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Ocularmelanoma(OM) isa rarenoncutaneousmalignancyandconsists
of 2 different subtypes based on the anatomic location in the eye: uveal
melanomaandconjunctivalmelanoma.Likecutaneousmelanoma,OM
benefits from nuclear medicine andmolecular imaging in nodal staging
andclinicalmanagement. Through the illustrationof 2 distinctive cases,
we aim to demonstrate the complementary roles of standard lympho-
scintigraphy, advanced SPECT/CT, 18F-FDG PET/CT, and 18F-FDG
PET/MRI in accurate nodal staging and surveillance of OM. We also
review the epidemiology, existing staging guidelines, andmanagement
of uveal melanoma and conjunctival melanoma.
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Ocular melanoma (OM) represents the most common form of
rare noncutaneous melanoma and the most common primary ocular
tumor in adults (1). There are 2 subtypes of OM based on anatomic
location in the eye: uvealmelanoma (UM),which involves the choroid,
retina, iris, or ciliary body and accounts for 95% of OM cases, and the
rarer conjunctival melanoma (CM), which involves mainly the bulbar
conjunctiva and comprises only about 5% of OM cases. The clinical
manifestations of, and treatment approaches toward,OMvary between
UM and CM, and accurate staging outside the eyes is crucial in the
assessment of treatment response and surveillance (2–4).
Given the differences in lymphatic drainage and potential

sites of metastases between UM and CM, distinct considera-
tions must be made with regard to tumor staging strategies.
Nuclear medicine and molecular imaging (i.e., 99mTc-sulfur
colloid lymphoscintigraphy–guided sentinel lymph node
biopsy [SLNB] and whole-body 18F-FDG PET/CT) have
proven of value in staging melanoma in the discovery of
tracer-avid locoregional nodal and visceral metastases (5–8).
Although limited data exist on the optimal imaging modality
for staging CM, which has a lymphatic spread pattern similar
to that of cutaneous melanoma, 99mTc-sulfur colloid lympho-
scintigraphy and SPECT/CT-guided SLNB have emerged as
valuable tools. Given the technical skill required for

subconjunctival radiotracer injection, these 2 tools have been
used at only some specialized eye institutions (9–12). 18F-
FDG PET/MRI systems have become increasingly available
and allow for combined whole-body molecular imaging and
high-resolution, targeted, diagnostic MRI in a 1-stop imaging
examination model. 18F-FDG PET/MRI enables diagnosis of
hepatic and brain metastasis and evaluation of tumor burden
and assists in clinical management of OM (13).
In this study, we present 2 distinct cases to demonstrate the clin-

ical utility of standard and advanced nuclear medicine imaging
modalities in OM, followed by a review of OM epidemiology and
existing guidelines on staging and management. Specifically, we
aim to underscore the importance of 18F-FDG PET/CT or 18F-
FDG PET/MRI in the staging or restaging of OM and the use of
99mTc-sulfur colloid lymphoscintigraphy and SPECT/CT in CM.
This study complied with institutional review board policy.

CASES

Case 1
A 74-y-old man presented with visual changes in his left eye. On

ophthalmologic examination, the patient was found to have retinal
detachment with a large pigmented uveal mass, consistent with a diag-
nosis of ciliochoroidal melanoma. Staging CT and MRI of the liver
demonstrated multiple hepatic lesions. Metastatic ciliochoroidal mela-
noma was confirmed after ultrasound-guided biopsy of a liver lesion
revealed stage T4bN0M1 disease. The patient underwent g-knife
radiotherapy to the left-eye lesion and began systemic therapy with
pembrolizumab. To evaluate response to therapy, 18F-FDG PET/
MRI was performed on a GE Healthcare Signa 3-T PET/MRI system.
The customized PET/MRI protocol consisted of 2 parts. The first part
was a whole-body 18F-FDG PET/MRI survey scan with 370 MBq of
18F-FDG injected intravenously, a 60-min uptake time, and 6–8 bed
positions covering the whole body (an imaging time of �4 min at
each bed position). Simultaneous T1-weighted Dixon LAVA Flex
(GE Healthcare; water, fat, in-phase, and out-of-phase) sequences
were acquired for attenuation correction and localization. The second
part was a focused contrast-enhanced liverMRI scan. The whole-body
18F-FDG PET/MRI demonstrated a recurrent or residual tracer-avid
primary left eye lesion on a survey scan, with progression of hepatic
metastases (Fig. 1). The patient did not respond to chemotherapy
and died 15 mo after the initial diagnosis of UM.

