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Background: Combined cytotoxic T-lymphocyte antigen 4 (CTLA-4) and programmed death 1 (PD-1) blockade induces high
rates of immune-related adverse events (irAEs). The safety of resuming anti-PD-1 in patients who discontinue combination
therapy due to irAEs is not known.

Patients and methods: We assessed patients who experienced clinically significant irAEs from combined CTLA-4 and PD-1
blockade leading to treatment discontinuation at four academic centers. We assessed the safety of resuming anti-PD-1 in terms
of recurrent and distinct irAEs.

Results: Eighty patients discontinued combination therapy due to irAEs, including colitis (41%), hepatitis (36%), and pneumonitis
(4%). Of these, 96% received corticosteroids and 21% received additional immunosuppression (e.g. infliximab). All were rechallenged
with anti-PD-1, and 14 (18%) had recurrent irAEs at a median of 14 days after therapy resumption (six grade 1-2, seven grade 3-4,
and one grade 5 Steven—Johnson Syndrome). Colitis was less likely to recur than other irAEs (6% versus 28%, P=0.01). Clinically
significant but distinct toxicities occurred in an additional 17 (21%) patients (11 grade 1-2 and 6 grade 3-4). Duration of steroid taper,
severity of initial irAEs and use of additional immunosuppressants did not predict for toxicity on rechallenge, although patients
remaining on steroid therapy at anti-PD-1 resumption had higher rates of toxicities (55% versus 31%, P = 0.03).

Conclusions: Patients who discontinued CTLA-4/PD-1 blockade for severe irAEs had relatively high rates of recurrent or distinct
toxicities with anti-PD-1 resumption. However, many patients, particularly with combination-induced colitis, tolerated anti-PD-1
rechallenge well, and this approach can be considered in selected patients.
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However, with the advent of immune checkpoint inhibitors and ef-
fective targeted therapies, survival rates have dramatically increased
Historically, the median survival of patients with metastatic melan-  and durable disease control is a real possibility [2, 3]. Immune
oma was <lyear and long-term survivorship was rare [1]. checkpoint inhibitors targeting anti-cytotoxic T-lymphocyte
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antigen 4 (CTLA-4) and anti-programmed death 1 (PD-1) block
key immune suppressive molecules and thereby release cytotoxic
T cells to target cancer cells. Along with their potent antitumor re-
sponse, activated T-cells can recognize off-target epitopes in normal
tissue and cause toxicity. The most common immune-related ad-
verse events (irAEs) include colitis, hepatitis, pneumonitis, neph-
ritis, and endocrinopathies [4, 5]. Although usually managed with
corticosteroids, these irAEs can cause significant morbidity and,
rarely, mortality [6, 7].

Combination immunotherapy with the PD-1 blocking anti-
body, nivolumab, and anti-CTLA-4, ipilimumab, has demon-
strated higher response rates (RRs) than either therapy alone in
metastatic melanoma. However, dual checkpoint blockade causes
more frequent and severe irAEs, as 53% of patients experience
grade 3—4 irAEs [8, 9]. During clinical trials, patients with high-
grade irAEs requiring systemic corticosteroids were required to
permanently discontinue both ipilimumab and nivolumab.
Outside trials, given that most high-grade toxicities occur during
the induction phase, clinicians frequently reinitiate nivolumab or
pembrolizumab following the resolution of toxicities in the belief
that further anti-PD-1 treatment is required to best achieve dur-
able disease control. In part, this approach is based on the safety
of using anti-PD-1 therapy in patients with major toxicities from
ipilimumab [10]. Furthermore, given the distinct side-effect
profiles of each agent, one could speculate that many
combination-induced toxicities might not recur with anti-PD-1.
The safety and efficacy of resuming anti-PD-1 monotherapy in
patients with severe toxicity from combination therapy, however,
is not known.

Given the benefits of anti-PD-1 therapy in patients with meta-
static melanoma, counterbalanced by the potential risks of reacti-
vating severe toxicities, characterizing the clinical utility of this
approach is critical. Herein, we evaluate whether patients who
experienced severe irAEs on combination PD-1 and CTLA-4
blockade benefit from resumption of anti-PD-1 monotherapy
based on incidence of recurrent and distinct irAEs and clinical
activity.

