
1Rose AAN, et al. J Immunother Cancer 2021;9:e001642. doi:10.1136/jitc-2020-001642

Open access�

Biologic subtypes of melanoma predict 
survival benefit of combination anti-
PD1+anti-CTLA4 immune checkpoint 
inhibitors versus anti-PD1 monotherapy

April A N Rose  ‍ ‍ ,1,2 Susan M Armstrong,3 David Hogg,1 Marcus O Butler,1,2,4 
Samuel D Saibil,1,2,4 Diana P Arteaga,1,2 Thiago Pimentel Muniz,1,2 Deirdre Kelly,1,2 
Danny Ghazarian,3,5 Ian King,3,5 Zaid Saeed Kamil,3,5 Kendra Ross,4 
Anna Spreafico  ‍ ‍ 1,2,4

To cite: Rose AAN, 
Armstrong SM, Hogg D, et al.  
Biologic subtypes of melanoma 
predict survival benefit of 
combination anti-PD1+anti-
CTLA4 immune checkpoint 
inhibitors versus anti-PD1 
monotherapy. Journal for 
ImmunoTherapy of Cancer 
2021;9:e001642. doi:10.1136/
jitc-2020-001642

►► Additional material is 
published online only. To view 
please visit the journal online 
(http://​dx.​doi.​org/​10.​1136/​jitc-​
2020-​001642).

Accepted 25 October 2020

For numbered affiliations see 
end of article.

Correspondence to
Dr April A N Rose;  
​april.​rose@​mail.​mcgill.​ca

Dr Anna Spreafico;  
​Anna.​Spreafico@​uhn.​ca

Original research

© Author(s) (or their 
employer(s)) 2021. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Purpose  Anti-programmed cell death protein 1 
(PD1)±anti-cytotoxic T-lymphocyte associated protein 4 
(CTLA4) immune checkpoint inhibitors (ICIs) are standard 
therapeutic options for metastatic melanoma. We assessed 
whether biologic subtype according to primary tumor type 
or genomic subtype can function as predictive biomarkers 
for anti-PD1±anti-CTLA4 ICI in patients with advanced 
melanoma.
Methods  We performed a single-center retrospective 
cohort analysis of patients who received anti-PD1±anti-
CTLA4 ICI for advanced melanoma between 2012 and 
2019. Primary tumor type, BRAF and NRAS mutation 
status, and other covariates were abstracted from chart 
review. Log-rank tests and multivariable Cox regression 
models were used to assess differences in clinical 
progression-free (cPFS) and overall survival (OS).
Results  We identified 230 patients who received 249 
lines of anti-PD1±anti-CTLA4 ICI for unresectable 
or metastatic disease. Of these patients, 74% were 
cutaneous, 11% mucosal, 8% unknown primary and 
7% acral. BRAF and NRAS mutations were identified in 
35% and 28% of patients, respectively. In multivariable 
analyses of the entire cohort, acral or mucosal primary 
tumor type, >3 metastatic sites, elevated LDH were 
predictive of shorter cPFS and OS. Combination ICI 
therapy was associated with longer cPFS (HR 0.57, 95% 
CI 0.38 to 0.86, p=0.007) and OS (HR 0.42, 95% CI 0.28 
to 0.65, p<0.001). Combination ICI was significantly 
associated with longer OS in unknown primary and 
mucosal melanoma. There was a non-significant trend 
toward longer OS with anti-PD1+anti-CTLA4 in cutaneous 
melanoma, but not in acral melanoma. In multivariable 
analyses, combination ICI was associated with longer 
OS in NRAS (HR 0.24, 95% CI 0.10 to 0.62, p=0.003, 
n=69) and BRAF V600E/K (HR 0.47, 95% CI 0.24 to 0.90, 
p=0.024, n=86) mutant melanoma but not BRAF/NRAS 
wild-type (n=94) melanoma.
Conclusions  In our cohort, primary melanoma tumor 
type and genomic subtype were independent predictive 
markers of cPFS and OS for patients with metastatic 
melanoma receiving anti-PD1 ICI. Primary tumor type and 
genomic subtype—including NRAS—should be further 
evaluated in prospective clinical trials to determine their 

value as predictive markers. Biologic subtypes may 
facilitate clinical decision-making when recommending 
combination ICI treatment (anti-PD1±anti-CTLA4) versus 
anti-PD1 alone for patients with metastatic melanoma.

