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Article history: Sentinel node (SN) status is the most important prognostic factor for disease-free survival
Received 1 April 2010 (DFS) and overall survival (OS) in stages I-II melanoma. We evaluated the positive sentinel
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2010 to identify minimal tumour burden, according to the Rotterdam Criteria in 421 consecutive
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were investigated. The same 2 pathologists worked up all SNs according to the EORTC
MG protocol and tumour burden was scored according to the Rotterdam Criteria
(<0.1 mm, 0.1-1.0 mm and >1.0 mm for the largest diameter of the largest metastasis in
the SN).

The positive SN detection rate was 28.7% with a false negative rate of 10.4% at a median

Breslow thickness of 2.1 mm. The high positive identification rate of about 30% of the
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Prognostic factors EORTC MG protocol has been confirmed in this study. The protocol is sensitive and identi-

fies submicrometastases (<0.1 mm) in a high percentage (18%). The variables SN tumour
load, non-SN (NSN) status and ulceration of the primary were independent prognostic fac-
tors for DFS and OS in the multivariate analysis. At a median follow-up time of 4.3 years
patients with minimal tumour burden (<0.1 mm) had a 5 year OS rate of 91%, virtually iden-
tical to 90% for SN-negative patients. The NSN positivity rate of 0% in these patients indi-
cates that they may be spared a completion lymph node dissection (CLND) and its
morbidity.
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may have spread, as regional lymphatic spread appears in
general more frequently as first dissemination site than dis-

1. Introduction

In the early 90s Morton and colleagues introduced a new pro-
cedure for clinical stages I-II melanoma, the sentinel lymph
node (SN) procedure.! The SN is the first regional lymph node
for tumour cells spreading from the primary tumour. Thus it
may be the first site to demonstrate that a primary melanoma

tant haematogenous spreading sites.® The SN status is the
most important prognostic factor for disease-free survival
(DFS) and overall survival (OS) in stages I-II melanoma.?
Although the SN procedure has not been demonstrated to
have a therapeutic effect,? it has become a widely accepted
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diagnostic procedure for patients with clinically negative
lymph nodes.

Identification rates of SN positivity in patients with mela-
noma are described in many studies. SN positivity rates differ
from 13.9%° to 29.4% in our institute.* These differences may
occur due to differences in primary tumour characteristics,
different populations, or different protocols for histopatholo-
gical workup.

The aim of this single institute retrospective study was to
evaluate the positive sentinel node identification rate of the
EORTC Melanoma Group (MG) protocol as well as its capacity
to identify minimal tumour burden, according to the Rotter-
dam Criteria. Correlations between primary tumour charac-
teristics and SN tumour burden were investigated.

2. Patients and methods

2.1. Patients

From October 1997 to December 2008, 421 patients with
malignant melanomas underwent a SN procedure at our
institute (Erasmus University Medical Centre, Daniel den
Hoed Cancer Centre, Rotterdam, The Netherlands). Data of
all patients were included in this retrospective, single insti-
tute study and were collected into a database with patient,
primary tumour, and follow-up data.

Median age was 49 years (range 15-83 years). Mean and
median Breslow thicknesses were 2.79mm and 2.10 mm
(range 0.30-15.00 mm), respectively. Baseline characteristics
are described in Table 1.

All patients underwent therapeutic re-excision of the
melanoma before the SN procedure according to National
Guidelines. Tumour-free margins of at least 1cm were
achieved in melanomas smaller than or equal to 2mm
Breslow thickness. Melanomas larger than 2 mm in Breslow
thickness were excised with a tumour-free margin of at least
2 cm or less for distal acral and head and neck primaries for
feasibility limits or cosmetic reasons. Finally, the defected
areas were closed via primary closure or split skin graft. At
the same time as wide local excision of the malignant mela-
noma the SN procedure was performed.

The SN procedure was offered to patients with Breslow
thickness >1.0 mm or to patients with histopathological fea-
tures as ulceration or Clark level IV or V (see Table 2).

2.2. Sentinel lymph node procedure

At our centre the SN is identified by the use of the triple tech-
nique, described in detail elsewhere.* Basically, patients are
first seen at the nuclear medicine department for a pre-oper-
ative lymphoscintigraphy (LS). The LS should be undertaken
within 24 h of the operation being performed, by four intra-
dermal injections of radioactive nanocolloid around the pri-
mary tumour or the scar of the primary tumour excision.
Scanning should be carried out immediately after the injec-
tion for approximately 10-15 min and again (= delayed) after
2h.

