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Abstract The diagnostic significance of several radiophar-
maceuticals for malignant uveal melanoma has been dis-
cussed in the past decade. In our study, 99 patients with
clinically suspected malignant uveal melanoma were con-
sidered; 36 had been treated and 63 were untreated.
Single-photon emission computed tomography (SPECT)
images were obtained after the intravenous injection
of N-isopropyl-p-['?IJiodoamphetamine ('“I-IMP). In the
63 patients without prior treatment, 36 were negative on
'"“[-IMP SPECT, and all 36 except for 1, were histologically
or clinically confirmed as having other, benign, entities in-
cluding choroidal nevus, choroidal hemangioma, metastatic
choroidal tumor, and other intraocular conditions. Twenty-
seven of the 63 patients showed significantly high accumula-
tion of '"“I-IMP in the late phase in the area corresponding
to the intraocular lesion; all except 2 of these 27 patients
were histopathologically or clinically confirmed as having
malignant uveal melanoma. One of these 2 "I-IMP-
positive patients was histologically diagnosed with adeno-
carcinoma arising from the pigment epithelium of the ciliary
body. The 36 patients who had undergone eye-preserving
treatments such as brachytherapy showed various results
on '“I-IMP SPECT. We concluded that '“I-IMP SPECT is
useful for the diagnosis of malignant uveal melanoma,
especially in patients with atypical clinical manifestations
for which conventional diagnostic techniques are inade-
quate to arrive at a definitive diagnosis.
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Introduction

Uveal melanoma, which arises in the iris, the ciliary body, or
the choroid, is the most common primary intraocular malig-
nant tumor. According to a recent report, the mean age-
adjusted incidence of uveal melanoma in the United States
was 4.3 per million, and most cases (97.8%) occurred in the
white population.' In Japan, only one report with regard to
the incidence of uveal melanoma has been published during
the past 30 years, and it indicated that the estimated annual
incidence of uveal melanoma in Japan was 0.25 per million.?

Despite various new concepts and methods of treatment
such as radiotherapy, improvement of survival rates in pa-
tients with uveal melanoma has been limited.” A recent
investigation of very long-term prognosis reported that
uveal melanoma-related mortality was 31% by 5 years, 45%
by 15 years, 49% by 25 years, and 52% by 35 years, accord-
ing to cumulative incidence analysis.*

Dilemma in the clinical diagnosis of uveal melanoma

A diagnosis of uveal melanoma is made by characteristic
ocular manifestations obtained by slit-lamp biomicroscopy,
binocular fundus examination, ultrasonography, and mag-
netic resonance imaging (MRI). In general, the clinical di-
agnosis of uveal melanoma is not difficult when ocular
findings and results of radiological examinations are typical.
However, a clinical diagnosis of uveal melanoma may be
difficult in some cases, in which the ophthalmologist may be
confused by atypical ocular manifestations and/or ocular
complications such as cataract, retinal detachment, and vit-
reous hemorrhage. Although the accuracy of the clinical
diagnosis of uveal melanoma has improved, misdiagnosis
still occurs today.’ Especially, choroidal melanoma early in
its natural course is difficult to distinguish from choroidal
nevus.’

Histopathological examination without enucleating the
eyeball is the ideal approach to obtain an accurate diagnosis



of uveal melanoma. Fine-needle biopsy™® or excisional
biopsy”'” following certain protocols yields a histopatho-
logical diagnosis. However, these diagnostic or therapeutic
techniques are indicated in only a limited number of
patients with uveal melanoma.

Scintigraphy using radiopharmaceuticals for the
diagnosis of uveal melanoma

Several radiopharmaceuticals, including [*I] N-(2-
diethylaminoethyl)-4-iodobenzamide (‘*I-BZA)," ['*I] N-
(2-diethylaminoethyl) ~ 4-iodobenzamide ('“I-IDAB),"”
4-borono-2-[*F] fluoro-p,L-phenylalanine (*F-FBPA),"”
and N-isopropyl-p-[*IJiodoamphetamine (‘*I-IMP)"* have
been reported to be useful for the diagnosis of cutaneous,
ocular, and metastatic melanomas.

