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Abstract: Background: Immune checkpoint inhibition (ICI) has significantly improved the survival of
metastatic melanoma (MM) with a significant proportion of patients obtaining long-lasting responses.
However, ICI also exposes patients to new, heavy, and sometimes irreversible toxicities. Thus, iden-
tifying the minimal amount of treatment time is extremely urgent. Methods: We researched English
peer-reviewed literature from electronic databases (MEDLINE and PubMed) until July 2022 with the
aim of evaluating the clinical outcomes after the cessation of ICI therapy due to elective study plans,
clinician–patient sharing, and adverse events. Results: Although most of the data are from retrospective
studies, considering that most patients with major responses maintain it after treatment cessation,
it is proposed that for complete response (CR)/near CR, a further six months of therapy after best
response may be considered enough. For partial response (PR) or stable disease (SD), treatment must
be continued for at least 2 years and, in some cases, indefinitely, based on residual disease, the patient’s
will, and the toxic profile. Of note, in spite of the best response, 25–30% of patients relapsed, and, when
retreated, responded far less than in front-line treatment. Conclusions: Most of the data being from
retrospective and heterogeneous experiences, their grade of evidence is limited and no consensus has
been reached on the optimal treatment duration. Controlled prospective studies are needed.

Keywords: metastatic melanoma; immune checkpoint inhibitors; therapy discontinuation

1. Introduction

Targeted therapy with BRAF/MEK inhibitors and immune checkpoint inhibition (ICI)
provides long-term overall survival (OS) benefits in patients with metastatic melanoma (MM).
The median OS of various available anti-BRAF/anti-MEK combinations is 23–34 months
and that of anti-PD-1 (programmed death 1 receptor) single agent is 33–37 months with
a 5-year OS rate of about 35% for targeted therapy and about 45%, for anti-PD-1 im-
munotherapy [1–3]. Combined ICI nivolumab plus the anti-cytotoxic T lymphocyte antigen-
4 (CTLA-4) ipilimumab yielded an even superior clinical benefit compared to each agent
used alone with a median OS of about 72 months and a 5-year OS rate of 52% [4].

Despite the approval for long-term use, the optimal treatment duration providing the
maximum anti-tumor effect and minimizing the duration of treatment is still a matter of
debate [5]. The FDA label for nivolumab and pembrolizumab allows for indefinite therapy,
which, for many patients represents overtreatment. In clinical trials, anti-PD-1 antibodies
are typically administered continuously over 2 years or until reaching a progression of the
disease or unacceptable toxicity. In daily practice, treatment is often discontinued due to
treatment-limiting toxicity (TLT) or electively, several months to years following a major
tumor response [6,7].

Understanding the long-term outcomes after treatment discontinuation is of great
importance for patient and physician decisions. At present, data on responding patients
who discontinue therapy are scarce and widely variable [8–11]. Real-life evidence for
durable responses after treatment cessation has consistently accumulated in recent years
and this questions the need for prolonged treatment in responding patients [5,11,12].
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Another important aspect concerns the number of patients who relapse and undergo
a new anti-PD-1 treatment. To date, data on retreatment are lacking and based only on
small cohorts of patients [8,9,13,14].

The purpose of this review was to analyze clinical experiences carried out both from
controlled studies and real-life experiences of the discontinuation of ICI therapy in the
absence of disease progression with the aim of assessing the characteristics of long-term
benefits after stopping therapy and to help clinicians to consider the optimal duration of
treatment in a specific patient and therapeutic context. Data regarding retreatment with
anti-PD-1 at recurrence have been also reported.

2. Materials and Methods

We researched English peer-reviewed literature (clinical trials, real-life retrospective
studies, scientific reviews, and reference lists of respective articles) from electronic databases
(MEDLINE and PubMed, until 31 July 2022).

We searched both controlled clinical trials and real-life studies, using immunother-
apy, treatment discontinuation, checkpoint inhibitor toxicity, and metastatic melanoma as
keywords. We excluded all studies that involved the discontinuation of treatment with anti-
CTLA-4, or other therapies other than anti-PD-1, and the interruption of treatment due to
disease progression We described patient outcomes in terms of relapse rate, probability
of disease-free survival (DFS) at 12 and 24 months (when present), and response rate to
retreatment. A flow chart of the systematic literature search was made according to PRISMA
guidelines (Supplementary Figure S1). The registration code is 338888 of 11 June 2022.

3. Results
3.1. Long-Term Benefit with Checkpoint Inhibitor Immunotherapy

In the Keynote 006 open-label randomized phase-3 study including 834 patients and
comparing pembrolizumab vs. ipilimumab, in patients with stable disease (SD) or better
who completed the entire plan of 2 years of pembrolizumab, the 5-year PFS rate and OS rate
are 70% and 93%, respectively [1]. A recent update of this study at 7 years of follow-up has
confirmed the long-term OS benefit of pembrolizumab with an OS rate of 37.8%, regardless
of BRAF status, prior BRAF inhibitor therapy, or poor prognostic characteristics [4].

Also, the updated follow-up at 6.5-year of the CheckMate 067 study, comparing
nivolumab alone or combined with ipilimumab vs. ipilimumab, reported a median OS of
72 months for nivolumab plus ipilimumab, 36.9 for nivolumab, and 19.9 for ipilimumab as
a single agent. The OS rate at that time was 49%, 42%, and 23%, respectively [15].

Of note, the long-term benefit for patients treated both with targeted therapy or check-
point inhibitors was closely correlated with the quality of response. In BRAF-mutated
patients treated with dabrafenib and trametinib, the 5-year OS according to the best re-
sponse was 71%, 32%, and 16% for complete response (CR), partial response (PR) and SD,
respectively [16]. A similar trend was reported in the Keynote 006 study with a 7-year OS
rate of 85.2% for CR, 61.8% for PR, and 25.9% for SD [4]. Finally, in the CheckMate 066, 067,
and 069 pooled analysis, the 5-year OS rate for the single-agent nivolumab group was 86%
for patients who reached a CR and 54% for patients who did not reach a CR, whereas in the
nivolumab plus ipilimumab group it was 85% and 68%, respectively. Interestingly, patients
who achieved CR had similar OS behavior regardless of the treatment group [17].

Regarding ICI therapy, it is also reported that patients who discontinued treatment for
adverse events (AEs), which is about 10% of patients treated with anti-PD-1 single agent [1],
and near 40% of those treated with anti-PD-1 plus anti-CTLA-4 [2], maintain clinical benefits
similar to those who continued the treatment with ICI. A comprehensive pooled landmark
analysis of data from the Keynote-001, Keynote-002, and Keynote-006 studies reporting the
long-term (3.5 years) safety profile of pembrolizumab demonstrated that treatment-related
AEs were generally mild to moderate and that the efficacy of pembrolizumab was similar in
the 79 patients who experienced AEs with respect to the 384 patients who did not. Moreover,
the efficacy of pembrolizumab was also similar in patients who received or did not receive
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systemic corticosteroids to manage immune AEs [18]. Similar data were obtained with
nivolumab plus ipilimumab: the pooled analysis of CheckMate 069 and 067 at a median
length of follow-up of 21.3 months reported a median PFS of 16.7 months for 176 patients
who discontinued therapy due to an AE vs. 10.8 for the 233 patients without AEs [19]. The
possible explanation is that the mechanisms underlying the AEs are also responsible for a more
potent antitumor immune response that persists even after treatment is stopped. Nevertheless,
real-life experiences have reported a poorer survival in patients who discontinued due to AEs
compared with those who electively discontinued anti-PD-1 therapy, as reported below.

3.2. Experiences of Discontinuation in the Absence of Disease Progression

We analyzed 10 studies focused on the discontinuation of anti-PD-1 therapy, published
from 2018 to 2022, involving a total of 1199 patients. Two prospective clinical trials [1,9,20]
and eight retrospective studies [21–28] were evaluated. Responses to checkpoint inhibitors
were mainly assessed according to RECIST 1.1 criteria [1,9,20,21,24,25,27,28]. Only in one
study were immuno-related response criteria used [22]. Exceptions are two studies, one in
which response assessment was not strictly related to RECIST 1.1 criteria but to physician
judgment [23], and one in which the method of response assessment was not specified [26].
We also evaluated the percentage of relapsed patients and the response to re-treatment
with anti-PD-1. To this aim, we analyzed nine studies, including one prospective clinical
trial [1] and eight retrospective studies [22–27,29,30].

