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A b s t r a c t: Introduction: Several clinico-pathological characteristics such as 
age, sex, tumour localization, Breslow thickness, ulceration, mitotic count, vessel inva-
sion and the presence of tumour-infiltrating lymphocytes have been identified as inde-
pendent prognostic factors for relapse and overall survival of patients with skin mela-
noma. 

The aim of this study was to identify characteristics of primary melanoma 
which predict sentinel lymph node (SLN) positivity and the onset of regional lymph 
nodes metastases. 

Material and methods: A total of 60 patients who underwent surgery for mali-
gnant skin melanoma, divided into examined and control group, were analyzed. In the 
patients from the examined group SLN were marked with 1% solution of methylene 
blue, removed and histologically examined. The radical lymphadenectomy was perfor-
med as a separate procedure in the patients with SLN positive for metastasis. 

We analysed the differences in age, sex, tumour location, tumour area, primary 
tumour thickness, Clark levels of invasion, lymphocytic infiltration and presence of 
ulcerations in patients in the examined group and the control group and the correlation 
of the examined variables with the onset of metastases in the SLN.  

Results: The results showed that the differences between the groups were 
statistically significant only for the primary melanoma thickness and the Clark level of 
invasion. There was a significant difference in the intensity of the lymphocytic infil-
tration between the SLN negative patients and the patients from the control group. A 
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statistically significant correlation with SLN positive status was found only with the 
Clark level of invasion.  
 
Key words: melanoma, sentinel lymph node, tumour thickness. 
 
 

Introduction 
 

Identification and the influence of different factors in melanoma pro-
gression remain unclear in the treatment of this disease [1, 6–8, 10]. Several 
clinico-pathological characteristics of primary melanoma have been identified 
as independent prognostic factors for relapse and overall survival of the pati-
ents: age, sex, tumour localization, Breslow thickness, ulceration, mitotic count, 
vessel invasion and the presence of tumour-infiltrating lymphocytes [6]. The 
status of the regional lymph nodes draining the primary melanoma (sentinel 
lymph node-SLN) has also been referred as a very important factor for patients' 
prognosis and overall survival [4, 6]. The benefit of SLN biopsy (SNB) has 
been documented in several studies [4]. The SNB for melanoma was suggested 
by the World Health Organization in 1999, and the American Joint Committee 
on Cancer introduced this method in diagnostic protocol in 2002. Nowecki et al. 
and other authors suggest SNB for melanoma thickness between 1 and 4 mm 
(T2 and T3, Breslow 1–2 and 2.01–4) [4]. 

Several studies have examined the correlation between tumour characte-
ristics and SLN metastasis in patients with melanoma. Most studies have iden-
tified the primary melanoma thickness (Breslow) and Clark level of tissue inva-
sion as important factors, but results for other variables have been conflicting 
[2, 7–11]. 

The aim of this study was to identify characteristics of primary mela-
noma which predict sentinel lymph node (SLN) positivity and onset of regional 
lymph node metastases. 

 
 

Material and Methods 
 
A total of 60 patients with malignant melanoma were analysed. The 

patients had undergone surgery at the Plastic and Reconstructive Surgery Clinic, 
Clinical Center, Skopje in the period from April 2001 until May 2005. 
 All patients included in the study were informed about the planned 
surgical procedure and they gave written informed consent. 
 Patients were divided into two groups: an examined and a control 
group, each consisting of 30 patients. 
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Patients in the examined group met the following inclusion criteria: 
primary malignant skin melanoma on the extremities or trunk, without clinically 
present signs of metastases in the regional lymph nodes or distant metastasis. 
Exclusion criteria were: presence of any type of metastasis, patients after any 
surgical procedure that could disrupt lymphatic drainage patterns from the 
primary site, and pregnancy.  
 Patients in the control group met the following inclusion criteria: pri-
mary malignant skin melanoma, with clinically present metastases in the region-
nal lymph nodes, without signs of distant metastases. Exclusion criteria were 
the presence of distant metastasis. 
 All patients underwent routine preoperative examinations. 
 Patients from the examined group, forty minutes before the surgery, 
were intradermally injected with 1% solution of methylene blue, at four places 
around the primary lesion. During the surgery, the radical excision of the mali-
gnant melanoma lesion through uninvolved healthy tissue was made, depending 
on the clinical finding (1–3 cm from the margins of the lesion). The skin defect 
was managed with three surgical techniques depending on the situation (direct 
suture, local surgical flap and free skin transplant).  

A small skin incision above the lymph group in which the region is 
drained was used to identify the blue coloured afferent lymph vessel, which was 
followed to the first blue coloured lymph node. After identification, the node 
was carefully removed and histologically examined. The wound was closed 
with a direct suture and passive drainage. 

