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ABSTRACT

Background. Sentinel lymph node biopsy (SLNB) plays

an important role in the prognostic classification of me-

lanoma and is now a standard staging procedure. However,

due to the complex drainage pattern and the risk of site

associated morbidity, the potential survival benefit of

SLNB is controversial in head and neck (H&N) melanoma.

Methods. Patients with primary H&N melanoma with a

tumor thickness C1.00 mm diagnosed in the Department of

Dermatology, University of Tuebingen, Germany between

1991 and 2010 were included in this study. Regarding

patterns of metastases, disease-free, and overall-survival,

259 patients with SLNB were compared retrospectively to

218 patients without SLNB.

Results. The detection of micrometastasis in SLN proved

to be a significant prognostic factor in H&N patients

[hazard ratio (HR) 3.69, p \ 0.0001]. A significant im-

provement of recurrence-free survival (RFS, p = 0.011),

regional lymph node metastasis-free survival (LFS,

p = 0.007), and distant metastasis-free survival (DMSF,

p = 0.015) was observed for patients with SLNB versus

non-SLNB. Furthermore, a trend towards better overall

survival (OS) was found (p = 0.053) for the SLNB group.

Conclusions. SLNB improved prognostic outcome in

H&N melanoma in terms of disease-free and distant

metastases survival, reduced subsequent regional lymph

node metastases, and showed a trend towards a better OS.

The status of the sentinel lymph node (SLN) is one of the

most important predictors of prognosis and recurrence of

primary cutaneous melanoma (CM).1 Therefore, sentinel

lymph node biopsy (SLNB) followed by complete lym-

phadenectomy in case of positive nodes has become a

standard treatment and was included in the ACJJ staging

system in melanoma of 1 mm tumor thickness or more.2 Later

on, SLNB also has been established in the staging of head and

neck (H&N) melanoma. However, difficulties in finding the

exact localization or harvesting the mapped SLN were

reported.3,4 The H&N region has a rich lymphatic drainage

and complex anatomy, which complicates SLNB. The inci-

dence of regional recurrence after a negative SLNB has been

shown to be higher in the H&N area than that of other sites.5

Because of the unique complexities of the H&N SLNB,

implications on melanoma-specific-survival were dis-

cussed.1,5–7 Recent data have shown that nodal observation

allows tumor cells in regional nodes to increase in size and

spread to additional nodes.1,5–7 It was previously argued

that the reversal of tumor-induced immune suppression

might have the potential to inhibit the formation of lymph

node metastases or even reverse existing metastases.8,9

Tumor-induced immune modulation might be reversible if

the lymph node is removed. However, the therapeutic im-

pact of SLNB in H&N patients is still discussed

controversially.10–13 The present study investigated the

prognostic value of SLNB in the H&N area and to evaluate

whether SLNB changes patterns of metastasis occurrence.

PATIENTS AND METHODS

The present study included patients treated at the

University Hospital of Tuebingen from January 1, 1991 to
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March 1, 2012 in the German-based Central Malignant

Melanoma Registry. All patients had given their written,

informed consent.