In the phase-1 Keynote-001 study using the anti-PD-1 pembrolizumab in 655 patients,
an amendment to the protocol allowed treatment discontinuation for patients with CR
if they had at least 6 months of treatment, a CR confirmed on two consecutive CT scans,
and two infusions of therapy after confirmation of response [9,20]. At 5 years of follow-
up, 105 patients obtained a CR, of which 14 continued treatment and 91 stopped therapy
(67 patients due to clinician–patient joint decision, 12 patients due to AEs, 7 patients due
to clinical decision, 3 patients due to their own choice, and 2 patients due to subsequent
progression). For the 67 patients who suspended treatment due to a joint decision, the
median time of treatment was 23 months (range of 8 to 44 months). Of these, two (3%)
patients died for reasons unrelated to study treatment or progression, four (6%) patients
progressed, and sixty-one (91%) patients maintained the CR after a median time of therapy
discontinuation of 22 months. For the entire group of responders, the estimated 24-month
DFS was 90.9%, whereas for the 91 patients who discontinued therapy it was 85.8% [9,20].

The Keynote-006 study, an open-label, randomized, phase-3 study comparing pem-
brolizumab at two different schedules vs. ipilimumab, pembrolizumab treatment, could be
continued for up to 24 months. Patients with a confirmed CR who received pembrolizumab
for at least 6 months could discontinue therapy if they received two or more doses beyond
the CR. Patients who discontinued pembrolizumab with SD or better after receiving at
least 24 months of pembrolizumab or discontinued with CR after at least 6 months of pem-
brolizumab and then progressed could receive a second course of an additional 17 cycles of
pembrolizumab [1]. Of the 556 patients treated with pembrolizumab, 103 completed the
2 years of planned treatment, and of these, 21 (20.4%) patients had a CR, 69 (67%) a PR, and
13 (12.6%) an SD. After a median follow-up from the therapy discontinuation of 34.2 months,
76% of patients with CR, 77% of patients with PR, and 54% of patients with SD maintained
their response after the end of therapy. Moreover, patients with SD progressed earlier than
those with CR or PR. Of note, eight patients who had PR before therapy discontinuation
became complete responders after discontinuation. The estimated 24-month DFS was 78.4%
for all 103 patients, 85.4% for patients with CR, 82.3% for patients with PR, and 39.9% for
patients with SD. Nevertheless, 23 patients with CR who completed at least 6 months of
therapy but did not complete the 24 months of planned treatment had a 24-month DFS of
86.4%, similar to patients with CR who completed the 2 years of treatment [1].

Beyond these data from controlled studies, new evidence is accumulating from retro-
spective real-life experiences. Dimitriou et al. recently reported a European multicenter
experience of 125 patients with advanced melanoma with and without brain metastases
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treated either with anti-PD-1 monotherapy (97 patients) or combined with anti-CTLA-4
(28 patients) [21]. Eighty-six patients electively discontinued the treatment after CR (first
group), thirty-three patients due to TLT, and six due to the investigator’s decision (second
group). For the first group, the median duration of treatment was 22 months (range 5–49),
the median time to CR was 9 months (range 2–47), and the median treatment after CR was
8 months (range 0–40). For the group of patients who discontinued treatment due to toxicity
or due to the investigator’s decision, the median treatment time was 3 months (range 0–36).
Of the 86 patients who electively discontinued the treatment for CR, only 7 (8%) had a re-
currence of the disease (two had been treated with combined anti-CTLA-4/anti-PD-1 and
five with anti-PD-1 alone) and only 3 (7.7%) of the 39 patients who discontinued treatment
due to toxicity or investigator’s choice (one previously treated with combined anti-CTLA-
4/anti-PD-1 and two with anti-PD-1 alone). Median off-treatment response time (time
between last immunotherapy dose to disease progression or last follow-up) was 19 months
(range 0–42) and 25 months (range 0–66) for the first and second groups, respectively. It
should be noted that in this study, not all patients were treated with anti-PD-1 alone and
not all were treated as the first line. In fact, 32.3% of patients received one previous line,
19.2% two lines, and 1.6% up to four lines prior to immunotherapy. Interestingly, among
the 25 patients with cerebral metastases, only 3 had a recurrence of disease (two intracranial
treated with locoregional therapy) and none progressed at the cut-off of data. Moreover, in
this study, at a median follow-up of 38 months, median PFS and OS were not reached and
the 3-year OS was estimated at 90%. The authors concluded that treatment discontinuation
is feasible in patients obtaining CR, including those with brain metastases, and that the
efficacy outcomes seemed to be similar regardless of the reason for discontinuation [21].

In another retrospective, multicenter, real-world cohort study from 14 medical centers
across Europe and Australia, Jansen et al., investigated the outcomes of 185 patients with ad-
vanced melanoma treated with anti-PD-1 monotherapy administered as first-line in 80 (43%)
patients [22]. All patients interrupted treatment by the joint decision of the investigators and
the patients in the absence of progression or TLT. The best overall response (BOR) included
117 CR (63%), 44 PR (24%), and 16 SD (9%), and 8 (4%) patients were non-evaluable. The
median duration of treatment was lower than in other clinical trials (12 months, range 0.7–43).
In detail, CR patients were treated for a median time of 11 months, PR patients for 15 months,
and SD patients for 14 months. After a median follow-up of 18 months after treatment
interruption, the relapse rate was 22% (40 patients) for the entire cohort, 14% (16 patients)
for CR patients, 32% (14 patients) for PR patients, and 50% (8 patients) for SD. Multivari-
ate analysis, including prognostic indicators (stage of the disease and previous therapies),
did not detect any significant association between relapse and duration of the treatment
or clinical characteristics. The median PFS was achieved only for patients with an SD of
16 months. When PFS was stratified according to the treatment duration (<6 vs. 6–9 months
vs. 9–12 months vs. 12–18 months vs. >18 months), median PFS after discontinuation was
not reached in any of the subgroups, and no significant difference was found between these
groups. The authors found a statistically significant difference in PFS only for CR patients
with a longer PFS for those treated >6 months vs. those treated <6 months (not reached
vs. 18.9 months). No difference was found among patients treated for more than 6 months.
The main message from these authors is that in patients obtaining a CR after treatment for
>6 months, the risk of relapse after treatment discontinuation was very low [22].

