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Association Between Pembrolizumab-related Adverse Events
and Treatment Outcome in Advanced Melanoma: Results

From the Dutch Expanded Access Program
Cornelis Bisschop,* Thijs T. Wind,* Christian U. Blank,†

Rutger H.T. Koornstra,‡ Ellen Kapiteijn,§ Alfonsus J.M. Van den Eertwegh,∥
Jan Willem B. De Groot,¶ Mathilde Jalving,* and Geke A.P. Hospers*

Summary: Toxicity of immune checkpoint inhibitors such as ipili-
mumab and nivolumab is likely associated with clinical efficacy. In
this study, we aim to evaluate this association for pembrolizumab.
To this end, data of 147 patients included in the Dutch cohort of the
Pembrolizumab Expanded Access Program were collected. All data
were collected prospectively. Patients with adverse events (AEs) at
any time during therapy showed a higher chance of achieving dis-
ease control compared with patients without AEs (low-grade AEs
vs. no AEs: odds ratio= 12.8, P= 0.0002, high-grade AEs vs. no
AEs: odds ratio= 38.5, P= 0.0001) according to a multivariate
logistic regression analysis. In addition, Cox regression analysis
showed a lower risk of death (hazard ratio: 0.51, 95% confidence
interval: 0.28–0.97) and disease progression (hazard ratio: 0.54, 95%
confidence interval: 0.30–0.98) over time for patients with high-
grade AEs at any time during therapy compared with patients
without AEs during therapy. To correct for time dependency of
occurrence of AEs, a pseudolandmark analysis at 6 months of
therapy was performed. Although significance was lost (Wald test
P> 0.05), prolonged survival in 3 patients who stopped therapy
within 6 months due to the occurrence of AEs was observed, sug-
gesting the potential treatment benefit despite the premature ending
of therapy. The occurrence of high-grade toxicity at any time during
treatment was associated with higher objective response rates,
progression-free survival, and overall survival. There remains a need
to assess the predictive value of early occurring AEs on patient
survival.

Key Words: melanoma, pembrolizumab, adverse events, disease
control, progression-free survival, overall survival

(J Immunother 2019;00:000–000)

T he introduction of immune checkpoint inhibitors (ICIs)
in advanced melanoma has revolutionized the treatment

landscape for patients with advanced melanoma. Pro-
grammed cell death protein 1 (PD-1) and its ligand PD-L1
are key inhibitory immune checkpoints, and interaction
between these molecules results in peripheral T-cell
exhaustion. This interaction can be disrupted by anti-PD-1
monoclonal antibodies, thereby inducing an anticancer
immune response.1 Impressive clinical benefit has been
demonstrated in numerous cancer types and is especially
pronounced in patients with advanced melanoma. PD-1 is
also involved in maintaining peripheral immune tolerance.2

Therefore, when PD-1 is inhibited, autoimmunity can
develop, leading to a distinct set of adverse events (AEs),
termed immune-related adverse events (irAEs).3 irAEs can
be organ specific, such as colitis, hepatitis, pneumonitis, and
hypothyroidism, as well as the result of general immune
activation such as fatigue, rash, and musculoskeletal
problems.4 Up to 20% of patients treated with PD-1 inhib-
itors experience high-grade AEs, and these and the more
frequent mild toxicity can cause significant morbidity.

