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Abstract Background: Adjuvant therapies have been approved for patients with AJCC

(American Joint Committee on Cancer) stage III and stage IV cutaneous melanoma (CM) af-

ter complete resection. These therapies might also be indicated for patients with high-risk stage

II CM.

Material and methods: We included patients diagnosed with stage II melanoma between 2000

and 2016 and for which primary tumour tissue was available. The prognostic value of the 11-

gene expression profiling score (GEPS) was evaluated as a dichotomized parameter (GEPS

�0 vs. >0). Endpoints of the analysis were melanoma specific survival (MSS), distant

metastasis-free survival (DMFS) and relapse-free survival (RFS).

Results: GEPS was determined in 245 patients ranging between �0.7 and 3.53. A total of 111

females and 134 males were included; the median follow-up was 41 months. Kaplan Meier an-

alyses showed statistically significant survival differences between patients with high GEPS

(n Z 154) and low GEPS (n Z 91) for MSS (p Z 0.018), DMFS (p Z 0.005) and RFS

(p Z 0.009). The 5-year and 10-year MSS was 92% in the low-GEPS and 82% and 67% in
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vival; DMFS, Distant metastasis free survival; EMA, European Medicines Agency; FDA, US Food and

-fixed paraffin-embedded; GEP, gene expression profiling; HR, Hazard ratio; IQR, Interquartile range;

Overall survival; SLNB, Sentinel lymph node biopsy; RFS, Relapse-free survival.
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the high-GEPS group, respectively. Multivariate Cox regression analysis showed independent

significance for MSS of GEPS (HR Z 1.55; p Z 0.006), tumor thickness (HR Z 1.21;

p < 0.001) and age (HR1.05; p Z 0.002).

Conclusion: GEPS was validated as independent prognostic factor for MSS in stage II CM

and could be used for therapeutic decisions when systemic therapies become available in stage

II CM.

ª 2020 Published by Elsevier Ltd.
1. Introduction

Malignant melanoma is classified into four stages ac-

cording to the evidence-based TNM staging as defined

by the American Joint Committee on Cancer (AJCC)

[1]. The current, eighth version (v8) and the previous

seventh version (v7) of the AJCC classification both

define stage II equally based on tumor thickness, the

presence of ulceration and a negative sentinel lymph

node biopsy (SLNB) [2,3]. The sub-stages are IIA with a
tumor thickness of 1e2 mm plus ulceration and a tumor

thickness of 2e4 mm without ulceration; stage IIB with

a tumor thickness of 2e4 mm plus ulceration or a tumor

thickness of more than 4 mm without ulceration and

stage IIC with a tumor thickness of more than 4 mm

plus ulceration.

When considering the melanoma specific survival

(MSS) in stage II, especially in stages IIB (5-years MSS
v8: 87%; v7: 69%) and IIC (5-years MSS v8: 82%; v7:

53%) it is easily recognized that there is still margin for

improvement. But even patients diagnosed with stage

IIA have a 5-year survival of 80% (v7) to 94% (v8) and

here, too, the question of adjuvant treatment arises [4].

This less favourable prognosis has indeed been identified

in previous reports [5e7].

Adjuvant therapy in melanoma has been established
in stage III and stage IV after complete tumor resection,

and is approved by the FDA and EMA since 2018 [8]. In

stage III, adjuvant immunotherapy with pembrolizumab

is currently available [9] along with the combination of

dabrafenib plus trametinib for patients with BRAF-

V600 E/K mutations [10]. Nivolumab was approved for

the adjuvant treatment of stage III and stage IV after

complete tumor resection [11]. The establishment of a
stage II treatment indication is being considered for all

three treatment regimens, since moving into earlier

stages might be of benefit [8,12,13]. Adjuvant studies

investigating pembrolizumab in stage II (NCT03553836/

KEYNOTE-716) and nivolumab in stages IIB and IIC

(NTC03405155) have already been initiated. Further

studies in this indication with dabrafenib plus trametinib

are ongoing (personal communication). In order to
conduct these studies, the question arises whether

prognostic markers for a better selection of patients can

be established in addition to the AJCC classification
[14], not only in this setting but in the general landscape

of the current melanoma therapy [15]. Having better

prognostic tools would allow physicians to direct ther-
apy to high-risk patients, while not treating low-risk

patients, potentially lessen toxicity associated with sys-

temic therapies [16e18], and to minimize the financial

impact that is inevitably associated with offering ther-

apy to all melanoma patients in the adjuvant setting

[19,20].

