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Abbreviations
ASTA  Spartate aminotransferase
ALT  Alanine aminotransferase
CSD  Chronic sun-derived
CR  Completeremission
CTCAE  National Cancer Institute Common Terminol-

ogy Criteria for Adverse Events
DCR  Disease control rate
ECOG  Eastern Cooperative Group
Ipi  Ipilimumab
NR  Not reached
OS  Overall survival
ORR  Objective response rate
Pem  Pembrolizumab
PR  Partial remission
PFS  Progression-free survival
RECIST  Response evaluation criteria in solid tumors
RLC  Relative lymphocyte count
REC  Relative eosinophil count
SD  Stable disease
ULN  Upper limit of normal

Introduction

Malignant melanoma is one of the most aggressive types 
of cancer, and its incidence is increasing worldwide. 
The median survival of advanced melanoma patients 

Abstract Melanomas in Chinese patients show relatively 
higher rates of acral and mucosal types than in other popu-
lations. However, the efficacy of checkpoint inhibitor thera-
pies against these melanoma subtypes is not well defined. 
We analyzed 52 patients treated with ipilimumab, pem-
brolizumab, or a combination of both to evaluate the effi-
cacy and safety of checkpoint inhibitors in Chinese patients 
with advanced melanoma, particularly those with acral and 
mucosal types. The objective response rates (ORRs) were 
0, 25, and 20% for ipilimumab, pembrolizumab, and pem-
brolizumab plus ipilimumab, respectively. Pembrolizumab 
contained therapy was as effective in acral and mucosal 
melanoma patients (ORR 26.7 and 20%, respectively) as 
in non-acral cutaneous melanoma patients (ORR 26.7%). 
Baseline lactate dehydrogenase levels and relative lym-
phocyte counts were independent prognostic factors for 
PFS and OS. The incidences of grade 3–4 adverse events 
were 14% in the two monotherapy groups and 30% in the 
combined therapy group. The most frequent adverse events 
were elevation of aminotransferase, skin toxicity, thyroid 
dysfunction, pyrexia, and fatigue. Treatment-related rash 
or vitiligo was associated with a better prognosis. In sum-
mary, pembrolizumab-based therapy resulted in meaningful 
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ranges from 6 to 9  months with chemotherapy, and the 
5-year survival rate is under 10% [1]. Checkpoint inhibi-
tors against cytotoxic T lymphocyte-associated antigen-4 
(CTLA-4) and programmed death 1 (PD-1) proteins 
have resulted in a paradigm shift in the management of 
melanoma due to their substantial antitumor activity and 
durable survival benefit [2–4]. Ipilimumab, a monoclonal 
antibody directed against CTLA-4, was first approved by 
the United States Food and Drug Administration (FDA) 
for the treatment of patients with advanced melanoma in 
2011. Pembrolizumab and nivolumab are both anti-PD-1 
monoclonal antibodies, and were approved by the FDA 
in 2014. Combination therapies of anti-PD-1 plus anti-
CTLA-4 antibodies showed an even higher efficacy and 
longer survival time than either single agent alone [5–7]. 
The FDA granted accelerated approval to nivolumab 
in combination with ipilimumab for the treatment of 
patients with unresectable or metastatic melanoma in 
2015.

Melanoma patients in China show a higher proportion 
of acral and mucosal types. The incidence of melanoma 
in China was about 0.48 per 100,000. Among them, more 
than 60% of the patients belong to acral or mucosal types 
[8]. Acral and mucosal melanomas have distinct genetic 
and clinical characteristics, lower somatic mutational bur-
dens, and poorer prognoses [9–11]. However, few Chinese 
patients were involved in the previous clinical trials, and 
the outcome of patients with acral and mucosal melanoma 
treated with checkpoint inhibitors has not been well defined 
[12]. To that end, we conducted a retrospective analysis of 
52 patients with metastatic melanoma who received ipili-
mumab or pembrolizumab therapy at our center to inves-
tigate the efficacy and safety of CTLA-4 and PD-1 block-
ade in metastatic melanoma patients in China, particularly 
those with acral and mucosal type tumors. In addition, 
we analyzed the association of baseline factors and treat-
ment-related toxicities with response rates and survival in 
patients receiving pembrolizumab contained therapy.