Autoimmune toxicity may be a sign of generalized
immune response and indeed seems to be positively associated
with clinical response. This association was first demonstrated
for ipilimumab. In a study of 56 melanoma patients treated with
ipilimumab, 36% of patients who developed Common Termi-
nology Criteria for Adverse Events grade 3–4 toxicity experi-
enced a clinical response compared with 5% of patients without
high-grade toxicity.5 A combined analysis of 2 trials (n=139)
confirmed this positive relationship in ipilimumab-treated
patients.6 In addition, significantly longer median duration of
response (35 vs. 18mo) and better overall survival (OS) were
seen in patients experiencing grade 3–4 AEs. Two larger retro-
spective analyses (n=833 and 298) of melanoma patients
receiving ipilimumab outside clinical trials failed to confirm
these associations, potentially due to less accurate collection and
grading of AEs.7,8 A pooled analysis of safety data obtained in 4
clinical trials with nivolumab in melanoma patients showed that
ORR was better in patients with any-grade treatment-related
AEs (48.6% vs. 17.8%, P<0.001).9 Another pooled analysis
showed that only cutaneous irAEs, rash, and vitiligo, were
associated with improved survival in melanoma patients treated
with nivolumab (P=0.004 and 0.028, respectively).10 The
association between toxicity and efficacy has also been shown
for other cancer types treated with checkpoint inhibitors and for
other types of immunotherapy.11–15

Although the efficacy and toxicity of nivolumab and
pembrolizumab are comparable, the association between
toxicity and efficacy has not previously been determined for
pembrolizumab. We aimed to determine whether there was
a relationship between toxicity and treatment outcome after
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correction for important covariables in the Dutch Expanded
Access Program (EAP) pembrolizumab patient cohort. This
is the first study to evaluate the association of ICI-related
toxicity with treatment outcome in a large group of real-life
patients treated with pembrolizumab outside of clinical
trials.

METHODS

Population
All patients with advanced melanoma treated with

pembrolizumab within the Dutch EAP in the 6 participating
centers were included. Patients with uveal melanoma were
excluded. The EAP was open between July 2014 and August
2015. Eligible patients had progressed on standard treat-
ment with ipilimumab, and, in case of a BRAF-mutated
melanoma, a BRAF/MEK inhibitor. Other main inclusion
criteria were a minimum age of 12 years and an Eastern
Cooperative Oncology Group (ECOG) Performance Status
of 0 or 1. Main exclusion criteria were active central nervous
system metastases, a history of clinically severe autoimmune
disease, a history of life-threatening or severe irAEs on
previous treatment with immunotherapy, and treatment
with systemic steroids for management of previous irAEs.
Patients who were included in the EAP with a baseline
performance score of 2 were not excluded from the analysis.

Treatment and Follow-up
All patients were treated with pembrolizumab 2mg/kg

every 3 weeks for a maximum of 2 years. Therapy was
discontinued in case of disease progression and/or severe
toxicity. The routine radiologic assessment consisted of
computed tomography of thorax and abdomen and mag-
netic resonance imaging brain in case of brain metastases.
This was first performed after 12 weeks of treatment and
thereafter according to the treating physicians’ judgment.
AEs were treated according to the manufacturer’s treatment
algorithms. Clinical data, including data on AEs, were
collected prospectively by the treating physician and stored
in the patient file.

Data Collection
The study was approved by the UMCG local institu-

tional review board (METc 2015/299) and was conducted
according to the Dutch guidelines for research involving
human subjects. Prospectively collected data were anony-
mized and collected in a protected electronic database. Data
were collected with regard to demographics, disease char-
acteristics, treatment characteristics, AEs, treatment of AEs,
response to treatment, progression-free survival (PFS), and
OS. AEs were graded according to the Common Termi-
nology Criteria for Adverse Events version 4.0. Response to
therapy was assessed using the Response Evaluation Cri-
teria in Solid Tumors (RECIST) 1.1 criteria.16 On the basis
of the radiologic response evaluation, disease control rates
(DCR), defined as the presence of at least 1 complete
response, partial response, or stable disease during treat-
ment with pembrolizumab, were determined. PFS was
defined as the time from the start of treatment with pem-
brolizumab until disease progression (according to RECIST
1.1) or death, whichever occurred first. OS was defined as
the time from the start of treatment until death.

