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improvements to recurrence-free survival in stage II/III melanoma:
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Background: We evaluated the association between treatment effects on recurrence-free survival (RFS) and overall
survival (OS) in randomized controlled trials (RCTs) studying resected stage II/III melanoma.
Methods: Hazard ratios (HRs) of RFS and OS were obtained from a literature review. Bivariate random-effects meta-
analysis (BRMA) and weighted linear regression (WLR) models estimated correlations [95% confidence interval (CI)]
between HRRFS and HROS. Slopes and intercepts of surrogacy equations were estimated. Surrogate threshold effect
was derived from WLR for various sample sizes. Validity and predictive performance of WLR were assessed using
leave-one-out cross-validation. Sensitivity analyses evaluated impact of RCTs violating proportional hazards
assumption, publication year, treatments’ mechanism of action, and cancer stage.
Results: Across 30 RCTs, treatments included interferon-a (n ¼ 17), other immunotherapy-containing regimens
(n ¼ 10), immune checkpoint inhibitors (n ¼ 3), and targeted therapies (n ¼ 2). BRMA (0.68, 95% CI 0.45-0.82) and
WLR (0.71, 95% CI 0.42-0.87) estimated moderate correlation between HRRFS and HROS. Surrogate threshold effect
was 0.66/0.68 for studies with 800/1000 patients. Slope coefficients were statistically significant in both models
(95% CI 0.09-0.61 BRMA; 95% CI 0.41-0.92 WLR). The 95% prediction intervals around the HROS predicted by WLR
accurately contained 29/31 (93.5%) of observed HROS. Across sensitivity analyses correlations ranged between 0.69
and 0.84 (BRMA) and 0.55 and 0.77 (WLR).
Conclusions: Statistically meaningful correlation between HRRFS and HROS can assist earlier predictions of OS benefit
from improvements in RFS for RCTs in resected stage II/III melanoma and provide insights for the earlier evaluation
of emerging therapies. Primary model predictions should be approached with caution as nearly half of the evidence
base comprised interferon-a trials.
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therapy
INTRODUCTION

Treatment of localized or regional melanoma generally
consists of surgical resection and may include lymph node
biopsy/dissection as well as adjuvant systemic therapy
[including radiation and systemic therapy with cytokines,
immune checkpoint inhibitors (ICIs), or targeted therapies]
for patients with high-risk disease. Adjuvant treatment of
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melanoma has been recently transformed with BRAFeMEK
inhibitors and ICIs.1 ICIs including nivolumab, ipilimumab,
and pembrolizumab were investigated in resected stage
III/IV melanoma.2-4 Among these, nivolumab and pem-
brolizumab are also being studied in resected stage II
melanoma.5,6 Besides ICIs, as a BRAFeMEK inhibitor com-
bination therapy, dabrafenib plus trametinib,7 was also
evaluated in resected stage III melanoma.

Overall survival (OS) is widely recognized as the gold
standard measure by regulatory and reimbursement
agencies as well as payers in evaluating randomized,
controlled trials (RCTs) in oncology. Positive OS results from
an RCT provide irrefutable evidence that the treatment
modality under investigation extends the life of the disease
population.8 The time required to observe statistically
https://doi.org/10.1016/j.iotech.2025.101042 1
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mature OS in the resected melanoma setting, however, is
longer than other time-to-event outcomes. For example, in
the adjuvant treatment setting, the first OS data publicly
reported from CheckMate 238 study had 4 years of mini-
mum follow-up,2 while for KEYNOTE-054, OS outcomes have
not been reported yet.9 In contrast, the initial recurrence-
free survival (RFS) data from these trials, which led to
regulatory approval of nivolumab and pembrolizumab in
the United States and Europe, had 1.5-years10 and 1.25-
years4 of minimum follow-up, respectively. Therefore, RFS
can be evaluated in place of OS to evaluate the clinical
value of emerging treatments and determine the best
choice of therapeutic agents for patients in a shorter time
frame.11 Unlike OS benefit, which may be subject to con-
founding effects of subsequent treatments depending on
their local reimbursement statuses, improvements in RFS
are observed sooner and free of the effects of post-
recurrence treatments.

In randomized settings, RFS is generally defined as the
time from randomization until the date of the first recur-
rence (local, regional, or distant) or death from any cause,9

and is a common primary endpoint in resected stage II/III
melanoma trials. Prior work investigating RFS-OS associa-
tion in resected stage II/III melanoma trials using individual
patient-level data (IPD) from adjuvant interferon-a and
ipilimumab trials has shown a strong correlation at the
patient level, but a moderate association at the trial
level.12,13 Since the conduct of the RCTs studied in these
meta-analyses, the standard of care in resected stage II/III
melanoma has changed significantly with the approval of
BRAFeMEK inhibitors and modern ICIs. Despite the avail-
ability of OS data from some of these recent RCTs,2,3,7 the
strength of the association between RFS and OS has not
been re-evaluated in the most recent treatment landscape.

This study aimed to fill this gap by assessing the strength
of association between the treatment effects on RFS and OS
in patients with resected stage II/III melanoma receiving
adjuvant treatment using aggregate-level trial data.
MATERIALS AND METHODS

Targeted literature review

A targeted literature review was conducted by searching
Embase via Ovid on 10 October 2022, without date limits.
Studies were included if they either reported hazard ratios
(HRs) or KaplaneMeier (KM) curves, from which HR esti-
mates could be derived, on both RFS and OS. Extraction
tables included study design, baseline patient characteris-
tics, and efficacy results.
Data and outcomes

The surrogate endpoint RFS was defined as the time from
randomization until any type of recurrence or all-cause
death, whichever occurs first. The targeted literature re-
view also included RCTs using alternative endpoints such as
disease-free survival (DFS), and disease-free interval (DFI) as
surrogates if they were defined analogously to RFS or
2 https://doi.org/10.1016/j.iotech.2025.101042
matched its primary definition (Supplementary Appendix A,
available at https://doi.org/10.1016/j.iotech.2025.101042).
Therefore, in the rest of this manuscript, ‘RFS’ will also be
used to cover all these analogous surrogate time-to-event
outcomes in the evidence base.

