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CP-GEP

Results: Within the stage I/IIA melanoma group, CP-GEP identified a high-risk patient group

(47% of total stage I/ITA patients) which had a considerably worse five-year RFS than the low-
risk patient group; 74% (95% confidence interval [CI]: 67%—80%) versus 89% (95% CI: 84%
—93%); hazard ratio [HR] = 2.98 (95% CI: 1.78—4.98); P < 0.0001. Of patients in the
high-risk group, those who relapsed were most likely to do so within the first 3 years.
Conclusion: The CP-GEP model can be used to identify stage I/IIA patients who have a high
risk for disease relapse. These patients may benefit from adjuvant therapy.

© 2021 Published by Elsevier Ltd.

1. Introduction

Adjuvant therapy prolongs relapse-free survival (RFS)
in patients with stage III melanoma [1—6]. Stage I11A/B
melanoma has a five-year melanoma-specific survival
(MSS) of 83%—93% which is similar to stage IIB/C
disease with a MSS of 82%—87% [7]. Because survival
risk is similar in stage 111 and stage IIB/C disease, clin-
ical trials are ongoing to evaluate the efficacy of adju-
vant therapy in stage IIB/C disease [8,9]. Most
melanoma patients, however, are neither diagnosed as
stage III nor IIB/C but as earlier stage I/IIA disease.
These patients are known to have an excellent prognosis
and are therefore not recommended for adjuvant ther-
apies [10]. However, 9%—16% of these patients will
experience local and distant relapses within five years
[11]. Given the melanoma incidence numbers, most re-
lapses and a large number of deaths occur in cutaneous
melanoma patients diagnosed with stage I/IIA disease
[12—16]. A strong clinical need has therefore emerged
for diagnostic tools that can identify high-risk stage I/
ITA patients. We have previously shown that a model
combining clinicopathologic and gene expression vari-
ables (CP-GEP) improves the identification of mela-
noma patients who may forgo a sentinel lymph node
biopsy (SLNb) because of their low risk of
nodal metastasis. Moreover, the individual genes of this
CP-GEP model have been shown to be primarily
involved in processes such as angiogenesis, cell adhesion
and melanosome biogenesis [17]. Here we investigate the
potential of CP-GEP to identify stage I/IIA patients at
high risk for relapse who might benefit from adjuvant
therapy or intensive surveillance.

2. Patients and Methods
2.1. Patient cohort

Our cohort consisted of 837 melanoma patients who had
an SLNb performed within 90 days of their diagnosis,
i.e. a time interval shown to not affect sentinel lymph
node (SLN) positivity or survival rates [18]. Patients
with primary cutaneous melanoma who presented at
Mayo Clinic tertiary care centres in Minnesota, Arizona
or Florida between 2004 and 2018 with known SLNb

status were retrospectively identified by electronic
searches of pathology reports. Seven hundred and fifty-
four of the 837 patients in this cohort were included in a
previously published cohort specifically for their SLNb
status outcome. All specimens were analysed by quan-
titative polymerase chain reaction (PCR) between
February 2018 and October 2018 [17].

Eligibility was based on histopathology data derived
from patient medical records and established by two or
more board-certified Mayo Clinic dermatopathologists.
Inclusion was determined by American Joint Committee
on Cancer (AJCC)—derived institutional practice
guidelines of the Mayo Clinic for recommending SLNb,
which were based on Breslow thickness, ulceration,
mitoses and patient age. Patients were eligible for this
study if they met one of the following three conditions:
Breslow thickness greater than 1.0 mm; Breslow thick-
ness of 0.75—0.99 mm and presence of ulceration, mi-
toses, and/or patient age less than 40 years; or Breslow
thickness of 0.50—0.74 mm and presence of at least two
of the following: ulceration, mitoses and patient age less
than 40 years. Data analysis was based on the AJCC 8th
edition staging system. Exclusion criteria were as fol-
lows: M1 disease within 90 days of primary diagnosis;
insufficient primary tumour diagnostic biopsy tissue;
inadequate RNA harvested and, for Minnesota, denial
of access to medical records for research purposes (per
Minnesota State law). Enrolment of patients and in-
clusion and exclusion criteria are summarised in a study
flow diagram in Supplementary Fig. 1. The human in-
vestigations performed in this study were completed
after approval by the Mayo Clinic Institutional Review
Board and in accordance with the requirements of the
Department of Health and Human Services, where
appropriate.

