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The observation that two-thirds of Stage I-III 
melanoma deaths occur in patients who have 
no evidence of distant metastatic spread at 
diagnosis (Stage I-II) suggests that improved 
prognosis of metastatic risk prognosis is 
necessary.1 To address this clinical need, a 

31-gene expression profile (31-GEP) test 
was developed and validated, providing 
prognostic information based on the biology 
of the primary melanoma tumor.2-5 Numerous 
retrospective and prospective studies have 
demonstrated that the 31-GEP is a significant 
and independent predictor of survival, 
beyond traditional clinicopathologic  staging 
factors and SLN status.3,4, 6-9 Recognizing the 

INTRODUCTION 

Treatment plans for cutaneous melanoma are based upon individual risk of recurrence. 
Decisions made post-diagnosis include recommendation for a sentinel lymph node biopsy 
(SLNB), followed by management decisions such as surveillance, frequency of follow-up, and 
interdisciplinary consultations including possible adjuvant therapy use. These have traditionally 
been guided by clinicopathologic factors, but discordance exists, as a substantial number of 
melanoma deaths occur in patients diagnosed with disease considered to be early stage by 
such factors, including a negative SLNB. Molecular testing can be used to apply an objective 
approach that optimizes individualized patient care. The 31-gene expression profile (31-GEP) 
test has been validated in nearly 1600 patients as an independent predictor of risk of 
recurrence, distant metastasis and death in Stage I-III melanoma and can guide SLNB 
decisions in patient subgroups, as demonstrated in 1421 patients. While clinical use of the 31-
GEP test has been adopted into routine practice, an evidence-based analysis of a decision 
point for use in thin, T1 tumors would be clinically useful. To help define an appropriate 
population for 31-GEP testing, we evaluated changes in patient management, cumulative 
differential risk across Breslow thicknesses based on a large dataset, and 31-GEP subclass 
distribution in a clinically tested cohort. Based on this, appropriate use of the 31-GEP test for 
management decisions was found to be in cutaneous melanoma tumors ≥0.3 mm thick. 
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clinical value of the 31-GEP, physicians have 
utilized it to inform decisions of intensity of 
follow-up, including use and frequency of 
clinical visits, labs, imaging, and referrals.10-

12  
 
Patients are classified by the 31-GEP test as 
low-risk (Class 1, 1A lowest risk) or high-risk 
(Class 2, 2B highest risk) based on 
differential expression of a panel of 28 
discriminating gene targets and 3 control 
genes.2,5,13 Previous studies have reported 
that the 31-GEP identifies high-risk disease 
in traditionally low-risk subsets of patients, 
including those with thin (≤1.0 mm, T1) 
tumors.3,4,14 This finding allows for the 
appropriate identification of patients for 
escalation and de-escalation of interventions. 
As adoption of the 31-GEP test increases, 
the natural question arises: what patient 
population is appropriate for 31-GEP testing? 
This is a particularly important question for 
patients with thin melanomas traditionally 
associated with good outcomes, having a 5-
year melanoma-specific survival of 96-
99%.15, 16 A non-invasive prognostic tool such 
as the 31-GEP can be useful to identify those 
T1 tumors with increased risk of metastasis 
and death from melanoma, but the threshold 
at which the test is expected to have true 
clinical value has not yet been reported.  
 
In this study, we define a target population for 
31-GEP clinical use by i) estimating 5-year 
recurrence-free (RFS) and distant 
metastasis-free survival (DMFS) rates 
associated with T1 tumors and cumulative 
event rates in T1-T2 tumors using a large 
multi-center dataset; ii) reviewing 31-GEP 
clinical reports to evaluate the frequency of 
when high-risk, Class 2 biology is detected in 
clinically tested patients with T1 tumors; and 
iii) analyzing data from previously published 
clinical utility studies to determine the tumor 
thickness threshold at which patient 

management decisions were changed based 
on the results of the 31-GEP test. The goal of 
the study is to suggest a more targeted 
application of the 31-GEP test for patients 
with thin tumors that can improve resource 
management and health care outcomes, and 
to summarize appropriate use relative to the 
two validated utilities of the 31-GEP test in 
the context of current melanoma 
management strategies. 

