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ABSTRACT

PURPOSE The DecisionDx-Melanoma 31-gene expression profile (31-GEP) test is vali-
dated to classify cutaneous malignant melanoma (CM) patient risk of recur-
rence, metastasis, or death as low (class 1A), intermediate (class 1B/2A), or high
(class 2B). This study aimed to examine the effect of 31-GEP testing on survival
outcomes and confirm the prognostic ability of the 31-GEP at the population
level.

METHODS Patients with stage I-III CMwith a clinical 31-GEP result between 2016 and 2018
were linked to data from 17 SEER registries (n 5 4,687) following registries’
operation procedures for linkages. Melanoma-specific survival (MSS) and
overall survival (OS) differences by 31-GEP risk category were examined using
Kaplan-Meier analysis and the log-rank test. Crude and adjusted hazard ratios
(HRs) were calculated using Cox regression model to evaluate variables asso-
ciated with survival. 31-GEP tested patients were propensity score–matched to
a cohort of non–31-GEP tested patients from the SEER database. Robustness of
the effect of 31-GEP testing was assessed using resampling.

RESULTS Patients with a 31-GEP class 1A result had higher 3-year MSS and OS than
patients with a class 1B/2A or class 2B result (MSS: 99.7% v 97.1% v 89.6%,
P < .001; OS: 96.6% v 90.2% v 79.4%, P < .001). A class 2B result was an in-
dependent predictor of MSS (HR, 7.00; 95% CI, 2.70 to 18.00) and OS (HR, 2.39;
95% CI, 1.54 to 3.70). 31-GEP testing was associated with a 29% lower MSS
mortality (HR, 0.71; 95% CI, 0.53 to 0.94) and 17% lower overall mortality (HR,
0.83; 95% CI, 0.70 to 0.99) relative to untested patients.

CONCLUSION In a population-based, clinically testedmelanoma cohort, the 31-GEP stratified
patients by their risk of dying from melanoma.

BACKGROUND

Cutaneous melanoma (CM) is the fifth most common cancer
in the United Sates, with an estimated 99,780 new cases
diagnosed in 2022.1 Prognostic biomarkers aim to identify
patients at high or low risk of disease progression to align
treatment decisions with the risk of poor outcomes.2,3 For
CM, the most well-established prognostic markers outlined
by the American Joint Committee on Cancer eighth edition
(AJCC8) include the histopathological features of Breslow
thickness, ulceration, and sentinel lymph node (SLN) sta-
tus.4 These markers are used to refer patients to increased or
reduced intensity treatment regimens.5 Although guidelines
are continuously evolving and aim to provide the best patient

care guidance, many patients considered low risk by current
guidelines still experience recurrence, metastasis, and
death, and conversely,many patients considered high risk do
not.6,7 Recent advances in adjuvant therapy demonstrate
improved outcomes for patientswith CM, and identifying the
patients most likely to benefit from these therapies will
appropriately spare some patients from adverse effects and
improve outcomes.8,9

To address the clinical need to aid in identifying patients at
low or high risk of melanoma-specific survival (MSS) death,
the DecisionDx-Melanoma prognostic test (31-gene expres-
sion profile; 31-GEP) was developed to stratify patients with
CM as low (class 1A), intermediate (class 1B/2A), or high risk
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(class 2B) of regional recurrence, distant metastasis, and
MSS death beyond traditional histopathological features.10

The 31-GEP risk groups are independently associated with
recurrence and metastasis11-15 and, when used in con-
junction with AJCC staging, have shown added prognostic
benefit.13,15,16

The SEER Program of the National Cancer Institute (NCI) is a
national leader in population cancer surveillance, collecting,
interpreting, and disseminating data on cancer in the
United States. SEER collects cancer incidence data from
population-based cancer registries, including 17 registries
that covered 34% of the US population during the study
period and has increased to 22 registries covering 48%of the
US population.17

As a collaboration between the NCI’s SEER Program regis-
tries and Castle Biosciences (Friendswood, TX), 31-GEP
clinically ordered test results were linked to the CM cases re-
ported by corresponding SEER registries. Castle Biosciences is
theonlyprovider of 31-GEP testing, andall testing is performed
in a College of American Pathologists/Clinical Laboratory
ImprovementAmendments–certified laboratory.Weevaluated
the ability of the 31-GEP to stratify risk in MSS and overall
survival (OS) to confirm the prognostic ability of the 31-GEP at
the population level using real-world data (RWD). We also
compared survival outcomes between patients who received
31-GEP testing and a matched cohort of patients in the SEER
database who did not receive 31-GEP testing. These data were
used to assess the association of 31-GEP testing with survival
outcomes anddemonstrate theprognostic ability of the 31-GEP
in standard clinical settings across the United States.

