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KEYWORDS Abstract The sentinel lymph node (SLN) biopsy is a highly accurate staging procedure and
Melanoma; the most important prognostic factor in melanoma patients. The European Organisation for
Sentinel lymph node; Research and Treatment of Cancer (EORTC) Melanoma Group aimed to design an updated
Pathology protocol; evolved SLN protocol for the histopathological workup and reporting. We herein recommend
Sectioning; extending the distance between steps according to the short axis dimension of the lymph node
Tumour burden; and optimise both conventional sectioning and staining procedures including immunohisto-
Metastasis chemistry. We also provide guidance on the description of the spatial localisation of mela-
topography; noma deposits in a SLN. The histopathological features to be reported include the

following: presence or absence of the metastasis, the intranodal location of the metastasis
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Immunohis-
tochemistry;

Nodal naevus cells;
Recommendations

(subcapsular, parenchymal, combined, extensive confluent and extensive multifocal), the num-
ber of the metastatic deposits (1, 2—5, 6—10, 11—20 and >20), the maximum dimension of the
largest metastasis (indicating its site) and the presence of extracapsular extension and of nae-
vus cells. This updated EORTC protocol is expected to clarify and simplify the existing pro-

cedures, ensuring a reasonable workload for the laboratory and for the pathologists resulting
in cost saving with no loss, and possible increase, in accuracy.
© 2019 Elsevier Ltd. All rights reserved.

1. Introduction

Sentinel lymph node (SLN) biopsy for melanoma
introduced in the early 90s [1] has become an established
procedure and is likely to remain so even after the
Multicenter  Selective  Lymphadenectomy  Trial-2
(MSLT-2) [2] suggested a lack of impact on
melanoma-specific survival for completion lymphade-
nectomy. In light of the evolving landscape of adjuvant
therapy, its value is now mainly as a key staging pro-
cedure to accurately define prognosis, provide more
consistent grouping in clinical trials [3] and enable on-
cologists to assess whether a patient is eligible for sys-
temic therapy.

A wide divergence of protocols for the histopatho-
logical handling of SLNs has developed, and this has
not been resolved [3—20]. Furthermore, pathological
reporting protocols are not harmonised, extensive pro-
tocols have a significant impact on laboratory
workload and in addition to this, there are problems of
interpretation resulting in an apparently high number of
errors detected in a pathological review of clinical trials.
The quality of the report depends on having an excellent
quality of dissection, sectioning and staining and
immunohistochemistry. The technical variability is the
main culprit in interpretation errors.

The European Organisation for Research and
Treatment of Cancer (EORTC) protocol established in
2003 [12] is a widely used method for the assessment of
melanoma burden in SLN. The EORTC Melanoma
Pathology Group is now proposing an improvement
thereof by the assessment of a larger proportion of the
SLN with the greatest efficiency. We noted that twice as
many metastases were found by increasing the number
of steps; however, this still leaves a considerable pro-
portion of most lymph nodes unexamined, especially in
those SLNs that have a more rounded shape. Because
roundness correlates with a relative increase in length of
the shortest axis, a larger volume of a nodal tissue
parallel to the bisection plane remains unexamined
compared with ellipsoid SLN using the current
procedure.

The most important objective of the different pro-
tocols has been to achieve maximum likelihood of
detecting metastases. Extending the distance between

steps in the sectioning protocol was undertaken so that
the previously neglected part of broad lymph nodes was
then assessed. In a preliminary assessment, steps were
increased up to 300 um, but an increased detection rate
was not seen. This supports Cochran’s original
hypothesis that metastases are concentrated in the cen-
tral plane through the hilum and the longest dimension
of the node [7]. However, wider steps could still be
appropriate when the dissection of the lymph node has
resulted in an asymmetric bisection of the node. In
deciding that the procedure should identify metastases
down to 0.1 mm, we opted for a minimum thickness of
step of 0.05 mm (50 pum).

There is insufficient evidence to suggest that the
EORTC protocol for the pathological evaluation of
SLNs for melanoma should be fundamentally changed
at this stage. It was decided to focus on the clarification
and simplification of the existing procedures with the
objective to reduce the technical workload thereby
making it more sustainable in a routine diagnostic
setting. We also decided to optimise both conventional
sectioning and staining procedures including immuno-
histochemistry and provide guidance on the description
of the spatial localisation of melanoma deposits in a
SLN.

The following changes to the existing protocol are
proposed:

2. Sectioning protocol

The SLN is bivalved, so revealing the largest surface
area of the lymph node in two pieces for sectioning. The
maximum dimension is taken from the cut surface. Both
pieces are placed face down in one cassette, except when
the lymph nodes are too large, in which case each piece
is placed in a separate cassette.

