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Summary
Background Immune checkpoint inhibitors (ICIs) have demonstrated their efficacy with a 7.5-year overall survival
(OS) close to 50% for advanced stages. The design of clinical trials provides for treatment until progression or
toxicity, or for a maximum duration of two years. Prolonged follow-up of responders after treatment cessation
shows sustained response and a low risk of relapse in the months following cessation. To date, the optimal
duration of anti-PD-1 therapy for metastatic melanoma remains unestablished. The objective of this work was to
evaluate the optimal duration of ICI administration.

Methods We emulated target trials using the cloning, weighting and censoring approach. Each emulation
trial aimed to compare the effect of discontinuing versus continuing ICIs at a specific timepoint, among
patients still under treatment and with disease control at that time. Patients were from MelBase between 2015
and 2021.

Findings 435 participants in the MelBase cohort were eligible and were included in the 6-month discontinuation
emulated trial. The results showed significantly lower OS when treatment was discontinued, than when treatment
was prolonged for at least three months. The 48-month survival difference was 37.8% (95% confidence interval
[CI] 19.8–60.5), and the corresponding restricted mean survival time difference was 8.3 months (95% CI:
4.1–12.7). Neither the 12-month nor the 18-month discontinuation emulated trials showed evidence of benefit of
either discontinuing or continuing ICIs at either of these timepoints. The 24-month discontinuation emulated
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trial results were more in favor of discontinuing than continuing treatment at that time point, with an absolute 48-
month survival rate that was 10.5% higher (95% CI 4.4–18.1).

Interpretation These results suggest that a one-year course of immunotherapy is both necessary and sufficient for
patients with advanced melanoma. Prolonged treatment beyond 2 years does not appear to be beneficial in terms
of survival and could even be detrimental.

Funding This work was supported by a grant from Bristol Myers Squibb, Merck Sharp Dhome, Pierre Fabre, Novartis,
Sun Pharm, Regeneron, Sanofi, Nektar, Therapeutics and Oncyte.

Copyright © 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
Immune checkpoint inhibitors have demonstrated their
efficacy in advanced melanoma. In trials, treatment was
continued until progression, toxicity or a maximum of 2
years. Continuing treatment indefinitely predisposes patients
to immune toxicities, interferes with their quality of life and
represents a major economic cost. Some studies have
suggested that immune checkpoint inhibitors could be
discontinued, especially for responders, but did not formally
compare different treatment durations in comparable
patients. We searched PubMed for all randomized controlled
clinical trials evaluating the efficacy of immunotherapy in
advanced melanoma and tackling the issue of the duration of
treatment. Since no randomized controlled trials was found,
we extended our search to observational data. The PubMed
search was not limited by date. Search terms were “PD-1′′,
“CTLA-4′′, “duration”, “advanced melanoma”,
“pembrolizumab”, “nivolumab” and “ipilimumab”. We
identified four retrospective studies, two of which looked at
discontinuation in the absence of progression or toxicity, and
one single-center prospective study on 38 patients which

limited treatment to 6 months. We then searched
ClinicalTrials.gov for registered studies, and found three
ongoing randomized controlled trials, that evaluate the
impact of stopping treatment among patients who achieve
response; results are not expected to be available until the
upcoming years. As of now, the optimal duration has yet
been to be determined.

Added value of this study
Our study shows that stopping at 6 months is not ideal.
Beyond 2 years, continuation was less beneficial. Although
these findings need to be confirmed by randomized
controlled trials, they provide useful indications for everyday
clinical practice.

Implications of all the available evidence
Our results are in-line with existing evidence and support
treatment for at least one year. Further studies are needed to
investigate whether different treatment durations may be
used depending on response achieved and the duration of
this response.
Introduction
Melanoma is a malignant tumor derived from melano-
cytes, accounting for only 10% of skin cancers but 90%
of skin cancer-related deaths. Historically, 10–12% of
patients with advanced stages respond to chemotherapy
with a median survival of 6–9 months.1 Significant
progress in treatment has been achieved in the last
decade thanks to a better understanding of molecular
changes occurring during melanoma progression and
interactions with the immune system. Immune check-
point inhibitors (ICIs) and targeted therapies inhibiting
the MAPK (Mitogen-Activated Protein Kinase) pathway
have demonstrated their effectiveness and are now part
of the therapeutic arsenal in the earliest stages. In fact,
adjuvant therapies have shown efficacy, with a reduced
risk of recurrence. The estimated 3-year incidence of
relapse-free survival (RFS) has been reported to be 58%
in the group receiving a combination of BRAF/MEK
inhibitors (dabrafenib/trametinib) and 39% in the pla-
cebo group (hazard ratio (HR) for relapse or death, 0.47;
95% confidence interval (CI), 0.39–0.58; P < 0.001).2