The present study was performed on consecutive

cases of patients diagnosed with stage II cutaneous
melanoma (CM), from whom formalin-fixed paraffin-

embedded (FFPE) primary tumour samples were

archived in the Department of Dermatology at the

University Hospital of Tübingen, and who have con-

sented to have their data prospectively documented in

the central register of malignant melanomas of the

German Dermatological Society. An 11-gene expression

profile score (GEPS) was noted for these samples to
obtain additional prognostic information. GEPS has

been reported as an independent predictor of

melanoma-specific survival (MSS) in preliminary studies

[21e25].

2. Methods

2.1. Patients cohort

Patients diagnosed with stage II CM between 2000 and

2016 were included in this cohort. This period was

chosen because SLNB is being routinely performed in

Tuebingen since the year 2000 and because a minimum

follow-up period of 2 years was required. In our col-
lective, 20% of the patients had a clinically negative

sentinel lymph node (no SLNB was performed) and 80%

of the patients had a clinically and pathologically

negative sentinel lymph node (SLNB was performed).

We included all tumours primarily excised in Tuebingen

and from which archived FFPE tissue blocks were

available in the Department of Dermatology at the

University Hospital of Tuebingen. A total of 302 tissue
blocks were identified. Fifty-six tumor blocks were

excluded from further analysis because either the diag-

nosis could not be reproduced (n Z 26) or the tissue

blocks contained too little tumor tissue for examination
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(n Z 30). A total of 246 patients were included in the

study. Clinical information regarding sex, tumor thick-

ness and ulceration was available for all patients. One

GEPS determination failed for technical reasons and,

therefore, the current analysis includes information

from 245 tumor samples.

2.2. Gene expression analysis

GEPS determination was previously described in detail
[21]. Briefly, total RNA was prepared from whole FFPE

tissue sections using RNeasy FFPE Kits (Qiagen, Hil-

den, Germany). Total RNA was reverse-transcribed

using High Capacity Reverse Transcriptase Kits

(Applied Biosystems, Foster City, CA). Total human

reference RNA (Agilent Technologies, Santa Clara, CA)

was used as a standard. cDNA was preamplified (14

cycles) using TaqMan PreAmp Master Mix Kits
(Applied Biosystems) and pooled TaqMan assays of

signature and control genes. Gene expression was

quantified by TaqMan-based real-time PCR (Applied

Biosystems) and data were normalized using the delta

CT method.

2.3. Binary MelaGenix cut-off

The MelaGenix� score can be used as a binary or
continuous variable to stratify clinical outcomes within

each of the AJCC stages I, II and III [21].

With the approval of effective adjuvant therapies

[9e11], the clinical need of prognostic markers changed.

Therefore, the cut-off was shifted to a lower, more

sensitive score value (�0 >) (Gambichler et al., sub-

mitted). This cut-off value zero was chosen in order to

reliably detect patients with clearly above-average MSS
(10-y MSS > 90%). The algorithm previously defined

[21] remained constant (GEP score Z 0.94 �
KRT9 þ 0.70 � DCD e 0.49 � PIP þ 1.58 � SCGB1D2

e 0.63 � SCGB2A2 þ 0.33 � COL6A6 þ 0.67 � GBP4

e 0.21 � KLHL41).

2.4. Statistical analysis

Statistical calculations were performed with R program
[26]. Numerical variables were described by mean value

and SD if approximately normally distributed or median

value and IQR if skewed. Proportions were presented

with 95% CI.

Only deaths due to CM were considered ‘events’ for

the calculation of MSS and all melanoma-specific dis-

ease progressions were considered ‘events’ (relapse or

distant metastasis) for the calculation of disease-free
survival (DFS) rates. Survival rates were estimated ac-

cording to KaplaneMeier and compared with the Log-

rank test. Further analysis was performed using uni-

variate and multivariate Cox proportional hazards

models. Univariate analysis was performed using
dichotomized and continuous GEPS, age, sex, AJCC

stage, tumor thickness and ulceration. In the multivar-

iate model, continuous GEPS was analysed versus the

covariates tumor thickness and age. Results of Cox

proportional hazards modelling were described as HRs

together with 95% confidence intervals and p-values.

Throughout the analysis, p-values less than 0.05 were

considered as statistically significant.
3. Results

At the time of query in September 2018 the CMMR
contained a total of 2776 patients who were first diag-

nosed with melanoma AJCC stage II (Fig. 1). Of these, a

total of 1755 patients were diagnosed between 2000 and

2016, and 302 primary tumor tissue samples were

available from these patients. A subsequent histopath-

ological evaluation was able to reproduce the diagnosis

and determine a suitability for GEPS testing (quality

criterion: tumor thickness �30% of the diagnosed Bre-
slow thickness) in 246 samples. Finally, the GEPS was

successfully determined for 245 patients.

