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Fluorescence in situ hybridization as a tool for
microstaging in malignant melanoma
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Up to 30-50% of melanomas arise in association with a nevus. Accurately defining, the nevus from the
melanoma can significantly affect microstaging. Recently, we showed that a targeted fluorescence in situ
hybridization (FISH) assay could distinguish between benign nevi and melanoma with a sensitivity of 87% and
specificity of 95%. In this study, we evaluated the potential of this same assay for use in the microstaging of
melanoma. We performed FISH on 36 cases of melanoma occurring in association with a nevus and 6 cases of
nevoid melanoma with deep dermal involvement. In the melanomas with associated benign nevi, FISH
enumeration was performed separately on the histologically malignant and benign components. In the nevoid
melanomas, FISH was performed on the deep dermal areas. On the basis of the criteria developed in our earlier
studies, we determined the sensitivity of the assay within the malignant areas and the specificity within the
benign areas of melanomas with associated nevi. In addition, we evaluated the sensitivity and specificity within
a group of six nevoid melanomas with deep dermal involvement. Among melanomas with associated nevi, 28 of
36 cases (78%) tested positively in the histologically malignant areas. The benign nevus components were
uniformly negative for all criteria. Six of six nevoid melanomas (100%) tested positively in the deep dermal area.
FISH analysis with probes targeting 6p25, 6923, 11913 and CEP6 can effectively discriminate the malignant and
benign components of melanomas with associated nevi and can be used as an adjunctive tool for microstaging.
The assay has high sensitivity for the malignant areas of nevus-associated melanomas and outstanding
specificity for the benign areas. The sensitivity is independent of the morphological features, and the assay

performs well in nevoid melanoma cases.
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Cutaneous melanoma is one of the most aggressive
cancers with increasing incidence worldwide.* The
American Cancer Society predicted 62480 new
cases of invasive melanoma in the United States in
2008 and that 8420 people would die of melanoma
within the year.? Currently, Breslow’s depth is the
most significant prognostic factor from the primary
skin lesion for cutaneous melanomas. Hence, an
accurate assessment of the Breslow’s depth is crucial
to providing accurate prognostic information and
determining management issues, such as margins of
excision and whether or not to perform a sentinel
node biopsy.? It has been reported that up to 30-50%
of cutaneous melanomas occur with an associated
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nevus.*® Hence in 2008, between 18 744 and 31 240
cases of invasive melanoma were predicted to occur
with an associated nevus.”® These numbers are
likely underestimates because of under-reporting.
Determining an accurate Breslow’s measurement
can be especially difficult in cases of melanoma
arising with an associated nevus.” Independent of
whether the initial precursor nevus is junctional or
compound, over 99% of the melanomas begin at the
dermal-epidermal junction before invading the
dermis. Therefore, the deepest part of the neoplasm
within the dermis frequently consists of a benign
nevus. However, if the precursor nevus is dysplastic
or shows significant atypia or pleomorphism, it can
be extremely difficult to determine the line of
transition between melanoma and nevus and,
subsequently, the precise Breslow’s depth. The
measurement of Breslow’s depth may be further
complicated in cases of nevoid melanomas or in
cases of melanoma with paradoxical maturation. In
the latter, the deepest portion of the melanoma can
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show diminution in the size of nests and individual
cells, thereby mimicking the pattern of a benign
nevus.®

We have shown earlier that a fluorescence in situ
hybridization (FISH) assay targeting 6p25 (RREB1),
6q23 (MYB), 11q13 (CCND1) and CEP6 could
distinguish benign and malignant melanocytic neo-
plasms with high sensitivity and specificity.® In this
study, we evaluated 36 melanomas with associated
nevi and 6 nevoid melanomas with deep dermal
involvement using FISH with probes targeting 6p25,
6q23, CEP6 and 11q13. Using criteria that we have
established earlier and optimized for distinguishing
benign and malignant melanocytic neoplasms with
this probe set, our goal was to evaluate (1) the
percentage of melanomas with associated nevi
testing positively with this test, (2) the utility of
this assay in evaluating nevoid melanomas and (3)
the utility of FISH targeting the above loci as a tool
for microstaging in melanoma to improve the
accuracy of the Breslow’s assessment.

