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Incremental Value of Ga-68 Prostate-Specific Membrane Antigen-11
Positron-Emission Tomography/Computed Tomography Scan for

Preoperative Risk Stratification of Prostate Cancer

Abstract

Background: Prostate cancer (PC) is the second-most common cause of cancer.
**Ga-prostate-specific membrane antigen (PSMA)-11 positron-emission tomography/computed
tomography (PET/CT) scan help in accurate staging of PC owing to its high PSMA avidity and
specificity. The aim of this prospective observational study was to determine the incremental
value of Ga-68 PSMA-11 PET/CT over multiparametric magnetic resonance imaging (mpMRI)
in the locoregional staging of intermediate- and high-risk PC using histopathology from radical
prostatectomy specimens as a gold standard. Materials and Methods: This was a prospective study,
including 35 patients with biopsy-proven prostate carcinoma. All the patients underwent whole-body
Ga-68 PSMA-11 PET/CT scans along with mpMRI including a dedicated pelvic imaging protocol
within a time window of + 10 days. The reference standard was based on histopathological results,
postprostatectomy. Results: All 35 patients showed Ga-68 PSMA-11-avid disease, of which 29
underwent radical prostatectomy, one underwent radiation therapy, and five did not undergo surgery
owing to metastases. A total of 52 PC lesions were detected in 29 patients on histopathology. Of
52 lesions, 29 lesions were identified in prostate parenchyma and 23 were extraprostatic lesions
on histopathology. Ga-68 PSMA-11 PET/CT detected a total of 45 lesions, of which 29 lesions
were located within the prostate parenchyma and 16 were representative of extraprostatic lesions.
mpMRI detected a total of 36 lesions, of which 29 lesions were located within the prostate
parenchyma and seven were representative of extraprostatic lesions. The overall sensitivity of
%Ga-PSMA PET/CT and mpMRI in the detection of lesions was 86.2% and 68.6%, respectively.
However, the overall specificity was 94.7% and 89.1% for **Ga-PSMA and mpMRI, respectively.
Conclusion: Ga-68 PSMA-11 PET/CT provided superior locoregional preoperative staging of PC as
compared to mpMRI in intermediate- and high-risk PC patients.

Keywords: Ga-68 prostate-specific membrane antigen-11 positron-emission tomography/computed
tomography, prostate cancer, risk stratification

Introduction systemic treatment and the extent of pelvic
lymph node dissection during surgery or
planning of the radiation field, and also
the consideration of multimodal therapy)
are also greatly influenced by staging.
Currently, in a recently diagnosed PC,
bone scan, computed tomography (CT),
and magnetic resonance imaging (MRI)

are the most commonly used modalities in

Prostate cancer (PC) is a global disease
and is the second-most common cause of
cancer. It is also one among the leading
causes of cancer death in men of all races.
PC burden is growing worldwide with 1.7
million new cases and 499,000 new deaths
by 2030.1Y Although PC incidence rates are
low in Asian and North African countries

o [4

that is 1 to 9/100,000 people, developing staging.

countries such as India show an increasing ~ Favorable results were obtained in

trend.®! localizing PC by  multiparametric
MRI (mpMRI) which combines

Most crucial part of patient management in
PC is precise local staging of disease.”! In
addition, treatment choices (such as radical
prostatectomy, radiotherapy or palliative

information obtained with T2-weighted,
diffusion-weighted imaging (DWI), and
dynamic contrast-enhanced sequences.?!
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However, mpMRI is also associated with some pitfalls such
as lack of standardization and limited tumor detection rates
in certain areas such as transitional zones.!®

With the advancement in molecular technology and
imaging, molecular imaging with positron-emission
tomography (PET) is evolving as a favorable diagnostic
approach.l’l Prostate-specific membrane antigen (PSMA)
is a transmembrane protein which is expressed mainly in
PC cells with low or no expression in the normal prostate
gland.®! In the recent era, Ga-68 labeled PSMA ligands
have been shown to have high specificity and sensitivity
for the detection of recurrent PC and metastatic disease."!

The purpose of our study was to evaluate the incremental
value of Ga-68 PSMA-11 PET/CT over mpMRI in
locoregional staging of intermediate and high-risk PC, using
histopathological correlation as the reference standard.