METHODS

SEER Registries-Castle Biosciences, Inc Linkage

The linkage followed the established procedures for linkages
of SEER registries’ cases to external data sources using a

centralized process conducted by SEER registries’ trusted
third party (Honest Broker)–Information Management
Services (IMS). From October 2020 to June 2021, IMS per-
formed a linkage between SEER registries’ data and 31-GEP
testing data provided by Castle Biosciences. The linkage
was based on probabilistic matching methods (Fellegi and
Sunter model) using Match*Pro.18 Uncertain matches were
reviewed and adjudicated by registries’ staff. After the
linkage, a deidentified analytical data set (2009-2018 di-
agnosis; 31-GEP test data 2013-2018) was provided for the
analysis. CM cases that did not match 31-GEP testing data
provided by Castle Biosciences were considered untested.
After the initial linkage of 6,003 patients with CM, patients
with stage IV disease were excluded from analysis as 31-GEP
testing is not indicated for stage IV disease. Patients with a
diagnosis date or 31-GEP testing date earlier than 2016 (the
year immune checkpoint inhibitors were approved by the US
Food and Drug Administration [FDA] for melanoma) were
excluded to generate a contemporary population with po-
tential access to effective FDA-approved therapy options.
Additionally, patients receiving the 31-GEP test more than
1 year postdiagnosis were excluded. There were 4,687 pa-
tients who met the inclusion criteria for the analyses pre-
sented here. A flow diagram with patient inclusion and
exclusion criteria and the final number of patients included
in the analysis is shown in Figure 1.

The SEER registries that participated in the first linkage
included Connecticut, Georgia, Greater California, Hawaii,
Idaho, Iowa, Kentucky, Los Angeles, Louisiana, Massachu-
setts, New Mexico, New York, San Francisco/Greater Bay,
Seattle-Puget Sound, and Utah. All authors with access to
analytical data set signed data use agreements aligned with
the current NCI SEER data release policy. SEER data were
sourced for histopathological data for each case. For mul-
tivariable andmatching analyses, patient data from the SEER
database were used. Detailed algorithms used for SEER
variable categorization are included in Data Supplement
(supplementary methods).

CONTEXT

Key Objective
To assess the effect of the 31-gene expression profile (31-GEP) test on survival outcomes in patients with cutaneous
melanoma (CM) using a large, unselected, real-world patient population (National Cancer Institute’s SEER registry data).

Knowledge Generated
The independent prognostic ability of the 31-GEPwas confirmed in a population-based registry study (adjusted hazard ratio
for melanoma-specific survival [MSS], 7.00; 95% CI, 2.70 to 18.00). 31-GEP testing was associated with a 29% lower MSS
mortality and 17% lower overall mortality compared with untested patients.

Relevance
Clinical use of the 31-GEP added significant prognostic information regarding survival outcomes, which may help clinicians
provide more personalized clinical management decisions for patients with CM.
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Tested/Untested Patient Matching

We performed a matching analysis to compare outcomes of
patients receiving 31-GEP testing with those not receiving
31-GEP testing. The 31-GEP–tested patients were matched
to untested patients with CM by age (continuous variable),
sex (male, female), race (White, non-White), socioeco-
nomic status (ie, state Yost index19), year of diagnosis
(2016, 2017, 2018), follow-up time (ie, a 31-GEP–tested
patient with 18-month follow-up would be matched to an
untested patient with 18-month follow-up), T-stage
(combining Breslow thickness and ulceration), mitotic
rate (<2/mm2 or ≥2/mm2), nodal assessment (assessed,
unassessed, unknown), nodal positivity (positive, negative,
unknown), and tumor location (extremity, head and neck,
trunk, not otherwise specified). The Yost index to assess
socioeconomic status is based on a residential census tract-
level analysis that combines median household income,
median house value, median gross rent, percent below
150% poverty, education index (<high school graduate,
high school only, more than high school), working-class,
percent unemployed, and rural-urban continuum codes
into one variable that is divided into quintiles.19 The subset
of cases with complete data for the 11 matching variables
was used for matching and survival analysis, resulting in
3,258 31-GEP–tested and 9,774 non–31-GEP tested control
cases. Nearest neighbor (1-to-3) matching was performed
using the MatchIt package (v.4.3.0) in R (v.4.1.2).20,21 The

