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Abstract
Background: We report the performance of a gene expression profile test to clas-
sify the recurrence risk of cutaneous melanoma tumors of the head and neck as
low-risk Class 1 or high-risk Class 2.
Methods: Of note, 157 primary head and neck cutaneous melanoma tumors were
identified. Survival analyses were performed using Kaplan-Meier and Cox
methods.
Results: Gene expression profile class and node status stratified tumors into signif-
icantly different 5-year survival groups by Kaplan-Meier method (P < .0001 for all
end points), and both were independent predictors of recurrence in multivariate
analysis. Overall, 74% of distant metastases and 88% of melanoma-specific deaths
had Class 2 risk.
Conclusion: The gene expression profile test identifies cases at increased risk for
metastasis and death independent of a clinically or pathologically negative nodal
status, suggesting that incorporation of this molecular tool could improve clinical
management of patients with head and neck cutaneous melanoma, especially in
those with a negative sentinel lymph node biopsy.
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1 | INTRODUCTION

In the absence of effective adjuvant treatment for early stage
cutaneous melanoma, initial detection and accurate staging
are critical for optimal disease management. Previous studies
have identified several indicators of overall and disease-free
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survival, including patient age, Breslow thickness, and ulcer-
ation status.1,2 The strongest prognostic factor is the status
of the sentinel lymph node (SLN), as determined by the
SLN biopsy procedure.1,3,4 SLN biopsy has been adopted as
standard of care and is recommended as part of the National
Comprehensive Cancer Network (NCCN) guidelines for
accurate staging of melanoma patients,5 and the prognostic
value of the procedure has been validated by the Multicenter
Selective Lymphadenectomy Trial-1 (MSLT-I).3,6

However, cutaneous melanoma tumors of the head and
neck have shown higher rates of recurrence in SLN-negative
nodal basins compared to other anatomical regions,7–10 as
well as low rates of SLN positivity compared to lesions of the
trunk or extremities.11,12 SLN biopsy in patients with mela-
noma of the head and neck poses several unique challenges,
as surgeons must navigate the complex lymphatic drainage
system of this region while preserving critical neurovascular
structures.13 The close proximity of the nodal basin to the pri-
mary tumor site may also cause difficulty in locating the SLN
during lymphoscintigraphy,14,15 and additional imaging
methods may be necessary to accurately visualize the area.16

Given that the results of MSLT-I show that 2 of 3 patients
with cutaneous melanoma who metastasize and die from their
disease are SLN negative,3,6 there is an unmet clinical need
for improved risk assessment and staging accuracy, particu-
larly for patients with cutaneous melanoma with tumors in the
head and neck region. Thus, additional prognostic tools are
ever more critical. This need could be addressed by a prog-
nostic molecular assay that determines the risk of recurrence
in patients with cutaneous melanoma.

We have previously described a gene expression profile
(GEP) test that utilizes primary tumor biology to determine a
patient's risk of metastasis within 5 years as either low (Class
1) or high (Class 2), with further stratification of patients near
the cutoff between Class 1 and 2 (eg, Class 1A, 1B, 2A, and
2B). The test has been validated in 3 multicenter studies17–19

and was recently shown to improve identification of high-risk
stage I and II melanomas when used in combination with
American Joint Committee on Cancer (AJCC) staging cri-
teria.20 The GEP is a noninvasive test, and a Class 2 result is
highly associated with systemic spread of disease, making it a
potentially valuable tool when used in combination with the
SLN biopsy procedure. Here we report a subgroup analysis
from prior validation studies using GEP classification to prog-
nosticate risk in a cohort of patients with cutaneous melanoma
of the head and neck.

2 | PATIENTS AND METHODS

2.1 | Sample and clinical data collection

A total of 690 cutaneous melanoma cases followed for
≥5 years or to first documented recurrence or metastatic
event were collected from 2 previously reported validation

studies and 1 performance study following Institutional
Review Board approval.17,18,21 From this sample set,
157 patients with primary stage I, II, or III cutaneous mela-
noma tumors of the head and neck were identified from
16 US centers with original date of diagnosis between 1999
and 2011. A total of 110 patients had a documented SLN
biopsy procedure. Patients younger than 18 years or those
diagnosed with another malignant tumor type were
excluded. Clinical parameters were reported by the contrib-
uting centers. For analysis, recurrence was defined as any
local or distant disease recurrence, not including positive
SLN status assessed during staging. Distant metastasis was
defined as a recurrence outside the nodal basin of the pri-
mary tumor or to a different organ site, and also did not
include positive SLN status at the time of diagnosis.

