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Purpose: Sentinel lymph node (SLN) biopsy (SLNB) is widely accepted for staging of melanoma patients. It has been shown 
that clinico-pathological features such as Breslow thickness, ulceration, age, and sex are better predictors of relapse and 
survival than SLN status alone. The aims of this study were to evaluate the long-term (10-year) prognostic impact of SLNB 
and to determine predictive factors associated with SLN metastasis, relapse, and melanoma specific mortality (MSM).
Methods: This was a prospective observational study on 289 consecutive patients with primary cutaneous melanoma who 
underwent SLNB from January 2000 to December 2007, and followed until January 2014, at an Italian academic hospital.
Results: SLN was positive in 64 patients (22.1%). The median follow-up was 116 months (79–147 months). Ten-
year disease-free survival and melanoma specific survival were poor in patients with positive SLN (58.7% and 66.4%, 
respectively). Only the increasing Breslow thickness resulted independently associated to an increased risk of SLN 
metastasis. Cox regression analysis showed that a Breslow thickness >2 mm was an independent predictor of relapse, 
and male sex and Breslow thickness >2 mm was a predictor of MSM. At 10 years, SLN metastasis was not significantly 
associated to either relapse or MSM.
Conclusion: After the fifth year of follow-up, SLN metastasis is not an independent predictive factor of relapse or mortality 
which are mainly influenced by the characteristics of the primary tumor and of the patient. Patients with a Breslow 
thickness >2 mm regardless of the SLN status should be considered at high risk for 10-year relapse and mortality.
[Ann Surg Treat Res 2018;95(5):286-296]
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INTRODUCTION
Wide local excision (WLE) and sentinel lymph node biopsy 

(SLNB) are widely accepted as the standard of care for correct 
lymphatic basin staging for patients with clinically localized 
malignant melanoma [1]. The utility of SLNB has been 
correlated with depth of invasion of the primary tumor, and is 
a routine management in patients with melanoma thicker than 
1 mm and may be considered for thin lesions with high-risk 
characteristics (e.g., ulceration, lymphovascular invasion, high 
mitotic rate) [2,3]. However, doubts have been cast regarding 
the efficacy of SLNB in predicting long-term survival and 
disease progression [4]. It has been shown that SLN status is an 
important predictor of relapse-free survival and overall survival; 
however, a combination of clinico-pathological features in a 
mathematic model (i.e., thickness, mitotic rate, ulceration, 
vessel invasion, site, age, and sex) gave a better prediction of 
relapse and survival than sentinel lymph node (SLN) status 
alone. Combining this model with the SLN status produced 
a small increase in the predictive value of these outcome 
parameters [5]. 

Having shown both the staging accuracy and pathological 
specificity of the SLNB technique, Morton et al. [6] postulated 
that this minimally invasive alternative to radical regional 
lymphadenectomy could not only reliably identify patients with 
clinically occult nodal metastases, but would also favorably 
affect the oncological outcomes. On that basis, they designed 
a randomized controlled trial (the International Multicenter 
Selective Lymphadenectomy Trial – MSLT-I), in patients with 
clinically localized primary cutaneous melanoma, to determine 
the long-term survival impact of SLNB followed by immediate 
radical lymphadenectomy (for SLN metastases) compared 
to observation and delayed lymphadenectomy when nodal 
metastases become clinically apparent . However, MSLT-I failed 
to demonstrate a significant treatment-related difference in the 
10-year melanoma specific survival (MSS) rate in the overall 
study population [6-8]. 

The aims of this study were to evaluate, in patients with 
clinically localized, node-negative, primary cutaneous 
melanoma who underwent WLE/SLNB: (1) the long-term (10-
year) prognostic impact of SLNB on disease-free survival 
(DFS) and MSS; (2) the predictive factors associated with SLN 
metastasis, relapse, and melanoma specific mortality (MSM). 

METHODS
This was a prospective observational, single institution 

study on 289 consecutive patients with primary cutaneous 
melanoma who underwent WLE and SLNB from January 2000 
to December 2007, followed until January 2014, at the S. Anna 
University Hospital of Ferrara (Italy). This clinical trial initially 

(2000–2002) was part of a prospective multicenter Italian 
observational study (SOLISM-IMI) [9,10] of lymphatic mapping 
and SLNB in clinically localized melanoma with the aim of 
studying both the influence of some technical aspects of the 
SLN mapping and biopsy, and the long-term prognostic impact 
of WLE/SLNB [9,10]. After this period, and following local ethics 
board approval and patients’ consent, the enrollment was 
continued at our institution until 2007 (Institutional Review 
Board number: 12/99; update 01/03). There were no significant 
changes made to the clinical protocol methodology once the 
trial was initiated. 