selected matching strategy used the shortest distance in
multidimensional covariate space to determine the best
non–31-GEP tested matches for each 31-GEP tested pa-
tient; A logit-linked generalized linear model propensity
score difference was calculated between 31-GEP tested and
nontested patients. High propensity score differences in-
dicated greater distances, with the strategy being to match
more difficult casesfirst and work in descending order until
all matches are achieved. All matching cases were diag-
nosed between 2016 and 2018.

To assess the robustness of the findings and to test the
possibility of having obtained an overly fortunate match,
1,000 randomly resampled subsets of the untested pop-
ulation that were qualified for the matching pool were it-
eratively matched against the 31-GEP tested cohort, and
analyses were repeated to test for the possibility of an un-
usually skewed match cohort.

Statistical Analysis

Kaplan-Meier analysis, log-rank test, and Cox proportional
hazards were performed to assess differences in outcomes
between 31-GEP risk stratification groups. Survival months
were calculated from the date of diagnosis to the date of the
last follow-up of being alive or the date of death or lost to
follow-up. The cutoff date for the survival outcome was
December 31, 2019. MSS was based on SEER Cause-Specific

Full CM cohort
(N = 458,148)

Matched untested patient cohort
(n = 9,774)

Final non–31-GEP tested patients
diagnosed between 2016 and 2018 with

data necessary for matching
(n = 55,924)

31-GEP tested patients diagnosed and 31-
GEP tested 2016-2018

(n = 4,687)

Excluded
  Duplicates
  Stage IV

(n = 124)
(n = 48,800)

Final CM cohort (AJCC stage I-III)
(n = 409,224; Castle cases: n = 5,456) (n = 769)

(n = 353,300)

Excluded
  31-GEP tested: Date of
    diagnosis or Castle
    31-GEP test before 2016 
  Non–31-GEP tested: Date
    of diagnosis before 2016
    or missing at least one
    data point necessary for
    matching

31-GEP tested patients who linked to
SEER registry data from 2013 to 2018:

(n = 6,003)

Matched 31-GEP tested patient cohort
(n = 3,258)

(n = 1,429)
Excluded 
  Missing at least one data
    point  necessary for
    matching or 31-GEP test
    data more than 1 years
    from the date of diagnosis:

FIG 1. Flow diagram showing the identification of patients testedwith the 31-GEP linked to SEER registry data from2016 to 2018 included in
the analyses. 31-GEP, 31-gene expression profile; AJCC, American Joint Committee on Cancer; CM, cutaneous melanoma.
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Death Classification.22 For the primary analysis, MSS and
OS were stratified by prognostic risk groups (class 1A, class
1B/2A, and class 2B). The variables included in the multi-
variable analysis for risk stratification were 31-GEP testing,
age, ulceration, Breslow thickness, and LN status. Violations
of the assumptions of the Cox regression model were
checked using the method of Grambsch and Therneau (on
the basis of Schoenfeld residuals; see cox.zph function in
the survival package in R).23 Survival time for all analyses
was calculated from the date of diagnosis to the date of
last known follow-up, censor, or death. Results with a
P value < .05 were considered statistically significant.

The SEER registries obtained the 31-GEP results as part of
their public health surveillance activities as mandated by
state specific laws. They provide deidentified data to the NCI,
which are released to the research community. Because data
were deidentified and brokered through a third party, no
institutional review statement was required. Because this
was the first linkage, the SEER registries, NCI, and Castle
scientists collaborated to evaluate the data prior to data
release. The 31-GEP data will be released by NCI SEER
Program as a specialized database following the established
policies for data release.24

RESULTS

Patient Demographic and
Clinicopathologic Characteristics

Demographic and clinicopathologic characteristics of the
study population of 31-GEP tested patients are summarized
in Table 1. Demographic and clinicopathologic character-
istics for the matched cohorts are shown in Appendix
Table A1. The median age was 63 years (range, 13-901
years), and the majority of patients were male (55.7%).
Most patients had T1a (46.1%), T1b (17.3%), or T2 tumors
(20.9%). Themedian Breslow thickness was 0.8mm (range,
0.0-9.9 mm), and most patients had <2 mitoses/1 mm2

(68.0%). Most tumors were located on an extremity
(45.2%) or the trunk (33.2%), and 91.2% of the study
population were White.

