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Purpose: To analyze the postbrachytherapy ultrasonographic dynamics of uveal melanoma tumor height
and internal reflectivity.

Design: Prospective, comparative, observational case series.

Participants: One hundred forty-seven patients (147 eyes) with posterior uveal melanoma having a mean
age of 61 years (range, 29-97 years) who were treated with Ruthenium 106 brachytherapy.

Methods: Patients were followed-up with ultrasonography using both A and B modes of standardized
echography every 6.7 £ 0.3 months (mean = standard error of the mean) for a total of 1001 ultrasound
examinations. On average, each patient was examined 5.8 times (range, 3—-17 times). The echographic param-
eters included tumor base size, height, internal reflectivity, regularity, vascularity, and extra-scleral extension. To
compare the response of tumors of different sizes, each tumor was standardized to its initial size at brachytherapy.

Main Outcome Measures: The dynamics of the tumor height and internal reflectivity.

Results: At the time of brachytherapy, the mean height of the tumors was 5.2 mm (range, 2.2-11.8 mm).
After brachytherapy, 142 tumors (96.6%) responded by a decrease in height. The decrease in height was at an
initial rate of approximately 3% per month. Most of the tumors did not regress entirely; rather, their height
stabilized on a constant value (on average 61% of the initial height) after approximately 18 to 24 months. The
decrease in height after brachytherapy was best fitted by the sum of a first order exponential decay and a
constant (h = 61 + 35*¢ %2 in which t = time in months). The half-life of the decay was 5.8 months. Large
tumors (>8 mm) had a faster initial decrease in height, and stabilized on a lower percentage of their initial height
(50%) compared with small tumors (70%). Thus, the half-life of the height exponential decay was 5.3 months for
small tumors (2-4 mm) and 3.3 months for the large tumors (>8 mm). Internal reflectivity increased from a mean
of 40% before therapy to 70% after 2 years. The dynamics of the reflectivity were best fitted with the function:
f = 45 + 24(1-e~%°%). Larger tumors, which initially had lower internal reflectivity, presented with a slower
increase in internal reflectivity (t= = 8.7 months) compared with smaller tumors (t;,, = 5 months).

Conclusions: The postbrachytherapy ultrasonographic dynamics of uveal melanomas resemble a function
composed of the sum of a constant and a first order exponent, suggesting the possible existence of two
components (cell populations), one unaffected by brachytherapy and the other a radiosensitive population that
reacts to brachytherapy in an exponential decay. An exponential decay can imply that the postbrachytherapy
death of each tumor cell is a stochastic Markovian process that is independent of the death of other tumor cells.
Ophthalmology 2002;109:1137-1141 © 2002 by the American Academy of Ophthalmology.

Melanoma of the uveaisthe most common primary intraoc-
ular malignancy in adults. Uveal melanomas metastasize
relatively late; the 5-, 10- and 15-year survival rates based
on tumor-related mortality are reported to be 72%, 59%, and
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53%, respectively,>? compared with age-matched controls.
For patients with uveal melanoma, there is no curative
therapy if metastases have developed. The survival after
clinical diagnosis of hepatic metastasis is poor.>* To lower
melanoma-related mortality, it is essential to prevent or
eradicate metastatic disease.

Whereas enucleation was the original treatment for uveal
melanoma, Zimmerman et al® suggested that it can cause
dissemination of tumor emboli. This led to a shift toward
more conservative treatments intended to preserve the eye.
These treatments, such as brachytherapy® and external pro-
ton beam irradiation,” aim to destroy the tumor by irradia-
tion.2 However, it was shown that postirradiation, most
tumors shrink but do not disappear. Moreover, some studies
have shown that viable-appearing cells are found in the
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tumor’s remnant. Histopathologic examination of 42 enu-
cleated tumors that were previously irradiated showed re-
gressive features in al tumors, but only 5 melanomas were
completely necrotic, and viable-appearing tumor cells were
present in all of the remaining 37 irradiated tumors.® Using
proliferation markers such as PC-10 monaoclonal antibod-
ies'? and Ki-67 (Mib-1),*%*2 cell proliferation was shown to
exist in areas that were undertreated and in recurrent tumors.
The proliferative activity was shown to correlate well with
more aggressive metastatic tumors'®*® and other prognostic
variables, such as mitotic index and histologic largest tumor
diameter.1? Thus, the existence of viable, sometimes prolif-
erating, cells in amost al tumors postirradiation, although
they have not been proven to be of metastatic potential,
warrants long-term ultrasonic follow-up to detect and treat
regrowth.

