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EIGHTEEN-YEAR RESULTS OF TREATMENT OF UVEAL MELANOMA
USING RUTHENIUM-106 + RHODIUM-106 BRACHYTHERAPY

Abstract. The objective of the study was to evaluate the results of Ruthenium-106 (Ru) + Rhodium-106 ('**Rh)
brachytherapy in uveal melanoma (UM) patients.

The data for the period 2001-2018 were taken from the Belarusian Cancer Registry and medical records of patients with
clinically diagnosed uveal melanoma who received treatment at the N. N. Alexandrov National Cancer Centre of Belarus.
A total of 383 patients were included in the study. 'Ru + %Rh B-ophthalmic applicators were used for brachytherapy (BT).
The calculated dose to the tumor apex was 120—-130 Gy, while the reduced 100-110 Gy was administered to tumors close to the
optic nerve. To analyze the treatment outcomes, patients were divided into three groups based on a basal diameter of a tumor.

Out of a total 383 patients, complete tumor resolution was observed in 282 (73.6 %), tumor stabilization was present
in 76 (19.8 %). Continued tumor growth and tumor relapse were observed in 34 (9.13 %) and 50 (13.05 %) patients, respectively.
59 (15.1 %) patients underwent enucleation. The metastatic disease developed in 47 (12.3 %) cases. BT adverse effects were
observed in 21.3 % cases. The relapse-free survival in the group of patients with a basal tumor diameter of up to 9 mm was
76.0 £ 6.3 %, which was higher than that in the groups with a large basal diameter (p = 0.002). Over a 15-year follow-up
period, almost half of the patients (52.2 + 15.6 %) with a tumor base of more than 12 mm relapsed.

Considering the high rates of the continued tumor growth during treatment in patients with a basal tumor diameter
of more than 12 mm, combined therapy must be used in this group.
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survival
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Pecnybnukanckuii HayuHO-npaKmuiecKuil yeHmp OHKOA02UU U MEOUYUHCKOU paouUoIo2uu
um. H. H. Anexcanoposa, azp. Jlecrnoii, Munckuii p-1, Pecnybnuxa benapyco

18-JIETHHUE PE3YJIBTATBI JEYUEHUSA MEJTAHOMBI XOPUOUJIEN
C HCITOJIb30BAHUEM BPAXUTEPAIINM C "RU + '"“RH

AnnoTanus. L{ens paGoTHl — OIEHUTH pe3yIbTaTH JEUSHNUs MAIIHEHTOB ¢ MeslaHOMo# xopruonaen (MX) riasa ¢ ncrois-
3oBanueM Opaxurepanuu (BT) ¢ uzoronamu "Ru + '°Rh.

HccnenoBanne ObUIO BBIOJIHEHO HA OCHOBAHMH JAaHHBIX Belopycckoro KaHuep-perucTpa, MEeIUIMHCKONW TOKYyMEHTa-
MY Ha MTAIHEHTOB ¢ KIIMHUYECKU YCTAHOBJICHHBIM THAarHO30M MEJTaHOMBI cocynuctoi obomouku riasa (C69.3 mo MKbB-10)
3a nepuoa ¢ 2001 no 2018 r., nonyuaBmux geuenue B PHIIL OMP um. H. H. AnexcanapoBa. B rpynny uccieoBaHus Bo-
i 383 manuenra. s nposenenus BT ucnonb3oBaiucek B-odransmoaniinkarops! (B-OA) ¢ uzotonamu '“Ru + *Rh.
PacueTtHas n1o3a Ha BepunHy omyxoiu coctasisiia 120—130 I'p, mpu nokann3anuu OMyXoiH B 30HE TUCKa 3pUTEIFHOTO HEPBa
(A3H) — 100110 I'p. [{ns1 ananu3a pe3yabraTa JIEUEHUs ITallUeHTHl ObUIN Pa3JielIeHbl Ha TPU TPYIIBI B 3aBUCHMOCTH OT Oa-
3aJIbHOTO JHaMeTPa Oy XOJIN.