Statistical Analysis
The association between DCR and relevant clinical

variables was assessed using univariate logistic regression
analysis. These variables included patient sex (categorical),
patient age (continuous), ECOG Performance Status (cate-
gorical), American Joint Committee on Cancer M-stage at
start of therapy (categorical), occurrence of central nervous
system metastases at start of therapy (categorical), BRAF-
mutational status of the tumor (categorical), pretreatment
serum lactate dehydrogenase (LDH) level (categorical var-
iable with values below or above the upper limit of normal),
absolute eosinophil count (categorical variable with values
below or above the upper limit of normal), absolute leu-
kocyte count (categorical variable with values below or
above the upper limit of normal), number of pem-
brolizumab cycles received by the patient (log-transformed,
continuous), number of previous treatment lines received by
the patient (continuous), whether or not the patient was
previously treated with ipilimumab, BRAF/MEK-inhib-
ition, and/or dacarbazine (categorical), whether or not the
patient received therapy after pembrolizumab therapy (cat-
egorical), and whether or not the patient was treated with
corticosteroids during pembrolizumab therapy (categorical).
Variables that were univariately associated with DCR were
entered in a multivariate logistic regression model for the
association between the occurrence of AEs (categorical with
no AEs, low-grade AEs, and high-grade AEs) and DCR. In
a similar manner, the association between each of the var-
iables listed above and OS was assessed in a univariate Cox
regression analysis. All variables univariately associated
with OS were entered in a multivariate model alongside the
occurrence of AEs. The same method was applied for PFS.
In the data set, time at which AEs occurred was not avail-
able. To limit the bias caused by time dependency of
occurrence of AEs, we performed a pseudolandmark anal-
ysis, for which the landmark timepoint was set at 6 months.
This interval was based on previous reports that most AEs
occur within the first 6 months of therapy.17 Survival anal-
ysis for OS and PFS in this group was performed similarly,
as described above. A P-value ≤ 0.05 was regarded as
statistically significant. All statistical analyses were per-
formed using RStudio, v1.0.143 for Windows (RStudio Inc.,
Boston, MA).

RESULTS

Baseline and Treatment Characteristics
A total of 147 patients were included in this analysis

(Table 1). The median follow-up time was 37 months (range,
22–44 mo). Besides, 127 patients with cutaneous melanoma,
7 patients with mucosal melanoma, and 13 patients with
an unknown primary tumor were included. All patients
received previous treatment with ipilimumab. In 74 patients
(50%), > 1 line of systemic treatment had been given before
participation in the EAP. The majority of patients had an
ECOG Performance Status of 0 or 1 (85%), stage M1c
disease (76%), and an LDH level <2 times the upper limit of
normal (75%) at the start of treatment. Thirty-nine patients
(27%) had known brain metastases at the start of treatment.
Patients received a mean of 11 pembrolizumab cycles.
Objective responses were seen in 38 of 147 patients
(26%) including 8 patients (5%) with a complete response.
Thirty-four patients (23%) had stable disease as best
response.
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TABLE 1. Baseline and Treatment Characteristics of Patients Divided by Occurrence and Severity of Adverse Events

n (%)

No Adverse
Events (N= 67)

Low-grade Adverse
Events (N= 54)

High-grade Adverse
Events (N= 26)

Total
(N= 147)

Age [median (range)] 56 (28–86) 59.5 (35–80) 56 (31–82) 58 (28–86)
Sex
Female 30 (44.8) 25 (46.3) 15 (57.7) 70 (47.6)
Male 37 (55.2) 29 (53.7) 11 (42.3) 77 (52.4)

ECOG-PS
ECOG-PS 0 28 (41.8) 28 (51.9) 15 (57.7) 71 (48.3)
ECOG-PS 1 23 (34.3) 20 (37.0) 11 (42.3) 54 (36.7)
ECOG-PS 2 11 (16.4) 3 (5.6) 0 (0.0) 14 (9.5)
UNK 5 (7.5) 3 (5.6) 0 (0.0) 8 (5.4)

