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A B S T R A C T

The sentinel node (SN) status has been recognised to be the most important prognostic factor

in melanoma. Many studies have investigated additional factors to further predict survival/

lymph node involvement. The EORTC Melanoma Group (MG) has formulated the following

question: How should we report the microanatomic location and SN tumour burden?

The EORTC MG recommends the following: the EORTC MG SN pathology protocol or a sim-

ilarly extensive protocol, which has also been proven to be accurate, should be used. Only

measure what you can see not what you presume. Cumulative measurements decrease

the accuracy and reproducibility of measuring. The most reproducible measure is a single

measurement of the maximum diameter of the largest lesion in any direction (1-D). If there

is any infiltration into the parenchyma, this lesion can no longer be considered solely sub-

capsular. Reporting of the microanatomic location of metastases should be an assessment

of the entire sentinel node, not only of the largest lesion. Multifocality reflects a scattered

metastatic pattern, not to be confused with multiple cohesive foci, which fall under the reg-

ular location system. A subcapsular metastasis should have a smooth usually curved outline,

not ragged or irregular.

We recommend all pathologists to report the following items per positive SN for melanoma

patients: the microanatomic location of the metastases according to Dewar et al. for the

entire node, the SN Tumour Burden according to the Rotterdam Criteria for the maximum

diameter of the largest metastasis expressed as an absolute number, and the SN Tumour Bur-

den stratified per category; <0.1 mm or 0.1–1.0 mm or >1.0 mm.
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1. Introduction

The sentinel node (SN) biopsy has become a routine staging

procedure for primary melanoma patients without any clini-

cal evidence of regional or distant metastases. Depending

on the extent of the pathology protocol used and the Breslow

thickness of the population, SN positivity rates range from

15% to 33%.1–6 It has been demonstrated that SN positive pa-

tients (approximately 50–70% survival at 5 years) have a sig-

nificantly worse prognosis compared to SN negative patients

(approximately 90% survival at 5 years).3,4,6,7

Since its introduction in the 1990s increasingly more cen-

tres worldwide have been performing, and more patients

have been undergoing, SN procedures for melanoma, each

year. Together with this increase in the number of performed

procedures, came an increase in scientific projects to research

and evaluate the efficacy and results of the SN procedure to a

deeper extent. Although these studies have answered some

questions, they have perhaps raised more new questions at

the same time.

One of these issues is the importance of SN tumour burden

and possible clinical implications. Many studies have as-

sessed this issue, but agreement has not been achieved.8–22

One conclusion can be drawn: the prognosis of patients de-

creases with increasing SN tumour burden, no matter how

you measure this, even if only by approximate measure-

ments.8–22

Since all these studies have used different methods and

most often have not elaborated on how they practically mea-

sured SN tumour burden or established the microanatomic

location of a metastasis, the following questions present

themselves in the everyday clinical practice of pathologists

in the reporting of SN tumour burden:

How should we report the microanatomic location of metastases

within the SN and how should we measure the amount of tumour

burden within the SN?

The following comments are based on the experience of

the authors following reporting of several thousands of senti-

nel node biopsies. They are practical responses to frequently

arising questions. They are still subject to further evaluation

and may be shown to be suboptimal in the light of further

studies, but seem the most appropriate in the current state

of understanding of sentinel lymph nodes and melanoma.

2. Literature overview

From the early 2000s onwards, a number of studies have iden-

tified certain factors, which predicted survival and/or addi-

tional non-SN positivity in the Completion Lymph Node

Dissection (CLND) specimen. Table 1 summarises the main

results from these studies.

As can be observed in Table 1, a number of different char-

acteristics and combinations of these characteristics have

been tested with similar and/or different cut-off values. These

characteristics include most often the maximum diameter of

the metastases,8–10,15–17,19–22 but also the tumour infiltration

from the capsule inwards and the microanatomic loca-

tion.11–13,16,22,23 Other factors have also been investigated,
such as Breslow thickness, ulceration of the primary, extra-

capsular extension (ECE) or capsule invasion, the square area

of the metastases and the number of positive sentinel

nodes.10,13,14,18,21,24

Although, sometimes very elaborate, very detailed and

time consuming and, sometimes very rough measurements,

have been predictive of survival and/or CLND positivity, none

of these studies has been able to answer the following crucial

question:

Since only approximately 20% of all SN positive patients

are CLND positive and the CLND has the risk of considerable

morbidity; can we identify a group of SN positive patients,

whom we can safely (with regard to regional control and sur-

vival) spare a CLND?

