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Outcomes of patients with advanced solid tumors who
discontinued immune-checkpoint inhibitors: a systematic
review and meta-analysis
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Summary

Background The outcome of patients with metastatic tumors who discontinued immune checkpoint inhibitors (ICIs)
not for progressive disease (PD) has been poorly explored. We performed a meta-analysis of all studies reporting the
clinical outcome of patients who discontinued ICIs for reasons other than PD.

Methods We searched PubMed, Embase and Scopus databases, from the inception of each database to December
2023, for clinical trials (randomized or not) and observational studies assessing PD-(L)1 and CTLA-4 inhibitors in
patients with metastatic solid tumors who discontinued treatment for reasons other than PD. Each study had to
provide swimmer plots or Kaplan—Meier survival curves enabling the reconstruction of individual patient-level
data on progression-free survival (PFS) following the discontinuation of immunotherapy. The primary endpoint
was PFS from the date of treatment discontinuation overall and according to tumor histotype, type of treatment
and reason of discontinuation. The Combersure’s method was used to estimate meta-analytical non-parametric
summary survival curves assuming random effects at study level.

Findings Thirty-six studies (2180 patients) were included. The pooled median PFS (mPFS) was 24.7 months (95% CI,
18.8-30.6) and the PFS-rate at 12, 24, and 36 months was respectively 69.8% (95% CI, 63.1-77.3), 51.0% (95% CI,
43.4-59.8) and 34.0% (95% CI, 27.0-42.9). Univariable analysis showed that the mPFS was significantly longer for
patients with melanoma (43.0 months), as compared with non-small cell lung cancer (NSCLC, 13.5 months) and
renal cell carcinoma (RCC, 10.0 months; between-strata comparison test p-value < 0.001); for patients treated with
anti-PD-(L)1 + anti-CTLA-4 as compared with anti-PD-(L)1 monotherapy (44.6 versus 19.9 months; p-value
< 0.001), and in NSCLC when the reason of treatment discontinuation was elective as compared with toxicity
onset (19.6 versus 4.8 months; p-value = 0.003). The multivariable analysis confirmed these differences.

Interpretation The long-term outcome of patients who stopped ICIs for reasons other than PD was substantially
affected by clinicopathological features: PFS after treatment discontinuation was longer in patients with
melanoma, and/or treated with anti-PD-(L)1 + anti-CTLA-4, and shorter in patients with RCC or in those patients
with NSCLC who stopped treatment for toxicity onset.
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Research in context

Evidence before this study

Immune checkpoint inhibitors (ICls) are widely used for
treatment of several solid tumors. Several retrospective
studies reported outcomes of patients who discontinued ICls
for reasons other than progressive disease, with not
conclusive results.

We searched PubMed, Embase and Scopus and other
databases with no language restrictions, from the inception
of each database to December 2023, to identify studies
(including clinical trial, randomized or not, and observational
studies) that reported the outcomes of patients who
discontinued ICl for reasons other than progression of disease.
We included studies assessing PD-(L)1 and CTLA-4 inhibitors
administered either as monotherapy or in combination with
another ICl and/or other anti-cancer drugs in patients with
advanced or metastatic solid tumors.

Introduction

Immune checkpoint inhibitors (ICIs), such as anti-PD-
(L)1 and anti-CTLA-4, administered as monotherapy or
in combination with other drugs, have dramatically
improved the survival of patients with several advanced
solid tumors.'

Compared with other treatments, like standard
chemotherapy, ICIs lead to long-lasting tumor response
in a higher percentage of patients.” However, the optimal
duration of ICI treatment remains inconsistently inves-
tigated in randomized clinical trials (RCTs).>* In some
trials, patients continued receiving ICIs until disease
progression (PD), while in others, treatment was
concluded after a maximum of two years in the absence of
PD.’ Additionally, during trials some patients discon-
tinue treatment for reasons, such as unacceptable toxicity
or personal decision, unrelated to PD or the achievement
of the end of therapy planned by protocol.*

In the past few years, retrospective evidence from
many observational studies and RCTs has been pub-
lished, reporting contrasting results on the long-term
clinical outcome of patients who discontinued ICIs for
reasons unrelated to PD.**

To provide reliable evidence on this relevant clinical
issue, we conducted a comprehensive and methodo-
logically rigorous systematic review and meta-analysis of
all the available studies on this topic. Our aims were to
assess the outcome (i.e., progression-free survival, PFS,
from the date of treatment discontinuation) of patients
who discontinued ICIs for reasons other than PD, and
to explore heterogeneity of patients’ outcome according

Added value of this study

Our study provides evidence that patients with melanoma,
and patients treated with the combination of anti-PD1 with
antiCTLA4, who stop treatment with ICls for reason other
than PD have favorable outcomes, while patients with RCC or
NSCLC, especially if interrupted treatment for toxicity, have
shorter progression free survival.

Implications of all the available evidence

The long-term outcome of patients who stopped ICls for
reasons other than PD was substantially affected by
clinicopathological features including type of cancer and
immunotherapy administered and reason of discontinuation.
The findings of our study could help physicians select patients
who can discontinue immunotherapy.

to the tumor histotype, to the type of immunotherapy
received (i.e., ICIs given as monotherapy, ICIs com-
bined with another ICI or ICIs combined with other
drugs), and to the reason of treatment discontinuation
(ie., elective reason - achievement of the maximum
duration of treatment defined by protocol or patients’ or
physicians’ decision - versus toxicity onset).

Methods

Search strategy, selection criteria and data
extraction

We followed PRISMA guidelines to perform this
systematic review and meta-analysis.”

We searched PubMed, Embase and Scopus data-
bases to identify studies (including clinical trial, ran-
domized or not, and observational studies) that reported
the outcomes of patients who discontinued ICI for
reasons other than PD. The search spanned from the
inception of each database to December 31, 2023.

Two investigators (LP and FC) independently
searched the databases. The search terms were “immu-
notherapy”, “discontinuation”, “CTLA-4”, “cytotoxic
T-lymphocyte-associated protein 4”, “PD-1”, “PD-L1”,
“programmed death receptor 1”, “programmed death
receptor ligand 1” and “immune checkpoint inhibitor”.

We included studies assessing PD-(L)1 and CTLA-4
inhibitors administered either as monotherapy or in
combination with another ICI and/or other anti-cancer
drugs in patients with advanced or metastatic solid
tumors.
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To be considered eligible, a study had to provide
information enabling the reconstruction of individual
patient-level PFS data following the discontinuation of
immunotherapy, for all patients considered in the study
or for a subset of them.

