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The aim of this study was to determine the accuracy of 18F-FDG
PET in detecting recurrent melanoma. Methods: PET findings
were compared with those obtained by standard diagnostic
clinical procedures (CP) to establish the role of PET in the
management of patients with melanoma. From 156 patients
with confirmed melanoma and recurrence suspected by clinical
examination, 184 PET scans were retrospectively reviewed.
Histology or clinical follow-up was used for final diagnosis.
Results: The sensitivity and specificity of PET for detecting
lesions on an individual-patient basis were 74% and 86%,
respectively, compared with respective values of 58% and 45%
for CP alone. The overall accuracy for PET was 81%, compared
with 52% for other methods. PET was more accurate (91% vs.
67%) than CP in detecting locoregional disease and distant
metastases (85% vs. 55%), and PET results led to a change in
the planned clinical management of 36% of patients included in
this study. PET was more accurate than CT in detecting skin
lesions, malignant lymph nodes, and metastases to the abdo-
men, liver, and bone. In the assessment of pulmonary disease,
PET showed higher specificity (92% vs. 70%) than CT for the
detection of lung parenchyma lesions; however, the sensitivity
was better for CT (93%) than for PET (57%). Conclusion: PET
is better than CP in detecting locoregional disease and distant
metastases in all sites except the lung, where it appears to be a
useful adjunct to CT. The use of PET as a routine clinical tool
can lead to a substantial change in the clinical management of
suspected recurrent melanoma.
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In primary cutaneous melanoma, sentinel node biopsy is
an accurate method for initial staging and has become useful
for the management of patients in early stages of the disease
(1). Although 18F-FDG PET has been suggested as a useful
alternative (2–6), the sensitivity of PET is too low to detect

sentinel node metastases, which are often minimal at this
stage. Therefore, preoperative lymphoscintigraphy remains
the preferred method for initial regional evaluation and is
routinely used to determine which nodal basins are at great
risk for harboring occult metastatic disease (7–10).

The likelihood of finding regional or distant metastases in
patients after successful treatment of the primary tumor is
extremely low in asymptomatic patients with stage I or II
disease. Many studies have reported the limited value of
extensive staging work-ups, and the subsequent false-posi-
tive rate has led to unnecessary invasive procedures. Be-
cause patients with locoregional or distant metastases (stage
III or IV) have a greater risk of systemic recurrence, selec-
tive imaging studies are warranted (1). Clinical examina-
tion, radiography, CT, bone scanning, MRI, ultrasound, and
hepatic enzyme assays are commonly used in the follow-up
of patients with melanoma or with suspected recurrence.
However, the accuracy of these clinical procedures (CP) in
detecting recurrent tumor is low, and on many occasions
they detect locoregional or systemic spread when the dis-
ease is no longer resectable. For these reasons, an optimal
method to screen for recurrent disease in earlier stages is
needed to improve prognosis in these patients, especially in
cases of a single metastasis that can be surgically removed
to reduce the tumor load of the patient (1).

18F-FDG PET has been shown to be a useful imaging
modality for several malignancies and is widely used in the
staging and follow-up of several types of cancer. The ob-
vious advantage of whole-body PET is the ability to exam-
ine the entire body with a single imaging procedure. PET
has been successfully used for assessing locoregional recur-
rence (3,5) and occult distant metastases in patients with
melanoma (11–14). However, this does not mean that PET
should be used in any recurrent advanced-stage disease for
which systemic palliative treatment is the only option, just
to verify that even more metastases are present than sus-
pected with other imaging tests. Reports in the literature
about the value of PET in the management of patients with
malignant melanoma have provided conflicting results.
Some authors suggested that whole-body PET might replace
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staging techniques using multiple imaging modalities, such
as chest radiography, ultrasound, CT, and MRI (15–18).
Other series concluded that PET does not offer significant
advantages over CP in detecting locoregional disease or
visceral metastases (8,19,20).

The aim of this study was to determine the accuracy of
whole-body PET in diagnosing recurrent malignant mela-
noma and to compare the results with those obtained from
routine CP in order to establish the role of PET in the
management of patients with melanoma.