Materials and Methods
Study population

This prospective, non-randomized study was conducted
in Fortis Memorial Research Institute, Gurgaon in the
Department of Nuclear Medicine between October 2016and
October 2018. A total of 35 patients with biopsy-proven
prostate carcinoma with Gleason score (GS) >6, who were
planned for radical prostatectomy underwent Ga-68 PSMA-
11 PET/CT in the Department of Nuclear Medicine and
PET/CT for staging and initial treatment planning. Patients
with low-risk PC with GS <6, Digital rectal examination
(DRE)/Magnetic Resonance imaging (MRI) showing
bladder neck or sphincter involvement, MRI/bone scan/
imaging showing evidence of gross metastatic disease,
patients who had undergone transurethral resection of the
prostate or prostatic surgery and those who had received
prior hormonal therapy or chemotherapy for PC were
not included in the study. The institutional review board
approved this study, and all patients provided signed
informed consent before enrollment.

Radiopharmaceutical preparation

Good Manufacturing Practice grade Ga-68 PSMA-11 was
prepared in-house as per the following protocol. To the
Ga-68 eluted from Ge-68/Ga-68 generator with 0.05 HCL,
10 ug PSMA-11 (ABX, Radeberg, Germany) was added in
0.25M sodium acetate, and then the reaction mixture was
heated for 10 min at 95°C. For purification, C-18 cartridge
was preconditioned with 5 ml of 70% ethanol, purged with
air and water. The labeling mixture was passed through the
cartridge and the final product was passed through 0.22 um
filter before injecting into the patients. Samples with
radiopharmaceutical purity of >95% were used for patient
administration.

Image acquisition

PET/CT was performed on an integrated Phillips True
flight select time of flight PET scanner with 40 slices/s
multidetector computerized tomography. Intravenous
contrast was administered. 1 h after intravenous injection
of a mean activity of 1.76 MBqg/kg (2-5 mCi) Ga-68
PSMA-11. Patients were asked to empty the bladder before
the scanning procedure. A CT scanning (120 kV, 250 mAs)
was performed first followed with the PET (acquisition time
was 3 min/bed position (axial field of view 21.8 cm, matrix
size 256 x 256). PET data were corrected for attenuation
and reconstructed using an iterative ordered-subsets
expectation-maximization algorithm (three iterations, 21
subsets, and 4 mm gaussian filter). A delayed sequence
of the pelvis was also acquired after 1 h following 20 mg
of intravenous injection of furosemide. All mpMRIs
sequences (T2-weighted, T1-weighted, 3D VISTA SPIR,
BTFE, DWI, and m-Dixon) were performed by outpatient
radiology on Philips Ingenia 3T MR scanner.

Image analysis

mpMRI scans and whole-body Ga-68 PSMA-11 PET/
CT scans were analyzed by two experienced radiologists
and two experienced nuclear medicine physicians
independently using interactive computer display and fusion
software (Philips). For Ga-68 PSMA-11 PET/CT, any focal
Ga-68-PSMA uptake in sites other than physiological sites
of uptake and higher than background was considered
as a lesion. Corresponding CT images were used for the
localization of the lesion. Uptake sites were interpreted
on the basis of shape, location, and intensity. Each lesion
was assessed on transverse, coronal, sagittal section, and
its Ga-68-PSMA uptake was expressed as the maximal
standardized uptake value (SUV) corrected for the
administered dose and patient body weight. Tumor sizes
and SUVmax for areas of radiotracer uptake in enlarged
nodes and organs with extranodal disease was measured for
each scan. The lesions were quantified by drawing region
of interest on the hypermetabolic lesions and tumor volume
was derived by thresholding method. The summation of the
volume of the lesions in an individual patient was further
used for the data analysis.

Statistical methods

Descriptive ~ statistics were analyzed with  SPSS
version 21.0 software. Continuous variables were
presented as mean =+ standard deviation. P < 0.05 was
considered statistically significant. Detection rates with
Ga-68 PSMA-11 PET/CT and mpMRI were compared
using the Chi-square test.

