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A B S T R A C T

Background: Surrogate endpoints (SEs) for overall survival (OS) are specific to therapeutic class. The objective of
this review was to document all alternative endpoints studied for their association with OS in Immune-
Checkpoint Inhibitors (ICI)-treated patients.
Methods: We searched PubMed and Embase for publications reporting the association between a clinical end-
point and OS in ICI-treated populations from 01/01/2003 to 03/31/2018.
Results: Out of 6,335 references identified, 24 were selected. Only 3 studies assessed surrogacy at both the
patient and trial levels. The main traditional alternative endpoints included progression-free survival (N=10)
and objective response rate (N=8). New alternative endpoints, such as durable response rate (N=1) and
intermediate response endpoint (N= 1) statistically better correlate with OS in the cancer types analysed.
Conclusion: Based on the published evidence, there is insufficient data to support validated SE for OS. Adequate
surrogacy assessment of promising composite endpoints which consider a duration component is encouraged.

1. Introduction

Recently, cancer treatment has been revolutionized by the devel-
opment of therapeutic agents targeting the immune system, considered
as the third generation in this field after cytotoxic drugs and molecular
agents acting at oncogene-related targets (Martin-Liberal et al., 2017).
Among the different types of newly available immunotherapy treat-
ments, immune-checkpoint inhibitors (ICI) constitute the most estab-
lished and clinically promising therapy (Galluzzi et al., 2014). These
immunomodulatory monoclonal antibodies are designed to elicit a
novel or revitalise an existing antitumoral immune response.3 Anti-
bodies which bind to the programmed cell death-1 (PD-1) receptor and
block their interaction with ligands PD-L1 and PD-L2 are the most
widely used therapies at the advanced stage of numerous cancers (Fujii
et al., 2018; Rolfo et al., 2017). To date, six ICIs have received mar-
keting authorization (ipilimumab, pembrolizumab, nivolumab, atezo-
lizumab, avelumab and durvalumab) in several types of cancer. Some of
them are still under investigation as monotherapy or in combination in

other types of cancer or disease settings.
In oncology, several clinical endpoints, defined as characteristics or

variables that reflect how a patient feels, functions, or survives in re-
sponse to a treatment, have been used to assess treatment efficacy
(Fleming and Powers, 2012; Mathoulin-Pelissier et al., 2008). Overall
survival (OS), defined as the time from randomization to the date of
death (any cause), is considered as the gold standard for the primary
efficacy endpoint in randomized clinical trials (RCT) (Pazdur, 2008).
However, in some limited cases, progression-free survival (PFS) may be
used as primary endpoint to measure efficacy of the drug, such as, for
example, in trials when there is cross-over because of early demon-
stration of activity of the new treatment and lack of alternatives (Ocana
and Tannock, 2001).

OS may require extensive follow-up to demonstrate significant and
clinically relevant differences compared to standard care, and may thus
delay patient access to promising new drugs. The development of al-
ternative endpoints, such as recurrence-free survival (RFS - adjuvant
setting) or PFS (metastatic setting), that could capture treatment benefit
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appropriately and be measurable earlier, has thus become central to
clinical oncology. Such an endpoint, if clinically and statistically vali-
dated, could be considered as a surrogate endpoint (SE) for OS.

An SE is defined as ‘a biomarker intended to substitute for a clinical
endpoint’ (Fleming and Powers, 2012). SEs have been extensively stu-
died within the molecular targeted therapy era as they may reduce the
need for large sample sizes, and thus decrease the duration and cost of
trials (Alonso et al., 2017). Assessments of surrogacy should be per-
formed at both the patient and trial levels, the most robust statistical
method for validating a SE being the meta-analytic approach
(Burzykowski et al., 2005). Since the validity of an SE depends both on
the mechanism of action of the treatment and on the disease setting, it
is recommended to validate all potential SEs on a case-by-case basis.

As of today, there is evidence for good surrogacy for certain SEs, as
highlighted in a recent systematic literature review by Savina et al.
(Savina et al., 2018) For example, PFS may be an appropriate SE for OS
in the context of advanced colorectal cancer treated with chemotherapy
and/or radiotherapy, or in locally advanced lung cancer treated with
chemotherapy. As ICIs had not been developed extensively at the time
of this review, information on SEs for OS in ICI-treated patients are still
lacking.

