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INTRODUCTION 

Melanoma
Benign naevi are common and harmless skin lesions caused by proliferation of melanocytes 

in the basal layer of the epidermis. These melanocytes produce melanin, which is then 

transported to the keratinocytes. Here, they protect the nucleus of the keratinocytes against 

UV radiation. Numerous stimuli are able to increase melanogenesis. Under influence of both 

environmental and genetic stimuli, uncontrolled proliferation of these melanin-producing cells 

can result in melanoma.

	 A melanoma is a malignant tumor originating from the abnormal growth of these pigment-

producing melanocytes. This tumor occurs most often in the skin, but it can strike in any part 

of the body containing melanocytes, for example the mucosa of the upper earodigestive tract.

[1] The incidence of melanoma is increasing continuously. By the year 2015 there will be 

4800 new patients in the Netherlands compared to 4069 in 2008.[2] Approximately 15% of all 

cutaneous melanomas are located in the head and neck area and these will account for 720 

new cases in 2015. 

Sentinel node biopsy 
Melanoma has the potential to metastasize through blood and lymph vessels. Early diagnosis 

before this occurs is important in order to achieve regional control of the disease. If a 

melanoma is suspected after physical examination and/or dermatoscopy, diagnostic excision 

is the subsequent diagnostic step. After pathologic verification, wide local excision of the 

tumour is advised with a margin of one centimetre for melanomas with a Breslow thickness 

of less than two millimetres and two centimetres for melanomas with a Breslow thickness 

above two millimetres. For cosmetic reasons limited excision margins are accepted in critical 

areas of the head and neck. In case of dissemination, lymph node metastases often preceed 

haematogenous metastases. This notion prompted many surgeons in the past to perform 

elective lymph node dissection to stage the regional lymph node field and remove possible 

nodal metastases.[3-6] However, only 10-20% of patients, who underwent elective dissection 

of the regional node field, harboured tumour-positive lymph nodes.[7,8] In 1992, Morton and 

Cochran introduced the technique of sentinel node biopsy, which is based upon the stepwise 

dissemination of melanoma through the lymph nodes.[9,10] The sentinel node is defined as 

the lymph node upon which the primary tumor drains directly (Figure 1).[11] In 10-30% of 

all melanoma patients one or more tumour-positive sentinel nodes are found.[12-16] Early 
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studies showed that if the sentinel node is not involved, the rest of the regional lymph node 

basin is free of metastases as well.[12,15] Therefore, sentinel node biopsy is a diagnostic tool 

that helps to stage the regional node field. 

Melanoma

Sen�nel
node

Figure 1. The sentinel node is the node on a direct lymphatic drainage pathway. 

Patients appreciate the prognostic information that the procedure provides.[13,17] Ten-year 

survival is 56% in patients with a tumor-positive node and 85% in case of a tumor-negative 

sentinel node.[18] Another advantage of the procedure is the possibility to identify patients 

with an involved sentinel node who may have more involved nodes and may benefit from 

completion lymph node dissection. Nevertheless, it is still unclear whether the chance to 

survive the disease improves in patients who undergo sentinel node biopsy compared to 

patients who are observed. The first Multicenter Selective Lymphadenectomy Trial (MSLT-I) 

addresses this issue and a recent interim-analysis revealed a ten-year melanoma-related 

survival of 81.1% in patients who underwent sentinel lymph node biopsy and 77.3% if they 

were observed, but this difference did not reach statistical significance.[19] In the group of 
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patients with involved lymph nodes this comparison is more interesting. The ten-year survival 

of patients with an involved sentinel node and early completion lymph node dissection 

is 56.2% versus 40.8% for patients who received a completion lymph node dissection for 

palpable lymph node metastasis (p=0.01). The idea is that the sentinel node biopsy is a staging 

procedure that detects lymph node metastases and in combination with the therapeutic node 

dissection improves the chances to survive. Definitive results of the MSLT-I study are eagerly 

awaited. 

	 On the other hand, sentinel node biopsy is also associated with several disadvantages. 

Increased operating time, higher costs, additional pre-operative imaging with exposure to 

ionising radiation, extra incisions and scars, and post-operative complications in 5-9% of these 

patients.[12,20,21] Also, several investigators suggested that the risk of developing in-transit 

metastases after early lymph node dissection in patients with a tumor-positive sentinel node 

could be increased.[22-24] Other studies could not confirm these findings and this issue is 

shrouded in controversy.[25,26] Furthermore, this diagnostic procedure is often false-negative 

with a range of eight to 32 per cent, even in renowned melanoma centers.[27-31] Regional 

node dissection is generally recommended for patients with a tumor-positive sentinel node, 

although additional lymph node metastases are found in only 10-20%.[32] It is unclear 

whether their chance of survival increases by the early lymph node dissection, while these 

individuals are exposed to the substantial morbidity of this procedure.[15,27,33-37] Hence, 

several investigators are trying to develop criteria to determine the risk that more nodes are 

involved in order to select patients who most likely benefit from completion node dissection.

[38-41] 

Head and neck
Sentinel node biopsy in the head and neck region is challenging because a third of the 600 

lymph nodes in the body are situated in the neck.[42] The extensive network of lymph vessels 

and their sinuous routes also contribute to the complexity of lymph drainage in this region, 

with melanomas often draining to multiple and bilateral lymph nodes.[43-47] But also esthetics 

plays a role when performing sentinel node biopsy in this region. 

	 Lymphatic mapping in the head and neck is challenging. Overprojection from the large 

amount of radioactivity at the nearby injection site may obscure a sentinel node on the 

images. Because of the large number of lymph nodes in the head and neck region, it is often 

hard to distinguish sentinel nodes from second-echelon nodes (Figure 2). The sensitivity of the 

sentinel node biopsy in head and neck melanoma is 80-100%.[42,48,49] The false-negative 
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rate was 20% in a recent review of 32 studies concerning 3442 head and neck melanoma 

patients.[50] The results of sentinel lymph node biopsy are useful for staging and deciding on 

adjuvant treatment for patients with a head and neck melanoma. 

Figure 2. Lymphoscintigraphy and SPECT-CT of a patient with a melanoma on the anterior face. This 
example shows that it is sometimes difficult to distinguish between first- and second echelon nodes.

The aforementioned issues do not only make the sentinel node biopsy technically difficult in the 

head and neck region, but they also resulted in a discussion about the extent of the completion 

neck dissection in patients with an involved cervical lymph node. Based on therapeutic neck 

dissections, in 1995 O’Brien et al describe the classical drainage pathways for the different 

locations of cutaneous head and neck melanomas.[51] Their findings determined the extent 

of therapeutic neck dissections in melanoma patients with a cervical lymph node metastasis.

[52,53] Their lymphatic drainage scheme is mainly based on a hypothetical watershed line, 
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differentiating anterior lymphatic drainage from posterior drainage. In case a melanoma is 

located in front of this watershed line a therapeutic neck dissection of the levels I-IV or level 

I-III with a parotidectomy is advised for patient with an N+ neck. In case a melanoma is located 

posterior of this watershed line a therapeutic neck dissection of levels II-V is recommended. A 

modified radical neck dissection with a parotidectomy is advised in case a melanoma is located 

on the watershed line and a selective neck dissection of the levels III-V in case a melanoma is 

located in the lower neck (Figure 3). O’Brien’s recommendations are now partly incorporated 

in the current neck dissection protocol at The Netherlands Cancer Institute. As patients are 

exposed to the significant morbidity of completion neck dissection, a more selective approach 

without reduction of survival is desirable.[54,55] 

Figure 3. The head and neck region divided by the so-called watershed line and advised therapeutic 
neck dissection for melanoma patients with a cervical lymph node metastases.[52,53] This material is 
reproduced with permission of John Wiley & Sons, Inc.
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OUTLINE OF THIS THESIS

Evaluation of sentinel node procedures in melanoma surgery
The first part of this thesis focuses on the evaluation of some controversial issues concerning 

the sentinel node procedure in melanoma patients. Previous publications suggested that 

early lymph node dissection for a tumour-positive sentinel node could contribute to the 

entrapment of melanoma cells in lymphatic ducts and thus predispose for the development 

of in-transitmetastases. In chapter two, the incidence of in-transitmetastases and other 

locoregional recurrences is described in patients with an involved sentinel node who 

underwent early completion lymph node dissection. This incidence is compared to patients 

who received regional lymph node dissection for palpable nodal disease. 

	 It is not well known that the false-negative rate of sentinel node biopsy is remarkably high 

even in renowned melanoma centres. The rate of false-negative procedures and their cause at 

our institute are the subject of chapter three and in chapter four the possible causes for these 

false-negative procedures are further discussed. 

	 The recently introduced hybrid single photon emission computed tomography camera 

with integrated radiographic computed tomography (SPECT/CT) could be of additional value 

in decreasing the number of false-negative procedures. The additional value of SPECT/CT in 

unselected melanoma patients is analysed, regardless of the location of the primary melanoma 

or the ease of interpretation of the conventional lymphoscintigram in chapter five. 

	 In a previous study with a median follow up duration of 33 months we described that 

patients with a minimally involved sentinel node in whom a completion lymph node dissection 

was omitted did not recur in that basin. Chapter six describes how these very patients fared 

with a median follow up of five years. 

Head and neck lymph node drainage 
The second part of this thesis focuses on cervical lymph node drainage in melanoma patients 

and the assessment of our current neck dissection protocol for patients with an involved 

sentinel node. Chapter seven addresses the lymphatic drainage patterns of 65 patients with 

such a melanoma and the implications for a subsequent neck dissection in case an involved 

cervical sentinel node is found. 

	 Little is known about the precise location, number, size and depth of the suboccipital 

lymph nodes. Chapter eight presents an anatomic study of this particular region. Because a 

melanoma on the trunk with a cervical sentinel lymph node is uncommon, three patients with 
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a melanoma located over the manubrium sterni and drainage to cervical lymph nodes are 

presented in chapter nine. Following this case series, thirty-nine patients with a melanoma on 

the shoulder or trunk with lymphatic drainage to the neck were investigated. Their drainage 

patterns and implications for therapeutic neck dissection are discussed in chapter ten. 

This thesis ends with a summary and main conclusions in English, Dutch and Spanish. 
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Abstract

Background: The main aims of this study were to evaluate the occurrence of the various forms 

of local-regional recurrence in sentinel node positive melanoma patients, to determine whether 

the different definitions that are being used to describe in-transit metastases influence this 

rate and to identify factors associated with local-regional recurrence. A comparison was made 

with the rate of local-regional recurrence in patients who underwent lymph node dissection 

for palpable metastases. 

Methods: Between December 1993 and December 2008 141 patients underwent completion 

lymph node dissection because of a tumor-positive sentinel node. In the same period, 178 

patients underwent a regional lymph node dissection for palpable nodal metastases. 

Results: In the sentinel node positive patients, the local recurrence rate was 5%, the rate 

of satellite metastasis was 2% and for in-transit metastasis this was 15%. In patients with 

palpable nodal involvement these percentages were 3, 2 and 14 respectively. There was no 

statistically significant difference in local-regional recurrence-free rates between these two 

groups of node-positive patients (P=0.172). Breslow thickness was the only predictive factor 

for a local-regional recurrence (P=0.015).

Conclusions: The rate of local-regional metastases in patients with a tumor-positive sentinel 

node and patients with palpable nodal involvement is similar. The present study refutes 

the suggestion that a positive sentinel node predisposes for the development of in-transit 

metastases.
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Introduction

Sentinel lymph node biopsy is a common staging procedure in patients with melanoma. The 

interim analysis of the Multicenter Selective Lymphadenectomy Trial I confirmed that sentinel 

node biopsy has prognostic value and indicated improved survival in lymph node positive 

patients subjected to completion lymph node dissection.[1] In 2002, we noticed a potential 

downside of the procedure. The rate of in-transit metastases in our sentinel node positive 

patients was found to be 23%, substantially higher than the 8.3% in patients with palpable lymph 

node metastases.[2,3] Could sentinel lymph node biopsy perhaps induce the development of 

in-transit metastases? Some investigators shared our concerns, but others could not confirm 

our findings.[4-8] Now, seven years later, our group of sentinel node patients has expanded 

from 250 to 708 and we felt the need to re-evaluate the rate of in-transit disease. 

	 The main purpose of this study was to investigate the rate of the various types of local-

regional recurrence in sentinel node positive patients. The results were compared to those 

in patients who underwent lymph node dissection for palpable metastases. In addition, 

we determined whether the different definitions that are being used to describe in-transit 

metastases influence their reported rate of occurrence. A final purpose was to identify factors 

associated with the rate of local-regional recurrence.

Patients and methods

The study population consisted of 886 patients with cutaneous melanoma treated at 

The Netherlands Cancer Institute between December 1993 and December 2008. In the 

prospectively collected database, 708 patients were identified who underwent wide local 

excision and sentinel node biopsy and 178 patients who received a therapeutic lymph node 

dissection for palpable nodal involvement in this period without prior sentinel node biopsy. 

Patients who developed a local regional (sub)cutaneous recurrence before the lymph node 

dissection were included in this latter group. A number of the patients had been included in 

the earlier publications.[2,3] 

	 Sentinel node biopsy was carried out if the primary tumor had a Breslow thickness of at 

least 1 mm or less if the Clark level was IV. A two-day protocol was used. On the day before 

the operation, technetium-99m-labeled nanocolloid (Nanocoll, Amersham Cygne, Eindhoven, 

the Netherlands) was injected intradermally around the biopsy site in a mean volume of 0.4 

ml and a mean dosage of 76 MBq (2 mCi). Static images were performed at fifteen minutes 
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and two hours and were preceded by a dynamic study of ten minutes. Both anterior and 

lateral images were routinely made. Hybrid single photon emission computed tomography 

with CT was introduced in 2006 and was performed when conventional images were difficult 

to interpret and for research purposes.[9] The location of the node was marked on the skin 

with indelible ink. The next day, patent blue dye (Laboratoire Guerbet, Aulnay-Sous-Bois, 

France) was administered intradermally in a mean volume of 1.0 ml, completely surrounding 

the tumor or biopsy site. Intra-operative detection of radioactivity was performed with a 

gamma ray detection probe (Neoprobe, Johnson & Johnson Medical, Hamburg, Germany). 

Both tracers were used to identify the sentinel node. A sentinel node was defined as a lymph 

node upon which the primary tumor drains directly.[10] After sentinel node biopsy, wide local 

excision was performed of the primary melanoma site with a 1 or 2 cm margin, depending on 

the Breslow thickness. All sentinel nodes were formalin-fixated, bisected, paraffin-embedded, 

and cut at a minimum of six levels at 50 to 150 µm intervals. Pathologic evaluation included 

hematoxylin and eosin and immunohistochemical staining (S-100 and MART-1). 

	 With the exception of some patients with minimal nodal involvement, patients with a 

positive sentinel node received a regional node dissection. This was a modified radical neck 

dissection, level I-III axilla dissection or a superficial inguinal node dissection that was usually 

accompanied by a dissection of the obturator and external iliac nodes. Patients with palpable 

nodal disease underwent a radical neck dissection, level I-III axilla dissection or a superficial 

inguinal node dissection accompanied by removal of the obturator nodes and at least the 

external iliac nodes. All lymph nodes harvested from regional node dissection specimens were 

examined in 4.0 mm sections stained with hematoxylin and eosin. 

	 All patients were followed at our institute. Patients with a local-regional recurrence following 

distant metastases were not enrolled. Classification of local-regional disease was based on 

the first site of recurrence and these recurrences were categorized as either local recurrence, 

satellite metastasis or in-transit metastasis. A local recurrence was defined as a recurrence in 

contact with the scar of the wide primary tumor excision or the skin graft.[11] Intradermal and 

subdermal metastases within 2 cm of the scar were classified as satellites. Other non-nodal 

regional recurrences not beyond the regional lymph node field were categorized as in-transit 

metastases. Different experts use different definitions of in-transit metastases. Some experts 

exclude (sub)dermal metastases overlying the regional node field and classify these as a 

separate entity.[5,12-14] For this reason, these ‘regional field recurrences’ were distinguished 

as a subgroup of in-transit metastases in the present study. Lymph node recurrences were not 

studied since the focus of the study was on regional (sub)dermal recurrences. 
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Patient characteristics were compared using Fisher’s exact test, the chi-square test and the 

Kruskal-Wallis test. Age was calculated from date of birth until date of wide local excision. 

Recurrence-free interval was calculated from the date of wide local excision to the date of 

local recurrence, satellite metastasis or in-transit metastases. Patients without any of these 

events were censored at the time of death from any cause or at last follow-up. An additional 

analysis was performed calculating recurrence free interval from the date of sentinel node 

biopsy or therapeutic lymph node dissection. Patients with recurrence before node dissection 

were excluded in this additional analysis. Recurrence free interval curves were made using the 

Kaplan-Meier method with the log-rank test assessing equality of distributions. Greenwood’s 

formula was used to calculate confidence intervals of the ten year recurrence-free rates. Median 

follow-up was calculated using the reverse Kaplan-Meier method and compared with the log-

rank test. Missing values were imputed with the median or the mode. A sensitivity analysis 

was used to asses the influence of the imputation process on the outcomes. Multivariable 

Cox proportional hazards regression analysis was performed to asses associations of Breslow-

thickness, ulceration and positive sentinel node versus palpable lymph node involvement 

with the four non-nodal regional recurrence types. P-values less than 0.05 were considered 

significant. All analyses were performed using SAS 9.1 and R 2.9.0 with Survival, Hmisc and 

Design libraries. 

Results 

Patient and tumor characteristics
The study concerned 886 patients, of whom 708 underwent sentinel node biopsy. The sentinel 

node was tumor-negative in 534 of them (75%) and they received no further treatment. A total 

of 141 patients (20%) had a tumor-positive sentinel node and underwent completion lymph 

node dissection. Twenty-three patients (3.3%) with a minimally involved sentinel node (Starz 

category I and II) did not receive any further dissection.[15,16] Ten patients (1.4%) had a false-

negative sentinel node procedure, which means that 5.7% of the patients with an involved 

lymph node basin were not identified by the procedure (false-negative rate, 95 % confidence 

interval (CI) 2.8% - 10.3%).[17] 

	 A therapeutic lymph node dissection for palpable metastases was performed in the 

remaining 178 patients. Patient and tumor related characteristics of the group with a tumor-

positive sentinel node and the group with a palpable lymph node metastasis were compared 

(Table 1). There were no statistically significant differences in age or gender distribution, but 
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the median Breslow thickness, ulceration rate, and tumor histology were less favorable in the 

sentinel node group. Primary tumor location was also not distributed equally between the two 

groups. 

	 The patients in either group had their node dissection in the same time frame but the 

follow-up duration was calculated from the time of the wide local excision. This explains why 

the follow up duration is considerably longer in the patients who underwent their dissection 

for palpable nodes.

Table 1. Characteristics of the 319 patients who underwent regional node dissection for an involved 

sentinel node or for palpable metastasis. 

Positive sentinel node 
(n=141)

Palpable lymph node 
(n=178)

P

Age (range) 50 (17 - 86) 49 (18 - 85 )  0.758

Gender ratio M : F 59% : 41% 56% : 44%  0.650

Primary tumor location
  Head and neck
  Trunk
  Arm
  Leg 

9 (6%)
56 (40%)
25 (18%)
51 (36%)

32 (18%)
60 (33%)
18 (10%)
68 (39%)

 0.007

Breslow thickness (mm)
  Mean (range)
  Median
  Indeterminable

3.7 (0.9 - 12)
3.0
0

2.8 (0.1 - 10.2)
2.3
5

 <0.001

Ulceration
  Present
  Absent
  Indeterminable

65 (46%)
74 (53%)

2 (1%)

39 (22%)
115 (65%)
24 (13%)

 <0.001

Histologic type
  SSM
  NM
  ALM
  LMM
  Indeterminable

69 (49%)
55 (39%)

9 (6%)
1 (1%)
7 (5%)

103 (58%)
41 (23%)

4 (2%)
0 (0%)

30 (17%)

 0.016

Median follow-up months (range) 64.5 (2 - 171). 94.0 (3 - 320) .  <0.001

SSM = superficial spreading melanoma, NM = nodular melanoma, ALM = acrolentiginous melanoma, LMM = lentigo 
maligna melanoma.
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Rate of local-regional recurrences
The rate of local-regional recurrences was determined and these were classified as either local 

recurrence, satellite metastasis or in-transit metastasis. Within the latter group, a subcategory 

of in-transit metastases overlying the regional node field was identified (Table 2). In-transit 

metastases were seen in 21 of 141 patients (15%) with a positive sentinel node and in 25 

of 178 patients (14%) with a palpable regional lymph node. Because of the considerable 

difference of follow up duration of individual patients and because of the difference in median 

follow up duration between the two groups, comparison of the local-regional recurrence-free 

rates over ten-years is more meaningful. The ten-year in-transit metastases-free rate was 81% 

(95 % CI, 73% - 89%) in the patients with a positive sentinel node and 80% (95% CI, 72% - 88%) 

in the patients with a palpable regional lymph node (P=0.421, Figure 1). The corresponding 

ten-years risks of in-transit metastasis were 19% (95% CI, 11% - 27%) and 20% (95% CI, 12% 

- 20%), respectively. Starting with patients with in-transit metastasis up to the regional node 

field (P=0.387) and subsequent adding of patients with (sub)dermal node field recurrences 

(P=0.421), satellite metastases (P=0.416) and local recurrences (P=0.172) did not result in a 

statistically significant difference between the two groups (Table 2). 

Table 2. Local-regional recurrences in 141 patients with a positive sentinel node and 178 patients with 

palpable lymph nodal involvement.

Local 
recurrence

Satellite 
metastasis

In-transit metas-
tasis

Node field  
recurrence* Total

Positive sentinel node 7 (5%) 3 (2%) 21 (15%) 5 (4%) 31/141 (22%)

Palpable lymph node 5 (3%) 4 (2%) 25 (14%) 7 (4%) 34/178 (19%)

* Subcategory of in-transit metastasis in skin and/or subcutaneous tissue overlying lymph node field.

Predictors of local-regional recurrence
Potential prognostic factors for the occurrence of in-transit metastases and other local-regional 

recurrences were examined by a multivariate analysis of the following variables: positive 

sentinel node versus palpable lymph node involvement, Breslow thickness and presence of 

ulceration. None of these variables were found to have a statistically significant association 

with the rate of in-transit metastases (Table 3). When all local-regional recurrences combined 

were considered, only Breslow thickness was a predictive factor (P=0.015, Table 4). An involved 

sentinel node was not a predictive factor for the development of in-transit metastasis. 
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Figure 1. In-transit metastasis-free rate in patients with a positive sentinel node and patients with 
palpable lymph node involvement (P=0.421).

Table 3. Cox proportional hazards regression analysis for the occurrence of in-transit metastases.

Variable P Hazard ratio (95% confidence interval)

Positive sentinel node versus palpable node 0.699 1.13 (0.61 - 2.09)

Breslow thickness 0.102 1.11 (0.98 - 1.25)

Ulceration 0.948 1.02 (0.52 - 2.00)

Table 4. Cox proportional hazards regression analysis for the occurrence of all non-nodal local-regional 

recurrences. 