Patients and methods

Patients

Eligible patients were 18 years of age or older, had a confirmed diagnosis
of advanced melanoma, and had received at least one cycle of combin-
ation anti-PD-1 + ipilimumab followed by at least one dose of anti-PD-1
(nivolumab or pembrolizumab) between 8 January 2013 and 11
January 2016. Patients were treated at four academic centers (Melanoma
Institute Australia, Memorial Sloan Kettering Cancer Center, Moffitt
Cancer Center, and Vanderbilt Ingram Cancer Center). In addition,
patients must have experienced at least one clinically significant irAE
resulting in treatment discontinuation of combination anti-PD-1
and anti-CTLA-4 treatment, with later resumption of anti-PD-1
monotherapy. Patients who experienced grade 3-4 irAEs follow-
ing the fourth dose of combination therapy (but before start of anti-PD-1
monotherapy) were included. The decision to discontinue combin-
ation therapy due to an irAE was determined by the treating
oncologist. All irAE adverse event grades were recorded
retrospectively. Duration of corticosteroids was collected and patients
were considered “off steroids” when on hormone replacement doses for
hypopituitarism.

Study design

This was a multicenter, retrospective analysis of patients treated with
anti-PD-1 + anti-CTLA-4 who experienced toxicities leading to treat-
ment discontinuation and resumed single-agent anti-PD-1 thereafter.
We collected patient demographics, frequency, timing, and spectrum of
irAEs as well as management of these events. We collected efficacy data
consisting of RR, progression-free survival (PFS), and overall survival
(0S).

Outcomes

Safety end points were irAEs as defined in the National Cancer Institute
Common Terminology Criteria for Adverse Events (CTCAE version
4.03). We specifically evaluated recurrent or new irAEs with anti-PD-1
therapy after treatment discontinuation of anti-PD-1+ anti-CTLA-4.
Efficacy outcomes were secondary and included RR per Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1 [11], PFS,
and OS.

Statistical analysis

Baseline demographics and treatment characteristics were analyzed using
descriptive statistics, listed with frequencies and percentages for categor-
ical variables and medians and ranges for continuous variables. PFS was
defined as time from first dose of anti-PD-1 + anti-CTLA-4 therapy to
disease progression as documented by serial cross-sectional imaging or
initiation of a new local or systemic therapy. OS was defined as the time
from first dose of therapy to death from any cause. Characteristics of
patients who had toxicities were compared with those who did not
using chi-square (nominal variables), Mann—Whitney U (continuous
variables), or logrank test (time-dependent variables). P < 0.05 was con-
sidered statistically significant. All surviving patients were censored at the
time of last follow-up. Survival distributions were estimated using the
Kaplan—Meier method.

Results

Patients

A total of 80 patients were identified who experienced severe irAEs
while being treated with anti-CTLA-4+ anti-PD-1 (hereafter
referred to as ‘combination therapy’). The median age was 56 years
(range 25-89 years); 55% were male and 68% had stage IV Mlc
disease (Table 1). Of these, 13 (11%) patients had received prior
therapies for metastatic disease (largely BRAF == MEK inhibitors).
The median number of cycles of combination therapy received was
2;26% received 1 dose, 33% received 2 doses, and 41% received 3—4
doses before treatment discontinuation. Median follow-up time
was 14.3 months.

Adverse events

All patients discontinued combination therapy for irAEs
(Table 2); the worst grade of irAE experienced with combination
therapy was grade 2 in 25 (31%) patients, grade 3 in 49 (61%),
and grade 4 in 6 (8%) patients. Events leading to treatment dis-
continuation included colitis/diarrhea in 33 (41%) patients,
hepatitis in 29 (36%), symptomatic hypophysitis in 5 (6%), rash
in 5 (6%), and pneumonitis in 3 (4%). Neurologic complications
(acute inflammatory demyelinating polyneuropathy (AIDP) and
myasthenia gravis), pancreatitis, nephritis, uveitis, mucositis,
and idiopathic thrombocytopenic purpura (ITP) occurred in 1-2
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Table 1. Demographics

Characteristic N (%)
Median age, years (range) 56 (25-89)
Male 44 (55)
Stage

lllc 9(11)

IV M1a/b 17 (21)

IV Milc 54 (68)

