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1. Introduction 

Melanoma often harbours somatic mutations affecting 
typically genes of the MAPKi and RAS pathway. They 
can be classified based on driver mutations as (I) BRAF- 

mutated (40–50%), (II) RAS-mutated (20–30%), (III) 
NF1-mutated (10–15%), or (IV) triple (BRAF, NRAS, 
and NF1) wild type (∼10%) [1,2]. 

NRAS was the first oncogene to be recognised in 
melanoma [3] and mutations in the NRAS gene are 
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usually mutually exclusive of other mutations [2]. Mel-
anoma harbouring NRAS mutations form a distinct 
subgroup of the disease and appear to have a poor 
prognosis [4–6]. These mutations primarily occur at 
position 61 and can involve amino acid changes from 
glutamine (Q) to arginine (R), lysine (K), or leucine (L), 
which locks the NRAS protein into a GTP-bound state 
thereby impairing its GTPase activity [7,8]. In about 
20% of NRAS mutations, the mutation occurs at codons 
12 or 13, resulting in an amino acid change from glycine 
(G) to aspartic acid (D), which prevents binding of 
GTPase activating proteins to NRAS [7]. 

Immune checkpoint inhibitors (ICI) have demon-
strated high efficacy in many cancers, including mela-
noma. Anti-PD1 (e.g. nivolumab and pembrolizumab) 
and anti-CTLA4 (e.g. ipilimumab), either in combina-
tion or as a monotherapy, have improved clinical out-
come in the adjuvant [9–11] and metastatic setting 
[12–14] and are currently tested as neoadjuvant strate-
gies [15]. The impact of NRAS mutations on the out-
come of ICI remains unclear. Some studies have found 
comparable progression-free survival (PFS) and overall 
survival (OS) for patients with NRAS-mutated 
(NRASmut) and NRAS-wild type (NRASwt) melanoma 
[16], while others have reported better responses [17] or 
less favourable survival [18] in patients with NRASmut 
melanoma. However, although investigating large mul-
ticenter cohorts, these data were mainly retrospective 
[6,16–20]. Treatment outcomes for NRASmut and 
NRASwt patients were investigated in a prospective 
clinical trial for MEK inhibitors [21] and in two retro-
spective trials for MEK inhibitor and/or ICI [18,22] 
showing modest improvement. Few larger randomised 
trials included subgroup analysis of NRAS mutational 
status related to ICI outcome [23]. 

In a small sample, Johnson et al. showed that 
NRASmut melanoma had higher programmed cell 
death ligand-1 (PD-L1) expression than BRAF-mutated 
and wild-type melanoma before ICI therapy [17]. To 
date, comprehensive data are lacking on the correlation 
between NRAS mutation status and PD-L1 expression 
in melanoma cells. 

In this study, we investigated the potential effect of 
NRAS status (NRASmut versus NRASwt) on clinical 
characteristics and outcomes of anti-PD1-based therapy 
in patients with melanoma using a multicenter pro-
spective database. We also investigated a com-
plementary cohort of melanoma patients in whom PD- 
L1 staining was performed in tumour tissue. 

2. Materials and methods 

2.1. Study population and response assessment 

Data were retrieved from the prospective multicenter skin 
cancer registry ADOREG of the German Dermatologic 
Cooperative Oncology Group (DeCOG) [24]. Patients 

were treated within 41 centres. Patients presenting at 
DeCOG academic cancer centres between 1 June 2014 
and 31 May 2020 were identified according to the fol-
lowing inclusion criteria: histologically confirmed locally 
advanced or metastatic melanoma; first-line 
non-adjuvant ICI treatment with anti-PD1, anti-PD-L1, 
and anti-CTLA4 either as monotherapy or combination 
therapy; and known NRAS mutation status (NRASmut 
or NRASwt). Patients receiving adjuvant interferon were 
included. Exclusion criteria were (1) activating BRAF 
mutations, (2) prior ICI in an adjuvant therapy line, and 
(3) mucosal or ocular melanoma. Detailed information 
on patient history including prior treatments and follow- 
up information after the start of ICI therapy were ex-
tracted from local electronic patient files and captured 
within a central electronic data registry. Only first-line 
ICI therapy for advanced melanoma was considered in 
this analysis. Data-cut was July 2021. 