Supporters of this idea have argued that these tiny le-

sions within the SN are clinically non-relevant and should

therefore be considered prognostically false positive.25,26

Patients with minimal SN tumour burden have excellent sur-

vival rates, which are identical to SN negative pa-

tients.16,22,27,28 Moreover, these patients have similar

primary tumour characteristics to SN negative patients and

they rarely, if ever have additional lymph node metastases

in their CLND specimen.16,22,27,28 Finally, the Multicenter

Selective Lymphadenectomy Trial-1 (MSLT-1) did not demon-

strate any survival benefit for patients undergoing a SN pro-

cedure followed by a CLND when positive, compared to

patients who only received wide local excision (WLE) fol-

lowed by a Delayed Lymph Node Dissection (DLND) when

metastases became clinically apparent.4

Opposition to this idea has argued that all these retrospec-

tive studies could only be performed on excised sentinel

nodes and that the excision of the SN might have already

been beneficial for these patients.29–31 Similarly, CLND has

been performed in all these patients with minimal SN tumour

burden and although metastases were rarely seen in the

CLND specimen, the CLND specimen was usually analysed

only by bivalving and H&E staining.29–31 Micrometastases

could therefore easily have been missed. Moreover, the

MSLT-1 subgroup analysis suggested a survival benefit for

SN positive patients compared with WLE node positive

patients.4

Two prospective studies, the MSLT-2 and the EORTC

Melanoma Group MINITUB trial, currently both being con-

ducted with different viewpoints, are addressing the issue

of performing or omitting a CLND in all SN positive pa-

tients or in minimal SN tumour burden patients only,

respectively.

3. Measuring questions

Tumors are three-dimensional (3-D), not one-dimensional (1-D),

would a 3-D calculation of the metastasis be the most accurate

measure?

This would seem logical, but unfortunately this does not

seem to work, for a number of reasons: we only have access

to a two-dimensional (2-D) slice of the SN, therefore any

addition of a third dimension would be, through either a

complicated computer calculation, or a rough estimate of



Table 1 – Overview of SN tumour burden studies in the literature.

Author # of pos SNs Characteristics Groups Survival CLND positive

Ranieri et al.
8

90 Maximum diameter 63 mm 86% (3 years)
>3 mm 27% (3 years)

Carlson et al.
9

104 Maximum diameter Isolated or cluster
of melanoma cells

86% (3 years)

62 mm 90% (3 years)
>2 mm 57% (3 years)

Reeves et al.
10

98 Maximum diameter
(62 mm or >2 mm) and
ulceration status of the
primary

0 0%
1 16%
2 31%

Starz et al.
11

70 Infiltration from the capsule 60.3 mm ±80% (5 years)
>0.3 61.0 mm ±90% (5 years)
>1 mm ±60% (5 years)

Dewar et al.
12

146 Microanatomic location Subcapsular 0%
Combined 11%
Parenchymal 19%
Multifocal 37%
Extensive 42%

Vuylsteke et al.
13

80 Maximum diameter
(<0.3 mm and P0.3 mm),
Breslow thickness
(<2.5 mm and P2.5 mm)
and non-SN status

0 94% (5 years)
1 56% (5 years)
2 30% (5 years)

Sabel et al.
14

232 Extracapsular extension
(ECE) and P3 positive SNs

ECE OR 3.2
P3 positive SNs OR 65.8

Pearlman et al.
15

90 Maximum diameter 62 mm 85% (5 years) 6%
>2 mm 47% (5 years) 45%

van Akkooi et al.
16

74 Maximum diameter <0.1 mm 100% (5 years) 0%
0.1–1.0 mm 63% (5 years) 19%
>1.0 mm 35% (5 years)

Govindarajan et al.
17

127 Maximum diameter 60.2 mm 0%
0.2–2.0 mm 10.5%
>2.0 mm 26.1%

Satzger et al.
18

101 Capsule invasion, tumour
infiltrative depth (<2 mm
or P2 mm) and size of
largest tumour deposit
(<30 cells or P30 cells)

0 ±100% (5 years)
1 ±90% (5 years)
2 ±55% (5 years)
3 ±20% (5 years)

Debarbieux et al.
19

98 Maximum diameter 62 mm ±80% (5 years)
>2 mm ±35% (5 years)

Scheri et al.
20

214 Maximum diameter 60.2 mm 87% (5 years) 12%
Gershenwald et al.

21

309 Maximum diameter and
tumour square area

60.5 mm 5.3%
60.1 mm2 3.7%

EORTC Melanoma Group
by van Akkooi et al.

22
388 Maximum diameter and

microanatomic location
<0.1 mm 91% (5 years) 3%
0.1–1.0 mm 61% (5 years) 21%
>1.0 mm 51% (5 years) 32%
Subcapsular 8%
Combined 32%
Parenchymal 19%
Multifocal 15%
Extensive 40%
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the researcher, which has a considerable inter-observer

spread.

