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abstract

PURPOSE To analyze long-term outcomes after treatment discontinuation of anti–programmed death-1
(anti–PD-1) therapy in a cohort of patients with melanoma with the longest follow-up yet available to our
knowledge, including a majority of patients treated outside of a clinical trial. We also assessed efficacy of
retreatment with anti–PD-1 therapy with or without ipilimumab in relapsing patients.

METHODS We retrospectively analyzed all patients with nonuveal, unresectable stage III/IV melanoma treated
with single-agent anti–PD-1 therapy at Memorial Sloan Kettering from 2009-2018 who had discontinued
treatment and had at least 3 months of follow-up after discontinuation (n = 396). Overall survival for patients with
complete response (CR) was calculated from time of CR. Time to treatment failure for patients with CR was time
from CR to the next melanoma treatment or death.

RESULTS CRs were seen in 102 of 396 patients (25.8%). The median number of months of treatment after CR
was zero (range, stopped before CR to 26months after CR). With amedian follow-up of 21.1 months from time of
CR in patients who did not relapse, the probability of being alive and not needing additional melanoma therapy 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 versus mucosal or acral primaries.
Among the 78 patients (of 396) retreated after disease progression, response was seen in 5 of 34 retreated
patients with single-agent anti–PD-1 therapy and 11 of 44 patients escalated to anti–PD-1 plus ipilimumab.

CONCLUSION In our cohort, most patients discontinued treatment at the time of CR. Most CRs were durable but
the probability of treatment failure was 27% at 3 years. Responses to retreatment were infrequent. The optimal
duration of treatment after CR is not yet established.

J Clin Oncol 38:1655-1663. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Pembrolizumab and nivolumab, two Food and Drug
Administration–approved monoclonal antibodies di-
rected at programmed cell death protein-1 (PD-1)
have dramatically improved outcomes for patients
with unresectable and metastatic melanoma.1-3 In
clinical trials, approximately 8%-15% of patients
achieve a complete response (CR) according to
RECIST.2,4 These CRs are thought to be durable after
treatment discontinuation. In the KEYNOTE-001 trial,
an estimated 89% of patients who achieved a CR to
pembrolizumab were disease free 2 years after dis-
continuing treatment.4,5

Given the potential risk of toxicity,6 high cost of these
agents,7 and potential for durable responses, interest

is growing in understanding the long-term outcomes
after treatment discontinuation and determining the
optimal duration of treatment after CR. To address the
question of long-term outcomes after CR, we performed
a retrospective analysis of all patients with melanoma
who had discontinued anti–PD-1 therapy at Memorial
Sloan Kettering Cancer Center. This cohort included
patients treated in early clinical trials with some of the
longest follow-up to date, to our knowledge. Because
little information is available on long-term outcomes in
CR patients treated with anti–PD-1 outside of clinical
trials, we also investigated the relationship between
baseline factors and CR to anti–PD-1 therapy.

As for the question of the optimal duration of treatment
after CR, it would be beneficial to determine whether
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prolonged treatment after CR is truly necessary for optimal
overall survival (OS). A majority of patients in our cohort
were treated outside of clinical trials and received little
anti–PD-1 therapy after CR. This allowed us to determine
the estimated risk of treatment failure and the conditional
probability of relapse after CR in this cohort who received
limited maintenance immunotherapy after CR.

In patients who later experienced disease progression after
anti–PD-1 treatment discontinuation, clinicians often
consider a second course of anti–PD-1 therapy. Data are
limited on the efficacy of retreatment, which complicates
efforts to counsel patients. Three small series of retreated
patients have been reported (n = 88; n = 45; and n = 199),
but the results are highly variable given the small numbers
and differences in practice patterns (eg, time receiving
therapy) among institutions and trials. We report results of
retreatment in, to our knowledge, the largest cohort to date.

