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Our group has developed a new radiopharmaceutical, 123I-N-(2-
diethylaminoethyl)-2-iodobenzamide (123I-BZA2), a benzamide derivative

able to bind to melanin pigment in melanoma cells. In a prospective

and multicentric phase III clinical study, the value of 18F-FDG PET/CT

and 123I-BZA2 scintigraphy was compared for melanoma staging.
Methods: Patients with a past history of cutaneous or ocular mel-

anoma were included from 8 hospitals. 18F-FDG imaging was per-

formed according to a standard PET protocol. Whole-body, static
planar, and SPECT/CT (if available) images were acquired 4 h after

injection of a 2 MBq/kg dose of 123I-BZA2. 18F-FDG and 123I-BZA2

sensitivity and specificity for the diagnosis of melanoma metastasis

were calculated and compared on both a lesion basis and a patient
basis. True-positive and true-negative lesion status was determined

after 6 mo of clinical follow-up or according to lesion biopsies (if

available). Melanin content in biopsies was evaluated with the stan-

dard Fontana–Masson silver method and was correlated with 123I-
BZA2 uptake. Based on statistical analysis, the number of inclusions

was estimated at 186. Results: In all, 87 patients were enrolled from

2008 to 2010. Of these, 45 (52%) had metastases. A total of 338

imaging abnormalities were analyzed; 86 lesions were considered
metastases, and 20 of 25 lesion biopsies found melanoma metas-

tases. In a patient-based analysis, the sensitivity of 18F-FDG for di-

agnosis of melanoma metastases was higher than that of 123I-BZA2,
at 87% and 39%, respectively (P , 0.05). For specificity, 18F-FDG

and 123I-BZA2 were not statistically different, at 78% and 94%, re-

spectively. In a lesion-based analysis, the sensitivity of 18F-FDG was

statistically higher than that of 123I-BZA2 (80% vs. 23%, P , 0.05).
The specificity of 18F-FDG was lower than that of 123I-BZA2 (54% vs.

86%, P, 0.05). According to biopsy analysis, only 9 of 20 metastatic

lesions (45%) were pigmented with high melanin content. 123I-BZA2

imaging was positive for 6 of 8 melanin-positive lesions, fairly positive

for 3 of 10 melanin-negative lesions, and negative for 7 of 10 melanin-
negative lesions. The sensitivity and specificity of 123I-BZA2 for the

diagnosis of melanin-positive lesions were 75% and 70%, respec-

tively. Because of a low 123I-BZA2 sensitivity, this clinical trial was pre-

maturely closed after 87 patients had been included. Conclusion:
This study confirms the value of 18F-FDG PET/CT for melanoma stag-

ing and strengthens the high accuracy of 123I-BZA2 for diagnosis of

melanin-positive metastatic melanoma. Moreover, benzamide deriv-

atives radiolabeled with therapeutic radionuclide may offer a new
strategy for the treatment of metastatic melanoma patients harboring

melanin-positive metastases.
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Melanoma accounts for nearly 80% of all deaths related to
cutaneous cancer (1). It is the second most common cancer among
patients in their second decade (2). For localized lesions with
a tumor thickness of less than 1.5 mm (stage I or II), melanoma can
be cured by total resection, with a 5-y overall survival approaching
90%. Unfortunately, this cancer displays a strong tendency to me-
tastasize. In patients who develop metastasis (stage IV), the me-
dian survival rate is around 6–12 mo, and survival at 5 y does not
exceed 5% (3). However, detection of metastasis has become more
pressing since the recent advent of promising drugs such as anti-
BRAF (4) or T-cell immunostimulant (5) agents, with a high re-
sponse rate and improvement of overall survival.
Usually, melanoma staging involves chest radiography, abdom-

inal sonography, or chest and abdominal CT scanning. MR im-
aging can be added for specific clinical explorations such as liver,
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cerebral, or soft-tissue melanoma metastasis. Autopsies of patients
with known melanoma have revealed more frequent metastases
than is regularly clinically reported, indicating that both clinical
evaluation and these conventional imaging techniques underesti-
mate the extent of the disease (6). PET with 18F-FDG is a func-
tional imaging technique that can reliably visualize malignancy in
structures that are still macroscopically normal. In an oncology
setting, 18F-FDG PET has become a major clinical diagnostic and
prognostic tool that often allows appropriate changes in patient
treatment (7). However, in many cases, 18F-FDG tracer does not
discriminate between inflammatory processes and tumoral lesions.
In addition, a PET camera is costly and not available in every nu-
clear medicine department.
In this context, our group has developed specific SPECT radio-