TABLE 1. Patient Demographics and Clinicopathologic Characteristics
of Patients With Cutaneous Melanoma Diagnosed From 2016 to 2018
and Linked to 31-Gene Expression Profile Assay

Descriptor Combined (n 5 4,687)

Age, years, median (range) 63 (13 to >90)

T-stage, No. (%)

T1a 2,159 (46.1)

T1b 809 (17.3)

T2a 789 (16.8)

T2b 193 (4.1)

T3a 264 (5.6)

T3b 197 (4.2)

T4a 117 (2.5)

T4b 159 (3.4)

Breslow thickness, mm, median (range) 0.8 (0-9.9)

Year of diagnosis, No. (%)

2016 1,161 (24.8)

2017 1,558 (33.2)

2018 1,968 (42.0)

Sex, No. (%)

Female 2,076 (44.3)

Male 2,611 (55.7)

Mitotic rate (1/mm2), No. (%)

<2 3,186 (68.0)

≥2 1,372 (29.3)

Unknown 129 (2.8)

Nodal assessment, No. (%)

Assessed 3,544 (75.61)

Unassessed 617 (13.2)

Unknown 526 (11.2)

Sentinel or regional node positivity, No. (%)

Negative 3,271 (69.8)

Unknown 1,143 (24.4)

Positive 273 (5.8)

Yost Index (quintile), No. (%)

1 389 (8.3)

2 615 (13.1)

3 832 (17.8)

4 1,012 (21.6)

5 1,549 (33.1)

Unknown 290 (6.2)

AJCC eighth edition stage, No. (%)

IA 2,761 (58.9)

IB 876 (18.7)

IIA 401 (8.6)

IIB 257 (5.5)

IIC 119 (2.5)

III 273 (5.8)

Tumor location, No. (%)

Extremity 2,120 (45.2)

Head and neck 985 (21.0)

Not otherwise specified 25 (0.5)

(continued in next column)

TABLE 1. Patient Demographics and Clinicopathologic Characteristics
of Patients With Cutaneous Melanoma Diagnosed From 2016 to 2018
and Linked to 31-Gene Expression Profile Assay (continued)

Descriptor Combined (n 5 4,687)

Trunk 1,557 (33.2)

Race/ethnicity, No. (%)

Hispanic 115 (2.5)

Othersa 297 (6.3)

White 4,275 (91.2)

Abbreviations: AJCC, American Joint Committee on Cancer; T, tumor.
aNon-Hispanic American Indian/Alaska Native, Asian or Pacific Islander,
Black, or unknown.
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Risk Stratification by the 31-GEP Risk Levels

Patients with a 31-GEP class 1A result had higher 3-yearMSS
and OS than patients with a class 1B/2A or class 2B result
(MSS: 99.7% v 97.1% v 89.6%, P < .001; OS: 96.6% v 90.2% v
79.4%, P < .001, Fig 2). Similar risk stratification was seen
when analyzed by 31-GEP main class (class 1 v class 2,
Appendix Fig A1) or subclass (class 1A, 1B, 2A, 2B, Appendix
Fig A2). The 31-GEP stratified patient risk of dying from
melanoma or any cause within AJCC stage (eg, stage I-IIA,
IIB-IIC, and III; Appendix Table A2).

In multivariable Cox regression analysis, the following cova-
riates were independent predictors of MSS: 31-GEP class 1B/2A
(hazard ratio [HR], 4.86; 95% CI, 1.97 to 12.03) and class 2B
(HR, 7.00; 95%CI, 2.70 to 18.00); age (HR, 1.05; 95%CI, 1.03 to
1.07); Breslow thickness (HR, 1.16; 95% CI, 1.05 to 1.27); and
positive LN (HR, 2.64; 95% CI, 1.45 to 4.49). Independent
predictorsofOSwere 31-GEPclass 1B/2A (HR,2.22; 95%CI, 1.51
to 3.25) and 2B (HR, 2.39; 95% CI, 1.54 to 3.70); age (HR, 1.08;
95% CI, 1.07 to 1.10); ulceration present (HR, 1.45; 95% CI, 1.02
to 2.06); Breslow thickness (HR, 1.14; 95% CI, 1.07 to 1.21); and
unknown LN status (HR, 1.45; 95% CI, 1.06 to 2.00; Table 2).

