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Background: Time to next treatment or death (TNT-D) may be a patient-relevant endpoint in patients treated with
immune checkpoint inhibitors. This study investigated TNT-D as a surrogate endpoint (SE) for overall survival (OS) in
previously untreated advanced melanoma patients.
Methods: Patient-level data from the 60-month results of the CheckMate 067 randomised, controlled trial were used.
Analyses were carried out for nivolumab monotherapy or nivolumab with ipilimumab versus ipilimumab monotherapy.
The SE 1-step validation method based on a joint frailty-copula model was used where the country of enrolment was
applied to define clusters. Kendall’s s and the coefficient of determination (R2trial) were estimated for respective
measurements of association at the individual and cluster levels. The surrogate threshold effect, the maximum
threshold hazard ratio for TNT-D that would translate into OS benefit, was estimated. A leave-one-out cross-
validation analysis was carried out to evaluate model robustness.
Results: Fifteen clusters of data were generated from 945 patients. For both nivolumab-containing arms, the association
between TNT-D and OS was deemed acceptable at the individual level (Kendall’s s > 0.60) and strong at the cluster
level, with R2trial fairly close to 1, with narrow confidence intervals. The estimated surrogate threshold effects were
0.61 for nivolumab versus ipilimumab and 0.49 for nivolimub þ ipilimumab versus ipilimumab. Cross-validation
results showed minimum variation of the correlation measures and satisfactory predictive accuracy for the model.
Conclusion: Results suggest that TNT-D may be a valuable SE in previously untreated advanced melanoma patients
treated with immune checkpoint inhibitors. Surrogacy analyses considering multiple randomised controlled trials are
warranted for confirming these findings.
Key words: immune checkpoint inhibitors, nivolumab, ipilimumab, surrogate endpoint, overall survival, time to next
treatment, advanced melanoma
INTRODUCTION

Immune checkpoint inhibitors (ICIs) are among the most
established and clinically promising therapies in oncology.1

ICIs are indicated as monotherapy or in combination with
other systemic treatments in several types of cancer at
different stages, such as locally advanced or metastatic, and
in different treatment settings (adjuvant, palliative), and
their clinical development is expanding. For some
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advanced-stage cancers, such as melanoma and renal cell
carcinoma (aRCC), a current treatment strategy is to
combine different ICIs targeting two distinct receptors, e.g.
nivolumab (anti-programmed cell death protein 1) and
ipilimumab (anti-Cytotoxic T-lymphocyte antigen-4).2,3

In oncology, several clinical endpoints have been used to
assess treatment efficacy.4,5 Overall survival (OS), defined as
the time from randomisation to the date of death (any
cause), is frequently considered the gold standard for
assessing treatment efficacy in randomised, controlled trials
(RCTs) of anticancer therapies.6-8 This endpoint may require
more extensive follow-up and a greater number of patients
to demonstrate a clinically and statistically significantly
relevant difference when comparing therapeutic strategies,
which leads to higher budget requirements due to the
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increased cost of surveillance. In this context, evaluation
and validation of surrogate endpoints (SEs) are particularly
important to expedite patients’ access to innovative and
potentially life-extending medicines. An SE is defined as ‘a
biomarker or an intermediate endpoint intended to sub-
stitute for a clinical endpoint’4; its validity depends on both
the mechanism of action of the treatment and the disease
setting.9

A recent systematic literature review summarised the
current evidence base on clinical alternative endpoints
associated with OS in ICI-treated patients.10 Current pub-
lished evidence is inconclusive regarding validated SEs for
OS in ICI-treated patients (N ¼ 24). Traditional alternative
endpoints such as progression-free survival (PFS) and
overall response rate based on conventional response
criteria (RECIST 1.1) were weakly correlated with OS in this
specific population, possibly because of delayed treatment
effect, pseudo-progression and the medical imaging tech-
nique used to monitor disease progression.11-15

