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Risk factors for positive sentinel lymph node, lymphatic or
hematogenous dissemination over time in
patients with cutaneous melanoma
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Abstract. The aim of the present study was to assess the
influence of localization, age or sex and histopathological
characteristics upon the chance of developing lymphatic
or hematogenous metastatic spread over time, or a positive
sentinel lymph node in cutaneous melanoma patients. Patients
from the Department of Dermatology, County Emergency
Hospital Cluj-Napoca (Cluj-Napoca, Romania), presenting
with cutaneous melanoma confirmed histopathologically
and a SPECT/CT or lymphoscintigraphic examination to
detect the sentinel lymph node, were included in the present
study. Our results revealed that Breslow index >2 mm [odds
ratio (OR)=4.22, 95% confidence interval (CI) (1.12; 15.93)],
presence of ulceration [OR=6.01, 95% CI (1.87; 19.35)], and
positive sentinel lymph node [for at least one sentinel lymph
node OR=3.58, 95% CI (1.06; 12.04)] were risk factors for
hematogenous metastases. All these, except for the Breslow
index >2 mm, were demonstrated to be a risk factor for
lymphatic spread metastases over time. Ulceration and male
sex also represented risk factors for a positive sentinel lymph
node, men having a higher risk of developing sentinel lymph
nodes than women [adjusted OR=2.27, 95% CI (1.00; 5.13)].
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In conclusion, the predictors that influence the occurrence of
lymphatic or hematogenous metastases may differ, ulceration
and positive sentinel lymph node being common for both types
of metastatic spread, while Breslow index being a significant
predictor only for hematogenous metastases. Male sex and the
presence of ulceration were demonstrated to be significant risk
factors for positive sentinel lymph nodes.

Introduction

Melanoma, a malignant tumor derived from melanocytes,
which are cells residing mainly in skin, represent up to 5% of
all cutaneous cancers. The incidence and mortality of mela-
noma are high due to lymphatic and hematogenous metastatic
spread (1,2). Out of almost 325,000 new cases in 2020 world-
wide, approximately 150,000 of these were only in Europe,
with more than 1,500 reported only in Romania (3). The data
suggests that the high incidence in Romania could be due to
the fact that patients are being diagnosed in advanced stages
of disease, with loco-regional and distant metastatic spread at
the time of diagnosis (4). Australia and New Zeeland remain
the areas with the highest incidence of melanoma. This type of
cancer is the third in incidence after prostate and breast cancer
in regions with the highest incidence (3).

Several factors could significantly influence the presence of
local or distant melanoma metastases. Among these, previous
studies have demonstrated that age (5-7), sex (8), Breslow
index (6,7), location of lesion (7), and ulceration (6,7) influence
the prognosis of loco-regional spread and distant metastases.
Older age and male sex are factors that have a negative impact
on the prognosis of metastases (5-8). Calomarde-Rees et al
reported a hazard ratio (HR) of 1.9 for subjects over 55 years
for lymphatic metastases (5). Mervic (8) revealed that the
10-year probability for developing metastases from the
diagnosis of the primary tumor was 22.8% [95% confidence
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interval (CI) (20.9; 24.7)], where 95% CI denoted the lower
and upper bounds of the 95% CI] for men when compared to
women [16.9%; 95% CI (15.4; 18.4); P<0.001]. Other factors
that could influence the metastatic prognosis, include mitotic
rate, vascular invasion, the number of tumor-infiltrating
lymphocytes (5), regression and the immunological mecha-
nisms behind it (5,9), genetic (5) or neuroendocrine factors,
although the latter are being studied in nonmelanoma skin
cancer (10).