Titles, abstracts, and full-text articles were reviewed
independently by two authors (LP, FC). Inconsistencies
were discussed to reach consensus. Reference lists of
articles included in the final selection were reviewed to
identify additional relevant papers.

Based on a predefined form, we extracted data on the
following variables: study’s name, first author and year of
publication, study design, trial phase (for RCTs), under-
lying malignancy, treatment administered, line of therapy.

Individual patient-level data reconstruction
Pseudo individual patient-level data (IPD) on PFS
following the discontinuation of immunotherapy for rea-
sons other than PD were primarily reconstructed through
published swimmer plots or Kaplan-Meier (KM) survival
curves. In three cases, we relied on a published table that
directly presented individual-patient data on PFS.

To extract pseudo IPDs from published swimmer
plots, we used a validated web-based tool called WeDb-
PlotDigitizer.* For each patient represented in the
swimmer plot not presenting PD before discontinuation
of immunotherapy, we extracted the time of discontinu-
ation of immunotherapy, as well as the time of progres-
sion, death, or last follow-up (whichever occurred first)
from the digitized plot. This process allowed us to directly
derive the individual time to progression after treatment
discontinuation and the corresponding event indicator.

The same validated tool was used to extract data co-
ordinates of time points and survival probabilities from
digitized KM PFS curves presenting survival data from
the time of ICI discontinuation. Subsequently, the
validated algorithm proposed by Guyot et al. was applied
to reconstruct the pseudo IPDs.’

A comprehensive description of IPD reconstruction
was included in the Supplementary Material.

The reason of treatment discontinuation at patient
level, when available, was extracted from study descrip-
tion, swimmer plots, or survival curves. The reported
reasons were classified into two categories: elective
interruption (such as completion of the prescribed ther-
apy duration as per protocol, usually two years, or volun-
tary discontinuation of treatment due to reasons
unrelated to PD or toxicity) and interruption of treatment
due to unacceptable toxicity.

The duration of ICI exposure before discontinuation
at patient-level was extracted from the swimmer plots or
from other information reported in the publication.

Quality assessment of studies

To ascertain risk of bias, we assessed the methodological
quality of each trial using the Cochrane Risk of bias tool
(version 5.1.0) for randomized clinical trials.
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Responses in each domain (random sequence gener-
ation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incom-
plete outcome data and selective outcome reporting) were
assessed as having a ‘low’, ‘unclear’ or ‘high’ risk of bias.

The Newcastle—Ottawa scale has been used for non-
randomized clinical studies. It contains 8 items cate-
gorized into three dimensions: selection, comparability,
and outcome or exposure. The total maximum score of
these three dimensions is 9. A study with score from
7 to 9 has high quality, 4-6 means high risk, and 0-3
very high risk of bias.”

To assess the adequacy of follow-up duration in cohort
studies, we decided to rate studies that reported a median
follow-up of at least 12 months as having a low risk of bias,
because it is a reasonable time to observe a PFS event.

Statistics

Once pseudo IPDs have been generated, PFS function
was reconstructed for all studies applying the KM esti-
mation method. Meta-analytical non-parametric sum-
mary survival curves assuming random effects were
estimated using the approach proposed by Combescure
et al.' Briefly, summary survival probabilities were
derived using a product-limit estimator, without making
any assumption on the shape of the survival curve. To
account for the between-study heterogeneity in the
estimation of the pooled conditional survival probabili-
ties, an extension of DerSimonian and Laird’s method-
ology for multiple outcomes was applied."!

Summary survival curves were estimated overall and
according to tumor histotype, type of treatment admin-
istered and reason of treatment discontinuation. To
compare summary survival curves a between-strata sta-
tistical test was also performed according to Combes-
cure et al."

Additionally, univariable and multivariable Cox pro-
portional hazards regression models with random ef-
fects at study level were used to compare PFS according
to tumor histotype, type of treatment administered,
reason of treatment discontinuation, and duration of ICI
exposure before discontinuation. Hazard ratios (HR)
and 95% confidence intervals (CI) were reported.

Finally, as exploratory analysis, we compared the
outcome of our cohort of patients who discontinued ICI
for reasons other than PD (case-cohort) with that of
patients who continued treatment until progression or
censoring (control-cohort). We matched each case with a
similar control (matching ratio 1:1) derived from an
external dataset of 25 RCTs testing the efficacy of ICI in
patients with advanced melanoma, non-small cell lung
cancer (NSCLC) or renal cell carcinoma (RCC). Match-
ing variables included tumor histotype and type of
treatment (i.e., anti-PD-(L)1 alone, anti-PD-(L)1 + anti-
CTLA-4, or anti-PD-(L)1 + other treatment). To avoid the
immortal time bias, we ensured that the control patient
had a PFS time at least as long as the case’s treatment
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duration. The analysis used the time of treatment
discontinuation for the case as the starting point. For the
matching control, the starting time was not their treat-
ment initiation but rather the discontinuation time of
their matched case. This method ensures a fair com-
parison of time to progression between the two groups.
Cox proportional hazards regression model was used
to compare PFS of cases and matched controls. Addi-
tional details for this analysis were reported in the
Supplementary Material.

All analyses were performed with SAS software v. 9.4
(SAS Institute, Cary, North Carolina, USA) and R soft-
ware (version 3.6.3).

Role of funding source

The funder of the study had no role in study design, data
collection, data analysis, interpretation, or writing of the
report. All authors had full access to the data and had
final responsibility for the decision to submit for
publication.
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Fig. 1: PRISMA flow chart. Figure shows the process of studies’ selection.
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Results

Thirty-six studies>'**® for a total of 2180 patients were
included in the analysis (Fig. 1, Table 1 and Supplementary
Table S1).

Six were RCTs while 30 were non-randomized pro-
spective trials or observational studies.

Fourteen studies included patients with melanoma
(1389 patients, 63.7%), 8 with NSCLC (414, 19.0%), 10
with RCC (198, 9.1%), 1 with colorectal cancer (64,
2.9%) and 3 had patients with mixed tumor histotypes
(115, 5.3%).

In twenty-three studies (63.9%) patients received
ICIs as monotherapy, in 10 studies (27.8%) ICIs were
combined with other ICIs (i.e., anti-PD-(L)1 in combi-
nation with anti-CTLA-4), and in 3 studies (8.3%) ICIs
were combined with other drugs (i.e., anti-angiogenic
drugs). The ipilimumab dosage was specified only in 3
out of 10 studies, being 1 mg/kg in one study and 1 or
3 mg/kg in the other two.

In the majority of patients (1409, 64.6%) the reason
for ICIs discontinuation was elective, in 15.8% (345) of
cases was due to toxicity onset and in the remaining
patients (426, 19.5%) the specific reason for treatment
discontinuation in absence of progressive disease was
not specified.