METHODS

Patients

Eligible patients were 17 years of age or older, had
a confirmed diagnosis of advanced melanoma (unresect-
able stage III or stage IV), and received $ 1 dose of single-
agent anti–PD-1 therapy (nivolumab or pembrolizumab),
followed by $ 1 scan that could be evaluated for response
to therapy. Patients with uveal melanoma were excluded.
All patients were treated at Memorial Sloan Kettering
Cancer Center. In addition, patients must have had $ 3
months of follow-up after discontinuation of anti–PD-1
therapy or have a known date of death within this pe-
riod. The timing of therapy discontinuation and decision to
treat with a second course of anti–PD-1 therapy were at the
discretion of the treating oncologist. In the minority of
patients treated with on-protocol therapy, the time of dis-
continuation was determined by the protocol. The reason
for discontinuation was recorded as documented in the
clinician’s note. Retreated patients were considered eligible
for inclusion if they received at least 1 dose of anti–PD-1 or
anti–PD-1 with ipilimumab therapy $ 3 months after dis-
continuing the first course of anti–PD-1 therapy and had an
evaluable response by scans or clinical assessment; pa-
tients who received only 1 retreatment dose within 1 week
of death were excluded.

Study Design

After obtaining a waiver of consent from the institutional
review board, we conducted a single-center, retrospective
analysis of patients treated between May 2009 and April
2018 with single-agent anti–PD-1 therapy who had dis-
continued treatment of $ 3 months. Patients who received
concurrent radiation therapy for brain metastases or
a painful lesion were included if another site of disease
could be assessed for response to anti–PD-1 therapy. We
collected patient demographics, neutrophil-to-lymphocyte
ratio (NLR), lactate dehydrogenase (LDH) level, tumor

mutation burden (TMB), prior lines of treatment, duration of
treatment, time off treatment, reason for discontinuation,
and data about retreatment. TMB was estimated by cal-
culating the number of nonsynonymous variants and di-
viding by the total sequenced exon length, consistent with
prior reports.10,11 We collected efficacy data consisting of
best overall response (BOR), time to treatment failure
(TTF), and OS through November 9, 2018.

Best Overall Response

Tumor responses were assessed based on clinician de-
termination of response and investigator review of imaging.
CR was defined by (1) absence of radiologically apparent
disease (radiologic CR); (2) biopsy that showed no viable
melanoma after a radiologic response (pathologic CR); or
(3) complete regression of clinically evaluable disease,
even if there were no radiologically measurable target le-
sions. If patients had a clear antitumor response but could
not be considered to have a CR by 1 of the 3 criteria, these
patients were considered to have a “response , CR.” If
there was no clear antitumor effect and no clear progres-
sion, patients were scored as stable. Radiologic CRs were
reviewed by 1 of 2 reference radiologists and examined for
concordance with RECIST version 1.1.

Statistical Analysis

BOR rates were estimated with exact binomial CIs. Asso-
ciations between factors and CR were assessed with uni-
variable and multivariable logistic regression. Factors
significant at P , .05 on univariable analyses were con-
sidered for multivariable analyses. OS was estimated from
the start of anti–PD-1 therapy until death. Patients alive at
last follow-up were censored. TTF was estimated from the
start of anti–PD-1 therapy until the next treatment or death.
Patients alive with no evidence of progression and who did
not receive additional treatment by last follow-up were
censored. We used Kaplan-Meier methods to estimate and
visualize survival and Cox proportional hazards regres-
sion to assess association with baseline factors. We also
assessed outcomes from the time of best response by BOR
and OS from the time of additional retreatment.

Conditional survival from 1 year after CR was assessed for
complete responders. TMB and NLR were log transformed
for regression analyses. We assessed the relationship be-
tween patient characteristics and additional PD-1 treat-
ment with Fisher’s exact test and Wilcoxon rank sum test,
where appropriate.

Two-sided P values less than .05 were considered statis-
tically significant. All analyses were performed with SAS 9.4
(SAS Institute, Cary, NC).

RESULTS

Patient Characteristics

A total of 1,325 records were reviewed to identify the 396
evaluable patients included in this study. Patients were
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treated with either single-agent pembrolizumab (85.9% of
patients) or nivolumab (14.1% of patients). Treatment was
given outside of a clinical trial in 69.2% of patients. The
median follow-up in survivors was 28.9 months (range, 4.9-
77.9 months); 25% of patients were observed for $ 43.8
months. Patient characteristics are shown in Table 1. At the
time of starting anti–PD-1 therapy, 45% of patients had
received prior ipilimumab therapy; 15% of patients had
CNS metastases. The median time receiving anti–PD-1

therapy was 4.8 months (range, , 1.0-44.2 months; Ap-
pendix Fig A1A, online only), and the median number of
doses was 8 (range, 1-94 doses; Appendix Fig A1B). The
most common reason overall for discontinuing therapy was
progression of disease (49.5% of patients), followed by
toxicity (21.7% of patients).

