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Molecular imaging of muscle-invasive bladder cancer (MBC) is
restricted to its locoregional and distant metastases, since most radio-
pharmaceuticals have a urinary excretion that limits the visualization
of the primary tumor. 64CuCl2, a positron-emitting radiotracer with
nearly exclusive biliary elimination, could be well suited to exploring
urinary tract neoplasms. In this study, we evaluated the feasibility of
64CuCl2-based staging of patients with MBC; furthermore, we com-
pared the diagnostic capability of this method with those of the current
gold standards, that is, contrast-enhanced CT (ceCT) and 18F-FDG
PET/CT. Methods: We prospectively enrolled patients referred to our
institution for pathology-confirmed MBC staging/restaging between
September 2021 and January 2023. All patients underwent ceCT,
18F-FDG, and 64CuCl2 PET/CT within 2 wk. Patient-based analysis and
lesion-based analysis were performed for all of the potentially affected
districts (overall, bladder wall, lymph nodes, skeleton, liver, lung, and
pelvic soft tissue). Results: Forty-two patients (9 women) were
enrolled. Thirty-six (86%) had evidence of disease, with a total of 353
disease sites. On patient-based analysis, ceCT and 64CuCl2 PET/CT
showed higher sensitivity than 18F-FDG PET/CT in detecting the
primary tumor (P , 0.001); moreover, 64CuCl2 PET/CT was slightly
more sensitive than 18F-FDG PET/CT in disclosing soft-tissue lesions
(P , 0.05). Both PET methods were more specific and accurate than
ceCT in classifying nodal lesions (P, 0.05). On lesion-based analysis,
64CuCl2 PET/CT outperformed 18F-FDG PET/CT and ceCT in
detecting disease localizations overall (P , 0.001), in the lymph
nodes (P , 0.01), in the skeleton (P , 0.001), and in the soft tissue
(P , 0.05). Conclusion: 64CuCl2 PET/CT appears to be a sensitive
modality for staging/restaging of MBC and might represent a “one-
stop shop” diagnostic method in these scenarios.
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Bladder cancer represents the seventh most frequent neoplastic
disease in adult men (1). In about 75% of cases, it is limited to the
superficial mucosa and shows a good response to treatment and an
excellent prognosis. However, in about one-fourth of patients, it
shows a highly aggressive behavior, invading the bladder muscula-
ture (1). These forms can be associated with nodal and distant
metastases, even at the disease onset (1,2). In this setting, adequate
locoregional and whole-body staging is necessary to decide the
most appropriate therapeutic strategy (1,2).
CT with contrast enhancement (ceCT) is the standard procedure

for staging muscle-invasive bladder cancer (MBC); it is accurate
enough to evaluate the local bladder extent as well as meatal or ure-
teral involvement and to detect distant metastases (1). However,
given the high rate of relapse after cystectomy—potentially due to
occult metastatic disease underestimated by ceCT (2,3)—the intro-
duction of a sensitive procedure, 18F-FDG PET/CT, was proposed
and finally accepted in recent guidelines, the intention being to better
evaluate the lymph node status (1,2). In this locoregional setting,
18F-FDG PET/CT can upstage patients in about 20% of cases (2).
However, the main limitation of 18F-FDG PET/CT is the inability to
evaluate the extent of local disease, which is mostly masked by the
intense physiologic urinary activity of the bladder and ureters. In this
setting, 18F-FDG PET/CT cannot be proposed as a stand-alone imag-
ing procedure but can be proposed as a complementary tool.

