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ABSTRACT

Non-cutaneous melanomas (NCM) are diverse and relatively uncommon. They often differ from cutaneous melanomas in

their epidemiology, genetic profile and biological behaviour. Despite the growing body of evidence regarding the utility of

positron emission tomography (PET)/CT in cutaneous melanoma, the data on its use in NCM are scarce. In this review, we

will summarize the existing literature and present cases from our experience with NCM to illustrate current knowledge on

the potential role and limitations of fluorine-18 fludeoxyglucose PET/CT in NCM.

Non-cutaneous melanomas (NCM) are classified according
to origin: ocular, mucosal or unknown primary. Ocular
melanomas may arise from the uvea or conjunctiva. Mucosal
melanomas may originate from mucosal surfaces in the head
and neck (oral cavity, nasal and paranasal sinuses) and
gastrointestinal and genitourinary tracts. NCM are relatively
rare, with ocular and mucosal melanomas accounting for
only 5.5% and 1.3% of all melanomas in North America,
respectively. The incidence of mucosal melanoma may vary
according to the population studied (range, 0.2–10.0%) and
is higher in Asian populations. By contrast, uveal melano-
mas are more common in Caucasians. Table 1 compares the
prevalence, genetic features and prognosis of cutaneous
melanomas and NCM.1,2 Staging and management of NCM
varies by location and differs from cutaneous melanoma. In
NCM, primary therapy consists of local resection, often with
adjuvant radiotherapy. There may be a role for chemother-
apy and immunotherapy; however, this approach has largely
been extrapolated from experience with cutaneous tumours.

ROLE OF POSITRON EMISSION
TOMOGRAPHY-CT IN
CUTANEOUS MELANOMA
Melanoma is usually fluorine-18 fludeoxyglucose (18F-FDG)
avid, and its efficacy in detection of lymph node metastases
has been investigated. Although it cannot replace sentinel
lymph node staging, reported detection rate of lymph node
metastases is dependent on the size of a node, and for nodes
measuring 6–10mm, it is approximately 83%. Positron
emission tomography (PET)-CT has been shown to detect

more visceral and non-visceral metastases than CT.1 Meta-
analyses show that PET-CT had better sensitivity and spec-
ificity in Stage III/IV melanoma than did standard clinical
diagnostic imaging, resulting in more accurate staging. This
results in a change in patient management in 15–64% of cases.

A previous study demonstrated a treatment change follow-
ing PET-CT in 48.6% of patients with an overall accuracy of
98.7%, in comparison with PETalone (88.8%) and CTalone
(69.7%). It has also been shown to be more accurate in the
detection of skin and subcutaneous metastases when com-
pared with whole-body MRI. A major clinical impact has
also been demonstrated in cases of recurrent melanoma in
up to 41% of patients.2 The role of PET in directing im-
munotherapy has yet to be established. Early reports suggest
a role for the evaluation of metabolic response, for example
in dendritic cell injections.

POSITRON EMISSION TOMOGRAPHY-CT IN
NON-CUTANEOUS MELANOMA
Despite the evidence regarding the utility of PET-CT in
cutaneous melanoma, the data on its use in NCM are
scarce. In this review, we will explore the existing literature
on each NCM subtype and illustrate our experience on the
potential role and limitations of 18F-FDG PET/CT in NCM.

Mucosal melanoma
Mucosal melanomas may involve the head and neck (55.4%),
female genital tract (18%), anorectal region (23.8%) or uri-
nary tract (2.8%).3
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Anorectal melanoma
Anorectal malignant melanomas (ARMM) represent only 0.05%
of all colorectal malignant tumours. The mean age at manifes-
tation is 60–70 years usually with a female pre-dominance; ex-
cept in India, where it is more common in males. The preferred
staging modality has been MRI, and few reports exist that
document the use of PET-CT in staging (Figure 1). A recent 45-
year review in the Journal of the American College of Surgeons
aiming to aggregate the clinical data and treatment options for
anorectal melanoma suggested exploring the use of 18F-FDG
PET/CT in the staging work-up of ARMM, despite the lack of
experience to date.4

Sinonasal melanomas
In general, sinonasal malignant melanoma (SNMM) affects older
patients. A 5-year survival depends on its location and is ap-
proximately 37% for patients diagnosed with nasal cavity disease,
24% for patients with maxillary sinus tumours and 18% for
patients with ethmoid sinus disease. A retrospective analysis of
18F-FDG PET/CT staged and followed 10 patients with SNMM
and showed that PET/CT depicted the tumours and identified all
metastases with the exception of 1 cerebral metastatic deposit.5 In
our experience, PET may help detect unexpected metastases
(Figure 2). Owing to the low prevalence of this disease, no large-
scale trials on use of PET in staging are available.

