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Survival is generally poor for Chinese patients with advancedmelanoma because

of high rates of acral and mucosal melanoma and limited therapeutic options.

The first analysis of the phase 1b KEYNOTE-151 study showed second-line

pembrolizumab was well tolerated and had clinically meaningful antitumor

activity in Chinese patients with advanced melanoma. Three-year follow-up is

presented. Eligible patients were of Chinese descent and had unresectable stage

III/IV melanoma that progressed after first-line therapy. Patients received

pembrolizumab 2 mg/kg every 3 weeks for ≤35 cycles. Primary end points

were safety and objective response rate (ORR). Secondary end points included

duration of response (DOR), progression-free survival (PFS), and overall survival

(OS). Response was assessed per RECIST v1.1 by blinded independent central

review. Subgroup analyses were conducted bymelanoma subtype and BRAF and

PD-L1 status (acral melanoma only). 103 patients were enrolled; median follow-

up duration (time from first dose to data cutoff [July 13, 2020]) was 44.6 months

(IQR, 39.1–46.2). Any-grade treatment-related adverse events (TRAEs) occurred

in 85.4% of patients, and grade 3/4 TRAEs in 12.6%. No grade 5 TRAEs occurred.

Three patients discontinued pembrolizumab because of TRAEs (immune-

mediated hepatitis, pneumonia, and arthritis). Immune-mediated AEs and

infusion reactions occurred in 34.0% (grade 3/4, 2.9%). ORR was 17.6% (95%

CI, 10.8–26.4; 1 complete response/17 partial responses), and median DOR was

13.8 months (range, 2.7–37.4+). Median PFS was 2.8 months (95% CI, 2.7–3.5)

and 36-month PFS rate was 5.0%. Median OS was 13.2 months (95% CI, 10.4–

16.5) and 36-month OS rate was 22.3%. Median OS for patients with known

melanoma subtype was 14.8 months for acral, 13.5 months for nonacral

cutaneous, and 7.4 months for mucosal melanoma. Among the acral

subgroup, median OS was 22.8 months for PD-L1–positive disease, 8.4
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months for PD-L1–negative disease, 18.5 months for BRAF wild-type disease,

and 5.8 months for BRAF-mutant disease. Over 3 years’ follow-up, second-line

pembrolizumab continued to show manageable safety, clinically meaningful

antitumor activity, and durable responses in Chinese patients with advanced

melanoma. Subgroup analysis suggested particular benefit in PD-L1–positive

and BRAF wild-type acral melanoma, although small subgroup sizes preclude

definitive conclusions.

Clinical trial registration: https://clinicaltrials.gov, identifier NCT02821000.
KEYWORDS

pembrolizumab, PD-1, PD-L1, advanced melanoma, cutaneous acral melanoma,
mucosal melanoma
1 Introduction

Melanoma is a relatively rare disease in China, but the incidence

is increasing rapidly (1). Although limited epidemiologic data are

available, acral and mucosal melanomas are generally considered

the most common subtypes in Chinese patients (2). These tend to

arise in regions shielded from solar ultraviolet exposure and are

regarded as more aggressive than other types of melanoma (3). An

analysis of 522 patients with malignant melanoma at a center in

China reported that patients had a poor prognosis, which likely

reflects the limited effective treatment options available (2, 4). Data

from a real-world analysis conducted at the Beijing Cancer Hospital

indicate that dacarbazine-based regimens are likely the most

frequently used first-line therapies in China and that paclitaxel-

platinum combinations were likely the most commonly used in the

second line until the approval of the PD-1 inhibitors

pembrolizumab and toripalimab as second-line treatment of

melanoma in China in 2018 (5–7). Median overall survival (OS)

with the chemotherapy-based regimens is poor, at 10.5months with

first-line therapy and 7.5 months with second-line therapy (5).

