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This study aimed to document the first-in-human application of
a %8Ga-labeled heterodimeric peptide BBN-RGD (bombesin-
RGD) that targets both integrin o,Bs and gastrin-releasing pep-
tide receptor (GRPR). We evaluated the safety and assessed the
clinical diagnostic value of 88Ga-BBN-RGD PET/CT in prostate
cancer patients in comparison with ¢8Ga-BBN. Methods: Five
healthy volunteers (4 men and 1 woman; age range, 28-53 y)
were enrolled to validate the safety of 8Ga-BBN-RGD. Dosim-
etry was calculated using the OLINDA/EXM software. Thirteen
patients with prostate cancer (4 newly diagnosed and 9 post-
therapy) were enrolled. All the patients underwent PET/CT
scans 15-30 min after intravenous injection of 1.85 MBq
(0.05 mCi) per kilogram of body weight of 68Ga-BBN-RGD
and also accepted #8Ga-BBN PET/CT within 2 wk for compar-
ison. Results: With a mean injected dose of 107.3 = 14.8 MBq
per patient, no side effect was found during the whole proce-
dure and 2 wk follow-up, demonstrating the safety of ¢8Ga-
BBN-RGD. A patient would be exposed to a radiation dose of
2.90 mSv with an injected dose of 129.5 MBq (3.5 mCi), which
is much lower than the dose limit set by the Food and Drug
Administration. In 13 patients with prostate cancer diagnosed
by biopsy, 68Ga-BBN-RGD PET/CT detected 3 of 4 primary
tumors, 14 metastatic lymph nodes, and 20 bone lesions with
an SUV,,ax of 4.46 = 0.50, 6.26 + 2.95, and 4.84 + 1.57, re-
spectively. Only 2 of 4 primary tumors, 5 lymph nodes, and 12
bone lesions were positive on 8Ga-BBN PET/CT, with the
SUVax 0f 2.98 = 1.24, 4.17 = 1.89, and 3.61 * 1.85, respec-
tively. Conclusion: This study indicates the safety and efficiency
of a new type of dual integrin o83~ and GRPR-targeting PET
radiotracer in prostate cancer diagnosis and staging.
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Prostate cancer is the second most frequently diagnosed cancer
in men and the fifth leading cause of death worldwide (/). Accurate
diagnosis and staging of prostate cancer is of topmost importance for
effective therapy, especially at the early stage (2). Currently, the only
definitive way to confirm prostate cancer is through prostate biopsy
(3). However, prostate biopsy is usually deemed necessary by consid-
ering several factors including family history, race, abnormal lumps
within the prostate, and an elevated serum prostate-specific antigen
level. MRI is one of the major modalities for image-guided diagnosis,
but a certain portion of prostate cancer lesions might still be missed
using MRI (4). In these patients, PET imaging with probes targeting
to various prostate cancer—specific markers will provide additional
molecular information to facilitate lesion detection and staging (2).

Gastrin-releasing peptide receptor (GRPR) is an important bio-
marker used for prostate cancer diagnosis (5). Various GRPR-targeted
imaging probes have been developed for noninvasive imaging of
GRPR expression (6—8). Bombesin (BBN), an amphibian homolog
of mammalian gastrin-releasing peptide (GRP), has been extensively
used for imaging GRPR, after being labeled with various radionuclides
(6,7,9—12). Several bombesin-related tracers have also been translated
into the clinic for early phase studies (/3-17). Previously, we have
applied the GRPR-specific PET tracer ®®Ga-NOTA-Aca-BBN(7-14)
(denoted as %¥Ga-BBN) for first-in-human studies in both healthy vol-
unteers and patients with both low- and high-grade gliomas (/8).

It has been found that both GRPR and integrin o35 are overex-
pressed in neoplastic cells of human prostate cancer (19). To target
both receptors, a heterodimeric peptide BBN-RGD was synthesized
from bombesin(7-14) and c(RGDyK) through a glutamate linker
and then labeled with '8F (20). Within this heterodimer, the RGD
moiety binds to integrin a5 receptor, which plays an important
role in the regulation of tumor growth, angiogenesis, local inva-
siveness, and metastatic potential (27). In a PC3 xenograft
model, '8F-FB-BBN-RGD had significantly higher tumor uptake
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than monomeric RGD and monomeric BBN peptide tracer ana-
logs at all time points examined (20). A series of preclinical
studies using the same strategy have confirmed several advan-
tages of heterodimers including increased number of effective
receptors, improved binding affinity, and pharmacokinetics
(20,22-24).

