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Abstract
Background: In the US, whether a sentinel lymph node biopsy (SLNB) is performed 
depends on tumor and patient factors, including socioeconomic status (SES) and type 
of health care insurance. We analyzed which patient and tumor characteristics influ-
enced the use of SLNB in a country where every patient has equal access to health-
care.

Methods: Patients diagnosed with a cutaneous invasive melanoma of ≥1 mm be-
tween 2004 and 2011 and living in the northeastern part of the Netherlands were 
selected from the Netherlands Cancer Registry. Regression analysis was performed 
to assess the association of patient and tumor characteristics and SLNB use.

Results: SLNB was performed in 42% of the 2,413 included patients. The frequency 
of performing SLNB increased between 2004 and 2011 from 24 to 55% (p < 0.001). 
Patients were less likely to undergo SLNB if they had a melanoma located in the head 
and neck area (p < 0.001), when they were over 55 years (p = 0.001), and if they 
had a low SES (p = 0.03). SLNB use was more likely when the diagnosis of melanoma 
was made in the university hospital (p = 0.045) or when the Breslow thickness was 
2.01–4.0 mm (p = 0.03).

Conclusions: The use of SLNB has increased significantly between 2004 and 2011. 
However, in 2011 it was still performed in only 55% of the Dutch patients with a 
melanoma ≥1 mm. In patients with head and neck melanoma, older patients, and 
patients with low SES, SLNB was less frequently performed. Patients with T3 mel-
anomas and a diagnosis made in the university hospital more often had an SLNB 
performed.
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Introduction
Sentinel lymph node biopsy (SLNB) was developed in the early 1990s as a minimal-
ly invasive method to detect the presence of occult metastases and thereby differ-
entiate between true stages I or II melanoma and occult stage III melanoma.1 The 
procedure was developed to help select patients who would benefit from a comple-
tion lymph node dissection. Since then, a multitude of studies have been performed 
showing that SLN status is a powerful predictor of survival.2–4 Furthermore, there is 
evidence suggesting that SLNB leads to improved regional disease control and im-
proved disease-free survival.5–7 The subanalysis for node-positive patients with inter-
mediate-thickness melanoma in the final report of the MSLT-I trial shows that SLNB 
leads to improved melanoma-specific survival in these patients. However, because 
an overall survival benefit between the observation and experimental groups could 
not be shown, the overall therapeutic value of the SLNB will unfortunately remain a 
subject of great debate.7 

When the strong prognostic value of the procedure became clear, the SLNB was in-
cluded in the staging guidelines of the American Joint Committee on Cancer (AJCC).8,9 
In the Netherlands, physicians have been advised to offer the SLNB as a diagnostic 
procedure for all patients with stage IB melanoma or higher who want to be optimal-
ly informed about their prognosis since 2005.10,11 

Although the SLNB is part of most national guidelines, its use is reported to be lim-
ited. In the US, SLNB is used in only 47–60% of patients with stage IB melanoma 
or higher.12–16 In these studies the use of the SLNB has been related to age, tumor 
location, Breslow thickness, and socioeconomic and geographic factors. Bilimoria et 
al.14 showed that type of insurance was associated with the performance of an SLNB, 
and Martinez et al.15 noted that patients from the south were less likely to receive an 
SLNB. Other factors that negatively influenced the use of SLNB in these studies where 
location on the head and neck, being a Native American, and increasing age. 

There are only limited data available about the use of SLNB in Europe. One British 
study showed that only 15 of 49 centers that treat melanoma use the SLNB proce-
dure.17 In France in 2004, only 34% of patients with melanoma ˃1 mm underwent an 
SLNB. In this study, the use of SLNB was more related to medical and geographic envi-
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ronment than to other patient or tumor characteristics.18 However, both abovemen-
tioned studies were performed before SLNB recommendations were implemented in 
the national guidelines of these countries. One German study, performed after the 
implementation of SLNB in the German national guidelines, showed that SLNB was 
performed in 87.8% of the eligible patients.19 No great variation was noted between 
different center sizes, geographic regions, and healthcare coverage. 

The present study was performed to describe the use of SLNB in the Netherlands 
by using data from the Netherlands Cancer Registry. In the Netherlands, the guide-
lines advise to perform SLNB in patients with AJCC stage IB and higher. We aimed 
to describe the percentage of eligible patients in which SLNB was performed and to 
identify factors influencing the use of this procedure in the Netherlands. A factor of 
particular interest was socioeconomic status (SES), because there are few data on 
the influence of SES on the use of SLNB in Europe, and, in contrast to the US, all Dutch 
patients have similar access to health care. Therefore, we expected that SES does not 
influence the use of SLNB, in contrast to previous American studies.