Variable P Hazard ratio (95% confidence interval)

Positive sentinel node versus palpable node 0.597 1.15 (0.68 - 1.93)

Breslow thickness 0.015 1.13 (1.02 - 1.25)

Ulceration 0.418 1.26 (0.72 - 2.19)
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Discussion 

Compared to patients with non-palpable nodal metastases, individuals with palpable nodal 

metastases have more tumor cells, the disease has had more time to develop and is likely to be 

more aggressive. Intuitively, one would assume that patients with palpable nodal involvement 

have a higher risk of in-transit metastasis than patients with non-palpable nodal metastasis. A 

publication from the M.D. Anderson Cancer Center showed the opposite. In a group of 1001 

patients with nodal metastases, the incidence of in-transit metastasis was 4% in patients with 

palpable nodal involvement and 27% in patients with non-palpable involvement (p<0.001).

[18] In search of an explanation, one is tempted to think that early node dissection prevents 

the melanoma cells that are still in the lymphatics on their way from the primary lesion site 

from reaching the nodal basin. Instead, these cells are stuck in their tracks where they may be 

assumed to grow out to become in-transit disease. This is what we thought when we noticed 

the distribution of in-transit metastases around the scar in the dissected lymph node basin in 

our sentinel node-positive patients. When the rate of in-transit metastases rose to 23% we 

published our findings.[3] Our fears deepened when the role of the usual prognostic factors 

was investigated and the multivariate analysis identified the sentinel node biopsy as the only 

culprit.[2]

	 The present study shows a 15% rate of in-transit metastases in patients with a positive 

sentinel node and refutes this previous suggestion that a tumor-positive sentinel node 

predisposes for the development of in-transit metastases. Several potential explanations for 

the discrepancy were considered, but none was convincing. As far as the prognostic factors 

were concerned, the mean Breslow thickness was 3.8 mm in the former study and 3.7 mm in 

the current study. The rates of ulceration were 48% and 46%, respectively. The technique of the 

procedure did not change over the years. We are left with the thought that the inconsistency 

between the former and current findings may be explained by the limited size of the original 

study group, which may have led to an unbalanced patient population. 

The rate of in-transit metastases varies greatly among different institutions, ranging between 

1.3% and 33%.[19,20] A rate of 18% was seen in 186 patients with a tumor-positive sentinel 

node at the M.D. Anderson Cancer Center.[21] Clary et al reported in-transit metastases 

rates of 13% in sentinel node-positive patients and 2.8% in sentinel node-negative patients.

[22] A high 33% rate of in-transit metastases was found by Vuylsteke et al in patients with a 

tumor-positive sentinel node, compared with 6.5% in those with a negative sentinel node.

[20] Doting et al found no statistically significant difference between these groups, 8% and 4% 
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respectively.23 Van Poll et al reported an in-transit metastasis rate of 10.8% in sentinel node-

positive patients.[5] A low rate of 1.3% was found by Borgognoni et al.[19] The interim report 

of the Multicenter Selective Randomized Trial did not specify the rate of in-transit metastases 

in sentinel node-positive patients.[1] 

	 Differences in patient populations may explain some of these widely different outcomes. 

Another possible explanation is the use of different classifications for the various forms of 

local-regional recurrence. Distinction is made between local recurrence, satellite metastasis 

and in-transit metastasis but these three forms of local-regional recurrence are believed to be 

part of the same pathophysiological process ‒ lymphatic dissemination ‒ and carry a similar 

prognosis.[24,25] Some experts define in-transit metastasis as a recurrence at least 2 cm 

from the primary tumor up to the regional node field, while others use a 3 cm distance from 

the primary lesion site.[3,5,11] Whether only the actual primary tumor is meant or whether 

measurement from the wide local excision scar is also acceptable is unclear. Pawlik et al define 

in-transit metastases as any local-regional non-nodal metastasis regardless of the distance 

from the primary tumor.[6] A more important difficulty in defining this type of dissemination 

is whether (sub)cutaneous recurrence in the regional node field should be included. In 

our original publication, we had one patient with such metastasis.[2] Most experts regard 

these regional node field recurrences not as in-transit metastases, but as a separate entity.

[5,12,14,26] We disagree with this view, because the pathophysiology of these recurrences 

appears to be the same as in-transit metastases. Also local recurrence may be a form of in-

transit metastasis, although one cannot exclude regrowth from a primary tumor remnant. 

Perhaps the American Joint Committee on Cancer Staging can address this issue. In the 

present study the use of different definitions did not influence local-regional recurrence rates 

and local- regional recurrence-free survival. 

	 In our previous study, the rate of in-transit metastasis in patients who underwent node 

dissection for palpable nodal disease was determined during follow-up after the operation. 

The 8.3% rate that was found was lower than the 23% rate in patients who underwent node 

dissection because of a tumor-positive sentinel node (P=0.027).[2] This comparison has been 

criticized because patients with local-regional recurrence before dissection for palpable node 

disease had been excluded.[27] Moreover, a lead-time bias was introduced because follow-up 

included only the time after lymph node dissection. We felt that this criticism was justified and 

this is why the seven patients with prior in-transit metastases were taken into account in the 

present study. As a result, the rate of in-transit metastases rose from 10% to 14%, similar to 

the 15% in sentinel node positive patients. It seems that the tumor load in a lymph node does 
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not influence the development of in-transit metastases. The occurrence of such metastases 

indeed appears to be predetermined by the biology of the disease.[12] Given the graver 

prognostic factors in the sentinel node group (Table 1), one would expect a higher rate local-

regional recurrence in this group but the substantially shorter follow up duration may have 

prevented this. 

	 In conclusion, the rate of all forms of local-regional recurrence was 22% in the sentinel 

node positive patients and 19% in those with palpable node disease. In-transit metastases 

were the most frequent type found with a rate of 15% and 14%, respectively. There was no 

statistically significant difference in the ten-years local-regional recurrence-free rate between 

these two groups of patients (P=0.172). Use of different definitions for the various forms of 

local-regional recurrence was noticed but this had no significant impact on the outcomes. 

In this study, no factor was found to predict in-transit metastasis. Breslow thickness was the 

only prognostic factor associated with the occurrence of all types of local-regional metastases 

combined. The present study eliminates our concerns that sentinel lymph node biopsy might 

induce in-transit metastases. 
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Abstract

Background and objectives: The aims of the study were to determine the percentage of false-

negative sentinel node procedures in melanoma patients, to investigate the time cohort of 

these recurrences, whether a learning phase was involved and to search for causes of the 

failures. 

Methods: Between December 1993 and December 2008, 708 melanoma patients underwent 

a sentinel node biopsy. The procedure was considered false-negative if a recurrence developed 

in the basin from which a tumor-free sentinel node had been removed. Of all false-negative 

cases, the pre-operative images, operative report and pathology slides were reviewed. 

Results: Sentinel node biopsy was positive in 164 (23%) of the patients and false-negative in 

ten (1.4%), which results in a false negative rate of 5.7%. Five of the ten failures occurred in 

the first year after the sentinel node biopsy was introduced. Causes for these false-negative 

procedures could be attributed once to the nuclear medicine physician, once to the surgeon 

and twice to the pathologist. 

Conclusion: The sentinel node procedure failed to identify involvement in 5.7% of the patients 

with lymph node metastases. Half of the false-negative biopsies took place in the first year 

after the procedure was introduced, illustrating the existence of a learning period. 
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Introduction

Sentinel node biopsy allows patients with nodal metastasis to be treated in a relative early 

phase of their disease. The sentinel node is found in almost 100% of the patients in specialized 

melanoma institutes. In non-specialized institutes, this percentage lies between 94 and 

98.[1-3] The initial publications showed that no metastases were found in the dissection 

specimen of the regional lymph node basin when the sentinel node was free of metastases.

[4-6] The tumor status of the sentinel node now is the most important prognostic factor and 

a valuable diagnostic test to determine further disease management.[1,7] Interim-results of 

a randomized controlled trial show that five-year overall survival of patients with a positive 

sentinel node in whom an early completion lymph node dissection is carried out is better 

compared to patients in whom a late dissection is carried out for palpable nodal metastases 

(72.3% and 54.2% respectively, p=0.02).[8] 

	 Now that the duration of follow-up of patients after sentinel node biopsy is increasing, a 

considerable incidence of recurrences is noticed in nodal fields from which a tumor-negative 

sentinel node was excised.[9] False-negative percentages from eight to 32 have been reported 

from renowned melanoma institutes.[3,8,10-16] The median follow up of one study was less 

than two years.[17] At our own institute, this percentage was eleven in the first 200 patients 

who were analyzed in 2000.[1] This high incidence of false-negative procedures is reason 

for concern and one wonder what the causes may be. The nuclear physician, surgeon and 

pathologist perform the sentinel node procedure in close collaboration. The cause of a false-

negative sentinel node biopsy may be present at each of these pillars of the procedure.[18] 

Now that the number of melanoma patients who received a sentinel node biopsy at our 

institute has increased to 708 and the median follow-up has surpassed five years, it seems 

useful to further examine this question. 

	 The first aim of this study was to determine the percentage of false-negative sentinel 

node procedures. The other aims were to investigate the time cohort of these recurrences, 

to analyze whether a learning phase was involved and to search for possible causes of the 

failures. 

Patients and Methods

Between December 1993 and December 2008, 708 melanoma patients underwent sentinel 

node biopsy at The Netherlands Cancer Institute – Antoni van Leeuwenhoek Hospital. The first 
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250 patients were also included in previous studies.[1,19] Sentinel node biopsy was carried 

out if the primary tumor had a Breslow thickness of at least 1 mm or less if the Clark level 

was IV. A two-day protocol was used. On the day before the operation, technetium-99m-

labeled nanocolloid (Nanocoll, Amersham Cygne, Eindhoven, the Netherlands) was injected 

intradermally around the biopsy site in a mean volume of 0.4 ml and a mean dosage of 76 

MBq (2 mCi). Static images were performed at fifteen minutes and two hours and were 

preceded by a dynamic study of ten minutes. Both anterior and lateral images were routinely 

made. Hybrid single photon emission computed tomography with radiographic computed 

tomography (SPECT/CT) was introduced in 2006 and was performed when conventional 

images were difficult to interpret and for research purposes.[20] The location of the node was 

marked on the skin with indelible ink. The next day, patent blue dye (Laboratoire Guerbet, 

Aulnay-Sous-Bois, France) was administered intradermally in a mean volume of 1.0 ml, 

completely surrounding the tumor or biopsy site. Intra-operative detection of radioactivity 

was performed with a gamma ray detection probe (Neoprobe, Johnson & Johnson Medical, 

Hamburg, Germany). Both tracers were used to identify the sentinel node. A sentinel node was 

defined as a lymph node upon which the primary tumor drains directly.[4,21] After sentinel 

node biopsy, wide local excision was performed of the primary melanoma site with a 1 or 

2 cm margin, depending on the Breslow thickness. All sentinel nodes were formalin-fixated, 

bisected, paraffin-embedded, and cut at a minimum of six levels at 50 to 150 µm intervals. 

Pathology evaluation included hematoxylin and eosin and immunohistochemical staining 

(S-100 and MART-1). With the exception of some patients with minimal nodal involvement, 

patients with a positive sentinel node received a regional node dissection.[22,23] This was 

a modified radical neck dissection, level I-III axilla dissection or a superficial inguinal node 

dissection that was usually accompanied by a dissection of the obturator and external iliac 

nodes. The biopsy was considered false-negative if a primary recurrence developed in the 

regional lymph node basin from which a tumor-free sentinel node had been removed. The 

mean follow-up of all 708 patients was 54 months.

	 The sentinel node procedure consists of three main pillars: the pre-operative imaging, the 

operation and the microscopic analysis of the node. The pre-operative images, the operation 

report and the microscopic analysis of the patients with a false-negative sentinel node 

procedure were reviewed in an attempt to trace the causes of these failures.
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Results

A median of 2.4 sentinel nodes per patient were excised. The sentinel nodes were tumor-

negative in 534 patients (75%) and they received no further treatment. A total of 141 patients 

(20%) had a tumor-positive sentinel node and underwent completion lymph node dissection. 

Twenty-three patients (3.3%) with a minimally involved sentinel node did not receive any 

further dissection. Ten patients (1.4%) had a false-negative sentinel node procedure, which 

means that 5.7% of the patients with an involved lymph node basin were not identified 

by the procedure (false-negative rate 5.7; 95 % confidence interval (CI) 2.8% - 10.3%). The 

sensitivity of the sentinel node biopsy is 94.3% (95% confidence interval (CI) 89.7% - 97.2%). 

The percentage of false-negative procedures (false-negative ratio) was 29.4 in the first year, 

3.0% in the subsequent years and in the last four years this was 1.4. Five of the ten false-

negative biopsies happened in the first year after sentinel node biopsy was introduced at our 

institute. In the subsequent years only sporadic a false-negative biopsy occurred and in the last 

three years there were none. The mean interval to discovery of the missed metastases in the 

regional lymph node field was 28 months (4.6 - 106 months). 

	 The causes of these false negative procedures were pursued. One patient recurred in a 

lymph node in the triangular intermuscular space lateral from the right scapula. Although it 

had not been described by the nuclear medicine physician, this sentinel node was visible on 

the lymphoscintigram in hindsight. In a second case, the surgeon failed to excise a para-iliac 

sentinel node that was reported by the nuclear physician. Two false-negative sentinel node 

procedures became apparent when the pathologist made additional slides of the sentinel node 

after a recurrence developed in the nodal basin. No cause could be found in the remaining six 

false-negative cases. 

Discussion

The sentinel node biopsy failed to identify disease in ten of the 164 patients who had an 

involved nodal basin, which corresponds with a false-negative ratio of 5.7%. Some investigators 

calculate this rate of false-negative outcomes over the total number of patients who underwent 

sentinel node biopsy or in the group of sentinel node-negative patients.[24] This approach 

does not follow the formal definition of a false-negative test result.[9] The false-negative rate 

intends to tell us how often a diagnostic test fails to show an abnormality when it is present. 

Because it is not possible to miss a metastasis in a patient who has no metastasis, this ratio 
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should be calculated only over the group of patients with tumor-positive sentinel nodes.[9] 

This is an important point because the choice of the definition has substantial implications 

for the outcome of this rate. When calculated in the correct fashion, the percentages of false-

negative procedures in some reputable melanoma institutes are still unfavourable, e.g.18% 

and 32%.[25,26] The percentage was 18 in an interim analysis of the Multicenter Selective 

Lymphadenectomy Trial (Table).[8] 

Table. False-negative rate in various studies.

Author False-negative ratio 

Present study  5.7%

Vuylsteke et al 2003 16 9.0%

Scoggins et al 2010 11 10.8%

Doting et al 2002 15 11.0%

Yee et al 2005 13 13.2%

Gershenwald et al 2007 12 16,1%

Clary et al 2001 10 16.4%

Caraco et el 2007 25 18.4%

Morton et al 2006 8 18.0%

Leiter et al 2010 14 32.0%

The nuclear medicine physician and the surgeon were responsible for one false negative case 

each and two had to do with the pathology evaluation. These causes could be identified, but 

there are other factors that can play a role. The lymph drainage is variable and not always 

follows the same lymph track to the same node. This is illustrated by the observation that pre-

operative lymphoscintigraphy does not always show all the sentinel nodes when performed 

twice.[27,28] The recently introduced SPECT/CT sometimes shows more sentinel nodes than 

conventional lymphoscintigraphy.[20] Another possible explanation is that a large metastasis 

in the sentinel node blocks the lymph flow. The radioactive tracer and blue dye will then be 

diverted to another node, a ‘neo-sentinel node’, that may not harbor tumor cells yet.[29,30] 

Although we know that lymph fluid drains fast, little is known about the kinetics of melanoma 

cells in this fluid.[31] It is possible that melanoma cells are still in-transit at the time of the 

sentinel node procedure, only to end up later in another lymph node to cause a false negative 

result. 
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What are the possibilities to make the sentinel node procedure more sensitive and to 

decrease the number of false-negative biopsy in melanoma patients? One important factor 

is the collaboration between nuclear physician, surgeon and the pathologist. At our own 

institute all the lymphoscintigrams, operations and results of the procedures are discussed 

at a weekly multidisciplinary sentinel node conference. Our observation that five of the ten 

failures occurred in the first year after the procedure was introduced, suggests that these 

meetings and the increased experience with the procedure are responsible for the reduction 

of the percentage of false-negative procedures. The aforementioned SPECT/CT is expected to 

improve sentinel node detection in patients with a complex drainage region like the head and 

neck or the peri-scapulair area.[32] Another improvement is the refinement of the pathology 

analysis. The use of the polymerase chain reaction with multiple biomarkers could make the 

detection of tumor cells more sensitive.[33,34] Unfortunately, some normal cells like nevus 

cells, macrophages or antigen-presenting dendritic cells in a lymph node also contain these 

biomarkers, which limits the specificity.[35] The identification of minimal metastases still is 

difficult. Nodal minimal metastases may be missed if the lesion happens to be in-between 

slides. A technique like carbon dye mapping is used by some investigators to help the 

pathologist identify the region within the node where metastases are most likely to be found 

and may make the sentinel node procedure more sensitive.[36,37] 

Conclusion

In 5.7% of the patients with metastasis in the regional lymph node field we were not able to 

detect this with the sentinel node biopsy. Half of these false-negative sentinel node biopsies 

took place in the first year after the procedure was introduced at our institute. The percentage 

false-negative procedures (false-negative ratio) in the first year was 29.4 and in the last four 

years this was 1.4. There appears to be a learning phase. The cause of a failed procedure was 

not identifiable in six of the ten cases. 
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The sentinel lymph node biopsy was a valuable addition to our diagnostic armamentarium. The 

procedure improves staging, results in better prognostic information that we can share with 

our patients, and increases the chance of survival in node-positive patients. But, there is room 

for further improvement. How well does the procedure do what it is supposed to do, and how 

does one examine this? The main question is the following: if there is a metastasis in the nodal 

basin, how often does the sentinel node biopsy reveal it? This is the sensitivity. And, how often 

is there a recurrence in the nodal basin in a situation that no node dissection was carried out 

because the sentinel node was tumor-free? If this happens, the procedure was false-negative. 

A false-negative result means that a metastasis was present in the nodal basin, but the sentinel 

node biopsy did not find it. The false-negative rates that have been published in the past few 

years are not good. For instance, the false-negative rate in Morton’s Multicenter Selective 

Lymphadenectomy Trial now stands at 20%.[1] This means that one of every five patients with 

nodal involvement from melanoma is missed by the sentinel node procedure. 

	 There are many potential reasons for false-negative procedures. Perhaps the concept 

that melanoma disseminates through the lymphatic system in a step-wise fashion from one 

node to the next is not watertight. Rather than to disseminate in clusters, melanoma tends 

to disseminate as individual cells that perhaps can pass through a node or narrow collateral 

lymphatics and settle in the next node downstream. The lack of a commonly accepted 

definition of a sentinel node implies that one man’s sentinel node is not necessarily somebody 

else’s.[2] Analysis of 33 patients with a false-negative sentinel node biopsy at the Melanoma 

Institute Australia showed that there were process deficiencies in nuclear medicine for 31% of 

these cases, in pathology for 31% and in surgery for 13%.[3] The lymph flow may be diverted 

to another node ‒ a ‘neo’sentinel node ‒ because the original sentinel node is largely replaced 

by metastatic disease or because the afferent lymph vessel is blocked by in-transit metastases. 

Lymph drainage from a melanoma is variable. Reproducibility studies show drainage to another 

node in 12 - 15% of the patients in whom lymphoscintigraphy is done twice.[4] False-negativity 

has also been found to be associated with increasing age, lower Breslow thickness, higher 

Breslow thickness, ulceration, and less lymphovascular invasion. A complete regression of a 

metastasis in the sentinel node but not in a subsequent node may also be a potential cause for 

failure.[3]

	 How does the false-negative rate for melanoma compare to that for other cancers? A recent 

study of 153 patients who underwent sentinel lymph node biopsy for Merkel cell carcinoma 

revealed a false-negative rate of 15%.[5] The median duration of follow up was 41 months. The 

false-negative rate was 19.2% in a series of 92 penile cancer patients with a median follow up 
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duration of seven years.[6] False-negative sentinel node biopsy rates in vulvar cancer ranged 

between 5.5% and 27%.[7] 

	 The favorable exception is breast cancer. In patients without completion axillary node 

dissection, the false-negative rates ranged between 0% and 3% with a weighed combined 

sensitivity of 100%.[8] The false-negative rate in these patients became evident through 

nodal recurrence in the axilla. Interestingly, a recent study of sentinel node biopsy in breast 

cancer patients with back up axillary clearance revealed a false-negative rate of 22.9%.[9] This 

indicates that metastatic nodes most likely remain in the axilla after a negative sentinel node 

biopsy, but these nodes do not necessarily develop into clinically apparent disease within the 

examined time frame. There are reasons that can explain this lack of clinical progression of 

breast cancer. Radiotherapy to the whole breast after breast conserving surgery and adjuvant 

systemic therapy are likely to adequately treat involved nodes that remain. But there are 

also other explanations for the favorable sensitivity in breast cancer compared to melanoma. 

In contrast to melanoma, lymph drainage from a breast cancer is consistently to the same 

node(s). And also, about a third of the breast cancers drain to a lymph node in or around the 

breast but outside the axilla. Such a recurrence in an intramammary node may be interpreted 

as a local recurrence in lieu of the false-negative sentinel node biopsy that it really was. 

	 But, there is also some good news for melanomologists. At The Netherlands Cancer 

Institute, the false-negative rate was 29.4% in the first year after the procedure was introduced 

in 1993, but just 3% in the years thereafter. It takes some time to get the hang of it. So, it is likely 

that the current performance is better than publications of past series of patients indicate. 

A meticulous technique and a comprehensive quality control program seem important. The 

physiology of lymph drainage and the biology of the disease with step-wise spread through 

the lymphatic system should be kept in mind when deciding which node to remove. Close 

cooperation of the lymphatic team members also contributes to good results. Single photon 

emission computed tomography combined with radiologic computed tomography (SPECT/

CT) demonstrates more sentinel nodes and provides better information on the location of 

the nodes. Other innovative imaging technologies are being explored, like the intra-operative 

gamma camera, fluorescent tracers, and freehand SPECT. These may make the sentinel node 

procedure easier and more reliable, especially in the difficult cases, and they may reduce false-

negative rates. Effective adjuvant systemic therapy that appears to loom on the horizon may 

also contribute to decreasing the rate of false-negative sentinel node biopsies in melanoma. 
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Abstract

Objectives: To investigate whether SPECT/CT is of additional value compared to conventional 

lymphoscintigraphy in routine lymphatic mapping in patients with melanoma.

Methods: Thirty-five unselected patients with a primary melanoma who were scheduled for 

wide local excision and sentinel node biopsy underwent conventional lymphoscintigraphy and 

subsequently SPECT/CT. We determined whether SPECT/CT showed additional sentinel nodes, 

provided better information on the location of the sentinel nodes and whether this additional 

anatomic information led to a change in the planned surgical approach.

Results: SPECT/CT depicted the same 69 sentinel nodes as conventional lymphoscintigraphy 

in all 35 patients plus eight additional sentinel nodes in seven patients (20%). In two of these 

patients (5.7%) an additional nodal basin had to be explored to find the extra sentinel nodes. 

SPECT/CT provided additional anatomic information that was helpful to the surgeon in eleven 

patients (31%) and led to an adjustment of the surgical approach in ten patients (29%). 

Conclusion: SPECT/CT provided relevant additional information in 16 of the 35 patients (46%). 

Routine use of SPECT/CT in addition to conventional lymphoscintigraphy is recommended in 

melanoma patients undergoing lymphatic mapping.