For the correlation meta-analysis (CMA), the estimates of
comparative treatment effects on RFS and OS, measured by
HRs, and the corresponding 95% confidence intervals (CIs)
were extracted from all the RCTs in the evidence base. For
all RCTs, KM curves were identified for both endpoints
where possible and were digitized using WebPlotDigitizer.14

For trials that had more than two treatment arms, only one
contrast including the designated control arm and one of
the randomly selected intervention arms was considered in
CMA. For both endpoints, digitized survival data from the
KM curves were utilized with the corresponding number at
risk data to reconstruct the underlying time-to-event data in
each arm of each RCT using the Guyot algorithm.15 Notably,
because the reported HRs for RFS and OS in each RCT were
derived from the Cox proportional hazards model, which
relies on the proportionality of hazards across arms over
time, the reconstruction of time-to-event data aimed to test
the proportional hazards assumption with the Schoenfeld
test.16 The reconstructed time-to-event data were also used
to estimate the HRs for RFS and OS for the RCTs that have
not reported these efficacy measures.

A total of 30 RCTs, published between 1978 and 2022
(median: 2013), were identified through the targeted liter-
ature review and included in the subsequent CMA
(Supplementary Appendix B, available at https://doi.org/1
0.1016/j.iotech.2025.101042). Most of the studies
(n ¼ 23) were phase III trials, while there was only one
phase II trial and six trials with unreported phase informa-
tion. Fifteen of the RCTs were multinational, while 9 were
conducted exclusively in the United States, followed by 2 in
the UK, and 1 each in China, France, Italy, and Scotland.
Most trials (n ¼ 26) reported RFS as the primary endpoint.
HRs were reported as comparative efficacy measures by 21
trials. For the remaining trials, HRs were estimated from the
Cox proportional hazards models applied to the recon-
structed time-to-event data.

Treatment comparisons from all RCTs are presented in
Table 1. Treatments in most studies involved interferon-a [n
(number of studies with at least one arm in the class) ¼ 17],
followed by other immunotherapy-containing regimens
agents (n¼ 10), ICIs (n¼ 3), and targeted therapies (n¼ 2). In
five studies, HRs were reported for multiple subgroups with
differing stages of disease, giving rise to a total of 39 different
contrasts for the CMA. The primary analysis included 31
contrasts. For each trial, details on the efficacy data used in
analyses and the stages of the corresponding disease popu-
lation, together with the source of the HRs (i.e. reported or
estimated from KM curves), are presented in Table 2.
Statistical methods

Associations between the treatment effects on RFS and OS
were assessed using two statistical models, a bivariate
Volume 25 - Issue C - 2025
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Table 1. Trials in the evidence base and treatments they investigated

Trial Intervention Comparator

AIM HIGH IFN-a-2a PBO
AVAST-Ma Bevacizumab PBO
Cameron et al. 2001 IFN-a-2b PBO
Cascinelli et al. 2001 IFN-a-2b PBO
CheckMate 238a Nivolumab Ipilimumab
COMBI-ADa Dabrafenib þ Trametinib PBO
Creagan et al. 1995 IFN-a-2a PBO
ECOG-ACRIN E1609a Ipilimumab High-dose IFN-a
ECOG 1690 IFN-a-2b (low dose) PBO
Eigentler et al. 2016a Pegylated IFN-a-2a IFN-a-2a
EORTC 18071a Ipilimumab PBO
EORTC 18081a Pegylated IFN-a-2b PBO
EORTC 18871/DKG 80-1 Iscador-M® PBO
EORTC 18952 IFN-a-2b (lower dose) PBO
EORTC 18961a GM2-KLH/QS-21 vaccine PBO
EORTC 18991 Pegylated IFN-a-2b PBO
EORTC E1697a IFN-a-2b PBO
Flaherty et al. 2014a Biochemotherapy (dacarbazine, cisplatin, vinblastine,

interleukin-2, IFN-a-2b and granulocyte colony-stimulating
factor)

High-dose IFN

Garbe et al. 2008 IFN-a-2a PBO
Gonzalez et al. 1978a Levamisole PBO
Khammari et al. 2020a Adoptive tumor-infiltrating lymphocytes therapy and

interleukin-2
Abstention (did not receive any other melanoma
treatments before inclusion)

Kim et al. 2009a Biochemotherapy (cisplatin, vinblastine, dacarbazine, IFN-
a-2b, interleukin-2)

IFN-a-2b (high or intermediate dose)

Lian et al. 2013a Temozolomide þ cisplatin IFN-a-2b (high dose)
MAVISa Seviprotimut-L PBO
Miller et al. 1988a Transfer factor PBO
Mohr et al. 2015a Intermittent high-dose IFN-a-2b IFN-a-2b (high dose)
Nordic IFN triala IFN-a-2b (3 years) PBO
Oratz et al. 1991a Melanoma antigen vaccine þ cyclophosphamide Melanoma antigen vaccine
SWOG-9035a Melacine cell lysate þ DETOX PBO
Wallack et al. 1995a Vaccinia melanoma oncolysate Vaccinia vaccine virus - PBO

DETOX, detoxified Freund adjuvant, containing mycobacterial cell wall skeleton plus monophosphoryl lipid A; IFN, interferon-a; PBO, this term broadly refers to placebo,
no treatment, or observation.
aDenotes trials that were not included in the meta-analysis conducted by Suciu et al.12
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random-effects meta-analysis (BRMA) model and weighted
linear regression (WLR). The BRMA methodology proposed
by Riley et al.17 was used, as suggested by the National
Institute for Health and Care Excellence18 for surrogacy
assessments when the within-study correlations in meta-
analyses are unknown. This methodology is the appro-
priate choice to handle aggregate-level data in the absence
of within-study correlations between the endpoints which
requires IPD. Inputs for the models were log-transformed
(i.e. natural log) HRRFS and HROS from the contrasts and
their 95% CIs. In the WLR, each contrast was weighted by
the total number of patients it included. Associations were
measured by the correlation parameter from the BRMA as
well as Pearson’s correlation from the WLR. To account for
the impact of disease staging (i.e. stage II or III) on the
strength of correlation, a separate meta-regression consid-
ering disease stage as a binary covariate in the WLR
framework was also employed. Statistical significance of
slopes and intercepts of the surrogacy equations generated
from BRMA and WLR was also derived. See Supplementary
Appendix C, available at https://doi.org/10.1016/j.iotech.2
025.101042 for further details on the statistical methods.

