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ARTICLE INFO ABSTRACT

Keywords:

Purpose: We describe a rare case of two simultaneous primary conjunctival melanomas in the same eye that were
treated sequentially with both plaque brachytherapy and proton beam radiotherapy following wide surgical
excision.

Observations: A 66-year-old male presented with two pigmented lesions that were concerning for conjunctival
melanoma. One of the lesions was on the bulbar conjunctiva near the corneal limbus, and the other in the lower
fornix. The lesions were surgically removed using the “no touch” technique, and pathology confirmed invasive
melanoma in two separate locations on the same eye. The two lesions were then treated separately with two
different forms of adjuvant radiation therapy. The forniceal tumor was treated with proton beam radiotherapy
and the limbal lesion was treated with plaque brachytherapy. 30 months after radiation therapy was completed,
there were no signs of local recurrence.

Conclusions and importance: The appropriate treatment for two primary malignancies in the same eye can be

Conjunctival melanoma
Radiation therapy
Plaque brachytherapy

determined independently and, in some cases, can involve two different forms of radiation therapy.

1. Introduction

Conjunctival melanoma (CM) is a rare ocular malignancy that ac-
counts for approximately 2-5 % of all ocular tumors and carries a 10-
year mortality rate of up to 38 %."? The reported incidence of CM
ranges from 0.1 to 0.9 per 1,000,000 person-years and studies have
demonstrated a steady increase in incidence over the last several de-
cades.? Conjunctival melanoma may arise de novo, from conjunctival
nevi, or from primary acquired melanosis (PAM). An estimated 42-75 %
of conjunctival melanoma cases arise from PAM, and these lesions have
a lower rate of metastasis compared to those arising de novo.?

The gold standard treatment of local CM is wide surgical excision of
the lesion, but several forms of adjunctive therapy are also frequently
used due to the high rate of recurrence. These adjunctive therapies
include cryotherapy (traditionally applied to the surgical margins
intraoperatively), topical chemotherapy (including mitomycin C and
interferon alpha-2B), and radiotherapy.®

Multiple radiation therapy options are available for ocular

melanoma, including plaque brachytherapy, external beam radiation
therapy (EBRT), proton beam radiation therapy (PBRT), and stereotactic
radiotherapy/radiosurgery and are variably used based on preference
and institutional availability.® ® While eye plaque brachytherapy has
been largely employed for choroidal melanoma, its use has been recently
expanded to treat conjunctival melanomas, including in the adjuvant
setting.g" 0

The rate of local recurrence of conjunctival melanoma is estimated to
be as high as 60 %."* The most important risk factor for recurrence is
location, though other factors, like tumor thickness and diameter, have
also been predictive of recurrence and metastasis. > Wide local excision
is considered to be the mainstay of treatment, however in many cases
obtaining clear surgical margins is not possible due to the tumor’s depth
or proximity to important ocular structures. When the margins of the
pathological specimen are positive, local recurrence rates increase
significantly.'’ The combination of excision with either topical chemo-
therapy or radiotherapy has reduced the rate of local recurrence
considerably, highlighting the important role of the adjunctive therapies
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listed above.'**

While conjunctival melanoma usually presents with a unilateral,
unifocal lesion, few cases of separate, simultaneous, multi-focal
conjunctival melanomas are described in the current literature.'? We
present a case of two simultaneous primary conjunctival melanomas in
the same eye. Both of these lesions could not be resected with negative
margins, and both lesions required adjuvant radiation. Radiation ther-
apy was tailored according to the location and configuration of each
individual melanoma. The two melanomas required different radiation
treatments, and therefore were treated sequentially with both eye pla-
que brachytherapy and proton beam therapy. Combining these two ra-
diation techniques with high prescription doses in a tightly confined
space with radiosensitive normal ocular structures in close vicinity, has
not been done before and presents significant challenges with respect to
treatment coordination, dosimetry planning and planning imaging.
Approaches to CT and MR imaging with the indwelling plaque, treat-
ment strategy and treatment planning are presented and reviewed.