The median time of treatment duration before ICI
discontinuation was 11.6 months (IQR 5.1-21.2) in the
whole patients’ population, and respectively 14.0 (IQR
9.1-22.0) in patients with melanoma, 10.3 (IQR
2.5-23.9) for NSCLC, and 8.1 (IQR 5.1-11.0) for RCC.

The median follow-up period after discontinuation
showed considerable variation across studies, spanning
from less than one month to 44 months. The median
value was 12.2 months.

Supplementary Table S2 reports the quality assess-
ment of trials included in the analysis. Overall, the
quality of RCTs was high, as the risks of selection,
attrition, reporting and other forms of bias for all the
trials included in the analysis were low. The only
potential biases affecting trials were performance and
detection bias, since none of the RCTs had a double
blinding design.

Also the overall quality of non-randomized studies is
reported in Supplementary Table S2. All but 5 studies
received a high-quality score.

In the whole patients’ population, the pooled median
PFS (mPFS) was 24.7 months (95% CI, 18.8-30.6) and
the PFS-rate at 12, 24 and 36 months was respectively
69.8% (95% CI, 63.1-77.3), 51.0% (95% CI, 43.4-59.8)
and 34.0% (95% CI, 27.0-42.9; Table 2 and Fig. 2).

The patients’ PFS was significantly different accord-
ing to different tumor histotypes (between-strata com-
parison test p-value < 0.001; Table 2 and Fig. 3).

In patients with advanced melanoma, the pooled
mPFS was 43.0 months (95% CI, 36.8-47.8), and the
PFS-rate at 12, 24 and 36 months was respectively 88.1%

www.thelancet.com Vol 73 July, 2024

N of studies N of patients
(%) N =36 (%) = 2180
Year of publication
2016-2020 21 (58.3) 886 (40.6)
2021-2024 15 (41.7) 1294 (59.4)
Study type
Prospective observational studies 22 (61.1) 1634 (75.0)
Not randomized clinical trial 8 (22.2) 150 (6.9)
Randomized controlled trial (RCT) 6 (16.7) 396 (18.2)
Trial phase (n=14) (n = 546)
1 or Ib or Ib/Il or Il or I/l 10 (71.4) 287 (52.6)
111 or Nlib/IV 4 (28.6) 259 (47.4)
Line of therapy
I 5 (13.9) 421 (19.3)
>l 6 (16.7) 163 (7.5)
Any 25 (69.4) 1596 (73.2)
Tumor histotype
Melanoma 14 (38.9) 1389 (637)
Non-small cell lung cancer (NSCLC) 8 (22.2) 414 (19.0)
Renal cell carcinoma (RCC) 10 (27.8) 198 (9.1)
Colorectal cancer 1(2.8) 64 (2.9)
Mixed histotypes 3 (8.4) 115 (5.3)
Treatment type
Anti-PD-(L)1 alone 23 (63.9) 1648 (75.6)
Anti-PD-(L)1 + anti-CTLA-4 10 (27.8) 468 (21.5)
Anti-PD-(L)1 + other treatment 3(8.3) 64 (2.9)
Reason of treatment discontinuation
Elective 1409 (64.6)
Toxicity 345 (15.8)
Unknown 426 (19.5)
Treatment duration before ICl discontinuation (months)
<6 129 (5.9)
(6-12] 242 (11.1)
(12-24] 312 (14.3)
>24 171 (7.8)
Unknown or not available at patient-level 1326 (60.8)

Table 1: Main features of included studies.

(95% CI, 82.4-94.1), 75.4% (95% CI, 67.6-83.9) and
61.1% (95% CI, 53.3-70.0).

In patients with advanced NSCLC, the pooled mPFS
was 13.5 months (95% CI, 6.5-21.5) and the PFS-rate at
12, 24 and 36 months was respectively 53.1% (95% CI,
38.6-73.0), 33.1% (95% CI, 21.2-51.8), and 15.8% (95%
CI, 7.7-32.4).

In patients with advanced RCC, the pooled mPFS
was 10.0 months (95% CI, 4.5-16.4) and the PFS-rate at
12, 24 and 36 months was respectively 44.8% (95% CI,
30.4-66.0), 21.1% (95% CI, 10.3-43.3) and 10.5% (95%
CI, 3.5-31.2).

Results did not materially change in a sensitivity
analysis including only patients treated with anti-PD-(L)
1 monotherapy (Supplementary Fig. S1).

The patients’ PFS was significantly different
according to different type of treatments received
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(between-strata comparison test p-value < 0.001; Table 2
and Fig. 4).

The pooled mPFS was 19.9 months (95% CI,
12.4-29.3) for patients treated with anti-PD-(L)1
monotherapy; 44.6 months (95% CI, 34.0-48.2) for
patients treated with anti-PD-(L)1 + anti-CTLA-4; and
4.8 months (95% CI, not estimable) for patients
treated with anti-PD-(L)1 in combination with other
drugs.

Considering the outcome of patients according to the
reason of treatment discontinuation, there was no
significative difference between patients with advanced
melanoma who discontinued ICIs for elective reasons
(n = 1049) versus toxicity onset (n = 292): the pooled
mPFS was respectively 39.6 months (95% CI, 32.8-43.8)
and 33.2 months (95% CI, 21.5-39.8; p-value = 1.0;
Table 2 and Fig. 5).

On the contrary, patients with advanced NSCLC
who discontinued treatment for elective reasons
(n = 266) had significantly longer PFS as compared
with toxicity onset (n = 49): the pooled mPFS was
respectively 19.6 months (95% CI, 10.4-23.6) versus
4.8 months (95% CI, not estimable; p-value = 0.003;
Table 2 and Fig. 5). All patients with advanced RCC
included in the analysis discontinued ICI for elective
or unknown reasons.

We performed Cox proportional hazards regression
models with random effects according to tumor his-
totype, type of treatment administered, reason of
discontinuation, and duration of ICI exposure before
discontinuation (Supplementary Table S3). Results
obtained in the multivariable model confirmed those
of univariable analyses, showing significantly poorer
outcome for patients with NSCLC (HR-PFS: 2.95, 95%
CI 1.13-7.68) or RCC (HR-PFS: 3.42, 95% CI
1.27-9.23), as compared with patients with melanoma;
better outcome for patients treated with anti-PD-(L)
1 + anti-CTLA-4 as compared with anti-PD-(L)1
monotherapy (HR-PFS: 0.43, 95% CI 0.16-1.12);
poorer outcome when the reason of treatment
discontinuation was toxicity onset as compared with
elective reasons (HR-PFES: 2.68, 95% CI 1.33-5.40);
and better outcome for longer duration of treatment
before discontinuation (HR-PFS: 0.87, 95% CI
0.79-0.97).

