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Background: A substantial number of patients who relapse and die from cutaneous melanoma (CM) are
categorized as being at low risk by traditional staging factors. The 31-gene expression profile (31-GEP) test
independently stratifies metastatic risk of patients with CM as low (Class 1, with 1A indicating lowest risk)
or high (Class 2,with 2B indicating highest risk).
Objective: To assess risk prediction by the 31-GEP test within 3 low-risk (according to the American Joint
Committee on Cancer) populations of patients with CM: those who are sentinel lymph node (SLN)
negative, those with stage I to IIA tumors, and those with thin (#1 mm [T1]) tumors.
Methods: A total of 3 previous validation studies provided a nonoverlapping cohort of 690patientswith 31-GEP
results, staging information, and survival outcomes. Kaplan-Meier and Cox regression analysis were performed.
Results: The results included the identification of 70% of SLN-negative patients who experienced metastasis
as Class 2, the discovery of reduced recurrence-free survival for patientswith thin tumors andClass 2B biology
compared with that of those with Class 1A biology (P\ .0001); and determination of the 31-GEP test as an
independent predictor of risk compared with traditional staging factors in patients with stage I to IIA tumors.
Limitations: Diagnoses spanned multiple versions of pathologic staging criteria.
Conclusions: The 31-GEP test identifies high-risk patients who are likely to experience recurrence or die of
melanoma within low-risk groups of subpopulations of patients with CM who have SLN-negative disease,
stage I to IIA tumors, and thin tumors. ( J Am Acad Dermatol 2019;80:149-57.)
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Cutaneous melanoma (CM) is the leading cause
of death from skin cancer, with 91,270 diagnoses
and 9320 deaths expected in 2018.1 Assessment of
an individual patient’s risk of recurrence and death
is based on the American Joint Committee on
Cancer (AJCC) recommendations, which consider
traditional staging factors such as Breslow thick-
CAPSULE SUMMARY

d In this study, the previously validated 31-
gene expression profile (31-GEP) test for
cutaneous melanoma (CM) prognosis
accurately and independently identified
high-risk tumors within low-risk
populations, including node negative,
stage I-IIA and T1 (#1 mm) CM.

d Identification of high-risk CM patients
using 31-GEP testing supports its use to
guide personalized clinical decisions.
ness (BT) and ulceration.2-4

Although the CM of the
majority of patients is diag-
nosed with localized tumors
and typically exhibits a
favorable prognosis, recent
studies have shown that
patients with early-stage
disease at diagnosis
contribute a substantial
number of deaths from mel-
anoma.5-9 National guide-
lines for the clinical
management of patients
with CM do not recom-
mend intensive surveillance
and adjuvant therapy for

patients deemed at low risk by traditional staging
criteria (stage I-IA).10,11 However, frequent clinical
follow-up and imaging are recommended for
patients deemed at high risk (stage IIB-IIIC), and
this intensified surveillance protocol for patients
with CM has been associated with early identifica-
tion of recurrences.12-17 Additionally, contemporary
therapeutic interventions, including targeted thera-
pies and immunotherapies, have proved more
efficacious when tumor burden is low.18-22 Thus,
as effective therapies move into the adjuvant
setting, the identification of high-risk subsets of
patients with early-stage CM becomes more
important.

Previously published retrospective and pro-
spective studies have demonstrated the validity
and clinical utility of a 31-gene expression profile
(31-GEP) test to assess tumor biology and accu-
rately predict the metastasis risk of patients with
CM (DecisionDx-Melanoma, Castle Biosciences,
Inc, Friendswood, TX).23-26 The 31-GEP test cat-
egorizes patient risk as Class 1A, 1B, 2A, and 2B.
Class 1A patients have the lowest risk, Class 1B/
2A is associated with intermediate risk, and Class
2B confers the highest risk. The majority (;85%)
of clinically 31-GEPetested patients are Class 1A
or Class 2B (Castle Biosciences internal data). The
test predicts clinical outcomes independent of
traditional staging features. Herein, we describe
an analysis of the 31-GEP test results with a
pooled validation cohort (N = 690) to identify
high-risk patients within subgroups traditionally
deemed at low risk: those with negative sentinel
lymph node (SLN) biopsy results, thin tumors
(#1 mm [T1]), or stage I to IIA disease.