Survival Outcomes in 31-GEP Tested and
Nontested Patients

We performed a matching analysis to assess if 31-GEP
testing is associated with better survival relative to patients

not tested with the 31-GEP. After matching, there were no
significant differences between the cohorts for any pro-
pensity score–matched variable, indicating a successful
match between cohorts (Appendix Table A1, Fig 3). The Cox
proportional hazards assumption was not violated. Patients
with 31-GEP testing had a 29% lower MSS mortality (HR,
0.71; 95% CI, 0.53 to 0.94) and a 17% lower overall mortality
(HR, 0.83; 95% CI, 0.70 to 0.99) relative to patients who did
not receive 31-GEP testing (Table 3). To assess the robust-
ness of this finding, the matching procedure was performed
for 1,000 iterations, randomly matching 31-GEP tested pa-
tients with untested patients, with a 31-GEP–associated
median HR of 0.74 (95% CI, 0.67 to 0.82) for MSS and
0.83 (95% CI, 0.78 to 0.90) for OS.

DISCUSSION

Using this large, population-based, RWD sample of patients
with CM tested in standard clinical settings, we observed that
patients tested with the 31-GEP have higher 3-year MSS and
OS than patients not tested with the 31-GEP. Moreover, the
31-GEP stratified patients by their risk of death from mel-
anoma or any cause and was an independent predictor of
survival outcomes.

The primary goal of a valid prognostic biomarker is to im-
prove the alignment of risk-based treatment plans beyond
clinicopathologic- or staging-based risk plans alone. Ibra-
him et al25 reported that intensive imaging in patients with
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FIG 2. Three-year MSS and OS by 31-GEP risk classes for patients diagnosed with stage I-III CM and tested with the 31-GEP between 2016 and
2018. Patients with a class 2B 31-GEP result (teal) had lower 5-year (A) MSS and (B) OS than patients with a class 1B/2A (red) or class 1A result
(blue). Patients with a class 2B result had a 30-times higher melanoma-specific death rate (6.3%) and an 8-time higher overall death (14.7%) rate
than patients with a class 1A result (0.2% and 1.9%, respectively). 31-GEP, 31-gene expression profile; CM, cutaneous melanoma; MSS,
melanoma-specific survival; OS, overall survival.
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high-risk melanoma (eg, stage IIB-IIIC) led to the identi-
fication of asymptomatic recurrences resulting in improved
survival outcomes over patients with symptomatic recur-
rences, demonstrating that implementing more intense
management strategies in high-risk cases can improve
outcomes.Wehave previously reported that physicians using
the 31-GEP test for clinical management changed their
treatment plans 50% of the time after receiving 31-GEP test
results.26,27 Therefore, the findings presented here are not
unexpected given the established clinical utility of the 31-
GEP test on the basis of physician feedback. Similar to the
results presented here, the OncotypeDx Recurrence Score for
breast cancer (21-GEP RS) has shown a survival benefit in
patients with breast cancer.28 The survival benefit seen using
the 21-GEP RS was shown after stratifying by tumor size,
tumor grade, and diagnosis year, followed by 1:1matching by
age at diagnosis, race or ethnicity, marital status, insurance
type, surgery and reported radiation, and SEER state/area.
The absolute 3-year disease-specific survival benefit of

the 31-GEP (1.4%) relative to untested patients was ap-
proximately double that reported for the 21-GEP-RS tested
cohort relative to untested patients; however, differences in
study design and disease states between these studies limit
comparisons.28 The clinical impact of the prognostic 31-GEP
has been previously demonstrated in multiple clinical utility
studies,27,29 and a recent study found that sentinel lymph
node biopsy (SLNB)-negative patients with high-risk
31-GEP results who received routine imaging surveillance
had recurrence detected earlier with lower tumor burden at
recurrence detection and had higher survival rates after
recurrence than those who did not have 31-GEP testing and
routine imaging.30 Thus, although the current analysis
cannot conclusively determine the mechanism whereby
31-GEP testing is associated with better outcomes, one
potential possibility is that clinical action in response to this
specific molecular prognostic test supports patient survival.
However, a limitation of the SEER data set is that data re-
garding treatment, surveillance, or other management

TABLE 2. Univariate and Multivariable Analysis for MSS and OS for
Patients Linked to SEER Data Registry Diagnosed From 2016 to 2018

MSS
Univariate
HR (95% CI)