All consecutive patients with a Breslow lesion >1 mm or <1 
mm with ulceration and/or Clark level IV–V were considered 
for lymphatic mapping and SLNB. During the enrollment 
phase of the study (2000–2007), immediate radical regional 
lymphadenectomy was performed for nodal metastatic tumor 
deposit >0.2 mm in diameter identified on pathological 
evaluation of the SLN(s), while it was not performed in patients 
with tumor deposits ≤0.2 mm and in patients who refused 
the procedure. Patients with clinical metastasis detected 
preoperatively by palpation or ultrasound examination were 
excluded.

The SLN mapping technique, the operative procedure, and 
the pathological analysis methods have been described in detail 
previously [10].

Adjuvant therapy
Patients with lymph node metastases were sent to adjuvant 

therapy with IFN-α according to the Kirkwood regimen [11]; 
patients with negative SLN were only tracked over time to 
identify any recurrences.

False negative cases
Patients with negative SLN who developed regional lymph 

node metastases during the follow-up period without preceding 
local relapse or in-transit metastases were considered false 
negative cases. The false negative rate (FNR) for SLNB was 
calculated as the false negative cases over the sum of the true 
positive (i.e., patients with positive SLN) plus the false negative 
cases, multiplied by 100. Patients who developed distant 
metastasis or in-transit metastasis during the follow-up period 
were not considered false-negatives.

Statistical analysis
According to the American Joint Committee on Cancer 

(AJCC) 7th edition [12,13], for statistical analysis, SLN has been 
considered positive in the presence of nodal tumor deposits of 
any size, and patients were divided into 2 groups according to 
the SLN status. 

The Shapiro-Wilk test was used to assess the assumption of 
normality and data were expressed as median (interquartile 
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range, 25–75) according to the distribution. Categorical data 
are presented as absolute number and percentage (%). Data 
were analyzed using the chi-square and Mann-Whitney tests as 
appropriate.

Actuarial survival data was calculated from the date of SLNB 
to either the time of known death or most recent follow-up. 
Patients lost to follow-up were censored. DFS was calculated 
as the length of time after SLNB during which no disease is 
found. Only deaths caused by cutaneous melanoma (defined 
as patients who died in the absence of any other medical 
complications) were considered in the survival analyses. MSS 
and DFS were estimated using the Kaplan-Meier product limit 
method. A log-rank test was run to determine if there were 
differences in the survival distribution for the different clinical 
variables.

Logistic regression analysis was employed to assess factors 
associated with SLN metastasis, while Cox regression analysis 
was performed to evaluate predictors of relapse and MSM. A 
Spearman Rank Order correlation was run to determine the 
relationship between Breslow thickness and Clark level. There 
was a strong, positive correlation between these variables, 
which was statistically significant (rs = 0.698, P < 0.001). 

Thus, Clark level was excluded from the regression analyses. 
Significance was considered for values of P <0.05. Statistical 
analysis was performed with IBM SPSS Statistics ver. 24.0 (IBM 
Co., Armonk, NY, USA).

RESULTS

Baseline data and subjects analyzed
The median number of excised SLNs was 1 (1–2). SLN was 

positive in 64 patients (22.1%) and negative in 225 (77.9%). 
Among patients with positive SLN, 59 patients (92.2%) had 
lymph node metastatic tumor deposit >0.2 mm and 11 of 
these refused the regional lymphadenectomy; and 5 patients 
(7.8%) had nodal metastatic deposit ≤0.2 mm and the lymph­
adenectomy was not performed. The FNR for SLNB was 12.3% 
(9 of 73). Table 1 summarizes patient and tumor characteristics 
according to SLN status and suggests that lymph node 
metastases were more common in patients with ages >60 
years, Breslow thickness >2 mm, Clark level IV–V, and ulcerated 
melanoma. Table 2 shows that in patients older than 60 years 
ulcerated melanomas significantly prevail with a Breslow 
thickness of >2 mm, and are positive for SLN. 