Finally, as exploratory analysis, starting from 740
patients in the case-cohort and 7452 patients in the
control-cohort (additional details are reported in
Supplementary Materials), we successfully matched
543 cases with 543 controls. Among them, 234 patients
had melanoma, 534 NSCLC and 318 RCC; 840 were
treated with anti-PD-(L)1 alone, 124 with anti-PD-(L)1 +
anti-CTLA-4, and 122 with anti-PD-(L)1 + other treat-
ment. The PFS of the case-cohort was not significantly
different compared to that of the matched control-
cohort: HR-PFS 0.86, 95% CI 0.71-1.05 (Supplementary
Fig. S2).
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Fig. 2: Progression-free survival (PFS) in the whole patients’ population. Figure shows the Kaplan-Meier PFS curves in all patients included in
the analysis. The solid red line showed the pooled PFS and dotted red lines the 95% confidence interval (Cl), while gray lines showed PFS
reported in each single study.
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Fig. 3: Progression-free survival (PFS) according to tumor histotype. Figure shows the Kaplan-Meier PFS curves according to tumor
histotype. Thick lines showed the pooled PFS while thin lines showed PFS reported in each single study. Colors indicate tumor histotype: red for
melanoma, blue for non-small cell lung cancer (NSCLC), and green for renal cell carcinoma (RCC).
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Fig. 4: Progression-free survival (PFS) according to treatment type. Figure shows the Kaplan-Meier PFS curves according to treatment type.
Thick lines showed the pooled PFS while thin lines showed PFS reported in each single study. Colors indicate treatment type: red for anti-PD-(L)
1 as monotherapy, blue for anti-PD-(L)1 + anti-CTLA-4, and green for anti-PD-(L)1 + other drugs.

Discussion

It has been hypothesized that given their particular
mechanisms of action, is it possible that after the in-
duction or reinvigoration of a robust anticancer immune
response, ICIs can be safely discontinued maintaining a
long-lasting tumor control exerted by the immune
system of the patient.”~*

Our results showed that the outcome of patients
who stopped ICIs for reasons other than PD was
substantially affected by several clinicopathological
features including tumor histotype, type of treatment
received and cause of discontinuation. The statistically
significant and clinically meaningful heterogeneity of
results observed across such subgroups, supports the
need to draw separate conclusions for each specific
context.

The factor that mainly affects patients’ outcome was
the tumor histotype. The relative risk of progression or
death after immunotherapy discontinuation was
respectively 3 and 4 times higher in patients with
NSCLC and RCC as compared with melanoma. This
translated into meaningful absolute differences: only
12% of patients with melanoma experienced disease
progression before 12 months from treatment

interruption, as compared with almost 50% of those
with NSCLC and RCC.

Several biological reasons can be put forward to
explain such observation.

Melanoma has long been recognized as one of the
most immunogenic tumors, as revealed by spontaneous
tumor regression described for both primary and met-
astatic disease.’’**

Both primary tumors and metastases often have a
brisk infiltration by T-cells able to recognize highly
immunogenic tumor antigens such as melanocyte dif-
ferentiation antigens, including gp100, tyrosinase and
MART-1/MELAN-A, and also cancer-testis genes, such
as MAGE and NY-eso-1.°*“* Moreover, melanoma is one
of the solid tumors harboring the highest tumor muta-
tional burden.*¢

Differences in the presence and significance of other
leukocyte populations in the tumor microenvironment,
such as tumor-associated macrophages endowed with
immunosuppressive properties may also contribute the
durability of IClI-elicited immunity and clinical benefit.®

All this not only translates in higher response rate
in patients with advanced melanoma treated with ICIs
as compared with other tumors, but also sustains the
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Fig. 5: Progression-free survival (PFS) according to reason of treatment discontinuation and tumor histotype. Figure shows the Kaplan-
Meier PFS curves according to reasons of treatment discontinuation and tumor histotype. Thick lines showed the pooled PFS while thin lines
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for renal cell carcinoma (RCC).

generation of long-lived tumor-specific memory T-cells -
particularly tissue-resident memory (TRM) CD8+ T cells -
that likely exert long-lasting protective immunity beyond
ICIs interruption. Indeed, several reports have described
tumor-specific TRM T-cells and effector memory T-cells
persisting in skin and blood samples of long-term
survivors with advanced melanoma treated with
immunotherapy up to nine years after treatment
discontinuation.*”*®

Similarly, the risk of progression after ICIs discon-
tinuation substantially changed according to type of
treatment received by patients. In particular, patients
who received the combination of anti-PD-(L)1 + anti-
CTLA-4 drugs had the best outcome, being more than
50% of them without PD after 36 months from treat-
ment interruption.

The biological mechanism underpinning such clin-
ical observation could be the fact that different immu-

notherapy strategies can have quantitative and
qualitative different effects on the dynamics of T-cells
response.®

Notably, very recent evidence showed that anti-CTLA-
4 and anti-PD-(L)1 have different effects on memory T-

www.thelancet.com Vol 73 July, 2024

cell response. Using murine tumor models, Allison et al.
traced and profiled tumor-antigen specific CD8 T-cells
throughout all phases of anticancer immune-response
(ie., priming, expansion, memory phase, and antigen
re-challenge), showing that anti-CTLA-4 generates a more
robust memory antitumor response than anti-PD-(L)1. In
particular, the memory responses generated by anti-
CTLA-4 and anti-PD-(L)1 drugs diverged at priming,
where anti-CTLA-4 generates more memory-like T-cells
than anti-PD-(L)1. Furthermore, relevant differences
remained throughout all other phases of anticancer
immune-response, including antigens re-challenge,
where the memory T-cells generated by anti-CTLA-4
expanded in greater frequency, have greater cytokine
production and antitumor activity, and more frequently
differentiate into effector CD8 T-cells than those gener-
ated by anti-PD-(L)1 treatment.”

Finally, we found that the impact of the reason of
treatment interruption on patient’s outcome seems to be
context dependent. Indeed, patients with advanced
melanoma had very favorable PFS independently if ICIs
were stopped for toxicity-onset or elective reasons. On
the contrary, patients with advanced NSCLC who
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interrupted treatment for toxicity had poorer outcome,
with only 18% of them without PD after 12 months
from treatment interruption.

Notably, results of the multivariable analysis
confirmed that each of these three clinicopathological
factors were significantly and independently associated
with patients’ long-term outcome after ICIs discontin-
uation, even when comparisons were adjusted for the
length of treatment duration before its interruption.

