Molecular risk prediction in cutaneous
melanoma: A meta-analysis of the
31-gene expression profile prognostic
test in 1,479 patients
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Background: Multiple studies have reported on the accuracy of the prognostic 31-gene expression profile
test for cutaneous melanoma. Consistency of the test results across studies has not been systematically
evaluated.

Objective: To assess the robustness of the prognostic value of the 31-gene expression profile.

Methods: Raw data were obtained from studies identified from systematic review. A meta-analysis was
performed to determine overall effect of the 31-gene expression profile. Clinical outcome metrics for the
31-gene expression profile were compared with American Joint Committee on Cancer staging.

Results: Three studies met inclusion criteria; data from a novel cohort of 211 patients were included
(n = 1,479). Five-year recurrence-free and distant metastasis-free survival rates were 91.4% and 94.1% for
Class 1A patients and 43.6% and 55.5% for Class 2B patients (P < .0001). Meta-analysis results showed that
Class 2 was significantly associated with recurrence (hazard ratio 2.90; P < .0001) and distant metastasis
(hazard ratio 2.75; P <.0001). The 31-gene expression profile identified American Joint Committee on Cancer
stage 1 to III patient subsets with high likelihood for recurrence and distant metastasis. Sensitivity was 76%
(95% confidence interval 71%-80%) and 76% (95% confidence interval 70%-82%) for each end point,
respectively. When 31-gene expression profile and sentinel lymph node biopsy results were considered
together, sensitivity and negative predictive value for distant metastasis-free survival were both improved.

Conclusion: The 31-gene expression profile test consistently and accurately identifies melanoma patients
at increased risk of metastasis, is independent of other clinicopathologic covariates, and augments current
risk stratification by reclassifying patients for heightened surveillance who were previously designated as
being at low risk. (J Am Acad Dermatol 2020;83:745-53.)
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INTRODUCTION

After a cutaneous melanoma diagnosis, metastatic
risk assessment is important for determining patient
management plans, including sentinel lymph node
biopsy, surveillance, and therapeutic options. Studies
have shown that patients desire prognostic
information and that risk of recurrence is one of the
primary patient concerns af-
ter a melanoma diagnosis.'™
Clinicopathologic  features
recommended for American
Joint Committee on Cancer
staging are used to determine
prognosis, and stages are
associated with different sur-
vival estimates.’ However,
many patients with a good
prognosis (early stage) still
experience metastases, and
clinicopathologic staging fea-
tures are subject to variations
in interobserver interpreta-
tion and reporting,” discor-
dance that affects melanoma
staging and ultimately patient
management  decisions.” "
With increasing cancer care costs, tools for improved
risk prediction that more precisely guide resources
toward high-risk patients are critical.'”

The 31-gene expression profile test has been
previously reported.'” It uses tumor biology to
categorize risk as low (Class 1) or high (Class 2),
with subclassifications of Class 1A (lowest risk) and
2B (highest risk), whereas 1B and 2A results are
associated with intermediate risks. Validation studies
of the 31-gene expression profile test used archived
tumor specimens with associated clinical data and
outcomes'”'” and prospective, contemporary pop-
ulations of patients tested in clinical practice.'®*'

Although individual studies have demonstrated
that the 31-gene expression profile test is an accurate
predictor of metastasis and mortality that can
enhance the accuracy of staging,' *'® the highest level
of evidence supporting the clinical use of prognostic
tests is the systematic review of relevant literature and
subsequent meta-analysis of available data.”>*’ We
performed a meta-analysis of all peer-reviewed
published studies that described patients with stage
I to III melanoma tested with the 31-gene expression
profile test for whom clinical outcomes were re-
ported; raw data from the combined, nonoverlapping
data sets were used to assess the clinical metrics for
this larger cohort, including data from a novel, newly
analyzed cohort of cutaneous melanoma.

staging.

CAPSULE SUMMARY

« Meta-analysis of 4 nonoverlapping
cohorts demonstrated that a 31-gene
expression profile test consistently
predicts recurrence or distant metastasis
across American Joint Committee on
Cancer stages | to lll, independent of
clinicopathologic factors, with an This
accuracy that improves on current

« The 31-gene expression profile test
significantly augmented the ability to
identify high-risk patients for heightened
clinical surveillance.
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METHODS
Literature search, study eligibility criteria, and
data collection

This study was performed according to the
Preferred Reporting Items for Systematic Reviews
and Meta-analyses statement.”* The 12 methodolo-
gical items in the statement’s checklist are summa-
rized below.