pharmaceuticals for malignant melanoma imaging. This approach
would be of potential value for the staging and ongoing manage-
ment of patients. We previously reported on a series of iodoben-
zamide derivatives that show affinity for melanin (8). A first selected
compound, N-(2-diethylaminoethyl)-4-iodobenzamide (BZA), labeled
with 123I, was studied in a phase II clinical trial on 110 patients
and showed a sensitivity of 81% and a specificity of 100% (9). To
optimize the too-long delay between tracer injection and SPECT
acquisition (18–24 h after 123I-BZA administration), the ortho-
iodinated BZA analog 123I-N-(2-diethylaminoethyl)-2-iodobenzamide
(123I-BZA2), which in preclinical studies had previously demonstrated
better imaging contrast than BZA in liver, lung, and brain, organs
known to develop melanoma metastases, was also studied in 25
patients in a phase II clinical trial (10). After a follow-up of more
than 1 y, the overall results of 123I-BZA2 scintigraphy on a per-patient
basis showed a sensitivity of 100% and a specificity of 95% (11).
Here we report the results of a phase III clinical trial comparing

123I-BZA2 with 18F-FDG PET efficacy for staging or restaging
cutaneous or ocular melanoma. The main objective was to com-
pare the specificities of 123I-BZA2 scintigraphy and 18F-FDG PET.
The study was initially designed with a large series of patients to
address a statistical hypothesis. Unexpected results compelled us
to close our study prematurely. However, the final conclusion of our
work prefigures new opportunities for melanoma treatment based on
melanin-targeted radiopharmaceuticals.

MATERIALS AND METHODS

Patients

This prospective clinical trial was reviewed by the local ethics

committee and was performed in accordance with its ethical standards.
The study was also reviewed and approved by the French national

institutional review board (French National Agency of Drug Safety
and Health Product: agreement number 060716). Each included pa-

tient gave informed consent in writing.
Patients with a history of cutaneous or ocular melanoma who pre-

sented at any of 8 hospitals were prospectively included from 2008 to
2010. The 8 hospitals were the Estaing University Hospital/Jean Perrin

Comprehensive Cancer Center, Clermont-Ferrand; Nord University
Hospital, Saint-Etienne; Purpan University Hospital, Toulouse; Sainte-

Marguerite University Hospital, Marseille; Archet University Hospital,
Nice; Fournier University Hospital, Nancy; Croix-Rousse University

Hospital, Lyon; and Trousseau University Hospital, Tours. All patients
met the following inclusion criteria: age greater than 18 y, negative

serum b-subunit human chorionic gonadotropin in potential childbear-
ing women in the 3 d preceding injection of any tracers, Karnofsky index

over 70%, life expectancy over 9 mo, and past history of chemother-
apy longer than 2 mo. Melanoma status at inclusion was one of the

following: newly diagnosed cutaneous or ocular melanoma at any TNM

stage, presence of known visceral melanoma metastases, or cutaneous
melanoma metastases with unknown primary tumor. Patients with mel-

anoma without metastases were also included, principally to assess the
specificity of the imaging. At inclusion, initial staging was performed

with a skin and general clinical examination and with imaging tech-
niques usually used for staging, that is, whole-body CT or abdominal

sonography. According to personal clinical history, some patients un-
derwent bone scintigraphy and MR imaging.

At the end of this staging procedure, patients were classified into 2
groups: patients with melanoma metastases (M1) and patients in whom

no metastases could be demonstrated by conventional techniques (M0).
All patients were reevaluated clinically and by CT scanning at least

6 mo after 123I-BZA2 and 18F-FDG PET imaging.

Imaging Acquisition and Processing
18F-FDG PET/CT and scintigraphy were performed in the 4 wk after

pathology staging.
123I-BZA2 Scintigraphy. The synthesis of 123I-BZA2, described pre-

viously (12), was performed by Cyclopharma Laboratory and MAPMed-

ical and consisted of a simple, reliable isotopic exchange procedure
currently used for the 125I-labeling of benzamides. A solution of 5 mg

of BZA2 in 0.1 M sodium acetate buffer with a pH of 5 (0.5 mL) was
added to 123–296 MBq of 123I-NaI (MAP Medical) obtained by (p, 2n)

or (p, pn) reactions. The reaction mixture was heated at 140�C for 50 min.
The labeled dry residue was dissolved in 2 mL of NaCl (0.9%). Free

iodides were trapped by shaking with 0.2 mL of an anion exchange resin,
and the solution was run through a 0.22-mm filter (Millipore) and placed

in penicillin-type sterile bottles, ready for intravenous injection. The
radiolabeling yield was around 75%, and the specific radioactivity of

the final product ranged from 18.5 to 44.4 MBq/mg. Radiochemical
purity was at least 95% as controlled by thin-layer chromatography. On

the basis of previous pharmacokinetics studies, the whole-body effective
dose for a 70-kg patient was estimated to be 0.011 mSv�MBq21 (11).