Materials and methods

After obtaining approval from the IRB and North-
western University Cancer Center, we reviewed our
dermatopathology files at Northwestern University
for cases of melanoma arising within a precursor
nevus and cases of nevoid melanomas. For cases of
melanoma with associated nevi, we selected only
cases in which there was no histological ambiguity
and in which well-defined benign and malignant
components could be identified in the same sec-
tions. In many cases, the histological findings
were those of a compound melanocytic neoplasm,
with the junctional component consisting primarily
of melanoma in situ and the dermal component
being a benign precursor or coexisting nevus. Some
cases with invasive melanoma were also used in
which the benign component was sufficiently
distinct in its position in the sections, allowing it
to be easily identifiable in FISH sections. Thirty-six
cases from 2000 to 2008 met these criteria. Table 1
contains demographic information including the
age and sex of the patient in addition to the site,
histological subtype and Breslow’s depth of the
melanoma. Six cases of nevoid melanomas
with deep dermal involvement were also evaluated
(Table 2).

Probes targeting four loci were used for FISH
evaluation on the basis of the results of our earlier
study.® These included Ras Responsive Element-
Binding Protein-1 (VysisLSI RREBI1-Spectrum
Red), myeloblastosis (VysisLSI MYB-S Gold),
cyclin D1 or chromosome 11q (VysisLSI CCND1-
Spectrum Green) and centromeric enumeration
probe control for chromosome 6 (VysisLSI CEP6-
Spectrum Aqua) from Abbott Molecular Inc. (Des
Plaines, IL, USA).
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Table 1 Demographic information and classification for melano-
mas with associated nevi

Subject Age Sex Site Subtype Breslow’s
depth (mm)
1 62 M Tragus SS 0.43
2 60 M Forearm SS 0
3 72 M Back SS 1.16
4 51 M Forearm SS 0.74
5 66 F  Leg SS 0.75
6 50 M Leg SS 0.23
7 44 M Chest SS 1.3
8 49 M Back SS 0.67
9 26 M Chest SS 0
10 56 F Forearm SS 0
11 40 F Scapula SS 0.6
12 67 F Forearm SS 0.35
13 24 F Back SS 0.32
14 64 M Back SS 0
15 30 F Back SS 0
16 31 F Leg SS 1.27
17 17 M Abdomen SS 0
18 82 M Back SS 0
19 44 F Back SS 0
20 60 F Cheek SS 0.9
21 24 F Anterior neck  SS 0.38
22 71 M Back SS 0
23 26 M Back SS 0.42
24 44 F Back SS 0
25 62 F Ankle SS 0.13
26 58 M Back SS 0
27 28 M Back SS 0
28 30 M Back SS 0
29 42 M Scalp vertex SS 0.8
30 53 M Back Nodular 1.7
31 27 F Buttock SS 0
32 18 F Forearm SS 0
33 72 F Back SS 0
34 40 M Back SS 0.28
35 76 M Back SS 0.67
36 67 M Back SS 0

SS, superficial spreading.

FISH for formalin-fixed paraffin-embedded tissue
was performed for all cases.® Sections of 5um
thickness were mounted onto SuperFrost Plus
positively charged slides (ThermoShandon, Pitts-
burgh, PA, USA), baked at 56°C overnight, de-
paraffinized, submersed in 1x SSC, pH 6.3, at
80°C for 35 min and washed in water for 3 min. After
protease digestion (4mg pepsin/ml 0.2N HCI) at
37°C for 15min, sections were rinsed in water
for 3 min, passed through graded ethanol and dried.
Hybridizations were carried out at 37°C for 16—18h
in an automated co-denaturation oven (HYBrite or
ThermoBrite Denaturation/Hybridization System;
Abbott Molecular Inc.) according to the manufac-
turer’s instructions. Sections were placed in
washing buffer (2x SSC/0.3% NP40; Abbott
Molecular Inc.) at room temperature for 2—10 min
to remove the coverslips and then immersed in
73°C washing buffer for 2min, dried and mounted
with DAPI I antifade solution (Abbott Molecular
Inc.).



