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Abstract: Intermediate-thickness melanomas display highly variable outcomes influenced by both
clinical and histopathological characteristics. This study investigates several clinicopathological
prognostic factors for pT3 cutaneous melanomas, focusing on a novel parameter, the width of invasion.
This is a retrospective study of 49 patients diagnosed with cutaneous melanoma between 2012 and
2018 who were followed up for at least five years. We evaluated the age, gender, tumor location,
Breslow depth of invasion, width of invasion, mitotic index, the presence/absence of ulceration,
regression, microsatellites, lymphovascular invasion, and perineural invasion for their association
with disease progression and survival. Cox univariate analysis revealed that progression-free survival
(PFS) was significantly associated with age, depth of invasion, width of invasion, lymphovascular
invasion, microsatellites, and perineural invasion. Overall survival (OS) was significantly associated
with age, depth of invasion, width of invasion, microsatellites, and perineural invasion. Through
multivariate Cox proportional hazards regression, the only factor associated with both PFS and
OS was the width of the invasion. This is one of the few studies to assess the width of invasion
and we have demonstrated that this parameter could become an important prognostic factor for
cutaneous melanomas.
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1. Introduction

Cutaneous melanoma is a highly aggressive malignancy, causing the vast majority
of skin-cancer-related deaths and displaying rising incidence globally [1]. Nevertheless,
the prognosis has improved significantly due to advances in treatment options [2]. In this
context, early diagnosis and prompt identification of adverse prognostic factors are of the
utmost importance for choosing the best therapeutic approach.

Cutaneous melanoma progression can be unpredictable and is influenced by several
clinical and histopathological factors. The most frequently discussed clinical prognostic
factors for cutaneous melanoma are age, gender, and the location of the primary tumor.
However, their prognostic value is still a matter of debate. Some studies correlated older
age and male gender with decreased survival [3–5], while others found no association [6,7].
The primary location of the melanoma also has debatable prognostic value, but it appears
location on the lower limbs is associated with a more favorable outcome [8] in comparison
to an acral location [9] or head and neck location [10].

Among the histopathological prognostic factors, the Breslow depth of invasion re-
mains the most significant and is used to stage cutaneous melanomas [11]. Patients with
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thin cutaneous melanomas (pT1, with Breslow depth less than 1 mm, and pT2, with Bres-
low depth between 1 and 2 mm) usually have excellent prognosis and patients with thick
melanomas (pT4) still present high mortality rates. In contrast, patients with intermediate
thickness (pT3) display highly variable outcomes [12]. In addition to the Breslow depth of
invasion, other factors influence the prognosis of primary cutaneous melanomas, includ-
ing ulceration, mitotic count, regression, microsatellites, lymphovascular invasion, and
perineural invasion [12–16]. Recent research has shown that a new parameter, the width
of invasion, could also be an independent prognostic factor [17,18], but the evidence is
still limited.

In this context, we conducted a study on the aforementioned clinical and histopatholog-
ical prognostic factors, including the width of invasion, for evaluating the progression-free
survival (PFS) and overall survival (OS) in primary cutaneous melanomas with depth of
invasion between 2 and 4 mm (pT3).

2. Materials and Methods
2.1. Study Participants

This is a retrospective study analyzing 49 cases of with primary cutaneous melanomas
diagnosed at the University Emergency Hospital of Bucharest, Romania, between 2012
and 2018. The sample initially included all the cases of intermediate-thickness melanomas
(n = 58) diagnosed at the University Emergency Hospital of Bucharest during the study
period, but 9 were excluded because no follow-up was available. The cases meeting the
inclusion criteria were identified by performing a retrospective chart review. The criteria of
inclusion were:

# Patients with pT3 cutaneous melanomas (Breslow depth between 2 and 4 mm) con-
firmed by histopathological analysis, regardless of lymph node invasion;

# Patients with whole-body CT scans after the initial diagnosis to evaluate metastatic spread;
# Patients were followed-up for at least five years, or until death if it occurred sooner,

in order to evaluate the PFS and OS. PFS was defined as the time in months between
the date of the initial diagnosis and the date of metastasis diagnosis. OS was defined
as the time between the date of the initial diagnosis and the demise of the patient.