3a mepuos HaOJIIOACH!S OJTHASL pe30pOIHsl OmyXoaH B o0IIei rpymnne 3apeructpupoBana y 282 (73,6 %) nanueHTOB,
crabunm3anus omyxoseBoro nporecca —y 76 (19,8 %), orcytcTBue a¢dexra ot nedenus —y 25 (6,6 %). [Ipu nuHamMuaeckom
HaOJIIO/ICHUH NTPOJIOJDKEHHBIN pocT 3adukcupoBan y 35 (46,1 %) nauuentos. Peunaus MX 3aperucrpuposan y 50 (17,7 %)
NIAIlMEeHTOB, MeTacTaTH4ecKkas 6oie3Hb pasBmiach y 47 (12,3 %). OcnoxkHeHUs pa3HOH CTEIEHU BBIPAXXEHHOCTH MOCIIE PO-
BeneHHoi BT 3adukcuposanst y 21,3 % manuentos. DHyknearus Beinonaena 58 (15,1 %) maunentam. bespenuanBhas BbI-
KUBAEMOCTh B TPYIINE MAUEHTOB ¢ 0a3aJIbHBIM JHAMETPOM OIyXOJH 10 9 MM coctaBuna 76,0 + 6,3 % n Obl1a BbIIIE, YeM
y TManUeHToB ¢ 6oibpmuM 6a3anbHEIM auameTpoM omyxonu (p = 0,002). beameractarnueckas BEDKHBAEMOCTD ITaIHEHTOB
C OCHOBaHMEM onyxoun 6ojee 12 MM ObllIa JOCTOBEPHO HUXKE U cocTaBmia 61,2 + 6,9 % (p < 0,001).

YauTsIBask BEICOKHE ITOKA3aTeIH PEIHINBOB IIPH IIPOBEICHUH JICYCHHS Y TAI[UEHTOB ¢ 0a3aIbHBIM JHAMETPOM OITYXOJIN
6omee 12 MM, HEOOXOIMMO PEIIUTE BOIIPOC O BBIOOPE KOMOMHHPOBAHHBIX METOUK JICUCHHU S TaHHOH KaTeTOPHH ITaI[UeHTOB.
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KuroueBble ciioBa: MelaHOMa XOPHOUIEH, OpaxuTepansi, 6a3albHbIi JHAMETP OIyXOJIH, TOJIIIUHA Oy XOIH, OPTaHO-
COXpaHs;IolIee JIEYeHNE, BBUKABAEMOCTh

Jas uuTHpoBaHusi: 18-TeTHHE pe3yNbTaThl JEYCHHs METaHOMBI XOPHOWICH C HCIONB30BaHHEM OpaxHTepamiu
¢ '%Ru + '°Rh / JI. B. Haymenko [u ap.] / Bec. Hai. akaj. naByk benapyci. Cep. mex. HaByk. —2021. — T. 18, Ne 3. — C. 284-291
(na anen. a3.). https://doi.org/10.29235/1814-6023-2021-18-3-284-291

Introduction. Uveal melanoma (UM) is a malignancy that develops from clones of uveal melano-
cytes [1]. The incidence of UM in Europe decreases from north to south from 2 per million per year in
Spain and southern Italy to 8 per million in Norway and Denmark [2]. The mean standardized incidence
rate over a 20-year study period in Belarus is 4.8 per million [3].

In late 1990s Collaborative Ocular Melanoma Study (COMS) showed, that there was no difference
in survival rates between patients after enucleation and brachytherapy [4]. Since that organ-preserving
orientation in the UM treatment became preferable. Nowadays, the choice of a treatment method depends
on tumor location and size, while the patient’s opinion is also taken into account [4].

The structure of the sclera is unique and brachytherapy (BT) with a dose of up to 2500 Gy provides
positive treatment outcomes for UM without postradiation necrosis [5]. In Belarus the eye-preserving
therapy with Ruthenium-106 (**Ru) + Rhodium-106 (1°°Rh) -ophthalmic applicators (B-OA) became
available only in late 2000. Prior to that, all UM patients had been sent abroad for treatment.

The aim of this study was to evaluate the 18-year results of 'Ru + '"Rh brachytherapy for uveal
melanoma.