INTRODUCTION
Metastatic melanoma is a collection of diseases 
with distinct underlying tumor biology. Non-
ocular melanomas can be classified into 
four groups based on the tissue type of the 
primary tumor: cutaneous, mucosal, acral 
and unknown primary. These are biologically 
distinct diseases with different etiologies, 
genomic alterations and natural histories.1 
Comprehensive genomic analyses of mela-
noma indicate that cutaneous melanomas can 
also be divided into four molecular subtypes 
according to the presence or absence of 
mutations in oncogenic driver genes: BRAF, 
NRAS and NF1.2 BRAF V600E/K mutations 
are almost always mutually exclusive with 
NRAS mutations in melanoma. Patients with 
BRAF V600E/K mutant cutaneous melanoma 
are typically younger than average, whereas 
patients with NF1 mutations are typically older 
than average.2 The majority of BRAF, NRAS or 
NF1 mutant cutaneous melanomas are asso-
ciated with ultraviolet (UV) light-induced 
DNA damage genomic profiles. BRAF mutant 
melanomas are typically associated with 
intermittent sun exposure, whereas NRAS or 
NF1 mutant melanomas are associated with 
chronic sun exposure. The etiology of acral 
and mucosal melanomas, however, is distinct 
from typical cutaneous melanomas, as these 
melanoma subtypes do not arise as a conse-
quence of sun exposure and UV light-induced 
DNA damage.1 3 Acral melanomas arise on 
the glabrous skin of the volar aspects of the 
hands, feet and nail beds. Mucosal melanomas 
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arise in the mucus membranes in the genital, anal, nasal 
or oral cavities. Neither acral nor mucosal melanoma are 
associated with UV exposure. Acral and mucosal mela-
nomas have a lower burden of point mutations relative to 
cutaneous melanomas.1 4 Acral melanomas have a higher 
incidence of copy number variations, including multiple 
genomic amplifications.1 Genomic structural variations 
are more common in mucosal melanoma subtypes.4 Mela-
nomas of unknown primary (MUP) are thought to arise 
from a primary tumor that has spontaneously regressed 
due to immune surveillance.5 Indeed, partially regressed 
melanomas were found to have higher numbers of infil-
trating immune cells,6 which is a feature associated with 
improved melanoma survival.7 Some data suggest that the 
distribution of driver mutations in MUPs8 is similar to the 
distribution of driver genes in cutaneous melanomas that 
are associated with intermittent sun exposure,1 wherein 
BRAF V600 mutations predominate. However, this obser-
vation may not be broadly applicable to all MUPs, and 
some may be of acral or mucosal origin.

Despite these significant differences in tumor biology, 
all of the aforementioned subtypes of metastatic mela-
noma are amenable to first-line treatment with immune 
checkpoint inhibitors (ICIs).9 10 These ICI include the 
anti-PD1 inhibitors, pembrolizumab9 and nivolumab,11 
and the anti-CTLA4 inhibitor, ipilimumab,12 which are 
standard-of-care treatment options for all patients with 
advanced melanomas. Anti-PD1 monotherapies9 10 and 
anti-PD1+anti-CTLA4 combination therapy10 have both 
been proven to be more effective than anti-CTLA4 mono-
therapies. In Checkmate 067, the 5-year overall survival 
(OS) of previously untreated patients randomized to 
receive first-line ipilimumab+nivolumab, single agent 
nivolumab or single agent ipilimumab were 52% and 
44%, and 26% respectively.13 This study was not powered 
to definitively assess differences in survival between ipili-
mumab+nivolumab versus nivolumab alone. While not 
statistically significant, patients who received ipilimum-
ab+nivolumab in Checkmate-067 had longer median 
OS (not reached, more than 60 months) than patients 
who received nivolumab alone (36.9 months). The 5-year 
follow-up report of Checkmate-067 confirmed that there 
were more grade 3/4 adverse events in the combina-
tion arm (59%) than in the nivolumab single agent arm 
(22%).13 Given the increased toxicity associated with 
combination immunotherapy, it is of great interest to 
clinicians to be able to identify those patients who could 
derive sufficient prolonged benefit from anti-PD1 mono-
therapy, and be spared the increased toxic side effects of 
combination immunotherapy.14

Subset analyses of Checkmate-067 suggest that tumor 
biology may function as predictive markers for thera-
peutic benefit from ipilimumab+nivolumab. For example, 
the 5-year survival advantage of ipilimumab +nivolumab 
over nivolumab was more pronounced in BRAF mutant 
melanoma (60% vs 46%) than it was in BRAF wild-
type melanoma (35% vs 32%).13 Moreover, patients 
with mucosal melanomas were more likely to survive 5 

years when treated with ipilimumab +nivolumab (36%) 
compared with nivolumab alone (17%), although the 
number of patients with mucosal melanoma enrolled on 
this study was small, so these data should be interpreted 
with caution.15 To date, there are no available published 
data from Checkmate-067 on the long-term outcomes of 
patients with NRAS mutations or other primary tumor 
types such as acral or unknown primary melanoma. There-
fore, to address whether these distinct biologic subtypes 
of melanoma might represent predictive markers of ther-
apeutic benefit of anti-PD1+anti-CTLA4 combination 
therapy versus anti-PD1 monotherapy, we performed a 
real-world retrospective analysis of survival outcomes of 
patients with metastatic melanoma treated with either 
anti-PD1+anti-CTLA4 or anti-PD1 ICI alone.

