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Abstract

Background: Two primary histologic subtypes, superficial spreading melanoma (SSM) and nodular melanoma (NM), comprise
the majority of all cutaneous melanomas. NM is associated with worse outcomes, which have been attributed to increased
thickness at presentation, and it is widely expected that NM and SSM would exhibit similar behavior once metastasized.
Herein, we tested the hypothesis that primary histologic subtype is an independent predictor of survival and may impact
response to treatment in the metastatic setting.
Methods: We examined the most recent Surveillance, Epidemiology, and End Results (SEER) cohort (n ¼ 118 508) and the New
York University (NYU) cohort (n ¼ 1621) with available protocol-driven follow-up. Outcomes specified by primary histology
were studied in both the primary and metastatic settings with respect to BRAF-targeted therapy and immunotherapy. We
characterized known driver mutations and examined a 140-gene panel in a subset of NM and SSM cases using next-
generation sequencing. All statistical tests were two-sided.
Results: NM was an independent risk factor for death in both the SEER (hazard ratio [HR] ¼ 1.55, 95% confidence interval [CI] ¼
1.41 to 1.70, P < .001) and NYU (HR ¼ 1.47, 95% CI ¼ 1.05, 2.07, P ¼ .03) cohorts, controlling for thickness, ulceration, stage, and
other variables. In the metastatic setting, NM remained an independent risk factor for death upon treatment with BRAF-
targeted therapy (HR ¼ 3.33, 95% CI ¼ 1.06 to 10.47, P ¼ .04) but showed no statistically significant difference with immune
checkpoint inhibition. NM was associated with a higher rate of NRAS mutation (P < .001), and high-throughput sequencing
revealed NM-specific genomic alterations in NOTCH4, ANK3, and ZNF560, which were independently validated.
Conclusions: Our data reveal distinct clinical and biological differences between NM and SSM that support revisiting the
prognostic and predictive impact of primary histology subtype in the management of cutaneous melanoma.

The two most common histologic subtypes of newly diagnosed
melanoma are superficial spreading melanoma (SSM), which
comprises approximately 70% of cases, and nodular melanoma
(NM), which accounts for 20% (1,2). Histologically, SSM is char-
acterized by a predominantly epidermal component with slow,
horizontal growth. In contrast, NM is usually thicker than SSM
due to the lack of clinically significant intraepidermal involve-
ment and is characterized by rapid, vertical growth (3). These
two subtypes are representative descriptions of melanoma

progression, which continues to be perceived as a stepwise
process that begins with normal melanocytes at the dermal-
epidermal junction acquiring genetic mutations that lead to
radial growth phase (RGP) melanoma to vertical growth phase
(VGP) melanoma and, eventually, metastasis (4). However,
clinical, pathologic, and epidemiologic evidence from our
group and others suggest that SSM and NM may progress inde-
pendently (3,5–12), arguing against the linear progression
model.
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Unlike other solid malignancies, such as lung or breast carci-
nomas (13–17), primary histologic subtypes of melanoma are fre-
quently unreported in pathology reports (10,18). Furthermore,
histologic subtype has not been included in the American Joint
Committee on Cancer (AJCC) staging system (19), as it has been as-
sumed (20) that any increased risk associated with nodular histol-
ogy is confounded by increases in thickness and ulceration. This
assumption is rooted primarily in a multivariable analysis of a
small, single-institution cohort from the 1970s (21). More recently,
The Cancer Genome Atlas (TCGA) has provided melanoma histo-
logic subtype and mutational data, but only for a minority of cases
(31/478) (17). Additionally, most of the available data on the mela-
noma histologic subtype–specific mutational landscape pertains
mainly to a small set of known oncogenes (22–24). Remarkably,
there is no published report that we are aware of rigorously exam-
ining the role primary histologic subtype has on prognosis or the
impact it has on response of metastatic melanoma to currently
available targeted and immunotherapies. This may be due to the
prevalent belief that melanomas of different histologic subtypes
converge in their biologic behavior once they metastasize.

Here, we tested the hypothesis that primary histologic sub-
type independently predicts recurrence and survival in cutane-
ous melanoma and may affect the response to systemic
therapies in the metastatic setting.