Grange et a'* analyzed the rate of tumor regression in
127 uveal melanomas treated with Ru'® brachytherapy and
divided them into two groups: radio-sensitive tumors and
radio-resistant ones. Correlation between radio-sensitivity
and tumor cell type was obtained with intraoperative fine
needle aspiration biopsy and showed a prevalence of the
epithelioid type in the radio-sensitive group.

In the present study, we looked at the postbrachytherapy
ultrasonographic changes of tumor height and interna re-
flectivity to understand better the effects of brachytherapy
on uveal melanoma.

Materials and Methods

One hundred forty-seven consecutive patients who had uveal ma-
lignant melanoma and were treated with Ru®® brachytherapy were
included in the study. The patients included 80 females and 67
males. The standard dose of irradiation was 10,000 cGy to the apex
of the tumor. In higher tumors (7.5-8.0 mm height) in which this
dose of irradiation could not be applied, the tumor base was
irradiated with a maximum dose of 100,000 cGy wereirradiated to
the tumor base. In general, tumors higher than 8 mm were not
treated by brachytherapy. However, in this study, we did include
patients with tumors higher than 8 mm who refused any other
treatment and insisted on brachytherapy despite the physician’s
reservations.

The patients were followed by clinical and echographic means
using both standardized A scans and B scans (B-Scan “S’; Biovi-
sion, Paris, France) before and after brachytherapy. Follow-up was
scheduled 3 months after brachytherapy and every 6 months there-
after. The echographic examination included measurement of tu-
mor height (A scan), base diameter (B scan), internal reflectivity
(A scan after calibration to “tissue sensitivity” as defined by
standardized echography, in which the retina’ s reflectivity is 100%
and the amplification curve is S-shaped),® regularity (A scan),
vascularity (A scan) and extra-scleral extension (A and B scans).
To compare tumors of different sizes, all tumors were standardized
to their size at brachytherapy.

For the temporal dynamics analysis, the tumor data (height and
internal reflectivity) were grouped into 3-month groups, and the
mean and standard deviation of each group were calculated. The
postbrachytherapy height and internal reflectivity data were fitted
with polynomial, hyperbolic, logarithmic, and first and second
order exponential equations using the least-square fitting method
(Sigmaplot, Version 6, SPSS Inc., Chicago, IL). The best fitting
equation was chosen using the goodness-of-fit analysis.
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Figure 1. The correlation between tumor height at brachytherapy and 2
years postbrachytherapy. At 2 years, the tumors were significantly smaller.

The melanomas were classified into three groups according to
tumor height before therapy: (1) small tumors (2-4 mm); (2)
medium tumors (4—8 mm); and (3) large tumors (>8 mm). The
postbrachytherapy dynamics of height and internal reflectivity
were compared among the three groups using the t test and
analysis of variance statistics.

Results

One hundred forty-seven patients with a mean age of 61 years
(range, 29-97 years) were included in the study (57 with small
tumors, 66 with medium tumors, and 24 with large tumors). The
postsurgical follow-up included A and B ultrasonography and an
ophthalmologic examination 3 months after surgery and every
6.6 = 0.3 months (mean = standard error of the mean) thereafter
for atotal of 1001 ultrasonography examinations. Each patient was
examined on average 5.6 times (range, 3-17 times).

Before brachytherapy, the mean tumor height was 5.2 mm
(range, 2.2-11.8 mm). After brachytherapy, 142 tumors (96.6%)
responded by a decrease in height. Figure 1 presents the distribu-
tion of tumor height at brachytherapy (mean height, 5.2 mm) and
2 years postbrachytherapy (mean height, 3.3 mm). At 2 years, the
tumors were significantly smaller (paired t test; t = 9.9, P <
0.001).

Figure 2 showsthe decrease in tumor height postbrachytherapy.
The height decreased at an initial rate of approximately 3% per
month, and stabilized on a constant value (61%) after approxi-
mately 24 months. We fitted the dynamics of the height (h)
decrease with various mathematical functions. The function that
fitted best was the sum of a first order exponential decay and a
constant (h = 61 + 35*e %" in which t = time in months). The
half-life of this decay is 5.8 months.

