Research Article

Durable Clinical Benefit in Metastatic Renal Cell
Carcinoma Patients Who Discontinue PD-1/PD-L1

Cancer

Immunology

Research

Check for

Therapy for Immune-Related Adverse Events

Dylan J. Martini"?, Lana Hamieh', Rana R. McKay'®, Lauren C. Harshman',

Raphael Brandao', Craig K. Norton', John A. Steinharter', Katherine M. Krajewski',

Xin Gao?, Fabio A. Schutz®, Bradley McGregor', Dominick Bossé', Aly-Khan A. Lalani',
Guillermo De Velasco"®, M. Dror Michaelson’, David F. McDermott*, and Toni K. Choueiri'

Abstract

The current standard of care for treatment of metastatic renal
cell carcinoma (mRCC) patients is PD-1/PD-L1 inhibitors until
progression or toxicity. Here, we characterize the clinical out-
comes for 19 mRCC patients who experienced an initial clinical
response (any degree of tumor shrinkage), but after immune-
related adverse events (irAE) discontinued all systemic therapy.
Clinical baseline characteristics, outcomes, and survival data
were collected. The primary endpoint was time to progression
from the date of treatment cessation (TTP). Most patients had
clear cell histology and received anti-PD-1/PD-L1 therapy as
second-line or later treatment. Median time on PD-1/PD-L1
therapy was 5.5 months (range, 0.7-46.5) and median TTP
was 18.4 months (95% CI, 4.7-54.3) per Kaplan-Meier esti-
mation. The irAEs included arthropathies, ophthalmopathies,

Introduction

Tumor cells have many mechanisms by which they can evade
surveillance by the immune system. Immune checkpoints, such as
CTLA-4 and PD-1, have been implicated in tumor evasion (1).
When the PD-1 protein, expressed on T cells, binds to its ligands,
PD-L1 or PD-L2, expressed on cancer cells and other cells in the
tumor microenvironment, it acts as a negative regulator of the
immune response (2-4). Monoclonal antibodies (mAb) that
target and block PD-1 and PD-L1 interactions inhibit tumor
evasion and enhance the host's immune response against the
tumor. These mAbs have demonstrated efficacy in the treatment of
an expanding list of malignancies, such as melanoma, non-small
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myositis, pneumonitis, and diarrhea. We demonstrate that
68.4% of patients (n = 13) experienced durable clinical benefit
off treatment (TTP of at least 6 months), with 36% (n = 7) of
patients remaining off subsequent treatment for over a year
after their last dose of anti-PD-1/PD-L1. Three patients
with tumor growth found in a follow-up visit, underwent
subsequent surgical intervention, and remain off systemic
treatment. Nine patients (47.4%) have ongoing irAEs. Our
results show that patients who benefitted clinically from
anti-PD-1/PD-L1 therapy can experience sustained beneficial
responses, not needing further therapies after the initial discon-
tinuation of treatment due to irAEs. Investigation of biomarkers
indicating sustained benefit to checkpoint blockers are needed.
Cancer Immunol Res; 6(4); 402-8. ©2018 AACR.

cell lung cancer (NSCLC), renal cell carcinoma (RCC), head and
neck squamous cell carcinoma, and urothelial carcinoma
(1, 5-17). With the FDA's approval of now five PD-1/PD-L1
inhibitors (atezolizumab, pembrolizumab, nivolumab, avelu-
mab, and durvalumab) in multiple cancers (18), and more
agents in development, PD-1/PD-L1 inhibitors are being increas-
ingly utilized in clinical practice and have a favorable tolerability
profile.

Nivolumab has been approved as a second-line treatment
option for mRCC patients who have progressed on vascular
endothelial growth factor (VEGF)-targeted therapies (11). It is
typically given until disease progression or development of intol-
erable toxicities. However, evidence supporting the need to con-
tinue PD-1/PD-L1 inhibitors is lacking. The "memory" compo-
nent of the immune response and the ability of these agents to
reset the equilibrium between the tumor and the host immune
response support the hypothesis of a possible persistent, clinical
benefit even after treatment discontinuation, and even if a com-
plete response was not achieved (19, 20).

PD-1/PD-L1 inhibitors are associated with a unique spectrum
of toxicities suspected to be due to immune system overactivation
and termed immune-related adverse events (irAE). These toxici-
ties more commonly occur in the gastrointestinal system, lungs,
and skin, but any organ system can be atrisk (21). They are usually
treated with corticosteroids and rarely immune modulating
agents. In RCC, treatment discontinuation for irAEs was observed
in 8% of the patients (11). In melanoma, studies have shown that
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the development of irAEs is associated with a response to
immune-checkpoint blockade (22, 23), but no studies have
specifically evaluated the association between efficacy and irAEs
in RCC. We sought to evaluate the clinical outcomes of mRCC
patients who discontinued treatment with PD-1/PD-L1 inhibitors
due to irAEs after initially experiencing a clinical response to
therapy. Our results contribute data on whether prolonged con-
tinuous use of PD-1/PD-L1 is necessary for mRCC patients to
derive durable clinical benefit.