The radical lymphadenectomy was performed as a separate procedure 
in the patients from the examined group with SLN positive for metastasis 
(SLN+). The patients with negative SLN (SLN-) did not undergo lymphade-
nectomy. 
 All patients from the control group underwent radical skin excision of 
the primary malignant lesion and radical lymphadenectomy of the regional 
lymph nodes with clinically present metastasis. 

Pathohistological analysis was made of the primary melanoma lesion 
and of the lymph nodes sectioned at 2 mm intervals. Sections were evaluated 
after haematoxylin-eosin staining. 

We collected data on the age and sex of the patients, location of the 
melanoma, primary tumour thickness, Clark levels of invasion, lymphocytic 
infiltration, presence of ulcerations, number of removed regional lymph nodes 
and number of positive regional lymph nodes.  

We analysed the differences in age, sex, tumour location, tumour area, 
primary tumour thickness, Clark levels of invasion, lymphocytic infiltration and 
presence of ulcerations in the patients in the examined group that were sentinel 
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lymph node positive (SLN+), the patients in the examined group that were 
sentinel lymph node negative (SLN-) and the patients from the control group. 
We also analysed the correlation of the examined variables with the onset of 
metastases in the SLN in the examined group.  

The statistical analysis of the collected data was made using the SPSS 
statistical programme for Windows 13.0. Continuous variables were presented 
with mean value and standard deviation (mean ± SD) and categorical variables 
were performed with relative and absolute numbers. 

For calculating the statistical significance of the differences between the 
groups with regard to the variables, the following statistical tests were used: 
Chi-square test, t-test for independent samples, Mann-Whitney U test. To deli-
neate the relation of the analysed variables with the positive SLN status we used 
binary logistic regression. 

A significance level of p < 0.05 was used throughout the study. 
 
 

Results 
 

Table 1 shows the comparison of the examined values between the 
groups. The statistical analysis demonstrated that the differences between the 
groups were statistically significant (p < 0.005) only for the primary melanoma 
tumour tissue thickness and the Clark level of invasion. Also, there was a 
statistically significant difference in the intensity of the lymphocytic infiltration 
between the patients from the examined group with SLN negative status and the 
control group (p = 0.009).  

After the radical excision of the malignant melanoma lesion and histo-
logical examination of the removed sentinel lymph nodes, we found that twelve 
out of thirty patients (40%) in the examined group had shown positive for meta-
stases sentinel lymph nodes. After the radical lymphadenectomy of the regional 
lymph nodes, histological analysis showed that four of them were positive for 
metastases (Table 2). 

We examined all variables by binary logistic regression to assess for 
correlation with positive SLN status in the examined group (Table 3). A sta-
tistically significant correlation was found only with the Clark level of invasion. 
There was a marked correlation between tumour tissue thickness and SLN posi-
tivity, but this was not statistically significant. The other variables (age, sex, 
tumour area, location, lymphocitic infiltration and ulceration) were not signi-
ficantly correlated with positive SLN status, although, more intensive lympho-
cytic infiltration was correlated with a lower possibility of SNL positivity. 
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Table 1 
 

Comparison of examined variables between groups 
 

Variable Examined group Control 
group 

p-value 

 Positive SLN Negative SLN  SLN 
+/SLN- 

SNL+/CG SNL-/CG 

Age  
*years, mean 

50.4 ± 19.8 51.5 ± 15.1 53.73 ± 15.7 0.87* 0.57* 0.63* 

Sex    0.64** 0.67** 0.26** 
male 5(41.7%) 6(33.3%) 15(50%)    
female 7(58.3%) 12(66.7%) 15(50%)    

Tumour area 
(mm2) 

315.4 ± 306.4 208.9 ± 105.4 302.1 ± 
353.3 

0.25853* 0.377672* 0.89* 

Tumour 
location 

   0.13** 0.11** 0.057** 

arm 5(41.7%) 2(11.1%) 4(13.3%)    
leg 6 (50%) 15(83.3%) 14(46.7%)    
trunk 1(8.3%) 1(5.6%) 11(36.7%)    
head and neck 0 0 1(3.3%)    

Tumour 
thickness (mm)  

   0.004*** 0.002*** 0.000012*** 

< 1 0 0 0    
1–2 4(33.3%) 7(38.9%) 1(3.3%)    
2.01–4 3(25%0 10(55.6%) 8(26.7%)    
> 4 5(41.7%) 1(5.6%) 21(70%)    

Clark level     0.027*** 0.867*** 0.023*** 
3 2(16.7%) 12(66.7%) 8(26.7%)    
4 7(58.3) 4(22.2%) 13(43.3%)    
5 3(25%) 2(11.1%) 9(30%)    

