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A biomarker panel predicts recurrence-free survival in ulcerated primary
cutaneous melanoma
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ABSTRACT
Background: Ulceration is an independent adverse prognostic factor in cutaneous malignant melan-
oma (CMM). There is, however, a need for additional prognostic markers to identify patients with
ulcerated stage I–II CMM who have a high-risk for recurrence. The aim of this study was to examine
the prognostic impact of BRAF mutation, proliferation and presence of tumour infiltrating lymphocytes
(TILs) in primary ulcerated CMM.
Material and methods: We have used a consecutive cohort consisting of 71 primary ulcerated CMM
(T1b–T4b). BRAF mutation was detected using Cobas test and pyrosequencing. Protein expression of
the proliferation marker Ki67 was analysed using immunohistochemistry. Presence of TILs was eval-
uated in representative hematoxylin-eosin stained formalin-fixed paraffin-embedded tumour sections.
Results: Proportion of BRAF mutated alleles, proliferation and presence of TILs all had a statistically
significant impact on recurrence free survival in univariate analyses (HR 2.44, 95% CI 1.23–4.84,
p¼ 0.011; HR 2.66, 95% CI 1.32–5.35, p¼ 0.006 respectively HR 0.48, 95% CI 0.24–0.98, p¼ 0.045). A
trend test found a statistically significant decrease in the proportion of recurrence by including the
three favourable factors (BRAF wildtype/low proportion of BRAF mutated alleles, low proliferation and
high presence of TILs) (p¼ 0.0004). When at least two out of three factors were present there was a
statistically significant association with longer recurrence free survival in the multivariate analysis (HR
0.30, 95% CI 0.15–0.61, p¼ 0.001) when adjusted for Breslow thickness, an established independent
prognostic marker for CMM.
Conclusion: Thus, this panel of markers could be an interesting novel concept for predicting the clin-
ical outcome in patients with high-risk stage I–II ulcerated CMM.

Abbreviations: 95% CI: 95% confidence interval; CMM: Cutaneous melanoma; SSM: superficial spread-
ing melanoma; NM: nodular melanoma; LMM: lentigo maligna melanoma; TILs: Tumour infiltrating lym-
phocytes; RFS: recurrence-free survival; IHC: immunohistochemistry
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Background

There are several established clinicopathological prognostic
markers in cutaneous malignant melanoma (CMM), which are
included in the AJCC staging system for CMM [1]. For pri-
mary tumours Breslow thickness and presence of ulceration
are established independent prognostic markers [1].

The presence of ulceration in CMM impairs the prognosis
remarkably. This is illustrated by classification of ulcerated
primary tumours in a more advanced sublevel of the tumour
stage (T1b–T4b) in the TNM system than non-ulcerated pri-
mary tumours (T1a–T4a) [1]. Ulceration of CMM is based on
pathological microscopic examination and is defined as loss
of epidermis in combination with a host reaction of inflam-
matory cells (neutrophils and/or fibrin deposition) in the
absence of trauma [2].

Ulceration is more often present in CMMs with a higher
Breslow thickness and in nodular CMM [3]. Higher expression
of genes/proteins associated with tumour-related inflamma-
tion, proliferation, and angiogenesis, has been shown in
ulcerated CMM [4–7].

There are several studies correlating elevated expression
of genes/proteins related to proliferation, including Ki67,
with a worse clinical outcome in CMMs [6–10]. It has been
implied that higher tumour cell proliferation may be an
underlying or a contributing factor to ulceration in CMM
[11]. A suggested precursor of ulceration has been associated
with increased proliferation of CMM cells and consumption
of the epidermis, without increased inflammatory response,
indicating this as an early event [12].

In general, immunological host response is considered to
be prognostically favourable. Several studies have
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demonstrated that presence of tumour infiltrating lympho-
cytes (TILs) is associated with a better outcome and may pro-
mote spontaneous tumour regression [13,14]. There seems to
be a difference in immune microenvironment between ulcer-
ated and non-ulcerated CMMs. It has been shown that pres-
ence of TILs is associated with a better clinical outcome only
in ulcerated CMM [15].

Several studies have investigated the prognostic value of
activating BRAF V600 mutations in CMM. Some studies have
found an association of BRAF mutation with disease-free or
melanoma-specific overall survival (OS) [16–18], while other
studies have not [19–21]. In a recent meta-analysis, a signifi-
cant association of BRAF mutation to OS was found, but not
for stage I–II cohorts [22]. The impact of BRAF mutation on
outcome remains unclear and has also been associated with
presence of ulceration [23]. In a previous publication from
our research group we described that ulceration was associ-
ated with poor outcome only when the primary CMM carried
a BRAF mutation [24].