For the imaging procedure, an oral dose of potassium iodide (500 mg)

was given to each patient 1 h before radiotracer injection to block thyroid
uptake. 123I-BZA2, provided by Cyclopharma (2 MBq/kg; range, 130–

185 MBq in 3 mL), was slowly injected intravenously.
Images were acquired 4 h after injection: anterior and posterior whole-

body planar images, along with left/right skull profile, anterior/posterior
thoracic, anterior/posterior abdominal, and anterior/posterior pelvic 5-mm

static views (matrix, 128 · 128). The optimal collimator for 123I acqui-
sition was applied according to the type of camera used. Complemen-

tary SPECT or SPECT/CT (when available) imaging was performed
according to the results of the planar view. SPECT reconstructions were

performed according to local clinical practice (Table 1).
18F-FDG PET. All patients had fasted for 4–6 h before the study but

were encouraged to drink water. All patients had blood glucose levels
below 10 mmol/L.

Patients received a 3–5 MBq/kg dose of 18F-FDG (GlucoTEP;
Cyclopharma). Systematic whole-body PET/CT images were acquired

60 min after injection. Images were processed according to the PET/CT
camera used and are summarized in Table 2.

Imaging Qualitative Analysis

The 18F-FDG PET scans were analyzed visually by an experienced

nuclear physician who could seek a second opinion from colleagues if
there was any doubt about the nature of an abnormality. The PET

images were first read independently of the CT images and then were
directly correlated with CT abnormalities. An 18F-FDG PET scan was

considered positive if at any site there was focal uptake greater than medi-
astinal or liver uptake that could not clearly be related to physiologic

processes. An 18F-FDG PET scan was considered negative when a nor-
mal distribution of tracer was observed, even if the CT scan showed
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abnormalities. Bone accumulations were considered positive when the

uptake was higher than in normal bone marrow. Any instance of equiv-
ocal PET uptake was considered positive.

The 123I-BZA2 scans were analyzed visually by the local nuclear
physicians and reviewed centrally by an expert. Any uptake that was

more intense than surrounding background tissue was considered to
indicate melanoma metastases. Any instance of equivocal uptake was

considered positive.
For each patient, lesions detected by 18F-FDG PET or 123I-BZA2

imaging were collected in an electronic database in reference to pre-
defined sites: bone, skin, soft-tissue, supradiaphragmatic lymph node,

infradiaphragmatic lymph node, liver, lung, adrenal gland, and brain
metastases. Other sites were classified as “other.” Five lesions at most

per anatomic region were collected.

Imaging Accuracy

Six months after imaging, lesions identified by nuclear physicians

were automatically structured, filtered from the database, and presented
to the clinicians. Imaging results were compared with clinical evolution,

conventional imaging (CT scan), and pathology results when available.
Any abnormality visualized on conventional images and considered benign

by nuclear physicians was considered true-negative (TN) if it remained
stable at 6 mo of follow-up or if biopsy did not demonstrate any metas-

tasis. Imaging abnormalities were considered false-negative (FN) when
evidence of disease was found with other diagnostic tools, clinical follow-

up, or biopsy or when lesion growth was identified on follow-up. Uptake
abnormalities visualized on 18F-FDG PET or 123I-BZA2 imaging were

considered true-positive (TP) if distant metastases were detected and
confirmed with other diagnostic modalities, clinical follow-up, or bi-

opsy. Finally, false-positive lesions (FP) were defined as abnormalities
that were recorded as positive but for which distant metastases remained

unconfirmed by other diagnostic tests, clinical follow-up, or biopsy.
Lesion- and patient-based analyses were performed. The sensitivity,

specificity, positive predictive value (PPV), negative predictive value (NPV),
and accuracy of 18F-FDG PET and 123I-BZA2 imaging for melanoma

metastasis detection were then calculated. Sensitivity was defined as
TP/(TP1 FN), specificity as TN/(TN1 FP), PPVas TP/(TP1 FP), NPV

as TN/(TN 1 FN), and accuracy as (TP 1 TN)/(TN 1 TP 1 FN 1 FP).
Whenever possible, biopsies of lesions identified by 123I-BZA2

imaging were processed and slides examined with standard hematox-

ylin and eosin staining. To demonstrate a potential link between the
melanin content of melanoma metastases and positive uptake of 123I-

BZA2, pigmentation status was assessed using Fontana–Silver stain-
ing and recorded as “pigmented” or “not pigmented.”