>1 prior therapy 9(11)
Anti-CTLA-4/PD-1 regimen

Ipilimumab 3 mg/kg + Nivolumab 1 mg/kg 76 (95)

Pembrolizumab 2 mg/kg + Ipilimumab 1 mg/kg 4(5)
Number of aCTLA4 + aPD1 doses

1 21 (26)

2 26 (33)

3 21 (26)

4 12 (15)
Length of steroid taper, days (median, range) 35 (5-240)
Duration between last aCTLA4 + aPD1 dose and aPD1 58 (14-395)

resumption, days (median, range)

CTLA-4, cytotoxic T-lymphocyte antigen 4; PD-1, programmed death 1.

cases each. Other AEs leading to treatment discontinuation
included wheezing, arthralgias, severe fatigue, and hyperkalemia/
hyponatremia. Ten (13%) patients had >1 concurrent toxicity
that led to treatment discontinuation.

Among all patients, 77 (96%) received corticosteroid treatment.
The remaining 3 (4%) patients who did not receive steroids had
grade 3 lipase elevation, grade 2 hepatitis, and hyperkalemia with
hyponatremia, and were managed by holding therapy. Of the 77
patients who received steroids, 63 (82%) received a dose approxi-
mately equivalent to prednisone 1 mg/kg or greater, whereas 14
(18%) received prednisone 0.5 mg/kg or less. The median duration
of corticosteroid administration was 35 days (range 5-240 days).
Other immunosuppressants were also administered in a subset of
patients (n=17), including infliximab in 12 (15%: all colitis),
mycophenolate mofetil in 4 (5%: 3 with hepatitis and 1 with
infliximab-refractory colitis), and intravenous immunoglobulin in
2 (3%: ITP and AIDP).

Outcomes with anti-PD-1

All patients resumed single-agent anti-PD-1 therapy. The median
duration between the last dose of combination therapy to the first
dose of anti-PD-1 was 58 days (range 14-395 days). Thirty-one
(39%) patients were still on immunosuppression when they
resumed anti-PD-1; all but 6 patients were receiving less than or
equal to prednisone 10 mg daily dose or equivalent. Seventeen
(21%) patients had persistent irAEs (symptoms or laboratory
value abnormalities) at anti-PD-1 resumption, but all were
improved and grade 1-2. Thirteen (16%) patients resumed
anti-PD-1 for disease progression, and 65 (81%) resumed
as continued/maintenance therapy for incomplete responses
(2 unknown).

Annals of Oncology

Among all patients, 40 (50%) experienced any grade of irAEs
with anti-PD-1 resumption (Table 2). Of these, 26 (33%) had
grade 1-2 events and 14 (18%) had grade 3-5 toxicities; 24 (30%)
patients discontinued anti-PD-1 due to these events. To provide
further insights, we divided these events into whether the same
irAE that led to combination therapy discontinuation recurred
(recurrent) or whether new irAEs occurred (distinct).

We first assessed whether particular toxicities had a tendency
to recur with anti-PD-1 resumption. Colitis seemed especially
unlikely to recur, with only 2 of 33 (6%) patients experiencing re-
current colitis or diarrhea with anti-PD-1 resumption (Figure 1).
Patients with neurologic toxicity (n=2), uveitis (n=2), and ITP
(n=1) did not experience recurrences. By contrast, hepatitis (5
recurrences of 29 patients, 17%), pancreatitis (2 of 2, 100%),
pneumonitis (1 of 3, 33%), and nephritis (1 of 2, 50%) appeared
to recur more often. Symptomatic hypophysitis (e.g. severe head-
ache in 1 of 8; 13%) and rash (1 of 4; 25%) also appeared to have
an intermediate likelihood of recurrence. Overall, patients with
colitis were less likely to have recurrent toxicity compared with
other patients (6% versus 28%, P=10.01).