The principles of staging and managing patients
with melanoma were updated in 2021 by the National
Comprehensive Cancer Network (NCCN) (11). Histo-
pathologically, the Breslow index, which represents the depth
of a melanoma lesion from the cutaneous surface (granulous
layer) to its deepest point, is one of the most important
prognostic factors for metastases (6,7). Tumor stages of TNM
classification are based on this Breslow index and ulceration
detected histopathologically (11). According to the Breslow
index, thin lesions are <1 mm thickness, so-called intermediate
lesions vary from 1.01-4 mm thickness, whereas thick lesions
are >4 mm thickness (11). Calomarde-Rees et al revealed an
HR of at least 11.1 higher if Breslow was >2 mm [95% CI
(4.2-29.4); P<0.001] in developing hematogenous metastases
and an HR of 8.5 higher [95% CI (4.3-16.8); P<0.001] of
developing lymphatic metastases (5). Furthermore, they
reported an HR of at least 9.3 higher if Breslow was >4 mm
to develop hematogenous metastasis [95% CI (3.5; 24.6);
P<0.001] and an HR of 5.4 higher to develop lymphatic
metastasis [95% CI (2.4; 12.4); P<0.001].

The first lymph node involved in the metastatic process
is known as the sentinel lymph node (12,13). Its implication
is the most important prognostic factor of metastatic involve-
ment of the other regional nodes (14). In addition, the staging,
treatment and follow-up differ with the status of the sentinel
lymph node (11). The sentinel lymph node can be detected
using intradermally injected tracers near the site of the scar
during an excisional biopsy of the primary lesion (or an inci-
sional biopsy in case of a large primary tumour or special
location of the tumour, such as the face, ear or acral site), or
during the wide local excision (WLE) procedure. The tracers
migrate via lymphatic vessels towards the sentinel lymph node,
allowing adequate identification and enabling sentinel lymph
node biopsy (SLNB) (15,16). Identification of the sentinel
lymph node is achieved by lymphoscintigraphy or single posi-
tron emission computed tomography/computed tomography
(SPECT/CT), the latter being superior to planar imaging in
the number, anatomical localization and presence near the
injection site of the sentinel lymph nodes detected (17,18).

Only a few studies published in the scientific literature
have evaluated the prognostic factors of metastasis in mela-
noma patients; the interest being driven towards metastasis in
the sentinel lymph node as a particular location (19-23) and
towards prognostic factors of overall or melanoma-specific
survival (14,24,25).

The primary objective of the present study was to evaluate
the association between age, sex, tumor localization or
histopathological characteristics and the risk of developing
metastasis (overall and by type of spread) in cutaneous
melanoma patients. The secondary objective was to assess the
risk for positive sentinel lymph nodes.

Materials and methods

Study design and setting. An observational, longitudinal,
retrospective cohort study was conducted on patients
diagnosed with melanoma from January 2008 to December
2017, at the Department of Dermatology, County Emergency
Hospital Cluj-Napoca (Cluj-Napoca, Romania), a regional
tertiary medical centre. The investigated data were collected
from the medical charts, and in our statistics only the patients
that had received medical care from the physicians involved in
the present study were included. Patients provided informed
consent for the use of their data. The present study was
approved by the Ethics Committee of the ‘Iuliu Hatieganu’
University of Medicine and Pharmacy (approval no. 106 from
April 15, 2019) and also by the County Emergency Hospital
Cluj-Napoca (approval no. 14233/22.05.2020).

Participants. A total of 143 patients aged 18 to 84 years
with cutaneous melanoma lesions, having a SPECT/CT or
lymphoscintigraphic examination, and a histopathological
result for the melanoma lesions and sentinel lymph nodes were
eligible for the study. Patients with non-cutaneous melanoma
and patients who were treated by physicians who did not agree
with their inclusion in the study were excluded.

Outcomes and predictors. The primary outcome of the present
study was the metastasis status over time (e.g., present/absent).
Over time metastasis was defined as any metastasis identified
no earlier than 6 months from the diagnosis and confirmed
histopathologically (when possible) and by imaging methods
alone (when histopatology was not possible). The type of
metastasis (e.g., metastasis by lymphatic or hematogenous
pathway, each defined as present/absent), and the sentinel
lymph node status (defined as positive or negative) were the
secondary outcomes.