Immunotherapy with anti-programmed death-1 anti-
bodies (anti-PD1) has also proved effective3,4 and the use
of these therapies has even been extended to stages IIB
and IIC5 which are not accessible to treatment with anti-
BRAF/MEK in the absence of available trials for these
stages. In this study by Luke JJ et al., with a median
follow-up of 20,9 months, 15% patients with completely
resected stage IIB or IIC melanoma in the pem-
brolizumab group and 24% in the placebo group had a
first recurrence or died (HR 0.61 95% CI [0.45–0.82].
Concerning advanced stages, regular data updates
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confirm unprecedented responses to these therapies,
with a 7.5-year overall survival close to 50% under anti-
PD1 ± anti-cytotoxic T-lymphocyte-associated protein 4
(anti-CTLA4).6 The design of clinical trials provides for
immunotherapy treatment until progression or toxicity,
or for a maximum duration of two years.7–9 Prolonged
follow-up of responders after cessation shows sustained
response and a low risk of relapse in the months following
cessation, especially in cases of complete response
(CR).10–12 Prolonged use of ICIs exposes patients to an
increased risk of toxicities, impacting their quality of life
and generating a societal cost. In this respect, the latest
recommendations published by ESMO in 202013 suggest
that discontinuation of ICI treatment can be considered for
patients with CR who have received at least 6 months of
treatment, and for patients with partial response (PR) or
stable disease (SD) who have received at least 2 years of
treatment. However, there are no currently available pro-
spective studies to determine the optimal duration of ICI
treatment in advanced melanomas.

Regarding causal inferences, randomized clinical
trials (RCTs) are the gold standard, but their imple-
mentation is not always feasible for reasons of ethical
concerns, cost, and lengthy duration. Recently, a new
statistical approach using emulated trials has emerged
to optimize the use of observational data to address
questions of causality in the absence of RCTs.

The objective of our work was to evaluate the optimal
duration of ICI treatment, using observational survival
data derived from patients with advanced melanoma.
Methods
Study design
To estimate the effect of ICI treatment duration, we
conducted an open-label series of four emulated trials
using the cloning, weighting and censoring
approach.14–16 Each emulated trial aimed to compare the
causal effect of discontinuing versus continuing ICIs at
a specific timepoint, among patients still under treat-
ment and with disease control (non-progressive disease)
at that time. Patients who discontinued treatment as a
result of toxicity or progression were excluded at each
assessment time point.

Data sources
Patients were selected from the national database Mel-
Base. In brief, this is a French multicenter national
cohort dedicated to the prospective monitoring of adult
patients with unresectable stage III or IV melanoma
running from February 2013 to March 2021.

The inclusion criteria for our study targeted in-
dividuals aged ≥18 years, with a histologically
confirmed diagnosis of advanced melanoma (unresect-
able stage III or stage IV) and treated with anti-
PD1 ± anti-CTLA4 for at least 6 months in first-line
setting. Patients were required to have controlled
www.thelancet.com Vol 78 December, 2024
disease at the time of the decision to discontinue treat-
ment (CR, PR or SD). Patients treated for less than 6
months or those who discontinued treatment as a result
of toxicity or progression were excluded.

Ethics
MelBase protocol was approved by the French ethics
committee (CPP Ile-de-France XI, n◦12027, 2012), the
local ethics committee, as well as the ethics committees
of all the participating institutions. MelBase was regis-
tered in the National Institutes of Health clinical trials
database (NCT02828202). Written informed consent
was obtained from all patients.