Methods

Patient Cohorts

Surveillance, Epidemiology, and End Results Cohort
Surveillance, Epidemiology, and End Results (SEER) is a US
population-based database sponsored by the National Cancer
Institute (NCI) that records cancer statistics among specific de-
mographic registries representing 28% of the US population (25).
We queried the most recent SEER database for stage I–III mela-
noma patients diagnosed from 1973 to 2012. SEER*Stat, version
8.2.1 (NCI, Bethesda, MD), was used to identify all SSM and NM
cases based on the International Classification of Diseases for
Oncology, 3rd edition, codes (M8720–8790). Available patient in-
formation includes age, sex, thickness, ulceration, and stage at
diagnosis, but not tumor-infiltrating lymphocytes (TILs), mitotic
index (MI), or driver mutational status.

NYU Cohort
Melanoma patients presenting to NYU Langone Health for diag-
nosis and/or treatment of melanoma are enrolled in the NYU
Interdisciplinary Melanoma Cooperative Group’s Institutional
Review Board–approved clinicopathological database and biore-
pository, and they are actively followed up on a protocol-driven
schedule. This protocol enables the collection of prospective fol-
low-up clinical, pathological, and demographic data. All
patients provided written informed consent.

Clinical and Pathologic Data

Among the SEER cohort of NM and SSM, clinicopathologic varia-
bles included age, sex, thickness, ulceration, AJCC stage, and
survival status. Among the patients enrolled in the NYU cohort,
the primary histologic subtype was determined by central re-
view by an attending pathologist (FD) in accordance with well-
established diagnostic criteria (26). In brief, as per World Health
Organization classification, SSM was defined by a proliferation
of atypical melanocytes in which the intraepidermal

component appears as irregular nests or single units at and
above the dermal-epidermal junction and the invasive dermal
component appears as variably sized nests and single cells that
fail to mature. NM was defined by a cohesive nodule or small
nests of tumor cells in the dermis that have pushing or expan-
sile pattern of growth (vertical growth phase) with no or limited
intraepidermal tumor cells confined to three epidermal rete
ridges beyond the dermal component. Clinical data included
age, sex, thickness, ulceration, mitotic index (MI), AJCC 7th edi-
tion staging (7th edition was the most up to date at the time of
initial data collection), tumor-infiltrating lymphocytes (graded
as previously reported [27]), primary anatomic location, dates of
recurrence and follow-up, and status. Long-term follow-up data
in the NYU database were used to calculate recurrence-free sur-
vival (RFS) and melanoma-specific survival (MSS).

Genomic Sequencing

Sanger sequencing for known BRAF and NRAS driver mutations
was performed on a large set of 808 NM and SSM tumors, as pre-
viously described (28,29). To further explore the molecular differ-
ences between NM and SSM, we designed a panel of 140 genes of
biologic interest (see Supplementary Table 1, available online, for
a list of genes), which included known melanoma drivers and ex-
ploratory genes. High-throughput targeted hybrid-capture se-
quencing was performed on a subset cohort of 65 NM and SSM
patient-derived tissues from the NYU cohort utilizing the
Illumina platform. Single nucleotide variants (SNVs) were identi-
fied and filtered against each matched germline, generating
tumor-specific lists of SNVs. A threshold of 15% allelic frequency
was utilized to identify biologically significant SNVs. Each gene
was examined for SNVs within protein-coding regions and
deemed either mutant or wild-type for each gene of interest. A
subset of 10 genes showing differences between NM and SSM
was further validated in an independent NYU cohort (n ¼ 34).

Systemic Treatment Response

We analyzed systemic response to treatment among patients in
the NYU cohort who developed metastatic disease during active
follow-up in the new era of targeted and immunotherapy.
Specifically, survival outcomes were assessed in patients treated
with checkpoint blockade immunotherapy (n ¼ 154) and BRAF-
targeted therapy (n ¼ 56), categorized by the histologic subtype of
the primary tumor. Patients were evaluated for extent and dura-
tion of response to systemic therapy. Best responses were de-
fined by the treating medical oncologists (AP, MW) based on
interpretation of radiographic, laboratory, and clinical data docu-
mented in the medical records. Responses were graded as com-
plete response (CR), partial response (PR), stable disease (SD) or
mixed response, and progression of disease.

