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ABSTRACT

Objective: SHR-1210 is a new and promising anti-PD-1 agent for solid tumors. During the phase I study of SHR-1210, we
encountered a novel but prevalent immune-related dermatologic toxicity: reactive capillary hemangiomas (RCHs). Thus we tried
to summarize the features of RCHs and estimate their relationship with tumor response.

Methods: This prospective observational study systematically enrolled 98 patients with advanced solid tumors from April 27th,
2016 to June 8th, 2017 in the context of the phase I clinical study of SHR-1210. This report focused on the skin toxicities. Patients
underwent entire skin inspection every two weeks while taking medication. The clinical course of RCHs was recorded and their
association with tumor response was estimated. The data cut-off date was November 15th, 2017.

Results: After a median follow-up of 242 (range, 29-567) days, RCHs were observed in 85.7% (84/98) of patients on
cutaneous/mucosal surfaces; 84.5% (71/84) of the RCHs were evaluated as grade 1 adverse events. No grade 3 or 4 RCHs were
observed. The time of onset of RCHs was dose dependent and shortest in the 400 mg-dose cohort (P < 0.001). Spontaneous and
complete regression of RCHs was observed both during and after treatment. The objective response rate of tumors for patients
with RCHs was 28.9% (24/83). However, no responders were observed among the patients without RCHs.

Conclusions: RCHs were prevalent but manageable during treatment with SHR-1210. It might add to the expanding literature
regarding immune-related dermatologic adverse events.
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Introduction

Antibodies to programmed cell death 1 (PD-1) and its ligand
(PD-L1) can restore the immune response by inhibiting the
PD-1/PD-L1 pathway. They have remarkably improved the
overall survival of many patients with advanced solid tumors.
Because of drug-mediated hyperactivation of the immune
system, a spectrum of novel immune-related adverse events
(irAEs) are put in front of the oncologists. The most
common irAEs involve the gastrointestinal tract, liver,
endocrine organs, and skin'. Dermatologic adverse events
(DAEs) remain significant in 20%-30% of patients

Correspondence to: Binghe Xu

E-mail: xubinghe@csco.org.cn

Received July 7, 2018; accepted November 30, 2018.
Available at www.cancerbiomed.org

Copyright © 2019 by Cancer Biology & Medicine

undergoing treatment with PD-1 inhibitors (e.g. nivolumab
and pembrolizumab), with a broad range of clinical
appearances, such as maculopapular, follicular, pruritic,
pustular, vesicular, acneiform, and exfoliative lesions>3. They
are different from most chemotherapy and targeted therapy-
induced DAEs either in frequency or characteristics®. Curry
and his colleagues® reviewed the published dermatologic
toxicities induced by PD-1 antibodies, and categorized the
skin lesions into four types: inflammatory, immunobullous,
alteration of epidermal keratinocytes, and alterations of
epidermal melanocytes or invasive melanoma tumor cells
(e.g. vitiligo). However, DAEs of PD-1 antibodies may vary
with the histology of cancer or the agents received by
patients. For example, vitiligo events are nearly all noted in
trials  of melanoma?  psoriasiform  reactions and
vasculopathic changes are seen with pembrolizumab, but not

yet with nivolumab®.



174

SHR-1210 is a kind of humanized, high-affinity IgG4-
kappa monoclonal antibody against PD-1, which was under
phase I clinical trial at Cancer Hospital Chinese Academy of
Medical Sciences recently. At the initiation of the study, we
observed multiple emerging skin changes which were
suspicious of capillary hemangiomas (CHs) on the
extremities of the second participant along with the dosing of
SHR-1210. Further biopsy of the lesion led us to the
diagnosis of CHs. Since CHs were immune-related and self-
limiting, we called them reactive capillary hemangiomas
(RCHs). To our knowledge, RCHs had never been reported
as immune-related adverse events in trials of other PD-1
inhibitors. SHR-1210 had shown exciting efficacy in many
solid tumors, especially for esophageal squamous cell
carcinoma and gastric adenocarcinoma®’. It would be very
important to extend our knowledge of this novel toxicity,
thus providing appropriate and prompt management in
further studies. Hence we focused on the DAEs, trying to
make an informative record of RCHs, summarize the features
of these lesions, and estimate their correlation with tumor
response. Effective managements of RCHs were also
investigated.

