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Abstract
Recent major phase III trials led to the approval of immune checkpoint inhibitors (ipilimumab, pembrolizumab, and nivolumab) in
metastatic malignant melanoma (MM). We aim to assess whether median progression-free survival, and 1 and 2-year overall survival
(OS) rates are reliable surrogate endpoints for median OS through a meta-analysis of published trials involving immunotherapy.
A systematic literature search in PubMed, EMBASE, Web of Science, and SCOPUS of published phase II to III trials with
immunotherapy as the treatment for MM was conducted. Adjusted weighted linear regression was used to calculate Pearson
correlations (R) between surrogates and median OS, and between treatment effects on surrogates and median OS. A total of
13 studies involving 3373 patients with MM were identified. The correlation of progression-free survival with OS was not significant
(R=0.45, P= .11). Conversely, the correlation between 1-year OS and median OS was very strong (R=0.93, 95% confidence
interval [CI] 0.84–0.96, P< .00001), as was the correlation between 2-year OS and OS (R=0.79, 95% CI 0.51–0.91, P= .0001). The
correlation between the treatment effects on 1-year OS andOSwas also significant (R=�0.86, 95%CI�0.3 to 0.97, P= .01). Similar
results were obtained for 2-year OS. According to the available study data, 1-year OS rate could be regarded as a potential surrogate
for median OS in novel immunotherapy trials of metastatic MM. Waiting for ongoing studies (e.g., pembrolizumab), we suggest that
this intermediate endpoint could be considered as a potential primary endpoint in future clinical trials.

Abbreviations:CTLA-4= cytotoxic T-lymphocyte antigen 4, HR= hazard ratio, MM=malignant melanoma, OS= overall survival,
PD-1 = programmed death 1 receptor, PD-L1 = programmed death ligand 1, PFS = progression-free survival, PPS =
postprtogression survival, WHO = World Health Organization.
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1. Introduction due to the late control of the disease and a short median follow-up
Metastatic malignant melanoma (MM) is a disease with a poor
prognosis. Traditionally, the backbone agent of treatment has
been dacarbazine.[1,2] Recently, systemic therapy with immune
response checkpoint inhibitors (ipilimumab, nivolumab, and
pembrolizumab) has increased 1 and 2-year survival compared
with the standard treatment, particularly for the v-Raf murine
sarcoma viral oncogene homolog B (BRAF)–wild-type subgroup.
There are also some long-term survivors; in particular, a 20%
of those treated with nivolumab and ipilimumab are alive at 3 to
5 years.[3–7] In these recent trials, especially with nivolumab,
median overall survival (OS) rates have not often been reached,
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period (9–12 months), with some delayed responses linked
to immune system re-activation.[8,9] In a recently published
randomized phase III study comparing nivolumab + ipilimumab
versus ipilimumab alone, a 9-month increase in median
progression-free survival (PFS) has still not provided enough
events for an OS analysis.[9]

Although OS is the gold-standard measurement of treatment
efficacy in most cancers, the evaluation of OS in clinical trials
concerning metastatic MM requires a lengthy follow-up due
to improvements in survival time with immune checkpoint
inhibitors. Moreover, estimates of OS are increasingly impacted
by treatment cross-over or maybe re-challenge with immuno-
therapy (e.g., ipilimumab) or use of Mitogen-activated protein
kinase kinase (MEK) inhibitors.[10,11] The median pooled OS
with ipilimumab therapy is about 12 months, with a 50, 30, and
26% 1 to 2 and 3-year OS in treatment-naive patients.[6] In a
pooled analysis of 42 phase II trials published in a preimmune
checkpoint inhibitor era, the combinedmedianOSwas 6months,
whereas 1-year OS was 25%.[12]