Statistical Analysis

On the basis of our previous phase II clinical trial (11), we hypoth-

esized for 123I-BZA2 a per-patient sensitivity and specificity of 90%
and 99.5%, respectively. For 18F-FDG PETwe expected respective values

of 70% and 94.5%. A 5% specificity difference (99.5–94.5) between
the 2 modalities was the main endpoint of our present study. Consid-

ering that specificity and sensitivity were calculated on the same pop-
ulation sample, with a 1-sided type I error equal to 0.05 and power

equal to 90%, 186 patients were considered necessary to demonstrate
this 5% specificity difference.

Sensitivity, specificity, PPV, NPV, and accuracy of 18F-FDG PET
and 123I-BZA2 imaging were compared using the x2 test. Visual up-

take of 123I-BZA2 was correlated with melanin pigmentation of mel-
anoma metastases using the Fisher exact test.

RESULTS

Patients

From August 2008 to September 2010, only 87 of the 186 pa-
tients were included because of premature study closure. Patient
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characteristics are summarized in Table 3. For initial staging, 66 of
87 patients (75.9%) underwent diagnostic CT, 13 (14.9%) underwent
abdominal sonography, 8 (9.2%) underwent MR imaging, and 45
(51.7%) were diagnosed with melanoma metastases at inclusion.

Imaging

Of the 87 patients, 75 (86.2%) underwent 18F-FDG PET, 69
(79.3%) 123I-BZA2 scintigraphy, and 69 (79.3%) both. Imaging can-
celation resulted principally from delivery and production difficulties.
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TABLE 3
Patient and Tumor Characteristics

Characteristic n %

Patient
Age (y)
,50 23 26.4

50–65 36 41.4

.65 28 32.2

Sex
Male 42 48.3
Female 45 51.7

Hospital
Estaing UH/Jean Perrin CC,

Clermont-Ferrand

18 20.7

Nord UH, Saint-Etienne 18 20.7

Purpan UH, Toulouse 14 16.1

Sainte-Marguerite UH, Marseille 10 11.5

Archet UH, Nice 10 11.5
Fournier UH, Nancy 7 8.0

Croix-Rousse UH, Lyon 6 6.9

Trousseau UH, Tours 4 4.6

Past history of treatment
None 44 50.6
Chemotherapy 14 16.1

Radiotherapy 2 2.3

Interferon 4 4.6
Not known 23 26.4

Tumor
Histology
Ocular melanoma 7 8.0

Nodular melanoma 21 24.1

Superficial spreading melanoma 30 34.5
Acral lentiginous melanoma 6 6.9

Other 6 6.9

Not known 17 19.5

Cutaneous melanoma pigmentation
Pigmented 51 58.6
Achromic 7 8.0

Not known 29 33.3

Prognosis factor
Clark level
I 3 3.4
II 2 2.3

III 20 23.0

IV 46 52.9

V 3 3.4
Not known 13 14.9

Breslow thickness (mm)
,1.0 12 13.8

1.0–2.0 34 39.1
$2.0 41 47.1

UH 5 University Hospital; CC5 Comprehensive Cancer Center.
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Twenty-two of 69 patients (31.9%) underwent SPECT/CT, the
others SPECT alone. The interval between PET and 123I-BZA2
imaging was 5.5 6 16 d.
In the PET patient group, and after comparison of lesions de-

picted on imaging with clinical follow-up or biopsies, the final number
of patients with metastases was 39 and the number of metastatic
lesions was 86.
In the 123I-BZA2 patient group, after comparison of lesions de-

picted on imaging with clinical follow-up or biopsies, the final
number of patients with metastases was 36 and the number of me-
tastatic lesions was 74.

18F-FDG PET Patient-Based Analysis. Of the 75 patients who
underwent 18F-FDG PET, 34 (45.3%) were classified as TP, 8 (10.7%)
as FP, 20 (26.7%) as TN, and 5 (6.7%) as FN. The sensitivity, spec-
ificity, PPV, NPV, and accuracy of 18F-FDG PET for diagnosis of
melanoma metastases were 0.87, 0.78, 0.91, 0.85, and 0.83, re-
spectively; in 10 of 37 patients initially classified as M0 at inclu-
sion, melanoma metastases were found on PET.