Figure 3 shows the postbrachytherapy dynamics of small tu-
mors (2—4 mm) versus large tumors (>8 mm). The larger tumors
showed a faster initial decrease in height and they stabilized on a
lower percentage of their initial height. Thus, the half-life of the
height decay was 5.3 months for small tumors (h = 70+27*e~ 213
in which t = time in months) and 3.3 months for the large tumors
(h = 50 + 47*e 2" in which t = time in months). The small
tumors stabilized on 70% of their initial height, whereas the large
tumors stabilized on 50%.

Figure 4 shows the distribution of the tumor internal reflectivity
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Figure 2. Postbrachytherapy dynamics of the mean (* standard error of
the mean) tumor height. The line represents the function: height = 61 +
35%e %12 in which t = time in months.

at brachytherapy (mean internal reflectivity, 40%) and 2 years
postbrachytherapy (mean internal reflectivity, 70%). At 2 years,
the tumors were significantly more reflective (paired t test, t = 7.8;
P < 0.001).

Figure 5 shows the increase in tumor internal reflectivity post-
brachytherapy. We fitted the dynamics of the internal reflectivity
(R) with various mathematical functions. The function that fitted
best was the sum of afirst order exponentia rise and a constant:
R = 45 + 24(1-e °°*inwhich t = time in months). The half life
of thisrise is 7.7 months.

Figure 6 shows that smaller tumors, which initialy had a
significantly higher internal reflectivity (t test; P = 0.03) than large
tumors, aso had afaster initial rise in interna reflectivity (t,,, =
5 months) compared with the larger tumors (t,,, = 8.7 months).
All tumors stabilized on a similar fina internal reflectivity (about
70%).

Because we noted a significant difference between smaller and
larger tumors in regard to their postbrachytherapy height and
internal reflectivity changes, we looked at the mean radiation dose
to the tumor base —1 mm from the radioactive plague. In general,
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Figure 3. Postbrachytherapy dynamics of small (<4 mm, circles, solid
line) versus large (>8 mm, triangles, dashed line) tumor height. The solid
line represents the function: height = 70 + 27%¢~ %" in which t = time
in months, and the dashed line represents height = 50 + 47%e~ %21t
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Figure 4. The correlation between tumor internal reflectivity at brachy-
therapy and 2 years postbrachytherapy. At 2 years, the tumors were
significantly more reflective.

al tumors were planed to receive 10,000 cGy to the apex, without
exceeding 100,000 cGy to the base. Whereas the small tumors
(2—4 mm) received a mean radiation dose of 30,580 + 7590cGy
(mean *= standard deviation) to their base, the medium tumors
(4—8 mm) received a mean dose of 64,228 * 11,325 cGy, and the
large tumors (>8 mm) received a mean dose of 101,990 + 7080
cGy. The difference among all three groups was statistically sig-
nificant (analysis of variance; P < 0.0001). Calculating the mid-
tumor radiation dose (linear calculation at midrange between the
base and the apex), we noted that whereas the small tumors
received a midtumor dose of 20,628 *= 3600 cGy, the medium
tumors received 37,540 = 8942 cGy, and the large tumors re-
ceived 53,610 = 3772 cGy. The difference among the three groups
was again statitically significant (analysis of variance;, P <
0.0001).

Discussion

The present study confirms the well-known fact that post-
brachytherapy uveal melanomas shrink in size and their
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Figure 5. Postbrachytherapy dynamics of mean (= standard error of the
mean) tumor internal reflectivity. The line represents the function: reflec-
tivity = 45 + 24(1 — ¢~ %%") in which t = time in months.
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Figure 6. Postbrachytherapy dynamics of small (height, <4 mm, circles,
solid line) versus large (height, >8 mm, triangles, dashed line) tumor
internal reflectivity. The solid line represents the function: reflectivity =
48 + 22(1 — ¢ %) in which t = time in months, and the dashed line
represents the function reflectivity = 40 + 27(1 — e%%),

internal reflectivity increases. Most tumors do not disappear
entirely, and there is usually aresidual mass, which in most
cases does not change.'® This mass has a histological com-
position of small spindle cells with a low proliferation
index. 11

We have shown that the larger, probably more aggres-
sive, tumors are more radio-sensitive than the smaller tu-
mors. Similarly, Grange et al'* analyzed the speed of tumor
regression in 127 uveal melanomas treated with brachyther-
apy and divided them into two groups: (1) radio-sensitive
tumorswith aresidual volume < 50% in the following year,
and (2) radio-resistant tumors. Correlation between radio
sensitivity and tumor cell type was obtained with intraop-
erative fine needle aspiration biopsy and showed the prev-
alence of epithdlioid type cells. The results of enucleation
indicated the prevalence of spindle cell type inside the
radio-resistant tumor group.