PATIENTS AND METHODS
Patient population, treatment and response evaluation
We performed a single-center retrospective analysis of 
patients with advanced melanoma who received anti-PD1 
immunotherapy at Princess Margaret Cancer Center, 
University Health Network (PM-UHN) between 2012 and 
2019. The PM-UHN Tumor Immunotherapy Program 
(TIP) and melanoma referral databases were used to 
identify patients with melanoma who had received anti-
PD1-based ICI (either alone or in combination with anti-
CTLA4) as palliative treatment for advanced disease. 
Patients with uveal melanoma were excluded. Patients 
who did not have BRAF molecular testing or who were 
known to be BRAF wild type but did not have any subse-
quent molecular testing for NRAS were excluded from 
this analysis. KIT mutation data were collected when 
available, but was not assessed in all patients. Patients 
who received anti-PD1 ICI in combination with any non-
anti-CTLA4 investigational therapy were also excluded 
(figure 1). We collected the following clinical variables: 
type of therapy received (ie, anti-PD1+anti-CTLA4 vs anti-
PD1 alone), number of previous lines of systemic therapy, 
age at the time of starting anti-PD1 ICI, gender, primary 
tumor type (cutaneous, acral, mucosal or unknown 
primary), number and type of involved metastatic sites, 
M-stage according to AJCC V.8, neutrophil to lymphocyte 
ratio (NLR), lactate dehydrogenase (LDH) at time of 
starting anti-PD1 ICI were also collected. We collected the 
following efficacy data: clinical progression-free survival 
(cPFS) and overall survival (OS). Clinical progression was 
based on physician documentation of disease progression 
or death in the electronic medical record, according to 
either clinical or radiologic parameters of progression. 
cPFS was calculated from the date of initiation of anti-
PD1 ICI to documented clinical progression, death or 
last follow-up. Patients who were alive without clinical 
progression at last follow-up were censored. OS was calcu-
lated from the date of initiation of anti-PD1 ICI to death 
or last follow-up. Patients who were alive at the time of last 
follow-up were censored.
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Genomic driver mutation analysis
The presence of BRAF, NRAS and KIT oncogenic muta-
tions and clinical covariates were abstracted from chart 
review by two investigators (AR and SA); the entire dataset 
was cross-checked for accuracy of data collection by AR. 
Between 2012 and 2019 at PM-UHN, advanced mela-
nomas were initially assessed for the presence or absence 
of a BRAF V600E/K mutations using a PCR-based assay. If 
no BRAF V600E/K mutation was identified, subsequent 
testing for additional mutations was performed. The 
methodology for detecting for NRAS and other oncogenic 
mutations evolved between 2012 and 2019. Between 2012 
and 2015, standard practice was to assess BRAF wild-type 
melanomas for the presence of NRAS (exons 1 and 2) and 
KIT mutations (exons 11, 13, 17 and 18) by PCR. In 2015, 
BRAF wild-type melanomas were assessed for NRAS muta-
tions by next-generation sequencing (NGS).

Statistical analysis
Univariable and multivariable Cox models were used to 
assess differences in OS and cPFS. We performed multi-
variable analyses that include all variables in the initial 

multivariable model. We performed backward selection 
to identify potentially significant variables. The final 
multivariable models for PFS or OS included only those 
variables that were associated with p<0.10 in multivariable 
analysis. Analysis of variance was used to assess statistically 
significant differences in patient characteristics between 
groups. All statistical analyses were performed with Stata 
V.12.