MATERIALS AND METHODS

Patients
One hundred eighty-four PET scans from 156 patients (73

women, 83 men) with confirmed malignant melanoma (mean age,
53 � 15 y) and suspected recurrence by clinical examination or
elevated blood markers were retrospectively reviewed. Two or
more PET scans were obtained for 23 patients. The clinical files
were examined to ascertain the initial stage and the location of the
primary tumor. Patients with other malignant tumors were ex-
cluded from this study. According to the revised version of the
system established by the American Joint Committee on Cancer
(21), 98 patients were stage I or II and 58 patients were stage III
or IV. The primary tumor was located in the upper extremity (37
patients), lower extremity (33 patients), back (29 patients), head
and neck (26 patients), thorax (8 patients), abdomen and pelvis (6
patients), ocular region (5 patients), or bowel (4 patients); in 8
patients the location of the primary tumor was unknown. The
results of PET were compared with those of CP, including plain
radiography, bone scanning, body CT, brain MRI, and ultrasound.
Comparison was specifically between PET and body CT in 115
cases. Histology or clinical follow-up for at least 12 mo after PET
was used for final diagnosis of disease recurrence. The study was
approved by our Institutional Review Board.

PET Technique
The 18F-FDG PET protocol required the patients to fast for at

least 4 h before the intravenous administration of 2.52 MBq of
18F-FDG per kilogram of body weight for C-PET (Philips-ADAC)
studies or 5.18 MBq/kg for Allegro (Philips-ADAC) studies. Sixty
minutes later, whole-body PET images were acquired in 3-dimen-
sional mode on either the C-PET or Allegro scanner and included
the neck, chest, abdomen, pelvis, and limbs. Attenuation correction
was performed using a 137Cs transmission source and a nonuniform
background subtraction method with scatter correction. The im-
ages were reconstructed using the 2.5-dimensional RAMLA iter-
ative algorithm on the C-PET scanner and 3-dimensional RAMLA
on the Allegro scanner.

Evaluation of PET Findings
The scans were assessed qualitatively by 2 reporters who did

not then know the CP results. Areas of focal increased uptake were
considered pathologic and were recorded for comparison with CP
and patient follow-up results. Sensitivity, specificity, and accuracy
were calculated for PET and CP evaluation on a patient basis. �2

was calculated to compare the accuracy of PET, based on the
initial stage of the primary tumor. Data are expressed as mean �
SD. A P value of �0.05 was considered statistically significant.
Interobserver reliability and agreement between PET and CP were
calculated using the �-coefficient.

RESULTS

Of the 184 scans studied, 86 showed that the patient
remained free of disease for at least 1 y after the scan, and
98 showed proven sites of active disease (146 lesions),
which were confirmed by histologic examination or follow-
up. For 47 of these 98 scans, the patients were proven to
have locoregional involvement (including regional lymph
nodes, in-transit metastases, and satellite lesions), and for 51
of the 98 scans (99 lesions), the patients presented with
distant metastases in the lung (37 scans), liver (18 scans),
bone (14 scans), lymph nodes beyond the regional nodal
basins (13 scans), abdomen (10 scans), or brain (6 scans).
There were no significant differences in the accuracy of
PET based on the initial stage (79% in stages I and II; 85%
in stages III and IV) of the primary tumor (P � 0.3).
Patients in stages I and II were affected mostly by locore-
gional recurrence (65%), whereas patients in stages III and
IV presented more frequently with distant metastases
(72%).

