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Abstract

IMPORTANCE—Immunomodulatory anticancer drugs, such as the anti—-programmed death-1
drug pembrolizumab, have shown promising results in trials, and more patients will receive such
treatments. Little is known about cutaneous adverse events (AEs) caused by these drugs and their
possible correlation with treatment response.

OBJECTIVE—To describe the frequency and spectrum of cutaneous AEs linked with
pembrolizumab and their possible correlation with treatment response.

DESIGN, SETTING, AND PARTICIPANTS—A single-institution, retrospective medical record
review was conducted of patients with cancer who were treated with pembrolizumab from March
1, 2011, to May 28, 2014. The review comprised 83 consecutive patients who were enrolled in 2
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clinical trials, received at least 1 dose of pembrolizumab, and had at least 1 follow-up visit.
Patients were grouped according to the following therapeutic regimen for pembrolizumab: 43
received 10 mg/kg every 3 weeks, 24 received 10 mg/kg every 2 weeks, and 16 received 2 mg/kg
every 3 weeks. Sixty-six patients were treated for melanoma, 15 patients for lung cancer, 1 patient
for prostate cancer, and 1 patient for Merkel cell carcinoma. Median follow-up was 15 weeks
(range, 2-105 weeks). The analysis was conducted from March 1 to September 30, 2014.

MAIN OUTCOMES AND MEASURES—Occurrence, severity, and type of cutaneous AEs, as
well as disease progression and response to pembrolizumab treatment.

RESULTS—Thirty-five patients (42%) developed cutaneous AEs attributed to pembrolizumab.
The most common cutaneous AEs were macular papular eruption (24 [29%]), pruritus (10 [12%]),
and hypopigmentation (7 [8%]). All 7 patients who developed hypopigmentation were treated for
melanoma. Survival analyses showed that patients who developed cutaneous AEs had significantly
longer progression-free intervals in all 3 groups (pembrolizumab, 10 mg/kg, every 3 weeks, P=.
001; pembrolizumab, 10 mg/kg, every 2 weeks, P=.003; pembrolizumab, 2 mg/kg, every 3
weeks, £=.009) compared with patients who did not develop cutaneous AEs.

CONCLUSIONS AND RELEVANCE—Pembrolizumab therapy was associated with cutaneous
AEs in 42% of patients. The development of cutaneous AEs, especially of hypopigmentation in
patients with melanoma, could point toward better treatment response.

The immune system recognizes and eliminates transformed cells and protects against cancer.
Cell clones that evade this immunosurveillance can multiply and lead to malignant
neoplasms. Cancer cells develop different mechanisms to avoid this immunosurveillance.l

In one of these evasion mechanisms, tumor cells express programmed death ligand 1
(PDL-1) and PDL-2. Both PDL-1 and PDL-2 bind to the programmed death-1 (PD-1)
receptor, which can be expressed on CD4* T cells, CD8* T cells, natural killer T cells, and
B cells. The interaction of PDL-1 and PD-1 leads to an inactivation of immune cells and
prevents an effective immune response. Tumor cells that express PDL-1 are believed to use
this interaction to suppress T-lymphocyte action and induce adaptive immune resistance.?:3

Newly developed monoclonal antibodies such as pembrolizumab and nivolumab are
designed to block the interaction between the tumor cell and the immune system, facilitating
the immune response to cancer. Both antibodies target PD-1 and have shown promising
results in clinical trials in patients with melanoma, non-small cell lung cancer, and renal cell
cancer.6 Therapy with pembrolizumab at any dose level led to a tumor response in 38% of
patients with metastatic melanoma; 52% of patients responded to a dosage of 10 mg/kg
every 2 weeks.® The US Food and Drug Administration recently approved pembrolizumab
and nivolumab for the treatment of patients with unresectable or metastatic melanoma and
disease progression following ipilimumab therapy, and, if the neoplasm is positive for a
BRAF V600 mutation, combination therapy with a BRAF inhibitor.”