64CuCl2 PET/CT has been proposed as an effective imaging proce-
dure for detecting various neoplasms (4–8), since copper is highly
concentrated in tumors because of its key role in cellular turnover,
mitochondrial respiration (9,10), carcinogenesis, and cancer metabo-
lism (11–13). Copper is required for cytochrome-c oxidase activity;
limited availability of this element causes tumor cells to switch to
less energy-efficient anaerobic glycolysis (12). Furthermore, copper
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is a key factor in many tumoral pathways, such as superoxide dis-
mutase and BRAF signaling, which control proliferation and neoan-
giogenesis (11,14). Finally, copper is involved in tumor-specific
mechanisms that enhance the survivability of the clonal cell (15).
Indeed, 64CuCl2 PET/CT is a promising tracer for detecting pros-

tate cancer localization and, in particular, for evaluating local relapse
after prostatectomy (6,16). The advantage of this tracer over others
is that its biodistribution is suitable for pelvic molecular imaging, as
64CuCl2 is neither excreted nor accumulated in the urinary tract and
the bladder. More recently, in 1 pilot study, 64CuCl2 PET/CT was
proven to detect primary bladder cancer in 5 patients (17).
The aims of this study were to evaluate the capability of

64CuCl2 PET/CT for staging MBC and to compare the results with
those for ceCT and 18F-FDG PET/CT.

MATERIALS AND METHODS

This study was approved by the local ethics committee and by the
Agenzia Italiana del Farmaco and the Istituto Superiore di Sanit�a,
which are Italian regulatory agencies of the Ministry of Health. All of
the subjects signed a study-specific written informed consent form.
The trial was registered in the European Clinical Database (EudractCT
no. 2019-002534-37).

Patient Population
From September 2021 to January 2023, we prospectively evaluated all

patients affected by histologically confirmed MBC and evaluated at the
time of first staging or restaging when metastatic disease was suspected
or ascertained. Tumor and nodal staging was based on histopathology;
distant metastases were assessed on ceCT and 18F-FDG PET/CT. Table 1
shows the main characteristics of patients and tumors.

Radiopharmaceutical Preparation and PET/CT Acquisition
The Agenzia Italiana del Farmaco approved the manufacture of the

experimental 64CuCl2 (Sparkle LLC). The radiopharmaceutical was
produced as previously described (4,5,18): an electroplated 64Ni target
was bombarded with a proton current (18 mA;14.6 MeV); the resulting
64Cu was purified using chromatography and an ion-exchange column
(Biorad Laboratories). The radioisotope was eluted with concentrated
HCl and sieved through a 0.2-mm filter (Millipore; Merck). Radionuclide
purity and 64Cu half-life were tested with an HPGe detector (Ortec Ame-
tek) by identifying the characteristic 511-, 1,022-, and 1,345.8-keV photo-
peaks. A radionuclide purity of greater than or equal to 99.5% was
considered acceptable. Radiochemical purity was assessed by reacting
[64Cu]CuCl2 with the tetraazacyclotetradecane-N,N9,N99,N999-tetraacetic
acid ligand; a purity of greater than or equal to 99% was deemed accept-
able. All preparations followed good manufacturing practices.

The tracer was administered intravenously in fasting conditions
(.4 h). Whole-body 64CuCl2 PET/CT was performed 60 min (6,19)
after the injection of 370 MBq of 64CuCl2. PET scans were acquired
in the 3-dimensional mode by a digital PET/CT system (Discovery
MI; GE Healthcare). PET/CT scans were acquired via 3-min emis-
sions per bed position from the upper neck to the upper thighs. Raw
PET data were reconstructed using an ordered-subset expectation max-
imization algorithm (2 iterations, 8 subsets, and a 3-mm filter), and the
reconstructed voxel size was 2.027 3 2.036 3 2.036 mm; the voxels
were arranged in a 256 3 256 matrix.

Low-dose CT was performed for both attenuation correction and
topographic localization. 18F-FDG PET/CT was acquired 60 min after
tracer injection with the same parameters as in 64CuCl2 PET in accor-
dance with European Association of Nuclear Medicine guidelines (20).
18F-FDG PET raw data were reconstructed using an ordered-subset
expectation maximization algorithm (4 iterations, 8 subsets, and a
5-mm filter); voxel and matrix sizes were the same as in 64CuCl2 PET.