Statistics
The approach for emulation of a target trial using
observational data consisted in the following steps: (1)
specification of the target trial and eligibility criteria; (2)
defining a grace period to determine whether or not a
participant would be compliant with the protocol; (3)
cloning participants so that each study participant is
allocated to each treatment duration group; (4) censoring
the clones when their actual treatment deviates from
their group; (5) deriving inverse probability weights to
account for the selection bias arising from artificial
censoring; (6) analyzing the data using these weights.

We considered a first hypothetical trial where par-
ticipants with disease control under ICIs at 6 months
would be randomized to either discontinue or continue
treatment. In the primary analysis, we allowed for a
grace period of three months, thus targeting a trial
where participants would be randomized either to dis-
continue treatment within three months or to continue
treatment for at least three months. The grace period
duration was determined according to the usual moni-
toring interval in Melbase, where monitoring occurs
every three months. The primary outcome would be
survival up to 42 months following randomization (i.e.
48 months from immune checkpoint initiation), and the
between-group comparison would be expressed in terms
of difference in survival at 42 months from randomi-
zation, and difference in restricted mean survival time at
42 months from randomization. A synopsis of the target
trial and emulated trial is given in Supplementary
Table S1. Three other similar trials were then
emulated, considering decision points beyond 6
months, namely 12, 18, and 24 months. The approach
was exactly the same as for the first emulated trial,
except for the time-horizon for the primary outcome
(survival), which was modified so that it always corre-
sponded to 48 months from immune checkpoint in-
hibitor initiation. Accordingly, the time horizon was set
at 36, 30 and 24 months respectively.

To adjust for indication bias in the actual decisions to
discontinue or continue treatment at the target trial
decision point (6, 12, 18 or 24 months), a Cox model for
the time to deviation from the assigned strategy was
3
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fitted separately in each group (discontinuing treatment
at the decision timepoint or continuing), with time-
dependent covariates. Weights corresponded to the
inverse group-specific probability of remaining (artifi-
cially) uncensored in the course of follow-up, according
to individual covariates. To ensure stability, weights
were truncated at their 99th percentile. The analytic
strategy closely followed that outlined in Maringe et al.,
except for the use of time-dependent covariates in our
analysis.15 A predefined set of covariates (confounders of
the treatment continuation-outcome relationship) was
determined on the basis of clinical knowledge. These
were calendar year, sex, age, American Joint Committee
on Cancer (AJCC) stage, brain metastases, liver metas-
tases, lactate dehydrogenase (LDH) levels >2 ULN, and
response, the last being considered as a time-dependent
variable to account for longitudinal evaluations of
response. Because of the possibly limited number of
deviations from the assigned strategy in some of the
emulation trials, a minimum set of covariates among
those predefined was determined for each emulated trial
and group, in order to balance the treatment groups as
far as possible immediately after the grace period, while
preserving model fit. The final analysis consisted in
estimating survival in each group in the weighted
sample17 and computing the survival difference and
restricted mean survival difference at the prespecified
time horizon.18 In view of the complexity of trial
emulation, all standard errors of estimates were ob-
tained using bootstrapping, where all steps of trial
emulation were repeated in 500 bootstrap samples.

Several sensitivity analyses were carried out, first vary-
ing the grace period from 2 months to 4 months, and then
setting the decision timepoint one month back, i.e. at 5, 11,
17 and 23 months, instead of 6, 12, 18 and 24 months, still
with three values for the grace period duration, i.e. 2, 3 or 4
months. In another sensitivity analysis, we analyzed OS up
to 36 months from the decision timepoint.

All analyses were carried out using R statistical
software version 4.0.5 (R Foundation for Statistical
Computing. Vienna, Austria, 2021).