2.2. Gene expression by quantitative PCR

Profiling of an eight-gene gene expression profile (GEP)
was performed on archived skin biopsy material as
previously described [17,19]. Expression of the eight
biomarker genes, i.e. MLANA, GDFI5, CXCLS,
LOXL4, TGFBRI, ITGB3, PLAT and SERPINE?2, was
corrected by the mean of housekeeping genes (RLPO,
RLPS8 and B-actin) using the ACt method.



A.-M.M. Eggermont et al. | European Journal of Cancer 140 (2020) 11—18 13

2.3. Statistical methods

The CP-GEP model was developed as previously
described [17]. Briefly, CP-GEP is a logistic regression
model that estimates the probability of SLN metastasis
which is then converted into a binary output. Feature
selection and parameter estimation were performed via a
penalised maximum likelihood estimation algorithm via
least absolute shrinkage and selection operator
(LASSO) [20]. CP-GEP was developed through a
repeated cross validation scheme, i.e. double loop cross
validation (DLCV) [21]. The DLCYV entailed two nested
cross validation loops: in the inner loop (tenfold cross
validation), we estimated the optimal A parameter,
namely the weight of the LASSO penalty term (i.e.
optimal feature selection); in the outer loop (threefold
cross validation), we assessed the performance of the
classifier on each test set, with the A parameter as
determined in the corresponding training set. Moreover,
in each training set of the outer loop, we chose and fixed
an operating point on the receiver operating character-
istic curve, so as to have a high negative predictive value
(because the model was aimed at guiding decision-
making on SLNb), and we assessed the performance of
the model at that operating point in the corresponding
test set. The final model was trained on the entire
cohort, using the average A\ parameter over the 300
models tested (three test sets per outer loop, repeated
100 times).

For each of the 754 patients used in the DLCV
training—validation scheme, we ended up with 100 test-
set estimated output labels (CP-GEP High Risk versus
CP-GEP Low Risk): in fact, each patient was used just
once for validation, in each of the 100 repeats; therefore,
we could concatenate the cross-validation test-set output
labels. To generate a unique set of labels (of the 100
labels) for the survival analysis, we used a majority vote.
For the 83 patient samples not previously used in the
DLCYV training—validation scheme, we determined the
risk group, i.e. CP-GEP High Risk or CP-GEP Low
Risk, by applying CP-GEP.

The prognostic value of the CP-GEP output labels
was assessed with respect to three survival end-points:
relapse free survival (RFS); distant metastasis—free
survival (DMFS) and melanoma-specific survival
(MSS). The primary end-point of this study was five-
year RFS. The survival times are defined as follows: for
RFS, it was the time from diagnosis until the first
documented relapse event (local, regional, distant, death
due to melanoma) or censoring at time of last relevant
follow-up; for DMFS, it was the time from diagnosis
until a distant relapse event, or death due to melanoma,
or censoring at time of last relevant follow-up; for MSS,
it was the time from diagnosis until death due to
melanoma or censoring at time of last vital signs.
Follow-up was truncated at five years; therefore all

patients with an event after 5 years were censored at the
five-year time point. Survival was assessed by
Kaplan—Meier curves and Cox proportional hazard
analysis using Matlab version R2019a (www.
mathworks.com). The Wald test was used to assess the
statistical significance of the difference in survival
between groups. The median follow-up was calculated
based on reverse Kaplan—Meier estimator via R pack-
age prodlim (version 2019.11.13).

The multivariate analysis with a Cox model
combining the CP-GEP risk labels with Breslow thick-
ness, age, ulceration and SLND status was performed in
R. The proportionality assumption was checked for
each model, and the confidence intervals and P-values
were computed with the likelihood ratio test. We
excluded from the analysis those few patients for whom
ulceration status was unknown (six overall, four in
SLNb negative patients of which two in stage I/IIA)
because ulceration was one of the variables used in the
Cox model.

3. Results
3.1. Patients

A cohort of 837 patients with primary cutaneous mela-
noma was used to investigate the prognostic value of
CP-GEP (Table 1), a combined model using clinico-
pathologic and gene expression variables to predict the
risk of nodal metastasis [17]. The intended use popula-
tion, namely, the stage I/IIA patient group, is described
as well in Table 1. At a median follow-up of 47.30
months, five-year RFS for the entire cohort was 73%
(95% confidence interval [CI]: 69%—76%) (Table 2).
Survival end-points DMFS and MSS were also deter-
mined at five years of follow-up and were 83% (95% CI:
77%—84%) and 91% (95% CI: 89%—94%), respectively
(Table 2). Within five years, there were 165 relapses, 111
distant relapses, and 48 deaths due to melanoma.