Although immune checkpoint inhibitors have dramatically

improved survival outcomes in White populations and are

approved for use in China, there are limited available data

regarding the safety and efficacy of immune checkpoint inhibitors

in Chinese populations (4).
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The phase 1b KEYNOTE-151 study (NCT02821000)

evaluated the efficacy and safety of the PD-1 inhibitor

pembrolizumab as second-line therapy in Chinese patients with

advanced melanoma (8). At median follow-up of 7.9 months,

pembrolizumab was shown to be well tolerated and had clinically

meaningful and durable antitumor activity, including in patients

with acral melanoma and mucosal melanoma. The objective

response rate (ORR) among all patients was 16.7% (95% CI,

10.0–25.3), and the duration of response (DOR) was 8.4 months

(range, 1.1+ to 11.0+ months) (8). Although these results are

promising, the duration of follow-up was limited, and the long-

term impact of pembrolizumab in Chinese patients remains

unknown. Here, we present 3-year follow-up data for patients in

the KEYNOTE-151 study, including subgroup analyses by

melanoma subtype and by PD-L1 and BRAF mutation status in

patients with acral melanoma.
2 Materials and methods

2.1 Study design and participants

KEYNOTE-151 was a multicenter, open-label, single-arm,

phase 1b trial that investigated the efficacy and safety of

pembrolizumab in Chinese patients with unresectable stage III

or IV melanoma that had progressed after first-line

chemotherapy or targeted therapy (excluding adjuvant or

neoadjuvant therapy). Eligible patients were ≥18 years of age;

of Chinese descent, born in China, and had a Chinese home

address; had ≥1 measurable lesion per Response Evaluation

Criteria in Solid Tumours, version 1.1 (RECIST v1.1); had an

Eastern Cooperative Oncology Group (ECOG) performance

status of 0 or 1; had provided a tumor sample for PD-L1

analysis; and had known BRAF mutation status or were

willing to provide a tumor sample for BRAF genotyping.
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Patients with uveal or ocular melanoma were excluded, as were

those who had received prior anti–PD-1, anti–PD-L1, or anti–

PD-L2 therapy. Detailed methods have been described

previously and the protocol is available online (8).

The study protocol and all amendments were approved by the

relevant institutional review board or independent ethics committee

at each site (Supplementary Table 1). The trial was conducted in

accordance with the protocol and its amendments, Good Clinical

Practice guidelines, and the provisions outlined in the Declaration

of Helsinki. All patients provided written informed consent.
2.2 Procedures

Patients received intravenous pembrolizumab 2 mg/kg

every 3 weeks for up to 35 cycles (approximately 2 years) or

until disease progression, unacceptable toxicity, or patient or

physician decision to discontinue treatment. Patients who

developed investigator-determined radiographic disease

progression after stopping treatment with pembrolizumab

could receive a second course of pembrolizumab of up to

17 cycles. Eligible patients included those who stopped initial

treatment with complete response (CR), had received ≥8

cycles of pembrolizumab, and ≥2 doses after initial CR was

declared; or patients who had stable disease (SD) or better

and discontinued treatment for reasons other than disease

progression or intolerability after having received 35 cycles of

pembrolizumab. Imaging by computed tomography or

magnetic resonance imaging was performed at baseline and

week 12, then every 6 weeks until week 48, and every 12 weeks

thereafter. Response was assessed per RECIST v1.1 by blinded

independent central review (BICR). Patients were followed

for survival every 12 weeks after confirmed disease

progression or start of new anticancer therapy. Adverse

events (AEs) were monitored throughout the study and for

30 days after pembrolizumab discontinuation (90 days for

serious AEs or AEs of clinical interest). AEs were graded

according to the National Cancer Institute Common

Terminology Criteria for Adverse Events, version 4.0. PD-

L1 expression was assessed centrally in archival or newly

obtained tumor tissue samples using PD-L1 IHC 22C3

pharmDx (Agilent). PD-L1 positivity was defined as

s t a in ing o f ≥1% of tumor ce l l s o r mononuc l ea r

inflammatory cells within or contiguous to nests of

tumor cells.
2.3 Outcomes

Primary end points were safety and tolerability and ORR per

RECIST v1.1 by BICR. Secondary end points included DOR and

progression-free survival (PFS) per RECIST v1.1 by BICR,

and OS.
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2.4 Statistical assessments