Secondly, intraoperative use of a handheld gamma detec-
tion probe should be used to verify the location of the SNs.

Table 1 - Patient characteristics for all 421 patients.

N 2010 (%) 2006 (%)
Gender
Male 204 49 44
Female 217 51 56
Age
<50 years 222 53 52
>50 years 199 47 48
Melanoma location
Extremities 224 53 58
Trunk 174 41 35
Head and neck 23 6 7
Histology
SSM 206 48 48
NM 138 33 34
ALM 7 2 2
Other 9 2 1
Unclassified 61 15 15
Breslow thickness
<1.00 mm 18 4 5
1.01 to <2.00 mm 182 43 45
2.01 to <4.00 mm 137 33 30
>4.00 mm 75 18 16
Unknown 9 2 4
Clark
1I 8 2 2
III 159 38 42
v 200 47 46
Vv 29 7 4
Undeterminable 25 6 6
Ulceration
Present 119 37 28
Absent 202 63 72
SN status
Negative 300 71.3 70.6
Positive 121 28.7 294
Rotterdam Criteria
<0.1 mm 22 18 -
0.1-1.0 mm 57 47 -
>1.0 mm 42 35 -
NSN status
Negative 95 89 85
Positive 12 11 15

SSM, superficial spreading melanoma; NM, nodular melanoma;
ALM, acrolentiginous melanoma; SN, sentinel node, NSN, non-
sentinel node.

Thirdly, patent blue should be injected pre-operatively in
the operating theatre, again through four intradermal injec-
tions around the primary tumour or the scar of the primary
tumour excision (this does not have to be the same 4 loca-
tions). The blue is also used to verify the identity of the SNs.
Alymph node was considered to be a SN if it was stained blue,
or if it had an in situ radioactivity count of at least three times
that of the background count, or if it had an ex vivo radioactiv-
ity count of at least ten times greater than that of the back-
ground count.
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Table 2 - Cox univariate regression analyses of disease-free and overall survival.

Multivariate DFS oS
HR 95% CI P HR 95% CI P
Gender
Female 1 1
Male 1.31 0.90-1.90 0.16 1.73 1.09-2.76 0.02
Age
<50 years 1 1
>50 years 1.31 0.90-1.91 0.15 1.32 0.83-2.09 0.24
Location
Extremities 1 1
Head and neck/trunk 1.53 1.05-2.23 0.03 1.9 1.19-3.03 0.006
Histology
SSM 1 1
NM 1.7 1.13-2.55 0.01 2.03 1.24-3.32 0.004
Breslow
<2.00 mm 1 1
2.01 to <4.00 mm 1.91 1.20-3.05 1.87 1.05-3.34
>4.00 mm 3.53 2.18-5.70 <0.00005 3.59 2.00-6.46 <0.00005
Clark
2,3 1 1
4 1.13 0.74-1.72 0.85 0.51-1.41
5 2.8 1.49-5.28 0.003 2.23 1.02-4.91 0.044
Ulceration
Absent 1 1
Present 2.49 1.71-3.64 <0.00005 3.4 2.14-5.39 <0.00005
SN status
Negative 1 1
Positive 3.75 2.57-5.47 <0.00005 3.64 2.29-5.77 <0.00005
NSN status
Negative 1 1
Positive 6.43 3.90-10.60 <0.00005 3.92 2.11-7.30 <0.00005
Rotterdam Criteria
Negative 1 1
<0.1 1.06 0.38-2.93 0.82 0.20-3.42
0.1-1.0 3.9 2.45-6.22 <0.00005 3.47 2.00-6.01
>1.0 6.86 3.99-11.82 6.62 3.69-11.87 <0.00005
Rotterdam Criteria
Negative, <0.1 1 1
0.1-1.0 3.83 2.44-5.99 3.58 2.08-6.18
>1.0 7.21 4.45-11.68 <0.00005 7.29 4.08-13.02 <0.00005

SSM, superficial spreading melanoma; NM, nodular melanoma; SN, sentinel node; NSN, non-sentinel node.

After the surgical procedure the SNs will be sent to the
pathology department for examination and in positive cases
to establish the SN tumour burden.