The following predictors were evaluated: The sex, the
age at diagnosis, the primary lesion location (classified by
the four regions: Head and neck, trunk (implies truncal,
abdominal, or pelvic sites), upper limbs and lower limbs),
Breslow index, the presence of ulceration (collected from the
histopathological report), the presence and type of metas-
tasis, the presence of a positive sentinel lymph node, as well
as the number and localization of sentinel lymph nodes. The
histopathological evaluation was performed by the same
doctor, a pathologist experienced in melanocytic neoplasms
with a standard checklist report (26). Data of the thickest
lesion was used whenever more than one lesion was present
in the same patient. Lymphatic metastases were evaluated
over time and included in-transit metastases, regional or
distant lymph node metastases detected by ultrasound, and
confirmed histopathologically from 6 months to 9 years
from WLE and/or elective lymph node dissection (ELNB).
Hematogenous metastasis was considered as local recur-
rence and distant metastasis to any other location that did
not involve lymphatic sites mentioned before, that appeared
in time (from 6 months to 9 years from diagnosis) and was
detected on follow-up imaging. Not all of the distant metas-
tases had a histopathological confirmation due to absolute
imagistic evidence or impossibility to obtain a biopsy (due to
logistics, site, or refusal of the patient).
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Statistical analysis. The binomial logistic regression analysis
was used to identify predictors independently associated with
melanoma metastasis, types of metastasis, and positivity of
sentinel lymph nodes. The effects of each predictor on the
primary and secondary outcomes were expressed as crude
odds ratio (OR) with their 95% CI (values provided in square
brackets in the Tables I-1V).

Descriptive statistics including the mean + standard
deviation, median and interquartile range (IQR) and frequency
(%) were used to describe the continuous and nominal/ordinal
variables. Chi-square (with or without correction) or Fisher's
exact test was used to assess whether nominal predictors had
different distributions for the metastasis vs. non-metastasis
groups, lymphatic metastasis vs. non-lymphatic metastasis
groups and bloodstream metastasis vs. non-bloodstream
metastasis groups. Student's t-test or Mann-Whitney test were
used to identify significant differences in distributions of
continuous variables on the aforementioned groups.

All statistical analysis was performed with IBM SPSS
Statistics for Windows program (version 25.0; IBM Corp.).
P<0.05 was considered to indicate a statistically significant
difference.

Results

Patient characteristics. A total of 143 patients aged 18 to
84 years were included in the present study, specifically,
65 men (45%) and 78 women (55%). The demographic, clinical,
and histopathological characteristics of the studied patients
are provided in Table I.

Lesion characteristics. The most common primary lesion
localization was the trunk (including the thorax, abdomen or
pelvis), followed by the inferior limbs (including the buttocks
as well as the toes), the superior limbs (including the shoulders
and fingers) and fewer lesions were located in the region of the
head and neck (Table I).

Hematogenous metastases over time were located in the
lungs (24.5% of all metastases), brain (12.2%), liver (10.2%)
and a few were also located in the bone (6.1%), spleen (2%)
and adrenal glands (2%), whereas 4.1% represented local
recurrence (data not shown).

The demographic, clinical, and histopathological variables
stratified by type of metastasis are presented in Table II. The
results of the bivariate analysis revealed that metastasis over
time by lymphatic pathway and metastasis by hematogenous
pathway were significantly associated with the presence of
ulceration and the presence and number of positive sentinel
lymph nodes. Neither metastasis by lymphatic pathway, nor
hematogenous spread metastasis were associated with sex,
age, or anatomic localization (P>0.05).

Univariate logistic regression analysis identified the pres-
ence of ulceration and the number of positive sentinel lymph
nodes as independent risk factors of metastasis and metas-
tasis type in patients with cutaneous melanoma (Table III).
Concurrently, Breslow's thickness in millimeters was an inde-
pendent predictor only for metastasis by the hematogenous
pathway (P<0.05). Patients with a Breslow thickness between
2-4 mm had a 5.7-fold higher risk for metastasis and a 4.2-fold
higher risk for metastasis by the hematogenous pathway

Table I. Characteristics of the patients.