121 IMP and malignant melanoma

The diagnostic efficacy of '“I-IMP scintigraphy for uveal
melanoma was suggested over 20 years ago." '“I-IMP was
primarily developed as a radiopharmaceutical for blood
perfusion imaging'* and it has been utilized clinically for the
diagnosis and evaluation of cerebral infarction and other
vascular disorders.

Since Holman et al.” reported a positive correlation be-
tween increased '"®I-IMP accumulation and melanin pro-
duction, "“I-IMP has been utilized clinically not only to
evaluate blood perfusion but also to detect malignant mela-
noma. Cohen et al.'® have shown that the in vitro '*I-IMP
uptake by amelanotic melanoma cells is less than that by
melanotic melanoma cells, and this is compatible with the
clinical data obtained from patients with skin melanoma.
Although many clinical trials of 'I-IMP have been con-
ducted in the field of melanoma of the skin and other or-
gans, few case reports have been published on its use for the
diagnosis of uveal melanoma."”"

We have reported the usefulness of single-photon emis-
sion computed tomography (SPECT), using “I-IMP, for
the diagnosis of uveal melanomas, which were mostly pig-
mented melanomas in the Japanese population.”

Current results of 'ZI-IMP SPECT for the diagnosis of
uveal melanoma

To date, ”I-IMP SPECT images have been obtained from
99 patients with clinically suspected uveal melanoma at
Tokyo Medical University Hospital. Orbital SPECT images
were analyzed 20min (early phase) and 24h (late phase)
after the intravenous injection of 111 MBq of '*I-IMP. Our
previous study demonstrated that late-phase evaluation was
critical to detect uveal melanoma.”

Thirty-six of the 99 patients had medical histories of eye-
preserving treatments, including brachytherapy, extrabeam
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Table 1. '“I-IMP SPECT images in patients with intraocular tumors
and other intraocular disorders, except for uveal melanoma

Diagnosis Number of patients

Iris nevus or iris melanocytoma
Ciliary-body tumor

Choroidal nevus

Choroidal hemangioma
Melanocytoma of the optic disc
Metastatic choroidal tumor
Age-related macular degeneration
Others
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PL.IMP SPECT, N-isopropyl-p-['*I]iodoamphetamine single-photon
emission computed tomography

radiotherapy, transpupillary thermotherapy (TTT), and
local resection of the tumor. The remaining 63 patients,
who had had no prior treatment, were examined initially for
the clinical diagnosis of uveal melanoma or for ruling out
other intraocular disorders.

Of the 63 patients without prior treatment, 36 were
negative for '"”I-IMP SPECT images in both early and late
phases, and all 36 patients, except for 1, were histologically
or clinically confirmed as having other clinical entities,
including choroidal nevus, choroidal hemangioma,
melanocytoma of the optic disc, metastatic choroidal tumor,
and other intraocular disorders (Table 1). The remaining 27
patients showed significantly high accumulation of '*I-IMP
in the late phase in an area corresponding to the intraocular
lesion, and all except 2 of these patients were histopatho-
logically (16 cases) or clinically (9 cases) confirmed as hav-
ing uveal melanoma. All 25 patients with uveal melanoma
detected by I-IMP SPECT had a pigmented intraocular
tumor. The smallest tumor among these 25 patients was
3mm X 4mm.

A diagnosis of uveal melanoma was ruled out in two
patients who showed positive results on '“I-IMP SPECT
images. One of these patients was histopathologically
diagnosed with adenocarcinoma arising from the pigment
epithelium of the ciliary body. This case suggests that an
intraocular tumor producing abnormal melanin pigment
could show uptake of '”I-IMP. The second of these two '*'I-
IMP SPECT-positive patients was clinically diagnosed as
having iris melanocytoma, which has remained constant in
size for several years. It remains to be seen whether this
tumor will maintain its size and pigmentation in the future.
In fact, the possibility of transformation to malignant mela-
noma has been suggested in patients with melanocytoma
arising from the iris or optic disc.”*> None of the patients
with melanocytoma of the optic disc showed a positive re-
sult on '"“I-IMP SPECT images in our series.