In total, the same irAE that caused combination therapy dis-
continuation recurred in 14 (18%) patients at a median of 14 days
following therapy resumption (range 7-167 days). Of these, 6
were grade 1-2 irAEs and 7 were grade 3—4 events. There was one
grade 5 event: a 50-year-old woman initially had a grade 2 rash
with ipilimumab and nivolumab which improved to grade 1 with
low-dose corticosteroids (methylprednisolone dose pack). After
a single dose of anti-PD-1 therapy, she developed grade 3 rash
which initially improved with prednisone 1mg/kg. However,
while still on steroids, she developed worsening rash and blister-
ing; biopsy showed Steven—Johnson Syndrome/toxic epidermal
necrolysis that ultimately involved 90% body surface areas
including oral and genital surfaces (Figure 2). Despite high-dose
steroid administration, IVIG, infliximab, and admission to a
burn unit, the patient died approximately 50 days after restarting
anti-PD-1. Ten of the 14 patients (71%) discontinued anti-PD-1
therapy due to these recurrent irAEs, but no other fatal events
occurred.

To further characterize safety, we then assessed whether pa-
tients who discontinued combination therapy for toxicity experi-
enced ‘distinct’ irAEs upon anti-PD-1 resumption. Nine (11%)
patients experienced distinct low-grade events not requiring ther-
apy interruption or systemic steroids, specifically low-grade
hypothyroidism (n=2), rash (n=>5), asymptomatic lipase eleva-
tion (n=1), and myalgias (n=1). Clinically significant irAEs
requiring therapy discontinuation or systemic steroids occurred
in 17 (21%) patients (Figure 1). Of these, the worst grade was 1-2
in 11 patients, grade 3 in 5, and grade 4 in 1 patient (hepatitis); 5
patients had more than one irAE during anti-PD-1 treatment.
These clinically significant irAEs included colitis/diarrhea
(n=>5), hepatitis (n=3), pneumonitis (n=3), rash (n=1),
hypophysitis (n=1), type 1 diabetes (n=1), severe myalgias
(n=1), and arthralgias (n=2). Seven patients discontinued
therapy due to these distinct irAEs, 16 received systemic steroids
(9 received prednisone 0.5 mg/kg or less and 7 received approxi-
mately 1 mg/kg or more), and 1 patient received infliximab for
colitis. No patients died from these distinct anti-PD-1-induced
irAEs. Ultimately, in total, 39% (n=31) of patients experienced
clinically significant recurrent or distinct toxicities.

252 | Pollack et al.

Volume 29 | Issue 1 | 2018


Deleted Text: &thinsp;
Deleted Text: prednisone 
Deleted Text: &percnt;; 
Deleted Text: &percnt;; 
Deleted Text: &percnt;; 
Deleted Text: -
Deleted Text: -
Deleted Text: -
Deleted Text: ,
Deleted Text: ;
Deleted Text: ;
Deleted Text: ;
Deleted Text: ,
Deleted Text: vs.
Deleted Text: <italic>p</italic>
Deleted Text: -
Deleted Text: -
Deleted Text: -
Deleted Text: &thinsp;
Deleted Text: year 
Deleted Text: low 
Deleted Text: Steven's 
Deleted Text: T
Deleted Text: E
Deleted Text: N
Deleted Text: low 
Deleted Text: low 
Deleted Text: -
Deleted Text: prednisone 
Deleted Text: ,
Deleted Text: one 
Deleted Text: 1 

Annals of Oncology

Table 2. Clinically significant toxicities with combination PD-1 and (TLA-4 blockade and anti-PD-1 resumption

irAEs with CTLA-4 + PD-1 blockade

irAEs with anti-PD-1 resumption (recurrent or de novo)

irAE All grade irAE, n (%) Grade 3/4 irAE, n (%) All grade irAE, n (%) Grade 3/4 irAE, n (%)
Colitis 33 (41) 20 (25) 6 (8) 2 (3)
Hepatitis 29 (36) 19 (24) 8(10) 5(@7)
Hypophysitis 5(6) 203 2(3) (N
Dermatitis/rash 5(6) 3(4) 6(8) 2(3)7°
Pneumonitis 34) 1(1) 4(5) -
Elevated lipase 4 (5P 4(5) 3(5) 20°
Nephritis 2(3) 1(1) 1(1) -
Neurologic 2(3) 1(1) - -

TP 1(1) 1(1) - -
Other 7 9) 203) 8(10) 203)°

“Includes one patient with grade 5 Stevens—Johnson Syndrome.
BTwo patients with clinical pancreatitis.
“Grade 3 type 1 diabetes and grade 3 arthralgias.