For the entire cohort, the median TTF was 7.9 months
(95%CI, 6.2 to 9.9 months); at 5 years after treatment start,
treatment failure-free survival was 21.5% (95% CI, 16.5%

TABLE 1. Patient Characteristics and Reasons for Treatment Discontinuation
Characteristic Value All Patients CR Non-CR

No. of patientsa 396 (100) 102 (25.8) 294 (74.2)

Age at treatment, years Median (range) 67 (17-94) 70 (31-88) 67 (17-94)

Sex Male 255 (64.4) 71 (27.8) 184 (72.2)

Female 141 (35.6) 31 (22) 110 (78)

BMI (continuous), kg/m2 Median (range) 27.5 (14.3-68.5) 27.5 (18.5-50.7) 27.5 (14.3-68.5)

BMI, kg/m2b Underweight 6 (1.5) 0 (0) 6 (100)

Normal 113 (28.5) 35 (31) 78 (69)

Overweight 141 (35.6) 35 (24.8) 106 (75.2)

Obese 136 (34.3) 32 (23.5) 104 (76.5)

Melanoma subtype Cutaneous 256 (64.6) 79 (30.9) 177 (69.1)

Acral 50 (12.6) 6 (12) 44 (88)

Mucosal 38 (9.6) 3 (7.9) 35 (92.1)

Unknown primary 52 (13.1) 14 (26.9) 38 (73.1)

Prior treatment with ipilimumab Yes 178 (44.9) 41 (23) 137 (77)

No 218 (55.1) 61 (28) 157 (72)

CNS mets at treatment start Yes 59 (14.9) 17 (28.8) 42 (71.2)

No 337 (85.1) 85 (25.2) 252 (74.8)

Stage/substage III 56 (14.1) 15 (26.8) 41 (73.2)

M1a 69 (17.4) 16 (23.2) 53 (76.8)

M1b 110 (27.8) 41 (37.3) 69 (62.7)

M1c 161 (40.7) 30 (18.6) 131 (81.4)

Neutrophil count at treatment Median (range) 4.6 (1.1-19.0) 4.2 (1.1-11.9) 4.6 (1.3-19.0)

Lymphocyte count at treatment Median (range) 1.4 (0.1-18.8) 1.4 (0.1-18.8) 1.4 (0.3-12.1)

Neutrophil-lymphocyte ratio Median (range) 3.0 (0.1-47.0) 2.9 (0.1-47.0) 3.1 (0.5-34.2)

LDH at treatment (U/L) Median (range) 202 (107-2685) 192 (108-1578) 211 (107-2685)

Mutation burden Median (range) 11.3 (0.8-166.4) 19.8 (1.9-166.4) 7.5 (0.8-144.3)

Reason for discontinuation Progression 196 (49.5) 3 (1.5) 193 (98.5)

Toxicity 86 (21.7) 24 (27.9) 62 (72.1)

Suspected CR 72 (18.2) 72 (100) 0 (0)

Complete protocol 23 (5.8) 1 (4.3) 22 (95.7)

Death 6 (1.5) 0 (0) 6 (100)

Other 13 (3.3) 2 (15.4) 11 (84.6)

NOTE. Data are No. (%) unless otherwise indicated. % for all patients is column total. % for CR and non-CR is percentage of row total.
Abbreviations: BMI, body mass index; CR, complete response; LDH, lactate dehydrogenase; mets, metastases.
aPercent out of total sample size for LDH (n = 204), neutrophil-lymphocyte ratio (n = 392), and mutational burden (n = 192).
bPercent = row total; underweight = BMI , 18.5 kg/m2; normal weight = BMI 18.5-24.9 kg/m2; overweight = BMI 25.0-29.9 kg/m2; obese =

BMI $ 30 kg/m2.
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to 27%; Fig 1A). The median OS was 39 months (95% CI,
31.7 to 47.2 months); 5-year OS was 40.8% (95% CI,
33.7% to 47.8%; Fig 1B).