The 36 patients who had a history of eye-preserving
treatments, including brachytherapy, extrabeam radio-
therapy, TTT, and local resection showed various findings
on '"PI-IMP SPECT images. No evidence of recurrence was
detected in 25 patients with a negative result on '*I-IMP
SPECT. Eleven patients were positive for '“I-IMP SPECT,
and 4 of them underwent eyeball enucleation subsequently.
All 4 patients revealed the recurrence of uveal melanoma
histopathologically. Two patients were re-treated with
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Fig. 1. Ocular fundus photograph of a 74-year-old woman. A slightly
elevated intraocular lesion with orange pigment is observed in the

right eye pOSterior

Fig. 4. "’I-IMP SPECT image performed 7 months after the last laser
treatment. Note the marked accumulation of *I-IMP (arrow) com-
pared to that in Fig. 2

posterior

Fig. 2. N-isopropyl-p-[*I]iodoamphetamine (**I-IMP) single-photon
emission computed tomography (SPECT) image in late phase. Note
the moderate accumulation of '“I-IMP, corresponding to the right eye
(arrow)

Fig. 5. A brownish intraocular tumor is observed at the posterior pole
in the enucleated eyeball

brachytherapy or TTT, and the other 5 patients have been
followed with careful observation.

b

Representative case reports
Case 1

Figure 1 shows an ocular fundus photograph of case 1, a 74-
year-old woman who had been treated and managed for a
diagnosis of age-related macular degeneration for several
months. “I-IMP SPECT, performed to rule out uveal mela-
noma, showed abnormal uptake in the right eye (Fig. 2).

Although she underwent repeat laser treatment, the el-
123
1-

Fig. 3. Ocular fundus photograph taken 7 months after the last laser
treatment. Enlargement of the tumor, with mushroom-shaped prolif-
eration is observed evated intraocular lesion became enlarged (Fig. 3), and



Fig. 6. Histopathological diagnosis was compatible with choroidal
melanoma, with the tumor composed mainly of spindle cells. Original
magnification, X132

Fig. 7. Ocular fundus photograph of a 57-year-old man. Intraocular
tumor (asterisk) and bullous retinal detachment (arrowheads) are
noted. Metastatic choroidal tumor was suspected, due to a medical
history of lung cancer

IMP SPECT performed 7 months after the last laser treat-
ment revealed marked accumulation of '“I-IMP (Fig. 4).
Eventually, she underwent eyeball enucleation. Macro-
scopic and histopathological examination of the enucleated
eyeball was compatible with choroidal melanoma (Fig. 5, 6).

Case 2

Figure 7 shows an ocular fundus photograph of case 2, a 57-
year-old man who was difficult to diagnose clinically due
to the presence of bullous retinal detachment masking an
uveal tumor. Initially, metastatic uveal tumor was suspected
because of his medical history of lung cancer. However,
the I-IMP SPECT image was positive (Fig. 8) and the
histopathological diagnosis obtained after enucleation of
the eyeball was compatible with choroidal melanoma, with
no evidence of metastatic lung cancer.
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posterior

Fig. 8. "I-IMP SPECT image is positive (arrow) in late phase. The
histopathological diagnosis of the enucleated eyeball was choroidal
melanoma

Fig. 9. Ocular fundus photograph, showing melanocytoma of the optic
disc, with marked dispersion of melanin pigment into the vitreous. The
"I.IMP SPECT image was negative

Fig. 10. Ocular fundus photograph taken 5 years after the initial visit.
No significant changes were observed at this time
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Case 3

Figure 9 shows an ocular fundus photograph of case 3, a 62-
year-old man with melanocytoma of the optic disc. Trans-
formation to malignant melanoma was initially considered
because of the marked melanin pigmentation around the
optic disc, with vitreous dispersion. However, the ZI-IMP
SPECT image was negative, and no intraocular abnormali-
ties have been observed for 5 years since the initial exami-
nation (Fig. 10).

Conclusions

'“I-IMP SPECT is an effective procedure for the diagnosis
of uveal melanoma, especially in patients with atypical clini-
cal manifestations for which conventional diagnostic tech-
niques are inadequate to arrive at a definitive diagnosis.
The high rate of detection by the '“I-IMP images in patients
with uveal melanoma, compared to the rate of detection in
skin melanoma described previously,'® may be explained by
the abundant vascularization in the uveal tissue. In addition,
the high resolution obtained with SPECT images may con-
tribute to the determination of localized tumors. The '*’I-
IMP SPECT technique will be applied more often in the
future to evaluate the therapeutic effects of eye-preserving
treatments.
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