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Initial experience of Ga-68 prostate-specific membrane
antigen positron emission tomography/computed
tomography imaging in evaluation of biochemical
recurrence in prostate cancer patients

ABSTRACT

Gallium-68 labeled prostate-specific membrane antigen (Ga-68 PSMA) ligand (HBED-CC) is a novel tracer used for prostate cancer imaging. The
aim of the study was to investigate the performance of Ga-68 PSMA positron emission tomography/computed tomography (PET/CT) in patients
with biochemical recurrence (BCR) after definitive treatment. Scans of 96 consecutive patients were analyzed. Sixty-two patients received external
beam radiotherapy, 34 underwent radical prostatectomy (RP), and 20 patients were on androgen deprivation therapy. Patients with prostate-specific
antigen (PSA) level >0.2 ng/mL following RP and PSA rise by 2 ng/mL or more above the nadir PSA following RT (Phoenix criteria) was considered
as BCR, respectively. All patients underwent contrast-enhanced PET/CT after injection of 67-111 MBq Ga-68 PSMA ligand. Detection rates were
correlated with serum PSA level. Detection rate for nodal metastases was compared with CT. Results of the scan were validated by using either
biopsy or follow-up imaging or clinical follow-up. Seventy-four (77%) patients showed abnormal finding in Ga-68 PSMA PET/CT. The median serum
PSA level of the population was 5.5 ng/ml (range 0.2-123 ng/ml). The median PSA of the positive scans was higher than that of the negative
scans (6 vs. 1.7 ng/ml) and was statistically significant (P=0.001 by Mann-Whitney U-test). In post-RP group, the detection rates were 23%, 50%,
and 82% for PSA <1, 1-2, and >2 ng/ml, respectively. For post-RT, the detection was 86%, 85%, and 95% for PSA 2-5, 5.1-10, and >10 ng/m|,
respectively. PSMA PET/CT revealed nodal metastases in 52 (54%) patients while CT showed pathological nodes only in 27 (28%) patients. Overall
PSMA PET/CT revealed more number of nodes than CT (111 vs. 48 nodal station). PSMA PET/CT showed relapse in prostate/prostatic bed in
26 (27%) patients, nodal metastases in 50 (52%), skeletal metastases in 20 (21%), and other sites in 4 (4%) patients. Ga-68 PSMA PET/CT has
high detection rate for localizing the site of recurrence in patients with biochemical failure and is superior to CT scan in the detection of nodal disease.
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INTRODUCTION

Prostate cancer (PCa) is the second-most frequent cancer
and sixth leading cause of cancer death in men worldwide.!"!
Reports from 13 different population-based cancer registries
in India showed a significant increase in the incidence of
PCa.” Definitive treatment for nonmetastatic disease includes
radical prostatectomy (RP) (with or without pelvic node
dissection) or radiotherapy (RT) (with or without hormone
therapy). About 35% of patients receiving definitive treatment
present with rise in serum prostate-specific antigen (PSA)
level (biochemical recurrence [BCR]) within 10 years of
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treatment. Among them, one-third of patients progress to
metastatic disease within 8 years.”!

The evaluation of patients with BCR includes calculation of
PSA doubling time, imaging, and TRUS biopsy. Conventional
imaging used for evaluation of BCR, such as abdominal and
pelvic computed tomography (CT), magnetic resonance
imaging (MRI), and bone scan have poor sensitivity for
detecting recurrence especially at low-PSA level. Until
recently, only bone scintigraphy and F-18 or C-11 Choline
positron emission tomography/CT (PET/CT) scan (Choline PET)
were the molecular imaging recommended by cancer societies
for evaluation of BCR." The yield of a bone scan is very poor
unless the patient is symptomatic for bone pain or the PSA
is more than 40 ng/ml.®! Choline PET was previously used
extensively for detecting disease in BCR, but studies have
demonstrated limited sensitivity and specificity particularly
in patients with PSA levels below 3 ng/mL.>7!

Recently, Gallium-68 Prostate-specific membrane antigen
PET/CT (Ga-68 PSMA PET/CT) has shown promising potential
in patients with BCR. PSMA is a transmembrane glycoprotein
that is found on prostate epithelial cells, the small intestine,
renal tubular cells, celiac ganglia, and salivary glands, but
the expression is about 100-fold—1000-fold higher in PCa
than in benign tissue.®? Ga-68 PSMA PET/CT uses PSMA
targeting ligand (Glu-urea-Lys (Ahx) conjugated through a
acyclic radiometal chelator (HBED-CC), to the radioisotope
Ga-68. This retrospective study was performed with an aim to
calculate the detection rate of Ga-68 PSMA PET/CT in BCR and
correlate it with serum PSA level. The detection rate of Ga-68
PSMA PET/CT for nodal metastases was compared to CT scan.