18F-FDG PET Lesion-Based Analysis. In total, 176 lesions
depicted on 18F-FDG PET were analyzed; 110 foci were recorded
as positive by the nuclear physician. Of the 176 lesions, 68 (38.6%)
were classified as TP, 42 (23.9%) as FP, 49 (27.8%) as TN, and 17
(10.0%) as FN. In the lesion-based analysis, sensitivity for diag-
nosis of melanoma metastases was 0.80, specificity was 0.54, PPV
was 0.66, NPV was 0.74, and accuracy was 0.67.

123I-BZA2 Patient-Based Analysis. Of the 69 patients who
underwent 123I-BZA2 scintigraphy, 67 (97.1%) were imaged with
SPECT and 3 with SPECT/CT. Nonspecific activity was concen-
trated mainly in the liver, urinary bladder, and stomach as previously
published (10).
Of the 67 patients who underwent SPECT or SPECT/CT, 14

(20.9%) were TP, 2 (3.0%) were FP, 31 (46.3%) were TN, and 22
(32.8%) were FN. Sensitivity, specificity, PPV, NPV, and accuracy
for diagnosis of melanoma metastases were 0.39, 0.94, 0.88, 0.58,
and 0.65, respectively. Sensitivity, NPV, and accuracy were sta-
tistically lower for123I-BZA2 imaging than for 18F-FDG PET.
Interpretation was 100% consistent between local and central

experts.
123I-BZA2 Lesion-Based Analysis. In total, 162 lesions depicted

on 123I-BZA2 scintigraphy were analyzed. Of these, 40 (24.7%)
were considered positive by the nuclear physicians. In the final
lesion-based analysis, 17 (10.5%) were TP, 12 (7.4%) FP, 76 (46.9%)
TN, and 57 (35.2%) FN. The sensitivity, specificity, PPV, NPV,
and accuracy of 123I-BZA2 for diagnosis of melanoma metastases
were 0.23, 0.86, 0.60, 0.57, and 0.57, respectively. Sensitivity and
NPV were statistically lower for 123I-BZA2 than for 18F-FDG.
123I-BZA2 specificity was statistically higher than 18F-FDG spec-
ificity. The global performance of imaging is summarized in
Tables 4–6.
Interpretation was 100% consistent between local and central

experts.
Discordance Between 18F-FDG and 123I-BZA2. Of the TP lesions

depicted on 18F-FDG PET, 45 were not visualized on 123I-BZA2
imaging (6 lung, 9 soft-tissue, 10 lymph node, 3 skin, 9 bone, 1 liver,
1 cerebral, 3 adrenal gland, 1 kidney, and 2 others). Five TP lesions
seen on 123I-BZA2 were not seen on PET (1 left renal, 1 right
axillary lymph node, 1 bone, 1 soft-tissue, and 1 skin).
Eight lesions TN on PETwere FP on 123I-BZA2 (3 bone, 1 lung,

1 lymph node, 1 liver, and 2 others); 35 PET FP lesions were not
visualized on 123I-BZA2 (9 lymph node, 1 lung, 12 bone, 7 other,
3 soft-tissue, 1 skin, 2 liver).

Biopsy Analysis

A total of 25 biopsies (1 per patient) were performed. Sites of
tissue sampling were lung (n5 5), soft tissue (n5 6), lymph nodes
(n 5 10), liver (n 5 1), skin (n 5 2), and adrenal glands (n 5 1).
Five biopsies had benign results. Twenty showed metastatic

tissue, in which only 9 (45%) samples contained melanin pigment.
Among the 20 patients in whom biopsy showed melanoma

metastases, only 18 had undergone 123I-BZA2 imaging; 6 of 8 (75%)
pigmented lesions were positive for 123I-BZA2 accumulation, 7 of
10 (70%) nonpigmented lesions were negative for 123I-BZA2, and
the other 3 (30%) showed low 123I-BZA2 uptake.
Thus, considering low 123I-BZA2 uptake as FP for a pigmented

lesion, the sensitivity and specificity of 123I-BZA2 for diagnosis
of melanin-pigmented melanoma metastases were 75% (95% con-
fidence interval, 39.9%–92.5%) and 70% (95% confidence inter-
val, 35%–93%), respectively. When low 123I-BZA2 uptake was
pooled with absence of 123I-BZA2 uptake, sensitivity and speci-
ficity were 70% (95% confidence interval, 39.9%–92.5%) and 100%