Post hoc analysis of the efficacy and safety of pembrolizumab

with 3 years of follow-up is presented. Safety and OS were

assessed in all patients who received ≥1 dose of study treatment

(all subjects as treated [ASaT] population). ORR and PFS were

assessed in all patients who received ≥1 dose of study treatment

and had baseline data (full analysis set [FAS] population). DOR

was assessed in all patients who had a response. Efficacy was

assessed by melanoma subtype: acral, nonacral cutaneous, and

mucosal melanoma, and in patients whose melanoma subtype

was unknown. Additional subgroup analyses by BRAF mutation

status (wild type vs mutant) and PD-L1 status (positive vs

negative) were conducted for patients with acral melanoma.

The ORR point estimate and 95% CI were calculated using the

exact binomial method. PFS, DOR, and OS were estimated using

the Kaplan-Meier method. All statistical analyses were

performed using SAS version 9.4.
3 Results

3.1 Patient characteristics

A total of 103 patients were enrolled in KEYNOTE-151; all

received ≥1 dose of study treatment, and 102 patients had

available baseline data. Baseline characteristics have been

reported in detail previously (8). Median age was 52 years

(range, 22–77), 57.3% (n = 59) of patients were female, 56.3%

(n = 58) had an ECOG performance status of 1, 53.4% (n = 55)

had stage M1c disease, 25.2% (n = 26) had liver metastases,

51.5% (n = 53) had PD-L1-positive disease, and 19.4% (n = 20)

had BRAF-mutant disease. Most patients (77.7%; n = 80) had

cutaneous melanoma (39.8% [n = 41] nonacral; 37.9% [n = 39]

acral), 14.6% (n = 15) had mucosal melanoma, and melanoma

subtype was unknown for 7.8% (n = 8). Median follow-up

duration (defined as time from first dose to data cutoff [July

13, 2020]) was 44.6 months (interquartile range, 39.1–46.2). Of

103 patients treated, 14 (13.6%) completed treatment and 89

(86.4%) discontinued, mostly because of progressive disease

(71.8%; n = 74) (Supplementary Figure 1).
3.2 Safety

The safety profile remained similar to that described

previously. Treatment-related AEs (TRAEs) of any grade were

reported in 85.4% (n = 88) of patients (Table 1). The most

common were hypothyroidism (26.2%; n = 27), increased

alanine aminotransferase level (23.3%; n = 24), and

hypertriglyceridemia (22.3%; n = 23). Grade 3/4 TRAEs were

reported in 12.6% (n = 13) of patients and included increased

gamma-glutamyltransferase level (1.9%; n = 2) and neutropenia,
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fatigue, immune-mediated hepatitis, pneumonia, decreased

platelet count, increased white blood cell count, hyponatremia,

hypophosphatemia, arthritis, rhabdomyolysis, and rash (all

1 .0%; n = 1). Three patients (2.9%) discontinued

pembrolizumab because of a TRAE (immune-mediated

hepatitis, pneumonia, and arthritis: 1.0%; n = 1 each). No

patients died because of a TRAE.

Immune-related AEs and infusion reactions were reported

in 34.0% (n = 35) of patients (Table 2). The most common were

hypothyroidism (26.2%; n = 27), hyperthyroidism (5.8%; n = 6),

and thyroiditis (2.9%; n = 3). Grade 3/4 immune-related AEs

and infusion reactions occurred in 2.9% (n = 3) of patients, and

included hepatitis, myositis, and severe skin reactions (1.0%; n =
Frontiers in Immunology 04
1 each). One patient (1.0%) discontinued pembrolizumab

because of immune-related hepatitis. No patients died because

of an immune-related AE or infusion reaction.
3.3 Efficacy

Among the 102 patients who were treated with

pembrolizumab and had baseline data, ORR was 17.6% (95%

CI, 10.8–26.4; 1 CR/17 partial response [PR]) and disease

control rate (DCR) was 38.2% (95% CI, 28.8–48.4; 21 SD)

(Table 3). Median DOR was 13.8 months (range, 2.7–37.4+)

(Table 3; Figure 1), and 37.7% of patients had DOR ≥36
TABLE 1 TRAEs occurring in ≥5% of patients (ASaT population).