Table 1. Demographic data and baseline characteristics

Variable Negative sentinel  
lymph node (n = 225)

Positive sentinel  
lymph node (n = 64) P-value

Sex 0.156
Male 113 (50.2) 39 (60.9)
Female 112 (49.8) 25 (39.1)

Age (yr) 0.032
≤40 42 (18.7) 13 (20.3)
41–60 99 (44.0) 17 (26.6)
>60 84 (37.3) 34 (53.1)

Tumor site 0.622
Arm 46 (20.4) 12 (18.8)
Leg 73 (32.4) 26 (40.6)
Trunk 94 (41.8) 24 (37.5)
Head or neck 12 (5.3) 2 (3.1)

Breslow thickness (mm)a) <0.001
≤1 84 (40.4) 4 (6.5)
>1, ≤2 78 (37.5) 16 (25.8)
>2, ≤4 36 (17.3) 24 (38.7)
>4 10 (4.8) 18 (29.0)

Clark levelb) <0.001
II 45 (21.8) 2 (3.3)
III 95 (46.1) 18 (30.0)
IV 62 (30.1) 34 (56.7)
V 4 (1.9) 6 (10.0)

Ulcerationc) <0.001
Absent 181 (83.0) 30 (47.6)
Present 37 (17.0) 33 (52.4)

Values are presented as number (%).
a)Missing: 19 patients. b)Missing: 23 patients. c)Missing: 8 patients.
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Table 2. Characteristics of patients grouped by age

Breslow thickness (mm)

P-value

Ulceration

P-value

SLN status

P-value≤2  
(n = 182)

>2  
(n = 88)

Absent 
(n = 211) 

Present 
(n = 70)

Negative 
(n = 225) 

Positive
(n = 64) 

Age (yr) <0.001 <0.001 0.030
≤60 (n = 171) 67.6% 44.3% 66.8% 37.1% 62.7% 46.9%
>60 (n = 118) 32.4% 55.7% 33.2% 62.9% 37.3% 53.1%

SLN, sentinel lymph node.

Table 3. Five- and 10-year disease free survival (DFS) and melanoma specific survival (MSS) according to patients and 
melanoma characteristics, and AJCC stratification

Variable Total
DFS MSS

5-Year (%) 10-Year (%) P-value 5-Year (%) 10-Year (%) P-value

Sex 0.040 0.012
Male 152 78.5 75.5 84.4 81.0
Female 137 90.5 84.1 94.8 91.4

Age (yr) 0.002 0.003
≤40 55 90.7 84.6 90.8 90.8
41–60 116 88.7 87.8 93.9 92.8
>60 118 76.8 69.2 84.3 76.8

Tumor site 0.255 0.800
Arm 58 86.0 84.0 94.7 91.2
Leg 99 82.5 72.0 89.7 82.7
Trunk 118 85.6 84.4 87.2 86.3
Head or neck 14 77.9 77.9 83.3 83.3

Breslow thickness (mm)a) <0.001 <0.001
≤1 88 96.6 96.6 98.9 97.7
>1, ≤2 94 91.4 83.6 93.5 90.7
>2, ≤4 60 72.9 62.8 82.9 75.5
>4 28 49.9 49.9 58.6 50.5

Clark levelb) <0.001 <0.001
II 47 100.0 100.0 100.0 100.0
III 113 86.7 85.3 91.2 90.2
IV 96 80.8 68.0 86.0 78.1
V 10 38.9 38.9 55.6 44.4

Ulcerationc) <0.001 <0.001
Absent 211 90.4 86.8 93.2 90.4
Present 70 66.1 56.8 78.0 71.9

Sentinel lymph node status <0.001 <0.001
Negative 225 90.1 85.4 95.0 91.4
Positive 64 62.9 58.7 69.7 66.4

AJCC staged) <0.001 <0.001
IA 83 97.6 97.6 98.8 95.7
IB 65 95.3 89.6 95.2 92.9
IIA 36 88.9 71.5 91.7 79.9
IIB 17 58.2 58.2 82.4 82.4
IIC 7 53.6 53.6 85.7 42.9
III 64 62.9 58.7 69.7 66.4

a)Missing: 19 patients. b)Missing: 23 patients. c)Missing: 8 patients. d)Among melanoma patients in American Joint Committee on Cancer 
(AJCC) stage I and II, in 17 patients the Breslow thickness and/or the ulceration were not available, thus these patients were not 
stratified and then they were not included in the survival analysis according to AJCC staging.
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Long-term (10 years) prognostic impact of SLNB: 
outcomes analysis, DFS, and MSS
The median follow-up was 116 months (79–147 months). 