Materials and Methods

Study design and patients

We conducted an analysis of mRCC patients treated at five
academic institutions: Dana-Farber Cancer Institute, Massachu-
setts General Hospital, and Beth Israel Deaconess Medical Center
in Boston, MA, as well as the Hospital Universitario 12 de Octubre
in Madrid, Spain, and Beneficencia Portuguesa de Sao Paulo in
Sao Paulo, Brazil. Eligible patients included those who discon-
tinued therapy by the treating physician given the development of
an irAE after initially having a clinical response/benefit to treat-
ment with a PD-1 or PD-L1 inhibitor. Clinical response/benefit
was defined as a complete response (CR) or partial response (PR),
using Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1 criteria, or stable disease (SD), as defined by RECIST
version 1.1, if associated with tumor shrinkage. Patients were
assessed by imaging assessments at varying time points based on
investigator discretion. Clinical characteristics, response, and
survival data were extracted from the electronic medical records.
The immune-related toxicities were graded using Common
Terminology Criteria for Adverse Events (CTCAE) version 4.0.
Investigator discretion was used as the discontinuation criteria for
all patients. All patients provided written informed consent for
publication of their individual clinical information in this study.

Statistical analysis

Clinical and disease characteristics were summarized as med-
ians and ranges for continuous variables and as numbers and
percentages for categorical variables. Time-on treatment was

Table 1. Patient and disease characteristics

Durable Benefit after Halting PD-1/PD-L1 Blockade

calculated from the date of the first dose of PD-1/PD-L1 inhibitor
therapy to the date of the last dose of PD-1/PD-L1 inhibitor
therapy for patients receiving monotherapy, or, for patients
receiving combination therapy of a PD-1/PD-L1 inhibitor with
another agent, the date of the last dose of both agents. Time-to-
progression (TTP) from the date of treatment cessation was
calculated as the date of discontinuation of the PD-1/PD-L1
regimen to the date of initiation of subsequent systemic therapy,
date of resection of a progressing metastatic lesion, date of
decision to transition to best supportive care (BSC), death, or
most recent follow-up, whichever came first.

Results

Baseline characteristics

Our cohort included 19 patients with mRCC who had a clinical
response to anti-PD-1/PD-L1 therapy and subsequently discon-
tinued treatment secondary to irAEs. The median age of the cohort
was 68 years (range, 24-79; Table 1). Most patients had clear cell
histology (n = 18, 94.7%). Among the patients with clear cell
RCC, 3 patients had sarcomatoid features (15.8%). Four patients
(21.1%) had liver metastases, and 3 (15.8%) had bone metasta-
ses. Most patients had a prior nephrectomy (n = 18, 94.7%). Five
patients (26.3%) had International mRCC Database Consortium
(IMDC) poor-risk disease.

Treatment exposure

Eleven patients (57.9%) were previously treated, and eight
(42.1%) received a PD-1 inhibitor in the second-line setting. Ten
patients (52.6%) were treated with VEGF tyrosine kinase inhibi-
tors (TKI) before PD-1/PD-L1-targeted therapy.

Most patients received anti-PD-1 therapies (n = 15, 78.9%),
with only 4 patients treated with anti-PD-L1 therapies (21.1%).
Twelve patients (63%) received anti-PD-1/PD-L1 treatment as
monotherapy and 7 (36.8%) patients received them in combi-
nation with other systemic therapies, including 4 patients
(21.1%) receiving VEGF-targeted therapy and 3 (15.8%) CTLA-4
blockade. Overall, the median time-on PD-1/PD-L1 therapy was
5.5 months (range, 0.7-46.4 months; Table 2).

1D Age (y) Gender Histology Bone mets Liver mets IMDC risk group Prior nephrectomy
1 68 M Clear cell No Yes Intermediate Yes
2 66 M Clear cell, sarcomatoid features No No Intermediate Yes
3 59 M Clear cell No No Poor Yes
4 69 M Clear cell No No Favorable Yes
5 24 M Translocation No No Intermediate Yes
6 59 M Clear cell Yes No Poor No
7 72 M Clear cell, sarcomatoid features Yes No Poor Yes
8 68 F Clear cell No No Favorable Yes
9 75 M Clear cell, with chromophobe features No Yes Favorable Yes
10 75 M Clear cell Yes No Poor? Yes
n 68 M Clear cell No No Intermediate Yes
12 77 F Clear cell No Yes Intermediate Yes
13 68 M Clear cell No No Intermediate Yes
14 79 M Clear cell No No Intermediate Yes
15 75 F Clear cell No Yes Intermediate® Yes
16 68 F Clear cell No No Favorable Yes
17 66 F Clear cell, sarcomatoid features No No Intermediate Yes
18 65 M Clear cell No No Poor Yes
19 66 M Clear cell No No Intermediate Yes

