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abstract

PURPOSE Current guidelines for postoperative management of patients with stage I-IIA cutaneous melanoma (CM)
do not recommend routine cross-sectional imaging, yet many of these patients develop metastases. Methods that
complement American Joint Committee on Cancer (AJCC) staging are needed to improve identification and
treatment of these patients. A 31-gene expression profile (31-GEP) test predicts metastatic risk as low (class 1) or
high (class 2). Prospective analysis of CM outcomes was performed to test the hypotheses that the 31-GEP
provides prognostic value for patients with stage I-III CM, and that patients with stage I-IIA melanoma and class 2
31-GEP results have metastatic risk similar to patients for whom surveillance is recommended.

MATERIALS AND METHODS Two multicenter registry studies, INTEGRATE (ClinicalTrials.gov identifier:
NCT02355574) and EXPAND (ClinicalTrials.gov identifier:NCT02355587), were initiated under institutional
review board approval, and 323 patients with stage I-III CM andmedian follow-up time of 3.2 years met inclusion
criteria. Primary end points were 3-year recurrence-free survival (RFS), distant metastasis-free survival (DMFS),
and overall survival (OS).

RESULTS The 31-GEP was significant for RFS, DMFS, and OS in a univariate analysis and was a significant,
independent predictor of RFS, DMFS, and OS in a multivariable analysis. GEP class 2 results were significantly
associated with lower 3-year RFS, DMFS, and OS in all patients and those with stage I-IIA disease. Patients with
stage I-IIA CM and a class 2 result had recurrence, distant metastasis, and death rates similar to patients with
stage IIB-III CM. Combining 31-GEP results and AJCC staging enhanced sensitivity over each approach alone.

CONCLUSION These data provide a rationale for using the 31-GEP along with AJCC staging, and suggest that
patients with stage I-IIA CM and a class 2 31-GEP signature may be candidates for more intense follow-up.
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INTRODUCTION

Cutaneous melanoma (CM) has one of the fastest
rising incidence rates of cancers in the United States.1

National Comprehensive Cancer Network guidelines
recommend clinical management decisions be based
on an individual patient’s recurrence risk, including
decisions for a sentinel lymph node biopsy (SLNB),
metastatic surveillance, referral to oncology, adjuvant
therapy, and clinical trial participation. Moreover,
these guidelines indicate that gene expression profil-
ing (GEP) can provide recurrence risk information as
an adjunct to staging.2 Although approximately 70% of
patients with CM are diagnosed with stage I-II disease,
this group contributes the most deaths in patients with
melanoma without distant metastasis at diagnosis.3,4

Thus, relying upon traditional staging factors, includ-
ing Breslow thickness, presence of ulceration, and
sentinel lymph node (SLN) involvement is insufficient
to identify all patients at risk for metastasis and death.

Therefore, improved prognostication is needed to re-
duce treatment in patients less likely to progress and
escalate treatment for patients more likely to progress.

Recently, tumor tissue–based GEP has refined clini-
copathologic prognosis and helped inform the treatment
of solid tumors. GEP tests for uveal and breast cancer
have demonstrated clinical utility in avoiding unneces-
sary surgical intervention in low-risk patients and are
often used in staging.5,6 A 21-GEP test identifies patients
with estrogen receptor-positive human epidermal growth
factor receptor 2-negative breast cancer with low risk for
recurrence who could avoid chemotherapy.7,8 The
prognostic accuracy of this breast cancer GEP led to its
incorporation into American Joint Committee on Cancer
8th edition staging guidelines (AJCC 8th ed).9,10 In uveal
melanoma, a prognostic 15-GEP test identifies meta-
static risk, helping to avoid high-intensity surveillance for
low-risk patients and targeting frequent surveillance and
adjuvant therapy consideration to high-risk patients,11,12
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and is now recommended by AJCC and National Compre-
hensive Cancer Network guidelines.13,14

A 31-GEP test (DecisionDx-Melanoma) was developed and
validated to assess tumor biology–based CM risk.15 The test
evaluates 28 discriminating genes and 3 control genes from
formalin-fixed, paraffin-embedded tissue to stratify patient
risk into class 1, including class 1A (lowest risk) and class
1B (low risk); or class 2, including class 2A (increased risk)
and class 2B (highest risk). Eight peer-reviewed studies
have shown that the 31-GEP is an independent, significant
predictor of disease progression.13-21 However, current
staging systems and guidelines do not recommend its use.
We used clinical outcomes data for patients with stage I-III
CM from two prospective registry studies to evaluate the
hypotheses that the 31-GEP test has independent prog-
nostic value, and that patients with stage I-IIA melanoma
and a 31-GEP class 2 result have metastatic risk similar to
patients with stage IIB-III disease.