From the WLR, the surrogate threshold effect, defined as
the minimum treatment effect on RFS that would translate
Volume 25 - Issue C - 2025
into a statistically significant and positive treatment effect
on OS, was computed. Surrogate threshold effect was
derived at a default 95% significance level for a range of
practical sample sizes of RCTs conducted in stage II/III
melanoma. Compared with a simple correlation measure,
which may not provide interpretable insights for the ex-
pected OS benefit in a given RCT, the surrogate threshold
effect can provide immediate clinical insights on the long-
term potential of observed RFS benefit and its translation
to a significant OS benefit at a given confidence level.19

The surrogacy relationship between RFS and OS in
resected stage II/III melanoma was previously assessed in a
meta-analysis conducted by Suciu et al.12 using IPD from
various RCTs investigating interferon-a or ICIs. In this prior
assessment, RFS was identified as a valid surrogate
endpoint for OS. This surrogacy analysis focused specifically
on the trials comparing interferon-a to observation, how-
ever, and therefore does not reflect the current treatment
landscape in melanoma which was transformed by the
introduction of ICIs and targeted therapies. Ipilimumab, the
first ICI to be approved for patients with advanced mela-
noma, was approved in 2011 in the USA and 2012 in
Europe, followed by nivolumab, pembrolizumab,
nivolumab þ ipilimumab, and dabrafenib þ trametinib in
https://doi.org/10.1016/j.iotech.2025.101042 3
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Table 2. Breakdown of the evidence base in terms of disease stages studied by the RCTs and the contrasts generated from each RCT along with the source of
the hazard ratio estimates

Trial Disease
stages
studied

HROS
source

HRRFS
source

Surrogate
reported
as RFS

Primary
analysis
(k [ 31)

Sensitivity
analysis 1
(k [ 22)

Sensitivity
analysis 2
(k [ 26)

Sensitivity
analysis 3
(k [ 15)

Sensitivity
analysis 4
(k [ 17)

Meta-
regression
(k [ 28)

AIM HIGH II and III KMa KMa Yes ✔ ✔ ✔ ✔ ✖ ✖
AVAST-M II and III HRa HRa No (DFI) ✔ ✔ ✔ ✖ ✔ ✖
Cameron et al.
2001

II and III KMa KMa No (DFS) ✔ ✖ ✔ ✔ ✖ ✖

Cascinelli et al.
2001

III KMa KMa No (DFS) ✔ ✔ ✔ ✔ ✖ ✔

CheckMate 238 IIIb and
IIIc

HRa HRa Yes ✔ ✔ ✔ ✖ ✔ ✔

COMBI-AD III HRa HRa Yes ✔ ✖ ✔ ✖ ✔ ✔
Creagan et al.
1995

II KMa KMa Yes ✔ ✔ ✖ ✔ ✖ ✔

ECOG-ACRIN
E1609

IIIb HRa HRa Yes ✔ ✔ ✔ ✖ ✔ ✔

ECOG-ACRIN
E1609

IIIc HRa HRa Yes ✔ ✔ ✔ ✖ ✔ ✔

ECOG 1690 II and III HRa HRa Yes ✔ ✖ ✔ ✔ ✖ ✖
Eigentler et al.
2016

II and III HRa HRa No (DFS) ✔ ✖ ✔ ✔ ✔ ✖

EORTC 18071 III HRa HRa Yes ✔ ✔ ✔ ✖ ✔ ✔
EORTC 18081 IIb and

IIc
KMa HRa Yes ✔ ✔ ✔ ✔ ✔ ✔

EORTC 18871/
DKG 80-1

II and III HRa HRa No (DFI) ✔ ✔ ✔ ✖ ✖ ✖

EORTC 18871/
DKG 80-1

IIb HRa HRa No (DFI) ✖ ✖ ✖ ✖ ✖ ✔

EORTC 18871/
DKG 80-1

III HRa HRa No (DFI) ✖ ✖ ✖ ✖ ✖ ✔

EORTC 18952 II and III HRa HRa Yes ✔ ✖ ✔ ✖ ✔ ✖
EORTC 18952 III HRa HRa Yes ✖ ✖ ✖ ✔ ✖ ✔
EORTC 18961 II HRa HRa Yes ✔ ✔ ✔ ✖ ✔ ✔
EORTC 18991 III HRa HRa Yes ✔ ✔ ✔ ✔ ✖ ✔
EORTC E1697 II and III HRa HRa Yes ✔ ✔ ✔ ✔ ✔ ✖
Flaherty et al.
2014

III HRa HRa Yes ✔ ✔ ✔ ✔ ✔ ✔

Garbe et al. 2008 III HRa HRa No (DFS) ✔ ✔ ✔ ✔ ✖ ✔
Gonzalez et al.
1978

II KMa KMa No (DFS) ✔ ✖ ✖ ✖ ✖ ✔

Khammari et al.
2020

III HRa HRa No (DFS) ✔ ✔ ✔ ✖ ✔ ✔

Kim et al. 2009 III KMa KMa Yes ✔ ✔ ✔ ✔ ✖ ✔
Lian et al. 2013 II HRa HRa Yes ✖ ✖ ✖ ✖ ✖ ✔
Lian et al. 2013 II and III KMa KMa Yes ✔ ✖ ✔ ✖ ✔ ✖
Lian et al. 2013 III HRa HRa Yes ✖ ✖ ✖ ✖ ✖ ✔
MAVIS II and III HRa HRa Yes ✔ ✔ ✔ ✖ ✔ ✖
MAVIS IIb and

IIc
HRa HRa Yes ✖ ✖ ✖ ✖ ✖ ✔

MAVIS IIIa HRa HRa Yes ✖ ✖ ✖ ✖ ✖ ✔
MAVIS IIIb and

IIIc
HRa HRa Yes ✖ ✖ ✖ ✖ ✖ ✔

Miller et al. 1988 II KMa KMa No (DFI) ✔ ✔ ✖ ✖ ✖ ✔
Mohr et al. 2015 III HRa HRa Yes ✔ ✔ ✔ ✔ ✔ ✔
Nordic IFN trial II and III HRa HRa Yes ✔ ✔ ✔ ✔ ✖ ✖
Oratz et al. 1991 II KMa KMa No (DFS) ✔ ✖ ✖ ✖ ✖ ✔
SWOG-9035 II HRa HRa Yes ✔ ✔ ✔ ✖ ✔ ✔
Wallack et al.
1995