Similar to other therapies, anti-PD-1 treatment is associated with a number of adverse
events (AEs) such as hypothyroidism, gastrointestinal tract disorders, generalized symptoms
like fatigue or myalgia, increased aminotransferase levels, respiratory disorders, and skin
disorders. Macular papular eruption, pruritus, and vitiligo were reported in 21%, 21%, and
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9%, respectively, of patients receiving anti-PD-1 treatment.® These and other cutaneous AEs
can affect patients’ quality of life and can lead to dose reduction or therapy discontinuation.

Owing to the promising results seen with anti—-PD-1 treatment, we expect more patients to
receive anti-PD-1 treatment in the near future. We describe cutaneous AEs and their
correlation with disease progression and eosinophil serum count in 83 patients treated with
pembrolizumab.

The University of California, San Francisco, Institutional Review Board approved this
retrospective cohort study on patients enrolled in 2 clinical trials (NCT01295827 and
NCTO01866319). Patients provided written consent for the study. All patients received
pembrolizumab treatment and were observed at the University of California, San Francisco.
Patients who received at least 1 cycle of pembrolizumab treatment and completed at least 1
follow-up visit were included. Seventy-one patients were included in trial NCT012958278
and 12 in trial NCT01866319.9 Sixty-six patients were treated for melanoma, 15 patients for
lung cancer, 1 patient for prostate cancer, and 1 patient for Merkel cell carcinoma. No
patient was unavailable for follow-up.

Data Collection

We reviewed patients’ medical records from the beginning of each trial (March 1, 2011) to
May 28, 2014. Data collection and analysis was performed from March 1, 2014, to
September 30, 2014. We collected the following data: patient demographics, trial number,
therapeutic regimen, time in trial, number of cycles of pembrolizumab received, type of
disease, stage of disease, previous cancer therapies, known allergies, time point of disease
progression, history of skin disease, cutaneous AEs attributed to pembrolizumab, time point
of cutaneous AEs, treatment of cutaneous AEs and response to such treatment, eosinophil
count before the first pembrolizumab cycle, and eosinophil count at the time point of
cutaneous AEs. Adverse events were graded based on the National Cancer Institute’s
Common Terminology Criteria for Adverse Events, version 4.03.10 Disease progression was
defined according to immune-related response criteria.l1

Statistical Analysis

Statistical analyses were performed using Stata, version 12.0 (StataCorp). To compare
groups, we used the Pearson XZ or Fisher exact test (categorical variables) and Wilcoxon
rank-sum test (continuous variables). For comparisons of absolute eosinophil count numbers
across time, we used the Wilcoxon signed-rank test. Time to disease progression was
calculated from the first pembrolizumab cycle to progression. For patients with disease
progression, time to progression corresponded to the time receivingtreatment. Kaplan-Meier
curves were plotted for time to event analyses, and for comparisons we used the log-
ranktest. Coxpro-portional hazards regression analyses were carried out on time to
progression to calculate crude and adjusted hazard ratios with 95% Cls for different study
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groups. The proportional hazard assumption was assessed with Schoenfeld residuals. £< .05
was considered significant.

Results

Frequency and Spectrum of Cutaneous AEs and Eosinophil Count

We included 83 patients in our study (31 women and 52 men); median age at the beginning
of the study was 66 years (range, 18-90 years). Median follow-up was 15 weeks (range,
2-105 weeks) and median number of treatment cycles was 6 (range, 1-51 cycles). Thirty-four
patients were still receiving pembrolizumab treatment at the end of the study. Table 1 reports
the characteristics of the included patients.

Patients were grouped according to the therapeutic regimen for pembrolizumab: 43 received
10 mg/kg every 3 weeks, 24 received 10 mg/kg every 2 weeks, and 16 received 2 mg/kg
every 3 weeks. Thirty-five patients (42%) developed cutaneous AEs attributed to
pembrolizumab therapy (Table 2). Twenty-six patients developed 1 cutaneous AE, 7
developed 2 cutaneous AEs, and 2 developed 3 cutaneous AEs (macular papular eruption,
pruritus, and hypopigmentation). The most prevalent cutaneous AEs were macular papular
eruption (24 [29%)]), pruritus (10 [12%]), and hypopigmentation (7 [8%]). Figure 1 and
Figure 2 show representative clinical pictures. Table 2 shows the distribution of cutaneous
AEs in the 3 treatment-regimen groups.