Thirty out of 225 patients (13.3%) with negative SLN had relapse 
during the follow-up period, and 19 of these (63.3%) died. 
Otherwise, 26 out of 64 patients (40.6%) with positive SLN had 

relapse during the follow-up period, and 21 of these (80.8%) 
died. Most of the deaths that occurred during the follow-up 
period were observed within the first 5 years (75.0%; 30 of 
40), while the remaining deaths occurred over the next five 
years (25.0%; 10 of 40). Eight out of 10 patients who died after 
the fifth year of follow-up were SLN negative at the time of 

P < 0.001

C

D
is

e
a
s
e

fr
e
e

s
u
rv

iv
a
l

0 200

Follow-up (mo)

0

0.8

0.6

0.4

0.2

1.0

15010050

<1

>1, <2

>2, <4

>4

Breslow thickness (mm)

<1-censored

>1, <2-censored

>2, <4-censored

>4-censored

P = 0.040

A

D
is

e
a
s
e

fr
e
e

s
u
rv

iv
a
l

0 200

Follow-up (mo)

0

0.8

0.6

0.4

0.2

1.0

15010050

Male

Female

Male-censored

Female-censored

Sex

P < 0.001

E

D
is

e
a
s
e

fr
e
e

s
u
rv

iv
a
l

0 200

Follow-up (mo)

0

0.8

0.6

0.4

0.2

1.0

15010050

Negative

Positive

Negative-censored

Positive-censored

Sentinel lymph node status

P = 0.002

B

D
is

e
a
s
e

fr
e
e

s
u
rv

iv
a
l

0 200

Follow-up (mo)

0

0.8

0.6

0.4

0.2

1.0

15010050

Age (yr)

<40

40 60

>60

<40-censored

40 60-censored

>60-censored

F

D
is

e
a
s
e

fr
e
e

s
u
rv

iv
a
l

P < 0.001

0 200

Follow-up (mo)

0

0.8

0.6

0.4

0.2

1.0

15010050

IA

IB

IIA

IIC

III

IIB

AJCC stage

IA-censored

IB-censored

IIA-censored

IIB-censored

IIC-censored

III-censored

P < 0.001

D

D
is

e
a
s
e

fr
e
e

s
u
rv

iv
a
l

0 200

Follow-up (mo)

0

0.8

0.6

0.4

0.2

1.0

15010050

Absence

Presence

Absence-censored

Presence-censored

Ulceration

Fig. 1. Disease free survival. The panels show the disease free survival of melanoma patients according to sex (A), age (B), 
Breslow thickness (C), ulceration (D), sentinel lymph node status (E), and American Joint Committee on Cancer (AJCC) 
stratification (F). 	
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pathological examination. In most of patients with negative 
SLN, recurrences were observed within the first 5 years (22 of 
30; 73.3%), while the remaining patients experienced relapse 
over the next 4 years (8 of 30; 26.7%). The patterns of recurrence 
in the negative SLN group vs. positive SLN group were: local 

recurrence (3 patients vs. 7 patients), in-transit metastasis 
(9 patients vs. 7 patients), regional lymph node metastasis 
(9 patients vs. 9 patients); lymph node metastasis in other 
site compared to SLN basin (5 patients vs. 2 patients); liver 
metastasis (4 patients vs. 9 patients); lung metastasis (9 patients 
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Fig. 2. Melanoma specific survival. The panels show the melanoma specific survival of melanoma patients according to sex (A), 
age (B), Breslow thickness (C), ulceration (D), sentinel lymph node status (E), and American Joint Committee on Cancer (AJCC) 
stratification (F).
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vs. 13 patients); brain metastasis (5 patients vs. 4 patients); 
bone metastasis (3 patients vs. 3 patients); spleen metastasis 
(1 patient vs. 1 patient); eye metastasis (1 patient vs. 0 patient); 
metastasis of the gingiva (1 patient vs. 0 patient); gastric 
metastasis (1 patient vs. 0 patient); metastasis of the pancreas 
(1 patient vs. 0 patient); metastasis of the omentum (0 patient 
vs. 1 patient); peritoneal metastasis (0 patient vs. 1 patient); 
metastasis of the kidney (0 patient vs. 3 patients); bowel 
metastasis (0 patient vs. 1 patient).