II KMa KMa No (DFI) ✔ ✖ ✖ ✖ ✖ ✔

Note: 25 trials reported data for one disease stage only, while one reported data for four stages, two reported data for three stages, and two reported data for two stages, giving
rise to a total of 39 different contrasts.
Sensitivity analysis 1: restricted to trials that did not fail the proportionality test. Sensitivity analysis 2: restricted to trials which were published after year 2000. Sensitivity analysis
3: restricted to trials that investigated interferon-a as the experimental treatment. Sensitivity analysis 4: restricted to trials which were published after year 2012. Meta-regression
analysis: analysis adjusting for stage II or stage III disease.
DFI, disease-free interval; DFS, disease-free survival; HR, hazard ratio; k, number of contrasts; KM, KaplaneMeier curve; OS, overall survival; RFS, recurrence-free survival.
aEstimate measure used in the surrogacy analysis.
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subsequent yearsdyet none of these therapies were rep-
resented in the evidence base of Suciu et al.12 To compare
the impact of the evidence base on the significance and
strength of the correlation, we analyzed the aggregate level
data from this prior assessment through WLR.12 In this prior
meta-analysis, standard errors or 95% CIs around the slope
and intercept of the published surrogacy equation were not
reported.12 Furthermore, the weights used for each RCT in
their WLR analysis were unclear, whereas the current
analysis used the total number of patients in each contrast
as weights in WLR. Therefore, to facilitate a head-to-head
comparison between the two evidence bases, we fitted a
WLR to the aggregate level RFS and OS data used by the
prior meta-analysis12 and assumed sample sizes of the RCTs
as their weights.
Datasets for primary and sensitivity analyses

The analyses were classified into two sets as ‘primary’ and
‘sensitivity’ with respect to the input data analyzed. The
primary analysis included all trials in the evidence base.
Three sets of sensitivity analyses and a meta-regression
were carried out to investigate the stability of the results
with respect to changes in the evidence base. Sensitivity
analyses were restricted to RCTs that were (i) not violating
the proportional hazards assumption, (ii) published after
the year 2000, (iii) investigated interferon-a as the experi-
mental arm therapy, and (iv) published after the approval of
ipilimumab as the first ICI for metastatic treatment of
melanoma in 2012. A fifth sensitivity analysis employed a
meta-regression considering disease stage at baseline as a
binary covariate with two levels (0dstage II; 1dstage III).
The analysis set for the meta-regression included all HRs
reported or computed from either stage II or stage III pa-
tients exclusively. Contrasts including a mixture of stage II
and III patients were not considered in the meta-regression.
Assessment of the validity and strength of surrogacy

Leave-one-out cross-validation (LOOCV) was used to assess
the predictive performance of the surrogacy equation ob-
tained from the WLR.20-22 In the LOOCV, for each contrast,
the corresponding data were removed and the WLR model
was re-parameterized with the remaining data from other
contrasts. The surrogacy equation obtained from the new
regression model was used to predict the HROS of the
removed contrast via its observed HRRFS. The 95% predic-
tion interval (PI) generated by the model provides predic-
tive inference for the HROS of a prospective trial. More
specifically, it provides an estimate of the interval into
which the HROS of a given trial will fall with 95% chance. In
LOOCV, validity of the model was assessed by the total
fraction of the contrasts for which the observed HROS were
covered by the 95% PIs generated.18 Additionally, external
validity of the WLR model using the evidence base of the
primary analysis was assessed on two phase III trials (SWOG
1404 and BRIM8) that were not included in our evidence
base.23,24
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In the absence of universally accepted criteria or guide-
lines published by a regulatory or reimbursement authori-
zation agency to classify the strength of a surrogacy
relationship, we adopted relatively stringent guidelines
published by the German Institute for Quality and Efficiency
in Health Care (IQWiG) to assess the strength of correla-
tion.25 According to IQWiG, a correlation is classified as
‘strong’ if the lower limit of its 95% CI is �0.85, ‘weak’ if the
upper limit of its 95% CI is �0.7, and ‘moderate’ otherwise.
RESULTS

The primary analysis included 31 contrasts in total from all
trials. The correlation in the primary analysis was estimated
as 0.68 (95% CI 0.45e0.82) by the BRMA. Using the WLR
(Figure 1), Pearson’s correlation was estimated to be 0.71
(95% CI 0.42e0.87). The surrogacy equation estimated from
the BRMA was log(HROS) ¼ �0.06 þ 0.33 � log(HRRFS),
where 95% CIs for the slope and the intercept were (0.09e
0.61) and (�0.12 to 0.00), respectively. For example, for an
HRRFS of 0.70, the predicted HROS from the BRMA model
was exp[�0.06 þ 0.33 � log(0.70)] ¼ 0.84. In this equation
for each unit increase in the log(HRRFS) was associated with
0.33 units of increase in log(HROS) highlighting a non-linear
and monotone relationship between the two HRs where the
rate of increase in HROS is decreasing with higher value of
HRRFS. For instance, when HRRFS was increased from 0.90 to
1.00, the corresponding increase in the HROS was 0.03 units
(from 0.91 to 0.94), whereas when the HRRFS was increased
from 0.50 to 0.60, the corresponding increase in the HROS
was 0.05 units (from 0.75 to 0.80). The surrogacy equation
estimated from WLR was log(HROS) ¼ �0.01 þ 0.67 �
log(HRRFS), where 95% CIs for the slope and the intercept
were (0.41e0.92) and (�0.09 to 0.06), respectively.
Although the intercepts from the two equations were
similar, the slopes were not which could be due to meth-
odological differences between the two approaches. Over-
all, the equations from both approaches agreed with each
other in terms of statistical significance of their slopes and
intercepts. While both equations had a statistically signifi-
cant slope, the intercepts of the equations were either
statistically insignificant or at the borderline of statistical
insignificance.