 
Clinical outcomes study cohorts and data 
collection  
 
31-GEP test results, tumor clinicopathologic 
data, and clinical outcomes were derived 
from three non-overlapping published study 
cohorts, including prospectively-tested 
patients6, 7 and archival tumor specimens3, as 
well as an independent archival tumor cohort 
(total n=1479).17 Median follow-up for the 
patients in the combined cohort was 3.3 
years. All tumor specimens and associated 
clinical data were collected under institutional 
(IRB)-approved protocols or were deemed 
exempt by the IRB. 
 
Cumulative event analysis by Breslow 
thickness  
 
Total number of cases and recurrence events 
(events documented as being locoregional or 
distant recurrences) from the 1479 patients 
described above were analyzed according to 
Breslow thickness and 31-GEP class using 
R.3.6. For tumors between 0.0-2.0 mm 
Breslow thickness (n=1037) cumulative 
event rates at each observed case within the 
31-GEP subclasses were calculated and 
plotted. Loess regression was used to fit a 
smoothed curve to these plotted points. 
Breslow thickness binning in all analyses was 

METHODS 
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used as per AJCC v8 guidelines (i.e. 
rounding to nearest tenth of a mm)16. 
 
Clinical GEP testing data 
 
De-identified consecutive 31-GEP clinical 
test results and associated tumor 
clinicopathologic data (n=579) between 2014 
and 2019 from a large dermatopathology 
practice were used to determine proportions 
of 31-GEP classes in T1 melanoma tumors 
by 0.1 mm increments in Breslow thickness. 
De-identified 31-GEP clinical test results and 
associated tumor clinicopathologic data 
between May 2018 to April 2019 were also 
used to determine proportions of 31-GEP 
classes in T1 tumors by 0.1 mm increments 
in Breslow thickness. 
 
Analysis of clinical utility according to 
Breslow thickness  
 
Raw data from two published, multi-center 
clinical impact studies10, 11 (n=403) were used 
to analyze management changes (including 
changes in referrals, clinical visits, imaging, 
laboratory tests, and SLNB 
recommendations) in consecutively tested  
patients that were made following 31-GEP 
test result receipt, according to Breslow 
thickness. All clinicopathologic data, 31-GEP 
test results, and clinical use data were 
collected under IRB-approved protocols. 

 
Outcomes in the T1 population according to 
Breslow thickness and 31-GEP class  
 
To estimate differences in risks associated 
with the 31-GEP test results at any given 
Breslow thickness in T1-T2 tumors, 
outcomes and clinicopathologic data from 
1479 patients with a median follow-up of 3.3 
years were used. Cumulative recurrence 

rates (cumulative recurrences/cumulative 
cases) in 31-GEP subclasses were 
calculated at each observed case and 
plotted. Patient and pathologic 
characteristics of tumors ≤2.0 mm (n=1037) 
are shown in Table 1. A smoothed curve was 
fit using Loess regression to show the 
estimated cumulative event rate (cumulative 
recurrences/total cases in 31-GEP subclass) 
at each observable Breslow thickness. As 
shown in Figure 1, the predicted cumulative 
rates of recurrence from the Loess curve for 
Class 2B separates from the Class 1A tumors 
between 0.2 and 0.3 mm Breslow thickness. 
Importantly, the first recurrent/distant 
metastatic event occurred in a 0.3 mm tumor 
and thus 5-year RFS and DMFS survival 
rates are 100% for tumors ≤0.2 mm and 
significantly different with 31-GEP class in 
patients with tumors 0.3-1.0 mm thick by log-
rank test (p<0.0001 for RFS; p=0.0008 for 
DMFS) (Table 2). In patients with tumors 0.3-
1.0 mm thick, Class 2B results were 
associated with RFS and DMFS rates of 
75.5% and 82.1%, respectively, compared to 
rates of 96.8% and 97.4% for Class 1A. As 
these data suggested a potential target 
threshold for clinical utility, the threshold of 
0.3 mm was explored in the next set of 
analyses. 
 