M-stage at start of therapy
M1a 5 (7.5) 5 (9.3) 3 (11.5) 13 (8.8)
M1b 7 (10.4) 9 (16.7) 3 (11.5) 19 (12.9)
M1c 55 (82.1) 37 (68.5) 19 (73.1) 111 (75.5)
UNK 0 (0.0) 3 (5.6) 1 (3.8) 4 (2.7)

CNS metastases at start of therapy
No 44 (65.7) 39 (72.2) 23 (88.5) 106 (72.1)
Yes 23 (34.3) 13 (24.1) 3 (11.5) 39 (26.5)
UNK 0 (0.0) 2 (3.7) 0 (0.0) 2 (1.4)

BRAFV600 mutational status
Wild type 35 (52.2) 23 (42.6) 10 (38.5) 68 (46.3)
Mutated 26 (38.8) 28 (51.9) 15 (57.7) 69 (46.9)
UNK 6 (9.0) 3 (5.6) 1 (3.8) 10 (6.8)

Serum LDH at baseline
< 2×ULN 48 (71.6) 42 (77.8) 20 (76.9) 110 (74.8)
> 2×ULN 12 (17.9) 4 (7.4) 5 (19.2) 21 (14.3)
UNK 7 (10.4) 8 (14.8) 1 (3.8) 16 (10.9)

Baseline AEC
Normal 43 (64.2) 38 (70.4) 18 (69.2) 99 (67.3)
Elevated 4 (6.0) 7 (13.0) 4 (15.4) 15 (10.2)
UNK 20 (29.8) 9 (16.6) 4 (15.4) 33 (22.4)

Baseline ALC
Normal 45 (67.2) 41 (75.9) 22 (84.6) 108 (73.5)
Elevated 1 (1.5) 1 (1.9) 0 (0.0) 2 (1.4)
UNK 21 (31.3) 12 (22.2) 4 (15.4) 37 (25.2)

Number of treatment lines before pembrolizumab
1 line 12 (18.0) 11 (20.4) 5 (19.2) 28 (19.0)
2 lines 19 (28.4) 23 (42.6) 11 (42.3) 53 (36.1)
≥ 3 8 (11.9) 7 (13.0) 2 (7.7) 17 (11.6)
UNK 28 (41.8) 13 (24.1) 8 (30.8) 49 (33.3)

Number of pembrolizumab cycles
[median (range)]

4 (1–35) 10.5 (1–38) 12 (1–35) 6 (1–38)

Reason for discontinuation of pembrolizumab
Progressive disease 49 (73.1) 27 (50.0) 9 (34.6) 85 (57.8)
Death 12 (17.9) 2 (3.7) 0 (0.0) 14 (9.5)
Complete response 0 (0.0) 6 (11.1) 1 (3.8) 7 (4.8)
Adverse event 0 (0.0) 5 (9.3) 9 (34.6) 14 (9.5)
No reduction 3 (4.5) 7 (13.0) 2 (7.7) 12 (8.2)
UNK 3 (4.5) 7 (13.0) 5 (19.2) 15 (10.2)

Therapy with corticosteroids
No 32 (47.8) 31 (57.4) 8 (30.8) 71 (48.3)
Yes 35 (52.2) 23 (42.6) 18 (69.2) 76 (51.7)

Best overall response
Complete response 0 (0.0) 7 (13.0) 1 (3.8) 8 (5.4)
Partial response 5 (7.5) 14 (25.9) 11 (42.3) 30 (20.4)
Stable disease 7 (10.4) 17 (31.5) 10 (38.5) 34 (23.1)
Progressive disease 29 (43.3) 11 (20.4) 2 (7.7) 42 (28.6)
Not evaluated because of early death 26 (38.8) 5 (9.3) 2 (7.7) 33 (22.4)

