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Abstract

Background: The heterogeneous behavior of patients with melanoma makes prognostication challenging. To address
this, a gene expression profile (GEP) test to predict metastatic risk was previously developed. This study evaluates the
GEP’s prognostic accuracy in an independent cohort of cutaneous melanoma patients.

Methods: This multi-center study analyzed primary melanoma tumors from 523 patients, using the GEP to classify
patients as Class 1 (low risk) and Class 2 (high risk). Molecular classification was correlated to clinical outcome and
assessed along with AJCC v7 staging criteria. Primary endpoints were recurrence-free (RFS) and distant metastasis-free
(DMFS) survival.

Results: The 5-year RFS rates for Class 1 and Class 2 were 88% and 52%, respectively, and DMFS rates were 93% versus
60%, respectively (P < 0.001). The GEP was a significant predictor of RFS and DMFS in univariate analysis (hazard ratio [HR]
= 5.4 and 6.6, respectively, P < 0.001 for each), along with Breslow thickness, ulceration, mitotic rate, and sentinel lymph
node (SLN) status (P < 0.001 for each). GEP, tumor thickness and SLN status were significant predictors of RFS and DMFS
in a multivariate model that also included ulceration and mitotic rate (RFS HR = 2.1, 1.2, and 2.5, respectively, P < 0.001 for
each; and DMFS HR = 2.7, 1.3 and 3.0, respectively, P < 0.01 for each).

Conclusions: The GEP test is an objective predictor of metastatic risk and provides additional independent prognostic
information to traditional staging to help estimate an individual’s risk for recurrence. The assay identified 70% of stage I
and II patients who ultimately developed distant metastasis. Its role in consideration of patients for adjuvant therapy
should be examined prospectively.
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Background
Cutaneous melanoma continues to be a significant con-
tributor to cancer morbidity and mortality, with over
90,000 new cases and over 9000 deaths expected in 2018
[1]. Assessment of survival outcomes is based on the
American Joint Committee on Cancer (AJCC) staging
[2]. Stage I and II patients greatly outnumber later stage
patients, thus the vast majority of melanoma-related
deaths occur in patients belonging to this group at diag-
nosis [3]. In the Multicenter Selective Lymphadenec-
tomy Trial (MSLT-1), 13% of node-negative patients had
biologically aggressive disease that resulted in metastases
and death [3, 4]. The fact that a substantial proportion
of melanoma related deaths occur in patients with thin,
T1, melanoma tumors has also been reported [5–7].
Based on current guidelines these patients do not receive
the intensive surveillance or adjuvant therapy offered to
AJCC high risk patients [8]. Recent advances in our un-
derstanding of tumor biology should enable us to iden-
tify high-risk disease based on molecular characteristics
of the tumor [9–11].
A 31-gene expression profile (GEP) test that dichoto-

mizes cutaneous melanoma patients as Class 1 (low-risk)
or Class 2 (high-risk) has been previously described [12,
13]. Class 2 results are associated with an increased risk
for metastatic disease that is independent of staging fac-
tors [12]. This study evaluates the GEP test in a previ-
ously unreported, independent cohort of 523 cutaneous
melanoma cases from a multi-center consortium.

Methods
Cohort selection
Following institutional review board approval of the
study and waiver of patient consent at each of the 16
participating centers, archival formalin-fixed, paraffin-
embedded primary cutaneous melanoma tumor tissue
was collected. Inclusion in the study required biopsy
confirmed stage I–III cutaneous melanoma diagnosed
between 2000 and 2014, with at least 5 years of follow-
up, unless there was an earlier documented recurrence
or metastatic event. Thus, all cases diagnosed after Oc-
tober 31, 2011 that were included in the study had a
documented metastatic event. All cases included in the
study that had no documented metastasis event had at
least 5 years of follow-up. Clinical, pathological and out-
come data were collected by collaborating centers
through an electronic case report form, and on-site
monitoring of each case was completed prior to data
analysis with a censor date of October 31, 2016.