On January 11, 2019,
PubMed and its web API
were searched with the
following search algorithm:
"cutaneous melanoma" OR
"primary melanoma" AND
"expression  profile" OR
"gene signature" OR "gene
expression” OR "31-gene."
approach produced
524 articles, 51 of which
included a key search term
in the title. Abstracts were
manually sorted to ensure fit
to eligibility criteria, with
review by 2 independent
reviewers for inclusion and
a third to resolve discrep-
ancies. Included studies reported 31-gene expres-
sion profile—tested patients with stage I to III
melanoma and the following end points:
recurrence-free survival, distant metastasis-free sur-
vival, melanoma-specific survival, or overall survival.
Studies were excluded if they contained cases that
overlapped with larger data sets identified during the
search and included in the analysis, or if they did not
focus on primary cutaneous melanoma. Only peer-
reviewed published articles were considered.
Authors of included studies were contacted to
acquire deidentified raw data for meta-analysis.
Specifically, authors were asked to supply deidenti-
fied raw data used for reporting of end points and
clinical covariates used to estimate hazard ratios in
multivariate models. Data requested included
31-gene expression profile class and American
Joint Committee on Cancer staging-related informa-
tion (Breslow thickness, ulceration status, nodal
examination, and nodal status). We also requested
end-point information as a binary event (yes or no),
time to event, and overall follow-up time for
end-point analysis.

Patient cohort demographics and outcomes
Cohort demographics were compared by

Pearson’s x> and Wilcoxon’s F tests for categoric

and continuous variables, respectively. End points
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Abbreviation used:

CI:  confidence interval

evaluated included recurrence-free survival (time
from diagnosis to local, regional, or distant
recurrence) and distant metastasis-free survival
(time from diagnosis to any distant metastasis).
Kaplan-Meier methodology was used to estimate
survival curves for each end point, and comparisons
were made by log-rank tests.

Meta-analysis

The R package meta (version 3.5.0; R Foundation
for Statistical Computing, Vienna, Austria) was used
for data analysis. The meta-analysis focused on the
overall effect of gene expression profile in the studies
(corrected by other covariates). For each study, haz-
ard ratios were extracted from multivariate models,
including clinical features and gene expression profile
class or score. Inclusion in the Cox proportional
hazard survival analyses used for multivariate analysis
required that all relevant clinicopathologic features be
reported. All patients in the study by Greenhaw et al'”
had clinically node-negative disease. Thus, nodal
status was not included as a variable in multivariate
analysis of that study, and likewise, that cohort was
not included in the calculation of the hazard ratio of
sentinel lymph node biopsy. Hazard ratios and stan-
dard errors were extracted from the Cox models for
each study and input into the meta package for
analysis. Studies that did not include necessary data
for these calculations for a particular end point were
excluded from analysis of that end point. Resulting
forest plots and output were examined for heteroge-
neity and effect size with fixed- and random-effects
weighting. End points were also evaluated in the
meta-analysis with the funnel plot method.

Risk of bias in meta-analysis

The risk-of-bias assessment was performed with
the Quality in Prognosis Studies tool, which evalu-
ates adequacy of reporting study participation, study
attrition, prognostic factor measurement, outcome
measurement, study confounding, and statistical
analysis and reporting to estimate risk of bias as
low, moderate, or high.”” Two independent re-
viewers completed the Quality in Prognosis Studies
tool for the 3 published studies in the meta-analysis,
and consensus risk assessments were derived from
the individual ratings and comments.
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RESULTS

A systematic review was performed according to
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses statement,”’ and 3 articles met
inclusion criteria for analysis (Table I, Supplemental
Table I, and Supplemental Fig 1, [supplementary
items available via Mendeley at https://doi.org/10.
17632/ckgzvw3wzh.1]). Risk of bias assessment was
performed with the Quality in Prognosis Studies tool
(Supplemental Table ID). Authors of the peer-
reviewed, published studies supplied deidentified
raw data that were used for reporting of end points,
including clinical covariates that were used for
estimation of hazard ratios in multivariate models.
The analysis also includes data from a novel cohort
of 211 cutaneous melanoma patients (Table T and
Supplemental Fig 3). Cases from these cohorts were
nonoverlapping and median follow-up time for the
combined patient cohort (n = 1479) was 3.3 years.