Objects and research methods. Data for the period 2001-2018 were derived from the Belarusian
Cancer Registry and medical records of patients with clinically diagnosed UM (International Classi-
fication of Diseases, 10th Revision, code C69.3). All patients were treated in the N. N. Alexandrov
National Cancer Centre of Belarus. For BT, we used '“Ru + '“Rh B-OA. 388 patients with UM had
received treatment. However, 5 patients dropped out of observation and their outcome information was
obtained from the Cancer Registry. A total of 383 patients were included in the retrospective analysis.
The initial examination confirmed the absence of distant metastases in all patients. 331 patient underwent
one BT course. 43 (11.2 %) patients whose tumors relapsed or continued growing were administered
a repeated BT session. Three BT courses were received by 8 (2.1 %) patients, and one patient (0.2 %)
underwent 4 courses of BT. The calculated dose to the tumor apex was 120—130 Gy, while the reduced
dose of 100—110 Gy was applied to tumors close the optic nerve disc. Tumor pigmentation was assessed
visually (pigmented and weakly pigmented) [6].

The entire cohort was divided into 3 groups based on basal tumor diameter and tumor thickness.
The first group (group A) included 117 patients with TI-2NOMO tumors with a mean basal diameter
of 7.2 + 1.4 mm (range, 2.5-8.97 mm) and a mean thickness of 3.2 + 1.3 mm (range, 0.6—7.5 mm). The second
group (group B) had 156 patients with T2-3NOMO tumors with a mean basal diameter of 10.9 + 0.6 mm
(range, 9.1-12.0 mm) and a mean thickness of 4.6 = 1.7 mm (range, 1.3—11.9 mm). The third group (group
C) comprised 110 patients with T2-3NOMO tumors with a mean basal diameter of 13.9 + 1.5 mm (range,
12.1-17.9 mm) and a mean thickness of 5.9 + 1.7 mm (range, 2.4—10.7 mm).

The assessment of local response after treatment was based on the following definitions:

1. Complete tumor resolution is a condition when an atrophic focus has been formed at the tumor
site (slight accumulation of pigment is possible).

2. Tumor stabilization is a condition when the tumor has decreased in size or remained the same
with blood flow absent (by ultrasonography).

3. No response to treatment is the absence of changes in the tumor or an increase in its size with
tumor blood flow preservation or increase (by ultrasonography).

4. Continued tumor growth is a condition when the tumor size or its blood flow has increased after
tumor stabilization.

5. Tumor relapse is the condition when despite the atrophic chorioretinal focus formed a tumor
growth is observed.

Disease progression means the development of distant metastases of uveal melanoma.

The Kaplan—Meier method was applied to estimate 5-, 10-, and 15-year survival rates (adjusted,
disease-free, and metastasis-free), the significance rate was estimated with the log-rank test. Statistical
significance was evaluated using y*> methods.
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Research results. A total of 383 patients included 159 (41.5 %) men and 224 (58.5 %) women.
Patients’ average age was 58.6 = 13.7 years (range, 20—87 years). Group A had the largest number
of posterior pole tumors (23.1 %) and most tumors were less than 4 mm from the optic disc (22.2 %).
In group B most tumors were observed in the posterior pole (27.6 %) and macular (20.5 %) regions.
In group C, tumors were mainly located in the posterior pole (26.4 %) and were more than 4 mm from
the macula (28.2 %). Tab. 1 summarizes data on the localization of the tumor margin relative to ana-
tomically important eye structures in the study groups.

Table 1. Localization of tumor margin in groups

Tumor margin localization Group A (n=117) Group B (1 = 156) Group C (n = 110)
Basal diameter, mm 72+14 109+ 0.6 139+1.5
Thickness, mm 32+13 46+17 5.8+1.6
Tumor margin:
close to the optic disc 11 (9.4 %) 10 6.4 %) 5 4.5 %)
<4 mm from the optic disc 26 (22.2 %) 29 (18.6 %) 12 (10.9 %)
>4 mm from the optic disc 27 (23.1 %) 43 (27.6 %) 29 (26.4 %)
4 mm or less from the macula 20 (17.1 %) 32 (20.5 %) 18 (16.4 %)
>4 mm from the macula 18 (15.4 %) 25 (16.0 %) 31 (28.2 %)
Tumor in the periphery of the eye with no ciliary body invasion 15 (12.8 %) 17 (10.9 %) 15 (13.6 %)

Assessment of local tumor response to therapy. During the follow-up period, complete tumor
resolution was observed in 282 (73.6 %) patients. The mean time to complete tumor resolution was
11.0 + 8.0 months. Tumor stabilization was observed in 76 (19.8 %) patients during a period of 1 month
to 1.5 years (9.0 = 6.0). Twenty-five (6.6 %) patients had no response to treatment during a period
of 3 months to 1 year. Out of 282 patients with chorioretinal atrophic foci, 50 (17.7 %) patients subse-
quently had tumor relaps.