Data collection and class assignment
Expression profiling of the 31 genes (28 class-discriminating
and 3 endogenous control genes; Additional file 1: Table S1)
was performed via RT-PCR and radial basis machine

Table 1 Clinical characteristics of the cohort

Clinical Characteristics n = 523

Median age (range), years 59 (18–92)

Median follow-up for patients
without a metastatic event,
years (range)

7.5 (5.0–16.5)

Recurrence/distant metastasis 142/111

Median time to first recurrence,
years (range)

1.2 (0.0–10.0)

AJCC stage

I (total) 264 (50%)

IA 108

IB 76

Unknown substagea 80

II (total) 93 (18%)

IIA 35

IIB 26

IIC 17

Unknown substage 15

III (total) 166 (32%)

IIIA 69

IIIB 57

IIIC 35

Unknown substage 5

Breslow thickness

Median (range), mm 1.2 (0.1–29.0)

≤ 1 mm 223 (43%)

> 1 mm 296 (56%)

Unreported 4 (1%)

Mitotic index

< 1/mm2 99 (19%)

≥ 1/mm2 240 (46%)

Unreported 184 (35%)

Ulceration

Absent 309 (59%)

Present 133 (26%)

Unreported 81 (15%)

SLN status

Untested 186 (36%)

Negative 180 (34%)

Positive 157 (30%)

GEP Class

Class 1 314 (60%)

Class 2 209 (40%)

SLN sentinel lymph node, GEP gene expression profile
aSubstage information was not available in clinical documentation for
these patients
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(RBM) predictive modeling was used to generate a
probability score and subsequent class assignment (Class 1
or Class 2) for each sample, as previously described [12,
13]. Only cases that met preestablished pre- and post-
analytic quality control thresholds were included (Table 1).
The RBM model generates a linear probability score

from 0 to 1. Within the model, cases with a probability
score between 0 and 0.49 are labeled Class 1, with sam-
ples within one standard deviation (SD) of the median
probability score for Class 1 cases (0–0.41) designated as
Class 1A and samples outside of the SD (0.42–0.49) des-
ignated as Class 1B (Additional file 2: Supplemental
methods). Similarly, Class 2 cases have a score between
0.5 and 1. Samples with a probability score within one
SD of the median (0.59–1) are classified as Class 2B,
while those with a score outside the SD (0.5–0.58) are
labeled Class 2A. In both the Class 1 and Class 2 groups,
“A” subclass reflects a better and “B” reflects a worse
prognosis within the Class. Results from subclass ana-
lysis are reported in the clinical setting.
Primary endpoints were recurrence-free survival

(RFS), or time from diagnosis to any local, regional, or
distant recurrence, excluding a positive SLN, and distant
metastasis-free survival (DMFS), or time from diagnosis
to any distant metastasis. Melanoma-specific survival
(MSS), or time from diagnosis to death documented as
resulting from melanoma, was a secondary endpoint. All
survival variables were calculated from documented
diagnosis and event (or censor) dates.

Statistical analysis
Kaplan-Meier and Cox proportional hazards survival
analyses were performed using R version 3.3.0, with P <
0.05 considered statistically significant by log-rank
method or Cox regression analysis. For proportional
hazards analysis, Breslow thickness was measured as a
continuous variable, while all other factors were
dichotomized.

Results
Performance of the GEP
Of 601 cutaneous melanoma cases, 523 met inclusion
criteria (Table 1). Class 1 patients had 5-year RFS, DMFS
and MSS rates of 88%, 93% and 98% in Kaplan-Meier
analysis, respectively, compared to 52%, 60% and 78%
for the Class 2 group (P < 0.001 for all comparisons;
Fig. 1a-c). Analysis of survival rates by molecular sub-
stage resulted in Class 1A RFS, DMFS and MSS of 91%,
96% and 100%, respectively, compared to Class 2B rates
of 43%, 51% and 70%, respectively (P < 0.001; Fig. 1d-f ).
Kaplan-Meier analysis for stage I showed 5-year RFS

rates for all Class 1 and 2 patients of 96% and 85% (P =
0.01, Fig. 2a). By comparison, considering the risk asso-
ciated with GEP subclasses, RFS rates of 98% and 73%

were observed for Class 1A and Class 2B groups, re-
spectively (P < 0.001 [adjusted], P = 0.0008 [nominal],
Fig. 2d). DMFS rates for Class 1 and Class 2 groups were
97% and 90%, respectively (P = 0.085; Fig. 2b), while
DMFS rates for Class 1A and Class 2B groups were 98%
and 87%, respectively (P = 0.05 [adjusted], P = 0.028
[nominal], Fig. 2e). MSS rates for Class 1A and Class 2B
groups were 100% and 93%, respectively (P < 0.01 [ad-
justed], P = 0.0038 [nominal], Fig. 2f ).
In stage II, 5-year RFS rates were 74% and 55%

