUSSION

OS is widely regarded as the gold standard endpoint
in oncological clinical trials.”!! Relying on OS can pre-
sent several challenges, however, including the need for
larger sample sizes and a prolonged follow-up period,
which can impede the pace of therapeutic drug develop-
ment.'%?° In contrast, alternative endpoints such as RFS,
which require less time to assess, can accelerate trial com-
pletion, enable earlier access to new treatments, as well as

24 3 48 60 72 84 96 108 120

OS (months)

o

0

<
N

0.80 4

0.75 4

0.70 4

0.65 4

Concordance rate with survival outcomes at Syears

0.60 4

12 24 36 48
Recurrence or not at given time point

rence at each time point. B Concordance rate for 5-year survival in
patients without recurrence and 5-year mortality in those who experi-
enced recurrence at each time point

improve efficiency and reduce costs of clinical trials.” RFS
has previously been validated as a surrogate endpoint for
OS among patients with colorectal, gastric, renal, and lung
cancer — yet not ICC.!>"' ICC is a particularly aggressive
cancer that requires a multidisciplinary treatment approach
that incorporates resection and often perioperative systemic
therapy.”2'=23 Despite several adjuvant trials that are under-
way, reliable surrogate endpoints for OS following surgi-
cal resection are still lacking in BTC, including ICC.>™ As
delays in clinical trials can hinder the timely adoption of new
therapies, the validation of alternative endpoints is essen-
tial.”” Therefore, the current study was important because we
identified a moderately strong correlation (p = 0.79, 95% CI
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0.76 to 0.82) between RFS and OS among ICC patients who
underwent curative-intent surgery using data from a large,
international, multi-institutional database. Of particular
note, the landmark analysis demonstrated that the predictive
value of recurrence status for 5-year OS steadily increased
and plateaued at 3 years, suggesting that 3-year RFS may
serve as a reliable surrogate endpoint for 5-year OS among
patients with ICC. These findings can hopefully inform the
design of future clinical trials aimed at identifying new ther-
apies for ICC patients following hepatic resection.

The use of RFS as a surrogate endpoint for OS was ini-
tially validated based on analyses of the Adjuvant Colon
Cancer Endpoints (ACCENT) database, which pooled data
from RCTs of fluorouracil-based adjuvant therapy for non-
metastatic colorectal cancer.!? These analyses established
that 3-year RFS could serve as a surrogate for 5-year OS.'2
In the field of BTC, a previous report demonstrated a Spear-
man rank correlation between RFS and OS of 0.75 at the
patient-level analysis and 0.87 at the trial-level analysis, sug-
gesting that RFS can be a reliable surrogate for OS in this
patient population.” Similarly, a meta-analysis by Moriwaki
et al. noted a strong correlation between progression-free
survival (PFS) and OS, further supporting PFS as a valid
surrogate marker for OS among individuals with advanced
BTC.?* Consistent with these findings, the current study
reported a Spearman rank correlation coefficient of 0.79
(95%CI 0.76 to 0.82) in patient-level analysis, indicating a
moderately strong correlation between RFS and OS among
patients who underwent upfront curative-intent resec-
tion of ICC. SAR might play a key role in the correlation
between RFS and OS.% The strength of this correlation is
likely influenced by the effectiveness of treatments avail-
able after recurrence.®? For instance, Imamura et al. noted
that diseases with shorter median SAR, such as pancreatic
ductal adenocarcinoma and BTC, tend to have a stronger

correlation between RFS and OS.° In contrast, cancers like
hepatocellular carcinoma and colorectal liver metastases,
which have more established post-recurrence treatment
options and consequently longer SAR, tend to have a weaker
correlation between RES and OS.>*26 Given the aggressive
nature of ICC, SAR is particularly poor.>?’ In the current
study, the median SAR for ICC was only 16.4 months, con-
sistent with previous studies that reported a range of 10 to 18
months.>?’ This relatively short SAR suggests that patients
with ICC often do not survive long enough after recurrence
for post-recurrence treatments to alter their prognosis. As a
result, RFS may be a reliable surrogate endpoint for OS in
the setting of ICC, since recurrence itself is so closely linked
with poor OS outcomes.