ceCT
CT scanning was performed using a 64-row multislice CT scanner

(Lightspeed VCT; GE Healthcare) and a multiphasic protocol with the
administration of contrast material (iopamidol; containing iodine at
370 mg/mL; Bracco). After a basal acquisition, the postcontrast study
was performed with a bolus-tracking technique by placing a region of
interest in the abdominal aorta at a threshold of 100 Hounsfield units.
Three phases were acquired: arterial, venous, and urographic. Arterial
phase images were acquired 15 s after enhancement of the thoracic
arch (threshold of 100 Hounsfield units), venous phase images were
acquired 50 s after the arterial phase, and urographic phase images
were acquired 15 min after contrast medium injection. CT parameters
were 120 kV, 200–400 mA (using tube current modulation depending
on patient size), 0.5-s rotation time, pitch of 1.375:1, and slice thick-
ness of 5 mm. All phases were reconstructed at a slice thickness of
1.25 mm and reformatted in the axial, coronal, and sagittal planes.

Image Interpretation
Two senior nuclear medicine physicians with at least 10 y of expe-

rience in PET/CT examinations reviewed all PET images, unaware of
other PET/CT and ceCT results. On 18F-FDG PET/CT and 64CuCl2
PET/CT, any focal, nonphysiologic uptake higher than the surrounding

TABLE 1
Main Clinical and Histopathologic Features of Patients

According to European Association of Urology Guidelines

Feature Value*

Age (y)

Median 77

IQR 70–81

Women 9 (21.4)

Histology

Urothelial epithelium cancer 41 (98)

Adenocarcinoma 1 (2)

T

T2 26 (62)

T3 5 (12)

T4 11 (26)

N

N0 3 (7.1)

N1 2 (4.8)

N2 1 (2.4)

N3 1 (2.4)

Nx 35 (83.3)

Tumor location

Neck or trigone 9 (21)

Walls 33 (79)

NLR

.3 19 (45)

,3 23 (55)

*Data are reported as numbers of patients, with percentages in
parentheses, unless otherwise indicated.

IQR 5 interquartile range; T 5 tumor; N 5 lymph node; NLR 5

neutrophil-to-lymphocyte ratio.
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background level was considered pathologic. 18F-FDG PET/CT and
64CuCl2 PET/CT studies were interpreted by patient-based analysis
and lesion-based analysis. In case of a discrepancy between the 2
examiners, a third expert nuclear medicine physician participated, and
the case was resolved by consensus. Tumor-to-background ratios
(TBRs) were determined for each lesion on the 64CuCl2 and

18F-FDG
PET/CT images. The TBR was calculated by dividing the SUVmax of
the lesion by the SUVmax of the pelvic fat (6). No SUVmax or TBR cut-
offs were introduced to assess tumor lesions, although these parameters

were calculated to support visual interpretation. All ceCT studies were
reviewed by 2 radiologists with at least 10 y of experience and unaware
of the results of the PET studies. Primary tumor, perivesical invasion,
and adjacent organ involvement were diagnosed when a focal mor-
phologic alteration was detected (21). Morphologic criteria were
also adopted to distinguish between benign and malignant lymph nodes
and to detect distant metastases (22). Lymph node metastases were
considered when a nodal enlargement (.10 mm in the long axis) was
depicted (23).

