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Relating specific genetic alterations to prognosis
may help improve prognostication in melanoma,
may identify key oncogenic drivers in cancer, and
may assist in developing targeted therapies. Char-
acteristic genetic alterations in melanoma include
chromosomal copy number aberrations. We evalu-
ated 97 melanomas (55 metastasizing and 42 non-
metastasizing) after a minimum 5-year follow-up in
a case-control study using fluorescence in situ hy-
bridization, targeting commonly altered chromo-
somal loci in melanoma. Eight probes arranged in
two panels were used, and 11 parameters were eval-
uated. Parameters showing a statistically significant
difference between the metastasizing and nonme-
tastasizing groups were evaluated with multivariate
logistic regression analysis to compare their prog-
nostic potential with other traditional prognostic
markers used by the American Joint Committee on
Cancer. Four of 11 parameters evaluated, including
CCND1 (alias Bcl-1) gain, CCND1 r-gain, MYC (alias
c-myc) gain, and MYC r-gain, had a statistically sig-
nificant difference in the metastasizing versus non-
metastasizing group. All four parameters main-
tained statistical significance when evaluated in
separate multivariate logistic regression analyses
that included the seven currently used American
Joint Commission on Cancer prognosticators in
melanoma. In multivariate analyses, these four pa-
rameters were second only to ulceration in their
prognostic potential. Copy number changes at
11q13 and 8q34 harboring CCND1 and MYC, respec-
tively, are highly associated with prognosis. Fluores-
cence in situ hybridization targeting these loci may be
a useful standardized prognostic marker in mela-
noma skin cancer. (J Mol Diagn 2011, 13:352–358; DOI:

10.1016/j.jmoldx.2011.01.011)
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The incidence and mortality rates of melanoma have
been increasing during the past few decades.1 The
American Cancer Society estimates that the lifetime risk
of developing melanoma is approximately 1 in 50 for
whites, 1 in 1000 for blacks, and 1 in 200 for Hispanics.
Overall, melanoma is the sixth most common cancer in
men and the seventh most common cancer in women; in
2009, 68,720 new cases of invasive melanoma and 8650
deaths were reported in the United States (http://www.
cancer.org/research/cancerfactsfigures/cancerfactsfigures/
cancer-facts-figures-2009, last accessed October 10, 2010).
Although the number of melanoma cancer–related deaths
continues to increase and treatment of advanced mela-
noma continues to show dismal results, there have been
several breakthroughs in the past decade. This includes
stratification of melanoma into molecular subtypes that cor-
relate to prognosis2 and targeted therapy that can be tai-
lored to the specific activated oncogenic pathway.3,4 For
example, specific targeted inhibitors, such as v-raf murine
sarcoma viral oncogene homolog B1 (BRAF) inhibitors or
v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene ho-
molog (KIT) inhibitors (eg, imatinib mesylate), have been
successfully used to treat patients with advanced mela-
noma.3,5 Therefore, identifying specific oncogenic path-
ways in melanoma can help stratify patients with melanoma
prognostically and predict therapeutic results.

In addition to somatic mutations, copy number aberra-
tions through gain of specific chromosomal segments
containing relevant oncogenes or loss of chromosomal
segments harboring critical tumor suppressor genes are
highly characteristic of melanoma. In fact, studies with
comparative genomic hybridization show that 95% of
melanomas have chromosomal copy number aberra-
tions.6 Frequent chromosomal copy number losses in-
clude deletions at 9p (82%), 10q (63%), 6q (28%), and
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8p (22%). Frequent copy number gains may occur at 7q
(50%), 8q (34%), 6p (28%), and 1q (25%), among oth-
ers.6 By using comparative genomic hybridization data,
we have recently been involved in the development of a
targeted fluorescence in situ hybridization (FISH) assay to
assist in the diagnosis of melanoma when the histopatho-
logical characteristics show ambiguous or conflicting
features.7 This assay looks for copy number gains in
11q13 (CCND1; alias Bcl-1) and imbalances in chromo-
some 6 with gains in the short arm at 6p25 (RREB1)
and/or loss of the long arm at 6q23 (MYB). In the devel-
opment of this assay, we previously published several
original observations8,9 linking high-level gains or ampli-
fication of CCND1 at 11q13 with poor prognosis in mel-
anoma. Thus, in our extensive experience using FISH to
evaluate chromosomal copy number aberrations in mel-
anoma, we observed the following: i) melanomas are
heterogeneous at the molecular level and may vary in the
specific chromosomal aberrations present, and ii) spe-
cific copy number aberrations may have significant prog-
nostic implications.