Approximately 80% of ICC patients who recur experi-
ence the recurrence within the first 2 years after surgery,
with these patients having a much worse prognoses versus
individuals who recur after 2 years.” In fact, ICC patients
with early recurrence (i.e. recurrence within 2 years after
surgery) had 1.89 times worse SAR compared with indi-
viduals with late recurrence.?’ In the current study, the vast
majority of recurrences (n = 754, 91.2%) occurred within
the first 3 years after hepatic resection and these individu-
als had a 5-year survival of only 20%. In contrast, patients
who survived without recurrence over the first 3 years had a
nearly 90% chance of 5-year survival. Additionally, patients
with recurrence within 3 years had worse SAR compared
with individuals who recurred after 3 years (Supplementary
Fig. 2). These findings highlight that the prognosis of ICC
patients is heavily influenced by both the presence and tim-
ing of recurrence. The landmark analysis further validated
this point as the impact of recurrence status to predict 5-year
OS steadily increased and plateaued at 3 years. In turn, these
data suggest that 3-year RFS can serve as a reliable surrogate
endpoint for 5-year OS among patients undergoing resection
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of ICC. This observation was consistent with another report
that examined BTCs in which recurrence at 3 years post-sur-
gery strongly predicted 5-year OS.° By establishing 3-year
RFS as a surrogate endpoint, clinical trials can benefit from
earlier completion and cost savings.’ Moreover, reducing the
endpoint from 5 years to 3 years may directly benefit patients
by allowing faster implementation of novel treatment strate-
gies, thereby improving clinical outcomes sooner.

Recent evidence has increasingly supported the role of
adjuvant treatment to improve postoperative survival for
patients with BTCs.”#?8 For example, the BILCAP study
demonstrated a survival benefit with adjuvant capecitabine
following curative resection of BTCs.?® Adjuvant capecit-
abine was associated with an adjusted OS hazard ratio of
0.74 (95%C1 0.59 to 0.94) and an RFS hazard ratio of 0.77
(95%C1 0.61 to 0.97) in the per-protocol analysis.?® Simi-
larly, the ASCOT trial identified a survival benefit with
adjuvant chemotherapy using S-1 in BTC patients after sur-
gery.® In most adjuvant trials for BTCs, OS was used as
the primary endpoint, and few clinical trials to date have
utilized RFS as a surrogate for OS in this context.’:28-30
Only one meta-analysis has directly investigated RFS as
a surrogate endpoint in adjuvant therapy trials for BTCs,
which reported a strong correlation between RFS and OS
(Spearman rank coefficient of 0.87).° In line with these data,
we similarly noted a moderately strong correlation between
RFS and OS among patients with ICC who received adju-
vant chemotherapy. This finding is important, as it indicates
that RFS remains a robust predictor of long-term survival
outcomes, even in the context of adjuvant therapy in which
therapeutic interventions may delay or prevent recurrence.
Beyond adjuvant chemotherapy, there is growing interest in
neoadjuvant chemotherapy, targeted therapy, and immuno-
therapy.’'* Further refinements in the surgical management
of ICC combined with advances in locoregional treatments
and novel systemic therapies are expected to enhance patient
outcomes.*?> Collectively, the data from previous work and
the current study, strong suggest that RFS can be used as
reliable surrogate endpoint for OS in perioperative ICC trials
involving surgical patients.

Several limitations should be acknowledged when inter-
preting the results of the current study. Although a strength,
the use of a large, international, multi-institutional database
also introduced heterogeneity in patient selection, treatment
approaches, and follow-up protocols across different cent-
ers. Specifically, variations in the administration and types
of adjuvant chemotherapy, as well as differences in surgi-
cal techniques, may have influenced the outcomes. Further-
more, treatment after recurrence—which can significantly
impact OS—varied among institutions, potentially affect-
ing the observed correlation between RFS and OS. Nota-
bly, the correlation between RFS and OS differed some-
what between Western and Eastern cohorts, with a lower

correlation observed in Eastern countries. This discrepancy
may be due to differences in tumor biology, such as a higher
proportion of favorable tumors in Eastern countries, smaller
sample size, and variations in post-recurrence treatment
strategies. The rarity of ICC required data collection over
an extended period, which could have introduced temporal
biases related to evolving treatment strategies and surgical
practices. Additionally, while this study focused on patient-
level correlation, a trial-level analysis is necessary to fully
validate 3-year RFS as a surrogate endpoint for OS in clini-
cal trials. Future research should address these limitations by
including prospective data and standardizing postoperative
treatment protocols to confirm the robustness of RFS as a
surrogate endpoint in different clinical settings.

In summary, there was a moderately strong correlation
between RFS and OS among ICC patients undergoing cura-
tive-intent hepatic resection, irrespective of adjuvant chemo-
therapy administration. Importantly, the landmark analysis
identified that 3-year RFS may serve as a reliable surrogate
endpoint for 5-year OS offering a potential means to accel-
erate clinical trial completion and facilitate earlier adoption
of new therapeutic strategies. These data are particularly
significant for ICC, an aggressive cancer with limited treat-
ment options. The use of surrogate endpoints such as RFS
may provide a pathway to optimize clinical trial design and
expedite the development of multidisciplinary treatments
for ICC.
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