2.2. Outcomes 

The study end-points were overall response rate (ORR), 
PFS, and OS according to NRAS mutation status 
(NRASmut or NRASwt). The ORR was defined as the 
proportion of patients with partial or complete response 
to treatment. The disease control rate (DCR) ad-
ditionally included patients with stable disease. 
Treatment response was evaluated according to the 
Response Evaluation Criteria in Solid Tumours 
(RECIST) 1.1 and was determined as best overall re-
sponse from the start of ICI treatment until disease 
progression or death [25]. Best overall response (BOR) 
was defined as the best response recorded from the start 
of the treatment until disease progression/recurrence. 
During ICI therapy, tumours were staged every 
3 months using computed tomography (CT), magnetic 
resonance imaging, or positron emission tomography- 
CT. The PFS was defined as the time from start of 
therapy until disease progression and OS was defined as 
the time from start of therapy until death. If disease 
progression or death did not occur, the date of the last 
patient contact was used as the end-point for assessing 
survival (censored PFS and OS). Median follow-up 
times were estimated as the median time in months 
among the event-free patients using reverse Kaplan- 
Meier approach (patients without recurrence or death). 

2.3. Statistical analysis 

Descriptive statistics are presented as percentages for 
categorical variables and as medians for continuous and 
ordinal variables. Baseline characteristics were com-
pared using the Wilcoxon rank sum test for continuous 
variables and the Pearson’s chi-square or Fisher’s exact 
test for categorical variables. The ORR was measured as 
proportions in each group (NRASmut and NRASwt). 
Survival curves were estimated using the Kaplan–Meier 
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method and were censored according to the last patient 
contact. The PFS and OS were compared according to 
the NRAS mutation status and treatment using the log- 
rank test. The independent effect of NRAS mutation 
status and treatment type on PFS and OS was evaluated 
using univariate and multivariate Cox models. All 
variables were included in the initial multivariate model. 
The final multivariate models for PFS or OS included 
only those variables that were significant (p  <  0.05) in 
the univariate analysis. To characterise prognostic 
baseline factors before start of treatment, information 
on site of metastasis categorised by American Joint 
Cancer Classification (AJCC)-v8, Eastern Cooperative 
Oncology Group performance status (ECOG), location 
of primary melanoma, number of involved organ sites 
and lactate dehydrogenase (LDH) were collected. Cox 
regression was used to calculate hazard ratios [HR] for 
OS and PFS. A p-value <  0.05 was considered statisti-
cally significant. All statistical analyses were done in R 
studio (version 4.1.1). 

2.4. PD-L1 staining and quantification 

Tumour PD-L1 expression was assessed in formalin- 
fixed paraffin embeded (FFPE) tissue samples. A rabbit 
antihuman PD-L1 monoclonal antibody (clone 28-8) 
and an analytically validated automated im-
munohistochemical assay (PD-L1 IHC 28-8 pharmDx 
for Autostainer Link 48; Dako, Glostrup, Denmark) 
was used, as previously described [26]. Per sample, a 
comparable tissue slide of the same preparation was 
stained with non-specific IgG and used as a negative 
control. PD-L1 expression in tumour tissue was quan-
tified as the percentage of vital tumour cells that ex-
hibited specific cell surface membrane staining of any 
intensity in a section containing at least 100 evaluable 
tumour cells, with ≥ 5% defined as positive staining, as 
previously described [26]. Quantification was performed 
by either pathologists or dermatologists, or both, with 
expertise in histopathology using conventional bright- 
field microscopy. 