Results

Thirty-five patients with biopsy-proven PC and GS >6
underwent preoperative staging with  simultaneous
Ga-68 PSMA-11 PET/CT and multiparametric MRI of the
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prostate within a time window of 30 days before radical
prostatectomy. Demographic and pathologic characteristics
are listed in Table 1. The mean age of our population was
63.92 years (range = 49-75 years). Of the 35 patients,
29 underwent radical prostatectomy, and one underwent
radiation therapy, five patients did not undergo surgery
owing to skeletal metastases in four, and locally advanced
disease in one patient.

Lesion-based analysis

A total of 52 lesions were evaluated in 29 patients. The
lesions were grouped into two groups; Prostate parenchymal
lesions and extraprostatic lesions. The extraprostatic lesions
were further divided into periprostatic extension, lymph
node, seminal vesicle involvement, and bladder neck
invasion. On comparison with final surgical histopathology,
29 lesions were identified in prostate parenchyma and 22
were extraprostatic lesions as detailed in Table 2.

Ga-68 PSMA-11 PET/CT detected a total of 45 lesions,
of which 29 lesions were located within the prostate
parenchyma, and 16 were representative of extraprostatic
lesions. Whereas mpMRI detected a total of 36 lesions,
of which 29 lesions were located within the prostate
parenchyma and 7 were representative of extraprostatic
lesions. The overall sensitivity of Ga-68 PSMA-11 PET/CT
and mpMRI in the detection of lesions was 86.2% and
68.6%, respectively. The sensitivity of Ga-68 PSMA-

Table 1: Demographic characteristics of patients (n=35)

Characteristics Number of patients
Age (mean) 63.92
Serum PSA levels (median) 12.4
Gleason’s score
6 9
7-8 18
9-10 8
Radical prostatectomy 29
Radical radiation therapy
Distant metastatic disease 5

PSA: Prostate-specific antigen

Table 2: Frequencies of lesions detected in different

modalities
Categories HPE Ga-68 PSMA-11 PET/CT MRI
Prostate parenchymal 29 29 29
lesions
Extraprostatic lesions 23 16 7
Lymph nodes 7 5 1
Bladder neck 2 1 1
Seminal vesicles 6 4 2
PPE 8 6 3

PPE: Periprostatatic extension, HPE: Histopathological
examination, PSMA: Prostate-specific membrane antigen,

PET: Positron-emission tomography, CT: Computed tomography,
MRI: Magnetic resonance imaging

11 PET/CT and mpMRI for lesions within prostate
parenchyma was 100% for both modalities. Whereas, the
sensitivity of Ga-68 PSMA-11 PET/CT and mpMRI was
68.1% and 27.2%, respectively, for extraprostatic lesions.

Further, the delineation of extraprostatic lesions in Ga-68
PSMA-11 PET/CT and mpMRI are shown in Table 2. Of
16 extraprostatic lesions detected on Ga-68 PSMA-11, four
were seminal vesicle involvement, five were representative
of locoregional lymph node involvement, six were peri
prostatic extension, and one was bladder neck invasion.
Of seven extraprostatic lesions detected on mpMRI, two
were seminal vesicle involvement, one was representative
of locoregional lymph node involvement, three were peri
prostatic extension, one was bladder neck invasion. The
sensitivity of Ga-68 PSMA-11 PET/CT in the detection
of extraprostatic lesions, i.e. lymph nodes, periprostatic
lesions, lesions in the seminal vesicles, and the bladder
neck was 71.4%, 75%, 60%, and 50%, respectively. The
sensitivity of mpMRI in the detection of lymph nodes,
periprostatic lesions, lesions in the seminal vesicles, and
bladder neck is 14.2%, 37.5%, 20%, and 50%, respectively.
There were no false-positive ratings with either modality
for detection of lymph nodes, periprostatic lesions, and
bladder neck but both modalities detected one lesion in the
seminal vesicles which were falsely positive as compared
to the histopathology, and hence, the specificity of each
was 95.8% in case of seminal vesicle detection.