Overall survival [median (95% CI)] (mo) 4.6 (1.7–7.5) 17.6 (4.2–31.0) 28.9 (7.0–50.8) 12.7 (7.1–18.4)
Progression-free survival [median (95% CI)] (mo) 2.5 (1.9–3.1) 10.1 (0.0–22.0) 12.0 (8.1–15.9) 3.4 (2.1–4.7)

AEC indicates absolute eosinophil count; ALC, absolute leukocyte count; CI, confidence interval; CNS, central nervous system; ECOG-PS, Eastern
Cooperative Oncology Group Performance Status; LDH, lactate dehydrogenase; ULN, upper limit of normal; UNK, unknown.
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Toxicity
In total, 67 patients did not develop AEs, 80 patients

developed AEs of any grade, and 26 patients developed
high-grade AEs (Table 1). Twenty-six patients had AEs that
were treated with corticosteroids or other immunomodu-
lating drugs. Most AEs in this cohort were commonly
reported pembolizumab-associated AEs (Table 2). In addi-
tion, some rare AEs were reported. One patient developed
high-grade fever and purpura and was diagnosed with
granulomatosis with polyangiitis. This patient was success-
fully treated with oral cyclofosfamide and intravenous
methylprednisolone.18 Another patient developed severe
oral mucositis that was treated with clobetasol oral rinse for
2 months followed by oral prednisolone for 2 months.

Association Between Disease Control Rate and the
Occurrence of AEs

The occurrence of AEs was univariately associated
with DCR (P= 1.77×10−6) (Supplementary Table 1, Sup-
plemental Digital Content 1, http://links.lww.com/JIT/
A532). In addition, baseline serum LDH level and the

number of pembrolizumab cycles received by the patient
were significantly associated with DCR by univariate
logistic regression analysis (P= 0.02 and 2.87×10−9,
respectively). The median number of pembrolizumab cycles
received by patients with versus patients without AEs was
comparable (Table 3). A multivariate logistic regression
analysis showed patients with high-grade and low-grade
AEs had a higher chance of achieving disease control
compared with patients who developed no AEs [low-grade
AEs vs. no AEs: odds ratio (OR)= 12.8, P= 0.0002, high-
grade AEs vs. no AEs: OR= 38.5, P= 0.0001; Table 4].
Corticosteroid use was not significantly associated with
DCR (P= 0.69). Eighteen of 26 patients with high-grade
AEs were treated with corticosteroids. DCR did not differ
significantly between patients who were or were not treated
with corticosteroids in this subgroup (83.3% vs. 87.5%,
Fisher exact test P= 1.0).

Association Between Survival and the Occurrence of
AEs

For PFS, univariate Cox regression analysis showed an
association with occurrence of AEs (Wald test P= 8.00×
10−6), EOCG Performance Status (Wald test P= 2.00×
10−11), baseline serum LDH level (Wald test P= 0.004), and
number of pembrolizumab cycles received by the patient
(Wald test P= 1×10−13) (Supplementary Table 2, Supple-
mental Digital Content 2, http://links.lww.com/JIT/A533).

TABLE 2. Adverse Events

N= 147 [n (%)]

Adverse Event Any grade* Grade 3 or 4*

Gastrointestinal disorders
Colitis 8 (5.4) 7 (4.8)
Diarrhea 6 (4.1) 0 (0.0)

Skin disorders
Dermatitis 9 (6.1) 1 (0.7)
Vitiligo 14 (9.5) 0 (0.0)
Pruritus 8 (5.4) 0 (0.0)

Endocrine disorders
Hypophysitis 2 (1.4) 2 (1.4)
Hypothyroidism 9 (6.1) 0 (0.0)
Hyperthyroidism 1 (0.7) 0 (0.0)
Adrenal insufficiency 1 (0.7) 0 (0.0)

Hepatobiliary disorders
Hepatitis 1 (0.7) 1 (0.7)
Elevated AST and/or ALT 4 (2.7) 0 (0.0)
Elevated GGT and/or ALP 7 (4.8) 1 (0.7)

