Original Paper

Ocular Oncology
adPathology

Ocul Oncol Pathol 2017;3:87-94
DOI: 10.1159/000451001

Received: August 18,2016
Accepted after revision: September 11,2016
Published online: October 29, 2016

Uveal Melanoma Regression after
Brachytherapy: Relationship with
Chromosome 3 Monosomy Status

Sachin M. Salvi® Hassan A. AzizP Suhail Dar¢
Brandy Hayden-Loreck® Arun D. Singh®

Nakul Singh*©

aSheffield Ocular Oncology Service, Department of Ophthalmology, Royal Hallamshire Hospital, Sheffield, UK;
bDepartment of Ophthalmic Oncology, Cole Eye Institute, Cleveland Clinic, and <Case Western Reserve University

School of Medicine, Cleveland, Ohio, USA

Key Words
Uveal melanoma - Chromosome 3 monosomy - Metastasis -
Prognostic factor

Abstract

Aim:The objective was to evaluate the relationship between
the regression rate of ciliary body melanoma and choroidal
melanoma after brachytherapy and chromosome 3 mono-
somy status. Methods: We conducted a prospective and
consecutive case series of patients who underwent biopsy
and brachytherapy for ciliary/choroidal melanoma. Tumor
biopsy performed at the time of radiation plaque placement
was analyzed with fluorescence in situ hybridization to de-
termine the percentage of tumor cells with chromosome 3
monosomy. The regression rate was calculated as the per-
cent change in tumor height at months 3, 6, and 12. The re-
lationship between regression rate and tumor location, ini-
tial tumor height, and chromosome 3 monosomy (percent-
age) was assessed by univariate linear regression (R version
3.1.0). Results: Of the 75 patients included in the study, 8 had
ciliary body melanoma, and 67 were choroidal melanomas.
The mean tumor height at the time of diagnosis was 5.2 mm
(range: 1.90-13.00). The percentage composition of chro-
mosome 3 monosomy ranged from 0-20% (n = 35) to 81-
100% (n = 40). The regression of tumor height at months 3,

6, and 12 did not statistically correlate with tumor location
(ciliary or choroidal), initial tumor height, or chromosome 3
monosomy (percentage). Conclusion: The regression rate of
choroidal melanoma following brachytherapy did not cor-
relate with chromosome 3 monosomy status.

© 2016 S. Karger AG, Basel

Introduction

It has been over 50 years since Stallard [1] introduced
plaque radiation therapy or brachytherapy as a treatment
modality for ocular tumors (1962). The Collaborative Oc-
ular Melanoma Study (COMS) further established radia-
tion therapy as the primary treatment for medium-sized
choroidal melanomas [2]. Various radioactive isotopes
are used; with the gamma-radiating iodine 125 (1 125) [3]
being more commonly used in American centers while
the beta-radiating ruthenium 106 (Ru 106) is more com-
monly used in Europe [4, 5]. Whichever radioisotope is
used, regression in the thickness of the tumor is consid-
ered as one of the major factors denoting successful treat-
ment [6]. It is also accepted that larger tumors regress
more than smaller tumors after brachytherapy [7].

Various characteristics of the tumor such as size, loca-
tion, rate of growth, and extrascleral extension, amongst
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others, have been identified to be of prognostic value in
determining the risk of metastasis. The rate of regression
of the uveal melanoma following brachytherapy as a
prognostic factor for metastasis has been an issue of great
interest and debate. Rapid regression of uveal melanoma
following brachytherapy has been reported as an inde-
pendent risk factor for metastasis [8-10].

Loss of chromosome 3 (i.e. monosomy 3) is one of the
most significant determinants of tumor-related mortality
[11-14]. The proportion of cells demonstrating chromo-
some 3 monosomy within a tumor varies widely from 0%
(i.e. disomy 3) to 100% [15]. Increasing proportion of
chromosome monosomy 3 cells within tumors has been
correlated with worse prognosis [16].

Our study explores the relationship between the re-
gression rate of ciliary body melanoma and choroidal
melanoma following brachytherapy and percentage com-
position of chromosome 3 monosomy within the tumor.
The relationship between regression rate and initial tu-
mor height and tumor location was also investigated.