Because our treatment protocol requires delivering a
radioactive dose of 10,000 cGy to the tumor’'s apex, the
larger tumors received a significantly larger midtumor and
base radiation dose. Thus, one might claim that the larger
radiation dose was the cause of the faster decrease in height
in the large tumors. However, because 97% of the tumors
did not regrow during the follow-up period, we assume that
almost all of our tumors received amore than sufficient dose
of radiation to kill al the proliferating elements within the
tumor. With such high radiation doses, we do not necessar-
ily expect to see a dose dependence in tumor response to
irradiation, unless there is an inherent difference among
tumors in their radio-sensitivity.

We have also shown that the postbrachytherapy dynam-
ics of uveal melanoma height and reflectivity resemble a
function composed of the sum of a constant and afirst order
exponent. The fact that the dynamics of both tumor height
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and tumor internal reflectivity were best fitted by a similar
mathematical function supports the assumption that this
function reflects an inherent trait of these tumors. The
mathematical analysis suggests the existence of two com-
ponents (populations) in each tumor. One component is
unaffected by irradiation (on average two-thirds of tumor
height, which is about 30% of the volume), whereas the
other is radio sensitive (about 70% of the volume) and as
such shrinks after brachytherapy. The latter component,
which may include both radio-sensitive tumor cells and
radio-sensitive blood vessels, has lower internal reflectivity,
whereas the residual radio-resistant component (tumor cells
that might be accompanied by fibrotic tissue, necrotic tissue,
inflammatory cells and macrophages) has higher internal
reflectivity.

In larger tumors, the percentage of the radiation-sensitive
component is higher, resulting in alarger postbrachytherapy
decrease in tumor height (50% decrease in tumors >8 mm
vs. 30% decrease in tumors <4 mm). Moreover, the radia-
tion-sensitive cells in the larger tumors are probably more
active, leading to a shorter exponentia half-life (3.3 months
in large tumors vs. 5.3 months in small ones). This differ-
ence in behavior is important in the evaluation of melano-
mas because rapid regression of achoroidal melanoma after
brachytherapy is thought to be an unfavorable prognostic
sign.t’

Coleman et al'® suggested that acoustic tissue typing
(discriminant analysis of tumor ultrasonic power spectra) is
correlated with tumor regression during the first 18 months
after treatment. We have shown that large (fast-shrinking)
tumors have a significantly lower initial internal reflectivity
and a slower postbrachytherapy rise in internal reflectivity
compared with small tumors. We postulate that the radia-
tion-sensitive cell population shows lower internal reflec-
tivity compared with the cells that are radio-resistant. After
long-term follow-up, al tumors reach a similar internal
reflectivity of approximately 70%. This suggests that the
tumor remnant is composed homogeneously of radiation-
resistant cells.

A mono-exponential decay istypical of populations that
have a first-order decay pattern with a constant probability
in time for an event to happen, independent of previous
events (Markovian behavior), such as the decay of radioac-
tive atoms. This can signify that the radiation-sensitive
tumor cells do not die all at once at the time of brachyther-
apy but rather suffer an injury that causes the independent
death of each cell at alater time, possibly the time when the
cell goes into mitosis. Therefore, the postbrachytherapy
death of each tumor cell is a stochastic Markovian process,
which is independent of previous events (the death of other
tumor cells).

In conclusion, we have shown that the postbrachytherapy
dynamics of uveal melanoma height and internal reflectivity
are exponential processes with time constants that depend
on initial tumor size. The mathematical functions describing
these processes may suggest the existence of two compo-
nents in the tumor that differ in radiation sensitivity, ultra-
sonic reflectivity, and possibly, malignant potential.
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