Patients with incident invasive primary CM of the H&N

with a tumor thickness of C1.00 mm were included. Patients

with SLNB were compared with those without SLNB. In all

patients, follow-up examinations were performed according

to the recommendations of the German Society of Derma-

tology comprised of physical examinations every 3 months

in years 1–5 after primary excision, twice yearly in years

6–10, and twice respectively once yearly, lymph node-

ultrasound, abdomen-ultrasound, chest X-ray, and blood

examinations.14 In patients with positive SLNB, additionally

CT scans of the whole body and brain were performed twice

yearly. Body site of H&N melanoma was classified into three

anatomical sites: face, scalp, and neck. Histopathological

analysis of SLN was based on four serial sections performed

at each of two levels. The sections from each level were

stained with H&E and immunohistochemically for S-100

protein, HMB-45, and Melan-A. Reports of the responsible

dermatohistopathologists were documented. SLNB con-

taining isolated positive tumor cells or micrometastases of

B0.1 mm were not judged as positive, in agreement with the

2002 AJCC melanoma classification.15 In patients with

positive SLN, a neck-dissection as a lymphadenectomy was

offered. Recurrences during follow-up were analyzed and

were distinguished as locoregional metastases (satellite/in-

transit metastases), regional lymph node metastases, and

distant metastases. Only the first recurrence was considered

for this analysis. False-negative SNB were defined as pro-

cedures with negative histopathologic evaluation but

recurrence in the same node field. Recurrences as satellite/in-

transit disease, followed by regional node-field recurrence,

were not considered as a false-negative SNB on the as-

sumption that the disease may not have been present in the

regional nodes at the time of biopsy.

Statistical Analysis

Statistical analyses were performed with the statistic

software SPSS 14 (SPSS Inc., Chicago, IL). Numerical

variables were described by mean value and standard

deviation (SD) or median value and interquartile range

(IQR), depending on their distribution. Proportions were

presented with 95 % confidence intervals (95 % CI). In

order to check comparability, SLNB and non-SLNB group

were compared for the characteristics age, gender, tumor

thickness, level of invasion, body site, histological subtype,

ulceration, and follow-up time. Bivariate statistical testing

was performed using two-sided v2 tests, t tests, and non-

parametric Wilcoxon tests.

The time between primary excision of CM and the date

of the latest follow-up visit or the date of death was used to

calculate the follow-up time for overall survival (OS). The

time between excision of the primary CM and the date of

the latest follow-up visit or the date of the first recurrence

was used to calculate the follow-up time for recurrence-

free survival (RFS). Similarly, the lymph node-metastasis-

free-survival (LFS) and the distant-metastasis-free survival

(DMFS) was calculated. Only deaths due to CM were

considered ‘‘events.’’ Survival probabilities with respective

95 % confidence intervals (95 % CI) were calculated

according to Kaplan–Meier and compared with log-rank

test statistics. Multivariate Cox proportional hazard models

were calculated to judge the effect of SLNB on OS and

RFS adjusted for age, gender, localization, tumor thick-

ness, level of invasion, ulceration, and histological subtype.

In addition, SLNB-positive patients were compared with

SLNB-negative patients with respect to OS and DMFS

using Kaplan–Meier survival rates. P values \0.05 were

considered statistically significant.

RESULTS

Selection of Patients

From January 1, 1991 to March 1, 2010, 8230 patients

with primary CM treated in the University Hospital of

Tuebingen were documented in the German-based Central

Malignant Melanoma Registry. Only patients with incident

invasive primary CM localized on the H&N region

(N = 1288), with a tumor thickness of C1.0 mm and a

follow-up time C3 months were included. Furthermore, no

selection criteria were used. The present retrospective

study based on a total of 477 patients.

A total of 259 patients with SLNB, diagnosed from

January 1996 to January 2010, were compared to 218 pa-

tients without SLNB, diagnosed from January 1991 to

January 2010. Of the non-SLNB patients, 123 (56.6 %)

were diagnosed before SLNB was regularly performed in

H&N melanoma in 1999. In 95 patients diagnosed in 2000

and later, SLNB was not performed due to patient’s age,

performance, refusal, or increased risk due to resection. Of

29 patients with positive SLND, 25 underwent complete

lymphadenectomy.

Patients were offered to receive adjuvant treatment

(low-dose interferon-alpha 3 9 3 MIU s.c./week for

18 months or participation in a clinical adjuvant trial) in

case of a tumor thickness of 1.5 mm? or present ulceration

as well as in case of positive nodes.

Description of Sample

Prognostic Factors and Recurrences in the SLNB and Non-

SLNB Group The SLNB group included more male

patients (p = 0.004), tumors with a higher level of

U. Leiter et al.



invasion (p \ 0.001), and more ulcerated tumors

(p = 0.023). Tumor thickness did not differ (p = 0.745).

CM in the SLNB group were more likely located on the scalp

(p = 0.004; Table 1). Most prognostic factors favored the

non-SLNB group, except for tumor thickness and age. Older

patients were found in the non-SLNB group (p = 0.001).