Our analysis has several strengths. The first one is
the sizeable number of studies and patients evaluated.
Notably, whilst there have been several reports on this
issue, according to our knowledge, this is the first meta-
analysis reported, providing the largest, most compre-
hensive, and robust evidence available.

For each study included in the analysis, we recon-
structed pseudo individual patient-level data using
robust and validated algorithms, that substantially
improved the quality of analyses presented as compared
with a meta-analysis based on aggregate data. Moreover,
it made possible to explore heterogeneity of results ac-
cording to relevant clinical factors, that allowed for the
first time to identify statistically significant and clinically
meaningful differences, confirmed in the context of a
multivariable analysis.""””' The main limit of our analysis
is the retrospective nature of some included studied,
and therefore results obtained required further valida-
tion by prospective trials.

Furthermore, among the 10 studies testing ipilimu-
mab included in our analysis only 3 reported the dosage
administered, and thus conclusion on the impact of
ipilimumab dosage on the outcome of patients cannot
be drawn.

Finally, we acknowledge that the results of the
matched analysis should be approached with caution
due to the heterogeneous nature of the data involved.
Matching patients across different trials, rather than
within a single RCT, introduces a degree of variability
and bias that may influence the outcomes.

In conclusion, we demonstrated a large and clinically
meaningful heterogeneity in the outcome of patients
who stopped ICIs for reasons other than PD according
to the tumor histotype, type of treatment received and
reasons of treatment discontinuation: while patients
with melanoma, and/or treated with the combination of
anti-PD(L)1 + anti-CTLA4 had very encouraging
long-term outcome, on the other hand the PFS was
substantially shorter for patients with RCC or those
patients with NSCLC who stopped treatment for toxicity
onset.

Such new findings should be taken into account in
daily clinical practice and should inform the design of
future clinical trials. Indeed, in the absence of conclusive
evidence from RCTs that establish the optimal duration of
ICI treatment, our results could serve as an informative
resource for physicians to counsel patients regarding the
risk-benefit ratio associated with immunotherapy

discontinuation. Moreover, our findings highlight the
need for future prospective studies to evaluate the impact
of ICI discontinuation on patients’ prognosis in a context-
specific manner. This necessitates to take into account
pertinent clinicopathological factors, including tumor
histotype, specific immunotherapy administered, and
reason of treatment interruption.

Contributors

Laura Pala, Eleonora Pagan, Vincenzo Bagnardi, Fabio Conforti
contributed to study design, data collection, data interpretation, data
verification, writing of the manuscript.

Eleonora Pagan, Isabella Sala, Vincenzo Bagnardi contributed to
statistical data analysis.

Alberto Mantovani, Giuseppe Viale, Richard D. Gelber provided key
scientific inputs and contributed to data interpretation.

Laura Pala, Eleonora Pagan, Isabella Sala, Chiara Oriecuia, Matteo
Oliari, Tommaso De Pas, Claudia Specchia, Emilia Cocorocchio, Emma
Zattarin, Giovanna Rossi, Chiara Catania, Giovanni Luca Ceresoli,
Daniele Laszlo, Jacopo Canzian, Elena Valenzi, Giuseppe Viale, Richard
D. Gelber, Alberto Mantovani, Vincenzo Bagnardi, Fabio Conforti
contributed to the revision of the manuscript.

All authors had full access, verified all the underlying data in the
study and had final responsibility for the decision to submit for
publication.

All authors read and approved the final version of the manuscript.

Data sharing statement
Data collection form and extracted data can be made available upon
request to the authors.

Declaration of interests
LP declares speaker engagements with Pierre Fabre.

TDP declares Advisory board/Consultations roles with GSK
Boehringer Ingelheim and trial support from Pfizer Blueprint Medi-
cines Gilead Amgen Merck.

CC declares travel supports from Astra Zeneca and Roche.

GLC declares advisory roles and speaker engagements with
Novocure, Bristol-Myers Squibb, Astrazeneca, Novartis, Merck Sharp &
Dohme, Bayer, and Astellas.

GV declares receipt of grants/research supports from Roche/Gen-
entech, Ventana Medical Systems, Dako/Agilent Technologies: receipt
of honoraria or consultation fees from Ventana, Dako/Agilent, Roche,
MSD Oncology, AstraZeneca, Daiichi Sankyo, Pfizer, Gilead.

RDG reports that his institutions receive support for his salary from
AstraZeneca, Roche and Merck.

AM declares to receive royalties for reagents related to innate
immunity; consultant/advisory board roles for Novartis, Roche,
Ventana, Pierre Fabre, Verily, Abbvie, BMS, ]J&], Imcheck, Myeloid
Therapeutics, Astra Zeneca, Biovelocita, BG Fund, Third Rock Venture,
Biolegend Verseau Therapeutics, Macrophage pharma, Ellipses Pharma,
Olatec Therapeutics, Moderna, Henlius.

Acknowledgements
This research was financially supported by the Italian Ministry of
University and Research (PRIN 2022Y7HHNW).

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
0rg/10.1016/j.eclinm.2024.102681.

References

1 Robert C. A decade of immune-checkpoint inhibitors in cancer
therapy. Nat Commun. 2020;11:3801.

2 Topalian SL, Hodi FS, Brahmer JR, et al. Five-year survival and
correlates among patients with advanced melanoma, renal cell
carcinoma, or non-small cell lung cancer treated with nivolumab.
JAMA Oncol. 2019;5:1411-1420.

www.thelancet.com Vol 73 July, 2024


https://doi.org/10.1016/j.eclinm.2024.102681
https://doi.org/10.1016/j.eclinm.2024.102681
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref1
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref1
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref2
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref2
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref2
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref2
http://www.thelancet.com

Articles

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Hirsch I, Goldstein DA, Tannock IF, et al. Optimizing the dose and
schedule of immune checkpoint inhibitors in cancer to allow global
access. Nat Med. 2022;28:2236-2237.

Marron TU, Ryan AE, Reddy SM, et al. Considerations for treat-
ment duration in responders to immune checkpoint inhibitors.
J Immunother Cancer. 2021;9:e001901.

Johnson DB, Nebhan CA, Moslehi JJ, et al. Immune-checkpoint
inhibitors: long-term implications of toxicity. Nat Rev Clin Oncol.
2022;19:254-267.

Tran G, Zafar SY. Financial toxicity and implications for cancer
care in the era of molecular and immune therapies. Ann Transl
Med. 2018;6:166.

Page MJ, Moher D, Bossuyt PM, et al. PRISMA 2020 explanation
and elaboration: updated guidance and exemplars for reporting
systematic reviews. BMJ. 2021;372:n160. https://doi.org/10.1136/
bmj.n160. Published 2021 Mar 29.