TRAEs, n (%) All treated patients, N = 103

Any grade Grade 3–5

Any 88 (85.4) 13 (12.6)

Blood and lymphatic system disorders

Anemia 12 (11.7) 0 (0.0)

Endocrine disorders

Hypothyroidism 27 (26.2) 0 (0.0)

Hyperthyroidism 6 (5.8) 0 (0.0)

General disorders and administration site conditions

Fatigue 15 (14.6) 1 (1.0)

Asthenia 6 (5.8) 0 (0.0)

Investigations

Alanine aminotransferase increased 24 (23.3) 0 (0.0)

Blood lactate dehydrogenase increased 17 (16.5) 0 (0.0)

Aspartate aminotransferase increased 14 (13.6) 0 (0.0)

Blood bilirubin increased 14 (13.6) 0 (0.0)

White blood cell count decreased 12 (11.7) 1 (1.0)

Blood creatine phosphokinase increased 10 (9.7) 0 (0.0)

Neutrophil count decreased 10 (9.7) 0 (0.0)

Bilirubin conjugated increased 9 (8.7) 0 (0.0)

Blood cholesterol increased 8 (7.8) 0 (0.0)

Blood glucose increased 7 (6.8) 0 (0.0)

Blood bilirubin unconjugated increased 6 (5.8) 0 (0.0)

Blood urea increased 6 (5.8) 0 (0.0)

Metabolism and nutrition disorders

Hypertriglyceridemia 23 (22.3) 0 (0.0)

Hyperglycemia 11 (10.7) 0 (0.0)

Decreased appetite 9 (8.7) 0 (0.0)

Hyperuricemia 9 (8.7) 0 (0.0)

Musculoskeletal and connective tissue disorders

Arthralgia 6 (5.8) 0 (0.0)

Skin and subcutaneous tissue disorders

Rash 15 (14.6) 1 (1.0)

Vitiligo 15 (14.6) 0 (0.0)

Pruritus 13 (12.6) 0 (0.0)
ASaT, all subjects as treated; TRAEs, treatment-related adverse events.
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months. Median time to response was 2.8 months (range, 2.6–

9.7) (Figure 2). One patient completed a second course of

pembrolizumab. This patient had a best overall response of PR

during the first course and achieved CR during the

second course.

Median PFS was 2.8 months (95% CI, 2.7–3.5) (Table 4), the

24-month PFS rate was 6.3%, and the 36-month rate was 5.0%

(Figure 3A). As of the data cutoff, 83 deaths had occurred.

Median OS among all patients who received treatment was

13.2 months (95% CI, 10.4–16.5) (Table 4), the 24-month OS

rate was 31.1%, and the 36-month rate was 22.3% (Figure 4A). In

a subgroup analysis, 36-month OS rates were low for patients

with liver metastases (3.8%) and patients with mucosal

melanoma (6.7%) (Figure 5), and ORR was low for patients

≥65 years (5.6%) and patients with liver metastases (0.0%)

(Supplementary Figure 2). Twelve-month PFS rates were

similar between subgroups (Supplementary Figure 3).
Frontiers in Immunology 05
3.3.1 Efficacy by melanoma subtype
ORR by melanoma subtype was 18.4% (0 CR/7 PR) for

patients with acral melanoma, 19.5% (1 CR/7 PR) for patients

with nonacral cutaneous melanoma, 13.3% (0 CR/2 PR) for

patients with mucosal melanoma, and 12.5% (0 CR/1 PR) for

patients with unknown melanoma subtype (Table 3). Median

DOR was not reached (NR; range, 4.1–37.4+ months),

13.8 months (range, 2.7–30.8+), and 13.9 months (range, 5.5–

22.2), in patients with acral, nonacral cutaneous, and mucosal

melanoma, respectively (Table 3). One patient with unknown

melanoma subtype had a response duration of 2.7 months.