SPECT/CT for melanoma patients | 51

Introduction 

In 1977 Robinson et al introduced pre-operative cutaneous lymphoscintigraphy to identify 

the nodal basins at risk of metastases in patients with melanoma.[1] This evolved into the 

development of the sentinel node procedure, of which static and dynamic lymphoscintigraphy 

are essential elements.[2,3] Certain drainage patterns have been established but lymphatic 

drainage pathways are notoriously unpredictable in the head and neck area, in the 

interscapular area, around the groin, near Sappey’s line and near the midline.[4,5] Melanomas 

in these regions often drain to more than one basin, to an unlikely basin, to nodes outside the 

recognized basins or to multiple sentinel nodes close together. As a result, lymphoscintigrams 

are often complex and it may be difficult to determine the exact anatomical location of the 

sentinel nodes. 

	 Lymphoscintigraphy has evolved in the past few years. A hybrid single photon emission 

computed tomography camera with integrated radiographic computed tomography (SPECT/

CT) was installed at our institute in December 2006. This device generates tomographic 

lymphoscintigrams that are combined with computed tomography (CT) to produce hybrid 

images of the two modalities. SPECT/CT shows the sentinel node in its anatomic habitat, 

because the physiologic lymph flow imaging and the depiction of the anatomy are merged.

[6] The potential of this innovative technique was first explored and demonstrated in patients 

whose conventional lymphoscintigrams showed a lymphatic drainage pattern that was unusual 

or difficult to interpret, or when no sentinel node was identified.[7,8] 

	 The aim of the current study was to broaden the indication and to investigate whether 

routine SPECT/CT is of additional value in patients undergoing lymphatic mapping, irrespective 

of the location of the melanoma or the ease of interpretation of the conventional images. 

The specific objectives were to determine whether SPECT/CT shows additional sentinel nodes, 

provides better information on the location of the sentinel nodes and whether this additional 

anatomic information leads to a change in the planned surgical approach.

Patients and Methods 

Between July 2009 and November 2009, 35 unselected patients with a primary melanoma 

were scheduled for wide local excision and sentinel node biopsy. Twenty-one were woman and 

fourteen were man. The mean age was 60 years. The primary tumor had a Breslow thickness 

of at least 1 mm, or less if the Clark level was IV. The primary tumor was located on the upper 
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limb in six patients, on the lower limb in twelve, on the trunk in eleven and in the head and 

neck area in six. A two-day protocol for sentinel node biopsy was used. On the day before the 

operation, technetium-99m-labeled nanocolloid (Nanocoll, Amersham Cygne, Eindhoven, the 

Netherlands) was injected intradermally around the biopsy site in a mean volume of 0.4 ml and 

a mean dosage of 69.8 MBq (1.9 mCi). A dynamic study of ten minutes was followed by static 

imaging at fifteen minutes and two hours. Both anterior and lateral images were routinely 

obtained. All 35 patients underwent subsequent additional hybrid SPECT/CT (SymbiaT, 

Siemens, Erlangen, Germany). SPECT (128 x 128 matrix, 60 frames, 25 s/frame) was performed 

using 6° angular steps in a 20-second time frame. For CT (130 kV, 40 mAs, B30s kernel), 5-mm 

slices were obtained. Corresponding SPECT and CT axial 5-mm slices were generated using 

an Esoft 2000 application package (Siemens) and after correction for attenuation and scatter 

images were fused. The images were analyzed after two-dimensional orthogonal re-slicing in 

axial, sagittal and coronal directions. A three-dimensional presentation was generated with 

volume rendering in order to visualize sentinel nodes in relation to the surrounding anatomic 

structures. The images were available on a screen in the operating room. 

	 Nodes on a direct drainage pathway from the primary tumor site were regarded as 

sentinel nodes.[9] For interpretation of the images, this meant that the nodes with an 

afferent lymphatic vessel from the primary lesion site and nodes appearing first in each nodal 

basin were considered to be the sentinel nodes. A single node in a lymph basin was always 

considered to be a sentinel node. In the rare absence of a demonstrable lymph vessel, nodes 

that could possibly be a sentinel node based on the substantial accumulation of radiocolloid 

or because of the location in the lymph basin were also considered to be sentinel nodes, for 

practical purposes. The surgeon prospectively completed a questionnaire to determine the 

number of sentinel nodes and their location based on the conventional lymphoscintigrams 

and the subsequent SPECT/CT. SPECT/CT images were considered to have additional value 

when sentinel nodes were depicted that had not been visualized on the conventional images 

or if relevant extra anatomic information was obtained. Another aspect was whether this 

additional anatomic information led to a different incision or to a modification in the originally 

planned surgical approach. All removed sentinel nodes were formalin-fixed, bisected, paraffin-

embedded, and cut at a minimum of six levels at 50 to 150 µm intervals. Pathologic evaluation 

included hematoxylin and eosin and immunohistochemical staining (S-100 and MART-1). 
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Results

Conventional lymphoscintigraphy showed lymph drainage in all 35 patients (Table 1). A total of 

69 sentinel nodes were visualized, with a mean of 2.0 and a maximum of four sentinel nodes 

per patient. SPECT/CT showed 77 sentinel nodes with a mean of 2.2 and a maximum of four. 

SPECT/CT depicted the same sentinel nodes as conventional imaging in all patients plus eight 

additional sentinel nodes in seven patients (20%). In two of these patients (5.7%) an additional 

nodal basin had to be explored to find the extra sentinel nodes (Figures 1 and 2). In four of 

the seven patients with additional sentinel nodes, the primary melanoma was located on the 

trunk (Figure 1), in the other three on the knee, in front of the ear and on the forearm. In the 

latter patient, conventional lymphoscintigraphy showed a sentinel node in the axilla, whereas 

SPECT/CT showed two additional sentinel nodes in the antecubital fossa (Figure 2). 

Figure 1. Patient with a primary melanoma located on the upper back on the right side. On the 
conventional lymphoscintigrams, only two sentinel nodes are visualized in the right axilla. SPECT/CT 
depicts one additional sentinel node in the right supraclavicular fossa (arrow).

Figure 2. Patient with a primary melanoma located on the left lower hand. The conventional 
lymphoscintigram shows only one sentinel node, which is located in the axilla. SPECT/CT visualizes 
two additional sentinel nodes in the antecubitial fossa. The node in the axilla was tumor-positive. The 
antecubital nodes were also harvested but were uninvolved.
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Table 1. All 35 patients who underwent additional SPECT/CT. 

Patient Tumor  
location

SLN
location*

LSG  
# SLN

SPECT/CT  
# SLN

Add
SLN

Additional anatomical 
information provided by 
SPECT/CT

Adjusted surgical 
approach after  
SPECT/CT

1 hand axilla 1 1 0 no no

2 arm axilla, bicipital 
sulcus

2 2 0 interpectoral, bicipital 
sulcus 

longer incision

3 shoulder axilla 2 2 0 superficial shorter incision

4 foot groin 2 2 0 no no

5 lower leg groin 1 1 0 no no

6 lower leg groin 1 1 0 no no

7 scapula axilla 2 2 0 no no

8 forearm axilla, cubital fossa 3 3 0 no no

9 trunk axilla 1 2 1 extra SLN axilla no

10 knee groin 2 3 1 extra SLN groin no

11 scapula axilla 1 2 1 extra SLN axilla no

12 shoulder axilla 2 2 0 no no

13 head neck 2 3 1 level 2A, parotid gland, 
extra SLN supraclavicular

extra incision

14 lower leg groin 3 3 0 no no

15 foot groin 1 1 0 no no

16 head neck 3 3 0 level 1B no

17 hand axilla, neck 2 2 0 axilla, level 2A positioning

18 trunk neck 1 2 1 supraclavicular,
extra SLN level 4 

positioning

19 lower leg groin, popliteal 3 3 0 no no

20 head neck 1 1 0 level 2A, under SCMM longer incision

21 head neck, parotid 
gland

3 3 0 parotid gland, supraclavi-
cular

no

22 foot groin 2 2 0 no no

23 trunk axilla, neck 3 4 1 extra SLN supraclavicular extra incision 

24 upper arm axilla 2 2 0 no no

25 trunk axilla 1 1 0 no no

26 thigh groin 2 2 0 no no

27 scapula axilla,
neck

3 3 0 1 SLN border latissimus 
dorsi, 1 SLN level 5A

location of incision 

28 scapula axilla 2 2 0 no no

29 trunk axilla 2 2 0 no no
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Patient Tumor  
location

SLN
location*

LSG  
# SLN

SPECT/CT  
# SLN

Add
SLN

Additional anatomical 
information provided by 
SPECT/CT

Adjusted surgical 
approach after  
SPECT/CT

30 foot groin 2 2 0 no no

31 forearm axilla 1 3 2 2 extra SLN’s antecubital 
fossa

extra incision 

32 head neck 3 3 0 level 5A, 2A, occipital no

33 upper arm axilla 2 2 0 no no

34 head neck, pre-auric-
ular

4 4 0 level 1B, 2A, pre-auricular, 
parotid gland

location of incision 

35 thigh groin 1 1 0 no no

SLN: sentinel lymph node; LSG: conventional lymphoscintigraphy; *: based on lymphoscintigraphy, SPECT/CT and surgery; 
SCMM: sternocleidomastoid muscle; Bold: additional sentinel lymph node

Also, SPECT/CT provided additional anatomic information that was considered to be helpful to 

the surgeon in eleven patients (31%). This knowledge specified the exact location of sentinel 

nodes in all six patients with a primary melanoma in the head and neck area, which was felt 

to make the surgical approach more precise and easier. The additional information provided 

by SPECT/CT prompted an adjustment in the surgical approach in ten of the 35 patients (29%). 

In three cases the planned length of the incision was changed, because the node was either 

deeper or more superficial than expected based on the conventional images. In three patients 

an additional incision was made, in two patients the incision was made in another location and 

in the remaining two patients the pre-operative positioning of the patient on the operating 

table was adjusted for a better surgical approach. A total of ten tumor-positive sentinel nodes 

were harvested in eight of the 35 patients (23%). The additional sentinel nodes visualized with 

SPECT/CT were excised but did not change subsequent management, because all were tumor-

negative. 

Discussion

In the present study, routine use of SPECT/CT provided relevant additional information in 16 

of 35 melanoma patients (46%) undergoing lymphatic mapping. SPECT/CT visualized a total of 

eight additional sentinel nodes in seven of the 35 patients (20%). In two of these seven patients, 

the addional nodes were in another nodal basin. The additional nodes in the remaining five 

patients could possibly have been found without SPECT/CT. However, the observation that 

these nodes contained very little radioactivity combined with the fact that the probe is not as 
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sensitive as SPECT/CT, and the notion that we did not expect these nodes to be there based 

on the conventional images, lead us to believe otherwise. Additional anatomic information 

after SPECT/CT was gained in eleven patients (31%), which led to an adjustment of the surgical 

approach in ten (29%). For the surgeon, it is very useful to know that for example the node is 

well within the parotid gland instead of ‘in the neck’. SPECT/CT imaging takes approximately 

twenty minutes. No supplementary contrast or radiopharmaceutical is used.[7] This additional 

imaging tool leads to slightly more work and the additional costs in our institute are 203 euros 

(approximately US$ 300). The extra radiation dose induced by low-dose CT ranges from 1.3 

mGy in the center to 5 mGy on the surface of the body.[10] 

	 A number of studies have been published concerning the additional value of SPECT/CT 

in melanoma patients. These focus mainly on patients with head and neck, posterior trunk 

and lower limb melanomas, because these are known to have a complex lymphatic drainage 

pattern. Even-Sapir et al describe that six of their 28 melanoma patients (21%) had additional 

sentinel nodes depicted by SPECT/CT, which is comparable to our percentage of twenty.[11] 

All these six primary melanomas were located on the trunk. In contrast to our current findings, 

these investigators found no additional sentinel nodes nor did they gain new information in 

case of a limb melanoma. SPECT/CT images added clinically relevant data in four of nine patients 

(44%) with head and neck cancers and in six of twelve patients (50%) with trunk melanoma. 

Mar et al found that SPECT/CT visualizes the precise site of the nodes in the head and neck 

area and shows the relationship between sentinel nodes and anatomic landmarks.[12] SPECT/

CT also indicates the location of sentinel nodes close to the injection site and helps to rule out 

contamination of the radiopharmaceutical on the skin. Vermeeren et al also recommend the 

use of SPECT/CT in head and neck melanoma patients, because it visualizes more sentinel nodes 

than conventional lymphoscintigraphy and shows their anatomic habitat.[13] Kretschmer 

et al conclude that SPECT/CT is an excellent tool to exactly localize pelvic sentinel nodes in 

patients with a primary melanoma on lower trunk or on the lower limb.[14] A previous study 

at our institution in 85 melanoma patients with conventional lymphoscintigrams that were 

inconclusive showed that SPECT/CT visualized twelve extra sentinel nodes in seven of the 31 

patients (23%) with a melanoma on the trunk.[8] Three of these sentinel nodes were tumor-

positive and led to a change in the subsequent management. SPECT/CT better visualized the 

sentinel nodes in 30 patients (35%) and changed the surgical approach in seventeen (20%) of 

them. As in other studies, sentinel nodes in uncommon places were found.[15] These sentinel 

nodes are usually small but the high sensitivity of SPECT/CT visualizes such nodes and shows 

their precise location, facilitating their removal (figure 2). The percentage of false-negative 
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sentinel node procedures in melanoma patients is high and is generally in the range between 

5.7 and 32% in renowned melanoma institutes.[16] Apparently, sentinel nodes are often 

overlooked. Although the issue was not addressed in this study, it is tempting to speculate 

that the superior sensitivity of SPECT/CT could possibly help to reduce the occurrence of false-

negative procedures. None of the additionally removed sentinel nodes were tumor-positive in 

the present study. This can be attributed to random variation and should not be interpreted as 

obviating the need to remove all sentinel nodes. 

	 In summary, SPECT/CT provided relevant additional information in sixteen of the 35 

patients (46%). Routine SPECT/CT demonstrated additional sentinel nodes in 20% of an average 

melanoma patient population. The originally planned surgical approach was modified in 29% 

of the patients. The current study suggests that SPECT/CT is of sufficient value to perform 

routinely. Its use had already been suggested for melanomas in the head and neck region and 

on the trunk, but appears to be justified for lesions on the limbs as well, although the yield in 

these cases seems less. 

Conclusion

We conclude that the routine use of SPECT/CT in addition to conventional dynamic and static 

lymphoscintigraphy in all melanoma patients facilitates sentinel node biopsy and increases the 

number of retrieved nodes. 
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Abstract

Objectives: To determine the incidence of lymph node recurrence in sixteen melanoma patients 

with a minimal metastasis (Starz level I) in a sentinel node in whom a completion lymph node 

dissection was omitted. A secondary aim was to examine whether other melanoma-related 

recurrences developed.

Methods: Sixteen melanoma patients with an SI involved sentinel node, who did not receive 

completion lymph node dissection, were followed for a median 66 of months. 

Results: Lymph node recurrences did not occur. One of the sixteen patients developed a local 

recurrence and another developed satellite metastases. 

Conclusion: None of the sixteen patients with an SI positive sentinel node developed a nodal 

recurrence, which suggests that the risk of refraining from node dissection in such patients is 

small. This option could be considered and discussed with the patient regarding the risk of non-

sentinel node involvement and the unsolved problem of unknown overall survival advantage. 
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Introduction

Since the introduction of sentinel node biopsy, the need for completion lymph node dissection 

in case of an involved sentinel node has been challenged in melanoma patients, particularly in 

the presence of a minimal tumour burden.[1,2] Additional lymph node metastases are found 

in only 10 - 20% of sentinel node positive patients and it is unclear whether their chance of 

survival increases by the early dissection.[3-6] The remaining patients do not benefit, but they 

are exposed to the significant morbidity of this procedure.[7] Criteria have been suggested to 

determine the risk that more nodes are involved in order to enable the selection of patients 

who may benefit from completion node dissection. The largest diameter of a metastasis, the 

total metastatic area, the number and location of tumour deposits within the sentinel node 

are among the micromorphic characteristics used to this end.[6,8-10] 

	 In 2001, Starz et al introduced the micromorphometric S-classification, which is based on 

the depth of infiltration of a subcapsular metastasis into the sentinel node (Table 1).[11] The 

S-classification is appealing because it not only considers the size of the metastasis but also 

other parameters that appear to have prognostic value like its location and growth pattern. 

The S-classification, therefore, can be conceived to resemble tumour biology comparable 

to the Breslow thickness. Using completion lymph node dissection specimens, Starz et al 

showed that the presence of additional lymph node metastasis is significantly related to this 

S-classification and that the most favourable category is not associated with other involved 

nodes.[11] Based on these findings, we refrained from completion node dissection in sixteen 

patients with a tumour infiltration depth of not more than 0.30 mm in a sentinel node (S1).

[12] These patients were a subgroup in an earlier study in which no lymph node recurrences 

were detected with a limited follow-up duration of 34 months. We kept a close eye on these 

patients and the median duration of the follow up is now more than five years. Since this 

issue is subject of considerable debate, this seems an appropriate moment to re-evaluate our 

regimen. The purpose of the study was to explore the omission of completion node dissection 

in a limited group of patients with an SI tumour-positive sentinel node. The main purpose 

was to determine the incidence of lymph node recurrence. A secondary aim was to examine 

whether other melanoma-related recurrences developed. 
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Table 1. New simplified Starz classification based on the depth of infiltration of a subcapsular 

metastasis into the sentinel node.[6]

Starz classification Infiltration depth from capsule

SI ≤ 0.30 mm

SII 0.31 - 1.0 mm

SIII > 1.0 mm

Patients and Methods

Patients
The patients in the present study are a subgroup of an original population of 70 melanoma 

patients who underwent lymphatic mapping and sentinel node biopsy at The Netherlands 

Cancer Institute between October 2001 and July 2007 and whose results have been published 

before.[12] The current sixteen patients had an SI involved sentinel node and did not undergo 

completion lymph node dissection, because they participated in a study or refused completion 

lymph node dissection. The overall patient characteristics are presented in table 2. The mean 

age was 45 years and the gender distribution was eight males and eight females. The median 

Breslow thickness was 1.6 mm (range: 1.0 - 3.6 mm). Three melanomas were located on the 

upper extremity, eight on the lower extremity, two in the head and neck region and three 

on the trunk. Informed consent was obtained and the ethics committee of The Netherlands 

Cancer Institute approved the use of human tissue.

Methods
Sentinel node biopsy was carried out if the primary tumour had a Breslow thickness of at 

least 1.0 mm or less if the Clark level was IV. The sentinel node biopsy technique has been 

described in detail.[13] Briefly, technetium-99m-labeled nanocolloid (Nanocoll, Amersham 

Cygne, Eindhoven, the Netherlands) was injected intradermally around the biopsy site and 

dynamic and static lymphoscintigraphy was then performed. Hybrid SPECT/CT was introduced 

in 2006 and was used when conventional images were difficult to interpret and for research 

purposes.[14,15] Sentinel node(s) retrieval was performed using patent blue dye (Laboratoire 

Guerbet, Aulnay-Sous-Bois, France) and a gamma ray detection probe (Neoprobe, Johnson & 

Johnson Medical, Hamburg, Germany). A sentinel node was defined as a lymph node upon 

which the primary tumour drains directly.[16] After sentinel node biopsy, wide local excision 
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was performed of the primary melanoma site with a 1 or 2 cm margin, depending on the 

Breslow thickness. 

Table 2. Characteristics of the 16 melanoma patients with a SI tumour-positive sentinel node. 

Patient Gender Age in  
years

Tumour 
location

Breslow 
thickness  

in mm

Number 
of sentinel 

nodes 

Nodal basin Follow-
up in 

months

melanoma- 
related 
recurrence

1 Male 64 arm 3.2 2 axilla 99 -

2 Female 24 leg 2.0 1 inguinal 89 -

3 Male 58 leg 1.5 1 inguinal 90 -

4 Male 44 leg 1.0 4 popliteal (2)
inguinal (2) 84 -

5 Female 37 leg 1.1 2 inguinal 81 -

6 Female 43 arm 1.7 1 axilla 80 -

7 Male 62 head 1.0 5 pre-auriculair (1),  
level II (3), level III (1)

74 Loco- 
regional

8 Female 43 leg 1.4 2 inguinal 66 -

9 Female 61 arm 2.0 1 axilla 60 -

10 Female 20 trunk 1.0 1 axilla 66 -

11 Male 44 leg 1.2 1 axilla 57 -

12 Female 40 head 1.8 1 parotid gland 48 -

13 Male 35 trunk 3.6 4 left and right axilla 46 -

14 Female 51 leg 2.3 2 inguinal 44 -

15 Female 55 leg 2.6 1 inguinal 44 Loco-regional

16 Female 44 trunk 2.0 1 axilla 37 -

Between parentheses: number of sentinel nodes in that particular nodal basin 

All sentinel nodes were formalin-fixed, bisected, paraffin-embedded, and cut at a minimum 

of six levels at 50 µm intervals. Pathologic evaluation included hematoxylin and eosin and 

immunohistochemical staining (S-100 and HMB-45 or MART-I). The pathology slides were 

reviewed by a senior pathologist with a particular interest in melanoma and the metastases 

were classified according to the new simplified version of the S-classification.[6,12] The highest 

S-classification was used if multiple metastases were present. A lymph node recurrence was 

defined as a nodal recurrence in the field from which the tumour-positive sentinel node had 

been harvested without previous or concurrent tumour reappearance elsewhere in the region. 
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All sixteen patients with an SI tumour-positive sentinel node were rigorously followed at our 

institution. The first two years, patients were seen every three months, in the third year every 

four months, in the fourth and fifth years every six months, and yearly thereafter. A follow up 

consisted of a history, a physical examination and ultrasound examination with fine needle 

aspiration cytology in case of uncertainty. The median follow up duration was 66 months 

(range: 37 - 99 months). 

Results

Lymph node recurrences were not encountered in the sixteen patients with an involved 

sentinel node in whom no nodal clearance had been performed. Two patients (13%) developed 

another type of melanoma-related recurrence. The first patient was a 62-year old gentleman 

with a left pre-auricular melanoma with a Breslow thickness of 1.0 mm and an ipsilateral SI 

sentinel node at level II in the neck. Nine months later, a local recurrence was excised after 

which he remained free of disease (four years). The second patient was a 55-year old lady 

with a 2.6 mm thick melanoma on the left calf and an SI sentinel node in the left groin. She 

developed two satellite metastases that were excised seven months later. At that time no 

lymph node metastases were found at physical examination or with ultrasonography. Eight 

months later, regional perfusion with Melphalan was performed because of extensive satellite, 

in-transit and lymph node metastases found. Currently, 34 months after sentinel node biopsy, 

she receives systemic therapy for multiple subcutaneous and intramuscular metastases of the 

left leg. All sixteen patients were still alive at the time this manuscript was finalised (July 2012).

Discussion

None of the sixteen patients with an SI positive sentinel node in whom a completion lymph 

node dissection was omitted developed a nodal recurrence during a median follow up period 

of five and a half years, although one patient developed a local recurrence and another 

satellite metastases. The limited number of patients in our study leaves room for a type II 

error. However, the long median follow up duration, the notion that 80% of the recurrences 

become evident within three years after the diagnosis of the primary tumour, the paucity of 

data on this subject and its controversial nature may render the results meaningful.[17] 

	 As far as we know, no other studies on the omission of completion lymph node dissection 

in case of a SI positive sentinel node have been published, but several investigators studied 
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the correlation between some form of tumour burden in the sentinel node and the presence 

of additional positive lymph nodes in the subsequent completion node dissection specimen.