Materials and methods
Patients

This prospective study systematically enrolled patients with
advanced solid tumors in the context of the phase I study
(Clinicaltrials.gov identifier NCT02742935) of SHR-1210
conducted at Cancer Hospital, Chinese Academy of Medical
Sciences from April 27th, 2016 to June 8th, 2017. This report
focused on the skin toxicities. Patients eligibility criteria were
as follows: adult patients aged 18-75 years; Eastern
Cooperative Oncology Group (ECOG) performance status
scored 0 to 2; advanced or metastatic solid tumor identified
by surgery, biopsy or dynamic imaging examinations;
patients who experienced disease progression or were
intolerant of standard therapy or had no effective standard
therapy; and patients with adequate organ function. Patients
with hemangioma before the initiation of SHR-1210
treatment were also included. All study participants provided
written informed consent before enrolling. The data cut-off
date was November 15th, 2017.

Study design and treatment

This trial was divided into two parts: dose escalation and dose
expansion. Dose escalation was conducted using a traditional
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3 + 3 dose-escalation design. SHR-1210 was initially
administered at 60 mg by intravenous infusion over
30 minutes on days 1 and 29, and repeated every 14 days
thereafter. Then dose escalation proceeded to the next two
dose cohorts: 200 mg and 400 mg. The study would continue
until intolerable toxicity or disease progression occurred.
Expansion for each cohort was allowed following dose
escalation. No dose adjustment was allowed throughout the
study. The protocol was approved by the institutional review
board and independent ethics committee of Cancer Hospital
Chinese Academy of Medical Sciences.

Assessment of skin toxicities

The diagnosis of RCHs could be determined by good history
and physical examination. Only RCHs that emerged after
receiving SHR-1210 were considered as drug-related RCHs.
RCHs emerging during treatment were photographed and
underwent biopsy for pathologic examination in willing
patients. Patients underwent follow-up examinations every
two weeks during treatment. Considering that RCHs induced
by immunotherapy had never been reported in trials of other
PD-1 inhibitors, we defined their severity according to the
grading of rash in the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE)
version 4.08, as well as other DAEs. Grade 1 RCHs were
defined as skin changes occupying less than 10% of the body
surface area (BSA) or without symptoms. Grade 2 RCHs
were defined as a more generalized (10%-30% of the BSA)
skin change and symptoms not interfering with activities of
daily living. Grade 3 or 4 RCHs were defined as >30% BSA
skin reactions or symptoms interfering with daily living or
needing hospitalized care. All dermatologic events were
characterized based on time to onset, severity, duration,
treatment intervention, and evolution.

Statistical analysis

To investigate the association between tumor response and
RCHs, imaging information of the tumors was obtained
every 8 weeks within the first half year, and extended to every
12 weeks thereafter. Tumor response was assessed according
to Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1 by blinded, independent, radiologic review. To
ascertain whether this drug could make an influence on
internal vascular, enhanced computed tomography (CT) or
magnetic resonance imaging (MRI) scanning of the abdomen
would run in conjunction with tumor scanning for all the
patients. Brain MRI scanning was performed in willing or
symptomatic patients. One-way analysis of variance was used
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to compare measurement data. A P-value < 0.05 was
considered statistically significant. All data analyses were
performed using SPSS version 22.0 (IBM Corp., Armonk,
NY, USA).

Results
Patient characteristics

A total of 98 patients were included in this study, with 12 in
the 60 mg-dose cohort, 74 in the 200 mg-dose cohort and 12
in the 400 mg-dose cohort. The median age of the patients
was 59 years. Seventy-nine of them were male. The median
follow-up time was 242 (range, 29-567) days. The baseline
characteristics of the participants are listed in Table 1.