Statistical Methods

Descriptive statistics were performed on both the NYU and
SEER data to characterize the presentation of each histologic
subtype, and the chi-square test was used to compare patient
cohorts. Kaplan-Meier curves and the log-rank test were utilized
to compare survival between histologic subtypes. Multivariable
Cox proportional hazard models were used to calculate adjusted
hazard ratios (HRs) and 95 % confidence intervals (CIs). The pro-
portional hazard assumption was checked using statistical tests
(30) and graphical diagnostics based on the scaled Schoenfeld
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residuals. The adjusted prognostic factors in the multivariable
models included melanoma stage at diagnosis, thickness, ulcer-
ation, and MI. All statistical tests were two-sided, and a P value
of less than .05 was considered statistically significant.

Results

Impact of Primary Melanoma Histologic Subtype on
Survival

SEER cohort data spanned 40 years, from 1973 to 2013. A total of
118 508 patients were identified, with 97 169 SSM and 21 399 NM

cases. In the NYU cohort, a total of 1111 SSM and 510 NM
patients were accrued from 2002 to 2016 (Table 1). The NYU co-
hort was characterized by a higher frequency of NM (31.5% in
NYU vs 18.0% in SEER), which is expected at a tertiary referral
center (12). Despite the differences in the histologic subtype and
years of accrual, both SEER and NYU cohorts exhibit similar
AJCC stage distributions for both NM and SSM.

Follow-up time for NM was grossly comparable between
SEER and NYU, with median follow-up durations of 68 and 73
months, respectively. We observed a longer median follow-up
time for SSM in SEER (89 months) relative to SSM follow-up at
NYU (69 months). In the SEER cohort, NM was a statistically sig-
nificant risk factor for death from melanoma, with a hazard

Table 1. Baseline characteristics of nodular melanoma and superficial spreading melanoma patients at the time of presentation and survival
status among both SEER and NYU cohorts

Characteristics

SEER cohort NYU cohort

NM No. (%) SSM No. (%) P* NM No. (%) SSM No. (%) P*

Distribution 21 399 (18.0) 97 169 (82.0) 510 (31.5) 1111 (68.5)
Year of diagnosis
<2000 7369 (34.4) 33 055 (34.0) .02 20 (4.1) 38 (3.4) .85
2001–2010 10 247 (47.9) 47 482 (48.9) 336 (65.9) 728 (65.5)
>2010 3783 (17.7) 16 632 (17.1) 154 (30.2) 345 (31.1)

Age (SD), y 62.1 (17.8) 54.6 (16.7) <.001 61.2 (17.2) 57.3 (16.9) <.001
Sex

Female 8333 (38.9) 45 886 (47.2) <.001 211 (41.4) 496 (44.6) .24
Male 13 066 (61.1) 51 283 (52.8) 299 (58.6) 615 (55.4)

Thickness, mm
<1.01 1539 (15.3) 36 057 (79.2) <.001 36 (7.1) 821 (73.9) <.001
1.01–2.0 2359 (23.4) 6409 (14.1) 140 (27.5) 219 (19.7)
2.01–4.0 3150 (31.3) 2241 (4.9) 181 (35.5) 61 (5.5)
>4.0 3023 (30.0) 830 (1.8) 153 (30.0) 10 (0.9)

Thickness, median (IQR), mm 2.6 (1.4–4.7) 0.6 (0.4–0.9) <.001 2.7 (1.7–4.5) 0.6 (0.4–1.1) <.001
Ulceration

Absent 5250 (52.4) 41764 (92.5) <.001 247 (48.7) 1029 (93.0) <.001
Present 4777 (47.6) 3384 (7.5) 260 (51.3) 77 (7.0)

Mitotic index†
Absent � � � 40 (8.1) 592 (53.8) <.001
Few � � � 111 (22.4) 335 (30.5)
Moderate � � � 130 (26.3) 108 (9.8)
Many � � � 214 (43.2) 65 (5.9)

AJCC stage
I 2657 (27.5) 38 947 (88.9) <.001 116 (22.7) 961 (86.5) <.001
II 4730 (49.0) 2943 (6.7) 224 (43.9) 89 (8.0)
III 2270 (23.5) 1916 (4.4) 170 (33.3) 61 (5.5)

