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Abstract
Purpose  To study the utility of positron emission tomography with computerized tomography (PET/CT) in patients with a 
stage I–III melanoma.
Patients and methods  PET/CT findings from all patients with a stage I–III melanoma attended at our hospital from Sep-
tember 2011 to November 2015 were reviewed.
Results  Data from 83 patients with a stage I–III melanoma, 39 patients with a positive sentinel lymph node biopsy (SLNB) 
and 35 patients with locoregional recurrences were analyzed. Sensitivity of PET/CT in clinical stage I–III patients was 5%, 
with a 14% of false positives. In patients with a positive SLNB, PET/CT previous to complete lymph node dissection had a 
23% of false negatives. In patients with clinical locoregional recurrences, PET/CT findings revealed asymptomatic visceral 
distant metastasis in 25.7%.
Conclusions  PET/CT has a significant rate of false positive and negative results in patients with a stage I–III melanoma. 
Utility in patients with nodal locoregional recurrences seems higher than in patients with skin metastases.
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Introduction

Cutaneous melanoma is responsible for 80% skin cancer-
related deaths [1]. It is the fifth cancer in males and seventh 
in females in frequency. Incidence of melanoma has been 
rising quickly in recent decades, becoming 16% of diag-
nosed cancers worldwide [1].

Positron emission tomography with computerized tomog-
raphy (PET/CT) has been used for staging and follow-up 
in patients with melanoma [2]. PET/CT scanners provide 

combined morphological and functional images, allowing 
for more accurate information about tumor spreading.

Although PET/CT is a useful procedure to evaluate 
responses to treatment in patients with disseminated mela-
noma, there is no consensuses of which are the indications 
to perform a PET/CT in patients with melanoma.

The objective of this study was to analyze the utility of 
PET/CT in patients with clinical stage I–III stage. We also 
analyze if PET/CT findings changed the indications of surgi-
cal procedures recommended in those patients.

Patients and methods

Data from all patients with cutaneous melanoma attended at 
our hospital from September 2011 to November 2015 were 
reviewed. Patients were followed up for at least three years 
or until their death. Final date of this study was 31 December 
2017.

Inclusion criteria were those patients with melanoma for 
whom a PET/CT was performed in one of the following 
situations: (1) Staging patients with melanoma with a Bres-
low thickness (BT) deeper than 1.5 mm or BT ≤ 1.5 mm but 
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with histological ulceration and no evidence of metastatic 
disease prior to sentinel lymph node biopsy (SLNB); (2) 
Staging patients with a positive sentinel lymph node biopsy 
(SLNB) prior to complete a complementary complete lymph 
node dissection (CLND); (3) Re-staging patients with locor-
regional recurrences detected during routine examination. 
We included both patients with clinically palpable suspi-
cious lymphatic node and patients with clinical satellitosis 
or in transit-skin metastasis, although we analyze PET/CT 
findings separately.

Patients with mucosal, ocular or soft tissue melanoma 
or those with metastatic melanoma with unknown primary 
tumor were excluded. Patients with suspicious of malig-
nancy findings in another image procedure previously per-
formed were excluded. PET/CT reported as ambiguous were 
also excluded.

A nuclear medicine physician and a radiologist made the 
qualitative and semi-quantitative (SUVmax) analysis of the 
images. Pathological report was made when any lesion was 
identified on CT and/or any pathological 18F-fluorodeoxy-
glucose (FDG) uptake was detected.

On the basis of these indications, we determined accu-
racy of PET/CT findings were classified as follows: true 
positive (TP) when metastatic lesions were considered as 
malignant by the radiologist/nuclear medicine specialist 
report; true negative (TN) when non- metastatic lesions 
considered as such by the radiologist/nuclear medicine spe-
cialist report; false negative (FN) when metastatic lesions 
were not detected by PET/CT; false positive (FP) when 
non-metastatic lesions were considered as malignant by the 
radiologist/nuclear medicine specialist report. These results 
were validated with histological exams. With these results, 
we determined sensitivity, specificity, predictive positivity 
value (PPV) and predictive negativity value (PNV).

A retrospective, descriptive study was performed, includ-
ing epidemiologic, clinic and histopathological data. All 
patients, prior to the imaging study, were asked to sign a 
consent form. Statistical analyses were conducted with SPSS 
22.0 statistical program (SPSS Inc., Chicago, Illinois, USA).