Of the patients enrolled and analyzed, 790 were
classified as Class 1A and 361 were classified as Class
2B. Tumor and patient characteristics are shown in
Table 1. Across all 4 studies, the median age was
61 years (range 18-94 vyears). Median Breslow
thickness was 1.2 mm (range 0.1-29.0 mm), the rate
of ulceration was 23.4% (range 10.2%-34.1%), and
21.1% of patients (range 11.2%-36.0%) had a positive
sentinel lymph node biopsy result. American Joint
Committee on Cancer eighth-edition stages of cases
in each 31-gene expression profile subclass are
reported in Table II.

The 31-gene expression profile Class 2B
designation identifies specific subsets of American
Joint Committee on Cancer—staged patients with
higher likellhood of recurrence and distant
metastasis: 3.2% of stage IA patients, 11.7% of stage
IB patients, 32.5% of stage ITA patients, 59.3% of
stage IIB patients, 83.7% of stage IIC patients, and
50.3% of stage III patients (Table I1). Conversely, the
31-gene expression profile class 1A designation
identifies subsets of stage I to IIl patients with a
strong negative predictive value (Table IID).

In a meta-analysis of combined data from all 4
studies, multivariate Cox regression modeling
showed that gene expression profile class was a
predictor for risk of recurrence, independent of
Breslow thickness, ulceration status, patient age,
and sentinel lymph node biopsy results (Fig 1,
P <.0001; hazard ratio 2.90; 95% confidence interval
[CI] 2.01-4.19). Three studies reported distant
metastasis-free  survival and, when evaluated
together, the 31-gene expression profile was also a
robust predictor, again independent of the standard
clinical staging covariates (P < .0001; hazard ratio
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Table 1. Characteristics of studies and study cohorts included in the meta-analysis of the 31-gene expression

profile test
Study
Novel cohort, Gastman et al,'’ Greenhaw et al,’ Hsueh et al,'® Combined,
Feature n =211 n = 690* n = 256* n = 322" n = 1479
Design Archival Archival Prospective Prospective
Contributions Multicenter Multicenter Single center Multicenter
Analysis KM, multivariate KM, multivariate KM, accuracy KM, multivariate
End points RFS, DMFS, MSS RFS, DMFS, MSS RFS, MSS RFS, DMFS, OS
Demographics
Age*
Mean *= SD 60.7 = 16.0 58.0 = 16.1 67.3 = 13.9 58.3 = 14.6 60.0 = 15.7
Median (range) 62 (18—93) 59 (18—94) 68 (22—92) 58 (18—87) 61 (18—94)
Tumor covariates
Breslow thickness'*
Mean *= SD 25+ 3.0 22+ 25 1.0 = 1.1 1.7 £ 15 1.9 = 23
Median (range) 1.7 (0.2—28.0) 1.3 (0.1—29.0) 0.6 (0.1—8.0) 1.2 (0.2—12.0) 1.2 (0.1—29.0)
Ulceration,” No. (%)
No 122 (57.8) 407 (59.0) 228 (89.0) 238 (73.9) 995 (67.3)
Yes 72 (34.1) 190 (27.5) 26 (10.2) 58 (18.0) 346 (23.4)
Unknown 17 (8.1) 93 (13.5) 2 (0.8) 26 (8.1) 138 (9.3)
Sentinel lymph node biopsy result positive,Jr No. (%)
No 95 (45.0) 259 (37.5) 0 201 (62.4) 811 (54.8)
Yes 76 (36.0) 200 (29.0) 0 36 (11.2) 312 (21.1)
Unknown’ 40 (19.0) 231 (33.5) 256 (100) 85 (26.4) 356 (24.1)

DMFS, Distant metastasis-free survival; KM, Kaplan-Meier; MSS, melanoma-specific survival; OS, overall survival; RFS, recurrence-free survival;

SD, standard deviation.

*Studies passing full review.

TP < .001 Kruskal-Wallis F test or Pearson y? test.
*Breslow thickness was not reported for 5 cases.