Copy number gains of specific oncogenes have been
linked to prognosis in several cancers. For example, ampli-
fication of v-erb-b2 erythroblastic leukemia viral oncogene
homolog 2 (ERBB2) has been associated with poor prog-
nosis in breast cancers,10 whereas elevated copy numbers
of the epidermal growth factor receptor (EGFR) gene are
highly associated with likely response and survival benefit
of non–small-cell lung cancer when treated with EGFR ty-
rosine kinase inhibitors.11 The goal of this study was to
evaluate the prognostic significance of the most common
chromosomal copy number aberrations in melanomas in a
case-control study looking at melanomas with and without
metastasis after prolonged follow-up.

Materials and Methods

After approval from the Northwestern University Robert H.
Lurie Comprehensive Cancer Center, Chicago, IL, and
the Northwestern University Internal Review Board, we
searched the Northwestern University dermatology and
surgical pathology archives for cases of melanoma with
documented metastasis. We identified 55 melanoma
cases from January 1, 1992, to December 31, 2007, in
which patients had documented metastasis and the
slides and tissue blocks were available. This included
patients with metastasis limited to the lymph nodes (n �
15), in-transit disease (n � 8), and distant metastasis (n �
32). Among the 15 patients with lymph node–limited dis-
ease, 8 had palpable lymph node disease and 7 had the
metastasis identified on sentinel node biopsy. Twenty-
seven of these patients were deceased as a result of their
disease. With the exception of one patient, all patients
from the metastatic group had a Breslow depth of at least
0.55 mm. We then searched for patients with melanoma
from the same time frame with a Breslow depth of at least
0.55 mm or greater, a minimum follow-up of 5 years, and
clear documentation of no disease recurrence/metasta-
sis. Forty-two such patients were identified, for whom

slides and tissue blocks were available. Only patients for
whom the slides, tissue blocks, and clinical course were all
available were included in the study. The histopathological
characteristics of all patients were verified by a dermato-
pathologist (P.G.). Along with the clinical course, for each
patient, Breslow depth, age, sex, site of disease, presence
or absence of ulceration, mitotic count, and Clark’s level
was recorded. Table 1 summarizes the characteristics of
the metastasizing and nonmetastasizing groups.

Probe Selection

We evaluated all 97 melanomas with probes targeting
eight distinct chromosomal loci frequently altered in mel-
anoma. This included RREB1 at 6p25, the chromosome 6
centromere (cen 6), v-myb myeloblastosis viral oncogene
homolog (MYB) at 6q23, and CCND1 at 11q13, which are
part of the melanoma diagnostic test used (Abbott Mo-
lecular Laboratories, Des Plaines, IL). We used four ad-
ditional probes targeting cyclin-dependent kinase inhib-
itor 2A (CDKN2A) at 9p21, the chromosome 9 centromere
(cen 9), v-myc myelocytomatosis viral oncogene ho-
molog (MYC; alias c-myc) at 8q34, and zinc finger protein
217 at 20q13. The latter four probes were identified in a
previous study as also being frequently altered in mela-
noma and, in a report in progress, we identified these
probes as highly complementary to the initial set of four
probes. In each panel, the FISH probes were labeled with
Spectrum Aqua, Spectrum Green, Spectrum Gold, and
Spectrum Red for simultaneous hybridization and enu-
meration. All FISH probes were obtained from Abbott
Molecular Laboratories and included both Vysis LSI and
CEP commercial and developmental probes.

FISH Analysis

All 97 cases, including 55 with metastasis and 42 without
metastasis, were analyzed by FISH with two probe sets. The
first probe set included the index probe set for melanoma,
targeting 6p25, 6q23, cen 6, and 11q13. The second set
included 9p21, cen 9, 8q34, and 20q13. A reviewer blinded
to the status of the case as metastasizing or nonmetasta-
sizing enumerated all specimens. Sufficient tissue with
high-quality hybridizations for enumeration was obtained in
97 of 97 patients with the first index probe set and in 91 of
97 patients with the second probe set.