Median PFS was 2.8 months in patients with acral melanoma,

2.8 months in patients with nonacral cutaneous melanoma, 2.6

months in patients with mucosal melanoma, and 3.5 months in

patients with unknown melanoma subtype (Table 4; Figure 3B).

Median OS was 14.8 months in patients with acral melanoma,

13.5 months in patients with nonacral cutaneous melanoma, 7.4
TABLE 3 Response characteristics per RECIST v1.1 by BICR.

Melanoma subtype Subgroup na ORR DCR DOR, median (range), months

n % (95% CI) n % (95% CI)

Total All 102 18 17.6 (10.8–26.4) 39 38.2 (28.8–48.4) 13.8 (2.7–37.4+)

Acral All 38 7 18.4 (7.7–34.3) 16 42.1 (26.3–59.2) NR (4.1–37.4+)

PD-L1 positive 19 5 26.3 (9.1–51.2) 10 52.6 (28.9–75.6) 8.8 (4.1–13.8+)

PD-L1 negative 16 2 12.5 (1.6–38.3) 5 31.3 (11.0–58.7) NR (19.4+ to 37.4+)

PD-L1 unknown 3 0 0.0 (0.0–70.8) 1 33.3 (0.8–90.6) —

BRAF wild-type 34 7 20.6 (8.7–37.9) 16 47.1 (29.8–64.9) NR (4.1–37.4+)

BRAF mutant 4 0 0.0 (0.0–60.2) 0 0.0 (0.0–60.2) —

Nonacral cutaneous All 41 8 19.5 (8.8–34.9) 17 41.5 (26.3–57.9) 13.8 (2.7–30.8+)

Mucosal All 15 2 13.3 (1.7–40.5) 3 20.0 (4.3–48.1) 13.9 (5.5–22.2)

Unknown All 8 1 12.5 (0.3–52.7) 3 37.5 (8.5–75.5) 2.7b
BICR, blinded independent central review; DCR, disease control rate; DOR, duration of response; FAS, full analysis set; NR, not reached; ORR, objective response rate; PD-L1, programmed
death ligand 1; RECIST v1.1, Response Evaluation Criteria in Solid Tumours, version 1.1.
“+” indicates there is no progressive disease by the time of last disease assessment.
aIn the FAS population.
bDuration of response in 1 patient.
TABLE 2 Immune-related AEs and infusion reactions in ≥1 patient (ASaT population).

Event, n (%) All treated patients, N = 103

Any grade Grade 3–5

Any event (≥1) 35 (34.0) 3 (2.9)

Hepatitis 1 (1.0) 1 (1.0)

Hyperthyroidism 6 (5.8) 0 (0.0)

Hypothyroidism 27 (26.2) 0 (0.0)

Infusion reactions 2 (1.9) 0 (0.0)

Myositis 1 (1.0) 1 (1.0)

Pneumonitis 2 (1.9) 0 (0.0)

Severe skin reaction 1 (1.0) 1 (1.0)

Thyroiditis 3 (2.9) 0 (0.0)
AEs, adverse events; ASaT, all subjects as treated.
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months in patients with mucosal melanoma, and 14.1 months in

patients with unknown melanoma subtype (Table 4; Figure 4B).

In a subgroup analysis of patients with acral melanoma by

PD-L1 status (PD-L1 positive, n = 19; PD-L1 negative, n = 16;

PD-L1 unknown, n = 3), ORR was 26.3% (95% CI, 9.1–51.2; 0

CR/5 PR) in patients with PD-L1–positive disease, 12.5% (95%

CI, 1.6–38.3; 0 CR/2 PR) in patients with PD-L1–negative

disease, and 0% in the 3 patients with unknown PD-L1 status

(Table 3). Median DOR was 8.8 months (range, 4.1–13.8+) in

patients with PD-L1–positive acral melanoma and NR (range,

19.4+ to 37.4+ months) in patients with PD-L1–negative acral

melanoma (Table 3). Median PFS was 4.4 months (95% CI, 2.7–

6.8) in patients with PD-L1–positive disease, 2.7 months (95%

CI, 2.6–4.0) in patients with PD-L1–negative disease, and 2.6

months (95% CI, 2.6–4.0) in patients with unknown PD-L1

status (Table 4). Median OS was 22.8 months (95% CI, 7.4–

37.2), 8.4 months (95% CI, 4.6–28.2), and 13.1 months (95% CI,

9.6–35.4) in patients with PD-L1–positive disease, PD-L1–

negative disease, and disease of unknown PD-L1 status,

respectively (Table 4).