SUnknown is defined as clinically node negative because sentinel lymph node biopsy was not performed on these patients.

2.75; 95% CI 1.76-4.32). No melanoma-specific
deaths were reported in the Class 1A group in the
study by Greenhaw et al,'” preventing estimation of
the hazard ratio of Class 2B compared with Class 1A.
Hsueh et al'® reported overall survival; therefore,
evaluation of melanoma-specific survival was not
performed. Tests for heterogeneity for recurrence-
free survival (P = .58) and distant metastasis-free
survival (P = .80) were not significant with Cochran Q
statistic and /2. Random-effects models were used to
account for any differences in studies. Relative haz-
ard ratios for all covariables are shown in Fig 1, B.
The relevant accuracy metrics of sensitivity and
negative predictive value for recurrence with the 31-
gene expression profile were determined by using
the larger combined cohort and were found to be
76% (95% CI 71%-80%) and 92% (95% CI 90%-94%)),
respectively (Table TIT), in contrast to 57% (95% CI
51%-63%) and 79% (95% CI 75%-82%), respectively,
for sentinel lymph node biopsy. The sensitivity and
negative predictive value for distant metastasis with
the 31-gene expression profile was also determined
and was found to be 76% (95% CI 70%-82%) and 93%
(95% CI 91%-95%), respectively, compared with 61%

(95% CI 55%-68%) and 86% (95% CI 83%-89%),
respectively, for sentinel lymph node biopsy.
Combining gene expression profile results and
sentinel lymph node biopsy status resulted in
improved sensitivity and negative predictive value.
The concordance of the sentinel lymph node biopsy
and 31-gene expression profile results was 49.6% for
recurrence and 48.2% for distant metastasis.

With Kaplan-Meier modeling, the 5-year
recurrence-free survival rate was 91.4% (95% CI
89.0%-93.9%) for Class 1A patients and 43.6% (95%
CI 38.29%-49.8%) for Class 2B patients (P < .0001;
Supplemental Fig 2, A). The 5-year distant
metastasis-free survival rate was 94.1% (95% CI
91.9%-96.4%) for Class 1A patients and 55.5% (95%
CI 49.9%-61.9%) for Class 2B patients (P < .0001;
Supplemental Fig 2, B). Ten-year recurrence-free
survival rates for Class 1A and 2B were 88.3% (95% CI
85.1%-91.6%) and 38.8% (95% CI 32.8%-45.8%),
respectively, and 10-year distant metastasis-free sur-
vival rates were 90.8% (95% CI 87.6%-94.1%) and
49.9% (95% CI 43.3%-57.5%), respectively, but were
based on a reduced at-risk population. Five-year
recurrence-free survival and distant metastasis-free
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Table II. American Joint Committee on Cancer staging compared with 31-gene expression profile results and

outcomes

Stage, AJCC v8*

Class 1A n = 790

Class 1B n = 169

Class 2A n = 159

Class 2B n = 361

Combined n = 1479 (%)"

IA (%)* 507 (85.1) 50 (8.4)
IB (%)* 142 (55.4) 47 (18.4)
A (%)* 45 (28.7) 25 (15.9)
1B (%)* 15 (13.3) 13 (11.5)
IC (%)* 2 (4.7) 1.3)
I (9%)* 78 (25.0) 33 (10.6)
NA* (%)* 1 (0.5) 0
Stage |, %
RFS, 5y (Cl) 97.6 (96.1—99.1)  90.2 (83.5—97.4)
DMFS, 5y (Cl) 984 (97.1-99.7)  90.7 (83.8—98.1)
Stage Il, %
RFS, 5y (Cl) 73.0 (60.8—87.7)  83.9 (71.7—98.1)
DMFS, 5y (CI)  89.3 (79.6—100)  87.9 (75.9—100)
Stage Ill, %
RFS, 5y (Cl) 62.9 (52.7—75.0)
DMFS, 5y (Cl) 72.7 (63.0—83.8)