TABLE 2
Patient-Based Analysis for Sensitivity, Accuracy, and Specificity

Parameter Location ceCT (%) 18F-FDG (%) 64CuCl2 (%)
P for ceCT
vs. 18F-FDG

P for ceCT
vs. 64CuCl2

P for 18F-FDG
vs. 64CuCl2

Sensitivity Overall 94 53 97 0.0003 1 0.0002

Bladder primary tumor 97 13 100 ,0.0001 1 ,0.0001

Lymph nodes metastases 93 100 100 1 1 1

Skeletal metastases 57 100 100 0.248 0.248 1

Liver metastases 75 50 0 1 0.248 0.479

Lung metastases 83 83 67 1 1 1

Soft-tissue metastases 50 42 92 1 0.0736 0.041

Accuracy Overall 86 52 95 0.0005 0.136 ,0.0001

Bladder primary tumor 98 36 100 ,0.0001 1 ,0.0001

Lymph nodes metastases 74 90 95 0.023 0.008 1

Skeletal metastases 93 98 100 1 1 1

Liver metastases 98 95 90 1 0.248 0.479

Lung metastases 95 98 95 1 1 1

Soft-tissue metastases 83 83 98 1 0.041 0.041

Specificity Overall 33 50 83 NS 0.248 1

Bladder primary tumor 100 100 100 1 1 1

Lymph nodes metastases 64 86 93 0.041 0.013 0.497

Skeletal metastases 100 97 100 1 1 1

Liver metastases 100 100 100 1 1 1

Lung metastases 97 100 100 1 1 1

Soft-tissue metastases 97 100 100 1 1 1

NS 5 not significant.

TABLE 3
Lesion-Based Analysis for Sensitivity

Location ceCT (%) 18F-FDG (%) 64CuCl2 (%)
P for ceCT vs.

18F-FDG
P for ceCT vs.

64CuCl2
P for 18F-FDG
vs. 64CuCl2

Overall 62 70 91 ,0.0001 ,0.0001 ,0.0001

Bladder primary tumor 97 8 100 ,0.0001 1 ,0.0001

Lymph nodes metastases 43 81 87 ,0.0001 ,0.0001 0.0077

Skeletal metastases 14 82 98 ,0.0001 ,0.0001 0.0003

Liver metastases 90 70 0 0.479 ,0.0001 ,0.0001

Lung metastases 92 81 69 0.133 0.013 0.134

Soft-tissue metastases 70 52 87 0.134 0.136 0.013
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Standard of Reference
Histopathology was used as the standard of reference for primary

tumor, lymph node, and pelvic soft-tissue (i.e., prostate, seminal vesi-
cle, and ureter) lesions. Additionally, distant metastases underwent a
multidisciplinary assessment including clinical and diagnostic follow-
up based on ceCT or 18F-FDG PET/CT, performed every 3 mo after
enrollment. During the follow-up, ceCT images were evaluated by the
radiologist using RECIST criteria (24); the aspect of the distant lesions
on the images was evaluated in light of the adopted therapeutic strat-
egy to confirm their secondary and pathologic nature. Follow-up pro-
cedures were performed for at least 1 y after 64CuCL2 PET/CT.

Statistical Methods
Since no literature data on the experimental diagnostic method were

used, no formal test hypothesis or sample size calculation was made;
therefore, the study was intended as a pilot, and the sample size was
determined because of feasibility. Descriptive statistics, including mean,
SD, median, and interquartile range, were calculated for continuous data;
absolute and relative frequencies were used for categoric factors.

The primary objective was to calculate and compare the sensitivity,
specificity, and accuracy of the experimental test (e.g., 64CuCl2 PET/CT)
with those of the standard tests (ceCT and 18F-FDG PET/CT). This anal-
ysis was a patient-based analysis (PBA); sensitivity was reported as a
lesion-based analysis (LBA).

The x2 and Fisher exact tests were adopted to compare categoric data;
the exact McNemar test was used to compare sensitivities, specificities,
and accuracies between diagnostic procedures on the same subjects. A
2-tailed, paired test was used to analyze and compare TBRs between
scans.

All analyses were done using Stata software (version 17; StataCorp.).
Two-tailed probabilities are reported, and a P value of 0.05 was used to
define nominal statistical significance.

RESULTS

We prospectively enrolled 42 patients. The main clinical charac-
teristics of these patients are summarized in Table 1. Most of these
patients (n� 5 31, 74%) were evaluated at the time of first staging,
whereas 11 (26%) were included in the case of suspected or deter-
mined metastatic disease. Thirty-six of 42 patients showed the pri-
mary tumor, locoregional metastases, or distant metastases, and
overall, 353 sites of disease were confirmed at our multidisciplin-
ary follow-up. Among these 36 patients, ceCT and 64CuCl2
PET/CT proved positive in 34 (94%) and 35 (97%), respectively,
and they were significantly more sensitive and accurate (P , 0.01)
than 18F-FDG PET/CT, which was positive in 19 patients (53%)
(Table 2).
On PBA, no significant differences among the 3 diagnostic