Methods
The details of patients diagnosed with primary cutaneous melanoma from 2004 to 
2011 and living in the northeastern part of the Netherlands were extracted from 
the Netherlands Cancer Registry. This registry documents various data (patient and 
tumor characteristics and information on treatment and follow-up) from all newly 
diagnosed patients in the Netherlands.

Only patients aged 18 years and older were included. According to Dutch guidelines, 
SLNB is advised in all stages IB and II patients who want to be optimally informed 
about their prognosis. Because AJCC stage is not registered in the database, we se-
lected patients with an invasive melanoma of ≥1 mm and excluded all patients with 
distant metastases or palpable lymph nodes at the time of diagnosis (n = 2,413).
The following data were extracted from the database: sex, age, SES, Breslow thick-
ness, histology, and hospital of first diagnosis. Unfortunately, race and ulceration 
were not available in the database. The SES of a patient depends on his or her ad-
dress: for every postal code, SES is estimated by the Netherlands Institute for Social 
Research by using four variables: mean income, percentage of habitants with low 
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income, percentage of habitants with low education level, and percentage of unem-
ployment. On the basis of SES, patients were equally divided over five groups. The 
highest group number (group 5) corresponds with the fifth of patients with the best 
SES. Age was divided in four groups: 18–35, 36–55, 56–75, and ˃75 years. Breslow 
thickness was categorized according to the T stages. The database described four 
types of hospitals: general hospital, teaching hospital, academic hospital, or ‘oth-
er.’ The academic hospital was the University Medical Center Groningen, a tertiary 
melanoma center and the only university hospital of the northeast Netherlands. The 
category ‘other’ contains general practitioners or private clinics.

The χ2 test was used to analyze whether the frequency of SLNB had significantly in-
creased during the past 8 years. Logistic regression analysis was performed to assess 
the association of patient and tumor characteristics and SLNB use. Odds ratios (ORs) 
were calculated. The software package SPSS 17.0 for Windows (SPSS, Inc., Chicago, 
IL) was used for statistical analyses.

Results
Patient and tumor characteristics
Between 2004 and 2011, a total of 2,413 patients aged 18 or older with melanoma 
≥1 mm and no clinical signs of nodal or distant metastases were registered in the 
database. SLNB was performed in 1,009 (42%) of these patients. Over the years there 
was a significant increase in the use of the procedure; in 2003, the procedure was 
performed in 24% of the patients, whereas in 2011, SLNB was used in 55% of the 
eligible patients (p > 0.001; Fig. 1). Half of the patients had a melanoma localized on 
either an upper or lower extremity, 35% had a melanoma lesion located on the trunk, 
and 15% had melanoma located in the head and neck area. The most common type 
of histology was superficial spreading melanoma (58%), followed by nodular mela-
noma (21%) and melanoma not otherwise specified (18%). Only few were lentigi-
nous melanoma (3%). There were 1,373 patients (57%) with melanoma of 1–2-mm 
Breslow thickness, 623 patients (26%) with 2.01–4.0-mm-thick melanoma, and 417 
patients (17%) with melanoma >4.0 mm thick. Almost half of the melanomas (49%) 
were diagnosed in a teaching hospital, 40% were diagnosed in a community hospital, 
and 3% were diagnosed in the academic center. These patient and tumor character-
istics are shown in Table 1.
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Table 1: Characteristics of patients with melanoma ≥ 1mm Breslow Thickness registered from 2004 to 

2011 in the North-Eastern part of the Netherlands

Patient characteristics Total no of patients Undergoing SLNB (%)

Sex    male 1137 491 (43)

   female 1276 518 (41)

Age    18-35 years 191 102 (53)

   36-55 years 744 413 (56)

   56-75 years 1023 426 (42)

   >75 years 455 68 (15)

Location    Trunk 852 393 (46)

   Upper extremity 505 225 (45)

   Lower extremity 700 321 (46)

   H&N 354 69 (20)

   Unknown 2

Histology    Nodular 512 204 (40)

   Lentigo 74 23 (31)

   Superficial spreading 1391 607 (44)

   Other/NOS 436 175 (40)

Breslow Thickness    1.0-2.0 mm 1373 598 (44)

   2.01-4.0 mm 623 277 (45)

   >4.0 mm 417 134 (32)

SES    5 (highest) 478 215 (45)

   4 487 206 (42)

   3 479 197 (41)

   2 487 211 (43)

   1 (lowest) 482 180 (37)

Diagnosis Hospital    Teaching 1185 478 (40)

   Academic 81 45 (56)

   Community 963 408 (42)

   Other 85 25 (30)

   Unknown 99 53 (54)

SLNB, sentinel lymph node biopsy; H&N, head and neck; NOS, not otherwise specified; SES, social eco-

nomic status, no; number.
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Factors influencing SLNB use
The following factors significantly influenced the performance of SLNB in melanoma 
patients: age, location of the melanoma, Breslow thickness, hospital of diagnosis, 
and SES. Patients aged 56–75 years and aged 75 years or older had SLNB performed 
less often compared with 18–35-year-old patients (OR 0.58 and 0.16; p = 0.001 and < 
0.001, respectively). Tumor location on the head and neck also negatively influenced 
the use of SLNB when compared with trunk localization (OR 0.41; p < 0.001). Pa-
tients with 2.01–4.0-mm-thick melanoma had an SLNB performed more often than 
patients with melanoma of 1.0–2.0-mm thickness (OR 1.27; p = 0.03).