In haematologic malignancies and metastatic soft tissue
sarcomas, time to next treatment or death (TNT-D) has
emerged as a relevant alternative clinical endpoint.16 TNT-D
is defined as the time between baseline (randomisation,
inclusion or treatment initiation) and the date of next
subsequent systemic treatment initiation or death, which-
ever occurs first. Only a handful of studies, reporting on
advanced melanoma, aRCC and non-small-cell lung cancer,
describe TNT-D in ICI-treated patients.17-20 One attractive
characteristic of TNT-D is its ability to capture the
treatment-free interval, defined as the time from the end of
index therapy to the date of initiation of a subsequent line
of treatment or death, whichever occurs first.21 The
treatment-free interval has been described in ICI-treated
advanced melanoma21,22 and, in the American Society of
Clinical Oncology value framework, is considered an integral
component of a patient’s net health benefit.23 Although
TNT-D appears to be a relevant clinical endpoint for ICI-
treated patients, the systematic literature review points
out that data on surrogacy analyses based on this alterna-
tive endpoint have yet to be studied.10 Our objective was
thus to estimate TNT-D and formally assess the surrogate
properties of TNT-D in previously untreated advanced
melanoma patients treated with ICI.

METHODS

Data

Individual patient-level data (IPD) from the CheckMate 067
trial (ClinicalTrials.gov identifier: NCT01844505) were avail-
able for this post hoc study. Design, population character-
istics and outcomes have been described in detail
previously.2,24 Briefly, CheckMate 067 is a phase III, rando-
mised, double-blind trial of nivolumab monotherapy or
nivolumab plus ipilimumab combination versus ipilimumab
monotherapy in subjects with previously untreated unre-
sectable or metastatic melanoma. Randomisation was
stratified according to tumour programmed death-ligand 1
status (positive versus negative or indeterminate), BRAF
2 https://doi.org/10.1016/j.esmoop.2021.100340
mutation status (V600 mutation-positive versus wild-type)
and American Joint Committee on Cancer metastasis stage
(M0, M1a or M1b versus M1c).

Definition of efficacy outcomes

OS was defined as the time from the date of randomisation
to the date of death (any cause). TNT-D was defined as the
time between the date of randomisation and the date of
subsequent systemic treatment initiation, or the date of
death (any cause), whichever occurred first. Both outcomes
were censored on the last date a subject was known to be
alive.

Statistical analyses

OS and TNT-D distributions were generated using the
KaplaneMeier estimator. Median follow-up was estimated
by the reverse KaplaneMeier method. To describe these
efficacy outcomes, hazard ratios (HRs) were estimated using
a Cox proportional-hazards model stratified according to the
factors used in the randomisation process. For the SE
analysis, HRs were estimated with a joint frailty-copula
model.

Robust assessment and validation of an SE require eval-
uation at both the individual and trial levels (meta-analytic
approach).9 For two time-to-event endpoints, several meta-
analytic surrogacy validation approaches are available,
including 1-step and 2-step validation approaches.25-29 We
considered the SE 1-step validation statistical method based
on a joint frailty-copula model (Gumbel copula) as it has
been demonstrated to reduce substantially numerical
problems encountered with the 2-step method.29 In this
approach, Kendall’s s is used to estimate the strength of
association between the candidate SE and the final
endpoint at the individual level. The Kendall’s s is estimated
as a function of the copula parameter, where values above
an informal threshold of 0.6 are regarded as sufficient for
the validity of the SE at the individual level, while it is un-
common to observe a value higher than 0.7.29 The cluster-
level association is estimated using the coefficient of
determination (R2trial). The 95% confidence interval (CI) is
estimated using the parametric bootstrap method for s and
the delta method for R2trial, which can result in confidence
limits violating the (0-1) interval.25 An R2trial sufficiently
close to 1 is necessary for validating an SE at the cluster
level.9

The meta-analytical approach for validation of SEs sup-
poses the availability of data from multiple RCTs. When the
data are limited to only a single or a few RCTs, one can
consider the geographic location of centres as the cluster of
analysis, which is common when evaluating potential SEs.30-32

We clustered the patients based on country of enrolment
resulting in 21 clusters (33% had the minimum 10 patients in
each treatment arm). When the number of patients was
lower than four per treatment arm per country, we pooled
the countries in a region by similarities in their healthcare
management (e.g. Finland, Sweden, Norway and Denmark
were pooled as the Nordics region).26 In the case of a high
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level of surrogacy between TNT-D and OS at both the indi-
vidual and trial levels, we calculated the surrogate threshold
effect (STE), defined as the minimum treatment effect on the
SE necessary to predict a significant treatment effect on the
final endpoint.33 As a sensitivity analysis, we carried out a
leave-one-out cross-validation analysis and considered an
alternative clustering to assess the robustness of predictive
performance and the outputs of the model (e.g. Kendall’s s,
R2trial and the STE).