This study received the approval of the Ethics Committee at the University Emergency
Hospital of Bucharest, Romania. The study followed the principles of the Helsinki Declara-
tion. In order to be included in this study, every patient included in this research signed an
informed consent form.

2.2. Histopathological Analysis

Standard histopathological methods were used to process the tissue samples. At the
beginning of the study, two pathologists (A.V.D. and D.A.T, .) examined all the slides to
reconfirm the cutaneous melanoma diagnosis and evaluate the depth and width of the inva-
sion. The invasion width was measured as the distance between the two outermost invasive
melanoma cells in a plane approximately parallel to the epidermis and perpendicular to the
Breslow depth axis (Figure 1), according to the method described by Saldanha G. et al. [17].
TMN staging was determined by consulting the eighth edition of the cancer staging manual
of the American Joint Committee on Cancer (AJCC) [11]. In cases of differences in opinion
between the two pathologists, a third pathologist (M.C.) was consulted to establish the
final diagnosis.
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Figure 1. Measurement of tumor width (created in Biorender). 

2.3. Data Collection and Analysis 
In order to assess the clinical and demographic characteristics of the study 

population, the following variables were collected: age, gender, and primary tumor 
localization. The histopathological features collected for analysis included Breslow depth, 
width of invasion, mitotic index, the presence/absence of ulceration, regression, 
microsatellites, lymphovascular invasion, and perineural invasion. For each patient, the 
presence/absence of metastatic lesions was recorded as well as the time until disease 
progression and/or death. Descriptive statistics were performed for continuous variables 
including mean, standard deviation (SD), median, minimum and maximum values, and 
95% confidence intervals (CI). Univariate and multivariate Cox proportional hazards 
regression analyses were performed on all the aforementioned clinicopathological 
variables, using PFS and OS as the outcomes. This method provided hazard ratios (HR) 
with 95% confidence intervals and p values, regarded as significant at a p value <0.5. The 
Kaplan–Meier product limit method was employed for estimating survival probabilities, 
and log-rank test comparisons were made. GraphPad Prism 10.0 (Graphpad Software Inc., 
San Diego, CA, USA) was used to perform the statistical analyses. 

3. Results 
3.1. Demographic and Clinical Characteristics of the Study Population 

The mean age of the entire group at the time of the diagnosis was 55.78 years 
(standard deviation 12.57; range 24–86). Females were more affected than males, as 59.18% 
(n = 29) of the patients were women and 40.82% (n = 20) were men. In the follow-up time, 
30.61% (n = 15) developed metastases, and 22.45% (n = 11) died. 

The mean age of the patients in the progression-free survival (PFS) group (n = 34) was 
52.15 years (SD 12.01; range 24–78), and 64.7% (n = 22) were female, while 35.3% (n = 12) 
were male. The mean age of the patients who developed metastatic disease was 64 years 
(SD 9.88; range 41–86), and 46.67% were female (n = 7), while 53.33% (n = 8) were male. 
The patients who died during follow-up had a mean age of 65.91 (SD 8.27; range 54–86), 
and 36.36% (n = 4) were female, and 63.64% (n = 7) were male. These demographic features 
are summarized in Table 1. 

Figure 1. Measurement of tumor width (created in Biorender).

2.3. Data Collection and Analysis

In order to assess the clinical and demographic characteristics of the study popula-
tion, the following variables were collected: age, gender, and primary tumor localization.
The histopathological features collected for analysis included Breslow depth, width of
invasion, mitotic index, the presence/absence of ulceration, regression, microsatellites,
lymphovascular invasion, and perineural invasion. For each patient, the presence/absence
of metastatic lesions was recorded as well as the time until disease progression and/or
death. Descriptive statistics were performed for continuous variables including mean,
standard deviation (SD), median, minimum and maximum values, and 95% confidence
intervals (CI). Univariate and multivariate Cox proportional hazards regression analyses
were performed on all the aforementioned clinicopathological variables, using PFS and OS
as the outcomes. This method provided hazard ratios (HR) with 95% confidence intervals
and p values, regarded as significant at a p value < 0.5. The Kaplan–Meier product limit
method was employed for estimating survival probabilities, and log-rank test comparisons
were made. GraphPad Prism 10.0 (Graphpad Software Inc., San Diego, CA, USA) was used
to perform the statistical analyses.