20 (3.3) 19 3.2) 596 (40.3)
37 (14.5) 30 (11.7) 256 (17.3)
36 (22.9) 51 (32.5) 157 (10.6)
18 (15.9) 67 (59.3) 113 (7.6)
4 (9.3) 36 (83.7) 43 (2.9)
44 (14.1) 157 (50.3) 312 (21.1)
0 1 (0.5) 2 (0.14)
P value®
85.0 (75.2—96.0) 76.1 (64.0—90.5) <.001
90.0 (81.2—99.9) 86.0 (75.3—98.3) <.001
63.0 (50.5—78.5) 44.3 (36.4—53.9) <.001
76.55 (62.4—93.9) 60.1 (51.8—69.7) <.001
34.2 (27.4—42.6) <.001
46.1 (38.6—55.0) <.001

AJCC, American Joint Committee on Cancer; Cl, Confidence interval; DMFS, distant metastasis-free survival; RFS, recurrence-free survival.

*Two cases did not have sufficient clinicopathologic data for staging.

TPercentage of total combined n.
1tPercentage of AJCC stage.

8P value specifies significance of difference between low- (class 1A) and high-risk (class 2B) groups.

Table III. Independent accuracy metrics of the
gene expression profile and sentinel lymph node
biopsy, and accuracy metrics for the combination of
both in 867 patients with gene expression profile
results and sentinel lymph node biopsy status

GEP SLNB GEP and SLNB

(95% CD (95% CI) (95% CD

RFS, % n = 1479 n = 867 n = 867
Sensitivity 76 (71—80) 57 (51—63) 88 (84—92)
Specificity 76 (73—78) 74 (70—77) 52 (48—56)
PPV 46 (42—50) 50 (44—56) 46 (44—48)
NPV 92 (90—94) 79 (75—82) 91 (87—93)

DMFS, % n=1223 n = 867 n = 867
Sensitivity 76 (70—82) 61 (55—68) 90 (85—94)
Specificity 69 (66—72) 72 (68—75) 48 (44—52)
PPV 35 (31—39) 39 (34—44) 34 (32—36)
NPV 93 (91-95) 86 (83—89) 94 (91—96)

Cl, Confidence interval; DMFS, distant metastasis-free survival;
GEP, gene expression profile; NPV, negative predictive value;
PPV, positive predictive value; RFS, recurrence-free survival;
SLNB, sentinel lymph node biopsy.

survival rates for each 31-gene expression profile
subclass in stage I, II, and III melanoma are shown in
Table II. Kaplan-Meier estimates of survival out-
comes for the novel cohort of 211 patients alone
are shown in Supplemental Fig 3. Supplemental
Table III reports the independent and combined
5-year recurrence-free survival for the 31-gene
expression profile and sentinel lymph node

biopsy. Whereas the recurrence-free survival for
negative-result sentinel lymph node biopsy alone
was 78.9%, recurrence-free survival for Class 1A and
negative-result sentinel lymph node biopsy com-
bined was 91.9% and the recurrence-free survival for
Class 2B and negative-result sentinel lymph node
biopsy combined was 53.0%. Mean follow-up time
for recurrence-free cases included in the analysis was
4.8 years.

Median time to recurrence for Class 1 cases was
1.83 years (range 0.03-8.68 years), with 75% and 90%
of recurrences within 3.1 and 6.2 years, respectively.
In Class 2 cases, median time to recurrence was
1.1 years (range 0.00-9.96 years), with 75% and 90%
of recurrences within 1.8 and 3.2 years, respectively
(Supplemental Fig 2, C). These times to recurrence
were significantly different between classes
(P < .0001 by Kruskal-Wallis test). A comparison of
anatomic sites of first recurrence did not identify
significant differences between the 31-gene expres-
sion profile subclasses (x* test P = .18; Supplemental
Fig 2, D).

DISCUSSION

Clinicopathologic features of solid tumors have
traditionally been used for informing clinical de-
cisions about patient management. The addition of
molecular testing for clinical use in oncology has
benefited patient care by enabling more granular
stratification, facilitating individualized management
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Recurrence
Hazard Ratio HR 95%-CI
Greenhaw et al. 7.96 [1.02; 61.82]

Hsueh et al. —»— 5.60 [1.27; 24.69]

Gastman et al. . B 2.66 [1.70; 4.17]
Novel Cohort —— 2.75 [1.31; 5.74]
Fixed effect model < 2.90 [2.01; 4.19]
Random effects model <> 2.90 [2.01; 4.19]
M T T 1
0.1 051 2 10