In this study, for the first time, we translated BBN-RGD heterodimer
into the clinic for the first-in-human study. The safety and dosimetry of
%8Ga-BBN-RGD were evaluated in healthy volunteers. The prelimi-
nary diagnostic value of ®®Ga-BBN-RGD PET/CT was also assessed in
patients with primary or metastatic prostate cancer.

MATERIALS AND METHODS

Radiopharmaceutical Preparation

The macrocyclic chelator 1,4,7-triazacyclononane-N,N',N" -triacetic
acid (NOTA)—conjugated BBN-RGD was synthesized according to
a method described in our previous publication (22). 8Ga was eluted
from a %Ge/%%Ga generator (ITG) using 0.05 M HCI and mixed with
1.25 M NaOAc buffer to adjust pH to 4.0. Radiolabeling of BBN-RGD
was performed in a sterile hot cell. The radiochemical purity of the
product %8Ga-BBN-RGD exceeded 97%. °®Ga-BBN was synthesized
following a procedure reported previously (/8).

Subject Enroliment

This clinical study was approved by the Institutional Review Board
of Peking Union Medical College Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College. All subjects
signed a written informed consent form. Five healthy volunteers (4 men
and 1 woman; mean age = SD, 45.2 = 9.9 y; age range, 28-53 y; mean
weight = SD, 66.6 £ 8.3 kg; weight range, 55-74 kg) were included in
the study. Exclusion criteria consisted of conditions of mental ill-
ness, severe liver or kidney disease with serum creatinine greater
than 3.0 mg/dL (270 pM), or any hepatic enzyme level 5 times or
more than normal upper limit. Participants were also excluded if they
were known to have severe allergy or hypersensitivity to intravenous
radiographic contrast or claustrophobia during PET/CT scanning or if
they were pregnant or breast-feeding.

A total of 13 patients with prostate cancer (age range, 49-70 y; mean
age, 62.4 = 6.0 y), of which 4 patients were newly diagnosed as having
prostate cancer by sextant core-needle biopsy and had not received any
prior therapy and 9 patients underwent prostatectomy or brachytherapy,
were enrolled with written informed consent. The inclusion criteria were
being between 40 and 80 y old, having a prostate neoplasm identified by
ultrasound or MRI, being diagnosed by needle biopsy as having prostate
cancer, having undergone whole-body bone scanning, and being able to
provide basic information and sign the written informed consent form.
The exclusion criteria included claustrophobia, kidney or liver failure,
and inability to fulfill the study. The demographics of the patients are
listed in Table 1.

%8Ga-BBN-RGD PET/CT, %8Ga-BBN PET/CT, MRI, and methylene
diphosphonate (MDP) bone scanning were performed within 2 wk for
comparison. All the 4 newly diagnosed prostate cancer patients under-
went radical prostatectomy surgery within 1 wk after ¥ Ga-BBN-RGD
PET/CT. The existence of malignancy in the prostate gland and lymph
nodes was confirmed by histologic examination with postoperation sam-
pling or biopsy. The examination was determined by 2 pathologists
independently, with a third pathologist used to reach consensus if there
were any discrepancies.

Examination Procedures

For healthy volunteers, the blood pressure, pulse, respiratory fre-
quency, and temperature were measured, and routine blood and urine
tests, liver function, and renal function were examined immediately

before and 24 h after the scan. In addition, any possible side effects
during %Ga-BBN-RGD PET/CT scanning and within 1 wk after the
examination were collected and analyzed as safety data.

No specific subject preparation was requested on the day of *3Ga-
BBN-RGD PET/CT scanning. For the volunteers, after the whole-body
low-dose CT scan, nearly 111-148 MBq (3—4 mCi) of *Ga-BBN-RGD
were injected intravenously, followed by serial whole-body dynamic PET
acquisitions. The whole body (from the top of skull to the middle of
femur) of each volunteer was covered by 6 bed positions. The acquisi-
tion duration was 20 s/bed position at 1 min after injection; 40 s/bed
position at 5, 10, and 15 min after injection; and 2 min/bed position at
30, 45, and 60 min after injection.