In this context, we conducted a systematic literature review (i) to
summarize current evidence on clinical alternative endpoints asso-
ciated with OS in ICI-treated patients by cancer type and (ii) to identify
validated SE for OS for this drug class, if any.

2. Methods

2.1. Search strategy and selection criteria

We searched PubMed and Embase for English language publications
reporting the association between a clinical endpoint and OS in ICI-
treated population from 01/01/2003 (year of the first clinical trial of
the first ICI, ipilimumab) to 03/31/2018 (cut-off date). The compu-
terized algorithm designed for extracting all references is available as
Supplementary Material. Publications were first classified as eligible if

the abstract presented at least one of the three following characteristics:
conducted in humans, specific to cancer and specific to ICI. The re-
tained publications were then classified as related to ICI expression
(such as prognostic role of PD-1 expression), which were excluded, or as
related to an association between a clinical endpoint and OS, which
were included in the qualitative synthesis. Other publications on sub-
jects such as adverse events related to ICIs or practice guidelines were
excluded. When studies led to multiple communications (i.e. conference
abstract and then peer-review article), we only included the principal
publication. We reported the results of the selection process following
PRISMA guidelines for the reporting of systematic reviews. (Moher
et al., 2009) This study is registered in the PROSPERO database
(identification number: CRD42018097434).

2.2. Data analysis

Two reviewers (SB, DR) independently collected information on the
format of the communication (abstract or article), type of publication
(research study or discussion article), cancer type, treatment setting
(adjuvant or metastatic), type of treatment, type of data (patient-level
or aggregated data), number of trials, number of patients, alternative
clinical endpoints analysed, statistical method and results.
Disagreements between reviewers were resolved through discussions
with senior authors (VR, CB).

3. Results

Out of 6,335 references retrieved through the algorithms, 24 were
selected (Fig. 1). The most common reasons for exclusion were refer-
ences not related to ICI (N=2,239) and description of RCT results,
practice guidelines or related to immune-related adverse events, main
contributors of the “other” category (N=2,312). PD-(L)1 or CTLA-4
expression was described in 15% of the publications (N=858).

Of the references selected, twenty were primary research studies
and four were discussion articles such as literature reviews (Table 1).
Key characteristics of the research studies are summarized in Table 2.

Fig. 1. Flow of information through the different phases of the systematic review of studies reporting on association between a clinical endpoint and overall survival
in ICI-treated patients, as per PRISMA guidelines. (ICI= Immune-Checkpoint Inhibitors).
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Most of the research studies were peer-reviewed articles (70%) focusing
on a single cancer type (65%). Studies were primarily performed on
pooled ICIs (40%) or on anti-PD-1 or anti-CTLA-4 only (30%), almost
exclusively in the advanced/metastatic setting (95%). One study was
performed on resected stage II–III melanoma interferon-treated patients
and the predictive model was applied to an ICI-treated population, in
the same disease setting. (Suciu et al., 2018)

For half of the publications, analyses on the association with OS
were performed on individual patient data (N=10). From a metho-
dological perspective, multiple statistical approaches were considered,
depending on the type of data available. Of the ten references pre-
senting analyses performed on individual patient data, one third eval-
uated the association between the alternative endpoint and OS at both
the patient and trial levels (meta-analytic approach). Only one of them
used a two-stage approach with a bivariate joint distribution function.
(Suciu et al., 2018)

Association between alternative endpoints and OS has been assessed
for ten different types of clinical endpoints, classified as “time-to-event”
or “categorical or continuous” endpoints. Definition of each alternative
criterion is presented in Table 3. Half of the publications analysed the
association between PFS and OS (N=10). Correlation coefficients (r)
between PFS and OS ranged from −0.024 to 0.90. Determination
coefficients, while performed, were also low (R2≤ 0.38). For OS

milestone rate, defined as the Kaplan-Meier survival probability at a
time point defined a priori (milestone rate: ratio of them between
treatment arms), a moderate to strong association was highlighted in
three publications (r: from 0.79 to 0.93; R2: from 0.67 to 0.93) (Petrelli
et al., 2016; Izar et al., 2017; Abdel-Rahman, 2018).

