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1. Abstract

1.1. Objective: To investigate the difference of clinical outcomes
between patients with and without reactive cutaneous capillary
endothelial proliferation (RCCEP) after camrelizumab treatment.

1.2. Methods: A retrospective, matched case-control study was
designed. A total of 92 patients with advanced solid tumors treated
with camrelizumab at xx hospital between July 2019 and Octo-
ber 2020 were included, of whom 16 patients developed RCCEP
(RCCEP group) and the remaining 76 served as the control group.
The primary endpoint is progression-free survival (PFS), and the
secondary endpoint is objective response rate (ORR) and overall
survival (OS). Multivariate Cox regression analysis is used to as-
sess the relevant indicators of PFS.

1.3. Results: Compared with the control group, significantly in-
creased ORR was observed in patients with RCCEP (56.3% vs
19.7%) (P < 0.05). The PFS was 13 months (5-15 months) in the
RCCEP group and 6 months (2-11 months) in the control group.
Compared with the control group, the PFS was significantly higher
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in the RCCEP group (HR =0.555, 95% CI: 0.278-0.985, P < 0.05).
In multivariate Cox regression, RCCEP remained statistically sig-
nificant after excluding potential confounders (HR = 0.312, 95%
CI: 0.095-0.637, P <0.01) and was associated with PFS in patients.

1.4. Conclusion: In camrelizumab treatment, the occurrence of
RCCEP may be a marker of strong immune response and im-
proved tumor treatment outcomes, and has potential predictive
value in patient efficacy and prognosis.

2. Introduction

Malignant tumors have become the primary disease threatening
the life and health of all mankind [1]. In China, due to lifestyle
changes and increasing aging and other factors, the incidence and
mortality of malignant tumors are increasing rapidly every year,
which leads to a significant increase in the number of patients
with advanced malignant tumors [2]. Essentially all such patients
develop metastases, and surgical treatment is of limited signifi-
cance. Continued advances in chemotherapy, as well as targeted
therapeutic approaches, have provided more promising treatment

options for patients with advanced solid tumors [3,4].
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Programmed death receptor 1 (PD-1)/programmed death-ligand
1 (PD-L1) signaling pathway has been widely studied in clinical
practice in recent years. As one of the key links of immune check-
points in tumor immune escape, it plays an important role in tu-
mor immune escape [5]. Currently, PD-1/PD-L1 inhibitors have
been proven effective in cancer therapy and have recently been ap-
proved by the US Food and Drug Administration (FDA), and have
been successfully used to treat a variety of solid tumor types [6,7].
Carrelizumab is a PD-1/PD-L1 inhibitor independently developed
in China. Since its introduction, it has attracted much industry at-
tention and taken the international stage many times, and has been
widely recognized in the field of oncology at home and abroad.
Camrelizumab is a humanized IgG4k- type anti-PD-1 monoclonal
antibody that binds to PD-1 to block the PD-1/PD-L1 pathway,
thereby activating T cells and producing sustained antitumor ef-
fects [8]. Since camrelizumab showed a good survival benefit in a
single-arm phase II clinical trial of classical Hodgkin lymphoma,
the drug was approved by the China Food and Drug Administra-
tion (CFDA) on May 29, 2019, for the treatment of relapsed or
refractory classical Hodgkin lymphoma after at least second-line
systemic chemotherapy [9]. Camrelizumab is also being studied
for the treatment of various malignancies such as lung cancer, gas-
tric cancer, nasopharyngeal carcinoma, as well as liver cancer [10].