We report results following the ReSEEM guidelines for
reporting of SE evaluation.34 All analyses were carried out
using R software v3.6.1 and version 3.2.0 of the publicly
available R package frailtypack.35
RESULTS

Complete patient characteristics and efficacy results of
CheckMate 067 have been reported.2,24 Fifteen clusters
were generated for this study. Median follow-up for OS was
63.3 months. Table 1 summarises efficacy results for out-
comes of interest. Median TNT-D was reached approxi-
mately three times earlier than median OS for nivolumab
monotherapy and ipilimumab [nivolumab: TNT-D ¼ 12.1
months (95% CI 8.9-18.0 months), OS ¼ 36.9 months (28.3-
58.7 months); ipilimumab: TNT-D ¼ 6.2 months (5.4-7.4
months), OS ¼ 19.9 months (16.9-24.6 months)] whereas
for nivolumab plus ipilimumab combination therapy, me-
dian TNT-D was 24.2 months (95% CI 16.0-43.9 months),
and median OS was not reached. Supplementary Table S1,
available at https://doi.org/10.1016/j.esmoop.2021.100340
shows the distribution of the events defined as TNT-D ac-
cording to the treatment arm. Figure 1 presents the
KaplaneMeier curves for TNT-D. The KaplaneMeier survival
estimates of 5-year TNT-D in the nivolumab plus ipilimu-
mab, nivolumab monotherapy and ipilimumab groups were
42.7%, 32.8% and 10.9%, respectively.
Table 1. Summary of the efficacy results from CheckMate-067

Experimental
arm
nivolumab
(n [ 316)

Experimental
arm
nivolumab D
ipilimumab
(n [ 314)

Control
arm
ipilimumab
(n [ 315)

Overall survival
Median, months
(95% CI)

36.9 (28.2-58.7) NR (38.2-NR) 19.9
(16.8-24.6)

Events, n (%) 176 (55.7) 152 (48.4) 230 (73.0)
Hazard ratio
(95% CI)a

0.63 (0.52-0.76) 0.52 (0.42-0.64)

Time to next treatment
or death
Median,
months (95% CI)

12.1 (8.9-18.0) 24.2 (16.0-43.9) 6.2 (5.4-7.4)

Events, n (%) 210 (66.5) 180 (57.3) 275 (87.3)
Hazard ratio
(95% CI)a

0.55 (0.46-0.65) 0.42 (0.34-0.50)

Overall survival outcomes from Larkin et al.24

CI, confidence interval, NR, not reached.
a Cox proportional-hazards model stratified according to tumour PD-L1 status, BRAF
mutation status and American Joint Committee on Cancer metastasis stage.
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Estimated parameters following surrogacy assessment
are presented in Table 2. Individual association between
TNT-D and OS was deemed acceptable in patients treated
with nivolumab monotherapy and in those treated with
nivolumab plus ipilimumab (Kendall’s s > 0.60). At trial
level, the coefficients of determination were close to 1 with
narrow CIs, indicating a strong association between the
treatment effects on TNT-D and OS. These were considered
acceptable correlations at both the individual and trial
levels, and the STEs were assessed (Table 2). The model
predicted a significant HR for OS whereas HR for TNT-D was
between 0.35 and 0.61, and between 0.12 and 0.49, for
nivolumab monotherapy versus ipilimumab, and for nivo-
lumab plus ipilimumab versus ipilimumab, respectively.
Figure 2 shows the 95% prediction limits of the predicted
treatment effect on OS for both treatments.
Sensitivity analyses