There has been a significant interest in validating surrogate
endpoints for OS in advanced cancers, particularly in tumors
with several lines of therapy available and a long natural history
(e.g., breast cancer). Utilized as a substitute for another clinical
endpoint, a surrogate is a measure that is expected to predict a
sufficient clinical benefit in terms of outcome (OS). Correlation
analyses have validated surrogate endpoints for OS in MM
treated with dacarbazine as a control arm,[13] but immuno-
therapies were included in only 1 trial. In this analysis of

mailto:faupe@libero.it
http://dx.doi.org/10.1097/MD.0000000000003997


randomized, dacarbazine-controlled trials, a strong correlation 2.2. Data extraction
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between PFS andOSwas found. If this would be confirmed in trials
including modern therapies (immune checkpoint inhibitors),
surrogacy could permit to design smaller randomized trials and
could avoid withdrawal of potentially effective new treatments
from future development. Typically evaluated as a secondary
endpoint in oncology trials, PFS represents an attractive candidate
for a surrogate endpoint, because it only measures the effect of the
study drug and is not influenced by subsequent treatments (or
cross-overs) that patients receive. Until today, the relationship
between PFS andOS inMM treatedwith immunotherapy remains
unclear. Furthermore, novel anticancer drugs have become
available for MM, and the relationship between postprogression
survival (PPS) and OS could dilute any survival benefit that is
potentially observed with immunotherapy. For example, in breast
cancer, where several lines of therapy are usually prescribed, OS
benefit with first-line agents is difficult to capture in the presence of
prolonged PPS.[14] In this and other diseases where natural history
of cancer is chronically prolonged (as recent data in MM have
clearly shown), intermediate endpoints could reliably surrogate
OS. However, responses to immunotherapy are sometimes late,
with initial forms of pseudo-progression and subsequent shrinkage
of metastases. Ipilimumab was actually associated with different
patterns of responses, including a response after an increase in the
total tumor burden, and also a response in the presence of new
lesions, and these were all associatedwith a favorable outcome.[15]

As a consequence, different endpoints such as 1 and 2-year OS
could be validated as surrogates.
The purpose of this study was to evaluate the relationship in

MMbetween median PFS, 1 and 2-year OS rates, and median OS
to validate them as surrogate endpoints for OS. A systematic
review and arm-level analysis evaluated the association between
median OS and 1 and 2-year OS rates, and median PFS in clinical
trials of immune checkpoint inhibitors for MM.
2. Materials and methods

3. Results

2

2.1. Literature search and study selection

A systematic literature search was conducted of PubMed, Web of
Science, SCOPUS, and Embase up to July 3, 2015. Ethical
approval was not required because it was not a human research
study. The search terms included “melanoma” and CTLA-4 or
PD-L1 or PD-1 “melanoma”[All Fields] and (“ctla-4 antigen”
[MeSH Terms] or (“ctla-4” [All Fields] and “antigen” [All
Fields]) or “ctla-4 antigen” [All Fields] or “ctla 4” [All Fields])
or (“antigens, cd274” [MeSH Terms] or (“antigens” [All Fields]
and “cd274” [All Fields]) or “cd274 antigens” [All Fields] or
(“pd” [All Fields] and “l1” [All Fields]) or “pd l1” [All Fields]) or
PD-1 [All Fields]).
The search was limited to phase II to III clinical trials published

in the English language. Two researchers (FP and AC) reviewed
each abstract and text against the study inclusion and exclusion
criteria. Any disagreement was resolved with the senior author
(SB). Studies were included if they evaluated immune checkpoint
inhibitors (anti-cytotoxic T-lymphocyte antigen 4 [CTLA-4] or
anti-programmed death 1 receptor [PD-1]/programmed death
ligand 1 [PD-L1] drugs) for only cutaneous MM, reported both
median OS and either median PFS (or time to progression) or
1 and/or 2-year OS rates. Retrospective or prospective series
and phase I studies were excluded. In the event that a study was
published in multiple articles or abstracts, the most recent data
were used.
Data were extracted for study design, year of publication, sample
size per treatment arm, treatment, and treatment line for each
included study. Data on the response rate, median OS, 1 and 2-
year OS rates, and median PFS were also collected.