3. Results 

3.1. Disease characteristics and first-line ICI of the total 
cohort 

After excluding patients with an activating BRAF mu-
tation and patients receiving ICI for adjuvant disease, 
637 patients with metastatic melanoma stages III–IV 
were eligible for analysis (Fig. 1). The median age at 
melanoma diagnosis was 68 years (interquartile range 
[IQR] 55–76) and the majority of patients were male 
(n = 411, 65%). At the time of systemic treatment in-
itiation, 58% of patients had ECOG 0, 36% had an 

elevated LDH, 84% were stage IV according to AJCC 
8th edition and 28% had > = 3 organ sites involved 
(Table 1). Patients were treated with anti-PD1 mono-
therapy (n = 381, 60%), anti-PD1 plus anti-CTLA4 
combination therapy (n = 192, 30%), or anti-CTLA4 
monotherapy (n = 64, 10%) (Table 1). At a median 
follow-up of 35.9 months (IQR 18.0–54.6), the ORR to 
first-line ICI treatment was 190/637 (30%) for all pa-
tients (Table 1). For the total cohort, the median PFS 
was 10.3 months (95% confidence interval (CI), 
7.9–13.2 months) and the median OS was 33.4 months 
(95% CI, 27.7–40.1) (Table 2). The 1- and 2-year PFS 
were 47% (95% CI, 42.3–51.0), and 38% (95% CI, 
33.7–42.7), and the 1- and 2-year OS were 74% (95% CI, 
70.6–77.8), and 56% (95% CI, 51.5–60.1) (Table 2, 
Fig. 2A,B). 

3.2. Clinical and disease characteristics in NRAS mutant 
versus NRAS wild-type patients 

From all 637 melanoma patients, 310 (49%) had 
NRASmut melanoma and 327 (51%) had NRASwt mel-
anoma (Table 1). Nodular melanoma was significantly 
more common in NRASmut patients compared with 
NRASwt patients (39% versus 21% in NRASwt, 
p  <  0.0001). In NRASwt patients, primary melanoma 
was most commonly localised on the lower extremities 
(22%), trunk (20%), and head and neck (20%), whereas in 
NRASmut patients, primary melanoma were most fre-
quently localised on the lower extremities (28%) and 
trunk (25%) (Table 1, p = 0.001). Prognostic factors were 
similar between the two groups (Table 1). 

3.3. PFS and OS in first-line ICI in NRAS mutant versus 
NRAS wild-type patients 

For the total cohort, the median PFS was 7.8 months 
(95% CI, 5.8–14.2) in NRASmut patients and 
11.4 months (95% CI, 9.1–16.7) in NRASwt patients 
(p = 0.3) (Table 2, Fig. 2C). The median OS was 
36.4 months (95% CI, 21.7–48.0) in NRASmut patients 
and 32.9 months (95% CI, 25.0–45.1) in NRASwt patients 
(p = 0.5) (Table 2, Fig. 2D). No significant differences in 
median PFS and OS were found in the anti-PD1 mono-
therapy cohort between NRASmut patients (PFS: 
9.0 months; 95% CI 5.9–16.6; OS: 27.9 months, 95% CI 
20.1–48) and NRASwt patients (PFS: 12.4, 95% CI 
9.9–20.2, p = 0.21; OS: 29.4, 95% CI 22.8–37.3; p = 0.97) 
(Table 2, Fig. 3A,B). For the anti-CTLA4 combinational 
cohort, similar results were observed showing no differ-
ences in PFS and OS when comparing NRASmut patients 
(PFS: 29.4; 95% CI 6.9-not reached; OS: 42.3; 95% CI 
20.2-not reached) with NRASwt patients (PFS: 24.2, 95% 
CI 16.6-NR; p = 0.48; OS: no reached, 95% CI 24.2-not 
reached; p = 0.14) (Table 2, Fig. 3C,D). In NRASmut and 
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NRASwt patients the 2-year PFS was higher in patients 
who received first-line combination therapy (54% in 
NRASmut patients and 53% in NRASwt patients) than in 
patients who received anti-PD1 monotherapy (39% in 
NRASmut patients and 41% in NRASwt patients) 
(Table 2, Supplementary Fig. 1A,C). Despite worse clin-
ical prognostic factors, NRASwt patients who received 
combination therapy had a significantly longer OS 
(median OS NR; 95% CI, 24.2–NR) than patients who 
received anti-PD1 monotherapy (median OS 29.4 months; 
95% CI, 22.8–37.3) (p = 0.03) (Supplementary Table 2, 
Supplementary Fig. 1B,D). In NRASmut patients multi-
variate Cox regression analysis confirmed that ECOG > 
= 1 (PFS: HR 1.5, p = 0.02; OS: HR 2.8, p  <  0.0001), 
and elevated LDH (PFS: HR 1.5 p = 0.04; OS: HR 2.2, 
p = 0.0002) were associated with shorter PFS and OS. In 
NRASwt patients multivariate Cox regression analysis 