Table 2 FISH data for melanomas associated with nevi

Subject RREB1/CEP6 RREB1 MYB/CEP6 CCND1
gain gain loss gain

1 26/30 (0.87) 22/30 (0.73)  4/30 (0.13)  0/30 (0)
2 22/30 (0.73) 18/30 (0.60)  6/30 (0.20)  2/30 (0.07)
3 27/30 (0.90) 27/30 (0.90) 17/30 (0.57)  1/30 (0.03)
4 22/30 (0.73) 29/30 (0.97) 10/30 (0.33) 23/30 (0.77)
5 28/30 (0.93) 23/30 (0.77) 21/30 (0.70)  2/30 (0.07)
6 19/30 (0.63) 18/30 (0.60) 6/30 (0.20) 5/30 (0.17)
7 23/30 (0.77) 22/30 (0.73)  3/30 (0.10)  4/30 (0.13)
8 18/30 (0.60) 15/30 (0.50) 10/30 (0.33)  0/30 (0)
9 20/30 (0.67) 14/30 (0.47) 8/30 (0.27)  0/30 (0)
10 23/30 (0.77) 22/30 (0.73)  6/30 (0.20)  4/30 (0.13)
11 18/30 (0.6)  25/30 (0.83) 15/30 (0.50) 13/30 (0.44)
12 23/30 (0.77) 21/30 (0.70) 10/30 (0.33)  1/30 (0.03)
13 16/30 (0.53) 12/30 (0.40) 4/30 (0.13)  8/30 (0.27)
14 21/30 (0.70) 19/30 (0.63)  9/30 (0.30)  7/30 (0.23)
15 14/30 (0.47) 19/30 (0.63) 7/30 (0.23)  2/30 (0.07)
16 16/30 (0.53) 22/30 (0.73)  6/30 (0.20) 10/30 (0.33)
17 19/30 (0.63) 15/30 (0.5)  4/30 (0.13)  6/30 (0.20)
18 22/30 (0.73) 16/30 (0.53)  7/30 (0.23)  1/30 (0.03)
19 6/30 (0.20)  9/30 (0.30)  6/30 (0.20) 16/30 (0.53)
20 16/30 (0.53)  9/30 (0.30)  4/30 (0.13)  0/30 (0)
21 19/30 (0.63) 16/30 (0.53)  7/30 (0.23)  2/30 (0.07)
22 19/30 (0.63) 11/30 (0.37)  8/30 (0.27)  0/30 (0)
23 20/30 (0.67) 14/30 (0.47) 14/30 (0.47)  2/30 (0.07)
24 20/30 (0.67) 17/30 (0.57)  6/30 (0.20)  0/30 (0)
25 16/30 (0.53)  9/30 (0.30)  4/30 (0.13)  0/30 (0)
26 13/30 (0.44) 12/30 (0.40) 9/30 (0.30)  0/30 (0)
27 14/30 (0.47) 11/30 (0.37)  6/30 (0.20)  3/30 (0.10)
28 21/30 (0.70) 20/30 (0.67)  1/30 (0.03)  1/30 (0.03)
29 8/30 (0.27)  6/30 (0.2) 5/30 (0.17)  4/30 (0.13)
30 9/30 (0.30) 5/30 (0.17) 6/30 (0.20)  6/30 (0.20)
31 12/30 (0.40)  7/30 (0.23)  6/30 (0.20)  0/30 (0)
32 11/30 (0.37)  5/30 (0.17)  1/30 (0.03)  0/30 (0)
33 5/30 (0.17)  1/30 (0.03)  3/30 (0.10)  0/30 (0)
34 10/30 (0.33)  5/30 (0.17)  9/30 (0.30)  1/30 (0.03)
35 16/30 (0.53)  4/30 (0.13) 5/30 (0.17)  0/30 (0)
36 14/30 (0.47)  8/30 (0.27) 8/30 (0.27)  0/30 (0)

Bolded if met criteria.

In each case, an H&E-stained section from the
block was obtained followed directly by an un-
stained section for FISH. Benign and malignant
areas were mapped out on the H&E sections. For
cases of melanoma with associated nevi, a separate
evaluation was performed on the benign and
malignant components. For the cases of nevoid
melanomas, the evaluation was performed on the
deep dermal area.

The slides were analyzed with an epifluorescence
microscope equipped with single band-pass filters
(Abbott Molecular Inc.). The analyses were per-
formed by both three trained technicians and two
dermatopathologists. All analyses were performed
blinded of the specimens’ diagnoses. Tumor-bearing
areas were localized using the DAPI filter at low
magnification. The tumor area was then thoroughly
inspected for the presence of nuclei harboring
abnormal copy numbers of any probe. Areas with
the most significant copy number changes were
selected for enumeration. Wherever possible, three
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abnormal areas were selected, and within each area,
10 random nuclei were analyzed under high power
( x 60 objective). To qualify, nuclei had to be non-
overlapping and harbor sufficiently bright signals.
Nuclei that showed no signals for more than one
probe were not analyzed. Samples in which less
than 30 nuclei could be evaluated were excluded
from the study.