In a more recent retrospective study, van Zeijl et al. reported an experience in the
Netherlands of 324 patients homogeneously treated with anti-PD-1 as first-line therapy and
who discontinued therapy in the absence of progressive disease [23]. At the time of the
discontinuation of therapy, 90 (28%) patients had a CR, 190 (59%) a PR, and 44 (14%) an SD.
For CR, patients the most common reasons for discontinuation were medical/patient joint
decisions in 67 (70%) patients and AEs in 7 (7.8%) patients. In patients with PR, 98 (52%) of
them discontinued by joint decision and 61 (32%) for AEs. In patients with SD, AEs were the
most frequently reported reason for anti-PD-1 discontinuation (n = 21, 48%), followed by
joint decision (n = 15, 34%). The median duration of treatment was 12 months for patients
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with CR, 13 months for patients with PR, and 15 months for SD. Eighty-seven (27%) patients
had a recurrence of disease (16 patients with CR at the time of discontinuation, 52 with PR,
and 19 with SD). In patients with CR, PR, and SD at the time of anti-PD-1 discontinuation,
the median follow-up time after anti-PD-1 discontinuation was 18, 16, and 17 months. The
median PFS was not reached for patients with CR and PR, whereas it was 10 months for
patients with SD. The probability of PFS at 12 and 24 months after the discontinuation of
anti-PD-1 for patients with CR was 86% and 64%, respectively; for patients with PR, it was
70% and 53%, respectively; and for patients with SD, it was 48% and 31%, respectively. Of
note, the PFS of patients with CR was considerably lower than in controlled studies. This may
be due to the fact that patients who discontinued treatment for AEs were also considered, in
the presence of unfavorable patient and/or disease characteristics, and in the short period of
only 1.1 months of therapy from BOR. Moreover, the authors found a better PFS for patients
who had an elective interruption of treatment and PR compared to those who discontinued
treatment for toxicity, probably due to the shorter treatment median time in the AEs group
(6.9 months for CR, 7.2 months for PR, and 3.5 months for SD) than those who electively
stopped treatment (12 months for CR, 13 months for PR, and 11 months for SD). Of note, in
this study, PFS was not stratified based on the treatment time. Survival outcomes of patients
with a PR and CR were similar when anti-PD-1 discontinuation was not due to adverse
events [23]. In a retrospective monocentric study from the USA, Pokorny et al. analyzed data
of 52 patients treated as the first-line with anti-PD-1 for 1 year (at least 6 months and not more
than 18 months) and then stopped treatment after an investigator–patient joint decision [24].
In this cohort, patients who discontinued treatment due to PD or immune-related AEs were
excluded. The median time of treatment was 11.1 months. At discontinuation, the BOR was
CR in 13 (25%) patients, PR in 28 (53.8%) patients, and SD in 11 (21.2%) patients. The relapse
rate to a median follow-up of 20.5 months from discontinuation was globally 25%, including
15.3% of patients who obtained a CR, 25% of those with PR, and 36.3% of those with SD. The
median PFS for relapsed patients was 3.9 months (range 0.7–30.9). In contrast to Jansen [22],
this study reported a significant correlation between specific disease characteristics and
the likelihood of relapse in multivariate analysis. The authors found strong evidence that
younger age (p = 0.037), history of brain metastasis (p = 0.009), and greater post-PD-1 lactate
dehydrogenase (LDH) (p = 0.032) were associated with an earlier time of progression. The
median PFS after treatment discontinuation was not reached. The authors concluded that,
after 1 year of anti-PD-1 therapy, the majority of patients remained without progression
after long-term follow-up, even patients with residual disease on imaging. They reported no
correlation between treatment time and survival, probably because the treatment period was
limited to 1 year. Unlike other studies, there is also a lack of estimation analysis of PFS and
OS at 12 and 24 months [24].

In another monocentric retrospective study at Memorial Sloan Kettering Cancer Center
of New York, Betof Warner et al. analyzed the clinical outcomes of 396 patients who
interrupted therapy with anti-PD-1 or anti-PD-1/anti-CTLA-4 combination for all reasons,
including disease progression (196 patients) and having at least 3 months of follow-up after
discontinuation [25]. Among the entire cohort of patients, 102 had a CR as the best overall
response (25.8%), with 18 patients considered as having CR by the clinician but having
a residual tumor in the radiological analysis. In patients with CR, the median duration of
treatment was 9.4 months, and the causes of treatment interruption were CR (72 patients),
TLT (24 pts), PD (3 patients), completion of the clinical trial (1 patient), and other (2 patients).
After a median follow-up of 21.1 months from CR, 23 patients (22.5%) had a recurrence of
disease. The probability of being alive and not needing additional therapy for melanoma
recurrence at 3 years was 72.1%. There was no significant association between treatment
duration and relapse risk. In multivariable analysis, CR was associated with M1b disease
and cutaneous vs. mucosal or acral primaries. Considering the 27% treatment failure at
3 years and the infrequent responses to retreatment, the authors concluded that the optimal
duration of treatment after CR is yet to be established [25].
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In another real-life, single-site experience from Israel, Asher et al. identified 106 pa-
tients with MM treated with immunotherapy (anti-PD-1 monotherapy in 81% of patients
or in combination with ipilimumab in 19% of patients) for a median of 15.2 months
(range, 0.7–42.3) and who discontinued treatment in the absence of disease progression [26].
Eighty (75.5%) patients received immunotherapy as the first line and 26 (24.5%) as the
advanced treatment line (15 ipilimumab, 6 targeted therapy, 3 pembrolizumab, 2 ipili-
mumab and nivolumab). Sixty patients discontinued treatment for toxicity, 32 for CR, and
14 for a long-term PR. Eighty patients (75.5%) had a CR as the BOR, 22 (20.7%) had a PR,
and 4 (3.8%) had an SD. After a median follow-up from the interruption of therapy of
20.8 months, 34 (32%) patients had disease recurrence. The median time to progression
was 8.5 months (range, 1.5–37). Nineteen (24%) patients with CR had a relapse of disease
compared to 15 (57.7%) non-CR patients. Thus, the authors concluded that patients reach-
ing CR had a significantly lower risk of disease progression than non-CR patients (OR 0.31;
p = 0.02). They also found a higher likelihood of progression for patients who received
previous treatments than patients treated in the front line (OR 2.8, p = 0.027). Specifically,
patients with non-CR as the best response and patients treated in an advanced-line setting
should be treated for longer periods, and elective discontinuation should not take place
prior to 18 months. In a multivariate analysis, the authors found a correlation between
PFS and best response (HR 2.46), line of treatment (HR 2.20), and treatment duration
(HR = 0.98). The median PFS was not achieved for patients with CR, while for patients with
PR it was 36.5 months, and 12.8 months for patients with SD. Moreover, the median OS
was not reached for patients with CR or PR, whereas it was 24.6 months for patients with
SD. Patients who had received previous treatment lines experienced a greater likelihood of
progression after the anti-PD-1 interruption. PFS, however, was not significantly affected
by the treatment line. The 72 non-progressed patients had a median duration of treatment
statistically longer than patients who had disease progression (15.8 vs. 8.9 months). Calcu-
lating the hazard ratio at 3-month intervals, the authors found that the optimal duration of
treatment was between 18 and 24 months [26], in contrast with Jensen et al., who found no
significant differences between the duration of treatment at 12 or 18 months [22].

In a recent retrospective study from France, Valentin et al. selected 65 patients with
advanced melanoma who stopped single-agent anti-PD-1 therapy for objective response
or toxicity independent of the line of treatment [27]. The median follow-up after the
introduction of treatment was 36.5 months (range 4.6–62.4), and the median follow-up after
the discontinuation of treatment was 15.7 months (range 2.5–45.1). Twenty-five (38.4%)
patients stopped therapy for CR, 12 (18.5%) for PR/SD and 28 (43.1%) for AEs. The
median treatment time was 16.8 months, 21 months, and 7.2 months, for CR, PR/SD,
and AE patients, respectively. The median PFS for the whole cohort was not reached. At
a median follow-up of 36.5 months from the interruption of treatment, 12 patients (18.5%)
relapsed after a median time of 9 months. Of them, 12% had a CR, 16.7% had a PR/SD,
and 25% had AEs. The authors found no statistically significant correlations between the
disease characteristics and the likelihood of progression, even with the time of treatment,
probably due to the small size of the study cohort, as the authors explain. This cohort,
with a global recurrence rate of 18.5%, confirmed a long-lasting response after anti-PD-1
cessation regardless of the cause of discontinuation [27].

In a recent retrospective, monocenter study, Perez et al. recognized the possibility
of discontinuing ICI therapy in patients who have obtained a CR [28]. Of 132 patients,
46 achieved a CR and discontinued treatment after a second lot of radiographic evaluations
performed 3 months later. At a median follow-up of 4 years, only 4 (8%) of 46 CR patients
experienced disease recurrence, and 100% of patients were alive at the data cut-off. DFS
from the end of treatment was 97.5% at 1 year and 94.5% at 30 months. The limitation of
this study is that patients were not treated homogeneously. Twenty-three patients were
treated with the combination nivolumab plus ipilimumab and 10 patients with the addition
of an anti-BRAF or anti-MEK at first progression with ICI therapy [28]. The main features
of the studies are summarized in Table 1.
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Table 1. Type of study and clinical outcomes.