We note that reactive cutaneous capillary hyperplasia (RCCEP)
appears to be a dermatological adverse event unique to camrel-
izumab treatment [11,12]. Even though dermatological adverse
events are very common in PD-1/PD-L1 inhibitor drugs, RCCEP
has not been reported in other PD-1/PD-L1 inhibitor treatments.
The time to appearance of RCCEP after camrelizumab treatment
is in the range of 20 to 42 d [12,13], with a significant dose de-
pendence, and the shorter the time to appearance [12]. It is usu-
ally scattered throughout the body and can also be clustered, with
the head and neck, trunk, and extremities being the most common
parts [11, 12]. Histopathologically, RCCEP showed clustered pro-
liferation of thin-walled vessels in the dermis, vascular congestion
and dilatation, and focal with a tendency to thrombosis [8]. The
specific pathogenesis by which camrelizumab treatment leads to
RCCERP is currently unknown. Some scholars Chen et al [12] be-
lieve that this can be related to the imbalance between angiogenic
contributors and inhibitors. Additional studies [14] have found that
camrelizumab has off-target binding specificity, so it may promote
angiogenesis and hemangioma formation by up-regulating vascu-
lar endothelial growth factor receptor 2 (VEGFR?2).

One phenomenon of interest is that there appears to be an associa-
tion between RCCEP onset and higher response after camrelizum-
ab treatment. In a previous single-arm multicenter phase II study
of Song et al [11]. camrelizumab in relapsed or refractory classical
Hodgkin's lymphoma, 97.3% of patients developed RCCEP while
achieving an objective response rate (ORR) of 76.0%. A recent
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prospective phase I observational study [15] involving 98 patients
with advanced solid tumors also found that after camrelizumab
treatment, patients experienced grade 1-2 RCCEP, while signs
of significant tumor regression were observed. However, wheth-
er RCCEP in camrelizumab treatment is associated with a higher
short-term response as well as long-term prognosis in patients has
not been well characterized. Because it acts by reactivating the an-
titumor T cell response, and hyperactivation of the immune system
may contribute to a series of immune-related adverse events [5,
16, 17], such as RCCEP. It is, therefore, reasonable to assume that
RCCEP onset may be a sign of a more robust immune antitumor
response. In this study, we conducted a retrospective case-control
study and assessed the relationship between RCCEP onset after
camrelizumab treatment and multiple oncological outcomes, such
as objective response rate (ORR), progression-free survival (PFS),
and/or overall survival (OS), in patients with advanced solid tu-
mors.

3. Material and Methods
3.1. Patients

A total of 92 patients with advanced solid tumors who developed
RCCEP while receiving camrelizumab in our hospital between
July 2019 and October 2020 were included in the study (RCCEP
group). Inclusion criteria: 1) All patients developed RCCEP within
3 months after receiving camrelizumab treatment and were diag-
nosed by dermoscopy and tissue case examination; 2) Patients had
complete treatment and follow-up data. Exclusion criteria: 1) Pa-
tients with a history of RCCEP at the time of treatment; 2) Patients
with RCCEP due to other causes. Matched controls for RCCEP
patients were based on age, gender, and camrelizumab treatment
cycle, with a maximum of 5 controls matched for each case. And
the control group were all patients who mentioned the onset of
RCCERP after starting camrelizumab treatment until their progres-
sion was recorded.

3.2. Efficacy Assessments

1.2.1 Best Overall Response (BOR). Determine the best response
data for patients treated with camrelizumab by manually examin-
ing patient cases. These include a complete response (CR), partial
response (PR), stable disease (SD), and progressive disease (PD).
PD was defined as: (1) an increase of more than 20% in the diam-
eter of a patient's original tumor lesion and or the appearance of
a new tumor lesion, and (2) the occurrence of death in a patient.
Overall response rate (ORR) was defined as the percentage of pa-
tients with CR and PR. Disease control rate (DCR) was defined as
the percentage of patients with CR, PR, and SD.

1.2.2 Progression-free survival (PFS) is defined as the time interval
from the start of treatment with camrelizumab to the occurrence of
disease progression or death. Overall survival (OS) was defined as
the interval from the start of treatment with camrelizumab to the
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occurrence of death from any cause.
3.3. Statistical analysis