3. Results
3.1. Demographic and Clinical Characteristics of the Study Population

The mean age of the entire group at the time of the diagnosis was 55.78 years (standard
deviation 12.57; range 24–86). Females were more affected than males, as 59.18% (n = 29)
of the patients were women and 40.82% (n = 20) were men. In the follow-up time, 30.61%
(n = 15) developed metastases, and 22.45% (n = 11) died.

The mean age of the patients in the progression-free survival (PFS) group (n = 34) was
52.15 years (SD 12.01; range 24–78), and 64.7% (n = 22) were female, while 35.3% (n = 12)
were male. The mean age of the patients who developed metastatic disease was 64 years
(SD 9.88; range 41–86), and 46.67% were female (n = 7), while 53.33% (n = 8) were male.
The patients who died during follow-up had a mean age of 65.91 (SD 8.27; range 54–86),
and 36.36% (n = 4) were female, and 63.64% (n = 7) were male. These demographic features
are summarized in Table 1.
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Table 1. Demographic features of the study population.

Entire Group
(n = 49)

Progression-Free
Group (n = 34)

Progressive Disease
Group (n = 15)

Deceased Group
(n = 11)

Age 55.78 years 52.15 years 64 years 65.91 years
Male 40.82% (n = 20) 35.3% (n = 12) 53.33% (n = 8) 63.64% (n = 7)

Female 59.18% (n = 29) 64.7% (n = 22) 46.67% (n = 7) 36.36% (n = 4)

We also assessed the location of the primary tumor, and the most affected site was the
limbs, followed by the trunk (Figure 2).
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Figure 2. Number of cases based on primary tumor location. Most of the cases were located on the
limbs (n = 20) and trunk (n = 18), while the least number of cases were located on acral skin (n = 6)
and on the head and neck (n = 5).

Furthermore, we analyzed the distribution of the cases based on tumor location for
each of the three groups: patients without progressive disease, patients with progressive
disease, and deceased patients. The results are summarized in Table 2.

Table 2. Primary tumor location and disease evolution.

Progression-Free
Group (n = 34)

Progressive Disease
Group (n = 15)

Deceased Group
(n = 11)

Head and neck 8.82% (n = 3) 13.33% (n = 2) 9.09% (n = 1)
Trunk 32.35% (n = 11) 46.67% (n = 7) 54.55% (n = 6)
Limbs 47.06% (n = 16) 26.67% (n = 4) 27.27% (n = 3)

Acral skin 11.77% (n = 4) 13.33% (n = 2) 9.09% (n = 1)

Cox univariate analysis for PFS and OS was performed considering all the above
clinical characteristics (Table 3). Age was the only factor significantly associated with
both PFS and OS. As highlighted in Tables 1 and 2, disease progression and death tend
to be more often encountered in male patients and in melanomas located on the trunk,
while melanomas located on the limbs appear to have the best prognosis. Nevertheless, on
Cox univariate analysis, the gender of the patients and primary tumor location were not
associated with either PFS or OS.
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Table 3. Cox univariate analysis of clinical prognostic factors.

PFS OS

HR 95%CI p Value HR 95%CI p Value

Age 1.06 1.02–1.1 0.0053 1.07 1.02–1.13 0.0045

Gender (male) 1.81 0.65–5.17 0.2520 2.8 0.84–10.71 0.1017

Tumor location

Limbs Ref.

Head and neck 2.54 0.35–13.03 0.2821 1.52 0.07–11.99 0.7187

Trunk 2.15 0.65–8.22 0.2211 2.4 0.63–11.36 0.2170

Acral skin 1.63 0.23–8.32 0.5738 1.11 0.05–8.67 0.9305

3.2. Histopathological Characteristics of the Study Population
3.2.1. The Depth and Width of Invasion

The mean Breslow depth for the pT3 melanomas included in this study was 2.941 mm
and the median was 2.95 mm (range 2.1–3.9, 95%CI = 95.56%). The mean Breslow
depth in patients with PFS was 2.73 mm and the median was 2.65 mm (range 2.1–3.75,
95%CI = 97.57%). The mean Breslow depth in patients with metastases was 3.41 mm and
the median was 3.6 mm (range 2.2–3.9, 95%CI = 96.48%). The mean Breslow depth in
patients who died during follow-up was 3.48 mm and the median was 3.6 mm (range 2.2–4,
95%CI = 98.83%) (Figure 3).
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Figure 3. Breslow depth and patient outcome. The median, minimum, and maximum values are
displayed. The depth of invasion is significantly associated with both progressive disease (p = 0.0011)
and death (p = 0.0034).