Study Type of
Study

Response
Assessment

Criteria

Number of
Patients Who
Discontinued

Treatment

BOR, N.
Pts (%)

Reason for
Discontinuation

(N. Pts)

Median
Time of

Treatment
(Months)

Relapse
%

Median
PFS

(Months)

Estimated
24-Month

DFS

Keynote
001

[9,20]
phase 1b

RECIST 1.1 91 Not reached 85.8%

CR, 91 (100) Joint decision (67)
Other 1 (24)

23 6% - 89.9%

12 - -

Keynote
006 [1]

phase 3

RECIST 1.1 103 26% Not reached 78.4%

CR, 21 (20.4)

End of protocol 24

24% Not reached 85.4%

PR, 69 (67) 23% Not reached 82.3%

SD, 13 (12.6) 46% Not reached 39.9%

Jansen
[22]

Retrospective/
prospective

irRC 185 12 22%

CR, 117 (63)

Joint decision

11 14% Not reached -

PR, 44 (24) 15 32% Not reached -

SD, 16 (9) 2 14 50% 16 -

Betof
Warner

[25]
Retrospective RECIST 1.1 102

CR, 102
(100)

PD after CR (3)

9.4 22.5% Not reached 83.3%
TLT (24)

CR (72)

Other (3)

Dimitriou
[21]

Retrospective RECIST 1.1 125
CR, 125

(100)
CR (86) 22 8% Not reached -

Other 3 (39) 3 7.7% Not reached -

van
Zeijl
[23]

Retrospective Physician’s
judgment 324

CR 4,90
(27.8)

Joint decision (63)
12 17.8% Not reached 64%

Other 5 (27)

PR 4,190
(58.6)

Joint decision (98)
13 27.4% Not reached 53%

Other 6 (92)

SD 4,44
(13.6)

Joint decision (15)
15 43.2% 10 31%

Other 7 (29)

Pokorny
[24]

Retrospective

RECIST 1.1 52 25%

-
CR,13 (25)

Joint decision 11.1

15.3%

Not reachedPR, 28 (53.8) 25%

SD, 11 (21.2) 63.3%

Asher
N [26]

Retrospective

Not specified 106 15.2 32%

-
CR, 80 (75.5) TLT (60)

CR (32)
Long-term PR

(14)

15.5 23.7% Not reached

PR, 22 (20.7) 12.9 50% 36.5

SD, 4 (3.8) 12.4 100% 12.8

Valentin
[27]

Retrospective

RECIST 1.1 65 14.1 18.5%

- -
CR (25) 16.8 12%

PR/SD (12) 21.2 16.7%

TLT (28) 7.2 25%

Perez
[28] Retrospective RECIST 1.1 46 CR, 46 (100) CR (46) 9.6 8% - -

CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease; TLT: treatment-limiting
toxicity; BOR: best overall response. 1 Twelve pts due to AEs, two pts for subsequent PD, seven pts for physician’s
decision, three for withdrawal of consent. 2 Eight (4%) patients were non-evaluable for BOR. 3 Thirty-three patients
due to TLT and six due to physician’s decision. 4 Response at the time of anti-PD-1 discontinuation. 5 Five pts
due to patient’s choice, seven due to TLT, other reasons in thirteen pts, unknown in two. 6 Seven pts due to patient’s
choice, sixty-one due to TLT, other reasons in twenty-two pts, unknown in two. 7 Two pts due to patient’s choice,
twenty-one due to TLT, other reasons in six pts.
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3.3. Retreatment

Data regarding re-treatment with anti-PD-1 at recurrence after cessation due to best re-
sponse or patient/investigator decision are poor and involve very small patient populations.

Already in 2017, Nomura et al. showed that retreatment with nivolumab was an option
for selected MM after previous nivolumab treatment. Among eight re-treated patients,
two (25%) achieved a PR, and three (37.5%) an SD, with an overall DCR of 62% [29]. In
the same year, Blasig et al. reported similar findings in eight MM patients re-treated
with anti-PD-1. One of them (12.5%) obtained a PR, while three (37.5%) had an SD (DCR
50%) [30]. In the Keynote 006 study, 13 patients underwent re-treatment with a second
course of pembrolizumab. Of them, three obtained a CR, four a PR, three an SD, and one
a PD (for two patients, the response assessment was pending), with an overall response
rate (ORR) of 54% and a DCR of 77%. Immune-mediated adverse events during the second
course were mild to moderate [1]. Jansen et al. [22], in their real-world cohort study of
185 MM patients who electively discontinued anti-PD-1 therapy with pembrolizumab
(n = 167) or nivolumab (n = 18) in the absence of disease progression or TLT, reported
relapse in 40 patients (21.6%). Of these, 19 (48%) were re-challenged with pembrolizumab
or nivolumab. The BOR at re-treatment was two (11%) CR, four (21%) PR, and five (26%)
SD (DCR 58%). Six (32%) patients did not benefit from retreatment, moreover, one patient
died before the first response evaluation, and one was not evaluated. Of note, among the
nine patients that had a CR with the first course of treatment, four showed an objective
response at the re-treatment. The authors concluded that a new course of anti-PD-1 can
lead to renewed antitumor activity in a subset of patients [22].

In the real-world, large experience reported by Betof Warner et al. [25], 78 of 396 pa-
tients who discontinued treatment for all reasons, including 196 patients for disease pro-
gression, were re-treated with single-agent anti-PD-1 therapy (34 patients) or with the
combination of ipilimumab plus nivolumab (44 patients). Unfortunately, in this experi-
ence the response to re-treatment was infrequent. Only five patients (14.7%) responded
to re-treatment with anti–PD-1 therapy including two CR, while eleven (25%) patients
responded to re-treatment with the ipilimumab–nivolumab combination, including three
CR. No correlation was observed between the response to the initial course of anti–PD1
therapy: only 2 patients of 10 who initially had a CR to the first course of anti-PD-1 re-
sponded to re-treatment. The authors came to the conclusion that the long duration of
the first-line therapy could induce some resistance mechanisms (e.g., adaptive immune
resistance, phenotypic changes of residual tumor cells, antigen processing or presentation,
PD-1 expression), allowing the selection of more resistant cellular clones able to resist
re-treatment with the same antibodies [25].

More recently, van Zeijl et al. analyzed 27 out of 87 patients (31%) with PD after
anti-PD-1 discontinuation who were thus retreated with anti-PD-1 monotherapy. Of them,
two (6.7%) had a CR, six (20%) a PR, and nine (30%) an SD. Finally, six (20%) patients had
PD and in four (13%) of them, the response status was unknown at the data cut-off [23].

Asher et al. retreated 19 patients with anti-PD-1 at disease relapse. They reported
an ORR of 47% and a DCR of 68% including five CR, four PR, and four SD. Two patients
progressed and another two had an unconfirmed PD. No correlation was observed between
time without treatment and response to re-treatment. All patients were alive at the data
cut-off [26].

In the article by Pokorny et al., 13 patients experienced recurrence after first-line anti-
PD-1 therapy. Of these, eight were treated with anti-PD-1, including four after loco-regional
approaches and one after antiBRAF/antiMEK-targeted therapy. Five of them had an SD
and two had a PR (ORR 25% and DCR 87.5%). All but one of the patients were alive at the
time of data cutoff [24].

Valentin et al. saw that 12 patients (18.5% of the entire population considered) pro-
gressed after a median time of 9 months from checkpoint inhibitors discontinuation [27].
Of them, nine received a second course of treatment. The response to the first course of
treatment before discontinuation was CR for three of them and PR/SD for two of them;
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four discontinued due to AEs. Out of the three patients who discontinued first-course
treatment for CR, two had no disease progression (1 CR and 1 SD), and one experienced
PD. Of the two patients who stopped for PR/SD, one had no progression and one died
of infectious diverticulitis. Of the four patients who discontinued due to AEs, one was in
CR after mastectomy without any further therapy, while the other three were still being
treated [27].

Of note, when the choice to suspend therapy was due to the occurrence of irAEs, the
response rate at the PD-1 was a little higher. Nevertheless, about one-third of patients had
a recurrence of the same irAEs at rechallenge with the same ICI. Different irAEs occurred
in about 5% of patients. In these cases, rechallenge resulted more frequently for endocrine
irAEs and uveitis, and less commonly after pneumonitis [11].