It is well-known that intra- and inter-tumour heterogen-
eity is commonly observed in CMM [25]. The presence of
sub-clones with different BRAF genotypes has been demon-
strated in primary CMM [26,27]. The quantitative proportion
of BRAF mutated alleles in a primary tumour may therefore
be relevant for prognosis.

The primary aim of the present study was to validate our
previous results regarding the prognostic impact of BRAF
mutation on ulcerated primary CMM in a large consecutive
cohort of ulcerated primary CMM. The secondary aim of our
study was to examine the prognostic impact of a panel of
markers including BRAF mutation, Ki67 expression and pres-
ence of TILs in ulcerated primary CMM, since we have in two
previous studies [28,29] demonstrated that a panel of prog-
nostic markers is stronger than any single marker in stage
III CMM.

Materials and methods

Patient cohort

A consecutive cohort of 120 ulcerated primary CMM diag-
nosed during 2004–2006 was identified from the Stockholm-
Gotland Regional Melanoma Registry. From this cohort we
collected 76 primary tumour samples, pT1b–pT4b, from path-
ology departments in Stockholm. The specimens have been
re-evaluated by a senior melanoma pathologist (L.K) to verify
ulceration status. Three samples were excluded after re-
evaluation due to lack of ulceration or suitable specimen for
examination. In total, 73 ulcerated tumours were included in
further analyses in this study. The tumours were classified as
stage IB (n¼ 5), IIA (n¼ 13), IIB (n¼ 26) and IIC (n¼ 29)
according to the AJCC version 8.

Data on pathological parameters and follow-up informa-
tion was obtained from the Regional Melanoma Registry
data base, patient records and pathology files. Sentinel node
biopsies were not performed, as that was not a standard pro-
cedure at the time of diagnosis. The first CMM specific event,
such as local, regional or distant recurrence was registered.

Two subjects have moved to another region in Sweden,
hence follow-up information on recurrence was lost.

This study has been approved by the Research Ethics
Committee of Karolinska Insitutet and they waived the
requirement for informed consent. The study was performed
in accordance with the Declaration of Helsinki. No individual
patient data is available for sharing.

For additional information, see supplementary material
and methods.

Results

Patient characteristics

Overall, 76 CMM patients were included in this study but five
were excluded from the final analyses, three cases where
ulceration could not be confirmed and two patients with lack
of follow-up data. Details about 71 patients and pathological
characteristics are shown in Table 1. The median follow-up
time was 61months (range 2–148months). Recurrence at any
site (local, regional lymph nodes or distant) was registered in
48% (34/71) of the subjects. Of these, 59% (20/34) had loco-
regional relapse and 41% (14/34) had disseminated disease as
their first recurrence. Among patients with locoregional recur-
rence 70% (14/20) later developed disseminated disease.
Among the 34 subjects with recurrence 79% died of their dis-
ease. The median time of recurrence-free survival (RFS) was
15.5months (range 2–70) among the subjects with recurrence.
There was a shorter median RFS among the subjects with
loco-regional relapse compared to the subjects with dissemi-
nated disease as their first recurrence, 9.5months (range 2–61)
and 29.5months (range 8–70), respectively.

Breslow thickness was a statistically significant adverse
prognostic factor (p< 0.001; Table 1) while there were no
significant correlations to recurrence regarding gender, age
at diagnosis and histological subtype.

Table 1. Patient and pathological characteristics of 71 cases with ulcerated
primary CMM.

Recurrence
(n¼ 34)

Recurrence
free (n¼ 37) p-Value1

Age at diagnosis
Median (range) 73.5 (27–89) 69 (37–90) 0.931

Gender 0.549
Male 17 19
Female 17 18

Breslow (mm)
Median(range) 4.45 (0.8–18) 2.2 (0.4–15) <0.001

Histological type 0.740
SSM 13 (38%) 19 (51%)
NM 14 (41%) 13 (35%)
LMM 1 (3%) 1 (3%)
UNS 6 (18%) 4 (11%)

BRAF mutation 0.66
wildtype 15 (44%) 20 (54%)
V600E 14 (41%) 10 (27%)
V600K 3 (9%) 4 (11%)
other 2 (6%) 3 (8%)

SSM: superficial spreading melanoma; NM: nodular melanoma; LMM: lentigo
maligna melanoma; UNS: unclassifiable.
1p-Values calculated using Fishers exact test for categorical data and Mann-
Whitney test for continuous data to assess if any of the variables differ
between the recurrence and recurrence free groups.
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Higher presence of TILs in tumours from recurrence-free
CMM patients

Presence of TILs was evaluated (Figure 1(a)) in the 71 ulcer-
ated primary CMM. Thirty-four of 70 (49%) tumours had TILs
infiltration, one was not evaluable. There was a statistically
significantly higher presence of TILs within the dermal CMM
clusters in tumours from patients without recurrence (HR
0.48, 95% CI 0.24–0.98, p¼ 0.045) (Table 2).