TABLE 1 Comparison of H&N melanoma patients who underwent SLNB (n = 259) and a non-SLNB group (n = 218) with respect to

prognostic factors and recurrences

Total

(n = 477)

SLNB group

(n = 259)

Non-SLNB group

(n = 218)

p value

Age 0.001

Median (IQR); 68 (55, 76); 67 (55, 73); 70.5 (55, 79);

Range [yr] 11–94 11–91 18–94

Gender

Female 209 (43.8 %) 98 (37.8 %) 111 (50.9 %) 0.004

Male 268 (56.2 %) 161 (62.2 %) 107 (49.1 %)

Tumor thickness

Median (IQR) [mm] 2.15 (1.40, 3.50) 2.20 (1.50; 3.50) 2.10 (1.35; 3.53) 0.745

1.00–2.00 227 (47.6 %) 121 (46.7 %) 106 (48.6 %) 0.609

2.01–4.00 166 (34.8 %) 95 (36.7 %) 71 (32.6 %)

[4.00 84 (17.6 %) 43 (16.6 %) 41 (18.8 %)

Level of invasion \0.001

III 37 (8.6 %) 10 (4.3 %) 27 (13.8 %)

IV 327 (76.0 %) 196 (83.4 %) 131 (67.2 %)

V 66 (15.3 %) 29 (12.3 %) 37 (19.0 %)

Unknown: 47 (9.9 %)

Histological subtype 0.068

SSM 103 (23.3 %) 62 (25.8 %) 41 (20.2 %)

NM 128 (28.9 %) 69 (28.8 %) 59 (29.1 %)

LMM 177 (40.0 %) 85 (35.4 %) 92 (45.3 %)

Others 35 (7.9 %) 24 (10.0 %) 11 (5.4 %)

Unknown: 34 (7.1 %)

Body site 0.004

Face 234 (49.1 %) 111 (42.9 %) 123 (56.4 %)

Scalp 175 (36.7 %) 112 (43.2 %) 63 (28.9 %)

Neck 68 (14.3 %) 36 (13.9 %) 32 (14.7 %)

Ulceration 0.023

Yes 107 (28.7 %) 65 (33.9 %) 42 (23.2 %)

No 266 (71.3 %) 127 (66.1 %) 139 (76.8 %)

Unknown: 104 (21.8 %)

Follow-up time

Median (IQR); 50 (27, 82); 48.0 (26.0; 74.0); 52.5 (29.0; 104.75); 0.018

Range [month] 3–150 3–143 3–150

First recurrence 0.009

None 338 (70.9 %) 195 (75.3 %) 143 (65.6 %) 0.02

Satellite/in-transit 40 (8.4 %) 22 (8.5 %) 18 (8.3 %) 0.87

Regional lymph nodes 53 (11.1 %) 23 (8.9 %) 30 (13.8 %) 0.07

Distant metastases 46 (9.6 %) 19 (7.3 %) 27 (12.4 %) 0.08

Death due to melanoma 0.028

No 386 (80.9 %) 219 (84.6 %) 167 (76.6 %)

Yes 91 (19.1 %) 40 (15.4 %) 51 (23.4 %)

IQR interquartile range, SSM superficial spreading melanoma, NM nodular melanoma, LMM lentigo maligna melanoma

Impact of SLNB in Head and Neck Melanoma



In the SLNB group, less recurrences could be found

(p = 0.009). A trend towards less regional lymph node

metastases (p = 0.07) and distant metastases (p = 0.08)

was observed. No significant difference was found for

satellite/intransit metastases (p = 0.87; Table 1). Clinical

outcomes for both groups are shown in Fig. 1.

Of SLNB patients, 10.8 % (N = 29) showed positive

SLN. Of these, 78.5 % (N = 22) had a tumor thickness of

[2.0 mm. Of 29 positive patients, 25 (78.5 %) underwent

a complete lymphadenectomy, and in 10 (40.0 %) further

positive lymph nodes (up to 10) were diagnosed. Com-

paring SLNB-negative and -positive patients, positive

patients developed significantly more recurrences (60.7 vs.