Results

A total of 83 patients met the first inclusion criteria for the 
study. Table 1 shows demographic, clinical and histopatho-
logic characteristics of included patients. It is highlighted 
that 21 (25.3%) were thick melanomas (> 4 mm BT), 41 
(49.3%) had ulceration and 39 (47%) patients had ≥ 1 posi-
tive sentinel node. At the end of the study follow-up, 61 
(73.5%) patients were alive and 22 (26.5%) had died because 
of melanoma. 39 patients with a positive SLNB a PET/CT 
was performed previous to CLND, so they met the second 
inclusion criteria for the study. 35 patients had clinical 

locorregional recurrences, twenty as skin metastasis (four-
teen as cutaneous or subcutaneous satellitosis and six as in-
transit metastasis) and fifteen as palpable lymphatic node, 
so the met the third inclusion criteria.

Table 2 shows PET/CT findings in all situations. Sixty-six 
(78.5%) of 83 patients with a clinical I–II stage at diagnosis 
had a PET/CT negative result, two (2.4%) had a true positive 
result (a positive sentinel node diagnosed further) and eleven 
(14%) a false positive result. Patients with false positives 
PET/CT findings had inflammatory pathologies (lymphad-
enitis, gastritis, hidradenitis, pulmonary infiltrates) or infec-
tions (pneumonia). Eight of these eleven patients underwent 
invasive examinations (endoscopy, bronchoscopy, ultrasound 
guided biopsy) to determine the very cause of PET/CT find-
ings. Four of these patients were incidentally diagnosed of 
another primary tumor (adenocarcinoma of the colon (2), 
lung carcinoma, neuroendocrine tumor). PET/CT findings 
did not change indications of SLNB in any of these patients.

PET/CT findings in patients with positive SLNB pre-
vious to CLND were also showed in Table 2. In nine 
patients with a PET/CT reported as negative, histological 
examination from CLND showed at least one additional 
non-sentinel lymph node metastasis. Only in one patient, 

Table 1   Demographic, clinical and histopathologic characteristics of 
included patients

Total no. of patients 83 (%)
Sex
 Men 47 (56.6%)
 Women 36 (43.4%)

Age at diagnosis, y
 Mean ± SD 56.36 ± 15.77
 Median 57
 Range 25–88

Site of melanoma
 Head or neck 11 (13.3%)
 Trunk 31 (37.3%)
 Extremities 41 (49.4%)

Breslow thickness
 Mean ± SD 3.43 ± 2.62
 Median 2.80

Tumoral thickness, intervals in mm (T)
 T1 (≤ 1 mm) 6 (7.2%)
 T2 (1.01–2 mm) 22 (26.5%)
 T3 (2.01–4 mm) 33 (39.8%)
 T4 (> 4 mm) 21 (25.3%)

Histological ulceration
 Absent 42 (50.6%)
 Present 41 (49.3%)

Sentinel lymph node status
 Negative 44 (53%)
 Positive 39 (47%)
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PET/CT findings (mediastinum node dissemination) 
cause of suspension of the programmed CLND.

Diagnostic significance of PET/CT findings in patients 
with melanoma is showed in Table 3. Overall average 
sensitivity and specificity of all PET/CT performed were 
50.6% and 38.1%, respectively. Sensitivity of PET/CT in 
clinical stage I-II patients was 5% and PPV was 15.3%.

In patients with locorregional recurrences, PET/CT 
findings considered as true negative was zero because all 
those patients with a PET/CT report as negative devel-
oped disseminated metastases in the follow-up. These 
results explained that also specificity and predictive nega-
tivity value was zero.

Utility of PET/CT in patients with clinical locor-
regional recurrences analyzed both confirmations of 
clinical findings as long as asymptomatic disseminated 
metastases. Our results was better in patients with palpa-
ble lymph node recurrences than in patients with satel-
litosis or in-transit skin metastases, especially when in 
nine patients with skin locorregional metastases PET/CT 
was reported as without pathological findings.