It has been reported that even patients with a history of disease progression in initial
checkpoint inhibitor therapy may benefit from rechallenging with checkpoint inhibitors,
even if the response is much lower. Reschke et al. reviewed experiences of rechalleng-
ing with checkpoint inhibitors in 570 melanoma patients [31], divided into four groups:
(1) rechallenge with anti-PD-1 following disease progression in anti-PD-1 therapy; (2) rechal-
lenge with anti-PD-1 and anti-CTLA-4 following disease progression in anti-PD-1 therapy;
(3) rechallenge with anti-CLTA-4 following disease progression in anti-CTLA-4 therapy;
and (4) rechallenge following toxicity-related treatment discontinuation. In the first group
of 85 patients, the mean DCR was 45.8%, and the ORR was 15.5%. The second group of
114 patients showed a mean DCR of 40.6% and an ORR of 20%. In the third group of
182 patients, the mean DCR was 50.9%, with an ORR of 20.4%. Finally, the 189 patients
in the fourth group showed a mean DCR of 89.5% and an ORR of 70.2%. Of this last
group, 18% of patients showed a recurrence of the same toxicity and 23% reported different
adverse events [31].

In conclusion, due to the small number of patients and the short follow-up, the
effectiveness of anti-PD-1 re-treatment cannot yet be drawn. Re-treatment had proven to be
a reasonable option for selected patients, but further investigations were needed to identify
subgroups of patients who can benefit (Table 2).

Table 2. Response to the second course of immunotherapy in patients who had disease progression.

Study N. Patients
Retreated ORR, % DCR, %

Keynote 006 [1] 13 54 77
van Zeijl [23] 27 30 63
Pokorny [24] 8 25 87

Betof Warner [25] 78 21 -
Jansen [22] 19 32 58
Asher [26] 19 47 68

Valentin [27] 9 - 66
Nomura [29] 8 25 62

Blasig [30] 8 12.5 50

4. Discussion and Conclusions

Answering the question “what is the minimum duration of anti-PD-1 treatment to
be carried out before a discontinuation?” is extremely urgent for clinicians, patients, and
health economists. Unfortunately, this question is far from being answered due to the
absence of controlled prospective clinical trials. In spite of these limits, available data
support the hypothesis that most patients who obtain a major response maintain it after
treatment cessation [32–34].

There are some previous experiences regarding the discontinuation of immunotherapy
in melanoma. Specifically, high-dose interleukin-2 and the anti- CTLA-4 agent ipilimumab
were associated with complete and durable responses, albeit limited in number, that
occurred within only a few months of therapy [35,36]. However, preliminary data from
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controlled clinical trials do not point in the same direction. The phase-IIIb/IV Checkmate-
153 study, specifically designed to compare outcomes in patients with non-small cell
lung cancer stopping nivolumab after 12 months vs. continuous therapy, concluded that
patients could benefit more from continuous therapy: an exploratory analysis carried out on
252 patients randomly assigned to continuous (n = 127) or 1-year fixed-duration (n = 125)
treatment, at a minimum follow-up of 13.5 months, reported a median PFS of 24.7 months
for continuous therapy vs. 9.4 months for 1-year with a median overall survival not reached
vs. 32.5 months, respectively [37]. However, these results cannot be translated to melanoma,
a disease with different biology and higher responsiveness to immunotherapy.

Some studies have been designed to specifically answer this question in melanoma.
The DANTE (duration of ANti-PD-1 monoclonal antibody treatment in patients with
metastatic melanoma) trial is currently ongoing in the UK and is expected to mature in 2027.
This is a multicenter phase-III trial that randomizes patients to either discontinue anti-PD-1
therapy at 12 months or continue until disease progression or unacceptable toxicity, or
a minimum of 2 years of treatment [38]. Another similar multicenter prospective study, the
Safe Stop trial, is ongoing in the Netherlands. The hypothesis is that the early cessation of
anti-PD-1 therapy is safe and allows quality-of-life improvement and cost reduction. The
early discontinuation of PD-1 blockade upon achieving a CR or PR in patients with MM
is compared to patients with CR or PR who completed 24 months of treatment and had
an ongoing response at treatment discontinuation [39]. Finally, the ECOG-ACRIN Cancer
Research Group designed the PET-STOP trial (NCT04462406), in which the discontinuation
is guided by positron emission tomography/computed tomography (PET/CT) imaging
and tumor biopsy. This is a phase-II trial investigating how well the biomarkers in PET/CT
imaging drive the early discontinuation of anti-PD-1 therapy in patients with stage IIIB-IV
melanoma. The experimental group of patients with a negative FDG-PET/CT scan or
a positive FDG-PET/CT scan but a negative biopsy for viable tumor discontinue the anti-
PD-1 therapy and undergo active surveillance. In the active comparison group, patients
with a positive FDG-PET/CT scan and positive biopsy for a viable tumor or a positive
FDG-PET/CT scan and biopsy not performed, the patients continue their standard-care
anti-PD-1 therapy for 12 months in the absence of disease progression or unacceptable
toxicity [40].

While these studies are completed, clinicians need to extrapolate suggestions from
currently available data in order to make the right decision for each individual patient. In
the registrative phase-III trials, PD-1 blockers were administered for up to two years or
longer until unacceptable AEs [1,5,41,42]. Interestingly, durable tumor responses have also
been observed after the early discontinuation (<2 years) of PD-1 blockade [1,6,8], not only
in patients who achieved a CR [9] but also in patients with a PR or SD [1,10].

In some studies, a similar benefit was also reported in the case of response when the
discontinuation of treatment was necessary for relevant toxicities [1,9,18,19,43]. Neverthe-
less, some real-life experiences have reported poorer survival in patients who discontinued
due to AEs compared with those who electively discontinued anti-PD-1 therapy [23].
A possible explanation may be that patients who discontinued due to AEs are exposed to
a shorter period of therapy. Moreover, most of these patients at the time of discontinuation
had not obtained a major response [23].

It is emerging that the quality of response has an impact on PFS and OS, both for im-
munotherapy and targeted therapy [4,13,16,17]. It should also be considered that obtaining
a deep and lasting response is often not only the result of the therapy used but also the
result of the more favorable characteristics of the patient and of the disease at the start
of anti-PD-1 treatment. It is certain that obtaining the best response must be a goal to be
pursued with our therapies. For this purpose, locoregional treatments for residual disease
or oligoprogression can also be considered in selected patients [44].

In agreement with some studies, which reported a low incidence of relapse after
a median follow-up of nearly 2 years from the discontinuation of treatment in patients
who received PD-1 blockers for at least 6 months, a maximum 2 years of therapy may
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be considered sufficient to maintain long term response [1,9,20]. In addition, for patients
who have achieved a CR, even a shorter period can be considered without increasing the
risk of recurrence, provided that at least 6 months of therapy is completed [22,24]. For
patients with PRs with substantial residual tumor burden or patients with SD, treatment
for at least 2 years is recommended, although, in some patients, indefinite therapy may be
indicated based on the amount of disease evident on imaging and in the absence of relevant
toxicity [22,23].

However, it is to be considered that in some northern European countries, such as the
Netherlands, the maximum period allowed is 24 months [23]. From the above, it can be
inferred that an important parameter influencing the choice to discontinue therapy is the
quality of response, in addition to the patient’s willingness and the risk of toxicity.

It is important to consider, however, that many retrospective studies do not use
codified criteria for evaluating responses, and that evaluation is often performed on the
judgment of the investigator. This is an important bias, especially for multicenter studies in
which evaluation is left to the individual investigator.

It should be noted that, despite a major response, about 25–30% of patients are at risk
of recurrence in a time period ranging from a few months to some years from treatment
cessation, and, when retreated, they respond less than in the first line setting: about 20% of
response rate for patients retreated with anti-PD-1 as a single agent and about 30% when
used in combination with anti-CTLA-4 [1,21–30]. It is noteworthy, however, that patients
who have CR at discontinuation have a higher probability of response to retreatment (about
50 percent) [1]. The re-challenge after interruption due to side effects seems to induce
a slightly greater response of about 30% [11]. Nevertheless, discontinuation experiences
are still limited to too-small numbers to draw any firm conclusions.

For these reasons, it is recommended to share the decision to stop therapy with the
patient after a deep, balanced discussion with the patient on the risk of relapse, chances of
response, and treatment-related toxicities.

The new frontier of immunotherapy is now based on checkpoint inhibitor combina-
tions, with different toxicity profiles than anti-PD-1-only therapy, conditioning more on the
choice of time-limited therapy [45].