Table 1 Baseline characteristics of treated patients
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Emergence of RCHs

By the cut-off time of this study, 12 of the participants were
still receiving medication. RCHs were identified in 85.7%
(84/98) of the patients, regardless of gender, age and tumor
type. The features of RCHs are listed in Table 2.

The median time from the initiation of SHR-1210
treatment to onset of RCHs was 20 (range: 2—144) days in the
entire population; it was 53.5 days, 18.5 days and 10.0 days in
the 60 mg-dose, 200 mg-dose, and 400 mg-dose cohorts,
respectively. One-way analysis of variance showed that the
median time of onset of RCHs was shortest in the 400 mg-
dose cohort (P < 0.001). Grade 1 DAEs comprised 84.5%
(71/84) of the RCHs. Grade 2 RCHs were not observed in the

Dose cohort

Characteristics All patients
60mg(n=12) 200mg(n=74) 400mg(n=12) (=99

Median age, years 52 (35-66) 59 (29-75) 57.5(35-65) 59 (29-75)
Gender, n (%)

Male 8 (66.7) 61 (82.4) 10 (83.3) 79 (80.6)

Female 4 (33.3) 13 (17.6) 2(16.7) 19 (19.4)
ECOG performance status, n (%)

0 10(83.3) 60(81.1) 10 (83.3) 81(82.7)

1 2(16.7) 14(18.9) 2(16.7) 17(17.3)
Tumor types

Esophageal squamous cell carcinoma 3 37 2 42

Small cell carcinoma of esophagus 0 1 0 1

Triple negative breast cancer 2 4 1 7

Adenocarcinoma of the esophagogastric junction and stomach 3 25 2 30

Lung adenocarcinoma 2 0 1 3

Nasopharyngeal squamous cell carcinoma 2 1 3

Hepatocellular carcinoma 0 3 2 5

Intrahepatic cholangiocarcinoma 0 1 0 1

Colorectal adenocarcinoma 0 2 2 4

Cervical squamous cell carcinoma 0 1 0 1

Bladder transitional cell carcinoma 0 0 1 1
Previous systemic therapies n (%)

<1 0 (0) 23 (31.1) 2(16.7) 25 (25.5)

2 5(41.7) 26 (35.1) 4(33.3) 35(35.7)

2 7 (58.3) 25(33.8) 6 (50.0) 38(38.8)

ECOG, Eastern Cooperative Oncology Group.
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Table 2 Clinical features of reactive capillary hemangiomas (RCHs)
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Dose cohort

Features All patients
60 mg (n=12) 200 mg (n=74) 400 mg (n=12) (n=98)

RCH events n (%) 8 (66.7) 64 (86.5) 12 (100) 84 (85.7)
Time to onset, median (range), days 53.5 (43-114) 18.5 (2-144) 10 (3-32) 19.5 (2-144)
No. of injections before onset, median (range) 3.5 (3-8) 1(1-9) 1(1) 1(1-9)
Peak time, median (range), days 115 (71-169) 84 (28-171) 84 (70-98) 84 (28-71)
No. of injections to peak time median (range) 7 (4-12) 5.5 (2-11) 5 (4-6) 5(2-12)
Severity

Grade 1 8 54 9 71

Grade 2 0 10 3 13

Grade 34 0 0 0 0
Location

Cutaneous only 8 56 8 72

Mucosal only 0 0 0 0

Mixed (cutaneous and mucosal) 0 8 4 12

60 mg-dose cohort, but 13.5% (10/74) and 25% (3/12) were
found in the 200 mg-dose and 400 mg-dose cohorts,
respectively. No grade 3 or 4 RCHs were observed. Nine of
the 14 patients without RCHs received only one injection and
stopped because of symptomatic disease progression. In such
a situation, RCHs would be hardly noticed.