MATERIALS AND METHODS

Study Design and Enrollment

The study design and methods have been previously
described.17 Patients were enrolled in one of two pro-
spective studies, EXPAND and INTEGRATE (Clinical-
Trials.gov identifiers:NCT02355587 and NCT02355574),
which have the same enrollment criteria and aims but differ
in the extent of data collection to accommodate private and
academic center resources. A combined analysis of the
studies was preplanned.

ElevenUS dermatologic and surgical centers participated after
receiving institutional review board approval of the protocol.
Patients ≥ 16 years of age diagnosed with stage I-III CM who
had successful 31-GEP testing and no prior history of mela-
noma were consented and enrolled between 2013 and 2019.
These registry studieswere designed to enroll 6,672 patients to
account for inclusion that satisfied all primary objectives,

including comparison of class 1 and class 2 risk profiles. The
primary end point of risk stratification wasmet after enrollment
of 334 patients. Other primary end points remain to be
assessed. The 31-GEP test was performed in a CAP- and
CLIA-accredited laboratory using published protocols.15

Each patient’s clinicopathologic data, as defined by the AJCC
8th ed were entered into a secure case report form, and
clinical outcomes were collected and entered at 6-month
intervals. The last censor date for clinical data wasDecember
15, 2018. Cases were excluded if they did not have at least
one follow-up visit, if multiple primary melanomas or distant
metastasis were present at diagnosis, or if the patient’s
outcome was unverifiable by the enrolling center (Fig 1).

Statistical Analyses

Survival end points of 3-year recurrence-free survival (RFS,
time from diagnosis to regional or distant metastasis), distant
metastasis-free survival (DMFS, time from diagnosis to any
metastatic event beyond the regional nodal basin), and
overall survival (OS, time from diagnosis to documented
death of any cause) were assessed using Kaplan-Meier
analysis with logrank test. Univariate Cox regression analy-
sis was used to determine significant variables from con-
tinuousmitotic rate, age, and categorical sex, tumor location,
AJCC stage, and GEP result. Multivariable Cox regression
analysis was used to compare the prognostic impact of the
31-GEP relative to other significant (P , .01) variables
identified from the univariate analysis for RFS, DMFS, and
OS. Prognostic accuracy of the 31-GEP test and AJCC
staging was measured by sensitivity, specificity, positive
predictive value, and negative predictive value (NPV).

As this analysis follows an interim analysis, to reduce the
chance of a type I error, the critical α level was established
at .04 because an α level of .01 was already spent on the
interim analysis, summing to the traditional .05.17,22 Sta-
tistical associations were evaluated using Wilcoxon and
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Pearson’s chi-squared tests where appropriate. Statistical
analyses were performed in R version 3.6.3 (University of
Auckland, Auckland, New Zealand) according to pre-
specified analysis plans.

RESULTS

Patient Demographics

A total of 372 patients were assessed for eligibility, and 334
who met enrollment criteria and had 31-GEP test results

were enrolled. Eleven patients were excluded from the
analysis, leaving 323 patients who met enrollment and
analysis inclusion criteria (Fig 1). Median age at diagnosis
was 58 (range, 18-87) years with a median follow-up of 3.2
years (range, 0.1-7.0 years; Table 1). Median follow-up
time was 3.2 years in patients without an event and was
similar between class 1 and class 2 patients (3.2 [range,
0.1-7.0] years and 3.4 [range, 0.4-4.6] years, respectively;
P = .209). For patients who experienced an event, the

Assessed for eligibility
(n = 372)

31-GEP results obtained
(n = 334)

Excluded by trial criteria
(n = 38)

31-GEP class 1 results
(n = 259)

GEP class 2 results
(n = 75)

Excluded for lack of follow-up
(n = 4)

Excluded from analysis
  Multiple primary
  Unverified outcome

(n = 3)
(n = 2)
(n = 1)

Excluded for lack of follow-up
(n = 1)

Excluded from analysis
  Stage IV at diagnosis
  Unverified outcome   

(n = 3)
(n = 1)
(n = 2)

31-GEP class 1 with
follow-up
(n = 255)

31-GEP class 2 with
follow-up
(n = 74)

31-GEP class 1 analyzed
(n = 252)

31-GEP class 2 analyzed
(n = 71)

Total stage I-III
included in analysis

(N = 323)

Enrollment

31-GEP test

Follow-up

Analysis

FIG 1. Study design for INTEGRATE and EXPAND registries. Enrollment and eligibility of 372 consecutively tested patients with 31-GEP in
INTEGRATE and EXPAND registries. Inclusion criteria for enrollment were≥ 16 years of age and no prior history of cancer. Exclusion criteria for
analysis were , 1 follow-up visit, multiple primary melanomas present at diagnosis, distant metastasis present at diagnosis, or patients with
unverifiable outcomes. GEP, gene expression profile.
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TABLE 1. Demographics Characteristics of 323 Patients With Stage I-III Cutaneous Melanoma Enrolled in Two Prospective Registries and Correlation With
31-GEP Class