Longer RFS among CMM cases with BRAF wild type/low
proportion of BRAF mutated alleles

BRAF mutation screening was performed using both the Cobas
test and pyrosequencing on all primary tumour samples
(n¼ 71). Overall, a BRAF mutation was detected in 35/71 (49%)
of the cases, all of them detected by pyrosequencing, while
the Cobas test identified a BRAF mutation in 29/71(41%) of
tumour samples. Hence six samples (17%) with BRAF mutation
were missed by the Cobas test. Sixty-nine % (n¼ 24) of the
BRAF mutated tumours were codon V600E and 20% (n¼ 7)
were codon V600K. Four samples (11%) had a BRAF mutation
in exon 11(codon G464E, G466E, G469A and G469E) which
could not be detected by Cobas. However, two of the BRAF
mutations missed by Cobas were, V600K and a rare complex
mutation subtype of V600E (V600E2), respectively.

For the samples where no mutations were detected by
Cobas or pyrosequencing or only by one of these methods
(n¼ 42), Sanger sequencing was performed to detect muta-
tions at exons 11 and 15 of the BRAF gene. Sanger sequenc-
ing confirmed the mutations detected by pyrosequencing as
well as detecting a rare 3 base pair TGA deletion (VK600-
601E) that Cobas and pyrosequencing did not.

The proportion of BRAF mutated alleles in the tumour
specimens was assessed by pyrosequencing. There was a
range from 7% to 83% of BRAF mutated alleles, with a
median of 35%. When necessary dissection was performed to
enrich tumour cells but the differences in proportion of BRAF
mutated alleles could partially be due to contamination of
normal cells. However, examination of the assessed areas of
the hematoxylin-eosin stained slides indicated that this could
not be the full explanation (Figure 2(a)).

In this study cohort we did not observe any correlation
between RFS and presence of BRAF mutation/deletion (HR
1.14, 95% CI 0.58–2.24, p¼ 0.71). We also grouped cases with
BRAF wildtype and low proportion of BRAF mutated alleles

Figure 1. Representative hematoxylin-eosin slides of primary ulcerated CMMs
demonstrating presence of TILs (a) and representative expression of protein
Ki67 with immunohistochemistry demonstrating high proportion (b) and low
proportion (c). Twenty-seven percent (10/37) of the recurrence-free patients
and 61% (20/33) of the patients with a recurrence had primary tumours with
high Ki67 staining (cut-off level 10%). Scale bar ¼ 50mm.

Table 2. Cox regression analysis.

Univariate analysis

Variable HR 95% CI p-value

Gender (F vs M) 0.94 0.48-1.85 0.86
Age at diagnosis 1.00 0.98-1.02 0.91
Breslow 1.13 1.04-1.22 0.002
TILs 0.48 0.24-0.98 0.045
BRAF mutation all 1.14 0.58-2.24 0.71
BRAF mutation high* 2.44 1.23-4.84 0.011
Ki67 2.66 1.32-5.35 0.006
At least 2 of 3** 0.28 0.14-0.56 < 0.001

Multivariate analysis

Variable HR 95% CI p-value

Breslow 1.15 1.05-1.26 0.003
TILs 0.59 0.28-1.22 0.16
BRAF mutation high* 1.57 0.73-3.37 0.25
Ki67 2.21 1.02-4.77 0.04