2.3.  Pathological features

All SNs were worked up according to the EORTC MG protocol.”
Within 24 h lymph nodes are placed in formalin. After fixa-
tion the SN will be bivalved through the hilum. Each half sen-
tinel node will be examined in six serial step sections cut at
50 um intervals. All sections are stained with H&E and S100
and/or Melan A. Spare sections are made at each level for a
number of difficult cases where additional immunochemistry
is needed. Two individual specialised pathologists at our insti-

tute worked up all SNs. Tumour burden was scored according
to the Rotterdam Criteria (<0.1 mm, 0.1-1.0 mm and >1.0 mm
largest diameter of the largest metastasis in the SN).°

2.4. Follow-up

Most patients were followed in our outpatient’s clinic. Some
patients were followed at other hospitals by dermatologists
or surgeons. Follow-up time was defined as the date between
the SN procedure and the date of last follow-up or death.
Recurrence sites were scored as primary relapse, in-transit
metastasis, local regional lymph node metastasis, distant
subcutaneous, distant lymph node metastasis, or visceral
metastasis.
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2.5. Statistics

Univariate analyses of potential prognostic factors were per-
formed using the Kaplan-Meier method and the logrank test.
Multivariate analyses of the significant factors in the univar-
iate analyses were performed with cox proportional hazards
regression (Tables 3 and 4).

Analyses were executed with the following variables: sex
(female or male), age (<50 or >50 years), location of the mel-
anoma (extremities or trunk/head and neck), histology of
the melanoma (superficial spreading melanoma (SSM) or
nodular melanoma (NM)), Breslow thickness (<2.0 mm, 2.01
to <4.0mm or >4.0 mm), Clark level (II and III, IV or V),
ulceration (absent or present), SN status (positive or nega-
tive), NSN status (no additional nodes or additional nodes)
and Rotterdam Criteria (negative and <0.1 mm, 0.1-1.0 mm
or >1.0 mm).

Disease-free survival (DFS) and overall survival (OS) were
calculated from the operation date of the SN procedure to
the date of death or the last follow-up. Patients without such
an event at their time of last follow-up were censored at that
time.

All calculations were performed with STATA version 11.0
(StataCorp LP, College Station, TX, USA).

3. Results

3.1. Patient characteristics and SN status

This study included 421 melanoma patients (217 women and
204 men) who underwent the SN procedure in a period over
more than 11 years. In this group of patients, a total of 732
sentinel nodes were collected during the operations, with
an average of 1.74 (range 1-7) lymph nodes per patient. In
255 patients, just one single SN was located and excised
(60.6%) At least one SN was found in all patients, which de-
fines a SN detection rate of 100%.

SN positivity was found in 121 patients (28.7%) after path-
ological examination. During pathological examination of the
nodes, all were classified according to the Rotterdam Criteria.
Median tumour size according to the Rotterdam Criteria was
0.6 mm. 79 of SN positive patients (65%) showed tumour load
of <1.0mm and 22 patients (18%) showed tumour load of
<0.1 mm (Table 1).

Table 3 — Cox multivariate proportional hazard regression analyses of disease-free and overall survival.

Multivariate DFS oS
HR 95% CI P HR 95% CI P
Location
Extremities 1
Head and neck/trunk 2.95 1.73-5.03 <0.00005
Histology
SSM 1
NM 1.86 1.07-3.26 0.03
Ulceration
Absent 1 1
Present 2.23 1.49-3.33 <0.0005 2.76 1.55-4.90 0.001
NSN status
Negative 1 1
Positive 4.8 2.75-8.35 <0.0005 4.29 2.13-8.65 <0.0005
Rotterdam Criteria
Negative, <0.1 1 1
0.1-1.0 2.63 1.63-4.24 2.2 1.18-4.11
>1.0 5 2.75-8.35 <0.0005 4.27 2.27-8.02 <0.0005

SSM, superficial spreading melanoma; NM, nodular melanoma; NSN, non-sentinel node.

Table 4 — Non-sentinel node (NSN) positivity rates.