showed that ECOG > = 1 (HR 1.5; p = 0.04) and elevated 
LDH (HR 1.5; p = 0.02) were associated with shorter PFS 
and primary melanoma in the head/neck (HR 0.6, 
p = 0.02), and treatment group (anti-PD1 HR 0.55, 
p = 0.007; and anti-PD1 plus anti-CTLA-4 HR 0.37, 
p = 0.0001) were still significantly associated with longer 
OS (Supplementary Tables 3–6). 

3.4. Univariate and multivariate analysis for all patients 
receiving anti-PD1 monotherapy or combination therapy 

Univariate Cox regression analysis showed that the 
following variables were associated with shorter PFS: 
elevated LDH levels (HR 1.35, p = 0.01), and ECOG 
performance status (PS) ≥ 1 (HR 1.43, p = 0.005), while 
primary melanoma in the head and neck (HR 0.7, 
p = 0.04), and treatment group (anti-PD1 versus anti- 

Fig. 1. CONSORT chart. 
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Table 1 
Patient and disease characteristics for the overall population divided by NRAS mutation status (NRASmut versus NRASwt). 

NRASMUT (N = 310) NRASWT (N = 327) p-value Total (N = 637) 

Age at diagnosis (years), median [range] 69.2 [13.8, 92.0] 66.4 [15.9, 92.6] 0.15 67.7 [13.8, 92.6] 
Gender 0.6806 

Male 203 (65.5%) 208 (63.6%)  411 (64.5%) 
Histological subtype   1.034819e-06 

NMM 121 (39.0%) 70 (21.4%)  191 (30.0%) 
SSM 54 (17.4%) 52 (15.9%)  106 (16.6%) 
ALM 22 (7.1%) 40 (12.2%)  62 (9.7%) 
LMM 2 (0.6%) 17 (5.2%)  19 (3.0%) 
Unknown primary 46 (14.8%) 51 (15.6%)  97 (15.2%) 
Cutaneous, other subtype 37 (11.9%) 64 (19.6%)  101 (15.9%) 
Unclassified 28 (9.0%) 33 (10.1%)  61 (9.6%) 

Ulceration of the primary tumour   0.231 
Yes 130 (41.9%) 124 (37.9%)  254 (39.9%) 
Unknown 77 (24.8%) 101 (30.9%)  178 (27.9%) 

Localisation primary tumour   0.001017 
Head/neck 31 (10.0%) 66 (20.2%)  97 (15.2%) 
Upper extremity 62 (20.0%) 50 (15.3%)  112 (17.6%) 
Torso 78 (25.2%) 65 (19.9%)  143 (22.4%) 
Lower extremity 86 (27.7%) 73 (22.3%)  159 (25.0%) 
Unknown/skin 10 (3.2%) 21 (6.4%)  31 (4.9%) 
Unknown 43 (13.9%) 52 (15.9%)  95 (14.9%) 

Prior adjuvant therapya   0.07789 
Yes 51 (16.5%) 37 (11.3%)  88 (13.8%) 
No 259 (83.5%) 290 (88.7%)  549 (86.2%) 

Age at therapy start (years, median) [range] 72.2 [19.1, 92.4] 70.1 [23.4, 93.2] 0.13 71.0 [19.1, 93.2] 
First-line systemic therapy   0.2 

Ipilimumab + Nivolumab 99 (31.9%) 93 (28.4%)  192 (30.1%) 
Nivolumab 84 (27.1%) 73 (22.3%)  157 (24.6%) 
Pembrolizumab 100 (32.3%) 124 (37.9%)  224 (35.2%) 
Ipilimumab 27 (8.7%) 37 (11.3%)  64 (10.0%) 

Stage at therapy start   0.3533 
IIIB 12 (3.9%) 14 (4.3%)  26 (4.1%) 
IIIC 37 (11.9%) 36 (11.0%)  73 (11.5%) 
IIID 2 (0.6%) 3 (0.9%)  5 (0.8%) 
IV 259 (83.5%) 274 (83.8%)  533 (83.7%) 