If in error the bivalving of a more rounded node
produces markedly unequal pieces, the largest of them
can be further sliced or bivalved producing three pieces
in total. Alternatively the sectioning steps can be
extended up to 400 um. The sectioning protocol is
determined at the grossing stage by the pathologist. This
in turn is based on an estimate of the length of the short
axis of the node. The estimation is determined by
palpation of the node between finger and thumb with
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adjacent ruler. This enables an approximation of this
dimension which can be made virtually instantaneously.
The steps between sections is determined by the formula
given in Fig. | and is written on the cassette to convey to
the sectioning technician. This incremental increase in
steps is intended to ensure that a larger proportion of
the SLN is assessed microscopically.

(a) In the sectioning protocol, two sections are cut at each
step, except for step 2 where three extra sections are
taken and retained unstained.

(b) At each level, a section is stained for S100 protein.

(c) Only at step 2 is a section stained for H&E.

(d) One spare section is taken at all levels, except for step 2
where three spare sections are taken.

Figs. 1 and 2 illustrate the sectioning and staining
protocol as above described.

In comparison with the previous protocol [12], the net
result of these changes is a reduction of the total number
of sections, a decrease of staining by five H&Es and two
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Fig. 1. Revised EORTC protocol depicting sectioning of sentinel
lymph node in melanoma. EORTC, European Organisation for
Research and Treatment of Cancer.

Section ‘ Staining
1 S100
2 Spare
50/300 um step (+50/300 pm)

3 H&E

4 S100

5 Spare

6 Spare

7 Spare
50/300 um step (+100/600 pm)

8 S100

9 Spare
50/300 um step (+150/900 pm)

10 S100

11 Spare
50/300 pm step (+200/1200 pum)

12 S100

13 Spare
50/300 pm step (+250/1500 pm)

14 S100

15 Spare

*50 um for the small lymph nodes of 5 mm or less,
300 um in lymph nodes of more rounded configuration,
i.e. with a short axis length of 9 mm or more.

Fig. 2. Revised EORTC protocol for staining sentinel lymph node
in melanoma. EORTC, European Organisation for Research and
Treatment of Cancer.

immunostains. The thickness of each section should be
3 wm. The unstained sections are retained at each level
so that they can be used for further H&E or immunos-
tains if needed.

3. Immunohistochemical staining

We have confidence in S100 protein staining for
efficient recognition of melanoma metastases.
Diaminobenzidine is the preferred chromogen because
the red chromogen aminoethylcarbazole is not always
well-localised.

S100 protein has a high sensitivity for melanoma
detection because it is expressed in almost all primary
and metastatic melanomas [21,22] but with a relatively
low melanoma specificity because S100 protein expres-
sion can also be observed in nodal naevus cells, dendritic
reticular cells, Schwann cells and adipocytes. This can
possibly result in a confusing background staining.
However, the morphological features of the other cells
potentially staining with S100 in lymph nodes are so
distinctive the problem is largely theoretical. Short
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experience is sufficient to produce high confidence and
accuracy.

HMB-45 is a relatively specific marker for melano-
cytes but lacks sensitivity because approximately
70—76% of melanoma are HMB-45 positive [21,22]. This
stain might result in missed metastases.

Although more sensitive than HMB-45, Melan A is
considered not sufficiently specific [22] and not quite as
sensitive as S100 protein because it is not positive in all
melanomas. It can also stain macrophages/melanoph-
ages, whereas S100 protein and HMB45 do not as a rule.

Currently, SOX-10 is under evaluation as an alter-
native for S100 protein because it is more specific, but its
sensitivity is not well-established [23,24].

Panmelanocytic cocktails may facilitate the interpre-
tation of challenging cases, and improvement in detec-
tion rate has been reported [25].

4. Technical general comments

The interpretation is very much dependent on the
technical production of thin (3 pm) flat, complete and
well-stained sections without artifact. In our experience,
this is best achieved following using an extended fixation
(24 h), Harris’ haematoxylin and S100 protein using an
automated staining platform.

5. Guidance on histopathological interpretation

Nodal naevus cells present the most important problem
in SLN interpretation (Fig. 3). Naevus cells can be seen
in 10—-20% of SLNs for melanoma [6,25,26]. When
present, they are almost always located in the fibrous
tissue of the capsule or trabeculae within the lymph
node but can also be seen in a paralymphatic site outside
the capsule. Perilymphatic naevus cells may be seen

Fig. 3. Nodal naevus cells located in the capsule and tracking
down the nodal trabeculae in the capsule.

bulging into the lymphatic space but are still surrounded
by endothelium.