Among the categorical or continuous alternative endpoints, objec-
tive response rate (ORR) was the most frequently analysed (N=8).
Similarly to PFS, associations between ORR and OS were weak
(r≤ 0.57; R2≤ 0.47). Disease control rate (DCR), defined as the sum of
complete or partial response and stable disease, was tested in only one
study (Kaufmann et al., 2017). No association between DCR and OS was
highlighted (R2≤ 0.16). Finally, two new composite endpoints, espe-
cially designed for immunotherapy treatment were identified. Durable
response rate (DRR), a combination of standard response criteria and a
prospective duration dimension of 6 months, was highly associated
with OS (Kaufman et al., 2017). In melanoma patients, achieving a
durable response was associated with a statistically significant im-
provement in OS in all the landmark analyses (Hazard ratio (HR)
ranged from 0.05 to 0.11). Another more complex binary composite
endpoint, called “Intermediate response endpoint” (IME) has also been
described (Gao et al., 2018). The IME response is defined on the basis of
non-target lesion progression, new lesion, and target lesion information
determined by baseline tumour burden, tumour reduction depth, and
tumour change dynamic within one year after randomisation (Table 3).
At the patient-level, IME responders had improved OS compared with
non-responders (HR=0.09 (95% CI [0.07–0.11])). At the trial-level,
association between OS and IME was moderate (R2=0.68 between the
HR for OS and the odds ratio for IME).

In the four review articles selected, (Chen, 2015; Izar et al., 2017;
Saad and Buyse, 2017; Korn and Freidlin, 2018) only two additional
alternative endpoints were discussed for patients with advanced mela-
noma, namely treatment-free interval (TFI) and treatment-free survival
(TFS). TFI, defined as the time since treatment interruption to disease
progression and the need for further treatment, is used for the man-
agement of hematologic malignancies.

4. Discussion

To our knowledge, this is the first systematic literature review of
alternative endpoints associated with OS in ICI-treated patients with
cancer. Few references were identified (N=24), even though the
search algorithms were broad. This might be explained by the limited
data available from RCT of ICIs due to the recent approval of these
drugs. In light of the large number of publications identified on the
prognostic role of PD-(L)1 or CTLA-4 expression (N=858), research in
this field has focused primarily on identification of subsets of re-
sponders rather than on surrogacy for OS. From our perspective, the
surrogacy issue deserves as much interest, and could definitely be ad-
dressed by at least reporting specific data on OS and alternative end-
points.

Traditional alternative endpoints (PFS, ORR) as well as new pro-
mising composite ones (DRR, IME) were retrieved. PFS was the most
studied alternative endpoint in ICI-treated patients with cancer.
Historically, this has been demonstrated to be a valid SE for OS in some
tumour types for other drug classes (Savina et al., 2018). Overall, we
noticed a weak correlation between PFS and OS in ICI-treated patients.
In a meta-analysis on the association between PFS and OS in the same
population, no correlation between OS and PFS was found in terms of
medians or gains in medians (Gyawali et al., 2018). Recently, Kaufman
et al. concluded as well that PFS is an imperfect surrogate of OS ac-
cording to the results of their meta-analysis performed on RCT of ICI
(Kaufman et al., 2018). Pseudo-progression, even though relatively rare
for certain tumour types (Wang et al., 2018), may partially explain this
weak correlation between PFS and OS. Indeed, the effect of ICI as op-
posed to chemotherapy, is not on tumour cells, but on immune cells.
Being treated by ICI, some patients experience immune-related

Table 2
Summary of the key characteristics of the publications (N=20 research stu-
dies) assessing association between a clinical endpoint and overall survival in
ICI-treated patients.