2.2 | Gene expression profile class assignment

Gene expression profile (GEP) class assignment was per-
formed using the commercially available 31-GEP test
(DecisionDx-Melanoma) available from Castle Biosciences,
Inc. (Friendswood, Texas), the development and validation
of which has been previously described.17–19 This clinical
test reports a class probability assignment of either Class
1 (low risk) or Class 2 (high risk), as well as a reduced confi-
dence assignment with “A” reflecting a better and “B”
reflecting worse outcomes resulting in assignments of Class
1A, 1B, 2A, and 2B. The melanoma cases included in this
study are exclusive of the training set used in the test's algo-
rithm.18 The cases in this study have been previously ana-
lyzed with the 31-GEP test in broader cohorts but have not
been analyzed as a head and neck subgroup.

2.3 | Study endpoints

Primary endpoints for the study were recurrence-free survival
(RFS), defined as the time to any event including regional or
distant metastasis but exclusive of a positive SLN biopsy
result, distant metastasis-free survival (DMFS), defined as the
time to any distant metastatic event beyond the regional nodal
basin, overall survival (OS), defined as survival until death
from any cause, and melanoma-specific survival (MSS),
defined as survival until death documented as resulting from
melanoma. The secondary endpoint was the analysis of the
31-GEP predicted outcome in combination with node status
to determine prognostic value added by the GEP. Patients
with either clinically or pathologically negative nodes were
recorded as nodenegative.

2.4 | Statistical analysis

Survival curves were estimated applying the Kaplan-Meier
method; univariate and multivariate analyses were carried out
using Cox regression, characterized with 95% confidence inter-
vals (CIs) on the hazard ratio scale. For proportional hazards
analysis, Breslow thickness and mitotic rate were measured as
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a continuous variable, while all other factors were dichoto-
mized. In all cases the assumptions of proportional hazards
were not violated. AJCC Stage I-IIA vs IIB-III were assessed
based upon differences in clinical management recommenda-
tions from the NCCN.5 Statistical tests were performed using
R version 3.3.0 (University of Auckland, New Zealand), with
P < .05 considered statistically significant.

3 | RESULTS

3.1 | Cohort demographics

A total of 157 patients with cutaneous melanoma with
tumors in the head and neck region who met the study

inclusion and exclusion criteria were identified. Clinical
characteristics of the cohort are shown in Table 1. The
median age was 65 years (range 25-89 years) and median
Breslow thickness was 1.6 mm (range 0.2-15.0 mm). Ulcer-
ation was present in 48 cases (31%) and 84 cases had a
mitotic rate ≥1 mm2 (54%). The median time to recurrence
was 1.4 years; for patients without a metastatic event, the
median length of follow-up was 7.1 years.

3.2 | Survival outcomes stratified by gene expression
profile and nodal predictions of risk

Seventy-nine patients (50%) had a low-risk Class 1 result using
31-GEP molecular classification, with 60 patients classified as
Class 1A and 19 patients as Class 1B. Of the 78 (50%) called

TABLE 1 Patient demographics

Clinical characteristics Overall (n = 157) Class 1 (n = 79) Class 2 (n = 78) P-value