The mean width of invasion in the whole study population was 6.76 mm and the
median was 5 mm (range 1–19, 95%CI = 95.56%). The mean width of invasion in the group
with PFS (n = 34) was 4.47 mm and the median was 4 mm (range 1–14, 95%CI = 97.57%).
The mean width of invasion in cases with metastatic disease (n = 15) was 11.93 mm and
the median was 12 mm (range 2–19, 95%CI = 96.48%). Additionally, the mean width of



Int. J. Transl. Med. 2024, 4 6

invasion in patients who died during follow-up (n = 11) was 13.09 mm and the median was
12 mm (range 8–19, 95%CI = 98.83%) (Figure 4).
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Figure 4. Width of invasion and patient outcome. The median, minimum, and maximum values are
displayed. The width of invasion is significantly associated with progressive disease (p < 0.0001) and
death (p < 0.0001).

The results of Cox univariate analysis for the depth of invasion and the width of
invasion are presented in Table 3. The depth of invasion and the width of invasion are
significantly associated with both PFS and OS on univariate analysis (Table 4).

Table 4. Cox univariate analysis of the depth and width of invasion.

PFS OS

HR 95%CI p Value HR 95%CI p Value

Depth of invasion 6.8 2.4–24.8 0.0011 8.81 2.48–48.92 0.0034

Width of invasion 1.27 1.16–1.4 <0.0001 1.35 1.32–1.5 <0.0001

3.2.2. Mitotic Index

The mean mitotic index in the whole group was 5.14 and the median was 4 (range 1–21,
95%CI = 95.56%). The mean mitotic count in the PFS group was 5.12 and the median was
3.5 (range 1–21, 95%CI = 97.57%), while the mean mitotic index in patients with metastatic
disease was 5.2 and the median was 5 (range 1–17, 95%CI = 96.48%). In deceased patients,
the mean mitotic index was 5.64 and the median was 5 (range 1–17, 95%CI = 98.83%)
(Figure 5).

Even though mitotic counts were slightly elevated in patients with metastatic disease
and in patients who died during follow-up in comparison to patients without progressive
disease, on Cox univariate analysis, this parameter was not associated with either PFS
(HR = 1.007; 95%CI: 0.88–1.11; p = 0.9015) or OS (HR = 1.04; 95%CI: 0.9–1.16; p = 0.5171).
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Figure 5. Mitotic counts and patient outcome. The median, minimum, and maximum values are
displayed. The mitotic counts were not associated with either progressive disease (p = 0.9015) or
death (p = 0.5171).

3.2.3. Ulceration, Regression, Microsatellites, Lymph-Vascular Invasion, and
Perineural Invasion

On Cox univariate analysis, PFS was correlated with the microsatellites, lympho-
vascular invasion, and perineural invasion, but it was not correlated with ulceration or
regression. However, both ulceration and regression were more frequently noted in patients
with progressive disease (Table 5).

Table 5. Cox univariate analyses on the presence of ulceration, regression, microsatellites, lympho-
vascular invasion, neurotropism, and PFS.

No Progression Disease
Progression HR (95%CI) p Value

Ulceration 44.12% (n = 15) 53.33% (n = 8) 1.35 (0.48–3.84) p = 0.5666

Regression 11.76% (n = 4) 20.00% (n = 3) 1.513 (0.34–4.77) p = 0.5214

Microsatellites 0% (n = 0) 26.67% (n = 4) 12.86 (3.24–45.19) p < 0.0001

Lymphovascular
invasion 8.82% (n = 3) 40.0% (n = 6) 5.57 (1.84–15.7) p = 0.0013

Perineural
invasion 8.82% (n = 3) 33.33% (n = 5) 3.99 (1.24–11.36) p = 0.0122

On Cox univariate analysis, OS was correlated with the microsatellites, and perineural
invasion, but it was not correlated with ulceration, lymphovascular invasion, or regression.
Nevertheless, these features were more frequently observed in patients who died during
follow-up (Table 6).
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Table 6. Cox univariate analyses on the presence of ulceration, regression, microsatellites, lympho-
vascular invasion, neurotropism, and OS.