A macular papular eruption was diagnosed in 24 patients, of which 8 (33%) developed the
eruption after the first treatment cycle. The median number of pembrolizumab cycles before
eruption occurrence was 3 (range, 1-29 cycles). Mild and moderate eruptions were treated
with low-dose topical corticosteroids (betamethasone valerate, 0.1%, or hydrocortisone
acetate, 1%) and moisturizing ointments. The treatment of more severe cutaneous AES is
described below. Nine (38%) eruptions resolved completely. The ongoing eruptions were
well tolerated and did not cause modifications in the pembrolizumab treatment regimen.

Pruritus was diagnosed in 10 patients, of which 6 had no other skin manifestations. The
median number of treatment cycles received before the development of pruritus was 3
(range, 1-17 cycles). All 10 patients were treated topically with moisturizing ointments and
creams and, for persistent cases of pruritus, with oral antihistamines. Five patients
experienced complete resolution of pruritic symptoms.

Seven patients developed hypopigmentation, all of whom were treated for melanoma. The
median number of pembrolizumab cycles before development of hypopigmentation was 8
(range, 5-14 cycles). In 3 patients who also developed a macular papular eruption, the
hypopigmentation always appeared after the onset of the eruption.

None of the patients developed grade 4 cutaneous AEs. Two patients developed a grade 3
cutaneous AE. In particular, 1 patient had a psoriasis exacerbation with development of new
plaques on the back, extremities, and face. The new plaques occurred after 3 cycles of
pembrolizumab treatment, and treatment was withheld for 1 week. This patient was treated
with systemic (prednisone, 10 mg/d) and topical (triamcinolone acetonide, 0.1%, twice a
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day) corticosteroids and had a partial response. The second patient with a grade 3 cutaneous
AE developed erythematous papules and pustules coalescing to large plaques across the
body after 4 treatment cycles. The lesions were more prominent on photoexposed skin.
Pembrolizumab was withheld for 7 weeks and this patient was treated with systemic
(prednisone, 60 mg/d, tapered to discontinuation) and topical (clobetasol propionate
ointment, 0.05%, twice a day) corticosteroids, with a partial response (Figure 2).

Baseline eosinophil count for all patients with cutaneous AEs (£ = .43), and only patients
who developed macular papular eruptions or pruritus (P =.92) did not differ significantly
from the eosinophil count at the time of development of cutaneous AEs.

Cutaneous AEs and Disease Progression

To analyze associations between cutaneous AEs and time to disease progression, we divided
the patients into 3 groups according to the treatment schedule. Baseline characteristics did
not differ between patients who developed cutaneous AEs and those who did not, in all 3
groups. Patients who developed cutaneous AEs received a higher number of pembrolizumab
cycles (Table 1).

Survival analyses showed that patients who developed cutaneous AEs had a significantly
longer progression-free survival in all 3 groups (pembrolizumab, 10 mg/kg every 3 weeks, P
<.001; pembrolizumab, 10 mg/kg every 2 weeks, P=.04; pembrolizumab, 2 mg/kg every 3
weeks, £=.007) (Figure 3). In patients treated with the lowest dose of pembrolizumab, the
hazard ratio maintained its statistical significance also in multivariate analysis.

Discussion

Our study describes the incidence and the spectrum of cutaneous AEs in a cohort of 83
patients treated with pembrolizumab. Thirty-five patients (42%) developed cutaneous AEs
that were attributed to pembrolizumab. The cutaneous safety profile was overall favorable:
no grade 4 AEs were observed and the 2 cases of grade 3 cutaneous AEs were manageable.
Previous studies testing the safety and activity profiles of different pembrolizumab dose
regimens reported similar numbers of AEs.*° The frequencies of cutaneous AEs during
pembrolizumab treatment are similar to those previously described during ipilimumab
treatment, which is another immunomodulatory drug used for the treatment of cancer.12.13