In all study population, at 5 and 10 years: (1) the rate of death 
from melanoma was 12.0% (30 of 251) and 28.4% (40 of 141), 
respectively; (2) DFS was 84.2% and 79.6%, respectively; and (3) 
MSS was 89.4% and 85.9%, respectively.

At 10 years, the DFS and MSS were significantly lower in male 
patients and in those with ages >60 years, ulcerated melanoma, 
and SLN metastases (Table 3; Figs. 1, 2). Furthermore, an 
increase in both Breslow thickness and Clark level determines a 
significant decrease in DFS and MSS. 

DFS and MSS were statistically different among patients in 
AJCC stage I, II, and III (P < 0.001) (Table 3; Figs. 1, 2). However, 
there were no statistically significant differences among 
patients with stage IIB, IIC, and III with regard to 10-year DFS 
(58.2% vs. 53.6% vs. 58.7%, respectively; P = 0.826) and among 
patients in stage IIC and III concerning 10-year MSS (42.9% vs. 
66.4%, respectively; P = 0.406) (Figs. 1, 2). 

Of note, in the false negative patients, 5- and 10-year MSS 
were 66.7% and 22.2%, respectively. In these patients, the 

regional lymph node metastases appeared during the first 4 
years of follow-up.

Predictive factors associated with SLN metastasis, 
relapse, and MSM
Full-adjusted logistic regression analysis showed that only 

the increasing Breslow thickness of the primary lesion resulted 
independently associated with SLN metastases (Table 4).

Full-adjusted Cox regression analysis showed that: (1) only 
Breslow thickness >2 mm was significantly associated to 
relapse; (2) male sex and Breslow thickness >2 mm were 
significantly associated to MSM; (3) SLN metastasis was not 
significantly associated either to relapse or to MSM (Table 5).

Subgroup survival analysis among patients with 
positive SLN
A subgroup survival analysis comparing patients who 

underwent radical regional lymphadenectomy after SLNB (n = 
48) and patients in which the procedure was not performed (n 
= 16), shows that there were no significant differences in terms 
of 10-year DFS (55.7% vs. 68.8%, respectively; P = 0.430) and 10-
year MSS (65.7% vs. 68.8%, respectively; P = 0.881) between the 
2 subgroups (Fig. 3).

DISCUSSION
This prospective observational study on melanoma patients 

Table 4. Association between baseline characteristics and sentinel lymph node metastasis according to logistic regression 
analysis adjusted for potential confounders (sex, age, tumor site, Breslow thickness, and ulceration)

Variable

Sentinel lymph node metastasis

Unadjusted model Full adjusted model

OR (95% CI) P-value OR (95% CI) P-value

Sex (ref: female)
Male 1.55 (0.88–2.72) 0.131 1.46 (0.71–3.02) 0.305

Age (ref: ≤40 yr)
41–60 0.56 (0.25–1.24) 0.153 0.54 (0.21–1.40) 0.202
>60 1.31 (0.63–2.74) 0.477 0.81 (0.33–1.99) 0.640

Tumor site (ref: Arm)
Leg 1.37 (0.63–2.97) 0.432 1.70 (0.65–4.42) 0.278
Trunk 0.98 (0.45–2.13) 0.957 1.17 (0.47–2.90) 0.740
Head or neck 0.64 (0.13–3.25) 0.589 0.74 (0.12–4.65) 0.748

Breslow thickness (ref: ≤1 mm)
>1, ≤2 4.31 (1.38–13.45) 0.012 3.43 (1.07–11.07) 0.039
>2, ≤4 14.00 (4.53–43.26) <0.001 9.32 (2.80–30.99) <0.001
>4 37.80 (10.65–134.11) <0.001 21.45 (5.41–85.43) <0.001

Ulceration (ref: absence)
Presence 5.38 (2.93–9.88) <0.001 1.98 (0.95–4.13) 0.070

OR, odds ratio; CI, confidence interval.



