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Abstract

Background and aims. Malignant melanoma represents an aggressive and
unpredictable malignancy, with high locoregional recurrence rates, regardless of
tumor stage and therapeutic management. This study aims to identify the main
histopathological prognostic factors involved in the development of in-transit
metastasis in patients with malignant melanoma.

Methods. The study includes only patients that were diagnosed with malignant
melanoma and with histologically confirmed in-transit metastasis who were treated
in a comprehensive cancer center between 2010-2021. Histopathological parameters
were investigated, univariate and multivariate analysis was performed.

Results. A total of 26 patients were included in the analysis. On univariate
and multivariate analysis, only primary cutaneous melanomas located on the
thorax correlated with the risk of developing in-transit metastasis, whereas
clinicopathological factors such as an increased Breslow thickness and Clark level,
the presence of ulceration, positive lymph nodes, a non-brisk TIL density, a high
mitotic rate, a nodular subtype, and age >50 years may represent risk factors, even
though we could not find any correlations.

Conclusions. Primary cutaneous melanomas that arise on the thorax present a high
risk for the occurrence of locoregional disease, whereas other clinicopathological
characteristics could not be used to predict local recurrence. However, prospective
and more extensive cohort studies are needed in order to validate these important
prognostic factors.
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Introduction

Malignant melanoma, the cancer
of melanocytes, represents a highly
aggressive tumor with an incidence that
continued to rise in the past 30 years
[1]. Even though it is the least common
histological type, it is responsible for
the most deaths involving skin cancer,
accounting for up to 60% of skin cancer-
related deaths, primarily due to rapid
proliferation and metastasis, mainly
by lymphatic spread [2]. Moreover,
unfortunately, due to higher rates of
chronic sun exposure, either by direct
sunlight or wusing tanning salons,

malignant melanoma occupies the first
place in the United States regarding cancer
incidence among young people aged 20-
35 years [3,4]. In this regard, in countries
with the highest incidence, such as
Australia and the USA, numerous public
health campaigns were undertaken in
order to establish a more rapid diagnosis,
as prevention and rapid diagnosis of
high-risk patients remain the most
effective management of this disease [5].
However, in the last decade, the results of
the numerous randomized clinical trials
helped in developing new therapeutic
agents, such as mitogen-activated kinase
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and BRAF inhibitors for BRAF positive patients and
monoclonal antibodies (anti CTLA4, anti PDL1), used as
immunotherapy in non-resectable or metastatic melanoma,
managing to decrease the rates of mortality and improve
overall survival of these patients [6-11].

The most important prognostic factors include the
Breslow index, Clark scale, the presence of ulceration,
microsatellitosis, regression, and lymph node metastasis
[5]. Moreover, malignant melanoma is very aggressive,
managing to easily stimulate an immune reaction in the host
organism and being considered as the tumor with the highest
mutational load, harboring three main oncogenes: BRAF,
N-RAS, and c-Kit [12,13]. Therefore, the role of the immune
system has been investigated in recent years, as tumor
proliferation and progression are considered to be linked
to a series of complex interactions between the tumor and
the host’s immune response [14]. In this regard, the value of
tumor-infiltrating lymphocytes has gained much interest, and
the result of numerous studies confirmed that a peritumoral
brisk infiltrate correlates with a lower rate of lymph node
metastasis and improved overall survival [15-18].

Malignant melanoma can metastasize by
hematogeneous or by lymphatic pathway, the mortality
being related to the high potential of metastasis and the
visceral spread. Moreover, a unique feature of melanoma is
represented by the capacity of locoregional metastasis, with
the occurrence of in-transit or satellite metastasis. In-transit
metastasis is considered as the recurrence of the disease,
located between the primary tumor and the regional lymph
nodes, in the dermis or the subcutaneous tissue, isolated
or extensive, occurring with an incidence of 5-10%, and
having an unfavorable prognosis, with low survival rates
[19]. The physiopathology of this type of recurrence is not
entirely understood, but numerous studies concentrated
on identifying the main prognostic factors involved in the
development of the recurrence [19-23].