3.2. Melanoma risk stratification by SLNb and CP-GEP
for the entire cohort

First, we performed univariate analysis for SLNb status
and CP-GEP labels and found a significant difference in
RFS with respect to both. When stratifying by SLNb
status, we found that 24% of patients were SLNb posi-
tive and had a five-year RFS of 52% (95% CI: 43%—
60%) versus 79% (95% CI: 75%—83%) for SLNb nega-
tive patients; hazard ratio [HR], 3.21 (95% CIL
2.36—4.37); P < 0.0001 (Supplementary Fig. 2). When
stratifying based on CP-GEP classification, we found
that 60% of patients were CP-GEP High Risk and had a
five-year RFS of 62% (95% CI: 57%—67%) versus 87%
(95% CI: 82%—91%) for CP-GEP Low Risk patients;
HR, 4.12 (5% CI. 2.74—6.18); P < 0.0001
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Table 1
Patient and tumour clinicopathologic characteristics based on AJCC version 8.
AJCC stage Unknown IA 1B IIA 11B 11C 111 Overall
(8th edition) n=2) (n = 186) (n = 253) (n = 141) (n = 49) (n = 06) (n = 200) (n = 837)
Gender, n (%)
Female 1 (50.0%) 72 (38.7%) 97 (38.3%) 46 (32.6%) 17 (34.7%) 3 (50.0%) 75 (37.5%) 311 (37.2%)
Male 1 (50.0%) 114 (61.3%) 156 (61.7%) 95 (67.4%) 32 (65.3%) 3 (50.0%) 125 (62.5%) 526 (62.8%)
Age at SLNDb (years)
Mean (SD) 57.0 (9.90) 57.5 (16.6) 60.8 (16.2) 63.1 (13.6) 63.5 (15.6) 75.7 (7.28) 53.4 (17.0) 58.9 (16.4)
Median [Min, 57.0 [50.0, 64.0] 60.0 [17.0, 63.0 [16.0, 64.0 [21.0, 66.0 [20.0, 76.0 [64.0, 55.0 [15.0, 60.0 [15.0, 89.0]
Max] 85.0] 89.0] 88.0] 87.0] 85.0] 86.0]
Ulceration, n (%)
Yes 0 (0%) 14 (7.5%) 0 (0%) 55(39.0%)  45(91.8%) 6 (100%) 72 (36.0%) 192 (22.9%)
No 0 (0%) 170 (91.4%) 253 (100%) 86 (61.0%) 4 (8.2%) 0 (0%) 126 (63.0%) 639 (76.3%)
ND 2 (100%) 2 (1.1%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (1.0%) 6 (0.7%)
Mitotic rate type, n (%)
Absent 0 (0%) 27 (14.5%) 54 (21.3%) 11 (7.8%) 1 (2.0%) 0 (0%) 7 (3.5%) 100 (11.9%)
1-6 1 (50.0%) 155 (83.3%) 168 (66.4%) 89 (63.1%) 20 (40.8%) 2 (33.3%) 136 (68.0%) 571 (68.2%)
>6 1 (50.0%) 4 (2.2%) 28 (11.1%) 41 (29.1%) 28 (57.1%) 4 (66.7%) 54 (27.0%) 160 (19.1%)
ND 0 (0%) 0 (0%) 3 (1.2%) 0 (0%) 0 (0%) 0 (0%) 3 (1.5%) 6 (0.7%)
SLND status, n (%)
Negative 2 (100%) 186 (100%) 253 (100%) 141 (100%) 49 (100%) 6 (100%) 0 (0%) 637 (76.1%)
Positive 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 200 (100%) 200 (23.9%)

Abbreviations: AJCC, American Joint Committee on Cancer; SLNb, sentinel lymph node biopsy; SD, standard deviation; ND, not determined.

Table 2

Survival end-points at five years of follow-up:relapse-free survival (RFS), distant metastasis—free survival (DMFS) and melanoma-specific

survival (MSS).