Abbreviations: M, male; F, female, Mets, metastasis; IMDC, International Metastatic Renal Cell Carcinoma Database Consortium.
2IMDC risk group determined at the start of anti-PD-1/PD-L1 therapy due to lack of clinical information regarding the IMDC prognostic criteria at diagnosis.

www.aacrjournals.org
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Table 2. Treatment exposure and outcomes

Line of Time on TTP from the date
anti-PD-1/PD-L1 Anti-PD-1/PD-L1 therapy of treatment Subsequent therapy

ID_ therapy Prior therapy therapy (Mos) Best response cessation (Mos) (best response)

1 1 N/A PD-L1+ 2.7 PR 14 Cabozantanib (PR)

2 3 Gemcitabine + sutent PD-1 3.8 PR 3 Cabozantanib (PR)
(VEGF TKI), sutent

3 3 Sutent + angiopoetin PD-1 3.7 PR 3.4 Axitinib (SD, 17% growth),
inhibitor, temsirolimus sorafenib (NE), pazopanib
(MTOR inhibitor) (NE)
+avastin (VEGF mAb)

4 1 N/A PD-L1+ 0.7 SD, 9% shrinkage ~ 4.5° BSC, pazopanib (TBD)

5 2 Sutent PD-1 4] PR 4.7 Cabozantanib (SD, 15%

shrinkage)
6 1 N/A PD-L1+ 2.7 PR 5.6 Cabozantanib (SD, 9%
shrinkage), axitinib (TBD)

7 2 Sutent PD-1 1.8 PR 7.4° N/A

8 1 N/A PD-1+ 10.2 SD, 15% shrinkage ~ 7.8° N/A

9 2 Sutent PD-1 6 SD, 4% shrinkage 8.2 N/A

10 6 Sutent, axitinib (VEGF TKI),  PD-1 6.1 SD¢ 9.5 N/A
everolimus (mTOR
inhibitor), pazopanib,
sutent

n o1 N/A PD-1+ 8.8 CR 10.1 N/A

122 2 Axitinib PD-1 55 SD, 1% shrinkage 10.6 N/A

13 1 N/A PD-1+ 4.6 PR 17.5 N/A

14 2 Sunitinib + angiopoetin PD-L1 7 SD, 10% shrinkage  18.4 Pazopanib (SD, 11% growth)
inhibitor

15 2 Sunitinib PD-1 46.5 PR 22.8 N/A

16 1 N/A PD-1+ 38 PR 26.7 N/A

17 2 Pazopanib PD-1 15.7 PR 291 N/A

18 1 N/A PD-1 n7 CR 48.7 N/A

19 2 Interleukin-2 PD-1 n.8 SD¢ 54.3P N/A

Abbreviations: N/A, not applicable as patient remains progression-free; PD-1", anti-PD-1 combination therapy, PD-1, anti-PD-1 monotherapy; PD-L1, anti-PD-L1
monotherapy; PD-L1", anti-PD-L1 combination therapy; Mos, months; SD, stable disease with tumor shrinkage; CR, complete response; PR, partial response; TBD, to

be determined; BSC, best supportive care; OS, overall survival.

ATTP from the date of treatment cessation stopped at time of transition to best supportive care.
PTTP from the date of treatment cessation for this patient stopped at the time of progressing metastatic lesion. These patients developed tumor growth in isolated
areas treated with surgical intervention only. NE, not evaluable; VEGF, vascular endothelial growth factor; TKI, tyrosine kinase inhibitor; mTOR, mechanistic target of

rapamycin; mAb, monoclonal antibody.
“% change not available.

Treatment-related toxicities

Nine (47.4%) patients had grade 2, 10 (52.6%) had grade 3,
and 3 (15.8%) patients had grade 4 irAEs. The toxicities included
arthropathies (n = 5, 26.3%), ophthalmopathies (uveitis, iritis,
blepharitis), hypophysitis, myositis, pneumonitis, pruritus, peri-
carditis/myocarditis, acute interstitial nephritis, hepatitis, amy-
lase/lipase elevation, and diarrthea (Table 3). Nine patients
(47.4%) had ongoing irAEs at the time of last follow-up; 6 irAEs
had been ongoing for over a year.