Multivariable
HR (95% CI)

Class 1A Reference Reference

Class 1B/2A 10.25 (4.31 to 24.38) 4.86 (1.97 to 12.03)

Class 2B 28.25 (12.69 to 62.89) 7.00 (2.7 to 18.00)

Age, years (continuous) 1.06 (1.04 to 1.08) 1.05 (1.03 to 1.07)

Ulceration absent Reference Reference

Unknown ulceration 1.16 (0.28 to 4.89) 1.31 (0.18 (9.78)

Ulceration present 8.00 (4.88 to 12.97) 1.59 (0.86 to 2.94)

Breslow (continuous) 1.42 (1.35 to 1.52) 1.16 (1.05 to 1.27)

LN negative Reference Reference

LN unknown 0.64 (0.31 to 1.33) 0.84 (0.40 to 1.77)

LN positive 7.37 (4.37 to 12.44) 2.64 (1.45 to 4.79)

OS
Univariate
HR (95% CI)

Multivariable
HR (95% CI)

Class 1A Reference Reference

Class 1B/2A 4.04 (2.85 to 5.73) 2.22 (1.51 to 3.25)

Class 2B 7.61 (5.23 to 10.47) 2.39 (1.54 to 3.70)

Age, years (continuous) 1.10 (1.09 to 1.11) 1.08 (1.07 to 1.10)

Ulceration absent Reference Reference

Unknown ulceration 1.34 (0.70 to 2.56) 0.85 (0.21 to 3.45)

Ulceration present 4.76 (3.63 to 6.23) 1.45 (1.02 to 2.06)

Breslow (continuous) 1.32 (1.26 to 1.37) 1.14 (1.07 to 1.21)

LN negative Reference Reference

LN unknown 1.40 (1.04 to 1.87) 1.45 (1.06 to 2.00)

LN positive 2.76 (1.85 to 4.10) 1.45 (0.93 to 2.25)

NOTE. Unit increase for each continuous variable: Breslow thickness:
1.0 mm; age: 1 year. n 5 4,226 after removing 459 observations with
missing data for one or more variables.
Abbreviations: HR, hazard ratio; LN, lymph node; MSS, melanoma-
specific survival; OS, overall survival.
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FIG 3. Love plot measuring the variance between 31-GEP
tested and untested cohorts for each matching variable. Open
circles represent variance between cohorts before matching.
Closed circles represent variance between cohorts after
matching. Patient matching between 31-GEP tested and un-
tested patients was performed using the MatchIt R package
that uses a generalized linear model, 1:3 matching using
nearest neighbors. Distance is the summary of all the variable
differences between the 31-GEP tested and untested cohorts.
31-GEP, 31-gene expression profile; NOS, not otherwise
specified.
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actions are not available. To determine the exact mechanism
of this improved survival, analysis of comprehensive data
sets inclusive of clinical decisions and patient outcomes
could address these data gaps.

Another limitation of the current study may be limited
follow-up time for some patients. As we restricted our
analysis to 2016-2018, the follow-up time was limited to
3 years. However, the SEER registries only report MSS death
(like cohorts used for AJCC staging) and OS. Although
recurrence-free and distant metastasis-free survival ana-
lyses were not possible for this cohort, most CM recurrences
occur within 3 years, and patients with recurrence have a
median MSS of <2.5 years, suggesting that our 3-year
follow-up is likely to capture most recurrence events and
many associated MSS death events.31 Furthermore, given the
importance of these metrics in clinical decision making,
we have previously reported risk stratification for the
31-GEP test for recurrence and distant metastasis-free
survival.13,15,32,33 Ongoing collaboration with NCI/SEER and
additional future patient linkage will allow for extended

follow-up in addition to increased cohort size. Unfortu-
nately, with limited comorbidity data available in the SEER
registry, we could not perform competing risk analyses
(eg, obesity, other malignancies, heart disease), which
may influence the decision to have 31-GEP testing per-
formed. Next, while matching attempted to control for
confounders and effect modifiers to assess the effect of
31-GEP testing on survival, other variables could affect
survival in unknown ways (eg, clinicians using the 31-GEP
systematically treat their patients differently in other
ways than clinicians not using the 31-GEP, regional dif-
ferences in care, patient characteristics not captured in
SEER data), reflecting the limitations of observational
studies to determine causality. Moreover, despite limiting
analyses to 2016-2018, the effects of specific treatments
(eg, immunotherapy, targeted therapies) could not be
controlled for in the current analyses as these are not
currently captured by SEER. Despite the limitations de-
scribed above, it should be noted that a major strength of
the study is that analyses were performed on a large
population-based and clinically tested cohort, thus lim-
iting the potential for study sample bias.