Median age (range), years 65 (25-89) 62 (25-89) 66 (25-85) .27

Recurrence/distant metastasis 73/65 19/17 54/48 <.001

Median time to recurrence/follow-up
for non-metastatic, years

1.4/7.1 1.8/7.5 1.2/6.0 …

AJCC stage … … … <.001

I 64 (41%) 52 (81%) 12 (19%) …

II 53 (32%) 19 (37%) 32 (63%) …

III 40 (27%) 8 (19%) 34 (81%) …

Breslow thickness … … … <.001

Median (range), mm 1.6 (0.2-15.0) 1.0 (0.2-6.0) 2.5 (0.6-15.0) …

≤1 mm 44 (28%) 39 (89%) 5 (11%) …

>1 mm 112 (71%) 40 (36%) 72 (64%) …

Not assessed 1 (1%) 0 (0%) 1 (100%) …

Mitotic index … … … .002

<1/mm2 23 (14%) 17 (74%) 6 (26%) …

≥1/mm2 84 (54%) 32 (38%) 52 (62%) …

Not assessed 50 (32%) 30 (60%) 20 (40%) …

Ulceration … … … <.001

Absent 92 (59%) 63 (68%) 29 (32%) …

Present 48 (31%) 7 (15%) 41 (85%) …

Not assessed 17 (10%) 9 (53%) 8 (47%) …

Node status … … … <.001

Negative 118 (75%) 72 (61%) 46 (39%) …

Positive 39 (25%) 7 (18%) 32 (82%) …

Growth pattern … … … <.001

Superficial spreading 40 (25%) 27 (68%) 13 (32%) …

Nodular 37 (24%) 11 (30%) 26 (70%) …

Desmoplastic 10 (6%) 2 (20%) 8 (80%) …

Lentigo maligna 11 (7%) 10 (91%) 1 (9%) …

Other/not reported 59 (38%) 29 (49%) 30 (51%) …

Site … … … <.001

Mid-face 52 (33%) 34 (65%) 18 (35%) …

Lateral face 40 (25%) 21 (53%) 19 (47%) …

Scalp 49 (32%) 13 (27%) 36 (73%) …

Neck 16 (10%) 11 (69%) 5 (31%) …

Abbreviations: AJCC, American Joint Committee on Cancer.
P-values indicate statistical differences between Class 1 and Class 2.

GASTMAN ET AL. 873



high-risk Class 2, 19 were classified as Class 2A and 59 as Class
2B. Kaplan-Meier analysis resulted in 5-year RFS, DMFS, OS
and MSS rates for Class 1A patients of 80%, 83%, 97%, and
98%, respectively, compared to 25%, 33%, 43%, and 61%,

respectively, for those with a Class 2B result (P < .0001 for all
comparisons; Figure 1). Similar trends were observed in the
cohort of patients who underwent SLN biopsy (n = 110; data
not shown).

FIGURE 1 Kaplan-Meier analysis of recurrence-free (RFS), distant metastasis-free (DMFS), overall survival (OS), and melanoma-specific survival (MSS)
by gene expression profile (GEP) class. RFS, DMFS, OS, and MSS rates for patients with cutaneous melanoma located in the head and neck (n = 157) using
molecular GEP subclassification or nodal status in Kaplan-Meier analysis. Tables below curves show the number of patients with each GEP class or a sentinel
lymph node status, 5-year survival rates for the outcome with 95% confidence intervals, and number of events with percentages experiencing the event. P-
values determined by log rank test for either all comparisons of GEP class or nodal status [Color figure can be viewed at wileyonlinelibrary.com]
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Of the Class 2B patients, 75% (44 of 59) experienced
recurrence, 64% (38 of 59) had a distant metastasis, 58%
(34 of 59) died from any cause, and 32% (19 of 59) were
documented to have died from their disease. By comparison,
22% (13 of 60) Class 1A patients recurred, 18% (11 of 60)
developed distant metastases, 7% (4 of 60) died from any
cause, and 2% (1 of 60) was documented to have died from
melanoma.

Of the 157 patients in the cohort, 118 had a clinically or
pathologically negative node, while 39 patients were SLN
positive. Five-year Kaplan-Meier outcomes for RFS,
DMFS, OS, and MSS in node-negative cases were 65%,
69%, 81%, and 89%, respectively, compared to 20%, 28%,
48%, and 61%, respectively, for SLN-positive cases
(P < .0001 for all; Figure 1). For SLN-positive patients,
77% (30 of 39) patients experienced recurrence, 67% (26 of
39) developed distant metastasis, 54% (21 of 39) died from
any cause, and 33% (13 of 39) were documented to have
died from melanoma. In node-negative patients, 36% (43 of
118) had a recurrence, 33% (39 of 118) developed distant
metastasis, 24% (28 of 118) died from any cause, and 10%
(12 of 118) were documented to have died from melanoma.

3.3 | Cox regression analysis of risk with gene
expression profile and clinical factors

Since prognostic staging has traditionally been performed
according to AJCC guidelines, the clinicopathologic features
recommended by AJCC staging guidelines (version 7) were

used in regression analyses with 31-GEP, including Breslow
thickness, mitotic rate, ulceration, and node status. In univar-
iate Cox proportional hazard models, Breslow thickness,
ulceration, node positivity, and GEP Class 2 results were all
significant predictors of recurrence, distant metastasis, all-
cause death, and melanoma-specific death (P ≤ .01 for all;
Table 2). Mitotic rate was not a significant predictor of any
endpoint. In multivariate analysis, Breslow thickness was
an independent predictor of all survival endpoints (P ≤ .03
for all), and node positivity and molecular Class 2 were
independent predictors of recurrence (P = .02 and .01,
respectively; Table 2). Molecular Class 2 result was also
a significant predictor of distant metastasis (P = .04).