Occasional collections of naevus cells in the capsule
can be quite large and appear to bulge in continuity into
the subcapsular space. Naevus cells from Spitz naevi,
deep penetrating naevi or blue naevi may be seen rarely
in sentinel lymph nodes and may not be so closely
related to the fibrous tissue of the capsule or trabeculae.
In these cases, a review of the primary cutaneous lesion
is essential as it can help incorrect classification of the
primary and putative metastasis. Indeed, a review of the
primary pathology by the pathologists interpreting
SLNSs is desirable, although not always achievable.

The features of melanoma metastasis in SLNs can be
of predictive value for the involvement of other lymph
nodes. Tumour burden and the localisation is associated
with distant metastasis-free and overall survival. One of
these features is the pattern of distribution of the me-
tastases within the sentinel node (Fig. 4). We recom-
mend that melanoma metastases in a SLN can be
classified as follows: subcapsular, parenchymal, com-
bined (subcapsular and parenchymal), extensive
confluent and extensive multifocal.

The 8th Edition of the American Joint Cancer
Committee underscores the good prognosis of small
metastases confined to the subcapsular zone [27] but
also quotes ‘poor reproducibility of microanatomic
location in one study’ [28]. In that study, however, an
accurate and detailed definition of the various patterns
was not given in advance to the participants. The sub-
capsular metastases should have a smooth parenchymal
aspect rather than an irregular border or budding [29] to
distinguish them from a subcapsular metastasis with
parenchymal extension. According to such strict defini-
tion, a subcapsular site has not been associated with
further non-sentinel nodes involved on completion
lymphadenectomy [30]. The extensive multifocal
microanatomical location is characterised by multiple
metastatic melanoma foci spreading across more than
70% of lymph node area in the most representative slide.
A number of deposits covering less than 70% qualifies as
parenchymal. These distinctions are clearly arbitrary for
the convenience of descriptive pattern classification.

The question whether paratrabecular metastases are
equivalent to subcapsular metastases has been raised,
and we recommend to classify paratrabecular metastases
as parenchymal but add further specification. Whether
paratrabecular site has a specific significance will be
clarified in future studies.

In addition, we now recommend documenting
extracapsular extension as a separate feature, not as a
part of an extensive pattern, as previously described [30].

Although not currently used for staging, tumour
burden is clearly important and is likely to be included
in the future prognostic models in patients with the
regional metastatic disease. The maximum diameter of
the largest aggregate in the SLN (1.0 mm versus
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Fig. 4. Topography of metastatic deposits within the sentinel
lymph node: subcapsular, parenchymal, combined, extensive
confluent and extensive multifocal. Immunostain with S100 pro-
tein is shown.

>1.0 mm) has already been included as an additional
inclusion criterion for participation in adjuvant clinical
trials [31,32]. A range of procedures can be used to es-
timate quantitatively tumour burden in the SLN, such
as the maximal number of metastatic foci within the
node, the maximum size of the largest metastasis, the
maximum depth from the capsule of the tumour deposit
(tumour penetrative depth) and the percentage cross-
sectional area of the SLN involved by the tumour
[3,14,16,30,33—39]. Some of these involve calculations at
several levels [17,40].

The maximum dimension of the largest metastasis
has prognostic significance, but care must be taken to
measure only those metastases with confluent neoplastic
cells. The maximum dimension of the largest deposit
may be a sufficiently accurate estimate of tumour
burden except when the pattern of metastasis is in the
form of numerous scattered small metastases. For this
reason, we recommend that in addition to measuring the
maximum dimension of the largest metastatic deposit
(and indicating its site) and the pattern of distribution of
metastases, all deposits should be counted in the most
representative slides as 1, 2—5, 6—10, 11—20 or over 20.
If single cells or paucicellular clusters of melanoma cells
are identified, they are referred to according to their size
and site as for larger metastasis.

Starz measured the depth of metastases from the
capsule as another way of assessing prognosis. We feel
that the assessment of metastatic pattern using the
subcapsular or parenchymal site is a simpler and quicker
way to achieve the same objective, but Starz method is a
reasonable alternative [10,14].