Given the increasing CM incidence and stable or decreasing
rate of CM deaths,34 there are opportunities for risk
stratification that identify patients with low-risk CM who
can forego further treatment, including SLNB and identify
those at the highest risk who may benefit from SLNB,
imaging, more frequent clinical follow-up, or adjuvant
therapies.17,35 The 31-GEP, which integrates tumor mo-
lecular characteristics into clinical decision making, can
improve patient care by providing physicians with addi-
tional information to allow for more precise risk assess-
ment to tailor treatment for individualized patient care.
Integrating 31-GEP testing with current guidelines can
help clinicians make risk-aligned management decisions,
which may improve patient outcomes and could reduce
the melanoma-associated burden on patients and the
health care system. In conclusion, in a population-based,
clinically tested melanoma cohort, the 31-GEP test suc-
cessfully stratified patients by their risk of dying from
melanoma.
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APPENDIX

TABLE A1. Patient Demographics and Clinicopathologic
Characteristics for the Matched Cohorts of 31-GEP Tested and
Untested Patients

Descriptor
31-GEP Tested
(n 5 3,258)

No 31-GEP Test
(n 5 9,774)

Age, years, median (range) 62 (13 to >90) 62 (0 to >90)

Follow-up, years, median (range) 2 (0-4) 2 (0-4)

T-stage, No. (%)

T1a 1,344 (41.3) 4,069 (41.6)

T1b 547 (16.8) 1,650 (16.9)

T2a 578 (17.7) 1,692 (17.3)

T2b 135 (4.1) 389 (4.0)

T3a 229 (7.0) 704 (7.2)

T3b 169 (5.2) 526 (5.4)

T4a 99 (3.0) 292 (3.0)

T4b 157 (4.8) 452 (4.6)

Year of diagnosis, No. (%)

2016 791 (24.3) 2,462 (25.2)

2017 1,145 (35.1) 3,185 (32.6)

2018 1,322 (40.6) 4,127 (42.2)

Sex, No. (%)

Female 1,450 (44.5) 4,383 (44.8)

Male 1,808 (55.5) 5,391 (55.2)

Mitotic rate (1/mm2), No. (%)

<2 2,124 (65.2) 6,339 (64.9)

≥2 1,134 (34.8) 3,435 (35.1)

Yost Index (quintile), No. (%)

1 286 (8.8) 750 (7.7)

2 439 (13.8) 1,369 (14.0)

3 618 (19.0) 1,822 (18.6)

4 746 (22.9) 2,470 (25.3)

5 1,169 (35.9) 3,363 (34.4)

SLN assessment, No. (%)

Assessed 2,580 (79.2) 7,819 (80.0)

Unassessed 311 (9.6) 899 (9.2)

Unknown 367 (11.3) 1,056 (10.8)

Lymph node positivity, No. (%)

Negative 2,353 (72.2) 7,135 (73.0)

Unknown 678 (20.8) 1,955 (20.0)

Positive 227 (7.0) 684 (7.0)

AJCC eighth edition stage,
No. (%)

IA 1,793 (55.0) 5,353 (54.8)

IB 652 (20.0) 1,852 (19.0)

IIA 310 (9.5) 912 (9.3)

IIB 185 (5.7) 656 (6.7)

IIC 91 (2.8) 317 (3.2)

III 227 (7.0) 684 (7.0)

(continued in next column)

TABLE A1. Patient Demographics and Clinicopathologic
Characteristics for the Matched Cohorts of 31-GEP Tested and
Untested Patients (continued)

Descriptor
31-GEP Tested
(n 5 3,258)

No 31-GEP Test
(n 5 9,774)

Primary tumor site, No. (%)

Extremity 1,498 (46.0) 4,512 (46.2)

Head and neck 689 (21.2) 2,007 (20.5)

Not otherwise specified 9 (0.3) 30 (0.3)

Trunk 1,062 (32.6) 3,225 (33.0)

Race, No. (%)

Not White 204 (6.3) 599 (6.1)

White 3,054 (93.7) 9,175 (93.9)

NOTE. P value > .05 for all comparisons between 31-GEP tested and
nontested patient demographics.
Abbreviations: 31-GEP, 31-gene expression profile; AJCC, American
Joint Committee on Cancer; T, tumor; SLN, sentinel lymph node.