In this study, we analyzed 26 patients with pT3 and
pT4 malignant melanoma, with histologically confirmed
in-transit metastasis, who were treated exclusively in a
tertiary cancer center. The main objective was to evaluate
the main histopathological parameters as prognostic factors
for developing in-transit metastasis.

Methods

Patient selection and data collection

We analyzed patients with histologically
confirmed primary invasive malignant melanoma and
histologically confirmed in-transit metastasis that were
treated exclusively in our center, a tertiary cancer center
in Romania. We consulted the databases, which comprised
a number of 232 patients, over a period of 10 years,
January 2010-December 2020, and selected a number of
26 patients. The occurrence of in-transit metastases was
synchronous with the diagnosis in one case, whereas in
the other patients the recurrence appeared after a disease-

free interval. Clinical and histopathological parameters
were identified by analyzing the patients’ clinical records
and pathology reports. Malignant melanoma was staged
according to the latest American Joint Committee on
Cancer (AJCC-8th edition-2018) staging system, and
the treatment and follow-up of the patients were done
according to European Melanoma Guidelines (ESMO). The
patients were considered eligible for the study based on the
following inclusion criteria: (i) histologically confirmed
malignant melanoma; (ii) histologically confirmed in-
transit metastasis; (iii) patients that have undergone surgery
exclusively at our Cancer Center; (iv) patients with no
other cancers; (v) patients with adequate follow-up. Lymph
node status was evaluated by surgery, either by direct
lymph node dissection (LND) or by sentinel lymph node
biopsy (SLNB), and completed with lymph node dissection
if positive within two months maximum from the initial
diagnosis. All study participants provided informed
consent on admission, and all clinical information for each
patient was coded; finally, the study was approved by the
institutional ethical committee.

Pathology

Patient age, sex, and site of the primary tumor were
recorded from the clinical observation papers, and the
following features of the primary tumor were extracted
from the histopathology reports: histological subtype,
tumor thickness (Breslow index), Clark level of invasion,
mitotic rate (per mmz), presence or absence of ulceration,
TIL density grade, microsatellitosis, presence or absence
of regression, lymph node status, number of positive
lymph nodes, BRAF mutational status. BRAF mutation
was performed by analyzing the primary cutaneous tissue
sample. All pathology reports for the patients included in
the study were reviewed by another pathologist, and there
was 100% concordance with the databases.

Statistical analysis

Qualitative and quantitative data were described,
and an evaluation of the association between qualitative
variables was made by contingency tables, with absolute
frequencies and percentages on lines, respectively by
mosaic/bar graphs, and the existence of the association was
tested by the x2 test or the exact Fisher test. In the situation
where the relationship between dichotomous qualitative
variables was evaluated, indicators were used that quantify
the importance of the association: odds ratio, attributable
risk, with 95% associated confidence intervals. The
evaluation of the multivariate association was evaluated by
logistic regressions. For multivariate models, the presence
of multicollinearity was evaluated. The fit of the models
was evaluated with the Hosmer-Lemeshow test. The
model’s predictive capacity was evaluated by the overall
percentage of correct classification and the area under the
receiver operating characteristic. The results are expressed
with a 95% confidence interval. The Mann-Whitney U test
was used to assess whether there were differences between
two independent groups of quantitative data.
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Comparisons between groups targeting survival
data were made using the log-rank test. The hazard rate was
calculated for various explanatory variables to assess their
association with survival, using Cox regression, providing
the hazard ratio with the associated 95% confidence inter-
val. The presumption of proportional hazard was verified
graphically with Schoenfeld residuals and using a statisti-
cal test. For all tests, the value of 0.05 was used as a sig-
nificance threshold, and the bilateral p-value was taken into
account in the tests that provided it. The statistical environ-
ment for statistical calculations and graphs R version 4.0.2
was used for statistical processing.