Criteria for a positive FISH result included (1)
gain in RREBI1 relative to CEP6 greater than 55% or
(2) gain in RREB1 greater than 29%, (3) loss in
MYB relative to CEP6 greater than 40% and (3) gain
in CCND1 greater than 38%. The sensitivity for the
FISH technique was calculated in comparison
with the gold standard of histological diagnosis
for melanoma. For cases with an associated
nevus, we qualitatively evaluated the benign areas,
and enumeration was performed if any significant
gains or losses were identified. We then determined
the overall percentage of cases meeting each
of the four criteria in the malignant areas as well
as in the benign areas. In the nevoid melanoma
cases, the evaluator was blinded to the histological
diagnosis.

Results

Among the 36 patients with melanomas associated
with nevi, the average age was 48.1 years with a
range from 18 to 82 years (Table 1). The female-to-
male ratio was 15:21. Twenty-three cases occurred
on the trunk as compared with nine cases on the
extremities and four head and neck cases. Thirty-
five cases were superficial spreading melanomas.
The remaining case was a nodular melanoma
(Figure 1).

In all, 28 of 36 (78%) cases of melanomas
associated with nevi met at least one of the four
criteria for melanoma in the malignant area as
reported in bold type (Table 2). All 28 cases met
the criteria for either RREB1 gain or RREB1/CEP6
imbalance primarily as a result of RREBI gain
(Figures 2 and 3). Only four cases met criteria for
loss in MYB/CEPG6, and three cases met criteria for
gain in CCND1. In all, 21 of the 36 (58%) cases
satisfied two criteria, whereas 5/36 (14%) cases met
three criteria in a single specimen. One of the 36
(3%) cases satisfied all the four criteria studied.

In the benign areas, the FISH evaluation was
unexceptionally negative (Figure 3). Hence, there
was 100% specificity for evaluation of the benign
nevus component.

Among the six cases of nevoid melanomas, the
average age was 47.2 years, with a range from 38 to
75 years of age (Table 3). The female-to-male ratio
was 4:2. All six cases were positive by at least one
criterion (Table 4). Five of the six (83%) nevoid
melanoma cases met malignancy criteria for RREB1
(Figure 4), 4/6 (67%) cases met criteria for RREB1/
CEP 6, 2/6 (33%) cases met criteria for gain in
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Figure 1 A representative low-power (a; H&E, x 200) photograph showing expansile nests of malignant melanocytes at the dermal—
epidermal junction with a gradual transition to smaller nests and cells in the dermis. At higher power (b; FISH, X 600), 6p chromosomal
gains are observed at the dermal-epidermal junction and (c; FISH, x 600) nests from the superior aspect show 6p chromosomal gains,
whereas deeper dermal nests show normal chromosomal copy numbers.

Fi

Figure 2 A representative low-power (a; H&E, x 100) photograph shows a melanoma in situ arising in a compound melanocytic
neoplasm. At higher power (b; H&E x400), there are highly atypical melanocytes along the dermal-epidermal junction and
(c; FISH x 600) 6p chromosomal gains are observed, which correspond to photograph in (b).

CCND1 and 1/6 (17%) case met criteria for loss in Discussion

MYB/CEPS6. Four of the six (67%) cases satisfied two

criteria, whereas 2/6 (33%) cases met three criteria Fluorescence in situ hybridization is a new and
in a single specimen. emerging tool for diagnosis in melanocytic neo-

Modern Pathology (2009) 22, 989—-995
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Figure 3 A representative high-power (a; H&E, x 400) photograph shows benign melanocytes within the dermis and (b; FISH, x 600)

normal chromosomal copy numbers.