The sensitivity and specificity of PET for detecting le-
sions on a patient basis were 74% and 86%, respectively,
compared with respective values of 58% and 45% for CP
alone. The overall accuracy for PET was 81%, compared
with 52% with other methods. The agreement between PET
and CP was only 49% (�-coefficient of 0.41 � 0.13). PET
was more accurate than CP in detecting locoregional disease
(91% for PET vs. 67% for CT) and distant metastases (85%
for PET vs. 55% for CP). PET was not helpful in inconclu-
sive brain MRI findings, detecting only 2 of 7 patients in
whom brain metastases had developed. PET led to a change
in clinical management for 36% of patients included in this
study. PET findings were negative for 17 locoregional re-
currences and 55 metastases suspected by CP, allowing us
to discard those CP findings. In addition, PET findings led
to curative resection of 14 locoregional recurrences and 10
distant metastases (6 in lymph nodes, 2 in the liver, 1 in the
lung, and in the 1 small bowel). In 12 patients, PET led to
systemic chemotherapy instead of inadequate surgery. Lower-
limb imaging was helpful in 4 cases in which lower-limb
lesions were the only lesions found: 3 cases of locoregional
recurrence in the lower limbs (2 in the knee and 1 in the
ankle) and 1 case of infiltrated metastatic lymph nodes in
the popliteal basin.

PET and body CT were compared in 115 patients (Table
1). PET was more accurate than CT in detecting skin lesions
and lymph node, abdomen, liver, and bone metastases (Fig.
1). At 83% for PET and 77% for CT, the accuracy of PET
for lung parenchyma lesions was similar for both techniques
(Fig. 2). However, in assessing pulmonary metastases, PET
showed higher specificity (92%) than did chest CT (70%),
whereas the sensitivity was higher for CT (93%) than for
PET (57%). We found solitary lung lesions in 8 of 12
patients for whom PET was negative for lung involvement
and who could have benefited from surgical removal of the
lesion. On the other hand, for 5 of 8 solitary lung lesions,
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PET showed metastatic lesions in other locations, making
curative therapy unfeasible. The standardized uptake value,
being �3 for all false-positive readings, did not improve the
specificity of PET readings. The interobserver reliability
�-coefficient was 0.87.

DISCUSSION

Clinical data show that lymphoscintigraphy associated
with intraoperative �-probe detection of the sentinel node
improves the accuracy of diagnosing lymph node involve-
ment in patients with an initial diagnosis of melanoma (2).
Some authors have suggested sentinel lymph node scanning
and PET to be complementary (20,22). However, the role of
lymphoscintigraphy in suspected recurrent melanoma is not
yet established, and studies must be performed to determine
its usefulness in clinical management. PET is a noninvasive
technique that can be applied at any stage of disease. In this

study, we found PET to be highly accurate (91%) for
diagnosing locoregional involvement, compared with CP
(67%). Though we did not directly compare PET with
sentinel lymph node scanning, our results suggest that PET
may have a role as a staging procedure, especially in pa-
tients with high-risk melanoma, for which distant spread of
disease needs to be ruled out. The combination of the
relatively large population of melanoma patients who are at
risk for disease recurrence, and the fact that melanoma may
metastasize to anywhere in the body, implies that evidence-
based strategies are required to accurately survey these
patients after primary treatment (23).

The sensitivity and specificity of PET for diagnosing
recurrent and metastatic melanoma on a patient basis were
74% and 86%, respectively. The values obtained with PET
were significantly higher those obtained with CP, which had
a sensitivity of only 58% and a specificity of only 45%. The

TABLE 1
A Comparison of PET and Body CT Results in the Detection of Active Melanoma in 115 Patients

Site

PET CT

TN TP FN FP SE (%) SP (%) Acc (%) TN TP FN FP SE (%) SP (%) Acc (%)

Lung 68 16 12 5 57 92 83 51 26 2 22 93 70 77
Liver 84 11 2 — 85 100 98 67 10 3 17 77 80 79
Bone 88 8 — 1 100 99 99 86 1 7 3 12 96 89
Lymph node 60 30 4 3 88 95 93 51 19 15 12 56 81 72
Abdomen 83 6 2 2 75 97 96 71 5 3 14 62 84 82

TN � true negative; TP � true positive; FN � false negative; FP � false positive; SE � sensitivity; SP � specificity; Acc � accuracy.