Rohatgi A. WebPlotDigitizer; 2011. https://automeris.io/WebP
lotDigitizer/.

Guyot P, Ades AE, Ouwens MJNM, et al. Enhanced secondary
analysis of survival data: reconstructing the data from published
Kaplan-Meier survival curves. BMC Med Res Methodol. 2012;12:9.
Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality if nonrandomized studies in meta-
analyses. Available from: URL: http://www.ohri.ca/programs/
clinical_epidemiology/oxford.htm.

Combescure C, Foucher Y, Jackson D. Meta-analysis of single-arm
survival studies: a distribution-free approach for estimating sum-
mary survival curves with random effects. Stat Med. 2014;33(15):
2521-2537.

Amin A, Plimack ER, Ernstoff MS, et al. Safety and efficacy of
nivolumab in combination with sunitinib or pazopanib in advanced
or metastatic renal cell carcinoma: the CheckMate 016 study
[published correction appears in ] Immunother Cancer. 2019 Mar
14;7(1):73]. J Immunother Cancer. 2018;6(1):109.

Atkins MB, Plimack ER, Puzanov I, et al. Axitinib in combination
with pembrolizumab in patients with advanced renal cell cancer: a
non-randomised, open-label, dose-finding, and dose-expansion
phase 1b trial. Lancet Oncol. 2018;19(3):405-415.

Bilger G, Girard N, Doubre H, et al. Discontinuation of immune
checkpoint inhibitor (ICI) above 18 months of treatment in real-life
patients with advanced non-small cell lung cancer (NSCLC):
INTEPI, a multicentric retrospective study. Cancer Immunol
Immunother. 2022;71(7):1719-1731.

Dimitriou F, Zaremba A, Allayous C, et al. Sustainable responses in
metastatic melanoma patients with and without brain metastases
after elective discontinuation of anti-PD1-based immunotherapy
due to complete response. Eur | Cancer. 2021;149:37-48.
Dimitriou F, Lo SN, Tan AC, et al. FDG-PET to predict long-term
outcome from anti-PD-1 therapy in metastatic melanoma. Ann
Oncol. 2022;33(1):99-106.

Dudek AZ, Liu LC, Gupta S, et al. Phase Ib/II clinical trial of
pembrolizumab with bevacizumab for metastatic renal cell carci-
noma: BTCRC-GU14-003. J Clin Oncol. 2020;38(11):1138-1145.
Ferdinandus ], Metzenmacher M, Kessler L, et al. Complete
metabolic response in patients with advanced nonsmall cell lung
cancer with prolonged response to immune checkpoint inhibitor
therapy [published correction appears in ] Immunother Cancer.
2021 Jun;9(6):]. J Immunother Cancer. 2021;9(3):e002262.

Gauci ML, Lanoy E, Champiat S, et al. Long-term survival in patients
responding to anti-PD-1/PD-L1 therapy and disease outcome upon
treatment discontinuation. Clin Cancer Res. 2019;25(3):946-956.
Gibney GT, Zaemes ], Shand S, et al. PET/CT scan and biopsy-
driven approach for safe anti-PD-1 therapy discontinuation in pa-
tients with advanced melanoma. J Immunother Cancer. 2021;9(10):
€002955.

Hammers HJ, Plimack ER, Infante JR, et al. Safety and efficacy of
nivolumab in combination with ipilimumab in metastatic renal cell
carcinoma: the CheckMate 016 study. J Clin Oncol. 2017;35(34):
3851-3858.

Herbst RS, Garon EB, Kim DW, et al. Long-term outcomes and
retreatment among patients with previously treated, programmed
death-ligand 1-positive, advanced non-small-cell lung cancer in
the KEYNOTE-010 study. J Clin Oncol. 2020;38(14):1580-1590.
Jansen YJL, Rozeman EA, Mason R, et al. Discontinuation of anti-
PD-1 antibody therapy in the absence of disease progression or
treatment limiting toxicity: clinical outcomes in advanced mela-
noma. Ann Oncol. 2019;30(7):1154-1161.

www.thelancet.com Vol 73 July, 2024

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

Kim H, Kim DW, Kim M, et al. Long-term outcomes in patients
with advanced and/or metastatic non-small cell lung cancer who
completed 2 years of immune checkpoint inhibitors or achieved a
durable response after discontinuation without disease progres-
sion: multicenter, real-world data (KCSG LU20-11). Cancer.
2022;128(4):778-787.

Kimura H, Araya T, Yoneda T, et al. Long-lasting responses after
discontinuation of nivolumab treatment for reasons other than
tumor progression in patients with previously treated, advanced
non-small cell lung cancer. Cancer Commun. 2019;39(1):78.
Komiya K, Nakamura T, Abe T, et al. Discontinuation due to
immune-related adverse events is a possible predictive factor for
immune checkpoint inhibitors in patients with non-small cell lung
cancer. Thorac Cancer. 2019;10(9):1798-1804.

McKay RR, McGregor BA, Xie W, et al. Optimized management of
nivolumab and ipilimumab in advanced renal cell carcinoma: a
response-based phase II study (omnivore). J Clin Oncol.
2020;38(36):4240-4248.

Mesnard C, Bodet-Milin C, Eugéne T, Nguyen JM, Khammari A,
Dréno B. Predictive value of FDG-PET imaging for relapse in
metastatic melanoma patients treated with immunotherapy. | Eur
Acad Dermatol Venereol. 2020;34(10):2261-2267.

Motzer R], Escudier B, George S, et al. Nivolumab versus ever-
olimus in patients with advanced renal cell carcinoma: updated
results with long-term follow-up of the randomized, open-label,
phase 3 CheckMate 025 trial. Cancer. 2020;126(18):4156—4167.
Motzer RJ, Escudier B, McDermott DF, et al. Survival outcomes
and independent response assessment with nivolumab plus ipili-
mumab versus sunitinib in patients with advanced renal cell car-
cinoma: 42-month follow-up of a randomized phase 3 clinical trial
[published correction appears in ] Immunother Cancer. 2021
May;9(5):]. J Immunother Cancer. 2020;8(2):e000891.

Ornstein MC, Wood LS, Hobbs BP, et al. A phase II trial of
intermittent nivolumab in patients with metastatic renal cell
carcinoma (mRCC) who have received prior anti-angiogenic ther-
apy. J Immunother Cancer. 2019;7(1):127.

Pokorny R, McPherson JP, Haaland B, et al. Real-world experience
with elective discontinuation of PD-1 inhibitors at 1 year in patients
with metastatic melanoma. ] Immunother Cancer. 2021;9(1):
€001781.