Most patients (n = 16, 84.2%) were treated with corticosteroids
for irAEs. At time of analysis, 5 patients required ongoing corti-
costeroids (range, 12.7-48.1 months) and 11 patients were
able to discontinue corticosteroids treatment (range, 0.5-4.8
months). Three patients received additional immunologic agents:
1 received methotrexate (a dihydrofolate reducatase inhibitor),
1 methotrexate in combination with chloroquine (an antimalar-
ial agent) for arthralgias, and another received infliximab (an
antibody against tumor necrosis factor-o) and intravenous immu-
noglobulin for autoimmune myocarditis. One patient with joint
pain switched to methotrexate due to corticoteroids-related side
effects, but required the addition of a lower dose of steroids 7
months later for more effective treatment of toxicities. Another
patient began treatment with chloroquine and methotrexate in
addition to prednisone. This patient's symptoms improved

404 Cancer Immunol Res; 6(4) April 2018

significantly, but the patient has been unable to taper off
steroids. Three patients were not treated with immune modulat-
ing drugs: 1 did not receive treatment for asymptomatic amylase/
lipase elevations, 1 received colchicine (microtubule inhibitor)
for autoimmune pericarditis, and 1 received diphenhydramine
(antihistamine) for treatment of severe pruritus. No deaths
were attributed to irAEs.

Outcomes

The median time on anti-PD-1/PD-L1 therapy was 5.5 months
(range, 0.7-46.5), with most patients on treatment for <6 months
(n = 10, 52.6%). Two patients (10.5%) experienced a CR,
10 (52.6%) achieved a PR, and 7 (36.8%) had SD with a range
of 1% to 17% tumor shrinkage.

Treatment was discontinued for grade 1-4 irAEs and most
patients experienced grade 2 (n = 9, 47.8%) or grade 3
(n =10, 52.6%) toxicities. Ongoing irAEs were limited in patients
who had aTTP from the date of treatment cessation of < 6 months
(n=1); however, those (n = 6/13) who had a TTP from the date
of treatment cessation of >6 months had ongoing toxicities
related to anti-PD-1/PD-L1 treatment at the time of this analysis.

The median TTP from the date of treatment cessation for this
cohort was 18.4 months (95% CI, 4.7-54.3) per Kaplan-Meier
estimate (Fig. 1). More than two thirds of the patients (n = 13,

Cancer Immunology Research
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Table 3. Immune-related toxicities and their treatments

Durable Benefit after Halting PD-1/PD-L1 Blockade

ID Toxicities Steroids treatment Duration of steroids treatment Ongoing toxicities
1 Grade 4 amylase and lipase elevation No N/A No
2 Grade 3 pneumonitis Yes 2.0 No
3 Grade 2 pericarditis No? N/A No
4 Grade 4 myositis, grade 3 myocarditis Yes? 2.0 No
5 Grade 3 hepatitis Yes 4.8 No
6 Grade 2 arthropathy, grade 2 rash Yes 12.7¢ Yes
7 Grade 2 pneumonitis Yes 23 Yes
8 Grade 2 blepharitis Yes 1.7 No
9 Grade 3 hypothyroidism Yes 1.6 Yes
10 Grade 3 polyarthralgias and grade 3 diabetes Yes 0.5 Yes
n Grade 4 lipase/amylase elevation; grade 2 arthralgia; grade 3 diarrhea Yes? 15.0" Yes
12 Grade 1 iritis, grade 2 arthralgias, grade 1 diarrhea Yes 12 No
13 Grade 3 hypophysitis Yes 17.4¢ Yes
14 Grade 1 sinusitis, grade 2 pruritus No¢ N/A No
15 Grade 3 acute interstitial nephritis Yes 14 No
16 Grade 3 joint pain Yes? 14.8° Yes
17 Grade 2 myositis Yes 29.1¢ Yes
18 Grade 2 uveitis, grade 3 Jaccoud's arthropathy Yes 48.1° Yes
19 Grade 1 pneumonitis/diffuse pulmonary infiltrates Yes 24 No
Total, n 16 N/A 9

N/A, not applicable.
*Treated with colchicine.

Ppatients were additionally treated with immunomodulators: intravenous immunoglobulin and infliximab (ID4). Choloroquine and methotrexate (ID11), and

methotrexate (ID 16).
“Steroid use is ongoing.
%Treated with diphenhydramine.

68.4%) had a TTP from the date of treatment cessation of >6
months and 36.8% (n = 7) remained progression free for over a
year (Table 4). Nearly half (n = 9, 47.8%) of the patients have
ongoing clinical benefit after discontinuing anti-PD-1/PD-L1
(Fig. 2).

Six patients (31.6%) progressed within 6 months of their last
dose of the PD-1/PD-L1 inhibitor and were treated with subse-
quent systemic therapy. These patients were all on treatment with
anti-PD-1/PD-L1 for <6 months. All six patients received subse-
quent therapy with VEGF inhibitors. Most of these patients (n = 4)
were treated with cabozantanib, a TKI against VEGFR-2, ¢-MET,
and AXL; 2 of the 4 (50%) patients had a subsequent PR. Four
patients (21.1%) progressed >6 months after anti-PD-1/PD-L1
discontinuation. Three of these patients developed tumor growth
in isolated areas treated with surgical intervention only. These
three patients remain off any subsequent systemic therapy since
the time of surgical resection. The fourth patient experienced

1.04
0.8

0.6

0.4+

0.2

Proportion of patients

0.0

I I I I I I I I I
0 6 12 18 24 30 36 42 48 54 60

Months without progressing
No. of patients
19 13 7 6 4 2 2 2 2 1 0

Figure 1.
Kaplan-Meier plot of TTP from the date of treatment cessation.

www.aacrjournals.org

disease progression about 18 months after the last dose of
anti-PD-1/PD-L1 and was started on pazopanib, a VEGF TKI,
whose best response was stable disease.