Materials and methods

Patient population

Patients with histologically confirmed metastatic melanoma 
derived from skin and non-skin sections were included in 
this study. Patients with brain metastasis required radio-
therapy for their brain lesions before commencing check-
point inhibitor therapy. Furthermore, patients in this study 
had adequate reserved organ function with no history of 
autoimmune disease. Those who received at least one infu-
sion of checkpoint inhibitors were included.

Study design and treatment

For ipilimumab monotherapy, patients received four cycles 
of 3  mg/kg ipilimumab every 3  weeks, unless severe 
adverse events or rapid progression of disease occurred. 
Patients in the pembrolizumab-based therapy group 
received 2  mg/kg pembrolizumab every 3  weeks for four 
cycles or 3 mg/kg of ipilimumab combined with 1 mg/kg of 
pembrolizumab every 3 weeks for four cycles as induction 
therapy. Patients without disease progression additionally 
received pembrolizumab 2 mg/kg every 6 weeks as main-
tenance therapy.

Assessments

Radiological evaluation was performed at baseline and 
week 12 (i.e., 3 weeks after the fourth cycle of induction 
therapy), then every 3  months thereafter. Response was 
assessed according to the RECIST version 1.1; assessments 
included complete remission (CR), partial remission (PR), 
stable disease (SD), and progressive disease. The objec-
tive response rate (ORR; CR + PR) and disease control rate 
(DCR; CR + PR + SD) were also calculated. Treatment-
related toxicities were continuously monitored and graded 
in accordance with the National Cancer Institute Common 
Terminology Criteria for Adverse Events (version 4.0) in 
all treated patients. Progression-free survival (PFS) was 
defined as the interval between the start of the treatment 
and disease progression or death. Overall survival (OS) was 
defined as the interval between the start of the treatment 
and death due to any reason. Patients who did not progress 
or were still alive on the last follow-up date were censored.

PD‑L1 expression analysis

Formalin-fixed, paraffin-embedded tissues were sliced to 
4-μm thickness and baked for 1 h at 65 °C. Then, the sec-
tions were dewaxed, rehydrated, and blocked with hydro-
gen peroxide. The sections were immersed in EDTA anti-
gen retrieval buffer (pH 9.0), placed under high pressure 
for 3  min for antigen retrieval, and then allowed to cool 
to room temperature. After blocking with sheep serum, 
the sections were incubated overnight at 4 °C with a rab-
bit anti-human PD-L1 mAb at a dilution of 1:200 (E1L3N, 
Cell Signaling Technology). Subsequently, biotinylated 
secondary antibodies and streptavidin-biotinylated horse-
radish peroxidase complexes were used. Diaminobenzidine 
tetrahydrochloride (DAB) was used to develop positive sig-
nals, and sections were counter-stained with hematoxylin. 
PD-L1 expression was evaluated in tumor cells and tumor-
infiltrating immune cells. Samples were categorized to be 
PD-L1 positive or negative with a cut-off value of 5% as 
most studies defined [13].
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Statistical analysis

PFS and OS were estimated by the Kaplan–Meier method. 
Baseline characteristics, relative lymphocyte count in 
peripheral blood (RLC, defined as the percentage of abso-
lute value of lymphocyte count divided by absolute value 
of white blood cell count), and relative eosinophil count in 
peripheral blood (REC, defined as the percentage of abso-
lute value of eosinophil count divided by absolute value 
of white blood cell count) before treatment were also ana-
lyzed. The Wilcoxon rank sum test was used to compare the 
median values of RLC and REC between groups. To trans-
form the RLC and REC into categorical variables, their 
optimal cut-off values were assessed by receiver-operating 
characteristic analyses. The log-rank test was used to com-
pare the correlations of the baseline characteristics with 
PFS and OS. Cox proportional hazard regression analyses 
were used to determine the relative impact of confirmed 
prognostic factors. Associations of baseline factors with 
tumor response rates were analyzed by the Chi-square test 
or Fisher exact test. A two-tailed p value <0.05 was consid-
ered to be statistically significant. All the statistical analy-
ses were performed using the IBM SPSS 19.0 software.