Lymphocytic 
infiltration 

   0.46*** 0.845*** 0.009*** 

no 5(41.7%) 4(22.7%) 16(53.3%)    
mild 7(58.3%) 14(77.3%) 10(33.3%)    
severe   4(13.3%)    

Ulceration    0.654** 0.96** 0.36** 
negative 5(41.7%) 9(50.0%) 11(36.7%)    
positive 7(58.3%) 9(50.0%) 19(63.3%)    

p*  – t-test for independent samples 
p**  – Chi-square test 

p*** – Mann-Whitney U test 
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Table 2 
 

Number of removed and positive lymph nodes in SLN positive patients 
 

No. of patients No. of removed lymph nodes No. of positive lymph 
nodes 

1 2 0 
1 4 0 
1 6 0 
1 8 3(37.5%) 
1 11 6(54.5%) 
1 12 0 
1 12 2(16.7%) 
1 12 1(8.3%) 
1 19 0 
1 23 0 
1 25 0 
1 27 0 

Total 12 161 12 
 
Table 3 
 

Variables examined by binary logistic regression to assess  
for correlation with positive SLN status 

 
Variable Sig Exp (B) 95% CI 

Age 0.861 0.996 0.953–1.041 
Sex    
Tumour area (mm2) 0.279 0.998 0.994–1.002 
Tumour location    

arm (referent variable)    
leg 0.058 0.160 0.024–1.063 
trunk 0.577 0.400 0.016–10.017 

Tumour thickness (mm) 0.07 1.895 0.948–3.787 
Clark level    

3 (referent variable)    
4 0.017 10.5 1.514–72.811 
5 0.045 9.0 0.873–92.763 

Lymphocytic infiltration 0.261 0.400 0.081–1.976 
Ulceration 0.654 1.4 0.321–6.109 

Dependent variable SLN+; SLN- 
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Discussion 
 

The limitation of this study was the small number of patients, which 
corresponds to the population in our country.  

Extensive evidence supports SLN status as a very important prognostic 
factor for recurrence and survival in patients with malignant melanoma. 
According to some authors removal of micro metastases SLN interrupts the 
lymphatic spread of the tumour and survival rate is improved [4]. Lymphatic 
mapping and SLN biopsy provide accurate nodal staging with the highest sen-
sitivity and specificity of any nodal staging test available today. This technique 
of lymphatic mapping was first described in 1992 by Morton and Cochran at the 
John Wayne Institute for Cancer Treatment at UCLA School of Medicine, Los 
Angeles. They detected micrometastases in 18% of SLN removed from patients 
with high risk (1.5–4.0 mm) stage I malignant melanoma. Of the SLN removed 
from the nodal basin, none was found to contain micrometastases, suggesting 
that the tumour status of SLN is reliably predictive of overall node status [4, 5]. 
Before using the dye technique, Morton and many others were advocated to use 
of elective lymph node dissection in limb malignant melanoma, but intraope-
rative lymph mapping may allow lymphadenectomy to be reserved for patients 
in whom metastases are positively identified [5]. Controversy exists about the 
use of this procedure in patients with thick melanomas (> 4 mm), because of the 
perceived poor prognosis related to a possible increased rate of distant 
metastasis [2]. Historically, the question is whether these patients, especially 
those with clinically negative SLN, should be subjected to elective lymph node 
dissection or simply be observed for progression of the disease. In a review of 
120 patients with thick melanoma Kim et al. found that the SNL status was an 
independent factor predicting survival. SNL histology appeared to be the 
strongest predictor of survival in a retrospective analysis by Gershenwald et al. 
of 126 patients with melanomas thicker than 4 mm undergoing SLN biopsy. They 
reported 39% of positive SLN rate, in agreement with other recent studies, 
demonstrating occult regional lymph node metastases in 30% to 40% of patients 
with thick melanomas [2]. The 5-year overall survival in thus study was 58% and 
both SLN status and ulceration were independent factors of disease-free and 
overall survival. Similar results were also found in an Australian review of 
patients with melanomas = 4 mm in thickness performed by Thompson and Show 
[2] who reported A SLN positivity of 30% and 5-year overall survival of 74% in 
patients with negative SLN status and 41% in patients with positive SNLs.  

Our experience confirms that this technique is easy to master. We have 
not encountered allergic reactions to the dye. In our series, using blue dye 
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technique, we found that 40% of patients had evidence of microscopic meta-
stasis in SLN. Of 12 patients with positive SLN who underwent subsequent 
dissection with radical lymphadenectomy, only 4 specimens (1.33% of all) 
demonstrated additional positive regional lymph nodes. These data are con-
sistent with other studies [4, 5].  