Discussion

Blockade of the PD-1 pathway confers an adaptive memory
immune response that resets the equilibrium between the tumor
and the host immune response (19, 20). Hence, it has the
potential to provide an ongoing antitumor response even after
treatment cessation, which can also translate to ongoing immune-
related toxicities. Despite this premise, the current practice is
to administer PD-1/PD-L1 inhibitors on a continuous basis
until disease progression or development of toxicities, even if a
patient is in complete remission. In this report, we sought to
examine the outcomes of mRCC patients who had benefitted
from PD-1/PD-L1 inhibitors, then had to discontinue treatment
after development of irAEs. We observed that a subset of patients
(68.4%, n = 13) maintain clinical benefit for at least 6 months
after treatment discontinuation from PD-1/PD-L1 inhibitors.
Although our sample size is limited, this is the first comprehensive
analysis in mRCC of outcomes following discontinuation of
PD-1/PD-L1 treatment.

Persistent durable responses after treatment discontinuation
have been reported with immune-based therapies, such as ipili-
mumab, nivolumab, and IL2 (24-28). In mRCC, a subset of
patients (80%, n = 4) who discontinued nivolumab treatment for
reasons other than disease progression have maintained their
response for 19 to 59 weeks off therapy (26). In melanoma
patients treated with ipilimumab and nivolumab, 90% (28
out of 31) of patients who discontinued treatment due to toxi-
cities had persistent responses for more than 6 months off therapy
(7), including 68% (21 out of 31) with ongoing responses at the
time of the reported analysis. PD-1/PD-L1 blockade rescues
"exhausted" T cells, leading to the activation of T-cell effector

Cancer Immunol Res; 6(4) April 2018
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Table 4. Summary of patient outcomes in those patients who achieved a clinical response/benefit to PD-1/PD-L1 blockade

ORR to Time on therapy, TTP from the date Ongoing TTP from the TTP from the date of
PD-1/PD-L1, median of treatment cessation, date of treatment treatment cessation > 6 months,
N (%) (range; months) months (CI)® cessation, N (%) N (%)

12 (63.2%) 5.5 (0.7-46.5) 18.4 (4.7-54.3) 9 (47.4%) 13 (68.4%)

ORR, objective response rate by RECIST (rest had SD with tumor shrinkage).
?Per Kaplan-Meier estimation.

function and transition to memory cells (19). These drugs have
prolonged half-lives, and experiments suggest that PD-1 receptor
occupancy does not increase when multiple doses are given
within less than 2 months, arguing against the need for contin-
uous treatment with PD-1/PD-L1 inhibitors (29).

Approximately a third of the patients in our analysis (n = 6)
progressed within 6 months of treatment cessation, demonstrat-
inga need for clinical or molecular biomarkers that can predict the
durability of response. Although several clinical factors have been
found to be associated with outcomes of PD-1/PD-L1 immuno-
therapy, none have been studied in the setting of treatment
cessation. For example, melanoma patients who develop irAEs
(particularly > 3 irAEs) and those who received steroids have
more favorable outcomes to nivolumab (5, 21). Similar associa-
tions have been proposed with CTLA-4 blockade (ipilimumab) in
melanoma patients (28, 30, 31). Prospective studies with larger
patient cohorts are warranted to examine the predictors of
response and survival in patients who discontinue PD-1/PD-L1
immunotherapy in mRCC.

Immune-related end-organ damage in patients treated with
immune checkpoint inhibitors is not well understood. A study of
lung cancer patients (n = 482) investigating the safety and efficacy
of anti-PD-1/PD-L1 retreatment after irAEs found that 23% of
patients developed a new irAE after restarting therapy, 26%
had recurrence of the original irAE, and 51% did not experience

a subsequent irAE. Only 8% of patients who were retreated with
anti-PD-1/PD-L1 experienced an objective response (32). An
autopsy study of a patient who received sequential immune
checkpoint blockers and died of metastatic disease showed
histologically significant inflammation involving multiple
organs, even though this patient only exhibited clinical symptoms
of pneumonitis. This patient had subclinical inflammation of the
heart, central nervous system, liver, and bone marrow at the time
of death (33).

In our cohort, response to treatment has been defined accord-
ing to RECIST criteria v.1.1. However, some patients treated with
immune checkpoint inhibitors experience pseudoprogression,
which may be mislabeled as progression according to the RECIST
criteria (24, 26, 27). Radiographic progression could be due to
scarring and infiltration by tumor immune cells, rather than
tumor growth and disease progression (24, 26, 27). As such,
immune-related response criteria have been developed to more
appropriately categorize response in patients receiving immune-
based therapies. Hence, responses to PD-1/PD-L1 blockade and
their duration may be underestimated, including the ones
reported in our analysis.