Results

Patients and treatment

Fifty-two advanced melanoma patients treated at our center 
between August 2012 and March 2016 were included 
in this study; 14 received ipilimumab monotherapy, 28 
received pembrolizumab monotherapy, and the remaining 
10 received pembrolizumab combined with ipilimumab 
therapy. The median number of doses was 4 (range 2–4) in 
the ipilimumab group and 4 (range 1–12) in the pembroli-
zumab group. In the combination pembrolizumab/ipili-
mumab group, the median number of doses was 6 (range 
1–12) of pembrolizumab and 4 (range 1–4) of ipilimumab. 
Thirteen patients (25%) did not complete the four courses 
of therapy (five in the ipilimumab group, six in the pem-
brolizumab group, and two in the combination group). The 
most common reason for drug discontinuation was rapid 
disease progression.

Patient characteristics at baseline

The median patient age was 53  years; 59.6% were men. 
In terms of primary lesion, 22 (42.3%) were acral mela-
nomas that arose from palms, soles, and subungual sites; 
22 (42.3%) were chronic sun-derived (CSD) or non-CSD 
melanomas that arose in the skin other than in acral sites, 5 
(9.6%) were mucosal melanomas, and 3 (5.8%) were uveal 

melanomas. There were seven patients with brain metasta-
ses (13.5%); these patients received radiotherapy for brain 
lesions before the infusion of checkpoint inhibitors. The 
baseline characteristics of patients in the two pembroli-
zumab-containing groups were homogeneous (all p > 0.05). 
Baseline characteristics of patients in the different treat-
ment groups are summarized in Table 1.

Efficacy

Response rate

None of the patients responded to ipilimumab monother-
apy except for 1 who achieved SD for 2  months. Among 
patients who received pembrolizumab monotherapy, none 
achieved CR, while 7 (25.0%) showed PR and 3 (10.7%) 
achieved SD. The ORRs and DCRs were 25.0 and 35.7%, 
respectively. In the pembrolizumab/ipilimumab combi-
nation group, two patients (20%) achieved CR (one with 
acral lesions, the other with CSD lesions) after six cycles 
of treatment. Two other patients (20.0%) achieved SD. 
The ORRs and DCRs for combined therapy were 20.0 and 
40.0%, respectively. Due to the limited sample size, the dif-
ference in the response rate between the pembrolizumab 
monotherapy group and pembrolizumab/ipilimumab com-
bination group in Chinese melanoma patients needs to be 
further studied. The response rate of ipilimumab mono-
therapy was significantly lower than those of the pembroli-
zumab monotherapy and combination regimens (p = 0.04). 
The efficacy data for the different treatment groups are 
summarized in Table 2. Of the nine patients who achieved 
PR or CR, there were eight patients with lung, lymph node 
or subcutaneous metastases, and the other one patient 
manifested as simultaneously lung, lymph node, brain, and 
bone metastases. The effective sites were lymph node, sub-
cutaneous, and lung lesions. The details about these nine 
patients are listed in Supplementary Table 1.

Only patients who received pembrolizumab-based regi-
mens were subjected to univariate analysis, as none of the 
patients who received ipilimumab monotherapy responded 
to it. The ORR was significantly lower in patients with liver 
metastasis and in those with elevated lactate dehydrogenase 
(LDH) or M1c stage. As M stage is related to liver metas-
tasis (p = 0.001) and elevation of LDH (p = 0.002), it was 
not included in the subsequent survival analysis. Pretreat-
ment median RLCs and RECs were significantly higher 
in patients with controlled disease compared to those with 
progressive disease (29.1 vs. 18.8%, p = 0.037 for RLC; 
3.0 vs. 1.3%, p = 0.039 for REC, respectively). The optimal 
cut-off values were 25.2% for RLC (area under the curve 
[AUC] = 0.703, 95% confidence interval [CI] = 0.533–0.84, 
p = 0.0248) and 2.2% for REC (AUC = 0.7, 95% 
CI = 0.53–0.838, p = 0.031), respectively. High baseline 
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RLC was associated with a higher rate of response, but this 
was not the case for REC. Treatment response did not cor-
relate with patient age, sex, BRAFV600E status, the presence 
of brain metastasis, Eastern Cooperative Oncology Group 
(ECOG) performance status (PS), or the number of prior 
therapies (Supplementary Table 2).