For the patients, ®*Ga-BBN-RGD PET/CT scanning was performed
at 15-30 min after tracer administration. For each patient, 1.85 MBq
(0.05 mCi) of %3Ga-BBN-RGD per kilogram of body weight were in-
jected intravenously. After a low-dose CT scan, whole-body PET was
performed with 2 min per bed position (5-6 bed positions depending on
the height of the patient). The emission data were corrected for ran-
doms, dead time, scattering, and attenuation. The conventional recon-
struction algorithm was used, and the images were zoomed with a factor
of 1.2. The images were transferred to a MMWP workstation (Siemens)
for analysis.

In all patients, a second scan using 8Ga-BBN was obtained within 2 wk
for comparison. For each patient, 1.85 MBq (0.05 mCi) of %Ga-BBN per
kilogram of body weight were injected intravenously. The imaging proce-
dure and data analysis are the same as those for ®*Ga-BBN-RGD PET/CT.
MRI was performed with a standard clinical procedure.

Image and Data Analysis

A Siemens MMWP workstation was used for postprocessing.
Visual analysis was used to determine the general biodistribution
and the temporal and intersubject stability. The volume of interest of
normal organs/tissues and concerned lesions were drawn on the serial
images. The radioactivity concentration and SUV in the volumes of
interest were obtained through the software.

For the volunteers, the dosimetry calculation was performed according
to the EANM Dosimetry Guidance (25) and calculated using OLINDA/
EXM (version 1.1; Vanderbilt University) with the procedure reported in
a previous study (/8). The void time of the bladder was set as 60 min.
The absorbed doses were calculated by entering the time-integrated ac-
tivity coefficient for all source organs into OLINDA/EXM for either a
73.7-kg adult man or a 56.9-kg adult woman.

For the patients, regions of interest were drawn manually on the site
of lesions using a 3-dimensional ellipsoid isocontour on each image
with the assistance of the corresponding CT images by 2 experienced
nuclear medical physicians. The results were expressed as SUV can
and SUV, ..

99mTc-MDP Bone Scanning

For the patients, bone scan images were obtained using a dual-head
Siemens SPECT scanner. Planar images of the whole-body skeleton
were acquired in the anterior and posterior views 3 h after intravenous
injection of 925 MBq (25 mCi) of *™Tc-MDP.

Immunohistochemical Staining

Representative tumor and lymph node samples were fixed with 10%
neutral buffered formalin and embedded in paraffin. After blocking
and washing, 5-pm-thick tissue sections were incubated with mouse
antihuman monoclonal antibody against human GRPR (PA5-256791;
Thermo Fisher Scientific) and integrin «,B5 (1:200, sc-7312; Santa
Cruz Biotechnology), respectively. Six fields were randomly selected
from each section and observed using a light microscope (BX41; Olym-
pus). For semiquantification of GRPR and integrin o35 expression, 5
entire high-power fields (x40) containing clusters of malignant cells
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TABLE 1

Patient Demographics

Patient Age PSA Bone %8Ga-BBN-RGD 68Ga-BBN
no. ) (ng/mL) GS Treatment scan MRI PET/CT PET/CT
1 69 109.1 7 RP (-) PT PT PT
2 61 7.31 7 RP (-) PT PT PT
3 55 30.3 9 RP (=) PT (<) (=)
4 68 25.59 7 RP (+) PT/LNs/BM PT/LNs/BM LNs
5 64 36.1 7 BT + ADT (=) (=) BM BM
6 78 108.1 7 RP + RT + C (+) BM BM (=)
7 67 5.34 6 RT + ADT (=) (=) (=) (=)
8 62 20.2 8 ADT (+/-) BM BM BM
9 79 15.79 8 BT + C (+) LNs/BM LNs/BM BM
10 59 5.78 8 RP + RT (+/-) BM BM BM
11 58 4.15 7 RP (+/-) =) =) =)
12 70 105 7 BT + C (+) (=) BM (=)
13 65 4.1 9 RP + RT (=) LNs LNs (=)
PSA = prostate-specific antigen; GS = Gleason score; RP = radical prostatectomy; PT = primary tumor; LNs = lymph nodes

involvement; BM = bone metastasis; BT = brachytherapy; ADT = androgen-deprivation therapy; RT = radiation therapy; C = chemotherapy.

were identified randomly per slide and scored for intensity and percent-
age of GRPR and integrin o, 33 staining expression. The procedure was
repeated by 2 independent experienced examiners.