Case 2
A 64-y-old woman with a history of primary acquired melanosis

(PAM) presented with a rapidly enlarging mobile lesion of the right
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eye. On examination, a mobile pigmented lesion involving the right
superior temporal conjunctiva was noted, with surrounding mela-
nosis and without scleral invasion. The patient underwent exci-
sional biopsy and cryotherapy. Pathologic examination revealed
invasive bulbar CM with a 2.6-mm depth of invasion. Nasal and
temporal margins were positive for residual PAM with atypia
only. A further staging workup was performed, including whole-
body 18F-FDG PET/CT (same dosage and uptake time as for
whole-body 18F-FDG PET/MRI) and MRI of the brain and neck,
both of which were negative for a recurrent lesion or metastatic
disease. Lymphoscintigraphy for the purposes of SLNB was also
performed. Subconjunctival radiotracer injection was performed
by an ophthalmologist with a valid authorized-user status. In
detail, 4% lidocaine was topically administered with a cotton tip
applicator to the injection site of the right eye following a dedi-
cated sterile preparation protocol. With the patient’s eyelids man-
ually held open by the ophthalmologist, the patient was instructed
to look in the opposite direction from the injection site, and two
0.2-mL aliquots of normal saline containing 11.1 MBq of
99mTc-filtered sulfur colloid were successfully injected in the sub-
conjunctival space in separate locations in the area of the excised
melanoma. Dynamic and static planar scintigraphy images of the
head and neck were obtained, followed by SPECT/CT images,

to localize the sentinel node. Both planar and SPECT images iden-
tified a right parotid sentinel node, which was resected through a
superficial parotidectomy and was negative for metastasis on final
pathologic examination (Fig. 2). The disease was staged as
T1cN0M0. The patient remained negative for tumor recurrence
or metastasis on repeated biopsy and multimodality image studies,

FIGURE 1. Whole-body 18F-FDG PET/MRI study in surveillance of UM (case 1). Whole-body maximal-intensity-projection (MIP) images exhibit
tracer-avid left eye lesion and numerous tracer-avid lesions in liver. Axial 18F-FDG PET/MRI of left eye demonstrates high T1-signal lesion in left
globe with increased tracer uptake, with SUVmax of 8.3 (top line on MIP image; top row of images). On representative layer of liver (bottom line
on MIP image; bottom 2 rows of images), multiple liver lesions with variable low and high T1 signals show increased uptake, with SUVmax of
4.0–11.7. In addition, diffusion-weighted imaging (DWI) shows more small metastases with restricted diffusion (arrows) than does contrast-
enhanced T1-weighted MRI (T1C1) or PET. T1C25 non–contrast-enhanced T1-weighted MRI; T25 T2-weighted MRI. Color version of this figure
is available as supplemental file at http://tech.snmjournals.org.

FIGURE 2. 99mTc-filtered sulfur colloid SPECT/CT (case 2). (A) Coronal
PET/MR image demonstrating successful radiotracer injection to right-eye
subconjunctival region by ophthalmologist. (B) Axial PET/MR image. (C)
Axial low-dose CT image. Tiny sentinel lymph node (arrows) was identified
in right fossa of parotid gland. Node was negative for metastasis on biopsy.
Color version of this figure is available as supplemental file at http://tech.
snmjournals.org.
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including whole-body 18F-FDG PET/CT
and 18F-FDG PET/MRI (Fig. 3).