The study cohort comprised 154 patients with high

GEPS (median: 1.06 (0.05e3.53) and 91 patients with

low GEPS (median: e0.21 (e0.7e0)). The median age

was 70 and the median follow-up was 41 months. A

total of 134 patients were male and 111 patients were

female. The tumor thickness ranged from 1.01 mm to
20 mm and the median tumor thickness was 3.0 mm.

Ulcerated tumours were reported for 142 of the 245

patients. The high-GEPS group contained more patients

with ulcerated tumours as compared to the low-GEPS

group. Apart from that, the cohort characteristics were

evenly distributed in both groups (Table 1).

The survival probabilities of the low-score and high-

score patients were evaluated by KaplaneMeier analysis
(Fig. 2). The analysis was performed based on the data

from the CMMR and the cut-off date for data collection

was January 2019. The analyses demonstrated a statis-

tically significant difference in survival between high-

score and low-score patients for all evaluated endpoints:

MSS: p Z 0.018; distant metastasis-free survival

(DMFS): p Z 0.005; and relapse-free survival (RFS):

p Z 0.009). In the low-score group, five deaths were
reported and 5-year and 10-year MSS was 92% (Fig. 2A;

Tables 2 and 3), whereas there were 27 deaths in the

high-score group and 5-year and 10-year MSS was 82%

and 67%, respectively. 5-year DMFS and 5-year RFS

was 89% and 76% in the low-score group. In total, there

were 9 DMFS events and 19 RFS events reported in the

low-score group. In the high-score group, 38 DMFS

events and 59 RFS events were reported resulting in 5-
year DMFS of 70% and 5-year RFS of 58% in this

group.

Most patients of the study cohort were diagnosed

with stage IIA AJCC (n Z 118). These patients were
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distributed almost equally between the low-score group

(n Z 58) and the high-score group (n Z 60) (Table 2).

Of the 78 stage IIB patients, about twice as many had a

high-score result (n Z 52) compared to those who had a

low-score result (n Z 26). The majority of IIC patients

were found in the high-score group (n Z 42) and out of

the seven patients in the low-score group only one

relapse was observed.
Univariate Cox regression analysis showed that all

analysed parameters except sex and ulceration were

statistically significantly associated with MSS (Table

4). GEPS was analysed as a dichotomous and contin-

uous parameter (HR: 2.99; p Z 0.018 and HR 1.71;

p < 0.001). Tumor thickness was analysed continu-

ously and categorically (AJCC pT categories)

(HR Z 1.25; p < 0.001 and HR Z 1.68; p < 0.001).
Furthermore, the continuous analysis of patients’ age

indicated a significant survival disadvantage with

increasing age (HR: 1.05; p Z 0.003).
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Multivariate Cox regression analysis was performed

to evaluate whether the GEPS contributes prognostic

information independent from tumor thickness and age.

In this multivariate model, all parameters were analysed

as continuous parameters. The analysis showed that all

parameters have a statistically significant influence on

MSS (Table 5 and Supplementary Table 1). The hazard
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was statistically independent and complemented the

prognostic parameters tumor thickness and age.
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Table 1
Characteristics of the patients’ cohort according to GEP score and AJCC sub-stages.

Characteristics High-score group Low-score group AJCC IIA AJCC IIB AJCC IIC All patients

Number of patients 154 91 118 (48.2%) 78 (31.8%) 49 (20%) 245

Median GEP Score (range) 1.06 (0.05e3.53) e0.21 (�0.7e0) 0.1 (�0.7e3.5) 0.8 (�0.5e2.9) 1.6 (�0.2e3.5) 0.73 (e0.7e3.53)

Median age e years (range) 70 (26e93) 69 (20e90) 66 (20e93) 72 (29e91) 70 (38e92) 70 (20e93)
<50 46 (26e49) 40 (20e48) 46 (20e49) 43 (29e46) 40 (38e48) 45 (20e49)

50e65 61 (50e65) 59 (50e65) 61 (50e65) 61 (50e65) 58 (50e62) 59 (50e65)

>65 77 (66e93) 76 (66e90) 77 (66e93) 76.5 (68e91) 80 (66e92) 77 (66e93)

Gender

Male 83 51 65 (55.1%) 42 (53.8%) 27 (55.1%) 134

Female 71 40 53 (44.9%) 36 (46.2%) 22 (44.9%) 111

Median tumor

thickness e mm (range)