Variable HR 95% CI p-value

At least 2 of 3** 0.30 0.15-0.61 0.001
Breslow 1.13 1.03-1.23 0.008

*>35% BRAF mutation.
** Presence of TILs, BRAF wildtype/low proportion of BRAF mutated alleles,
low Ki67.
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�35% (median) together as a BRAF wildtype/low proportion of
BRAF mutated alleles group and compared it to cases with a
high proportion of BRAF mutated alleles >35%. Seventy-four
% (52/70) of the tumours were assigned to the group with
BRAF wild type/low proportion of BRAF mutated alleles, and
26% (18/70) to the group with high proportion of BRAF
mutated alleles, respectively, not including the case with the
deletion, since it could not be detected/quantitated by pyrose-
quencing. We found a statistically significantly shorter RFS
among cases with a high proportion of BRAF mutated alleles
than among cases with BRAF wild type/low proportion of BRAF
mutated alleles t (HR 2.44, 95% CI 1.23–4.84, p¼ 0.011). Also,
we could demonstrate that the distribution of proportion of
BRAF mutated alleles statistically significantly differ between
patients who had recurrence and those who were recurrence-
free which is shown in Figure 2(b) for all BRAF mutations and
BRAF V600E mutations only (t-test p¼ 0.014 respect-
ively p¼ 0.013).

Lower Ki67 expression among recurrence-free
CMM subjects

We assessed tumour proliferation by Ki67 in 71 tumours
using immunohistochemistry. One sample was not evaluable.

Representative images of tumour samples with high or low
Ki67 staining are shown in Figure 1(b,c). Higher Ki67 expres-
sion was associated with shorter RFS (HR 2.65, 95% CI
1.32–5.35; p¼ 0.006).

Ki67 expression was statistically significantly lower in the
group of BRAF wildtype/low proportion of BRAF mutated
alleles (35%, 18/52) compared with the group of high pro-
portion of BRAF mutated alleles (65%, 11/17) (Fisher’s exact
test, p¼ 0.046). There was a higher proportion of high Ki67
expression among subjects with loco-regional relapse (70%)
compared to those with disseminated disease as their first
relapse (33%), (p¼ 0.068).

The combination of presence of TILs, BRAF wildtype/low
proportion of BRAF mutated alleles and low Ki67
expression in a panel is a better prognostic biomarker
for recurrence of CMM than any factor alone

We wanted to investigate if a panel of potentially favourable
prognostic factors that were significant in univariate analysis;
including presence of TILs, low expression of Ki67 and BRAF

Figure 2. Representative hematoxylin-eosin slides of ulcerated primary CMMs
showing the proportion of tumour cell content in relation to proportion of
BRAF mutated alleles (a). Box plots demonstrate the distribution of proportion
of all BRAF mutated alleles (recurrence free n¼ 16; recurrence n¼ 19) and
BRAF V600E only (recurrence free n¼ 10; recurrence n¼ 13), with no respect to
BRAF wildtype samples and not either to non-BRAF V600E in the bottom graph.
There is a statistically significant difference in the distribution between patients
who had recurrence and those who were recurrence-free (b). (t-test p¼ 0.014
and p¼ 0.013 respectively). Scale bar ¼ 250mm.

Figure 3. The prognostic power of a panel consisting of potentially three
favourable prognostic factors; including BRAF wildtype/low proportion of BRAF
mutated alleles, low expression of Ki67 and presence of TILs. A statistically sig-
nificant increase in the proportion of patients with no recurrence in association
with the increase from one to three factors was observed (a). (Chi-square test
for trend; p¼ 0.0004). Kaplan-Meier curves showing a statistically significantly
longer RFS for patients with presence of at least two favourable prognostic fac-
tors (b) (Log-rank (Mantel-Cox) test; p< 0.0001) and number at risk. The marks
on the lines represent censored points.
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wildtype/low proportion of BRAF mutated alleles, has a
higher prognostic impact compared to any factor alone. We
performed a test of trend and found a statistically significant
decrease in the proportion of recurrence by including the
potentially favourable factors in the analysis (p< 0.0004)
(Figure 3(a)), supporting the relevance of using a panel of
multiple prognostic factors. The combination of BRAF wild-
type/low proportion of BRAF mutated alleles, low expression
of Ki67 and presence of TILs in univariate analysis became
statistically significant when at least two out of three factors
were present (HR 0.28, 95% CI 0.14–0.56, p< 0.001). Presence
of at least two factors was associated with longer RFS
(Figure 3(b)). Hence this prognostic panel of three factors
was stronger compared to any single factor alone (Table 2).

The three factor panel is an independent prognostic
biomarker for recurrence of CMM

The factors statistically significantly associated with RFS in
univariate analysis were included in a multivariate analysis;
i.e., Breslow thickness, TILs and BRAF wildtype/low proportion
of BRAF mutated alleles and low Ki67 expression. Only Ki67
expression (HR 2.21, 95% CI 1.02–4.77, p¼ 0.043) and
Breslow thickness (HR 1.15, 95% CI 1.05–1.26, p¼ 0.003)
remained statistically significant (Table 2).