Role of funding source
This work did not receive any funding. MelBase is a
database financed by the French National Cancer Insti-
tute and a share from the pharmaceutical industry:
Roche, BMS, Novartis, MSD and Pierre Fabre. The
funding sources had no role in the design and conduct
of the study; collection, management, analysis and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit the
manuscript for publication.
Results
The study comprised 1017 participants in the MELBASE
cohort who initiated immune checkpoint inhibitor
treatment from March 2015 to December 2021
(Table 1). Patient characteristics were well balanced. Of
the 1017 patients included, 221 were treated with the
combination of ipilimumab and nivolumab, 475 were
treated with pembrolizumab and 321 with nivolumab.
Supplementary Fig. S1 shows OS according to the
treatment received. We did not observe any differences
relating to whether patients were treated with mono-
therapy or combination therapies. Almost half of the
patients discontinued treatment within the first 6
months (Fig. 1). Supplementary Fig. S2 shows that the
two main reasons for early discontinuation of immu-
notherapy were toxicity and disease progression, but
that elective discontinuation also occurred regularly over
time.

Overall, 435 participants were eligible and included
in the 6-month discontinuation emulated trial, 43 of
whom discontinued ICIs within the 3-month grace
period, 316 in the 12-month discontinuation emulated
trial (39 discontinued), 199 in the 18-month discontin-
uation emulated trial (24 discontinued), and 133 in the
24-month discontinuation emulated trial (14
discontinued).

Results of the 6-month discontinuation emulated
trial showed a clearly lower OS for individuals for whom
treatment was discontinued, compared to those whose
treatment was continued for at least three months
(Fig. 2A). The 48-month survival difference was 37.8%
(95% confidence interval [CI] 19.8–60.5), and the cor-
responding restricted mean survival time difference was
8.3 months (95% CI 4.1–12.7), meaning that those
continuing treatment gained an average 8 months of
additional life duration over the next 42 months
(Table 2). It can be noted that although the character-
istics of the two groups were quite different, weighting
was fairly successful in reducing the imbalance, with
standardized mean differences below 15% and often
under 10% (Supplementary Table S2). The treatment
discontinuation group comprised a slightly larger pro-
portion of patients with progressive disease at the end of
the grace period after weighting, but the difference (less
than 5% absolute difference) is unlikely to explain the
considerable benefit observed in terms of survival and
restricted mean survival time in favor of the continua-
tion group. These results were confirmed by all sensi-
tivity analyses (Supplementary Fig. S3).

Neither the 12-month nor the 18-month discontinu-
ation emulated trials showed evidence of benefit of
either discontinuing or continuing immune checkpoint
inhibitors at either of these timepoints (Fig. 2B and C
respectively). Stopping treatment at either 12 or 18
months yielded a 48-month survival that was 3.7%
higher (95% CI –8.3 to 14.1) or 4.2% (95% CI –5.3 to
14.9) than for continuing treatment. In both cases, the
48-month restricted mean survival difference between
continuing versus discontinuing treatment was 0.7
months (95% CI –1.8 to 4.5) at 12 months and 0.4
www.thelancet.com Vol 78 December, 2024
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Characteristic Overall
(n = 1017)

Pembrolizumab
(n = 475)

Nivolumab
(n = 321)

Ipilimumab +
nivolumab
(n = 221)

Period, no. (%)

2015–2017 408 (40) 261 (55) 128 (40) 19 (9)

2018–2019 351 (35) 163 (34) 141 (44) 47 (21)

2020–2021 258 (25) 51 (11) 52 (16) 155 (70)

Male, no. (%) 593 (58) 245 (52) 205 (64) 143 (65)

Age, mean (SD) years 66.8 (14.4) 69.6 (13.3) 68.6 (13.6) 58.3 (14.4)

Performance Status, no. (%)

0 718 (71) 340 (72) 209 (65) 169 (76)

1 247 (24) 113 (24) 93 (29) 41 (19)

2 34 (3) 15 (3) 15 (5) 4 (2)

3 16 (2) 7 (1) 4 (1) 5 (2)

4 2 (<1) 0 (0) 0 (0) 2 (1)

AJCC stage, no. (%)

IIIB 40 (4) 24 (5) 14 (4) 2 (1)

IIIC 151 (15) 78 (16) 49 (15) 24 (11)

IV M1a 108 (11) 48 (10) 40 (12) 20 (9)

IV M1b 170 (17) 88 (19) 52 (16) 30 (14)

IV M1c 548 (54) 237 (50) 166 (52) 145 (66)

LDH >2 ULN, no. (%) 147 (14) 63 (13) 54 (17) 30 (14)

BRAF status, no. (%)

Articles
months (95% CI –1.5 to 2.5) at 18 months. Again, the
sensitivity analyses yielded similar results, although for
the 18-month trial, results were rather more in favor of
continuing treatment when the decision points were set
one month earlier.