PET/CT findings revealed asymptomatic visceral dis-
tant metastasis (lung, brain, bone, soft tissues) in nine of 
those patients (9/35; 25.7%), three with skin locorregional 
metastases and six with node locorregional metastases, so 
they were referred to Oncology department to be treated 
with systemic therapy.

Discussion

PET/CT is an imaging study with an expanding use in 
Oncology. Multiple studies have demonstrated utility of 
PET/CT for detection of distant metastasis on initial stag-
ing, follow-up and assessing therapy response [3–5]. Nev-
ertheless, aggressive protocols incorporating CT or PET/
CT scanning for the detection of metastasis from primary 
tumors appear to confer a significant substantial risk of a 
secondary malignant tumor [6].

There is no standard procedure image referred as tech-
nique to assess the clinical stage in localized melanoma. 
Although guidelines did not recommend routine imaging 
to screen for asymptomatic recurrence or metastatic disease 
[1], in daily practice many PET/CT are performed in differ-
ent situations. In our study, we analyzed usefulness of PET/
CT findings in patients with stage I–III melanomas and its 
impact on perform or not SLNB or CLND in those patients.

Usefulness of PET/CT for initial staging of patients with 
early stage melanoma is controversial and there is a discrep-
ancy about its indication [7]. A cut-off point of 5 mm of BT 
has been proposed as the reference value to indicate a PET/
CT study in patients with early stage melanoma because its 
prognostic value and discrimination capacity [8].

The results of our study are consistent with other studies 
about scarce utility of PET/CT for initial staging of patients 
with early stage melanoma, even those with high risk [7, 
9–12].

By comparison, the proportion of false positive results 
was even less than other studies results [9, 11, 12]. This 

Table 2   PET-CT accuracy according to different indications in patients with stage I–III melanomas (%)

a Four patients with another incidental primary tumor in PET/CT were excluded

True positive True negative False positive False negative

Staging previous SLNB (n = 79)a 2 (2.5) 29 (36.7) 11 (14) 37 (46.8)
Positive SLNB previous to CLND (n = 39) 15 (38.4) 12 (30) 3 (7.6) 9 (23)
Locorregional recurrences: skin (n = 20) 9 (45) 0 2 (5) 9 (45)
Locorregional recurrences: lymph node (n = 15) 12 (80) 0 1 (7) 2 (13)
Total PET/CT = 153 38 (25) 41 (27) 17 (11) 57 (37)

Table 3   Diagnostic significance 
of PET-CT findings in patients 
with melanoma (%)

Sensitivity Specificity Predictive posi-
tivity value

Predictive 
negativity 
value

Staging previous SLNB 5 72.5 15.3 44
Positive SLNB previous to CLND 62.5 80 83.3 57
Locorregional recurrences: skin 50 0 88 0
Locorregional recurrences: lymph node 85 0 93 0
Overall average 50.6 38.1 69.9 25.2
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significant proportion of false positives lead to high psy-
chological impact on patients and their families and result 
in cost increase due to diagnostic studies to confirm PET/CT 
findings, with an associated increase in morbidity very often. 
In addition, the resources used for this indication, could be 
employed to asses new-therapies response for advanced-
stages melanoma patients, such as mutation-driven therapies 
[13] and immunotherapy [14]; scene where PET/CT seems 
to be more helpful.

PET/CT findings did not change the indication of SLNB 
in any patients from our study, and only in one patient PET/
CT findings previous to CLND discouraged this surgical 
procedure. Moreover, a significance proportion of patients 
with a PET/CT reported as negative had sentinel and non-
sentinel lymph node metastasis in SLNB and SNLD. Based 
on our results, some years ago we decided to not request 
PET/CT in these situations.

Utility of PET/CT in patients with nodal locorregional 
recurrences was higher than in patients with satellitosis or 
in-transit skin metastases. Limitations of PET/CT to detect 
skin metastases are explained by their smaller size and lower 
metabolism activity than node metastases.

In conclusion, PET/CT is an imaging study with great 
diagnosis accuracy but it has a high rate of false positives 
and implies high doses of radiation for the patients. Utility of 
PET/CT in patients with a stage I–II melanoma or in patients 
with a positive SLNB previous to a CLND is poor. Utility 
of PET/CT in patients with nodal locorregional recurrences 
seems higher than in patients with satellitosis or in-transit 
skin metastases [15].
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