RESULTS
Patient characteristics
We reviewed a total of 739 medical records and identi-
fied 230 individual patients who received anti-PD1±anti-
CTLA4 ICI and had molecular testing for BRAF and 
NRAS mutations. Of these 230 patients, 19 (8%) received 
two lines of anti-PD1 ICI; therefore, our entire cohort 
included 230 patients who cumulatively received 249 lines 
of anti-PD1±anti-CTLA4 ICI for advanced melanoma 
(figure 1). The median follow-up time was 20.5 and 36.0 
months in the entire cohort and among survivors, respec-
tively. Patient characteristics are detailed in table 1. Our 
cohort was comprised of 183 (74%) cutaneous, 28 (11%) 
mucosal, 20 (8%) unknown primary and 18 (7%) acral 
melanoma patients, respectively (figure  2A). The most 
common genomic subtype was BRAF/NRAS wild type, 
followed by BRAF V600E/K mutant and NRAS mutant 
(figure  2B). As expected, there were significant differ-
ences in the frequency of BRAF and NRAS mutations 
according to primary tumor type (table 1, figure 2). BRAF 
V600E/K mutations were most common in cutaneous 
melanomas (42%) and were absent in mucosal mela-
nomas. NRAS mutations were most common in unknown 
primary melanomas (50%) and least common in mucosal 
melanomas (24%). BRAF/NRAS wild-type melanomas 
were most common among mucosal melanoma (76%) 
and least common among unknown primary melanomas 
(26%) (figure 2C). M-stage, LDH level and PD1 regimen 
received were also significantly different across primary 
tumor types (table 1). Patients with mucosal melanoma 
were most likely to be stage M1c or M1d (86%), those with 
acral and mucosal melanomas were most likely to have 
elevated LDH (50%), and patients with unknown primary 
melanoma were most likely to have received combination 
ICI with anti-PD1+antiCTLA4. There were no significant 
differences in the age or gender distribution of patients 
according to primary tumor type, nor were there are 
differences in the number of metastatic site, the NLR, or 
in whether patients were receiving anti-PD1 ICI as a first 
or later line systemic therapy.

Survival outcomes of the entire cohort according to anti-PD1 
regimen
The survival of the entire cohort of patients with meta-
static melanoma (n=249) was evaluated. The median cPFS 
and OS for the entire cohort were 8.3 and 32.9 months 
respectively. Patients who received anti-PD1+anti-CTLA4 
ICI experienced longer median cPFS (15.6 months) 

Figure 1  CONSORT (Consolidated Standards of Reporting 
Trials) diagram. We identified 316 patients who had received 
anti-programmed cell death protein 1 (anti-PD1) containing 
therapy for advanced melanoma. Due to the lack of BRAF or 
NRAS mutations in uveal melanoma, we excluded 36 patients 
with uveal melanoma from our analysis. We also excluded 
28 patients who had received anti-PD1 therapy combined 
with investigational agents (ie, not anti-CTLA4). Finally, we 
excluded 22 patients who did not have BRAF testing, or 
who were known to be BRAF wild type but did not have 
subsequent testing for NRAS mutations. After exclusion of 
these patients, we analyzed data from 230 individual patients 
who had received 249 lines of anti-PD1 monotherapy or anti-
PD1+anti-CTLA4 combination immunotherapy.
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compared with those who received anti-PD1 alone (6.3 
months), p=0.0098 (online supplemental figure S1a). 
Similarly, patients who received anti-PD1 anti-CTLA4 
ICI also experienced longer median OS (42.6 months) 
compared with those who received anti-PD1 alone 
(21.3 months), p=0.0132 (online supplemental figure 
S1b). Some characteristics were significantly different 
between the group of patients who received combination 
ICI compared with those who received anti-PD1 mono-
therapy (online supplemental table S1). Specifically, 
patients who received combination ICI were more likely 
to have mucosal, acral or unknown primary melanoma 
(p=0.022), they were younger (p=0.006), more likely to 
be male (p=0.035), and more likely to have received it 
as their first line of systemic therapy (p<0.001). In multi-
variable analyses, accounting for these variables, anti-
PD1+anti-CTLA4 remained significantly associated with 

longer cPFS (HR 0.57, 95% CI 0.38 to 0.86, p=0.007) and 
OS (HR 0.42, 95% CI 0.28 to 0.65, p<0.001) (table 2).

Survival outcomes of the entire cohort according to primary 
tumor type and anti-PD1 regimen
Acral or mucosal melanomas were independently associ-
ated with shorter cPFS (HR 1.85, 95% CI 1.23 to 2.79, 
p=0.003) and OS (HR 2.13, 95% CI 1.36 to 3.34, p=0.001) 
compared cutaneous or unknown primary melanomas 
in multivariable analyses of the entire cohort (table 2). 
Patients with unknown primary melanoma experienced 
the longest median cPFS (23.9 months) followed by cuta-
neous (8.6 months), mucosal (5.5 months) and acral 
melanoma (3.5 months), p=0.0337 (figure 3A). Patients 
with unknown primary melanoma also experienced the 
longest median OS (not reached) followed by cutaneous 
(38.4 months), acral (14.6 months) and mucosal mela-
noma (14.3 months), p=0.0186 (figure 3B). Among the 