Format of the communication, n (%)

Article 14 (70)
Conference abstract 6 (30)

Type of cancer, n (%)
Pooled cancer types 7 (35)
Non-small cell lung cancer 6 (30)
Melanoma 6 (30)
Urinary tract cancer 1 (5)

Type of treatment, n (%)
anti-PD-1 / anti-PDL-1 / anti-CTLA-4 8 (40)
anti-PD-1 or anti-CTLA-4 alone 6 (30)
Mix of treatment types (including ICI) 4 (20)
Interferon 1 (5)
Oncolytic virus 1 (5)

Treatment setting, n (%)
Advanced / metastatic 19 (95)
Adjuvant 1 (5)

Type of data, n (%)
Aggregated data 10 (50)
Individual patient data 10 (50)

Statistical method†, n (%)
Weighted linear regression model 8 (40)
Spearman or Pearson correlation coefficient 5 (25)
Cox model 7 (35)
Two-stage approach (individual-level surrogacy and trial-level

surrogacy)
3 (15)

Alternative clinical endpoints†, n (%)
Time-to-event endpoints
Progression-free survival 10 (50)
OS milestone rate/ratio 3 (15)
Recurrence-free survival 1 (5)
Categorical or continuous endpoints
Objective response rate 8 (40)
Disease control rate 1 (5)
Tumour burden increase from baseline 3 (15)
Depth of response 1 (5)
Durable response rate 1 (5)
Intermediate response endpoint 1 (5)
Health-related quality of life 1 (5)

† Multiple approaches or endpoints could be considered in the same study.
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responses such as initial increase in the size of tumours or appearance of
new lesions, before a subsequent and sustained reduction in tumour
burden occurs. This immunotherapy-specific phenomenon has stimu-
lated the development of immune-related response criteria, the iRECIST
(Seymour et al., 2017). Another explanation might be the residual ef-
ficacy of ICI for a longer duration (delayed treatment effect), these
drugs affecting OS more than PFS even after treatment discontinuation
(Gyawali et al., 2018). The poor correlation between ORR or DCR and
OS may be due to these ICI-specific phenomena as well. Lastly, poten-
tial information provided by other known metrics, such as tumour
burden increase, depth of response, health-related quality of life or
treatment-free interval merit further investigation in this population. To
date, few studies have investigated these alternative endpoints.

This work also highlights new clinical criteria, such as OS milestone
rate/ratio, DRR and IME, not assessed for previous generations of
therapy. A moderate to strong correlation between 1-year OS milestone
ratio and OS was observed in metastatic non-small cell lung cancer
patients (Blumenthal et al., 2017). Unfortunately, several type of
treatments were aggregated in this study due to the low number of RCT
of individual ICIs, which precluded formal validation of this endpoint as
an SE. Notably, Petrelli et al. focused on ICI-treated melanoma patients
and described a strong correlation between 1-year OS milestone rate
and median OS (Petrelli et al., 2016). However, we face methodological
concerns such as the impossibility of assessing surrogacy at the patient-
level with the milestone rate, which is an aggregate measure. For this
reason, this metric cannot be considered an adequate candidate SE.
Moreover, even though milestone rates may present some advantages,
another major limitation lies in the challenge of selecting the optimal
milestone time point which may differ between cancer types and tu-
mour stage (Hoss et al., 2013).

Based on the current published evidence, new composite endpoints,
such as DRR and IME, statistically better correlate with OS in the me-
tastatic cancer types considered. It seems to be more appropriate for
capturing the unique pattern of antitumor response and survival with
ICI treatments in the advanced setting. The main advantage of the
suggested exploratory metrics is the inclusion of a duration component,
which allows the persistence of the response to be taken into account,
even though pre-specification of the time dimension is challenging. It
also necessitates the use of specific statistical methods such as landmark

analysis. However, duration of response should not be considered as the
sole criterion for surrogacy. Emens et al. have argued that a composite
endpoint which includes ORR and duration of response might best
predict the effect of immunotherapy on long-term survival (Emans
et al., 2017). Recently, Pfeiffer et al. considered both ORR and duration
of response in their surrogacy assessment for OS in advanced non-small
cell lung cancer patients (Peiffer et al., 2018). Combination of ORR and
duration of response performed better as a surrogate for OS than
duration of response alone.