The extracapsular extension is often quoted as an
important predictor of poor clinical outcome and has
been classified as focal (<2 mm) or extensive (>2 mm)
[34]. Rao et al. [41] have found that nodal extracapsular
extension has a significant adverse effect on relapse-free
survival but not on overall survival. Crookes et al. [42]
have confirmed the significant independent adverse
prognostic impact of extranodal spread on patterns of
recurrence and survival in advanced stage melanoma
patients. However, in our experience, extracapsular
extension in SLNSs is a rare event because it is almost al-
ways associated with extensive involvement of a large
lymph node which would usually be palpable clinically
and therefore not usually excised as a sentinel lymph
node. Extracapsular extension, meaning invasion
extending through the fibrous tissue of the capsule and
into surrounding adipose tissue with or without
lymphatic involvement, if present, is clearly a bad prog-
nostic sign but is so uncommon in this context, it is not
often useful. What may be confused with extracapsular
extension is melanoma in afferent lymphatics or those
lymphatics traversing the capsule. Tumour in afferent
lymphatics without node involvement is reported as a
positive SLN. This is uncommon and is usually associated
with minimal or subcapsular or combined pattern of
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metastases in the adjacent lymph node. When intra-
lymphatic tumour cells are present but tumour is not seen
infiltrating through the fibrous tissue of the capsule, we
classify this pattern according to the intranodal pattern
and have found that extracapsular lymphatic permeation
in this context is not a worse predictive sign.

Regarding the non-SLNs, we recommend that each
lymph node is bivalved, and from each cut-surface, two
sections are stained, one stained with H&E and one with
S100 protein. We recommend to stain with S100 protein
since recognition of single or small clusters of melanoma
cells in H&E stained sections can be difficult and,
therefore, result in missed metastases.

6. Recommended reporting

It is recommended that the following histopathological
features are included in the pathology report:

1. Metastases: present or absent
2. Intranodal location: subcapsular, parenchymal, combined
(subcapsular and parenchymal), extensive confluent and
extensive multifocal
. Number of metastases: 1, 2—5, 6—10, 11—-20 and > 20
4. Maximum dimension of the largest metastatic deposit
(measured in millimeters to the nearest 0.1 mm) and indi-
cating its site
5. Extracapsular extension: present or absent
6. Presence of naevus cells (capsular and/or trabecular)

(98]

7. Future studies

With the establishment of SLN biopsy or melanoma as a
standard procedure in melanoma management, the
protocol for pathological handling and reporting needs
to be made as succinct and simple as is compatible with
optimum management of the patients. Whether the
current procedure is sufficient or excessive needs to be
confirmed. Our suggestions are therefore an interim
recommendation. One of the benefits foreseen in this
updated EORTC protocol is the reduction in technical
workload resulting in cost saving with no loss, and
possible increase, in accuracy.

Future studies will be designed to clarify which pa-
tients may benefit from the SLN procedure, validate the
accuracy of the current protocol and to establish which
of the numerous assessments that can be performed on
the primary melanoma are the most useful.

In addition, it is not clear whether multiple metasta-
ses with the same tumour burden as a single or the small
number of larger metastases have the same, worse or
better prognosis and requires an in-depth analysis.

Conflict of interest statement

None declared.

References

[1] Morton DL, Wen DR, Wong JH, Economou JS, Cagle LA,
Storm FK, et al. Technical details of intraoperative lymphatic
mapping for early stage melanoma. Arch Surg 1992;127(4):392—9.
https://doi.org/10.1001/archsurg.1992.01420040034005.

[2] Faries MB, Thompson JF, Cochran AJ, Andtbacka RH,
Mozzillo N, Zager JS, et al. Completion dissection or observation
for sentinel-node metastasis in melanoma. N Engl J Med 2017;
376:2211—-22. https://doi.org/10.1056/NEJMoal613210.

[3] Prieto VG. Sentinel lymph nodes in cutaneous melanoma. Clin Lab
Med 2017;37(3):417—30. https://doi.org/10.1016/j.c11.2017.05.002.

[4] Cochran AJ, Wen DR, Morton DL. Occult tumor cells in the

lymph nodes of patients with pathological stage I malignant

melanoma: an immunohistological study. Am J Surg Pathol 1988;

12:612—8. https://doi.org/10.1097/00000478-198808000-00002.

Messina JL, Glass LF, Cruse CW, Berman C, Ku NK,

Reintgen DS. Pathologic examination of the sentinel lymph node

in malignant melanoma. Am J Surg Pathol 1999;23(6):686—90.

https://doi.org/10.1097/00000478-199906000-00008.

[6] Yu LL, Flotte TJ, Tanabe KK, Gadd MA, Cosimi AB, Sober AJ,

et al. Detection of microscopic melanoma metastases in

sentinel lymph nodes. Cancer 1999:86(4):617—27. https:

/Idoi.org/10.1002/(SICT)1097-0142(19990815)86:4<617::AID-

CNCR10>3.0.CO;2-S.