In conclusion, factors reported to be associated with better off-treatment survival
outcomes include CR at treatment discontinuation, patients with CR who have had at
least 6 months of therapy, a shorter time from the start of anti-PD-1 treatment to first
response, and elective discontinuation vs. discontinuation due to AEs. For now, these
parameters can be used to consider anti-PD-1 discontinuation in individual patients. Future
prospective trials with precise clinical and biological endpoints are needed to identify the
optimal duration of anti-PD-1 therapy. Overall, the quality of response emerges as the
most important parameter for decisions about treatment discontinuation. Moreover, most
authors suggest not treating patients for more than 2 years, reserving a longer period for
carefully selected patients. In fact, some Northern European countries only allow treatment
for up to 24 months [23]. Nevertheless, no conclusive data are available for clinicians’ and
patients’ choices, most of them being from retrospective studies and regarding heteroge-
neous experiences in terms of patient populations, time of treatment, response evaluation
criteria, and drugs utilized.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/biomedicines10102424/s1, Figure S1: PRISMA 2020 flow diagram for new systematic reviews
which included searches of databases, registers and other sources.

Author Contributions: Conceptualization, I.D.R., A.M.S. and M.G.; methodology, I.D.R., A.M.S. and
M.G.; validation, I.D.R., A.M.S. and M.G.; investigation, I.D.R., A.M.S. and M.G.; resources, I.D.R.,
A.M.S. and M.G.; data curation, I.D.R., A.M.S. and M.G.; writing—original draft preparation, I.D.R.,
A.M.S. and M.G.; writing—review and editing, I.D.R. and M.G.; visualization, I.D.R., A.M.S. and
M.G.; supervision, M.G.; project administration, M.G.; funding acquisition, M.G. All authors have
read and agreed to the published version of the manuscript.

https://www.mdpi.com/article/10.3390/biomedicines10102424/s1
https://www.mdpi.com/article/10.3390/biomedicines10102424/s1


Biomedicines 2022, 10, 2424 12 of 14

Funding: This work was supported by funding from Italian Ministry of Health Ricerca Corrente
2022 deliberation n. 219/2022. The funders had no role in the design of the study; in the collection,
analysis, or interpretation of data; in the writing of the manuscript; or in the decision to publish the
results. Authors affiliated with the Istituto Tumori “Giovanni Paolo II” RCCS, Bari are responsible for
the views expressed in this article, which do not necessarily represent those of the institute.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

ICI, Immune checkpoint inhibition; CTLA-4, cytotoxic T lymphocyte antigen-4; PD-1, pro-
grammed death 1 receptor; OS, overall survival; PFS, progression-free survival; MM, metastatic
melanoma; FDA: Food and Drug Administration; TLT: treatment-limiting toxicity; PD: progression
disease; DFS, disease-free survival; SD, stable disease; CR, complete response; PR, partial response;
AEs, adverse events; BOR, best overall response; LDH, lactate dehydrogenase; OR, odds ratio; HR,
hazard ratio; DCR, disease control rate; ORR, overall response rate.

References
1. Robert, C.; Ribas, A.; Schachter, J.; Arance, A.; Grob, J.J.; Mortier, L.; Daud, A.; Carlino, M.S.; McNeil, C.M.; Lotem, M.;

et al. Pembrolizumab versus ipilimumab in advanced melanoma (KEYNOTE-006): Post-hoc 5-year results from an open-label,
multicentre, randomised, controlled, phase 3 study. Lancet Oncol. 2019, 20, 1239–1251. [CrossRef]

2. Larkin, J.; Chiarion-Sileni, V.; Gonzalez, R.; Grob, J.J.; Rutkowski, P.; Lao, C.D.; Cowey, C.L.; Schadendorf, D.; Wagstaff, J.;
Dummer, R.; et al. Five-Year Survival with Combined Nivolumab and Ipilimumab in Advanced Melanoma. N. Engl. J. Med. 2019,
381, 535–1546. [CrossRef] [PubMed]

3. Dummer, R.; Ascierto, P.A.; Gogas, H.J.; Arance, A.; Mandala, M.; Liszkay, G.; Garbe, C.; Schadendorf, D.; Krajsova, I.; Gutzmer,
R.; et al. Overall survival in patients with BRAF-mutant melanoma receiving encorafenib plus binimetinib versus vemurafenib or
encorafenib (COLUMBUS): A multicentre, open-label, randomised, phase 3 trial. Lancet Oncol. 2018, 19, 1315–1327. [CrossRef]

4. Robert, C.; Carlino, M.S.; McNeil, C.; Rebas, A.; Grob, J.J.; Schachter, J.; Nyakas, M.; Kee, D.; Petrella, T.; Blaustein, A.; et al. 7-year
Follow-up of KEYNOTE-006: Pembrolizumab (pembro) Versus Ipilimumab (ipi) in Advanced Melanoma. In Proceedings of the
SMR Meeting, Virtual, 28–31 October 2021; p. 160.

5. Davies, M.A. Is It Safe to Stop Anti–PD-1 Immunotherapy in Patients with Metastatic Melanoma Who Achieve a Complete
Response? J. Clin. Oncol. 2020, 38, 1645–1647. [CrossRef]

6. Hsieh, A.H.-C.; Faithfull, S.; Brown, M.P. Risk of cumulative toxicity after complete melanoma response with pembrolizumab.
BMJ Case Rep. 2017, 2017, bcr2016218308. [CrossRef] [PubMed]

7. Ribas, A.; Hamid, O.; Daud, A.; Hodi, F.S.; Wolchok, J.D.; Kefford, R.; Joshua, A.M.; Patnaik, A.; Hwu, W.J.; Weber, J.S.; et al.
Association of Pembrolizumab with Tumor Response and Survival Among Patients with Advanced Melanoma. JAMA 2016, 315,
1600–1609. [CrossRef]

8. Topalian, S.L.; Sznol, M.; McDermott, D.F.; Kluger, H.M.; Carvajal, R.D.; Sharfman, W.H.; Brahmer, J.R.; Lawrence, D.P.; Atkins,
M.B.; Powderly, J.D.; et al. Survival, durable tumor remission, and long-term safety in patients with advanced melanoma
receiving nivolumab. J. Clin. Oncol. 2014, 32, 1020–1030. [CrossRef]

9. Robert, C.; Ribas, A.; Hamid, O.; Daud, A.; Wolchok, J.D.; Joshua, A.M.; Hwu, W.J.; Weber, J.S.; Gangadhar, T.C.; Joseph, R.W.;
et al. Durable Complete Response After Discontinuation of Pembrolizumab in Patients with Metastatic Melanoma. J. Clin. Oncol.
2018, 36, 1668–1674. [CrossRef]

10. Rosner, S.; Bogatch, K.; Postow, M.A. Outcomes of patients with melanoma who discontinue immunotherapy. J. Clin. Oncol. 2017,
35, 9548. [CrossRef]

11. Dolladille, C.; Ederhy, S.; Sassier, M.; Cautela, J.; Thuny, F.; Cohen, A.A.; Fedrizzi, S.; Chrétien, B.; Da-Silva, A.; Plane, A.F.; et al.
Immune Checkpoint Inhibitor Rechallenge after Immune-Related Adverse Events in Patients with Cancer. JAMA Oncol. 2020, 6,
865–871. [CrossRef]

12. Dummer, R.; Flaherty, K.; Robert, C.; Arance, A.M.; de Groot, J.W.; Garbe, C.; Gogas, H.; Gutzmer, R.; Krajsová, I.; Liszkay,
G.; et al. Five-year overall survival (OS) in COLUMBUS: A randomized phase 3 trial of encorafenib plus binimetinib versus
vemurafenib or encorafenib in patients (pts) with BRAF V600-mutant melanoma. J. Clin. Oncol. 2021, 39, 9507. [CrossRef]

13. Larkin, J.; Lao, C.D.; Urba, W.J.; McDermott, D.F.; Horak, C.; Jiang, J.; Wolchok, J.D. Efficacy and Safety of Nivolumab in Patients
with BRAF V600 Mutant and BRAF Wild-Type Advanced Melanoma: A Pooled Analysis of 4 Clinical Trials. JAMA Oncol. 2015, 1,
433–440. [CrossRef] [PubMed]