3.5 (1.05e20) 2.6 (1.01e8) 3.5 (1.01e4) 3 (2.05e13) 6 (4.5e20) 3 (1.01e20)

1.1e2 mm 1.6 (1.05e2) 1.3 (1.01e1.92) 1.57 (1.01e2) NA NA 1.57 (1.01e2)

2.1e4 mm 2.75 (2.07e4.01) 2.75 (2.05e4) 2.75 (2.07e4) 2.75 (2.05e4) NA 2.75 (2.05e4.01)

>4 mm 6 (4.5e20) 6 (4.5e8) NA 6 (4.01e13) 6 (4.5e20) 6 (4.5e20)
Ulceration

Absent 56 47 85 (72%) 18 (23.1%) 0 (0%) 103

Present 98 44 33 (28%) 60 (76.9%) 49 (100%) 142

Median follow up e months

(range)

41 (3e136) 40 (3e178) 55.5 (3e178) 39.5 (4e127) 27 (3e117) 41 (3e178)
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patients were treated with a second-line therapy as fol-

lows e 3 received chemotherapy, 2 targeted therapy and

12 received immunotherapy.
4. Discussion

Using the GEPS in the current study, we were able to
identify two different groups of patients with stage II

melanoma who carry a significantly different risk of

recurrence and with a significantly different survival

probability, which is certainly an important aspect when

considering which patients should be offered adjuvant

therapy in stage II. More than one third of the patients

(37%) were included in the low GEPS group whereas

63% of the patients were identified as having a high
GEPS. Patients that were identified with low GEPS had

a 5-year and 10-year MSS of 92% and were mostly

diagnosed with stage IIA (60%). Patients with a high

GEPS had higher tumor thickness and also more ul-

cerated tumours (3.5 mm versus 2.6 mm, and 63% versus

48%, respectively).

Distinctively, 60% of the patients with high GEPS

were diagnosed in stage IIB and IIC, with a 5-year and
10-year MSS of 82% and 67%, respectively. The differ-

ence in terms of MSS between low and high GEPS was

statistically significant (p Z 0.018).

The same results, with a statistically significant dif-

ference between the two risk groups, were obtained for

5-year RFS (76% versus 58%; p Z 0.005) and 5-year

DMFS (89% versus 70%; p Z 0.009). The number of

deaths observed in the low GEPS group was three times
lower when compared to the high GEPS group e 5/91

(5.5%) versus 27/154 (17.7%). Similarly, the rate of

distant metastasis events was 2.5 times lower in the low-

risk subgroup e 9/91 (10%) events versus 38/154 (25%).
The significant difference and independent prognostic

value were further confirmed by the univariate and

multivariate Cox regression analysis. In fact, there is a

significantly different survival probability for patients

with different GEPS, with a survival disadvantage for

patients with higher scores. This disadvantage is

observed both when a dichotomization in low and high

GEPS is used and when the score is analysed as a
continuous parameter (Table 4), which adds practica-

bility and reinforces the potential use of this score in the

clinical practice. Moreover, the continuous GEPS

remained significant in the multivariate analysis, with an

HR Z 1.55, along with the other two factors tumor

thickness (HR Z 1.21) and age (HR Z 1.05).

In the current study, we validated the threshold value

zero for the GEPS specifically in stage II melanoma
disease. This threshold was chosen by Gambichler et al.

(submitted) in order to reliably identify patients with

clearly above-average MSS in stage IeIII melanoma.

Here, the clinical validity of the threshold zero is vali-

dated for stage II disease. Patients with low GEPS had a

10-yr MSS of 92% while average 10-yr survival in the

AJCC substages is 88% (IIA), 82% (IIB) and 75% (IIC),

respectively [2]. This highlights the fact that the GEPS is
superior to the AJCC classification in defining low-risk

patients.

The search for prognostic biomarkers in the mela-

noma field is not new. In fact, both serum LDH and

S100 are long known to be prognostic in advanced

stages of the disease [27]. The presence of BRAFV600 E/

K mutation was identified as predictive of response to

targeted therapy with BRAF/MEK inhibitors, but has
limited prognostic value [28,29]. More recently, other

potential predictive biomarkers have been identified,

namely tumor mutation burden, neo-antigen expression

and checkpoint expression (e.g. PD-L1 and LAG3)



Fig. 2. Survival analysis considering low and high GEPS: (A)

melanoma-specific survival; (B) distant metastasis free survival;

(C) disease free survival.

Table 2
Substage distribution and MSS, DMFS and RFS event numbers in the

low-score and high-score groups.