Our study and previous reports show that some patients
maintain the benefit of PD-1/PD-L1 blockade even after treatment
discontinuation (24, 26, 27). The need for continuous dosing of
PD-1/PD-L1 inhibitors should be investigated in prospective
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Figure 2.
Swimmer plot representation of patient outcomes.
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clinical trials due to the memory component of the immune
response and the long effect of PD-1/PD-L1 blockade on the
tumor. In mRCC, the impact of nivolumab discontinuation in
patients who cease treatment after a confirmed response will be
investigated in a phase II study of Optimized Management of
NIVOlumab based on REsponse in patients with advanced RCC
(OMNIVORE). Other studies are also exploring a customized
approach to PD-1/PD-L1 treatment in mRCC (NCT02917772;
ref. 34).

Although our study comprehensively reports on patient out-
comes after discontinuation of PD-1/PD-L1 inhibitors in mRCC, it
carries some limitations. Despite the multicenter nature of the
study, our sample size is limited, treatments received were some-
what heterogeneous, imaging was performed at various time
points, and the range of follow-up time varied widely. This is also
a retrospective analysis and, therefore, is subject to selection bias.

In conclusion, our analysis shows that a subset of mRCC
patients treated with PD-1/PD-L1 inhibitors who must discon-
tinue treatment due to irAEs experienced a durable clinical benefit
after therapy was halted. These data are hypothesis generating,
and larger studies that investigate the tumor and immune micro-
environment are warranted to evaluate the long-term outcomes,
as well as to identify predictors of response and survival in these
patients. Our data confirm the appropriateness of prospective
clinical trials designed to assess the need for continuous drug
dosing with these agents.

Disclosure of Potential Conflicts of Interest

R.R. McKay reports receiving a commercial research grant from
Pfizer and Bayer L.C. Harshman reports receiving commercial
research grants from Bayer, Sotio, BMS, Merck, Takeda, Den-
dreon/Valient, Janssen, Medivation/Astellas, Pfizer, and Genen-
tech, is a consultant/advisory board member for Merck, Exelixis,
Pfizer, Corvus, Bayer, Astellas, Kew Group, and Theragene, and
has received an expert testimony from CME course: Physican
Education Resource and CME course: Applied Clinical Education.
F. Schutz has received honoraria from speakers bureau of BMS and
Merck, is consultant/advisory board member for Roche, Merck,
and BMS. B. McGregor is a consultant/advisory board member for

References

1. Muenst S, Laubli H, Soysal SD, Zippelius A, Tzankov A, Hoeller S. The
immune system and cancer evasion strategies: therapeutic concepts.
J Intern Med 2016;279:541-62.

2. Wherry EJ. T cell exhaustion. Nat Immunol 2011;12:492-9.

3. Okazaki T, Honjo T. PD-1 and PD-1 ligands: from discovery to clinical
application. Int Immunol 2007;19:813-24.

4. HeJ, HuY, Hu M, Li B. Development of PD-1/PD-L1 pathway in tumor
immune microenvironment and treatment for non-small cell lung cancer.
Sci Rep 2015;5:13110.

5. Freeman-Keller M, Kim Y, Cronin H, Richards A, Gibney G, Weber JS.
Nivolumab in resected and unresectable metastatic melanoma: character-
istics of immune-related adverse events and association with outcomes.
Clin Cancer Res 2016;22:886-94.

6. Ferris RL, Blumenschein G Jr, Fayette J, Guigay J, Colevas AD, Licitra L, etal.
Nivolumab for recurrent squamous-cell carcinoma of the head and neck.
N Engl ] Med 2016;375:1856-67.

7. Postow MA, Chesney J, Pavlick AC, Robert C, Grossmann K, McDermott D,
et al. Nivolumab and ipilimumab versus ipilimumab in untreated mela-
noma. N Engl ] Med 2015;372:2006-17.

8. Weber JS, D'Angelo SP, Minor D, Hodi FS, Gutzmer R, Neyns B, et al.
Nivolumab versus chemotherapy in patients with advanced melanoma

www.aacrjournals.org

Durable Benefit after Halting PD-1/PD-L1 Blockade

Genentech, Astellas-Seattle Genetics, Exelixis, Nektaar, AstraZe-
neca, Bayer, Astellas, and Clinical Care Options. G. de Velasco is a
consultant/advisory board member for BMS. T.K. Choueiri
reports receiving other commercial research support from Pfizer,
Exelixis, BMS, and Novartis, is a consultant/advisory board mem-
ber for Pfizer, Exelixis, Novartis, Ipsen, BMS, Merck, Genentech,
and Bayer. No potential conflicts of interest were disclosed by the
other authors.