In a subgroup analysis of patients with acral melanoma by

BRAF mutation status (BRAF wild type, n = 34; BRAF mutant,

n = 4), ORR was 20.6% (95% CI, 8.7–37.9; 0 CR/7 PR) in patients

with BRAF wild-type disease and 0% in the 4 patients with

BRAF-mutant disease (Table 3). Median DOR was NR (range,

4.1–37.4+ months) in patients with BRAF wild-type disease

(Table 3). Median PFS was 3.4 months (95% CI, 2.7–5.3) in

patients with BRAF wild-type acral melanoma and 1.9 months

(95% CI, 0.5–2.6) in patients with BRAF-mutant disease

(Table 4). Median OS was 18.5 months (95% CI, 10.4–28.8)
Frontiers in Immunology 06
and 5.8 months (95% CI, 0.5–7.4) in patients with BRAF wild-

type and BRAF-mutant acral melanoma, respectively (Table 4).
4 Discussion

In this 3-year follow-up of the KEYNOTE-151 study, second-

line pembrolizumab had a manageable safety profile and continued

to show clinically meaningful antitumor activity, durable responses,

and prolonged survival in Chinese patients with advanced

melanoma. The ORR of 17.6%, DCR of 38.2%, DOR of 13.8

months, and the 36-month OS rate of 22.3% also suggest that

pembrolizumab has durable survival benefit in some patients.

The safety profile of pembrolizumab in the current study was

similar to that observed at the earlier analysis of KEYNOTE-151

and was generally consistent with the known safety profile of

pembrolizumab in global populations (8, 9). The only notable

difference compared with the earlier analysis was a higher

incidence of treatment-related alanine aminotransferase

increase (23.3% vs 14.6%) and vitiligo (14.6% vs <2%). While

the rate of vitiligo was similar to that observed in a global pooled

analysis of patients with melanoma receiving pembrolizumab

(12.0%), the number of patients reporting elevated alanine

aminotransferase in KEYNOTE-151 was comparably much

higher (4.4%) (9). Although it is unclear why the incidence of

alanine aminotransferase increase was so high in this study, all

occurrences were grade 1 or 2, indicating they were mild or

moderate in severity. Of note, a high rate of treatment-related

alanine aminotransferase increase (31.3%) was also observed in

the phase 2 POLARIS-01 study, which investigated the PD-1
FIGURE 1

DOR per RECIST v1.1 by BICR (patients with response in the FAS population). BICR, blinded independent central review; DOR, duration of
response; FAS, full analysis set; RECIST v1.1, Response Evaluation Criteria in Solid Tumours, version 1.1.
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inhibitor toripalimab in 128 Chinese patients with advanced

melanoma previously treated with systemic therapy (10).

Elevated alanine aminotransferase levels may therefore be an

AE that occurs more frequently with PD-1 inhibitors in patients

of Chinese descent.
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The efficacy of immune checkpoint inhibitors has been well

established in White patients, but there are limited data available

regarding their use in Chinese patients, or even the wider Asian

population. To our knowledge, the only other prospective trial of

an immune checkpoint inhibitor in Chinese patients with data
FIGURE 2

Swimmer plot of time to response per RECIST v1.1 by BICR (patients with response in the FAS population). BICR, blinded independent central
review; CR, complete response; FAS, full analysis set; PD, progressive disease; PR, partial response; RECIST v1.1, Response Evaluation Criteria in
Solid Tumours, version 1.1.
TABLE 4 PFS per RECIST v1.1 by BICRa and OSb.