RESULTS

Safety

No adverse events or serious adverse events occurred after
68Ga-BBN-RGD injection for all the healthy volunteers and the
patients, and no obvious changes in vital signs or clinical laboratory

tests were found before and after the injection of ®Ga-BBN-RGD.
For the patients, 1.85 MBq (0.05 mCi) of ®®Ga-BBN-RGD per kilo-
gram of body weight were injected intravenously. The median and
maximum injected dose was 123.7 = 11.5 MBq and 146.2 MBq,
respectively. The median and maximum injected mass was 12.3 *
2.6 pg and 15 pg, respectively.

Biodistribution and Dosimetry
After intravenous administration, °3Ga-BBN-RGD showed rapid
clearance through the kidneys with 49.9% = 10.2% of total
injected radioactivity observed in the

urine at 30 min after injection. The pan-
creas also had high accumulation, with an
SUV hean of 10.96 = 1.10 at 30 min after
injection, which is in the line with the
known high-level expression of GRPR
in the pancreas (26). The liver and
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FIGURE 1. (A) Multiple-time-point whole-body maximum-intensity-projection PET images at 5,

10, 15, 30, 45, and 60 min after intravenous administration of 68Ga-BBN-RGD in 47-y-old male
volunteer. (B) PET/CT showed tracer uptake in major organs at 30 min after intravenous admin-
istration of 129.5 MBq (3.5 mCi) of 8Ga-BBN-RGD to a male volunteer.
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spleen showed moderate uptake, with
an SUV can of 1.54 *= 0.24 and 1.80 *=
0.46, respectively. Low background activ-
ities in the brain, lung, and muscle were
found with SUVs of 0.16 = 0.05, 0.44 =+
0.11, and 0.40 = 0.16, respectively (Sup-
plemental Table 1 [supplemental materials
are available at http://jnm.snmjournals.org];
Fig. 1).

The estimated absorbed dose of %8Ga-
BBN-RGD for each organ derived from
PET/CT images of healthy volunteers is
shown in Table 2. Because of the high ac-
cumulation of radioactivity in the urinary
bladder, the urinary bladder wall had the
highest absorbed dose of 0.33 = 0.16 mSv/
MBq, which was followed by the kidneys
(0.0647 = 0.0436 mSv/MBq) and pancreas
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TABLE 2
Estimated Absorbed Dose After Intravenous Administration
of 68Ga-BBN-RGD (mSv/MBq; n = 5; 4 Men and 1 Woman)

Target organ Mean SD
Adrenals 4.70E-03 1.45E-03
Brain 1.32E-03 1.80E-04
Breasts 2.50E-03 1.00E-03
Gallbladder wall 4.88E-03 1.25E-03
Lower large intestine wall 7.16E-03 1.71E-03
Small intestine 5.02E-03 1.38E-03
Stomach wall 3.95E-03 1.18E-03
Upper large intestine wall 4.70E-03 1.36E-03
Heart wall 8.38E-03 2.31E-03
Kidneys 6.47E-02 4.36E-02
Liver 1.55E-02 6.11E-03
Lungs 3.88E-03 8.39E-04
Muscle 4.48E-03 1.09E-03
Ovaries 6.97E-03 1.70E-03
Pancreas 5.23E-02 1.73E-02
Red marrow 4.89E-03 7.66E-04
Osteogenic cells 5.32E-03 1.58E-03
Skin 2.64E-03 9.64E-04
Spleen 1.14E-02 4.25E-03
Testes 4.85E-03 1.04E-03
Thymus 2.90E-03 1.01E-03
Thyroid 2.67E-03 9.75E-04
Urinary bladder wall 3.33E-01 1.60E-01
Uterus 1.55E-02
Total body 5.43E-03 1.56E-03
Effective dose equivalent 3.21E-02 1.38E-02
Effective dose 2.23E-02 9.26E-03

(0.0523 = 0.0173 mSv/MBq). The total effective dose equivalent
and effective dose were 0.0321 * 0.0138 and 0.0223 = 0.0093
mSv/MBgq, respectively.

Detection of Primary Prostate Cancer

For the 4 patients with primary prostate cancer, °3Ga-BBN-RGD
PET/CT showed positive findings in 3 lesions (75%). The primary
lesions were diagnosed by MRI, and the diagnosis was confirmed
by needle biopsy. The SUV ean and SUV ., were 3.26 + 0.52 and
4.46 £ 0.50, respectively. Two of the 4 lesions were positive on
%8Ga-BBN PET/CT, with the average mean and maximum SUVs
of 2.09 and 2.98, respectively (Fig. 2). To further elucidate the
findings from PET, we performed immunohistochemical staining
against GRPR and integrin o,(3; with the biopsy samples. As
shown in Figure 3, both GRPR- and integrin-positive staining were
found in 2 patients, GRPR-negative and integrin o,Bs;—positive
staining in 1 patient, and both GRPR- and o, [33-negative staining
in 1 patient.