The 24-month discontinuation emulated trial results
were more in favor of discontinuing than continuing
treatment at that decision point, with an absolute 48-
month survival difference that was 10.5% higher (95%
CI 4.4–18.1), and a 48-month restricted mean survival
increased by 1.0 month (95% CI 0.3–1.8), which was
computed over the next 24 months of eligibility (Figs. 1
and 2). However, these results were not confirmed by
any of the five sensitivity analyses, showing no evidence of
a difference between the two strategies (Supplementary
Fig. S3). Analyses at a 36-month horizon from the deci-
sion point yielded comparable results (Table 2).

The analysis of progression-free survival up to 36
months yielded results close to overall survival for de-
cision points at 12, 18 or 24 months (Fig. 3, Table 3). At
6 months, the results were quite different and no evi-
dence of a lower PFS when discontinuing immune
checkpoint inhibitors was found.
MUT 214 (21) 81 (17) 63 (20) 70 (32)

WT 782 (77) 385 (81) 255 (79) 142 (64)

Unknown 21 (2) 9 (2) 3 (1) 9 (4)

No. organs involved, median
(IQR)

2 (1–3)a 2 (1–3)b 2 (1–3)c 2 (1–4)d

Brain metastases, no. (%) 182 (18)a 69 (15)b 52 (17)c 61 (28)d

Liver metastases, no. (%) 186 (19)a 84 (18)b 55 (18)c 47 (21)d

AJCC: American Joint Committee on Cancer; LDH: Lactate Dehydrogenase ULN: Upper Limit Normal; MUT:
BRAFV600E-mutated; WT: BRAF Wild-Type. an = 986. bn = 459. cn = 308. dn = 219.

Table 1: Characteristics of the participants at immune checkpoint inhibitor initiation.
Discussion
Immunotherapy has shown unprecedented results in
terms of survival among patients with advanced mela-
noma. The exact duration of treatment that provides
maximum antitumor effect without undertreating pa-
tients and that minimizes treatment time is not yet
known. Continuing immunotherapy indefinitely ex-
poses patients to an increased risk of toxicities, gener-
ates cost in terms of public health and has a direct
impact on patients’ quality of life (toxicities, time spent
in hospital, etc.).19

The 5-year follow-up data from the KEYNOTE-00110

trial reported that the median duration of treatment
was only 5.6 months. Nearly 90% of patients who ach-
ieved CR were disease-free after a median follow-up of
3.5 years. Interestingly, the duration of treatment was
much longer for patients who achieved CR, with a me-
dian treatment duration of 24 months and most of them
received at least 12 months of treatment, suggesting that
a longer course of treatment would obtain a better
response. Similarly, patients treated in the KEYNOTE-
00611 trial received treatment for a median duration of 6
months. Only 19% of the patients received treatment for
the 2-year duration provided for by the protocol. After a
median follow-up of 20 months after treatment discon-
tinuation 86% remained progression-free. Patients with
CR treated for less than 2 years showed a PFS similar to
patients with CR who received the full 2 years of treat-
ment. Finally, 8% of patients with PR achieved CR after
stopping immunotherapy. This data suggests sustained
response after discontinuation and challenges the idea
of lengthy treatment, especially for patients with CR.
www.thelancet.com Vol 78 December, 2024
Preliminary data for patients with non-small cell
lung cancer (NSCLC) who stopped nivolumab treatment
after 12 months compared to those who continued until
progression or toxicity reflects a trend favoring
continuing treatment over discontinuation.20 No pro-
spective study is currently available in advanced mela-
noma, and results for NSCLC are difficult to extrapolate
to melanoma, as these two cancers have different bio-
logical characteristics, they evolve differently, and
response duration to immunotherapy is longer among
melanoma patients. Nevertheless, this data alerts us to
the risk of progression and poorer survival in the event
of too early discontinuation of immunotherapy, and
therefore to the difficulty of carrying out a randomized
trial given the risk for PFS and OS.