SN positivity rate

# Patients SN positive

# Patients with additional NSN
tumour after positive SN(s)

NSN positivity rate

Our institute 28.70% 121
(0.287 * 421)
Other literature 20% 84
(13.9%-29.4%) (0.2 * 421)
(58.5-123.8)

(0.139 * 421-0.294 * 421)

11.20% 14
(0.112 *121)
20% 17
(14-28%) (0.2 * 84)
(8.2-34.7)

(0.14 * 58.5-0.28 * 123.8)

SN, sentinel node; NSN, non-sentinel node.
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A total of 107 CLND were performed in the group of 121
SN-positive patients. The CLND was not performed seven
times due to factors such as high age, rejection of further
treatment or diagnosis of distant metastases prior to under-
going CLND. Due to a change in the hospital policy since
2004, 7 patients did not undergo CLND because of the pres-
ence of minimal SN tumour burden according to the Rotter-
dam Criteria (<0.1 mm). The patients are followed up by
ultrasound exams of the regional node basin at regular inter-
vals and none have developed a regional nodal relapse. The
median follow-up of these 7 patients is 3.1 (range 1.1-7.0)
years. The other 15 patients with submicrometastases in
the SN underwent CLND and 0% showed NSN positivity in
the CLND specimen.

Of the 107 patients who underwent CLND, 12 had addi-
tional positive nodes (11.2%). Five patients (4.6%) had one
additional metastatic node and 7 patients (7.6%) had multiple
additional metastatic nodes.

The false negative rate for the population of SN patients at
our clinic is 10.4% (14/14 + 121).” Until now, 14 of the 299 pa-
tients with a negative SN procedure had regional lymph node
recurrence in the same lymphatic basin as the one of the SN
procedure.

3.2. Survival

The median follow-up time for the entire group was 4.3 (range
0.1-11.6) years. The median follow-up time for SN-positive
patients was 3.2 (range 0.1-10.3) years. The median follow-
up time for SN-negative patients was 4.6 years (range 0.3-
11.6) years.

The 3, 5 and 10 year estimated overall survival (OS) rates for
patients undergoing the SN procedure after an excised primary
melanoma were, respectively, 87%, 82% and 70%. The 3, 5 and
10 year estimated OS rates according to the SN status were,
respectively, 94%, 90% and 76% for SN-negative and 73%, 62%
and 55% for SN-positive patients (both p < 0.00005) (Fig. 1a).

The 3, 5 and 10 year estimated disease-free survival (DFS)
rates for patients undergoing the SN procedure were 78%,
73% and 64%. The 3, 5 and 10 year estimated DFS rates accord-
ing to the SN status were, respectively, 89%, 82% and 72% for
SN-negative and 52%, 51% and 44% for SN-positive patients
(p < 0.00005) (Fig. 1b).

The 5 year estimated OS rates for patients in the four dif-
ferent categories of Breslow thickness, i.e. <1.0 mm, >1.0 to
<2.0, >2.0 to <4.0 and >4.0, were 100%, 88%, 80% and 67%
(p < 0.00005). The 5 year estimated OS rates for patients with
the presence or absence of ulceration at the primary mela-
noma were, respectively, 65% in the presence of ulceration
and 88% in the absence of ulceration (p < 0.00005).

The 5 year estimated OS rates for patients with Rotterdam
Criteria divided into three categories, namely, <0.1 mm, 0.1-
1.0mm and >1.0 mm, were, respectively, 91%, 65% and 36%
(p =0.002). The 5-year estimated OS rate was 90% for SN-neg-
ative patients (Fig. 2).

3.3.  Prognostic factors

Table 3 shows the Cox’s univariate regression analyses for
DFS and OS. All variables except age are significant for OS

a SN status
100
75
Overall 50 4
Survival
25 7
p<0.00005
0 L : : . . : : : . . :
0 1 2 3 4 5 6 7 8 9 10
Follow-up (years)
SN negative - SN positive
b SN status
100
75 4

Disease 50 -
Free
Survival

25 7

Follow-up (years)

SN negative e SN positive ‘

Fig. 1 - Kaplan-Meier estimated 10-year overall (a) and
disease-free (b) survival curves for SN status.

Rotterdam Criteria

100
75 Tt e
Overall 50 T s
Survival .
25

p<0.00005

Follow-up (years)

- - SNnegative e 01-1.0mm
<0.1 mm —.=. >1.0mm

Fig. 2 - Kaplan-Meier estimated 10-year overall survival
curves for the Rotterdam Criteria.

and all variables except age and gender are significant for
DFS (p < 0.05).