Out of 76 patients with tumor stabilization, 35 (46.1 %) experienced continued tumor growth. In case
of relapse or continued tumor growth, further therapy was chosen for each patient individually.

Enucleation was performed in 58 (15.1 %) cases, of which in 18 (31.0 %) due to continued tumor
growth, in 19 (32.8 %) due to no response to therapy, in 17 (29.3 %) due to relapse, and in 4 (6.9 %) for
secondary painful glaucoma. Eyes were retained in 325 (84.9 %) patients overall.

In group A, complete tumor resolution with chorioretinal atrophic scarring was observed in 91 (77.8 %)
patients for a mean 11-month period (range, 1-36 months). 23 (19.7 %) patients had tumor stabilization,
3 (2.6 %) did not respond to treatment. 10 (8.5%) had continued tumor growth during a mean follow-up
of 4.5 months. 11 (9.4 %) patients relapsed during the follow-up of 6 months to 6 years. Enucleation was
performed in 7 (6.0 %) patients: in 1 case due to tumor recurrence in a year, in 3 cases due to continued
tumor growth, in 2 cases due to no response to therapy, and in one case due to secondary glaucoma.

In group B, 123 (78.8 %) patients had complete tumor resolution with chorioretinal atrophic scarring
for a mean 11-month period (range, 2—50 months). Tumor stabilization was observed in 27 (17.3 %)
during a follow-up period of 1 month to 1.1 years. The therapy had no response in 6 (3.9 %). Relapses
developed in 27 (17.3 %) during a follow-up period of 10 months to 7 years after atrophic scarring or tumor
stabilization. Continued tumor growth was observed in 10 (6.4 %) at a mean 16-month follow-up (range,
1 month->5 years). 23 (14.7 %) patients underwent enucleation due to relapse in 10 cases, due to continued
tumor growth in 6, due to secondary glaucoma in 2, and due to no response to treatment in 5.

In group C, chorioretinal atrophic foci were observed in 68 (61.8 %) patients at a mean 10-month
follow-up (range, 4 months — 2.8 years). Tumor stabilization was observed in 25 (22.7 %). 17 (15.5 %)
cases had no response to treatment. 14 (12.7 %) experienced continued tumor growth. After chorioretinal
atrophic scarring 12 (10.9 %) patients relapsed during a follow-up period of 7 months to 8 years.
Enucleation was performed in 29 (26.4 %) patients: in 6 due to relapse, in 9 due to continued tumor
growth, in 2 due to secondary painful glaucoma, and in 12 due to no response to treatment.

Data on local tumor response to therapy by group are shown in Tab. 2.
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Table 2. Local tumor response to therapy by groups

Index

Group A (n=117)

Group B (n=156)

Group C (n=110)

Basal diameter, mm

72+ 1.4

10.9+0.6

139+1.5

Thickness, mm

32+1.3

46+17

58+1.6

Immediate treatment results

Resolution

91 (77.8 %)

123 (78.8 %)

68 (61.8 %)

Stabilization

23 (19.7 %)

27 (17.3 %)

25 (22.7 %)

No response to treatment

3(2.6 %)

6 (3.9 %)

17 (15.5 %)

Number of relapses and continued tumor growth by group

Relapses 11 (9.4 %) 27 (17.3 %) 12 (10.9 %)
Continued tumor growth 10 (8.5 %) 10 (6.4 %) 14 (12.7 %)
Enucleation 7 (6.0 %) 23 (14.7 %) 29 (26.4 %)

Assessment of brachytherapy complications. Complications of varying severity after BT were
observed in 21.3 % patients.

In group A, complications after treatment were observed in 25 (21.4 %) patients for a period
of 1 month to 3.6 years (mean 14 months): 18 had postradiation retinopathy, 2 developed secondary
glaucoma, uveitis occurred in 1 case, 3 had vitreous haemorrhage, and there was one case of secondary
retinal detachment.