Our study results demonstrate that stopping ICIs at 6
months is probably not a good idea. Indeed, patients
who continued treatment beyond 6 months gained over
8 months of life compared to those who discontinued.
There was no significant survival difference for patients
treated for durations of 6–12 months, 12–18 months, or
18–24 months. Beyond 2 years of treatment, continuing
5
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Individuals who initiated immune checkpoint
inhibitor treatment from March 2015 to
December 2021 (n = 1017)

Individuals still under treatment at 6 months
(n = 557)

Individuals still under treatment at 12 months
(n = 357)

Individuals still under treatment at 18 months
(n = 219)

Individuals still under treatment at 24 months
(n = 149)

Under treatment at last follow-up < 6 months (n = 58)
Stopped before 6 months (n = 402)
- Progression, n = 231
- Toxicity, n = 102
- Death, n = 41
- Other reason, n = 28

Under treatment at last follow-up < 12 months (n = 50)
Stopped treatment before 12 months (n = 150)
- Progression, n = 61
- Toxicity, n = 37
- Death, n = 7
- Other reason, n = 45

Under treatment at last follow-up < 18 months (n = 39)
Stopped treatment before 18 months (n = 99)
- Progression, n = 26
- Toxicity, n = 21
- Death, n = 1
- Other reason, n = 51

Under treatment at last follow-up < 24 months (n = 18)
Stopped treatment before 24 months (n = 52)
- Progression, n = 8
- Toxicity, n = 13
- Death, n = 2
- Other reason, n = 29

Individuals included in the 6-month 
discontinuation emulated trial (n = 435)

Individuals included in the 12-month 
discontinuation emulated trial (n = 316)

Individuals included in the 18-month 
discontinuation emulated trial (n = 199)

Individuals included in the 24-month 
discontinuation emulated trial (n = 133)

Under treatment with PD (n = 122)

Under treatment with PD (n = 41)

Under treatment with PD (n = 20)

Under treatment with PD (n = 16)

Fig. 1: Flow chart of participants. PD: Progression Disease.
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treatment could be less beneficial than discontinuation,
but these results should be considered in the light of the
study limitations, such as the small number of patients
at 24 months and a very low event occurrence rate.
Indeed, nearly 40% of the patients could not be included
in the 6-month analysis because they discontinued
treatment before 6 months as a result of progression
(23.5%), toxicities (10.3%), or death (4.1%).

These findings are in line with those of the real-
world retrospective observational study by Jansen
et al.,12 reporting survival data for 185 patients with
advanced melanoma who electively discontinued anti-
PD1 treatment. Patients with CR treated for less than
6 months had a significantly higher risk of subsequent
progression. The authors did not find any significant
difference for longer treatment durations. The median
treatment duration was 12 months for the 185 patients,
and those with CR were treated for a median of 11
months. However, this study population was quite
different from ours, with 63% of patients with CR at the
time of discontinuation compared to the 15–20% typi-
cally found in clinical trials or other retrospective data.
Unlike our study, Jansen’s analysis did not correct for
selection/confounding bias and was at risk for time-
dependent bias, which the emulation trial methodol-
ogy was able to avoid.

Another study in the US21 reported on the outcomes
of advanced melanoma patients who electively stopped
ICI treatment in the absence of toxicity or progression.
The patients were treated for a median of 11.1 months.
Among the 52 patients included, 25% had achieved CR
at discontinuation. The 20.5-month PFS rate was 75%.

A prospective study conducted by a Finnish team22

provided for a maximum treatment duration of 6
months. Thirty-eight patients were included, with only
45% able to complete the 6-month protocol-defined
treatment, as 21 patients progressed or had to discon-
tinue immunotherapy due to toxicity, which aligns with
our study findings. The median treatment duration was
3 months. Fifteen patients achieved a response at
discontinuation (CR or PR), with 11 out of 15 patients
completing the protocol-defined 6 months of treatment.
These results suggest the possibility of a response
despite a short exposure to immunotherapy. However,
www.thelancet.com Vol 78 December, 2024
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Fig. 2: Weighted overall survival curves in the four emulated trials. *Sum of weights of at-risk individuals at each time.