Table 4 shows the result of the multivariate proportional
hazard regression analysis. The Rotterdam Criteria, ulcera-
tion and NSN status had an independent significant influence
on both DFS and OS. The location and histology of the pri-
mary melanoma had a significant influence on OS.
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For the purpose of multivariate analysis, SN negative and
tumour burden <0.1 mm were grouped as one, because in
the univariate analysis they had a virtually identical outcome.

4, Discussion

In this single institution study, we have confirmed the high
positive sentinel node (SN) identification rate of the EORTC
Melanoma Group (MG) protocol as well as its capacity to iden-
tify minimal tumour burden, according to the Rotterdam
Criteria.

This study identified a high SN positivity rate of 28.7% (121/
421). SN positivity rates in the literature differ from 13.9% to
29.4% with median Breslow thicknesses from 1.1 to
3.0mm.>*7"%8 A previous report from our centre identified
the highest rate of SN-positive patients.* The factors ulcera-
tion rate, mean and median Breslow thicknesses, false nega-
tive rates, survival rates and number of patients included do
not seem to be correlated with the SN-positive rates. For
example, the current study has a lower ulceration rate, lower
mean and median tumour thicknesses than several other
studies, yet our SN positivity rate is higher.*2%:22

Reasons for the differences in SN positivity may be found
in the differences in pathological assessments. We speculate
that the cause of the high SN positivity rate at our institution
is due to the specific pathological workup of the EORTC MG
according to the examination designed by Cook, which can
detect melanoma in up to 33.8% of SNs.>?°

The sensitivity of the EORTC MG SN pathology protocol is
apparent, because the current study demonstrated that 65%
of SN-positive patients have metastases <1.0 mm and 18%
has metastases <0.1 mm in maximum diameter according
to the Rotterdam Criteria.>® (Table 1) 7 patients with minimal
SN tumour burden have not undergone a CLND, yet none of
these has developed a recurrence or died due to melanoma.
Furthermore, none of the 15 patients with submicrometasta-
ses who underwent a CLND showed non-SN positive lymph
nodes. This indicates that in this group of patients CLND
may be forfeited. Although our pathological work-up of the
SN is very sensitive, the question remains if all detected tu-
mour cells are of clinical importance. These are merely preli-
minary results; further prospective studies on SN tumour
burden are currently ongoing to examine the clinical rele-
vance of minimal SN tumour burden, such as the EORTC
MG MINITUB registry study or the randomised phase III
MSLT-2 trial.*"*

The false negative rate of this study is 10.4% (14/135),
which is somewhat higher than the general rate of 5% re-
ported in the literature. Yet, false negative rates have been
incorrectly calculated, which lead to an underestimation of
the actual false negative rate. Re-calculations of actual false
negative rates have demonstrated a range from 8.6% to
21%,2>47:8101215-17,20,21,23,2627 The false negative rate is de-
scribed as the rate of patients with a negative SN procedure
who had regional lymph node recurrence in the same lymph
basin as the SN procedure was performed in (false negative/
(true positive + false negative)).?® Although the current study
demonstrated a higher SN positivity rate with similar Breslow
thickness and ulceration rates as other studies, it had not led
to a decrease in false negative rates, which suggests that fail-

ure of the SN procedure might not be due to pathological
analysis of the SN. Rather, it may be due to detection failures
in lymphoscintigraphy. Perhaps it might be due to the tu-
mours’ biological activity, which could not to be detected at
all since it passed the sentinel node and immediately dissem-
inated haematogenously.

The 5-year overall survival (OS) rates of the present study
are 90% and 62% for SN-negative and SN-positive patients,
respectively. These rates are comparable with many other
studies showing OS rates from 87.5% to 94% for SN-negative
patients and rates from 42.9% to 75.4% for SN-positive pa-
tients,2*10-12:1517-20.23.2627 The 5.year disease-free survival
(DFS) rates of this study are 82% among those with a negative
SN procedure and 51% among those with a positive SN proce-
dure. Both survival rates are comparable with several other
studies showing rates from 75.9% to 89.1% for SN-negative pa-
tients and rates from 35.2% to 65% for SN-positive pa-
tients.24%12151819,23.2526 compared to our previous report,
the OS and DFS rates of SN-negative and SN-positive patients
have only changed marginally, due to the increased follow-up
with more events. Interestingly, the high SN positivity rate
with the detection of increasingly more patients with early
metastatic disease has not improved the survival rates for
SN-positive or for SN-negative patients, when compared to
other studies. This might suggest a lack of therapeutic benefit
of undergoing a SN followed by early CLND.