METHODS
Archival formalin-fixed, paraffin-embedded pri-
mary CM tumor tissue was
obtained under a protocol
approved by the institu-
tional review board at each
of the 18 participating cen-
ters. Inclusion required bi-
opsy confirmation of stage I
to III melanoma, diagnosis
between 1998 and 2014,
and at least 5 years of
follow-up or a documented
recurrence of disease.
Patient data, including clin-
ical, pathologic, and out-
comes data (Table I), were
entered onto the case report
form by the staff at partici-
pating centers and on-site data monitoring was
performed for all cases. Final data analysis was
performed after completion of data collection with
a censor date of October 2016. Patients included in
the training set used for development of the test
were not included in this analysis. The 31-GEP test
was used to determine the molecular profile of
each sample. Details of the classification algorithm
have been reported previously.23-25

The primary end points for this analysis were
recurrence-free survival (RFS), which was defined as
the time from diagnosis to local, regional, or distant
recurrence, and distant metastasis-free survival
(DMFS), which was defined as the time from
diagnosis to identification of any distant metastasis.
Melanoma-specific survival (MSS), which was
defined as the time from diagnosis to a documented
death from melanoma, was a secondary end point.
Statistical analyses included Kaplan-Meier and Cox
proportional hazard survival analyses and the Fisher
exact test, which were performed by using R
software (version 3.3.2, R Foundation for Statistical
Computing, Vienna, Austria). P values less than .05
were considered statistically significant. For Cox
multivariate analysis, BT and mitotic rate were
treated as continuous variables, all other staging
factors were deemed binary, and assumptions of
proportionality were verified. All cases included in
multivariate analysis of the group with stage I to III
disease had SLNB performed; pathologic node status
was also used.



Table I. Patient demographics of the study cohort
of 690 patients

Attribute Summary

Median age, y (range) 59 (18-94)
Median Breslow thickness, mm
(range)

1.3 (0.1-29)

Ulceration present, n (%) 190/597 (32%)
Mitotic rate $1/mm2, n (%) 352/474 (74%)
Clinical node status positive, n (%) 200/690 (29%)
Pathologic node status positive, n (%) 200/459 (44%)
Stage (AJCC), n (%)
I 333/690 (48%)
II 150/690 (22%)
III 207*/690 (30%)

31-GEP Class 2, n (%) 298/690 (43%)

All nonmetastatic cases had at least 5 years of follow-up;

denominators represent all cases for which a given attribute was

assessed.

AJCC, American Joint Committee on Cancer; 31-GEP, 31-gene

expression profile; SLN, sentinel lymph node.

*Seven patients had stage III disease on the basis of palpable

nodes, in-transit disease, or microsatellitosis.

Abbreviations used:

AJCC: American Joint Committee on Cancer
BT: Breslow thickness
CM: cutaneous melanoma
DMFS: distant metastasis-free survival
31-GEP: 31-gene expression profile
HR: hazard ratio
MSS: melanoma-specific survival
RFS: recurrence-free survival
SLN: sentinel lymph node
SLNB: sentinel lymph node biopsy
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RESULTS
We evaluated the 690 pooled cases from the prior

studies that met the inclusion criteria for stage and
duration of follow-up (Table I).23-25 We compared
the MSS rates by stage for this pooled cohort with the
rates for patients in the AJCC 8th Edition database
(Supplemental Table I; available at http://www.jaad.
org) and showed that for the patients in this study
cohort, the rates are plus or minus 1% of those for
patients in the AJCC 8th Edition database, thus
indicating that the survival rates for this cohort are
similar.4