methods were observed regarding sensitivity, specificity, and
accuracy in identifying bone, liver, and lung metastases (Table
2). By contrast, in detecting primary tumors, ceCT and 64CuCl2
PET/CT proved significantly more sensitive and accurate than
18F-FDG PET/CT. Indeed, ceCT and 64CuCl2 PET/CT identified
30 (97%) and 31 (100%) patients with primary MBC, whereas
18F-FDG PET/CT showed it only in 4 patients (13%).

64CuCl2 PET/CT and 18F-FDG PET/CT proved significantly
more specific and accurate in detecting lymph node metastases
than ceCT (P, 0.05). Moreover, 64CuCl2 PET/CT showed slightly
higher sensitivity and accuracy in disclosing soft-tissue MBC loca-
tions than CeCT and 18F-FDG PET CT (Table 2). Specifically,
64CuCl2 PET/CT identified 11 (92%) patients with pelvic soft-
tissue disease, whereas ceCT and 18F-FDG/PET could identify
only 6 (50%) and 5 (42%), respectively.

Overall, on LBA, 64CuCl2 PET/CT was significantly more sen-
sitive (P , 0.01) than the other 2 imaging procedures. Indeed,
64CuCl2 PET/CT detected 288 (87%) of the 353 sites of disease,
whereas ceCT and 18F-FDG PET/CT showed 191 (54%) and 251
(71%) true positive lesions, respectively (Table 3). When we con-
sidered the primary tumor, 64CuCl2 PET/CT could detect all pri-
mary MBCs and evaluate their extension as accurately as ceCT
(Table 3; Fig. 1).

FIGURE 1. Primary tumor. On 18F-FDG PET/CT (A, arrow), urinary activ-
ity within bladder hindered visualization of tumor. Conversely, on ceCT (B,
arrow), primary tumor was identified as pathologic thickening of posterior
bladder wall, showing intense and inhomogeneous 64CuCl2 uptake (C,
arrow). Uptake intensity is expressed in SUV.
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When we evaluated the different locations of metastatic disease,
64CuCl2 PET/CT was significantly more sensitive than ceCT in
detecting nodal and bone metastases (P , 0.01) (Table 3; Figs. 2–4).
Conversely, ceCT was significantly more sensitive than 64CuCl2
PET/CT in disclosing lung and liver metastases (Table 3).

64CuCl2 PET/CT was significantly more sensitive than 18F-FDG
PET/CT in detecting primary MBC, pelvic soft-tissue localization,
and lymph node and bone metastases (Table 3; Figs. 2–4). All
18F-FDG positive metastases showed 64CuCl2 uptake, except 4
small lung metastases and the liver metastases.
The mean TBR of 18F-FDG was slightly higher than that of

64CuCl2 (9.76 5.2 vs. 7.36 4.9, respectively; P 5 0.0449). How-
ever, in general, the TBRs of the single lesions were not signifi-
cantly different in the 2 PET methods. In particular, the primary

tumor showed TBRs of 6.86 2.6 and 6.36 3.8 in the mean
64CuCl2 and

18F-FDG examinations, respectively (P 5 0.571); simi-
larly, nodal lesions did not show a significantly different uptake
(7.46 4.2 vs. 96 4.5, respectively; P 5 0.311). Skeletal, lung,
and soft-tissue lesions also displayed comparable uptake intensities
between the 2 methods (P5 0.964, 0.335, and 0.061, respectively).