In Situ Hybridization and Enumeration of FISH
Signals

The hybridization procedure was performed as previ-
ously described.7 The slides were analyzed with an epi-
fluorescence microscope equipped with single band-
pass filter sets (Abbott Molecular Inc.). The analyses
were performed by a trained technician and a dermato-
pathologist. All analyses were performed blinded to the
specimens’ diagnoses. Tumor-bearing areas were lo-
calized using the DAPI filter at low magnification. The
tumor area was then thoroughly inspected for the pres-
ence of nuclei harboring abnormal copy numbers of

any probe. Areas with the most significant copy num-
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ber changes were selected for enumeration. Wherever
possible, three abnormal areas were selected; within
each area, 10 random nuclei were analyzed under high
power (�60 objective). To qualify, nuclei had to be
nonoverlapping and had to harbor sufficiently bright
signals. Nuclei that showed no signals for more than
one probe were not analyzed. Thirty cells were enu-
merated in each specimen.

Statistical Analysis

Eleven parameters from the two probe sets were sub-
jected to statistical analysis: 8q34 gain (percentage of
cells with gains in 8q34 gain), 8q34 r-gain (average 8q34
value per cell), 11q13 gain, 11q13 r-gain, 6p25 gain,
6p25 r-gain, 6q23/cen6% loss (percentage of cells with a
loss of 6q23 relative to cen 6), 6p25/cen6% gain (per-
centage of cells with a gain in 6p25 relative to cen 6),
9p21/cen9% loss (percentage of cells with a loss in 9p21
relative to cen 9), 20q13 gain, and 20q13 r-gain.

For each specimen (n � 97), we calculated the follow-
ing 11 parameters that quantitate the level of gains in the
targeted chromosomal loci, including the targeted onco-
genes and the level of loss in targeted tumor suppressor
genes: percentage of cells with 8q34 gain, 8q34 r-gain,
11q13 gain, 11q13 r-gain, 6p25 gain, 6p25 r-gain, 6q23/
cen6% loss, 6p25/cen6% gain, 9p21/cen9% loss, 20q13
gain, and 20q13 r-gain. The values for each of these
parameters were compared between the metastasizing
and nonmetastasizing groups by the Student’s t-test for
the mean, the Wilcoxon rank sum test for the median, and

Table 1. Comparison of Metastatic and Nonmetastatic Samples o
for Melanoma

Variable Metastatic sample (n

Age (years)
Mean � SEM 66.0 � 2.1
Median (range) 67.0 (33–96)

Breslow tumor thickness (mm)
Mean � SEM 2.28 � 0.42
Median (range) 2.15 (0.15–16.0

Mitoses (No./mm2)
Mean � SEM 4.50 � 0.71
Median (range) 3.0 (0–20)

Sex*
Female 20 (36.4)
Male 35 (63.6)
Total 54 (100.0)

Clark’s level*
II or III 7 (13.2)
IV or V 46 (86.8)
Total 53 (100.0)

Ulceration*
Yes 26 (48.1)
No 28 (51.9)
Total 54 (100.0)

Site*
Trunk 21 (38.2)
Head and neck 14 (25.4)
Extremities 20 (36.4)
Total 55 (100.0)

AJCC, American Joint Committee on Cancer.
*Data are given as number (percentage) of each sample unless othe
logistic regression. Categorical variables were compared
between groups using Fisher’s exact test. The area under
the receiver operating characteristic curve was calculated
as the c-statistic in the logistic regression. There were 11
markers that were investigated. To account for multiple test-
ing, a Bonferroni adjustment to the significance criterion
was made so that any marker with at least one of the three
P values (t-test, rank sum test, or logistic regression)
�0.0045 (0.05/11) was analyzed in a multivariate analysis.
In the multivariate analysis, the statistical significance of the
selected marker was tested in the presence of the following
traditional melanoma risk factors: age (in years), sex (fe-
male or male), site of disease (head and neck, trunk, or
extremities), Clark’s level, Breslow depth (mm), mitoses (in
mm2), and presence of ulceration (yes or no). For each
marker, a pair of logistic regression models was esti-
mated: one using the marker plus all risk factors and one
stepwise model that selected only variables (marker or
risk factor) significant at P � 0.05. No variables were
forced into the stepwise model. A separate pair of multi-
variate analyses was performed for each marker, and the
marker remained statistically significant if that marker’s P
value in the multivariate analysis was �0.05.

Sample sizes of 55 metastatic samples and 42 non-
metastatic samples have 80% power to detect an abso-
lute difference in proportions of 23% or a mean difference
of 0.58 SDs, assuming a two-tailed test and a type I error
rate of 5%.