Frequency of 31-GEP subclasses in thin 
melanomas 
 
To determine the prevalence of 31-GEP 
subclasses in thin melanomas, de-identified 
test results and clinicopathologic data from a 
large dermatopathology practice were 
evaluated for 31-GEP subclass and Breslow 
thickness (n=437 with Breslow thickness ≤1.0 
mm and a 31-GEP subclassification) (Figure 
2A). Additionally, de-identified 31-GEP 
results and clinicopathologic data from 
tumors 0.1-1.0 mm clinically tested between 
May 2018 and April 2019 (n=8944) were 

RESULTS 
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evaluated (Figure 2B). In the 
dermatopathology practice, tumors <0.3 mm 
Breslow thickness were exclusively Class 1A, 
while Class 1B, 2A, and 2B results were 
obtained for tumors ≥0.3 mm Breslow 
thickness such that 7.1% of tumors ≥0.3 mm 
and ≤1.0 mm had Class 2 results and 15.7% 
of tumors ≥0.3 mm had non-Class 1A (e.g. 
Class 1B, 2A or 2B) results (Figure 2A). In the 
overall clinically tested population from the 
last year, tumors <0.3 mm were primarily 
Class 1A, with few Class 1B, 2A, and 2B 
tumors. However, 4.3% of tumors ≥0.3 mm 
were Class 2 and 10.8% were non-Class 1A 
(Figure 2B).  
 
Physicians’ use of 31-GEP test to change 
management decisions and relationship to 
Breslow thickness in thin tumors 
 
Four clinical impact studies have shown that 
the 31-GEP test is associated with a ~50% 
rate of management changes when 
incorporated with available clinicopathologic 
staging.10-12, 18 Of these, two are multi-center 
studies of consecutively tested patients that 
demonstrated changes in clinical visits, 
SLNB recommendations, frequency and 
intensity of surveillance imaging, laboratory 
testing and specialty referrals.10, 11 Those two 
studies included a total of 403 patients, of 
which 160 had primary melanomas ≤1.0 mm 
thick. To evaluate the impact of 31-GEP on 
patient management at various Breslow 
thicknesses, T1 melanomas were 
categorized by reported Breslow thickness by 
0.1 mm increments, and it was determined if 

a change in management was recommended 
post-testing. As shown in Figure 3, most of 
the management changes for thin (T1) 
melanomas following receipt of the 31-GEP 
test were recommended for lesions with ≥0.3 
mm Breslow thickness. Specifically, 25% of 
the lesions between 0.3 mm and 1.0 mm had 
a management change, while 11% of lesions 
<0.3 mm had a recommended management 
change. 
 

 
 
 
Figure 1. Outcomes associated with 31-GEP 
subclasses across Breslow depths in T1-T2 
tumors. Data from a multi-center cohort of 1479 
tumors were used to calculate cumulative recurrence 
rates (cumulative events/cumulative cases in each 31-
GEP subclass) at each observed T1-T2 tumor in the 
dataset. Loess regression was used to fit a smooth 
curve to the points and estimate cumulative 
recurrence rates across Breslow thicknesses between 
0.0 and 2.0 mm.
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Figure 2. 31-GEP subclass distribution with Breslow thickness in large clinically tested cohorts. A) T1 
tumors clinically tested with the 31-GEP test between 2014 to 2019 at a large dermatopathology practice were 
evaluated for 31-GEP result (n=479). B) T1 tumors clinically tested with the 31-GEP test between May 2018 and 
April 2019 (n=8944). Percent of tumors in each 31-GEP subclass were plotted according to 0.1 mm Breslow 
thickness increments. In both panels, non-Class 1A results are shown. 
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Figure 3. Management changes in 31-GEP-tested T1 tumors by 0.1 mm Breslow thickness increments. 
Management changes (change in frequency of clinical visits, imaging, referrals, sentinel lymph node biopsy, 
laboratory tests) after receipt of 31-GEP test results associated with T1 tumors (n=160) from two published 
studies10, 11 were compiled and evaluated by 0.1 mm increments in tumor Breslow thickness. Blue bars indicate no 
change in management and red bars indicate a management change (increase or decrease in intensity).  