Melanoma Subtype Subgroup na PFS, median (95% CI),c months nb OS, median (95% CI),c months

Total All 102 2.8 (2.7–3.5) 103 13.2 (10.4–16.5)

Acral All 38 2.8 (2.6–4.1) 39 14.8 (7.4–28.2)

PD-L1 positive 19 4.4 (2.7–6.8) 20 22.8 (7.4–37.2)

PD-L1 negative 16 2.7 (2.6–4.0) 16 8.4 (4.6–28.2)

PD-L1 unknown 3 2.6 (2.6–4.0) 3 13.1 (9.6–35.4)

BRAF wild-type 34 3.4 (2.7–5.3) 35 18.5 (10.4–28.8)

BRAF mutant 4 1.9 (0.5–2.6) 4 5.8 (0.5–7.4)

Nonacral cutaneous All 41 2.8 (2.7–4.0) 41 13.5 (10.3–21.4)

Mucosal All 15 2.6 (1.3–2.8) 15 7.4 (2.0–12.1)

Unknown All 8 3.5 (2.1–4.9) 8 14.1 (3.0–24.2)
ASaT, all subjects as treated; BICR, blinded independent central review; FAS, full analysis set; OS, overall survival; PD-L1, programmed death ligand 1; PFS, progression-free survival;
RECIST v1.1, Response Evaluation Criteria in Solid Tumours, version 1.1.
aIn the FAS population.
bIn the ASaT population.
cFrom product-limit (Kaplan-Meier) method for censored data.
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B

A

FIGURE 3

PFS per RECIST v1.1 by BICR (FAS population) (A) all patients (B) by melanoma subtype. BICR, blinded independent central review; FAS, full
analysis set; NR, not reached; PFS, progression-free survival; RECIST v1.1, Response Evaluation Criteria in Solid Tumours, version 1.1.
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available is the phase 2 POLARIS-01 study (10). POLARIS-01,

which included 50 (39.4%) patients with acral melanoma and 22

(17.3%) patients with mucosal melanoma, reported an ORR of

17.3% (1 CR/21 PR), which was similar to that observed in the
Frontiers in Immunology 09
current analysis. The DCR was 57.5%, the DOR was NR, and the

median PFS and OS were 3.6 months and 22.2 months,

respectively. These results are suggestive of a greater

magnitude of benefit than those observed in the current
B

A

FIGURE 4

OS (ASaT population) (A) all patients (B) by melanoma subtype. ASaT, all subjects as treated; OS, overall survival.
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analysis; however, differences in study design and baseline

characteristics, including a higher proportion of patients with

stage IV disease and elevated lactate dehydrogenase levels in

KEYNOTE-151, preclude direct comparison between the

studies. Two retrospective studies have also been conducted.

One study, which included 51 patients with melanoma treated

with a regimen containing an anti–PD-1 antibody at a single

center in China, reported an ORR of 10.8% and a median OS of

13.0 months in patients receiving PD-1 blockade alone (11). A

retrospective case series of 52 Chinese patients with advanced

melanoma who received immune checkpoint inhibitor therapy

reported an ORR of 25.0% and a median OS of 10.0 months

among patients who received pembrolizumab monotherapy

(12). Although data regarding the efficacy of PD-1 inhibitors

in Chinese patients are limited, several studies have been

conducted in Japanese patients, who have comparably high

rates of acral and mucosal melanoma (13). In the phase 1b

KEYNOTE-041 study, at median follow-up of 10.3 months

pembrolizumab was shown to have antitumor activity with an

ORR of 24.3%, median DOR was NR, and median OS of NR in

Japanese patients with unresectable stage III or advanced

melanoma (14). Long-term follow-up of a phase 2 study

investigating nivolumab as first-line therapy in Japanese
Frontiers in Immunology 10
patients with stage III/IV melanoma with a median follow-up

of 32.9 months reported an ORR of 34.8% and a median OS of

32.9 months, although this analysis was limited by the small

number of patients (n = 10) (15). Both the retrospective analyses

of immune checkpoint inhibitors in Chinese patients and the

results of the prospective study investigating pembrolizumab in

Japanese patients reported outcomes that were generally

comparable with those seen in the current analysis (ORR,

17.6%; median OS, 13.2 months), although differences in study

design and patient populations preclude direct comparison.