Review of the melanoma histology in our series demonstrated that tumour 
thickness and the Clark level of invasion was related to positivity of SLN and 
onset of metastases. Tumour thickness greater than 4 mm was present in 41.7% 
of the patients with SLN positive status, and in 70% of patients with distant 
metastases, aas opposed to 5.6% of patients with negative SLN status. Binary 
logistic regression analysis, however, did not show a statistically significant 
correlation between the tumour thickness and SNL positivity (p = 0.07), which, 
we think, is due to the small number of cases in the series. According to the lite-
rature, Breslow thickness remains the most important single prognostic factor 
for skin malignant melanoma, and is a more reliable guide to prognosis as com-
pared to the Clark level of invasion and the clinical characteristics of melanoma 
[6] Breslow thickness is usually used to identify patients for sentinel node 
biopsy (SNB) [6]. In our series, the correlation between the Clark level of inva-
sion and SNL positive status was statistically significant (p = 0.017). The Clark 
level of invasion 4 was present in 58.3% of the patients with positive SLN and 
43.3% of patients with distant metastases. In 66.7% of patients with negative 
SLN status the Clark level of invasion was 3. The presence of ulceration of the 
primary melanoma lesion increases the possibility of positivity of SLN 1.4 
times in our series, but it was not statistically significant (p = 0.65). Ulceration 
was present in 58.3% of patients with positive SLN and in 63.3% of patients 
with distant metastases.  

Primary malignant melanomas usually harbour various amounts of tu-
mour-infiltrating lymphocytes (TIL). Tumour infiltration reflects a specific host 
response that results from recognition of tumour-associated antigens either on 
antigen-presenting cells or on the surface of the tumour cells by T lymphocytes 
[11]. The biological significance of the local T-cell-mediated immune response 
is difficult to evaluate, as in malignant melanoma the coexistence of either 
regression or progressive and invasive tumour margins is frequently associated 
with a dense lymphocytic infiltrate. In our study we marked the lymphocytic 
infiltration as absent, mild or severe. The results obtained showed that the 
presence of lymphocytes decreases the possibility of positivity of SNL by 0.4 
times. There was no lymphocytic infiltration in 53.3% of patients with distant 
metastases and 77.3% of patients with negative SLN status had mild lympho-
cityc infiltration. There was a relation between the presence of lymphocityc 
infiltration and SNL positive status, but it also was not significant (p = 0.261). 
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Conclusion 
 

Despite the limitations of this study, our retrospective analysis supports 
the strong positive correlation of the Clark level of invasion with SLN status 
and the relation between tumour thickness greater than 4 mm and SLN 
positivity in patients with malignant melanoma in R. Macedonia. 
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Ре з име 
 

ПРЕДИКТОРИ НА СТАТУСОТ НА СЕНТИНЕЛ ЛИМФНИОТ ЈАЗОЛ  
И ПОЈАВАТА НА МЕТАСТАЗИ ВО РЕГИОНАЛНИТЕ ЛИМФНИ ЈАЗЛИ 
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Апс т р а к т: Вовед: Неколку клиничко-патолошки карактеристики како 
што се пол, возраст, локализација на туморот, дебелина според Бреслов, улцера-
ција, митотска активност, инвазија на крвните садови и присуството на тумор 
инфилтрирачки лимфоцити се сметаат за независни прогностички фактори за 
релапс и вкупно преживување кај пациентите со меланом на кожа. 

Целта на оваа студија беше да се идентификуваат карактеристиките на 
примарниот меланом на кожата кои се предиктивни за позитивитетот на сентинел 
лимфните јазли (СЛЈ) и појавата на метастази во регионалните лимфни јазли. 

Маtеријал и меtоди: Испитувани се 60 пациенти оперирани од меланом 
на кожа, поделени во испитувана и контролна група. Кај пациентите од испиту-
ваната група направено е маркирање на СЛЈ со 1% раствор од метиленско сино, 
по што СЛЈ се отстранети и хистолошки анализирани. Кај пациентите со мета-
стази во СЛЈ, како посебна процедура, беше направена радикална лимфаденектомија.  

Анализирани се разликите помеѓу групите во однос на возраста, полот, 
туморската локализација, површината на туморот, нивото на инвазија според 
Кларк, присуството на лимфоцитна инфилтрација и улцерација, како и корелаци-
јата на испитуваните варијабли со појавата на метастази со СЛЈ. 

Резулtаtи: Резултатите покажаа статистички значителна разлика помеѓу 
групите во однос на дебелината на туморот според Бреслов и нивото на инвазија 
според Кларк. Регистрирана е статистички значителна разлика во интензитетот на 
лимфоцитна инфилтрација помеѓу пациентите со негативни СЛЈ и тие од контрол-
ната група. Анализата на корелацијата на испитуваните варијабли со појавата на мета-
стази во СЛЈ беше статистички значајна само за степенот на инвазија според Кларк. 
 
Клучни зборови: меланом, сентинел лимфен јазол, дебелина на туморот. 
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