Distant Metastasis

Hazard Ratio HR 95%-ClI
Hsueh et al. ! 5.79 [0.49; 68.01]
Gastman et al. . = 2.79 [1.63; 4.77]
Novel Cohort —0—— 2.41 [1.00; 5.82]
Fixed effect model < 2.75 [1.76; 4.32]
Random effects model S 2.75 [1.76; 4.32]
I T T 1
A 0.1 051 2 10
Feature HR RFS (95% CI) HR DMFS (95% CI)
p-value p-value

Breslow thickness

B

Random effects

1.12(1.03-1.22)
p=0.01

1.14(1.02-1.26)
p=0.02

Ulceration

Random effects

1.63(1.18-2.25)
p=0.003

2.03 (1.48-2.78)
p<0.0001

Age?

Random effects

1.01 (0.99-1.03)
p=0.60

1.00 (0.98-1.03)
p=0.65

SLNB?

Random effects

2.42(1.88-3.10)
p<0.0001

2.80 (2.07-3.77)
p<0.0001

31-GEPtest

Random effects

2.90 (2.01-4.19)
p<0.0001

2.75(1.76-4.32)
p<0.0001

Fig 1. Comparison of hazards of recurrence and distant metastasis associated with 31-gene
expression profile test and clinicopathologic features. A, Four studies, a novel cohort and 3
studies identified by a systematic review, were used for this meta-analysis of relative hazards of
recurrence and distant metastasis for Class 2B compared with Class 1A. Multivariate hazard
ratios with 95% confidence intervals are shown to the right of each study. Multivariate model
included all 31-gene expression profile subclasses, age, Breslow thickness, ulceration, and
node status (when available). Gray boxes reflect the weight of the study in the aggregated
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decisions. Here, we identified studies on the 31-gene
expression profile molecular test for melanoma in a
systematic review to perform a meta-analysis of this
prognostic tool, and screened the search results to
focus on studies with nonoverlapping patient co-
horts that reported the association of the test results
with clinical outcomes. One retrospective and 2
prospective studies were identified, and raw data
were combined with data from a newly analyzed
patient cohort to establish the largest pooled cohort
evaluated with the 31-gene expression profile to
date, to our knowledge.

A multivariate analysis was performed with the
31-gene expression profile test results (Class 1A, 1B,
2A, and 2B) and clinicopathologic features (patient
age, Breslow thickness, ulceration, and node status)
to determine hazard ratios for a Class 2B result
relative to Class 1A risk for each cohort and then
the pooled cohort. The latter indicated that there is a
significantly increased risk for recurrence and distant
metastasis with a 31-gene expression profile Class 2B
result compared with Class 1A, and the risk predicted
by the 31-gene expression profile test is independent
of the clinicopathologic features evaluated,
including sentinel lymph node status, consistent
with recently published results in a smaller cohort
of international patients.”" All clinicopathologic co-
variates evaluated demonstrated prognostic value
and the 31-gene expression profile test provided
additional, robust, prognostic information.

The relative risk associated with a Class 2 result
was similar to that of a positive sentinel lymph node
biopsy result, a prognostic variable accepted as
standard of care”® (Table ). The 31-gene expression
profile was more sensitive than a positive sentinel
lymph node biopsy result and demonstrated a higher
negative predictive value for predicting recurrence
and distant metastasis, whereas the specificity and
positive predictive values of the 31-gene expression

Greenbhaw et al 751

profile and sentinel lymph node biopsy were com-
parable, confirming previous studies on smaller
cohorts.' ™" The 31-gene expression profile identi-
fied with high confidence American Joint Committee
on Cancer stage 1 to III patients who had a low
likelihood of disease progress (Class 1A patients)
and also identified stage I to III patients with a high
likelihood of recurrence and metastasis (Class 2B
patients). Although the utility of the 31-gene expres-
sion profile for informing sentinel lymph node
biopsy for patients with T1 to T2 melanoma has
been validated, the concordance of the tests is 49.6%
and 48.2% for recurrence and distal metastasis,
respectively, suggesting that the 31-gene expression
profile offers valuable complementary prognostic
information to sentinel lymph node biopsy results.
Thus, the 31-gene expression profile test result is
optimally used for recurrence risk assessment in the
context of other tumor variables and clinical features
routinely used for staging and prognosis, to best
predict risk."* Specifically, when used together with
the sentinel lymph node biopsy, the combined gene
expression profile and sentinel lymph node biopsy
results yield a more granular stratification of patient
recurrence and distant metastasis risk'*" (Table 1I
and Supplemental Table IID), yield improved sensi-
tivity, and reinforce a robust negative predictive
value for distant metastasis-free survival (Table III).