When at least two out of three factors were present, it
remained statistically significant in the multivariate analysis
when adjusted for Breslow (HR 0.30, 95% CI 0.15–0.61,
p¼ 0.001). Also Breslow thickness remained statistically sig-
nificant (HR 1.13, 95% CI 1.03–1.23, p¼ 0.008).

Discussion

We have validated our previous findings regarding the asso-
ciation of ulceration with an adverse outcome in tumours
carrying BRAF mutation [24], but could only confirm the
association when considering cases with a high proportion,
>35%, of BRAF mutated alleles. We have also demonstrated
that a panel of favourable prognostic markers was an inde-
pendent positive predictor of RFS in ulcerated stage I–II
CMM and was stronger than any single marker, in agreement
with our two previous studies on stage III CMM [28,29].

There is to our knowledge no previous publication investi-
gating the prognostic impact of the proportion of BRAF
mutated alleles in primary CMM. This is a newer concept of
describing in a semi-quantitative manner BRAF mutational
status in CMM in relation to outcome. Satzger et al. made an
attempt to correlate allele frequencies of V600E mutation in
CMM to outcome of BRAF inhibitor therapy [30]. They found
no significant correlation but used a cut-off of 18% around
the detection limit of 15–20% for Sanger sequencing.
Moreover, they demonstrated the problem of tumour hetero-
geneity in metastatic CMM, since matched primary and
metastatic tumours differed > three-fold regarding propor-
tion of mutated alleles in 23% of the cases. It is reasonable
to assume that differences in proportion of BRAF mutated
alleles could have some impact on the tumour biology.
There was a wide range of the proportion of BRAF mutated

alleles (7–83%) in our study, which has also been observed
by others using deep NGS or pyrosequencing technology
[27,30] suggesting that gain or loss of the mutant or wild-
type alleles may occur frequently in CMM. It has been dem-
onstrated that amplification of BRAF V600E can lead to
resistance to BRAF inhibitors [31]. In addition, several publi-
cations have described inter-tumour heterogeneity regarding
BRAF mutation [26,32,33], while other publications have dem-
onstrated that BRAF mutation inter-tumour heterogeneity is
rare [30,34,35]. Yancovitz et al. showed high intra-tumour
heterogeneity regarding BRAF V600E mutations, 4/9 primary
CMM tumours showed pronounced differing proportions of
BRAF mutation in the different subclones [25]. In a meta-ana-
lysis including 22 studies a discrepancy between primary and
metastatic lesions in melanoma was 13.4% [36]. Hence, a
BRAF mutated clone in primary CMM may not always be the
driver of the metastatic process.

The contradictory results between different studies
regarding the prognostic value of BRAF mutations in CMM
may be dependent on several different factors such as stage,
other genetic alterations etc. and whether the endpoint was
RFS or OS. It has been demonstrated that BRAF mutated pri-
mary tumours are associated with a distinct clinical pheno-
type, with a higher proportion of ulceration and regional
lymph node metastases [20], features known to correlate
with an aggressive tumour behaviour. However, several stud-
ies have not shown that BRAF mutation in stage I–IV CMM is
associated with a worse outcome [20,37–39]. These studies
differed regarding type of patient cohorts (with mixed sam-
ples from different tumour stages) and whether the study
was prospective or retrospective, which may affect the
results. It has been shown that BRAF-V600E expression in pri-
mary tumours, analysed by IHC, was an independent prog-
nostic factor associated with a reduced survival, whereas
BRAF mutation status by itself was not significant [40].
Twelve % of the BRAF V600E mutant tumours were false
negative for IHC. It may be due to low abundance of BRAF
V600E mutation. In another study low allele frequency of
BRAF V600E mutation could be an explanation for some of
the observed discordant results between pyrosequencing
and IHC [41] which suggests that the proportion of BRAF
V600E mutation may have an impact. The proportion of
BRAF mutant allele has also been demonstrated to have an
impact on progression free survival in melanoma treated
with MAPK inhibitors [42]. There are also data indicating that
the prognostic impact of BRAF mutation is dependent on co-
existence with additional factors in primary tumours, for
example TERT-promoter mutations [43].

We have used different methods for detecting BRAF muta-
tion in this study. The Cobas assay is primarily designed to
detect BRAF V600E mutation, with a sensitivity of 5% muta-
tion rate in a wildtype background of tumour DNA
(CobasVR 4800 BRAF V600 Mutation test kit manual). This PCR
method is not designed for analysis of V600K and other rare
BRAF mutations, although there is a detection of BRAF muta-
tions in the same codon (V600 K and D) to some extent.