In group B, 28 (17.9 %) patients experienced complications during a follow-up period of 1 month
to 6 years: postradiation retinopathy developed in 14 patients, three patients had secondary glaucoma,
uveitis occurred in 2 patients, secondary retinal detachment and haemorrhage developed in 4 and 5 pa-
tients, respectively.

In group C, complications after treatment were observed in 27 (24.5 %) patients during a follow-up
of 11 days to 4 years: 12 cases of postradiation retinopathy, 5 cases of secondary glaucoma, 5 cases
of ocular haemorrhage, secondary retinal detachment occurred in 5 patients.

The incidence of complications was mostly associated with tumor location in a posterior pole
of the eye.

Assessment of long-term brachytherapy results. Out of 383 UM patients after BT, 40 died of under-
lying disease at different follow-up periods. 71 deaths were due to other causes (the leading ones were
cardiovascular diseases, old age, and competing tumors). There was no outcome information on 3 pati-
ents who had left the country.

Metastatic disease developed in 47 (12.3 %) of 383 patients, among whom were 2 (1.7 %) in group A
at 2 and 5 years, 17 (10.9 %) in group B at a follow-up period of 6 months to 14 years, and 28 (25.5 %)
in group C at a follow-up period of 9 months to 17 years.

Tab. 3 and Fig. 1 show the adjusted cumulative survival rates by groups.

Table 3. Adjusted survival rates

Group Basal diameter, Adjusted survival rates, % Quantity of patients with discase
mm after 1 year | after3years | after5years | after 10 years | after 15 years | Progression (distant metastases)
A (n=117) 71+1.5 100 100 98.6+14 | 948+2.9 | 90.9+4.38 2 (1.7 %)
B (n=156) 107+ 1.0 982+18 | 944+3.1 | 956+1.8 | 91.4+27 85.1+£5.3 17 (10.8 %)
C (n=110) 13.8+1.5 974+25 | 842+59 | 84.4+4.1 71.1 £5.8 63.2+9.1 28 (25.5 %)

The 15-year survival rate in group A with a basal tumor diameter less than 9 mm was 90.9 = 4.8 %.
With choroidal tumor greater than 12 mm, 63.2 + 9.1 % of patients survived for at least 15 years

(p < 0.001).

Tab. 4 and Fig. 2 show relaps-free survival rates by groups.
Relapse-free survival in the group of patients with tumors smaller than 9 mm was higher than that
in the other groups (p = 0.002).
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Fig. 2. Disease-free survival rates by groups
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Tab. 5 and Fig. 3 show metastasis-free survival rates by groups, which were calculated from the date
of diagnosis to the date of event (metastases).

The lowest 5-, 10-, and 15-year metastasis-free survival was in the group with a primary tumor base
larger than 12 mm (p < 0.001).

Table 5. Metastasis-free survival rates by groups

Metastasis-free survival
Group Median
after 5 years after 10 years after 15 years
A (n=117) 100 % 100 % 93.9+5.1% -
B (n=156) 93.9+2.0% 87.0+3.3% 82.6+53 % -
C (n=110) 80.7+4.2% 65.3+6.0% 61.2+6.9% 16.0

Discussion. Over an 18-year follow-up period, complete tumor resolution after BT was observed
in 282 (73.6 %) patients. The mean time to complete response was 11.0 £+ 8.0 months. 76 (19.8 %) patients
had tumor stabilization during the follow-up period of 1 month to 1.5 years (9.0 + 6.0 month). Twenty-
five patients (6.6 %) had no response to treatment during the follow-up period of 3 months to 1 year.

The number of patients with complete tumor resolution in groups A and B was approximately the
same (77.8 and 78.8 %, respectively), which exceeded that in group C (61.8 %). Moreover, enucleation
was more frequently observed in patients of group C (26.4 %). In most cases enucleation was performed
because of treatment failure (tumor relapse, continued growth or no response to therapy), rather than
treatment complications.

Tumor relapse in our study was observed in 13.05 % of all patients and in 17.3 % of those with tumor
stabilisation after 6 month to 8 years after BT. Tumor continued growth rate was higher in patients with
tumor basal diameter more than 12 mm.