Decision timepoint Time horizon
from treatment
initiation (mo.)

Survival difference
(95% CI)

RMST difference
(95% CI)

6 months 48 37.8% (19.8–60.5) +8.3 (4.1–12.7)

12 months 48 −3.7% (−14.1 to 8.3) +0.7 (−1.8 to 4.5)

18 months 48 −4.2% (−14.9 to 5.4) +0.4 (−1.5 to 2.5)

24 months 48 −10.5% (−18.1 to −4.4) −1.0 (−1.8 to −0.3)

A positive survival difference or RMST differences indicate longer average survival with immune checkpoint
inhibitor continuation at the decision timepoint. RMST: Restricted mean survival time.

Table 2: Overall survival: analysis up to 48 months from immune checkpoint inhibitor initiation.
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after a median follow-up of 30.5 months, only 33% of
patients remained free from progression, while 74% of
the patients treated for 2 years in KEYNOTE-006 had not
progressed after a median follow-up of 58 months.11

Considering these results, it appears that exposure to
ICIs for more than 6 months is necessary to sustain a
response after discontinuation.

Three clinical trials are ongoing in metastatic or
unresectable melanoma to evaluate the impact of stop-
ping treatment among patients who achieve response.
The Canadian STOP-GAP trial (NCT02821013)23 is a
randomized phase 3 trial on the duration of anti-PD-1
therapy in metastatic melanoma. The investigators
conducting this study are interested in determining
whether patients with melanoma live as long when the
PD-1 inhibitors are given continuously (non-stop) or in
an intermittent schedule (taking breaks). The primary
endpoint of the Dutch Safe Stop Trial (Safe Stop-T,
NTR7502)24 is the proportion of ongoing response at
12 months among patients with irresectable stage III or
www.thelancet.com Vol 78 December, 2024
metastatic melanoma treated with first line ipilimumab-
nivolumab and with early discontinuation of nivolumab
when they reached CR or PR according to RECIST v1.1.
Finally, the DANTE trial23 is a randomized, non-blinded,
non-inferiority phase III trial comparing time-limited
treatment of 1 year of anti-PD-1 therapy to the current
standard duration of anti-PD-1 therapy (consisting of
7
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Fig. 3: Weighted progression-free survival curves in the four emulated trials. *Sum of weights of at-risk individuals at each time.

Decision timepoint

6 months

12 months

18 months

24 months

A positive (progression-free)
immune checkpoint inhibito
Restricted mean (progression

Table 3: Analysis of progr
initiation.
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treatment until disease progression or unacceptable
toxicity, or for 2 years or more in the absence of disease
progression or unacceptable toxicity). The first results,
which should be available by the end of 2025 for the
SAFE-STOP trial and 2027 for the STOP-GAP trial, will
provide further evidence.
Time horizon
from treatment
initiation (mo.)

PFS difference
(95% CI)

RMST difference
(95% CI)

36 7.1% (−9.1 to 24.5) +2.1 (−1.3 to 5.4)

36 5.8% (−17.0 to 21.7) +2.1 (−1.3 to 4.2)

36 −15.8% (−29.3 to 9.9) −1.7 (−2.5 to −0.6)

36 −15.2% (−31.2 to −0.1) −1.1 (−1.6 to −0.5)

survival difference or RMST difference indicates longer average survival with
r continuation at the decision timepoint. PFS: progression-free survival; RMST:
-free) survival time.

ession-free survival up to 36 months from immune checkpoint inhibitor
The main strength of our study is its design. Tar-
geted trial emulation enabled us to approach the format
of a randomized controlled trial (RCT) and estimate the
effect of an intervention, taking account of real-world
variability by way of the grace period, and using obser-
vational survival data. This type of analysis has not been
used previously to study immunotherapy duration in
advanced melanoma, and it provides more robust re-
sults than traditional observational studies by avoiding
common biases in observational studies, such as selec-
tion bias in the absence of randomization, even so
mitigated by matching, as well as immortal time bias,
which has been noted in other studies on ICIs.25

Furthermore, all our patients received treatment
outside a clinical trial, thus forming a representative
real-world cohort.