There were 15 acral and 5 mucosal melanomas in the 
pembrolizumab-containing groups. The ORRs for acral, 
mucosal, and non-acral cutaneous melanoma were 26.7, 20, 
and 26.7% respectively. There were no differences in CR, 
PR, SD, ORR, and DCR according to melanoma subtypes 
(all p > 0.05). The efficacy data with respect to different 
melanoma subtypes are detailed in Supplementary Table 3.

PFS and OS

The median PFS in each group was 3 months. However, 
the survival curve for ipilimumab was significantly dif-
ferent from the two pembrolizumab-treated groups by the 
fifth month, with no difference between the pembroli-
zumab monotherapy and pembrolizumab/ipilimumab 
combination group (p = 0.967). The estimated 6-month 
PFS rate was 0% for ipilimumab, 31.7% for pembroli-
zumab, and 40% for the combined regimen; this rate was 
significantly improved with pembrolizumab-based regi-
mens (hazard ratio = 0.27, 95% CI = 0.10–0.70, p = 0.008) 
(Fig. 1a, b; Table 2).

Table 1  Baseline 
characteristics of the patients

ECOG Eastern Cooperative Oncology Group, CSD chronic sun-derived, LDH Lactate dehydrogenase, ULN 
upper limit of normal
a According to the 7th edition of the AJCC staging manual
b Including chemotherapy or BRAF inhibitors for patients with BRAF mutation

Characteristics Patients no. (%)

Ipi (n = 14) Pem (n = 28) Ipi + Pem (n = 10) Total (n = 52)

Age, mean (range) 52 (23–77) 52 (20–78) 47 (31–77) 53 (20–78)
Gender
 Male 9 (64.3) 16 (57.9) 6 (60.0) 31 (59.6)
 Female 5 (35.7) 12 (42.1) 4 (40.0) 21 (40.4)

ECOG status
 0–1 13 (92.9) 24 (85.7) 8 (80.0) 15 (86.5)
 ≥2 1 (7.1) 4 (14.3) 2 (20.0) 7 (13.5)

Primary site
 Acral 7 (50) 13 (46.4) 2 (20.0) 22 (42.3)
 CSD/non-CSD 7 (50) 11 (39.3) 4 (40.0) 22 (42.3)
 Mucosal 0 (0) 3 (10.7) 2 (20.0) 5 (9.6)
 Uveal 0 (0) 1 (3.6) 2 (20.0) 3 (5.8)

Metastasis  stagea

 M1a 0 (0) 7 (25.0) 0 (0) 7 (13.5)
 M1b 3 (21.4) 6 (21.4) 3 (30.0) 12 (23.1)
 M1c 11 (78.6) 15 (53.6) 7 (70.0) 33 (63.5)

LDH level
 ≤UNL 6 (42.9) 19 (67.9) 7 (70.0) 32 (61.5)
 >UNL 8 (57.1) 9 (32.1) 3 (30.0) 20 (38.5)

Brain metastasis
 Yes 4 (28.6) 1 (3.6) 2 (20.0) 7 (13.5)
 No 10 (71.4) 27 (96.4) 8 (80.0) 45 (86.5)

Liver metastasis
 Yes 4 (28.6) 9 (32.1) 4 (40.0) 17 (32.7)
 No 10 (71.4) 19 (67.9) 6 (60.0) 35 (67.3)

BRAF V600E status
 Mutation 5 (35.7) 5 (17.9) 3 (30.0) 13 (25.0)
 Wild-type 9 (64.3) 23 (82.1) 7 (70.0) 39 (75.0)

Prior  therapyb

 Yes 11 (78.6) 18 (64.3) 5 (50.0) 34 (65.4)
 No 3 (21.4) 10 (35.7) 5 (50.0) 18 (34.6)
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The estimated median OS of the patients in the ipili-
mumab, pembrolizumab, and combination treatment 
groups were 8, 10, and 16  months, respectively, after a 
median follow-up period of 11 months. The differences 
were not significant (p = 0.167) (Fig. 1c).