Respiratory disorders
Pneumonitis 3 (2.0) 2 (1.4)
Dyspnea 2 (1.4) 1 (0.7)

Musculoskeletal disorders
Arthritis 5 (3.4) 1 (0.7)
Arthralgia 5 (3.4) 0 (0.0)
Eosinophilic fasciitis 1 (0.7) 1 (0.7)
Myalgia 1 (0.7) 0 (0.0)

Other
Pancreatitis 1 (0.7) 1 (0.7)
Elevated amylase/lipase 2 (1.4) 2 (1.4)
Fatigue 18 (12.2) 1 (0.7)
Dry mouth 2 (1.4) 0 (0.0)
Anemia 1 (0.7) 1 (0.7)
Meningitis 1 (0.7) 1 (0.7)
Oral mucositis 1 (0.7) 1 (0.7)
Abdominal pain 1 (0.7) 1 (0.7)
Granulomatosis with polyangiitis 1 (0.7) 1 (0.7)
Other 19 (12.9) 0 (0.0)

Total 134 26

*According to Common Terminology Criteria for Adverse Events, v4.03.
ALP indicates alkaline phosphatase; ALT, alanine aminotransferase;

AST, aspartate aminotransferase; GGT, γ-glutamyl transferase.

TABLE 3. Disease Control Rate and Number of Pembrolizumab
Cycles Received in Patients With and Patients Without Adverse
Events

n (%)/Median (Range)

No Adverse
Events
(N= 67)

Adverse
Events
(N= 80)

Disease control achieved 12 (17.9) 60 (75.0)
Cycles of pembrolizumab 16 (3–35) 16 (1–38)

No disease control achieved 55 (82.1) 20 (25.0)
Cycles of pembrolizumab 3 (1–28) 4 (1–6)

TABLE 4. Results From the Multivariate Logistic Regression
Analysis For the Association With Named Variables With Disease
Control Rate, Defined as Stable Disease, Partial Response, or
Complete Response

Variables
Odds
Ratio

Log
Odds SE Z P

(Intercept) 164.0 −5.10 1.12 −4.57 4.90e−06
No adverse events 1.00
Low-grade adverse

events
12.8 2.55 0.69 3.69 0.0002

High-grade adverse
events

38.5 3.65 0.95 3.86 0.0001

Normal serum LDH
levels

1.00

Serum LDH levels
> 2×ULN

3.90 1.36 0.88 1.55 0.1

Number of pembro
cycles (cnt.)

1.34 0.29 0.07 4.26 2.06e−05

cnt. indicates continuous variable; LDH, lactate dehydrogenase; pembro,
pembrolizumab; ULN, upper limit of normal.
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No association was observed between corticosteroid use
and PFS (Wald test P= 0.8). Longer PFS was observed in
patients who developed high-grade AEs compared with
patients who did not develop AEs [hazard ratio (HR): 0.54,
95% confidence interval (CI): 0.30–0.98] (Table 5, Supple-
mentary Fig. S1, Supplemental Digital Content 4, http://
links.lww.com/JIT/A535). For patients who developed low-
grade AEs, a trend toward longer PFS compared with
patients who did not develop AEs was observed (Fig. S1A,
Supplemental Digital Content 4, http://links.lww.com/JIT/
A535); however, the difference in PFS was not significant
(HR: 0.66, 95% CI: 0.51–1.08).