TABLE 4
123I-BZA2 Performance According to Anatomic Location

123I-BZA2 lesions (n)

Anatomic location TP TN FN FP

Bone 2 16 11 3

Skin 3 1 3 1
Soft tissue 3 9 11 0

Supradiaphragmatic lymph node
Mediastinal lymph node — 3 3 2

Nonmediastinal lymph node 1 7 8 1
Infradiaphragmatic lymph node
Inguinal lymph node 2 2 — 1

Noninguinal lymph node 1 3 1 1

Brain 1 2 6 —

Lung 3 15 6 —

Liver — 6 1 1

Adrenal gland — 2 3 —

Other 1 10 4 2

Total 17 76 57 12

TABLE 5
18F-FDG Performance According to Anatomic Location

18F-FDG lesions (n)

Anatomic location TP TN FN FP

Bone 12 7 2 13

Skin 6 — 1 2

Soft tissue 12 6 4 3
Supradiaphragmatic lymph node
Mediastinal lymph node 4 1 1 4

Nonmediastinal lymph node 8 3 2 4

Infradiaphragmatic lymph node
Inguinal lymph node 3 — — 3
Noninguinal lymph node 2 3 — 1

Brain 2 2 5 —

Lung 10 15 — 2

Liver 2 5 — 2
Adrenal gland 3 2 0 0

Other 4 5 2 8

Total 68 49 17 42
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(95% confidence interval, 62.1%–100%), respectively. In that case,
123I-BZA2 uptake correlated strongly with melanin pigmentation
(P , 0.001)
Examples of scintigraphy positive or negative for 123I-BZA2

from patients with biopsies positive or negative for melanin are
displayed in Figures 1 and 2, respectively.

DISCUSSION

123I-BZA2 is a new radiopharmaceutical able to bind to intra-
cellular melanin. Several preclinical studies, together with a phase
II trial from our group, showed that 123I-BZA2 might prove useful
for melanoma staging (8–11,23).
In this prospective multicentric phase III study evaluating the

clinical relevance and pertinence of imaging with this tracer, we
compared the efficacy of 18F-FDG PET and 123I-BZA2 scintigra-
phy for staging and restaging in 87 patients with or without me-
tastases. The study was initially designed for 186 patients on the
basis of preliminary data showing a 90% sensitivity and 99.5%
specificity for 123I-BZA2. However, during the study, we observed
several patients with obvious metastases that were negative on
123I-BZA2 imaging. For ethical reasons, we therefore prematurely
stopped enrolling patients.

At the time this clinical trial was designed, there was no re-
quirement for site certification or a quality control protocol for

imaging homogenization. However, all nuclear medicine centers

performed acquisitions according to standard guidelines for clin-
ical practice.
Here, we discuss results from 79 of 87 patients imaged with

18F-FDG PET and 69 of 87 imaged with 123I-BZA2 scintigraphy.

Because of radiopharmaceutical delivery failure, only 69 patients
underwent both imaging examinations. Data analysis restricted to

this group did not modify the results (data not shown).
In the patient-based analysis, the sensitivity and specificity of

18F-FDG PET for metastasis detection were 0.87 and 0.78, re-
spectively. These results were consistent with other published data.

In a recent metaanalysis based on 2,905 patients, Krug et al. (13,

14) reported 18F-FDG PET to have a sensitivity and specificity of
83% and 85%, respectively, at initial staging. In a prospective

study of 253 stage III patients, Bastiaannet et al. (15) found 18F-
FDG PET to have a sensitivity and specificity of 0.86 and 0.93,

respectively. However, the clinical question addressed was different

in this study from ours, as only patients with stage III candidates for
regional lymph node dissection were included. By contrast, in our

study most patients had visceral metastases. As has also commonly
been reported for other studies, PET changed

the initial stage of the disease in 27% of

our patients. From the PET results, the stage
of 10 patients jumped from stage M0 to

stage M1, prompting the clinicians to start
active treatment.
Based on lesion analysis, the specificity

of 18F-FDG PET in our study was about

0.54—low, compared with values commonly

reported. This difference may be because
at the outset we considered any equivocal

uptake abnormality to represent a metasta-
sis. For instance, 8 PET thyroid foci were

analyzed as equivocal by the nuclear phy-

sicians and, because of the study rule, were
recorded as positive in the database. As

expected, these foci were finally found to
be FP.
Compared with 18F-FDG, 123I-BZA2 had

an unexpectedly low sensitivity (0.39). The

performance of 123I-BZA2 was similar

regardless of the subgroup of patients stud-
ied at inclusion, such as pigmented ver-

sus achromic primary melanoma group or

TABLE 6
Overall Performance of 18F-FDG PET and 123I-BZA Imaging for Diagnosis of Melanoma Metastases