Since no tumor shrinkage was observed among patients 
in the ipilimumab group, all of whom progressed within 
5  months, we analyzed the association between baseline 
characteristics and treatment-related toxicities and sur-
vival only for patients who received pembrolizumab-based 
regimens. On univariate analysis, ECOG PS, liver metas-
tasis, LDH, RLC, REL, and treatment-related rash/vitiligo 
were significantly associated with PFS and OS. No cor-
relation with either OS or PFS was observed for sex, age, 
brain metastasis, BRAF mutation status, and the number 
of previous therapies (all p ≥ 0.05). On multivariate analy-
sis, LDH level and RLC were independent prognostic fac-
tors for PFS, while ECOG PS, LDH level, RLC, REC, and 
treatment-related rash/vitiligo were independent prognos-
tic factors for OS. There was no difference in PFS and OS 
between different melanoma subtypes (Table 3; Fig. 2).

Associations between PD‑L1 expression and efficacy

Of these 38 patients who received pembrolizumab-based 
therapy, only 18 had pretreatment tumor specimens avail-
able for PD-L1 staining. Of these 18 patients, 6 (33.3%) 
were considered positive. In the PDL-1 (+) group, ORR 
was 66.7% (4/6) and DCR was 83.3%; for PDL-1 (−) 
group, ORR was 25.0% (3/12) and DCR was 33.3%. The 
median PFS was 3.0 months in PDL-1 (−) group but not 
reached in PD-L1 (+) group (p = 0.1). Tumor response and 
patients’ survival based on PD-L1 status were summarized 
in Supplementary Table 4 and Supplementary Fig. 1.

Toxicity

Ipilimumab and pembrolizumab were well tolerated 
by patients in this cohort. The most frequent treatment-
related adverse events were elevation of aspartate 
transaminase (AST) and alanine transaminase (ALT), 
skin toxicity (including rash, pruritus, and vitiligo), 
pyrexia, fatigue, and hyper- or hypothyroidism. Treat-
ment-related diarrhea was observed in only 1 patient 
who received the combination therapy. None of the 
patients developed treatment-related pneumonia. Grade 
3–4 adverse events were observed in 14%, 14%, and 30% 
of patients receiving ipilimumab, pembrolizumab, and 
the combination therapy, respectively. Among the nine 
patients with grade 3–4 toxicity, eight exhibited elevated 
aminotransferases and one had psoriasis. The patient 
with psoriasis developed multiple erythema covered 
with silvery, white scales on the skin of the scalp, back, 
and limbs after three cycles of pembrolizumab infusion. 
The patient complained of itching and burning. Psoria-
sis vulgaris was diagnosed by the dermatologist. Pem-
brolizumab was withheld and topical corticosteroids was 
prescribed. The symptoms were controlled at grade 1 but 
persisted during the whole course of treatment. Only one 
patient discontinued treatment owing to immune-associ-
ated hepatitis. There were no treatment-related deaths. 
Treatment-related toxicities are listed in Table  4. The 
occurrence of rash or vitiligo after pembrolizumab-based 
therapy was associated with a higher response rate and 
longer OS (Table 3; Fig. 2).

Table 2  Summary of efficacy 
data for different treatment 
groups

All p was two-tailed
Ipi ipilimumab, Pem pembrolizumab, ORR objective response rate, DCR disease control rate, P1 compari-
son between three groups; P2 comparison between Ipi + Pem and Pem
a The unit for median survival time was month
b 95% CI of mOS for these groups were unavailable due to the limited follow-up time