Macular papular eruptions were the most common cutaneous AE in our cohort (24 [29%]).
Photoexposed areas were more frequently involved, and in 7 patients, the eruptions involved
the hands or feet (Figure 1). No patient reported involvement of mucous membranes. These
clinical features are similar to those commonly termed as maculopapular drug exanthema,
which is frequently observed with other drugs such as antibiotics, chemotherapeutics, and
targeted cancer therapies.1214 Most of our patients developed eruptions after the first dose of
pembrolizumab. The high incidence, fast onset, and distribution of the rashes point toward a
type A adverse drug reaction, according to the commonly used classification proposed by
Rawlins and Thompson.1® However, we could not observe any correlations in our patients
between cutaneous AEs and dose, which are usually seen in type A adverse drug reactions.
Macular papular eruptions and pruritus also occur with high incidence in patients treated
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with ipilimumab. In these patients, a correlation between serum eosinophil count and
development of eruptions and pruritus was described.18 In our cohort, none of the cutaneous
AEs were associated with changes in serum eosinophil count, suggesting a different
pathogenic mechanism.

Survival analyses showed that patients who developed cutaneous AEs had significantly
longer progression-free intervals, regardless of the treatment regimen. We must interpret
these findings with caution because patients who progress interrupt the pembrolizumab
treatment and do not have the same cumulative dose of the drug as those who do not
progress and continue taking it. Therefore, they have less chance and time to develop a
cutaneous AE. Indeed, patients who received more pembrolizumab cycles had a longer
progression-free survival and developed more cutaneous AEs. However, other authors have
already identified cutaneous AEs as positive prognostic factors for other immune-
modulatory cancer treatments,17:18 and in one of our treatment groups, the development of
cutaneous AEs maintained its significant role in the risk of progression when corrected for
the number of pembrolizumab cycles.

Such cutaneous manifestations could be the product of more potent immune system
activation owing to immune-modulatory drugs. Supporting this hypothesis, we observed that
only patients affected by melanoma developed hypopigmentation. In fact, melanocytes and
melanoma have common antigens (eg, MART-1, gp100, and tyrosinase) and lymphocyte
populations directed against the tumor could cross-react with normal melanocytes and cause
skin hypo-pigmentation.19:20 This is a well-known positive prognostic factor in patients with
melanoma.18:21-23 |n our study, of the 7 patients who developed hypopigmentation, only 1
developed disease progression.

Conclusions

Altogether, our experience with 83 patients receiving pembrolizumab showed a favorable
cutaneous safety profile. The majority of our patients responded well to topical
corticosteroids, such as betamethasone, 0.1%, and hydrocortisone, 1% to 2%, and to oral
antipruritics, paired with moisturizing ointments. The development of cutaneous AEs,
especially of hypopigmentation in patients with melanoma, might be a positive prognostic
sign.
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Figure 1. Cutaneous Adver se Events During Treatment With Pembrolizumab
A, Macular papular eruption involving the dorsal surfaces of both hands. B, Macular papular

eruption involving the palmar surface of both hands. C, Spontaneous hypopigmentation
(vitiligo) on and around lips. D, Scaly macular papular eruption on the lower back with
some hypopigmented postinflammatory regions.
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Figure 2. Grade 3 Cutaneous Adver se Eventsin a Patient Treated With Pembrolizumab
A, Macular papular eruption with predilection sites on photoexposed areas of the chest. B,

Macular papular eruption with predilection sites on photoexposed areas of the arm.
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[A] Patients treated with 10 mg/kg of pembrolizumab every 3 weeks
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[8] Patients treated with 10 mg/kg of pembrolizumab every 2 weeks
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Figure 3. Kaplan-Meier Survival Curvesfor Progression-Free Survival and Multivariate Cox
Proportional Hazard Regression Models Corrected for the Number of Pembrolizumab Cycles

A, Patients treated with 10 mg/kg every 3 weeks. B, Patients treated with 10 mg/kg every 2
weeks. C, Patients treated with 2 mg/kg every 2 weeks. Patients who developed cutaneous
adverse events have a longer progression-free interval in all treatment groups. HR indicates
hazard ratio.
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Table 1