2.3. Statistical analysis

The primary clinical outcomes were PFS, and 1 and 2-year OS
rates. Our analysis used OS and PFS (or time to progression) data
as defined and reported in the selected trials. Data on the median
PFS and the proportion of patients alive at 1 and 2 year per
treatment arm were extracted from each trial as surrogate
endpoints for the analysis. The hazard ratio (HR) of the PFS and
the difference (delta) in 1 and 2-year OS between the
experimental and the control arms were used as the treatment
effect estimate of clinical outcome. Two correlations were
calculated between the summary statistics to determine surrogacy
according to methods previously reported[16–18] Correlations
were achieved using weighted linear regression with the log
transformation of the HRs and weights proportional to the
sample sizes. The first approach, termed outcome surrogacy,
computed the correlation between median PFS, 1 and 2-year OS
rates (%), the potential surrogate endpoints, and median OS. The
correlation was evaluated over all the treatment arms and is
described as R (Pearson correlation coefficient). A strong or very
strong correlation (R>0.6–0.8 or >0.8) would be consistent
with surrogacy for OS.[19] The R-squared (R2) determination
coefficient (the proportion of variability in OS explained by the
variability of the surrogate endpoint) was also presented. The
second approach, termed trial-level surrogacy, assessed the
correlation between the reported treatment effects on a surrogate
(logHR for PFS and delta in 1 and 2-year OS%), and those on OS
(logHR for OS), which is the relevant endpoint. A very positive
correlation would support PFS and 1 or 2-year OS as surrogate
measures for OS.[19]

Furthermore, to explore the impact of other study variables,
additional analyses were performed that stratified treatment arms
by treatment line (first-line only); treatment type (ipilimumab);
and (iii) phase III trials alone. The 95% confidence intervals (CIs)
were obtained using the percentile bootstrap. All the reported P
values correspond to 2-sided tests, and those that were less than
0.05 were considered to be statistically significant. Analyses were
performed with the NCSS 2007 software (version 07.1.21,
released June 1, 2011).
As per the systematic literature review, a total of 2184
publications were analyzed (Fig. 1), with 13 studies considered
for inclusion in the final analyses.[3,4,20–32] Most of the studies
were randomized phase II (n=5) or III clinical trials (n=4),
although n=4 single-arm phase II studies were included. The
evaluated immune checkpoint inhibitors included ipilimumab
alone or in combination (n=10 trials), and nivolumab and
tremelimumab in n=1 and n=2 trials, respectively. In the control
arms of randomized trials, dacarbazine, a chemotherapy drug
chosen at the discretion of the investigator (either dacarbazine or
temozolomide), gp100, and ipilimumab alone were the agents of
choice in n=2, n=1, n=1, and n=7 arms, respectively.
These studies involved 26 treatment arms and 3373 patients

(Table 1). There were between 21 and 676 patients with
advanced ormetastaticMMacross the study treatment arms, and



the median reported OS rates ranged from 3.7 to 19.3 months. In 95%CI�0.12 to 0.78, P= .11). TheR2 values were 0.21 (P=not

3.2. Trial-level surrogacy

Records iden�fied through Pubmed 
searching
(n=109)

Addi�onal records iden�fied 
through other sources

(n=2075)

Records a�er duplicates removed
(n=835)

Records screened
(n=835)

Records excluded
(n=820)

Full-text ar�cles assessed 
for eligibility

(n=16)

Full-text ar�cles excluded, 
with reasons

(n=2 because they did not 
reported median overall 

survival)

Studies included in 
qualita�ve synthesis

(n=14)

Studies included in 
quan�ta�ve synthesis 

(meta-analysis)
(n=14)