RCHs usually started as red papules or macules with clear
boundaries after 1 injection. Some of the lesions were
nodule-like, or gathered like mulberry. The most frequent
complication was bleeding, without complaints of pain, or
pruritus. No ulcerations or infections were found. After
repeated hemorrhage, RCHs could be verrucous, and become
solid in texture. Nearly all hemangiomas doubled in size after
3 injections, and the growth occurred most rapidly within the
first 8 weeks after the initiation of treatment. Maximum size
was generally observed at 12 weeks, or after 5 injections. The
maximum diameter of RCH in our study was about 40 mm,
and located on the inner thigh in one patient (Figure 1B).

Distribution of RCHs

All the RCHs were multiple and disseminated. They
developed widespread on body surfaces, and were present
most frequently on the head and neck, trunk, and
extremities. Lesions of 12 patients were also found on
mucosal surfaces: 3 were found on the sclera, with no impact
on vision; 3 were observed on the gingiva; others were found
in the nasal cavity, on the buccal mucosa, lip or tongue.

However, no lower digestive or respiratory tract bleeding
occurred. To identify whether the drug could affect the
vessels of important internal organs, all the patients
underwent abdominal scans regularly, and no new
hemangiomas were observed. Twenty-seven willing patients
had at least one brain MRI scan randomly after medication
(range: day 2 to 376); 16 were conducted within 12 weeks
after treatment initiation. No signs of new internal vascular
anomalies were found, either. The remaining patients who
refused to undergo brain scans were all asymptomatic.

Regression of RCHs

During the two-week interval between injections, new lesions
occurred; the pre-existing RCHs became plump and bright
red in the first week and then gradually became flat and dull
red in the following week. When reaching their full size, old
lesions regressed spontaneously. Meanwhile, new lesions still
emerged along with medication, but these lesions were
milder and more tolerable; the number of new eruptions was
much less, and their size was much smaller than the previous
ones. At the clinic, apparent involution of RCHs was
observed in all participants after peak time. Complete
regression of RCHs could be observed both during (Figure 1)
and after (Figure 2) treatment. No new lesions occurred after
the interruption of the therapy. By the time of analysis, RCHs
of 55 patients had disappeared. Fifteen of them were
observed during treatment, and the median time gap from
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Figure 1 Spontaneous regression of RCHs for an esophageal squamous cell carcinoma patient (male, 51 years old) during treatment with
SHR-1210. (A) Four weeks after initiation of SHR-1210. (B) Ten weeks after initiation of SHR-1210. (C) Sixteen weeks after initiation of SHR-

1210.

the occurrence to the disappearance of RCHs was 221 (range:
14-448) days. Forty were observed after the termination of
treatment. The median time from the last dose to the date of
complete involution was 53.5 (range: 2-220) days. Seven of
the remaining 29 patients without complete regression were
still under treatment, 21 died within 3 months after the last
dose, and 1 was experiencing gradual and on-going

regression after withdrawal of SHR-1210.
Histopathological features of RCHs

Four willing patients with RCHs underwent skin biopsy.
Histopathology showed small capillaries in the papillary
dermis or proliferation of endothelial cells. This was reported
as capillary hemangioma by the pathologist. Figure 3 shows
the histologic features of grade 1 RCHs of an esophageal

squamous cell carcinoma patient.

Management of RCHs

Treatment was not required in the majority of cases except
for patients with high risk of bleeding (plump lesions or
vulnerable ones). The application of imiquimod 5% cream
for one grade 2 nodule-like RCHs did not work. RCHs of two
patients who took in oral corticosteroids (prednisone 1 mg/kg),
could be relieved, but did not completely regress. Topical
corticosteroids or timolol hydrogen maleate could also retard
the growth of RCHs but was not effective enough. Four
patients underwent lesion excision; wound healing was

complete and there was no recurrence.
Tumor response and RCHs

The responses of 95 patients were available by cut-off time:
83 of them experienced RCHs, and 12 did not. Tumor

