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ABSTRACT

Background Randomized trials evaluating programmed
cell death protein 1 (PD-1) inhibitors in metastatic
melanoma either permitted treatment for 2 years
(pembrolizumab) or more (nivolumab). The optimal
duration of therapy is currently unknown due to limited
data, and shorter therapies may be effective.

Methods Data of patients with metastatic cutaneous
melanoma treated with single-agent PD-1 inhibitors at
Huntsman Cancer Institute from January 1, 2015, to
December 31, 2018, was reviewed to identify a continuous
series of patients who made the joint decision with

their provider to electively discontinue therapy at 1year
(>6 months and <18 months) in the setting of ongoing
treatment response or disease stability. Patients were
excluded if they received PD-1 inhibitors with other
systemic therapy, had prior exposure to PD-1 therapy,

or discontinued treatment due to disease progression or
immune-related adverse event. Best objective response
(BOR) per RECIST V.1.1 at treatment discontinuation,
progression-free survival (PFS), and retreatment
characteristics was analyzed.

Results Of 480 patients who received PD-1 inhibitors, 52
met the inclusion criteria. The median treatment duration
from first to the last dose was 11.1 months (95% Cl

10.5 to 11.4). BOR was complete response in 13 (25%),
partial response in 28 (53.8%), and stable disease in 11
(21.2%) patients. After a median follow-up of 20.5 months
(range 3-49.2) from treatment discontinuation, 39 (75%)
patients remained without disease progression, while 13
(25%) had progression (median PFS 3.9 months; range
0.7-30.9). On multivariable analysis, younger age, history
of brain metastasis, and higher lactate dehydrogenase

at the time of anti-PD-1 discontinuation were associated
with recurrence. Patients with recurrent melanoma were
managed with localized treatment, anti-PD-1 therapies,
and BRAF-MEK inhibitors. All patients except one were
alive at data cutoff.

Conclusion In this large real-world, observational cohort
study, the majority of patients with metastatic melanoma
after 1year of anti-PD-1 therapy remained without
progression on long-term follow-up. The risk of disease
progression even in patients with residual disease on
imaging was low. After prospective validation, elective

PD-1 discontinuation at 1year may reduce financial
and immunotherapy-related toxicity without sacrificing
outcomes.

INTRODUCTION

Since 2011, the US Food and Drug Adminis-
tration has approved more than 10 treatment
regimens for the treatment of advanced mela-
noma." These include antibodies targeting
the programmed cell death protein-1 (PD-1)
pathway, cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4), and inhibitors targeting
BRAF mutations.” The advent of these thera-
pies has resulted in an improvement in overall
survival (OS) as evidenced by a decrease in
the overall mortality rate of patients with
melanoma by 17.9% from 2013 to 2016.
At present, two PD-1 inhibitors (pembroli-
zumab and nivolumab) are approved as
single agents for the treatment of patients
with metastatic melanoma.”” In randomized
clinical trials, single-agent pembrolizumab
and nivolumab have shown a median OS of
32.7-37.5months.””

In the landmark clinical trials of PD-1 inhib-
itors in metastatic melanoma, the duration of
pembrolizumab was limited to 2 years while
nivolumab was allowed beyond 2years.” The
optimal duration of anti-PD-1 therapies is
currently unknown, and shorter courses may
be as effective as prolonged courses for 2 or
more years.®” In this study, we reviewed the
clinical outcomes of patients who electively
discontinued PD-1 inhibitors at 1year at our
institution.

METHODS
After Institutional Review Board approval,
data of patients treated at the Huntsman
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Cancer Institute from January 1, 2015, to December 31,
2018, were retrieved from the electronic medical record.
Inclusion criteria included 218 years of age, a patholog-
ically confirmed diagnosis of advanced cutaneous mela-
noma (unresectable stage III or stage IV), and treatment
with single-agent anti-PD-1 therapy for 1year (>6 months
and <18 months). The decision to discontinue anti-PD-1
therapy at lyear was based on the joint decision with
the treating oncologist and the patient in the setting of
ongoing treatment response or disease stability. Exclu-
sion criteria included a diagnosis of ocular or mucosal
melanoma, receipt of anti-PD-1 therapy in the adjuvant
or neoadjuvant setting, receipt of anti-PD-1 therapy in
combination with other systemic or injectable therapies
(eg, talimogene laherparepvec and ipilimumab), any
prior treatment with PD-1 inhibitors, treatment on a clin-
ical trial, or discontinuation of anti-PD-1 therapy due to
treatment-related toxicity or progression.