Vulvovaginal melanoma
Vaginal melanomas comprise ,2% of melanomas in females
and tend to have a more aggressive course than cutaneous
melanoma. In the USA, the 5-year survival is 60% and 25% for
vulvar and vaginal melanoma, respectively. Staging is via the
American Joint Committee on Cancer (AJCC) system, which
incorporates tumour depth and surgical stage. MRI may be used
to aid staging, and some case reports6 have been described.

Groin node status is an important prognostic factor in vulvova-
ginal melanoma (Figure 3). Metastases to the lung (100%), liver

(57%) and peritoneum (43%) have been described in a small
series of patients with vaginal melanoma (Figure 4). Despite the
importance of staging and the propensity for distant metastases,
there is limited literature on imaging features, especially regarding
the use of PET-CT.7

Uveal and choroidal melanoma
Routine staging of uveal melanoma includes physical examina-
tion and ophthalmic ultrasonography to determine local extent
of disease, and liver enzymes and chest radiography for distant
staging. The most commonly used classification scheme is the
AJCC TNM system. PET-CT is not a routine staging examina-
tion and identification of primary tumour by PET is limited.
PET may identify up to 33% of T2 and 75% of T3 choroidal
melanomas.

Whole-body PET-CTmay have a role in predicting survival, with
high tumour standardized uptake value associated with decreased
time to metastasis. Existing literature on use of PET-CT for de-
tection of distant metastases demonstrates conflicting results. A
study reporting 52 patients screened with PET-CT at baseline
showed unexpected metastases in only two cases (3.8%), both of
which had hepatic metastases and normal liver enzymes.8 By
contrast, a smaller series of 12 patients referred for restaging,
staging prior to therapy or assessment of suspected metastases
demonstrated vital metastases in all patients, including hepatic,
osseous, lymphatic, pulmonary, adrenal and muscular deposits. In
that article, PET-CT also ruled out pulmonary metastases in two
patients with suspicious findings on CT and chest radiography.9

The use of liver function tests (LFTs) to detect liver metastases has
been shown to have high specificity and predictive values but low
sensitivity. Hepatic metastases without abnormal enzymes were
also described in a case series by Kurli et al.10 Approximately 59%
of patients with liver metastases are asymptomatic. Liver ultra-
sonography, often used for staging, has a sensitivity of only 78%.
Data comparing PET with conventional imaging in detection of

Table 1. Comparison of cutaneous and non-cutaneous melanoma1,2

Patient/tumour characteristics Cutaneous Non-cutaneous

Age (years) 55 67

Ultraviolet light association Yes No clear association

Incidence over time Increasing Stable

Distant metastases at presentation 12% Ocular, 3%; mucosal, 23%

Staging scheme
UIACC/American Joint Committee on Cancer
and TNM

No single validated system

Genetic profile

C-Kit mutations 1.7% 15.6% (mucosal)

BRAF mutations Common Rare

5-year survival 80%
Ocular, 74.6%; mucosal, 23%; unknown primary,
29.1%

BRAF, v-raf murine sarcoma viral oncogene homologue B; C-Kit, receptor tyrosine kinase for stem cell factor; UIACC, Union for International Cancer
Control.
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liver metastases are also contradictory. A small series including 27
liver metastases in 13 patients with uveal melanoma compared
PET detection of liver metastases with CT or MR and reported
a 59% false-negative rate for PET11 (Figures 5 and 6). This con-
tradicts a large series of 333 patients who showed high sensitivity

and positive-predictive values.12 However, this series included
mostly early-stage disease with only 7 of 333 patients having
distant metastases on PET-CT, all of which had T3 or T4 disease.
Furthermore, the negative-predictive value (NPV) of PET in this
study is uncertain. Direct head-to-head comparisons of PET and

Figure 1. A 37-year-old female who presented with rectal bleeding. Biopsy of the rectal mass showed mucosal melanoma. A large

tumour was identified on MRI (a). On fluorine-18 fludeoxyglucose positron emission tomography (PET)/CT, primary tumour and

multiple nodal metastases in mesorectal space and left common iliac chain were identified (b). PET/CT also demonstrated

a Segment 7 liver metastasis and a deposit in the right acromion (c).
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MR or CTare needed to clarify the performance of each modality
in this patient population.