 
 
Table 1. Patient and tumor characteristics of T1-T2 cohort. 

Feature Class 1A 
(n=718) 

Class 1B 
(n=126) 

Class 2A 
(n=88) 

Class 2B 
(n=105) 

Combined 
(n=1037) 

Age (years), p<0.001 

Mean and SD 58.4 (±15.8) 57.8  (±13.5) 61.2 (±14.5) 64.5 (±15.1) 59.2 (±15.4) 

Median (Range) 60 (18-91) 57.5 (26-87) 61 (19-88) 67 (20-93) 60 (18-93) 

Breslow depth (mm), p<0.0001 

Mean and SD 0.7 (±0.431) 1.1 (±0.436) 1.3 (±0.52) 1.3 (±0.464) 0.9 (±0.495) 

Median (Range) 0.6 (0.1-2.0) 1.0 (0.2-2.0) 1.3 (0.2-2) 1.3 (0.1-2) 0.8 (0.1-2) 

Ulceration, p<0.0001 

no 605 / 718 
(84.26%) 

93 / 126 
(73.81%) 

61 / 88 
(69.32%) 

50 / 105 
(47.62%) 

809 / 1037 
(78.01%) 

unknown 75 / 718 
(10.45%) 

11 / 126 
(8.73%) 

10 / 88 
(11.36%) 

5 / 105 
(4.76%) 

101 / 1037 
(9.74%) 

yes 38 / 718 
(5.29%) 

22 / 126 
(17.46%) 

17 / 88 
(19.32%) 

50 / 105 
(47.62%) 

127 / 1037 
(12.25%) 
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Table 2. 5-year outcomes of patients with T1 tumors above and below 0.3mm. 

Group 
31-GEP 
Class 

n RFS (95% CI) p-value DMFS (95% CI) p-value 

≤0.2 mm All 56 
100%  

(100-100%) 
N/A 

100%  
(100-100%) 

N/A 

0.3-1.0 
mm 

Class 1A 495 
96.76%  

(94.73-98.83%) 

p<0.0001 

97.35%  
(95.39-99.34%) 

p=0.0008 
Class 1B 62 

91.01%  
(82.97-99.82%) 

90.58%  
(82.21-99.81%) 

Class 2A 24 
90.91%  

(79.66-100%) 
90%  

(77.77-100%) 

Class 2B 32 
75.46%  

(60.95-93.42%) 
82.14%  

(67.51-99.95%) 

31-GEP: 31-gene expression profile; RFS: recurrence-free survival; DMFS: distant metastasis-free 
survival 
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While the risk of mortality is strongly 
correlated with Breslow thickness, a 
substantial proportion of melanoma-specific 
deaths occur in patients initially diagnosed 
with thin, T1 melanomas,15, 19-21 because of 
the relative prevalence of T1 to thick 
melanomas (T4, Breslow depth >4 mm). 
Thus, patients with thin melanoma represent 
the majority of cutaneous melanoma patients 
and a subset of these patients have poor  
outcomes, which accounts for a significant 
percentage of melanoma-related deaths. The 
31-GEP test was developed and validated to 
enhance prognostic accuracy in melanoma,2 
and its overall performance, as well as the 
performance in thin melanomas, has been 
previously reported.3-9, 17  
 