(P = 0.043, Fig. 3a), and DMFS rates were 90% and
63% (P = 0.004, Fig. 3b), respectively, for Class 1 and
2 patients. Comparing Class 1A and 2B groups, 5-
year RFS rates were 77% and 50% (P = 0.13
[adjusted], P = 0.086 [nominal], Fig. 3d), and DMFS
rates were 95% and 57%, respectively (P < 0.001 [ad-
justed], P = 0.0077 [nominal], Fig. 3e). MSS rates for
Class 1A and Class 2B were 100% and 82%, respect-
ively (P = 0.13 [adjusted], P = 0.037 [nominal], Fig.
2f ). Of note, 30 of 43 stage I and II patients (70%)
who had a distant metastasis were Class 2 (Table 2).
Of the 11 stage I and II patients who died from
melanoma, 9 (82%) were Class 2.
There were 166 stage III cases in the study. Stage IIIA

patients had 5-year RFS rates for Class 1 and 2 of 72%
and 51%, respectively (P = 0.015, Additional file 3: Fig-
ure S1A), DMFS rates of 80% and 54% (P = 0.019, Add-
itional file 3: Figure S1B), and MSS rates of 100% and
67% (P = 0.009, Additional file 3: Figure S1C).

GEP independently predicts metastatic risk
In univariate Cox regression analysis, Breslow thickness,
mitotic rate, ulceration, positive SLN, and molecular
Class 2 were all significant predictors of recurrence and
distant metastasis. In multivariate analysis, molecular
Class 2, Breslow thickness, and positive SLN were inde-
pendent predictors of RFS and DMFS (Table 3). The ex-
panded confidence GEP subclasses were also significant
predictors of RFS and DMFS in both multivariate and
univariate models (Additional file 4: Table S2).

Evaluation with SLN biopsy status
Of the 523 cases evaluated, 337 had confirmed results
from both the GEP test and SLN biopsy (SLNB). In
comparing SLN-negative/Class 1 patients with SLN-
negative/Class 2 patients, the 5-year RFS was 87% vs.
67%, DMFS was 93% vs. 75%, and MSS was 98% vs. 92%
(Table 4). For SLN-positive/Class 1, the RFS, DMFS and
MSS rates were 61%, 74% and 93%, respectively, while in
SLN-positive/Class 2 patients’ rates were 37%, 44%
and 63%, respectively. The expanded GEP subclasses
were also significant in association with SLN status
(Additional file 5: Table S3). SLN-negative/Class 1A
vs. SLN-negative/Class 2B cases had 90% vs. 60%,
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Fig. 1 Gene expression profile class and correlated survival outcomes of the 523 patient cohort. a Recurrence-free, b distant metastasis-free, and
c melanoma-specific survival rates for 523 patients using binary classification as indicated by Kaplan-Meier analysis. d Recurrence-free, e distant
metastasis-free, and f melanoma-specific survival rates for 523 patients using molecular subclassification. Five-year survival rates, number of
specified events, 95% confidence intervals, and percentages of each class experiencing an event are listed in the tables below the curves
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Fig. 2 Survival outcomes for stage I patients with molecular classification by the 31-gene expression profile test. a Recurrence-free, b distant
metastasis-free, and c melanoma-specific survival rates for stage I cases (n = 264) using binary classification as indicated by Kaplan-Meier analysis.
d Recurrence-free, e distant metastasis-free, and f melanoma-specific survival rates for 264 stage I cases using molecular subclassification.
Five-year survival rates, number of specified events, 95% confidence intervals, and percentages of each class experiencing an event are listed in
the tables below the curves
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Fig. 3 Survival outcomes for stage II patients with molecular classification by the 31-gene expression profile test. a Recurrence-free, b distant
metastasis-free, and c melanoma-specific survival rates for stage II cases (n = 93) using binary classification as indicated by Kaplan-Meier analysis.
d Recurrence-free, e distant metastasis-free, and f melanoma-specific survival rates for stage II cases using molecular subclassification. Five-year
survival rates, number of specified events, 95% confidence intervals, and percentages of each class experiencing an event are listed in the tables
below the curves
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96% vs. 69%, and 100% vs. 88% 5-year RFS, DMFS,
and MSS rates, respectively. SLN-positive/Class 1A vs.
SLN-positive/Class 2B cases had 60% vs. 32%, 76% vs
38%, and 97% vs.59% 5-year RFS, DMFS, and MSS
rates respectively.