Results

Table 1 compares the metastatic and nonmetastatic sam-

itional Markers, Including All Prognosticators Used by the AJCC

) Nonmetastatic sample (n � 42) P value

59.9 � 2.5 0.03
62.5 (13–84) 0.001

2.16 � 0.35 0.06
1.43 (0.55–12.50) 0.11

2.33 � 0.36 0.01
1.5 (0–10) 0.12

12 (28.6) 0.51
30 (71.4)
42 (100.0)

13 (31.0) 0.044
29 (69.0)
42 (100.0)

3 (7.1) �0.0001
39 (92.9)
42 (100.0)

13 (31.0) 0.30
10 (23.8) 0.99
19 (45.2) 0.41
42 (100.0)

dicated.
n Trad

� 54

0)
ples on traditional markers, including all those used by
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the American Joint Committee on Cancer (AJCC) for mel-
anoma. The metastatic group was significantly older
(mean age, 66 years) compared with the nonmetastatic
group (mean age, 60 years). There was also a greater
frequency for Clark’s level IV or V in the metastatic group

Table 2. Comparison of Metastatic and Nonmetastatic Samples o

Investigational parameters

8q34 gain*
Mean � SEM
Median (range)

Logistic regression (c � 0.705): 8q34 r-gain*
Mean � SEM
Median (range)

Logistic regression (c � 0.686): 11q13 gain†

Mean � SEM
Median (range)

Logistic regression (c � 0.707): 11q13 r-gain†

Mean � SEM
Median (range)

Logistic regression (c � 0.686): 6p25 gain†

Mean � SEM
Median (range)

Logistic regression (c � 0.511): 6p25 r-gain†

Mean � SEM
Median (range)

Logistic regression (c � 0.512): 6q23/cen6% loss†

Mean � SEM
Median (range)

Logistic regression (c � 0.541): 6p25/cen6% gain†

Mean � SEM
Median (range)

Logistic regression (c � 0.497): 9p21/cen9% loss‡

Mean � SEM
Median (range)

Logistic regression (c � 0.541): 20q13 gain*
Mean � SEM
Median (range)

Logistic regression (c � 0.538): 20q13 r-gain‡

Mean � SEM
Median (range)

*n � 50 for the metastatic sample, and n � 41 for the nonmetastatic
†n � 55 for the metastatic sample, and n � 42 for the nonmetastatic
‡n � 49 for the metastatic sample, and n � 41 for the nonmetastatic

Table 3. Multivariate Logistic Regression Analysis of the Effect o
Traditional Melanoma Prognostic Factors

Factors �2 Value

Prognostic
Ulceration (present versus absent) 10.71
8q34 (MYC) gain 6.50
Sex (female versus male) 3.97
Clark’s level (IV to V versus II to III) 3.47
Site

Extremities versus trunk 2.91
Head and neck versus trunk 2.45

Breslow depth 1.78
Mitoses 0.23
Age 0.18

Stepwise
Ulceration (present versus absent) 11.02
8q34 (MYC) gain 6.03
Clark’s level (IV to V versus II to III) 4.01

n � 91.

*Odds of metastases in category of interest/odds of metastases in reference
†Fold change in odds because of a one-unit change in prognostic factor.
versus the nonmetastatic group (87% versus 69%). Not
surprisingly, the metastatic group also had more frequent
ulceration and a higher mean level of mitoses. The two
samples were comparable on Breslow thickness, median
level of mitoses, sex, and site of disease.