FIGURE 1. (A) Whole-body PET scan of
a patient with a recently removed stage II
melanoma of the right arm shows several
lesions in the right hilum (large arrow), the
liver, the left groin (dotted arrow), the lum-
bar spine, and the left ischium (small ar-
row). (B) CT of the chest, abdomen, and
pelvis was able to identify only the liver
metastases (right panel); PET showed the
same lesions in the liver but detected an
additional focus in the anterior right liver
(arrowhead, left panel). The diagnosis of
metastatic spread was further established
by follow-up of the patient.
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overall accuracy of PET was 81%, compared with only 52%
for other methods. Brain was included in the PET exami-
nation only when anatomic imaging was nonconclusive, but
PET did not add significant information. Brain metastases
are difficult to distinguish from background activity because
of the high rate of glucose metabolism in normal gray
matter. On the other hand, we recommend lower-limb im-
aging because our results showed that it may help in diag-
nosing unsuspected locoregional recurrences or infiltrated
metastatic lymph nodes.

Taking into account that metabolically active processes
may show nonspecific 18F-FDG uptake, one concern was
that PET findings could be confounded with uptake in
benign processes or nonmelanoma tumors. The inflamma-
tory changes detected by PET in this series were usually
mild and diffuse, and except for 8 patients with false-
positive findings, all instances were explained by clinical
data, resulting in an overall specificity of 91%, compared
with 44% for CP.

PET was more accurate than CT in detecting lymph node
metastases and had a higher specificity (88%) than did CT
(56%). PET was superior to CT in diagnosing spread to the
liver, detecting 85% of the lesions and producing no false-
positive findings. CT showed a lower sensitivity, 77%, and
produced 17 cases of false-positive findings. In the abdo-
men, CT was less accurate (82%) than PET (96%) for
diagnosis of disease, but it also produced 14 cases of false-
positive findings, compared with only 2 for PET. PET and
CT showed comparable accuracies for detecting metastatic
lesions in the lung parenchyma, but the sensitivity of chest
CT was higher (93%) than that of PET (57%). These results
agree with those reported in the literature (16) and may be
due to the difficulty for PET of detecting small, subcenti-
meter, nodules in the lungs. However, the PET scan showed

5 of 8 solitary lung lesions to have metastases to other
locations, making curative surgery unfeasible. Because
many of these nodules are incidental findings and may
represent benign processes, CT specificity tends to be low,
as was observed in this study, in which PET was shown to
be more specific (92%) than CT (70%).

Our data clearly reveal that the use of PET as a whole-
body screening test can rule out recurrent melanoma and
may affect the outcome of these patients. PET is able to
detect recurrent disease before symptoms appear or struc-
tural changes are evident on anatomic imaging. As with
other series (15,17,24–25), PET changed the clinical man-
agement of a substantial number of the patients in our study
(36%). In our series, the use of PET saved unneeded inva-
sive procedures, as it excluded 17 locoregional recurrences
and 55 metastases wrongly suspected by CP findings. More-
over, PET led to curative resection of 14 locoregional le-
sions and 10 distant metastases unsuspected by other pro-
cedures. Although no evidence suggests that earlier
detection of occult melanoma metastases can improve sur-
vival (26), several reports have shown prolonged survival in
selected patients whose distant melanoma metastases were
limited and resectable at the time of diagnosis (27,28). On
the basis of our analysis, we would recommend the use of
PET when recurrence is suspected by clinical examination
or when laboratory tumor markers are elevated.

CONCLUSION

Whole-body PET is a useful tool in the diagnosis of
recurrent melanoma. PET is better than CP in detecting
locoregional disease and distant metastases at all sites ex-
cept the lung, where it appears to be a useful adjunct to CT.
The use of PET as a routine clinical tool can lead to

FIGURE 2. Whole-body PET scan shows
focal uptake in the apex of the right lung, in
the same location as a 2-cm lesion ob-
served on a prior chest CT scan (large ar-
row). PET also detected several lesions
that extended to the midline in the left pel-
vis and were not found by other CPs (small
arrow). These lesions were histologically
confirmed to be lymph node metastases.
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substantial change in the clinical management of suspected
recurrent melanoma.
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