Collected data included patient demographics,
neutrophil-to-lymphocyte ratio (NLR), lactate dehydro-
genase (LDH), prior lines of treatment, duration of treat-
ment, mutation status, and retreatment characteristics.
We collected efficacy data consisting of best objective
response (BOR) per RECIST V.1.1 at the time of anti-PD-1
discontinuation, progression-free survival (PFS), and OS.

Time to progression was computed from date of last
PD-1 therapy to date of progression, subject to right
censoring at last follow-up. Potential predictors of time
to progression were screened via univariate Cox propor-
tional hazards analyses. Potential predictors with p<0.05
in univariate analyses were assessed in a multivariable
model, along with a preliminary assessment of the multi-
variable model’s ability to discriminate between earlier
versus later or never progressing patients via concor-
dance index.® Evidence of interactions was assessed via
Wald tests.

RESULTS

Baseline characteristics

Overall, 480 patients received single-agent anti-PD-1
therapy, of which 52 met the inclusion criteria. Figure 1
presents the flow diagram of patient selection and table 1
presents a comprehensive list of baseline characteris-
tics of patients meeting the inclusion criteria. Of the 52
patients, 38 (73.1%) were male and the median age at
the start of treatment was 60 (range 19-83) years. Treat-
ment consisted of pembrolizumab in 48 (92.3%) and
nivolumab in 4 (7.7%) of the patients. Nineteen (36.5%)
of the patients received prior treatment for metastatic
melanoma (table 1) and 17 (32.7%) had a history of
brain metastasis.

Treatment and response

Median treatment duration from first to the last dose was
11.1 (95% CI 10.5 to 11.4) months. The BOR at treat-
ment discontinuation was complete response (CR) in 13
(25%), partial response (PR) in 28 (53.8%), and stable

Assessed for eligibility (n = 480)

Excluded (n = 428)

e Received first dose of anti-PD1 prior to
1/1/2015 or as combination therapy (n =
132)

e Anti-PD1 therapy stopped after at least 6
months from first dose due to progression

or toxicity (n = 107)

e Anti-PD1 as neoadjuvant/adjuvant therapy
(n=76)

e Non-melanoma diagnosis (n = 65)

e Anti-PD1 therapy held > 4 weeks from
scheduled date of next cycle (n = 15)

e <6 months of anti-PD1 therapy for any
reason (n = 13)

e Resectable metastatic disease (n = 2)
e Did not receive anti-PD1 therapy (n = 1)
e Currently undergoing treatment (n = 1)

e *Missing Information (n = 16)

[ Analysis ]

Included in analysis (n = 52)

Figure 1 Flow diagram of patient selection. *Includes
patients who received care at an outside facility or who were
lost to follow-up. PD1, programmed cell death protein 1.

disease (SD) in 11 (21.2%) patients. Figure 2 presents
the Swimmer’s plot summarizing treatment duration, the
best response at the time of discontinuation of treatment,
and time to progression. After a median follow-up of 20.5
(range 3-49.2) months after treatment discontinuation,
39 (75%) patients remained without disease progression
and the median PFS was not reached.

Potential predictors of melanoma recurrence

Univariate and multivariate analyses were conducted to
evaluate potential predictors associated with melanoma
recurrence. Analyzed variables included gender, age,
history of brain metastasis, BOR, and NLR, and LDH
prior to starting anti-PD-1 therapy and at the time of
treatment discontinuation (last day of PD-1 therapy).
Table 2 summarizes the univariate and multivariable
results. Univariate analyses suggested that gender, age,
history of brain metastasis at PD-1 initiation, and post-
PD-1 LDH may be associated with time to progression
after 12-month PD-1 discontinuation. In multivariable
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Table 1 Baseline patient characteristics and comparison of relapsed and non-relapsed patients

