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Melanoma Prognosis and Associated Risk Factors: A Retrospective
Cohort Study Using Semantic Map Analysis
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The overall patterns of correlations among various
melanoma risk factors have not yet been examined.
The aim of this study was to assess the impact of dif-
ferent parameters on disease-free and melanoma-
related overall survival. A retrospective cohort study
was conducted encompassing all patients with a pri-
mary cutaneous melanoma diagnosed in a university
referral centre. Associations were explored using se-
mantic map analysis, which uses graph theory to find
the strongest path of connections between variables.
A total of 1,110 melanoma patients (median follow-
up 10.6 years) were included. The analysis revealed
a clustering of variables around 2 main hubs: Breslow
thickness <1 mm and =24 mm. Factors connected with
high melanoma thickness were: older age, positive
sentinel lymph node biopsy findings, presence of ulce-
ration, nodular melanoma type, and light skin photo-
type. Both disease-free and melanoma-related overall
survival were in this cluster and connected with posi-
tive sentinel lymph node biopsy and Breslow=4 mm.
Patients with Breslow between 1 and 3.9 mm were
also in this cluster and linked with negative sentinel
lymph node biopsy, nodular melanoma and safety dis-
tance >10 mm. This semantic analysis confirmed the
close link between Breslow thickness, age, sentinel
lymph node biopsy findings, skin type, melanoma sub-
type and prognosis, and provides prognostic informa-
tion useful for the further stratification and manage-
ment of patients with melanoma.
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Cutaneous malignant melanoma (MM) may recur, and
its metastasis may occur, many years after its first
diagnosis. Therefore, it is crucial to analyse the course
of cutaneous MM and follow patients over a long pe-
riod. Several studies have independently identified and
confirmed that tumour thickness, ulceration, presence of
locoregional disease and micrometastasis in the sentinel
lymph node represent useful and important prognostic

SIGNIFICANCE

Melanoma may recur, and its metastasis may occur, many
years after its first diagnosis. Therefore, it is crucial to
understand the prognosis of this tumour and its associa-
tion with other clinical characteristics. This study of 1,110
patients used an innovative approach that can provide an
overall picture of the most important associations. The re-
sults show a clustering of patient’s and melanoma features
around low and high tumour thickness. Specifically, older
age, light skin type, lymph node biopsy results, melanoma
subtype and its prognosis were all associated with thick
melanoma. This information can be useful to predict pa-
tients’ course and plan their treatment.

risk factors for the stratification and management of
patients with MM (1-3). Nonetheless, the overall pat-
terns of correlations among various possible risk factors,
together with the characteristics of tumours and patients
have not yet been shown.

Different algorithms have been developed with the aim
of exploring the multidimensional complex interactions
among variables in databases. Among these, a data-
mining algorithm, called semantic map analysis, which
is able to show the most important connections between
variables in a dataset, has been used in the context of dif-
ferent skin conditions, including chronic hand eczema,
psoriasis, hidradenitis suppurativa and associations of
vascular endothelial growth factor with MM patients’
characteristics and survival (4-7).

By using semantic map analysis, this study aimed to
visualize a more comprehensive understanding of the
associations among epidemiological and clinicopatholo-
gical characteristics of patients with primary cutaneous
MM, which critically affect disease-free survival (DFS)
and melanoma-related overall survival (MROS).

MATERIALS AND METHODS

This single-centre retrospective study included all consecutive
cases of single, primary, localized, histopathological confirmed
cutaneous MM tumours that were diagnosed between February
1990 and July 2014 and followed up until July 2021 at the Depart-
ment of Dermatology, University Hospital of Bern, Switzerland.

The following patients’ characteristics were systematically
collected during the first evaluation and first staging: sex, age,
Fitzpatrick’s skin type, tumour location and type, Breslow
thickness, presence of ulceration, fascia excision during surgery,
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Table I. Demographics, phenotypic and clinical characteristics of
melanoma in the study population

Characteristics

Total 1,1102
Sex, n (%)
Female 527 (47.5)
Male 583 (52.5)

Age, years, median (range) 56.0 (12.0-93.0)

<40 years, n (%) 211 (19.0)
40-54 years, n (%) 305 (27.5)
55-69 years, n (%) 357 (32.2)
>70 years, n (%) 237 (21.4)
Skin type, n (%)

I 60 (5.5)
I 734 (67.5)
111 284 (26.1)
v 10 (0.9)
Primary tumour location, n (%)