Unknown primary site
Melanomas with unknown primary have traditionally been
grouped with NCM as genetic analysis showed differences be-
tween these tumours and cutaneous melanoma. Recent studies

have, however, suggested that they share genetic features with
cutaneous melanoma.13 1-year survival appears similar to cu-
taneous melanoma in small cohorts. The role of PET in this
patient population is yet to be determined (Figure 7).

RESTAGING/RESPONSE ASSESSMENT
There is also little data available regarding the use of PET-CT in
the restaging or response assessment of non-cutaneous mela-
noma. Small series postulate that it shows utility in manage-
ment, particularly in predicting the absence of disease given high
negative-predictive values. Others have suggested that PET-CT
may have a promising role in response assessment to chemo-
embolization of hepatic metastases, although MR may be more
useful for detection of smaller metastases (,1 cm) following
therapy.14 PET may have a role in restaging patients before
contemplating surgical salvage therapy in the setting of pre-
sumed localized tumour recurrence (Figure 8).

CONCLUSION
Data on the use of 18F-FDG PET/CT in NCM are limited, likely
due to the low prevalence of this disease and the varied biology
of the distinct subtypes. Furthermore, current literature is often
conflicting. Data on larger cohorts such as that published by
Freton et al12 on choroidal melanoma should be interpreted
with caution given the very small number of patients with
metastatic disease. Although the current evidentiary review and
our limited experience suggest that there may be a role for PET
in the management of patients with NCM, large-scale confir-
matory studies should be pursued. As for other uncommon
diseases, a national or international registry may be needed to
accrue sufficient number of patients to determine whether PET
should be used as an adjunct or in place of conventional imaging
strategies.

Figure 2. A 70-year-old male with left nasal melanoma (arrows) (a). Positron emission tomography/CT showed uptake in a mass at

the head of the pancreas (arrows) (b). Biopsy confirmed metastatic deposit from nasal melanoma.

Figure 3. A 79-year-old female with vaginal melanoma (solid

arrow). Positron emission tomography demonstrated uptake

in primary lesion and bilateral inguinal nodes (dotted arrows).
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Figure 4. A 48-year-old female with vaginal melanoma. Positron emission tomography (PET)/CT confirmed uptake in left inguinal

node (arrow) (a) but also detected previously unsuspected lesions in the liver (arrows) (b). These were not visualized on staging CT

prior to PET but were seen on contrast-enhanced CT 4 months later (not shown).

Figure 5. A 47-year-old female with uveal melanoma. Coronal positron emission tomography-CT image demonstrated multiple

fluorine-18 fludeoxyglucose avid bilateral hilar nodes. The pattern raised suspicion for an inflammatory aetiology, such as

sarcoidosis, and transbronchial biopsy was performed. This was positive for non-necrotizing granulomatous inflammation.
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Figure 6. A 54-year-old female with uveal melanoma. Positron emission tomography (PET)/CT was negative; however, MR showed

hepatic deposits. Gadolinium ethoxybenzyl dimeglumine (Primovist®; Bayer-Schering, Berlin, Germany)–enhanced MR (a) in the

portal venous phase (left image) and in the hepatobiliary phase (right image) showing metastasis in Segment 7 (arrow). PET-CT at

that level shows no abnormality (b).
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Figure 7. A 33-year-old female with melanoma from unknown primary. Positron emission tomography (PET)/CT demonstrated

multiple deposits including in the sphenoid sinus (a), subcutaneous fat (not shown) and anterior to the left lobe of the liver (b). PET

also demonstrated uptake of fluorine-18 fludeoxyglucose at the level of the right pulmonary artery (c), with no corresponding

abnormality on concurrent contrast-enhanced CT chest (d). Follow-up CT 2 months later (not shown) confirmed a soft-tissue mass

at that location.
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Figure 8. A 75-year-old female who had a previous resection of vaginal melanoma. She presented with right vulvar nodule, and

a positron emission tomography (PET)/CT was ordered to assess for distant disease prior to local resection. Coronal PET image

shows fluorine-18 fludeoxyglucose avid nodules in bilateral vulva (a) and an infiltrative soft-tissue tumour extending along the

urethra to the bladder base (b, c) (axial and coronal PET/CT images through the urethra) (arrows). Coronal T2 weighted MR image

confirmed intermediate signal intensity mass extending to bladder base (arrow) (d). The patient was deemed unsuitable for

resection and received systemic therapy.
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