Consistent with previously reported results,23-25

31-GEP Class 2 was an independent predictor of
RFS, DMFS, and MSS, with the 5-year survival rates
for all outcomes being significantly reduced for
patients with a Class 2 result compared with those
for patients with a Class 1 result (data not shown).
As Class 2B results account for a significant propor-
tion of the difference in risk, the expanded sub-
classes are reported for the remainder of this
manuscript. Cases with 31-GEP Class 1A results
had significantly higher RFS, DMFS, and MSS rates
compared with those for cases with 31-GEP Class
2B (P \ .0001 for all comparisons [Fig 1, A-C]). In
multivariate analysis, molecular class and SLN
positivity were independent predictors of RFS,
DMFS, and MSS (Table II) (P \ .01 in all cases),
whereas ulceration was significant for DMFS and
thickness was significant for RFS and DMFS (Table
II). Age, although not considered in the AJCC
staging criteria, has been shown to be a predictor
of MSS in melanoma.27-29 When included in the
multivariate analysis, age was not a statistically
significant factor for this end point (Supplemental
Table II; available at http://www.jaad.org).
However, a Class 2B 31-GEP result, positive node
status, and thickness were independent predictors
of MSS (P \ .05). On the basis of patient manage-
ment workflows depending on population risks, 3
subpopulations of patients with CM with expected
favorable outcomes4 were selected for further
analysis: those with negative SLN biopsy (SLNB)
results, those with stage I to IIA disease, and those
with thin tumors (BT, #1 mm [T1]).

SLN-negative patients
Of the 690 patients, 459 had an SLNB performed,

with the results of 259 of them deemed SLN negative.
To evaluate the ability of the 31-GEP to stratify SLN-
negative patients into differential risk groups,
Kaplan-Meier analysis was performed for the 31-
GEP outcomes in SLN-negative patients (n = 259).
SLN-negative/Class 2B patients had significantly
worse RFS, DMFS, and MSS rates than did SLN-
negative/Class 1A patients (P\.01 for both pairwise
comparison and all comparisons [Fig 2]). Class 1B/2A
patients had similar RFS, DMFS, andMSS rates, which
were decreased compared with those for Class 1A
but significantly higher than those for Class 2B. In
this subgroup, a Class 2 result identified 71.3%,
70.4%, and 78.6% of recurrences, metastases, and
melanoma-specific mortality events.

Low-risk patients per guidelines (stage I to IIA)
For the 393 patients with stage I to IIA disease,

Class 1A patients had significantly better 5-year RFS,
DMFS, and MSS rates than did Class 2B patients
(P \ .0001 for all comparisons [Fig 3, A-C]). In the
stage I to IIA group, 31-GEP Class 2B was the most
significant predictor of RFS and DMFS in Cox
multivariate analysis that included thickness, ulcer-
ation, and mitotic rate, whereas thickness was
significant only for RFS (n = 216; Class 2B hazard
ratio [HR], 7.33 for RFS and 4.26 for DMFS; P\ .05)

http://www.jaad.org
http://www.jaad.org
http://www.jaad.org


Table II. Results of multivariate Cox regression analysis for RFS, DMFS, and MSS in the study cohort

Cox multivariate analysis (n = 319)

RFS DMFS MSS

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

Breslow thickness 1.21 1.12-1.3 \.0001 1.19 1.09-1.29 \.0001 1.16 1-1.34 .05
Mitotic rate 1.01 0.99-1.03 .18 1.01 0.99-1.03 .24 0.97 0.92-1.03 .34
Ulceration 1.1 0.75-1.59 .64 1.57 1.02-2.43 .04 0.77 0.38-1.57 .47
Positive node 2.45 1.74-3.46 \.0001 3.02 2-4.57 \.0001 3.83 1.85-7.95 .0003
31-GEP Class 1B 1.13 0.56-2.29 .73 1.35 0.58-3.15 .48 4.37 0.84-22.72 .08
31-GEP Class 2A 1.48 0.77-2.84 .24 1.53 0.68-3.43 .30 2.52 0.42-15.2 .31
31-GEP Class 2B 2.92 1.7-5.00 \.0001 2.89 1.49-5.62 .002 9.02 2.02-40.24 .004

There were 147 recurrences, 107 distant metastases, 36 melanoma-specific deaths.

CI, Confidence interval; DMFS, distant melanoma-specific survival, 31-GEP, 31-gene expression profile; HR, hazard ratio; MSS, melanoma-free

survival; RFS, recurrence-free survival.