Supplementary Table S2, available at https://doi.org/10.
1016/j.esmoop.2021.100340, shows results from the
leave-one-out cross-validation analyses. Overall, data sug-
gest that correlation measures were influenced minimally
when the analyses were repeated with slightly smaller and
balanced populations, when the models converged. As
such, these sensitivity analyses confirm the robustness of
the findings on the association between TNT-D and OS
within the dataset available. For the STE, sensitivity ana-
lyses showed slight variations while one cluster was
removed iteratively. Finally, the ability of the model to
accurately predict the treatment effect on OS based on the
observed treatment effect on TNT-D in each cluster was
satisfactory, although some iterations did not converge
(Supplementary Figure S1, available at https://doi.org/10.
1016/j.esmoop.2021.100340). Results suggest an appro-
priate prediction of 75% (9/12) in the comparison of nivo-
lumab monotherapy versus ipilimumab. For nivolumab plus
ipilimumab versus ipilimumab, the quality of the prediction
was slightly improved (8/10).

DISCUSSION

This is the first study to our knowledge to assess the sur-
rogacy properties of TNT-D for OS in ICI-treated patients.
We used a strong methodology, since we conducted the
surrogacy assessment based on IPD, relied on a robust
statistical model for the assessment of the patient- and
trial-level associations and reported our findings following
international guidelines.34

Our findings indicate that TNT-D may be an appropriate
SE for OS in double-blind RCTs of advanced melanoma pa-
tients treated with ICIs. These results were confirmed by our
sensitivity analyses supporting the overall stability of the
individual- and trial-level correlations. For both treatments,
the Kendall’s s for individual-level associations was above
0.6, and the estimated R2trial was close to 1, with a narrow
CI. The model predicted a significant HR for OS whereas HR
for TNT-D was included in an interval due to the limited
number of observations of HR for TNT-D close to 0. Usually,
https://doi.org/10.1016/j.esmoop.2021.100340 3
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a single value for the STE is provided. It might be relevant to
focus only on the upper limit of STE provided, as more the
HR for TNT-D will be close to 0, more the HR for OS will be
significantly different from 1. Fitting a model based on
limited data is known to be challenging, however, and
therefore these STE estimates have to be considered
cautiously for predicting a significant OS benefit in future
RCTs based solely on our results.

TNT-D is a clinically relevant endpoint, and highly
correlated with OS in ICI-treated patients with advanced
melanoma. It is a pragmatic and often measurable
endpoint in all randomised subjects, reaches maturity (i.e.
median) earlier than the OS outcome and may provide
greater statistical power at the time of analysis. TNT-D
reflects the result of a therapeutic medical decision, a
change in treatment usually occurring in response to a real
Table 2. Estimated parameters for the assessment of the surrogate
properties of time to next treatment or death for overall survival in
previously untreated advanced melanoma patients treated with immune
checkpoint inhibitors

Criteria Level of
surrogacy

Point estimates
(95% CI)

Nivolumab monotherapy versus ipilimumab
Kendall’s s Individual 0.63 (0.59-0.67)
R2trial Trial 1.00 (0.98-1.02)
Surrogate threshold effect
(expressed in HR)

Trial >0.35 and <0.61

Nivolumab þ ipilimumab versus ipilimumab
Kendall’s s Individual 0.66 (0.62-0.70)
R2trial Trial 1.00 (0.99-1.01)
Surrogate threshold effect
(expressed in HR)

Trial >0.12 and <0.49

All values are rounded to 2 digits.
CI, confidence interval; HR, hazard ratio; R2trial, coefficient of determination.