DISCUSSION

This is the first study to evaluate the diagnostic role of 64CuCl2
PET/CT in a considerable number of MBC patients prospectively
enrolled at the time of first staging or when metastatic disease was
suspected or ascertained. Moreover, we compared the 64CuCl2
PET/CT results with those of ceCT and 18F-FDG PET/CT, which
represent the diagnostic standard procedures according to the
recent European Association of Urology guidelines (1).
First, all primary MBCs showed high 64CuCl2 uptake, correspond-

ing to the wall thickening detected on ceCT. The high expression of
human copper transporter (17,25), together with the very low activity
of the healthy bladder, in which this tracer is not excreted nor accu-
mulated, are the main reasons for the high sensitivity (100%) of
64CuCl2 PET/CT in disclosing MBCs. This favorable distributive
combination makes 64CuCl2 an ideal PET tracer to detect this
aggressive tumor and to evaluate its extent (i.e., T stage). From
this point of view, 64CuCl2 PET/CT could potentially be used
as a noninvasive procedure to characterize suspicious wall thicken-
ing detected on ceCT or to evaluate disease response after neoad-
juvant therapy in confirmed MBC patients. Considering the
increasing role of this systemic treatment and the need to evaluate
an early response to identifying which patients may benefit from
surgery, the use of 64CuCl2 PET/CT could avoid delaying radical
cystectomy. In our dataset, the 64CuCl2 PET method and ceCT
seem to be characterized by similar sensitivity, which appears to
be higher than what is reported in the literature, where it ranges
from 49% to 91% (26).
Second, when we investigated the locoregional MBC involve-

ment by analyzing the ability to identify lymph node and pelvic
soft-tissue involvement (i.e., seminal vesicles, prostate, and ure-
teral involvement), we found that both on PBA and LBA, 64CuCl2
PET/CT was more accurate than ceCT in detecting lymph node
metastases. Furthermore, LBA of 64CuCl2 PET/CT proved slightly
more sensitive than ceCT in evaluating pelvic soft-tissue infiltra-
tion and significantly more sensitive in detecting lymph node
metastases. Our data are in keeping with the current literature: CT
diagnostic criteria, which use size as a threshold to define the
nodal status, might indeed miss a relevant quota of lymph node
involvement and are thus characterized by unsatisfying sensitivity,
varying between 54% and 86% (26).
Additionally, 64CuCl2 PET/CT detected significantly more path-

ologic lymph nodes than 18F-FDG PET/CT. As the diagnostic
accuracy of 64CuCl2 PET/CT is similar to, or even higher than,
that of ceCT and 18F-FDG PET/CT, this new procedure might
play a role as a stand-alone imaging tool for detecting locoregional
MBC involvement. These findings, if confirmed, can pave the way
to using 64CuCl2 PET/CT to timely assess patients with borderline
renal function or those in whom the MBC has caused acute kidney
injury.
Third, when we evaluated the ability to detect distant metasta-

ses, we found that only the LBA level of 64CuCl2 PET/CT
was significantly more sensitive than ceCT and 18F-FDG in dis-
closing bone metastases. Conversely, 64CuCl2 is unsuitable for

FIGURE 2. Lymph node status on 18F-FDG PET/CT (A), ceCT (B), and
64CuCl2 PET/CT (C). Paracaval node showed uptake of both tracers,
whereas paraaortic node accumulated 64CuCl2 but not

18F-FDG (arrows).
Uptake intensity is expressed in SUV.

64CUCL2 PET/CT IN BLADDER CANCER � Piccardo et al. 1361



investigating liver metastases, given its high physiologic liver con-
centration. Finally, on LBA, CT proved to be a better method for
identifying lung metastases than the 2 PET modalities. However,
given the high resolution of the CT component of the hybrid
PET/CT imaging, this diagnostic limitation can easily be over-
come by performing an additional diagnostic chest CT after the
whole-body PET/CT scan.
From the dosimetry point of view, 64CuCl2 could imply a higher

dose to the patient than 18F-FDG. However, our previous data
show a similar dosimetry profile of this tracer compared with
established radiopharmaceuticals (6). Further development in PET
scanner technology should, at any rate, allow a substantial reduc-
tion in the administered dose (27).