Cochran AJ. Surgical pathology remains pivotal in the evaluation

of ’sentinel’ lymph nodes. Am J Surg Pathol 1999;23(10):

1169—72. https://doi.org/10.1097/00000478-199910000-00001.

Cochran AJ, Balda BR, Starz H, Bachter D, Krag DN,

Cruse CW, et al. The Augsburg Consensus. Techniques of

lymphatic mapping, sentinel lymphadenectomy, and completion

lymphadenectomy in cutaneous malignancies. Cancer 2000;89(2):

236—41. https://doi.org/10.1002/1097-0142(20000715)89:2<236::

AID-CNCR5>3.0.CO;2-0.

Baisden BL, Askin FB, Lange JR, Westra WH. HMB-45 immu-

nohistochemical staining of sentinel lymph nodes: a specific

method for enhancing detection of micrometastases in patients
with melanoma. Am J Surg Pathol 2000;24(8):1140—6. https:

/Idoi.org/10.1097/00000478-200008000-00012.

[10] Starz H, Balda BR, Kriamer KU, Biichels H, Wang H. A
micromorphometry-based concept for routine classification of
sentinel lymph node metastases and its clinical relevance for pa-
tients with melanoma. Cancer 2001;91(11):2110—21. https:
/ldoi.org/10.1002/1097-0142(20010601)91:11<2110::AID-
CNCR1239>3.0.CO;2-Q.

[11] Ruiter DJ, Spatz A, van den Oord JJ, Cook MG, Pathology
Committee of the European Organization Research and Treat-
ment of Cancer (EORTC) melanoma Group. Pathologic staging
of melanoma. Semin Oncol 2002;29(4):[370]—[381]. https:
/ldoi.org/10.1053/sonc.2002.34116.

[12] Cook MG, Green MA, Anderson B, Eggermont AM, Ruiter DJ,
Spatz A, et al. The development of optimal pathological assess-
ment of sentinel lymph nodes for melanoma. J Pathol 2003;200(3):
314-9. https://doi.org/10.1002/path.1365.

[13] Abrahamsen HN, Hamilton-Dutoit SJ, Larsen J, Steiniche T.
Sentinel lymph nodes in malignant melanoma: extended histo-
pathologic evaluation improves diagnostic precision. Cancer
2004;100(8):1683—91. https://doi.org/10.1002/cncr.20179.

[14] Starz H. Pathology of the sentinel lymph node in melanoma.
Semin Oncol 2004;31(3):357—62. https://doi.org/10.1053/j.semi-
noncol.2004.03.011.

[15] Spanknebel K, Coit DG, Bieligk SC, Gonen M, Rosai J,
Klimstra DS. Characterization of micrometastatic disease in
melanoma sentinel lymph nodes by enhanced pathology: recom-
mendations for standardizing pathologic analysis. Am J
Surg Pathol 2005;29(3):305—17. https://doi.org/10.1097/01.pas.
0000152134.36030.b7.

[5

iad)

[7

—

8

[9

—


https://doi.org/10.1001/archsurg.1992.01420040034005
https://doi.org/10.1056/NEJMoa1613210
https://doi.org/10.1016/j.cll.2017.05.002
https://doi.org/10.1097/00000478-198808000-00002
https://doi.org/10.1097/00000478-199906000-00008
https://doi.org/10.1002/(SICI)1097-0142(19990815)86:4<617::AID-CNCR10>3.0.CO;2-S
https://doi.org/10.1002/(SICI)1097-0142(19990815)86:4<617::AID-CNCR10>3.0.CO;2-S
https://doi.org/10.1002/(SICI)1097-0142(19990815)86:4<617::AID-CNCR10>3.0.CO;2-S
https://doi.org/10.1002/(SICI)1097-0142(19990815)86:4<617::AID-CNCR10>3.0.CO;2-S
https://doi.org/10.1002/(SICI)1097-0142(19990815)86:4<617::AID-CNCR10>3.0.CO;2-S
https://doi.org/10.1097/00000478-199910000-00001
https://doi.org/10.1002/1097-0142(20000715)89:2<236::AID-CNCR5>3.0.CO;2-0
https://doi.org/10.1002/1097-0142(20000715)89:2<236::AID-CNCR5>3.0.CO;2-0
https://doi.org/10.1002/1097-0142(20000715)89:2<236::AID-CNCR5>3.0.CO;2-0
https://doi.org/10.1002/1097-0142(20000715)89:2<236::AID-CNCR5>3.0.CO;2-0
https://doi.org/10.1097/00000478-200008000-00012
https://doi.org/10.1097/00000478-200008000-00012
https://doi.org/10.1002/1097-0142(20010601)91:11<2110::AID-CNCR1239>3.0.CO;2-Q
https://doi.org/10.1002/1097-0142(20010601)91:11<2110::AID-CNCR1239>3.0.CO;2-Q
https://doi.org/10.1002/1097-0142(20010601)91:11<2110::AID-CNCR1239>3.0.CO;2-Q
https://doi.org/10.1002/1097-0142(20010601)91:11<2110::AID-CNCR1239>3.0.CO;2-Q
https://doi.org/10.1002/1097-0142(20010601)91:11<2110::AID-CNCR1239>3.0.CO;2-Q
https://doi.org/10.1053/sonc.2002.34116
https://doi.org/10.1053/sonc.2002.34116
https://doi.org/10.1002/path.1365
https://doi.org/10.1002/cncr.20179
https://doi.org/10.1053/j.seminoncol.2004.03.011
https://doi.org/10.1053/j.seminoncol.2004.03.011
https://doi.org/10.1097/01.pas.0000152134.36030.b7
https://doi.org/10.1097/01.pas.0000152134.36030.b7