Anatomic site
Axial 6761 (31.8) 37 955 (39.3) <.001 197 (38.6) 434 (39.1) .56
Extremity 9617 (45.2) 45 553 (47.1) 236 (46.3) 531 (47.8)
Head and neck 4905 (23.0) 13 129 (13.6) 77 (15.1) 146 (13.1)

TIL†
Absent � � � 110 (33.7) 302 (37.2) .047
Nonbrisk � � � 98 (30.1) 187 (23.0)
Brisk � � � 118 (36.2) 323 (39.8)

Status
Alive 10 708 (50.0) 75 973 (78.2) <.001 306 (60.0) 956 (86.0) <.001
Died of melanoma 5524 (25.8) 5507 (5.7) 160 (31.4) 85 (7.7)
Died of other Cause 5167 (24.1) 15 689 (16.1) 44 (8.6) 70 (6.3)

Recurrence†
No � � � 268 (52.5) 959 (86.3) <.001
Yes � � � 242 (47.5) 152 (13.7)

*Continuous variables were tested by two-sample t test, and categorical variables were tested by v2 test. AJCC ¼ American Joint Committee on Cancer; IQR ¼ interquar-

tile range; NM ¼ nodular melanoma; SEER ¼ Surveillance, Epidemiology, and End Results; SSM ¼ superficial spreading melanoma; TIL ¼ tumor-infiltrating lymphocyte.

†Data for the SEER cohort were not available.
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ratio (HR) of 6.01 (95% CI ¼ 5.79 to 6.24, P < .001) (Table 2,
Figure 1A). In the multivariable analysis, NM continued to be a
statistically significant risk factor for death from melanoma,
with a hazard ratio of 1.55 (95% CI ¼ 1.41 to 1.70, P < .001) among
the SEER cohort, while adjusting for thickness, ulceration, and
AJCC stage at diagnosis (Table 2). The shorter survival of NM

was subsequently recapitulated in the NYU cohort, with NM be-
ing statistically significantly associated with shorter RFS (HR ¼
4.63, 95% CI ¼ 3.78 to 5.68, P < .001) (Table 2, Figure 1B) and MSS
(HR ¼ 4.77, 95% CI ¼ 3.66 to 6.22, P < .001) (Table 2, Figure 1C).
After controlling for thickness, ulceration, MI, and AJCC stage at
diagnosis in the multivariable analysis, NM remained an

Table 2. Univariate and multivariable Cox proportional hazard models for SEER (melanoma-specific survival) and NYU (recurrence-free sur-
vival and melanoma-specific survival)

Variable

SEER cohort NYU cohort

Melanoma-specific survival Melanoma-specific survival Recurrence-free survival

HR (95% CI) P* HR (95% CI) P* HR (95% CI) P*

Univariate Cox proportional hazards model
NM vs SSM 6.01 (5.79 to 6.24) <.001 4.77 (3.66 to 6.22) <.001 4.63 (3.78 to 5.68) <.001
Multivariable Cox proportional hazard model
NM vs SSM 1.55 (1.41 to 1.70) <.001 1.47 (1.05 to 2.07) .03 1.45 (1.11 to 1.89) .01
Age at diagnosis† 1.25 (1.22 to 1.28) <.001 1.09 (1.00 to 1.18) .04 1.08 (1.02 to 1.15) .01
Male 1.37 (1.26 to 1.48) <.001 1.30 (0.98 to 1.72) .07 1.27 (1.02 to 1.57) .03
Year of diagnosis 0.88 (0.81 to 0.95) .00 0.89 (0.77 to 1.04) .14 0.73 (0.66 to 0.81) <.001
Thickness 1.16 (1.14 to 1.18) <.001 1.04 (1.01 to 1.06) .01 1.03 (1.00 to 1.05) .02
Ulceration 1.60 (1.46 to 1.74) <.001 1.92 (1.39 to 2.66) <.001 1.60 (1.24 to 2.07) <.001
Mitotic index � � 1.54 (1.01 to 2.33) .04 1.92 (1.39 to 2.65) <.001
Stage II 3.01 (2.65 to 3.42) <.001 1.53 (0.97 to 2.42) .07 1.83 (1.31 to 2.56) <.001
Stage III 8.56 (7.56 to 9.69) <.001 4.76 (3.10 to 7.32) <.001 4.36 (3.14 to 6.05) <.001

*All statistical tests are two-sided. CI ¼ confidence interval; HR ¼ hazard ratio; NM ¼ nodular melanoma; SEER ¼ Surveillance, Epidemiology, and End Results; SSM ¼
superficial spreading melanoma.