Surrogate threshold effects were calculated for two hy-
pothetical trials with 800 and 1000 patients. These sample
sizes were chosen as the representative range of the sample
sizes of recent positive RCTs (CheckMate 238, EORTC 18071,
KEYNOTE-054, COMBI-AD, CheckMate 76K, and KEYNOTE-
716) shaping the current standard of care in adjuvant
treatment of melanoma. For a hypothetical RCT with a
sample size of 800/1000 patients, the estimated surrogate
threshold effect was 0.66/0.68, indicating that a reported
HRRFS �0.66/0.68 would lead to a statistically significant
HROS at the 95% confidence level. Given an RCT, although
the point estimate of the HROS predicted from the HRRFS is
independent of the sample size for both BRMA and WLR,
the 95% PI of the HROS tends to shrink with increasing
sample sizes. Therefore, intuitively, the surrogate threshold
https://doi.org/10.1016/j.iotech.2025.101042 5
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Figure 1. Summary of WLR and corresponding regression line for primary
analysis using the total number of patients within each comparison as weights
(primary analysis). The predictive surrogacy equation is graphed as the solid
straight line in black. Each of the plotted green circles represents the (HRRFS,
HROS) pair from a contrast. Sizes of the circles are proportional to the total
number of patients within each contrast. The dotted curves refer to the 95% PIs
for the HROS for a range of HRRFS for two hypothetical trials with sample sizes
800 (green) and 1000 (blue). Solid lines connecting the crosses to the x-axis
indicate the STEs calculated for two hypothetical trials with sample sizes 800
(green) and 1000 patients (blue). In statistical terms it corresponds to the HRRFS
at which the upper bound of the 95% PI of the HROS crosses 1.
HR, hazard ratio; OS, overall survival; PI, prediction interval; RFS, recurrence-free
survival; STE, surrogate threshold effect; WLR, weighted linear regression.
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effect depends on the sample size of the RCTs and is ex-
pected to be relatively higher in larger trials. Nevertheless,
the modest increase in the surrogate threshold effect within
the range of practical sample sizes mentioned earlier sig-
nifies the robustness of the model.

Another piece of evidence solidifying the robustness of the
model was its predictive performance during cross-
validation. In LOOCV, observed HROS were within the 95%
PIs generated by themodel for 29 out of 31 (93.5%) contrasts
in the primary analysis (Figure 2). Status of significance be-
tween observed and predicted HROS was aligned in 27 out of
31 (87.1%) contrasts. Across all trials, the average absolute
gap between observed and predicted HROS was 0.15.

To investigate the predictive performance of the WLR
calibrated from all trials in the evidence base, external
validation was conducted using data from phase III SWOG
1404 and BRIM-8 trials. In the SWOG 1404 trial, the efficacy
of adjuvant pembrolizumab was investigated versus stan-
dard of care (interferon-a or ipilimumab), whereas in the
BRIM-8 trial the efficacy of adjuvant vemurafenib was
investigated versus placebo.23,24 Predicted HROS from the
WLR were very close to their reported counterparts in both
of these trials. Specifically, for the SWOG 1404 trial, the
WLR predicted an HROS of 0.83 (95% PI 0.60e1.13) from an
HRRFS of 0.77 where the reported estimate of HROS was 0.82
(95% CI 0.72e0.94). For the BRIM8 trial, however, the
surrogacy equation derived from the WLR predicted an
HROS of 0.74 (95% PI 0.51e1.06) from an HRRFS of 0.65
where the reported estimate of HROS was of 0.76 (95% CI
0.49e1.18).
6 https://doi.org/10.1016/j.iotech.2025.101042
In sensitivity analysis restricted to trials not violating the
proportional hazards assumption, the correlation was esti-
mated as 0.74 (95% CI: 0.48, 0.89) by the BRMA and 0.65
(95% CI: 0.25, 0.86) by the WLR. These estimates were
similar to those obtained in the primary analysis. In sensi-
tivity analysis restricted to RCTs published after the year
2000, the correlation was estimated as 0.81 (95% CI 0.62e
0.91) by the BRMA and 0.77 (95% CI 0.50e0.90) by the
WLR. These estimates point out stronger correlations
compared with those from the primary analysis. The meta-
regression generated similar correlation estimates to the
primary analysis. Specifically, the estimated correlation was
0.69 (95% CI 0.46e0.84) by the BRMA and 0.72 (95% CI
0.39e0.89) by the WLR.

In the evidence base, there were six studies investigating
modern therapies such as ICIs (e.g. nivolumab, ipilimumab)
and targeted therapies (e.g. bevacizumab, dabrafenib plus
trametinib). Despite the feasibility of a separate CMA
including only these trials, predictions based on a sparse
evidence base including only a handful of studies would be
subject to high uncertainty. Therefore, we addressed this
limitation by conducting a sensitivity analysis where the
evidence base was restricted to trials investigating only
interferon-a in the experimental arm where the purpose
was to identify the degree of dominance of interferon-a
trials on the results of primary analysis. There were 15
contrasts in this sensitivity analysis. Due to conflicting re-
sults obtained from the two different methodologies we
employed it was not possible to draw a decisive conclusion
on whether the correlation between the treatment effects
on RFS and OS was stronger or weaker among the inter-
feron-a trials. Specifically, while BRMA estimated a stronger
correlation between the treatment effects on two end-
points among interferon-a trials than the correlation ob-
tained in primary analysis including all trials (0.76 versus
0.68), WLR estimated a weaker correlation between the
treatment effects on two endpoints in this sensitivity
analysis than in the primary analysis (0.55 versus 0.71).
Correlations estimated from WLR (95% CI �0.04 to 0.85)
and BRMA (95% CI 0.45e0.90) were both classified as
moderate according to the IQWiG criteria. During cross-
validation, in 14 out of 15 contrasts, the reported HROS
was captured within the 95% PIs for the predicted HROS
generated by the WLR (Table 3).