Organ sites at therapy start   0.9418 
<  3 221 (71.3%) 235 (71.9%)  456 (71.6%) 
≥ 3 89 (28.7%) 92 (28.1%)  181 (28.4%) 

Brain metastases   1 
Yes 54 (17.4%) 56 (17.1%)  110 (17.3%) 

ECOG status at therapy start   0.4428 
0 177 (57.1%) 193 (59.0%)  370 (58.1%) 
≥ 1 74 (23.9%) 68 (20.8%)  142 (22.3%) 
Unknown 59 (19.0%) 66 (20.2%)  125 (19.6%) 

Best overall response   0.2377 
CR 30 (9.7%) 38 (11.6%)  68 (10.7%) 
PR 55 (17.7%) 67 (20.5%)  122 (19.2%) 
SD 48 (15.5%) 59 (18.0%)  107 (16.8%) 
PD 147 (47.4%) 125 (38.2%)  272 (42.7%) 
ND 30 (9.7%) 38 (11.6%)  68 (10.7%) 

LDH 0.1193 
> ULN 121 (39.0%) 106 (32.4%)  227 (35.6%) 
Unknown 57 (18.4%) 66 (20.2%)  123 (19.3%) 

S100 0.4034 
> ULN 142 (45.8%) 142 (43.4%)  284 (44.6%) 
Unknown 124 (40.0%) 130 (39.8%)  254 (39.9%) 

PFS (months), median (95% CI) 7.8 (5.8–14.2) 11.4 (9.1–16.7) 0.26 10.3 (7.9–13.2) 
OS (months), median (95% CI) 36.4 (21.7–48.0) 32.9 (25.0–45.1) 0.52 33.4 (27.7–40.1) 

ALM, acrolentiginous melanoma; CR, complete response; LMM, lentigo maligna melanoma; MUT, mutated; ND, not determined/unknown; 
NMM, nodular malignant melanoma; PD, progressive disease; PR, partial response; SD, stable disease; SSM, superficial spreading melanoma; 
ULN, upper limit of normal; wt, wild type; ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; PFS, progression-free 
survival; OS, overall survival. 

a Adjuvant interferon therapy. 

                                                                  145 



CTLA-4, HR 0.6, p = 0.002; and anti-PD1 plus anti- 
CTLA4 versus anti-CTLA4, HR 0.42, p  <  0.0001) were 
associated with improved PFS (Supplementary Table 7). 
Multivariate analyses confirmed that primary mela-
noma in the head/neck (HR 0.6, p = 0.01), ECOG PS ≥ 1 
(HR 1.44, p = 0.008), and treatment group (anti-PD1 
HR 0.52, p = 0.002; and anti-PD1 plus anti-CTLA-4 HR 
0.38, p  <  0.0001) were still significantly associated with 
PFS (Supplementary Table 7). 

Univariate analysis showed the following factors to 
be associated with shorter OS: ≥ three affected organ 
sites (HR 1.33, p = 0.02), brain metastases (HR 1.9, 
p  <  0.0001), ECOG PS ≥ 1 (HR 2.54, p  <  0.0001), ele-
vated LDH (HR 1.76, p  <  0.0001), while primary mel-
anoma in the head/neck (HR 0.67, p = 0.02), and prior 
adjuvant therapy (HR 0.66, p = 0.02) (Supplementary 
Table 8) were associated with improved OS. Multi-
variate analyses confirmed that elevated LDH (HR 1.47, 
p = 0.004), ECOG PS ≥ 1 (HR 2.37, p  <  0.0001), pri-
mary melanoma in the head/neck (HR 0.6, p = 0.01), 
and brain metastases (HR 1.55, p = 0.007) were asso-
ciated with OS (Supplementary Table 8). 