Characteristic Value Relapsed Non-relapsed All patients
No of patients* 13 (25) 39 (75) 52 (100)
Age at treatment, years Median (range) 61 (29-77) 59 (19-83) 60 (19-83)
Sex Male 6 (46.2) 32 (82.1) 38 (73.1)
Female 7 (53.8) 7(17.9) 14 (26.9)
Race (Caucasian) Caucasian 13 (100) 39 (100) 52 (100)
BMI (continuous), kg/m? Median (range) 29.21 (19.77-37.88) 29.21 (19.35-60.29) 29.21 (19.35-60.29)
BMI, kg/m? + Underweight 0(0) 0 (0) 0 (0)
Normal 4 (30.8) 9 (23.1) 13 (25)
Overweight 3 (23.1) 1(28.2) 14 (26.9)
Obese 6 (46.2) 19 (48.7) 25 (48.1)
Melanoma subtype Superficial spreading 3 (23.1) 10 (25.6) 13 (25)
Lentigo maligna 1(7.7) 3(7.7) 4(7.7)
Nodular 2 (15.4) 4(10.3) 6 (11.5)
Desmoplastic/spindle 1 (7.7) 1(2.6) 2 (3.9)
cell
Unknown 6 (46.2) 21 (53.8) 27 (51.9)
Received prior treatment Yes 2 (15.4) 17 (43.6) 19 (36.5)
No 11 (84.6) 22 (56.4) 33 (63.5)
Prior treatmentf Ipilimumab 1 (50) 5(17.2) 6 (31.6)
BRAF+MEK inhibitors 0 (0) 6 (20.7) 6 (31.6)
Chemotherapy 0 (0) 5(17.2) 5(26.3)
Interferon/interleukin 1 (50) 8 (27.6) 9 (47.4)
Vaccine/intratumoral 0(0) 5(17.2) 5 (26.3)
injection
LDH at baseline (U/L) <1 x ULN 11 (84.6) 33 (84.6) 44 (84.6)
>1 x to <2 x ULN 2 (15.4) 4(10.3) 6 (11.5)
>2x ULN 0(0) 1(2.6) 1(1.9
Unknown 0(0) 1(2.6) 1(1.9)
Neutrophil count at treatment Median (range) 5.43 (2.3-11.9) 4 (2.2-7.2) 4.21 (2.2-11.9)
Lymphocyte count at treatment Median (range) 1.5 (0.9-2.27) 1.5 (0.71-3.3) 1.5(0.71-3.3)
Neutrophil-lymphocyte ratio Median (range) 3.33 (1.53-13.22) 2.54 (1.24-9) 2.79 (1.24-13.22)
Eastern Cooperative Oncology 0 9 (69.2) 22 (56.4) 31 (59.6)
Group Performance status at 1 2 (15.4) 8 (20.5) 10 (19.2)
baseline
2 1(7.7) 4(10.9) 5(9.6)
3 0(0) 1(2.6) 1(1.9
Unknown 1(7.7) 4 (10.3) 5(9.6)
Sites of metastatic disease Brain 9 (69.2) 8 (20.5) 17 (32.7)
Bone 2 (15.4) 2 (5.1) 4(7.7)
Liver 0 (0) 9 (23.1) 9(17.9)
Lung 6 (46.2) 24 (61.5) 30 (57.7)
Lymph nodes(s) 3 (23.1) 11 (28.2) 14 (26.9)
Other site(s)§ 0(0) 14 (35.9) 14 (26.9)
None (unresectable) 0(0) 1(2.6) 1(1.9)
Continued
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Table 1 Continued

Characteristic Value Relapsed Non-relapsed All patients
Largest tumor size (cm) <1 3 (23.1) 2 (5.1) 5(9.6)
>1to <5 8 (61.5) 23 (60) 31 (59.6)
>5t0 <10 0(0) 4(10.3) 4(7.7)
>10to <20 0(0) 2(5.1) 2(3.8)
Unknown 2 (15.4) 8 (20.5) 10 (19.2)
BRAF mutation status Wild type 3 (23.1) 20 (51.3) 23 (44.2)
Mutant 8 (61.5) 17 (43.6) 25 (48.1)
Unknown 2 (15.4) 2(5.1) 4(7.7)
Other mutations CDKN2A 3(23.1) 8 (20.5) 11 (21.2)
TP53 2 (15.4) 7(17.9) 9(17.3)
NRAS 1(7.7) 5(12.8) 6 (11.5)
APC 1(7.7) 3(7.7) 4(7.7)
ERBB4 2 (15.4) 2(5.1) 4(7.7)
IDHA 0(0) 3(7.7) 3(5.8)
RB1 1(7.7) 2(5.1) 3(5.8)
EGFR 0(0) 3(7.7) 3(5.8)
TERT 0(0) 2(5.1) 2(3.8)
KDR 0(0) 2(5.1) 2(3.8)
PIK3CA 0(0) 2(5.1) 2(3.8)
KRAS 0(0) 2(5.1) 2 (3.9
PTEN 1(7.7) 1(2.6) 2(3.8)
ATM 1(7.7) 1(2.6) 2(3.8)
PDGFRA 0(0) 1(2.6) 1(1.9)
ERBB2 0(0) 1(2.6) 1(1.9
ALK 0(0) 1(2.6) 1(1.9)
CDH1 1(7.7) 0(0) 1(1.9
HNF1A 0(0) 1(2.6) 1(1.9
FBXW7 0(0) 1(2.6) 1(1.9)
CSF1R 1(7.7) 0 (0) 1(1.9
FGFR1 1(7.7) 0(0) 1(1.9
FGFR3 0(0) 1(2.6) 1(1.9)
MET 0(0) 1(2.6) 1(1.9
GNAQ 0(0) 1(2.6) 1(1.9)
HRAS 0(0) 1(2.6) 1(1.9
First-line anti-PD-1 Pembrolizumab 13 (100) 35 (89.7) 48 (92.3)
Nivolumab 0 (0) 4 (10.3) 4(7.7)
Total number of cycles Median (range) 17 (10-20) 17 (9-19) 17 (9-20)
Duration of treatment, months  Median (range) 11 (6-13) 11 (6-13) 11 (6-13)