Variable P1 Ipilimumab Pembrolizumab-based regimen

(n = 52) (n = 14) Ipi + Pem (n = 10) Pem (n = 28) P2

CR, n (%) 0.031 0 (0) 2 (20.0) 0 (0) 0.064
PR, n (%) 0.008 0 (0) 0 (0) 7 (25.0) 0.156
SD, n (%) 0.56 1 (7.1) 2 (20.0) 3 (10.7) 0.59
ORR, % (95% CI) 0.04 0 (0) 20.0 (0–50.0) 25.0 (9.5–42.3) 1.0
DCR, % (95% CI) 0.033 7.1 (0–25.0) 40.0 (10.0–75.0) 35.7 (19.2–53.8) 1.0
mPFSa (95% CI) – 3.0 (2.6–3.4) 3.0 (1.5–4.6) 3.0 (2.6–3.4) –
6-month PFS,% 0.028 0 40.0 31.7 0.967
mOSa (95% CI) 0.167 8.0 (5.5–10.5) 16.0b 10.0b 0.507
1-year survival rate, % 0.167 23.8 66.7 46.2 0.507
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Discussion

In this study, pembrolizumab alone or in combination with 
ipilimumab improved the ORR and PFS in patients with 
advanced melanoma compared with ipilimumab mono-
therapy; these findings were consistent with the results of 
previous clinical trials [5–7]. The ORRs and DCRs follow-
ing ipilimumab treatment were 0 and 7.1%, respectively, 
which were lower than those reported in previous studies. 
Patients receiving pembrolizumab therapy showed a con-
sistent ORR compared to Western patients in clinical trials 
[14, 15].

The Checkmate 067 and Keynote 029 trials revealed that 
combining anti-PD-1 antibody with ipilimumab showed a 
numerically higher response rate and longer PFS than PD-1 

blockade alone [6, 7]. However, we failed to support this 
result in our study. There may be several reasons for the dis-
crepancy. First, the sample size in this study is small which 
cannot represent the overall situation. Second, the base-
line characteristics of patients in our study were different 
from those in the other clinical trials. Both Checkmate 067 
and Keynote 029 trials rarely included acral and mucosal 
melanoma patients, while ocular melanoma was excluded 
entirely. Conversely, more than 60% of the patients treated 
with pembrolizumab-containing regimens in our study 
belonged to one of the above subtypes (15 acral, 5 mucosal, 
and 3 uveal). There was no stage III patients in our study, 
while the clinical trials did include such patients. The 
Checkmate 067 trial only included previously untreated 
patients, while more than 50% of the patients in our study 

Fig. 1  Kaplan–Meier curves 
for all patients. a Progression-
free survival (PFS)for the 
three groups (p1, comparison 
between three groups;  P2, 
Pembrolizumab vs. Pembroli-
zumab + Ipilimumab). b PFS for 
ipilimumab monotherapy and 
pembrolizumab-based therapy. 
c Overall survival (OS) for three 
groups
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had failed previous therapies. In addition, the combination 
therapy doses we used were slightly different. In contrast 
to the Checkmate 067 study, we used pembrolizumab to 
block PD-1 instead of nivolumab. Moreover, we used pem-
brolizumab and ipilimumab at lower and higher doses than 
those used in the Keynote 029 study, respectively.

Acral and mucosal melanomas are the most common 
subtypes of this disease in China, and are characterized by 

aggressive histopathological features, lower somatic muta-
tional burden, and poorer prognoses. However, there are 
very limited data on the role of immune checkpoint inhibi-
tors in the management of acral and mucosal melanomas 
[10–12]. In this study, we included 22 patients (42.3% of 
the total) with acral melanoma; seven of them accepted 
ipilimumab therapy, 13 received pembrolizumab therapy, 
and two received pembrolizumab/ipilimumab combination 

Table 3  Univariate and multivariate analyses of survival for pembrolizumab-based therapy

NR not reached

Variables Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

mPFS (months) p HR for PFS p mOS (months) p HR for OS p

Age
 ≤60 years 3.0 0.845 12.0 0.381
 >60 years 3.0 NR (>18)

Sex
 Male 3.0 0.95 16.0 0.957
 Female 3.0 7.0

Melanoma subtype
 CSD/non-CSD 3.0 0.961 16.0 0.82
 Acral 3.0 NR (>19)
 Mucosal 3.0 12.0
 Uveal 3.0 NR (>6)