MATERIALS AND METHODS

Patients

Data of all PCa patients (from January 2014 to December 2017)
with BCR following RP or RT who underwent Ga-68 PSMA
PET/CT were extracted from institution’s database. Patients
with PSA level =0.2 ng/mL following RP and PSArise by 2 ng/mL
or more above the nadir PSA following RT (Phoenix criteria)
was considered as BCR, respectively. Patients who were on
hormonal treatment at the time of Ga-68 PSMA PET/CT were
also included. A total of 96 patients were eligible for analysis.
This single institute retrospective study was approved by IRB,
and a waiver of consent was obtained.

Synthesis of tracer and acquisition of positron emission
tomography/computed tomography

Ga-68 was obtained from a 68Ge/68Ga radionuclide
generator (iTG generator) using dilute Hydrochloric acid (0.05N)
as eluent. Labeling with the peptide (PSMA-HBED-CC) was

done by using fluidic labeling module (iQS). Radiochemical
purity (RCP) was tested using instant thin layer chromatography.
Radiopharmaceutical was injected only if RCP was >95%.

No specific preparation was made for PSMA PET except for
4 h fasting before the scan since all patients underwent
simultaneous contrast-enhanced CT scan. PET/CT acquisition
was done on Philips Medical Systems, GEMINI TOF 64. Tracer
was administered intravenously 60 min before the study and
at a dose of 67-111 MBq. CT was acquired in caudocranial
direction with parameters of slice thickness-2 mm, pitch-0.83,
voltage 120 kV, FOV 600 mm, rotation time-0.5 s, automated
mA, and image matrix-512 X 512. Eighty milliliters of
low-osmolar nonionic intravenous contrast was administered
in all eligible patients at a rate of 1.8 ml/s, and scan delay
was 50 s. All PET scans were acquired in 3D-mode with an
acquisition time of 2 min per bed position. Images were
reconstructed iteratively using RAMLA algorithm.

Positron emission tomography/computed tomography
image interpretation

Images were viewed on display system having extended brilliance
workspace software version 4.5.3.40140 (Philips healthcare,
cleveland, Ohio, USA), Philips healthcare. PET/CT studies
were reviewed by two Nuclear Medicine Physicians. In case
of discrepancy, a blind review by a third nuclear medicine
physician was taken into consideration to reach a consensus.
Focal increased uptake more than background corresponding
to the anatomical structure (node, prostate/prostatic bed,
and skeletal system) were considered positive for disease
recurrence. For a node to be considered positive in CT, short
axis measurement of 1 cm for oval and 8 mm for round node
was taken as the threshold. PET/CT findings were validated by
correlative imaging (CT/bone scan/MRI) or biopsy. In patients
where correlative imaging or biopsy was not available,
follow-up imaging or clinical follow-up was used for validation.

Statistical analysis

The data were represented as mean, median, or frequency (%)
as appropriate. Demographic data were represented as mean
or median. Detection rates were represented as frequency.
The median PSA level of the positive scans and the negative
scans were compared by using Mann-Whitney U-test.
P < 0.05 was considered statistically significant.

RESULTS

Patient characteristics are shown in Tables 1 and 2. Of the
total 96 patients, 34 were post-RP, 62 were post-RT, and
20 patients were on androgen deprivation therapy (ADT) at
the time of PET/CT [Table 1]. The median PSA level of the
population was 5.5 ng/ml [Table 2].
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Detection efficiency of Gallium-68 prostate-specific
membrane antigen positron emission tomography/
computed tomography

Ga-68 PSMA PET/CT localized the site of recurrence in
74 (77%) patients [Table 3]. It revealed relapse in prostatic
bed [Figure 1] in 26 (27%) patients, nodal metastases [Figure 2]
in 50 (52%), skeletal metastases [Figure 3] in 20 (21%),
and other visceral metastases [Figure 4] in 4 (4%)
patients [Figure 5]. Statistically significant difference was
noted between the median PSA level of the abnormal
scans (6 ng/ml) and the normal scans (1.7 ng/ml) (P = 0.001
by Mann—Whitney U-test).

Comparison with computed tomography scan

Out of the total 52 patients, who were positive for nodal
recurrence in Ga-68 PSMA PET/CT, only 27 patients were
detected by CT scan, demonstrating incremental value
for PET/CT in 46% of patients [Figure 6]. Overall Ga-68
PSMA PET/CT revealed more number of nodes than CT
(111 vs. 48 nodal station).