DISCUSSION

OM is a rare type of noncutaneous mela-
nomaand the secondmost commonmelanoma
after cutaneous melanoma (1). On the basis of
its anatomic location, OM is categorized as
UM or CM (Fig. 4). There are distinctive dif-
ferences in epidemiology, pathophysiology,
and clinical management between these 2
subtypes. Accurate staging and appropriate
clinical surveillance may guide clinical
management and ultimately improve progno-
sis in UM and CM, similarly to their cutane-
ous melanoma counterpart. From SLNB to
whole-body 18F-FDG PET/CT, nuclear med-
icine and molecular imaging have a well-
established role in staging and surveillance
of cutaneous melanoma. Given the complex
anatomy of the eye and the rarity of OM,
we present these 2 cases to demonstrate that
the variety of nuclear medicine andmolecular
imaging modalities provides excellent imag-
ing tools in staging and surveillance of OM.

FIGURE 3. Whole-bodymaximum-intensity-projection 18F-FDG PET/CT and 18F-FDG PET/MRI in surveillance of CM (case 2). Consecutive anterior and
right lateralviewsdonotdemonstratehypermetabolicmetastasisor recurrenceatbaselineorat thefirst (12mo)orsecond (16mo) follow-up (F/u-1andF/u-2,
respectively).

FIGURE4. Illustration of eye anatomy.UMoccurs at iris, ciliary body, and choroid. CMoccurs at pal-
pebral and bulbar conjunctiva. (Reprinted with permission of (38).) Color version of this figure is avail-
able as supplemental file at http://tech.snmjournals.org.
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UM
Epidemiology and Pathophysiology. UM represents the most

common primary intraocular malignancy in adults, with a mean age-
adjusted incidence of 5.1 per million population (1,14–16). On the
basis of Surveillance, Epidemiology, and End Results data collected
in the United States between 1973 and 2008, UM represented approx-
imately 3.1% of all melanoma cases, with 5- and 15-y survival rates of
81.6% and 45%, respectively (15,16). UMdevelops frommelanocytes
along the uveal tract and most frequently arises from the choroid
(85%), with retinal, iris, and ciliary body involvement comprising
the remainder of cases (14,17). Increased rates ofUMare seen inwhite
populations.

Staging. Because of a relative lack of lymphatics within the eye,
metastatic spread of UM occurs predominantly in a hematogenous
manner. Althoughmetastases can be found in several organ systems,
UM demonstrates a notorious propensity for liver metastasis.
Although this mechanism is not well understood, an estimated
71%–95% of patients with metastatic disease demonstrate hepatic
lesions; other metastatic sites include bone, lung, skin, and other
organ systems (14,18,19).
Staging of OM is guided by the American Joint Committee on

Cancer, with imaging playing a vital role in identifying metastatic
disease (16). Consensus-based guidelines on staging workup of
UM were proposed by Weis et al. (16) in 2016 and recommend
that one of the following be obtained: CT of the chest and abdomen
(liver protocol for abdomen),whole-body 18F-FDGPET/CT, or liver
MRI with chest CT.
Recent studies have highlighted the sensitivity and positive pre-

dictive value of both 18F-FDG PET/CT and MRI in assessing meta-
static UM. A 2012 study by Freton et al. (20) highlighted 18F-FDG
PET/CT as an effective screening modality for hepatic and extrahe-
patic metastasis, with a 100% positive predictive value. Of 333 con-
secutive patients with UM who underwent screening with 18F-FDG
PET/CT, 7 demonstrated biopsy-proven liver metastases, and 2 of
those 7 (29%) hadmultiorgan involvement. In a 2005 study by Kurli
et al. (19), 20 patients with suspected metastatic UM underwent 18F-
FDG PET/CT to identify metastatic disease. Of 8 patients positive
for metastasis, 8 (100%) demonstrated liver metastasis and 6
(75%) showed multiorgan involvement, resulting in a sensitivity
of 100%. Klingenstein et al. (21), in 2010, further established 18F-
FDG PET/CT as an effective tool in imaging staging and follow-
up of metastatic UM.
In specifically determining the presence of isolated hepatic meta-