Analysis Sensitivity Specificity PPV NPV Accuracy

Per patient
18F-FDG PET/CT 0.87 [0.76,0.98] 0.78 [0.64,0.91] 0.91 [0.78,0.97] 0.85 [0.64,0.96] 0.83 [0.74,0.91]
123I-BZA2 imaging 0.39 [0.23,0.55]* 0.94 [0.79,0.99] 0.88 [0.61–0.99] 0.58 [0.45,0.71]* 0.65 [0.54–0.76]*

Per lesion
18F-FDG PET/CT 0.80 [0.71,0.88] 0.54 [0.44,0.63] 0.66 [0.57–0.75] 0.74 [0.63–0.85] 0.67 [0.60–0.74]
123I-BZA2 imaging 0.23 [0.13,0.33]* 0.86 [0.79,0.93]* 0.60 [0.42–0.78] 0.57 [0.49–0.65]* 0.57 [0.50–0.65]

*P , 0.05.

Data in brackets are 95% confidence intervals.

FIGURE 1. A 53-y-old woman with past history of pigmented melanoma of left leg. (A) At in-

clusion, 18F-FDG PET revealed high-intensity 18F-FDG uptake in right intramammary mass (thin

arrows), subcutaneous nodule of left arm (arrowhead), left iliac/femoral lymph node (thick solid

arrows), and large left popliteal/femoral/tibial mass (thick open arrows). (B) All lesions were also

visualized on 123I-BZA2 planar/whole-body scans and SPECT slices. (C) Standard coloration of

popliteal mass biopsy showed melanoma metastases with epithelioid appearance (top). Fontana–

Masson coloration (bottom) confirmed high cytoplasmic melanin content (red arrow). MIP 5
maximum-intensity projection.
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N/N1 group (results not shown). From our experience, positive
123I-BZA2 lesions usually had a high visual contrast ratio inde-
pendent of tumor size, lesion depth, or site. These arguments sug-
gest that the low sensitivity of 123I-BZA2 was not related only to
a lack of SPECT resolution. However, to enhance capacity to de-
tect melanoma metastases, BZA2 PET tracers have to be consid-
ered. Similarly, PET radioligands of somatostatin receptor have
demonstrated higher accuracy than SPECT tracers in staging of
neuroendocrine tumor (16). BZA2 could easily be labeled with
124I, a positron emitter isotope of iodine. With higher resolution on
PET than SPECT images, 124I-BZA2 will probably be more accurate
for staging of melanoma metastases. Nevertheless, some practical
limitations lead us to prefer other options, such as the inappropri-
ate half-life of 124I with regard to the BZA2 pharmacokinetic pro-
file; positron energies, which affect spatial resolution; and the risk
of high-dose radiation to the patient. In addition, because the syn-
thesis of BZA2 for PET and for SPECT is not directly comparable,
the development of pharmaceutical grade 124I-BZA2 would have
required costly preclinical and first-in-human validation. Therefore,
we turned our attention, as others have (17), to 18F-labeled BZA2 ana-
logs. Particularly, we demonstrated in preclinical studies the potential
of 18F-N-[2-(diethylamino)ethyl]-6-fluoropyridine-3-carboxamide
for PET imaging of melanoma (18), a use that is under evaluation
by Hicks et al. in an ongoing clinical trial (19).
Other explanations or work limitations could account for the

lower performance of 123I-BZA2 than of 18F-FDG. The biodistri-
bution of 123I-BZA2 typically shows in the liver high physiologic
uptake, which certainly decreases the ability to detect liver metas-
tases. In this trial, 1 liver lesion was not detected on 123I-BZA2 images.
From a methodologic point of view, only 22 of 68 patients under-
went SPECT/CT, although this fact cannot be responsible for the
low 123I-BZA2 sensitivity. In 2002 our laboratory reported the results
of our first phase II trial, which demonstrated high sensitivity
and specificity for 123I-BZA2: 100% and 95%, respectively. Possible
sources for such differences could be the design of the study (a
monocentric trial, which usually enhances results), differences in
inclusion criteria, and the choice of CT as the gold standard, which
does not perform as well as 18F-FDG PET for this clinical indication.
Finally, we assume that the low 123I-BZA2 sensitivity is ascrib-

able, in large part, to the high percentage of amelanotic melanoma
metastases, as confirmed by biopsy analysis (55%).