Figure 2 Spontaneous regression of RCHs for a triple negative breast cancer patient (female, 50 years old) after termination of SHR-1210.
(A) Four weeks after initiation of SHR-1210. (B) Eight weeks after initiation of SHR-1210 (the end of treatment). (C) Eight weeks after the

termination of SHR-1210.
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Figure 3 A dome-shaped, red nodule on the chest. (A) Histopathology of the resected specimen showed a well-circumscribed proliferation

of small capillaries (H&E staining, B, 4 x; C, 100 x; D, 400 x)

response was found in all the tumor types included in the
study except for triple negative breast cancer
(Supplementary Table S1). For patients with RCHs, the
objective response rate was 28.9% (24/83) and 12 patients
were still receiving medication by cut-off time, but no
responders were observed among the 12 patients without
RCHs. There was a significant difference between the RCH
and non-RCH groups in objective response (28.9% vs. 0%,
P = 0. 031), but 8 patients in the non-RCH group quit the
study after only one injection due to rapid disease
progression; only one received 4 injections.

Other dermatologic toxicities

Besides RCHs, two other prevalent DAEs were rash (29/98,
29.6%) and pruritus (16/98, 16.3%). Immune-related vitiligo
was found on only one patient with gastric adenocarcinoma.
No relationship between RCHs and other DAEs was
observed (data were not shown). Almost all of these DAEs
were grade 1 or 2 events, but two patients had to stop the
treatment due to grade 3 pruritus. Pruritus and rash of most
patients were self-limiting. Unlike RCHs, pruritus and rash in
some patients could be recurrent and deteriorative along
with medication. The symptoms could be significantly
relieved by antihistamine drugs or discontinuation of
treatment.

Discussion

RCHs are different from hemangiomas. Hemangiomas are
true neoplasms of endothelial cells, and they are the most
common benign vascular tumors in children, affecting
5%-7% of all infants and children®!°. The pathogenic
mechanisms of hemangiomas are poorly understood.
Perhaps the imbalance between enhancers and inhibitors of
angiogenesis may contribute to it!L!2, It is very rare for adults
to acquire CHs, especially after medication. However, CHs
induced by SHR-1210 were very common. Their clinical
course resembled that of infantile capillary hemangiomas,
characterized by a tripartite growth cycle of proliferation,
plateau, and involution!’. But different from infantile
capillary hemangiomas, all the reactive lesions in this study
occurred in adults and emerged after receiving SHR-1210;
new lesions still appeared during the “involution phase” and
most would completely regress after discontinuation of SHR-
1210 if enough observation time was available.

Some types of benign vascular tumors also present as the
side-effect of chemotherapy, such as pyogenic granuloma
(PG). PG is commonly considered as a reactive inflammatory
hyperproliferative vascular response to a variety of stimuli,
such as infection, trauma, and female sex hormones!4, but
drug-induced PG is seldom seen. Only isolated case reports
had described them in detail'>-13. PG usually presents as a
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single, lobulated, pedunculated or sessile papule. Case reports
provide some clues of disseminated lesions after exfoliative
dermatitis or a hypersensitivity drug reaction!®29, but
multifocal lesions are extremely rare, too. Unlike drug-
induced PG, the incidence of RCHs induced by SHR-1210
was as high as 85.4%, and they were all multifocal lesions, so
the management of RCHs could not entirely be the same as
that of PGs, either?!.

Since the skin is a major organ affected by PD-1 inhibitors,
RCHs were supposed to be immune-related DAEs. IrAEs are
drug-mediated nonspecific hyperfunctioning of the immune
system, notably mediated by the triggering of cytotoxic
CD4+/CD8+ T cell activation?2. However, the pattern and
frequency of DAEs in our study was distinct from that of
nivolumab or pembrolizumab!. Instead of rash and pruritus,
RCHs were the most prevalent DAEs of SHR-1210. RCHs
would become more tolerable as the treatment went on after
peak time. Meanwhile, the frequencies of rash and pruritus in
this study were still in accordance with previous reports of
other PD-1 inhibitors. Vitiligo was relatively rare with an
incidence of only 1.04%. Although all DAEs were self-
limiting, only RCHs would not be recurrent and deteriorative
after peak time. The underlying mechanism still needs
further investigation. They dispersed only on cutaneous and
mucosal surfaces, not life-threatening or function-impairing,
but might contribute to negative self-image evaluation. We
also tried to control the rapid enlargement in many ways for
some symptomatic patients, but RCHs could only be slightly
relieved but not eliminated (e.g. topical or oral
corticosteroids) during peak- time. Local treatment
(excision) might be a good choice for patients with recurrent
hemorrhage. All lesions were expected to disappear gradually
after termination of treatment, so we emphasize an approach
of careful observation but not active treatment.