†Reported hazard ratios calculated per 10 years of age.

Figure 1. Survival curves stratified by primary melanoma histologic subtype. A) Kaplan-Meier survival curves for melanoma-specific survival (P < .001) in the

Surveillance, Epidemiology, and End Results cohort. B) Recurrence-free survival (P < .001) in the NYU cohort. C) Melanoma-specific survival (P < .001) in the NYU cohort.

All P values were calculated using a two-sided log-rank test.
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independent risk factor for recurrence (HR ¼ 1.45, 95% CI ¼ 1.11
to 1.89, P ¼ .01) and death from melanoma (HR ¼ 1.47, 95% CI ¼
1.05 to 2.07, P ¼ .03) (Table 2).

Though the SEER cohort lacks information on MI and TIL,
these data were available for the NYU cohort. Among the subset
of tumors evaluated for TIL (n ¼ 1138), brisk TIL was more com-
mon among SSM than NM (P < .05) (Table 1). NM primaries also
exhibited higher MI (P < .001) (Table 1).

Differences in the Somatic Mutational Patterns of
Nodular and Superficial Spreading Melanomas

In a large subset of cases with available tissues, NM and SSM
cases were analyzed for common driver mutation status, in-
cluding 808 for BRAF (303 NM, 505 SSM) and 763 for NRAS (276
NM, 487 SSM). NM was found to have a statistically significantly
higher frequency of NRAS mutation vs SSM (30% vs 19%, P <

.001), whereas no difference was observed with respect to the
presence of BRAF mutation among NM and SSM tumors (44% vs
43%) (Figure 2A). High-throughput targeted sequencing was per-
formed on an initial cohort of 65 cases (54 NM and 11 SSM). Two
NM samples and one SSM sample did not pass quality control
and were subsequently excluded. Within the 140-gene panel,
NM exhibited a lower prevalence of mutated genes relative to
SSM (P < .001). We subsequently characterized the somatic
alterations among NM and SSM (Figure 2B), focusing on SNVs
with an expected impact on protein coding. Eight genes were
found to be statistically significantly undermutated in NM rela-
tive to SSM: NOTCH4, RPS6KA6, BCL2L12, ERBB3, TERT, SNX31,
SSPO, and ZNF560 (all P < .05) (Supplementary Table 2, available
online, for a list of genes). In a second cohort of NM and SSM
patient-derived samples (n ¼ 34), we further explored the
protein-coding regions of 10 of the most differentially
mutated genes between NM and SSM. We identified three NM-
specific SNVs present in both the first and second cohort.

These SNVs include nonsynonymous SNVs in ANK3
(exon16:c.G1774A:p.D592N) and NOTCH4 and a synonymous
SNV in ZNF560 (exon10:c.G1116A:p.G372G). Interestingly,
the nonsynonymous SNV in NOTCH4 in exon 21
(c.G3587A:p.G1196E) has been previously identified in both
renal cell carcinoma and melanoma (previously no subtype
specified).

Impact of Primary Histologic Subtype on Outcomes in
Metastatic Melanoma

To investigate the impact of primary histologic subtype on clini-
cal outcomes in the metastatic setting, survival analyses were
performed on subsets of patients who developed metastatic
disease. Of note, no difference in serum lactate dehydrogenase
concentration was detected between metastatic NM and SSM.
As the NYU cohort accrued between 2002 and 2016, treatment
strategies were markedly heterogeneous. We therefore focused
on the more recent era of melanoma treatment with checkpoint
inhibitor immunotherapy (105 NM, 49 SSM) and BRAF-directed
targeted therapy (35 NM, 21 SSM). Among the targeted therapy
cohort with evaluable response data, NM exhibited a shorter
median survival relative to SSM (10.9 months, 95% CI ¼ 7.3 to
31.2 months, vs 34.4 months, 95% CI ¼ 20.6 months to NA, P ¼
.004) (Figure 3A) and a lower response rate relative to SSM
(CR ¼ 6.3%, 95% CI ¼ �2.1% to 14.6%, vs. 15.0%, 95% CI ¼ �0.6%
to 30.6%, PR ¼ 40.6%, 95% CI ¼ 23.6% to 57.6%, vs. 55.0%, 95% CI ¼
33.2% to 76.8%, P ¼ 0.02) Figure 3B). In the Cox proportional haz-
ard models, NM was a statistically significant predictor of worse
MSS (HR ¼ 2.89, 95% CI ¼ 1.36 to 6.14, P ¼ .006) (Table 3). After
controlling for other prognostic variables like thickness and
stage, NM remained an independent risk factor for death from
melanoma (HR ¼ 3.33, 95% CI ¼ 1.06 to 10.47, P ¼ .04) (Table 3).