SPSS version 23.0 (SPSS, Inc., Chicago, IL, USA) software was
applied for statistical analysis. Enumeration data were expressed
as a case (percentage) [n (%)], x2 test or Fisher exact test was
performed; patient age conformed to the normal distribution,
expressed as mean + standard deviation(*+s), and independent
sample t-test was used for comparison. Camrelizumab treatment
weeks were expressed as median (range), and the Mann-Whitney
U test was used for comparison. Kaplan-Meier curves for PFS in
the two groups were plotted using GraphPad 7.0 and compared
using the log-rank test; multivariate Cox regression analysis was
used to evaluate factors influencing PFS in patients. The test level
was o= 0.05, and P < 0.05 was considered statistically significant.
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4. Results
4.1. Baseline data of patients in the two groups

Of the 92 patients with advanced solid tumors treated with cam-
relizumab, 16 patients were eligible for the study. They were all
diagnosed with RCCEP by dermoscopy and had no history of RC-
CEP in previous cases. Propensity matching was performed in the
remaining patients according to age, gender, and timing of camrel-
izumab treatment, and 76 patients were included as a control group
(none of the patients had RCCEP). The sociodemographic statis-
tics and clinical data of the patients in the two groups are shown
in (Table 1). Only a few patients in both groups were treated with
camrelizumab. Due to sample size limitations, not all cancer types
were involved in the study. Among them, lung cancer and diges-
tive tract tumors accounted for the majority (Table 2). Also, we
noted a significant incidence of RCCEP for lung cancer (30.8% vs
7.7%) compared with digestive tract tumors (P = 0.027)

Table 1: Comparison of baseline data between the two groups

Item RCCEP group (n = 16) Control group (n = 76) P
Mean age (years, Tis) 589+11.4 60.3+£9.9 0.163
Gender, n (%) 0.820
Male 12 (75.0) 59 (77.6)

Female 4 (25.0) 17 (22.4)

Camrelizumab treatment weeks, median (range) 13 (4-30) 15 (2-35) 0.293
Camrelizumab treatment, n (%) 1(6.3) 10 (13.2) 0.439
Number of metastatic sites, n (%) 0.667*
0 0(0.0) 709.2)

1 8 (50.0) 31 (40.8)

2 4 (25.0) 23 (30.3)

>3 4 (25.0) 15 (19.7)

Metastatic site, n (%)

Central nervous system 1(6.3) 709.2) 0.703
Lung 9 (56.3) 24 (31.6) 0.061
Liver 3 (18.8) 22 (29.0) 0.405
Bone 7 (43.8) 20 (26.3) 0.164
Lymph nodes 7 (43.8) 41 (54.0) 0.458
Other 3 (18.8) 18 (23.7) 0.669

Table 2: RCCEP incidence by tumor type after camrelizumab treatment

Tumor type Patients, n Incidence of RCCEP, n (%)
Lung cancer 39 12 (30.8)
Small cell lung cancer 6 1(2.6)
Lung adenocarcinoma 18 7(17.9)
Squamous cell carcinoma of lung 15 4(10.3)
Alimentary tract 26 2(7.7)
Colorectal Cancer 5 0(0.0)
Gastric Cancer 13 1(3.8)
Esophageal squamous cell carcinoma 8 1(3.8)
Liver cancer 10 1(10.0)
Urogenital System 11 0(0.0)
Kidney cancer 3 0 (0.0)
Ureteral urothelial carcinoma 2 0(0.0)
Ovarian cancer 3 0 (0.0)
Cervical cancer 3 0(0.0)
Laryngeal squamous cell carcinoma 1 0(0.0)
Nasopharyngeal carcinoma 4 1(25.0)
Osteosarcoma 1 0(0.0)
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4.2. Efficacy

All 92 patients with advanced solid tumors were evaluated for a
response during follow-up through december 30, 2020. The ORR
was 26.1% (including 6 CR and 18 PR) and the DCR was 75.0%
(including 6 CR, 18 PR, and 45 SD) with camrelizumab treatment.
A total of 53 PFS events were reported, with a PFS of 7 months
(range, 2 to 15 months) (Figure 1). Twenty-one patients died, with
an OS of 3 months and a maximum of 15 months, and the OS has
not been reached.