Characteristic

Stage I-IIIa,b Stage I-IIAa,b

All Cases
(N = 323)

Class 1
(n = 252)

Class 2
(n = 71) P

Stage I-IIA
(n = 256)

Class 1
(n = 226)

Class 2
(n = 30) P

Age at diagnosis, median
years (range)

58 (18-87) 57 (18-87) 65 (23-85) .006 58 (19-87) 58 (19-87) 68 (23-85) .015

Sex

Female 152 (47%) 128 (51%) 24 (34%) .011 124 (48%) 114 (50%) 10 (33%) .078

Male 171 (53%) 124 (49%) 47 (66%) 132 (52%) 112 (50%) 20 (67%)

Breslow thickness, median
mm (range)

1.2 (0.2-12) 1.0 (0.2-7.0) 2.5 (0.4-12.0) , .001 1.0 (0.2-3.9) 0.9 (0.20-3.9) 1.7 (0.4-3.4) , .001

Ulceration, %

Absent 263 (81) 225 (89) 38 (54) , .001 232 (91) 208 (92) 24 (80) .034

Present 60 (19) 27 (11) 33 (46) 24 (9) 18 (8) 6 (20)

Mitotic rate, %

≤ 1/mm2 225 (70) 182 (72) 43 (61) .059 183 (71) 167 (74) 16 (53) .019

. 1/mm2 98 (30) 70 (28) 28 (39) 73 (29) 59 (26) 14 (47)

Node assessed, % 247 (76) 184 (73) 63 (89) 183 (71) 159 (70) 24 (80)

Positive 36 (15) 18 (10) 18 (29) , .001 — — — N/A

Negative 211 (85) 166 (90) 45 (71) 183 (100) 159 (100) 24 (100)

AJCC stage, %

IA 133 (41) 130 (52) 3 (4) , .001 133 (52) 130 (58) 3 (10) , .001

IB 85 (26) 71 (28) 14 (20) 85 (33) 71 (31) 14 (47)

IIA 38 (12) 25 (10) 13 (18) 38 (15) 25 (11) 13 (43)

IIB 25 (8) 8 (3) 17 (24) — — —

IIC 4 (1) 0 (0) 4 (6) — — —

III 38 (12) 18 (7) 20 (28) — — —

Location of primary tumor, %

Trunk 95 (29) 76 (30) 19 (27) .566 78 (30) 71 (31) 7 (23) .315

Extremity 166 (51) 126 (50) 40 (56) 125 (49) 109 (48) 16 (53)

Head and neck 60 (19) 49 (19) 11 (15) 51 (20) 45 (20) 6 (20)

Other 2 (1) 1 (, 1) 1 (, 1) 2(1) 1 (, 1) 1 (3)

T stage, %

T1a 84 (26) 81 (32) 3 (4) , .001 82 (32) 79 (35) 3 (10) , .001

T1b 53 (16) 53 (21) 0 (0) 51 (20) 51 (23) 0 (0)

T2a 92 (29) 77 (31) 15 (21) 85 (33) 71 (31) 14 (47)

T2b 17 (5) 11 (4) 6 (9) 16 (6) 10 (4) 6 (20)

T3a 31 (10) 19 (8) 12 (17) 22 (9) 15 (7) 7 (23)

T3b 26 (8) 8 (3) 18 (25) — — —

T4a 11 (3) 3 (1) 8 (11) — — —

T4b 9 (3) 0 (0) 9 (13) — — —

Time to recurrence, median
years (range)

1.2 (0.1-4.3) 1.3(0.6-3.6) 1.1(0.1-4.3) .415 1.6 (0.6-3.9) 1.4 (0.6-3.6) 1.7 (0.7-3.9) .670

Follow-up, median years (range) 3.2 (0.1-7.0) 3.2 (0.1-7.0) 3.2(0.4-5.0) .779 3.2 (0.1-6.4) 3.2 (0.1-6.4) 3.3 (1.2-5.0) .437

Event-free 3.2 (0.1-7.0) 3.2 (0.1-7.0) 3.4 (0.4-4.6) .209 3.2 (0.1-6.4) 3.2 (0.1-6.4) 3.5 (2.4-4.5) .189

Event 3.2 (0.4-5.0) 3.3 (1.1-4.8) 3.1 (0.4-5.0) .504 3.1 (1.1-5.0) 3.2 (1.1-4.8) 3.0 (1.2-5.0) .645