14. Postow, M.A.; Sidlow, R.; Hellmann, M.D. Immune-related adverse events associated with immune checkpoint blockade. N. Engl.
J. Med. 2018, 378, 158–168. [CrossRef] [PubMed]

http://doi.org/10.1016/S1470-2045(19)30388-2
http://doi.org/10.1056/NEJMoa1910836
http://www.ncbi.nlm.nih.gov/pubmed/31562797
http://doi.org/10.1016/S1470-2045(18)30497-2
http://doi.org/10.1200/JCO.20.00136
http://doi.org/10.1136/bcr-2016-218308
http://www.ncbi.nlm.nih.gov/pubmed/28148549
http://doi.org/10.1001/jama.2016.4059
http://doi.org/10.1200/JCO.2013.53.0105
http://doi.org/10.1200/JCO.2017.75.6270
http://doi.org/10.1200/JCO.2017.35.15_suppl.9548
http://doi.org/10.1001/jamaoncol.2020.0726
http://doi.org/10.1200/JCO.2021.39.15_suppl.9507
http://doi.org/10.1001/jamaoncol.2015.1184
http://www.ncbi.nlm.nih.gov/pubmed/26181250
http://doi.org/10.1056/NEJMra1703481
http://www.ncbi.nlm.nih.gov/pubmed/29320654


Biomedicines 2022, 10, 2424 13 of 14

15. Wolchok, J.D.; Chiarion-Sileni, V.; Gonzalez, R.; Grob, J.J.; Rutkowski, P.; Lao, C.D.; Cowey, C.L.; Schadendorf, D.; Wagstaff, J.;
Dummer, R.; et al. Long-Term Outcomes with Nivolumab Plus Ipilimumab or Nivolumab Alone Versus Ipilimumab in Patients
with Advanced Melanoma. J. Clin. Oncol. 2022, 40, 127–137. [CrossRef] [PubMed]

16. Robert, C.; Grob, J.J.; Stroyakovskiy, D.; Karaszewska, B.; Hauschild, A.; Levchenko, E.; Chiarion Sileni, V.; Schachter, J.; Garbe, C.;
Bondarenko, I.; et al. Five-Year Outcomes with Dabrafenib plus Trametinib in Metastatic Melanoma. N. Engl. J. Med. 2019, 381,
626–636. [CrossRef]

17. Robert, C.; Long, G.V.; Larkin, J.; Wolchok, J.D.; Hasse, J.C.; Schadendorf, D.; Hodi, F.S.; Lebbé, C.; Grob, J.; Grossmann, K.; et al.
5-year characterization of complete responses in patients with advanced melanoma who received nivolumab plus ipilimumab
(NIVO + IPI) or NIVO alone. In Proceedings of the ESMO meeting, Virtual, 19–21 September 2020.

18. Robert, C.; Hwu, W.J.; Hamid, O.; Ribas, A.; Weber, J.S.; Daud, A.I.; Hodi, F.S.; Wolchok, J.D.; Mitchell, T.C.; Hersey, P.; et al.
Long-term safety of pembrolizumab monotherapy and relationship with clinical outcome: A landmark analysis in patients with
advanced melanoma. Eur. J. Cancer 2021, 144, 182–191. [CrossRef]

19. Schadendorf, D.; Wolchok, J.D.; Hodi, F.S.; Chiarion-Sileni, V.; Gonzalez, R.; Rutkowski, P.; Grob, J.J.; Cowey, C.L.; Lao, C.D.;
Chesney, J.; et al. Efficacy and Safety Outcomes in Patients with Advanced Melanoma Who Discontinued Treatment with
Nivolumab and Ipilimumab Because of Adverse Events: A Pooled Analysis of Randomized Phase II and III Trials. J. Clin. Oncol.
2017, 35, 3807–3814. [CrossRef]

20. Hamid, O.; Robert, C.; Daud, A.; Hodi, F.S.; Hwu, W.J.; Kefford, R.; Wolchok, J.D.; Hersey, P.; Joseph, R.; Weber, J.S.; et al. Five-year
survival outcomes for patients with advanced melanoma treated with pembrolizumab in KEYNOTE-001. Ann. Oncol. 2019, 30,
582–588. [CrossRef]

21. Dimitriou, F.; Zaremba, A.; Allayous, C.; Kähler, K.C.; Gerard, C.L.; Festino, L.; Schäfer, S.; Toussaint, F.; Heinzerling, L.; Hassel,
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. J. Cancer 2021, 149, 37–48. [CrossRef]

22. Jansen, Y.J.L.; Rozeman, E.A.; Mason, R.; Goldinger, S.M.; Geukes Foppen, M.H.; Hoejberg, L.; Schmidt, H.; van Thienen, J.V.;
Haanen, J.B.A.G.; Tiainen, L.; et al. Discontinuation of anti-PD-1 antibody therapy in the absence of disease progression or
treatment limiting toxicity: Clinical outcomes in advanced melanoma. Ann. Oncol. 2019, 30, 1154–1161. [CrossRef]

23. Van Zeijl, M.C.T.; van den Eertwegh, A.J.M.; Wouters, M.W.J.M.; de Wreede, L.C.; Aarts, M.J.B.; van den Berkmortel, F.W.P.J.;
de Groot, J.B.; Hospers, G.A.P.; Kapiteijn, E.; Piersma, D.; et al. Discontinuation of anti-PD-1 monotherapy in advanced
melanoma-Outcomes of daily clinical practice. Int. J. Cancer 2022, 150, 317–326. [CrossRef] [PubMed]

24. Pokorny, R.; McPherson, J.P.; Haaland, B.; Grossmann, K.F.; Luckett, C.; Voorhies, B.N.; Sageser, D.S.; Wallentine, J.; Tolman,
Z.; Hu-Lieskovan, S.; et al. Real-world experience with elective discontinuation of PD-1 inhibitors at 1 year in patients with
metastatic melanoma. J. Immunother. Cancer 2021, 9, e001781. [CrossRef] [PubMed]

25. Betof Warner, A.; Palmer, J.S.; Shoushtari, A.N.; Goldman, D.A.; Panageas, K.S.; Hayes, S.A.; Bajwa, R.; Momtaz, P.; Callahan,
M.K.; Wolchok, J.D.; et al. Long-Term Outcomes and Responses to Retreatment in Patients with Melanoma Treated with PD-1
Blockade. J. Clin. Oncol. 2020, 38, 1655–1663. [CrossRef] [PubMed]

26. Asher, N.; Israeli-Weller, N.; Shapira-Frommer, R.; Ben-Betzalel, G.; Schachter, J.; Meirson, T.; Markel, G. Immunotherapy
Discontinuation in Metastatic Melanoma: Lessons from Real-Life Clinical Experience. Cancers 2021, 13, 3074. [CrossRef]

27. Valentin, J.; Ferté, T.; Dorizy-Vuong, V.; Dousset, L.; Prey, S.; Dutriaux, C.; Pham-Ledard, A.; Beylot-Barry, M.; Gérard, E.
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. [CrossRef] [PubMed]

28. 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, 1144. [CrossRef]

29. Nomura, M.; Otsuka, A.; Kondo, T.; Nagai, H.; Nonomura, Y.; Kaku, Y.; Matsumoto, S.; Muto, M. Efficacy and safety of retreatment
with nivolumab in metastatic melanoma patients previously treated with nivolumab. Cancer Chemother. Pharmacol. 2017, 80,
999–1004. [CrossRef]

30. Blasig, H.; Bender, C.; Hassel, J.C.; Eigentler, T.K.; Sachse, M.M.; Hiernickel, J.; Koop, A.; Satzger, I.; Gutzmer, R. Reinduction of
PD1-inhibitor therapy: First experience in eight patients with metastatic melanoma. Melanoma Res. 2017, 27, 321–325. [CrossRef]

31. Reschke, R.; Ziemer, M. Rechallenge with checkpoint inhibitors in metastatic melanoma. J. Dtsch. Dermatol. Ges. 2020, 18, 429–436.
[CrossRef]