20.0 %, p \ 0.0001; Table 2).

OS and RFS in SLNB and Non-SLNB Staged

Patients The 10-year cumulative OS according to

Kaplan–Meier was 68.1 % [95 % confidence interval (CI)

56.3–79.9] for the SLNB and 66.1 % (95 % CI 57.3–74.7)

for the non-SLNB group (p = 0.303). The 10-year RFS

SLNB 
N=259

SLNB positive
N=29 (11.2%)

SLNB negative
N=230 (88.8%)

Non-SLNB 
N=218

Recurrence: 75 (34.4%)
Sat/intransit 18(8.3%)
Regional 30 (13.8%)
Distant 27 (12.4%)

No further surgery N=4(20.6%)CLND   N=25 (86.2%)

Recurrence: 18 (62.1%)
Sat/intransit: 8 (28.6%)
Regional 4 (14.3%)
Distant 6 (20.1%)

Recurrence: 64 (24.7%)
Sat/intransit 22(6.5%)
Regional 23 (8.9%)
Distant 19 (7.3%)

Total patients
N=477

Recurrence: 46 (20.0%)
Sat/intransit 14(6.1%)
Regional 19 (8.3%)
Distant 13 (5.7%)

Negative CLND
N=15 (59.1%)

Positive CLND
N=10 (40.9%)

Recurrence: 3 (50.0%)
Sat/intransit: 2 (33.3%)
Regional 1 (16.6%)

Recurrence: 7 (77.7%)
Sat/intransit: 3 (33.3%)
Regional 1 (11.1%)
Distant 3 (33.3%)

Recurrence: 8 (57.1%)
Sat/intransit:3 (21.4%)
Regional 2 (14.2%)
Distant 3  (21.4.%)

FIG. 1 Outcomes of H&N melanoma patients treated from 1996 to 2010
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was 63.4 % (95 % CI 53.8–73.0) for the SLNB and 54.8 %

(95 % CI 46.0–63.3) for the non-SLNB group (p = 0.136).

Because the design was not that of a prospectively

randomized study, Cox proportional hazard analyses were

required. The Cox analysis, adjusted for age, gender,

localization, tumor thickness, level of invasion, ulceration,

and histological subtype showed that the SLNB collective

had a decreased risk of death from CM [relative risk

(RR) = 0.64; (0.41, 1.005); p = 0.053], which was

borderline statistically significant (Fig. 2a). The SLNB

collective also had a decreased risk of recurrences during

follow-up (RR = 0.63; (0.45, 0.90); p = 0.011; Fig. 2b).

Satellite/in-transit, metastasis-free survival probabilities

according to univariate and multivariate analyses were

similar (SLNB: 10-year: 85.2 % (95 % CI 77.6–92.8); non-

SLNB group (10-year: 89.2 % (95 % CI 84.3–92.1);

p = 0.820). No significant difference was observed

comparing both groups in the univariate analysis

concerning regional LFS (SLNB: 10-year: 88.7 % (95 %

CI 84.2–93.3); non-SLNB: 10-year: 81.1 % (95 % CI

74.5–87.7); p = 0.121) The DMFS did likewise not differ

(SLNB: 10-year: 83.9 % (95 % CI 74.4–93.1), non-SLNB:

10-years: 72.5 % (95 % CI 62.6, 82.5); p = 0.225). In the

Cox analysis, patients with SLNB had a decreased risk of

regional lymph node recurrences (RR = 0.49 (0.29, 0.82);

p = 0.007) and distant metastases (RR = 0.59 (0.38, 0.9);

p = 0.015), which both was statistically significant.