Univariate Cox regression analysis showed an associ-
ation with OS for occurrence of AEs (Wald test P= 2.00×
10−5), ECOG Performance Status (Wald test P= 2.00×
10−11), baseline serum LDH levels (Wald test P= 4.00×10−4),
and number of pembrolizumab cycles received by the patient
(Wald test P= 5.00×10−14) (Supplementary Table 2, Sup-
plemental Digital Content 2, http://links.lww.com/JIT/A533).
Similar to the observation for PFS, no association was
observed between corticosteroid use and OS (Wald test
P= 0.6). Longer OS was observed in patients who developed
high-grade AEs compared with patients who developed no
AEs in a multivariate Cox regression analysis including
ECOG Performance Status, baseline serum LDH level, and
number of pembrolizumab cycles received by the patient
(HR: 0.51, 95% CI: 0.28–0.97) (Table 5, Fig. S1, Supplemental
Digital Content 4, http://links.lww.com/JIT/A535). Although a
similar trend was observed for patients with low-grade AEs
compared with patients with no AEs (Fig. S1B, Supplemental
Digital Content 4, http://links.lww.com/JIT/A535), there was
no significant difference between these groups (HR: 0.66, 95%
CI: 0.51–1.08).

For the pseudolandmark analysis, 54 patients were
available. On the basis of univariate Cox regression analyses,
we observed no significant association between the tested
variables and OS or PFS (Supplementary Table 3, Supple-
mental Digital Content 3, http://links.lww.com/JIT/A534). Of
note, no significant difference in OS or PFS was observed with
the occurrence of AEs. The Kaplan-Meier curve showed a
trend toward shorter OS and PFS for patients who experienced

no AEs (Fig. S2, Supplemental Digital Content 4, http://links.
lww.com/JIT/A535).

Notably, 5 patients stopped systemic therapy within
6 months due to the occurrence of AEs. After 24 months of
follow-up, 3 of 5 patients were still alive. Although the
numbers are very small, this proportion is comparable to the
24-month OS of patients who did not stop therapy due to
AEs (27 of 54, 50%).

DISCUSSION
In this study, we observed higher DCR in patients with

advanced melanoma who developed AEs during pem-
brolizumab therapy compared with patients who did not.
Moreover, we show that, in this patient group, the occur-
rence of high-grade toxicity during therapy is associated
with longer PFS and OS. This is the first study to show this
association in a large cohort of advanced melanoma patients
treated with pembrolizumab outside the setting of a clinical
trial.

High-grade AEs were reported in 18% of patients on
pembrolizumab treatment in the Dutch EAP. In comparison
with the KEYNOTE-002 cohort treated with 2 mg/kg
pembrolizumab, which closely resembles our EAP cohort,
the overall response rate and median OS are comparable
(25.9% vs. 21.0% and 12.7 vs. 13.4 mo, for EAP and
KEYNOTE-002 cohort, respectively; Table 4).19 In com-
parison with this clinical trial cohort, the rate of high-grade
AEs was higher in our EAP cohort (18% vs. 11%). This is
most likely the result of a longer follow-up duration in our
EAP cohort (median, 37 vs. 10 mo). In particular, high-
grade colitis was more frequent (4.8% vs. 0%). The rate of
high-grade AEs in our EAP cohort is also high compared
with other EAP cohorts (Table 6).20,21 This may be
explained by the use of different definitions of AEs. In
contrast to other studies, we used all reported AEs in our
analysis to minimalize investigator interpretation by not
differentiating AEs into potentially treatment-related or
immune-related nature. Another explanation could be the
underreporting of AEs in EAP evaluations without pro-
spective data collection focused on AEs.

TABLE 5. Results From the Multivariate Cox Regression Analysis For the Association Between Named Variables and OS and PFS Separately

Endpoint Variables HR 95% CI Wald Test P

PFS No adverse events 1 4.00×10−16

Low-grade adverse events 0.6329 0.3949–1.0143
High-grade adverse events 0.5479 0.3069–0.9779

ECOG-PS: 0 1
ECOG-PS: 1 1.9407 1.2443–3.0268
ECOG-PS: 2 5.1976 2.4645–10.961

Normal serum LDH levels 1
Serum LDH levels> 2×ULN 0.9046 0.5174–1.5815

Number of pembro cycles (cnt.) 0.9232 0.8969–0.9502
OS No adverse events 1 2.00×10−15