stigational Parameters

atic sample Nonmetastatic sample P value

0 � 2.6 25.6 � 3.0 0.0005
.7–96.7) 26.7 (0.0–66.7) 0.0008

0.0011
1 � 0.06 2.13 � 0.06 0.0023
.8–4.6) 2.20 (1.2–2.9) 0.0023

0.0043
6 � 3.2 27.0 � 3.1 0.0004
.3–96.7) 25.0 (0.0–76.7) 0.0005

0.0011
1 � 0.17 2.16 � 0.08 0.0009
.57–7.27) 2.10 (1.2–3.5) 0.0017

0.0070
8 � 2.7 48.1 � 3.3 0.76
.7–96.7) 45.0 (6.7–96.7) 0.85

0.76
9 � 0.07 2.58 � 0.08 0.97
.7–3.9) 2.49 (1.4–4.1) 0.95

0.96
0 � 1.9 28.0 � 2.9 0.79
.7–67.9) 23.3 (0.0–93.3) 0.48

0.78
4 � 2.3 57.3 � 2.9 0.96
6.7–100.0) 57.2 (16.7–90.0) 0.86

0.96
7 � 2.4 49.6 � 3.4 0.61
0.0–96.7) 46.7 (3.3–100.0) 0.50

0.60
7 � 2.5 44.8 � 3.4 0.46
3.3–100.0) 43.3 (2.0–93.3) 0.53

0.45
9 � 0.17 2.56 � 0.09 0.88
.6–10.0) 2.43 (1.5–4.2) 0.38

.

.

.

(MYC ) Gain on Predicting Metastases in the Presence of Various

ds ratio* 95% Confidence interval P value

0.41 3.36–125.0 0.0011
1.042† 1.010–1.075 0.0108
4.15 1.02–16.87 0.046
3.89 0.93–16.13 0.062

2.00 0.4–8.74 0.088
0.47 0.12–1.89 0.13
1.19† 0.92–1.54 0.28
0.96† 0.81–1.14 0.63
1.007† 0.974–1.042 0.67

0.3 2.6–40.0 0.0009
1.035† 1.007–1.065 0.0014
3.66 1.03–12.99 0.045
n Inve

Metast

40.
40.0 (6

2.4
2.33 (1

43.
43.3 (3

2.8
2.47 (1

46.
46.7 (6

2.5
2.47 (1

29.
26.7 (6

57.
53.3 (1

51.
50.0 (2

41.
40.0 (1

2.5
2.37 (1

sample
f 8q34

Od

2

1

category.
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Table 2 compares the metastatic and nonmetastatic
samples on the 11 investigational parameters. By using
the criterion of any test for an individual marker having to
be �0.0045, four of the 11 markers are significantly dif-
ferent between the two samples. The 8q34 (gain and
r-gain) and 11q13 (gain and r-gain) values are all signif-
icantly higher in the metastatic sample compared with the
nonmetastatic sample. Table 3, Table 4, Table 5, and
Table 6 provide the multivariate analyses for these four
markers. In all analyses, all four markers remained sta-
tistically significant (P � 0.05) after adjusting for the tra-
ditional markers of age, sex, site of disease, Clark’s level,
Breslow depth, presence of mitoses, and presence of
ulceration. In fact, in all four multivariate analyses, the
markers were second only to ulceration in their prognos-
tic power in our data set, with 8q34 (MYC) gain having a
P value of 0.0108 and, when performed stepwise, a P
value of 0.0014. In the multivariate analysis, the 11q13
(CCND1) gain had a P value of 0.0045 and, when per-

Table 4. Multivariate Logistic Regression Analysis of the Effect o
Various Traditional Melanoma Prognostic Factors

Factors �2 Value

Prognostic
Ulceration (present versus absent) 10.82
8q34 (MYC) r-gain 4.97
Clark’s level (IV to V versus II to III) 3.53
Sex (female versus male) 3.26
Site

Extremities versus trunk 2.18
Head and neck versus trunk 1.72

Breslow depth 0.93
Age 0.43
Mitoses 0.28

Stepwise
Ulceration (present versus absent) 12.17
8q34 (MYC) r-gain 5.80
Clark’s level (IV to V versus II to III) 3.88

n � 91.
*Odds of metastases in category of interest/odds of metastases in re
†Fold change in odds because of a one-unit change in prognostic fa

Table 5. Multivariate Logistic Regression Analysis of the Effect o
Various Traditional Melanoma Prognostic Factors

Factors �2 Value

Prognostic
Ulceration (present versus absent) 11.34
11q13 (CCND1) gain 8.06
Clark’s level (IV to V versus II to III) 4.02
Sex (female versus male) 2.21
Site

Head and neck versus trunk 1.46
Extremities versus trunk 1.41

Breslow depth 0.76
Age 0.71
Mitoses 0.08

Stepwise
Ulceration (present versus absent) 12.44
11q13 (CCND1) gain 8.85
Clark’s level (IV to V versus II to III) 4.78

n � 97.

*Odds of metastases in category of interest/odds of metastases in reference
†Fold change in odds because of a one-unit change in prognostic factor.
formed stepwise, a P value of 0.0029, again second only
to ulceration in its prognostic power.