Alive Deceased HR (95%CI) p Value

Ulceration 47.37% (n = 18) 45.45% (n = 5) 0.97 (0.28–3.23) p = 0.9632

Regression 10.53% (n = 4) 27.27% (n = 3) 2.5 (0.54–0.74) p = 0.1785

Microsatellites 2.63% (n = 1) 27.27% (n = 3) 8.48 (1.76–32.96) p = 0.0029

Lymphovascular invasion 15.79% (n = 6) 27.27% (n = 3) 2.07 (0.45–7.27) p = 0.2887

Perineural invasion 10.53% (n = 4) 36.36% (n = 4) 3.96 (1.03–13.28) p = 0.0295

3.3. Multivariate Analysis for PFS and OS

Cox multivariate analysis revealed that lymphovascular invasion and the width of
invasion are independently associated with PFS. In contrast, the only factor independently
associated with OS is the width of invasion (Table 7).

Table 7. Cox multivariate analysis for PFS and OS.

PFS OS

HR 95%CI p Value HR 95%CI p Value

Age 1.04 0.96–1.15 0.3373 1.2 1.02–1.57 0.0787

Gender (male) 2.04 0.5–14.68 0.3794 14.22 0.03–11,769 0.3134

Location

Limbs Ref

Head and neck 1.6 0.07–19.5 0.7345 2.03 0.0005–76,544 0.8447

Trunk 0.58 0.07–4.33 0.5761 30.82 0.21–10,036 0.1668

Acral skin 0.57 0.04–7.04 0.6637 6.17 0.0004–5719 0.5872

Depth of invasion 2.06 0.45–12.00 0.3746 28.09 0.14–8252 0.1891

Width of invasion 1.3 1.09–1.6 0.0057 2.08 1.28–10.96 0.0280

Mitoses 0.85 0.62–1.1 0.2753 1.35 0.63–3.375 0.4135

Ulceration 3.63 0.57–30.76 0.1947 0.01 0.81–20,607 0.1362

Regression 2.28 0.32–19.94 0.4038 25.01 8.328 × 10−6–4.1 0.0911

Microsatellites 6.88 0.62–75.9 0.1099 7.56 0.0008–89,652,594 0.9967

Lymphovascular
invasion 6.85 1.81–101.1 0.0153 0.06 8.463 × 10−9–4.22 0.3341

Perineural
invasion 1.19 0.19–12.41 0.8620 1.35 0.15–18,375 0.4005

3.4. Survival Analysis

Since the width of invasion was the strongest predictor for both PFS and OS, we
analyzed the survival rates based on this parameter considering the following cut-off
values: width < 5 mm, width between 5 and 10 mm, and width > 10 mm (Figure 6).

The mean follow-up time for the whole group was 64.41 months (median 60, range
16–120). The group with invasive width < 5 mm encompassed 27 patients, of which none
died during follow-up. The group with invasive width between 5 and 10 mm encompassed
10 patients, out of which 20% (n = 2) died during follow-up. The median survival for
this group was 80 months. Finally, there were 12 patients with invasive width > 10 mm,
and 81.82% (n = 9) died during follow-up. The median survival time for this group was
27 months. These differences were highly significant (p < 0.0001, log-rank test).
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In order to properly envision the prognostic value of the width of invasion, a whole-
slide image of a superficial spreading melanoma taken from a patient who developed
widespread metastatic disease and subsequently died during follow-up is presented in
Figure 7.
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Figure 7. Whole-slide imaging of a superficial spreading melanoma with invasive width of 15 mm
and depth of invasion of 3 mm (hematoxylin and eosin, 4× magnification). The patient was diag-
nosed with metastatic disease concomitant with the initial primary melanoma diagnosis and died
24 months later.