Low-grade adverse events 0.6634 0.5075–1.0771
High-grade adverse events 0.5083 0.2671–0.9673

ECOG-PS: 0 1
ECOG-PS: 1 1.7301 1.0814–2.768
ECOG-PS: 2 4.2401 1.983–9.0659

Normal serum LDH levels 1
Serum LDH levels> 2×ULN 0.6965 0.4013–1.2086

Number of pembro cycles (cnt.) 0.9056 0.8739–0.9384

CI indicates confidence interval; cnt., continuous variable; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; HR, hazard ratio; LDH,
lactate dehydrogenase; OS, overall survival; pembro, pembrolizumab; PFS, progression-free survival; ULN, upper limit of normal.
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Our data indicate that the occurrence of AEs at any
time during therapy is associated with better response and
OS on treatment with pembrolizumab. This is in line with
the data previously obtained for nivolumab.9,10 In addition,
in this cohort, treatment of irAEs with corticosteroid or
other immunomodulating treatment did not negatively
affect treatment outcome, which was also reported for ipi-
limumab and nivolumab previously.8,9 Schadendorf et al22

showed that early discontinuation of treatment with nivo-
lumab and ipilimumab due to AEs did not affect efficacy
outcomes. Our data are in line with these findings, although
the number of patients who discontinued treatment early in
our cohort was too small to draw definite conclusions.

This study is limited by its retrospective design. It was
not designed to compare the efficacy of pembrolizumab
between subgroups. Data collection was dependent on
reporting of AEs and treatment outcomes by the inves-
tigators, and data monitoring was not applied. Therefore,
nonserious AEs are likely underreported. Subsequent lines
of therapy after progression on pembrolizumab were not
taken into account, and thus survival data may be influ-
enced by patients who rapidly progressed on pem-
brolizumab or developed serious AEs resulting in a switch to
an alternative therapy. The number of patients who dis-
continue pembrolizumab because of an AE is low (14 of 80
patients with AEs). This can be explained by the fact that
some AEs were only laboratory abnormalities in asympto-
matic patients who did not require treatment, and treatment
decisions were left to the treating physicians in the EAP. The
number of individual patients with AEs was too small to
describe specific AEs associated with prolonged survival
such as previously described by Freeman-Keller et al10 for
vitiligo. Furthermore, the time when a specific AE occurred
was not available in the data set. This may be prone to cause
bias toward higher DCR and longer OS and PFS among
patients developing AEs, because responding patients are
exposed to the drug for a longer time period and thus have a
longer exposure time in which to develop AEs. Indeed,
patients without AEs received significantly less cycles of
pembrolizumab compared with patients who developed AEs
of any kind. However, the multivariate analyses, correcting
for the number of cycles of pembrolizumab received by
the patients, showed a significant association between the
occurrence of any-grade AEs and DCR, and between the
occurrence of high-grade AEs and OS and PFS. Fur-
thermore, we performed a pseudolandmark analysis to
correct for the time dependency of the occurrence of AEs.
Although no significant difference between patients with
high-grade, low-grade, or no AEs was observed in the

landmark analysis, it should be noted that the number of
patients in this analysis was small. In addition, early res-
ponders who stopped therapy before the 6-month landmark
may still have experienced treatment benefit. This is illus-
trated by the 60% 24-month survival rate of the 5 patients
who stopped systemic therapy within 6 months due to the
occurrence of AEs. Because of these limitations, the pseu-
dolandmark analysis did not alter the conclusions.

In conclusion, this is the first, large real-life cohort to
assess the association of occurrence of AEs and treatment
outcome in patients with metastasized melanoma treated
with pembrolizumab. The occurrence of high-grade toxicity
at any time during treatment was associated with higher
objective response rates, PFS, and OS. There remains a need
to assess the predictive value of early occurring AEs on
patient survival.
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