Best Overall Response

In 25.8% (95% CI, 21.5% to 30.4%) of patients, the
treating oncologist considered the patient to have had a CR.
An additional 23.5% (95% CI, 19.4% to 28.0%) of the
patients had a significant antitumor response, with de-
crease in tumor size but less than CR. In the remaining

patients, the BOR was stable disease (11.6%; 95% CI,
8.6% to 15.2%) or progressive disease (PD; 39.1%; 95%
CI, 34.3% to 44.1%; Appendix Fig A2, online only).
Figures 1C and 1D show the TTF and OS by BOR, starting
from the time of BOR.

Complete Responders

Of the 102 patients (25.8%) who were considered to have
had a CR, 76 were considered a CR by the treating phy-
sician because of complete radiologic resolution of disease.
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FIG 1. Time to treatment failure (TTF) and overall survival (OS) data for the entire cohort and by best overall response (BOR). (A) The median overall TTF
was 7.9 months; (B) the median OS was 39 months. (C) TTF from the time of BOR showed a 3-year TTF of 72% for patients with complete response (CR),
26.9% for responders with less than CR, and 3.8% for stable disease (SD). (D) Overall survival from time of BOR showed a 3-year OS of 82.7%, 57.3%,
39%, and 18.9%, respectively, for patients with CR, response less than CR, SD, and progressive disease. Tick marks indicate censored patients. Blue
shaded areas in (A) and (B) represent 95% CIs.

1658 © 2020 by American Society of Clinical Oncology Volume 38, Issue 15

Betof Warner et al



These 76 patients were reviewed by reference radiologists,
who confirmed CR by formal RECIST in 58 patients (76%;
Fig 2A). In the other 18 patients, the clinician felt that the
patient had radiographic resolution of disease but there
were tumor residua that did not meet criteria for RECIST CR
(UC RECIST).

Of the remaining 26 CRs not based on radiologic evalua-
tions, 13 were pathologic CRs, and 13 were considered CRs
based on physical examination (not radiologically evalu-
able) or were radiologic CRs by scans performed at outside
institutions but were not available for review (other CR). We
found no difference in TTF (Fig 2A) or OS (Fig 2B) on the
basis of how the CR was determined. The median duration
of treatment of the CR patients was 9.4 months (range, 1.6-
36.1 months); the median duration of treatment after CR
was 0 months (range, 212 to 26 months; negative value
indicates that treatment was stopped before CR). The
reasons for treatment discontinuation were suspected CR
(n = 72; 70.6%), toxicity (n = 24; 23.5%), progression of
disease (n = 3; 2.9%), completing the defined treatment
per protocol (n = 1; 1%), or other (n = 2; 2%; Table 1).

With a median follow-up from time of CR of 21.1 months for
those treatment failure free (range, 1.6-65.6 months),
neither themedian TTF (Fig 1C, blue curve) nor the median
OS (Fig 1D, blue curve) from time of CR had been reached.
The probability of being alive and not requiring additional
melanoma therapy was 72.1% (95% CI, 59.9% to 81.1%)

at 3 years (Fig 1D). The estimated 3-year OS from time of
CR was 82.7% (95% CI, 67.9% to 91.1%).

By univariable analysis (Table 2), we observed that patients
with M1b disease were more likely to have a CR (odds ratio
[OR], 2.19; 95% CI, 1.36 to 3.54; P = .001) compared with
other stage IV substages and stage III combined. In con-
trast, patients with mucosal (OR, 0.19; 95% CI, 0.06 to
0.64; P = .007) or acral primaries (OR, 0.31; 95% CI, 0.13
to 0.75; P = .009) were less likely to have a CR compared to
cutaneous primaries. Higher TMB (OR, 1.98, 95% CI,
1.45 to 2.69; P , 0.001) was associated with higher odds
of CR and elevated LDH ($ 246 U/L) was associated with
lower odds of CR (OR, 0.25, 95%CI, 0.09 to 0.68; P = 0.006)
but too many patients were missing these data to include
these two variables in the multivariable model. Of note,
there were no significant associations found between CR
and age, sex, prior ipilimumab, presence of CNS metas-
tases, body mass index (BMI), and NLR or with the
presence of common somatic driver mutations (such as
BRAF, RAS, or NF-1). On multivariable analysis, stage and
site of disease remained significant (Table 2). Tumor
burden was not assessed in this study, which is a limitation
of our analysis.