Despite these encouraging results, some
important limitations should be kept in
mind. First, the number of MBCs included
could have been higher. However, this
64CuCl2 cohort represents the largest ever
examined since the previous pilot study
enrolled only 5 patients (17). Additionally,
all our patients were prospectively enrolled
in a registered clinical trial, and clinical
follow-up of at least 1 y was available.
Second, histologic confirmation was not

available for all positive lesions. However, 31
of the 42 patients were evaluated at the time
of onset, and in all cases, a histologic
standard of reference existed. Given that
the 11 remaining patients had a suspected
or confirmed metastatic disease, we used
a multidisciplinary standard of reference
based on clinical and diagnostic follow-
up, including ceCT or 18F-FDG PET/CT
every 3mo. However, given the absence
of a fully independent third evaluation of
all metastases (e.g., histopathology), the

interpretation of the diagnostic findings could be excessively
“imaging-based.” The administered activity used for 64CuCl2
imaging is higher than that required for 18F-FDG. This parame-
ter was set by the protocol and is also a standard in diagnostic
phase-three protocols using the same tracer. Finding the optimal
activity for this scenario was beyond the scope of the current
investigation; furthermore, the evolution of PET scanners, with
the rise of long–axial-field-of-view systems, is likely to reduce
the required activity considerably.
Finally, since most patients were enrolled at the first diagnosis,

a selection bias might have affected the accuracy of 18F-FDG
PET/CT on PBA and LBA, especially concerning the primary
tumor and pelvic soft tissue. Indeed, the high 18F-FDG physiologic
accumulation in the bladder and urinary tract may have consider-

ably affected the diagnostic performance
of this procedure. However, in our analy-
sis, in keeping with the literature (1,2), we
confirmed the important role of 18F-FDG
PET/CT in detecting lymph node metasta-
ses missed by ceCT.

CONCLUSION

The biodistribution of 64CuCl2 and, in
particular, its high uptake in malignancies
make 64CuCl2 PET/CT a very promising
imaging procedure for studying MBC. Its
main advantage over the standard imaging
procedures is its high accuracy in detect-
ing primary tumor extension, locoregional
involvement, and bone metastases; its
main limitations are the limited visualiza-
tion of liver disease and, to a lesser extent,
of pulmonary localizations. These results
of 64CuCl2 PET/CT in MBC, if confirmed
by further studies, open the door to possi-
ble clinical use of this novel imaging
method in this specific oncologic setting.

FIGURE 3. Comparison of ceCT (A and C), 18F-FDG PET/CT (B), and 64CuCl2 PET/CT (D). On
18F-FDG PET/CT, 2 localizations were seen in pelvic bones (solid arrows); bladder wall (dashed
arrow) could not be evaluated because of urinary 18F-FDG activity. On 64CuCl2 PET/CT, diffuse
uptake in bladder walls was noted (dashed arrow), and additional skeletal localization was disclosed
(solid arrows). No bone localization was detected on ceCT. Uptake intensity is expressed in SUV.

FIGURE 4. Evaluation of disease extension on 18F-FDG PET/CT (B), ceCT (A), and 64CuCl2 PET/CT
(C and D). Ureter invasion by primary tumor was suspected on ceCT images (A, arrow). On 18F-FDG
examination, bladder wall was poorly evaluable; hyperactive spot in distal left ureter appeared
as mere dilation (arrow). On 64CuCl2 PET/CT, ureteral area was identified as infiltrated by disease
(C and D, arrows). Uptake intensity is expressed in SUV.
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KEY POINTS

QUESTION: Is staging of MBC with 64CuCl2 PET/CT feasible, and
how does it compare to ceCT and 18F-FDG PET/CT?

PERTINENT FINDINGS: 64CuCl2 PET/CT allowed clear visualization
of the metabolic activity within the primary tumor. Copper-based
PET was more sensitive than 18F-FDG PET/CT in detecting
soft-tissue localizations (at both the patient and the lesion levels)
as well as nodal and skeletal metastases (at the lesion level).

IMPLICATIONS FOR PATIENT CARE: 64CuCl2 PET/CT could
be proposed as a “one-stop shop” for MBC staging; in particular,
it could have an important role in patients who are not candidates
for ceCT, such as those with renal impairment.
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