Fig 1. The 31-gene expression profile (31-GEP) class and correlated survival outcomes of the
cohort of 690 patients with cutaneous melanoma (CM). Recurrence-free survival (RFS) (A),
distant metastasis-free survival (DMFS) (B), and melanoma-specific survival (MSS) (C) rates for
690 patients were obtained by using molecular 31-GEP subclassification in Kaplan-Meier
analysis. The tables below the curves show the number of patients with each 31-GEP class,
5-year survival rates for the outcome with 95% confidence intervals (CIs), and number of events
with percentages of the class experiencing the event. P values were determined by the log-rank
test.
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(Table III). Multivariate analysis for MSS was per-
formed with use of binary 31-GEP class (Class 1 vs
Class 2) because no patient with Class 1A experi-
enced a melanoma-related death. Only 31-GEP Class
2 was a significant predictor of MSS (HR, 6.13;
P\ .05) in this group (Table IV).

Patients with thin tumors
The majority of patients with thin tumors (T1)

were low-risk Class 1 patients (251 of 281 [89.3%]),
but importantly, 5.3% of patients with thin tumors (15
of 281) had a high-risk Class 2B result; 2.0% of T1a
and 13.9% of T1b tumors were Class 2B. Patients with
thin tumors demonstrated statistically significant
differences in 5-year RFS rates, with Class 1A and
Class 2B exhibiting rates of 96.8% and 64.6%,
respectively (P \ .001 for all comparisons)
(Supplemental Fig 1, A; available at http://www.
jaad.org). The DMFS rates for Class 1A and Class 2B
were 97.2% and 84.4%, respectively (P = .007)
(Supplemental Fig 1, B; available at http://www.
jaad.org). Because there was only 1 confirmed
melanoma-related death in this group, analysis of
MSS was not possible. Cox multivariate analysis of

http://www.jaad.org
http://www.jaad.org
http://www.jaad.org
http://www.jaad.org


Fig 2. Kaplan-Meier analysis of sentinel lymph nodeenegative (SLN neg) patients and 31-gene
expression panel (31-GEP) class in the cohort of 690 patients with cutaneous melanoma (CM).
Recurrence-free survival (RFS) (A), distant metastasis-free survival (DMFS) (B), and melanoma-
specific survival (MSS) (C) rates for patients with negative SLN biopsy results (n = 259) using
molecular 31-GEP subclassification in Kaplan-Meier analysis. The tables below the curves show
the number of patients with each 31-GEP class, 5-year survival rates for the outcome with 95%
confidence intervals (CIs), and number of events with percentages of the class experiencing the
event. P values determined by the log-rank test.

Fig 3. Survival outcomes for patients with stage I and IIA cutaneous melanoma (CM) with
molecular classification by the 31-gene expression panel (31-GEP) test. Recurrence-free
survival (RFS) (A), distant metastasis-free survival (DMFS) (B), and melanoma-specific survival
(MSS) (C) rates for patients with stage I and IIA disease (n = 393) with use of molecular 31-GEP
subclassification in Kaplan-Meier analysis. The tables below the curves show the number of
patients with each 31-GEP class, 5-year survival rates for the outcome with 95% confidence
intervals (CIs), and number of events with percentages of the class experiencing the event.
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Table III. Multivariate Cox regression analysis for RFS and DMFS in patients with stage I and IIA disease

Cox multivariate analysis (n = 216)

RFS DMFS

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

Breslow thickness 1.47 1.17-1.86 .001 1.35 0.94-1.93 .1
Mitotic rate 1.05 0.99-1.12 .13 1.05 0.97-1.13 .24
Ulceration 1.28 0.51-3.2 .60 2.44 0.81-7.34 .11
31-GEP Class 1B 1.67 0.41-6.75 .47 2.15 0.47-9.76 .32
31-GEP Class 2A 5.1 1.53-16.93 .008 3.96 0.89-17.75 .07
31-GEP Class 2B 7.33 2.65-20.26 .0001 4.26 1.11-16.38 .04

There were 30 recurrences and 19 distant metastases.

CI, Confidence interval; DMFS, distant metastasis-free survival; 31-GEP, 31-gene expression profile; HR, hazard ratio; RFS, recurrence-free

survival.

Table IV. Multivariate Cox regression analysis for
MSS in stage I and IIA patients

Cox multivariate analysis (n = 216)

MSS

HR 95% CI P value

Breslow thickness 1.5 0.97-2.31 .07
Mitotic rate 0.95 0.78-1.16 .61
Ulceration 1.92 0.34-10.68 .46
31-GEP Class 2 6.13 1.07-35.24 .04

There were 7 melanoma-specific deaths.