4. Discussion

During the follow-up time, 22.45% of the patients died, which is in concordance with
data reported in the literature for pT3 cutaneous melanomas [12]. Among the clinical
characteristics, age was the only factor correlated with both PFS and OS on univariate
analysis, but not on multivariate analysis. Age is considered an important prognostic factor
in melanomas. Still, the poor outcomes of elderly patients may be explained by factors
unrelated to the tumor itself, such as age-related comorbidities [5]. Female gender has been
associated with increased survival by some authors [19], while, as in our study, others found
no correlation between gender and prognosis [20,21]. We found no correlation between the
primary tumor location and PFS or OS, and a clear connection is still debatable. A poorer
prognosis has been reported in acral locations [20] or the head and neck [22] in comparison
to location on the extremities [23]. On the contrary, some studies demonstrated that head
and neck location is an adverse prognostic factor only in elderly patients. In contrast,
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tumor location does not seem to influence disease evolution in younger individuals [24].
Furthermore, other authors reported no association at all between tumor location and
prognosis [25].

The presence of ulceration is used to stage melanomas according to the AJCC Can-
cer Staging Manual [11]. Interestingly, ulceration was more frequently noted in patients
with progressive disease and in patients who died during follow-up, but these associa-
tions were not statistically significant. Similar results concerning the lack of association
between ulceration and prognosis have been reported for thick cutaneous melanomas
(Breslow > 4 mm) [26], and more studies would be beneficial for evaluating this parameter
in intermediate-thickness melanomas.

Regression is a controversial parameter associated with both decreased and increased
survival [16,27,28]. In the present study, the presence of regression was more often noted in
patients with progressive disease and deceased patients than in patients without progres-
sive disease, but the difference was not significant.

The presence of microsatellites was correlated with decreased PFS and OS on univari-
ate analysis, and similar findings are reported in various other studies [15,25,29]. Similarly,
perineural invasion was also associated with PFS and OS on univariate analysis. Nev-
ertheless, the impact of perineural invasion on cutaneous melanoma prognosis has not
been extensively studied, but recent evidence has shown this parameter to be a significant
predictor for poor prognosis [26,29–31]. Therefore, the presence of perineural invasion
should be reported as it is also a risk factor for local recurrence, and in some instances,
treatment strategies may include wider excision margins and/or radiotherapy [11,32].

Interestingly, lymphovascular invasion was only correlated with PFS on univariate
analysis. These results may seem surprising as lymphovascular invasion is widely regarded
as an important prognostic factor for cutaneous melanomas [33]. Nevertheless, its pre-
dictive impact on pT4 cutaneous melanomas is questionable [34–36], and further studies
are needed to better assess the relationship between lymphovascular invasion and pT3
cutaneous melanomas.

Mitotic counts are an important prognostic factor that should be reported according
to the AJCC Staging Manual. Nonetheless, the impact of this parameter may vary based
on tumor stage and it is no longer used for sub-classifying pT1 tumors [11]. Unexpectedly,
in our study, there was no correlation between mitotic index and PFS or OS, even though
mitotic figures tended to be slightly more numerous in patients with metastatic disease
than in patients with PFS. Furthermore, the highest values were noted in patients who
died during follow-up. Even though the lack of correlation between mitotic counts and
prognosis might seem surprising, this might be explained by the fact that mitotic counts
are correlated with Breslow depth [37]. Since the cases included in our study had similar
Breslow depths, there was no significant variation in mitotic counts among the three groups,
possibly explaining the unexpectedly insignificant differences. Additionally, mitotic counts
have been shown to display significant interobserver variation, which further challenges
the value of this parameter [38].

The Breslow depth of invasion is the most important prognostic factor in cutaneous
melanomas as it is used for disease staging [39]. Nevertheless, within each particular
stage based on Breslow depth, patient outcomes can vary significantly. For instance, in
pT4 cutaneous melanomas, increasing Breslow depth continues to be correlated with PFS
and OS [26,27,34,40]. For pT3 cutaneous melanomas (Breslow between 2 and 4 mm), we
have demonstrated that increasing depth is correlated with PFS and OS on univariate
analysis. This is an interesting finding as it could help improve our understanding of
disease progression and subsequent staging of cutaneous melanomas.