3.5. ORR in first-line ICI in NRAS mutant versus NRAS 
wild-type patients 

The ORR was not significant different in NRASwt pa-
tients (69/194, 35%) than in NRASmut patients (48/184, 
26%, p = 0.2). In addition, there were no significant 
differences in DCR between NRASmut patients (78/184, 
42%) and NRASwt patients (106/194, 54%) (Table 3). 
NRASmut patients and NRASwt patients also showed 
similar response rates to first-line treatment with anti- 
PD1 plus anti-CTLA4 combination therapy (ORR: 32% 
in NRASmut versus 34% in NRASwt) (Table 3). 
NRASmut patients treated with combinational therapy 
showed significant better ORR compared to patients 
who received anti-PD1 monotherapy (p = 0.05, Table 3, 
Supplementary Table 1). 

3.6. Clinical characteristics and therapy response in 
different NRAS genotypes 

NRAS mutation subtyping revealed >  11 different gen-
otypes, with the most frequent NRAS mutations being 
Q61R (n = 128, 41%), Q61K (n = 100, 32%), and Q61L 
(n = 32, 10%) (Supplementary Table 9). Clinical char-
acteristics at first-line ICI were similar between NRAS 
Q61R and NRAS Q61K patients (Supplementary 
Table 10). No significant differences in median PFS and 
OS were found in the anti-PD1 monotherapy cohort 
and in the combinational cohort between patients with 
NRAS Q61K-mutated and NRAS Q61R-mutated mel-
anoma (Supplementary Fig. 2A–D). The ORR and 
DCR to anti-PD1 therapy were higher in patients with 
NRAS Q61R mutations than in patients with NRAS 
Q61K mutations (ORR 36%, DCR 52% in NRAS Q61R T
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versus ORR 24%, DCR 39% in NRAS Q61K) but was 
comparable when anti-CTLA4 therapy was given in 
combination (ORR 30%, DCR 50% in NRAS Q61R 
versus ORR 36%, DCR 46% in NRAS Q61K, 
Supplementary Table 11). 

3.7. Higher PD-L1 expression is related to improved OS 
in NRAS mutant and NRAS wild-type melanoma patients 

We investigated whether PD-L1 expression was affected 
by NRAS mutation status in 125 patients with advanced 
melanoma (55 NRASmut patients and 70 NRAS/ 
BRAFwt patients). PD-L1 expression data were avail-
able for 82 of these patients (36 NRASmut patients and 
46 NRASwt patients). In most cases, patients were naive 
to systemic therapy and had not yet received checkpoint 
inhibitor therapy at the time of PD-L1 analysis (see 
Supplementary Tables 12 and 13 for clinical character-
istics). Using a 5% cutoff, 49% (n = 18) of NRASmut 
and 51% (n = 19) of NRASwt samples stained positive 
for PD-L1 (p = 0.6, Supplementary Table 13). The PFS 
was slightly improved and OS was significantly im-
proved in patients with a high PD-L1 expression of > 
5% (Supplementary Fig. 3A,B). Clinical and tumour 
characteristics were similar between patients with high 

and low PD-L1 expression (Supplementary Table 13). 
Positive PD-L1 expression improved OS in NRASmut 
and NRASwt patients but did not affect the 
PFS (Supplementary Fig. 3 A–G). 

4. Discussion 

This multicenter prospective analysis shows that pa-
tients with advanced NRASmut and NRASwt mela-
noma respond similar to combined anti-PD1 and anti- 
CTLA4 therapy and to anti-PD1 monotherapy. 
Although the characteristics of primary NRASmut and 
NRASwt melanoma were significantly different, the 
disease-specific prognostic factors were similar and sig-
nificantly affected survival regardless of NRAS muta-
tion status. To our knowledge, this is one of the largest 
prospective studies on the survival and treatment re-
sponse of patients with NRASmut and NRAS/BRAFwt 
melanoma treated with first-line anti-PD1-based 
therapy in a real-world setting. 