Moreover, metastases do not take place in nice square or

cubic forms, but most often take place along the curve of

the capsule or trabeculae, which is difficult to measure in

2-D or 3-D and thus leads to a tremendous spread in reporting

and therefore to inaccuracy. At the same time, this also shows

us why 2-D calculations (tumour square area) are also less

accurate.
Most often there is not one single lesion within the SN, there are

a number of lesions visible, would measuring all and adding these to

a total be the most accurate measure?

This does seem logical, but unfortunately this would

require a considerable amount of work for a pathologist to

report per sentinel node, which is practically not feasible.

Moreover, if one measurement has inter-observer spread,

multiple measurements are certainly increasingly inaccurate:

Cumulative measurements are time consuming, decrease the
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accuracy and reproducibility of measurements and are there-

fore not recommended.

Through the use of an adequate SN protocol (such as the recom-

mended EORTC Melanoma Group protocol,1,5) two lesions may be

visible on one slide, but perhaps these would become one if, deeper

sections were available; how can this be assessed?

The most important credo for this issue is: only measure

what you can see. This means that if two lesions are inter-

rupted by lymphocytes (or other cells or structures), these are

to be considered as two separate lesions. Although it is plausi-

ble that these two lesions could be one connective lesion on a

deeper level, if this cannot be observed, these lesions should

still be considered as two separate lesions, unless or until evi-

dence has been presented that this assumption is untrue.

It is sometimes difficult to measure the 1-D maximum diameter

of a metastasis, when it spreads along the curve of the capsule (and

thus is not a straight lesion), especially when the metastasis is large,

how should this be measured?

Although 1-D measurements of the maximum diameter of

metastases seem quite simple, it can be difficult certainly in

cases where there are multiple metastases, metastases are

large and/or metastases have a curve shape along the capsule

or trabeculae. The answer to this is very simple and pragmatic:

Do not waste time on very accurately measuring the very large

metastases, because they already belong to the group of tu-

mour burden with a bad prognosis (i.e. >1, >2 or >3 mm,

depending on your classification system). You can ‘eyeball’

this, recognise this without measurement, since it is not

important to differentiate between say 7.8 mm and 8.3 mm

in maximum diameter, as both would have a bad prognosis.

More time should be given to measuring smaller lesions and

lesions close to a threshold. Thresholds are currently only for

the prognosis of patients, but certainly if and when they have

clinical management implications, it would be very important

to thoroughly measure metastases close to a threshold.

Smaller curved lesions, i.e. lesions up to 1 mm in maxi-

mum diameter, even if showing a slight curve, can be mea-

sured sufficiently accurately by a straight line between the

furthest points. Larger lesions have already been assigned

bad prognosis and thus will not complicate matters with dif-

ficult curve measurements. Therefore, it is appropriate to

measure in a straight line, in any direction; the maximum

diameter and it will be sufficiently accurate (within 0.1 mm

difference) between different observers.

There are a number of metastases, how do I know which one has

the largest maximum diameter?

You may not know initially, but you can usually differenti-

ate most by simply screening these lesions. Often there is one

lesion, which is clearly largest, which saves you the time of

measuring many smaller lesions. Sometimes, especially

when lesions are small, they might be in the same order of

size. In such cases measurement of all these to differentiate

which one is the largest would be necessary to accurately

reflect the maximum diameter of the largest deposit.

Sometimes the metastasis is mostly in the subcapsular space,

but some cells, such as a few loose cells or a small cluster, seem dis-

sociated from the main metastasis and no longer solely confined to

the subcapsular space. What type of microanatomic involvement

is this?
Subcapsular involvement is only observed, when there

is a well-defined and cohesive lesion, solely confined to

the subcapsular space or paratrabecular. When there is

any lesion inside the parenchyma, either connective to

the main lesion as infiltrative satellite or tentacle, or as a

separate cluster within the parenchyma, interrupted by

lymphocytes between the two, the metastases can no long-

er be solely regarded as subcapsular and this lesion should

be considered as combined involvement (subcapsular and

parenchymal).

Quite often there are multiple metastases. The majority of the

metastases are confined to the subcapsular space, including the

largest lesion. However, there is another smaller lesion with paren-

chymal infiltration. Should we report the microanatomic location of

the largest lesion or of the entire node?

Microanatomic location is a reflection of the biologic

behaviour of the metastases within the entire SN, not just

of a single lesion. Although the size of the largest lesion gives

good prognostic information, the microanatomic information

of this single lesion does not reflect the biology of the disease

in the entire node. Therefore, any parenchymal involvement,

anywhere within the SN should be judged as such. Only when

all metastases, in case of multiple lesions, are confined to the

subcapsular space, can the metastases be considered as

solely subcapsular.