Head and neck 158 (14.2)

Trunk 444 (40.0)

Upper extremities 192 (17.3)
Lower extremities 316 (28.5)
Melanoma type, n (%)

Nodular 383 (35.3)
Superficial spreading melanoma 539 (49.6)
Acral lentiginous melanoma 34 (3.1)
Lentigo maligna melanoma 53 (4.9)
Desmoplastic 11 (1.0)
Amelanotic 6 (0.6)
Undefined 60 (5.5)
Presence of ulceration, n (%)

No 931 (83.9)
Yes 179 (16.1)
Breslow thickness, mm, median, range 1.1 (0.1-45.0)
<1 mm, n (%) 464 (41.8)
1-3.9 mm, n (%) 523 (47.1)
=4 mm, n (%) 123 (11.1)
Fascia excision during surgery, n (%)

No 726 (65.4)
Yes 384 (34.6)

Safety distance, mm, median, range 10.0 (3.0-30.0)

Sentinel lymph node biopsy, safety distance, mm, n (%)

Not performed 218 (19.7)
- 735 (66.3)
+ 156 (14.1)

@Numbers may not add up to the total due to missing data.

safety distance and sentinel lymph node biopsy (SLNB) findings.
Furthermore, information on patients’ follow-up length, occur-
rence of distant, local and locoregional metastases, death and death
related to MM were gathered from the electronic medical records.

The patients’ management (including: SLNB) and follow-up
were scheduled according to the Swiss guidelines for the treat-
ment and follow-up of cutaneous MM, in adherence with the
international guidelines, depending
on the tumour stage and time span
after the initial diagnosis. Patients

presented as absolute numbers with percentages. For analysis purpo-
ses, continuous data were also categorized using clinically relevant
cut-off points. Kaplan—-Meier method was used to produce survival
estimates along with their 95% confidence intervals (95% CI).

Associations among patients’ demographics, clinical charac-
teristics and survival were explored using semantic map ana-
lysis (4—7). This is a data-mining algorithm that is able to find
and display the most important associations between different
variables, taking into account the effect of other covariates in the
system. The algorithm uses graph theory and maximum span-
ning tree (MST) in order to find and show the strongest path of
connections between variables based on normalized coefficients
from multivariable regression models (4, 7, 8). In order to avoid
unstable associations, only connections with a p-value<0.15 were
considered by the algorithm. In the resulting map variables with
many connections (hubs) are the most important for the system,
while those with fewer connections or at the periphery (leaves)
are the least important. Moreover, variables in the same area form
clusters with straight lines showing the strongest associations.
The strength of correlations found by the algorithm can be inter-
preted as mild, moderate or strong for values <0.6, 0.6-0.79 and
>0.8, respectively (4). Analyses were performed with SPSS v.26.0
(IBM Corp., Armonk, NY, USA) and MATLAB v.9.1 software
(The MathWorks, Natick, MA, USA).

RESULTS

From the database, 1,110 patients (median age 56 years,
52.5% males) fulfilled the criteria for inclusion in the
study (Table I). Most patients had Fitzpatrick’s skin
type 11 (67.5%) or III (26.1%), while the most common
MM locations were the trunk (40.0%) and lower extre-
mities (28.5%). Nodular melanoma (NMM —35.3%) and
superficial spreading melanoma (SSM —49.6%) were the
most frequent types observed. Median Breslow thickness
was 1.1 mm (range 0.1-45.0) with 47.1% of patients
between 1-3.9 mm and 11.1%>4 mm. MM ulceration
was histologically found in 16.1% of patients and 14.1%
had positive SLNB findings.

Melanoma survival

The median follow-up length of all included patient was
10.6 years, ranging from 15 days to 30.2 years. Table 11
reports estimated survival outcomes in the study popula-
tion, overall and according to Breslow thickness groups.

Table II. Survival outcomes in the study population, overall and according to Breslow thickness

10 years 15 years 20 years

155, 85.2% (83.0-87.4) 175, 83.0% (80.6-85.4) 180, 82.0% (79.6-84.4) 184, 80.0% (76.7-83.3)

without regular follow-up visits groups

were excluded from the study. N events, survival (95% CI)
Informed consent was obtained 5 years

from the patients and the study was overall

conducted in accordance with the DFS

standards of the ethics committee MROS 77, 92.4% (90.8-94.0)

of the Canton of Bern on human ex- Breslow <1 mm

perimentation and with the Declara-
tion of Helsinki 1975, revised 1983.