Robert C, Ribas A, Hamid O, et al. Durable complete response after
discontinuation of pembrolizumab in patients with metastatic
melanoma. J Clin Oncol. 2018;36(17):1668-1674.

Robert C, Ribas A, Schachter J, et al. Pembrolizumab versus ipili-
mumab in advanced melanoma (KEYNOTE-006): post-hoc 5-year
results from an open-label, multicentre, randomised, controlled,
phase 3 study. Lancet Oncol. 2019;20(9):1239-1251.

Schank TE, Forschner A, Sachse MM, et al. Complete metabolic
response in FDG-PET-CT scan before discontinuation of immune
checkpoint inhibitors correlates with long progression-free survival.
Cancers. 2021;13(11):2616.

Tachihara M, Negoro S, Inoue T, et al. Efficacy of anti-PD-1/PD-L1
antibodies after discontinuation due to adverse events in non-small
cell lung cancer patients (HANSHIN 0316). BMC Cancer.
2018;18(1):946.

Tikkanen A, livanainen S, Koivunen JP. Treatment discontinuation
and re-initiation of anti-PD-(L)1 agents in metastatic cancers.
J Cancer Res Clin Oncol. 2020;146(8):2153-2160.

Vaishampayan U, Schoffski P, Ravaud A, et al. Avelumab mono-
therapy as first-line or second-line treatment in patients with met-
astatic renal cell carcinoma: phase Ib results from the JAVELIN
Solid Tumor trial. | Immunother Cancer. 2019;7(1):275.

Valentin ], Ferté T, Dorizy-Vuong V, et al. Real-World survival in
patients with metastatic melanoma after discontinuation of anti-
PD-1 immunotherapy for objective response or adverse effects: a
retrospective study. J Oncol. 2021;2021:5524685.

van Zeijl MCT, van den Eertwegh AJM, Wouters MW]M, et al.
Discontinuation of anti-PD-1 monotherapy in advanced melanoma-
Outcomes of daily clinical practice. Int J Cancer. 2022;150(2):
317-326.

Waterhouse DM, Garon EB, Chandler J, et al. Continuous versus 1-
year fixed-duration nivolumab in previously treated advanced non-
small-cell lung cancer: CheckMate 153. J Clin Oncol. 2020;38(33):
3863-3873.

Bimbatti D, Dionese M, Lai E, et al. Nivolumab drug holiday in
patients treated for metastatic renal cell carcinoma: a real-world,
single-centre experience. Front Oncol. 2022;12:960751.


http://refhub.elsevier.com/S2589-5370(24)00260-8/sref3
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref3
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref3
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref4
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref4
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref4
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref5
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref5
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref5
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref6
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref6
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref6
https://doi.org/10.1136/bmj.n160
https://doi.org/10.1136/bmj.n160
https://automeris.io/WebPlotDigitizer/
https://automeris.io/WebPlotDigitizer/
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref9
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref9
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref9
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref11
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref11
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref11
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref11
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref12
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref12
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref12
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref12
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref12
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref13
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref13
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref13
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref13
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref14
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref14
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref14
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref14
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref14
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref15
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref15
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref15
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref15
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref16
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref16
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref16
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref17
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref17
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref17
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref18
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref18
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref18
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref18
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref18
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref19
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref19
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref19
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref20
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref20
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref20
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref20
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref21
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref21
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref21
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref21
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref22
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref22
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref22
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref22
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref23
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref23
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref23
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref23
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref24
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref24
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref24
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref24
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref24
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref24
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref25
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref25
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref25
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref25
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref26
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref26
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref26
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref26
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref27
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref27
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref27
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref27
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref28
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref28
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref28
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref28
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref29
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref29
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref29
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref29
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref30
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref30
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref30
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref30
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref30
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref30
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref31
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref31
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref31
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref31
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref32
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref32
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref32
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref32
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref33
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref33
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref33
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref34
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref34
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref34
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref34
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref35
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref35
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref35
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref35
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref36
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref36
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref36
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref36
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref37
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref37
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref37
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref38
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref38
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref38
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref38
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref39
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref39
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref39
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref39
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref40
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref40
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref40
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref40
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref41
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref41
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref41
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref41
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref42
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref42
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref42
http://www.thelancet.com

Articles

12

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

Chatziioannou E, Leiter U, Thomas I, et al. Features and long-term
outcomes of stage IV melanoma patients achieving complete
response under anti-PD-1-based immunotherapy. Am ] Clin
Dermatol. 2023;24(3):453-467.

Perez L, Samlowski W, Lopez-Flores R. Outcome of elective
checkpoint inhibitor discontinuation in patients with metastatic
melanoma who achieved a complete remission: real-world data.
Biomedicines. 2022;10(5):1144.

Rubatto M, Fava P, Stanganelli I, et al. Discontinuation of anti-PD1
in advanced melanoma: an observational retrospective study from
the Italian Melanoma Intergroup. Eur | Cancer. 2023;187:25-35.
Simmons K, Thomas JV, Ludford K, et al. Sustained disease control
in immune checkpoint blockade responders with microsatellite
instability-high colorectal cancer after treatment termination.
Cancer Res Commun. 2023;3(12):2510-2517.

Robert C, Marabelle A, Herrscher H, et al. Immunotherapy
discontinuation - how, and when? Data from melanoma as a
paradigm. Nat Rev Clin Oncol. 2020;17(11):707-715.

Haanen ], Obeid M, Spain L, et al. Management of toxicities from
immunotherapy: ESMO Clinical Practice Guideline for diagnosis,
treatment and follow-up. Ann Oncol. 2022;33(12):1217-1238.
Green AK, Ohn JA, Bach PB. Review of current policy strategies to
reduce US cancer drug costs. | Clin Oncol. 2020;38(4):372-379.
Vasekar MK, Agbese E, Leslie D. The value of immunotherapy:
comparison of annual cost per patient receiving immunotherapy
versus chemotherapy in patients with non-small cell lung cancer.
J Clin Oncol. 2020;38(15_suppl):e19364. https://doi.org/10.1200/
JCO.2020.38.15_suppl.e19364.

Haanen JB. Immunotherapy of melanoma. EJC  Suppl.
2013;11(2):97-105. https://doi.org/10.1016/j.ejcsup.2013.07.013.
Kalialis LV, Drzewiecki KT, Klyver H. Spontaneous regression of
metastases from melanoma: review of the literature. Melanoma Res.
2009;19(5):275-282.