Validation of results of Gallium-68 prostate-specific
membrane antigen positron emission tomography/
computed tomography scan

Out of the 74 patients that were positive for the PET scan,
biopsy was done in five patients (7%), correlative imaging
was available in 36 (49%), follow-up Ga-68 PSMA PET/CT
scanin 11 (15%) [Figure 7], and clinical follow-up with serum
PSA was available in 16 (22%). However, in 6 (8%) patients,

Table 1: Prior treatment

Prior treatment No of
patients

Total number of patients 96

Postradical prostatectomy 34

Postradiotherapy 62

On ADT at the time of scan 20

ADT: Androgen deprivation therapy

Table 2: Patient’s characteristics

Patient characteristics Median Range

Age (years) n 45-84

PSA level (ng/ml) 55 0.2-123

Gleason’s score® 7 4-10

*Gleason's score was not available for 10 patients. PSA: Prostate-specific antigen

Table 3: Detection rate of gallium-68 Prostate-specific membrane
antigen positron emission tomography/computed tomography

PSMA PET positive PSMA PET negative
Number of patients (%) 74 (77) 22 (23)
Median PSA level (ng/ml) 6 1.7

PSA: Prostate-specific antigen; PSMA PET: Prostate-specific membrane antigen
positron emission tomography

the PET scan results could not be validated due to lack of
further data.

Detection rate in postradical prostatectomy and
radiotherapy group

In the post-RP cohort, the detection rates for Ga-68 PSMA
PET/CT at various PSA levels were 23%, 50%, and 82% for
PSA <1, 1-2, and >2 ng/ml, respectively, with an overall
detection rate of 56% [Figure 8]. Out of 14 patients, with nodal
metastases detected by Ga-68 PSMA PET/CT, only 6 (43%)
patients were positive in CT scan.

Overall detection rate of Ga-68 PSMA PET/CT for the post-RT
group was 89%. Detection rates at various PSA levels were
86%, 85%, and 95% for PSA 2-5, 5.1-10, and >10 ng/ml,
respectively [Figure 9]. Nodal recurrence was detected by
Ga-68 PSMA PET/CT in 65% with an incremental value of 42%
over CT.

DISCUSSION

Salvage treatments of BCR are effective when the PSA level
at the time of treatment is low.'>!"! Determining whether
recurrence is local (within the prostate or prostatic bed),
regional (pelvic), or distant (outside the pelvis) is critical
when considering appropriate further treatment options.
Conventional imaging modalities, CT, MRI, and bone
scintigraphy have not been much useful for selecting patients

Figure 1: Recurrence in prostate: Patient presented with serum prostate-specific
antigen of 3 ng/ml following radical external beam radiotherapy. Maximum
intensity projection image (a) shows intense focal tracer uptake in the region
of prostate (arrow). Axial view of CT (b) and Fused (c) images confirms
confirms the focal uptake in the prostate. Subsequently, the patient responded
to salvage Brachytherapy and the serum prostate-specific antigen fell to
0.86 ng/ml
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Figure 2: Nodal recurrence: Postexternal beam radiotherapy, the patient presented with serum prostate-specific antigen of 4 ng/ml. Whole body maximum
intensity projection (a) image shows multiple focal tracer uptake in mediastinum, abdomen, and pelvis. Axial fusion images (c and e) show intense uptake
in subcentimeter-sized retroperitoneal (block arrow) and mediastinal nodes (arrow), respectively. The size of all these nodes was not abnormal in CT
(b and d). Patients were subsequently started on androgen deprivation therapy but progressed to castrate resistant disease

Figure 3: Skeletal metastases: Postexternal beam radiotherapy and adjuvant androgen deprivation therapy presented with prostate-specific antigen of
5.5 ng/ml. Maximum intensity projection images (a) show focal increased uptake in thorax, abdomen, and pelvis. The fused axial images reveal uptake
in thoracic vertebrae (arrow) (b) and subcentimeter-sized retroperitoneal nodes (c). (Note: Increased tracer uptake noted in liver (block arrow) actually
corresponds to gall bladder (d and e), and is not pathological but a physiological variant)

for salvage treatments, owing to their low-detection rate at
low-PSA level .2 Threshold size used for defining metastatic
node in CT/MRI varied in literature from 0.5 to 2 cm. In
general, 1 cm in the short-axis nodal diameter for oval
nodes and 0.8 cm for round nodes has been recommended
as criteria for the diagnosis of lymph node metastases.
A meta-analysis by Hovels et al. concluded that both CT and
MRI performed poor in detecting nodal metastases in PCa
patients with the pooled sensitivity of 42% (26%-56%, 95%
confidence interval)."! Biopsy is recommended whenever
possible, but it is invasive, and not all suspicious lesions can

be sampled. Hence, a whole body imaging which detects
disease recurrence with high sensitivity in all sites is highly
desirable. Ga-68 PSMA PET/CT is one such novel imaging
modality which detects recurrence with high sensitivity.