Breslow 1-3.9 mm

DFS 82, 83.2% (79.9-86.5)
MROS 34, 92.8% (90.5-95.1)

Statistical analysis
Breslow >4 mm

For descriptive purposes, continuous DFS
data were presented as medians with MROS

DFS 17, 96.1% (94.2-97.9)
MROS 6, 98.6% (97.5-99.7)

56, 53.2% (44.2-62.2)
37, 67.7% (59.0-76.3)

104, 89.2% (87.2-91.2) 112, 87.7% (85.5-89.9) 114, 87.0% (84.6-89.4)

20, 95.3% (93.3-97.3) 21, 94.9% (92.7-97.1)
10, 97.5% (96.0-99.0) 10, 97.5% (96.0-99.0)

24, 92.8% (89.5-96.0)
12, 96.3% (94.0-98.6)

98, 79.2% (75.4-82.9) 102, 77.4% (73.3-81.4) 103, 75.0% (69.0-81.0)
54, 87.4% (84.2-90.6) 61, 84.2% (80.3-88.1) 61, 84.2% (80.3-88.1)

57,52.0% (42.9-61.1) 57, 52.0% (42.9-61.1)
40, 63.1% (53.6-72.6) 41, 57.8% (44.7-71.0)

57, 52.0% (42.9-61.1)
41, 57.8% (44.7-71.0)

ranges, while categorical data were
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95% CI: 95% confidence interval; DFS: disease-free survival; MROS: melanoma-related overall survival.



ActaDV

ActaDV

3/5 S. Cazzaniga et al. "Melanoma prognosis and associated risk factors”

a) b) bicl
10 10 Breslow
e e e <1 mm
\\ —11-3.9mm
I 124 mm
08 Y 08 O <1 mm-censored
O 1-3.9 mm-censored
O 24 mm-censored
4 8 """"'-l.......1
o 06 [ '
] "‘\- =
2 ooeq, 2
2 ]
s &
3
g 0.4 E o4
o S
=]
0.2 0.2
0.0 0.0
0 5 10 15 20 25 30 [ 5 10 15 20 25 30
Time (years) Time (years)

Fig. 1. Kaplan—Meier plot of (a) disease-free survival (DFS) and (b) melanoma-related overall survival (MROS) according to Breslow thickness groups.

At 10 years, the overall DFS was 83.0% (95% CI
80.6—85.4), ranging from 95.3% (93.3-97.3) for Breslow
<1 mmto 79.2% (95% CI 75.4-82.9) for Breslow 1-3.9
mm, to 52.0% (95% CI1 42.9-61.1) for Breslow>4 mm.

On the other side, MROS was 89.2% (95% CI 87.2—
91.2), varying from 97.5% (95% C1 96.0-99.0) to 87.4%
(95% CI 84.2-90.6) and to 63.1% (95% CI 53.6-72.6)
for Breslow <1, 1-3.9 and>4 mm, respectively (Fig. 1).
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Semantic map connections

The results of semantic map analysis of demographics,
phenotypic, clinical characteristics and survival out-
comes in the study population are shown in Fig. 2.
There was a quite clear clustering of variables around
the main hubs of the system, which were Breslow thick-
ness <1 and>4 mm. Factors connected to high MM
thickness were older age (=70 years), positive SLNB

0664 ’
‘ }

i Fig. 2. Semantic map analysis
| of demographics, clinical
: characteristics and survival
B outcomes in the study
/' population. ALM: acral lentiginous
melanoma; DFS: disease-free

0.365 K survival; extr: extremities;
/ loc: localization; LMM: lentigo
maligna melanoma; NMM: nodular

P melanoma; MM: melanoma; MROS:
- melanoma-related overall survival;
np: not performed; SLNB: sentinel

lymph node biopsy; SSM: superficial

[ survival outcomes spreading melanoma.
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findings, presence of ulceration, NMM type and light skin
phototype (type I). Both DFS and MROS were in this
cluster and connected to positive SLNB and Breslow >4
mm. Patients with Breslow between 1 and 3.9 mm were
also in this cluster and linked with negative SLNB results,
NMM and safety distance > 10 mm.

