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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. 



28 | Chapter 2

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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