Abbreviations: AJCC, American Joint Committee on Cancer; GEP, gene expression profile.
aP values reflect differences between class 1 and class 2 patients and were calculated using Wilcoxon test or Pearson’s chi-square test as appropriate.
bPercentages reflect the frequency of each characteristic in individual risk groups.
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median follow-up time was 3.2 years overall, 3.3 (range,
1.1-4.8) years for class 1, and 3.1 (range, 0.4-5.0) years
for class 2 (P = .504). Class 2 tumors were associated
with increased high-risk clinicopathologic features
compared with class 1 tumors, including significantly in-
creased age (P = .006), proportion of males (P = .011),
median Breslow thickness (P , .001), presence of ul-
ceration (P , .001), and proportion with positive SLN
(P, .001; Table 1). Of all patients at diagnosis, 79% (256)
were stage I-IIA, 76% (246) had T1-T2 melanomas, 81%
(263) did not exhibit ulceration, and 85% (211/247) were
pathologically SLN-negative, indicating that most patients
in this cohort would be considered low risk and to have
good prognosis according to traditional clinicopathologic
risk factors (Table 1).

3-Year Clinical Outcomes in the Stage I-III Population

To determine the utility of the 31-GEP test in predicting CM
progression risk, we compared 3-year RFS, DMFS, and OS
of patients with class 1 (n = 252) and class 2 (n = 71)
disease. Patients with a class 2 result had significantly lower
3-year RFS (66% [95% CI, 56 to 78] v 95% [95% CI, 92 to
98], P , .0001), DMFS (79% [95% CI, 70 to 90] v 97%
[95% CI, 94 to 99], P, .0001), and OS (81% [95% CI, 72
to 91] v 97% [95% CI, 95 to 100], P , .0001; Fig 2) than
patients with a class 1 result. Furthermore, the outcomes
were analyzed by 31-GEP subclass (class 1A, class 1B,
class 2A, or class 2B), defined by the linear probability
score as previously described.23 The highest-risk (class 2B)
designation had significantly lower 3-year RFS (60% [95%
CI, 47 to 76] v 96% [95% CI, 93 to 99], P, .0001), DMFS
(78% [95% CI, 67 to 91] v 98% [95% CI, 96 to 100],
P, .0001), and OS (74% [95% CI, 62 to 88] v 98% [95%

CI, 97 to 100], P , .0001) than the lowest-risk (class 1A)
designation. Patients with intermediate-risk (class 1B or
2A) 31-GEP results had intermediate survival rates
(Appendix Fig A1). For nine of the 25 deaths in this cohort,
distant metastasis was observed, but melanoma was not
specified as the cause of death. Seven of those nine cases
(78%) had a class 2 result (6/7 were class 2B). These
results are similar to all-cause mortality rates in which
68% (17/25) of deaths had class 2 biology (15/17 were
class 2B).

In a univariate analysis including class 2 (v class 1) 31-
GEP results, continuous age, male (v female) sex, head
and neck (v non–head and neck) tumor location,
continuous mitotic rate, and high-risk stage IIB-III (v
stage I-IIA) AJCC 8th ed staging, only GEP class 2 and
high-risk AJCC stages reached a threshold of P, .01 for
all three end points; whereas, mitotic rate was signifi-
cant for DMFS, and age was significant for OS (Table 2).
Similarly, subclass analysis of the 31-GEP demon-
strated that classes 1B, 2A, and 2B were significant
predictors of recurrence risk; whereas, classes 2A and
2B were significant predictors of distant metastasis,
and class 2B was a significant predictor of mortality
(Appendix Table A1).

In a multivariable analysis, 31-GEP class 2 (hazard ratio [HR],
4.34 [95% CI, 2.10 to 8.96], P, .001) and AJCC stage IIB-III
(HR, 2.98 [95% CI, 1.48 to 6.02], P = .002) were inde-
pendent, significant predictors of RFS. For 3-year DMFS, 31-
GEP class 2 (HR, 5.45 [95% CI, 2.09 to 14.25], P , .001),
AJCC stage IIB-III (HR, 2.81 [95%CI, 1.16 to 6.58],P= .023),
and mitotic rate (HR, 1.04 [95% CI, 1.01 to 1.07], P = .007)
were significant. 31-GEP class 2 (HR, 3.13 [95% CI, 1.23 to
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FIG 2. Survival outcomes of patients with stage I-III CM by 31-GEP results. RFS, DMFS, and OSwere estimated by Kaplan-Meier analysis andP values
determined by logrank test. Tables beneath the graphs show survival rates and number of events in each GEP class. CM, cutaneous melanoma;
DMFS, distant metastasis-free survival; GEP, gene expression profile; OS, overall survival; RFS, recurrence-free survival.
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7.96],P= .016), AJCC stage IIB-III (HR, 3.89 [95%CI, 1.60 to
9.50], P = .003), and age (HR, 1.08 [95% CI, 1.04 to 1.13],
P , .001) were significant for OS (Table 2).