Ga-68 PSMA-11 PET/CT and mpMRI showed discordant
results in a total of lesions: three periprostatic extension,
two seminal vesicle lesions, and four lymph nodal lesions.
As compared to histopathology, PET/CT could not detect
two lymph nodal lesions, two peri-prostatic extension, and
two seminal vesicle lesions but could detect four additional
lesions showing nodal involvement, two seminal vesicle
lesions and three in peri-prostatic region than mpMRI, but
there was no lesion which was detected on mpMRI and
missed on PSMA PET/CT [Figures 1 and 2]. mpMRI could
not detect five peri-prostatic extensions, six lymph nodal
involvement and three lesions in the seminal vesicles. Both
the modalities could not detect one lesion in the bladder
neck; however, both detected one false-positive lesion in
the seminal vesicle.

The mean SUVmax of the lesions on Ga-68 PSMA-11
PET/CT scan in patients with the prostate confined disease,
lymph nodal disease, and skeletal metastases was found
to be 17.23 + 10.01, 16.07 + 12.94, and 34.16 + 7.57,
respectively. The metastatic lesions showed more SUVmax
values.

Correlation between Ga-68 prostate-specific membrane
antigen uptake, serum prostate-specific antigen and
Gleason score

The SUVmax was calculated in different categories of
Gleason’s score. It was observed that the higher the value
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Figure 1: (a) A 68-year-old male, serum prostate-specific antigen 76.8 ng/ml, transrectal ultrasound-guided biopsy: adenocarcinoma with Gleason
score-4 + 3. Ga-68 prostate-specific membrane antigen-11 positron-emission tomography/computed tomography image shows an enhancing lesion noted
in the left lobe of the prostate gland involving the posterior and anterior peripheral zones in the apical, mid glandular, and basal regions and the periurethral
central zone with extension into the right lobe. There is evidence of contiguous extension of the lesion into the left seminal vesicle (thin arrow) with
Ga-68 prostate-specific membrane antigen-avid metastatic right internal iliac lymph node (thick arrow). (b) Corresponding axial multiparametric magnetic
resonance imaging (T2-weighted, T1-weighted, 3D VISTA SPIR, BTFE, DWI, and m-Dixon) images could not categorically delineate the left seminal vesicle.
(c) Corresponding axial multiparametric magnetic resonance imaging (T2-weighted, T1-weighted, 3D VISTA SPIR, BTFE, DWI, and m-Dixon) images could
not categorically delineate the right internal iliac lymph node

Figure 2: A 60-year-old male, serum prostate-specific antigen 27.8 ng/ml, transrectal ultrasound-guided biopsy: adenocarcinoma with Gleason score-4 + 3.
Ga-68 prostate-specific membrane antigen-11 positron-emission tomography/computed tomography image showed Ga-68 prostate-specific membrane
antigen-11-avid lesion in the right posterior peripheral zone of the prostate gland (a) and contiguous right seminal vesicle involvement (b), with no
enhancing lesion in computed tomography image (c). Magnetic resonance imaging did not show any lesion (d). Histopathological sections showed the
involvement of seminal vesicle (e and f)

of Gleason’s score, the higher would be the SUVmax
of prostatic lesions. The bivariate correlation analysis
indicated a statistically significant correlation between
Ga-68-PSMA uptake (SUVmax) and Gleason’s score. The
spearman’s correlation coefficient was 0.561 (P = 0.000),
which indicates moderate correlation. However, no
correlation (. = 0.101) was observed between serum
prostate-specific antigen (PSA) level and Ga-68-PSMA
uptake (SUVmax).

Discussion

Major consideration in the management of PC is initial
diagnosis and risk stratification into low, intermediate,
and high-grade groups. Patients are risk-stratified based

on serum PSA level, tumor grade and clinical stage
to select optimal therapy and to predict the prognosis.
However, these parameters have limited accuracy in the
staging of disease leading to under or over the treatment
of PC. The crucial part in the management of PC is
precise local staging which predicts prognosis and also
provides an approach for selection of treatment.'” In
patients with high-risk disease (GS >7, PSA >20 ng/mL,
clinical-stage T2c—3a), there are high chances of lymph
node and bone metastases. The detection of radiologically
occult lymph node metastases can significantly influence
patient management. The most commonly used modalities
in staging are bone scan, CT and MRI, but have their
limitations. Although mpMRI is a major breakthrough, it
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has several limitations such as claustrophobia, confinement
to the pelvic region and radiologist expertise.