Data are no (%) unless otherwise indicated.

*Per cent is row total, otherwise % is column total.

tUnderweight=BMI <18.5 kg/m?; normal weight=BMI 18.5-24.9 kg/m?; overweight=BMI| 25.0-29.9 kg/m?; obese=BMI >30kg/m?.
FPer cent based on two patients (relapsed) and 17 (non-relapsed) who received prior treatment.

§Patients only counted once if they had one or multiple other sites of metastatic disease.

BMI, body mass index; LDH, lactate dehydrogenase; ULN, upper limit of normal.

analysis, these associations were slightly more attenu- (p=0.009), and greater post-PD-1 LDH (p=0.032) were
ated and uncertain. There remained a strong evidence  associated with earlier time to progression. For fixed age,
that younger age (p=0.037), history of brain metastasis  history of metastasis, and post-PD-1 LDH, there was no
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Figure 2 Swimmer’s plot demonstrating duration of treatment, best response, and time to progression.

longer evidence that gender was associated with progres-
sion (p=0.228). For the multivariable model, the concor-
dance index was 0.83 (95% CI0.70 to 0.95), indicating the
substantial ability of the multivariable model to discrim-
inate between early versus later or never progressing
patients. There were no statistically significant two-way
interactions in the context of the multivariable model (all
p>0.154).

Relapse characteristics and retreatment patterns

Thirteen (25%) patients experienced disease progres-
sion. The median time to progression after treatment
discontinuation was 3.9 (range 0.7-30.9) months. Of the

relapsed patients two had CR, seven had PR and four had
SD. Table 3 aggregates the relapse and treatment patterns
and responses of these 13 patients.

Patients 1 and 2 had systemic multifocal failure but no
metastasis to central nervous system (CNS). Both were
retreated with anti-PD-1 therapy, which resulted in SD in
patient 1 for more than 6 months and PR in patient 2. At
data cutoff, both continued on anti-PD-1 therapy. Patient
3 had a solitary failure in the left adrenal and underwent
adrenalectomy followed by observation only. Patient 4
had solitary progression in the right lung and underwent
stereotactic body radiotherapy (SBRT). Seven months

Table 2 Univariate and multivariate analysis for evaluation of potential predictors associated with melanoma recurrence

Univariate association
(HR, 95% Cl, p value)

Potential predictor

Multivariable association
(HR, 95% ClI, p value)

Male gender (reference female)
Age (per 10 years)

Pre-PD-1 NLR

Pre-PD-1 LDH (per 50 U/L)

History of brain metastasis (reference
no history)

Post-PD-1 NLR
Post-PD-1 LDH (per 50 U/L)

0.31 (0.11 to 0.94), p=0.038"*
0.71 (0.56 to 0.89), p=0.004*
1.10 (0.88 to 1.37), p=0.426 -
0.98 (0.78 to 1.24), p=0.882 -
5.83 (1.78 to 19.04), p=0.004 *

0.48 (0.15 to 1.57), p=0.228
0.76 (0.59 to 0.98), p=0.037*

4.91 (1.50 to 16.11), p=0.009*

1.03 (0.70 to 1.53), p=0.872 -
2.19 (1.20 to 4.02), p=0.011*
Best objective response (reference CR) PR 1.65 (0.34 to 7.99), p=0.531

2.06 (1.06 to 4.00), p=0.032*
Overall p=0.403 -

SD 2.96 (0.54 to 16.27), p=0.211

*p values <0.05.