Table 1  Characteristics of the entire melanoma cohort and according to primary tumor type

Entire cohort
(n=249)

Cutaneous
(n=183)

Mucosal
(n=28)

Unknown primary
(n=20) Acral (n=18) P value

Genomic subtype  �

 � BRAF V600E/K 86 (35%) 78 (43%) 0 (0%) 5 (25%) 3 (17%) 0.0106

 � NRAS 69 (28%) 46 (25%) 7 (25%) 10 (50%) 6 (33%)

 � BRAF/NRAS WT 94 (38%) 59 (32%) 21 (75%) 5 (25%) 9 (50%)

Age  �

 � <60 122 (49%) 90 (49%) 16 (57%) 6 (30%) 10 (56%) 0.2703

 � ≥60 127 (51%) 93 (51%) 12 (43%) 14 (70%) 8 (44%)

Gender  �

 � Male 145 (58%) 115 (63%) 12 (43%) 11 (55%) 7 (39%) 0.2377

 � Female 104 (42%) 68 (37%) 16 (57%) 9 (45%) 11 (61%)

No of metastatic sites  �

 � >3 184 (74%) 134 (54%) 21 (75%) 17 (75%) 12 (67%) 0.6133

 � ≤3 65 (26%) 49 (46%) 7 (25%) 3 (25%) 6 (33%)

M-stage  �

 � M0/M1a/M1b 93 (37%) 78 (43%) 4 (14%) 3 (15%) 8 (44%) 0.0039

 � M1c/M1d 156 (63%) 105 (57%) 24 (86%) 17 (85%) 10 (56%)

LDH  �

 � <1.5 x ULN 183 (74%) 146 (80%) 14 (50%) 14 (70%) 9 (50%) 0.0050

 � ≥1.5 x ULN 65 (26%) 36 (20%) 14 (50%) 6 (30%) 9 (50%)

NLR  �

 � <5 188 (76%) 139 (76%) 18 (64%) 15 (75%) 16 (89%) 0.2933

 � ≥5 60 (24%) 43 (24%) 10 (36%) 5 (25%) 2 (11%)

Anti-PD1 regimen  �

 � Anti-PD1 172 (69%) 136 (74%) 15 (54%) 10 (50%) 11 (61%) 0.0234

 � Anti-PD1+anti-CTLA4 77 (31%) 47 (26%) 13 (46%) 10 (50%) 7 (39%)

Line of therapy  �

 � First 135 (54%) 94 (51%) 18 (64%) 14 (70%) 9 (50%) 0.2776

 � Second or later 114 (46%) 89 (49%) 10 (36%) 6 (30%) 9 (50%)

WT, wild type.
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four primary tumor types described, we observed a signif-
icant trend toward improved cPFS with anti-PD1+anti-
CTLA4 ICI versus anti-PD1 alone in mucosal melanoma 
(p=0.0001, figure 4C). There were non-significant trends 
toward prolonged cPFS with combination ICI in patients 
with cutaneous (figure  4A) or unknown primary mela-
noma (figure  4E), but not in patients with acral mela-
noma (figure 4G). Combination ICI was associated with 
prolonged OS compared with anti-PD1 alone in patients 
with mucosal (p=0.0019, figure 4D) or unknown primary 
melanoma (p=0.0263, figure  4F). Again, we observed a 
non-significant trend toward prolonged OS with combina-
tion ICI in patients with cutaneous melanoma (figure 4B) 
but not in acral melanoma (figure 4H). In multivariable 
analyses of cutaneous melanomas, adjusting for the 
number of involved metastatic sites, LDH level, NLR, and 
the presence of BRAF or NRAS mutations, combination 
ICI was significantly associated with longer OS compared 
with anti-PD1 monotherapy (HR 0.57, 95% CI 0.33 to 
0.96, p=0.035 (online supplemental table S2).

Survival outcomes of the entire cohort according to genomic 
subtype and anti-PD1 regimen
In multivariable analyses of the entire cohort, there was a 
non-significant trend toward shorter cPFS among patients 
who had either a BRAF V600E/K or NRAS mutation (HR 
1.40, 95% CI 0.99 to 1.96, p=0.056) and OS (HR 1.46, 
95% CI 1.00 to 2.13, p=0.052) compared with those who 
were BRAF/NRAS wild type (table  2). In multivariable 
analyses of survival outcomes of patients with cutaneous 
melanoma (n=183), the presence of either a BRAF or 
NRAS mutation was significantly associated with shorter 

cPFS (HR 1.63, 95% CI 1.07 to 2.49, p=0.022) and OS 
(HR 1.65, 95% CI 1.02 to 2.69, p=0.043) (online supple-
mental table S2).