2. Case presentation

A 66-year-old male presented to a local optometrist for routine ex-
amination. Several areas of pigmentation were noted incidentally on the
conjunctiva of the right eye and the patient was referred for further
evaluation. Upon presentation to the ocular oncology service the patient
demonstrated best corrected visual acuity of 20/25 in the right eye and
20/20 in the left eye. Intraocular pressure was 16 on the right and 20 on
the left. On slit lamp exam, there were several pigmented lesions noted
on the right conjunctiva. The first lesion was a large, palpable mass on
the inferior lateral fornix measuring approximately 10 mm in length and
1-2 mm thick (Fig. 1A). This had not been noted by the patient due to its
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forniceal location. The second lesion was located at the 2 o’clock corneal
limbus with associated feeder vessels and growth onto the cornea
(Fig. 1B). There were also three small, flat areas of pigmentation located
on the temporal lower eyelid margin, the bulbar conjunctiva, and the
caruncle. The fundus exam was normal in both eyes. Ultrasonography of
the right eye revealed normal choroid and ciliary body underlying the
areas of conjunctival pigmentation. MRI of the orbits showed a mildly
T1 hyperintense mass along the inferior right eyelid abutting the inferior
aspect of the right globe consistent with a forniceal lesion confined to
the conjunctiva, without evidence of intraocular or orbital invasion.
The constellation of exam findings was highly concerning for
conjunctival melanoma arising from primary acquired melanosis (PAM).
The patient underwent surgical excision of the multiple concerning le-
sions using the “no touch” technique including a wide local resection of
the inferior forniceal lesion along with posterior eyelid and anterior
orbital resection.'® All lesions were excised with at least 4 mm margins.
After resection of the lesion at the limbus at 2 o’clock there was residual
pigmentation in the sclera which could not be removed surgically. The
margins of all resections were then treated intraoperatively with cryo-
therapy using three freeze-thaw cycles. Histologic examination of the
resected lesions showed invasive melanoma in two locations. The infe-
rior forniceal lesion was consistent with melanoma and showed
involvement of the inferior surgical margin (American Joint Committee
on Cancers-AJCC- 8th Edition TNM Staging system, stage pT3c).!
Deeper sections taken at the time of the initial resection and located
posterior and inferior to the initial forniceal resection showed no evi-
dence of melanoma. Additionally, there was invasive melanoma at the 2
o’clock corneal limbus with positive deep margins (AJCC stage pT1la).
The other resected lesions at the caruncle, right lower lid lateral margin,
and temporal bulbar conjunctiva all showed PAM with atypia.

-
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Fig. 1. Color photos of the right eye demonstrate a large, pigmented lesion in the temporal inferior fornix (A), and a flat, pigmented lesion at the 2 o’clock corneal
limbus with associated feeder vessels (B). The most recent color photo of the right eye demonstrates stromal scarring and corneal neovascularization (C). (For
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Molecular studies were negative for BRAF mutation. Staging comput-
erized tomography (CT) scan of the chest, abdomen, and pelvis was
negative for metastatic disease.

Because the pathologic evaluation showed deep margin involvement
of the limbal lesion at 2 o’clock and suspected residual disease from the
inferior forniceal lesion, it was determined that adjuvant treatment was
necessary for both lesions. For the limbal lesion, no additional resection
could be completed due to the intrascleral growth of the atypical cells.
For the fornix lesion, while deeper sections in the orbit did not show any
tumor cells, the presence of deep margin involvement in the main
resected tumor raised suspicion that residual cells may still be present in
the anterior orbit. Additional eye-sparing surgery was unlikely to
improve local control rates in this location. Therefore, radiation treat-
ment was required to obtain local tumor control of both tumors. The
location of the two simultaneous conjunctival melanomas created a ra-
diation dilemma. The standard treatment for scleral invasion of
conjunctival melanoma in our practice is plaque brachytherapy. While
this treatment would work well for the limbal melanoma at 2:00, it
would not be effective for the forniceal melanoma. The fornix lesion
could be targeted with proton beam radiotherapy, but in our experience
and in many reports, proton beam treatment to the corneal limbus
carries significant ocular surface toxicity. For these reasons, and after
multidisciplinary discussion, a combined treatment with both plaque
brachytherapy and proton beam radiotherapy was developed.

Radiation therapy was given in two phases, first with low-dose rate
brachytherapy to the postoperative tumor bed covering the area of the
corneal limbus lesion, followed by proton therapy the tumor bed in the
region of the inferior forniceal lesion. For the low-dose rate brachy-
therapy, the postoperative bed was estimated at 7 mm diameter, and a
12 mm unnotched circular gold eye plaque developed by the Collabo-
rative Ocular Melanoma Study (COMS) was used to cover this region
with a 2 mm peripheral margin.'® The eye plaque contained eight
Iodine-125 seeds of 3.279 mCi activity each, and delivered a dose of 84.3
Gy over a dwell time of 71.8 hours to the target region (inner scleral
wall). The dose was prescribed at a depth of 3 mm from the plaque
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surface (conjunctiva). The dose to the mid-conjunctiva was 167.1 Gy,
and the dose to the contralateral sclera was 2.8 Gy.

Eight weeks after brachytherapy was completed, the patient under-
went proton beam radiation therapy of the region of the resected inferior
forniceal lesion utilizing unique treatment protocols developed at the
University of Washington which have previously been reported.'® While
the standard treatment protocol in proton therapy for ocular melanoma
is based on total dose of 50 Gy (relative biological effectiveness (RBE)) in
5 fractions, he was treated using a patient specific protocol with total
dose of 48 Gy (RBE) in 20 fractions. Fig. 2 demonstrates the treatment
planning for the proton beam as well as the plaque brachytherapy.