Oble DA, Loewe R, Yu P, et al. Focus on TILs: prognostic signifi-
cance of tumor infiltrating lymphocytes in human melanoma.
Cancer Immun. 2009;9:3.

Clemente CG, Mihm Jr MC, Bufalino R, et al. Prognostic value of
tumor infiltrating lymphocytes in the vertical growth phase of
primary cutaneous melanoma. Cancer. 1996;77(7):1303-1310.
Erdag G, Schaefer JT, Smolkin ME, et al. Immunotype and
immunohistologic characteristics of tumor-infiltrating immune
cells are associated with clinical outcome inmetastatic melanoma.
Cancer Res. 2012;72(5):1070-1080.

Bakker AB, Schreurs MW, de Boer AJ, et al. Melanocyte lineage-
specific antigen gp100 is recognized by melanomaderived tumor-
infiltrating lymphocytes. | Exp Med. 1994;179(3):1005-1009.
Castelli C, Storkus W], Maeurer MJ, et al. Mass spectrometric iden-
tification of a naturally processed melanoma peptide recognized by
CD8+ cytotoxic T lymphocytes. J Exp Med. 1995;181(1):363-368.

58

59

60

61

62

63

64

65

66

70

71

Gaugler B, Van den Eynde B, van der Bruggen P, et al. Human gene
MAGE-3 codes for an antigen recognized on a melanoma by autol-
ogous cytolytic T lymphocytes. | Exp Med. 1994;179(3):921-930.
Huang LQ, Brasseur F, Serrano A, et al. Cytolytic T lymphocytes
recognize an antigen encoded by MAGE-A10 on a human mela-
noma. J Immunol. 1999;162(11):6849-6854.

Jager E, Chen YT, Drijfhout JW, et al. Simultaneous humoral and
cellular immune response against cancer-testis antigen NY-ESO-1:
definition of human histocompatibility leukocyte antigen (HLA)-
A2-binding peptide epitopes. ] Exp Med. 1998;187(2):265-270.
Kawakami Y, Eliyahu S, Delgado CH, et al. Cloning of the gene
coding for a shared human melanoma antigen recognized by
autologous T cells infiltrating into tumor. Proc Natl Acad Sci USA.
1994;91(9):3515-3519.

Kvistborg P, Shu CJ, Heemskerk B, et al. TIL therapy broadens the
tumor-reactive CD8(+) T cell compartment in melanoma patients.
Oncoimmunology. 2012;1(4):409-418.

Romero P, Gervois N, Schneider ], et al. Cytolytic T lymphocyte
recognition of the immunodominant HLAA*0201-restricted
Melan-A/MART-1 antigenic peptide in melanoma. ] Immunol.
1997;159(5):2366-2374.

Yarchoan M, Hopkins A, Jaffee EM. Tumor mutational burden and
response rate to PD-1 inhibition. N Engl | Med. 2017;377(25):2500—
2501.

Rousseau B, Foote MB, Maron SB, et al. The spectrum of benefit
from checkpoint blockade in hypermutated tumors. N Engl | Med.
2021;384(12):1168-1170.

Mantovani A, Marchesi F, Malesci A, et al. Tumour-associated
macrophages as treatment targets in oncology. Nat Rev Clin Oncol.
2017;14(7):399-416.

Han ], Zhao Y, Shirai K, et al. Resident and circulating memory
T cells persist for years in melanoma patients with durable
responses to immunotherapy. Nat Cancer. 2021;2(3):300-311.
Park SL, Buzzai A, Rautela J, et al. Tissue-resident memory CD8+
T cells promote melanoma-immune equilibrium in skin [published
correction appears in Nature. 2019 Feb;566(7745):E10]. Nature.
2019;565(7739):366-371.

Vanmeerbeek I, Borras DM, Sprooten J, et al. Early memory dif-
ferentiation and cell death resistance in T cells predicts melanoma
response to sequential anti-CTLA4 and anti-PD1 immunotherapy.
Genes Immun. 2021;22:108-119.

Mok S, Anang N, Mancuso J, et al. Anti-CTLA-4 generates memory
T-cells with greater expansion and functionality than anti-PD-1.
AACR. Cancer Res. 2023;83(7_Suppl). Abstract nr 4149.
Papadimitropoulou K, Stijnen T, Riley RD, et al. Meta-analysis
of continuous outcomes: using pseudo IPD created from
aggregate data to adjust for baseline imbalance and assess
treatment-by-baseline  modification. ~ Res  Synth  Methods.
2020;11(6):780-794.

www.thelancet.com Vol 73 July, 2024


http://refhub.elsevier.com/S2589-5370(24)00260-8/sref43
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref43
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref43
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref43
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref44
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref44
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref44
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref44
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref45
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref45
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref45
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref46
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref46
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref46
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref46
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref47
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref47
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref47
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref48
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref48
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref48
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref49
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref49
https://doi.org/10.1200/JCO.2020.38.15_suppl.e19364
https://doi.org/10.1200/JCO.2020.38.15_suppl.e19364
https://doi.org/10.1016/j.ejcsup.2013.07.013
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref52
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref52
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref52
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref53
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref53
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref53
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref54
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref54
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref54
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref55
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref55
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref55
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref55
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref56
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref56
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref56
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref57
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref57
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref57
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref58
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref58
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref58
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref59
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref59
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref59
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref60
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref60
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref60
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref60
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref61
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref61
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref61
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref61
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref62
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref62
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref62
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref63
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref63
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref63
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref63
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref64
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref64
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref64
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref65
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref65
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref65
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref66
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref66
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref66
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref67
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref67
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref67
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref68
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref68
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref68
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref68
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref69
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref69
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref69
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref69
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref70
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref70
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref70
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref71
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref71
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref71
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref71
http://refhub.elsevier.com/S2589-5370(24)00260-8/sref71
http://www.thelancet.com

	Outcomes of patients with advanced solid tumors who discontinued immune-checkpoint inhibitors: a systematic review and meta ...
	Introduction
	Methods
	Search strategy, selection criteria and data extraction
	Individual patient-level data reconstruction
	Quality assessment of studies
	Statistics
	Role of funding source

	Results
	Discussion
	ContributorsLaura Pala, Eleonora Pagan, Vincenzo Bagnardi, Fabio Conforti contributed to study design, data collection, dat ...
	Data sharing statementData collection form and extracted data can be made available upon request to the authors.
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