In this study, Ga-68 PSMA PET/CT scan localized the disease
in 77% of the patients (74 of 96). The detection rate reported
in literature varies from 33% to 94%.!' One of the main
reasons for such wide range reported is the difference in the
median PSA of the population under study. In the post-RP
cohort, our overall detection rate was 56% (19 of 34) with
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Figure 4: Visceral metastases: Following external beam radiotherapy, patient presented with scrotal swelling and rising prostate-specific antigen of
11.2 ng/ml. Maximum intensity projection (a) image show focal tracer uptake in liver (block arrow) and in scrotum (line arrow). Axial computed tomography
(b) and fused images (c) show increased tracer uptake noted in the left testicular swelling. Images (d and e) show focal uptake in enhancing lesion in right
lobe of liver. Subsequently, bilateral orchidectomy was done and the histopathology report confirmed metastatic adenocarcinoma and were positive for

prostate-specific antigen in immunohistochemistry
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Figure 5: Histogram chart of number of patients with disease recurrence
at various sites
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Figure 6: Comparison of detection rate of prostate-specific membrane
antigen positron emission tomography/computed tomography and
contrast-enhanced computed tomography for nodal metastases

median PSA level of the cohort being 2 ng/ml. The detection
at various PSA level were 23%, 50%, and 82% for PSA <1, 1-2,
and >2 ng/ml, respectively. Our results were relatively lower
when compared to those reported by Eiber et al.'” Possible
explanations could be small study population and influence
of other independent variables such as PSA doubling time,

Gleason score, and surgical margin positivity which could not
be analysed individually. However, similar results were also
observed in studies which had smaller population.'®!”! About
half of the patients with nodal metastases identified in Ga-68
PSMA PET/CT in post-RP group were negative in CT scan by
size criteria [Figures 2 and 7].

The detection rate for the post-RT was 89% (55 of 62) and the
median PSA level of the population was 6.7 ng/ml. Only few
studies investigated the detection efficacy of Ga-68 PSMA
PET/CT in patients with BCR as defined by phoenix criteria
following RT. Einspieler et al. had reported similar detection
rate of 90.7% in 118 patients with BCR as defined by Phoenix
criteria.l'"¥ The median PSA level (6.4) of their population was
also similar to our cohort. The detection rate was higher for
higher PSA level (i.e., 86%, 85%, and 95% for PSA 2-5, 5.1-10,
and >10 ng/ml, respectively) as reported in literature. About
21% of the patients had relapse only in prostatic bed, and
10% had only regional node metastases. These patients
were eligible for salvage treatment. For detecting nodal
metastases, Ga-68 PSMA PET/CT had incremental value over
CT in 42% (15 of 36) of the patients.

Due to the limited sensitivity of conventional imaging and
slow progression of natural history of PCa, nomograms are
generally used for predicting BCR and metastases.!"” With
the development of new sensitive imaging modalities such
as Ga-68 PSMA PET/CT, there is a scope for the development
of new nomograms. We believe earlier detection of relapse
using PSMA PET may offer the option of further targeted
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Baseline
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Figure 7: Postradical prostatectomy patient presented with prostate-specific antigen of 3 ng/ml. Whole body maximum intensity projection
image (a) and fusion image (b) reveal intense uptake in subcentimeter-sized bilateral pelvic nodes (arrows). Following 6 months of androgen
deprivation therapy, prostate-specific antigen decreased to 0.09 and follow-up prostate-specific membrane antigen positron emission tomography
images (c and d) revealed complete resolution of prostate-specific membrane antigen expression in the pelvic nodes
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Figure 8: Frequency histogram of detection rate of prostate-specific
membrane antigen positron emission tomography at various prostate-specific
antigen level in postradical prostatectomy group
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Figure 9: Frequency histogram of detection rate of prostate-specific
membrane antigen positron emission tomography at various prostate-specific
antigen level in postradical prostatectomy group

therapy with curative intent. Metastases identified in PSMA
PET could be treated by novel treatment like PSMA-based
radionuclide therapy, especially in patients not responding
to conventional treatment./?

One of the main limitations of our study is histopathological
correlation was not done in all patients to confirm the disease
recurrence. Furthermore, the effect of ADT, Gleason’s score,
and PSA kinetic could not be analyzed due to small number
of patient and lack of data.

CONCLUSION

Ga-68 PSMA PET/CT has high detection rate for identifying
disease recurrence and can detect recurrence in
prostate/prostatic bed, nodes, skeletal system, and other
viscera. Serum PSA level at the time of scan has positive
correlation to the scan finding. For detecting nodal
metastases, Ga-68 PSMA PET/CT is superior to CT scan.
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