3-Year Clinical Outcomes in AJCC Low- and High-
Risk Populations

We evaluated the prognostic performance of 31-GEP in
patients categorized as low risk (AJCC 8th ed stage I-IIA).2

In patients with stage I-IIA disease, class 2 (n = 30) results
accounted for 42% of the total class 2 population. Patients
with class 2 results had significantly lower 3-year RFS
(83% [95% CI, 71 to 98] v 97% [95% CI, 94 to 99],
P, .0001), DMFS (87% [95% CI, 75 to 100] v 99% [95%
CI, 97 to 100], P , .0001), and OS (90% [95% CI, 80 to
100] v 98% [95% CI, 96 to 100], P = .01; Fig 3) than those
with class 1 results (n = 226). Moreover, survival rates for
stage I-IIA class 2 and all stage IIB-III cases were not
significantly different. Subgroup analysis of survival rates
for RFS, DMFS, and OS end points are presented in
Appendix Figure A2. Stage I-IIA class 2B event rates
(29%) were similar to stage IIB-III rates (36%), as well as
stage IIB-IIC (21% at 24 months) and stage IIC-III (23% at

31 months) rates in previously published cohorts.24,25

Similarly, patients with stage I-IIA CM with class 2B re-
sults had rates of distant metastasis and death that were
not different from the rates in patients with stage IIB-III CM
in this cohort (21% v 24%, and 29% v 22%, respectively;
Appendix Fig A2).

Similarly, the 31-GEP test stratified risk in the AJCC stage
IIB-III population. Patients with stage IIB-III CM and a class
1 result (n = 26) had a significantly higher 3-year RFS (79%
[95% CI, 65 to 97] v 52% [95% CI, 38 to 71], P = .020), a
nonsignificantly higher 3-year DMFS (79% [95% CI, 68 to
93] v 74% [95% CI, 61 to 89]; P = .400), and a significantly
higher 3-year OS (91% [95%CI, 81 to 100] v 74% [95%CI,
61 to 89], P = .020) compared with patients with a class 2
result (n = 41). These results suggest that the 31-GEP adds
prognostic value to AJCC 8th ed staging.

Prognostic Accuracy of 31-GEP and
Clinicopathologic Features

Class 2 31-GEP results were more sensitive in detecting
recurrence, distant metastasis, and death than AJCC
staging alone (Table 3). Class 1 31-GEP results had a high

TABLE 2. Cox Proportional Hazards Analysis in Patients With Stage I-III Cutaneous Melanoma
Univariatea,b Multivariablea,b

Characteristics per Outcome HR (95% CI) P HR (95% CI) P

RFS (42 events)

Sex, male 1.62 (0.86 to 3.05) .132 — —

Age, continuous 1.02 (1.00 to 1.04) .104 — —

Head or neck location 1.30 (0.62 to 2.72) .495 — —

Mitotic rate, continuous 1.03 (1.00 to 1.05) .047 — —

AJCC stage IIB-III 6.08 (3.30 to 11.22) , .001 2.98 (1.48 to 6.02) .002

Class 2 31-GEP 7.24 (3.85 to 13.62) , .001 4.34 (2.10 to 8.96) , .001

DMFS (26 events)

Sex, male 2.47 (1.04 to 5.87) .041 — —

Age, continuous 1.01 (0.99 to 1.04) .344 — —

Head or neck location 0.70 (0.23 to 2.08) .517 — —

Mitotic rate, continuous 1.04 (1.01 to 1.06) .004 1.04 (1.01 to 1.07) .007

AJCC stage IIB-III 6.71 (3.04 to 14.81) , .001 2.81 (1.16 to 6.85) .023

Class 2 31-GEP 8.50 (3.69 to 19.57) , .001 5.45 (2.09 to 14.25) , .001

OS (25 events)

Sex, male 2.84 (1.13 to 7.11) .026 — —

Age, continuous 1.08 (1.05 to 1.13) , .001 1.08 (1.04 to 1.13) , .001

Head or neck location 2.49 (0.96 to 6.46) .060 — —

Mitotic rate, continuous 1.00 (0.95 to 1.06) .898 — —

AJCC stage IIB-III 5.90 (2.65 to 13.13) , .001 3.89 (1.60 to 9.50) .003

Class 2 31-GEP 7.72 (3.33 to 17.92) , .001 3.13 (1.23 to 7.96) .016

Abbreviations: AJCC, American Joint Committee on Cancer; DMFS, distant metastasis-free survival; GEP, gene expression profile; OS, overall survival; RFS,
recurrence-free survival.