CI, Confidence interval; 31-GEP, 31-gene expression profile; HR,

hazard ratio; MSS, melanoma-specific survival.
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thickness, mitoses, ulceration, and SLNB positivity in
patients with thin tumors who were node-assessed
demonstrated that a 31-GEP Class 2B result was the
only independent and significant predictor of RFS
(n = 57; HR, 9.34; P = .004) (Supplemental Table III;
available at http://www.jaad.org).
DISCUSSION
National management guidelines for follow-up of

patients with melanoma are based on AJCC stage,
resulting in less intense surveillance recommenda-
tions for patients considered at low risk of recur-
rence.10,11 However, a majority of patients who
eventually develop metastatic disease and die of
melanoma are initially diagnosed as stage I or II,
which indicates that there are tumors with a biologic
propensity to metastasize that are currently not being
identified.7,9,30 Although SLNB remains an important
prognostic tool in patients with melanoma, findings
from the Multicenter Selective Lymphadenectomy
Trial-1 study indicate that 2 of 3 patients who died of
melanoma were SLN negative.30

To address the unmet clinical need to identify
those patients within traditionally low-risk patient
subgroups who are at high risk of metastasis and
death, we utilized a clinically validated 31-GEP test
supported by prospective, retrospective, and clinical
utility data23-26,31-35 and 690 cases pooled from
previous studies to permit subgroup analysis. Other
prognostic molecular classifiers for CM have been
reported; however, they are still in development and
require additional validation36,37 or predict a clinical
end point different for those described here.38

Furthermore, none of these assays have demon-
strated clinical utility in patient management.

Given the considerable number of deaths from
stage I to IIA melanoma, adjuvant treatment may be
relevant for high-risk, earlier-stage patients to pre-
vent recurrences after definitive therapy. The 31-GEP
test was able to identify a subset of stage I to IIA
patients with a significant risk of recurrence and
death; it was the strongest and only independent
predictor of risk across all survival end points. Class
2B patients had an MSS rate comparable to that of
patients with T3b tumors, whereas Class 1A patients
had an MSS rate comparable to that of patients with
T1a tumors.4

Thin melanomas also comprise a substantial pro-
portion of the melanomas of the overall patient
population, and their incidence is steadily
increasing. They also account for approximately
24% to 30% of deaths.7,8 Although a positive associ-
ation of clinical features with poor outcomes for
patients with thin tumors has been described,39 the
results show that the 31-GEP test is an additional
independent predictor of recurrence, with a 5-year
RFS rate of 64.6% for Class 2B patients compared
with a rate of 96.8% for patients identified as Class
1A. As the 31-GEP test was developed and validated
to determine 5-year risk of recurrence, the ability to
detect the less well-characterized late recurrences
(disease free interval of $10 years) with this prog-
nostic test has yet to be elucidated. Seven percent of
patients with thinner tumors in a single-institution
study developed late recurrences.40 Thus, with re-
gard to predicting recurrences within 5 years of

http://www.jaad.org
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diagnosis, the 31-GEP test identifies the vast majority
of high-risk patients who are likely to have poor
outcomes. Even when patients with thin melanomas
on which SLNB was performed (93 of 281 [33%])d
patients who constitute a higher risk subgroup than
do those who did not undergo SLNBdwere taken
into account, the 31-GEP test was a statistically
significant, independent predictor of recurrence.

Although there is obvious clinical value in the
identification of patients who have a high risk of
recurrence, it is important to recognize that in
patients with a 31-GEP Class 1A result, the 31-GEP
test has a negative predictive value of at least 99% for
MSS in patients with stage I to IIA and thin mela-
nomas. Studies have shown that many patients with
early-stage melanoma have ongoing anxiety
regarding their risk of recurrence, even if they are
considered by conventional factors to be at low
risk.41-43 Confirmation of their low risk disease by the
Class 1A result may provide some patients with
reassurance of their good prognosis.