ECOG
 0–1 3.0 0.009 1 0.167 16.0 0.008 1 0.013
 2 2.0 3.2 3.0 6.4

LDH level
 ≤ULN 9.0 0.0003 1 0.029 16.0 0.013 1 0.025
 >ULN 3.0 2.5 7.0 6.3

Liver Metastasis
 No 3.0 0.008 0.81 NR (>19) 0.001 0.348
 Yes 3.0 6.0

Brain metastasis
 No 3.0 0.9 12.0 0.613
 Yes 9.0 NR (>16)

BRAF mutation
 Yes 3.0 0.927 16.0 0.282
 No 3.0 10.0

Previous treatment
 No 3.0 0.96 16.0 0.901
 Yes 3.0 NR (>19)

Relative lymphocyte count
 ≤25.2% 3.0 0.001 2.6 0.034 6.0 0.001 7.8 0.06
 >25.2% NR (>19) 1 NR (>19) 1

Relative eosinophil count
 ≤2.2% 3.0 0.041 1 0.227 7.0 0.004 3.2 0.016
 >2.2% 5.0 0.4 NR (>19) 1

Treatment-related rash/vitiligo
 No 3.0 0.001 0.077 7.0 0.003 66.8 0.007
 Yes NR (>19) NR (>19) 1
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therapy. Of the seven patients who received ipilimumab 
monotherapy, only one achieved SD, the rest all progressed. 
Anti-PD-1 treatment was effective against acral melanoma, 
with 1 patient (7.1%) achieving CR, 3 (21.4%) achieving 

PR, and 2 (15.4%) achieving SD in the pembrolizumab-
based groups. The ORR and DCR for acral melanoma 
were 28.6 and 42.9%, respectively. We also included five 
mucosal melanoma patients, three of whom were treated 

Fig. 2  Kaplan–Meier curves for patients receiving pembrolizumab-
based therapy. a Progression-free survival (PFS) according to lactate 
dehydrogenase (LDH) level. b PFS according to relative lymphocyte 
count (RLC) level. c PFS according to primary site. d Overall sur-
vival (OS) according to Eastern Cooperative Oncology Group perfor-

mance status. e OS according to LDH level. f OS according to RLC 
level. g OS according to relative eosinophil count (REC) level. h OS 
according to treatment-related rash or vitiligo. i OS according to pri-
mary tumor site

Table 4  Adverse events 
considered to be drug-related by 
investigators (CTCAE v. 4.0)

Number of patients with event (percent)

Adverse event Pembrolizumab (n = 28) Pembrolizumab + Ipili-
mumab (n = 10)

Ipilimumab (n = 14)

Total Grade 3/4 Total Grade 3/4 Total Grade 3/4

Any 17 (61) 4 (14) 8 (80) 3 (30) 10 (71) 2 (14)
Fatigue 4 (14) 0 (0) 6 (60) 0 (0) 4 (29) 0 (0)
Pyrexia 4 (14) 0 (0) 3 (30) 0 (0) 1 (7) 0 (0)
Arthralgia/myalgia 3 (11) 0 (0) 2 (20) 0 (0) 1 (7) 0 (0)
Headache 1 (4) 0 (0) 1 (10) 0 (0) 0 (0) 0 (0)
Pruritus 3 (11) 0 (0) 5 (50) 0 (0) 4 (29) 0 (0)
Rash 3 (11) 1 (4) 4 (40) 0 (0) 3 (21) 0 (0)
Vitiligo 5 (18) 0 (0) 2 (20) 0 (0) 0 (0) 0 (0)
Diarrhea 0 (0) 0 (0) 1 (10) 0 (0) 0 (0) 0 (0)
Hypothyroidism 4 (14) 0 (0) 1 (10) 0 (0) 1 (7) 0 (0)
Hyperthyroidism 1 (4) 0 (0) 1 (10) 0 (0) 1 (7) 0 (0)
Adrenal insufficiency 1 (4) 0 (0) 2 (20) 0 (0) 1 (7) 0 (0)
Elevated transaminase 5 (18) 3 (11) 5 (50) 3 (30) 5 (36) 2 (14)
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with pembrolizumab alone and two with the pembroli-
zumab/ipilimumabcombination regimen. One patient in the 
pembrolizumab group achieved good PR and another in the 
combined group had SD. The ORR and DCR for mucosal 
melanoma were 20 and 40%, respectively. The response 
rates of acral and mucosal melanoma patients receiving 
pembrolizumab-based therapy were similar to patients 
with other subtypes in this study, suggesting that pembroli-
zumab can be a feasible treatment option for patients with 
advanced acral or mucosal melanoma.