Patients who were diagnosed with melanoma in the academic hospital had a greater 
chance of having an SLNB performed than patients diagnosed in a teaching hospi-
tal or a community hospital (OR 1.64; p = 0.045). Furthermore, patients who were 
diagnosed in an ‘other’ institute (general practitioner or private clinic) had an SLNB 
performed significantly less often compared with patients diagnosed in teaching hos-
pitals. Patients with a SES in the lowest quintile had an SLNB performed significantly 
less often than patients with an SES in the highest quintile (37 vs. 45%, respectively; 
OR 0.73; p = 0.03; Fig. 2). The results of the multivariable analysis are shown in Table 
2.

Figure 1: Use of SLNB from 2004-2011 in 

patients with melanoma ≥1mm Breslow 

thickness living in the Northeastern part 

of the Netherlands.

Figure 2: Use of SLNB stratified according 

to socioeconomic status.
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Table 2: Factors associated with undergoing a SLNB (multivariable model)

Patiënts
Undergoing 

SLNB (%)
OR 95% CI p value

Sex    male 43 1

   female 41 0.86 0.71 – 1.04 0.11

Age    18-35 53 1

   36-55 56 0.99 0.71 – 1.38 0.96

   56-75 42 0.58 0.42 – 0.81 0.001

   >75 15 0.16 0.11 – 0.25 <0.001

Location    Trunk 46 1

   Upper extremity 45 1.21 0.95 – 1.55 0.12

   Lower extremity 46 1.14 0.91 – 1.43 0.26

   H&N 20 0.41 0.29 – 0.56 <0.001

Histology    Nodular 40 1

   Lentigo 31 1.18 0.64 – 2.19 0.59

   Superficial spreading 44 1.02 0.80 – 1.29 0.87

   Other/NOS 40 1.06 0.80 – 1.41 0.68

Breslow Thickness    1.0-2.0 mm 44 1

   2.01-4.0 mm 45 1.27 1.02 – 1.57 0.03

   >4.0 mm 32 0.84 0.64 – 1.10 0.21

SES    5 (highest) 45 1

   4 42 0.93 0.70 – 1.22 0.58

   3 41 0.89 0.68 – 1.18 0.42

   2 43 0.94 0.71 – 1.24 0.67

   1 (lowest) 37 0.73 0.55 – 0.97 0.03

Diagnosis Hospital    Teaching 40 1

   Academic 58 1.64 1.01 – 2.67 0.045

   Community 42 1.07 0.89 – 1.29 0.46

   Other 30 0.49 0.30 – 0.81 0.005

SLNB, sentinel lymph node biopsy; H&N, head and neck; NOS, not otherwise specified; SES, social eco-

nomic status.
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Discussion
SLNB is a widely accepted diagnostic procedure that has shown to be a powerful pre-
dictor of survival. Several American studies have shown that age, tumor location, and 
Breslow thickness influence the use of SLNB. However, it is interesting to note that 
social factors such as race, insurance, and living area also influence its use.14–16,18 Only 
three studies describe the use of SLNB in Europe, of which two studies were per-
formed before the official integration of SLN status in the AJCC staging in 2009.17–19 

This study was undertaken to describe the current use of the SLNB in the Nether-
lands and evaluate which factors influence the use of SLNB in a country in which all 
patients have equal access to health care.

The use of SLNB in the Netherlands has increased significantly between 2004 and 
2011 from 24 to 55% (p < 0.001). This is comparable to data from the US.12–16 It is, 
however, considerably less than the implementation of the SLNB in neighboring 
country Germany (>85% all age groups).19 This was an unexpected finding. Germany 
has a mandatory health insurance system similar to the Dutch system, so access to 
health care is comparable in both countries. However, the German guidelines are 
very clear about the indications for SLNB (any melanoma with Breslow thickness 
>1 mm and melanoma with Breslow thickness 0.75–1.0 mm plus ulceration or high 
mitosis rate or age <40 years), whereas the Dutch guidelines are less explicit and 
state that an SLNB is ‘advised’ in patients with melanoma stages IB and II for optimal 
staging and prognostic information. This difference might be a reason for the higher 
guideline adherence in Germany. Another possibility is that Dutch surgeons do not 
advise the SLNB procedure, despite the current ASCO/ASO guidelines, because the 
therapeutic value of the procedure itself is still debated.20