The patient was followed for 30 months after the final radiation
treatment. He developed corneal limbal stem cell deficiency in the right
eye approximately six months after completion of the radiation therapy.
His ocular surface remained stable with moderate corneal neo-
vascularization and some stromal scarring (Fig. 1C). His visual acuity at
last follow up was hand motion in the affected eye, likely decreased due
to the corneal haze and scarring. Through 30 months of follow up, there
was no sign of local recurrence clinically and orbital imaging studies
failed to show any sign of local recurrence. Surveillance scanning by
medical oncology performed approximately 27 months after completion
of radiation treatment demonstrated a new lytic lesion in the T6 verte-
bral body concerning for metastatic involvement. Core needle biopsy of
the lesion confirmed metastatic melanoma. Molecular studies were
again negative for any targetable mutations (BRAF or KIT), but they did
reveal a BRCA2 somatic mutation. The presence of a BRCA2 germline
mutation was thought to be highly unlikely since the patient had a
negative family history for breast or ovarian cancer. To our knowledge,
he did not undergo further germline testing.

The patient completed three cycles of palliative systemic therapy
with ipilimumab and nivolumab, but subsequently developed
immunotherapy-related hepatitis. Additional imaging at that time
showed new liver lesions concerning for disease progression. He then
began second-line therapy with pembrolizumab and lenvatinib. Shortly
after initiation, the patient made the decision to transition to comfort
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Fig. 2. Computed tomography scan of the right orbit and globe with treatment planning for the proton beam therapy and plaque brachytherapy. Isodose lines: red =
8500 cGy, green = 4800 cGy, yellow = 3889 cGy, blue = 2500 cGy. (For interpretation of the references to color in this figure legend, the reader is referred to the

Web version of this article.)
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care and he died of metastatic disease without evidence of local recur-
rence 30 months after radiation therapy completion.

3. Discussion

Conjunctival melanoma is a serious, sight- and life-threatening dis-
ease that has a high rate of local recurrence. In this report, we present
the case of a man with two simultaneous conjunctival melanomas each
requiring separate adjuvant radiation treatment modalities to the same
eye. Despite the very high risk of local recurrence in this situation, the
use of combined brachytherapy and proton beam radiation has
demonstrated eye salvage with 2.5 years of local tumor control.

While our patient developed distant metastatic disease several years
after initial tumor resection, he maintained local control with no evi-
dence of recurrence in the ocular structures. A possible explanation may
be the presence of circulating, dormant tumor cells that later reactivate,
leading to systemic failure. It is unclear how frequently CM patients
without local recurrence develop distant metastasis. However, the pro-
pensity of choroidal melanomas for distant metastasis (with or without
the presence of local recurrence) is well understood.'”>'® Additionally,
late metastasis more than 10 years after initial resection is a
well-documented occurrence in cutaneous malignant melanoma. '’

Treatment modalities for conjunctival melanoma have advanced
significantly, leading to better local control rates. Cryotherapy and a
“no-touch” surgical excision technique have been shown to be important
in these improvements.">®'%? In this patient, a “no-touch” technique
was used for each, separate lesion resection and all surgical margins
were treated with cryotherapy. However, there was still evidence of
residual melanoma cells in two locations.

Each lesion in our patient had unique characteristics requiring
different treatment modalities. Corneal limbus lesions are typically
associated with a lower risk of recurrence and lower mortality rates, and
treatment with brachytherapy in these lesions has been favorable.”?' >3
There are several different radioactive agents used in brachytherapy,
including Ruthenium-106 plaques, Iodine-125 plaques, and
Strontium-90 handheld applicators. A recent retrospective analysis by
Brouwer et al. found that there was no significant difference in the rate
of recurrence between these agents.”> A review of several case series
evaluating the outcomes of adjuvant brachytherapy following surgical
excision found that 80 % of cases experienced complete resolution of
disease.?’ Brachytherapy has also been shown to significantly reduce
recurrence when compared to both excision alone and excision with
cryotherapy.*>*

Forniceal lesions are typically not accessible to brachytherapy or
other forms of eye-sparing treatments and are therefore limited to forms
of EBRT or exenteration as treatment options. The forniceal melanoma
in our patient was large (10 mm long and 2 mm thick) and potentially
deep margin-involving. For high-risk tumors (thickness greater than 2
mm, unfavorable location, multifocal lesions), PBRT and EBRT have
been reported to be viable alternatives to exenteration.”>?® Wong et al.
summarized the findings in three case series and determined that
approximately 85 % of cases with CMs treated with EBRT or PBRT after
surgical excision showed complete resolution.”> While PBRT allows for
more precise dose delivery to cancerous lesions in comparison to other
forms of radiation therapy (like EBRT), access to proton therapy is
limited in many areas.”® Unfortunately, studies have shown that there
are many adverse effects associated with both EBRT and PBRT. These
include dry eye, eyelash loss, cataract, and keratinization of the con-
junctiva. Limbal stem cell deficiency and corneal neovascularization
occur in an estimated 15-20 % of cases, and our patient developed this
complication approximately 6 months after treatment with PBRT.?*?° In
our patient, who had radiation from two sources to two ocular locations,
limbal stem cell deficiency was an expectation from the time of treat-
ment planning, and the goal of treatment was globe salvage.
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4. Conclusions

In a patient with multiple, simultaneous, primary conjunctival mel-
anomas, the appropriate treatment for each lesion can be determined
independently. Simultaneous conjunctival melanomas can be treated
using both brachytherapy and proton beam radiotherapy. In this case,
treatment tailored to the individual characteristics of each tumor led to
excellent local tumor control without recurrence.
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