Detection of Lymph Node and Bone Metastasis
For all the 13 patients with prostate cancer, ®Ga-BBN-RGD
PET/CT detected 14 metastatic lymph nodes and 20 bone lesions.

The average and maximum SUVs of all the lymph node metastatic
lesions were 3.77 £ 1.65 and 6.26 = 2.95 at 30 min after injec-
tion, respectively. The average and maximum SUVs of all the
bone lesions were 3.01 * 0.84 and 4.84 = 1.57 at 30 min after
injection, respectively. Only 5 lymph node metastases and 12 bone
lesions were detected by °8Ga-BBN PET/CT, with significantly
lower average and maximum SUVs (2.79 = 1.19 and 4.17 =
1.89 for lymph nodes and 2.26 * 1.15 and 3.61 * 1.85 for bone
lesions at 30 min after injection, P < 0.05) (Figs. 3 and 4).

In comparison, MRI detected all the 14 lymph nodes in the
pelvic cavity. However, only 5 bone lesions located in the ilium,
pubis, rib, and thoracic and lumbar vertebrae were detected by
MRI. Eleven of 20 lesions identified by °®®Ga-BBN-RGD PET/CT
showed positive signal with MDP bone scanning. Besides these 20
lesions, 14 abnormal hotspots were shown on MDP SPECT bone
scanning. These hotspots were confirmed as benign lesions by
MRI and history such as traumatic fracture, vertebral degenera-
tion, and spinal stenosis (Fig. 5).

DISCUSSION

68Ga-BBN-RGD was found to be safe and well tolerated in all
healthy volunteers and recruited patients, with no adverse events
occurring after tracer injection. With a typical 130 MBq (3.5 mCi)
injected activity of %8Ga-BBN, the whole-body effective dose is
2.90 mSv, which is much lower than the dose limit set by the Food
and Drug Administration (27). All these data confirmed the safety
of %8Ga-BBN for further clinical applications.

One major advantage of heterodimer over the corresponding
monomers is the multivalency effect, resulting in improved
binding affinity and increased number of effective receptors
(20,22-24). Consistently, both 8Ga-BBN-RGD and ®8Ga-BBN
showed uptake in the primary prostate tumors that were either
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FIGURE 2. %8Ga-BBN-RGD PET/CT of primary tumors of 4 prostate
cancer patients. Immunohistologic staining against GRPR and integrin
a,B3 was performed with biopsy samples. (A and B) GRPR-positive and
a,Bs-positive. (C) GRPR-negative and a,B;-positive. (D) GRPR-negative
and a,B3-negative.
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FIGURE 3. Quantitative comparison between 8Ga-BBN-RGD PET/CT and ®Ga-BBN PET/CT in primary tumor (A), bone metastases (B), and

lymph node metastases (C).
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FIGURE 4. 68Ga-BBN PET/CT of a 64-y-old man newly diagnosed as having prostate cancer by
biopsy. Multiple bone metastatic lesions (arrow) were detected.
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FIGURE 5. Comparison of 68Ga-BBN-RGD PET/CT (A), 88Ga-BBN PET/CT (B), MRI (C), and
99mTc-MDP bone scan (D) in a 63-y-old man diagnosed as having prostate cancer (white arrow)
with lymph node involvement (red arrow) and bone metastasis (blue arrow) before prostatectomy.
Both 68Ga-BBN-RGD PET/CT and MRI detected primary tumors, multiple lymph node involve-
ment, and bone metastatic lesion, whereas 68Ga-BBN PET/CT detected only lymph node
metastases.

GPRR-positive or integrin o, f3-positive.
However, °8Ga-BBN failed to visualize
the lesions that were GPRR-negative and
integrin o, Bs—positive whereas *Ga-BBN-
RGD showed positive results in these cases.
It is also reasonable that both tracers had
negative results in the lesion with neither
GRPR nor integrin o3 overexpression,
implying that ®®Ga-BBN-RGD PET/CT is
specific for GRPR and integrin o,[3;. Be-
cause of the limited size of the patient pop-
ulation, the frequency of prostate cancer
tumors both GRPR-negative and integrin
o, B3—negative cannot be determined in this
study and will need further investigation.
With a receptor binding assay in specimens
of primary prostate cancer, 37% of samples
showed negative bombesin binding (28).
Thus, it is foreseeable that °8Ga-BBN-
RGD PET will increase the detection rate
of primary prostate cancer.