The histopathological examination of a SN often reveals multiple

deposits of tumour. Is this considered multifocality within the micro-

anatomic location classification or should there be a minimum num-

ber of foci to be considered as such?

Literally multifocality means more than one focus. How-

ever, in the microanatomic classification system, this reflects

the pattern of, several to many, usually tiny lesions, but most

importantly these groups are scattered throughout the great-

er part of the node.

There is also another, a very different pattern of multiple

metastases, which can be numerous metastases, but entails

a pattern of clearly cohesive lesions and certainly not the

one of widely scattered loose cells (this is a combined pat-

tern). Therefore, a cut-off threshold for the number of lesions

to be considered for either of these patterns cannot be speci-

fied, but the decision is based on the overall morphological

distribution of the lesions.

EORTC Melanoma Group recommendations:

• The EORTC Melanoma Group SN pathology protocol or a

similarly extensive protocol, which has also been proven

to be accurate, should be used.

• Only measure what you can see, not what you presume.

• Cumulative measurements decrease the accuracy and

reproducibility of measuring. This includes tumour square

area (2-D) and 3-D reconstructions.

• The most reproducible measure is a single measurement of

the maximum diameter of the largest lesion in any direc-

tion (1-D).

• If there is any infiltration into the parenchyma, this lesion

can no longer be considered solely subcapsular.

• Reporting of the microanatomic location of metastases

should be an assessment of the entire sentinel node, not

only of the largest lesion.



Fig. 2 – Combined metastasis.

Fig. 3 – Combined metastasis.
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• Multifocality reflects a scattered metastatic pattern, not to

be confused with multiple cohesive foci, which fall under

the regular location system (subcapsular, combined, paren-

chymal or extensive).

• A subcapsular metastasis should have a smooth usually

curved outline, not ragged or irregular.

• We recommend all pathologists to report the following

items per positive SN for melanoma patients:

(1) The Microanatomic Location of the metastases accord-

ing to Dewar et al. for the entire node.

(2) The SN Tumour Burden according to the Rotterdam Cri-

teria for the maximum diameter of the largest metasta-

sis expressed as an absolute number (e.g. 0.6 mm).

(3) The SN Tumour Burden stratified per category; <0.1 mm

or 0.1–1.0 mm or >1.0 mm.

Teaching examples

Fig. 1 shows a completely subcapsular metastasis, which

has a smooth outline, not irregular or ragged (as shown in

Fig. 3). Due to the curve shape, it might be somewhat chal-

lenging to measure, but our recommendation is to measure

in a straight line from one end to the other end of the largest

cohesive cluster (as shown in Fig. 1).

Fig. 2: although this metastasis is for the largest part con-

fined to the subcapsular space, beginning infiltration into the

parenchyma is visible. Therefore this metastasis is to be con-

sidered a combined (subcapsular and parenchymal) lesion.

Fig. 3: this metastasis is located for the most in the subcap-

sular space, however, compared to that shown in Fig. 1, this

metastasis does not clearly have a smooth outline, but is very

irregular and ragged. Therefore this lesion is to be considered

a combined (subcapsular and parenchymal) involvement.

Fig. 4: this slide shows us three clear separate lesions: one

located solely in the subcapsular space, which is smooth and

regularly shaped. But there are also two others, which are lo-

cated solely in the parenchyma. Although there are multiple

foci, these lesions are very cohesive and not at all scattered.

Therefore this is not to be considered a multifocal involve-

ment, but it is also a combined (subcapsular and parenchy-

mal) type of involvement.
Fig. 1 – Subcapsular metastasis.

Fig. 4 – Combined metastasis.
Fig. 5: this slide demonstrates a multifocal pattern of

metastases. The cells and small clusters of cells are scattered

throughout the greater part of this lymph node. It is clearly

different from the pattern shown in Fig. 4, where there are

three well-defined lesions.



Fig. 5 – Multifocal metastasis
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Fig. 6: this lymph node is almost solely taken in with a

metastasis. The metastasis is disrupting the normal anatomic

structure of the lymph node. This pattern is called the exten-

sive involvement pattern. There is no size limitation (cervical
Fig. 6 – Extensive metastasis.

Fig. 7 – Subcapsular <0.1 mm sub-micrometastasis.
nodes can be small, yet still almost completely displaced by

tumour) to this type of involvement.

Fig. 7: this metastasis is the largest within the SN of this

patient. It is confined to the subcapsular space (smooth and

regularly shaped) and the size is <0.1 mm in maximum

diameter.
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