NRASmut melanoma was most frequently located in 
the lower extremities and trunk. This is in line with 
previous findings [16,17,27–29] and suggests that loca-
lisation of origin has an impact on the type of driver 
mutation. The histological subtype of the primary 

Fig. 2. PFS and OS in all NRASmut and NRASwt patients; (A) Progression-free survival (PFS) in the full cohort including NRAS- 
mutated (NRASmut) and NRAS-wild type (NRASwt) patients (n = 637). (B) Overall survival (OS) in the full cohort including NRASmut 
and NRASwt patients (n = 637). (C) PFS in NRASmut (n = 310) and NRASwt (n = 327) melanoma patients. (D) OS in NRASmut 
(n = 310) and NRASwt (n = 327) melanoma patients. 
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tumour was also different between NRASmut and 
NRASwt melanoma; 39% of NRASmut melanoma were 
nodular compared with 21% of NRASwt melanoma. 
This is consistent with data presented by others [5,28,29] 
and indicates an association between NRAS mutations 
and nodular melanoma. Favourable prognosis for head/ 
neck region might be explained as melanomas arising in 
the head/neck region presumably have a UV damage 
signature and therefore show a higher response rate to 

immunotherapy. In addition, we included nearly 50% of 
BRAF/NRASwt melanomas, which are known to have a 
higher mutational burden [30]. Taken together, these 
findings show that data on the subtype and localisation 
of NRASmut primary melanoma are consistent. 

The effect of NRAS mutations on melanoma re-
sponsiveness to ICI and patient survival remains con-
troversial. Retrospective studies have reported 
significantly shorter OS [18] but a trend towards a 

Fig. 3. PFS and OS to immune checkpoint inhibitor therapy in NRASmut and NRASwt patients; (A) Progression-free survival (PFS) in 
NRAS-mutated (NRASmut) (n = 184) and NRAS-wild type (NRASwt) (n = 197) patients treated with anti-PD1 monotherapy. (B) Overall 
survival (OS) in NRASmut (n = 184) and NRASwt (n = 197) patients treated with anti-PD1 monotherapy. (C) PFS in NRASmut (n = 99) 
and NRASwt (n = 93) patients treated with anti-PD1 plus anti-CTLA4 combination therapy. (D) OS in NRASmut (n = 99) and NRASwt 
(n = 93) patients treated with anti-PD1 plus anti-CTLA4 combination therapy. 

Table 3 
Overall response in all patients stratified by first-line ICI therapy according to NRAS status. 

All ICI 
treatments 

Anti-PD1 Anti-PD1 + anti-CTLA4 Anti-CTLA4 

NRASmut 
(N = 184) 

NRASwt 
(N = 194) 

NRASmut 
(n = 99) 

NRASwt 
(N = 93) 

NRASmut 
(n = 27) 

NRASwt 
(n = 37) 

ORR (CR + PR) 190 (29.9%)  48 (26.1)  69 (35.0)  32 (32.4)  32 (34.4)  5 (18.5)  4 (10.8) 
DCR (CR + PR + SD) 297 (46.7%)  78 (42.4)  106 (53.8)  47 (47.6)  50 (53.8)  8 (29.6)  8 (21.6) 
CR 68 (10.7%)  23 (12.5)  24 (12.2)  6 (6.1)  13 (14.0)  1 (3.7)  1 (2.7) 
PR 122 (19.2%)  25 (13.6)  45 (22.8)  26 (26.3)  19 (20.4)  4 (14.8)  3 (8.1) 
SD 107 (16.8%)  30 (16.3)  37 (18.8)  15 (15.2)  18 (19.4)  3 (11.1)  4 (10.8) 
PD 272 (42.7%)  88 (47.8)  70 (35.5)  40 (40.4)  28 (30.1)  19 (70.4)  27 (73.0) 
ND - Missing 68 (10.7%)  18 (9.8)  21 (10.7)  12 (12.1)  15 (16.1)  0  2 (5.4) 