The majority of NM and SSM patients received BRAF inhibi-
tor monotherapy (54% vs 57%, respectively). The more favorable

Figure 2. Genomic sequencing of nodular and superficial spreading melanoma. A) Prevalence of known BRAF and NRAS melanoma driver mutations among nodular

melanoma and superficial spreading melanoma (P < .001 from two-sided v2 test for NRAS). B) Distribution of nonsynonymous, nonsense, and splice-site single nucleo-

tide variants among the most commonly mutated genes identified in nodular melanoma and superficial spreading melanoma. NM ¼ nodular melanoma; SNV ¼ single

nucleotide variant; SSM ¼ superficial spreading melanoma.
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outcomes among SSM patients treated with targeted therapy
are demonstrated by longer treatment duration among SSM rel-
ative to NM patients (Figure 3, C and D). NM patients remained
on treatment for a median of only 7.17 months (95% CI ¼ 3.8 to

13.6 months) before progression, whereas SSM patients contin-
ued on treatment for a median of 10.33 months (95% CI ¼ 7.67
months to NA, P ¼ .01). Notably, all five patients remaining on
treatment after two years are among the SSM cohort, and the
majority of these five were treated with BRAF-inhibitor mono-
therapy (Figure 3C).

Among the immunotherapy cohort of 154 patients (anti-
CTLA-4 n ¼ 114; anti-PD-1 n ¼ 29; and combination therapy n ¼
11), no difference was noted in MSS from the time of treatment
initiation (median ¼ 16.7 months, 95% CI ¼ 12.7 to 37.3 months,
for NM vs 22.3 months, 95% CI ¼ 14.1 months to NA, for SSM, re-
spectively, P ¼ .56). A majority of these patients were treated
with ipilimumab monotherapy (76, 72%, NM; 38, 78%, SSM) in
place of anti-PD-1, a trend that was exaggerated in the SSM co-
hort, in which only seven (14%) patients received anti-PD-1,
compared with 22 (21%) patients in the NM cohort.

Discussion

To the best of our knowledge, our analysis of both the
population-based SEER cohort, with more than 100 000 patients,
and our institution registry, comprised of more than 1600
patients with prospective protocol-driven follow-up data, con-
stitutes the first report demonstrating histologic subtype to be
an independent predictor of survival in melanoma. In addition,
these data represent one of the broadest attempts to character-
ize the histologic subtype–specific somatic mutational land-
scape of melanoma and reveal divergent clinical behavior

Figure 3. Clinical outcomes of BRAF-targeted therapy in metastatic melanoma stratified by histologic subtype. A) Kaplan-Meier survival curves for metastatic nodular

melanoma and metastatic superficial spreading melanoma from the initiation of BRAF-targeted therapy (log-rank P ¼ .003). B) Distribution of responses to BRAF-tar-

geted therapy between nodular melanoma (NM) and superficial spreading melanoma (SSM; P ¼ .02). C, D) Swimmer plots demonstrating the duration of treatment

among SSM and NM (P ¼ .01), with arrows indicating continuation of therapy. All P values were calculated using a two-sided log-rank test. CR ¼ complete response; NM

¼ nodular melanoma; POD ¼ progression of disease; PR ¼ partial response; SD ¼ stable disease; SSM ¼ superficial spreading melanoma.