aOnly variables with univariate P , .01 were used as covariates in multivariable analysis.
bFor categorical variables of sex, tumor location, AJCC 8th ed, and 31-GEP, the low-risk variables used in the analysis were female sex, non–head and neck

location, AJCC 8th ed stage I-IIA, and 31-GEP class 1. Age and mitotic rate were continuous variables.
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NPV for 3-year RFS (94%), DMFS (97%), and OS (97%),
indicating good survival outcomes in patients with a class 1
result. When identifying high-risk patients by either 31-GEP
class 2 result or AJCC high-risk category, sensitivity was
enhanced for 3-year RFS (76%), DMFS (88%), and OS
(76%) compared with AJCC alone with sensitivities of 57%
(RFS), 62% (DMFS), and 60% (OS) or 31-GEP status
alone with sensitivities of 64% (RFS), 69% (DMFS), and
68% (OS). Class 2 31-GEP results identified AJCC stage
I-IIA patients with increased risk for recurrence, distant
metastasis, and death with 44%, 70%, and 40% sensi-
tivity, respectively; whereas a class 1 result confirmed a
low risk of recurrence, distant metastasis, and death in
this population with an NPV of 92%, 98%, and 95%,
respectively (Table 3).

DISCUSSION

We have recently seen the emergence of the 31-GEP test,
which further stratifies patient risk for melanoma
metastasis.15-20,26,27 The 31-GEP has been validated in ret-
rospective and prospective studies, including an interim
analysis of the present cohort.17 The potential value of a
reliable tissue-based prognostic test is to identify patients
who are considered low risk by current AJCC staging, but
who are biologically at high risk of metastasis and death.
Such patients may benefit from more aggressive follow-up
and consideration for clinical trials with adjuvant therapy. We
performed a prospective analysis of outcomes in a multi-
center CM cohort to test the hypotheses that patients with
stage I-IIA melanoma with class 2 31-GEP results have
metastatic risk similar to stage IIB-III patients, and that the

31-GEP has independent prognostic value in addition to
current AJCC staging factors.

In the full cohort, we found that patients with a class 2 result
had significantly worse 3-year RFS, DMFS, and OS than
those with class 1 results. The observed rates of recurrence
are consistent with previously reported prospective cohorts,
demonstrating the objective accuracy and consistency of the
31-GEP test (Appendix Table A2).16,18,19 Median time to
recurrence and distant metastasis have been reported at 1.9
years and 2.1 years, respectively, indicating that the median
follow-up time of 3.2 years in this study is sufficient to detect
themajority of expected events.28,29 Class 2 patients have a 3-
year survival rate of 81%, which is lower than 5-year
melanoma-specific survival for stage IIB-IIC patients (87%
and 82%, respectively) for which AJCC 8th ed recommends
increased imaging surveillance. These data suggest that class
2 patients may benefit from increased surveillance man-
agement for early detection of recurrence and metastasis.

In stage I-IIA patients, considered to have low risk of dis-
ease progression, patients with class 2 results had signif-
icantly lower 3-year RFS, DMFS, and OS than class 1
patients. In this cohort, the 3-year rates of recurrence,
distant metastasis, and death in patients with stage I-IIA
disease and a class 2 result were equivalent to that of stage
IIB-III patients traditionally considered high risk. Because a
substantial number of patients who die from melanoma
each year are initially diagnosed with stage I-IIA disease,
the data suggest that class 2, stage I-IIA patients would
benefit from increased surveillance as is recommended for
stage IIB-III. In this cohort, 7% (18/256) of stage I-IIA
patients had recurrence, and 4% (10/256) had distant
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FIG 3. Survival outcomes of patients with stage I-IIA CM by 31-GEP results compared with stage IIB-III overall. RFS, DMFS, and OS were estimated by
Kaplan-Meier analysis and P values determined by logrank test. Tables beneath the graphs show survival rates and number of events in each GEP class.
CM, cutaneous melanoma; DMFS, distant metastasis-free survival; GEP, gene expression profile; OS, overall survival; RFS, recurrence-free survival.
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metastasis at 3 years. The 31-GEP further refined the risk of
this subset of patients by identifying 44% (8/18) of patients
with recurrence and 70% (7/10) of patients with distant
metastasis with a class 2 result within this traditionally low-
risk subset of patients (Fig 3). Thus, combining the 31-GEP
with AJCC staging reduced themisclassification of high-risk
patients by 44% and 70%, respectively.

Most patients with a low-risk AJCC stage I designation
received a low-risk class 1 31-GEP result (n = 201) and
had good survival outcomes (NPV of 96%). However, the
patients with stage I disease and a class 2 result (n = 17)
had increased rates of recurrence (18% v 4%), distant
metastasis (18% v 1%), and death (6% v 2%) compared
to those with class 1 tumors. These results align with
previous studies that have demonstrated that patients
with stage I CM and a class 2 31-GEP result have a
significantly worse prognosis than those with a class 1
result.20 Previous work has shown that class 1A 31-GEP
results correlate with a negative SLNB and, although not
the focus of this study, adds further support for recom-
mending the 31-GEP test to patients with a clinical stage I
CM diagnosis.