CR, complete response; DCR, disease control rate; ND, not defined; ORR, overall response rate; PD, progressive disease; PR, partial response; 
SD, stable disease; ICI, immune checkpoint inhibitors. 
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longer median PFS in melanoma patients with NRAS 
mutations [17]. In contrast, two studies by Guida et al. 
and van Not et al. found comparable PFS and OS be-
tween patients with and without NRAS mutations 
[16,19]. In our prospective study, clinical factors re-
levant to disease prognosis were similar between the 
NRASmut and NRASwt subgroups and our results 
showed no significant differences in PFS and OS fol-
lowing anti-PD1-based therapy between these sub-
groups. However, comparing results between studies is 
difficult because of major differences in cohort design. 
For example, some studies have included patients with 
BRAF mutations in the NRASwt group; these patients 
may have received targeted therapy that significantly 
affected their survival [18]. Prognostic factors (number 
of liver metastases and LDH levels) and patient char-
acteristics (e.g. ECOG PS, breslow thickness) were also 
significantly different between NRAS mutant and BRAF 
mutant patients in another large register study [19]. The 
Imspire170 trial has provided prospective data on 
RASmut and RASwt/NFwt patients with previously 
untreated BRAFV600wt advanced melanoma who re-
ceived therapy with cobimetinib plus atezolizumab 
versus pembrolizumab monotherapy. Similar to our 
results subgroup analysis between RASmut (195 pa-
tients, 111 in the pembrolizumab arm) and RASwt/ 
NFwt (97 patients, 32 in the pembrolizumab arm) pa-
tients showed comparable PFS in the pembrolizumab 
arm (HR, 0.75; 95% CI, 0.44–1.30) and the cobimetinib 
plus atezolizumab arm (HR, 0.90; 95% CI, 
0.57–0.140) [23]. 

Johnson et al. retrospectively analysed 229 melanoma 
patients treated with first-line immunotherapies. They 
reported a global response rate of 28% in NRASmut 
melanoma versus 16% in NRASwt melanoma (excluding 
BRAFmut) (p = 0.04), with a clinical benefit of 50% in 
NRASmut patients versus 31% in NRASwt patients 
(p  <  0.01). The benefit was higher in the NRASmut 
cohort (73%) treated with anti-PD1/PD-L1 than in the 
NRASwt cohort (35%) [17]. Guida et al. performed a 
retrospective analysis of 331 patients and found no 
substantial differences between ORR (42% in 
NRASmut/BRAFwt and 37% in NRASwt/BRAFwt). No 
significant differences in BOR were found between 
NRASmut and NRASwt patients in our study, while 
ORR was slightly improved for anti-PD1 monotherapy 
in NRASwt patients. This again underlines inconsistent 
findings possibly related to divergent clinical char-
acteristics of patients included. 

The effect of PD-L1 tumour expression on NRAS 
mutation status has not been well described. In a small 
cohort study, Johnson et al. showed higher PD-L1 ex-
pression in NRASmut melanoma than in BRAFmut and 
wild-type melanoma prior to ICI therapy, which par-
tially explained the improved therapy response they 
observed to ICI [17]. However, the sample sizes were 
low in this study (a maximum of 15 patients per group). 

In our analysis, PD-L1 expression was similar between 
NRASmut and NRASwt melanoma. OS was higher in 
patients with melanoma expressing PD-L1, regardless of 
NRAS mutation status, PFS was not affected, arguing 
against an influence of NRAS mutation status on PD-L1 
expression of tumour cells. Our data suggest that PD-L1 
expression of 5% or higher is an independent positive 
prognostic factor for OS in melanoma patients regard-
less of mutation status. 

Our data were collected prospectively from a multi-
center skin cancer registry and comprise a large number 
of melanoma patients. Prognostic factors were well ba-
lanced in relation to NRAS mutation status, however, 
varied in subgroup analyses for mono or combination 
therapy. The study size was too small in some analyses 
and caused imprecise effect estimates (wide CIs) leading 
to greater statistical uncertainty in these results. The 
reader should also be aware that p-values must be in-
terpreted in the context of multiple testing. Patients 
harbouring activating BRAF mutations were not in-
cluded because they have additional targeted therapy 
options. Therefore, a comparison between NRASmut 
and BRAFmut patients is not meaningful. Furthermore, 
PD-L1 expression in melanoma tissue was only avail-
able for 13% of total patients, resulting in limited eva-
luability. 

In summary, we found significant differences in lo-
calisation of the primary tumour and histological sub-
type between NRASmut and NRASwt melanoma 
patients. Survival was independent of NRAS mutation 
status, and was only related to clinical prognostic fac-
tors. The ORR was not significant different in NRASwt 
patients than in NRASmut patients. In addition, PD-L1 
expression in melanoma tissue correlated positively with 
OS but not with NRAS mutation status in patients with 
melanoma. 
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