All samples

Variables (n=143)
Age, years® 56 [41; 64]
Sex®

Male 65 (45.5)
Anatomic localization®

Trunk 59 (41.3)

Lower limbs 46 (32.2)

Upper limbs 25 (17.5)

Head and Neck 13 (9.1)
Breslow thickness, mm (continuous)* 22[1.5;3.0]
Breslow thickness, mm (categorical)®*

<1.00 10 (7.0)

1.01-2.00 52 (36.4)

2.01-4.00 64 (44 .8)

>4.00 17 (11.9)

Ulceration, yes® 60 (42.0)
Sentinel lymph node status®

Positive 31 (21.7)
Number of positive sentinel lymph nodes®

0 112 (78.3)

1 21 (14.7)

=2 10 (7.0)

“Numerical summaries were expressed as the median and interquar-
tile range [Q1; Q3]; Q1=first quartile; Q3=third quartile. "Numerical
summaries were absolute (number) and relative frequencies (%).
“Two patients diagnosed with in sifu melanoma. “Data were missing
for 5 patients. n, number of patients.

(Table IIT). Age =55 years, sex, and anatomic localization were
not statistically significantly associated neither with the pres-
ence nor with the type of metastasis (P>0.05).

Univariate logistic regression analysis identified male sex
and the presence of ulceration as independent risk factors
for the positivity of sentinel lymph nodes in patients with
cutaneous melanoma (Table IV).

Discussion

The results revealed that some of the evaluated predictors
influence the presence of all types of metastases. Some
factors, but not all, influence the presence of lymphatic spread
metastases over time (such as ulceration and positive sentinel
lymph node), and certain of them do influence the presence
of hematogenous spread metastases in time (such as Breslow
index, ulceration, and positive sentinel lymph nodes). Male
sex and the presence of ulcerations were demonstrated as
significant predictors for positive sentinel lymph nodes.

Cherobin et al (7) also revealed that male sex, nodular
melanoma, a Breslow >1 mm, and the presence of ulceration
were factors that increased the risk of metastasis of any type,
lymphatic or hematogenous.
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Table III. Logistic regression models for metastatic risk in patients with cutaneous melanoma.

All type of
metastasis status

Stratification of
lymphatic spread
over time metastasis

Stratification of
hematogenous
spread metastasis

Variables Crude OR [95% CI] Crude OR [95% CI] Crude OR [95% CI]
Age, years
<55 1 [Reference] 1 [Reference] 1 [Reference]
>55 1.29 [0.50; 3.28] 0.93[0.22; 3.87] 1.55[0.56; 4.25]
Sex
Female 1 [Reference] 1 [Reference] 1 [Reference]
Male 1.73 [0.68; 4.42] 1.21[0.29; 5.05] 1.59[0.59; 4.30]
Anatomic localization
Trunk 1 [Reference] 1 [Reference] 1 [Reference]
Lower limbs 1.14 [0.38; 3.43] 2.7110.48; 15.52] 1.11 [0.35; 3.58]
Upper limbs 1.2110.33;4.47] 1.19[0.10; 13.73] 1.42[0.38; 5.34]
Head and Neck 1.16 [0.23; 6.23] 2.38 [0.20; 28.36] 0.62 [0.07;5.52]

Breslow thickness, mm (categorical)
<2.00

1 [Reference]

2.01-4.00 5.69[1.55;20.93]*

>4.00 7.39[1.45;37.69]*
Ulceration

Absent 1 [Reference]

Present 5.67[1.95; 16.54]*

No. of positive sentinel lymph nodes
0
1
=2

1 [Reference]
5.10 [1.67; 15.57]
6.80 [1.64; 28.19]

1 [Reference]
1.53[0.25;9.45]
7.75[1.17;51.45]°

1 [Reference]
10.83 [1.30; 90.55]*

1 [Reference]
6.06 [1.13; 32.377°
9.08 [1.32; 62.45]

1 [Reference]
422[1.12;15.93]°
7.39[1.45;37.69]*

1 [Reference]
6.01[1.87;19.35]*

1 [Reference]
3.58 [1.06; 12.041°
7.63[1.81;32.10]

Statistical significance was obtained when P<0.05. The degree of statistical significance was denoted by *P<0.01 and "P<0.05. Crude ORs were

obtained by binomial logistic regression analysis. OR, odds ratio; CI, confidence interval.