Results

A number of 26 patients were included in the current
study. The median age of the patients was 60.5 years (46
- 64.75). Men were more frequently affected by the in-
transit metastasis than women, whereas the primary tumor
had a higher tendency to arise on the thorax and the legs.
Nodular histological subtype was the most common among
the cohort, whereas ulceration was present in more than
80% of the cases. Also, 50% of the patients were treated
by sentinel lymph node biopsy and 50% by complete
lymph node dissection. All clinicopathological features are
presented in table I.

Table I. Clinicopathological characteristics of the patients included in the study.

. . Number (%)
Characteristic (n=26)

Age (years), median (IQR)
Age >= 50 years (Yes vs. No)
Gender (Female vs. Male)

Histological type

Breslow, median (IQR)
Breslow >=4 (Yes vs. No)

Clark level

Ulceration (Yes vs. No)

Mitotic rate, median (IQR)

Mitotic rate >= 5 (Yes vs. No)
Perineural invasion (Yes vs. No)
Angiolymphatic invasion (Yes vs. No)
Regression (Yes vs. No)

TIL (brisk vs. non-brisk)
Microsatellitosis (Yes vs. No)

pT

pN
Lymph nodes number, median (IQR)

Positive lymph nodes number, median (IQR)
Positive lymph nodes (Yes vs. No)

BRAF

BRAF mutation type

Primary tumor site

Intervention type (CLND vs. SLNB)

60.5 (46 - 64.75)
19/26 (73.08)
9/26 (34.62)

acral: 3/26 (11.54)
nodular: 16/26 (61.54)
superficial spreading melanoma: 7/26 (26.92)
5(4-6)
20/26 (76.92)
3:6/26 (23.08)
4: 1126 (42.31)
5:9/26 (34.62)
21/26 (80.77)
8.5(6-15.75)
21/26 (80.77)
1/26 (3.85)
5/26 (19.23)
1/26 (3.85)
3/26 (11.54)
8/26 (30.77)
3a: 1/26 (3.85)

3b: 8/26 (30.77)

4a: 5/26 (19.23)

4b: 12/26 (46.15)

0:3/26 (11.54)
1:7/26 (26.92)
2:7/26 (26.92)
3:9/26 (34.62)
13 (7.75 - 20.75)
2(1-4)

23/26 (88.46)
Negative: 8/26 (30.77)
Positive: 13/26 (50)
V600E: 12/26 (46.15)
V600K: 1/26 (3.85)
Abdomen: 4/26 (15.38)
Lower limb: 9/26 (34.62)
Thorax: 10/26 (38.46)
Upper limb: 3/26 (11.54)

13/26 (50)
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Table II. Univariate analysis according to disease-free survival.

- HRunadJusted ©5%Ch | p |

Histological type (nodular vs. acral)
Histological type (superficial spreading melanoma vs. acral)
BRESLOW >=4 (Yes vs. No)

Ulceration (Yes vs. No)

Mitotic rate >= 5 (Yes vs. No)

TIL (non-brisk vs. brisk)

Positive lymph nodes (Yes vs. No)

BRAF (Positive vs. Negative)

BRAF mutation type (V600K vs. V600OE)
Localization (Lower limb vs. Abdomen)
Localization (Thorax vs. Abdomen)
Localization (Upper limb vs. Abdomen)
Intervention type (SLNB vs. CLND)

(0.48-5.96)  0.409
1.87 047-74) 037
1.06 (0.41-2.7)  0.906
0.84 (0.31-2.26)  0.725
1.17 (0.43-3.18)  0.758
2.52 (0.58-10.93)  0.218
1.29 (0.38-4.41)  0.686
1.1 (0.44-2.76)  0.844
0.71 0.09-5.71)  0.746
1.26 (037-422) 0713
4.15 (1.14-15.12)  0.031
2.86 (0.57 - 14.42)  0.203
0.6 (0.27-135) 0216

Table I11. Multivariate analysis according to disease-free survival.

| HRadjusted (95% CD)

Ulceration (Yes vs. No)