There is an estimated cross-reactivity of the Cobas test of
30% for V600K mutation samples with more than 50% of
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tumoural tissue content according to the manufacturer
(CobasVR 4800 BRAF V600 Mutation test kit manual). Therefore,
it was not surprising that one of the six mutations that were
missed by Cobas was a V600K. For the complex mutation
V600E2 the detection level is higher than 68%. It is of inter-
est to assess the different BRAF mutation genotypes as there
are data supporting that tumours with other genotypes than
V600E, like V600K and V600R, may also benefit from therapy
with BRAF inhibitors [44,45] but also other more rare muta-
tions [46,47], which may have implications also in an adju-
vant setting at diagnosis. Our results showing prognostic
impact of the proportion of BRAF mutated alleles give sup-
port for using pyrosequencing as the method for BRAF muta-
tion detection. Pyrosequencing has been shown to be the
most efficient method also in other studies when comparing
different methods for BRAF mutation detection [48].

There are differences in the study design between our
previous and present studies which may contribute to the
different results regarding impact of BRAF mutation on clin-
ical outcome. The previous study by Jovanovic et al. had a
small set of ulcerated primary CMM tumours (28%; 16/57) in
the total set of cases [24]. The cases were selected regarding
Breslow (T1–T2 tumours) and outcome. Our present study
was performed on a larger, consecutive and unselected
cohort of only ulcerated primary T1–T4 tumours where the
majority was T3–T4.

Presence of TILs was associated with a favourable out-
come. It has been considered that the inflammatory micro-
environment may be a contributing factor for increased
activity of TILs, hence there may be a greater prognostic
impact of TILs in ulcerated than non-ulcerated CMM [15].
Benefit from adjuvant interferon-alpha therapy was reported
in high-risk CMM patients with ulcerated tumours [49] sup-
porting the role of the immune microenvironment in ulcer-
ated CMM.

Ki67 is associated with adverse outcome in several malig-
nancies, but is not used routinely in CMM, although there
are several publications in stage I–II CMM demonstrating an
adverse prognostic impact [6,7,50]. We have both in a previ-
ous and the present study support that Ki67 is an important
prognostic marker when predicting the prognosis in stage
I–III CMM.

A number of different factors play a role for the develop-
ment of metastatic disease. A strategy to improve the identi-
fication of T1b–T4b patients with high risk of recurrence
could be to use a combination of prognostic variables from
multiple signalling pathways and biological functions of
importance for the CMM disease, including clinicopathologi-
cal variables, rather than single genes or proteins, as illus-
trated in this study.

The strength of our study is that we used a large and
consecutive cohort of ulcerated primary CMMs. The absence
of a non-ulcerated control group is a limitation and is recom-
mended to be used in a further validation study. Although
we confirm the favourable impact of TIL on outcome we lack
information regarding the value of different TIL phenotypes
by not staining for CD8, CD3, FOXP3 etc. Sentinel node
biopsy (SNB) was not part of clinical routine during

2004–2006 but today SNB is routinely used as a staging tool
for confirmed primary tumours. Some of the tumours in our
cohort are expected to have positive SNB and be classified
as IIIA CMM if SNB had been performed at the time of diag-
noses. That lack of prognostic information is considered to
be a limitation of our study. Adjuvant therapy with PD-1
inhibitors or combination of BRAF and MEK inhibitors have
recently been introduced for stage III CMM. Today adjuvant
therapy is not established for stage IB-IIC CMM, but a phase
III study (KEYNOTE-716) will be run to evaluate the clinical
benefit of PD-1 inhibitor in high-risk stage II CMM. Thus, this
panel of markers may contribute to identify patients with
high-risk stage I–II ulcerated CMM who may benefit from
receiving adjuvant therapy.

In conclusion, determination of the proportion of BRAF
mutated alleles in ulcerated primary CMM could be an inter-
esting novel concept for predicting the clinical outcome that
needs to be studied further. We have also demonstrated that
a panel of prognostic markers including TILs, proportion of
BRAF mutated alleles and Ki67 performs better than any sin-
gle marker alone in primary ulcerated CMM, which is in line
with our previous studies on stage III CMM. To our know-
ledge there is no previous paper presenting these factors in
combination in a cohort of ulcerated primary CMM. A follow-
up study to validate these findings in an independent cohort
of ulcerated primary CMM is necessary to confirm the impact
of these markers on risk for recurrence.
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