Metastases differ by timing and type based on sex with
women exhibiting more advantages in each of these, as
revealed by Mervic (8). The advantages over men consist of
a longer period until the appearance of metastases, and the
development of loco-regional metastases than distant ones. In
the present study, differences between sexes were only found
regarding the occurence of a positive sentinel lymph node,
men having 2.3-fold higher risk of developing sentinel lymph
nodes than women.

In the present study, significant factors associated with the
occurrence in time of all types of metastases were a Breslow
thickness >2 mm, the presence of ulceration, the presence of
a positive sentinel lymph node, even if only one was affected.
In contrast to the study by Calomarde-Rees et al (5), in our
study, age, sex and anatomic location were not significantly
associated with the presence of metastases overall.

For the independent predictors, the risk for metastases
nonetheless was high. If ulceration was present, for example,
there was a 5.67-fold higher risk for metastases of any type.

Brauer et al (27) reported that the presence of ulceration
and increased Breslow index appeared more often in patients
who developed metastasis <3 years after complete therapy,

whereas the others tended to develop metastases only >8 years
after complete therapy. In addition, they observed a difference
in the prognosis of patients with truncal, head, and neck mela-
noma, as opposed to those developing lesions on extremities,
the latter being less likely to develop metastases (23).

In the present study, the location of the primary lesion
was not determined to be a significant factor, considering
that localization remains controversial (7,28). Head and neck
melanoma was associated with hematogenous metastases (29),
but this was neither supported by our results nor by the results
of Cherobin et al (7).

As a physiopathological mechanism, there are three
models of spread in melanoma metastases, proposed by
Morton et al (14), Medalie and Ackerman (30) and Clark (31).
The study by Morton et al (14) suggests a sequential spread of
metastasis, first lymphatic and then via the bloodstream, after
some time. Medalie and Ackerman (30) suggest that metastasis
happens both ways concurrently, whereas Clark (31) suggests
that there may be lesions that spread only by the lymphatic
pathway and others only via the bloodstream.

The risk of lymphatic metastasis over time was increased
almost 1.5-fold if there was more than one sentinel lymph node
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Table IV. Risk factors for sentinel lymph node positivity
(regression results).

Variable Crude OR [95% CI]
Age groups

<55 years 1 [Reference]

=55 years 0.84 [0.38; 1.87]
Sex

Female 1 [Reference]

Male 2.27[1.00; 5.13]*
Anatomic localization

Trunk 1 [Reference]

Lower limbs 0.37[0.13; 1.03]

Upper limbs 0.62 [0.20; 1.91]

Head and neck 0.74 [0.18; 3.03]
Breslow thickness, mm (categorical)

<2.00 1 [Reference]

2.01-4.00 1.80[0.75; 4.34]

>4.00 2.70 [0.76; 9.60]
Ulceration

Absent 1 [Reference]

Present 2.74 [1.21; 6.22]*

Statistical significance was obtained when P<0.05. The degree of
statistical significance was denoted by “P<0.05.

detected at the time of diagnosis. In contrast, the risk of hema-
togenous spread metastases increased even higher if there
was more than one sentinel lymph node detected. This may
reveal the fact that once the lymphatic drainage is affected,
it is not necessary to have hematogenous dissemination, and
could provide more credence to the mechanisms suggested by
Morton et al (14) or Clark (31).

Calomarde-Rees et al (5), in a retrospective study, reported
the following factors associated with lymphatic spread: Age
>55 years, the presence of a tumor in the head, neck and acral
region, Breslow thickness >4 mm, or the presence of vascular
invasion in the histopathological evaluation.

Breslow index was not identified in our present study as an
independent predictor for lymphatic spread metastases, which
appear over time, whereas the presence of ulceration, presence
of a positive sentinel lymph node (at least one) were indepen-
dent predictors for lymphatic spread metastases over time.