Authors’ Contributions

Conception and design: RR. McKay, R. Brandao, M.D. Michaelson,
T.K. Choueiri

Development of methodology: D.J. Martini, L. Hamieh, R.R. McKay, R. Bran-
dao, T.K. Choueiri

Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): D.J. Martini, L. Hamieh, RR. McKay, R. Brandao,
C.K. Norton, J.A. Steinharter, K.M. Krajewski, X. Gao, F.A. Schutz, B. McGregor,
A.-K.A. Lalani, G. De Velasco, M.D. Michaelson, D.F. McDermott, T.K. Choueiri
Analysis and interpretation of data (e.g., statistical analysis, biostatistics,
computational analysis): L. Hamieh, R.R. McKay, R. Brandao, J.A. Steinharter,
D. Bossé, A.-K.A. Lalani, G. De Velasco, M.D. Michaelson, T.K. Choueiri
Writing, review, and/or revision of the manuscript: D.J. Martini, L. Hamieh,
R.R. McKay, L.C. Harshman, R. Brandao, J.A. Steinharter, K.M. Krajewski,
F.A. Schutz, B. McGregor, D. Bossé¢, A.-K.A. Lalani, G. De Velasco,
M.D. Michaelson, D.F. McDermott, T.K. Choueiri

Administrative, technical, or material support (i.e., reporting or organizing
data, constructing databases): C.K. Norton, A.-K.A. Lalani, T.K. Choueiri
Study supervision: T.K. Choueiri

Acknowledgments

This research was supported in part by the Dana-Farber/Harvard Cancer
Center Kidney SPORE, Kidney Cancer Program, Lank Center for GU Oncology,
and the Trust Family, Michael Brigham, and Loker Pinard Funds for Kidney
Cancer Research at Dana-Farber Cancer Institute for Toni K. Choueiri.

The authors would like to thank Wanling Xie, Department of Biostatistics
and Computational Biology, Dana-Farber Cancer Institute, Boston MA, for her
contribution of the Kaplan-Meier curve and estimation.

The costs of publication of this article were defrayed in part by the payment of
page charges. This article must therefore be hereby marked advertisement in
accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

Received April 26, 2017; revised October 2, 2017; accepted January 26, 2018;
published first February 1, 2018.

who progressed after anti-CTLA-4 treatment (CheckMate 037): a ran-
domised, controlled, open-label, phase 3 trial. Lancet Oncol 2015;16:
375-84.

9. Brahmer J, Reckamp KL, Baas P, Crino L, Eberhardt WE, Poddubskaya E,
et al. Nivolumab versus docetaxel in advanced squamous-cell non-small-
cell lung cancer. N Engl ] Med 2015;373:123-35.

10. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready NE, et al.
Nivolumab versus docetaxel in advanced nonsquamous non-small-cell
lung cancer. N Engl ] Med 2015;373:1627-39.

11. Motzer R, Escudier B, McDermott DF, George S, Hammers HJ, Srinivas S,
et al. Nivolumab versus everolimus in advanced renal-cell carcinoma.
N Engl ] Med 2015;373:1803-13.

12. Herbst RS, Baas P, Kim DW, Felip E, Perez-Gracia JL, Han JY, et al.
Pembrolizumab versus docetaxel for previously treated, PD-L1-positive,
advanced non-small-cell lung cancer (KEYNOTE-010): a randomised
controlled trial. Lancet 2016;387:1540-50.

13. Langer CJ, Gadgeel SM, Borghaei H, Papadimitrakopoulou VA, Patnaik A,
Powell SF, et al. Carboplatin and pemetrexed with or without pembroli-
zumab for advanced, non-squamous non-small-cell lung cancer: a rando-
mised, phase 2 cohort of the open-label KEYNOTE-021 study. Lancet
Oncol 2016;17:1497-508.

Cancer Immunol Res; 6(4) April 2018

407

220z 1snbny 2z uo 1sanb Aq jpd Z01/SE L £SEZ/20Y/1/9/pd-801e/SaIjounwWIISouUEd/B10"s|euinolioee;/:dpy wolj papeojumoq



Martini et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ribas A, Puzanov I, Dummer R, Schadendorf D, Hamid O, Robert C, et al.
Pembrolizumab versus investigator-choice chemotherapy for ipilimumab-
refractory melanoma (KEYNOTE-002): a randomised, controlled, phase 2
trial. Lancet Oncol 2015;16:908-18.

Fehrenbacher L, Spira A, Ballinger M, Kowanetz M, Vansteenkiste J,
Mazieres ], etal. Atezolizumab versus docetaxel for patients with previously
treated non-small-cell lung cancer (POPLAR): a multicentre, open-label,
phase 2 randomised controlled trial. Lancet 2016;387:1837-46.
Rittmeyer A, Barlesi F, Waterkamp D, Park K, Ciardiello F, von Pawel J,
et al. Atezolizumab versus docetaxel in patients with previously treated
non-small-cell lung cancer (OAK): a phase 3, open-label, multicentre
randomised controlled trial. Lancet 2017;389:255-65.