 Annals of Surgical Treatment and Research 293

who underwent WLE/SLNB shows that: (1) 10-year DFS and 
MSS were significantly lower in patients with SLN metastasis; 
however, SLN positivity by itself does not predict recurrence 
or mortality after 5 years; (2) only the increasing Breslow 
thickness resulted independently associated to an increased 
risk of SLN metastases; (3) only Breslow thickness >2 mm was 
an independent predictive factor of both 10-year relapse and 
mortality.

Long-term (10 years) prognostic impact of SLNB: 
outcomes analysis, DFS, and MSS
As reported by de Vries et al. [14], in our study the 10-year 

DFS and MSS were significantly lower in patients with SLN 
metastases, and the analysis of the entire study population 
showed an expected decline in 5-year survival over the follow-
up period as most of the deaths were observed within the first 
5 years, while the remaining deaths occurred over the following 
5 years. However, 80% of patients who died after the fifth year 
of follow-up were SLN negative at the time of pathological 
examination. This suggests a slower progression of disease in 
some patients, supported by initial negative SLN, and a possible 
impact on long-term DFS and MSS of other factors rather 
than the SLN status. Jones et al. [15] showed that older age, 
increasing Breslow thickness, ulceration, and lesion located in 
the head and neck region are independent predictive factors of 
recurrence during the follow-up period in melanoma patients 
with negative SLN. Jones et al. [15] demonstrated that among 
patients with negative SLN, who experienced a recurrence, had 
a significantly decreased 5-year overall survival compared to 
patients who did not experience recurrence (68% vs. 98%). 

MSLT-I trial failed to demonstrate that there is a significant 
treatment-related difference in the 10-year MSS rate in pa
tients who underwent SLNB followed by immediate ra
dical lymphadenectomy (for SLN metastases) compared to 
observation and delayed lymphadenectomy when nodal 
metastases become clinically apparent [6-8]. Furthermore, 
the MSLT-II trial in which patients with SLN metastasis were 
randomly assigned to nodal observation with ultrasound or 
immediate completion lymph node dissection showed that the 
latter procedure decreased the 3 years DFS but not the MSS [16]. 
Inspired by this conclusion, we performed a subgroup survival 
analysis among patients with positive SLN to evaluate the 
impact of radical regional lymphadenectomy on DFS and MSS, 
and no significant differences in these 2 oncological outcomes 
were found (Fig. 3). Also, the little but not significant survival 
benefit in favor of patients in which lymph node dissection 
was not performed may be influenced by the 5 patients with 
SLN metastasis ≤0.2 mm in this subgroup. On the other hand, 
these latter patients were not sent to adjuvant therapy with 
IFN because during the enrollment phase of the study regional 
nodal metastatic tumor deposit >0.2 mm in diameter was Ta
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used as the threshold for defining nodal metastasis. This may 
have favored the other group in which adjuvant therapy was 
performed in all patients due to the presence of positive SLN 
(lymph node tumor deposits >0.2 mm), reducing differences 
in DFS and MSS between the 2 groups. Indeed, Kirkwood et 
al. [11] in their randomized controlled trial showed that IFN-α 
determine a significant benefit in DFS and overall survival. 
Therefore, in this study, the regional radical lymphadenectomy 
in patients with positive SLN seems to have no significant 
treatment-related effect on DFS and MSS; however, due to 
both the small number of patients and the study design, these 
results must be interpreted with caution. 

Predictive factors of SLN metastasis
White et al. [17] confirmed the predictive significance of the 

well-established variables, such as Breslow thickness, ulceration, 
and younger age as predictors of a positive SLN, and these data 
are supported by Bartlett and Karakousis [18]. With regard to 
the association between patients’ age and SLN status, Chao 
et al. [19] demonstrated that the incidence of SLN metastasis 
declined with increasing age. It has been hypothesized that 
increased immune-competency in younger patients helps 
to explain the trend toward greater SLN positivity prior to 
systemic metastasis in this age group [19]. Carlson [20] had also 
proposed that dermal lymphatic atrophy and altered antigen 
presentation systems in the elderly predispose this population 
to the hematologic spread of melanoma, instead of metastasis 
through the SLN/regional nodal pathway. By contrast, in 
older patients (>60 years old) positive SLN was associated 
with a higher occurrence of thick, ulcerated melanomas; 
and the tendency for more aggressive disease in the elderly 
population has been hypothesized to be related to a lack of 
self-examination, and a tendency to mistake early melanoma 
for other age-related skin changes, such as seborrheic keratosis 

[21,22]. Moreover, elderly patients tend to overlook early signs 
of melanoma, such as changes in color or shape, but more often 
recognize the ominous signs of advanced melanoma, such as 
ulceration and bleeding [23]. In contrast to Chao et al. [19] and 
Carlson [20], in our series the incidence of SLN metastasis rose 
with increasing age (Table 1), and this might be supported by 
the fact that in elderly patients ulcerated melanomas prevail 
with Breslow thickness >2 mm (Table 2). However, full-adjusted 
logistic regression analysis shows that only the increasing 
Breslow thickness of the primary lesion was independently 
associated with SLN metastases (Table 4).