Breslow >4 mm, absence of regression, and some genetic
mutations were reported as being associated with hema-
togenous spread (5). In the present study, Breslow thickness
>2 mm, presence of ulceration, presence of at least one
positive sentinel lymph node were independent predictors for
hematogenous spread metastases.

Local recurrence has been classified as hematogenous
recurrence, as the literature suggests (32).

The second objective of our study revealed that the male
sex and the presence of ulceration were risk factors for posi-
tive sentinel lymph nodes. Tejera-Vaquerizo et al (6) also
revealed that male sex, ulceration, lentigo maligna melanoma

histopathological type, Breslow thickness =0.8 mm and Clark
levels IV and V were factors that shortened the disease-free
interval, whereas only Breslow thickness and a number of
mitoses =2 per mm? were predictive factors of the positive
sentinel lymph nodes on patients with thin melanoma.

Sentinel lymph nodes can be a prognostic factor for
metastases that appear after a period of time from diagnosis,
through the lymphatic system (lymphatic) or through blood
(hematogenous); some other factors that can also influence the
metastasis to lymph nodes include age and lymphovascular
invasion detected histopathologically in melanoma samples,
as Egger et al (19) described in a retrospective study on T2
melanoma patients, with data from the National Cancer
Database records from 2010 to 2015. An inverse relationship
between age and risk of a positive sentinel lymph node and a
powerful relationship between the presence of lymphovascular
invasion present in the histopathological report and high risk
of metastatic lymph nodes were reported by Egger et al (19).
Other studies revealed that age was also a predictive factor for
sentinel lymph node metastatic invasion (28,33).

In our study, age was not revealed to be a predictive factor
for positive sentinel lymph nodes, however the male sex exhib-
ited a 2.27-fold higher risk of having a positive sentinel lymph
node at diagnosis than the female sex. Ulceration exhibited
a 2.74-fold higher risk of having a positive sentinel lymph
node as well. White et al (34) revealed an association between
trunk melanoma and metastasis to the sentinel lymph nodes,
whereas Callender et al (35) found that primary melanomas
of the upper limbs were thinner and had the best survival rate,
with a possible explanation being that these lesions are in a
more exposed area, visible for inspection of patients which
present earlier to the dermatologist.

A limitation of the present study was that it was conducted
in a single tertiary care hospital, thus, the external validity
of the assessed patients may be limited. Wide confidence
intervals that can be explained by the presence of few events
relative to candidate predictors were also observed. The results
were statistically significant, however, their significance should
be interpreted with caution. As with any observational study,
unobserved confounding variables are known to be a threat to
the internal validity of a study.

Another limitation of the present study was the small
number of patients without metastases, having thin (8.2%) and
thick (9.8%) melanoma, with the majority of patients having
lesions with a Breslow index between 1.01 and 4.00 mm (82%).
The same issue stands for patients with metastases and thin
melanoma (0%), thick melanoma (23.8%) and intermediate
melanoma (76.2%), with the majority of patients (66.7%)
having lesions between 2.01-4.00 mm. Despite these factors,
the results were statistically significant. Therefore, due to
the distribution of the characteristics of patients, the risk of
having a lesion >1 mm, as opposed to those having lesions
<1 mm, was not feasible in our study due to the small number
of patients that fit the latter criterion.

The present results were statistically significant, rein-
forcing the results previously published in scientific literature.

It is important to know which factors influence each
type of metastasis, since this affects the follow-up of the
patients. Knowledge of the factors that influence the type of
metastasis could help with individual healthcare management
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options, saving time in orienting the treatment and follow-up
of a patient.

In conclusion, Breslow index, ulceration, and positive
sentinel lymph nodes were demonstrated as significant factors
for hematogenous metastases, whereas only ulceration and
positive sentinel lymph nodes were significant for lymphatic
metastases over time. In addition, ulceration and male sex
were revealed to be prognostic factors for positive sentinel
lymph nodes.
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