Accuracy of the GEP compared to SLN biopsy
Class 2 results showed sensitivity of 70% for prediction
of recurrence, 75% for distant metastasis, and 85% for
melanoma-specific death, compared to the sensitivity of
SLN-positivity of 66%, 67% and 79%, respectively
(Table 5). A schematic depicting the clinical utility of the
GEP is presented in Fig. 4, showing improved sensitivity
for prediction of both locoregional (LR) and distant me-
tastasis (DM) when the test is used in combination with
SLNB. The specificity of a Class 1 result for recurrence,
distant metastasis, and melanoma-specific death were
71%, 69%, and 64% compared to 65%, 62%, and 58% for
SLN negativity. The positive predictive values (PPV) of a
Class 2 signature and SLN-positivity, were 48% and 52%
for recurrence, 40% and 42% for distant metastasis, and
19% and 21% for melanoma-specific mortality. The PPV
of a Class 2B was 55% for recurrence, 45% for distant
metastasis, and 24% for melanoma-specific mortality
(Additional file 6: Table S4). The negative predictive values
(NPV) of the Class 1 signature and a SLN-negative result
were 87% and 76% for recurrence, 91% and 82% for
distant metastasis, and 98% and 95% for melanoma-
specific mortality. The NPV of a Class 1A was 89% for
recurrence, 94% for distant metastasis and 99% for
melanoma-specific mortality (Additional file 6: Table S4).

Discussion
The use of molecular classification of disease is now
routine in clinical practice [10, 14]. For any new molecu-
lar clinical test it is critical to evaluate whether the test
i) accurately predicts its intended outcome; ii) has con-
sistent, sustainable accuracy across multiple independent
studies, and iii) adds value beyond existing clinical tools
[15–17]. Here we report that the 31-gene expression

profile test is able to predict metastatic risk in an inde-
pendent cohort of 523 melanoma patients with results
that are consistent with those reported in prior studies
[12, 13]. In this cohort, we observed a 5-year DMFS rate
of 93% for Class 1 cases and 62% for Class 2 cases (com-
pared to 100% and 58%, respectively, in the smaller, ini-
tial study). We previously reported that this test could
identify the majority of SLN-negative patients with an el-
evated risk of metastasis [12]. In this study, the majority
(70%) of the node-negative patients who had a distant
metastasis were Class 2, as well as the majority (78%) of
SLN-negative patients who died from melanoma (7 of 9
patients).
This study is based on a cohort of melanoma patients

with clinical characteristics that align with those of the
general cutaneous melanoma population. While the SLN
positivity rate is higher than the 15–20% reported in
previous studies, the 5-year survival rates for the SLN-
negative and SLN-positive groups (95% vs. 75%, respect-
ively) are similar to those reported in the MSLT-1 study
(90% vs. 70%, respectively) [3, 4]. Breslow thickness, ul-
ceration and mitotic rate were all important in univariate
models of risk prediction (Table 3), supporting similarity
with previous cohorts used to identify relevant staging
factors. SLN status is currently regarded as the gold
standard for prognosticating cutaneous melanoma, as a
positive SLNB is associated with a significantly increased
risk of metastasis [4] and our results confirm this. Com-
pared to the SLNB procedure, the GEP test performed

Table 2 Distant metastasis according to stage and molecular
class in the stage I and II patients

Stage Total
cases

No Distant Metastasis With Distant Metastasis

Total Class 1 Class 2 Total Class 1 Class 2

Ia/IA/IB 264 251 216 35 13 9 4

IIa 15 11 4 7 4 0 4

IIA 35 25 15 10 10 2 8

IIB 26 18 7 11 8 1 7

IIC 17 9 2 7 8 1 7

Total 357 314 244 70 43 13 30
aSubstage unknown

Table 3 Multivariate Cox regression analysis for recurrence and
distant metastasis based on 244 cases with complete data for all
variables