TABLE 2 Cox proportional hazard models evaluating gene expression profile classification along with standard clinicopathologic factors

Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value

RFS Breslow 1.2 1.1-1.2 <.0001 1.2 1.1-1.5 .02

Mitotic rate 1.0 1.0-1.1 .1 1.0 0.9-1.0 .1

Ulceration present 2.5 1.5-4.1 .0002 1.2 0.6-2.5 .5

SLN-positive 3.8 2.4-6.1 <.0001 2.2 1.1-4.1 .02

GEP Class 2 4.8 2.8-8.2 <.0001 3.0 1.3-7.1 .01

DMFS Breslow 1.2 1.1-1.3 <.0001 1.3 1.1-1.6 .008

Mitotic rate 1.0 1.0-1.1 .5 0.9 0.9-1.0 .03

Ulceration present 2.8 1.7-4.8 <.0001 2.0 0.9-4.2 .07

SLN-positive 3.4 2.1-5.7 <.0001 1.7 0.8-3.4 .1

GEP Class 2 4.5 2.5-7.8 <.0001 2.5 1.0-6.3 .04

OS Breslow 1.2 1.1-1.3 .0001 1.4 1.0-1.7 .01

Mitotic rate 1.0 1.0-1.1 .06 1.0 0.9-1.0 .5

Ulceration present 4.6 2.4-8.6 <.0001 1.9 0.8-4.7 .1

SLN-positive 3.9 2.2-6.9 <.0001 1.5 0.7-3.4 .3

GEP Class 2 6.7 3.3-13.5 <.0001 2.9 1.0-9.0 .06

MSS Breslow 1.2 1.1-1.3 .0008 1.4 1.0-1.9 .03

Mitotic rate 1.0 0.9-1.1 .7 0.9 0.8-1.0 .1

Ulceration present 3.1 1.3-7.6 .01 0.9 0.3-3.1 .9

SLN-positive 4.9 2.2-10.9 <.0001 2.6 0.8-8.6 .1

GEP Class 2 10.5 3.1-35.4 .0001 5.4 1.0-30.7 .06

Abbreviations: CI, confidence interval; DMFS, distant metastasis-free survival; HR, hazard ratio; MSS, melanoma-specific survival; OS, overall survival; RFS,
recurrence-free survival; SLN, sentinel lymph node.

TABLE 3 Cox multivariate analysis evaluating high risk classification by
American Joint Committee on Cancer (AJCC) stage (stage IIB and above)
along with gene expression profile class

HR 95% CI P-value

RFS ≥AJCC stage IIB 2.9 0.2-0.6 .0003

GEP Class 2 2.8 1.5-5.1 .0009

DMFS ≥ AJCC stage IIB 2.4 0.2-0.8 .006

GEP Class 2 2.8 1.5-5.4 .002

OS ≥ AJCC stage IIB 2.8 0.2-0.7 .005

GEP Class 2 4.1 1.9-9.1 .0004

MSS ≥ AJCC stage IIB 2.3 0.2-1.1 .1

GEP Class 2 6.8 1.8-25.4 .005

Abbreviations: DMFS, distant metastasis-free survival; GEP, gene expression
profile; MSS, melanoma-specific survival; OS, overall survival; RFS,
recurrence-free survival.
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When comparing GEP Class 2 to AJCC stage IIB and
above in multivariate analysis, both classifications were
significant predictors of recurrence, distant metastasis, and

all-cause death (P ≤ .006 for all; Table 3). Only GEP Class
2 was significant for melanoma-specific death (P = .005;
Table 3).