CTLA-4, cytotoxic T-lymphocyte antigen 4; PD-1, programmed death 1; irAE, immune-related adverse event.
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Figure 1. Percentage of patients with clinically significant toxicities with cytotoxic T-lymphocyte antigen 4 (CTLA-4)/programmed death 1
(PD-1) blockade (gold), recurrent toxicities with PD-1 blockade (blue), and distinct de novo toxicities with PD-1 blockade (red).

Predisposing factors for recurrent or distinct irAEs

We then assessed for whether the length and type of immunosup-
pressive treatment, severity of toxicity, presence of ongoing ster-
oids or symptoms at anti-PD-1 resumption, or delay in resuming
anti-PD-1 influenced whether patients experienced clinically sig-
nificant irAEs on anti-PD-1. For this analysis, we included both
patients who had recurrence of the same irAE (1= 14) or clinic-
ally significant, distinct irAEs (n=17) as described above. The
duration of steroid taper was not significantly different in pa-
tients who had toxicities on anti-PD-1 compared with those not
experiencing toxicities (median 43 versus 32days, P=0.5).
Similarly, patients who required additional immunosuppression
(e.g. infliximab, mycophenolate mofetil) with combination ther-
apy were no more likely to experience severe toxicities with anti-
PD-1 than those who received only corticosteroids (16% versus
22%; P=0.5). Furthermore, the presence of grade 3—4 toxicities
versus grade 1-2 toxicities did not predict recurrent/distinct

toxicities (P=0.9). The duration between final dose of CTLA-4
and PD-1 blockade to resumption of anti-PD-1 was slightly
higher in patients without toxicities versus those who experi-
enced toxicities (median 62 versus 56 days, P=0.03). Patients
who remained on steroids at anti-PD-1 resumption appeared to
have higher rates of toxicity than patients who had discontinued
steroids (55% versus 31%, P=0.03), as did those whose symp-
toms had not resolved at resumption (30% versus 17%, P=10.2)
although not statistically significant.

Efficacy

Among these 80 patients, 56 (70%) experienced partial or com-
plete response. An additional 15 patients (19%) had stable
disease, while the remaining 9 (11%) patients had progressive
disease as best response. Neither median PFS nor OS were
reached (supplementary Figure S1, available at Amnnals of
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Figure 2. Initial grade 2 rash (not shown) with combination therapy progressing to grade 3 rash with anti-programmed death 1 (PD-1)
rechallenge (A) followed by desquamation and fatal Stevens—Johnson Syndrome (B and Q).

Oncology online). Only 4 (5%) patients experienced initial re-
sponse followed by progression during study follow-up. Thirteen
(16%) patients received anti-PD-1 therapy for disease progres-
sion after stopping combination therapy. Of these, 4 (31%) had
partial responses, 3 (23%) had stable disease, and 6 (46%) had
progressive disease.

Discussion

Combination immune checkpoint blockade with ipilimumab
and nivolumab induces high RRs but frequent irAEs [8, 9]. In
this study, we specifically focused on patients who experienced
clinically significant irAEs while on combination therapy, and
were rechallenged with anti-PD-1 monotherapy. This study is
the first to evaluate the safety and efficacy of this increasingly
common practice.

Herein, we found that almost 40% of patients who discontin-
ued combination therapy for toxicities experienced recurrent or
clinically significant distinct toxicities with anti-PD-1 monother-
apy resumption. Importantly, one patient who had a grade 2 rash
with combination therapy subsequently experienced fulminant
and fatal Steven—Johnson Syndrome upon anti-PD-1 rechallenge.
Thus, severe toxicities can occur with anti-PD-1 resumption, and
clinical vigilance is required.

We sought to determine clinical features that would predict re-
current or novel severe toxicities. Although the severity of initial
toxicity or duration/type of immunosuppression was not associ-
ated with subsequent irAEs, the absence of steroids at rechallenge
and the interval before rechallenge appeared to have a weak cor-
relation. By contrast, the type of toxicity appeared to be more in-
formative. Very few patients with ‘ipilimumab-like’ toxicities,
including colitis and hypophysitis, experienced recurrences with
anti-PD-1. This is consistent with prior studies that have shown
that ipilimumab-induced irAEs rarely recur with anti-PD-1 [10,
12]. By contrast, ‘anti-PD-1-like’ toxicities such as hepatitis,
nephritis, pancreatitis, and pneumonitis appeared to have some
risk of recurrence; although the small number of patients with
individual toxicities limits definitive conclusions. Together, these
data suggest that even with dual immune therapies, either
ipilimumab or nivolumab may be the primary ‘culprit’ in driving
specific toxicities. We suggest that patients with colitis or

hypophysitis can safely resume anti-PD-1, but caution should be
maintained with most other toxicities.