Finally, the strongest and only independent factor correlated with PFS and OS in
multivariate analysis was the width of invasion. Until now, there has been insufficient
data regarding the prognostic role of microscopic tumor width in cutaneous melanomas.
Various studies have tried to evaluate the macroscopic tumor width and correlated it with
Breslow depth [41,42]. A few authors have reported that tumor size and tumor volume
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can be regarded as independent prognostic factors and may even be superior to Breslow
depth [43–45]. However, calculating tumor volume may be time-consuming and prone to
interobserver variability as there is no standard for evaluating this parameter, and different
authors have reported slightly different methods, also including macroscopic measure-
ments [44,45]. Macroscopic and microscopic tumor dimensions may vary significantly, as
shown by Bamford M. et al. in a study on 718 cutaneous melanomas. Both macroscopic and
microscopic width of invasion are correlated with survival, but the microscopic analysis
is superior in this instance. The median microscopic width was 3.7 mm smaller than
the macroscopic width as the former only accounts for invasive width, without in situ
lesions [18]. This measurement method was first reported in 2020 by Saldanha G. et al., who
demonstrated that the microscopic measurement of tumor width is an independent prog-
nostic factor for PFS and OS, in contrast to Breslow depth, which was not independently
associated with any outcome [17]. Our study used the same method for reporting tumor
width, and the results confirmed the findings reported by Saldanha G. et al. Furthermore,
these authors also addressed the prognostic value of calculated tumor area (CTA), a two-
dimensional feature approximating the area of invasive melanoma cells measured on the
same slide used for reporting Breslow depth [46]. CTA is a strong independent prognostic
factor, superior to Breslow depth [17,46]. Despite the promising results concerning tumor
width and CTA, a 2023 study argues that these parameters are not superior to Breslow
depth in predicting sentinel lymph node metastases and, hence, the overall outcome of the
patients [47]. Additionally, calculating the tumor area is also time-consuming and may be
affected by observer estimations. These disadvantages could be solved in the future with
the help of digital pathology, as computer-assisted measurement of tumor area has been
correlated with recurrence-free survival [48]. In the same context, another related novel
parameter, Breslow density, has been shown to be superior to Breslow depth for estimating
PFS and OS. Still, this method bears the same disadvantages as CTA: its calculation is
tedious and dependent on the observer [49]. Therefore, at present, we believe that tumor
width is a more valuable parameter as it is easily determined. Having considered every-
thing, invasive width could become a precious prognostic factor in cutaneous due to its
estimated strong association with patient outcome and straightforward estimation. Never-
theless, more studies on larger populations, integrating all stages of cutaneous melanoma,
are required to fully validate these findings and potentially integrate the width of invasion
in future disease staging.

In spite of the promising results presented in this paper, the study also has some
limitations. One such restraint is that the cases included were limited to a single center.
A future multi-center study would be beneficial in order to confirm these findings on a
significantly higher number of patients. Another limitation is that this study focuses solely
on histopathological features of the primary tumor and it does not address the predictive
value of lymph node invasion. The patients were included in this study regardless of lymph
node invasion due to the fact that over half of them did not benefit from a sentinel lymph
node biopsy immediately after their melanoma diagnoses. The future study also intends to
address this parameter.

At present, patients with pT3 cutaneous melanomas and lymph node metastasis
(stage IIIB/IIIC) are usually treated with neoadjuvant therapy, which may also include
BRAF/MEK inhibitors and immune modulators [50–52]. Nevertheless, not all pT3 cases
undergo sentinel lymph node biopsy and even among those that do the positivity rate is
around 11% [53]. Therefore, a significant number of pT3 CM patients remain untreated
after surgical intervention. Still, the mortality rates in pT3 cases are much higher, as proven
both by this study and other authors [12]. In this context, identifying high-risk patients
regardless of lymph node status is of the utmost importance in order to choose the best
therapeutic options. Assessing the width of the invasion may further increase the accuracy
of identifying such patients.
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5. Conclusions

Intermediate-thickness melanomas are potentially deadly entities requiring prompt
identification of adverse prognostic factors to provide the best management for the patients.
This study evaluates numerous features traditionally associated with cutaneous melanoma
prognosis and a novel parameter, the width of invasion. We have shown that in pT3 tumors,
increasing Breslow depth is a significant prognostic factor for PFS and OS, which may help
redefine the way we stage cutaneous melanoma. Furthermore, this is one of the very few
studies to address the impact of invasive width. We have demonstrated that this parameter
is the sole independent prognostic factor for PFS and OS in pT3 cutaneous melanomas.
This finding might open new perspectives for diagnosing and treatment of melanoma,
which could ultimately lead to increased survival rates.
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