Table 3 Demographic information and classification of nevoid
melanomas

Subject  Age Sex  Site Subtype Breslow’s
depth (mm)

1 75 M Forehead Nodular 1.05

2 41 F Shoulder Nodular 0.75

3 39 F Thigh Nodular 1.2

4 50 F Chest Nodular 0.55

5 38 M Neck Nodular 1.0

6 40 F Arm Nodular 0.75

Table 4 FISH data for nevoid melanomas

Subject RREB1/CEP6 RREB1 MYB/CEP6 CCND1
gain gain loss gain

1 22/30 (0.73) 14/30 (0.47) 3/30 (0.10) 4/30 (0.13)

2 13/30 (0.43) 19/30 (0.63) 10/30 (0.33) 11/30 (0.37)

3 13/30 (0.43) 29/30 (0.97) 25/30 (0.83) 23/30 (0.77)

4 25/30 (0.83)  8/30 (0.27) 2/30 (0.07)  1/30 (0.03)

5 17/30 (0.57) 27/30 (0.90)  7/30 (0.23) 20/30 (0.67)

6 19/30 (0.63) 25/30 (0.83) 6/30 (0.20) 9/30 (0.30)

Bolded if met criteria.

plasms.® FISH represents an ideal method for
analyzing melanomas with associated nevi and
correlating the findings to histomorphology, thus
our interest in evaluating its potential for microsta-
ging of melanoma.

In this study, we found that gains in 6p25 (RREB1)
and/or imbalance in chromosome 6, with gains in
6p25 combined with losses in 6q23 (MYB), are a
frequent finding in melanomas associated with a
precursor nevus. Hence, this probe set can perform
with good sensitivity in this subset of melanomas. It
is not surprising that most cases tested positive

secondary to an imbalance in chromosome 6,
whereas the probe for CCND1 did not play a
significant role because the majority of cases in this
study were from the trunk or extremities in areas of
intermittently sun-exposed skin rather than from
chronically sun-damaged skin.' It is of importance
to note that we did not find any significant
chromosomal aberrations with this probe set in the
areas that were considered benign histologically.

The test also performed well in the nevoid
melanomas, accurately detecting malignancy in the
deep dermal component of all six cases. This finding
shows that the test has the ability to detect
malignant melanocytes possessing morphological
features of nevi.

On the basis of the results of this study, we believe
that this probe set targeting 6p25, 623, 11q13 and
CEP6 can assess the malignant component of a
melanoma arising within a nevus with high sensi-
tivity and the benign component with high specifi-
city, thereby making it a useful adjunctive test for
evaluating Breslow’s depth. Our results suggest that
any area in the dermis meeting FISH criteria for
melanoma should be included in the Breslow’s
measurement. Importantly, in several cases in which
clearly malignant changes were noted histologically
however, sufficient chromosomal aberrations for a
diagnosis of melanoma by FISH were not detected.
Therefore, one cannot completely exclude or dis-
count dermal nests because of a negative FISH
result. However, our results from the evaluation of
nevoid melanomas suggest that the assay can per-
form well in detecting malignant dermal melano-
cytes even with nevoid features. Accordingly, the
FISH results should be interpreted in correlation
with the histological pattern to ensure optimal
diagnosis.

In conclusion, when used with histomorphologi-
cal correlation, FISH analysis using probes targeting
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Figure 4 A representative low-power (a; H&E, x 100) photograph shows atypical intermediate sized melanocytes, with a nevoid growth pattern in the dermis. At higher power, (b; H&E
% 400), there is a focus of malignant melanocytes within the dermis corresponding to (c; FISH, x 600) 6p chromosomal gains in the malignant cells.
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6p25, 6g23, 11q13 and CEP6 can be an extremely
helpful adjunctive tool in evaluating Breslow’s
depth in melanomas with associated nevi. FISH
results may prove particularly helpful in determin-
ing exact margins, the size of an excision in a
sensitive area or the need for sentinel lymph node
biopsy, all of which outweigh the cost of FISH
analysis. Any dermal component that tests positive
by our previously determined criteria can be
definitively regarded as melanoma and included in
the Breslow’s measurement. However, a negative
test result does not necessarily preclude that the
tumor cells in question are malignant. In cases that
are highly ambiguous or difficult, our recommenda-
tion is to first determine whether 6p25 gain, 6q23
loss or 11q13 gain is highly characteristic of the
definitively malignant areas. If a characteristic
chromosomal abnormality is detected in the clearly
malignant area, the absence of these same changes in
dermal areas would favor, but still not ensure,
benignity. The use of this assay could prove
extremely helpful in improving the accuracy of the
Breslow’s evaluation in difficult cases and establish-
ing malignancy in the deeper dermal components of
nevoid melanomas or in melanomas with pseudo-
maturation, which might otherwise be considered
an area of precursor nevus.
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