When analyzing prognostic accuracy for 3-year RFS,
DMFS, and OS, 31-GEP had higher sensitivity and NPV
than AJCC high-risk stages alone. In concordance with
other studies, combining 31-GEP and AJCC 8th ed stage
yielded higher sensitivity than either approach alone.16,20

Thus, for patients with a class 2 result, added information
from AJCC staging increases sensitivity to identify patients at

high risk of progression. Also, the high NPV of a 31-GEP
class 1 result provides reassurance that these patients have
a favorable prognosis. These data highlight the prognostic
value added by the 31-GEP when combined with AJCC
staging to improve risk assessment for patients with CM.

This study’s outcomes are based on a median follow-up
time of 3.2 years for those without an event, which should
have captured most events. However, future additional
events may have a small effect on recurrence rates and
survival estimates, as previously seen from archival cohorts
with longer follow-up.20,26 Additionally, the number of DMFS
and OS events was limited relative to the number of significant
variables in the univariate analysis. Thus, Breslow, ulceration,
and SLN status were condensed into stage, and inclusion
criteria in the multivariable model were stringent (P, .01). In
addition, OSwas assessed in place of disease-specific survival
because the cause of death was not documented in some
cases. Finally, many of the patients in this study underwent
SLNB. Although it is unlikely SLNB changed the course of the
patients’ disease, risk stratification by 31-GEP class in this
study is consistent with outcomes in a study in which the
majority of patients did not undergo SLNB.19

In conclusion, the 31-GEP is an independent predictor of
disease progression that adds prognostic information to
clinical and pathologic staging criteria. This study confirms
the clinical validity of the 31-GEP test in patients with stage
I-IIA CM with class 2 GEP results who may benefit from
more intense follow-up. Patients with a class 2 31-GEP,
including patients with stage I-IIA CM, have 3-year survival

TABLE 3. Prognostic Accuracy of 31-GEP and AJCC Staging for Stage I-III Cutaneous Melanoma
Risk Classification Sensitivity, % (95% CI) Specificity, % (95% CI) PPV, % (95% CI) NPV, % (95% CI)

31-GEP

RFS 64 (48 to 78) 84 (80 to 88) 38 (27 to 50) 94 (90 to 97)

DMFS 69 (48 to 86) 82 (77 to 86) 25 (16 to 37) 97 (94 to 99)

OS 68 (46 to 85) 82 (77 to 86) 24 (15 to 36) 97 (94 to 99)

AJCC

RFS 57 (41 to 72) 85 (80 to 89) 36 (24 to 48) 93 (89 to 96)

DMFS 62 (41 to 80) 83 (78 to 87) 24 (14 to 36) 96 (93 to 98)

OS 60 (39 to 79) 83 (78 to 87) 22 (13 to 34) 96 (93 to 98)

31-GEP or AJCCa

RFS 76 (61 to 88) 77 (71 to 82) 33 (24 to 43) 96 (92 to 98)

DMFS 88 (70 to 98) 75 (70 to 80) 24 (16 to 33) 99 (96 to 100)

OS 76 (55 to 91) 74 (68 to 79) 20 (12 to 29) 97 (94 to 99)

31-GEP stage I-IIA population

RFS 44 (22 to 69) 85 (77 to 90) 27 (12 to 46) 92 (86 to 96)

DMFS 70 (35 to 93) 85 (78 to 90) 23 (10 to 42) 98 (93 to 100)

OS 40 (12 to 74) 83 (76 to 88) 13 (4 to 31) 95 (90 to 98)

Abbreviations: AJCC, American Joint Committee on Cancer; GEP, gene expression profile; RFS recurrence-free survival; DMFS, distant metastasis-free
survival; OS, overall survival; PPV, positive predictive value; NPV, negative predictive value.

a31-GEP class 2 or AJCC 8th edition stage IIB-III is considered a positive test result. Class 1 or AJCC 8th edition stage I-IIA is considered a negative result.
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rates similar to those for patients with stage IIB-III CM.
Moreover, the combination of GEP testing with AJCC
staging improves the accuracy of prognosis. These data

provide a rationale for using the 31-GEP test in conjunction
with AJCC staging to obtain an optimal prognosis for pa-
tients with CM.
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APPENDIX
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Population 3-year RFS, % (95% CI) Events (%)

Class 1A (n=217) 96.0 (93.4 to 98.8) 10/217 (5)