[6,8,18-20] Younan et al did not find additional tumour-positive lymph nodes in SI melanoma 

patients either, but they did find additional metastases in 11% of the SII patients and in 22% 

of the SIII patients (P=0.04).[20] Rossi et al described that none of their SI patients, 19% of 

SII patients and 31% of SIII patients had additional positive lymph nodes.[19] Still, some 

investigators did report metastases in other nodes in patients with SI involvement. Fink et 

al found that completion node dissection revealed additional lymph node metastases in 4% 

of the SI patients.[18] In their second study in 2004, Starz et al noted that the incidence of 

additional positive lymph nodes was 11% in SI patients, 13% in SII patients and 53% in SIII 

patients.[6] Van Akkooi et al reported that positive nodes were found in 23% of 26 SI patients 

after completion lymph node dissection, in 8% of 25 SII patients and 13% of 16 SIII patients.

[8] The finding that 23% of patients with S1 positive sentinel nodes harbour metastases in 

non-sentinel nodes is remarkable. A possible explanation may lie in the exclusion of patients 

with clusters of less then ten tumour cells in the sentinel node. Also, this high number may be 

based on chance in this relative small group of patients (n=26). From a series of 313 melanoma 

patients with a tumour-positive sentinel node, Kingham et al concluded that it remains unclear 

whether completion node dissection must be performed in all melanoma patients with a 

positive sentinel node and that for selected informed patients nodal observation may be an 

acceptable option. However, this was a small, retrospective study from a single institution in 

which the tumour burden in the sentinel node was not quantified.[21] Gershenwald et al. 

searched for factors predictive of additional regional lymph node involvement in patients with 

a tumour-positive sentinel node.[22] They concluded that primary tumour thickness, sentinel 

lymph node tumour burden, and the number of lymph nodes harvested may be useful in 

identifying a group at low risk for positive non-sentinel nodes that can be spared additional 

lymph node dissection. 

	 More than thirty patient factors, primary tumour characteristics or sentinel node aspects 

have been published to have prognostic relevance when it comes to the involvement of other 

nodes. There is no lower limit identifiable below which no other nodes are ever involved. 

Other factors than the size of a metastasis clearly determine the biology of the disease as well. 

In this respect, the S classification appears attractive because it incorporates an element of the 

size of the lesion but it also incorporates parameters that are associated with the biology of 

the metastasis like the depth of invasion into lymph node and its location within the node. 
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So far, we must conclude that there is no parameter that reliably dictates whether a completion 

node dissection needs to be performed. The studies that have been carried out concern 

patients who underwent completion node dissection, but the number of identified nodes was 

not the number of nodes that are known to be present in the nodal basins and their pathology 

evaluation did not include step-sectioning and immunohistochemistry staining. Our current 

study does not address the presence of metastases in other nodes per se but their clinical 

relevance, which better reflects our ultimate concerns, which are regional control and survival. 

	 Summarizing the current body of evidence one can say that few patients with an S1 

sentinel node have more involved nodes and whether such involvement is relevant is subject 

of debate. None of our patients with S1 involvement developed a nodal recurrence during 

the median follow up period of five and a half years. Based on these observations and given 

the notion that some 90% of the recurrences ‒ if they do occur ‒ become evident within five 

years, the risk of a future recurrence appears remote. Also, a third of the patients in whom a 

nodal recurrence does happen can still be cured. So, does the potential small benefit from a 

routine completion node dissection justify its associated useless morbidity in the vast majority 

of patients? 

	 Two ongoing studies currently address this issue. Morton’s Multicenter Selective 

Lymphadenectomy Trial II compares node dissection versus observation in patients with 

an involved sentinel node, and Van Akkooi’s MINITUB study observes patients in whom no 

dissection is carried out. We expect these studies to shed some light on the poignant questions 

that we are facing. One may even speculate that gene expression profiles may provide the 

desired prognostic information before the results of these long-term studies become available. 

	 In the meantime, we discuss with our patients the pro’s and cons of completion node 

dissection as well as we can. We tell them that most melanomologists would proceed with 

a node dissection. The option of omitting a completion lymph node dissection in case of a SI 

tumour positive sentinel node could be considered and discussed with the patient regarding 

the risk of non-sentinel node involvement and the unsolved problem of unknown overall 

survival advantage. It is understandable that some patients with minimal sentinel node 

involvement opt for a wait and see policy, particularly if operation would mean an inguinal 

node dissection. 
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Abstract

Background and Objectives: To evaluate lymphatic drainage with sentinel node location data 

in patients with head and neck cutaneous melanoma, and to determine the implications for 

the extent of therapeutic neck dissections. 

Methods: Sixty-five patients with head and neck cutaneous melanoma without evidence 

of regional metastases at ultrasound guided fine needle aspiration cytology examination 

were included. Lymphatic drainage patterns were investigated using planar and dynamic 

lymphoscintigraphy, and SPECT/CT. Biopsy of sentinel nodes was guided by images and gamma 

probe. The incidence of discordant sentinel nodes was determined by comparing actual 

drainage patterns to “O’Briens map” and to the treatment guidelines of The Netherlands 

Cancer Institute. 

Results: Sentinel node identification was successful in 98% of the patients. Fifteen patients 

(23%) were diagnosed with a tumor-positive sentinel node. Two sentinel node-negative 

patients (3%) developed a regional lymph node metastasis (false-negative ratio: 12%). Twenty-

three percent of the harvested sentinel nodes were discordant according to “O’Brien’s map”, 

while 14% were discordant according to the treatment guidelines of The Netherlands Cancer 

Institute (p<0.001). 

Conclusions: Almost a quarter of head and neck melanomas metastasize outside clinically 

predicted neck levels. Neck surgery guidelines of The Netherlands Cancer Institute provide for 

a smaller number of discordant sentinel nodes. 
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Introduction

Regional lymph node (LN) metastasis is one of the most important prognostic factors in patients 

with head and neck melanoma. It has been demonstrated that the LN ratio (incorporating the 

number of positive LNs and total number of LNs removed) is a significant predictor of disease 

specific survival in stage III melanoma patients undergoing neck dissections, indicating that 

prognosis is not only determined by the number of lymph node metastases, but also by the 

total number of excised lymph nodes.[1] Currently, surgical (therapeutic) lymphadenectomy is 

the preferred treatment for pathologically proven regional lymph node involvement. However, 

the extent of neck surgery is still a matter of ongoing debate. Preferably, it should be tailored 

to the individual patient, dependent on surgery induced morbidity and the risk of missing 

additional lymph node metastasis. 

	 In 1995, the classical drainage patterns of cutaneous head and neck melanoma, have been 

extensively described in a clinical study by O’Brien et al,[2] based on a consecutive series of 

183 neck dissection specimens and 92 parotidectomies. Since then, this scheme has been 

used in many institutions for planning of (selective) therapeutic neck dissections.

	 Nowadays, many lymphoscintigraphy studies[3-8] have confirmed the clinically predicted 

drainage pattern of head and neck melanoma according to the study of O’Brien et al.[2] 

However, these studies also demonstrate unexpected drainage patterns in 8 to 43% of the 

patients, with the postauricular, suboccipital, contralateral and distant nodal areas being 

the most common sites of discordancy. Since these discordant regions frequently neighbor 

the clinically predicted neck levels, it is important to investigate whether they should be 

implemented in the neck dissection treatment planning for a patient with a specific melanoma 

of the head and neck. 

	 The first aim of this study is to analyze the lymph drainage pattern in head and neck 

melanoma patients, using conventional lymphoscintigrams as well as two-and three-

dimensional SPECT/CT. The second aim is to identify areas of discordancy from patterns 

previously predicted clinically according to O’Brien’s scheme, and to correlate these findings 

with the therapeutic neck dissection protocol of our institute.
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Patients and Methods

Patients
Sixty-five patients with a melanoma of the head or neck with a Breslow thickness of at least 

1 mm, or less if the Clark level was IV, were prospectively enrolled after a diagnostic excision 

with 2 mm margin. Ultrasound of the neck and parotid was routinely carried out and was 

combined with fine needle aspiration cytology in case of a suspicious node. 

	 Forty patients were men (62%), and twenty-five patients were women (38%). The mean age 

was 52 years (range 18 - 86). The average Breslow thickness was 3.3 mm (range, 1.0 - 12.0 mm). 

The sites of the primary melanomas categorized by functional esthetic units of the head 

and neck are shown in Figure 1. All patients underwent a re-excision with a sentinel node 

procedure.

Figure 1. Projection of the location of 65 primary cutaneous head and neck melanoma. The orange 
band, dividing anterior and posterior, represents the watershed. 

Imaging
A mean dose of 71 MBq (1.9 mCi) of 99mtechnetium-nanocolloid (Amersham Cygne, Eindhoven, 

the Netherlands), was injected intracutaneously in four deposits of 0.1 ml around the scar 

of the primary excision. Conventional dynamic planar lymphoscintigraphy was performed 

immediately after injection followed by static imaging after 10 minutes and two hours. 
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Hybrid single photon emission computed tomography with CT (SPECT/CT, SymbiaT, Siemens, 

Erlangen, Germany) was introduced in 2006 as an additional tool to improve lymphoscintigraphic 

imaging.[9] After the last conventional images, SPECT and CT data were acquired, using the 

hybrid camera. The SPECT (128 x 128 matrix, 60 frames, 25 s/frame) was performed using 6° 

angular steps in a 20-second time frame. For CT (130 kV, 40 mAs, B30s kernel), 5-mm slices 

were obtained. After correction for attenuation and scatter, corresponding SPECT and CT axial 

5-mm slices were generated using an Esoft 2000 application package (Siemens). Images were 

fused using an Osirix Dicom viewer in a Unix-based operating system (MAC OS X, MacPro; 

Apple Inc., Cupertino, U.S.A.).

	 The images were analyzed by two-dimensional orthogonal re-slicing in axial, sagittal and 

coronal directions. A three-dimensional presentation was generated with volume rendering in 

order to localize sentinel nodes in relation to anatomic structures. All images were available on 

a separate SPECT/CT screen in the operation room. 

	 Nodes on a direct drainage pathway from the primary tumor site were regarded as sentinel 

nodes.[10] For interpretation of the images this meant that the nodes with an afferent 

lymphatic vessel from the primary lesion site and nodes appearing first in each nodal basin 

were considered to be the sentinel nodes. Nodes appearing later in the same regions were 

considered to be higher-echelon nodes. Additional hot spots that were depicted later and that 

were closer to the injection area were also considered to be sentinel nodes. The number and 

location of the sentinel nodes were determined and described after the conventional imaging 

as well after SPECT/CT by a nuclear medicine physician.

	 The location of the sentinel nodes was marked on the skin with indelible ink.

Surgical and pathological procedures
Patients were operated under general anesthesia. Re-excision of the scar of the diagnostic 

excision was performed first. Skin marks, conventional images, SPECT/CT images and counting 

with the gamma ray detection probe (Neoprobe; Johnson & Johnson Medical, Hamburg, 

Germany) were used to determine the site for the incision and guided the search. Second-

echelon nodes were left in situ. The number and location of the sentinel nodes were 

determined and described after sentinel node procedure in the operation report by the head 

and neck surgeon.

	 Sentinel nodes were sectioned into 2-4 mm slices after formalin-fixation. Following 

embedding in paraffin, experienced pathologists examined the nodes using hematoxylin-
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eosin staining and immunohistochemistry with S-100 and HMB-45 at a minimum of six levels 

(50 - 150 µm intervals). 

	 Patients with a sentinel lymph node positive for metastatic melanoma (except the Starz-I 

and II sentinel nodes[11,12]) underwent therapeutic completion neck dissection according to 

the guidelines of The Netherlands Cancer Institute (Table 1). 

Table 1. Comparison between recommended operations by O’Brien et al[2] based on clinical prediction 

of location of lymph node metastases from cutaneous melanomas of the head and neck, and The 

Netherlands Cancer Institute (NKI-AvL) treatment protocol. SN=sentinel node

Location primary melanoma Predicted lymphatic drainage 
O’Brien 

Treatment protocol NKI-AvL in case 
of N+ neck 

anterior scalp I-III or IV, parotid I-V, Parotid

coronol scalp I-V, parotid I-V, Parotid

posterior scalp II-V, occipital nodes II-V, occipital nodes

preauricular I-III or IV, parotid I-V, Parotid

ear II-V, occipital nodes I-V, Parotid

upperface I-III or IV, parotid I-V, Parotid

nose I-III or IV, parotid I-V, Parotid

lowerface I-III or IV, parotid I-V, Parotid

anterior upper neck I-III or IV, parotid I-V

anterior lower neck II-V II-V

coronol upper neck I-V, parotid I-V, Parotid

coronol lower neck III-V II-V

posterior upper neck II-V, occipital nodes II-V, occipital nodes

posterior lower neck III-V II-V, occipital nodes

Data Analysis
All clinical and pathological data were collected and systematically reviewed. The study was 

approved by the ethical committee of The Netherlands Cancer Institute. The definitive sentinel 

node location was established using both radiological and surgical data. The incidence of 

discordancy was determined by comparing actual drainage patterns to “O’Brien’s map”[2] and 

to the treatment guidelines of The Netherlands Cancer Institute (Table 1). 

	 No patient was lost to follow up. Mean follow-up was 34 months (range 1 - 163 months).
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Results

Lymphoscintigraphy
A total of 159 sentinel nodes were visualized with lymphoscintigraphy in 64 of the 65 patients 

(mean, 2.5 per patient; range, 0 - 7). The drainage patterns are listed in Table 2. Twenty-nine 

(18%) of these lymph nodes were visualized in lymph node regions that were not predicted by 

O’Brien’s map.[2] Twenty (13%) of these lymph nodes were retrieved from a lymph node basin 

that would not have been included in a therapeutical completion neck dissection according to 

The Netherlands Cancer Institute’s protocol. 

Operation
In all patients a sentinel node was identified during the operation. A total of 175 sentinel 

nodes were excised (mean, 2.70 per patient; range, 1 - 7). The location of the excised sentinel 

nodes is listed in Table 3. Forty-one (23%) of these lymph nodes were retrieved from a lymph 

node region not predicted by O’Brien’s map.[2] Twenty five (14%) of these lymph nodes were 

located outside the regions of The Netherlands Cancer Institute’s therapeutical neck dissection 

protocol. Pair wise evaluation (Student’s t-test) of the number of discordant sentinel nodes 

yielded a statistically significant difference (p<0.001) in favor of The Netherlands Cancer 

Institute’s therapeutical neck dissection protocol compared to O’Brien’s map.[2]

No major intraoperative complications occurred. Four patients had minor post-operative 

complications comprising post-operative hematoma (N=1), temporary facial nerve pareses 

House Brackmann grade 1 - 2 (N=2) and keloid formation (N=1). A discrepancy was noted 

between the number of sentinel nodes on lymphoscintigraphy and the true number as 

identified during the operation in 24 patients.

Pathology 
The sentinel node was tumor positive in 15 patients (23%) (Table 4). In 13 patients, 23 tumor 

positive sentinel nodes were located in levels that would have been dissected according to the 

treatment guidelines of The Netherlands Cancer Institute. Two patients had a tumor-positive 

sentinel node located discordant from the treatment guidelines of The Netherlands Cancer 

Institute as well as from O’Briens clinically predicted levels (Table 4).
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A therapeutical neck dissection was performed in 11 of 15 patients with a tumor- positive 

sentinel node. An average of 32 (range, 20 - 67) lymph nodes were removed in these patients. 

Two additional lymph node metastases were found in two neck dissection specimens. The 

remaining four patients with a tumor-positive sentinel node did not receive any further 

treatment because of a minimally involved sentinel node (Starz category I and II [11, 12]).

Table 4. Location positive sentinel nodes. ‡ Cases with positive sentinel nodes discordant from 

O’Brien’s predicted drainage patterns and from The Netherlands Cancer Institute treatment protocol. 

The number of positive sentinel nodes per sub-level is shown between brackets.

Case Melanoma site Location positive sentinel node

1‡ Right coronal scalp Ipsilateral Level Vb (2) and Suboccipital (1)

2 Right posterior scalp Ipsilateral Level Vb (2) and Suboccipital (1)

3 Medial posterior lower neck Ipsilateral level Va 

4 Right posterior upper neck Ipsilateral level IIa (1)

5 Left posterior upper neck Ipsilateral Vb (2) and Suboccipital (3)

6 Right upper face Ipsilateral level Ib (2)

7 Left coronal upper neck Ipsilateral Ia (1), Vb (1), Retroauricular (1)

8 Left coronal scalp Ipsilateral level Va (1)

9 Right lower face Ipsilateral level Ia (1), Ia (1)

10 Left pre-auricular Ipsilateral level IIa (1)

11 Left posterior upper neck Ipsilateral level IIb (1)

12 Left posterior upper neck Ipsilateral Suboccipital (2)

13 Left anterior scalp Ipsilateral Parotid (1)

14‡ Right upper face Contralateral Parotid (1)

15 Left pre-auricular Ipsilateral level IIa (1)

Follow-Up
Forty-four of the 50 patients with negative sentinel nodes have remained disease free, 

with an average follow-up of 32 months (range, 0 - 128 months). Six sentinel node negative 

patients developed a recurrence (Table 5). Two of them were categorized as false negative, 

which means that 12% of the patients with an involved lymph node basin were not identified 

by the procedure (false-negative ratio: 12%). The first patient with a right para-nasal tumor 

developed a lymph node metastasis in level IB ten months later. This patient died shortly after 
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a therapeutic lymph node dissection due to an abdominal aneurysm. The second patient had 

a primary tumor above the right auricle and developed a lymph node metastasis in level IIa 

and IV after 26 months. This patient remained free of recurrences after salvage lymph node 

dissection.

	 Nine patients developed a melanoma related recurrence after an average follow-up 

duration of 40 months with a range of 1 - 163 months [Table 6]. 

Table 5. Recurrences in cases of negative sentinel nodes. 

Case Primary event Months from SNB Secundary events

16 brain 46 brain/dead

17 lungs 96 liver/dead

18 bladder 24 spine/euthanisation

19 satellites 13 -

20 lymph node level Ib 10 aneurysm/dead

21 lymph node level IIa and IV 26 -

SNB=sentinel node biopsy

Table 6. Recurrences in cases of positive sentinel nodes. 

Case Primary event Months from SNB Secundary events

2 lungs 17 -

3 spine L4 67 In-transit/bones/dead

4 lungs/bones 20 brain/dead

5 In-transit 7 lungs/dead

6 lymph nodes level III 26 -

8 lymph nodes beneath scar 3 brain/lungs/dead

9 liver/bones/lungs/brain 17 dead

10 local recurrence 9 -

11 lymph nodes level Vb 18 brain

SNB=sentinel node biopsy

Disease free survival (Figure 2) at three years was 87.5% in the sentinel node negative patients 

and 35.3% in the sentinel node positive patients (p<0.001). 
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Figure 2. Kaplan-Meier disease free survival curve for 65 patients undergoing sentinel lymph node 
biopsy for cutaneous head and neck melanoma. The 36-months disease free survival was 87.5% for 
patients with a negative sentinel lymph node biopsy finding and 35.3% for patients with a positive 
finding (p<0.001). SN=sentinel node

Discussion

The main purpose of this study was to analyze the lymph drainage pattern in head and neck 

melanoma patients and to identify areas of discordancy in relation to the predicted drainage 

patterns according to O’Brien et al.[2] The 23% discordance between the actually excised 

sentinel nodes and the clinically predicted drainage are within the discordancy rates previously 

published.[6,7] Applying The Netherlands Cancer Institute completion neck dissection 

protocol to the sentinel node location data resulted in significant less discordance. The smaller 

percentage of discordant sentinel nodes may be explained by the routine inclusion of level 

V for all primary locations in the head and neck[13] As demonstrated in our study, fifteen 

of the 42 sentinel nodes that were harvested in level V were not predicted using O’Brien’s 

map. Although it can be argued that inclusion of level V in all dissections puts the accessory 

nerve at risk for surgical damage,[14] in our opinion this potential risk is limited because only 

subclinical nodes are involved.
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The lymphatic drainage scheme of O’Brien et al[2] is mainly based on a hypothetical “watershed” 

(Figure 1), differentiating anterior lymph drainage from a posterior one. Apparently, lymphatic 

drainage from the posterior scalp does not always pass posteriorly from the watershed: in our 

series of 6 patients with a melanoma in this location, four sentinel nodes in three patients were 

located in the pre-auricular region. Lin et al[7] localized three pre-auricular sentinel nodes in 

20 patients with a primary melanoma of the posterior scalp. An interactive software program 

indicated that 14 sentinel nodes were located in the pre-auricular region in 146 patients with 

a posterior scalp melanoma.[8] These figures suggest a limited but important number of 

anterior drainage basins for posteriorly located melanomas.

	 In our series, ten negative sentinel nodes and one positive sentinel node were retrieved 

from the retro-auricular region. The retro-auricular lymph node basin was mostly related to 

primary lesions on the scalp or the auricle. Reynolds et al[8] demonstrated that coronal scalp 

melanomas have the greatest likelihood (65%) of draining to the retro-auricular nodes. In our 

institute, the retro-auricular area is only dissected in case of a positive sentinel node at this 

specific location. It can be debated whether this should also be indicated for primary melanoma 

with a positive sentinel node elsewhere and a high likelihood (anterior-, coronal- and posterior 

scalp or ear) for metastasing to the retro-auricular area. Problems encountered with these 

types of dissections are the absence of clear surgical borders of the retro-auricular lymph node 

basin and the increased risk of skin flap necrosis after elevation of the retroauricular skin flap.

	 Our results are consistent with those of other single-centre data[3,7] demonstrating the 

sub-occipital region as a potential metastatic site, because it is an important drainage basin 

for melanomas located on the posterior scalp. Without introducing additional morbidity, 

the suboccipital area can be approached by extending a so-called hockey-stick incision more 

posteriorly for a postero-lateral neck dissection (levels II-V including subocciptal region). The 

suboccipital region contains a thin layer of fat and lymph nodes between the ligamentum 

nuchae, the trapezius muscle and the skin that can be dissected, mobilized laterally and 

included in the neck dissection specimen.[15] 

	 Other areas of discordancy in our study were sites of more distant drainage, namely one 

axillary sentinel node and one subscapular sentinel node in a patient with a primary tumor 

located in the posterior lower neck. Another patient had a sentinel node in the left axilla with 

a primary tumor located just above the left clavicle. Lymphoscintigrams of three patients 

demonstrated contra-lateral drainage in cases where the primary melanomas were located very 

close to the midline. Contra-lateral or distant lymph node basins are uncommon in cutaneous 

head and neck melanoma,[7,8,16] and therefore not generally included in The Netherlands 
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Cancer Institute completion neck dissection protocol. To prevent for late recurrences in these 

uncommon discordant sites after completion neck dissection, we advocate close follow up, 

preferably by using ultra sound guided fine needle aspiration.

	 It is generally believed that patients with an involved sentinel node (except perhaps 

stages Starz I-II[11, 12]) need some form of regional treatment. The extent of the regional 

neck dissection is still under debate. In our series, the number of discordant sentinel nodes 

decreased when the predicted lymph drainage regions of O’Brien’s map were compared 

with regions fitting in The Netherlands Cancer Institute completion-neck dissection protocol. 