OS and RFS in SLNB Positive (n = 29) and SLNB

Negative (n = 230) Patients OS and RFS according to

Kaplan–Meier were significantly lower for SLNB-positive

patients with a 5-year OS of 49.1 % (95 % CI 27.9–70.3)

versus 88.2 % (95 % CI 82.9–93.5; p \ 0.0001) and 5-year

RFS of 34.4 % (95 % CI 14.4–54.4) versus 78.3 % (95 %

CI 72.0–84.6; p \ 0.001). Cox proportional hazard

analysis (adjusted for prognostic factors as tumor

thickness, localization, histologic subtype, age, and

ulceration) found that SLNB-positive patients were 3.69

times (95 % CI 1.7–7.8; p \ 0.001) more likely to die from

CM. SLNB-positive patients had an increased risk of 3.8

(95 % CI 1.9–7.12; p \ 0.0001) to develop recurrences.

RFS for satellite/in-transit and distant metastases, com-

bined and separately, were significantly lower for SLNB-

positive patients (p \ 0.001, respectively). For regional

lymph node metastases, the RFS was lower in SLNB-

positive patients but did not reach significance (5-year:

79.8 vs. 89.7 %, p = 0.09).

DISCUSSION

To date, SLNB is an important valuable diagnostic tool

and provides improved staging with estimation of the fur-

ther prognosis. The analysis of the AJCC melanoma

database of [16,000 patients led to the inclusion of nodal

micrometastasis in the classification of melanoma TNM

stage.4,16 In addition, Morton et al. showed the SLN status

to be the most significant predictor of survival in multi-

variate analysis in the biopsy arm of the prospective,

randomized MSLT-I Trial.1,17 In patients with SLNB a

decrease of regional recurrences and a trend towards an

TABLE 2 Recurrences in incident primary cutaneous H&N melanoma patients who underwent SLN biopsy (SLNB) followed by complete

lymphadenectomy

SLNB-positive (n = 29) SLNB-negative (n = 230) p value

No. of positive lymph

Nodes

1 24

2 5

First recurrencesa

None 11 (39.3 %) 184 (80.0 %) \0.0001

Satellite/in-transit metastases 8 (28.6 %) 14 (6.1 %) 0.001

Regional lymph node metastases 4 (14.3 %) 19 (8.3 %) 0.309

Distant metastases 6 (17.9 %) 13 (5.7 %) 0.011

All recurrences 18 (60.7 %) 46 (20.0 %) \0.0001

Overall survival

10-year S(t) (95 % CI) 42.1 (20.0, 64.2) 72.2 (59.5, 84.9) \0.001

Disease-free survival

10-year (S(t) (95 % CI) 34.4 (14.4, 54.4) 67.3 (56.9, 77.7) \0.001

a Only patients with lymph node metastases in regional sites disseminated disease (i.e., both regional lymph node sites and distant sites were

regarded as distant metastases)

Impact of SLNB in Head and Neck Melanoma



improved survival could be observed.1,17–19 The question

remains whether SLNB in the H&N region is safe and of

benefit. Relative to other nodal basins, SLNB often is

technically challenging because of the complex anatomy,

the intricate cranial nerve anatomy, and presence of major

blood vessels.20

This study of patients with primary melanoma of

C1.0 mm in the H&N region and a median follow-up time of

5 years found that SLNB followed by lymphadenectomy in

positive cases improved RFS (p = 0.011). SLNB patients

had a 0.64 decreased risk of death from melanoma (with

marginal significance, p = 0.059) and a 0.63 reduced risk of

developing recurrences compared with the non-SLNB group

(p = 0.011). The trend to an improved survival in SLNB

patients is likely due to the therapeutic subsequent lymph

node dissection in positive cases. Furthermore, SLNB pa-

tients showed less regional lymph node and distant

metastases (RR = 0.49; p = 0.007 and RR = 0.58;

p = 0.015, respectively). This is in line with results of

Morton where a reduction of regional lymph node metastases

could be shown (p \ 0.0001).1 In contrast, the analysis of

Morton showed no improvement of DMFS (p = 0.912).1

Concerning OS and RFS early diagnosis of lymph node

metastases by SLNB and subsequent therapeutic lymph node

dissection in SLNB-positive cases could have a positive

impact on prognosis in H&N melanoma patients. Further-

more, SLNB provides detailed staging information, which

allows the selection of patients for additional therapies.