In this study, the FNR for SLNB (12.3%) compares well with 
other reports in which the distribution of FNR ranged from 0% 
to 34% and the weighted summary estimate was 12.5% (95% 
confidence interval, 11.0–14.2) [24], and this supports our results 
in term of reproducibility of the SLNB technique. Interestingly, 
our FNR is lower than the FNR of Morton et al. [6] (19.4%) in the 
largest trial on melanoma patients. 

Predictive factors of relapse and MSM
The poor prognosis associated with metastatic melanoma 

compared to early-stage disease underlies the importance of 
defining prognostic factors for disease progression and long-
term survival. Some authors suggest that Breslow depth and 
Clark’s level have the most influence on long-term survival 
[10,25,26], and have been shown to be linked variables [27]. 
Other factors, including increasing age and male sex, were 
shown to significantly influence 5-year survival, but not to the 
same extent as tumor thickness [4,10,18,25,28,29]. However, 
the presence of ulceration seems to be strongly associated with 
haematogenous dissemination of metastasis [27]. Furthermore, 
SLN status was found as another strong predictor for recurrence 
[26,30] and survival [10,18,25]. By contrast, Topar et al. [4] in 
a prospective study showed that the proportion of patients 
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with both a progressive disease and a tumor-related death was 
not significantly higher in patients with positive SLN than in 
those with negative SLN. Therefore, they concluded that the 
SLN status is not a reliable prognostic factor for melanoma 
progression. Zogakis et al. [29], based on the hypothesis that 
the negative SLN in melanoma patients does not preclude 
recurrence of the disease, showed that the primary tumor 
thickness in this subgroup of patients was the most important 
prognostic factor for overall survival and DFS. Furthermore, 
it has been shown that clinico-pathological features in a 
mathematic model (i.e., thickness, mitotic rate, ulceration, 
vessel invasion, site, age, and sex) gave a better prediction of 
relapse and survival than SLN status alone [5]. In fact, in our 
study SLN metastasis was significantly associated neither to 
relapse nor to MSM, and after 5 years of follow-up the Breslow 
thickness affected these 2 long-term oncological outcomes 
more than the SLN metastasis, probably above all in patients 
with tumor negative SLN. However, it should be noted that 
most recurrences in both groups occurred within 5 years and 
80% of patients who experienced recurrences after the first 5 
years of follow-up were SLN negative. Thus, the distribution of 
recurrences in both groups and the late recurrences in patients 
with negative SLN may have influenced the 10-year predictive 
role of SLN status in the Cox regression analysis. 

Limitations of the study
This study has some limitations which have to be pointed 

out. Firstly, the mitotic rate (available only in about 40% of 
patients enrolled in the study) has been considered another 
important predictor of survival after the beginning of our study, 
thus it was not included in the risk analysis. Secondly, this is 
not a controlled trial, thus the subgroup analysis on regional 
radical lymphadenectomy in patients with positive SLN in term 
of DFS and MSS must be interpreted with caution due to both 
the small number of patients and the study design.

 In conclusion, this study confirmed the validity of SLNB 
for better tumor staging, and as a warning to identify which 
patients will experience a worse prognosis due to the positivity 
of SLN. However, after the fifth year of follow-up, SLN 
metastasis independently is not a predictive factor of relapse 
and mortality, and this circumstance might be affected by other 
factors that influence the positivity of SLN and increase the risk 
of 10-year relapse and MSM. Patients with a Breslow thickness 
> 2 mm, regardless of the SLN status, should be considered 
high-risk patients for long-term relapse and mortality. 

A prospective study with a larger sample of SLN negative 
patients with subsequent recurrence would be helpful to refine 
the analysis of risk factors in this group of patients. 
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