32. Kohn, C.G.; Zeichner, S.B.; Chen, Q.; Montero, A.J.; Goldstein, D.A.; Flowers, C.R. Cost-Effectiveness of Immune Checkpoint
Inhibition in BRAF Wild-Type Advanced Melanoma. J. Clin. Oncol. 2017, 35, 1194–1202. [CrossRef]

33. Postow, M.A.; Hellmann, M.D. Adverse Events Associated with Immune Checkpoint Blockade. N. Engl. J. Med. 2018, 378, 1165.
[CrossRef] [PubMed]

34. Wang, Y.; Zhou, S.; Yang, F.; Qi, X.; Wang, X.; Guan, X.; Shen, C.; Duma, N.; Vera Aguilera, J.; Chintakuntlawar, A.; et al.
Treatment-Related Adverse Events of PD-1 and PD-L1 Inhibitors in Clinical Trials: A Systematic Review and Meta-analysis.
JAMA Oncol. 2019, 5, 1008–1019. [CrossRef] [PubMed]

35. Clark, J.I.; Curti, B.; Davis, E.J.; Kaufman, H.; Amin, A.; Alva, A.; Logan, T.F.; Hauke, R.; Miletello, G.P.; Vaishampayan,
U.; et al. Long-term progression-free survival of patients with metastatic melanoma or renal cell carcinoma following high-dose
interleukin-2. J. Investig. Med. 2021, 69, 888–892. [CrossRef] [PubMed]

http://doi.org/10.1200/JCO.21.02229
http://www.ncbi.nlm.nih.gov/pubmed/34818112
http://doi.org/10.1056/NEJMoa1904059
http://doi.org/10.1016/j.ejca.2020.11.010
http://doi.org/10.1200/JCO.2017.73.2289
http://doi.org/10.1093/annonc/mdz011
http://doi.org/10.1016/j.ejca.2021.02.037
http://doi.org/10.1093/annonc/mdz110
http://doi.org/10.1002/ijc.33800
http://www.ncbi.nlm.nih.gov/pubmed/34520567
http://doi.org/10.1136/jitc-2020-001781
http://www.ncbi.nlm.nih.gov/pubmed/33500258
http://doi.org/10.1200/JCO.19.01464
http://www.ncbi.nlm.nih.gov/pubmed/32053428
http://doi.org/10.3390/cancers13123074
http://doi.org/10.1155/2021/5524685
http://www.ncbi.nlm.nih.gov/pubmed/33995528
http://doi.org/10.3390/biomedicines10051144
http://doi.org/10.1007/s00280-017-3444-0
http://doi.org/10.1097/CMR.0000000000000341
http://doi.org/10.1111/ddg.14091
http://doi.org/10.1200/JCO.2016.69.6336
http://doi.org/10.1056/nejmc1801663
http://www.ncbi.nlm.nih.gov/pubmed/29562154
http://doi.org/10.1001/jamaoncol.2019.0393
http://www.ncbi.nlm.nih.gov/pubmed/31021376
http://doi.org/10.1136/jim-2020-001650
http://www.ncbi.nlm.nih.gov/pubmed/33542072


Biomedicines 2022, 10, 2424 14 of 14

36. Schadendorf, D.; Hodi, F.S.; Robert, C.; Weber, J.S.; Margolin, K.; Hamid, O.; Patt, D.; Chen, T.T.; Berman, D.M.; Wolchok, J.D.
Pooled Analysis of Long-Term Survival Data From Phase II and Phase III Trials of Ipilimumab in Unresectable or Metastatic
Melanoma. J. Clin. Oncol. 2015, 33, 1889–1894. [CrossRef] [PubMed]

37. Waterhouse, D.M.; Garon, E.B.; Chandler, J.; McCleod, M.; Hussein, M.; Jotte, R.; Horn, L.; Daniel, D.B.; Keogh, G.; Creelan,
B.; 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, 3863–3873. [CrossRef]

38. Coen, O.; Corrie, P.; Marshall, H.; Plummer, R.; Ottensmeier, C.; Hook, J.; Bell, S.; Sagoo, G.S.; Meads, D.; Bestall, J.; et al. The
DANTE trial protocol: A randomised phase III trial to evaluate the Duration of ANti-PD-1 monoclonal antibody Treatment in
patients with metastatic mElanoma. BMC Cancer 2021, 21, 761. [CrossRef]

39. Mulder, E.E.A.P.; de Joode, K.; Litière, S.; Ten Tije, A.J.; Suijkerbuijk, K.P.M.; Boers-Sonderen, M.J.; Hospers, G.A.P.; de Groot,
J.W.B.; van den Eertwegh, A.J.M.; Aarts, M.J.B.; et al. Early discontinuation of PD-1 blockade upon achieving a complete or partial
response in patients with advanced melanoma: The multicentre prospective Safe Stop trial. BMC Cancer 2021, 21, 323. [CrossRef]

40. Using Biomarkers to Help Guide Safe Immunotherapy Discontinuation in Patients with Unresectable Stage IIIB-IV Melanoma, The
PET-Stop Trial. ClinicalTrials.gov Identifier: NCT04462406. Available online: https://clinicaltrials.gov/ct2/show/NCT04462406
(accessed on 15 May 2022).

41. Wolchok, J.D.; Chiarion-Sileni, V.; Gonzalez, R.; Rutkowski, P.; Grob, J.J.; Cowey, C.L.; Lao, C.D.; Wagstaff, J.; Schadendorf, D.;
Ferrucci, P.F.; et al. Overall Survival with Combined Nivolumab and Ipilimumab in Advanced Melanoma. N. Engl. J. Med. 2017,
377, 1345–1356. [CrossRef]

42. Robert, C.; Long, G.V.; Brady, B.; Dutriaux, C.; Maio, M.; Mortier, L.; Hassel, J.C.; Rutkowski, P.; McNeil, C.; Kalinka-Warzocha, E.;
et al. Nivolumab in previously untreated melanoma without BRAF mutation. N. Engl. J. Med. 2015, 372, 320–330. [CrossRef]

43. Hodi, F.S.; Chiarion-Sileni, V.; Gonzalez, R.; Grob, J.J.; Rutkowski, P.; Cowey, C.L.; Lao, C.D.; Schadendorf, D.; Wagstaff, J.;
Dummer, R.; et al. Nivolumab plus ipilimumab or nivolumab alone versus ipilimumab alone in advanced melanoma (CheckMate
067): 4-year outcomes of a multicentre, randomised, phase 3 trial. Lancet Oncol. 2018, 19, 1480–1492. [CrossRef]

44. Guida, M.; Bartolomeo, N.; De Risi, I.; Fucci, L.; Armenio, A.; Filannino, R.; Ruggieri, E.; Macina, F.; Traversa, M.; Nardone,
A.; et al. The Management of Oligoprogression in the Landscape of New Therapies for Metastatic Melanoma. Cancers 2019, 11, 1559.
[CrossRef] [PubMed]

45. Lemaire, V.; Shemesh, C.S.; Rotte, A. Pharmacology-based ranking of anti-cancer drugs to guide clinical development of cancer
immunotherapy combinations. J. Exp. Clin. Cancer Res. 2021, 40, 311. [CrossRef] [PubMed]

http://doi.org/10.1200/JCO.2014.56.2736
http://www.ncbi.nlm.nih.gov/pubmed/25667295
http://doi.org/10.1200/JCO.20.00131
http://doi.org/10.1186/s12885-021-08509-w
http://doi.org/10.1186/s12885-021-08018-w
https://clinicaltrials.gov/ct2/show/NCT04462406
http://doi.org/10.1056/NEJMoa1709684
http://doi.org/10.1056/NEJMoa1412082
http://doi.org/10.1016/S1470-2045(18)30700-9
http://doi.org/10.3390/cancers11101559
http://www.ncbi.nlm.nih.gov/pubmed/31615127
http://doi.org/10.1186/s13046-021-02111-5
http://www.ncbi.nlm.nih.gov/pubmed/34598713

	Introduction 
	Materials and Methods 
	Results 
	Long-Term Benefit with Checkpoint Inhibitor Immunotherapy 
	Experiences of Discontinuation in the Absence of Disease Progression 
	Retreatment 

	Discussion and Conclusions 
	References