Univariate Multivariatea

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

RFS

Breslow 1.3 1.2–1.3 < 0.001 1.2 1.1–1.3 < 0.001

Mitotic rate≥ 1/mm2 3.3 1.9–5.7 < 0.001 0.9 0.5–1.7 0.8

Ulceration present 4.5 3.2–6.5 < 0.001 1.4 0.8–2.2 0.2

SLN positive 3.5 2.4–5.1 < 0.001 2.5 1.6–4.0 < 0.001

GEP Class 2 5.4 3.7–7.7 < 0.001 2.1 1.3–3.4 0.003

DMFS

Breslow 1.4 1.3–1.5 < 0.001 1.3 1.2–1.4 < 0.001

Mitotic rate≥ 1/mm2 3.9 2.0–7.5 < 0.001 0.9 0.5–2.0 0.9

Ulceration present 4.8 3.2–7.2 < 0.001 1.2 0.7–2.1 0.5

SLN positive 3.8 2.5–5.9 < 0.001 3.0 1.7–5.2 < 0.001

GEP Class 2 6.6 4.3–10.2 < 0.001 2.7 1.5–4.8 0.002

CI confidence interval, DMFS distant metastasis-free survival, GEP gene expression
profile, RFS recurrence-free survival
aThe multivariate Cox regression model includes data from 244 of 523 cases
with complete information for Breslow thickness, mitotic rate, ulceration, SLN
status and GEP class
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with better sensitivity across all endpoints studied. The
results suggest that the GEP could enhance current
prognostic accuracy by identifying clinically and
pathologically SLN-negative patients who harbor an
elevated risk of metastasis. Thus, highest sensitivity
for detecting patients at high risk for recurrence, dis-
tant metastasis or melanoma-specific death can be
achieved when the test is used in combination with
current staging criteria. Importantly, this is coupled with
high negative predictive values across endpoints, reflecting
a substantially low risk associated with the Class 1 result.
While the positive predictive values are lower, this
accuracy metric may be impacted by 1) a favorable host
immune response to metastatic tumor cells; and 2) follow-
up time that is not long enough to observe the metastatic
event. Importantly, the positive predictive values observed
for the GEP are similar to those observed SLN status in
this cohort (Table 5).
Considering that approximately two thirds of

melanoma-related deaths in patients originally diag-
nosed without distant metastatic disease (stage I-III)
occur in SLN negative patients (stage I-II) [3], the
identification of patients in this group with biologic-
ally aggressive disease is a clinically significant unmet
need. The current study demonstrates that imple-
menting the GEP test after initial staging of melan-
oma tumors adds value by further stratifying the risk
associated with stage I and stage II patients. That
value is illustrated by a risk of recurrence that is
three times higher for the stage I/Class 2 group com-
pared to the stage I/Class 1 group (15% vs. 5%), and
nearly seven times higher when comparing the stage
I/Class 2B group to the stage I/Class 1A group (27%
vs. 4%). The stage II/Class 2 group has nearly twice
the risk of recurrence compared to the stage II/Class
1 group (49% vs. 28%), however, it should be noted

that five of the nine events in the Class 1 group were
regional recurrences. By comparison, the stage II/
Class 2 group has three times the risk of developing
distant metastasis compared to the stage II/Class 1
group (43% vs. 13%) and five times the risk in the
stage II/Class 2B group compared to the stage II/
Class 1A group (47% vs. 9%). The ability to subdivide
stage II patients into groups with as high as 43%
chance of developing distant metastasis and alterna-
tively groups with as low as 5% risk at 5-years could

Table 4 Recurrence-free, distant metastasis-free, and melanoma-specific survival rates in the population of patients receiving a senti-
nel lymph node biopsy

RFS (# events, 95% CI) DMFS (# events, 95% CI) MSS (# events, 95% CI)

Class 1 (n = 159) 79% (37, 72–85%) 87% (24, 82–93%) 97% (7, 94–100%)

Class 2 (n = 178) 51% (89, 44–59%) 59% (74, 51–67%) 78% (35, 71–85%)

SLN- (n = 180) 79% (43, 73–85%) 85% (32, 80–91%) 95% (9, 92–99%)

SLN+ (n = 157) 47% (82, 39–56%) 55% (66, 47–65%) 75% (33, 68–84%)

Class 1/SLN- (n = 103) 87% (15, 81–94%) 93% (9, 88–98%) 98% (2, 95–100%)

Class 1/SLN+ (n = 56) 61% (22, 49–76%) 74% (15, 63–88%) 93% (5, 86–100%)

Class 2/SLN- (n = 77) 67% (28, 57–79%) 75% (23, 66–85%) 92% (7, 85–98%)

Class 2/SLN+ (n = 101) 37% (60, 28–49%) 44% (51, 34–56%) 63% (28, 52–76%)