4.3. RCCEP patients had higher ORR and PFS

A significant increase in ORR (56.3% vs 19.7%) was observed in
patients with RCCEP compared with controls (P < 0.05) (Table
3). PFS was 13 months (5-15 months) in the RCCEP group and 6
months (2-11 months) in the control group (Figure 2). Compared
with the control group, PFS was significantly higher in patients
with RCCEP (HR = 0.555, 95% CI: 0.278-0.985, P < 0.05). OS
had not been reached in both groups, and as of the follow-up by
October 30, 2020, OS was 87.5% in the RCCEP group and 72.4%
in the control group.

Table 3: Response in the two groups, n (%)
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4.4. COX regression analysis shows that RCCEP is associated
with PFS

The results of univariate analysis showed that camrelizumab treat-
ment (HR = 1.665, 95% CI: 1.116 — 2.092, P < 0.05) was associ-
ated with shorter PFS. In contrast, the number of metastatic sites
< 2, lung cancer, and the incidence of RCCEP were associated
with PFS (HR = 0.702, 0.805, 0.653, respectively). By multivari-
ate analysis, the incidence of RCCEP (HR =0.312, 95% CI: 0.095
—0.637, P<0.01) remained statistically significant after excluding
potential mixes. In addition, treatment with camrelizumab was still
associated with shorter PFS (HR = 1.723, 95% CI: 1.216 — 2.435,
P <0.05) (Table 4).

4.5. Treatment of RCCEP

All 16 patients had grade 1 — 2 RCCEP (Figure 3), and only 6.3%
interrupted camrelizumab treatment and resumed treatment after 2
weeks. All patients were asked to avoid scratching or rubbing the
rash site, along with appropriate protection and follow-up obser-
vation. Mainly pay attention to its growth rate and nodule surface
changes. Patients who developed ulceration were given external
application of Yunnan Baiyao powder and antibiotic ointment to
prevent infection if necessary. There were no cases of reduction of
camrelizumab single dose due to RCCEP.

Group N |CR PR SD PD ORR (%)
RCCEP Group 16 |4(25.00 |5(31.3) 4 (25.0) 3(18.8) 56.3
Control group 76 (2 (2.6) 13 (17.1) |41 (44.0) |20 (26.3) 19.7
X2 9.139
P 0.003
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Figure 1: Kaplan-Meier curves of PFS and OS for all patients.
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Figure 2: Kaplan-Meier curves of PFS and OS in the two groups. A, PFS was significantly increased in the RCCEP group (13 months vs 6 months)
compared with the control group (HR = 0.555, 95% CI: 0.278-0.985, P < 0.05). B, OS had not been reached in the two groups, and there was no sig-

nificant difference (P > 0.05).

Figure 3: Photographs of RCCEP cases. A, Level 1 RCCEP. B, Grade 2 RCCEP, resolving. C, Level 2 RCCEP, plateau phase.
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Table 4: Univariate and multivariate Cox regression analysis of progression free survival (PFS) (n = 92, 53 events)

. Univariate analysis Multivariate analysis
Variable

HR 95% CI P HR 95% CI P

Age (per 1 year) 0.993 0.768 ~ 1.195 0.306
Gender (male vs female) 1.063 0.954 to 1.288 0.522
Camrelizumab treatment (yes vs no) 1.665 1.116 to 2.092 0.026 1.723 1.216 to 2.435 0.015
Number of metastatic sites (< 2 vs > 2) 0.702 0.592 t0 0.936 0.013 0.892 0.647 to 1.152 0.208
Metastases to nervous system (yes vs no) 1.315 0.973 to 1.825 0.177
Visceral metastasis (yes vs no) 1.202 0.902 ~ 1.636 0.295
Tumor type (lung cancer vs other tumors) 0.805 0.319 t0 0.969 0.020 0.805 0.519 ~ 1.106 0.096
Incidence of RCCEP (yes vs no) 0.653 0.109 ~ 0.803 0.018 0.312 0.095 ~ 0.637 0.006