These results appear to justify our surgical approach for the N+ neck. Although this implies 

more redundant node removal, it will also benefit the LN ratio, which has been shown to be a 

significant predictor of disease-specific survival in stage III melanoma.[1] 

	 Nevertheless, a substantial percentage of sentinel nodes remain located outside our neck 

dissection scheme. Modifying this approach by extending the number of neck levels for the 

completion-neck dissection protocol will further decrease the number of discordant sentinel 

nodes and improve the LN ratio. However, the merits of extending the therapeutical neck 

dissection must be carefully weighed against the risk of over-treatment and morbidity in a 

large proportion of the patients.[17] Accordingly, a more selective approach guided by the 

(sentinel node) drainage pattern would be favorable. In a recent study at our institute, the 

extent of a groin lymph node dissection was based on the location of the second-tier node.[18] 

The finding of a second-tier node in the deep lymph node areas indicated the need for a more 

extended form of node dissection. Further research is necessary to investigate if this concept 

is feasible in head and neck melanoma. 

Conclusion

Almost a quarter of head and neck melanomas metastasize outside clinically predicted neck 

levels. Treatment guidelines of The Netherlands Cancer Institute provide for a smaller number 

of discordant sentinel nodes. The smaller percentage of discordant sentinel nodes may be 

explained by the routine inclusion of level V for all primary locations in the head and neck. 

However, the merits of extending a therapeutical neck dissection must be carefully weighed 

against the risk of over-treatment and surgical induced morbidity. We believe that an optimal, 

conservative surgical treatment of patients with positive sentinel nodes could be achieved if 

exact data on individual drainage patterns are available. 
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Abstract

Objectives: To provide anatomical guidance for the extent (technique) of suboccipital node 

dissection. 

Methods: Five human cadaver necks (nine sides) were studied. Boundaries were the superior 

nuchal line and external occipital protuberance (cranial), the nuchal ligament (medial), an 

imaginary line through C7 (caudal) and the posterior wall of the auditory channel (anterior). 

The overlying skin and complete thickness of the cranial part of the trapezius muscle and fascia 

sheath was included (deep). 

Results: An average number of 4 lymph nodes per suboccipital side were found. Diameters 

ranged from 1 to 6 mm. Twenty nodes (63%) were located in the subcutaneous tissue, twelve 

(37%) were found just underneath the superficial fascia of the trapezius muscle. 

Conclusion: Suboccipital nodes are small and mainly located in the subcutaneous layer, with 

a minority just underneath the superficial fascia of the trapezius muscle. This anatomical 

knowledge was used to redesign the suboccipital dissection. 
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Introduction

Early detection of lymph node metastases offers the best chance of regional control and 

survival in patients with malignant scalp lesions. Sentinel node biopsy is a useful tool to detect 

these metastases and is also of prognostic value.[1-4] With the introduction of sentinel node 

biopsy, more insight in lymphatic drainage patterns of cutaneous head and neck malignancies 

has been gained.[5-8] The lymphatic drainage pathways were found to be unpredictable in this 

area. A melanoma in the head and neck region tends to drain to more than one lymph node 

level, to multiple sentinel nodes close together and to contralateral lymph node basins.[8-13] 

	 In a recent analysis of 65 patients with a head and neck melanoma, 10% of the sentinel 

nodes were found in the suboccipital region, which is a remarkably high number.[14] The 

literature provides little information on the surgical anatomy of the (sub)occipital region and 

on the surgical procedures in this area. We could not retrieve information on the number and 

location of suboccipital lymph nodes in the literature. The aim of the study was to provide 

guidance for the extent (technique) of suboccipital node dissection based on the lymph node 

anatomy. 

Materials and Methods

Cadavers
This study was performed on nine halves of superficial neck tissue specimens from five 

cadavers. The embalmed cadavers had been fixated in formalin (4.0%) and frozen. The 

dissection was performed within five days after defrosting. The dissection specimens were 

photographed before and after excision. 

Anatomic boundaries
The dissections were carried out by two experienced head and neck surgeons (WMCK and 

PJFML). The anatomic extent of the specimens was defined in advance to obtain uniform 

results. To encompass the complete suboccipital region the boundaries of the dissection 

were the superior nuchal line and external occipital protuberance (cranial border), the nuchal 

ligament (medial border), an imaginary line through C7 (caudal border), the posterior wall 

of the auditory channel (anterior border) and the complete thickness of the upper part of 

the trapezius muscle and fascia sheath (deep border).[15] The overlying skin was included 

in order to determine the distance between the epidermis and the subcutaneous lymph 
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nodes. The specimen was dissected from the periost of the mastoid and the insertion sites of 

the sternocleidomastoid and origin of the trapezius muscle (Figure 1). Adhering to common 

terminology, the term suboccipital is used to indicate the caudal part of the occipital region. 

Figure 1. The dissection specimens stained, cut in 3-4 mm slices and numbered. 

Pathology and analyses
The dissection specimens were first macroscopically analysed for the presence of lymph 

nodes. The specimens were then painted superficially for orientation, cut into 3 - 4 mm 

slices and numbered (Figure 1). From these 3 - 4 mm slices, thinner slices of approximately 

1 - 2 mm were obtained for microscopic evaluation and these were stained using a standard 

haematoxylin and eosin solution. The head and neck pathologist (MLFvV) and head and neck 

surgeon (WMCK) analysed the microscopy slides together. The exact location of each retrieved 

lymph node was established and mapped. 
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Results

Macroscopic analysis of the dissection specimens revealed only one lymph node in each 

cadaver side. The other lymph nodes were easily discovered in the microscopy slides (Figure 

2). A total of 32 lymph nodes were found in the nine specimens, with a mean number of four 

lymph nodes per specimen (range: 2 - 7) (Figure 2). Twenty lymph nodes (63%) were located 

in the subcutaneous tissue. These nodes were located at the average distance of 7 mm (range: 

4 mm - 14 mm) from the epidermis. The remaining twelve lymph nodes (37%) were found just 

underneath the superficial fascia of the trapezius muscle (Figure 3). The longest diameter of 

the 32 suboccipital lymph nodes ranged from 1 to 6 mm, with a mean of 3 mm. The average 

maximum size of the subcutaneous lymph nodes was 3 mm (range: 1 mm - 6 mm) and the 

average size of the lymph nodes underneath the fascia was 4 mm (range: 1 mm - 6 mm) 

Figure 2. Anatomical location of all 32 lymph nodes (red dots) found in the suboccipital region in nine 
cadaver sides. All lymph nodes are projected to the left side. 
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Figure 3. Lymph node of 4 mm in diameter located just underneath the fascia of the trapezius muscle. 
The black arrows indicate the different histological layers.

Discussion

This is the first study on suboccipital lymph node mapping using histology in order to provide 

knowledge on the anatomy of this region and refine the design of its dissection. A mean number 

of four lymph nodes per suboccipital side were found. Compared to other regions of the neck, 

the number of lymph nodes in the suboccipital region is small as they comprise around 12% 

of the total number harvested by (modified) radical neck dissection.[13,14,16] Most lymph 

nodes (63%) in the suboccipital region were located in the subcutaneous tissue. The majority 

of these suboccipital lymph nodes had a small diameter ranging from 1 to 6 mm in diameter, 

with a mean of 3 mm, which implies that these lymph nodes can be easily overlooked during 

an operation. Another interesting finding was that 37% of the lymph nodes were found just 

underneath the superficial fascia of the trapezius muscle, demonstrating that the cranial part 

of the trapezius muscle should be resected as well. Elsewhere in the neck, lymph nodes are 

not situated in the subcutaneous layer, with exception of the lymph nodes along the facial 

artery and the ones along the external jugular vein over the sternocleidomastoid muscle. 
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In a recent study, Pan et al radiologically visualized the suboccipital lymphatic anatomy in 

human cadavers by injecting head and neck lymphatic vessels with a radio-opaque lead oxide 

mixture.[17] Their results are in line with our findings and they visualized an average of six 

suboccipital collecting lymph vessels in each specimen draining to their first-tier lymph nodes 

in the subcutaneous tissue. 

	 Studies describing the anatomic boundaries for suboccipital lymph node dissection 

in patients with a malignant scalp lesion are scarce. The posterolateral neck dissection, 

including a suboccipital dissection was first described in 1962 by Rochlin et al.[18] Apart 

from performing a classic radical neck dissection they also removed the cranial part of the 

trapezius muscle and underlying lymph node bearing tissue. They advocated this dissection 

for the management of metastatic disease from cutaneous malignancies of the scalp, the 

retro-auricular area, the suboccipital area and the neck that could metastasize to the posterior 

triangle. In 1993, Plukker et al further described this technique in a group of 21 patients with 

a head and neck malignancy of whom 19 had a melanoma.[19] Their suboccipital dissection 

begins with removal of the retro-auricular and suboccipital nodes along the occipital artery, 

which has to be sacrificed. The trapezius muscle is separated from the superior nuchal line to 

the level of C3-C4, and the cranial portion of the muscle is then horizontally transected cranial 

to the entry of the accessory nerve. By retracting the splenius capitis muscle anteriorly it is 

possible to remove the deep lymph node-bearing fibro-fatty tissue in the suboccipital region. 

In 1996, Diaz et al gave a detailed description of the posterolateral procedure with removal 

of the deeper located suboccipital lymph nodes.[20] However, Plukker nor Diaz removed the 

subcutaneous lymph nodes, which requires a careful dissection of a relatively thin suboccipital 

skin flap. 

	 It is difficult to provide a clear description of the suboccipital dissection, because of the 

lack of precisely defined anatomical landmarks. Based on our anatomical findings, we refined 

the suboccipital dissection design as follows. The dissection can be performed in continuity 

with a (modified) radical neck dissection or a selective neck dissection, removing levels II–V. 

The use of a hockey-stick incision is preferred with extension to the retro-auricular region 

and from there into a horizontal direction towards the occiput (Figure 4). A thin suboccipital 

skin flap should be made, as all lymph nodes are located deeper than 3 mm in the underlying 

subcutaneous fat. The caudal boundary of the suboccipital dissection is where the lateral 

border of the splenius capitis muscle meets the lateral border of the trapezius muscle (Figure 

5). At this point, the trapezius muscle is incised in a coronal plane towards the midline in the 
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ligamentum nuchae. The dissection is then continued in cranial direction until the occipital 

protuberans. From there, both the trapezius and sternocleidomastoid muscle are detached 

from the occipital bone from medial to lateral to the posterior wall of the external ear canal, 

starting two cm cranial of the occipital protuberans and thereby including the retro-auricular 

lymph nodes. During this phase of the dissection, the occipital artery should be identified 

and ligated. The trapezius muscle, including fascia sheath and surrounding fibro-fatty tissue 

should be dissected from the splenius capitis muscle and retracted laterally (Figure 6). The 

suboccipital tissues should stay in continuity with the (modified) radical or selective neck 

dissection specimen. 

Figure 4. A hockey-stick incision with extension to the retro- auricular region and from there in a 
horizontal direction towards the occiput (dotted line). A: sternocleidomastoid muscle. B: trapezius 
muscle.

In conclusion, the suboccipital area contains two to seven lymph nodes that are small and 

mainly located in the subcutaneous layer, with a minority just underneath the superficial fascia 

of the trapezius muscle. This surgical anatomical knowledge is of importance for a proper 

design of a suboccipital lymph node dissection in patients with malignant scalp lesions.
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Figure 5.a. The caudal boundary of the suboccipital dissection is where the lateral border of the 
splenius capitis muscle meets the lateral border of the trapezius musculus (dotted line). A: trapezius 
muscle. B: splenius capitis muscle. C: sternocleidomastoid muscle. D: occipital artery. 
Figure 5.b. The red horizontal line in the lower image represents a detailed overview of a pathology 
slice, which shows the location of a lymph node just underneath the trapezius muscle.



96 | Chapter 8

Figure 6. The trapezius musculus, including the fascia sheath and the surrounding fibro-fatty tissue is 
carefully dissected from the splenius capitis muscle and retracted laterally and is opened like a book. A: 
trapezius muscle. B: splenius capitis muscle. C: sternocleidomastoid muscle. D: occipital artery ligated.
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Abstract

The lymphatic drainage of cutaneous melanomas located on the upper trunk is often complex 

and sometimes follows an unexpected pattern. Occasionally, even direct drainage to cervical 

lymph nodes is seen. In this case series, three patients with lymphatic drainage to the neck 

derived from melanomas located over the manubrium sterni are described. There appears 

to be a restricted area that involves the manubrium sterni from which lymphatic drainage 

to different cervical node basins appears more frequent. SPECT/CT was helpful in visualizing 

these patterns and for the localization of the sentinel nodes. 
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Introduction

The technique of lymphatic mapping in melanoma patients has evolved into a routine 

procedure in the past decade. Since the successive introduction of lymphoscintigraphy, 

sentinel lymph node biopsy and single photon emission computed tomography camera with 

integrated CT scanner (SPECT/CT), the knowledge of lymphatic pathways has increased.[1-4] 

Although certain drainage patterns have been established, pathways of melanomas located on 

the upper trunk are often ambiguous. Melanomas in the infraclavicular region, on the midline 

of the trunk or near Sappey’s line sometimes drain to multiple, unlikely or contralateral lymph 

node basins.[5,6] Infraclavicular melanomas seem to have a preferential drainage to the axilla, 

while supraclavicular melanomas have a preferential drainage to the head and neck region.

[7,8] Direct lymphatic drainage from lesions on the upper trunk to cervical lymph nodes is 

sometimes seen.[5,6,9] 

	 In this case series we describe three patients with direct drainage from melanomas located 

over the manubrium sterni to a cervical lymph node. These unexpected lymphatic drainage 

patterns are illustrated using SPECT/CT images for each patient. 

Patient 1
A 68-year old female with a superficial spreading melanoma located on the manubrium sterni, 

with a Breslow thickness of 1.0 mm was referred for re-excision and sentinel node biopsy after 

diagnostic excision elsewhere. Pre-operative lymphoscintigraphy showed drainage to both 

sides of the neck and to the left axilla. SPECT/CT visualized sentinel nodes in level I of the left 

axilla, level IV and Vb of the left side of the neck and in level IV of the right side of the neck 

(Figure 1). During the operation all sentinel nodes were pursued and harvested from these 

locations. None of the dissected nodes contained metastases and no recurrences developed 

in the 40 months thereafter. 
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Figure 1. Case No. 1: Planar images (A) show drainage to one sentinel node in the right neck, two 
sentinel nodes in the left neck and one sentinel node in the left axilla. These nodes are anatomically 
displayed on fused 3D volume SPECT/CT (B). Fused SPECT/CT (C and E) shows the precise locations of 
these sentinel nodes, corresponding with single lymph nodes on CT (D and F), in level IV on the right 
side of the neck and in level IV and Vb on the left side. 

Patient 2 
A 50-year old female with a lentigo maligna melanoma on the midline over the manubrium 

sterni with a Breslow thickness of 1.0 mm was referred for excision and sentinel node biopsy 

after diagnostic punch biopsy elsewhere. Pre-operative lymphoscintigraphy and SPECT/CT 

visualized sentinel nodes in level III of the left side of the neck and one possible sentinel node 

underneath the injection site in level Vb of the right side of the neck (Figure 2). One tumor-

negative sentinel node was removed from level III on the left side of the neck. After excision 

of the primary tumor no residual activity beneath the injection site was found. During a follow 

up period of 22 months no relapses occurred. 
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Figure 2. Case No. 2: Planar images after 10 minutes (A) visualize a sentinel node in the left side of 
the neck. This node is anatomically displayed in 3D SPECT-CT (B) together with a possible additional 
sentinel node in level Vb of the right side of the neck underneath the injection site. On transversal 
SPECT/CT (C) and CT (D) the sentinel node in level III on the left side of the neck is shown. 

Patient 3 
A 56-year old male had undergone a diagnostic excision of a nodular melanoma with a 

Breslow thickness of 1.1 mm in the midline over the manubrium sterni. Pre-operative 

lymphoscintigraphy and SPECT/CT depicted three sentinel nodes in the right axilla and one 

sentinel node in level Vb of the right side of the neck (Figure 3). Only two sentinel nodes 

were harvested from the right axilla. Most likely the third sentinel node that was visualized 

pre-operatively was activity in the lymphatic duct. Although one sentinel node was visualized 

supraclavicular, no activity and thus no sentinel node was detected in level Vb after extensive 

exploration. One sentinel node harvested from the axilla contained melanoma metastases. 

The completion axillary node dissection revealed no additional metastases and the patient 

remained free of disease in the subsequent seven months. 
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Figure 3. Case No. 3: Planar images ten minutes after administration of the radiopharmaceutical (A) 
depict two sentinel nodes in the right axilla of which the most caudal appears elongated. A sentinel 
node is also visualized in level Vb in the right neck. 3D SPECT/CT (B) confirms the location of two 
sentinel nodes in the right axilla in level I with activity in the afferent lymph vessel. Another hot spot 
is localized in level III of the right axilla and a hot spot is seen supraclavicularly in level Vb in the right 
neck. The supraclavicular sentinel node is displayed on transversal SPECT/CT (C) and CT (D) slices. 

Discussion

Melanomas located over the manubrium sterni have the potential to follow an unusual direct 

lymphatic drainage pattern to cervical lymph nodes. In the present case series, three such 

patients are described. Pre-operative imaging visualized lymphatic drainage to level Vb, level 

IV and level III. 

	 Uren et al. also mentioned lymphatic drainage to the neck originating from primary 

melanomas on the anterior upper trunk.[6] They already noticed that trunk melanomas with 

direct drainage to cervical lymph nodes are usually located in a more or less restricted area 
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around the manubrium. In 2009, Reynolds et al. described lymphatic drainage patterns of 

5239 melanoma patients based on lymphoscintigrams.[5,7] From their maps we identified 

thirteen patients with a melanoma located in this area demonstrating lymphatic drainage to 

18 sentinel nodes located in level I (n=1), level II (n=2), level III (n=4), level IV (n=2), level Vb 

(n=6) and the axilla (n=2). In one patient an interval lymph node was visualized. 

	 SPECT/CT was helpful in visualizing the lymphatic drainage patterns in these three patients. 

Using this technique, the sentinel node is depicted in his anatomic habitat and which makes 

it easier to describe the precise location of the node in the neck. A previous study performed 

at our institute demonstrated that the routine use of SPECT/CT in addition to conventional 

lymphoscintigraphy can show additional sentinel nodes that are not visualized when using 

conventional lymphoscintigraphy only.[10] The aforementioned studies, including ours, 

suggest that one should be prepared to see direct lymphatic drainage from a melanoma 

located over the manubrium sterni to the neck. It may well be that early lymphangiogenesis 

and embryogenesis of superficial lymphatic vessels draining the skin of the manubrium sterni 

might play a role. 

	 In two of these three patients not all visualized sentinel nodes were harvested during 

exploration. The possible present sentinel node underneath the injection site in patient 2 was 

not found and the pre-operatively visualized sentinel node supraclavicular in patient 3 was 

not harvested after wide exploration. At our institute Vermeeren et al investigated the use of 

a portable gamma camera for intra-operative sentinel node visualization in the head and neck 

region.[11] This device is able to detect residual radioactivity by visualization of the tracer signal 

on screen intra-operatively. Vermeeren et al concluded that intra-operative identification of 

sentinel nodes in the head and neck region with this portable gamma camera is feasible and 

might lead to detection of more sentinel nodes. In the future this device might support the 

surgeon to find additional sentinel nodes or sentinel nodes visualized pre-operatively but not 

detected with the hand held gamma probe only. 

Conclusion

Three patients are described with a primary melanoma over the manubrium sterni with 

direct cervical lymph node drainage visualized by pre-operative imaging. SPECT/CT is a helpful 

imaging tool to reveal this pattern and can show the precise location of the sentinel node. 
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Abstract 

Objectives: To determine the incidence and pattern of cervical lymphatic drainage in patients 

with melanomas located on the upper limb or trunk, and to evaluate our current neck 

dissection protocol for those patients with a N+ neck.

Patients and methods: Of 1192 melanoma patients who underwent sentinel node biopsy 631 

were selected with a primary tumor on the upper limb or trunk. All lymphoscintigrams, SPECT/

CT images and operative reports were reviewed to determine the exact locations of sentinel 

nodes visualized pre-operatively and dissected during operation. 

Results: Thirty-nine of 631 (6.2%) patients with a melanoma on the upper limb or trunk showing 

cervical lymph node drainage were identified. In 34 of 39 patients (87%) sentinel nodes were 

excised from level IV or Vb, and in 30 of those 39 patients simultaneous from the axilla. In 

the remaining five patients (13%) sentinel nodes were harvested from level IIb, III or from the 

suboccipital region. All harvested sentinel nodes were located in the intended dissection area 

for N+ patients. Thirteen patients (33%) had a total of 22 tumor-positive sentinel nodes in 

either the axilla (n=10), level IV (n=2), Vb (n=9) or suboccipital (n=1). 

Conclusion: Only a minority of the patients with upper limb or trunk melanomas demonstrated 

lymphatic drainage to cervical lymph node basins, with preferential drainage to level IV and Vb. 

Our current dissection protocol of the levels II-V, with or without extension to the suboccipital 

region, in those patients with involved cervical sentinel nodes seems sufficient. 
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Introduction

Sentinel node biopsy is increasingly used to stage patients with melanoma and has evolved 

into a routine procedure for tumors originating at different sites of the body.[1] The head and 

neck region is known for its complex lymphatic drainage, with melanomas draining to multiple, 

bilateral and sometimes even contralateral sentinel nodes.[2-5] The high number of lymph 

nodes and lymphatic vessels in a small anatomic area may contribute to this phenomenon.[6] 

However, despite the complex drainage pathways, head and neck melanomas usually seem to 

follow a somewhat predictable pattern with preferred drainage to the parotid and levels I-V 

for lesions located anterior of the ‘so-called’ watershed line and to the suboccipital region and 

level II-V for tumors located posterior of this line.[7-9] Based on the primary tumor location, 

O’Brien et al. defined the extent of several therapeutic neck dissections.[10] 

	 Occasionally, primary melanomas located on the upper limb or trunk drain to cervical lymph 

nodes, but studies on that subject are scarce.[11-13] Uren et al presented 1735 patients with 

melanomas located on the upper limb or upper trunk where lymphatic drainage was visualized 

to a total number of 321 cervical sentinel nodes.[13] A completion neck dissection in patients 

with a histologically proven tumor-positive sentinel node originating from a melanoma on the 

upper limb or trunk is usually advised. The extent of therapeutic neck dissection hereby is 

based on the expected drainage pathways and generally includes levels II-V (with or without 

the suboccipital region). However, in these specific cases the actual extent of the neck 

dissection is still a matter of ongoing debate, because scientific evidence for this approach is 

lacking. Therefore, the aim of this study is to determine the incidence of lymphatic drainage 

to cervical lymph nodes derived from melanomas located on the upper limb or trunk in our 

patient group, and to evaluate our current neck dissection protocol of the levels II-V (with or 

without the suboccipital region) in these patients with a N+ neck. 

Patients and Methods

Patients 
From 1192 unselected melanoma patients who underwent sentinel node biopsy at The 

Netherlands Cancer Institute or the University Medical Centre Groningen between December 

1991 and July 2010 a total of 631 patients with a primary melanoma on the upper limb or trunk 

were identified. The anterior trunk melanomas were located on the trunk from the umbilicus 

up to the clavicle and on the anterior side of the shoulder, which is divided by an imaginary 
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line over the deltoid region. The posterior trunk melanomas were located on the trunk from 

the level of the umbilicus up to vertebra C7 and on the posterior side of the shoulder posterior 

from the imaginary line. Sentinel node biopsy was carried out if the primary tumor had a 

Breslow thickness of at least 1 mm or a Clark level IV. 