TABLE A2. Risk Stratification by the 31-Gene Expression Profile in
Patients Classified by Guidelines as LowRisk (stage I-IIA) and High Risk
(stage IIB-IIC and III)

Group
3-Year MSS
(95% CI)

3-Year OS
(95% CI)

Stage I-IIA/class 1A (n 5 3,044) 99.8 (99.5 to 100) 96.8 (95.9 to 97.8)

Stage I-IIA/class 1B/2A (n 5 696) 97.5 (96.0 to 99.0) 90.5 (87.7 to 93.3)

Stage I-IIA/class 2B (n 5 298) 94.8 (91.0 to 98.8) 86.5 (81.2 to 92.1)

Stage IIB-IIC/class 1A (n 5 41) 100 (100 to 100) 87.6 (75.2 to 100)

Stage IIB-IIC/class 1B/2A
(n 5 77)

100 (100 to 100) 88.4 (80.3 to 97.4)

Stage IIB-IIC/class 2B (n 5 258) 88.3 (82.6 to 94.3) 72.8 (66.1 to 80.2)

Stage III/class 1A (n 5 89) 96.1 (90.5 to 100) 95.0 (89.1 to 100)

Stage III/class 1B/2A (n 5 72) 90.9 (83.0 to 99.5) 89.6 (81.5 to 98.6)

Stage III/class 2B (n 5 112) 79.6 (70.1 to 90.4) 76.6 (67.0 to 87.5)

NOTE. Data are from 2016 to 2018.
Abbreviations: MSS, melanoma-specific survival; OS, overall survival.
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Group 3-Year MSS, % (95% CI) Deaths, % (n/N)

Class 1 (n = 3,641) 99.5 (99.2 to 99.8) 0.4 (13/3,641)

Class 2 (n = 1,046) 91.8 (89.4 to 94.2) 5.3 (55/1,046)

All patients (n = 4,687) 97.7 (97.1 to 98.3) 1.5 (68/4,687)
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Group 3-Year OS, % (95% CI) Deaths, % (n/N)

Class 1 (n = 3,641) 96.0 (95.1 to 97.0) 2.4 (87/3,641)

Class 2 (n = 1,046) 82.3 (79.3 to 85.4) 13.1 (137/1,046)

All patients (n = 4,687) 92.8 (91.8 to 93.8) 4.8 (224/4,687)
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FIG A1. Three-year MSS and OS by 31-GEP main class for patients diagnosed and tested between 2016 and 2018. Patients with a class
2 31-GEP result (red) had significantly lower 3-year (A) MSS and (B) OS than patients with a class 1 result (blue). 31-GEP, 31-gene
expression profile; MSS, melanoma-specific survival; OS, overall survival.

Group 3-Year MSS, % (95% CI) Deaths, % (n/N)

Class 1A (n = 3174) 99.7 (99.4 to 100) 0.2 (7/3,174)

Class 1B (n = 467) 98.3 (97.0 to 99.7) 1.3 (6/467)

Class 2A (n = 378) 95.7 (93.0 to 98.4) 3.4 (13/378)

Class 2B (n = 668) 89.6 (863 to 93.1) 6.3 (42/668)

All patients (N = 4,687) 97.7 (97.1 to 98.3) 1.5 (68/4,687)
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Group 3-Year OS, % (95% CI) Deaths, % (n/N)

Class 1A (n = 3174) 96.6 (95.7 to 97.6) 1.9 (61/3,174)

Class 1B (n = 467) 92.2 (89.0 to 95.5) 5.6 (26/467)

Class 2A (n = 378) 87.8 (83.9 to 91.8) 10.3 (39/378)

Class 2B (n = 668) 79.4 (75.4 to 83.6) 14.7 (98/668)

All patients (n = 4,687) 92.8 (91.8 to 93.8) 4.8 (224/4,687)
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FIG A2. Three-year MSS and OS by 31-GEP subclass for patients diagnosed and tested between 2016 and 2018. Patients with a class 2B
31-GEP result (orange) had lower 3-year (A) MSS and (B) OS than patients with a class 2A (teal), class 1B (red), or a class 1A (blue) result.
31-GEP, 31-gene expression profile; MSS, melanoma-specific survival; OS, overall survival.
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