static disease, a 2010 study by Servois et al. (22) reported the sensi-
tivity and positive predictive value of liver MRI to be 67% and 95%,
respectively, compared with 41% and 100% for 18F-FDG PET/CT.
This increased sensitivity of MRI over 18F-FDG PET/CT in detect-
ing liver lesions was further corroborated in a 2012 study by Orcurto
et al. (23), in whichMRI outweighed 18F-FDG PET/CT in detecting
small lesions (,1.2 cm). Importantly, in that study, 18F-FDG PET/
CT identified at least onemetastatic liver lesion per patient as well as
changes in 18F-FDG uptake not related to size change, suggesting a
potential role in determining early therapy response.
Although a single optimal imaging modality has not yet been

determined in the staging of UM, benefits exist for both 18F-FDG
PET/CT (identifying extrahepatic disease with good sensitivity
and positive predictive value for hepatic lesions) and MRI
(improved sensitivity for identifying hepatic lesions). In case 1,
18F-FDG PET/MRI was chosen as the optimal surveillance modal-
ity, which demonstrated excellent performance in delineating both

the primary lesion and the hepatic metastases in the advantageous
1-stop imaging pattern. The hybrid diagnostic liver 18F-FDG PET/
MRI demonstrated its unique advantage in combining morphologic
and molecular imaging information in the diagnosis of liver metas-
tasis in melanoma. If available or feasible, 18F-FDG PET/MRI may
represent an alternative that combines the described advantages of
both modalities, with a reduced radiation dose compared with
whole-body 18F-FDG PET/CT.

Management. Management of UM is highly specialized and
requires multidisciplinary support. With regard to surgical manage-
ment, enucleation remains the preferred treatment for lesions more
than 10 mm thick or more than 18mm in diameter (16). Local resec-
tion can be considered in select ciliary body or iris lesions. Lesions
best suited for brachytherapy include those less than 10 mm thick
and less than 18 mm in maximal diameter, as well as high-risk inde-
terminate lesions.
The appropriate imaging surveillance strategy for patients with

metastatic UM remains to be fully established. However, annual
follow-upwith 18F-FDGPET/CT or liverMRI, or with liver ultraso-
nography and chest radiography, is recommended. Although a pro-
spective study of 188 high-risk UMpatients showed that semiannual
liver MRI detected metastases in 92% of patients before symptoms
manifested, whether such a regimen has a survival benefit remains to
be established (24).

CM
Epidemiology and Pathophysiology. CM represents a consider-

ably rarer entity than UM, occurring approximately one fortieth as
often, with an estimated annual incidence of 0.2–0.8 cases per mil-
lion (25–29). CM is predominantly seen in middle-aged to older
white populations, without a definite sex predilection. Five- and
8-y mortalities have been most recently estimated at 7% and 13%,
respectively (30). Although risk factors commonly associated with
cutaneous melanoma have not been demonstrated in CM (e.g., fam-
ily history, ultraviolet light exposure, or fair skin and hair), an asso-
ciation between PAM and CM has been well established. Of CM
cases, 57%–76% are thought to be attributable to PAM—with
PAM with severe atypia transforming into CM at a high frequency
(30,31). CM results from malignant proliferation of melano-
cytes—specifically from the conjunctiva. Anatomically, the con-
junctiva represents a clear mucous membrane that lines the
posterior surface of the eyelids (palpebral conjunctiva), the anterior
portions of the globe, and the superior and inferior fornices (bulbar
and forniceal conjunctiva, respectively) (25). However, there is no
particular quadrant prediction, with the following quadrant inci-
dence ranges reported: 16%–34% in the superior quadrant,
22%–39% in the inferior quadrant, 17%–34% in the nasal quadrant,
and 26%–63% in the temporal quadrant (30,32).