Materials and Methods

Study Design and Enrollment

This study was conducted at the Ophthalmic Oncology Ser-
vice, Cole Eye Institute, Cleveland, Ohio, USA. In this prospective,
consecutive, interventional case series, 150 patients with a clinical
diagnosis of uveal melanoma were enrolled. Prognostication fine-
needle aspiration biopsy was performed with the explicit purpose
to enroll in a simultaneously conduced adjuvant therapy trial
(ClinicalTrials.gov identifier: NCT01100528). Patients treated be-
tween May 2009 and July 2013 were included in this study. All
patients were informed about the investigational nature of the
study and provided written informed consent. Exclusion criteria
were age <18 years, prior therapy of the primary tumor, and evi-
dence of metastasis assessed at baseline. Therapy of the primary
tumor included brachytherapy, enucleation, or tumor resection
based upon the standard-of-care guidelines. Institutional Review
Board (IRB) approval was obtained (local IRB No.: case 5608-
CC666).

Data Collection

Baseline information of patients including sex, age, and lateral-
ity of the tumor was documented. In addition to detailed history
and visual acuity testing, ophthalmic examination was performed
using slit-lamp examination, slit-lamp biomicroscopy with a 90
diopter lens, gonioscopy, and indirect ophthalmoscopy (where in-
dicated). Ancillary studies including fundus photography, indo-
cyanine angiography, and ultrasonography with B scan and stan-
dardized A scan were performed based upon clinical examination.
The tumors’ largest basal diameter and height were measured us-
ing ophthalmoscopy and B/A scan ultrasonography. The measure-
ments were approximated to the nearest half millimeter. The loca-
tion of the tumor was classified as ciliary body (including ciliocho-
roidal) or choroidal.
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Treatment

Based on the clinical findings of the tumor, treatment modality
was planned and discussed with the patient. Patient preference was
taken into account. Broadly, treatment modality was radiation
brachytherapy, enucleation (for tumors that were too large for
brachytherapy), or local resection (for small anterior resectable tu-
mors).

Cytological/Fluorescence in situ Hybridization Analysis

All patients underwent cytogenetic analysis of a tumor sample
obtained by fine-needle aspiration biopsy using a 25-gauge needle
at the time of plaque placement [17, 18]. Anteriorly located tumors
had an open flap transscleral biopsy, while posteriorly located tu-
mors underwent a transvitreal biopsy under indirect ophthalmos-
copy visualization. The specimen was immediately taken to the
genetics laboratory in special transport media. Evaluation of the
specimen was performed by an accredited cytopathologist using
the fluorescence in situ hybridization (FISH) technique [15, 19].
The minimum number of cells required for cytogenetic analysis
was 200 cells; a smaller number of cells was considered to be an
inadequate sample. The percentage of monosomy 3 within the tu-
mor sample was reported as 0-20, 21-40, 41-60, 61-80, or 81-
100%.

Follow-Up

Patients were evaluated at the first postoperative visit within
1-4 weeks followed by every 3 months in the first year and every 6
months thereafter. At every visit, in addition to clinical evaluation,
each patient had ultrasonography to determine the height of the
tumor. Follow-up data for months 3, 6, and 12 were used for the
current study.

Statistical Analysis

From the collected database of 150 patients, only patients with
choroidal/ciliary body melanoma who were treated with brachy-
therapy and who had a definitive diagnostic cytological result of
melanoma were included in the current regression analysis study.
Patients whose uveal melanomas were treated with enucleation or
local resection (n = 49), who had iris or iridocilary tumors (n = 16),
and wherein cytology was inadequate for FISH analysis (n = 10)
were excluded. Thus, the final cohort included in the statistical
analysis was 75 patients.

Tumor regression was measured as a percentage of initial tu-
mor height. Differences in tumor regression between baseline
height, location, and the percentage of chromosome monosomy 3
were assessed by univariate linear regression at months 3, 6, and
12. All calculations were performed in R version 3.1.0.

Results

Of the 75 patients included in the study, 35 were male
and 40 were female. The age range of the patients was be-
tween 27 and 89 years. Patients <18 years of age were ex-
cluded from the study. Nine patients were younger than
45 and 66 patients were older than 45 years of age. The
mean age was 59.5 years. The right eye was involved in 41
patients, and the left eye in 34 patients. In 8 patients, the
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Fig. 1. Change in the tumor height of each
tumor from baseline to months 3, 6, 9, and
12 of follow-up after brachytherapy (n =

Follow-up (months)

75).

tumor was involving the ciliary body, while in 67 patients
the tumor was purely choroidal in location. None of our
patients had extraocular extension (table 1). All patients
responded to brachytherapy, and there were no tumor
recurrences in our study cohort.