[16]

(17

(18]

[19]

[20]

(21]

(22]

(23]

(24]

(23]

26

[27

(28]

[29]

M.G. Cook et al. | European Journal of Cancer 114 (2019) 1-7 7

Debarbieux S, Duru G, Dalle S, Béatrix O, Balme B, Thomas L.
Sentinel lymph node biopsy in melanoma: a micromorphometric
study relating to prognosis and completion lymph node dissec-
tion. Br J Dermatol 2007;157(1):58—67. https://doi.org/10.1111/j.
1365-2133.2007.07937 x.

Riber-Hansen R, Sjoegren P, Hamilton-Dutoit SJ, Steiniche T.
Extensive pathological analysis of selected melanoma sentinel
lymph nodes: high metastasis detection rates at reduced workload.
Ann Surg Oncol 2008;15(5):1492—501. https://doi.org/10.
1111/apm.12240.

Scolyer RA, Murali R, McCarthy SW, Thompson JF. Pathologic
examination of sentinel lymph nodes from melanoma patients.
Semin Diagn Pathol 2008;25(2):100—11. https://doi.org/10.
1309/ TDWITRISTDMITG7Q.

Mitteldorf C, Bertsch HP, Zapf A, Neumann C, Kretschmer L.
Cutting a sentinel lymph node into slices is the optimal first step
for examination of sentinel lymph nodes in melanoma patients.
Mod Pathol 2009;22(12):1622—7. https://doi.org/10.1038/mod-
pathol.2009.137.

Lobo AZ, Tanabe KK, Luo S, Muzikansky A, Sober AJ, Tsao H,
et al. The distribution of microscopic melanoma metastases in
sentinel lymph nodes: implications for pathology protocols. Am J
Surg Pathol 2012;36(12):1841—8. https://doi.org/10.1097/PAS.
0b013e31826d259.

Zubovits J, Buzney E, Yu L, Duncan LM. HMB-45, S-100,
NKI1/C3, and MART-1 in metastatic melanoma. Hum Pathol
2004;35(2):217—23. https://doi.org/10.1016/j.humpath.2003.09.019.
Ordofiez NG. Value of melanocytic-associated immunohisto-
chemical markers in the diagnosis of malignant melanoma: a re-
view and update. Hum Pathol 2014;45(2):191—-205. https://doi.
org/10.1016/j.humpath.2013.02.007.

Prieto VG, Shea CR. Use of immunohistochemistry in melano-
cytic lesions. J Cutan Pathol 2008;35(Suppl 2):S1—10. https:
/ldoi.org/10.1111/j.1600-0560.2008.01130.x.

Vrotsos E, Alexis J. Can SOX-10 or KBA.62 replace S100 protein
in immunohistochemical evaluation of sentinel lymph nodes for
metastatic melanoma? Appl Immunohistochem Mol Morphol
2016;24(1):26—9. https://doi.org/10.1097/PAI.0000000000000146.
Shidham VB, Qi D, Rao RN, Acker SM, Chang CC,
Kampalath B, et al. Improved immunohistochemical evaluation
of micrometastases in sentinel lymph nodes of cutaneous mela-
noma with 'MCW melanoma cocktail’-a mixture of monoclonal
antibodies to MART-1, Melan-A, and tyrosinase. BMC Canc
2003 May 7;3:15. https://doi.org/10.1186/1471-2407-3-15.