Table 3. Univariate and multivariable Cox proportional hazard mod-
els for the NYU BRAF-targeted therapy cohort in metastatic
melanoma

Variable

Melanoma-specific survival

HR (95% CI) P*

Univariate Cox proportional
hazard model

NM vs SSM 2.89 (1.36 to 6.14) .006
Multivariable Cox proportional

hazard model
NM vs SSM 3.33 (1.06 to 10.47) .04
Age at primary diagnosis† 1.20 (0.95 to 1.53) .13
Sex 1.29 (0.52 to 3.18) .58
Primary thickness 1.04 (0.95 to 1.14) .37
Primary ulceration 0.84 (0.30 to 2.36) .74
Primary mitotic index 7.42 (0.92 to 59.51) .06
Primary Dx stage II 0.76 (0.14 to 4.22) .76
Primary Dx stage III 1.41 (0.40 to 4.93) .59

*All statistical tests are two-sided. CI ¼ confidence interval; HR ¼ hazard ratio;

NM ¼ nodular melanoma; SSM ¼ superficial spreading melanoma.

†Reported HRs calculated per 10 years of age.
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between NM and SSM in the metastatic setting with respect to
BRAF-targeted therapy.

Although recent studies describe the rising incidence of len-
tigo maligna (melanoma in situ on sun-exposed skin) or lentigo
maligna melanoma in specific population subsets (31), overall,
NM and SSM remain the two most common histologic subtypes
among invasive tumors (32–35). Within cases of invasive mela-
noma, the poor prognosis of NM relative to SSM has been very
well established among many cohorts, ranging from small insti-
tutional studies (36,37) to large regional and national data sets
(38–41). However, controversy remains as to what extent this ef-
fect is driven by NM’s known associations with other histopath-
ologic parameters, especially thickness (20,42,43). In an earlier
study, data from our group (12) demonstrated that primary SSM
tumors have become thinner over time between the 1970s and
2000s, without evidence of stage migration in the presentation
of NM, arguing against the canonical linear progression model.
Furthermore, although a marker to distinguish NM from the
vertical growth phase of SSM has been elusive, emerging molec-
ular studies show that the two subtypes harbor distinct molecu-
lar signatures, promising the development of biomarkers not
only for histologic classification but also for prognostic stratifi-
cation (44). In contrast to the generally held assumption that
NM exhibits shorter recurrence-free and disease-specific sur-
vival merely because of its thicker primary tumors, our present
data demonstrate that the risk of NM is, at least in part, medi-
ated by inherently more aggressive biological processes. In fact,
the increased hazard ratio associated with nodular histology is
substantial, with a 54% increased risk of death in SEER and a
43% increased risk among the NYU cohort. An increased hazard
ratio of this magnitude is comparable with known prognostic
variables such as thickness, ulceration, and MI.

In contrast to non–small cell lung cancer and renal cell carci-
noma, TCGA data reporting for melanoma generally do not in-
clude melanoma primary subtype (17). Because histologic
subtype is seldom specified in dermatopathology reports, the
TCGA melanoma cohort carries subtype designation for only
five SSM and 22 NM specimens. Even fewer specimens are pro-
vided with both histological subtype and mutational data. All
other specimens in the TCGA database are annotated as mela-
noma, not otherwise specified. We began characterizing the
status of known melanoma driver mutations among a large sub-
group of the NYU cohort, comprised of more than 700 NM and
SSM patient-derived samples. Although several studies (7,45–47)
have reported on the slightly increased rate of BRAF mutations
among SSM relative to NM patients, this finding has not been
consistently reproducible (48,49). The incidence of BRAF-mutant
melanoma observed in our study was approximately 40%–45%,
regardless of histologic subtype, and is consistent with the inci-
dence reported in the literature. With regards to the NRAS muta-
tion, we show an increased incidence in NM. We further
examined the somatic mutational landscape of NM and SSM and
demonstrated in a large panel of cancer-related genes that 1) an
overall lower rate of somatic gene mutations was generally seen
in NM patients and 2) several key genes were observed to be less
frequently mutated in NM relative to SSM. Prior to the present
study, such histologic subtype–specific alterations were not
widely characterized due to a lack of available histologic subtype
data among institutional data sets and the TCGA.