Ga-68 PSMA-11 PET/CT is a non-invasive diagnostic
imaging modality for imaging patients with PC.
Small-molecule radiotracers-targeting PSMA has led to a
change in the care of patients with PC. Several studies have
been published showing the superiority of PSMA-based
PET over choline in patients with biochemical recurrence
with low PSA levels. Subsequently, Ga-68 PSMA-11 PET/
CT has emerged as an imaging modality of choice in PC
staging.[!112]

This study is a prospective study to investigate the role of
the Ga-68 PSMA-11 PET/CT scan in locoregional staging
of primary PC. 35 biopsy-proven intermediate- and
high-risk PC patients with Gleason’s score of >6 were
recruited. All the patients underwent Ga-68 PSMA-11
PET/CT and showed evidence of Ga-68 PSMA-11-avid
disease. All patients also underwent mpMRI. On the
analysis, the Ga-68 PSMA-11 PET/CT scan was found to
demonstrate a higher tumor detection rate in patients per
lesion basis for the preoperative loco-regional staging of
PC with ®Ga-PSMA-11 PET/CT than with mpMRI.

The current study emphasizes the usefulness of Ga-68
PSMA-11 PET/CT for lymph nodal staging in intermediate
to high-risk PC patients, preoperatively with moderate
sensitivity (71.4%) and high specificity (100%). There
were 7/29 patients histologically proven to have regional
lymph nodal involvement. Of seven, Ga-68 PSMA-11 PET/
CT could detect lymph nodal involvement in five patients
and could not detect in two patients. However, in these two
patients, the size of lymph nodes was <0.5 cm, which is a
limiting factor for PET resolution and also histopathology
showed microscopic metastases. Van Leeuwen et al.'¥ in
their study on the role of Ga-68 PSMA-11 PET/CT for LN
staging found sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of
64%, 95%, 88%, and 82%, respectively. Maurer et al.,['¥
in a retrospective review, also showed a sensitivity of
65.9% and specificity of 98.9% for Ga-68 PSMA-11
PET/CT for the detection of lymph node involvement in
high-risk PC. Similar to these studies, our study exhibited
a sensitivity, specificity, PPV, and NPV of 71.4%, 100%,
100%, and 91.7%, respectively, for lymph node staging in
intermediate and high-risk PC. mpMRI findings showed
a sensitivity, specificity, PPV and NPV of 14.2%, 100%,
100%, and 76%. mpMRI missed to detect six lymph
nodal lesions and hence had a low sensitivity. With these
results, it can be suggested that Ga-68 PSMA-11 PET/CT
is superior in lymph node detection in the primary staging
of intermediate- to high-risk PC and can replace the other
current imaging modalities for lymph nodal staging.

According to the current guidelines, mpMRI because
of its higher soft-tissue contrast and multi-parametric
information is considered as the imaging modality

of choice to detect seminal vesicle involvement and
periprostatic extension.'”) In our study, four patients
were found to have Ga-68 PSMA-11 uptake in seminal
vesicles, of which three were proven to have seminal
vesicle involvement in histopathological examination.
The false-positive result in one of the patients could
be due to increased bladder activity masquerading as
uptake in seminal vesicles. In this study, we observed
that by administering furosemide injection (dose-20 mg)
intravenously 2 h before the acquisition of the delayed
image, the sensitivity for detection of seminal vesicle
involvement can be increased, as the bladder activity
reduces in the delayed image which enhances seminal
vesicle uptake. The sensitivity and specificity of Ga-68
PSMA-11 PET/CT for the identification of seminal
vesicle involvement were 60.0% and 95.8%, respectively.
mpMRI findings, when compared with histopathology,
could identify seminal vesicle involvement in only two
patients (including one false positive). The sensitivity
and specificity of mpMRI in the detection of the lesion in
seminal vesicles were 20% and 95.8%, respectively. Both
%Ga-PSMA-11 PET/CT and mpMRI showed concordant
false-positive findings.