Imaging 
On the day before operation, technetium-99m-labeled nanocolloid (Nanocoll, Amersham 

Cygne, Eindhoven, the Netherlands) was injected intradermally around the biopsy site in 

a mean volume of 0.4 ml and a mean dosage of 63 MBq (2 mCi). The mean time interval 

between injection of the technetium-99m-labeled nanocolloid and the actual operation is 

approximately 18 hours. Static images were performed and were preceded by a dynamic study 

of ten minutes. Both anterior and lateral images were routinely made. Immediate and three-

hour post-injection lymphoscintigrams were evaluated with regard to the location, number and 

sequence of appearance of sentinel nodes. At The Netherlands Cancer Institute, hybrid single 

photon emission computed tomography with CT (SPECT/CT) was introduced in 2006 and was 

performed when conventional images were difficult to interpret and for research purposes.

[14] SPECT/CT was additionally performed in eight patients, all treated in the Netherlands 

Cancer Institute. A sentinel node was defined as a lymph node upon which the primary tumor 

drains directly.[15] Both conventional lymphoscintigrams and SPECT/CT images were used to 

mark the locations of the sentinel nodes on the skin with indelible ink. 

Surgical and pathological procedures
Lymphoscintigrams and SPECT/CT images were discussed with the surgeon before the sentinel 

nodes were excised. The next day, patent blue dye (Laboratoire Guerbet, Aulnay-Sous-Bois, 

France) was administered intradermally in a mean volume of 1.0 ml, completely surrounding 

the scar of the re-excision site. Ten minutes after injection all nodal basins identified by 

lymphoscintigraphy were explored surgically through limited incisions. Surgical dissection 

was guided by a hand-held gamma ray detection probe (Neoprobe1000 and 1500, Johnson 

& Johnson Medical, Hamburg, Germany) and by looking for blue-stained afferent lymphatic 

vessels that led to blue stained sentinel lymph nodes. Once the sentinel node had been excised, 

the probe was used to search the resection bed to ensure that there were no residual sentinel 

nodes. The search for additional sentinel nodes was ceased if there was no residual activity 

or if this was less than ten percent of the most active node in the same area. After sentinel 

node biopsy, wide local excision was performed of the primary melanoma site with a 1 or 2 cm 
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margin, depending on the Breslow thickness. All sentinel nodes were formalin-fixed, bisected, 

paraffin-embedded, and cut at a minimum of six levels at 50 to 150 µm intervals. Pathologic 

evaluation included hematoxylin and eosin and immunohistochemical staining (S-100 and 

MART-1). With the exception of one patient harboring a small tumor burden in the sentinel 

node (Starz classification I), patients with a tumor-positive sentinel node underwent therapeutic 

node dissection.[16,17,18] Patients received a level I-III axillary dissection for tumor-positive 

sentinel nodes located in the axilla. In case a cervical positive sentinel node was harvested, 

derived from an anterior shoulder or anterior trunk melanoma, a selective neck dissection of 

the levels II-V was performed. The dissection was extended to the suboccipital region in case 

a tumor-positive sentinel node was found in level II-V or the suboccipital region derived from 

a melanoma on the posterior shoulder or posterior trunk. Extension to the suboccipital region 

consists of the ‘so-called’ hockey-stick incision more posteriorly for a postero-lateral neck 

dissection (levels II-V including the subocciptal region). During suboccipital dissection a thin 

layer of fat and lymph nodes between the ligamentum nuchae (medial border) and the fascia 

of trapezius muscle (deep border) is removed. The supreme nuchal line and external occipital 

protuberance represent the cranial border of the dissection and an imaginary line connecting 

the two mastoid processes the inferior border. The suboccipital dissection is performed in 

continuity with the selective neck dissection (II-V).[19,20] Dissection of both the axilla and 

neck was performed if metastases were present at each site in the same patient. All lymph 

nodes harvested from regional node dissection specimens were examined in 4.0 mm sections 

stained with hematoxylin and eosin. 

Data analysis
To determine the precise location of sentinel nodes visualized pre-operatively and harvested 

during operation all lymphoscintigrams, SPECT/CT images and operative reports were 

retrospectively reviewed. All patients were monitored with a median follow-up of 54 months. 

Results

Patients
Thirty-nine of 631 (6.2%) patients with a primary melanoma located either on the upper limb 

or trunk were identified with lymphatic drainage to at least one lymph node basin in the head 

and neck area. All melanomas on the upper limb were located on the anterior or posterior 

shoulder. Overall patient characteristics are shown in Table 1. 
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Table 1. Characteristics of 39 patients with a melanoma on the upper limb or trunk.

mean age yrs 56 (15 - 89)

gender M:F 27:12

primary tumor location  

 anterior shoulder 3

 posterior shoulder 12

 anterior trunk 5

 posterior trunk 19

median Breslow thickness (mm) 2.9 (1.0 - 12)

median follow-up (months) 54 (4 - 162)

M: Male; F: Female; mm; milimeter

Lymphoscintigraphy and SPECT/CT
Both conventional lymphoscintigraphy and SPECT/CT visualized a total of 112 sentinel nodes in 

39 patients. Forty-four sentinel nodes were depicted in the axilla, 67 sentinel nodes in cervical 

lymph node basins and one sentinel node was seen on the lateral border of the left scapula. In 

31 of 39 patients (80%) lymphatic drainage from the shoulder or upper trunk was seen to level 

Vb, of which 27 patients had simultaneous drainage to the axilla. Two patients (5%) showed 

lymphatic drainage to level IV of which one also to the axilla. In the remaining six patients 

(15%) lymphatic drainage was depicted to the parotid gland, level Va, level III, level IIa, level 

IIb or suboccipital. 

Sentinel node biopsy
In 39 patients a total of 121 sentinel nodes were excised (Table 2). Forty-four sentinel nodes 

were harvested from the axilla, 76 sentinel nodes from cervical lymph node basins and one 

sentinel node from the lateral border of the left scapula (Figures 1 and 2). In 32 of 39 patients 

(82%) a total of 65 sentinel nodes were excised from level Vb. In 28 of those 39 patients 44 

sentinel nodes were also excised from the axilla or lateral border of the left scapula. In two 

patients (5%) five sentinel nodes were harvested from level IV, of which one also had a sentinel 

node in the axilla. In the remaining five patients (13%) two sentinel nodes were excised from 

level IIb, one sentinel node from level III and three sentinel nodes from the suboccipital region. 

In two patients these suboccipital nodes were not visualized pre-operatively, but the hand-held 

gamma probe detected them. All harvested suboccipital sentinel nodes were found in patients 

with a primary tumor located on the upper posterior trunk or posterior shoulder. Not all pre-

operatively visualized sentinel nodes were harvested. A sentinel node in the parotid gland, in 
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level Va and in level IIa was not found during operation, because the hand-held gamma probe 

did not detect any radioactivity. 

Table 2. Locations of sentinel nodes excised

melanoma site number 
of 

patients

number of sentinel nodes at the various locations

axilla level  
IIa

level 
IIb

level  
III

level 
IV

Level 
Va

level 
Vb

suboccipital other 

anterior shoulder 3  4 (1) - - - - -  5 (1) -

anterior trunk 5  3 (1) - - 1 (0) 2 (0) -  9 (0) -

posterior shoulder 12  15 (2) - 1 (0) - - - 20 (5) 1 (1)

posterior trunk 19  22 (6) - 1 (0) - 3 (2) - 31 (3) 2 (0) scapula 

Total 39  44 (10) - 2 (0) 1 (0) 5 (2) - 65 (9) 3 (1) 1 (0)

Between parentheses: The total number of tumor-positive sentinel nodes found

Figure 1. Locations of eight primary melanomas on the anterior shoulder and anterior trunk and 24 
sentinel nodes draining these primary lesions. In gray the dissection area is visualized in case a tumor-
positive sentinel node is harvested.
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Figure 2. Locations of 31 primary melanomas on the posterior shoulder and posterior trunk and 97 
sentinel nodes draining these primary lesions. In gray the dissection area is visualized in case a tumor-
positive sentinel node is harvested. 

Pathology
In 13 of the 39 patients (33%) a total of 22 tumor-positive sentinel nodes were excised. The 

involved sentinel nodes were located in the axilla, level IV, level Vb or suboccipital (Table 3). 

One patient did not receive any further treatment, because only a minor tumor burden (Starz 

I) was found in the involved sentinel node.[16,17,18] In two of twelve patients (17%), who 

underwent a regional lymph node dissection, additional tumor-positive lymph nodes were 

harvested. The first patient with a melanoma on the posterior shoulder underwent a postero-

lateral dissection with extension to the suboccipital region and one additional tumor-positive 

lymph node was found in level Vb. The second patient with a melanoma on the scapula 

underwent both an axillary dissection and a postero-lateral dissection with extension to the 

suboccipital region. Two additional tumor-positive lymph nodes were excised from the axilla 

and two additional tumor-positive lymph nodes from level Vb (Table 3). Both patients received 

adjuvant radiotherapy. 



 Cervical lymphatic drainage patterns from melanomas on the schoulder or trunk | 115

Table 3. Twelve patients who underwent therapeutic lymph node dissection

Pt. tumor location location positive  
sentinel node(s) 

type of therapeutic node dissection positive lymph nodes in 
dissection specimen

1 post.trunk axilla axillary dissection 0/15

2 posterior shoulder axilla 
level Vb

axillary dissection 
postero-lateral dissection level II-V 
including the suboccipital region

0/17
0/13

3 anterior shoulder level Vb axillary dissection
selective dissection level II-V

0/35

4 post.trunk axilla
suboccipital

axillary dissection
postero-lateral dissection level II-V 
including the suboccipital region

0/17
0/19

5 post.trunk axilla axillary dissection 0/11

6 post.trunk axilla
level Vb

axillary dissection 
postero-lateral dissection level II-V 
including the suboccipital region

2/16
2/53 (level Vb)

7 posterior shoulder axilla
level Vb

axillary dissection 
selective dissection level II-V 

0/42
0/84

8 posterior shoulder level Vb postero-lateral dissection level II-V 
including the suboccipital region

0/13

9 posterior shoulder axilla
level Vb

axillary dissection 
postero-lateral dissection level II-V 
including the suboccipital region

0/14
0/21

10 posterior shoulder level Vb postero-lateral dissection level II-V 
including the suboccipital region

1/37 (level Vb)

11 post.trunk level IV postero-lateral dissection level II-V 
including the suboccipital region

0/32

12 post.trunk axilla
level Vb

axillary dissection 
postero-lateral dissection level II-V 
including the suboccipital region

0/14
0/16

Pt: Patient; post.trunk: posterior trunk; ant.trunk: anterior trunk

Follow-up
Three of the 26 patients with a tumor-negative sentinel node developed a recurrence, with an 

average follow-up of 44 (range 19 - 162) months. The first patient, who had a primary tumor on 

the left shoulder, developed a subcutaneous metastasis on the left wrist and simultaneously 

pulmonary metastases after 107 months and is currently being treated with systemic therapy. 

The second patient with a primary melanoma on the upper posterior trunk developed 

pulmonary metastases after 32 months and died due to these metastases three months later. 

The third patient with a primary tumor on the right shoulder and tumor-negative sentinel 
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nodes removed from level IIb and Vb developed a lymph node recurrence after five months 

in the previously biopsied level Vb and this procedure was thus considered false-negative. 

After therapeutic neck dissection no other recurrences developed in the next five years. Eight 

of 12 tumor-positive sentinel node patients who underwent therapeutic dissection remained 

disease free, with an average follow-up of 59 months (range, 17 - 150). Four of 12 patients with 

a tumor-positive sentinel node, who received therapeutic lymph node dissection, developed 

a local recurrence. In none of these latter four patients additional tumor-positive lymph 

nodes were found in the dissection specimen. The first patient developed extensive distant 

metastases after 31 months and died from these recurrences. The second patient developed 

brain and oropharynx metastases after 24 months and is still alive four months later. In the 

third patient liver metastases were found nine months following neck dissection and this 

patient died three months later due to these metastases. The fourth developed patient a local 

recurrence in the scar of the primary tumor excision 48 months after sentinel node biopsy, 

which was re-excised and no further recurrences developed. The patient with a tumor-positive 

sentinel node who received no further treatment (Starz I) remained disease free with a follow-

up of 25 months. No lymph node recurrences developed beyond the dissected neck levels in 

patients who underwent a neck dissection. 

Discussion

This study demonstrates 39 patients with a melanoma on the shoulder or upper trunk with 

drainage to at least one cervical lymph node basin. Thirty-four of these 39 patients (87%) had 

lymphatic drainage to levels IV and Vb, and the axilla. In the remaining five patients (13%) 

sentinel nodes were harvested from level IIb, level III or from the suboccipital region. As our 

current dissection protocol for patients with a tumor-positive sentinel node consist of level 

II-V for melanomas located on the anterior shoulder and anterior trunk and of level II-V with 

extension to the suboccipital region for melanomas on the posterior shoulder and posterior 

trunk, 100% of the harvested cervical sentinel nodes are covered. 

	 The lymphatic drainage pattern from primary melanomas located on the shoulder or trunk 

to cervical lymph node basins can’t be compared with the lymphatic drainage pattern of head 

and neck melanomas. So far, no studies have been published dealing with this specific subject. 

Reynolds et al. mapped lymphatic drainage of 5239 melanoma patients.[12,21] In total, 2406 

patients had melanomas located on the trunk (above the waist or umbilicus) or upper limb. 

Although the incidence of patients with cervical lymph drainage was not reported, it could be 
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calculated that a total of 569 sentinel nodes were visualized in cervical lymph node basins. A 

total of 508 of 569 sentinel nodes (89%) were visualized in level Vb (n=330) and level Va (n=178), 

30 sentinel nodes (5.5%) in level IV, 15 sentinel nodes (2.5%) in level III and 11 sentinel nodes 

(2%) in level II. In contrast to our findings, two sentinel nodes (0.5%) were visualized in level I 

derived from melanomas located just infraclavicularly. Three sentinel nodes (0.5%) were found 

in the suboccipital region, originating from melanomas located on the upper posterior trunk 

and posterior shoulder. In the present study 76 cervical sentinel nodes were identified in the 

39 included patients. It has to be emphasized that the results of Reynold’s study were based 

on pre-operative lymphoscintigrams without confirmation by additional dissection, as we did. 

The definite locations of the sentinel node might therefore be different, as has been shown by 

Jansen et al.[5] In their study, a discrepancy between sentinel node locations depicted by pre-

operative imaging and harvested during operation was shown in 18 of 30 patients (60%). The 

current study demonstrated this inconsistency in 6 of 39 patients (15%). For example, in one 

patient a sentinel node was depicted in the parotid pre-operatively, but was harvested from 

level IIb.

	 Melanoma cells detected in cervical sentinel nodes derived from tumors on the shoulder or 

trunk are considered as regional metastases and therefore, outside a clinical trial, completion 

neck dissection is advised. The extent of neck dissection, as described in the methods 

section, is based on the principle that only those lymph node basins considered at risk for 

metastases should be removed. A total of twelve patients with a primary melanoma located 

on the shoulder or trunk underwent completion lymph node dissection (Table 3) and in two 

patients (17%) additional tumor-positive lymph nodes were found in level Vb and the axilla. 

The percentage of additional melanoma containing lymph nodes in the head and neck region 

is comparable with the percentages reported by other authors of 10 - 30%.[8,22-24] The safety 

of our current neck dissection protocol for patients with tumor-positive cervical sentinel nodes 

derived from shoulder or trunk melanoma is also confirmed by the lack of regional recurrences 

developing outside the operation field. This even could raise the question if a more selective 

approach guided by the lymph node drainage pattern is appropriate, for example, by including 

only the first- and second echelon nodes in the dissection area. Comparable to Reynolds 

et al. we demonstrated that the vast majority of sentinel nodes are located in level IV and 

Vb. Although only one tumor-positive sentinel node was found outside these levels in the 

suboccipital region, lymphatic drainage was also shown to level II and III. Based on these 

results, and the knowledge that anatomic boundaries of the cranial border of level IV and 

Vb are hard to define, it seems adequate to continue our current neck dissection protocol 
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including level II-V (with or without extension to the suboccipital region) in the N+ patients 

with primary melanomas located on the shoulder or trunk.[25] 

	 As in our study, Reynolds et al showed lymphatic drainage to the suboccipital region in 

three patients with a melanoma located on the upper posterior trunk or posterior shoulder.

[12] In the current study one patient had a tumor-positive lymph node in the suboccipital 

area and underwent a level II-V dissection with extension to the suboccipital region. There 

were no involved non-sentinel nodes in the suboccipital dissection specimens, but drainage to 

the suboccipital region was seen in three of the 31 patients (10%) with a posteriorly located 

melanoma. This demonstrates that the subocciptal region remains a potential drainage site 

for metastastic cells. In our opinion, this observation justifies treatment of the suboccipital 

lymph node basin for melanomas of the posterior shoulder and upper back in the N+ neck. 

Nevertheless the absence of a clear surgical boundary of this region and relatively increased 

risk of flap necrosis (a thin skin flap has to be elevated, since the suboccipital nodes are mainly 

located just under the skin) makes it a more delicate procedure. The suboccipital dissection 

can be omitted if the risk of morbidity is considered to exceed the potential benefit. Strict 

follow-up of this specific area using ultrasound is then recommended.

Conclusion

In our study 39 patients are described with a primary melanoma located on the shoulder or 

upper trunk with lymphatic drainage to cervical lymph node basins. The preferred drainage 

pattern was to level IV, level Vb and the axilla, but in some cases lymphatic flow was seen up 

to level II, level III or the suboccipital region. Our current dissection protocol of the levels II-V, 

in case a tumor-positive cervical sentinel node is harvested in patients with a melanoma on 

the anterior shoulder or anterior upper trunk, appears to be sufficient. For patients with an 

involved cervical sentinel node originating from a primary melanoma on the posterior upper 

trunk or posterior shoulder, a level II-V dissection with extension to the suboccipital region is 

advised. 
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SUMMARY AND CONCLUSIONS

This thesis evaluates the sentinel node procedure in melanoma surgery and analyzes cervical 

lymph drainage from primary cutaneous melanomas. Chapter one contains the outline of 

this thesis, a brief introduction concerning melanoma, the sentinel node procedure and the 

lymphatic drainage patterns of head and neck melanomas. 

Evaluation of the sentinel node procedure in 
melanoma surgery 

In 2002, we noticed a potential downside of the sentinel node procedure in melanoma surgery. 

The rate of in-transit metastases in our sentinel node positive patients was found to be 23%, 

substantially higher than the 8.3% in patients with palpable lymph node metastases.[1] The 

question arose whether sentinel lymph node biopsy could perhaps induce the development of 

in-transit metastases. The main aims of the study described in chapter two were to compare 

the occurrence of the various forms of local-regional recurrence in patients who underwent 

lymph node dissection for either a positive sentinel node or for palpable nodal metastases. 

The results show that the rate of local-regional metastases in these two latter groups is similar, 

which refutes the suggestion that a positive sentinel node predisposes for the development of 

in-transit metastases. 

	 The sentinel node biopsy is a diagnostic procedure to detect lymphatic dissemination 

early and it improves staging.[2] Unfortunately, false-negative percentages from eight to 32 

have been reported from renowned melanoma institutes (see chapter four). In chapter three, 

the percentage of false-negative sentinel node procedures in 708 melanoma patients was 

determined. The time cohort of these recurrences and their cause were also investigated. 

Sentinel node biopsy was positive in 164 patients (23%) and false-negative in ten (1.4%), which 

results in a false negative rate of 5.7%. Half of the false-negative biopsies occurred in the first 

year after the procedure was introduced, illustrating the existence of a learning period. The 

cause of these false-negative procedures could be attributed to the nuclear medicine physician 

once, to the surgeon once and to the pathologist twice. Chapter four is an editorial about 

false-negative sentinel node biopsy in melanoma patients. The definition of a false-negative 

result, potential reasons for false-negative procedures and a comparison with other cancers 

are elaborated in this chapter. 
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Lymphoscintigraphy has evolved in the past few years. The recently introduced single photon 

emission computed tomography with computed tomography (SPECT/CT) maybe helpful 

in detecting more sentinel nodes, which may decrease the percentage of false-negative 

procedures.[3,4] The objective of the study presented in chapter five was to investigate 

whether SPECT/CT is of additional value compared to conventional lymphoscintigraphy 

in routine lymphatic mapping in patients with melanoma. SPECT/CT depicted the same 69 

sentinel nodes as conventional lymphoscintigraphy in 35 patients plus eight additional sentinel 

nodes in seven of these patients (20%). In two of these patients (5.7%), an additional nodal 

basin was explored to find the extra sentinel nodes. SPECT/CT provided additional anatomic 

information that was helpful to the surgeon in 11 patients (31%) and led to an adjustment of 

the surgical approach in 10 patients (29%). 

	 Since the introduction of lymphatic mapping, the need for completion lymph node 

dissection in case of a tumor-positive sentinel node is being challenged, particularly when a 

minimal tumor burden is found.[5-12] Other experts believe that tumor burden should not 

yet determine treatment and that completion node dissection is still required.[13] Chapter six 

examines the incidence of lymph node recurrence in sixteen melanoma patients with a minimal 

metastasis (Starz level I) in a sentinel node in whom a completion lymph node dissection was 

omitted. No lymph node recurrences occurred during a median follow up of 60 months. This 

result suggests that the risk of refraining from node dissection in such patients is so small that 

this option can be considered. 

Cervical lymph node drainage from cutaneous 
melanomas

Completion lymph node dissection is the currently recommended management of a patient 

with a tumor-positive sentinel node in the neck, but the extent of neck surgery is still a matter 

of debate. In 1995, O’Brien investigated a consecutive series of 92 parotidectomies and 183 

neck dissection specimens and described the classic drainage patterns of cutaneous head and 

neck melanoma.[14,15] Based on these findings, potential metastatic sites in patients with 

head or neck melanoma can be predicted.[15] This map is widely used for planning (selective) 

therapeutic neck dissections. Lymph drainage is classified by the location of the primary tumor 

in relation to the so-called vertical watershed line that distinguishes anterior and posterior 

lesions. Chapter seven evaluates the sentinel node locations in 65 patients with head and 

neck cutaneous melanoma using dynamic and planar lymphoscintigraphy and SPECT/CT. The 
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drainage patterns were compared to “O’Brien’s map” and to the treatment guidelines at The 

Netherlands Cancer Institute, and the incidence of discordant sentinel nodes was determined. 

O’Brien advocates a level I-III dissection and parotidectomy for primary skin lesions anterior 

to the watershed, level I-IV dissection and parotidectomy for anterior upper neck tumors 

(level V is included for coronal scalp and ear lesions), level III-V dissection for malignancies 

in the anterior, coronal or posterior lower neck and level II-V dissection with the suboccipital 

area for tumors posterior to the watershed and the ones located in the posterior upper neck. 

At The Netherlands Cancer institute, this guideline was modified resulting in the following 

treatment protocol. A (modified) radical neck dissection with parotidectomy is carried out in 

patients with a tumor-positive sentinel node derived from a primary melanoma anterior to 

the watershed line, on the coronal scalp, in the upper neck or on the ear. A level II-V dissection 

with extension to the suboccipital region is done for malignancies posterior to the watershed 

line or in the posterior neck, a level I-V dissection for anterior upper neck lesions and a level 

II-V dissection for tumors in the anterior or coronal lower neck. 