Figure 1. Flow diagram summarizing the strategy used to identify eligible studies.
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n=1 study, the median OS in experimental arm was not
available, but the survival data of control arm were included in
outcome surrogacy analysis. The median reported values for
median PFS ranged from 1.2 to 5.1 months. The 1 and 2-year OS
rates ranged from 19% to 72.9% and from 10% to 41.7%.
Among these trials, the n=7 trial involved pretreated patients,
n=4 treatment-naive patients, and n=2 both untreated and
previously treated patients. The pooled median response rate,
PFS, OS, 1 and 2-year OS were 10%, 2.69 months, 11.2 months,
45.8%, and 24%, respectively. In the n=1 study, time-to-
progression instead of PFS was presented.
The evaluation, as reported in the “Materials and methods”

section, was performed using 2 different steps: the first considered
the simple correlation between PFS, the 1 and 2-year OS%, and
OS (reported as medians in months) for all treatment arms. The
second step, which was necessary to demonstrate surrogacy,
evaluated if any increase in PFS and the delta in 1 and 2-year OS
% (the surrogate candidates) were fully captured by an increase
in median OS (the main endpoint).
3.1. Outcome surrogacy
Among a total of 28 arms available, the values for the PFS/OS
correlation were reported in n=13 trials. In the analysis of all the
treatment regimens, the PFS correlated weakly with OS (R=0.45,
3

significant). The correlation between the 1-year OS%/OS was
available for n=25 arms and was very strong (R=0.93, 95% CI
0.84–0.96, P< .00001; Fig. 2); R2 was 0.86 (P<0.00001). The
correlation between the 2-year OS%/OSwas strong (n=18 arms)
(R=0.79, 95% CI 0.51–0.91, P= .0001; Fig. 3); R2 was 0.63
(P=0.0001).
Restricting the analysis to the ipilimumab-alone studies (n=20

arms), the correlation of PFS with OS was poor (R=0.51, P=not
signifcant); instead, the correlations of the 1 and 2-year OS%
with median OS were good (R=0.93, P<0.00001; andR=0.81,
P=0.0001).
An analysis of the phase III trials and first-line studies was not

performed because only 4 were available.
A total of 4 pairs of HRs for PFS and OS between the treatment
arms were reported in n=4 randomized trials, and so this
correlation was not performed due to the paucity of data. The
correlation deltas for the 1 and 2-year OS%/logHR OS were
available for 7 and 6 pairs of comparisons. The correlation was
very strong for the delta 1-year OS/logHR OS (R=�0.86, 95%
CI�0.3 to 0.97, P=0.01, R2=0.75; Fig. 4) and also for the delta
2-year OS/logHR OS correlation (R=�0.83, 95% CI �0.07 to
0.97, P=0.03, R2=0.70).

http://www.md-journal.com
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The slope of the regression equation, namely the estimated
it does not eliminate the impact of cross-overs in the event of

Figure 2. Correlation of 1-year with median overall survival. Figure 4. Treatment effect on delta 1-yeas overall survival (OS) with log hazard
ratio (logHR) of median OS.
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change in the HR of OS per unit change in the rate of 1-year OS,
was �0.019, with a standard error of 0.0667 (logHR OS=
[�0.0587] + [�0.019]

∗
delta 1-year overall survival (YOS)). This

means that a treatment associated with a 10% increase in 1-year
OS translated into an approximate 19% reduction in the risk of
death. Similarly, the slope of the regression equation, and the
estimated change in the HR of OS per unit change in the 2-year
OS rate, was �0.0364, with a standard error of 0.0911 (logHR
OS= [�0.0167] + [�0.0364]∗delta 2-YOS). This means that a
treatment associated with a 10% increase in 2-year OS translated
into a 36.4% reduction in the risk of death.
For ipilimumab, only studies with a correlation delta of 1 and