Mitotic rate >= 5 (Yes vs. No)

TIL (non-brisk vs. brisk)

Localization (Lower limb vs. Abdomen)
Localization (Thorax vs. Abdomen)
Localization (Upper limb vs. Abdomen)

On univariate analysis, only the primary tumor
site located on the thorax influenced the recurrence of the
disease, with an HR of 4.15 (95% CI:1.14-15.12, p=0.031),
whereas other clinicopathological characteristics did not
have a statistically significant impact. Also, on multivariate
analysis, patients with primary tumor site on the thorax
and the upper limb were more likely to develop an early
recurrence, as thorax localization with an HR of 5.41 (95%
CI:1.32-22.16) and upper limb localization with an HR of
5.29 (95% CI:0.89-31.3) were risk factors for developing
in-transit metastasis.

Discussion

This study shows that a primary invasive cutaneous
melanoma located on the thorax is strongly correlated
with the occurrence of in-transit metastasis. Other
clinicopathological characteristics showed no statistically
significant difference, probably due to the small number
of patients included in the study, as the incidence of
locoregional recurrence is low, accounting for less than
10% of the cases.

The Breslow index remains the most important
prognostic factor, and depending on it, the management
of the disease is guided, according to NCCN and ASCO
recommendations [24,25]. A Breslow index >4 mm

1.06 (0.36 - 3.13) 0.92
0.77 (0.25 - 2.36) 0.644
3.63 (0.71 - 18.59) 0.123
1.74 (0.46 - 6.63) 0.416
5.41 (1.32-22.16) 0.019
5.29 (0.89 - 31.3) 0.066

was correlated with a high risk of developing in-transit
metastasis in our study. However, other clinicopathological
parameters are also considered as independent prognostic
factors in malignant melanoma. Age, in a study including
2268 patients, represents an independent factor for
prognosis, as older age is correlated with a lower risk
of lymph node metastasis, but with a higher rate of
locoregional recurrence, in comparison with young patients
that present a higher risk of lymph node metastasis, but
with a favorable prognosis [26]. In another study on 849
patients, authors observed that patients over 65 years
old presented with a higher tumoral stage, therefore
age influenced the prognosis directly, especially for
patients with numerous comorbidities that might have
had relative or absolute contraindications for performing
a radical treatment, both by surgery or by chemotherapy
[27]. Also, gender represents another clinical feature that
was incriminated as an important prognostic factor. Over
time, numerous studies were conducted; Mervic et al., in
a study including 7738 patients, observed that men had a
higher probability of developing lymph nodes and distant
metastasis, with lower overall survival than females.
Moreover, women had a lower rate of distant metastasis
but a higher rate of in-transit metastasis, concluding that
hormonal or immunological factors may be responsible
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for these differences [28]. In our study, a large proportion
of the patients were over 50 years old (73.08%), which
concurs with the existing data in the literature, whereas the
male gender was more affected by the recurrence compared
to females.

The site of the primary tumor may also play an
essential role in developing locoregional recurrence.
Therefore, the lymphatic drainage may be responsible for
differences in the behavior and prognosis of melanoma, as
the number of lymph nodes to be passed until entering the
bloodstream could be a weapon of the organism against
tumor cells [28]. In our study, the most frequent primary
site was the thorax, thus a shorter lymphatic pathway;
therefore, we found a strong correlation, statistically
significant, between the primary tumor site on the thorax
and the recurrence, which may validate the hypothesis
mentioned above.

There are four different histological subtypes of
cutaneous malignant melanoma, the superficial spreading
subtype being the most common. On the other hand, the
nodular subtype is the most aggressive, being correlated
with a higher rate of lymph node metastasis, a higher risk
of recurrence, and a lower overall and disease-free survival
[29]. After data analysis, we observed that 61.54% of the
patients presented with a nodular histological subtype and
in-transit metastasis; therefore, even if we did not find a
statistically significant correlation, the nodular subtype may
be an independent risk factor for developing locoregional
metastasis, both in-transit and lymph nodes.