	 The study showed that twenty-three percent of the harvested sentinel nodes were 

outside the area that O’Brien’s map indicates, while 14% were outside the dissection levels 

advocated by The Netherlands Cancer Institute. Dissections based on the latter map contained 

significantly more sentinel nodes. It was concluded that almost a quarter of head and neck 

melanomas metastasize outside clinically predicted neck levels and that the surgery guidelines 

of The Netherlands Cancer Institute result in the removal of significantly more potential tumor 

bearing lymph nodes than O’Brien’s recommendation. With our more extensive dissections 

we try to reduce the number of missed lymph nodes to a minimum. Our protocol has not been 

modified yet but a future goal is to operate more selectively, based on the individual lymph 

drainage pattern. The extent of the neck dissection could perhaps be guided by the location of 

the second-echelon nodes, in analogy to superficial or deep groin dissection. 

	 In this study of 65 patients with a head and neck melanoma, 10% of the sentinel nodes 

were found in the suboccipital region, which is a remarkably high number. Familiarity with 

the surgical anatomy of this area is limited because, to our knowledge, no literature data is 

available on the number and exact locations of these lymph nodes. The main aim of chapter 

eight was to provide surgeons with solid landmarks for dissection of the occipital region based 

on the locations of its lymph nodes. The anatomy of the suboccipital region was studied in five 

human cadaver heads and necks (nine sides). A total of 32 lymph nodes were retrieved from 

the suboccipital region in the nine specimens, with a mean number of four lymph nodes per 

specimen (range: 2 - 7). The mean diameter of these nodes was 3 mm, with a range of 1 to 
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6 mm. Twenty-four of these lymph nodes (76%) were located in the subcutaneous tissue with 

an average distance of 7 mm (4 mm - 14 mm) from the epidermis and eight lymph nodes (24%) 

were situated between the fascia of the trapezius muscle and the muscle itself. These findings 

lead to recommendations for the extent of the suboccipital node dissection. 

	 The lymphatic drainage of melanomas located on the upper trunk is often complex and 

may follow an unexpected pattern.[16,17] Sometimes lymphatic drainage from such lesions 

occurs directly to cervical lymph nodes, particularly from the sternal region.[18] Chapter nine 

describes three patients with a primary melanoma in the sternal region and cervical lymph 

node drainage. SPECT/CT was found to be helpful in visualizing these patterns. 

	 Following this case series, a study was designed to determine the incidence and pattern 

of cervical lymph node drainage in patients with a melanoma located on the shoulder or 

trunk, and to evaluate our current neck dissection protocol for these patients with an involved 

sentinel node. The results of this study are presented in chapter ten. Thirty-nine patients 

with lymph drainage to a cervical node were identified among 631 patients (6.2%) with a 

melanoma on the shoulder or trunk. Sentinel nodes were excised from level IV or Vb in 34 

of these 39 patients (87%), and in 30 of them (77%) from the axilla as well. In the remaining 

five patients (13%), sentinel nodes were harvested from level IIb, III or from the suboccipital 

region and none from the axilla. All harvested sentinel nodes were located in the clinically 

predicted lymph node basins level II-V. It was concluded that only a minority of upper limb 

or trunk melanomas drain to a cervical node, with preferential drainage to level IV and Vb. 

Our current neck dissection protocol (dissection of the levels II-V, with or without extension 

to the suboccipital region) in case of a tumor-positive cervical sentinel node derived from a 

melanoma on the shoulder or upper trunk appears to be adequate. 

Conclusions, implications and future developments 

This thesis shows that sentinel node biopsy in patients with melanoma is a useful and fairly 

accurate tool for early detection of nodal dissemination and that lymphoscintigraphy helps us 

to analyse the lymphatic drainage pattern in the head and neck region. The 29% false-negative 

rate in our first year shows that there is a learning curve (chapter 3 of this thesis). The false-

negative rate is decreased and the sensitivity of this procedure in the last four years rose 

above 98%. The advantages of the sentinel node biopsy justify offering this procedure for the 

detection of occult lymph node metastases. In the Multicenter Selective Lymphadenectomy 

Trial-I (MSLT-I) of Morton et al, 2001 melanoma patients were randomized between sentinel 
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node biopsy and observation.[19] Therapeutic lymph node dissection followed in case of 

a tumor-positive sentinel node. In patients who were observed, therapeutic lymph node 

dissection was performed when lymph node metastases became palpable. The prognostic 

value of the procedure was confirmed by the finding of a five-year survival of 72.3% in patients 

with a tumor-positive sentinel node while this was 90.2% in those with a negative sentinel 

node. The study did not show a significant difference in the five-year melanoma-related 

survival between the two main groups (87.1% and 86.6%, respectively). The most important 

purpose of sentinel node biopsy is to identify patients with early lymph node metastases so 

that they can undergo timely treatment with an improved chance to survive. The fourth interim 

analysis after a median follow up of 8.2 years for the patients who were still alive revealed that 

in the patients with a melanoma with a Breslow thickness between 1.2 and 3.5 mm the ten-

year melanoma-specific survival was 60.9% in the sentinel node-positive patients and 41.8% 

in the patients who developed overt metastases in the wide excision only group (p=0.01). The 

forthcoming final conclusions of this study can eradicate lingering doubts about the increased 

survival in patients who underwent sentinel node biopsy. We conclude that the procedure 

improves survival in the target population of people with early nodal involvement.

	 Completion lymph node dissection is routinely recommended if sentinel node involvement 

is found but less than 20% of these patients will have additional lymph node metastases 

identified in the dissection specimen.[20-23] Regional lymph node dissection is a procedure 

with substantial morbidity.[24] Therefore, it is necessary to determine whether patients with 

metastasis in the sentinel node benefit from completion lymph node dissection in terms of 

survival and quality of life. This thesis suggests that the risk of refraining from node dissection 

in patients with a minimal tumor burden (Starz level 1) in the sentinel node is small and that 

this option can be considered. It will be interesting to see if this suggestion is confirmed by the 

ongoing MSLT-II study. In this study of Morton et al, patients with a tumor-positive sentinel 

node are randomised for either completion lymph node dissection or a wait and see policy. 

	 A significant part of this thesis concerns head and neck melanoma. We mapped the lymph 

drainage patterns based on the sentinel node locations. A small fraction of the sentinel nodes 

were found outside the recommended neck dissection regions and the current neck dissection 

protocol is therefore justified. Comprehensive coverage is not feasible because the individual 

lymph drainage patterns are so diverse. 

	 The suboccipital lymph node dissection was refined. Dissection of a skin flap with a 

minimum of subcutaneous tissue and removal of the underlying muscular fascia of the 

trapezius muscle are essential, because this thesis showed that suboccipital nodes may be 
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located in the subcutaneous tissue with a minimal depth of 4 mm from the epidermis or just 

underneath this fascia. 

	 Innovative technologies like the intra-operative gamma camera, fluorescent tracers 

and freehand SPECT may lead to a higher sensitivity of the sentinel node procedure.[25-

27] Although completion selective neck dissections according to strict guidelines are now 

performed after retrieval of a tumor-positive sentinel node, the attempt to limit the extent of 

completion node dissection will meet with new challenges. In order to create a more patient-

tailored treatment and to minimize postoperative morbidity further research on reducing 

the extent of therapeutic neck surgery is needed. Perhaps analysis of the location of second-

echelon nodes may guide the extent of neck dissection in analogy to the management of 

patients with a positive sentinel node in the groin.[28]

	 Nowadays, genetic analysis of the primary tumor is a new and hot topic. Perhaps the gene 

expression pattern of the primary melanoma may reliably indicate the presence of lymph node 

metastases and determine the need for additional treatment.[29] In fact, it has been predicted 

that within a year gene analysis will tell which primary melanomas will generate lymph node 

metastases and which melanomas will not do so.[30]
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SAMENVATTING EN CONCLUSIES

Het in dit proefschrift beschreven onderzoek evalueert de sentinelnodeprocedure bij patiënten 

met een melanoom en analyseert de lymfedrainage in de hoofd-halsregio. Hoofdstuk een 

schetst de hoofdlijnen van het onderzoek, en geeft een korte inleiding over melanoom, de 

sentinelnodeprocedure en de lymfedrainagepatronen van het hoofd-halsgebied.

Evaluatie van de sentinelnodeprocedure bij patiënten 
met melanoom

In 2002 signaleerden we een potentieel nadeel van de sentinelnodeprocedure bij patiënten 

met melanoom. De incidentie van in-transitmetastasen in onze sentinelnodepositieve 

patiënten bleek 23% en dit was aanzienlijk hoger dan de 8,3% bij patiënten met palpabele 

lymfekliermetastasen. De vraag rees of sentinelnodebiopsie misschien de ontwikkeling van in-

transitmetastasen zou induceren. De belangrijkste doelstelling van het onderzoek beschreven 

in hoofdstuk twee was het vergelijken van de incidentie van de verschillende vormen van 

locoregionale recidivering bij patiënten die een lymfeklierdissectie ondergingen vanwege een 

positieve sentinelnode of wegens palpabele kliermetastasen. De resultaten tonen aan dat de 

incidentie van locoregionale recidieven in deze twee groepen vergelijkbaar is en weerleggen 

de suggestie dat een sentinelnodebiopsie met aanvullende lymfeklierdissectie predisponeert 

voor de ontwikkeling van in-transitmetastasen. 

	 Sentinelnodebiopsie is een diagnostische procedure om lymfekliermetastasen vroegtijdig 

op te sporen en de stadiëring te verbeteren. Helaas worden er nog hoge percentages 

foutnegatieve procedures gevonden van acht tot 32% in gerenommeerde melanoomcentra (zie 

hoofdstuk vier). In hoofdstuk drie wordt het percentage foutnegatieve sentinelnodeprocedures 

in een groep van 708 melanoompatiënten bepaald. Het tijdscohort waarin deze foutnegatieve 

procedures plaatsvonden en de oorzaken ervan werden ook onderzocht. Sentinelnodebiopsie 

bleek positief bij 164 patiënten (23%) en foutnegatief bij tien (1,4%), hetgeen resulteert in een 

percentage foutnegatieve procedures van 5,7%. De helft van de foutnegatieve procedures vond 

plaats in het eerste jaar na introductie van de sentinelnodeprocedure in dit instituut, hetgeen 

laat zien dat er een leerperiode bestaat. De oorzaak van deze foutnegatieve procedures werd 

eenmaal gevonden op nucleair geneeskundig gebied, eenmaal op chirurgisch gebied en 

tweemaal op pathologisch gebied. 
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Hoofdstuk vier is een redactioneel commentaar op foutnegatieve sentinelnodeprocedures. 

De definitie van een foutnegatieve procedure, de mogelijke oorzaken ervan en een vergelijking 

met andere vormen van kanker worden besproken in dit hoofdstuk.

	 Nieuwe technologie heeft zijn intrede gedaan in de nucleaire geneeskunde. De onlangs 

geïntroduceerde single photon emission computed tomography met computed tomography 

(SPECT-CT) kan kleinere hoeveelheden radioactiviteit opsporen en plaatst deze in hun 

anatomische context. Het doel van het in hoofdstuk vijf beschreven onderzoek was nagaan 

of SPECT-CT van toegevoegde waarde is ten opzichte van conventionele lymfoscintigrafie. 

Bij 35 melanoompatiënten liet SPECT-CT dezelfde 69 sentinelnodes zien als conventionele 

lymfoscintigrafie plus acht extra sentinelnodes bij zeven van deze patiënten (20%). Bij twee 

van deze patiënten (5,7%) betrof het een ander lymfeklierstation. In elf gevallen (31%) kreeg 

de chirurg nuttige aanvullende anatomische informatie die leidde tot een aanpassing van de 

voorgenomen operatieve benadering bij tien van hen (29%). 

	 Sinds de introductie van sentinelnodebiopsie wordt de noodzaak van het uitvoeren van 

een aanvullende lymfeklierdissectie in geval van een minimale hoeveelheid tumorcellen in de 

klier door sommige specialisten betwijfeld. De meeste deskundigen vinden dat de hoeveelheid 

tumorcellen in de sentinelnode het beleid (nog) niet moet bepalen en dat bij iedere 

melanoompatiënt met een positieve sentinelnode een therapeutische lymfeklierdissectie 

geïndiceerd is. Hoofdstuk zes gaat in op het risico van lymfeklierrecidieven bij zestien 

melanoompatiënten met een minimale metastase op een gunstige plaats in de sentinelnode 

(starzniveau I), bij wie aanvullende lymfeklierdissectie achterwege werd gelaten. Er traden 

geen lymfeklierrecidieven op tijdens de mediane controleperiode van 66 maanden. Dit 

resultaat suggereert dat het risico om af te zien van aanvullende lymfeklierdissectie bij deze 

patiënten zo klein is dat deze optie kan worden overwogen. 

Melanoom met cervicale lymfeklierdrainage 

Bij lymfekliermetastasering van een hoofd-halsmelanoom wordt halsklierdissectie 

verricht, maar de uitgebreidheid van de ingreep is reeds lang onderwerp van discussie. In 

1995 beschreef O’Brien de metastaseringspatronen aan de hand van patiënten die een 

therapeutische halsklierdissectie ondergingen vanwege een metastase. Op grond van de 

resultaten beschreef hij vervolgens de uitgebreidheid van de benodigde lymfeklierdissectie. In 

zijn onderzoek bleek de plaats van het primaire melanoom ten opzichte van de zogenaamde 

waterscheiding met name van belang; anterieur van deze lijn is er drainage naar anterolateraal 
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en posterieur verloopt de drainage er met name naar posterolateraal. Hoofdstuk zeven 

beschrijft de lymfedrainagepatronen van 65 patiënten met een hoofd-halsmelanoom 

aan de hand van de localisatie van de sentinelnodes met behulp van dynamische en 

statische lymfoscintigrafie met aanvullende SPECT-CT. Deze lymfedrainagepatronen werden 

vergeleken met de uitgebreidheid van therapeutische regionale lymfeklierdissecties volgens 

de behandelrichtlijnen van O’Brien et al., en de richtlijnen voor therapeutische regionale 

lymfeklierdissecties in Het Nederlands Kanker Instituut. De incidentie van discordante locaties 

van sentinelnodes werd bepaald. In Het Nederlands Kanker Instituut wordt in het algemeen 

het volgende behandelingsprotocol aangehouden voor patiënten met een tumorpositieve 

sentinelnode. Een (gemodificeerde) radicale halsklierdissectie met parotidectomie wordt 

uitgevoerd bij patiënten met een tumorpositieve sentinelnode afkomstig van een primair 

melanoom anterieur van de waterscheidingslijn, anterieur op de coronale hoofdhuid of op 

het oor. Een lymfeklierdissectie van niveau II-V met uitbreiding naar het suboccipitale gebied 

wordt geadviseerd voor posterieur van de waterscheidingslijn of posterieur in de hals gelegen 

maligniteiten, en lymfeklierdissectie van niveau II-V voor tumoren in de anterieure lagere hals. 

In geval van een bewezen metastasen buiten dit beoogde dissectiegebied wordt natuurlijk een 

individuele behandeling toegepast, waarbij alle positieve klieren worden verwijderd. 

	 Het onderzoek liet zien dat 23% van de sentinelnodes gelegen is buiten het dissectiegebied 

dat O’Brien adviseert, terwijl 14% van de gevonden sentinelnodes buiten het beoogde 

dissectiegebied ligt dat Het Nederlands Kanker Instituut hanteert. Het is ondoenlijk om tot een 

percentage van 0 te komen gezien het feit dat we regelmatig drainage naar de contralaterale 

halslevels zien. Geconcludeerd wordt dat bijna een kwart van de hoofd-halsmelanomen een 

lymfogeen drainagepatroon laat zien dat buiten het door O’Brien gevonden gebied valt en dat 

het therapeutische halsklierdissectieprotocol van Het Nederlands Kanker Instituut resulteert 

in het verwijderen van aanzienlijk meer potentiële tumorpositieve lymfeklieren dan de 

aanbeveling van O’Brien. Een toekomstig doel is om de complementerende halsklierdissectie 

selectiever te maken en nog meer gebaseerd op het individuele lymfedrainagepatroon van de 

patiënt. De uitgebreidheid van de therapeutische lymfeklierdissectie kan worden bepaald aan 

de hand van de plaats van de eerste- en tweede-echelonklieren, analoog aan de het beleid 

bij een positieve sentinelnode in de lies. In geval van een oppervlakkig gelegen positieve 

sentinelnode in de lies wordt een oppervlakkige klierdissectie uitgevoerd. Als de tweede-

echelonklier diep ligt wordt een diepe klierdissectie toegevoegd. 

	 In het voorgaande onderzoek van 65 patiënten met een hoofd-halsmelanoom werd 

10% van de sentinelnodes gevonden in het suboccipitale kliergebied, hetgeen een 
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opvallend hoog percentage is. Hoofdstuk acht richt zich op dit gebied, omdat er nauwelijks 

anatomische literatuur beschikbaar is over het aantal en de exacte locaties van suboccipitale 

lymfeklieren. Het belangrijkste doel van het onderzoek was om chirurgen te voorzien van 

duidelijke oriëntatiepunten voor klierdissectie van het suboccipitale gebied op basis van de 

plaats van de lymfeklieren. De anatomie van dit gebied werd onderzocht in vijf menselijke 

hoofd-halspreparaten (negen zijden). In totaal werden 32 lymfeklieren gelokaliseerd in 

negen preparaten met een gemiddeld aantal van vier lymfeklieren per suboccipitaal gebied 

(spreiding: 2 - 7). De gemiddelde diameter van deze lymfeklieren was 3 mm, met een 

spreiding van 1 tot 6 mm. Twintig van deze lymfeklieren (63%) werden gevonden in het 

subcutane weefsel, op een gemiddelde diepte van 7 mm (spreiding: 4 - 14 mm) onder de 

epidermis, en twaalf lymfeklieren (37%) lagen tussen de fascie van de musculus trapezius 

en de spier zelf. Deze bevindingen leidden tot aanbevelingen voor de uitgebreidheid van 

de suboccipitale lymfeklierdissectie. De dissectie kan in continuïteit met een gemodificeerd 

radicale halsklierdissectie worden uitgevoerd. Het gebruik van een hockeystickincisie wordt 

aanbevolen met extensie naar retro-auriculair en vanaf daar horizontaal naar het occiput. De 

caudale grens van het dissectiegebied is daar waar de laterale grens van de musculus splenius 

capitis en de laterale grens van de musculus trapezius elkaar kruisen. De craniale grens wordt 

gevormd door het occiput protuberans, de laterale grens door posterieure zijde van de 

posterieure externe gehoorgang en de mediale grens door het ligamentum nuchae. Het diepe 

vlak van de dissectie wordt begrensd door de musculus splenius capitis. Tijdens de dissectie is 

het noodzakelijk om een zo dun mogelijke huid-subcutislap te creëren, zodat ook klieren in de 

subcutis worden meegenomen. 

	 De lymfedrainage van melanomen gelegen op de craniale zijde van de romp is vaak 

complex en kan een onverwacht patroon laten zien. Soms zien we zelfs directe lymfedrainage 

van dit gebied naar cervicale lymfeklieren, met name bij tumoren gelegen in de regio sternalis. 

Hoofdstuk negen documenteert drie patiënten met een primair melanoom in de regio 

sternalis met drainage naar een of meerdere sentinelnodes in de hals en de oksel. SPECT-

CT bleek nuttig te zijn om deze lymfedrainagepatronen te visualiseren en de chirurg beter te 

informeren over de precieze locatie van de sentinelnodes. 

	 Naar aanleiding van de bovenstaande bevindingen werd een onderzoek opgezet 

om de incidentie en het patroon van cervicale lymfeklierdrainage bij patiënten met een 

melanoom op de schouder of romp te analyseren en om te onderzoeken of het huidige 

halsklierdissectieprotocol (dissectie van de levels II-V, met of zonder uitbreiding naar het 

suboccipitale gebied) voldoet in geval van een tumorpositieve sentinelnode. Hoofdstuk tien 
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beschrijft negenendertig gevallen van lymfedrainage naar cervicale lymfeklieren in een groep 

van 631 patiënten (6,2%) met een melanoom op de schouder of romp. Bij 34 van deze 39 

patiënten (87%) werd een sentinelnode aangetroffen in niveau IV of Vb. Bij 30 van deze 34 

patiënten was er ook sprake van een sentinelnode in een oksel. Bij de resterende vijf patiënten 

(13%) ging het om sentinelnodes in niveau IIb, III of in het suboccipitale gebied. Alle verwijderde 

sentinelnodes waren gelegen in de niveaus II-V. Dertien patiënten hadden een totaal van 22 

tumorpositieve sentinelnodes in de oksel (N=10), niveau IV (N=2), niveau Vb (N=9) of het 

suboccipitale gebied (N=1). Er werd geconcludeerd dat ruim 6% van de melanomen op de 

bovenste ledematen of romp draineert op lymfeklieren in de hals, met een voorkeur voor 

de niveaus IV en Vb. Ons huidige halsklierdissectieprotocol bij een tumorpositieve cervicale 

sentinelnode afkomstig van een melanoom op de schouder of romp lijkt toereikend. 

Conclusies, implicaties en toekomstige ontwikkelingen

Dit proefschrift laat zien dat sentinelnodebiopsie bij patiënten met melanoom een 

nuttig en vrij nauwkeurig diagnostisch instrument kan zijn voor het vroegtijdig opsporen 

van lymfekliermetastasen en dat lymfoscintigrafie ons helpt bij het analyseren van de 

lymfedrainagepatronen in het hoofd-halsgebied. De 29% foutnegatieve procedures in 

het eerste jaar nadat sentinelnodebiopsie werd geïntroduceerd geeft aan dat er sprake is 

geweest van een leerfase (hoofdstuk 3 van dit proefschrift). Het percentage foutnegatieve 

procedures is nadien afgenomen tot 3%. In de Multicenter Selective Lymphadenectomy 

Trial-I (MSLT-I) van Morton et al zijn 2001 melanoom patiënten gerandomiseerd tussen 

sentinelnodebiopsie en een afwachtend beleid. Bij een tumorpositieve sentinelnode werd 

therapeutische lymfeklierdissectie verricht. Bij de patiënten die werden geobserveerd werd 

therapeutische klierdissectie uitgevoerd wanneer metastasen ter plaatse palpabel werden. 

De prognostische waarde van de procedure werd bevestigd door de bevinding van een 

tienjaarsoverleving van 60,9% bij patiënten met een tumorpositieve sentinelnode terwijl dit 

84,7% is bij degenen met een negatieve sentinelnode. Het onderzoek toonde geen significant 

verschil in de melanoomgerelateerde tien jaarsoverleving (81,1% en 77,3%, respectievelijk). 

Wel was er een verbeterde regionale controle na sentinelnodebiopsie. Het belangrijkste doel 

van sentinelnodebiopsie is het identificeren van patiënten met occulte lymfekliermetastasen, 

zodat deze voegtijdig een aanvullende behandeling kunnen ondergaan met een verbeterde 

kans om te overleven. De vierde interim-analyse van MSLT-1 na een mediane follow-up van 8,2 

jaar voor de patiënten die nog in leven zijn liet zien dat bij de patiënten met een melanoom 



136 | Chapter 11

met een breslowdikte tussen 1,2 en 3,5 mm de melanoomspecifieke tienjaarsoverleving 

60,9% was in de sentinelnode positieve groep en 41,8% in de groep patiënten die werden 

geobserveerd en palpabele lymfekliermetastasen ontwikkelden (p=0,01). De binnenkort te 

verwachten eindconclusies van dit onderzoek zullen de bij sommigen resterende twijfels over 

deze 19% betere overlevingskans wegnemen. We concluderen dat de sentinelnodeprocedure 

de stadiëring verbetert, de prognostische informatie vergroot, de regionale controle verbetert 

en de overlevingskans van melanoompatiënten met vroege lymfekliermetastasen vergroot. 