Several previously published studies have
similarly demonstrated a high incidence of
nonpigmented or only slightly pigmented me-
tastases, even in cases of pigmented primary
tumors. This question has been extensively
assessed in validation processes for new
antibodies and for MR imaging diagnosis
of melanoma metastases. Perry et al. (20)
have reviewed a series of 174 fine-needle
biopsies of metastatic melanoma. Intracel-
lular melanin in neoplastic cells was absent
in 60% of patients. Also, Saqi et al. (21)
reported the results of 165 fine-needle aspi-
rations from melanoma metastases in 152
patients. Only 56 of the samples (32%)
contained melanin. The authors noted that
the prevalence of pigment in the specimens
varied from focal in many cases to diffuse
in some. Melanin content was also evalu-
ated in studies aimed at correlating T1-

weighted MR imaging hyperintensity of melanoma lesions with
pigmentation. In this context, pigmented lesions were observed in

about 50% of patients (22,23). Most pigmented samples corre-

sponded to positive 123I-BZA2 scintigraphy results with a visually

high ratio of background to tumor. Two pigmented metastases (a

left axillary node and a right leg cutaneous metastasis) were not

visualized on 123I-BZA2 images, and the lesion size was below

1 cm in each case. Three nonpigmented metastases showed slight
123I-BZA2 uptake, possibly in relation to heterogeneous melanin

distribution in metastases. Finally, these data confirm that the

tumor accumulation of 123I-BZA2 clearly correlates with melanin

content, as previously demonstrated (15,16). Therefore, despite the

low number of available biopsies, our results suggest that 123I-BZA2

could be used as an accurate radiopharmaceutical for the diagnosis

of only pigmented melanoma metastases. However, given the high

proportion of achromic metastases in the natural evolution of the

disease, no diagnostic tracer targeting melanin, such as 123I-BZA2,

can yet challenge 18F-FDG for overall melanoma staging. There-

fore, we have stopped any research development for a diagnostic

SPECT tracer and have focused our research on therapeutics (24).

Indeed, the concept of melanin targeting holds promise for thera-

peutic purposes (25). Melanin-targeted imaging could be the first

step in selecting patients with pigmented metastases, allowing

them to become candidates for targeted therapy. Along with others

(26,27), we are developing melanin-targeted radiopharmaceuticals

dedicated to melanoma treatment based on a quinoxaline deriva-

tive, ICF01012, which in preclinical models has demonstrated

promising antitumoral activity after labeling with 131I (28). This

tracer was recently selected for a first-in-human clinical trial to

determine tolerance, distribution, and dosimetry in patients with

metastatic melanoma. Although this melanin-targeted therapy would

concern only patients with pigmented metastasis, it is worth ex-

ploration since even commercially available targeted treatments,

such as vemurafenib for BRAF mutated melanoma, are available

for less than 50% of patients. This treatment, being a new thera-

nostic concept, reflects modern oncology.

CONCLUSION

Our study compared 18F-FDG PET/CT and 123I-BZA2 imaging
for staging and restaging of melanoma patients, most of whom

FIGURE 2. A 72-y-old man with history of cutaneous melanoma in 1998. Pigmentation status

was unknown. (A) At inclusion, 18F-FDG PET whole-body maximum-intensity projection (MIP) and

slices demonstrated intense focal uptake localized in right adrenal gland (solid arrows) and in left

iliac lymph node (open arrows). (B) 123I-BZA2 whole-body scans and SPECT slices revealed no

tracer accumulation in corresponding lesions. (C) Standard coloration of right adrenal biopsy

showed melanoma metastases with fusiform appearance (top). Fontana–Masson coloration (bot-

tom) did not show any intratumoral cytoplasmic melanin pigment (red arrow).
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were at stage IV at inclusion. As expected, 18F-FDG PET/CT con-
firmed a potential value for melanoma staging. We also demon-
strated that melanin-targeted tracers such as 123I-BZA2 can identify
patients with pigmented metastases. However, because of the inter-
patient variability of melanoma metastasis pigmentation, such a
tracer would probably not be relevant clinically. In view of these
results, our research group is investigating new approaches using
iodobenzamide derivatives labeled with 131I for the treatment of
preselected patients harboring melanin-positive metastases. Such
a targeted radionuclide therapy approach could open new prospects
for theranostic and personalized medicine in patients with dissem-
inated melanoma.
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