Compared with the primary analysis, for the range of
sample sizes considered, the estimated surrogate threshold
effects were substantially lower (0.42/0.47 for sample size
of 800/1000 patients) in the subgroup analysis including
interferon-a trials implying a substantially higher require-
ment on the RFS benefit to observe a statistically significant
OS benefit from an interferon-a treatment. This drastic
difference in the threshold RFS benefit between the two
sets of analysis can be partly explained by the lack of
effective subsequent treatment options during the inter-
feron-a era in the adjuvant setting, where most of the
survival benefit would have to be accrued before a recur-
rence (Table 3).
Volume 25 - Issue C - 2025

https://doi.org/10.1016/j.iotech.2025.101042
https://doi.org/10.1016/j.iotech.2025.101042
https://doi.org/10.1016/j.iotech.2025.101042
https://doi.org/10.1016/j.iotech.2025.101042
https://doi.org/10.1016/j.iotech.2025.101042
https://doi.org/10.1016/j.iotech.2025.101042
https://doi.org/10.1016/j.iotech.2025.101042
https://doi.org/10.1016/j.iotech.2025.101042
https://doi.org/10.1016/j.iotech.2025.101042


Figure 2. Results from the LOOCV in the primary analysis. The blue diamonds and their error bars represent the HROS and its 95% CI reported from the trials or
calculated from reconstructed survival data, respectively. The green diamonds and their error bars represent the predicted HROS and their 95% PI obtained from the
WLR, respectively. The asterisks indicate the RCTs where the observed HROS was not covered by the corresponding 95% PI.
CI, confidence interval; HR, hazard ratio; LOOCV, leave-one-out cross-validation; OS, overall survival; RCT, randomized, controlled trial; PI, prediction interval; WLR,
weighted linear regression.

L. Leung et al. Immuno-Oncology and Technology
In the evidence base 22 out of 39 contrasts were from
the trials which were conducted before the approval of
ipilimumab as the first ICI for the treatment of metastatic
melanoma. Therefore, to measure the impact of modern
subsequent treatments on the strength of correlation, we
conducted a sensitivity analysis by restricting the evidence
base to the trials that were published after 2012. Regardless
Table 3. Summary table of results

Analysis
set

N Correlation
coefficient from
BRMA (95% CI)

Correlation
coefficient from
WLR (95% CI)

Number (%) of
aligned contrasts (for
the nominal value of
OS HR) in LOOCVa

Primary
analysis

31 0.68 (0.45-0.82) 0.71 (0.42-0.87) 29/31 (93.5)

Sensitivity
analysis 1

22 0.74 (0.48-0.89) 0.65 (0.25-0.86) 21/22 (95.5)

Sensitivity
analysis 2

26 0.81 (0.62-0.91) 0.77 (0.50-0.90) 25/26 (96.2)

Sensitivity
analysis 3

15 0.76 (0.45-0.90) 0.55 (�0.04 to 0.85) 14/15 (93.3)

Sensitivity
analysis 4

17 0.84 (0.63-0.93) 0.77 (0.41-0.92) 16/17 (94.1)

Meta-
regression
analysis

28 0.69 (0.46-0.84) 0.72 (0.39-0.89) 25/28 (89.3)

Sensitivity analysis 1: restricted to trials that did not fail the proportionality test. Sensitivity a
3: restricted to trials that investigated interferon-a as the experimental treatment. Sensitivity
analysis: analysis adjusting for stage II or stage III disease.
BRMA, bivariate random-effects meta-analysis; CI, confidence interval; HROS, overall surv
RCT, randomized, controlled trial; WLR, weighted linear regression.
aThe number (%) of contrasts for which observed HROS were captured by their 95% predic
bThe number (%) of contrasts for which the significance of observed HROS were the same
cThe average absolute difference between the observed and predicted HROS across the RC
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of the approach (BRMA or WLR), compared with the pri-
mary analysis including all trials in the evidence base, in this
sensitivity analysis correlation between the treatment ef-
fects on RFS and OS was stronger. Specifically, the correla-
tion was estimated as 0.84 (95% CI 0.63e0.93) by the
BRMA and 0.77 (95% CI 0.41e0.92) by the WLR. These re-
sults indicate that the transformation of metastatic
Number (%) of
aligned contrasts (for
the significance of OS
HR) in LOOCVb

Average
absolute
deviationc

Surrogate
threshold effect
(based on 800
patients)

Surrogate
threshold effect
(based on 1000
patients)

27/31 (87.1) 0.15 0.66 0.68

19/22 (86.4) 0.13 0.65 0.68

23/26 (88.5) 0.11 0.68 0.71

14/15 (93.3) 0.12 0.42 0.47

14/17 (82.4) 0.13 0.64 0.66

22/28 (78.6) 0.21 0.61 (stage II)
0.63 (stage III)

0.64 (stage II)
0.66 (stage III)

nalysis 2: restricted to trials which were published after year 2000. Sensitivity analysis
analysis 4: restricted to trials which were published after year 2012. Meta-regression

ival hazard ratio; LOOCV, leave-one-out cross-validation; N, number of contrasts;

tion intervals from the model in leave-one-out cross-validation.
as the significance of the predicted HROS.
Ts.
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melanoma by novel agents has a favorable impact on the
association between RFS and OS. During cross-validation, in
16 out of 17 contrasts, the reported HROS was captured
within the 95% PIs for the predicted HROS generated by the
WLR. In this sensitivity analysis, estimated surrogate
threshold effects were only marginally lower (0.64/0.66 for
sample size of 800/1000 patients) than their counterparts
for the range of sample sizes in the primary analysis
(Table 3).

According to the IQWiG criteria, across all analyses and
meta-regression, correlations were classified as moderate
regardless of the approach. Except for the sensitivity anal-
ysis investigating only interferon-a trials, the surrogate
threshold effect exhibited only marginal changes across all
analyses, and ranged between 0.61 and 0.64 and 0.68 and
0.71 for an RCT with 800 and 1000 patients, respectively
(Table 3). Across all sensitivity analyses and the meta-
regression, the coverage rate of the observed HROS within
95% PIs generated by WLR ranged from 89.3% to 96.2% in
LOOCV. The range for the alignment between the status of
significance of observed and predicted HROS was 78.6%-
88.5%, and the range for the average absolute difference
between observed and predicted HROS was 0.11-0.21.