Twenty-three patients who had a CR ultimately experienced
treatment failure. Among patients who achieved and
remained in CR for 1 year after CR was identified, the
conditional probability of remaining in CR for 2 more years
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FIG 2. Time to treatment failure and overall survival of patients with complete response (CR). (A) Time to treatment failure and (B) overall survival were
calculated from the time of CR. Patients were determined to have a CR by RECIST confirmed by 1 of 2 reference radiologists (RECIST cohort), a radiologic CR
that could not be confirmed by the reference radiologists (UC RECIST), or major response with a negative biopsy (pathologic). The “other” group includes
patients who had a CR by clinical evaluation but did not have radiologically assessable disease or patients who had a radiologic CR as assessed by an outside
radiologist but for whom the outside scans were not available for review at our institution.
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was 83.3% (95% CI, 73.0% to 93.6%). Twelve of the
patients (60%) who experienced disease progression de-
veloped new extracranial metastases, 5 (25%) had new
intracranial metastases, and 3 (15%) had progression at
a previous site of disease. There was no significant asso-
ciation between treatment duration before CR and treat-
ment failure after CR (hazard ratio, 0.94; P = .16).

Retreatment With Checkpoint Inhibitor Therapy

In 78 patients (19.7%) who discontinued anti–PD-1 ther-
apy for any reason and later experienced disease pro-
gression, a second course of checkpoint inhibitor (CPI)
therapy was administered, either single-agent anti–PD-1
therapy (34 patients) or combination ipilimumab 1
nivolumab (44 patients; Fig 3). The BOR to the first
course of therapy had been a CR in 10 patients, tumor

shrinkage less than CR in 18 patients, stable disease in 13
patients, and progressive disease in 37 patients. The
median time between initial anti–PD-1 discontinuation and
the start of retreatment was 6.3 months (range, 0.3-28.6
months).

Five patients (14.7%) responded to retreatment with single-
agent anti–PD-1 therapy; 2 were CRs. Eleven patients
(25%) responded to retreatment with ipilimumab-
nivolumab; 3 had a CR. There was no correlation be-
tween BOR to the initial course of anti–PD-1 therapy and
response to retreatment. Of the retreated patients who had
a CR to the initial anti–PD-1 therapy, only 2 of 10 responded
to retreatment. Of the 5 patients who responded to
retreatment with single-agent anti–PD-1, 3 patients initially
discontinued because of disease progression, and 2 pa-
tients initially discontinued because of toxicity. Of the

TABLE 2. Univariable and Multivariable Associations Between Baseline Factors and CR

Variable Factor

Univariable

Multivariable: Significant
Factors Complete Data

(N = 396)

CR No. (%) OR 95% CI P OR 95% CI P

Age at treatment, years 396 (102) 1.01 0.99 to 1.03 .18 —

Sex Female 141 (31) 0.73 0.45 to 1.18 .20 —

Male 255 (71) Ref —

BMI (continuous), kg/m2 396 (102) 0.98 0.95 to 1.02 .36 —

BMI, kg/m2 Overweight 141 (35) 0.74 0.42 to 1.28 .28 —

Obese 136 (32) 0.69 0.39 to 1.20 .19 —

Normal 113 (35) Ref —

Prior treatment with ipilimumab Yes 178 (41) 0.77 0.49 to 1.22 .26 —

No 218 (61) Ref —

CNS mets at treatment start Yes 59 (17) 1.20 0.65 to 2.22 .56 —

No 337 (85) Ref —

Neutrophil-lymphocyte ratio
(log transformed)

392 (100) 0.77 0.55 to 1.09 .14 —

Stage/substage M1b 110 (41) 2.19 1.36 to 3.54 .001 2.04 1.25 to 3.33 .004

All others 286 (61) Ref —

Melanoma subtype Unknown primary 52 (14) 0.83 0.42 to 1.61 .57 0.82 0.42 to 1.61 .56

Acral 50 (6) 0.31 0.13 to 0.75 .009 0.32 0.13 to 0.80 .014

Mucosal 38 (3) 0.19 0.06 to 0.64 .007 0.21 0.06 to 0.69 .011

Cutaneous 256 (79) Ref —

LDH at treatment (log transformed) 204 (54) 0.27 0.09 to 0.86 .027 —

LDH at treatment (group), U/L $ 246 48 (5) 0.25 0.09 to 0.68 .006 —

, 246 156 (49) Ref —

Mutation burden (log transformed) 192 (51) 1.98 1.45 to 2.69 < .001 —

NOTE. CR model assesses the probability of complete response (CR only). OR . 1 = higher odds of responding; OR , 1 = lower odds of
responding. For continuous factors, OR corresponds to a 1-unit increase. Variables that showed significance in the univariable analysis were
included in themultivariable analysis. Because of the degree of missing data for LDH andmutation burden, these factors were not included in the
multivariable analysis. Bold type indicates P values , 0.05.