Important P values are shown in bold.
S. Discussion

The current study primarily assessed the relationship between RC-
CEP onset after camrelizumab treatment and ORR, PFS, and OS in
patients with advanced solid tumors. The study results showed that
patients with RCCEP had a significantly higher ORR (56.3% vs
19.7%) and a significantly increased PFS (13 months vs 6 months)
compared with patients without RCCEP (HR = 0.555, 95% CI:
0.278-0.985). Due to limited follow-up, OS was not reached in
both groups. We further analyzed the relationship between RC-
CEP and PFS by Cox regression, and the results showed that RC-
CEP was associated with PFS in patients after excluding potential
confounders (HR = 0.312, 95% CI: 0.095 — 0.637). This suggests
that the onset of RCCEP after camrelizumab treatment may lead to
multiple favorable tumor outcomes in patients with advanced solid
tumors, including ORR, PFS, which may have practical clinical
value for the prediction of clinical efficacy in patients. A recent
study [12] also found that patients who developed RCCEP after
camrelizumab treatment achieved an objective response rate of
28.9%, while patients without RCCEP did not respond to treat-
ment. Future prospective studies will further confirm the predic-
tive value of RCCEP as a treatment with camrelizumab for a strong
antitumor response and leading to improved tumor outcomes.

Previous reports have shown that RCCEP is common after cam-
relizumab treatment, and the incidence of treatment is as high
as 66.8% to 97.3% [18-20]. However, it was found that the inci-
dence of RCCEP was significantly reduced when camrelizumab
was combined with other drugs, for example, in combination with
FOLFOX4 regimen or apatinib, especially in combination with
apatinib [15]. A study [21] reported that the incidence of RCCEP
was 12.1% in camrelizumab 200 mg + apatinib for hepatocellu-
lar carcinoma, gastric, or esophagogastric junction cancer. In oth-
er studies of camrelizumab in combination with gemcitabine and
cisplatin in nasopharyngeal carcinoma [22,23], the incidence of
RCCEP was slightly higher at 20%. In this study, 91.3% (8/92)
of patients were treated with camrelizumab combined with other
drug regimens, and the incidence of RCCEP was 17.4% (16 of 92).
This compares with previous reports that most of the tumors in this
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study were lung cancer and digestive tract tumor types, and the in-
cidence of RCCEP was overall in line with the range of incidence
of RCCEP when camrelizumab was combined with other drugs as
previously reported [15,23,24].

Regarding the treatment of RCCEP after camrelizumab treatment,
there is no effective prevention in clinical practice. However, in
the current reports, RCCEP is basically graded 1 to 2. Even in the
study by Song et al.[11], 97.3% of RCCEPs were within grade 2.
There were also no patients in our study who exceeded grade 2.
And RCCEP mostly involves the skin and does not involve the
viscera. Even the occurrence of ruptured bleeding or infection af-
ter ulceration does not endanger the patient's life [25]. Alterna-
tively, current studies [11,26] show that RCCEP is self-limiting
and has a favorable prognosis. The spontaneous resolution was
observed immediately during treatment and the complete resolu-
tion was observed after discontinuation of the drug, with a time of
about 53.5 days [12]. And no cases of recurrence and deterioration
have been reported. Treatment, continued camrelizumab treatment
is recommended for RCCEPs without more than grade 2, and it
should be emphasized to pay attention to careful observation and
avoid scratching or rubbing, rather than aggressive treatment [11].
For patients with a maximum diameter > 10 mm, local excision
surgery or laser therapy can be performed as needed [27]. Patients
with ulceration can be local anti-inflammatory, prevention of in-
fection.

Limitations of this study include its retrospective nature, and the
reliability of the data relies heavily on the completeness and ac-
curacy of case records and follow-up data. Also, due to sample
size limitations, not all solid tumor types could be involved. Future
prospective studies will help to reduce the bias of the data. Also,
larger studies will allow the assessment of each type of tumor.

In summary, the current study suggests that the development of
RCCEP after camrelizumab treatment in advanced solid tumors
may be a marker of robust immune response and improved tumor
treatment outcomes, and conversely, if RCCEP does not occur, it
may help clinical identification of patients with poor response to
camrelizumab treatment and then change treatment regimens. The

6
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value of RCCEP in the potential prediction of patient efficacy and

prognosis deserves further in-depth study.
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