We measured the predictive performance of the surro-
gacy equations from WLR particularly for the ICI trials, as
the evidence base included predominantly relatively older
non-ICI trials investigating outdated standard of care
treatments with differing mechanisms of action. From the
CheckMate 238, ECOG-ACRIN E1609, and EORTC 18071
trials, there were four contrasts contributing to the per-
formance evaluation (two contrasts from the ECOG-ACRIN
E1609 trial). In the LOOCV, while the observed HROS were
within their 95% PIs for all four contrasts, OS benefit was
overestimated in three of them. The average over-
prediction margin of HROS was consistently between 0.04
and 0.05 across all analyses. Using the evidence base from
Suciu et al.,12 the previously published meta-analysis on
RFS-OS surrogacy in stage II/III melanoma, the surrogacy
equation obtained from the WLR using trials’ weights as
their sample sizes was log(HROS) ¼ 0.03 þ 1.01 �
log(HRRFS).

In this equation, the slope was statistically significant
(95% CI 0.48e1.53) unlike the intercept (95% CI �0.05 to
0.11). Based on the comparison of slopes from the two
surrogacy equations, the predictions from the WLR in this
study were subject to less uncertainty due to a narrower
95% CI around the slope. The difference in the steepness of
the slopes (1.01 versus 0.67) could be due to differences in
the number of RCTs, presence or absence of recent ICI trials
and distributions of patients across the (sub)-stages of
disease in the two evidence bases. Variability in the defi-
nition of RFS in terms of inclusion or exclusion of new
primary cases of melanoma could have contributed to dif-
ferences in slopes. Despite differences between the two
equations in the steepness of and uncertainty around
slopes, they were consistent with each other in terms of
significance/insignificance of slope and intercept. The sur-
rogacy equation obtained from Suciu et al.12 estimated a
8 https://doi.org/10.1016/j.iotech.2025.101042
surrogate threshold effect of 0.86 for RCTs with 800/1000
patients, which was considerably higher and therefore more
achievable than the range of its counterparts (0.66/0.68
based on 800/1000 patients) derived from the current ev-
idence base. These differences not only emphasize the need
for an updated meta-analysis with a greater focus on stage
II melanoma patients, but also point to the conservative-
ness of the WLR developed from the current evidence base
in estimating the RFS benefit threshold required to observe
a significant OS benefit.
DISCUSSION

Our analyses showed a statistically and clinically meaningful
correlation between HRRFS and HROS in resected stage II/III
melanoma patients receiving adjuvant therapy. Most
sensitivity analyses and meta-regression generally
confirmed the strength and robustness of the results with
respect to potential changes in the evidence base. A
stronger correlation between the treatment effects on RFS
and OS was observed when the evidence base was
restricted to relatively more recent RCTs (post-2000 and
post-2012), and results were similar to those of the primary
analysis when the evidence base was restricted to RCTs that
did not fail the proportional hazards assumption. When the
evidence base was restricted to studies investigating inter-
feron-a as experimental therapy, compared with the pri-
mary analysis, a stronger correlation was observed from the
BRMA but a weaker correlation was observed from
the WLR. The conflicting findings from the two models on
the restricted evidence base implied no clear impact of the
mechanism of action of adjuvant therapy on the RFS-OS
association, which necessitates further research solely
focusing on trials investigating modern therapies to better
understand the evolution of RFS-OS over time. External
validation of the primary model against the SWOG 1404 and
BRIM8 trials generated highly accurate predictions. While
the surrogacy equation obtained from the WLR in primary
analysis was comparable to the surrogacy equation gener-
ated from a WLR using a relatively narrower evidence base
from Suciu et al.,12 its narrower 95% CI around its slope was
indicative of narrower bands of uncertainty and hence more
stability on the predictions.

Our study expanded on previously published research
evaluating RFS-OS surrogacy in the adjuvant setting12,13 by
encompassing a wider range of treatments, a larger and
more recent set of trials including 16 252 patients from 30
trials, compared with 6815 patients from 13 trials in Suciu
et al.12 Despite reporting on a larger set of trials, the current
study included only 1026-34 of the 13 trials analyzed in Suciu
et al.12 due to lack of direct reporting on HRs or KM curves
for either OS or RFS from the remaining trials. These three
trials analyzed by Suciu et al.,12 however, were not reflec-
tive of the current clinical practice as they were published in
2001 or earlier. Overall, Suciu et al.12 estimated a stronger
correlation (R2 ¼ 0.91) between the treatment effects on
RFS and OS than the current study (R2 ¼ 0.46) which can be
explained by the differences between the two evidence
Volume 25 - Issue C - 2025
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bases and potentially with the lack of IPD in our case. Our
study had a broader and more heterogeneous set of
studies. In particular, 9 of 30 studies in our evidence base
recruited stage II patients, compared with only 1 of 13
studies included in Suciu et al.12 Because of this, the ma-
jority of the study population (75%) in Suciu et al.12 had
stage III melanoma. Additionally, more recent studies
investigating ICIs (e.g. CheckMate-238, EORTC-18071) and
targeted therapies (e.g. COMBI-AD) were absent from the
evidence base of Suciu et al.12 Despite the weaker corre-
lation, the model performance in LOOCV was indicative of
the high predictive value of RFS. The moderate and rela-
tively imprecise correlation between the treatment effects
on RFS and OS led to wide uncertainty around the OS HR
predictions from the model.

One of the key strengths of this study is its up-to-date
and large evidence base containing 30 RCTs. Another key
strength is the extensive set of sensitivity analyses. Sensi-
tivity analyses based on publication date and restricted to
studies of interferon-a investigated the impact of changes
in the adjuvant and metastatic treatment landscape on
correlation strength. Additionally, from a statistical stand-
point, an important aspect of this study which differentiates
it from prior studies on the subject is the rigorous assess-
ment of the violation of proportional hazards assumption
on the strength of correlation. Because the input data to
meta-analyses were mostly reported HRs, calculation of
which relies on the proportional hazards assumption, digi-
tization of KM curves from the publications and evaluation
of the appropriateness of using HRs for relative treatment
effects aimed to eliminate a potential source of bias due to
violation of proportional hazards assumption. In fact, the
proportional hazards assumption was violated in 10 out of
39 contrasts, hence a sensitivity analysis on the subset of
RCTs not violating this assumption was essential. The digi-
tization process also allowed the maximum utilization of
available data, as for 11 of the 39 contrasts HRs were not
directly reported from the RCTs for at least one endpoint.
The sensitivity analyses and a meta-regression accounted
for key factors that might affect the strength of the corre-
lation. Moreover, employing two different approaches
(BRMA and WLR) identified the impact of methodology on
the correlation. The BRMA relaxed the need to know within-
study correlations across the evidence base. Unlike WLR it
also accounted for the uncertainty around the treatment
effects on RFS. The WLR and its results were easier to
visualize and interpret but the uncertainty around the
treatment effects on RFS was not considered in WLR.