Discussion

Several different oncogenic mutations and chromo-
somal copy number aberrations may be present within
melanoma skin cancer.12,13 In the era of targeted mo-
lecular therapy for cancer, it is critical to identify key
oncogenic pathways acting as drivers of the cancer.
These critical activated pathways are the basis for new
drug development and future targeted therapies. This
has been demonstrated in several other cancers, such
as non–small-cell lung cancer, in which EGFR copy
number aberrations have been tightly associated with
response to EGFR tyrosine kinase inhibitors.11

Further improving prognostication in itself is significant in
melanoma skin cancer. For example, the outcome for pa-

(MYC ) R-Gain on Predicting Metastases in the Presence of

ds ratio* 95% Confidence interval P value

1.60 3.46–134.70 0.0010
7.96† 1.28–49.38 0.026
3.92 0.94–16.39 0.060
3.52 0.90–13.77 0.071

0.53 0.14–2.04 0.14
1.77 0.40–7.75 0.19
1.13† 0.88–1.45 0.33
1.011† 0.978–1.046 0.51
0.95† 0.80–1.14 0.60

1.5 2.9–45.5 0.0005
7.73† 1.46–40.86 0.016
3.61 1.01–12.99 0.049

category.

(CCND1) Gain on Predicting Metastases in the Presence of

ds ratio* 95% Confidence interval P value

7.90 3.34–95.96 0.0008
1.04† 1.01–1.07 0.0045
4.35 1.03–18.18 0.045
2.64 0.73–9.52 0.14

1.79 0.43–7.54 0.23
0.66 0.18–2.41 0.23
1.11† 0.88–1.39 0.38
1.015† 0.981–1.050 0.40
0.98† 0.85–1.13 0.77

3.7 3.2–58.9 0.0004
1.040† 1.013–1.066 0.0029
4.5 1.16–14.93 0.029
f 8q34

Od

2

1

f 11q13

Od

1

1

category.
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tients with early- to intermediate-stage (ie, stage IB to IIIB)
melanoma may be highly variable. Patients with stage IIB
disease have a 10-year survival rate between 50% and
60%.1 Therefore, these patients have an approximately
equal chance of being dead of disease or alive at 10 years
after their diagnosis. The development of standard tests that
can be used to improve staging in such patients would be
of significant benefit as far as keeping physicians and their
patients better informed and more capable of personalized
medicine and optimal management decisions. This would
also allow better stratification of patients for clinical trials.
FISH is an ideal platform for the development of a standard-
ized prognostic test. FISH can be used with good interob-
server reliability in melanoma.7 Further FISH identification of
copy number aberrations of critical oncogenic pathways has
already been developed as a standard prognostic test in other
cancers, such as breast cancer, in which copy number gains/
amplifications of Her-2/neu are (ERBB2) highly prognostic.10,14

In this study, we evaluated 97 melanomas, of which 55
resulted in metastasis and 42 did not result in metastasis,
with FISH targeting several key chromosomal loci frequently
altered in melanoma. In this evaluation, copy number gains
in the chromosomal loci harboring CCND1 (11q13) and
MYC (8q34) emerged as most highly linked to metastasis. In
the multivariate analysis, copy number gains at 11q13
(CCND1) and 8q34 (MYC), whether measured by the per-

Table 6. Multivariate Logistic Regression Analysis of the Effect o
Various Traditional Melanoma Prognostic Factors

Factors �2 Value

Prognostic
Ulceration (present versus absent) 11.12
11q13 (CCND1) r-gain 5.82
Clark’s level (IV to V versus II to III) 4.09
Sex (female versus male) 2.10
Site

Extremities versus trunk 1.92
Head and neck versus trunk 1.67

Breslow depth 0.59
Age 0.36
Mitoses 0.06

Stepwise
Ulceration (present versus absent) 12.17
11q13 (CCND1) r-gain 6.82
Clark’s level (IV to V versus II to III) 4.99