The current study showed a rate of 11.2 % positive SLNB,

which is in line with other studies (10–21 %, mean 16 %).20

In patients with negative SLNB, 20 % (N = 46) developed

recurrences compared with 62.1 % (N = 18) in SLNB-

positive patients (p \ 0.0001). Nineteen SLNB-negative

patients developed recurrences in the regional lymph-node

basin, showing a false-negative rate of 8.3 % (19/230),

which is in concordance to previous published studies.4,20

Others, predominantly in the early experience showed even

higher rates of 18–29 %,1,21 reflecting technical problems

due to complex anatomy, multiple drainage pathways, and

often close proximity to the primary tumor.20,22

In H&N patients, incidence of false-negative SLN biop-

sies are highest compared with other sites.1,4,5,20,23–27

Reasons for a false-negative SLN biopsy could be technical

problems during SLN mapping and biopsy. The failure to

identify and to remove the SLNs probably accounts for the

majority of false-negative SLNB.5,20 This could be the rea-

son why H&N patients with SLNB did not have an improved

regional lymph node-metastasis-free survival compared

with other sites.1,4,28 Maybe the high rate of false-negative

SLNB in H&N melanoma made it difficult to verify the

prognostic significance of SLNB in this region. Previous

series, as those of Doting, Patel, and Gomez-Rivera,29–31

failed to elucidate a correlation between SLN status and

survival on multivariate analysis, but Gomez-Rivera showed

a trend for prognostic significance. On the other hand, newer

data from Leong for the Sentinel Lymph Node Working

Group established a correlation between SLN status and RFS

on multivariate analysis (hazard ratio, 2.8), but the data was

nonsignificant for OS.20

This study had a retrospective design and was hampered

by differences between the collectives, mainly disadvan-

taging the SLNB group. This confounding problem can only

be partly addressed by multivariate analyses. Multivariate

P=0.053

P=0.011

b

a

FIG. 2 Overall (a) and disease-free-survival (b) according to

estimation from multivariable Cox-proportional-hazard-model: pa-

tients with SLNB (n = 259, blue line) compared to patients with

follow-up (non-SLNB; n = 218, yellow line)
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COX analyses adjusted for age, gender, localization, tumor

thickness, level of invasion, ulceration, and histological

subtype showed an improved RFS and OS and a reduced risk

of regional lymph node and distant metastases.

The nodal status of the SLNB proved as a strong

prognostic factor in H&N melanoma and gains important

staging information in these patients.32 The multivariate

analysis confirms this view, showing that SLNB-positive

patients were 3.69 times more likely to die of melanoma

and had a 3.8 increased risk for recurrences. Similar results

were shown by Martin21 in H&N melanoma and refer to

the more aggressive tumor biology in SLNB-positive pa-

tients.33 SLNB-positive patients developed satellite/in-

transit and distant metastases more frequently compared to

SLNB-negative patients but did not show an improved

regional control. Similar results were found by Slatman

where the 3-year, nodal-RFS rates for SLN-negative and

SLN-positive patients were not statistically significant

(p = 0.451).34 Neither a negative SLN, nor a positive SLN

with a neck-dissection decreased the risk of regional nodal

recurrence. This is in contrast to other publications on

melanoma of all localizations.28 Factors, i.e., multiple

drainage patterns of the H&N could contribute to higher

incidences of mapped basin recurrences than other primary

sites.4

CONCLUSIONS

The present retrospective study showed that SLNB in

H&N melanoma of C1-mm tumor thickness improved

RFS, LFS, and DMFS and showed a trend towards a better

OS. In the further course of the disease, patients developed

less subsequent regional lymph node and distant metas-

tases. Concordant to melanoma of other sites patients with

positive SLNB in H&N melanoma showed a significantly

poorer prognosis. Overall, our findings support that SLNB

is an important tool for appropriate staging and should be

performed in patients with H&N melanoma for the same

indications as melanoma of other sites with comparable

feasibility, accuracy, and prognostic value.
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