Despite their common use, the utility of surrogate end-
points and their predictive ability are often debated due to
lack of reported OS benefit in modern adjuvant trials.2 A key
factor influencing the predictive power of RFS in early-stage
melanoma is the advent of effective subsequent treat-
ments, including ICIs and targeted therapies. The level of
exposure to novel treatments in advanced melanoma may
have confounding effects on the OS benefit of adjuvant
treatments. Additionally, OS may take extended time to
manifest its benefits, particularly when recurrences occur
Volume 25 - Issue C - 2025
long after adjuvant therapy or when deaths occur long after
the recurrence. Despite these challenges in predicting OS
benefit, the estimated surrogate threshold effects can aid
trial design by informing sample size and statistical power
calculations. The surrogacy equation can also assist eco-
nomic evaluations by generating long-term OS projections
for an emerging treatment. This can be achieved by applying
the predicted HROS between the emerging treatment versus
a pre-specified reference treatment to the long-term OS
projections of the reference treatment. Similarly, the 95% PI
generated for the HROS can be used to generate a 95%
confidence band around the estimated OS curve.

The evidence base and the methodological approaches
employed in this study had some limitations. First, without
the IPD from the RCTs, the scope of this research was
limited to correlation between treatment effects and the
prognostic role of RFS on OS at the individual level was not
studied. Additionally, this constrained the extent of the
aggregate-level analysis where the BRMA model dis-
tinguishing within-study correlations from between-study
correlation could be employed to enhance the accuracy of
the correlation estimates between the treatment effects on
the endpoints. The lack of IPD also limited the ability to
assess the plausibility of randomization sequences, verify
data integrity and consistency, standardize the definitions of
endpoints, investigate the impact of the length of follow-up
on the correlation, carry out sensitivity analyses with
alternative endpoint definitions, and assess the impact of
subsequent treatment distributions on the strength of
correlation.

Second, standard surrogacy approaches in the literature
including BRMA and WLR do not account for the impact of
subsequent treatments on the surrogacy relationship. In
addition to this methodological gap, addressing the impact
of subsequent treatment distributions on the correlations
was not possible due to lack of reported data from relatively
older studies. Third, because most of the RCTs in the evi-
dence base were conducted before the advent of modern
ICIs, they are not fully reflective of recent changes in
diagnosis and management of resected melanoma, and
changes in treatment landscape for metastatic melanoma.
In particular, many of the studies investigated interferon-a,
which is no longer the standard adjuvant therapy in mela-
noma. Therefore, predictions for future ICI trials from the
surrogacy equations of this study should be approached
with caution. Fourth, due to limited stage-specific efficacy
data from the RCTs, the majority of the evidence base
included data from RCTs studying combined stage II/III
populations in all analyses except for the meta-regression.
Therefore, predictions from the surrogacy equations for
an RCT that has an entirely stage II or entirely stage III
population may require further adjustments.

Fifth, RCTs in the evidence base had a wide range of
publication dates, during which American Joint Committee
on Cancer (AJCC) manuals were revised from 5th edition to
8th edition. Therefore, classification of patients with similar
tumor characteristics across disease stages may differ
among the studies. Likewise, the evidence base covered a
https://doi.org/10.1016/j.iotech.2025.101042 9

https://doi.org/10.1016/j.iotech.2025.101042
https://doi.org/10.1016/j.iotech.2025.101042


Immuno-Oncology and Technology L. Leung et al.
broad range of RCTs with slightly variant RFS definitions,
which may not have accounted for non-disease-related
deaths (e.g. AVAST-M trial) or be inconsistent with the
RFS definition in more recent ICI trials such as CheckMate
76K, which consider new cases of primary melanoma or
melanoma in situ in the RFS definition. This discrepancy in
the RFS definition among the trials may pose a potential
source of bias for predictions.

Sixth, despite extensive sensitivity analyses, the estimated
surrogate threshold effects from our study may still fall short
of the RFS benefit that would translate into statistically sig-
nificant OS benefit in the current clinical practice due to
presence of several novel agents in both adjuvant and
metastatic treatment settings. For a given contemporary
trial, using a more detailed model with a state-transition
structure (e.g. semi-Markov), with the availability of subse-
quent treatment distributions, it would be possible to derive
more accurate threshold RFS benefits required to observe
statistically significant OS benefit.

Finally, treatment modalities studied in the experimental
arms showed variation across the evidence base. There
were 10 studies in the evidence base with an active
comparator arm.While pooling data from RCTs investigating
different treatment modalities in a CMA has statistical ad-
vantages (e.g. increased sample size, more stable pre-
dictions) and has precedent applications in other tumor
areas,12,35-37 the magnitude of treatment effect in an RCT
depends on the class of treatments in both arms. Therefore,
in an ideal setting, it would be clinically more intuitive and
preferrable to have the experimental and/or control arms of
the studies to be as similar as possible across the evidence
base and conclusions about the validity of RFS-OS correla-
tion across different pairs of experimental-control therapies
should be approached with caution. Nevertheless, due to
rapid evolution of melanoma treatment in the adjuvant
setting with ICIs and targeted therapies, over time it would
be unrealistic and uncommon to expect trials with placebo
control.
Conclusion

Based on a comprehensive and up-to-date evidence base,
our CMA suggests that HRRFS may be used as a surrogate
predictor for HROS in resected stage II/III melanoma. The
predictive ability of the surrogacy equation derived from
WLR, as demonstrated in internal and external validation,
highlighted its potential utility in informing trial design and
earlier evaluation of future trials. The evidence base in our
study, however, primarily stems from older trials that may
not fully reflect the recent transformation of adjuvant and
metastatic melanoma treatment landscape with ICIs and
targeted treatments, and the impact of these treatments on
long-term efficacy outcomes. Moreover, as evidenced by
our numerical study, the mechanism of action of adjuvant
therapy displayed no clear impact on the RFS-OS correla-
tion. Therefore, extrapolation of findings and insights from
our study to future settings involving modern therapies
should be interpreted with caution.
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