We also noted a relatively high rate (21%) of clinically signifi-
cant but distinct irAEs upon anti-PD-1 rechallenge (e.g. patients
with colitis that later experienced hepatitis). This incidence
appears somewhat higher than the rate of severe irAEs with
single-agent anti-PD-1 [9, 13], suggesting that immune priming
by combination therapy may predispose to other subsequent
toxicities or that combination toxicities may present in a delayed
fashion. One could also postulate that patients who experienced
irAEs with combination therapy have an intrinsic genetic
tendency for toxicities with other immune therapies.

This and other recent studies question the risk—benefit ratio of
resuming anti-PD-1 following severe combination toxicities.
Randomized studies have recently shown that patients with these
irAEs have high RRs and excellent clinical outcomes with obser-
vation alone [8, 9]. Thus, many patients with ongoing stable or
responding disease may not need to resume anti-PD-1 as main-
tenance therapy (as most patients in our study did), although
long-term data are needed to truly examine this issue. Patients
who progress after combination therapy may benefit from anti-
PD-1 resumption: 4 of 13 (31%) patients responded to anti-PD-1
in this clinical setting.

This study has several limitations. First, it only evaluates
patients who did reinitiate anti-PD-1 following combination
therapy cessation. This eliminates patients without clinical indi-
cations to resume therapy (e.g. dramatic progressive disease or
rapid clinical response) and may have influenced the high RR
observed. One study suggests that a similar proportion of patients
never reinitiated monotherapy [14]. Second, this study was un-
able to evaluate the safety of resuming anti-PD-1 in patients
where toxicities were deemed too serious to resume any immune
therapy (e.g. severe pneumonitis, neurologic toxicities). Thus,
clinicians should use critical judgment and extreme caution
in resuming anti-PD-1 in patients with life-threatening irAEs
(particularly non-colitis events). Third, metrics for discontinuing
either combination therapy were physician-specific, and the
decision to recommence anti-PD-1 similarly so. While there are
some clear indications to permanently discontinue anti-PD-1
(e.g. grade 3—4 pneumonitis), many more subjective areas exist,
such as bothersome and persistent grade II events. Fourth, this
study primarily included patients who received ipilimumab

254 | Pollack et al.

Volume 29 | Issue 1| 2018


Deleted Text: DISCUSSION
Deleted Text: response rate
Deleted Text: .
Deleted Text: SJS
Deleted Text: While 
Deleted Text: ,
Deleted Text: ,
Deleted Text: prior to
Deleted Text: ``
Deleted Text: ''
Deleted Text: ``
Deleted Text: ''
Deleted Text: s
Deleted Text: ``
Deleted Text: ''
Deleted Text: also 
Deleted Text: /
Deleted Text: response rate
Deleted Text: ; 
Deleted Text: -
Deleted Text: ,
Deleted Text: response rate
Deleted Text: judgement
Deleted Text: -

Annals of Oncology

3 mg/kg and nivolumab 1mg/kg. Studies evaluating different
doses could demonstrate distinct toxicity rates upon rechallenge.
Anti-PD-1 resumption was permitted following combination
therapy discontinuation in the Keynote-029 study (testing pem-
brolizumab 2 mg/kg + ipilimumab 1 mg/kg), although safety in
these patients was not reported [15].

In conclusion, this report provides the first assessment of
safety and efficacy of resuming anti-PD-1 agents following tox-
icity with dual PD-1 and CTLA-4 blockade. Approximately
40% of patients who resumed anti-PD-1 developed clinically
significant recurrent or distinct irAEs. These toxicities often
occur early, and certain toxicities are more likely to recur. While
these events are generally low-grade and manageable with
standard treatment algorithms, they can occasionally be life-
threatening. Thus, anti-PD-1 resumption may be considered
for selected patients with appropriate monitoring and standard
treatment algorithms for toxicities.
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