About 40%—-60% of men with prostate
cancer have lymph node involvement or
extracapsular disease at the time of presen-
tation, and 70% develop lymph node me-
tastasis during the course (29). Although
treatable at the early stage, prostate cancer
is prone to metastasis; an effective and spe-
cific imaging method of detecting both
primary and metastatic lesions is thus of
critical importance to manage patients with
prostate cancer. In 3 patients with LN me-
tastasis, %8Ga-BBN-RGD PET/CT identi-
fied all 14 metastasized LNs as MRI did,
which is dramatically better than %3Ga-
BBN PET/CT. In addition, the average
SUV of %8Ga-BBN-RGD PET/CT is signif-
icantly higher than that of ®®Ga-BBN PET/
CT. Durkan et al. (30) proposed that pros-
tate cancer cells differentially express spe-
cific receptors depending on factors such
as chronicity and metastatic nature. Thus,
compounds capable of targeting more than
one biomarker would have the ability of
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binding to both early and metastatic stages of prostate cancer,
creating the possibility for a more prompt and accurate diagnostic
profile for both the primary and the metastatic tumors. This may
partially explain our results that °*Ga-BBN-RGD PET/CT is better
than ®8Ga-BBN PET/CT in detecting metastasized LNs.

Autopsy studies suggest that approximately 80%—-90% of pros-
tate cancer patients have bone metastasis at death although only
6% of men with prostate cancer have metastatic disease at diag-
nosis (317). Skeletal metastasis of prostate cancer is routinely
assessed by *°™Tc-MDP bone scanning for the staging of prostate
cancer. ™Tc-MDP bone scanning is sensitive but lacks specificity
because localized skeletal accumulation of ?°™Tc-MDP can be
observed in the case of trauma and infection. Thus, *°™Tc-MDP
bone scanning may not be recommended in asymptomatic patients
if the serum prostate-specific antigen level is less than 20 ng/mL in
the presence of well-differentiated or moderately differentiated
tumors (3). In this study, °®Ga-BBN-RGD PET/CT detected 20
bone lesions in 7 patients either with primary prostate cancer or
after radical prostatectomy. Eleven of these 20 lesions showed
positive signal on **™Tc-MDP bone scanning, and only 5 of these
lesions were detectable with MRI. More importantly, the patients
with bone metastases do not necessarily have an elevated prostate-
specific antigen level (Table 1).

Bisanz et al. (32) have illustrated a positive role of «, integ-
rins on prostate tumor survival in the bone. Integrin o3 acti-
vation on tumor cells is essential for the recognition of key
bone-specific matrix proteins, suggesting that the a3 integrin
modulates prostate cancer growth in distant metastasis (33). In a
recently published clinical study in prostate cancer patients us-
ing '8F-galacto-RGD PET, 58 of 74 bone lesions were identi-
fied, with a detection rate of 78.4% (34). Thus, RGD moiety in
68Ga-BBN-RGD may play a major role in bone metastasis de-
tection. However, 1 limitation of this study is the lack of histo-
logic confirmation of the detected bone metastasis. Thus, the
GRPR and integrin o3 expression status in these metastases
are unknown. In addition, the accurate diagnostic and prognos-
tic value of 8Ga-BBN-RGD warrants further larger scale clin-
ical investigations.

Besides BBN-based imaging probes, various PET tracers have
been used for the detection of prostate cancer such as '8F-FDG,
H1C-choline or '¥F-fluorcholine, ''C-acetate, '¥F-FACBC, and pros-
tate-specific membrane antigen targeting agents (35). Each of these
tracers has advantages and limitations because of the heterogeneity
of the disease. We expect ®®Ga-BBN-RGD to play an additive role
in staging and detecting prostate cancer and provide guidance for
internal radiation therapy using the same peptide labeled with ther-
apeutic radionuclides.

CONCLUSION

This study indicates the safety and the efficacy ®®Ga-BBN-
RGD, a heterodimeric PET tracer targeting both GRPR and integ-
rin a,B3. %¥Ga-BBN-RGD PET/CT would have great value in
discerning both primary prostate cancers and metastases in lymph
nodes and skeleton, providing tumor staging information and
monitoring response of bone metastases to therapy.
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