Development of rash and melanoma-associated vitiligo
after immunotherapy has already been proven to be
correlated with improved survival?3>-2°. In our study, patients
who developed RCHs seemed to have higher response rate
than patients without RCHs, But but we must interpret these
findings with caution. Firstly, the number of patients without
RCHs was very small (n = 12); secondly, patients in the non-
RCH group did not receive the same cumulative dose of
SHR-1210 as those who achieved disease control and
continued medication. Most patients in the non-RCH group
received only one injection, which might be far from the dose
required for RCHs to appear.

The limitation of this study is that only four patients
underwent skin biopsy for RCHs. Biomarkers of RCHs such
as infiltrating lymphocytes or PD-L1 expression was far from
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known. Besides, the onset times of RCHs for the first four
participants were susceptible to recall bias because of
potential delayed recognition of RCHs (see the section
"Recognition of first RCHs" in Supplementary materials).
The major strength of this study is its prospective design, and
that the entire clinical course of RCHs was informatively
documented. Moreover, it is also the largest study describing
DAEs of SHR-1210, which might be instructive in the
management of side effects of SHR-1210 in future studies.
There are diverse clinical and histological appearances of
DAEs induced by one kind of PD-1 inhibitor, not to mention
the DAEs induced by various PD-1 inhibitors. Even some
extremely rare DAEs of chemotherapy or targeted therapy,
such as psoriasis?®, vitiligo! and Grover’s disease®, are
commonly reported in patients receiving PD-1 inhibitors. As
a novel anti-PD-1 inhibitor, SHR-1210 had shown a
favorable anti-tumor efficacy, but what followed it were new
toxicities far from those known. Clinicians are faced with a
more challenging situation now. It is imperative for
oncologists and dermatologists to be cognizant of novel
toxicities of anti-PD-1 treatment so as to reach a more
conscious and rational use of such agents. This study of
RCHs might add to the expanding literature regarding
immune-related and even drug-related adverse events.
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Table S1 Tumor response in different types of cancer

Tumor response

Tumor types No.(n = 98)

CR+PR SD PD
Esophageal squamous cell carcinoma* 42 11 11 17
Small cell carcinoma of esophagus 1 0 0 1
Triple negative breast cancer 7 0 0 7
Adenocarcinoma of the esophagogastric junction and stomach 30 7 6 17
Lung adenocarcinoma 3 1 0 2
Nasopharyngeal squamous cell carcinoma 3 1 0 2
Hepatocellular carcinoma 5 1 2 2
Intrahepatic cholangiocarcinoma 1 1 0 0
Colorectal adenocarcinoma 4 1 2 1
Cervical squamous cell carcinoma 1 0 0 1
Bladder transitional cell carcinoma 1 1 0 0

* Tumor response of the three patients was not available. CR: complete remission; PR: partial remission; SD: stable disease; PD:
progression disease.

Recognition of first RCHs

The first case of RCH was found on the second enrollee in the 60 mg-dose cohort on June 29th 2016, who was a nasopharyngeal
squamous cell carcinoma patient, and had received four injections of SHR-1210. Since his RCHs were asymptomatic, with a
maximum diameter no more than 3 mm, and located mainly on his outer extremities, it was very hard to recognize them for both
the patients and researchers at the very beginning of the trial. Once found this special skin change by accident, we carefully
checked the other four enrollees who were already under medication, and found three more patients with RCHs. During the
follow-up, more and more RCHs were found.