Staging. Because the conjunctiva is supplied by both blood ves-
sels and lymphatics, metastatic spread can occur hematogenously
or via lymphatic drainage to regional lymph nodes. Initial lymphatic
spread is estimated to occur in up to 41%–62% of patients, with dis-
tant metastases in the absence of local nodal involvement occurring
in 26%–50% (3,30,33). Reported risk factors for regional nodal
spread include nonlimbal location, tumor thickness greater than 2
mm, large basal diameter, positive resection margins, and orbital
extension (34). The lymphatic spread of CM seems to be associated
with the location of the primary tumor, with nasal conjunctiva
appearing to drain to the submandibular lymph nodes (9%) whereas
tumors of the rest of the conjunctiva drain primarily to the
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preauricular nodes (73%) and deep cervical lymph nodes (18%) (3).
Currently, no strict imaging guidelines exist for systemic staging
workup or restaging of CM (4,31). Existing recommendations
include CT or MRI of the brain, chest, and abdomen/liver or 18F-
FDG PET/CT. In contrast to UM, a paucity of data exists assessing
the utility of 18F-FDG PET/CT in CM. The largest case series was
reported by Kurli et al. (35), who investigated the performance of
18F-FDG PET/CT in 14 CM patients: 7 for peroperative staging
and 7 for restaging after treatment (surgical removal with adjuvant
cryotherapy or chemotherapy). Among the small cohort of patients,
one (T4 stage) had multisite distant metastases, with involvement of
the liver, lung, peritoneal cavity, lumbar spine, and other sites. The
remaining 13 patients (T3 stage) were negative for either locore-
gional or distant metastasis. This study indicated a limited role for
18F-FDG PET/CT in initial T and N staging but value for restaging
of CM. Damian et al. reported a case presenting with a hypermeta-
bolic primary left-eye CM lesion and an ipsilateral preauricular
node on restaging 18F-FDG PET/CT, without evidence of distant
metastasis (36).
Because of the similarity in the pattern of lymphatic spread

between CM and cutaneous melanoma, lymphoscintigraphy with
SLNB has arisen as a safe and viable staging tool in the last 1–2 dec-
ades and has been supported in several small case series (11,34,36).
Preoperative SLNB allows for potential detection of otherwise clin-
ically undetectable systemic spread and is performed during or after
removal of the primary lesion (31). The success of SLNB requires a
sophisticated subconjunctival injection of filtered 99mTc-sulfur col-
loid near the existing tumor or site of resection at the nuclear medi-
cine laboratory (37). Dynamic planar images are obtained with a
g-camera to identify a sentinel lymph node. The skin is marked in
this region, with use of SPECT/CT for further localization. Intrao-
peratively, a handheld g-probe and methylene blue injection are
also used to localize the sentinel node, followed by surgical dissec-
tion, excision, and histologic processing.
Ultimately, further trials are required to fully identify the role and

survival benefit of lymphoscintigraphy with SLNB in this popula-
tion. Given the rarity of CM, existing data remain limited, with a
cohort of 18 patients from Cohen et al. (34) remaining the largest
studied population.

Management. Again, because of the rarity of CM,management of
this malignancy is based on case reports and series. The current stan-
dard of care includes wide local excision with double freeze–thaw
cryotherapy to the resection margins (4,31). Enucleation may be
required in advanced cases in which wide local excision is not fea-
sible. Topical chemotherapy and brachytherapy have been explored
as adjuvant therapy. Unfortunately, 5-y recurrence rates are high,
currently estimated at 36%–45% after surgical resection (31). Like
UM, CM currently has no optimal or well-researched method of
imaging surveillance for restaging, with 18F-FDG PET/CT often
being used.

CONCLUSION

Nuclear medicine andmolecular imaging have an established role
in the staging and surveillance ofOM.Because of differences inmet-
astatic pathways between UM and CM, imaging strategies for both
entities also differ. In patients with UM, whole-body 18F-FDG PET/
CT may represent mainstays of initial staging and surveillance. The
role of emerging hybrid 18F-FDG PET/MRI is promising, especially
in the diagnosis and assessment of metastasis in the liver and brain,
but it is limited by lack of availability and needs to be better defined

by greater clinical application. Data on the staging and surveillance
of CM remain sparse and are based on limited case series. Since CM
may spread to locoregional lymph nodes via the lymphatic drainage
channel, there is a rationale for performing SLNB and SPECT/CT in
the staging of CM to predict recurrence and survival. Collaboration
with ophthalmology at a clinical nuclear medicine practice is crucial
to successfully perform the sophisticated subconjunctival radio-
tracer injection.
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