FIGURE 2 Kaplan-Meier analysis of recurrence-free (RFS), distant metastasis-free (DMFS), overall survival (OS), and melanoma-specific survival (MSS)
outcomes by combined gene expression profile (GEP) and nodal risk classification. RFS, DMFS, OS, and MSS rates for patients with cutaneous melanoma
located in the head and neck (n = 157) using molecular GEP class and clinical nodal status in Kaplan-Meier analysis. Tables below curves show the number
of patients with each GEP class and a sentinel lymph node status combination, 5-year survival rates for the outcome with 95% confidence intervals, and
number of events with percentages experiencing the event. P-values determined by log rank test for all comparisons
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3.4 | Combining gene expression profile risk
classification with node status

Binary GEP result (Class 1 or 2) was combined with node
status to create four stratifications of risk using Kaplan-
Meier analysis (Figure 2). Comparing Class 1/node-negative
patients with Class 2/node-negative patients, the 5-year RFS
was 83% vs 37%, DMFS was 85% vs 45%, OS was 91% vs
62%, and MSS was 96% vs 78%. For Class 1/SLN-positive
cases compared to Class 2/SLN-positive cases, RFS rates
were 29% vs 19%, DMFS was 43% vs 23%, OS was 100%
vs 36%, and melanoma-specific survival was 100% vs 50%.

3.5 | Accuracy of risk prediction according to gene
expression profile and nodal status

As shown in Table 4, molecular class resulted in sensitivities
for prediction of recurrence, distant metastasis, death from
any cause, and melanoma-specific death of 74%, 74%, 80%,
and 88%, respectively, compared to sensitivities for node
status of 41%, 40%, 43%, and 52%, respectively. The nega-
tive predictive values of molecular class in predicting recur-
rence, distant metastasis, all-cause death, and death due to
melanoma were 76%, 78%, 87%, and 96%, respectively,
compared to negative predictive values of 64%, 67%, 76%,
and 90%, respectively, for node status. Combining the prog-
nostic outcomes of both GEP and SLN status increased the
accuracy of identifying high-risk cases, with sensitivities for
recurrence, distant metastasis, all-cause death, and death due
to melanoma of 81%, 80%, 82%, and 88%, respectively, and
negative predictive values of 81%, 82%, 88%, and 96%,
respectively.

4 | DISCUSSION

SLN biopsy is the standard for prognostication in cutaneous
melanoma, although it is recognized that its sensitivity in
patients with head and neck cutaneous melanoma is lower
than for other anatomic sites due to a higher rate of false
negatives and lower rate of true positives.9,22–24 In addition,
damage to cranial nerves and critical vascular structures is a
risk.25 Detection and identification of the SLN itself is com-
plicated by the generally short distances between primary
lesion and nodal basin, and due to the complexities of the
lymphatic drainage patterns in this region, clinically pre-
dicted pathways are often discordant from those identified
using preoperative lymphoscintigraphy.14,15 A trained multi-
disciplinary team of physicians who treat melanoma of the
head and neck is required for accurate technical performance
of the procedure in this group of patients with cutaneous
melanoma.26

Given the higher rate of false negatives with SLN biopsy
in patients with head and neck melanoma, a negative biopsy
derives less confidence in a favorable patient outcome.
Based on MSLT-II, fewer completion lymph node dissec-
tions may be performed in the future and their added prog-
nostic information will thus be mitigated.16 Despite
improved survival seen in head and neck cases from MSLT-
II, these data may need to be interpreted with caution, mak-
ing additional methods of prognostication even more vital in
this population. Molecular classification can improve the
identification of high-risk tumors beyond clinical staging
factors and could have a role in identifying patients with
high risk of recurrence who had a negative node.

As shown in several recent reports, the prognostic infor-
mation provided by the 31-GEP, used in conjunction with

TABLE 4 Accuracy values of node status and gene expression profile alone and in combination for prediction of recurrence, distant metastasis, all-cause
death, and melanoma-specific death

GEP (95% CI) Node (95% CI) GEP + node (95% CI)

RFS Sensitivity 74% (62%-84%) 41% (30%-53%) 81% (70%-89%)

Specificity 71% (61%-81%) 89% (81%-95%) 69% (58%-79%)

PPV 69% (58%-79%) 77% (61%-89%) 69% (62%-76%)

NPV 76% (65%-85%) 64% (54%-74%) 81% (72%-87%)

DMFS Sensitivity 74% (61%-84%) 40% (28%-53%) 80% (68%-89%)

Specificity 67% (57%-77%) 86% (77%-92%) 64% (53%-74%)

PPV 62% (50%-72%) 67% (50%-81%) 61% (54%-68%)

NPV 78% (68%-87%) 67% (58%-75%) 82% (73%-88%)

OS Sensitivity 80% (66%-90%) 43% (29%-58%) 82% (68%-91%)