Stratification RFS DMFS MSS

Percent 95% CI Percent 95% CI Percent 95% CI
837-patient cohort
None—all 837 patients 73% 69%—76% 81% 77%—84% 91% 94%—89%
SLNb negative 79% 75%—83% 86% 82%—89% 93% 90%—95%
SLNb positive 52% 43%—60% 64% 55%—72% 85% 78%—90%
CP-GEP Low Risk 87% 82%—91% 92% 87%—95% 96% 93%—98%
CP-GEP High Risk 62% 57%—67% 72% 67%—T11% 88% 84%—91%
SLNb negative— CP-GEP Low Risk 89% 83%—93% 94% 89%—96% 96% 94%—99%
SLNb negative— CP-GEP High Risk 70% 63%—76% 78% 71%—83% 89% 84%—93%
SLNb positive— CP-GEP Low Risk 68% 42%—85% 68% 42%—85% 89% 64%—97%
SLNb positive— CP-GEP High Risk 49% 40%—58% 64% 54%—12% 84% 77%—90%
580-patient cohort (stage I/IIA disease only)
CP-GEP Low Risk 89% 84%—93% 94% 89%—96% 97% 93%—98%
CP-GEP High Risk 74% 67%—80% 80% 73%—85% 91% 86%—95%

CI, confidence interval; CP-GEP, a model that combines clinicopathologic and gene expression variables; SLNb, sentinel lymph node biopsy.

(Supplementary Fig. 3). We then performed multivariate
analysis with a Cox model combining the CP-GEP risk
labels with Breslow thickness, age, ulceration and SLNb
status (Table 3) for five-year RFS, our primary end-
point. From Table 3, we can see that for CP-GEP risk
labels, all the P-values are significant (or equivalently all
95% Cls do not include 1), indicating that they are in-
dependent prognostic factors. In particular, the fact that
the CP-GEP labels are independent despite the presence
of age and Breslow thickness (included in the CP-GEP
model as well), indicates that the gene expression
component of the model has an additional/independent
prognostic value not captured by the clinicopathologic
variables alone. For completeness, we have reported the
results of the multivariate analysis for DMFS and MSS.

P-values are significant for DMFS but not MSS, likely
due to the small number of events within 5-years.

3.3. CP-GEP performance by the SLNb outcome

The performance of CP-GEP was assessed in the SLNb
negative patient group and in the SLNb positive patient
group to determine whether CP-GEP identifies a patient
group that is currently missed by the conventional
staging system. Among the 637 SLNb negative patient
group, 51% of patients were classified as CP-GEP High
Risk and had a significantly lower five-year RFS of 70%
(95% CI: 63%—76%) than 89% (95% CI: 83%—93%) for
CP-GEP Low Risk patients; HR, 3.61 (95% CI:
2.23—-5.84); P < 0.0001 (Fig. 1 and Table 2). Among the
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Table 3

Multivariate analysis with the Cox proportional hazard model for three survival end-points: RFS, DMFS and MSS.

RFS

Cohorts Predictors

Hazard ratio (HR) P-value

Entire cohort Breslow thickness
(n = 831, excluded n = 6) Age

1.2 (1.12—1.29)
1.02 (1.00—1.03)

(Events: Ulceration 1.56 (1.12—2.18)
RFS: 175; SLND status 2.28 (1.61—-3.24)
DMFS: 124; CP-GERP risk labels 2.4 (1.53—3.74)
MSS: 66)

SLNb negative Breslow thickness
(n = 633, excludedn = 4) Age

1.31 (1.13-1.52)
1.01 (0.99—1.02)

(Events: Ulceration 1.45 (0.90—2.34)
RFS: 97; CP-GEP risk labels 2.57 (1.53—4.34)
DMES: 68;

MSS: 36)

Stages I-1TA Breslow thickness
(n = 578, excluded n = 2) Age

1.47 (1.07-2.02)
1.01 (0.99—1.03)

(Events: Ulceration 0.95 (0.44—2.05)
RFS: 75; CP-GEP risk labels 2.27 (1.25—4.12)
DMES: 55;

MSS: 29)

DMFS MSS

Hazard ratio (HR) P-value Hazard ratio (HR) P-value
<0.001 1.11 (1.03—1.19) 0.014 1.17 (1.07—1.28) 0.009
0.004 1.01 (1.00—1.02) 0.156 1.02 (1.00—1.04) 0.072
0.01 1.71 (1.14—2.57) 0.011 1.64 (0.88—3.06) 0.125
<0.001 2.10(1.37-3.22) 0.001 1.74 (0.9—-3.36) 0.102
<0.001 2.32(1.35-3.97) 0.001 2.05 (0.93—4.54) 0.064
0.002 1.39 (1.16—1.66) 0.002 1.53 (1.12—2.08) 0.018
0.22 1.00 (0.98—1.02) 0.752 1.03 (1.00—1.06) 0.073
0.131 1.33 (0.74—2.41) 0.349 1.52 (0.65—3.53) 0.345
<0.001 2.72 (1.4-5.28) 0.002 1.98 (0.76—5.16) 0.152
0.021 1.63 (1.13—2.37) 0.013 1.23 (0.67—-2.27) 0.516
0.272 1.00 (0.98—1.02) 0.642 1.03 (1.00—1.06) 0.069
0.900 1.15 (0.47-2.8) 0.765 1.20 (0.34—4.25) 0.783
0.006 2.29 (1.09—4.77) 0.025  2.27 (0.79—6.51) 0.123