CR, complete response; LDH, lactate dehydrogenase; NLR, neutrophil-lymphocyte ratio; PD-1, programmed cell death protein 1; PR, partial

response; SD, stable disease.
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later, she had multifocal progression in the right lung
and was started on anti-PD-1 therapy. After 3 months,
she had progression in the brain, which was treated with
stereotactic radiosurgery (SRS) and anti-PD-1 therapy was
continued. Patient 5 had symptomatic progression in the
brain and underwent resection of two brain lesions. Three
months later patient was found to have systemic progres-
sion and was started on anti-PD-1 therapy, which led to SD
for 6months before progression needing splenectomy.
Thereafter, the treatment was switched to nivolumab
with ipilimumab. After four cycles patient had a mixed
response and was switched to dabrafenib and trame-
tinib, which caused PR. After 8months, patient elected to
switch back to anti-PD-1 therapy due to toxicities. Patient
6 was found to have progression in the brainstem. Since
he did not have systemic progression outside CNS, he
underwent resection and thereafter underwent postoper-
ative radiation. Five months later, he had severe systemic
progression and was transitioned to hospice. Patient 7 had
CNS-only progression and underwent SRS and thereafter
remained under observation. Patient 8 had multifocal
progression in the left lung for which was started on anti-
PD-1 therapy. The patient had PR but had progression
in brain lesions, which were treated with SRS and PD-1
therapy was continued. The patient subsequently discon-
tinued therapy after 9 months, has CR, and is now under
observation. Patient 9 had progression in the left adrenal,
underwent adrenalectomy followed by adjuvant PD-1
therapy for 6 months. It was discontinued due to arthral-
gias and patient continues to be without any recurrence.
Patient 10 had solitary progression in the lower lobe of
the left lung for which he underwent left lower lobe resec-
tion followed by observation. Patient 11 had small bowel
obstruction leading to resection followed by adjuvant
PD-1, which continued till data cutoff without recurrence
(>9 months). Patient 12 had solitary progression in the
right breast. The patient was started on encorafenib with
binimetinib and after PR switched to anti-PD-1 therapy.
Patient 13 had solitary progression in the brain, which
was treated by SRS and since then is under observation.

In summary, relapse patterns include solitary non-CNS
progression in six patients, CNS (brain) only progression
in four patients, and multifocal non-CNS progression in
three patients. Of these 13 patients, 9 immediately under-
went successful localized treatment to the solitary site of
progression, which included SRS or SBRT for 3 patients
and surgical resection of the tumor for 6 patients. Of these
nine patients, four were retreated with PD-1 inhibitors.
Of the remaining four patients, three were retreated with
PD-1 inhibitors and one received BRAF/MEK followed
by PD-1 inhibitor. Retreatment with PD-1 inhibitor
controlled the disease in all patients. All patients except
one were alive at data cutoff.

DISCUSSION
Anti-PD-1 therapies are very effective for the treat-
ment of metastatic melanoma. However, the optimal

treatment duration is not well established.® Continuing
immunotherapies indefinitely predisposes patients to
immune and financial toxicities and interferes with
their quality of life. The adjusted total per patient
per month cost for PD-1 inhibitors is approximately
$13,059.” Moreover, approximately 10% of patients
who are treated with anti-PD-1 therapies develop
grade 3 or higher treatment-related toxicities.'"” These
toxicities develop at different periods, with cutaneous
toxicities such as rash, pruritus, and colitis developing
earlier in the treatment course (within 8 weeks) and
other toxicities such as acute interstitial nephritis
manifesting much later (3-12 months).'" "' Delayed
immune-related adverse events even after years of
PD-1 therapies have been reported.'”” A decrease in
the duration of PD-1 therapies without impacting effi-
cacy would therefore have a tremendous impact on the
quality of life and financial health of these patients.
Our study presents one of the largest real-world,
observational cohorts of patients who received anti-
PD-1 therapy outside of a clinical trial and made the
informed decision to discontinue treatment at 1 year in
the setting of disease stability and absence of immune
toxicities. Prior evidence in this setting in melanoma
is limited. In the multicohort phase 1 KEYNOTE-
001 trial, a protocol amendment allowed patients to
discontinue pembrolizumab if they had a confirmed
CR on two consecutive CT scans and at least 6 months
of treatment, including at least two infusions after CR
confirmation.” In the 67 patients meeting the eligi-
bility criteria and deciding to discontinue treatment,
the 24-month disease-free survival was 89.9%." In
another real-world study, 185 patients with advanced
melanoma discontinued treatment in the absence of
treatment-limiting toxicities or progressive disease.'*
The median duration of treatment was 12 months
(range 0.7-43), and at the time of treatment discontin-
uation 117 (63%) patients had CR, 44 (24%) had PR,
and 16 (9%) patients had SD. At a median follow-up
of 18 (range 0.7-48) months after treatment discon-
tinuation, 78% remained free of disease progression.
The median time to progression was 12 (range 2-23)
months, and progression was less frequent in patients
who experienced CR (14%) compared with patients
with PR (32%) and SD (50%)."* Another study retro-
spectively evaluated 102 patients who achieved CR and
discontinued treatment for any reason.'” The median
duration of treatment was 9.4 (range, 1.6-36.1)
months. The probability of treatment failure at 3
years was 27% and responses on retreatment were
not common. Responses were seen only in 5 of 34
retreated patients with single-agent anti-PD-1 therapy
and 11 of 44 patients with anti-PD-1 with anti-CTLA-
4-directed therapy.'”” In a recent exploratory anal-
ysis of CheckMate 153, which evaluated continuous
versus l-year fixed-duration nivolumab in previously
treated advanced non-small cell lung cancer patients,
continuing nivolumab beyond 1year appeared to be
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associated with improved outcomes.'® In the intent-to-
treat population, continuous nivolumab was associated
with longer median OS compared with l-year fixed-
duration treatment (not reached vs 28.8 months; HR,
0.62 (95% CI, 0.42 10 0.92)).'