Biomarkers that can predict the efficacy of PD-1 block-
ers have widely been studied. Several studies have shown 
that expression of PD-L1 may be a potential predictive 
marker for response and outcome in patients with meta-
static melanoma treated with anti-PD-1 antibody [16]. 
However, patients whose disease is PD-L1 negative can 
still achieve clinical benefit with anti-PD-1 therapy. In 
our study, ORR and median PFS were better in the posi-
tive PD-L1 expression group than those in negative PD-L1 
expression group; however, there was no statistical sig-
nificance. Although PD-L1 expression has been investi-
gated most extensively; however, it is not an appropriate 
biomarker for patient selection, because its expression is 
dynamic and inducible, with limited assay standardization 
options [17, 18]. A number of blood-derived parameters 
have also been studied as they are easily obtainable. Diemet 
al. reported that patients with elevated baseline LDH had 
a significantly shorter OS compared to patients with nor-
mal LDH levels [19]. Weideet al. found that LDH level, the 
pattern of visceral involvement, RLC, and REC were inde-
pendently associated with OS in melanoma patients treated 
with pembrolizumab [20]. Treatment-related cutaneous 
adverse events also hindered clinical benefits [21, 22]. 
However, elevated neutrophil count at baseline was associ-
ated with poor OS in melanoma patients undergoing ipili-
mumab therapy [23]. Different components of peripheral 
blood leukocyte may have different effects on the prognosis 
of melanoma. In order to take both good and bad factors 
in consideration, we choose RLC and REC as predictive 
factors instead of absolute value in this study. Consistent 
with previous studies, we observed that liver metastasis and 
elevated LDH level were associated with lack of response, 
but RLC >  25.2% was associated with good response in 
this study. Furthermore, LDH level and RLC were inde-
pendent prognostic factors of PFS; ECOG PS, LDH level, 
RLC, and REL were independent prognostic factors of OS. 
Furthermore, treatment-related skin rash and vitiligo were 
associated with a higher response rate and longer OS. This 
is consistent with previous studies.

The incidence of treatment-related adverse events was 
lowest in the pembrolizumab group and highest in the 
combination group. The frequency of grade 3/4 toxicity 
was higher in the combination group than in either of the 

monotherapy groups, which was consistent with previ-
ous clinical trials [6, 7]. The safety profile was also con-
sistent with previous data; there were no additional safety 
signals observed. In contrast to previous studies performed 
in Western countries, however, the incidence of treatment-
related diarrhea in Chinese patients was much lower, while 
liver function damage was more common [24]. Safety data 
for a portion of the patients in this study have previously 
been reported [25].

This study has some limitations. The sample size was 
relatively small; moreover, patient selection bias was likely 
owing to its retrospective nature. For example, we included 
patients in poor medical condition in this study; there were 
13 patients in the cohort who did not complete four doses 
of therapy, 12 of whom due to rapid tumor progression. 
However, our cohort may be more representative of actual 
clinical conditions.

In conclusion, pembrolizumab-based therapy was effec-
tive and well tolerated in Chinese patients with advanced 
melanoma, including those with acral and mucosal sub-
types. For patients treated with pembrolizumab, liver 
metastasis and high LDH at baseline were associated with 
poor prognosis. On the contrary, high RLC was associated 
with a favorable prognosis. As this study was limited by its 
retrospective nature and small sample size, the application 
of immune checkpoint inhibitors for the treatment of mela-
noma patients in China requires appropriate verification in 
prospective clinical trials.
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