A benefit of the SN is that it is a minimally invasive proce-
dure with a low complication rate compared to the morbidity
and expense of a lymph node dissection.?” It spares
SN-negative patients an unnecessary CLND. However, only
14-28% of the SN-positive patients undergoing a CLND of
the regional nodes have positive non-SNs.*® Thus, approxi-
mately 80% of the SN-positive patients will have undergone
an unnecessary operation with the possible risks of known
complications and morbidity, such as wound infections and
lymph oedema.?**° The current study shows an additional
positive nodal rate in the CLND specimen of 11.2% (12/107),
which is quite low compared to the literature and our previ-
ous report, which demonstrated a CLND positivity rate of
14.7% (10/68). The clinical procedure regarding a CLND has
not changed in recent years. Our hypothesis is that our high
sensitive pathology model could explain our low CLND posi-
tivity rate. Higher detection rate of SN minimal tumour bur-
den correlates with more negative nodes in the CLND
specimen. Moreover, our SN positivity rate is higher than oth-
ers in the literature; therefore our CLND positivity rate is rel-
atively lower than others in the literature. Yet, in absolute
numbers the amount is equal (Table 4).

SN staging has become a widely accepted and imple-
mented routine staging procedure providing important
prognostic information and in case of node positivity argu-
ments that will play a role in determining whether to em-
bark on adjuvant therapy with interferon (IFN). This has
become evident in the light of the outcome of the two larg-
est adjuvant trials conducted to date, i.e. EORTC 18952
regarding intermediate doses of IFN, or the EORTC 18991
regarding the role of pegylated-IFN.*>*' These trials indi-
cated that IFN-based adjuvant therapy was clearly more
effective in the SN-positive patients than in patients with
palpable nodal disease.
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Adjuvant IFN therapy is highly unlikely to have had any
influence on the incidence of submicrometastases since only
9% or patients with metastases <0.1 mm (2/22) received adju-
vant IFN. In patients with 0.1-1.0 mm metastases this was
14% (8/57) and in patients with metastases >1.0 mm this
was 2% (1/42). Survival in these patients that received adju-
vant IFN was not improved in any way.

In conclusion, this study confirms the high detection rate
of nearly 30% of the EORTC MG protocol in SN-positive pa-
tients, its capacity to identify minimal tumour burden accord-
ing to the Rotterdam Criteria and verifies that the Rotterdam
Criteria is an independent prognostic factor for survival. Fur-
ther research is required to investigate which SN-positive pa-
tients should be the target of CLND.

Conflict of interest statement

None declared.

REFERENCES

1. Morton DL, Wen DR, Wong JH, et al. Technical details of
intraoperative lymphatic mapping for early stage melanoma.
Arch Surg 1992;127(4):392-9.

2. Morton DL, Thompson JF, Cochran AJ, et al. Sentinel-node
biopsy or nodal observation in melanoma. New Engl ] Med
2006;355(13):1307-17.

3. Balch CM, Soong SJ, Gershenwald JE, et al. Prognostic factors
analysis of 17,600 melanoma patients: validation of the
American Joint Committee on Cancer melanoma staging
system. ] Clin Oncol 2001;19(16):3622-34.

4. van Akkooi AC, de WiltJH, Verhoef C, et al. High positive sentinel
node identification rate by EORTC Melanoma Group protocol.
Prognostic indicators of metastatic patterns after sentinel node
biopsy in melanoma. Eur ] Cancer 2006;42(3):372-80.

5. Cook MG, Green MA, Anderson B, et al. The development of
optimal pathological assessment of sentinel lymph nodes for
melanoma. J Pathol 2003;200(3):314-9.

6. van Akkooi AC, de Wilt JH, Verhoef C, et al. Clinical relevance
of melanoma micrometastases (<0.1 mm) in sentinel nodes:
are these nodes to be considered negative? Ann Oncol
2006;17(10):1578-85.

7. Testori A, De Salvo GL, Montesco MC, et al. Clinical
considerations on sentinel node biospy in melanoma from an
Italian Multicentric Study on 1,313 patients (SOLISM-IMI). Ann
Surg Oncol 2009;16:2018-27.