We conducted a multivariable analysis of baseline demo-
graphics and clinical variables to evaluate their associa-
tion with progression. The results indicate that younger
age, history of brain metastasis, and a higher post-PD-1
LDH were associated with earlier time to progression.
These findings are not at all unexpected. In preclinical
melanoma-bearing mice models, tumors in young mice
were found to be more resistant to anti-PD-1 inhibition
compared with older mice. This was attributed to a signifi-
cantly higher population of regulatory T cells in young
mice."”” In a multi-institutional cohort of 538 patients
with metastatic melanoma, the odds of progressing on
anti-PD-1 therapy decreased by 13% with each decade
of patient age.'” In another study of 11,944 patients with
metastatic melanoma, older (=60 years) compared with
younger patients derived greater benefit with immuno-
therapies as evidenced by both multivariable Cox propor-
tional hazards analysis and propensity score-weighted
multivariable analysis."® A similar difference in immuno-
therapy benefit based on age was not observed in other
studies.'” * Elevated LDH is a surrogate marker of high
tumor burden and an independent predictor of poor
outcome.”! ** Similarly, brain metastasis is a known poor
prognostic indicator with a historic median OS of 11.2
weeks.” While intracranial response rates with combi-
nation therapies of ipilimumab and nivolumab and
BRAF-MEK inhibitors range between 55% and 58% in
patients with asymptomatic brain metastasis, responses
are poor in patients with symptomatic brain lesions and
with single-agent anti-PD-1 therapies.”

Our study has several important distinctions from previ-
ously reported studies. Our cohort not only included
patients who had CR but also included patients with PR
or SD. Treatment duration was restricted to 1year based
on our established institutional practice, in order to
generate interpretable results for early treatment discon-
tinuation. All our patients received treatment outside of
clinical trial, making it a representative real-world cohort
encountered in daily practice. No one discontinued treat-
ment due to toxicity. Limitations include single institu-
tion, retrospective design, and lack of PD-L1 and tumor
mutational burden analysis, which could have provided
more insight with regard to reasons for non-durable
responses. The multivariate model must be interpreted
cautiously. In particular, the selective inference reported
for the multivariate model after variable selection is
expected to be slightly optimistic (ie, the actual type I
error rates are expected to be slightly greater than the
nominal p values).

Our study presents preliminary evidence for the feasi-
bility of early stopping of anti-PD-1 therapies at 1year in
patients with metastatic melanoma. Patients with younger
age, brain metastasis, and greater post-PD-1 LDH may be

at higher risk of relapse following early anti-PD-1 therapy
discontinuation, and thus may not be ideal candidates for
this practice. Randomized clinical trials such as STOP-GAP
(NCT02821013) and DANTE (ISRCTN15837212) are
evaluating optimal anti-PD-1 treatment duration and the
role of rechallenge in metastatic melanoma. However,
further studies are also needed with regard to the role
of the tumor and immune biomarkers, circulating tumor
DNA, and positron emission tomography-computed
tomography imaging to help individualize the selection
process for patients in whom a shorter treatment dura-
tion may be effective.
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