The height of the tumors treated in our study was be-
tween 1.9 mm and a maximum of 13 mm (mean height:
5.15). Percentage monosomy identified was 0-20% in 35
patients, 21-40% in 5 patients, 41-60% in 7 patients, 61—
80% in 9 patients, and 81-100% in 10 patients. If the pa-
tients were to be divided in two large subgroups, 35 pa-
tients had less than 20% percentage monosomy, while 40
patients had more than 20% percentage monosomy.

Although the tumors were not classified according to
COMS criteria, the larger tumors (height more than 10
mm) showed greater regression than medium-sized tu-
mors (height between 5.1 and 9.9 mm), which in turn re-
gressed more than the small-sized tumors (height less
than 5 mm). This statistically insignificant trend was not-
ed at months 3, 6 as well as 12 of follow-up in terms of
absolute height (fig. 1) and the percentage of the original
height (fig. 2a). Each millimeter increase in baseline tu-
mor height was associated with 3.4, 4.4, and 5.1% reduc-
tion in height following radiation therapy at months 3, 6,
and 12, respectively (table 2). With regards to location,

Uveal Melanoma Regression after
Brachytherapy

Table 1. Basic demographic data of the study cohort (n = 75)

Sex

Male 35

Female 40
Age, years

Range 27-89

Average 59.51
Eye

Right 41

Left 34
Location

Ciliary body 8

Choroid 67
Height, mm

Mean 5.15

Range 1.90-13.00
Monosomy, %

0-20 35
21-40 5
41-60 7
61-80 9
81-100 10

Follow-up, months

3 75

6 75
12 67
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Fig. 2. Percent change in tumor height
from baseline to months 3, 6, 9 and 12 fol-
lowing brachytherapy. a The tumors are
grouped by initial tumor size: small tumors
(<5 mm height), medium-sized tumors (5-
10 mm height), and large tumors (>10 mm
height). b The tumors are grouped by loca- b
tion: choroidal and ciliary body location.
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Fig. 2. Percent change in tumor height =
from baseline to months 3, 6, 9 and 12 fol- =
lowing brachytherapy. ¢ The tumors are &
50
grouped by percent monosomy (<20 and
220%). The lower edge of the whisker rep-
resents the minimum value, the lower box
edge the 1st quartile, the thick line the me-
dian, the upper box edge the 3rd quartile,
and the upper edge of the whisker repre- ‘ ‘ ‘ ‘ ‘ ‘
sents the maximum value. Isolated dots are <20 220 <20 220 <20 220
outliers lying more than 1.5 times outside c Percent monosomy
the interquartile range.
Table 2. Average tumor height as the percentage of baseline at 3, 6, and 12 months of follow-up
Parameter n Tumor height (95% confidence limits)
3 months 6 months 12 months
Sex
Male 35 77 (70 to 83) 69 (63 to 76) 63 (54 to 71)
Female 40 81 (75 to 87) 72 (65 to 78) 63 (55 to 70)
Age, years
<45 9 68 (56 to 80) 62 (49 to 74) 53 (36 to 70)
>46 66 80 (76 to 85) 72 (67 to 76) 64 (58 to 69)
Eye
Right 40 79 (73 to 85) 72 (66 to 78) 62 (55 to 70)
Left 35 80 (74 to 86) 70 (63 to 77) 64 (56 to 72)
Location
Ciliary body 8 69 (56 to 82) 61 (47 to 74) 57 (42 to 73)
Choroid 67 80 (76 to 85) 72 (67 to 76) 63 (57 to 69)
p value 0.13 0.13 0.50
Height

For each 1 mm increase in height
p value
Chromosome 3 monosomy, %*

0to 20 34
21 to 40 5
41 to 60 7
61 to 80 9
81 to 100 10
p value

-3.4(-4.9t0 1.8)
<0.001

76 (69 to 83)

76 (59 to 93)

76 (61 to 90)

86 (73 to 99)

78 (67 to 90)
0.75

-4.4 (5.8 10 2.9)
<0.001

68 (61 to 75)

67 (49 to 84)

69 (54 to 84)

79 (65 to 93)

65 (53 to 77)
0.65

-5.1(~7t03.2)
<0.001

61 (53 to 69)

60 (41 to 79)

58 (42 to 74)

68 (51 to 86)

53 (39 to 67)
0.74

Statistical analysis of determinants. * FISH = Unknown status in 10 cases due to technical failure.
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Fig. 3. Scatter graph showing the percent
change of the initial height when plotted
against the percentage composition of
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ciliary body melanoma had a slightly higher percent re-
duction in tumor height when compared to choroidal
melanoma (statistically insignificant difference) (fig. 2b).