Carson KF, Wen DR, Li PX, Lana AM, Bailly C, Morton DL,
et al. Nodal nevi and cutaneous melanomas. Am J Surg Pathol
1996;20(7):834—40. PMID: 8669531.

Gershenwald JE, Scolyer RA, Hess KR, Thompson JF, Long GV,
Ross MI, et al. Melanoma of the skin. In: Amin MB, Edge SB,
Greene FL, Byrd DR, Brookland RK, Washington MK, et al.,
editors. AJCC cancer staging manual. 8" ed. New York: Springer;
2017. p. 563—85.

Murali R, Cochran AJ, Cook MG, Hillman JD, Karim RZ,
Moncrieff M, et al. Interobserver reproducibility of histologic
parameters of melanoma deposits in sentinel lymph nodes: im-
plications for management of patients with melanoma. Cancer
2009;115(21):5026—37. https://doi.org/10.1002/cner.24298.

van Akkooi AC, Spatz A, Eggermont AM, Mihm M, Cook MG.
Expert opinion in melanoma: the sentinel node; EORTC Mela-
noma Group recommendations on practical methodology of the
measurement of the microanatomic location of metastases and
metastatic tumour burden. Eur J Cancer 2009;45(16):2736—42.
https://doi.org/10.1016/j.ejca.2009.08.015.

(30]

(31]

[32

[33

[34

35

[36]

[37

[38

[39

[40]

[41]

[42]

Dewar DJ, Newell B, Green MA, Topping AP, Powell BW,
Cook MG. The microanatomic location of metastatic melanoma
in sentinel lymph nodes predicts nonsentinel lymph node
involvement. J Clin  Oncol  2004;22:3345—9.  https:
/ldoi.org/10.1200/JCO.2004.12.177.

Eggermont AM, Chiarion-Sileni V, Grob JJ, Dummer R,
Wolchok JD, Schmidt H, et al. Prolonged survival in stage III
melanoma with ipilimumab adjuvant therapy. N Engl J Med
2016;375(19):1845—55. https://doi.org/10.1056/NEJMoal611299.
Long GV, Hauschild A, Santinami M, Atkinson V, Mandala M,
Chiarion-Sileni V, et al. Adjuvant dabrafenib plus trametinib in
stage III BRAF-mutated melanoma. N Engl J Med 2017;377(19):
1813—23. https://doi.org/10.1056/NEJMoal708539.

Carlson GW, Murray DR, Lyles RH, Staley CA, Hestley A,
Cohen C. The amount of metastatic melanoma in a sentinel
lymph node: does it have prognostic significance? Ann Surg Oncol
2003;10:575—81. https://doi.org/10.1245/AS0.2003.03.054.
Scolyer RA, Li LX, McCarthy SW, Shaw HM, Stretch JR,
Sharma R, et al. Micromorphometric features of positive sentinel
lymph nodes predict involvement of nonsentinel nodes in patients
with melanoma. Am J Clin Pathol 2004;122(4):532—9. https:
/ldoi.org/10.1309/TDWITR15STDMITGT7Q.

Vuylsteke RJ, Borgstein PJ, van Leecuwen PA, Gietema HA,
Molenkamp BG, Statius Muller MG, et al. Sentinel lymph node
tumor load: an independent predictor of additional lymph node
involvement and survival in melanoma. Ann Surg Oncol 2005;12:
440—8. https://doi.org/10.1245/AS0.2005.06.013.

van Akkooi AC, de Wilt JH, Verhoef C, Schmitz PI, van
Geel AN, Eggermont AM, et al. Clinical relevance of melanoma
micrometastases (<0.1 mm) in sentinel nodes: are these nodes to
be considered negative? Ann Oncol 2006;17:1578—85. https:
/ldoi.org/10.1093/annonc/mdl176.

Satzger I, Volker B, Al Ghazal M, Meier A, Kapp A, Gutzmer R.
Prognostic significance of histopathological parameters in sentinel
nodes of melanoma patients. Histopathology 2007;50:764—72.
https://doi.org/10.1111/j.1365-2559.2007.02681 .x.

Gershenwald JE, Andtbacka RH, Prieto VG, Johnson MM,
Diwan AH, Lee JE, et al. Microscopic tumor burden in sentinel
lymph nodes predicts synchronous nonsentinel lymph node
involvement in patients with melanoma. J Clin Oncol 2008;26:
4296—303. https://doi.org/10.1200/JCO.2007.15.4179.

van Akkooi AC, Nowecki ZI, Voit C, Schifer-Hesterberg G,
Michej W, de Wilt JH, 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 multi-
center study in 388 patients with positive sentinel nodes. Ann Surg
2008;248(6):949—55. https:
/Idoi.org/10.1097/SLA.0b013e31818fefe0.