NRAS mutant cohort
Patients with NRAS mutant melanoma (n=69) experi-
enced significantly longer cPFS when treated with anti-
PD1+anti-CTLA4 ICI (median cPFS not reached) versus 
anti-PD1 (median cPFS=7.0 months) (figure  5A). Simi-
larly, there was a non-significant trend toward prolonged 
OS with anti-PD1+anti-CTLA4 ICI (median OS not 
reached) versus anti-PD1 (median OS=21.9 months) 
(figure  5B). In multivariable analyses of NRAS mutant 
melanoma, treatment with anti-PD1 +anti-CTLA4 ICI was 
associated with significantly improved cPFS (HR 0.34, 
95% CI 0.16 to 0.71, p=0.004) and OS (HR 0.24, 95% CI 
0.10 to 0.62, p=0.003) (online supplemental table S3). 
Clinical variables that were independently associated with 
poor cPFS and OS in NRAS mutant melanoma included 
>3 metastatic sites and elevated LDH. Mucosal or acral 
primary tumor type was significantly associated with 
shorter OS but not cPFS (online supplemental table S3).

BRAF V600E/K mutant cohort
In BRAF V600E/K mutant melanoma (n=86), there 
was a significant trend toward longer OS and non-
significant trend toward longer cPFS with combination 
immunotherapy versus anti-PD1 alone (figure  5C,D). 
In multivariable analyses of survival outcomes among 
patients with BRAF V600E/K mutant melanoma, anti-
PD1+anti-CTLA4 ICI was associated with longer OS 
(HR 0.47, 95% CI 0.24 to 0.90, p=0.024), as was >3 
metastatic sites and NLR >5. Anti-PD1 regimen type was 
not significantly associated with cPFS in a multivariable 
model of BRAF V600E/K mutant melanoma (online 
supplemental table S4).

BRAF/NRAS wild-type cohort
In our cohort of BRAF/NRAS wild-type melanoma 
(n=94), we did not observe any significant trend toward 
improved cPFS or OS with combination immunotherapy 
versus anti-PD1 alone (figure  5E,F). In this genomic 
subtype of melanoma, only primary tumor type and line 
of systemic therapy were significantly associated with 
cPFS and OS in multivariable analyses (online supple-
mental table S5). Indeed, there was no association 
with cPFS (HR 1.01, 95% CI 0.47 to 2.18, p=0.982) or 
OS (HR 1.36, 95% CI 0.62 to 3.02, p=0.436) with anti-
PD1+anti-CTLA4 versus anti-PD1 alone in non-mucosal 
BRAF/NRAS wild-type melanoma (n=73) (online supple-
mental figure S2a,b). However, anti-PD1+anti-CTLA4 
ICI treatment was associated with improved cPFS (HR 
0.15, 95% CI 0.04 to 0.50, p=0.002) and OS (HR 0.13, 
95% CI 0.03 to 0.63, p=0.011) in BRAF/NRAS wild-
type mucosal melanoma (n=21) (online supplemental 
figure S2c,d). A subset of patients with BRAF wild-type 
melanoma were also assessed for the presence of a KIT 
mutation. We identified seven patients with KIT mutant 

Figure 2  Characterization of primary tumor and genomic 
subtypes of patients with melanoma. (A) Primary tumor type 
of the entire cohort of 230 individual patients was analyzed. 
Our cohort was comprised of 171 (74%) cutaneous, 25 
(11%) mucosal, 19 (8%) unknown primary and 15 (7%) acral 
melanoma patients, respectively. (B) Within the entire cohort, 
86 (37%) of patients were BRAF/NRAS wild-type (WT), 80 
(35%) had BRAF V600E/K mutations and 64 (28%) had 
NRAS mutations. (C) The incidence of genomic subtypes 
according to primary tumor type is indicated.
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melanoma, including one who had two lines of anti-PD1 
containing ICI therapy. Compared with patients BRAF/
NRAS/KIT wild-type melanoma, those patients with a 
KIT mutation did not experience any significant differ-
ences in cPFS or OS (online supplemental figure S3).

DISCUSSION
In this single-center retrospective cohort study, we 
found that distinct biologic subtypes of melanoma can 
serve as important predictors of ICI response in meta-
static melanoma, and that the relationship between 
oncogenic mutations and therapeutic outcomes with 
anti-PD1±anti-CTLA4 varied across melanomas derived 
from different primary tumor types.