We further explored and validated subtype-specific somatic
alterations in a second cohort of NM and SSM samples. The
identification of a recurrent SNV in NOTCH4 exon 21 in both the
first and second NM cohorts is of interest given its previous
identification in renal cell carcinoma and the TCGA melanoma

cohort (50). NOTCH4 is a transmembrane notch signaling pro-
tein that has been associated with the epithelial-mesenchymal
transition of melanoma in vitro (51). Although the NOTCH4 mu-
tation identified among NM patients was previously identified
in TCGA, histologic subtype data were unavailable. This muta-
tion is predicted to be pathogenic by Functional Analysis
through Hidden Markov Models (FATHMM). Recurrent identifi-
cation of this SNV in TCGA and, again, in two distinct NYU
cohorts of NM patients suggests that it may be biologically sig-
nificant in the development and progression of a subset of NM
and that it warrants further investigation. ANK3 is a large struc-
tural protein that has been found to be downregulated in cancer
stem cells (52), and ZNF560 is a Zinc finger protein that has also
been associated with induced cancer stem cells (53). The afore-
mentioned mutations in ANK3 and ZNF560 are novel mutations,
as they have not been reported in other data sets. The targeted
panel used in this study, though limited in scope, captures im-
portant biologic information regarding the histologic subtype–
specific mutational landscape. Additional studies are warranted
on whether this will translate to a similar difference in the over-
all mutational burden.

Based on the evidence of different mutational patterns
among NM and SSM, we hypothesized that NM and SSM may re-
spond differently to systemic therapy in the metastatic setting.
Among BRAF-mutant patients, we found that metastatic NM
exhibited worse outcomes in the context of BRAF-directed tar-
geted therapy, even after controlling for other known risk fac-
tors. Because the subgroup of targeted therapy patients is small,
continued study of this phenomenon is needed to indepen-
dently validate and fully characterize the response to BRAF-
targeted therapy across histologic subtypes. The lack of primary
histologic subtype information on all reported clinical trials of
BRAF-targeted therapy prohibits external validation of our find-
ings and supports the inclusion of this information
prospectively.

The response rates and survival in the context of checkpoint
inhibitor immunotherapy do not statistically significantly differ
between NM and SSM patients. However, the majority of
patients in our cohort were treated with anti-CTLA-4 monother-
apy, known to have only a 20% response rate. It is possible that
subtype-specific differences in long-term outcomes might exist
in the context of more efficacious anti-PD1 or combination im-
munotherapy. Of note, the data to support a relationship
between mutational burden and response to checkpoint inhibi-
tors are much clearer with respect to anti-PD-1 (54) than
anti-CTLA-4 (55).

Our study is not without limitations. First, the reliance on
retrospective analyses to examine differences in survival intro-
duces heterogeneity that is perhaps not readily apparent and
unaccounted for in these multivariable models. Although we
have made every effort to control for confounding variables,
these observations all require prospective validation, a limita-
tion that is especially relevant to the survival analyses on the
BRAF-targeted therapy cohort because of the relatively small
sample size. Second, although the genomic analyses point to in-
teresting mutational differences between these two histologic
subtypes, we have not performed functional assays to examine
the impact of these somatic variants in vitro, and they do not
necessarily constitute clinically significant driver mutations.
Finally, although the primary histologic subtype was deter-
mined in our study by central review by a single attending der-
matopathologist, inter-reader variability may prove a
considerable challenge in expanding the applicability of these
findings into clinical practice.
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Ultimately, the prognostic value of primary histologic sub-
type must be characterized at the molecular level, particularly
with respect to somatic alterations and gene expression. Given
the identification of nodular histology as an independent pre-
dictor of shorter recurrence-free and overall survival, histologic
characterization clearly yields valuable information in the clini-
cal decision-making process without the need for additional se-
rologic or tissue analysis at the time of initial diagnosis. Based
on the finding that NM is associated with shorter survival in the
national SEER cohort, we subsequently went on to validate this
finding in our prospective institutional tumor registry, which
has enabled important genomic and treatment-related observa-
tions. Given our finding that primary histology might be associ-
ated with survival and response to BRAF-targeted therapy in the
metastatic setting, more studies are needed to better character-
ize this phenomenon. Routine incorporation of histologic sub-
type into prospective clinical trial reporting in melanoma would
better ensure balanced patient characteristics across study
arms and aid in understanding the impact of primary histologic
subtype on response to systemic agents in the clinical trial
setting.
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