CP-GEP, a model that combines clinicopathologic and gene expression variables; DMFS, distant metastasis—free survival; MSS, melanoma-
specific survival; RFS, relapse-free survival; SLNb, sentinel lymph node biopsy.

Bold indicates likelihood ratio p-value is significant (<0.05).

200 SLND positive patients, 87% of patients were clas-
sified as CP-GEP High Risk with a five-year RFS of
49% (95% CI: 40%—58%) versus 68% (95% CI: 42%—
85%) for CP-GEP Low Risk patients; HR, 2.06 (95%
CI: 0.89—4.74); P < 0.1 (Fig. 1 and Table 2). A group of
27 patients with documented SLN metastasis was clas-
sified as CP-GEP Low Risk (Fig. 1). Compared with the
overall cohort, these 27 cases were enriched in cases of
ambiguous SLN tumour burden, i.e. individual tumour
cells or cell clusters less than 0.1 mm diameter (5%
versus 44%).

For SLNDb negative patients, we performed as well
multivariate analysis (five-year RFS, DMFS and MSS
as end-points) via the Cox regression model for all the
same variables (except SLNb status) (Table 3). Again,
we can conclude that the CP-GEP risk labels are inde-
pendently prognostic for SLNb negative patients for
RFS and DMFS.

3.4. CP-GEP performance and clinical utility in stage
I/114 disease

Most importantly, the clinical relevance of the CP-GEP
model was assessed in 580 of the 837 patients (69%)
who had stage I/IIA disease at diagnosis. For these
stage I/IIA patients, 47% were classified as CP-GEP
High Risk and 53% as CP-GEP Low Risk. Five-year
RFS of CP-GEP High Risk patients was 74% (95% CI:
67%—80%) compared with 89% (95% CI: 84%—93%) in
CP-GEP Low Risk patients; HR, 2.98 (95% CI:
1.78—4.98); P < 0.0001 (Fig. 2 and Table 2). Five-year
DMFS of CP-GEP High Risk patients was 80% (95%

CI: 73%—85%) compared with 94% (95% CI: 89%—
96%) in CP-GEP Low Risk patients; HR, 3.36 (95% CI:
1.77—6.36); P < 0.001 (Fig. 2 and Table 2). Five-year
MSS of CP-GEP High Risk patients was 91% (95%
CI: 86%—95%) compared with 97% (95% CI:. 93%—
98%) in CP-GEP Low Risk patients; HR, 2.49 (95% CI:
1.00—6.16); P < 0.05 (Fig. 2 and Table 2). Survival for
stage I, IIA and I/IIA combined can be found in
Supplementary Table 1. In addition, for stage I/IIA
patients we performed multivariate analysis (five-year
RFS as the end-point) via the Cox regression model for
all the same variables except SLNb status because all
stage I/IIA patients are SLNb negative (Table 3).
Again, we can conclude that the CP-GEP risk labels are
independently prognostic. For DMFS, we can draw the
same conclusion. Only for MSS, because of the low
number of events, not surprisingly, the CP-GEP model
did not achieve statistical significance.

4. Discussion

We have characterised the prognostic utility of CP-
GEP, a model that was recently developed to predict the
risk of nodal metastasis in SLNb eligible patients. In
this study we have shown that CP-GEP can stratify
SLNb negative patients based on their risk of relapse
with a significant difference in five-year RFS because
CP-GEP High Risk patients relapsed more frequently
than CP-GEP Low Risk patients. In addition, in the
SLNb positive setting, CP-GEP Low Risk patients had
a better survival outcome than CP-GEP High Risk
patients, confirming prognostic variability among
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Fig. 1. Kaplan—Maeier analysis of the entire 837 cohort, stratification by SLNb status and CP-GEP classification.