4 https://doi.org/10.1016/j.esmoop.2021.100340
change in the patient status, by integrating the efficacy
and toxicity components.16,36 Moreover, TNT-D is a
comprehensive assessment of the unique outcomes
observed with ICIs, as it may take into account the time
between interruption of the treatment and the delay to
the next systemic treatment, because the patients still
benefit from the ICI therapy through the prolonged
treatment effect. Nonetheless, we encourage collection of
detailed information after discontinuation of index ther-
apy in RCTs, such as the reason for not receiving subse-
quent therapy (e.g. patients’ functional status, patients’
refusal to receive a subsequent treatment). A perceived
limitation of TNT-D is the potential influence of the pre-
scribing patterns of individual physicians, especially when
selecting the timing of switching over.37 Differences in
multidisciplinary care may also exist across geographic
regions, and the availability of some therapies may drive
treatment decisions.37 Further exploration of TNT-D as an
outcome of an RCT should be done, because TNT-D could
complement PFS, which may suboptimally characterise the
full impact of the novel mechanism of action of ICIs.38 We
focused in this study on TNT-D, because, by having the
subsequent systemic treatment initiation or the death as
endpoints, TNT-D has a greater overlap in the events
shared with OS, since it captures all patients dying before
progression just as PFS would, but also those who pseudo-
progress but are never treated by a subsequent systemic
treatment. This increased number of shared events is likely
to yield a higher correlation. There have been some recent
discussions around the importance of the depth of
response (DepOR) as a relevant endpoint in ICI-treated
patients.39,40 The meta-analytical approach for validation
of SEs, however, was not applied in these research works.
Volume 7 - Issue 1 - 2022
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Figure 2. Relation between treatment effect on overall survival (OS) and the treatment effect on time to next treatment or death (TNT-D) for nivolumab
monotherapy (A) and nivolumab plus ipilimumab (B) versus ipilimumab, with the surrogate threshold effect (STE).
The horizontal cyan line corresponds to a null hazard ratio (HR) for OS, i.e. HR ¼ 1. The vertical line crosses the upper boundary of the 95% prediction limit where the HR
for OS is 1. Between the vertical lines, the model predicts a significant treatment effect on OS. Circles are proportional to the number of patients in each cluster.
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In order to assess the surrogacy properties of DepOR, new
surrogate approaches need to be developed, since the
statistical methods currently available cannot be applied
when the dataset contains multiple zero values (i.e. pa-
tients with a DepOR of 0).
Volume 7 - Issue 1 - 2022
For two time-to-event endpoints, the copula model-
based approach introduced by Burzykowski et al.26 is a
commonly used statistical method for validating an SE;
however, model convergence issues and large standard er-
ror of the R2trial are frequently encountered with this 2-step
https://doi.org/10.1016/j.esmoop.2021.100340 5
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approach.29,41 The novel 1-step joint-frailty copula model
was considered in this study because it reduces conver-
gence and numerical problems and was found to be more
robust than the traditional 2-step surrogacy approaches for
two time-to-event end-points.29

The limited amount of data is the main limitation of this
study. IPD from RCTs of other therapies that share a
mechanism of action and are tested in advanced melanoma
patients, however, are limited. Moreover, access to such
data, required for applying an appropriate surrogacy
approach, is challenging. The estimated R2trial were close to
1 and the CIs were narrow. These values, although high, are
reported frequently.25,27,29 The point estimates and their CIs
must be interpreted with caution, though, because data
from only one RCT were available for this study. The cluster-
level definition was therefore the country of enrolment
instead of RCT as advised in a meta-analytic approach. The
heterogeneity in treatment effects between clusters in this
RCT might be limited compared with that with a traditional
meta-analytic approach; this may yield an overestimation of
the correlation at the cluster level and may have artificially
narrowed the reported CIs. Finally, due to the limited
sample size, we were not able to carry out any subgroup
analysis to assess whether TNT-D-OS association is similar
within distinct subpopulations as, for example, according to
the BRAF mutation status.

In conclusion, TNT-D appears to be a promising SE of OS
in RCTs of ICI-treated patients with advanced melanoma. As
a potential SE for OS, TNT-D may be crucial to present in the
frame of regulatory and healthcare decision-making sur-
rounding ICIs, especially when OS data are immature. We
encourage sponsors of RCTs to carefully record the date of
subsequent systemic treatment, as it has been reported to
be captured heterogeneously.42 Surrogacy analyses could
consequently be carried out with a larger number of RCTs to
confirm these findings. Conducting similar surrogacy ana-
lyses in ICI-treated patients with other cancer types such as
aRCC, or for ICI in combination with vascular endothelial
growth factor inhibitors or chemotherapy would definitely
be relevant for evaluating whether TNT-D is also a candidate
SE for OS in these different settings.
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