As in the earlier analysis of the KEYNOTE-151 study (8), the

efficacy of pembrolizumab was also investigated by melanoma

subtype at the 3-year follow-up point. In this study, 37.9% of

patients had acral melanoma and 14.6% had mucosal melanoma,

which is comparable to the proportions observed in a pivotal

study conducted in Chinese patients with melanoma (41.8% acral

melanoma; 22.6% mucosal melanoma) (2). Data comparing

outcomes with PD-1 inhibitors in Chinese patients with acral

andmucosal melanoma are limited. In the POLARIS-01 study, the

ORR was 14.0% for patients with acral melanoma and 0% for

patients with mucosal melanoma (10). The median PFS was 3.2

months and 1.9 months, and the median OS was 16.9 months and

10.3 months, respectively. In retrospective analyses, ORRs with
FIGURE 5

Forest plot of OS rate at 36 months in patient subgroups by baseline characteristics (ASaT population). ASaT, all subjects as treated; BICR,
blinded independent central review; ECOG PS, Eastern Cooperative Oncology Group performance status; LDH, lactate dehydrogenase; OS,
overall survival; PD-L1, programmed death ligand 1; ULN, upper limit of normal.
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immune checkpoint inhibitors range from 18.8% to 26.7% for

patients with acral melanoma and range from 17.6% to 20.0% for

patients with mucosal melanoma (11, 12). In the current analysis,

the efficacy of pembrolizumab was similar in acral and nonacral

cutaneous melanoma (ORR, 18.4% and 19.5%, respectively;

median OS, 14.8 months and 13.5 months, respectively). This

differed from the results of the POLARIS-01 study, which reported

better efficacy in patients with nonacral versus acral melanoma

(ORR, 31.0% vs 14.0%; median OS, NR vs 16.9 months) (10). In

the current analysis, patients with mucosal melanoma had

relatively worse outcomes than patients with cutaneous

melanoma subtypes, with a lower ORR (13.3%) and shorter

median OS (7.4 months); note, however, the small number of

patients in the mucosal subgroup (n = 15). These results are

consistent with reports suggesting that patients with mucosal

melanoma have unfavorable outcomes with immune checkpoint

inhibitors (16, 17). A post hoc analysis of the KEYNOTE-001,

KEYNOTE-002, and KEYNOTE-006 studies conducted in a

global populat ion reported an ORR of 19% with

pembrolizumab in patients with mucosal melanoma and 33% in

patients with nonmucosal melanoma, and median OS of 11.3

months and 23.5 months, respectively (16). A lower mutational

burden, lower PD-L1 expression, and differences in tumor

microenvironment are thought to contribute to the reduced

efficacy of immune checkpoint inhibitors in mucosal melanoma

(3). Although efficacy in the current analysis was lower in mucosal

me lanoma compared wi th cutaneous melanomas ,

pembrolizumab showed antitumor activity in both acral and

mucosal melanoma.

Further subgroup analysis in patients with acral melanoma

by PD-L1 expression and BRAF mutation status within the

current analysis showed particularly good response and

prolonged survival in patients with PD-L1–positive and BRAF

wild-type disease. Although limited patient numbers in these

subgroups preclude definitive conclusions, the observation

warrants further investigation. Further subgroup analyses by

PD-L1 and BRAF mutation status in other melanoma subtypes

could not be conducted because of small sample sizes.

Although the current study is limited by the single-arm,

open-label design, the results provide important data in a patient

population with a significant unmet need for improved

treatment options. The results of this post hoc exploratory

analysis suggest that pembrolizumab as second-line therapy is

well tolerated and provides clinically meaningful long-term

antitumor activity in Chinese patients with advanced

melanoma. Efficacy was observed across subgroups by PD-L1

expression and BRAF mutation status, with notable benefit in

patients with acral melanoma who had PD-L1–positive or BRAF

wild-type disease. These results strengthen the evidence showing
Frontiers in Immunology 11
that pembrolizumab is an appropriate second-line therapy for

Chinese patients with advanced melanoma, regardless

of subtype.
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