2-year OS with logHR OS were different. The first (1-year OS)
was strongly correlated (R=�0.92, 95% CI �0.43 to 0.98,
P= .0076, R2=0.86), whereas the second was not correlated at
all (R=�0.5, 95% CI 0.58–0.92, P= .38, R2=0.25).
4. Discussion
The use of surrogate endpoints in advanced cancers may facilitate
the earlier analysis of trial data and provide more straightforward
estimates of efficacy of any new drug tested in randomized, even if
Figure 3. Correlation of 2-year with median overall survival.
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disease progression, in particular, with highly effective therapies.
Recently, for example, the first-line trial comparing nivolumab to
dacarbazine revealed a 30% difference for 1-year OS (72% vs
42%), with the anti-PD-1 antibody compared with chemothera-
py, even if median OS was not achieved in the experimental arm
at a median follow-up of 9months. However, both European and
US health authorities have approved nivolumab for the treatment
of advanced unresectable or metastatic MM in adults, regardless
of BRAF status, even in the absence of an actually demonstrable
gain in median OS. The present analysis reveals that 1 and, to a
lesser extent, 2-year OS rates are strong candidates for the role of
surrogate endpoints for OS in trials treating metastatic MMwith
immunotherapy. Essentially, it is expected that fit and younger
patients, with no rapidly progressing visceral disease/brain
metastases and alive at 12 months, are those prognostically
favored. Conversely, PFS is weakly correlated with OS.
Immunotherapy has revolutionized the treatment of advanced

MM, which previously limited life to a few months. The therapy
is associated with the prolonged stabilization of long-lasting
disease, even after drug interruption, and there are some long-
term survivors at 3 and 5 years.[6] With older agents (e.g.,
dacarbazine), the responses were short-lived and the disease was
associated with rapid progression and death, particularly in
patients with a poor performance status, and brain and visceral
metastases.[12] In 2014, Flaherty et al[13] found a robust
correlation between PFS and OS in trials in which dacarbazine
was the comparator arm. In this analysis, only the trial by Robert
et al[25], comparing ipilimumab + dacarbazine to dacarbazine
alone, included immune checkpoint inhibitors. We now expand
this analysis by considering only recently published phase II to III
trials that involve immunotherapies (both anti-CTLA-4 and PD-1
inhibitors) and report survival data. We have found a very strong
association between the 1-year OS rate and median OS, and a
very weak correlation of PFS with median OS. In particular, the
regression equation shows that a clinical trial comparing a new
treatment that is able to increase 1 and 2-year OS by 10% is
powered to detect a 19% and 36% reduction in the risk of death.
This analysis primarily addresses ipilimumab trials, because only
1 study among those included compared nivolumab as an
experimental arm to other treatments. In particular, the
correlation is so robust that the rate and increase in the 1-year
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OS rate accounted for 86% and 75% of the variability in the Similarly, 5-year OS (milestone) instead of median OS could be
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median OS and HR for death, respectively.
In a disease where the natural history has ultimately changed,

with long-lasting responders and some long-term survivors, there
are several reasons to consider 1 and 2-year OS rates as optimal
intermediate and surrogate endpoints instead of PFS (or time to
progression) or the objective tumor response. First, OS at
predefined time points is objective, simple to capture, and could
overcome technical difficulties in evaluating the response rate and
timing of disease progression on radiological imaging with
immunotherapies. A reduction in the tumor burden is typically
not immediate with ipilimumab, although it is faster with
nivolumab. However, the criteria for defining the progression of
disease are not equivocal, and classical World Health Organiza-
tion (WHO) benchmarks are perhaps inadequate. Indeed, in the
immune-related response criteria, the appearance of new lesions
does not always define a progression of disease, and any new
lesion is incorporated in the total tumor burden size.[33] Finally,
in new trials combining 2 immunotherapies (nivolumab +
ipilimumab),[34] a dramatic increase in efficacy has been
observed, with median PFS reaching 12 months, leading to an
increase in median OS that is hard to measure with just a few
months of observation. In a similar companion trial that
compared the combination with ipilimumab alone, the median
duration of the response and PFS were not actually achieved.[9] A
surrogate endpoint in this setting could be useful, particularly for
the rapid approval of these new drug combinations. For the
reasons depicted above, in fact, evaluating 1-year OS as the
primary endpoint of such randomized trials (with median OS
unlikely to be reached with early follow-up) is more useful and
time-sparing. Furthermore, radiographical difficulties in estimat-
ing progression data make such intermediate endpoint appealing
for future design of clinical trials. On the contrary, in a disease
where early death occurs rapidly, however, 1 or 2-year OS could
be superimposable to median OS.
Our analysis has some obvious limitations. First, this is a