There were 8/29 patients in whom periprostatic extension
was observed in the histopathological specimen. Ga-68
PSMA-11 PET/CT showed focal uptake in the periprostatic
region in 6/29 patients and was histologically proven to have
the periprostatic extension. The sensitivity and specificity
for Ga-68 PSMA-11 PET/CT in periprostatic extension
were 75% and 100%, respectively, whereas it was 37.5%
and 100%, respectively for mpMRI. With these findings, it
was observed that Ga-68 PSMA-11 PET/CT had a similar
specificity to mpMRI but higher sensitivity. The reason for
false-negative for periprostatic extension in MRI could be
due to variability in radiologist’s expertise in reporting.

In the current study, two patients had bladder neck
involvement in histopathology. One of two of these patients
had Ga-68 PSMA-11 uptake in the bladder neck areca
giving a sensitivity and specificity of 50.0% and 100%,
respectively. Concordant results were found between Ga-68
PSMA-11 PET/CT and mpMRI for the detection of bladder
neck involvement.

mpMRI provides a fine anatomical structural detail,
therefore a higher accuracy for the assessment of the
delineation between the tumor and surrounding structures.
However, regional lymph nodes and extrapelvic metastases
were poorly detected with mpMRI. The advantage of
Ga-68 PSMA-11 PET/CT is that it can detect lymph
nodes of diameter 2-3 mm and other distant metastases as
whole-body scan is done due to its ability to detect uptake
of radiotracer molecule. This ability to detect metastases
to lymph nodes is a deciding factor in the management
of patients with PC when curative local treatment is
considered.'?)
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In our study, we found a mean SUVmax of 17.23 + 10.01
in the primarily prostate confined disease. However, when
the prostatic lesions were associated with lymph nodal
involvement and skeletal metastases, the mean SUVmax
was 16.07 £ 12.94 and 34.16 = 7.57, respectively. This
increase in uptake of the radiotracer was statistically
significant. The increase in radiotracer uptake could be
explained by increased PSMA expression in patients with
metastases. This suggests that the tumors showing high
PSMA expression are more aggressive and needs aggressive
treatment. This is one of the most valuable aspects of
Ga-68 PSMA-11 PET/CT compared to other conventional
regional imaging to correctly define the staging and to
select the appropriate treatment.

The patients were categorized into two groups according
to their Gleason’s score, i.e. <6, 7-8 and 9-10. The
mean SUVmax of these groups was 11.8 + 3.69,
15.62 + 8.24 and 33.8 £ 7.6, respectively. The difference
in mean SUVmax of these groups was statistically
significant (P < 0.05). We analyzed the correlation
between SUVmax and Gleason’s score and also
between SUVmax and S.PSA values (Spearman’s rank
test). A strong positive correlation was observed with
Gleason’ score (<6, 7-8, and 9—-10) and Ga-68 PSMA-11
uptake for prostate confined and extraprostatic disease;
however, no correlation was observed with serum PSA
levels and Ga-68 PSMA-11 uptake (SUVmax) of the
prostate gland.

Considering the advantages and disadvantages of each
modality, and the results of this study, we can emphasize
that the sensitivity of Ga-68 PSMA-11 PET/CT is
significantly higher than that of MRI in the detection of
extraprostatic lesions and can provide superior locoregional
preoperative staging in the patients. However, since the
study group is quite small, to determine which of these
two modalities is better or more accurate, its better to
leave room for future research. Furthermore, there are
studies such as Eiber et al.l'? who emphasized that Ga-68
PSMA-11 PET/CT increases the diagnostic accuracy when
used with mpMRI for the staging of PC. Thus, further
prospective randomized controlled trials are required
to justify the role of Ga-68-PSMA-11 PET/MRI in the
locoregional staging of PC.

Conclusion

The study concludes that in patients of carcinoma
prostate, Ga-68 PSMA-11 PET/CT can adequately
identify the intraglandular tumor and correlates well with
histopathological analysis. In comparison to mpMRI, the
Ga-68 PSMA-11 PET/CT scan has superior sensitivity
in the detection of lymph nodal metastases, periprostatic
extension, and seminal vesicle involvement and can
provide superior locoregional preoperative staging in
intermediate- and high-risk PC patients.
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