Our results here confirm, on the largest cohort to
date to our knowledge, that the 31-gene expression
profile test result can substratify American Joint
Committee on Cancer—staged patients to increased
or decreased risk of recurrence or distant metastasis,
augmenting staging by the committee alone,
consistent with previous reports. HLIS7 For patients
who did experience recurrence, there was not a
significant difference between 31-gene expression
profile subclasses in regard to the sites of first
recurrence. This suggests that skin and lymph node

P
<

estimate (diamonds) based on study error and effect size (where error is inversely related to
weighting), vertical lines represent hazard ratio, and horizontal lines represent 95% confidence
intervals. Dotted vertical line and center of the diamond represents the aggregated hazard ratios
of fixed- and random-effect models, and diamond width indicates the overall confidence
interval in both fixed- and random-effects models. B, Meta-analysis of clinical covariates
included in multivariate analysis. Fixed-effects models yielded similar results. Hazard ratio
increases per millimeter of thickness and year of age, in linear fashion; the study by Greenhaw
et al'” was not included in the meta-analysis for sentinel lymph node biopsy because
pathologic node status was unknown, preventing hazard ratio derivation; likewise, sentinel
lymph node biopsy status was not used in generating hazard ratios for the study by Greenhaw
et al."” Heterogeneity detected for Breslow thickness (recurrence-free survival and distant
metastasis-free survival) and age (recurrence-free survival). CI, Confidence interval; DMFS,
distant metastasis-free survival; HR, hazard ratio; RFS, recurrence-free survival; SLNB, sentinel
lymph node biopsy; 37-GEP, 31-gene expression profile.
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examinations remain important for all patients at
risk, and the use of imaging and its frequency may be
informed by the relative risk of recurrence associated
with each 31-gene expression profile subclass.

A limitation of this meta-analysis is that studies
identified through systematic review are published,
so there is the risk that unpublished negative-result
data were not considered. Also, the included studies
had different study designs, which may affect the
overall magnitude of the effect of gene expression
profile because of evolving treatment, management,
surveillance, and population differences across the
time that the samples were collected. Although 2
cohorts consisted of archived cases and the other 2
consisted of patients tested clinically with the
31-gene expression profile, tests of heterogeneity
across studies were not significant. Additionally,
follow-up time varied among these studies, which
should be considered in interpreting the pooled
survival estimates. However, the median follow-up
interval for recurrence-free cases was longer than the
median time to recurrence. Finally, although the
prospective studies analyzed as part of the meta-
analysis had no inclusion or exclusion biases, the
study by Greenhaw et al'” did not include patients
who underwent sentinel lymph node biopsy as part
of their management protocol.

The cumulative results from our meta-analysis
confirm those from previously published studies on
the individual cohorts'>'®'? and from an additional,
international study.”’ These results support the
validity of the 31-gene expression profile test to
independently predict metastatic risk in melanoma,
despite differences in study designs and cohorts,
with an evidence rank of level 1A under the Strength
of Recommendation Taxonomy (SORT) and Oxford
systems.””*” One unique aspect of this meta-analysis
is that raw data were available for all studies. Thus,
hazard ratios were calculated directly rather than
being estimated from published multivariate or
Kaplan-Meier analyses. Our results support the
analytic validity” and clinical effect of the 31-gene
expression profile test that have been previously
published.”””* Together, the studies demonstrate
that the 31-gene expression profile test augments
current clinicopathologic data as a prognostic indi-
cator and can be used with sentinel lymph node
biopsy for increased sensitivity. Further studies are
needed to evaluate appropriate methods and in-
tervals for follow-up of patients identified as being at
high risk by the 31-gene expression profile, and on
therapeutic management, based on risk determined
by the 31-gene expression profile test together with
other clinicopathologic covariates.
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