Specificity 64% (54%-73%) 83% (75%-90%) 58% (48%-68%)

PPV 50% (38%-62%) 54% (37%-70%) 47% (41%-53%)

NPV 87% (78%-94%) 76% (68%-84%) 88% (79%-93%)

MSS Sensitivity 88% (69%-97%) 52% (31%-72%) 88% (69%-97%)

Specificity 58% (49%-66%) 80% (72%-87%) 52% (43%-61%)

PPV 28% (19%-40%) 33% (19%-50%) 26% (22%-31%)

NPV 96% (89%-99%) 90% (83%-95%) 96% (89%-99%)

Abbreviations: CI, confidence interval; DMFS, distant metastasis-free survival; GEP, gene expression profile; MSS, melanoma-specific survival; NPV, negative predic-
tive value; OS, overall survival; PPV, positive predictive value; RFS, recurrence-free survival.
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node status, further identified high-risk cases.17,18,21 Results
from this study show that the 31-GEP test identified 74% of
patients who developed distant metastases and 88% of
patients who died from their disease as high-risk Class
2, and that the 5-year risk of recurrence is more than doubled
for the Class 2/node-negative group compared to the Class
1/node-negative group (63% vs 17%). Survival rates for
Class 2 cases align closely with those of node-positive cases
(Figure 1), suggesting that prognoses for these two groups
are similar and that patients should then be followed more
intensively. The results suggest that the GEP is an indepen-
dent predictor of recurrence and distant metastasis, and this
subset analysis showed greater accuracy in detecting cases at
high risk for recurrence, distant metastasis, death from any
cause, and melanoma-specific death compared to node sta-
tus. However, the highest sensitivities were achieved when
both methods of prognostication were combined. Similarly,
the addition of molecular classification to node-negative sta-
tus improved identification of true low-risk cases, with
5-year RFS and DMFS rates of 83% and 85%, respectively,
for Class 1/node-negative patients compared to 65% and
69%, respectively, when considering node-negative status
alone.

Cutaneous melanoma is a heterogeneous disease
believed to develop through different pathways depending
on anatomical site.27 BRAF mutations arise more frequently
in cutaneous melanoma tumors located on the trunk com-
pared to those in the head and neck region, so a patient who
develops distant metastasis following diagnosis of a cutane-
ous melanoma on the head or neck may have fewer options
for cure.28,29 The location-specific etiology of the disease
may result in a more aggressive biology in lesions of the
head and neck, as these cells may have greater proliferative
potential due in part to chronic sun exposure.30 Based on the
results of this study, the 31-GEP is able to identify high-risk
tumor biology to provide accurate and independent prognos-
tic information in addition to the standard clinicopathologic
features used in staging.

Intensive follow-up and surveillance are critical for early
detection of metastasis. GEP testing allows patients with intrin-
sic high-risk tumor biology to be promptly identified at diagno-
sis and subsequently managed with high-intensity surveillance
to identify metastasis as early as possible. Multiple studies
reveal that cross-sectional imaging reveals melanoma progres-
sion well before it becomes symptomatic.31–33 More impor-
tantly, early detection of metastasis is becoming clinically
important as treatment with modern therapeutic agents shows
greater benefit when disease burden is low.34,35

This study is limited by sample size, which could impact
the multivariate analysis given the low numbers of MSS
events, but we addressed this with a model including only
GEP class and AJCC stage. Additionally, this cohort has
some features that are more aggressive than the clinical pop-
ulation. Despite these limitations, the results indicate that

molecular classification may enhance the selection of
patients to undergo aggressive imaging and physical exami-
nation, leading to better resource utilization and the earliest
possible detection of recurrence and metastases.

In conclusion, the early detection of distant metastases is
of particular importance for patients with cutaneous mela-
noma in the head and neck region, as surgical resection can
be limited by both technical and cosmetic concerns and
regional treatment options may be limited due to anatomic
site.36,37 Furthermore, regional head and neck melanoma is
often well controlled by operation (the head and neck was
the only site for which completion node dissection offered
improved OS in the MSLT-II trial).38 Thus, the addition of
the 31-GEP test to standard staging offers the opportunity to
complement node status and identify more patients at risk
for distant metastasis and death who could potentially bene-
fit from more aggressive surveillance and earlier therapeutic
intervention,34–36 at a point when these treatments are most
effective.
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