Abbreviations: BMI, body mass index; CR, complete response; LDH, lactate dehydrogenase; mets, metastases; OR, odds ratio; ref, reference.

1660 © 2020 by American Society of Clinical Oncology Volume 38, Issue 15

Betof Warner et al



retreated patients, including those taking single-agent and
combination therapy, 15 discontinued initial treatment
because of toxicity, and 6 patients discontinued because of
suspected CR.

The median duration of retreatment was 1.6 months
(range, , 1.0-28.3 months). The estimated median OS for
all 78 retreated patients from the start of retreatment was
9.9 months (95% CI, 6.8 to 17.9 months); the 2-year OS
was 37.6% (95% CI, 25.5% to 49.7%).

DISCUSSION

In this large, single-institution cohort of patients who
were treated with, and subsequently discontinued,
single-agent anti–PD-1 therapy, we observed generally

durable responses after treatment discontinuation. There
are many factors contributing to the desire to discontinue
therapy, including risk of significant late toxicity, eco-
nomic burden of long-term treatment, and quality-of-life
concerns. A significant minority of patients who experi-
ence a CR will ultimately relapse. In our cohort, ap-
proximately one quarter of these relapses occurred in
the CNS.

KEYNOTE-001 supports the safety of treatment discon-
tinuation; nearly 90% of patients who achieved CR con-
tinued to be disease free after a median of 3.5 years of
follow-up since treatment start.4 However, data from pa-
tients in the CheckMate-153 trial, in which patients with
non–small-cell lung cancer responding to anti–PD-1 ther-
apy were randomly assigned to 1 year versus continuous
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FIG 3. Event-history plot showing outcomes of patients who were retreated with (A) single-agent anti–programmed death-1 (anti–PD-1) therapy or (B)
combination anti–PD-1 with anti-CTLA4. Time zero is the start of retreatment. Patients are grouped on the basis of the best overall response to initial
anti–PD-1 therapy (complete response [CR], partial response [PR], stable disease [SD], progressive disease [PD]), which is noted on the left side of the
panel. The duration of the first course of anti–PD-1 is indicated by light blue, progression of disease; and the reason for discontinuation is indicated by
the color (red, suspected CR; teal, toxicity; orange, the course of planned therapy; purple, toxicity; yellow, progression of disease). Red dots indicate time
of progression of disease. Open bars indicate nonimmunotherapy systemic treatments. In addition, some patients received radiation therapy (R) or
surgery (S). After time zero, colored bars indicate the duration of retreatment. Purple bars show patients who responded; dark blue bars are patients
whose best response to retreatment was disease progression. The aqua bars indicate the duration of survival. Patients have either died (red X) or were
censored (arrowhead). BOR, best overall response; TFF, time to treatment failure.
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nivolumab, suggest that longer treatment with nivolumab
may be beneficial.12 Similar data are not yet available for
melanoma, and the question of optimal duration of treat-
ment after CR remains open.

In our patients, CRs were observed in 25.8% of patients.
There was a higher rate of CR in patients with stage IV M1b
disease (37.3%) than in other stage IV substages or even
patients with stage III disease. This supports the general
impression that patients with melanoma with M1b disease
have a high response rate to CPIs. In most of our patients,
CRs were determined by the treating physician, and 13
patients were classified as having a pathologic CR. Overall,
only 57% of the total CRs (76% of radiologic CRs) would
qualify as CR by RECIST. We believe the definition of CR is
overly strict in the setting of CPI therapy and that there are
many CRs to CPI therapy that do not meet the RECIST
definition. RECIST response definitions were developed in
the pre–CT scan era to enhance clinical trial reproducibility
and were not designed to correlate with patient outcomes or
to be used for patient management decisions.13,14

In our patients, the median duration of treatment to CR was
7 months, with little maintenance therapy after CR. This
resulted in durable CRs; at 3 years, the probability of being
alive and not requiring additional melanoma therapy was
72.1%. There was no significant association between
treatment duration before CR and treatment failure. Of the
23 patients who relapsed, 87% relapsed within the first
2 years. In patients who remained in CR for 1 year, the
conditional probability of remaining in CR for 2 more years
was 83.3%.