This study was limited by incomplete pathologic
staging data owing to variation in contemporaneous
reporting standards between 1998 and 2014 and lack
of centralized pathology review. However, the study
cohort reflects the current clinical situation wherein
histopathologic assessment of CM may be prone to
subjectivity,44,45 thus supporting a need for addi-
tional methods of risk assessment that are not subject
to interobserver variability. As Cox regression ana-
lyses were performed by using only those cases in
which all variables were identified, the number of
cases included in each of the analyses, as indicated in
each table, was less than the total number of cases.
To address this limitation, Cox regression analysis
was also performed including only the covariates of
SLNB and 31-GEP subclass. Both SLN positivity and
31-GEP Class 2B remained independent predictors
of recurrence in patients with T1 tumors (P# .005 for
both [data not shown]). A second limitation is the
retrospective nature of the sample collection.
Another possible caveat is the proportion of stage
III cases within the cohort. Although the overall
cohort exhibited a higher rate of SLN positivity than
that typically observed in clinical practice, the MSS
outcomes for each stage aligned with the AJCC 8th

Edition staging outcomes (Supplemental Table I),
which indicates that from the standpoint of stage, the
population is representative of contemporary pa-
tients with melanoma.

Our results confirm that the 31-GEP test is an
independent prognostic factor, and the strongest
prognostic indicator, compared to current staging
factors. Managing these patients according to their
individual risk (eg, by more frequent clinical follow-
up and increased surveillance/imaging for early
identification of metastatic disease) is consistent
with current national guidelines. Furthermore, it is
likely that there will be interest in evaluating
contemporary adjuvant therapies in stage II pa-
tients.46-48 To do this, identifying patient groups
with high rates of metastatic events will be necessary
for any clinical trial that includes this population.
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Supplemental Fig 1. Survival outcomes for patients with cutaneous melanoma (CM) with T1
(#1 mm) tumors with use of molecular classification by the 31-gene expression panel (31-GEP)
test. Recurrence-free survival (RFS) (A) and distant metastasis-free survival (DMFS) (B) rates for
patients with tumors with a thickness of 1 mm or less (n = 281) with use of molecular 31-GEP
subclassification in Kaplan-Meier analysis. The table below the curve shows number of patients
with each 31-GEP class, 5-year survival rates with 95% confidence intervals (CIs), and number
of events with percentages of the class experiencing the event. P values were determined by
the log-rank test.
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Supplemental Table I. Comparison of MSS rates in the study cohort of 690 patients with those in the new
AJCC 8th Edition International Melanoma database

Cohort Earliest year of diagnosis No. of collaborating centers

5-y MSS

Stage I Stage II Stage III

AJCC 8th Edition 1998 10 98% 90% 77%
690-Patient cohort 1998 18 99% 91% 76%

AJCC, American Joint Committee on Cancer; MSS, melanoma-specific survival.
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Supplemental Table II. Multivariate Cox
regression analysis, including age, for MSS in the
study cohort

Cox multivariate analysis

(n = 319)

MSS (study cohort)

HR 95% CI P value

Breslow thickness 1.17 1-1.36 .04
Mitotic rate 0.97 0.92-1.03 .33
Ulceration 0.76 0.37-1.56 .46
Positive node 4.03 1.92-8.45 .0002
Age 1.01 0.99-1.03 .47
31-GEP Class 1B 4.34 0.84-22.54 .08
31-GEP Class 2A 2.42 0.40-14.6 .34
31-GEP Class 2B 8.43 1.87-37.93 .005

There were 31 melanoma-specific deaths.

CI, Confidence interval; 31-GEP, 31-gene expression profile; HR,

hazard ratio; MSS, melanoma-specific survival.
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Supplemental Table III. Multivariate Cox
regression analysis for recurrence in patients with
T1 tumors

Cox multivariate analysis

(n = 57)

RFS node assessed

HR 95% CI P value

Breslow thickness 0.6 0.01-32.81 .80
Mitotic rate 1.03 0.81-1.3 .83
Ulceration 2.26 0.41-12.56 .35
Positive node 4.16 0.79-21.82 .09
31-GEP Class 1B 0.52 0.05-5.23 .58
31-GEP Class 2A 0 0-infinity 1.0
31-GEP Class 2B 9.34 2.03-42.97 .004

There were 10 recurrences.

CI, Confidence interval; 31-GEP, 31-gene expression profile; HR,

hazard ratio; RFS, recurrence-free survival.
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