Survival end-points were

relapse-free survival (RFS), distant metastasis—free survival (DMFS) and melanoma-specific survival (MSS) at five-years of follow-up.
SLNb negative, CP-GEP Low Risk (light blue curve); SLNb negative, CP-GEP High Risk (dark blue curve); SLNb positive, CP-GEP
Low Risk (orange curve); SLNb positive, CP-GEP High Risk (magenta curve). CP-GEP, a model that combines clinicopathologic and
gene expression variables; HR, High Risk; LR, Low Risk; SLNb, sentinel lymph node biopsy.

patients with stage III disease, which is well known [7].
To emphasise, CP-GEP can identify SLNb negative
patients at high risk of relapse who are not identified by
conventional staging and therefore are currently ineli-
gible for clinical trials or other clinical interventions. In
our cohort, the prognosis of stage I/IIA CP-GEP High
Risk patients was similar to stage IIC/IIIA patients with
reported five-year RFS ranging from 63% to 77%
[22,23]. Even though these results are promising, longer
follow-up data are required, especially for the lower
stage I/IIA patients, where recurrence may occur within
10 years after primary diagnosis. In addition, more
validation studies need to be performed to determine
the robustness of CP-GEP for these specific melanoma
patients with stage I/ITA disease. Over the last decade,
efforts have been made to define the molecular land-
scape of high-risk cutaneous melanoma and to develop
assays for melanoma risk stratification. Several prog-
nostic tests are commercially available that are based on
gene expression profiling; however, these are still not
used routinely clinically [24,25]. Moreover, according to
the current treatment guidelines, although available
GEP tests may provide additional information on in-
dividual risk of recurrence they should not replace
pathologic staging procedures because these tests
require further prospective investigation [10]. A critical
assessment of 17 clinical prognostic tools recently
concluded that the inclusion of clinicopathologic vari-
ables is often inconsistent and that internal validation
such as cross validation is barely conducted. These tools
can have the potential to refine survival estimates for

individuals; however, improved statistical and method-
ological approaches are needed [26]. A recent review
discussed multiple online prognostic tools and high-
lighted that the accuracy of prediction is limited because
of large confidence intervals, choices of binary pre-
dictors in the Cox regression model or choices of mea-
surement end-points [27]. While current adjuvant trials
in melanoma already focus on the inclusion of stage
IIB/C patients [8,9], stage I/IIA melanoma patients
remain ineligible for adjuvant therapy within these tri-
als. There is an unmet clinical need for new tools to
identify high-risk stage I/ITA patients, and our CP-GEP
model may address this need. Specifically, our CP-GEP
model may be used as a screening tool in newly regis-
tered clinical trials, where only CP-GEP High Risk
stage I/IIA patients are enrolled and exposed to adju-
vant therapies. The CP-GEP model may be optimised
for specific melanoma disease stages in the future. As
noted before, the model was initially designed with a
different clinical utility in mind, namely to identify pa-
tients who are so low risk for nodal metastasis that they
can safely forgo the SLN biopsy procedure [17]. The
cut-off value for the binarization of the CP-GEP model
output was therefore intended to achieve a high negative
predictive value (in a repeated cross validation scheme)
so as to minimise the residual risk of SLN metastasis for
patients labelled CP-GEP Low Risk. In this work, we
explored the prognostic utility of the CP-GEP model
without redesigning the cutoff, based on the well-
established fact that the risk of SLN metastasis is a
proxy for the risk of disease relapse. The cut-off value
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Fig. 2. Kaplan—Meier analysis of the 580 stage I/IIA patients, stratification by CP-GEP classification. Survival end-points were relapse-free
survival (RFS), distant metastasis—free survival (DMFS) and melanoma-specific survival (MSS) at five-years of follow-up. CP-GEP Low
Risk (light blue curve); CP-GEP High Risk (dark blue curve). For each of the end-point we report the hazard ratio (HR) and the cor-
responding p-value calculated with Wald test. CP-GEP, a model that combines clinicopathologic and gene expression variables.

used here is not necessarily optimal and might be
adjusted based on future research [28]. Additional an-
alyses are ongoing to independently validate the CP-
GEP model in various cohorts that originate from
several European countries, the United States and
Australia. CP-GEP may be used to support clinical
decision-making with respect to adjuvant therapy by
identifying patients with stage I/IIA melanoma at high
risk for disease relapse.

5. Conclusion

The CP-GEP model which combines Breslow thickness,
patient age and a gene expression profile of melanoma
diagnostic biopsy tissue [17] may be used to identify
stage I/IIA patients who are at high risk of disease
relapse. The model may be used to support clinical de-
cision making on adjuvant therapy.
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