With any clinical test, it is important to identify 
a population for whom use of the test is 
appropriate and has the potential to add 
value to patient care. This study was aimed 
at defining an evidence-based target 
population of tumors for which 31-GEP 
testing can maximize sensitivity of identifying 
Class 2 results and where the test result is 
more likely to result in a clinically appropriate 
and meaningful change in an individual 
patient’s treatment plan. To do so, we used a 
combination of outcomes, 31-GEP class 
frequency and clinical utility to identify a 
Breslow thickness threshold at and above 
which the 31-GEP test can be used to 
estimate differential risk of recurrence and 
inform management decisions based on that 
predicted risk. We used a large dataset of 
patient tumors and clinical outcomes (i.e. 
recurrence and distant metastatic events) to 
estimate 5-year RFS and DMFS rates, as 
well as cumulative event rates at any given 
Breslow thickness ≤1.0 mm, and found that 
there was an observable shift in predicted 

cumulative event rates above 0.3 mm 
between Class 1A and Class 2B tumors, 
which have the lowest and highest risks of 
recurrence, respectively. Of note, estimated 
cumulative event rates are based on Loess 
regression fitting to cumulative event rates at 
each observed case per 31-GEP subclass in 
the patient cohort. Since the cumulative 
event rate at each observed case in the data 
set reflects that case and those with lower 
Breslow thicknesses, the cumulative event 
rates derived from the Loess curve may 
underestimate the risk of recurrence at a 
given local Breslow thickness. Additionally, 
there are fewer recurrence events, as 
expected, in ultra-thin melanomas and this 
must be considered when interpreting the 
fitted curves. Thus, the importance of this 
analysis is the separation of cumulative rates 
of recurrence between Class 1A and 2B at 
the 0.3 mm threshold.  
 
We then evaluated 31-GEP class distribution 
in thin melanoma tumors from a large 
dermatopathology practice and in all cases 
clinically tested during the last year. In 
patients with tumors 0.3 mm to 1.0 mm from 
the dermatopathology practice, a 7.1% 
frequency of Class 2 tumors and a 15.7% 
frequency of non-Class 1A tumors were 
identified. Distribution of Class results will 
likely vary practice to practice based on 
different patient population. Figure 2B shows 
the distribution across 8944 T1 tumors 
clinically tested during a one-year period. In 
this population, very few tumors <0.3 mm 
were classified as non-Class 1A, indicating a 
large number of patients would need to be 
tested in order to identify a high-risk tumor. In 
tumors 0.3-1.0 mm, 10.8% were non-Class 
1A, suggesting a benefit of risk assessment 
for this portion of the thin tumor population.  
 
Lastly, we identified that most changes in 
patient management for consecutively tested 

DISCUSSION 
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melanomas after 31-GEP testing were made 
for tumors ≥0.3 mm in Breslow thickness. 
Taken together, results from these three sets 
of analyses point towards use of the 31-GEP 
test to guide management decisions for 
patients with tumors ≥0.3 mm thick for risk of 
recurrence prediction. Below 0.3 mm in 
thickness, there are no observed recurrence 
events in our research patient cohort, 
suggesting a very low frequency of 
recurrence/metastasis in this group, and 
there are very few expected non-Class 1A 
results. Moreover, physicians have not 
shown strong impact of test results to change 
patient management.  
In summary, these results suggest a Breslow 
thickness threshold of 0.3 mm for using the 
31-GEP test for guiding management 
decisions dependent on individual risk of 

recurrence. In the context of the 
comprehensive use of the 31-GEP test, the 
test is also used to guide decisions on using 
SLNB in patients with T1-T2 tumors, as 
reported recently22. Since the SLNB surgical 
procedure is currently recommended by 
NCCN guidelines for T1a tumors with 
adverse features, there is a population of 
patients with <0.3 mm tumors with adverse 
features who could still be considered for this 
procedure, and in this population there is 
utility of the 31-GEP test in identifying 
patients at very low risk of being SLNB 
positive who can avoid this procedure. The 
schematic in Figure 4 depicts both ways the 
test informs management decisions for 
melanoma patients and recommended 
thresholds based on published literature and 
the analysis presented herein.

 
 

 

 
 
Figure 4. Appropriate use and target populations for 31-GEP test to guide sentinel lymph node biopsy (SLNB) 
decisions and patient management. Based on published studies and current study data, the 31-GEP test is 
recommended to be used in patients with T1-T2 tumors (including <0.3 mm tumors with adverse features) for SLNB 
decision guidance (left) and in tumors with ≥0.3 mm Breslow thickness for risk of recurrence prediction to inform 
patient management decisions (right).  
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