No statistically significant difference was identified be-
tween the tumors with a low or high percentage of chro-
mosome monosomy 3 cells (percent chromosome mono-
somy of <20% vs. 220%) (fig. 2c). Moreover, analysis
based upon composition (any percentage chromosome 3
monosomy cells) also did not reveal any difference (fig. 3).

Discussion

It has been previously reported that a higher rate of
regression following radiation therapy in uveal melano-
ma correlated with an increased risk of metastasis [8—10].
With the advent of genetic testing, monosomy 3 and gene
expression profiling are now considered as more reliable
prognostic indicator for metastatic potential in uveal
melanoma [11-14]. In the present study, the regression
rate in the height of uveal melanoma at months 3, 6, and
12 following brachytherapy did not correlate with chro-
mosome 3 monosomy status of the tumor sample.

Prior correlative studies that have assessed the rate of
regression of a tumor and its chromosome 3 status have
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reported conflicting results [20-22]. Rapid regression
was either noticed in a study limited to ciliochoroidal
melanoma [21] or in a study that included tumors treated
with transpupillary thermotherapy in addition to brachy-
therapy [20]. Chiam et al. [22] reported absence of cor-
relation between the rate of regression following radia-
tion therapy and chromosome 3 status in a larger study
(149 cases), supporting our observation. Similarly, other
studies assessing prognostication with gene expression
profiling have reported either lack of correlation with the
following radiation regression rate [23, 24] or reverse cor-
relation of rapid regression in tumors with better progno-
sis (table 3) [25].

To our knowledge, this is the first study to use FISH
analysis to explore the regression rates with the percent-
age of tumor cells with chromosome 3 monosomy as a
continuous variable. Whether the patients were subdivid-
ed into six discrete groups (0-20, 21-40, 41-60, 61-80,
and 81-100%) or in two larger groups (<20 or > 20%)
depending on the percentage of chromosome 3 mono-
somy status of tumor cells, the statistical difference in re-
gression rates amongst any of the groups was not ob-
served. Moreover, the location (ciliary vs. choroidal) or
initial height of the tumor also had no statistical correla-
tion with the regression rates following radiation therapy.
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Table 3. Correlation between the regression of uveal melanomas and chromosome 3 status

Firstauthor =~ Year n  Therapy Prognostication ~ Outcome Result
[ref.] technique
Shields [20] 2008 270 Plaque radiation MSA The overall regression rate (59  Regression rate greater with
(T125)+ TTT and 71%) at 12 and 15 months, chromosome 3 loss
respectively
Marathe [21] 2011 40 Plaque radiation FISH Decrease in thickness at 1.75 Regression greater with
(I'125) years chromosome 3 loss (only
ciliochoroidal melanoma)
Chappell [23] 2012 197 Proton radiation GEP Mean change in thickness or Regression rate not related to
overall rate of thickness change ~ GEP class
at 24 months
Correa [24] 2014 50 Plaque radiation GEP Mean tumor thickness and Regression rate not related to
(I'125) percent regression (29 and 31)  GEP class
at 3 and 6 months
Chiam [22] 2014 149 Plaque radiation FISH/ Percent reduction in thickness ~ Regression rate not related to
(Ru 106) MLPA/MSA at 6 months chromosome 3 loss
Rao [25] 2015 138 Plaque radiation GEP Mean reduction in tumor Class 1 uveal melanoma
(I'125) thickness at 3 months tumors exhibit more rapid
early tumor regression than
class 2 tumors
Present study 2015 75 Plaque radiation FISH Percent reduction in thickness ~ Regression rate not related to

(1125)

at 12 months

chromosome 3 loss

Review of published studies. MSA = Microsatellite assay; GEP =

gene expression profiling; MLPA = multiplex ligation-dependent

probe amplification; TTT = transpupillary thermotherapy.

Our results are in agreement with some of the previously
reported studies [19, 21, 23].

A prospective study design, cytopathologic confirma-
tion of uveal melanoma, standardized posttreatment fol-
low-up, and use of percentage chromosome 3 monosomy
composition as a continuous variable within the tumor
are some of the strengths of our study. As our study was
strongly weighted to choroidal melanoma (89%), the re-
sults cannot be extended to ciliary body melanoma.

In conclusion, our study shows that regression rates
following radiation therapy do not correlate with chro-
mosome 3 monosomy status of the choroidal melanoma.
Hence, the regression rate of choroidal melanoma follow-
ing brachytherapy cannot be used as an independent
prognostic factor.
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