When considering treatment discontinuation, patients often
inquire about resuming anti–PD-1 therapy if their disease
were to progress in the future. Data regarding outcomes of
patients with melanoma who receive a second course of
anti–PD-1 therapy are scarce and widely variable because
of small numbers and institutional variation in practice
patterns. From the KEYNOTE-006 trial, 8 patients with
initial CR were treated with a second course of anti–PD-1
therapy, of whom 1 patient achieved a CR and 3 had
a partial response (PR).8 Hamid et al5 reported 4 patients
who were treated with a second course of anti–PD-1
therapy in the KEYNOTE-001 trial. All 4 patients had an
initial CR followed by treatment discontinuation, but only 1
patient had tumor shrinkage in response to retreatment.
Jansen et al9 recently reported on a pooled cohort from
Europe and Australia, in which 19 patients were retreated
with anti–PD-1 therapy after an initial BOR of CR (9 pa-
tients), PR (6 patients), or progression of disease (4 pa-
tients). Of these 19 patients, only 6 responded (32%), with
2 CR and 4 PR. Of the 9 patients who had had CR as the
initial BOR, the BOR on re-treatment was PR in 2 patients
and CR in 2 patients.

Overall, 15% of our patients responded to retreatment with
anti–PD-1 therapy, and 25% responded to retreatment
with the ipilimumab-nivolumab combination. Surprisingly,
the response to retreatment did not seem to be related
to the magnitude of response to the first course of anti–PD-
1 therapy. The response rate was lower for retreatment
than would be expected for treatment-naı̈ve patients but
is consistent with previous observations from smaller
cohorts.

This markedly lower response rate in retreated patients
compared with treatment-naı̈ve patients treated with CPIs
seems to be in contrast to the experience of retreating
patients with melanoma with a second course of the
anti–CTLA-4 antibody ipilimumab after ipilimumab pro-
gression. Objective response (PR plus CR) rates of patients
retreated with ipilimumab were 16%15 and 23%16 in 2
separate reports—response rates that are similar or higher
than the expected response rates for ipilimumab in
treatment-naı̈ve patients. This suggests that resistance
mechanisms arising in the course of anti–PD-1 therapymay
be more persistent than the resistance mechanisms that
arise during anti–CTLA-4 therapy.

Several mechanisms of resistance to CPIs have been
proposed, including adaptive immune resistance and
phenotypic changes of residual tumor cells, such as
changes in HLA class I, antigen processing or presentation,
or programmed death-ligand-1 expression.17-21 The long
duration of therapy and immunologic effects of anti–PD-1
antibodies may lead to prolonged selective pressure for
these resistant clones so that recurrences that arise are
likely to express these resistant phenotypes.

There are important distinctions between our patient cohort
and other previously published cohorts. Most of our pa-
tients (69.2%) were treated outside of a clinical trial with
a mixture of prior ipilimumab and CNS involvement. As
discussed, we used a more liberal definition of CR than in
formal clinical trials. A final distinction is that our CR pa-
tients received little maintenance therapy after achieving
a CR; the median number of months of treatment after CR
was zero compared with the KEYNOTE-001 trial, in
which the median duration of maintenance therapy was 7
months. The risks and benefits of maintenance therapy
in patients with melanoma who achieve a CR remain
unquantified and is an important topic for future study.

Response rates to retreatment with CPI therapy after re-
lapse from single-agent anti–PD-1 were disappointingly
low; future studies should seek to determine alternative
strategies to overcome resistance. These data would also
predict that patients who progress after receiving adjuvant
anti–PD-1 therapy will have a lower response rate to CPI
therapy given for recurrent disease.
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FIG A1. Histogram of (A) months on treatment and (B) No. of anti—programmed death-1 (PD-1) doses given to patients in this analysis.
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