Low score High score Total

(n Z 91) (n Z 154) (n Z 245)

AJCC stage IIA 58 (24%) 60 (24%) 118 (48%)

AJCC stage IIB 26 (11%) 52 (21%) 78 (32%)

AJCC stage IIC 7 (3%) 42 (17%) 49 (20%)

MSS events 5 (2%) 27 (11%) 32 (13%)

5ya(%) 92 (86e99) 82 (75e90) 86 (81e91)

10ya(%) 92 (86e99) 67 (55e80) 75 (66e85)

DMFS events 9 (4%) 38 (16%) 47 (19%)

5ya(%) 89 (82e97) 70 (62e80) 77 (71e84)

10ya(%) 89 (82e97) 63 (53e74) 72 (64e80)

DFS events 19 (8%) 59 (24%) 78 (32%)

5ya(%) 76 (67e87) 58 (50e68) 65 (58e72)
10ya(%) 73 (62e86) 46 (35e61)b 55 (46e66)

a Incl. 95% confidence interval.
b Data represent status at 119 months, as regarding RFS the last

patient in the high-score group is censored at this time point.

Table 3
5 and 10-years MSS according to GEP-score, and 5 and 10-years

melanoma specific survival (MSS) according to substage (IIA/IIB/

IIC), considering the 8th edition of the AJCC classification [4].

5-y MSS (%) 10-y MSS (%)

Low-score group 92 92

High-score group 82 67

Stage IIA 94 88

Stage IIB 87 82

Stage IIC 82 75
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[30e34]. These investigations are, however, more

focused on the presence of an immune environment that
might be favourable to immunotherapy response and

have, similar to the presence of BRAF mutation, limited

prognostic value.

Gene expression profiling has been investigated as a

prognostic biomarker and there are data available from

different assays that were validated [35e38]. The

advantage of the GEPS relays on the fact that it has

been multi-centrically validated in different cohorts, in
the different earlier stages of the disease, from stage I to

stage III melanoma, and has shown to be associated not

only with RFS but also with MSS.
Table 4
Univariate analysis of prognostic factors for melanoma-specific

survival.

Melanoma-specific survival

Prognostic factor Range n Hazard ratio (95% CI) p

GEP score Low/high 245 2.99 (1.15e7.76) 0.018

GEP score Continuous 245 1.71 (1.28e2.29) <0.001

pT T2beT4b 245 1.68 (1.29e2.17) <0.001

Tumor thickness 1.01e20 [mm] 245 1.25 (1.14e1.37) <0.001

Ulceration No/yes 245 1.58 (0.76e3.27) 0.223

Age 20e93 [years] 245 1.05 (1.02e1.08) 0.003

Sex Male/female 245 0.99 (0.49e2.00) 0.975



Table 5
Multivariate analysis of prognostic factors for melanoma-specific

survival.

Melanoma-specific survival

Prognostic factor n Hazard ratio (95% CI) p

GEPS 245 1.55 (1.13e2.13) 0.006

Tumor thickness 245 1.21 (1.09e1.33) <0.001

Age [years] 245 1.05 (1.02e1.08) 0.002
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The current study presents several positive aspects.

First, the high number of patient samples included e
245 stage II samples, which represent all archived and

available stage II melanoma samples in Tuebingen.

Second, the fact that all primary tumor characteristics,

namely tumor type, tumor thickness and presence of

ulceration were re-confirmed by a certified pathologist.

Third, the follow-up time (41 months) allows us to
strengthen the survival results that were obtained. Our

group [39] has previously shown that the majority of the

recurrences for stage II occurs in the first 3 years, with a

significant decrease afterwards, supporting the fact that

our median follow-up time would be enough to capture

the majority of the recurrences in this stage. Fourth, the

use of a database that was prospectively designed and

that is continuously updated.
As limitations we need to refer that this is a mono-

centric study, we could successfully determine the GEP

score only in 245 of the initial 1755 stage II patients, and

that unexpectedly, we could not reproduce the data

from other groups that showed ulceration as a prog-

nostic factor. Probably, this is due to the low number of

patients included in this analysis and the fact that not all

prognostic factors can be validated in all cohorts
evaluated.

In conclusion, GEPS was validated as an independent

prognostic test in stage II CM. With the increasing in-

terest in moving adjuvant therapy to the earlier stages,

the use of a prognostic test such as this 11-gene assay

will be of value, since it will identify not only the pa-

tients who will derive more benefit from the systemic

therapy, but will also spare those who have a low
probability of dying from melanoma. With the

increasing financial burden and the potential adverse

events associated with both target and immunotherapy,

these are aspects that cannot be disregarded.
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