In contrast, low MM thickness (<1 mm) was associa-
ted with absence of ulceration, SSM, especially on the
trunk and in males, acral lentiginous melanoma (ALM)
or lentigo maligna melanoma (LMM), safety distance
<10 mm, younger age (<40 years) and medium or dark
skin phototypes (type HI/IV).

Finally, patients with ALM or LMM tend to form a
specific subcluster connected to fair skin phototype (type
II), older age (=70 years) and localization on head/neck
or lower extremities, especially in females.

DISCUSSION

To our knowledge, this is the first study to show a broad
overview of factors associated with MM characteris-
tics and survival by using semantic map analysis. The
analysis confirmed the well-established strong asso-
ciations between high tumour thickness and positive
SLNB, as well as ulceration, NMM and fair skin type
(phototype I).

Breslow thickness is one of the most important factors
in the prognosis of MM patients (3, 9, 10). The semantic
map analysis pointed out a clear clustering of variables
around the main hubs of the system, which were repre-
sented by Breslow thickness groups. The current results
show close linking between Breslow thickness, age,
SLNB findings, skin type, MM subtype and prognosis
in patients with primary cutaneous MM, with a median
follow-up of > 10 years.

Concerning the other histopathological predictors,
besides Breslow thickness in patients with MM, the cur-
rent study could confirm the close linking between a low
Breslow (<1 mm) and the absence of ulceration, whereas
a higher Breslow (>4 mm) showed a close connection
with ulceration (correlation=0.716) (11, 12). However,
this study did not include other specific prognostic pre-
dictors, such as the MM mitotic rate or BRAF, NRAS,
HRAS oncogenes in the analysis.

Several prospective studies have shown and confirmed
the positive association between SLNB results and DFS
(3, 13, 14). One paper even stated the histopathology of
SLNB as the second important significant prognostic
factor of DFS (3). Similarly, in the current study, patients
with positive SLNB findings were directly associated
with thick MM (Breslow >4 mm) as well as with lower
MROS and DFS.

It was also found that ALM and LMM localized on the
lower extremities or the head/neck region, respectively,
were linked to older patients with Fitzpatrick’s skin type

Acta Derm Venereol 2023

II. A possible explanation could be the longer lasting
potential of ultraviolet damage in sun-exposed areas
in fair skin over time. A connection between ALM or
LMM, lower extremities and female sex was also found,
whereas males were more affected by SSM on the trunk,
although it remains unclear why this category of patients
is specifically affected.

Thin MM tends to correlate only mildly with age, in
contrast to thick MM, showing a higher prevalence in
older patients regardless of sex.

Furthermore, the current study showed that, especially
younger patients between age 40 and 54 years with a
higher Breslow thickness (1-3.9 mm), had a larger safety
margin (> 10 mm) in the surgical procedure. In addition,
SLNB removal was not performed in only 19.7% of all
1,110 patients, even if the Breslow thickness was less
than 1 mm in many more patients (41.8%). It should be
borne in mind that the guidelines and recommendations
for safety distance and SLNB removal changed over the
years and a younger age might also influence the radica-
lity and complexity of the procedure (15).

In the current study the overall DFS and MROS were
83.0% and 89.2% at 10 years, respectively. These es-
timates are in line with the results obtained from other
series (16—18), although pre-existing survival data at 15
and 20 years are missing due to the shorter follow-up
period (mostly 5—10 years) considered in other studies.
A possible limitation of this study was that the analysis
was mainly exploratory and specific hypotheses emer-
ging from the map should be better tested in further
ad hoc studies. The novel treatment options, such as
immune checkpoint inhibitors in advanced MM, have
revolutionized the prognosis and survival rate of patients
over time and could have influenced the current results
regarding survival rate. Another possible limitation
was the retrospective study design, which could have
introduced biases in the associations found. In addition,
we did not include comorbidities and level of lactate
dehydrogenase (LDH) of each patient, which could
have affected the course of the disease. Finally, this
study was planned as a single-centre initiative. Future
studies should focus on larger datasets from nationwide
or population-based cohorts and could also evaluate the
effect of treatment era and therapies prescribed using
the same methodology.

Overall, the current study presents a comprehensive
picture of the most relevant associations between pa-
tients’ demographics, phenotypic features, MM charac-
teristics and its prognosis in 1,110 patients followed up
for more than 20 years. Based on semantic map analysis,
this study identified the most relevant correlations for
this potential aggressive tumour and provide prognostic
information for the clinical management of patients in
the future.

The authors have no conflicts of interest to declare.
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