Considerable heterogeneity in the statistical approaches used to
assess surrogacy was noted in the studies evaluated. Only three research
studies applied a statistical method for evaluating both patient-level
and trial-level surrogacy. This two-stage approach is the only technique
to validate an SE adequately, and is most robust when performed with a
joint distribution function, as in the study of Suciu et al. (Shi et al.,
2011; Suciu et al., 2018). This method ensures that correlation between
endpoints measured on the same patient is taken into account. Only half
of the studies identified in this review considered individual patient
data. Difficulty in gaining access to individual patient data might be the
main reason for not considering this type of analysis. Another major
limitation of the available research is the pooling of tumour types, since
validation of an SE should be performed within a given disease setting
and for a specific drug class with a shared mechanism of action
(Burzykowski et al., 2005). Thus, based on the literature published and
from a methodological point of view, no validated SEs for OS are
available today for the study of ICIs in clinical trials.

This study presents some limitations inherent to any systematic
literature review. Publication bias stressed by Moher et al. may occur in
this type of review as non-significant associations are less likely to be
reported (Moher et al., 2009). Unfortunately, the impact of such bias
could not be assessed. Two databases were consulted and one can as-
sume that some references might not be included in these databases. We
selected these databases as they are the two largest medical ones.
Embase has the additional attractive characteristic to include major
oncology conference proceedings (such as ESMO and ASCO). Keeping
in mind these limitations, this work however is a valuable step forward
in the context of assessing surrogacy in ICI-treated patients. To our
knowledge, we have provided the first comprehensive list of alternative
endpoints analysed for their association with OS in ICI-treated

Table 3
Definition of the clinical endpoints identified in the systematic literature review.

Clinical alternative endpoint Definition

Time to event endpoints
Progression-free survival (PFS) Time from randomization until the minimum between a disease progression or death (any cause)
OS Milestone rate Kaplan-Meier survival probability at a time point defined a priori
OS Milestone ratio Ratio of milestone rates between 2 treatment arms
Treatment-free interval (TFI) Time since treatment interruption to disease progression and the need for re-initiation of the same treatment or initiation of another

therapy
Treatment-free survival (TFS) Time from end of therapy until need for next line treatment or death (the minimum)
Recurrence-free survival (RFS) Time from randomization until recurrence of tumour or death from any cause (the minimum)
Categorical or continuous endpoints
Objective response rate

(ORR)
Proportion of patients with tumour size reduction of a predefined amount and for a minimum time period. ORR is composed as the sum
of partial plus complete responses.

Disease control rate (DCR) Proportion of patients with partial or complete responses to therapy or in stable disease and for a minimum time period
Tumour burden increase from baseline Proportion of patients with < X% tumour burden increase from baseline, after a specific period of treatment and at a specific landmark

time point
Depth of response (DepOR) Percent tumour shrinkage at nadir, in comparison with baseline
Durable response rate (DRR) Continuous response (complete response or partial response) beginning in the first 12 months of treatment and lasting 6 months or

longer
Intermediate response endpoint (IME) IME response is a binary endpoint (response or non-response) defined as satisfying all of the three following criteria: 1. The patient

needed to be a target lesion responder, meaning the patient's target lesion score was less than an optimal cut-off value; 2. The patient
had no unequivocal non-target lesion progression as determined per RECIST 1.1 criteria within 1 year; 3. The patient had no new
unequivocal lesion as determined per RECIST 1.1 criteria within 1 year

Health-related quality of life (HRQoL) Individual's perception of their position in life in the context of the culture and value systems in which they live and in relation to their
goals, expectations, standards and concerns. It is a broad ranging concept affected in a complex way by the person's physical health,
psychological state, personal beliefs, social relationships and their relationship to salient features of their environment (World Health
Organization definition).
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populations, relying on a strong methodological approach. Results were
reported according to international guidelines (Moher et al., 2009), and
we did not restrict our investigations to primary research studies, but
also considered general discussions of alternative endpoints. Repeating
this study in upcoming years would be of interest, when more clinical
studies of ICIs have been performed in the same or other cancer types
and published.

As previously noted, endpoints other than OS are essential for reg-
ulatory approval of anticancer agents and it is of importance to identify
novel surrogate for efficacy for ICI (Kaufman et al., 2018; Saad and
Buyse, 2016). However, based on the current literature published, there
is no sufficient data to support validated SE for OS. In ICI-treated pa-
tients at the metastatic stage, adequate surrogacy assessment of pro-
mising composite endpoints which take into account a duration com-
ponent is encouraged.
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