8. Carlson GW, Murray DR, Lyles RH, et al. The amount of
metastatic melanoma in a sentinel lymph node: does it have
prognostic significance? Ann Surg Oncol 2003;10(5):575-81.

9. Carlson GW, Page AJ, Cohen C, et al. Regional recurrence after
negative sentinel lymph node biopsy for melanoma. Ann Surg
2008;248(3):378-86.

10. Cascinelli N, Bombardieri E, Bufalino R, et al. Sentinel and
nonsentinel node status in stage IB and Il melanoma patients:
two-step prognostic indicators of survival. J Clin Oncol
2006;24(27):4464-71.

11. Doubrovsky A, De Wilt JH, Scolyer RA, McCarthy WH,
Thompson JF. Sentinel node biopsy provides more accurate
staging than elective lymph node dissection in patients with
cutaneous melanoma. Ann Surg Oncol 2004;11(9):829-36.

12. Estourgie SH, Nieweg OE, Valdes Olmos RA, Hoefnagel CA,
Kroon BB. Review and evaluation of sentinel node procedures

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

in 250 melanoma patients with a median follow-up of 6 years.
Ann Surg Oncol 2003;10(6):681-8.

Gershenwald JE, Andtbacka RH, Prieto VG, et al. Microscopic
tumor burden in sentinel lymph nodes predicts synchronous
nonsentinel lymph node involvement in patients with
melanoma. J Clin Oncol 2008;26(26):4296-303.

Gershenwald JE, Thompson W, Mansfield PF, et al. Multi-
institutional melanoma lymphatic mapping experience: the
prognostic value of sentinel lymph node status in 612 stage I
or Il melanoma patients. J Clin Oncol 1999;17(3):976-83.
Guggenheim M, Dummer R, Jung FJ, et al. The influence of
sentinel lymph node tumour burden on additional lymph
node involvement and disease-free survival in cutaneous
melanoma - a retrospective analysis of 392 cases. Brit ] Cancer
2008;98(12):1922-8.

Kettlewell S, Moyes C, Bray C, et al. Value of sentinel node
status as a prognostic factor in melanoma: prospective
observational study. BMJ 2006;332(7555):1423.

Koskivuo I, Talve L, Vihinen P, et al. Sentinel lymph node
biopsy in cutaneous melanoma: a case-control study. Ann
Surg Oncol 2007;14(12):3566-74.

Kretschmer L, Beckmann I, Thoms KM, et al. Sentinel
lymphonodectomy does not increase the risk of loco-regional
cutaneous metastases of malignant melanomas. Eur J Cancer
2005;41(4):531-8.

Mandala M, Imberti G, Piazzalunga D, et al. Clinical and
histopathological risk factors to predict sentinel lymph node
positivity, disease-free and overall survival in clinical stages I-
II AJCC skin melanoma: outcome analysis from a single-
institution prospectively collected database. Eur ] of Cancer
2009;45(14):2537-45.

Nowecki ZI, Rutkowski P, Nasierowska-Guttmejer A, Ruka W.
Survival analysis and clinicopathological factors associated
with false-negative sentinel lymph node biopsy findings in
patients with cutaneous melanoma. Ann Surg Oncol
2006;13(12):1655-63.

Roka F, Kittler H, Cauzig P, et al. Sentinel node status in
melanoma patients is not predictive for overall survival upon
multivariate analysis. Brit J] Cancer 2005;92(4):662-7.

Roka F, Mastan P, Binder M, et al. Prediction of non-sentinel
node status and outcome in sentinel node-positive
melanoma patients. Eur J Surg Oncol 2008;34(1):82-8.

Roulin D, Matter M, Bady P, et al. Prognostic value of sentinel
node biopsy in 327 prospective melanoma patients from a
single institution. Eur J Surg Oncol 2008;34(6):673-9.

Sassen S, Shaw HM, Colman MH, Scolyer RA, Thompson JF.
The complex relationships between sentinel node positivity,
patient age, and primary tumor desmoplasia: analysis of 2303
melanoma patients treated at a single center. Ann Surg Oncol
2008;15(2):630-7.

Scheri RP, Essner R, Turner RR, Ye X, Morton DL. Isolated
tumor cells in the sentinel node affect long-term prognosis of
patients with melanoma. Ann Surg Oncol 2007;14(10):2861-6.
Vuylsteke RJ, van Leeuwen PA, Statius Muller MG, et al.
Clinical outcome of stage I/Il melanoma patients after
selective sentinel lymph node dissection: long-term follow-
up results. J Clin Oncol 2003;21(6):1057-65.