Deze voordelen nopen tot het routinematige aanbieden van deze procedure.

	 Aanvullende lymfeklierdissectie wordt aanbevolen in geval van een tumorpositieve 

sentinelnode, maar bij minder dan 20% van deze patiënten zal additionele metastasering 

in het lymfeklierdissectiepreparaat worden gevonden. Regionale lymfeklierdissectie is een 

procedure met substantiële morbiditeit. Daarom moet worden nagegaan of patiënten met 

metastasen in de sentinel node die een aanvullende lymfeklierdissectie ondergaan hierdoor 

een toegenomen overlevingskans en kwaliteit van leven hebben. Dit proefschrift suggereert 

dat het risico om een aanvullende lymfklierdissectie achterwege te laten bij patiënten met een 

minimale metastasen in sentinel node (starzniveau 1) klein is en dat deze optie kan worden 

overwogen. Het zal interessant zijn om te zien of deze suggestie wordt bevestigd door de 

MSLT-II. In dit vervolgonderzoek van Morton et al worden patiënten met een tumorpositieve 

sentinelnode gerandomiseerd voor ofwel aanvullende lymfeklierdissectie of observatie met 

echocontrole van de betreffende klierregio.

	 Een belangrijk deel van dit proefschrift betreft het hoofd-halsgebied. We brachten de 

lymfedrainagepatronen van melanomen in het hoofd-halsgebied in kaart gebaseerd op locaties 

van de sentinelnodes. Slechts een klein deel van de sentinelnodes werd gevonden buiten het 

verwachte drainagepatroon. Het huidige halsklierdissectieprotocol is gerechtvaardigd, maar 

wel willen we dit graag nog selectiever maken gebaseerd op de locaties van de sentinelnodes. 

De suboccipitale lymfeklierdissectie werd verfijnd. Dissectie van een dunne huidlap met een 

minimum aan subcutaan weefsel en verwijdering van de onderliggende musculus trapezius 

met zijn fascie zijn essentieel, omdat dit proefschrift aantoont dat suboccipitale lymfeklieren 

zich bevinden in het subcutane weefsel met een minimale diepte van 4 mm vanaf de epidermis 

of net onder de genoemde fascie. 

	 Nieuwe speurstoffen zoals het hybride radioactieve en fluorescerende radiofarmacon en 

innovatieve technologieën zoals de mobiele gammacamera in de operatiekamer, de near-

infrared light camera en free-hand SPECT zullen sentinelnodebiopsie in moeilijke gebieden 

zoals de hoofd-halsregio vergemakkelijken en wellicht resulteren in een hogere sensitiviteit. 
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Hoewel (selectieve) aanvullende halsklierdissectie nu gebruikelijk is bij patiënten met een 

tumorpositieve sentinelnode, zullen pogingen om de indicatie en de uitgebreidheid van deze 

procedure te reduceren uitdagend zijn. Om een meer gedifferentieerde behandeling te creëren 

en postoperatieve morbiditeit te verminderen is verder onderzoek om de uitgebreidheid van 

aanvullende halsklierdissectie te beperken noodzakelijk. Misschien is analyse van de locaties 

van tweede-echelonlymfeklieren in de hals te gebruiken als leidraad voor de uitgebreidheid 

van de halsklierdissectie, analoog aan de behandeling van patiënten met een tumorpositieve 

sentinelnode in de lies.

	 Analyse van de gensignatuur van de primaire tumor is een belangwekkende nieuwe 

mogelijkheid. Misschien kan het genexpressiepatroon van het primaire melanoom de 

aanwezigheid van lymfkliermetastasen en noodzaak van verdere behandeling betrouwbaar 

weergeven. Er is al voorspeld dat genanalyse ons binnen een jaar kan vertellen welke 

primaire melanomen lymfogeen zullen metastaseren en welke dit niet zullen doen. Gezien 

de instabiliteit van het tumorgenoom – ruim 30.000 mutaties bij een melanoom – is analyse 

van een (sentinelnode)metastase wellicht informatiever voor de prognose en de behoefte aan 

verdere therapie. De waarde van de sentinelnodebiopsie lijkt in de toekomst dus nog groter te 

worden en verder onderzoek is zinvol. 
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RESUMEN Y CONCLUSIONES

Esta tesis evalúa el procedimiento del ganglio centinela en el tratamiento  quirúrgico del 

melanoma   y analiza el drenaje linfático cervical de los melanomas cutáneos primarios. 

El capítulo uno contiene el esbozo de esta tesis así como una breve introducción sobre el 

melanoma, el procedimiento del ganglio centinela y los patrones de drenaje linfático de los 

melanomas de cabeza y cuello.

Evaluación del procedimiento del ganglio centinela en 
el manejo quirúrgico del melanoma 

En el año 2002, observamos una desventaja potencial del procedimiento de ganglio centinela 

en la cirugía del melanoma. La tasa de metástasis en tránsito en nuestros pacientes con 

ganglio centinela positivo alcanzó un 23%, lo que resultó substancialmente más alto que el 

8,3% en pacientes encontrado en pacientes con metástasis en ganglios linfáticos palpables. 

Surgió entonces como interrogante lo de si la biopsia del ganglio linfático centinela tal vez 

podría inducir el desarrollo de metástasis en tránsito. Los objetivos principales del estudio 

descrito en el capítulo dos fueron los de comparar la incidencia de las diversas formas de 

recidiva locorregional en pacientes que fueron sometidos a disección de ganglios linfáticos, ya 

sea por tener un ganglio centinela positivo o metástasis ganglionares palpables. Los resultados 

muestran que la tasa de metástasis locoregionales en estos dos últimos grupos es similar, 

lo que refuta la sugerencia de que un ganglio centinela positivo predispone al desarrollo de 

metástasis en tránsito.

	 La biopsia del ganglio centinela es un procedimiento de diagnóstico destinado a detectar 

la diseminación linfática precoz lo que se traduce en un mejoramiento de la estadificación. 

Desafortunadamente, porcentajes de falsos negativos del ocho al 32% se han registrado 

en institutos de renombre en el tratamiento del melanoma   (véase el capítulo cuatro). En 

el capítulo tres, se determinó el porcentaje de falsos negativos en los procedimientos de 

ganglio centinela en 708 pacientes con melanoma. La influencia del factor tiempo en estas 

recurrencias y su causa también fueron investigados. La biopsia del ganglio centinela fue 

positiva en 164 pacientes (23%) y falsos negativos se dieron en diez (1,4%), lo que resultó en 

una tasa de falsos negativos del 5,7%. La mitad de las biopsias de falsos negativos se produjo 

durante el primer año de introducción del procedimiento lo que ilustra la existencia de un 

período de aprendizaje. La causa de estos procedimientos de falsos negativos se pudo atribuir 
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a la interpretación de la imagen por el médico nuclear en una ocasión, a causas quirúrgicas 

otra vez y dos veces por razones dependientes del patólogo. El capítulo cuatro contiene una 

editorial acerca de los falsos negativos en la biopsia del ganglio centinela en pacientes con 

melanoma. La definición de un resultado falso negativo, las razones potenciales de falsos 

negativos en los procedimientos y una comparación con otros tipos de cáncer se explicitan en 

este capítulo.

	 La linfogammagrafía ha evolucionado en los últimos años. La reciente introducción de 

la tomografía computarizada por emisión de fotón único combinada con la tomografía axial 

computarizada (SPECT/TAC o SPECT/CT) puede contribuir a la detección de ganglios centinelas 

adicionales, lo que puede llevar a disminuir el porcentaje de procedimientos falsos negativos. 

El objetivo del estudio presentado en el capítulo cinco es para investigar si el SPECT/CT tiene 

valor adicional en comparación con linfogammagrafía convencional en el mapeo linfático 

de rutina en pacientes con melanoma. SPECT/CT detectó los mismos 69 ganglios centinelas 

que la linfogammagrafía convencional en 35 pacientes, además de ocho ganglios centinelas 

adicionales en siete de estos pacientes (20%). En dos de estos pacientes (5,7%), otras 

estaciones ganglionares fueron exploradas para encontrar los ganglios centinelas adicionales. 

SPECT/CT proporcionó información adicional anatómica que fue útil para el cirujano en 11 

pacientes (31%) y llevó a un ajuste del tratamiento quirúrgico en 10 pacientes (29%).

	 Desde la introducción del mapeo linfático, la necesidad de completar la disección linfática 

regional en caso de un ganglio centinela positivo está siendo cuestionada, particularmente 

cuando la invasión tumoral del ganglio centinela es mínima. Otros expertos creen que la 

magnitud de la invasión tumoral del ganglio centinela no debe aún determinar el tratamiento 

y que completar el vaciamiento ganglionar de la región es necesario todavía. El capítulo 

seis examina la incidencia de recidivas ganglionares en dieciséis pacientes con melanoma y 

metástasis mínima ( nivel Starz I) en un ganglio centinela en los que se omitió un vaciamiento 

total de la región ganglionar afectada. No ocurrieron recidivas ganglionares durante una 

mediana de seguimiento de 60 meses. Este resultado sugiere que el riesgo de abstenerse 

de disección de los ganglios en estos pacientes es tan pequeña que esta opción puede ser 

considerada.
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Drenaje linfático de los melanomas de cabeza y cuello

Completar la disección de los ganglios linfáticos de la región afectada es el manejo 

recomendado actualmente en pacientes con envolvimiento tumoral del ganglio centinela en 

el cuello; sin embargo sobre cuan extensa debiera ser esta cirugía en el cuello es todavía un 

tema de debate. En 1995, O’Brien investigó una serie consecutiva de 92 parotidectomías y 

183 especímenes cervicales de disección describiendo los que se han considerado patrones 

de drenaje clásicos del melanoma cutáneo de cabeza y cuello. Basado en estos resultados, 

los posibles sitios de metástasis en pacientes con melanoma de cabeza o el cuello pueden ser 

predichos. Este mapa de drenaje se utiliza ampliamente para la planificación (selectiva) de 

las disecciones regionales terapéuticas en el cuello. El drenaje linfático está clasificado por la 

ubicación del tumor primario en relación a la línea divisoria vertical que distingue las lesiones 

anteriores de las posteriores. El capítulo siete evalúa la ubicación del ganglio centinela en 65 

pacientes con melanoma cutáneo de cabeza y cuello mediante linfogammagrafía con estudios 

dinámicos e imágenes planares complementadas con SPECT/CT. Los patrones de drenaje 

se compararon con el “mapa de O’Brien” y las directrices de tratamiento que se aplican 

en el Instituto del Cáncer de Holanda, determinándose el número de ganglios centinelas 

discordantes. O’Brien aboga por la disección de los niveles I-III y la parotidectomía para las 

lesiones primarias anteriores a la linea divisoria, y por la disección de los niveles I-IV mas 

parotidectomía para los tumores localizados en la región superior del cuello (el nivel V se 

incluye para el cuero cabelludo superior y las lesiones auriculares), disección de los niveles 

III-V para tumores malignos en la parte anterior, superior o posterosuperior del cuello, y de 

los niveles II-V con la zona suboccipital para los tumores posteriores a la línea divisoria y 

los ubicados en la parte superodorsal del cuello. En el Instituto del Cáncer de Holanda, esta 

directriz fue modificada resultando en el siguiente protocolo de tratamiento: Una disección 

(modificada) radical con parotidectomía se lleva a cabo en pacientes con ganglio centinela 

positivo de melanomas primarios anterior a la línea divisoria, o en el cuero cabelludo superior, 

en la parte superior del cuello o en la zona de la oreja. La disección de los niveles II-V con 

extensión a la región suboccipital se hace en las neoplasias posteriores a la línea divisoria o en 

la parte dorsal del cuello, la disección del nivel IV en las anterosuperiores del cuello, y del nivel 

II-V en los tumores de la parte anterior o coronal en el cuello inferior.

	 El estudio mostró que el veinte por ciento de los ganglios centinelas fueron encontrados 

fuera del área que indica el mapa de O’Brien, mientras que el 14% se encontraban fuera de 

los planos de disección abocadas por el Instituto del Cáncer de Holanda. Las disecciones 
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basadas en este último mapa contuvieron significativamente más ganglios centinelas. Se 

concluyó que casi una cuarta parte de los melanomas de cabeza y cuello metastiza fuera 

de los niveles predichos en el cuello y que las directrices del Instituto Holandés del Cáncer 

llevan a la extirpación de mas ganglios con envolvimiento tumoral que cuando se siguen las 

recomendaciones de O’Brien. Con disecciones tan extensas como las nuestras se trata de 

reducir el número de ganglios linfáticos patológicos no encontrados a un mínimo. Nuestro 

protocolo no ha sido modificado, pero un objetivo futuro es operar más selectivamente, 

basándose en el patrón de drenaje linfático individual. La extensión de la disección del cuello 

quizás podría ser guiada por la ubicación de los ganglios linfáticos de segundo escalón, esto en 

analogía a la disección inguinal superficial o profunda. 

	 En un estudio contemplando 65 pacientes con un melanoma de cabeza y cuello, un 10% de 

los ganglios centinelas se encontraron en la región suboccipital, lo que constituye un número 

notablemente alto. El conocimiento de la anatomía quirúrgica de esta área es limitada, ya que, 

hasta donde sabemos, no hay datos en la literatura disponibles sobre el número y la ubicación 

exacta de estos ganglios linfáticos. El objetivo principal del capítulo ocho fue proporcionar a 

los cirujanos puntos de referencia consistentes para la disección de la región occipital sobre la 

base de la ubicación de los ganglios linfáticos. La anatomía de la región suboccipital se estudió 

en las cabezas y cuellos de cinco cadáveres humanos con un total de nueve lados. Un total 

de 32 ganglios linfáticos fueron encontrados en la región suboccipital en nueve especímenes, 

con una media de cuatro ganglios linfáticos por espécimen (rango: 2 - 7). El diámetro medio 

de estos nodos fue 3 mm, con un rango de 1 a 6 mm. Veinte de estos ganglios linfáticos (63%) 

se encontraron en el tejido subcutáneo con una distancia media de 7 mm (4 mm - 14 mm) 

desde la epidermis y doce ganglios linfáticos (24%) se encontraron entre la fascia del músculo 

trapecio y el músculo mismo. Estos hallazgos llevan a hacer recomendaciones para la extensión 

de la disección de los ganglios suboccipitales.

	 El drenaje linfático de los melanomas situados en la parte superior del tronco es a 

menudo compleja y puede seguir un patrón inesperado. A veces, el drenaje linfático de tales 

lesiones se produce directamente a los ganglios linfáticos cervicales, particularmente cuando 

se encuentran en la región del esternón. El capítulo nueve describe tres pacientes con un 

melanoma primario en la región esternal en que se dio drenaje linfático cervical. SPECT/CT fue 

particularmente útil para visualizar estos drenajes.

	 Siguiendo esta serie de casos, se diseñó un estudio para determinar la incidencia y el 

patrón de drenaje ganglionar cervical en pacientes con melanoma localizado en el hombro 

o en el torso, así como para evaluar el protocolo actual de disección del cuello en pacientes 
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de este tipo que presentan un ganglio centinela afectado. Los resultados de este estudio se 

presentan en el capítulo diez. Treinta y nueve pacientes con drenaje linfático a un ganglio 

linfático cervical fueron identificados entre los 631 pacientes (6,2%) con un melanoma en el 

hombro o en el torso. Ganglios centinelas fueron extirpados en los niveles IV o Vb en 34 de 

estos 39 pacientes (87%), y en 30 de ellos (77%) también en la axila. En los cinco pacientes 

restantes (13%), los ganglios centinelas fueron encontrados en los niveles IIb, III o en la región 

suboccipital pero ninguno en la axila. Todos los ganglios centinelas se encontraron en los 

niveles II-V tal como se había predicho. Se concluyó que sólo una minoría de los melanomas 

del hombro y tronco drenan a un ganglio linfático cervical (con drenaje preferencial hacia los 

niveles IV y Vb). Nuestro protocolo actual de disección del cuello (disección de los niveles II-V, 

con o sin extensión a la región suboccipital) en caso de un ganglio centinela positivo cervical 

desde melanomas en el tronco superior o el hombro tendría que ser ajustado en el futuro 

como consecuencia de estos hallazgos.

Conclusiones, implicaciones y desarrollos futuros

En esta tesis se demuestra que la biopsia del ganglio centinela en pacientes con melanoma 

es una herramienta útil y bastante exacta para la detección temprana de la diseminación 

ganglionar del tumor, y que linfogammagrafía nos ayuda a analizar el patrón de drenaje 

linfático en la región de cabeza y cuello. El 29% de falsos negativos que se dieron en nuestro 

primer año muestra que hay una curva de aprendizaje (capítulo 3 de esta tesis). La tasa de 

falsos negativos se ha reducido y la sensibilidad del procedimiento en los últimos cuatro años 

se elevó por encima de 98%. Las ventajas de la biopsia del ganglio centinela justifican ofrecer 

este procedimiento para la detección de metástasis ocultas en los ganglios linfáticos. En el 

Multicenter Trial-I (MSLT-I) de Morton y otros que contemplaba una linfadenectomía selectiva, 

2001 pacientes con melanoma fueron randomizados entre una biopsia del ganglio centinela 

u observación. El vaciamiento ganglionar regional se hizo en el caso de un ganglio centinela 

positivo. En los pacientes que fueron observados, la disección ganglionar terapéutica se realizó 

solo cuando se produjeron metástasis palpables en ganglios linfáticos. El valor pronóstico 

del procedimiento fue confirmado por el hallazgo de una supervivencia a los cinco años del 

72,3% en los pacientes con ganglio centinela positivo, mientras que esta fue de 90,2% en los 

pacientes con un ganglio centinela negativo. El estudio no mostró diferencias significativas 

en la supervivencia relatada al melanoma a los cinco años entre los dos grupos principales 

(87,1% y 86,6%, respectivamente). El propósito más importante de la biopsia del ganglio 
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centinela es la identificación precoz de los pacientes con metástasis ganglionares para que 

puedan someterse a un tratamiento oportuno con una mayor probabilidad de sobrevivir. El 

cuarto análisis intermedio con una mediana de seguimiento de 8,2 años para los pacientes que 

seguían con vida reveló que en los pacientes con melanoma con un grosor de Breslow entre 

1,2 y 3,5 mm la supervivencia a los diez años fue del 60,9% en pacientes con ganglio centinela 

positivo y de un 41,8% en los pacientes del grupo con solo escisión amplia que desarrollaron 

metástasis evidentes (p=0,01). Las conclusiones finales de este estudio, que ya están próximas 

a publicarse, pueden erradicar las dudas que persisten sobre el aumento de la supervivencia 

en los pacientes que se sometieron a una biopsia del ganglio centinela. Se puede llegar 

concluir de que el procedimiento mejora la supervivencia de los pacientes estudiados que 

tenían afectación ganglionar temprana.

	 El vaciamiento ganglionar linfático se recomienda de rutina en caso de encontrarse 

compromiso del ganglio centinela, pero menos del 20% de estos pacientes presentan metástasis 

ganglionar adicionales como se ha visto en los especímenes de disección. La disección regional 

de los ganglios linfáticos es un procedimiento con una morbilidad considerable. Por lo tanto, 

es muy importante determinar que pacientes con metástasis en el ganglio centinela pueden 

obtener beneficio del vaciamiento ganglionar en términos de supervivencia y calidad de vida. 

La presente tesis sugiere que el riesgo al abstenerse de la disección regional ganglionar en 

pacientes con envolvimiento tumoral mínimo (nivel Starz 1) del ganglio centinela es pequeño y 

que esta opción podría ser considerada. Será interesante ver si esta sugerencia es confirmada 

por el actual estudio MSLT-II. En este estudio de Morton et y otros los pacientes con ganglio 

centinela positivo son sorteados ya sea para completar la disección de los ganglios linfáticos o 

ser seguidos a través de un manejo expectativo.

	 Una parte importante de esta tesis concierne el melanoma de cabeza y cuello. Hemos 

determinado los patrones de drenaje linfático y ubicación del ganglio centinela. Solo una 

pequeña fracción de ganglios centinelas se encontraron fuera de las regiones de disección 

recomendadas para el cuello y el cuello por lo que los protocolos actuales de disección están 

justificados. La cobertura completa no es factible debido a que los patrones de drenaje linfático 

individuales son muy diversos.

	 Se ha refinado la disección de ganglios linfáticos suboccipitales. La disección de un colgajo 

de piel con un mínimo de tejido subcutáneo y la extirpación de la fascia subyacente muscular 

del músculo trapecio son esenciales, ya que en la presente tesis se ha visto que pueden haber 

ganglios linfáticos suboccipitales situados en el tejido subcutáneo a una profundidad de al 

menos 4 mm de la epidermis o justo debajo de la fascia.
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Tecnologías innovadoras como la gamma cámara portátil, los marcadores fluorescentes y la 

sonda SPECT pueden conducir a una mayor sensibilidad del procedimiento del ganglio centinela 

en el quirofano. Aunque hay directrices estrictas para completar las linfoadenectomías 

selectivas en el cuello y ahora ellas se realizan después de constatarse un ganglio centinela 

positivo, hay la intención de limitar la extensión de estas disecciones ganglionares lo que 

llevará a nuevos desafíos de evaluación. Con el fin de crear un tratamiento más a la medida 

del paciente y para minimizar la morbilidad postoperatoria nuevas investigaciones adicionales 

evaluando la reducción de la extensión de la cirugía terapéutica del cuello son necesarias. 

Tal vez el análisis de la ubicación de los ganglios linfáticos de segundo escalón puede llevar a 

limitar la extensión de la disección en el cuello en analogía con el tratamiento de pacientes con 

un ganglio centinela positivo en la ingle.

	 Hoy en día, el análisis genético del tumor primario es un tema nuevo y candente. Existe 

la posibilidad de que el patrón de expresión genética del melanoma primario pueda llevar 

a indicar con fiabilidad la presencia de metástasis en los ganglios linfáticos y determinar 

la necesidad de un tratamiento adicional. En los hechos, se ha predicho que dentro de un 

año el análisis genético años dirá cuales melanomas generarán metástasis linfáticas y cuales 

melanomas no lo harán. 
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Gershenwald and Ross paint a more positive picture than a critical review of the literature 

justifies. In contrast to what they suggest, the false negative rate of lymphatic mapping leaves 

a lot to be desired. Rates of false negative results, determined by concomitant completion 

lymphadenectomy, were indeed reported to be approximately 5%.[1,2,3,4] This percentage 

concerns the fraction of node positive patients with a false negative sentinel node procedure. 

The authors state that these findings were corroborated by studies that showed nodal 

recurrence rates ranging from 3% to 6% in patients with tumor-negative sentinel nodes. 

However, patients with tumor-negative sentinel nodes are a different patient population. 

Since only 20% of the patients have involved nodes, the actual false negative rate is more than 

five times higher than the suggested 3% to 6%.(5) Also, the duration of follow up in two of the 

three quoted studies is too short too allow a definitive assessment of the false negative rate, 

because a recurrence in the nodal basin becomes evident after a median time frame of 28 

months.[6,7,8]
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