Ulceration represents another crucial prognostic
factor, being included in the TNM classification of
malignant melanoma since 2009, its presence upstaging the
tumor [14]. Several studies validated Balch’s hypothesis,
formulated in 1980, namely that the dimension of the
ulceration is correlated with the overall survival [30]. More
specifically, Haut et al. stratified the extent of the ulceration
(extended if >70% or moderate / minimum if <70%) and
demonstrated that the presence of extended ulceration had
a negative impact, influencing the prognosis and being
correlated with lower overall survival [31]. Moreover, in
2 clinical trials regarding adjuvant therapy for melanoma,
ulceration was investigated as a prognostic factor. The result
showed that adjuvant therapy correlated with improved
recurrence-free survival and overall survival in patients
with ulceration compared with patients without ulceration.
Ulceration was present in 21 patients included in our study
but without being directly correlated with the occurrence of
in-transit metastasis.

Tumor-infiltrating lymphocytes have gained much
interest in the past ten years, as melanoma is considered an
immunogenic tumor, quickly stimulating immune responses
and easily escaping immune surveillance through different
mechanisms. Numerous studies confirmed the independent
prognostic value of TILs in malignant melanoma, and
classification was elaborated: brisk, non-brisk, or absent

[32]. Therefore, studies have demonstrated that a non-brisk
or absent peritumoral lymphocytic infiltrate correlates
with a high rate of lymph node metastasis and low overall
survival, as due to the heterogeneity of lymphocytes,
immune surveillance is realized when present [16,17,33].
Moreover, the recent findings highlight the close relationship
between the evolution of the tumor, the immune response
of the host, and the tumor microenvironment, facilitating
the use of TILs as potential therapeutic agents [15]. Thus,
as expected, a non-brisk infiltrate was present in 88.46%
of the cases, however, without being correlated with the
occurrence of locoregional metastasis. BRAF oncogene, a
serine-threonine kinase, the most common genetic alteration
in melanoma, was also identified in 50% of the patients and
it may contribute to developing in-transit metastasis; we
could find no studies in the literature on this subject, but in
the future, this hypothesis may be investigated on a larger
cohort of patients.

Surgical technique was also incriminated as being
a risk factor for developing locoregional recurrence. The
principles of a complete surgical resection are well defined,
as resection margins should be appropriate in order to
avoid and also decrease the risk of local recurrence. The
conclusions of several randomized clinical trials helped
define a consensus regarding the appropriate surgical
margins according to the stage of the tumor [24,34-36].
Moreover, a hypothesis was raised whether to perform
a sentinel lymph node biopsy (SLNB) or complete
lymph node dissection (CLND) to avoid a higher risk of
developing in-transit metastasis. Thus, it is believed that in-
transit metastasis results as an embolus from the tumor cells
that becomes entrapped in the dermal lymphatic vessels,
leading to local recurrence within a variable length of time
[37]. Cerovac et al. included 972 patients in a study and
observed that only 7.9% developed locoregional recurrence
(3.7% in-transit metastasis); the authors concluded that
there was no difference between the two types of lymph
node dissection, as the recurrence correlated only with
aggressive tumor biology, depending on the Breslow
thickness and lymph node metastasis [38]. Another study
conducted by Pawlik included 1395 patients with malignant
melanoma who underwent sentinel lymph node biopsy;
17.3% of the patients developed disease recurrence, and
a small proportion (6.6%) developed in-transit metastasis.
The authors concluded that the overall incidence of in-
transit metastases in patients undergoing SLNB was
low and independent predictors of in-transit metastasis
included age >50 years, a lower extremity location of the
primary tumor, Breslow thickness, ulceration, and positive
sentinel lymph nodes metastasis [19]. Also, Almiron et
al. carried out a prospective study, including 404 patients
with cutaneous melanoma. Twenty-eight patients (6.9%)
developed in-transit metastasis, but without being linked
to the approach of the surgical treatment (no statistically
significant differences for patients that underwent SLNB),
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