Yee VS, Thompson JF, McKinnon JG, et al. Outcome in 846
cutaneous melanoma patients from a single center after a
negative sentinel node biopsy. Ann Surg Oncol
2005;12(6):429-39.

van der Ploeg IMC, Kroon BBR, Antonini N, Valdes Olmos RA,
Nieweg OE. Comparison of three micromorphometreic
pathology classifications of melanoma metastases in the
sentinel node. Ann Surg 2009;250:301-4.

Chakera AH, Hesse B, Burak Z, et al. EANM-EORTC general
recommendations for sentinel node diagnostics in
melanoma. Eur J Nucl Med Mol Imaging 2009;36(10):1713-42.



EUROPEAN JOURNAL OF CANCER 46 (2010) 2414-2421

2421

30.

31.

32.
33.
34.

35.

36.

van Akkooi ACJ, Nowecki Z, Voit C, et al. Minimal sentinel
node (SN) tumor burden according to the Rotterdam criteria is
the most important prognostic factor for survival in
melanoma patients. A multicenter study in 388 SN positive
patients. Ann Surg 2008;248(6).

ClinicalTrials.gov. Multicenter Selective Lymphadenectomy
Trial (MSLT), NCT00275496; 2008. Available from: http://
clinicaltrials.gov/ct2/show/record/NCT00275496?term=mslt
&rank=3.

Melanomagroup.eu. MINITUB Registration Study; 2009.
Nieweg OE. False-negative sentinel node biopsy. Ann Surg
Oncol 2009;16(8):2089-91.

Wrightson WR, Wong SL, Edwards MJ, et al. Complications
associated with sentinel lymph node biopsy for melanoma.
Ann Surg Oncol 2003;10(6):676-80.

Beitsch P, Balch C. Operative morbidity and risk factor
assessment in melanoma patients undergoing inguinal
lymph node dissection. Am J Surg 1992;164(5):462-5.
discussion 5-6.

Morton DL, Cochran AJ, Thompson JF, et al. Sentinel node
biopsy for early-stage melanoma: accuracy and morbidity in

37.

38.

39.

40.

41.

MSLT-], an international multicenter trial. Ann Surg
2005;242(3):302-11. discussion 11-13.

van Akkooi AC, Bouwhuis MG, van Geel AN, et al. Morbidity
and prognosis after therapeutic lymph node dissections for
malignant melanoma. Eur J Surg Oncol 2007;33(1):102-8.
Scolyer RA, Murali R, Satzger I, Thompson JF. The detection
and significance of melanoma micrometastases in sentinel
nodes. Surg Oncol 2008;17(3):165-74.

Guggenheim MM, Hug U, Jung FJ, et al. Morbidity and
recurrence after completion lymph node dissection following
sentinel lymph node biopsy in cutaneous malignant
melanoma. Ann Surg 2008;247(4):687-93.

Eggermont AM, Suciu S, MacKie R, et al. Post-surgery
adjuvant therapy with intermediate doses of interferon alfa
2b versus observation in patients with stage IIb/IIl melanoma
(EORTC 18952): randomised controlled trial. Lancet
2005;366(9492):1189-96.

Eggermont AM, Suciu S, Santinami M, et al. Adjuvant therapy
with pegylated interferon alfa-2b versus observation alone in
resected stage III melanoma: final results of EORTC 18991, a
randomised phase III trial. Lancet 2008;372(9633):117-26.


http://clinicaltrials.gov/ct2/show/record/NCT00275496?term=mslt&amp;rank=3
http://clinicaltrials.gov/ct2/show/record/NCT00275496?term=mslt&amp;rank=3
http://clinicaltrials.gov/ct2/show/record/NCT00275496?term=mslt&amp;rank=3

	EORTC Melanoma Group sentinel node protocol identifies high rate of submicrometastases according to Rotterdam Criteria
	Introduction
	Patients and methods
	Patients
	Sentinel lymph node procedure
	Pathological features
	Follow-up
	Statistics

	Results
	Patient characteristics and SN status
	Survival
	Prognostic factors

	Discussion
	Conflict of interest statement
	References