In our study, acral or mucosal melanoma subtypes 
predicted poor response to anti-PD1 monotherapy, in 
line with previous studies.16–18 These tumor types are 
rare, and the reported numbers of patients with acral 
or mucosal melanoma that were treated with anti-PD1 
ICI were small; our data provide further validation of 
these observations. The unique genomic make-up of 
acral and mucosal melanomas, as described above, 
may explain their relative insensitivity to anti-PD1 ICI 
compared with cutaneous melanomas. We observed a 
clear overall survival benefit with combination ICI in 
mucosal and unknown primary melanoma, but there 
was no survival benefit for combination ICI in acral 

melanoma. These data warrant further validation in 
additional cohorts, such as the Checkmate-067 study 
to determine if patients with acral melanoma could be 
spared the toxicity associated with combination ICI. 
Together, these data suggest that the primary tumor 
type of melanoma should be considered when selecting 
ICI regimens for metastatic disease, and that further 
validation of these observations is warranted.19

The dismal prognosis of patients with acral mela-
noma highlights the need to develop more effective 
precision immunogenomic therapies for this subtype. 
KIT mutations, while more common in acral mela-
noma than other subtypes, are still only present in a 
minority of these tumors.3 As such, targeting KIT alone 
will not benefit the majority of patients with metastatic 
acral melanoma. Inhibitors of angiogenesis, such as 
multitargeted receptor tyrosine kinase inhibitors (ie, 
VEGFR, PDGFR, KIT and so on) have been shown to 
reprogram immunosuppressive tumor microenviron-
ments to facilitate antitumor immune infiltration.20 
Combined inhibition of the PD1/PD-L1 axis along with 
multitargeted receptor tyrosine kinase inhibitors has 
demonstrated efficacy in renal cell carcinoma21 22 and 
it is emerging as a promising combination therapy in 
many other cancer types, including melanoma.23 This 
may represent a promising treatment option for acral 
melanoma, and there are a number of ongoing clinical 
trials actively investigating this strategy (NCT03955354, 
NCT03991975).

In addition to primary tumor type, we found that 
genomic subtype could function as a predictive 
biomarker for ICI regimens in metastatic melanoma. 
We found that combination ICI was associated with 
improved OS over anti-PD1 monotherapy in multivari-
able analyses of BRAF V600E/K mutant and in NRAS 
mutant melanoma, but not in BRAF/NRAS wild-type 
melanoma. Our retrospective analysis provides real-
world data supporting the results of the BRAF mutation 
subset analyses of the Checkmate-067 study,13 and vali-
dates the use of anti-CTLA4+anti-PD1 combination as 
the preferred ICI regimen for BRAF V600E/K mutant 
melanoma. Previous retrospective studies have exam-
ined the relationship between NRAS mutations and 
ICI outcomes in melanoma, but have not established a 
relationship between NRAS and poor survival. However, 
these studies were limited because they include a very 
small number of NRAS mutant patients who received 
anti-PD1 ICI24 or analyzed only those patients who had 
already progressed on anti-PD1 ICI.25 To our knowledge, 
the observation that NRAS mutations status can func-
tion as a predictive marker for anti-PD1 ICI outcomes 
is a novel finding.

NRAS is a GTPase that acts upstream of BRAF in the 
MAPK pathway. NRAS mutations are mutually exclusive 
with BRAF V600E/K mutations. To date, no targeted 
therapies have demonstrated OS benefit in NRAS-
mutated melanoma26; as such, NRAS mutations status 
is not generally assessed in prospective clinical trials 

Figure 3  Association between primary tumor type and 
survival in patients with melanoma. Kaplan-Meier curves 
of clinical progression-free survival (cPFS) (A) and overall 
survival (OS) (B) among patients with melanoma stratified 
according to primary tumor type: cutaneous (n=183, blue 
line), mucosal (n=28, green line), unknown primary (n=20, red 
line), acral (n=18, purple line). Log-rank tests were p=0.0337 
(cPFS) and p=0.0186 (OS). Tick marks indicate censored 
patients.