Choueiri TK, Motzer RJ. Systemic therapy for metastatic renal-cell carci-
noma. N Engl ] Med 2017;376:354-66.

FDA Approved Drug Products [Internet]|. Available from: http://www.
accessdata.fda.gov/scripts/cder/daf. |cited 2018 Jan 22].

Kim PS, Ahmed R. Features of responding T cells in cancer and chronic
infection. Curr Opin Immunol 2010;22:223-30.

Dunn GP, Old LJ, Schreiber RD. The three Es of cancer immunoediting.
Annu Rev Immunol 2004;22:329-60.

Weber]S, Hodi FS, Wolchok JD, Topalian SL, Schadendorf D, LarkinJ, etal.
Safety profile of nivolumab monotherapy: a pooled analysis of patients
with advanced melanoma. ] Clin Oncol 2017;35:785-92.

Sanlorenzo M, Vujic I, Daud A, Algazi A, Gubens M, Luna SA, et al.
Pembrolizumab cutaneous adverse events and their association with
disease progression. JAMA Dermatol 2015;151:1206-12.

Hua C, Boussemart L, Mateus C, Routier E, Boutros C, Cazenave H, et al.
Association of vitiligo with tumor response in patients with metastatic
melanoma treated with pembrolizumab. JAMA Dermatol 2016;152:45-51.
Topalian SL, Sznol M, McDermott DF, Kluger HM, Carvajal RD, Sharfman
WH, et al. Survival, durable tumor remission, and long-term safety in
patients with advanced melanoma receiving nivolumab. J Clin Oncol
2014;32:1020-30.

McDermott DF, Regan MM, ClarkJI, Flaherty LE, Weiss GR, Logan TF, et al.
Randomized phase III trial of high-dose interleukin-2 versus subcutaneous

408 Cancer Immunol Res; 6(4) April 2018

26.

27.

28.

29.

30.

31.

32.

33.

34.

interleukin-2 and interferon in patients with metastatic renal cell carcino-
ma. J Clin Oncol 2005;23:133-41.

McDermott DF, Drake CG, Sznol M, Choueiri TK, Powderly JD, Smith DC,
et al. Survival, durable response, and long-term safety in patients with
previously treated advanced renal cell carcinoma receiving nivolumab.
J Clin Oncol 2015;33:2013-20.

Lipson EJ, Sharfman WH, Drake CG, Wollner I, Taube JM, Anders RA,
et al. Durable cancer regression off-treatment and effective reinduc-
tion therapy with an anti-PD-1 antibody. Clin Cancer Res 2013;19:
462-8.

Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen JB, etal.
Improved survival with ipilimumab in patients with metastatic melanoma.
N Engl ] Med 2010;363:711-23.

Brahmer JR, Drake CG, Wollner I, Powderly JD, Picus J, Sharfman
WH, et al. Phase I study of single-agent anti-programmed death-1
(MDX-1106) in refractory solid tumors: safety, clinical activity, phar-
macodynamics, and immunologic correlates. J Clin Oncol 2010;28:
3167-75.

Downey SG, Klapper JA, Smith FO, Yang JC, Sherry RM, Royal RE, et al.
Prognostic factors related to clinical response in patients with metastatic
melanoma treated by CTL-associated antigen-4 blockade. Clin Cancer Res
2007;13:6681-8.

Harmankaya K, Erasim C, Koelblinger C, Ibrahim R, Hoos A, Pehamberger
H, et al. Continuous systemic corticosteroids do not affect the ongoing
regression of metastatic melanoma for more than two years following
ipilimumab therapy. Med Oncol 2011;28:1140-4.

Santini FC, Rizvi H, Wilkins O, van Voorthuysen M, Panora E, Halpenny D,
et al. Safety of retreatment with immunotherapy after immune-related
toxicity in patients with lung cancers treated with anti-PD(L)-1 therapy.
J Clin Oncol 2017;35:15_suppl, 9012.

Koelzer VH, Rothschild SI, Zihler D, Wicki A, Willi B, Willi N, et al. Systemic
inflammation in a melanoma patient treated with immune checkpoint
inhibitors-an autopsy study. ] Inmunother Cancer 2016;4:13.
Clinicaltrials.gov [Internet]. Available from: https://clinicaltrials.gov/.
[cited 2018 Jan 22].

Cancer Immunology Research

220z 1snbny 2z uo 1sanb Aq jpd Z01/SE L £SEZ/20Y/1/9/pd-801e/SaIjounwWIISouUEd/B10"s|euinolioee;/:dpy wolj papeojumoq


http://www.accessdata.fda.gov/scripts/cder/daf
http://www.accessdata.fda.gov/scripts/cder/daf
https://clinicaltrials.gov/