Class 1B (n=35) 87.3 (76.4 to 99.8) 5/35 (14)
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3-year OS, % (95% CI) Events (%)
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90.9 (81.6 to 100) 3/35 (9)
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77.8 (66.6 to 91.0) 11/47 (23)

95.7 (87.7 to 100) 2/24 (8)

73.5 (61.7 to 87.6) 15/47 (32)

FIG A1. Survival outcomes of patients with stage I-III CM by 31-GEP subclass. RFS, DMFS, and OS were estimated by Kaplan-Meier analysis and
P values determined by logrank test. Tables beneath the graphs show survival rates and number of events in each GEP subclass. CM, cutaneous
melanoma; DMFS, distant metastasis-free survival; GEP, gene expression profile; OS, overall survival; RFS, recurrence-free survival.
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FIG A2. Survival outcomes of patients with stage I-IIA CM by 31-GEP subclass. RFS, DMFS, and OS were estimated by Kaplan-Meier analysis and P values
for statistical differences between GEP subclasses determined by logrank test. Table beneath the curve show the number of patients at risk each year, 3-year
survival, and event rates for each population. CM, cutaneous melanoma; DMFS, distant metastasis-free survival; GEP, gene expression profile; OS, overall
survival; RFS, recurrence-free survival.
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TABLE A1. Cox Proportional Hazards Analysis With Expanded Variables in Patients
With Stage I-III Cutaneous Melanoma

Univariate

Characteristics per Outcome HR (95% CI) P

RFS (42 events)

Sex, male 1.62 (0.86 to 3.05) .132

Age, continuous 1.02 (1.00 to 1.04) .104

Head or neck location 1.29 (0.62 to 2.72) .495

Mitotic rate, continuous 1.03 (1.00 to 1.05) .047

Breslow thickness, continuous 1.63 (1.43 to 1.86) , .001

Presence of ulceration 4.69 (2.55 to 8.61) , .001

SLN positive 3.82 (1.95 to 7.47) , .001

Class 1B 3.21 (1.09 to 9.39) .034

Class 2A 6.84 (2.69 to 17.38) , .001

Class 2B 11.11 (5.16 to 23.93) , .001

DMFS (26 events)

Sex, male 2.47 (1.04 to 5.87) .041

Age, continuous 1.01 (0.99 to 1.04) .344

Head or neck location 0.70 (0.23 to 2.08) .517

Mitotic rate, continuous 1.04 (1.01 to 1.06) .004

Breslow thickness, continuous 1.76 (1.50 to 2.05) , .001

Presence of ulceration 4.66 (2.15 to 10.10) , .001

SLN-positive 4.70 (2.09 to 10.56) , .001

Class 1B 3.83 (0.92 to 16.04) .070

Class 2A 11.40 (3.60 to 36.02) , .001

Class 2B 12.01 (4.17 to 34.60) , .001

OS (25 events)

Sex, male 2.84 (1.13 to 7.11) .026

Age, continuous 1.08 (1.05 to 1.13) , .001

Head or neck location 2.49 (0.96 to 6.46) .060

Mitotic rate, continuous 1.00 (0.95 to 1.06) .898

Breslow thickness, continuous 1.44 (1.29 to 1.61) , .001

Presence of ulceration 2.85 (1.26 to 6.46) .012

SLN-positive 2.58 (1.03 to 6.47) .043

Class 1B 3.96 (0.94 to 16.61) .060

Class 2A 3.11 (0.60 to 16.09) .177

Class 2B 16.35 (5.82 to 45.93) , .001

Abbreviations: DMFS, distant metastasis-free survival; OS, overall survival; RFS,
recurrence-free survival; SLN, sentinel lymph node.
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TABLE A2. Comparison of Outcomes to Previously Published, Prospective Studies of 31-GEP

Study
Cohort
Size (n)

Type of
Study

Median
Follow-Up

Stage III
Included (%)

Class 1
Recurrence (%)

Class 2
Recurrence (%) P

Class 1
3-Year RFS, %

(95% CI)

Class 2
3-Year RFS, %

(95% CI)

Greenhaw
et al19

256 Prospective 23 months 0/256 (0) 3/214 (1) 10/42 (24) , .00001 98 (96 to 100) 74 (60 to 93)

Podlipnik
et al18

86 Prospective 26 months 0/86 (0) 0/53 (0) 7/33 (21) , .001 NR NR

Keller et al16,a 159 Prospective 42 months 23/159 (14) 6/117 (5) 23/42 (55) , .0001 97 (93 to 100) 47 (34 to 65)

Current
study

323 Prospective 38 months 38/323 (12) 15/252 (6) 27/71 (38) , .0001 95 (92 to 98) 66 (56 to 78)

Abbreviations: NR, not reported; RFS, recurrence-free survival.
aOne hundred thirty-three patients from Keller et al overlap with the current study cohort.
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