n � 97.
*Odds of metastases in category of interest/odds of metastases in re
†Fold change in odds because of a one-unit change in prognostic fa
centage of cells with gains at these loci or the average copy
number per cell at these loci, showed a highly statistically
significant association with the metastatic group. When
compared with all of the traditional prognosticators used by
the AJCC in the multivariate analysis, the strength of the
association between copy number gains at these loci and
metastasis was second only to ulceration. Although the
copy number changes at 11q13 and 8q34 characteristically
seen in melanoma may include broad segments of the
chromosomes, including multiple other genes in addition to
CCND1 and MYC, the linkage of these genes with metas-
tasis along with their well-recognized role in cell cycle reg-
ulations suggests further study is necessary to evaluate
whether these genes may, in fact, be key oncogenic drivers
of melanoma. The highly significant P values confirm the
nonrandom association of copy number changes in the
chromosomal loci containing these genes with metastasis.
More important, 11q13 gain, 11q13 r-gain, 8q34 gain, and
8q34 r-gain maintained their significance in the multivariate
analysis when compared with other traditional markers
used by the AJCC. This indicates that these markers that
can easily be evaluated by a standardized FISH assay
(Figure 1, A and B) may allow for further stratification of
patients into prognostically significant subgroups. Our data
support the findings of other investigators6 that copy num-
ber gains/amplifications in 11q13 and 8q34 are frequently

Figure 1. A: FISH image with the spectrum
green fluorochrome showing melanoma with
prominent gains in 11q13 (CCND1) (original
magnification, �1000). B: FISH image with the
spectrum red fluorochrome showing melanoma
with prominent gains in 8q34 (MYC) (original
magnification, �1000).

(CCND1) R-Gain on Predicting Metastases in the Presence of

ds ratio* 95% Confidence interval P value

8.51 3.33–102.85 0.0009
3.33† 1.25–8.83 0.016
4.37 1.05–18.18 0.043
2.55 0.72–9.04 0.15

0.58 0.16–2.12 0.17
1.75 0.43–7.20 0.20
1.09† 0.88–1.36 0.44
1.010† 0.977–1.045 0.55
0.98† 0.85–1.14 0.81

3.52 3.13–58.44 0.0005
3.54† 1.37–9.16 0.009
4.39 1.20–15.87 0.026

category.
f 11q13

Od

1

1
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present in melanoma. Furthermore, to our knowledge, this is
the first study highly linking specific copy number gains at
11q13 and 8q34 to poor prognosis in cutaneous melanoma.
Further research is necessary to elucidate the association of
elevated chromosomal copy numbers from these loci and
prognosis. One possibility is that CCND1 and MYC are, in fact,
oncogenic drivers in melanoma. However, an alternative ex-
planation may be that alterations in the chromosomal loci car-
rying these genes are an indicator of severe genetic instability.

These findings may also have significant theragnostic
relevance. Because both CCND1 and MYC are down-
stream of KIT, BRAF, and NRAS, it is not unlikely that MYC
gains may have a similar effect.15 Oncogenic activation
of the mitogen-activated protein kinase pathway leads to
increased signal transduction of several cytoplasmic ki-
nases, eventually leading to signal transduction into the
nucleus, resulting in transcription of MYC and a host of
other nuclear transcription factors. The MYC oncoprotein
then binds to the DNA causing transcriptional activation
of CCND1 and other growth–related genes. The ultimate
outcome of activation of these oncogenic pathways is
progression through the cell cycle after activation of cy-
clin–dependent kinases by CCND1 and other cyclins.15

CCND1 directly phosphorylates retinoblastoma protein,
allowing cells to move beyond the G1 phase into the S
phase. Comparative genomic hybridization data show
deletions in cyclin-dependent kinase inhibitor 2A, a direct
inhibitor of CCND1, in �60% of melanomas.6 This further
emphasizes the importance of unregulated activity of
CCND1 in tumor progression.

Currently used targeted therapies for melanoma, in-
cluding BRAF inhibitors [eg, sorafenib or compound PLX-
4032 (Plexxikon Inc., Berkeley, CA)] and KIT inhibitors
(eg, imatinib), have shown dramatic responses; however,
these responses occur only in a few patients with mela-
noma, including those with known mutations in the re-
spective oncogene BRAF or KIT.3,5,16,17 This may be
related to the presence of other activated downstream
oncogenes. Therefore, it is possible that there may be
prognostic and theragnostic value to further classify
BRAF- or KIT-mutated patients into those with high-level
copy number aberrations in CCND1 or MYC and those
without either of these aberrations. Further studies are
needed to determine whether CCND1 and MYC are, in
fact, playing a role in tumor progression in melanomas,
with gains at 11q13 and 8q34, and whether copy number
gains in either of these two loci influence the response to
treatment with BRAF or KIT inhibition.
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