As in other studies, age was an important predictor of the use of SLNB. Patients aged 
56–75 and 75 years or older had SLNB performed less often than 18–35-year-old 
patients (OR 0.58 and 0.16; p = 0.001 and < 0.001, respectively). Younger patients 
and their doctors find it more important to be precisely informed about prognosis 
than older patients. Older patients often have more comorbidity, and therefore more 
perioperative complications can be expected. This negatively influences the decision 
to use SLNB.
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Another known phenomenon is that SLNB for melanoma in the head and neck area 
is less often performed. SLNB in the head and neck area is a technically difficult pro-
cedure for which experienced head and neck surgeons are needed.21,22 Also, its use-
fulness is sometimes doubted because of the high false-negative rate and because 
distant recurrences without evidence of nodal recurrences are not infrequently 
seen.23,24 New imaging techniques could assist in the detection of SLNs. Although 
none of the current imaging techniques can identify small (<3-mm) SLNs or distant 
metastases, recent studies have shown improvements in the detection of SLNs by 
using imaging.25,26 Lymphoscintigraphy combined with single-photon emission com-
puted tomography combined with computed tomography showed promising results 
for detecting SLNs and their drainage patterns.26–28 Furthermore, fluorodeoxyglucose 
positron emission tomography/computed tomography using new tracers such as 
[18F]ICF01006 was able to detect SLNs and distant skin metastases before they were 
clinically palpable.29 

This study confirms that patients with 2.01–4.0-mm-thick melanoma most often 
have SLNB performed.15,16 This is probably because the prognostic value of an SLNB is 
highest in this group of patients. Also, patients with thinner melanoma have a much 
lower risk of having a positive SLNB, and a positive SLNB has a smaller influence on 
prognosis. The most evidence for a therapeutic value of SLNB and completion lymph 
node dissection exists for intermediate-thickness (1.20–3.50-mm) melanoma.6 

Unexpectedly, a high SES was associated with more use of the SLNB procedure. The 
difference in SLNB use was significant only between the highest and lowest quintile. 
The difference between the other quintiles, containing patients with the most av-
erage SES scores, was not significant. Still, the difference between groups 1 and 5 is 
remarkable, because there should theoretically not be any difference at all between 
the SES quintiles because all patients in the Netherlands have equal access to health-
care. An explanation for this could be that patients with lower SES are generally older 
than patients with higher SES. Another explanation might be that patients with a 
higher SES have a stronger need for prognostic information, even if their prognosis 
might not be changeable. It could also be that patients with a higher SES more often 
know of the existence of this procedure and actively ask for this option. The finding 
that SES influences the use of SLNB is in contrast to a German study by Livingstone 
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et al.,19 in which living region (east vs. west and federal state) and insurance status 
did not influence SLNB. This is remarkable because Germany is geographically close 
to the Netherlands and has a comparable health care and insurance system. Studies 
from the US do show that race, health insurance state, and SES all influence SLNB 
use, but the health care and insurance system in the US is less comparable to that 
in the Netherlands.14,15 The more consistent use of SLNB in Germany is probably ex-
plained by the clear indications for SLNB in this country. In the Netherlands the SLNB 
is advised only as a staging instrument in patients with stage IB or higher.

Finally, patients who were diagnosed in the academic hospital more often had an 
SLNB performed compared with patients diagnosed in one of the teaching hospitals. 
Academic centers might participate more often in studies concerning SLNB. How-
ever, because there is only one academic center, which is also a tertiary melanoma 
center, included in this study, these results need to be interpreted cautiously.

Although uniform tumor staging is important not only to inform patients correctly, 
but also for study purposes, the guideline to use SLNB as a staging tool for melanoma 
is followed in only 56% of cases in the Netherlands. Patients with thin melanoma, 
melanoma in the head and neck area, older patients, patients with lower SES, and 
patients not diagnosed in academic hospitals all have a smaller chance of having an 
SLNB performed than patients without these characteristics. Although in individual 
cases, age, tumor location, and Breslow thickness might be valid reasons to not of-
fer an SLNB, this does not seem to explain all cases of noncompliance. The ongoing 
discussion about the therapeutic benefits of the SLNB (and subsequent completion 
lymph node dissection) might be an important other reason for noncompliance. The 
final results of the MSLT-I make at least an argument for the therapeutic value of 
SLNB-based management of intermediate-thickness melanomas. In addition, the 
prognostic impact of the SLNB remains a very important factor in the staging of mel-
anoma patients and will be even more important in the near future when more and 
more (adjuvant) systemic treatments become available.
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