https://dx.doi.org/10.1136/jitc-2020-001642
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with ICIs and testing for NRAS it is not mandatory for 
routine clinical practice. However, NRAS mutations are 
generally associated with poor prognosis.27 The impact 
of an activating NRAS mutation on the immune compo-
sition of the melanoma tumor microenvironment is 
not well described. Activating BRAF mutations are well 
known to orchestrate an immune-suppressed tumor 
microenvironment via various mechanisms, including 
downregulation of MHC class 1 molecules on the 
surface of tumor cells, enhanced production of chemo-
kines, which recruit myeloid-derived suppressor cells 
(MDSCs),28 and increased expression of vascular endo-
thelial growth factor (VEGF), which promotes myeloid 
cell maturation.29 Inhibition of the BRAF V600E/K onco-
gene in melanoma with BRAF and/or MEK inhibitors 
also leads to an increase in tumor-infiltrating lympho-
cytes30 and other molecular alterations that facilitate 
immune activation within the tumor immune microen-
vironment.29 31 32 Therefore, it is conceivable that NRAS 
mutations, via activation of the downstream MAPK 
pathway could function similarly to BRAF mutations in 
this respect. Indeed, it has been reported that activating 
KRAS mutations has been shown to facilitate immune 
suppression via metabolic reprogramming, which leads 
to increased glycolysis and MDSC recruitment in triple 

negative breast cancer33 and colon cancer.34 Our data 
are hypothesis-generating and identify NRAS as a poten-
tial novel biomarker for specific ICI regimens. These 
data also highlight the importance of testing NRAS 
in melanoma, and reporting NRAS mutation status in 
prospective clinical trials investigating novel immuno-
therapeutic strategies.

Cutaneous melanomas that lack BRAF V600E/K or 
NRAS mutations belong to either the NF1 mutant or 
triple wild-type genomic subgroups.2 NF1 mutant mela-
noma in particular have a high tumor mutation burden 
(TMB),2 resulting in a high number of neoantigens, 
which can be readily detected by T-cells. Indeed, high 
TMB has been associated with increased responsive-
ness to anti-PD1 monotherapy.35 We did not assess NF1 
mutation status or TMB in our cohort, but we hypoth-
esize that NF1 mutations and/or high TMB would be 
overrepresented in our cohort of n=55 BRAF/NRAS 
wild-type cutaneous melanomas. This would explain 
why we observed longer relative survival in our cohort 
of BRAF/NRAS wild-type non-mucosal melanomas that 
were treated with anti-PD1 alone, and no added survival 
benefit with combination ICI. If validated in indepen-
dent studies, these data provide rationale for examining 
the predictive value of prospectively testing for TMB 

Figure 4  Survival according to primary melanoma tumor type and anti-programmed cell death protein 1 (anti-PD1) regimen. (A) 
Clinical progression-free survival (cPFS) and (B) overall survival (OS) for cutaneous melanoma; anti-PD1 (n=136) anti-PD1+anti-
CTLA4 (n=47), log-rank test p=0.1874 (cPFS); p=0.1394 (OS). (C) cPFS and (D) OS for mucosal melanoma; anti-PD1 (n=15) anti-
PD1+anti-CTLA4 (n=13), log-rank test p=0.0001 (cPFS); p=0.0019 (OS). (E) cPFS and (F) OS for unknown primary melanoma; 
anti-PD1 (n=10) anti-PD1+anti-CTLA4 (n=10), log-rank test p=0.0874 (cPFS); p=0.0263 (OS). (G) cPFS and (H) OS for acral 
melanoma; anti-PD1 (n=11) anti-PD1+anti-CTLA4 (n=7), log-rank test p=0.8940 (cPFS); p=0.8931 (OS). Blue line=anti-PD1 
monotherapy and green line=anti-PD1+anti-CTLA4. Tick marks indicate censored patients.
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and/or NF1 specifically within BRAF/NRAS wild-type 
cutaneous melanomas. Biomarkers that could iden-
tify which patients with cutaneous melanoma are most 
likely to derive substantial benefit from anti-PD1 alone, 
thereby potentially mitigating the added toxicities asso-
ciated with anti-CTLA4 ICI, would be of important clin-
ical value.

Our study was subject to a number of limitations. This 
was a retrospective cohort study, and as such, unknown 
confounders that we did not assess could explain the asso-
ciations that we observed. This was a single center study, 
therefore, the patient population and treatment selec-
tion strategies may not be broadly generalizable. More-
over, the sample sizes of our non-cutaneous melanoma 
types and genomic subgroups were small and therefore 
subject to bias. Finally, subsequent lines of therapy could 
confound OS results. Due to these limitations, our results 
should be considered hypothesis-generating.

In conclusion, our study highlights that metastatic 
melanoma constitutes a diverse group of biologically 
and genomically distinct diseases. Response to immu-
notherapy differs across these unique subsets. Primary 
tumor type and genomic subtype are emerging as 
potential predictive biomarkers that can aid in selec-
tion of specific ICI regimens for patients with metastatic 
melanoma.
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