The data on the frequency and timing of UM relapses in different studies differs. Pagliara et al.
reported tumor relapses in 8.4 % of patients with small and medium sized tumors over a 3-year follow-
up period [7]. Rice et al. showed 18.2 % of local relapses during a follow-up period of 55.4 months [§].
Data from Le et al. demonstrated that only 1.7 % of patients with a tumor thickness of 2.5 to 10 mm and
a basal diameter of up to 16 mm developed tumor relapse at 5 years [9]. Mishra et al. reported that

0.8

Metastasis-free survival
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tumor > 12 mm

p<0.001

T T
10 15 20

o
-
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Fig. 3. Metastasis-free survival rates by group
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during a 12-year follow-up 21 % of patients had local tumor recurrence, with the number decreasing
(14 %) if patients with tumors close to the optic disc were excluded. However, that study also included
patients with ciliary body melanoma [10]. Marinkovic et al. reported the five-year incidence of local
relapses after BT of 5.2 % [11]. According to the American Joint Committee on Cancer Staging Manual,
7th Edition (AJCC 7th ed.), 9 % of patients with T3-T4 uveal melanomas developed tumor recurrence
within 4 years. It is noteworthy that treatment was performed in patients with large tumors [12]. Since
different countries measure BT outcomes differently, it is problematic to compare the results. For a com-
prehensive analysis, it is necessary to conduct multicentre studies. It can also be difficult to distinguish
between recurrence and continued tumor growth thus the evaluation by an experienced ocular oncologist
is required.

The sclera is a unique membrane that can be exposed to high radiation doses, in some cases repea-
tedly. However, postradiation changes may develop in the choroid, retina, lens, vitreous body, such as
retinopathies, optic retinopathies, exudative retinal detachments, ocular haemorrhages, and secondary
glaucoma. Pagliara et al. reported post-radiation maculopathy in 25 % of patients at a mean follow-up
of 31 months [7]. Caminal et al. published data on 43.3 % of optic retinopathies after BT [13]. According
to Chia et al., proliferative retinopathy after BT was recorded in 67 % of cases [14]. Wisely et al. showed
that about 40 % of patients developed retinopathy at 60 months after BT [15]. Le et al. also reported that
43 % of patients developed retinopathy [9]. The AJCC 7th Ed demonstrated that post-radiation
maculopathy developed in 66 % of patients, followed by optic neuropathy (51 %) at a mean 16-month
follow-up [12]. We evaluated complications based on the basal tumor diameter. The incidence of tre-
atment complications did not depend on the size of the tumor and was comparable between all groups
(21.4, 17.9, and 26.4 %, respectively).

According to our data, metastatic disease developed in 12.3 % of patients. Survival rates were tumor-
size dependent and worsened with increasing basal diameter and tumor thickness. Pagliara et al.
presented data on the development of metastatic disease in 5.9 % of patients at 3 years after BT [7].
Caminal et al. reported metastatic disease in 26.4 % of patients for a 60-month follow-up after BT [13].
Rice et al. showed that metastases developed in 18.2 % of patients with a tumor thickness of 2.5 to 10 mm
and a basal diameter of up to 16 mm over a 55.4-month follow-up [8]. Stalhammar et al. reported the 5-,
10-, and 15-year mortality rates for UM of 14, 24, and 27 % in men and 15, 26, and 32 % in women,
respectively (p = 0.32) [16]. The five-year metastasis-free survival rate reported by Le et al. was 88.2 %
[9]. According to the AJCC 7th Ed, after T3-T4 UM treatment metastatic disease developed in 32 %
patients with large tumors over a 10-year follow-up period [12].

Conclusion. Considering the high rates of continued tumor growth during treatment in patients with
a basal tumor diameter more than 12 mm, it is necessary to use alternative to BT methods of treatment,
including combined therapy in this group. BT complications are mostly associated with tumor loca-
lization, its size, the severity of pigmentation and blood flow in the tumor, the presence of concomitant
pathology in the eye fundus. To reduce the number of relapses, continued tumor growth, and radiation
complications, new methods of effective eye-preserving treatment of choroidal melanoma or their com-
binations should be searched for.
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