Characteristics of 83 Patients Treated With Pembrolizumab

Page 12

Characteristic Adverse Events?
10 mg/kg Every 3 P Value 10 mg/kg Every 2 PValue 2mg/kgEvery 3Weeks P Value
Weeks Weeks (n=16)
(n=43) (n=24)
No Cutaneous No Cutaneous No Cutaneous
Cutaneous (n=19) Cutaneous (n=7) Cutaneous (n=9)
(n=24) (n=17) (n=7)
Age, median (range), y 65.9 67.4 64b 67.6 64.1 82b 57.3 57.0 79b
(36.6-89.6)  (55.2-87.7) (38.5-88.8)  (40.4-84.4) (43.2-73.0)  (18.4-72.0)
Sex
Male 16 (67) 11 (58) 56C 14 (82) 5(71) 617 2 (29) 4 (44) 637
Female 8(33) 8 (42) 3(18) 2(29) 5(71) 5 (56)
Previous allergy
No 14 (58) 14 (74) 25€ 10 (59) 3 (43) 48d 4(57) 4 (44) >.997
Yes 10 (42) 5 (26) 7 (41) 4(57) 3 (43) 5 (56)
Tumor type
Melanoma 17 (71) 15 (79) 13 (76) 6 (86) 7 (100) 8(89)
Lung cancer 6 (25) 4(21) >090 4 (24) 1(14) 667 0 0 >.99d
Prostate cancer 1(4) 0 0 0 0 0
Merkel cell carcinoma 0 0 0 0 0 1(11)
Tumor stage
3 3(13) 0 24d 2(12) 0 >.99¢ 7 (100) 9 (100) >.99d
4 21 (88) 19 (100) 15 (88) 7 (100) 0 0
Previous chemotherapy
No 12 (50) 11 (58) 61€ 12 (71) 5(71) >.997 5(71) 6 (67) >.99d
Yes 12 (50) 8 (42) 5 (29) 2(29) 2(29) 3(33)
Previous immunotherapy
No 16 (67) 8 (42) 11€ 9 (53) 5(71) >.99d 0 3(33) 21d
Yes 8(33) 11 (58) 8 (47) 2(29) 7 (100) 6 (67)
Previous target therapy
No 17 (71) 15 (79) 557 11 (65) 7 (100) 1379 5(71) 8 (89) 557
Yes 7(29) 4(21) 6 (35) 0 2(29) 1(11)
Baseline eosinophil 0.12 0.13 570 0.13 0.16 370 0.08 0.10 2b
count, absolute No., (0.01-0.44)  (0.04-0.44) (0.04-0.66)  (0.03-0.46) (0.04-0.27)  (0.07-0.31)
median (range), 109/L
Cycles of 45(1-24)  17(2-35)  sgg1b  6(1-23) 10 (6-51) 02b 4(1-21) 18 (4-33) osb
pembrolizumab, median
(range), No.

Sl conversion factor: To convert eosinophil counts to billion cells per liter, multiply by 0.001.
a . -
Data are presented as number (percentage) of patients unless otherwise indicated.

b )
Two-sample Wilcoxon rank-sum test.
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CXZ Test.

dFisher exact test.
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Table 2

Cutaneous Adverse Events in Patients Treated With Pembrolizumab

No. (%)
Total 10 mg/kg Every 3Weeks 10 mg/kg Every 2 Weeks 2 mg/kg Every 3 Weeks

Adver se Event (N=83) (n=43) (n=24) (n=16)
Any cutaneous adverse event 35 (42) 19 (44) 7(29) 9 (56)
Grade

1 31 of 35 (89) 16 of 19 (84) 6 of 7 (86) 9 of 9 (100)

2 2 of 35 (6) 20f 19 (11) 0 0

3 2 of 35 (6) 10f 19 (5) 10f7 (14) 0

4 0 0 0 0
Macular papular eruption 24 (29) 15 (35) 3(13) 6 (38)
Pruritus 10 (12) 6 (14) 2(8) 2(13)
Hypopigmentation 7(8) 4(9) 1(4) 2(13)
Xerosis 2(2) 0 2(8) 0
Keratosis 2(2) 2(5) 0 0
Facial erythema 1(1) 1(2) 0 0
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