Riber-Hansen R, Hamilton-Dutoit SJ, Steiniche T. Nodal distri-
bution, stage migration due to diameter measurement and the
prognostic significance of metastasis volume in melanoma sentinel
lymph nodes: a validation study. APMIS 2014;122(10):968—75.
https://doi.org/10.1111/apm.12240.

Rao UN, Ibrahim J, Flaherty LE, Richards J, Kirkwood JM.
Implications of microscopic satellites of the primary and extrac-
apsular lymph node spread in patients with high-risk melanoma:
pathologic corollary of Eastern Cooperative Oncology Group
Trial E1690. J Clin Oncol 2002;20(8):2053—7. https:
/ldoi.org/10.1200/JC0O.2002.08.024.

Crookes TR, Scolyer RA, Lo S, Drummond M, Spillane AJ.
Extranodal spread is associated with recurrence and poor survival
in stage III cutaneous melanoma patients. Ann Surg Oncol 2017
May;24(5):1378—85. https://doi.org/10.1245/s10434-016-5723-0.


https://doi.org/10.1111/j.1365-2133.2007.07937.x
https://doi.org/10.1111/j.1365-2133.2007.07937.x
https://doi.org/10.1111/apm.12240
https://doi.org/10.1111/apm.12240
https://doi.org/10.1309/TDWJTR15TDM1TG7Q
https://doi.org/10.1309/TDWJTR15TDM1TG7Q
https://doi.org/10.1038/modpathol.2009.137
https://doi.org/10.1038/modpathol.2009.137
https://doi.org/10.1097/PAS.0b013e31826d25f9
https://doi.org/10.1097/PAS.0b013e31826d25f9
https://doi.org/10.1016/j.humpath.2003.09.019
https://doi.org/10.1016/j.humpath.2013.02.007
https://doi.org/10.1016/j.humpath.2013.02.007
https://doi.org/10.1111/j.1600-0560.2008.01130.x
https://doi.org/10.1111/j.1600-0560.2008.01130.x
https://doi.org/10.1097/PAI.0000000000000146
https://doi.org/10.1186/1471-2407-3-15
http://refhub.elsevier.com/S0959-8049(19)30206-0/sref26
http://refhub.elsevier.com/S0959-8049(19)30206-0/sref26
http://refhub.elsevier.com/S0959-8049(19)30206-0/sref26
http://refhub.elsevier.com/S0959-8049(19)30206-0/sref26
http://refhub.elsevier.com/S0959-8049(19)30206-0/sref27
http://refhub.elsevier.com/S0959-8049(19)30206-0/sref27
http://refhub.elsevier.com/S0959-8049(19)30206-0/sref27
http://refhub.elsevier.com/S0959-8049(19)30206-0/sref27
http://refhub.elsevier.com/S0959-8049(19)30206-0/sref27
http://refhub.elsevier.com/S0959-8049(19)30206-0/sref27
http://refhub.elsevier.com/S0959-8049(19)30206-0/sref27
https://doi.org/10.1002/cncr.24298
https://doi.org/10.1016/j.ejca.2009.08.015
https://doi.org/10.1200/JCO.2004.12.177
https://doi.org/10.1200/JCO.2004.12.177
https://doi.org/10.1056/NEJMoa1611299
https://doi.org/10.1056/NEJMoa1708539
https://doi.org/10.1245/ASO.2003.03.054
https://doi.org/10.1309/TDWJTR15TDM1TG7Q
https://doi.org/10.1309/TDWJTR15TDM1TG7Q
https://doi.org/10.1245/ASO.2005.06.013
https://doi.org/10.1093/annonc/mdl176
https://doi.org/10.1093/annonc/mdl176
https://doi.org/10.1111/j.1365-2559.2007.02681.x
https://doi.org/10.1200/JCO.2007.15.4179
https://doi.org/10.1097/SLA.0b013e31818fefe0
https://doi.org/10.1097/SLA.0b013e31818fefe0
https://doi.org/10.1111/apm.12240
https://doi.org/10.1200/JCO.2002.08.024
https://doi.org/10.1200/JCO.2002.08.024
https://doi.org/10.1245/s10434-016-5723-0

	An updated European Organisation for Research and Treatment of Cancer (EORTC) protocol for pathological evaluation of senti ...
	1. Introduction
	2. Sectioning protocol
	3. Immunohistochemical staining
	4. Technical general comments
	5. Guidance on histopathological interpretation
	6. Recommended reporting
	7. Future studies
	Conflict of interest statement
	References