There is great potential for emulating target trials in
providing relevant answers in the area of cancer. Several
potential applications can be foreseen. The first is the
analysis of effectiveness of treatments in a real-world
www.thelancet.com Vol 78 December, 2024
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setting, as opposed to the more narrow populations of
RCTs, possibly providing data on large samples.26–28

Another potential application is the comparison of
effectiveness, in a setting where it is obvious that we do
not have the means (whether financial or operational) to
conduct trials to compare all existing treatments or
treatment durations that could be useful for treatment
decisions, and for better planning of new studies.29 One
important issue is also the time required to obtain useful
information, which could be much shorter when
emulating a target trial with existing data, compared to
setting up a new RCT and conducting it prospectively
(including a follow-up over several years before results
would be available). A last promising application of target
trial emulation relates to personalised medicine, and the
identification and assessment of individual treatment
strategies, including dynamic treatment regimens.30,31

Our study has some limitations. We were unable to
perform subgroup analyses on the basis of response
type because of the small sample size. However,
response assessment is rarely standardized in non-
protocol trials, potentially introducing bias in multi-
center studies. While the survival data is more favorable
under treatment with combined immunotherapy with
ipilimumab plus nivolumab, we were unable to
conclude on the basis of the treatment received (mon-
otherapy versus combination of immunotherapy)
because of the lack of power. As with all observational
studies, we cannot exclude the possibility of failure to
take account of residual confounding factors. Finally,
the number of events was small, even for the 6-month
analysis, with 2.9% of patients discontinuing electively,
leading to a wide confidence interval despite significant
results. This data is in line with that from clinical trials,
where early discontinuation is mainly driven by pro-
gression or toxicity.

Among the factors associated with better survival at
the time of discontinuation of immunotherapy, the
type of response at discontinuation, rapid achievement
of response following initiation of treatment, and
achievement of CR within the first 6 months of treat-
ment initiation have been reported.32 These factors can
assist in the decision to discontinue or continue
immunotherapy. Predictive factors for response and
maintenance at the time of discontinuation remain to
be identified. PD-L1 status and tumor size were
significantly associated with achieving CR in
KEYNOTE-001, with CR reaching 42.7% for PDL1
expression and tumor size <5 cm, compared to 1.9% in
the absence of PDL1 expression and tumor size
>10 cm.10 However, this association was not found in
the ipilimumab + nivolumab combination therapy
group in the pooled CheckMate 066, 067, and 06932

analyses. BRAF mutation status was associated with
improved OS and PFS in CheckMate 067.33 The rea-
sons for treatment discontinuation remain contrasted,
as some authors have reported similar survival
www.thelancet.com Vol 78 December, 2024
outcomes for patients discontinuing due to toxicity and
outcomes among those discontinuing electively, while
others found better survival among patients who dis-
continued electively than among those discontinuing
as a result of toxicity34

Finally, in the case of progression at the time of
discontinuation, data on rechallenge with immuno-
therapy is limited and contrasted. In KEYNOTE-006,11 8
patients who initially achieved CR were rechallenged,
with 1 patient achieving CR and 3 patients achieving PR.
Regarding the analysis by Jansen et al.,12 19 patients
were rechallenged with a 32% response rate to this new
exposure to immunotherapy. 78 out of 396 patients
from the analysis of Betof Warner et al.,35 whatever their
reason for discontinuing treatment, were retreated, with
fewer responses following rechallenge, as only 16 pa-
tients responded. In the study by Pokorny et al.,21 13
patients experienced relapse after discontinuation, 8
patients were re-treated, among whom 7 achieved a
response, but no complete response was observed.
Further to this, prolonged exposure to first-line immu-
notherapy could induce selective pressure which carries
a risk of non-response in case of rechallenge after pro-
gression following discontinuation.

In conclusion, our study shows that immunotherapy
treatment for advanced melanoma should be continued
for a minimum of 1 year, although intermediate time-
points (e.g. 9 months) were not investigated. The benefit
of treating beyond one year appears unlikely. In the
absence of clinical trials assessing different treatment
durations available to date, these results provide useful
guidance to clinicians in their daily practice. The results
of ongoing prospective trials should provide further in-
formation on ICI treatment duration among patients
with advanced melanoma.23,24
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