literature-based analysis and only hypothesis-generating, mean-
ing that confirmation with individual patient data is necessary.
Furthermore, there were limited follow-ups for most of the trials
presented. Second, the heterogeneity of the trials could have
influenced the analysis, because small-scale phase II trials and
larger phase III studies were combined, with both naive and
pretreated patients included. A separate analysis (for line of
therapy and type of study) is of limited power, because little data
are available and so was not performed. The data on ipilimumab
trials are, conversely, the main part of the included series, robust,
and reflect data from the long-term analysis of published trials
presented by Schadendorf et al[6] in early 2015, with nearly
similar outcomes for pretreated and naive patients at 3 years.
Third, this analysis only refers to immunotherapy-based treat-
ments, and the results cannot be automatically applied to anti-
BRAF agents. Fourth, the analysis primarily covered trials with
anti-CTLA-A drugs, with only 1 study including the novel anti-
PD-1 agent nivolumab that is currently the standard treatment in
first-line therapy. Fifth, for a large published phase III trial,[34]

and in particular for those with the anti-PD1 agent pembroli-
zumab,[35,36] final OS analysis is not still available for inclusion in
the present study, and a further update of this analysis could even
reinforce the strength of surrogacy. In both studies, however, OS
at 1 year is about 70%, which was even higher than those
reported in the included studies. However, lack of these relevant
studies makes the present analysis a little too preliminary. Finally,
it is debatable which is the best primary endpoint in MM.
an appealing endpoint in MM treated with immunotherapy. In
fact, in ipilimumab trials, almost double number of patients are
alive at 5 years, and this can be more clinically relevant of a little,
albeit significant, improvement in median OS.
However, some strengths of the research must be underlined.

This is the first systematic analysis of surrogate endpoints in MM
after the chemotherapy era, and covered more than 3000 fit
patients enrolled in clinical trials. In trials with immunotherapy,
we found that 1 and 2-year OS rates are strong surrogates for OS,
accounting for most of the entire outcome variation. We included
all trials with ipilimumab alone or in combination, except 2
recent nivolumab/ipilimumab phase III studies and phase I trials.
Second, it seems to be confuted that PFS can be regarded as a
formal surrogate. Third, the very strong correlation between the
1-year OS rate and OS suggests that this endpoint could be
further explored as a potential surrogate of OS inMMwhen new
therapies are explored in the near future.
In conclusion, in a lethal disease where limited options were

available for many years, drugs that target the immune system
have now prolonged the natural history of MM to a chronic
illness. Survival postprogression, with the exposure to several
lines of modern therapies, accounts now for almost the entire
survival, and so the need for a surrogate exists. In patients with
metastatic disease, several options are now available (namely
ipilimumab, nivolumab, pembrolizumab, cytotoxics, interleukin-
2, anti-MEK, and anti-BRAF agents in BRAF mutatedMM), and
so long-term survivors are a realistic possibility. Even if OS
probably still drives any investigation of new drugs in
randomized trials in MM, the present preliminary analysis of
13 trials, with the limitations of an immature follow-up data and
lack of inclusion of some relevant studies, suggests that the rate of
1-year OS could be an appropriate surrogate endpoint for OS in
any line of treatment for advanced MM using immunotherapies.
Additional intermediate endpoints in MM, including tumor or
patient-related clinicopathological or radiological biomarkers
used for other diseases, should also be explored in advanced
MM.
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