CI confidence interval, DMFS distant metastasis-free survival, GEP gene expression profile, RFS recurrence-free survival, SLN sentinel lymph node, MSS
melanoma-specific survival

Table 5 Accuracy of the GEP test and sentinel lymph node
status

GEP Class SLN status

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

RFS

Sensitivity 70% (62–78%) 66% (57–74%)

Specificity 71% (67–76%) 65% (58–71%)

PPV 48% (41–55%) 52% (44–60%)

NPV 87% (82–90%) 76% (69–82%)

DMFS

Sensitivity 75% (66–83%) 67% (57–76%)

Specificity 69% (65–74%) 62% (55–68%)

PPV 40% (33–47%) 42% (34–50%)

NPV 91% (87–94%) 82% (76–88%)

MSS

Sensitivity 85% (72–94%) 79% (63–90%)

Specificity 64% (60–69%) 58% (52–64%)

PPV 19% (14–25%) 21% (15–28%)

NPV 98% (95–99%) 95% (91–98%)

CI confidence interval, DMFS distant metastasis-free survival, GEP gene
expression profile, MSS melanoma-specific survival, NPV negative predictive
value, PPV positive predictive value, RFS recurrence-free survival, SLN sentinel
lymph node
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significantly impact management decisions and clin-
ical care. The results suggest that the GEP offers the
opportunity to personalize risk assessment within
each of these population-based AJCC stages.
The identification of high risk early stage patients is

especially relevant considering current advances in
melanoma therapies, which require us to improve risk
evaluation in order to better weigh benefit versus harm
of adjuvant therapy [18]. These findings suggest that
new tools are necessary to supplement current staging
approaches, even as we achieve better outcomes for
melanoma patients overall. Early stage patients could
potentially benefit from adjuvant therapy but may not be
recognized as high risk by the current staging system,
and even among stage III patients there is often a
dilemma as to whether systemic treatment is appropriate.
The results of this study suggest that the GEP test should
be evaluated in the context of new adjuvant therapy trials
and trials evaluating the benefit of management
approaches in stage III patients.
One of the limitations of this study is the inclusion of

samples in the cohort that were diagnosed prior to wide-
spread standardization of reporting for pathological vari-
ables such as Breslow thickness, ulceration and mitosis
and therefore some pathology reports did not specify all
features. However, the Cox regression models assessing
the association between GEP and those factors account
for this limitation and only patients with all factors spe-
cified were included in this analysis. Another limitation
is the retrospective nature of the study and thus does

not take into account recent advances in management of
patients with advanced melanoma in the adjuvant and
metastatic settings. However, recently published results
of an interim analysis of the GEP test in a prospective
cohort show consistency of results with this another
retrospective cohorts [12, 13, 19].
Current guidelines indicate that management should

ultimately be tailored to an individual’s probability of
recurrence [20]. The risk classification provided by this
test, along with current prognostic factors, can be used
to better estimate an individual’s risk for recurrence and
therefore aid in determining the most appropriate
surveillance methodology and frequency. As illustrated
in Fig. 4, the clinical utility of the test in conjunction
with SLNB can identify as many as 89% of the patients
who will experience a distant metastasis, and over 70%
of those patients who are SLNB-negative. Several recent
studies have demonstrated that modern therapies for
melanoma are more effective when disease burden is
low [21, 22]. Thus, the need to accurately predict risk in
melanoma patients is more critical than ever to enable
risk-tailored surveillance and management of early
staged patients with biologically aggressive tumors.

Conclusions
The 31-gene expression profile is an accurate predictor of
metastatic risk that has shown consistent performance and
provides additional prognostic information to standard
clinical and pathologic factors included in AJCC staging.

Fig. 4 Clinical utility of gene expression profiling with sentinel lymph node biopsy (SLNB). A schematic of the enhanced identification of high-risk
melanoma patients when gene expression profiling is used in combination with SLNB prognostication. With SLNB only, sensitivities for all recurrences
[local recurrence (LR) and distant metastasis (DM)] or distant metastases only (DM) are 65% or 67%, respectively (above dotted line). Inclusion of GEP
identifies as high risk an additional 29 recurrences and 23 distant metastases, improving overall sensitivity of recurrences to 88%, and sensitivity of
distant metastases to 91%. Similarly, the negative predictive value (NPV) is also improved when combining SLNB with the GEP test
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