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Introduction
Prostate cancer is the second most common cancer 
and sixth leading cause of cancer death in man 
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Abstract
Lymph node staging plays an important role in planning initial management in nonmetastatic prostate cancer. This article 
compares the role of 68Gallium (68Ga)‑prostate specific membrane antigen (PSMA) positron emission tomography‑computed 
tomography (PET‑CT) with magnetic resonance imaging (MRI), which is considered the standard staging modality. Out of 
39 high‑risk prostate cancer patients who underwent 68Ga‑PSMA PET‑CT for staging (December 2014–December 2015), 
12 patients underwent radical prostatectomy along with ePLND and were included in the analysis. Findings of the PSMA 
PET and MRI were compared with final histopathology. Sensitivity, specificity, positive predicative value (PPV), negative 
predicative value (NPV), and accuracy of 68Ga‑PSMA PET‑CT and MRI were calculated for numbers of patients and pelvic 
lymph node metastasis. Chi‑square test, McNemar’s test, and receiver operating characteristic (ROC) analysis were also 
done. 68Ga‑PSMA PET‑CT and MRI sensitivity, specificity, PPV, NPV, and accuracy for number of patients detection were 
100%, 80%, 87.5%, 100%, 91.67%, and 57.14%, 80%, 80%, 57.4%, 66.67%, respectively. For detection of metastatic lymph 
node, it was 66.67%, 98.61%, 85.71%, 95.95%, 95.06% and 25.93%, 98.61%, 70%, 91.42%, 90.53%, respectively. Difference 
of lymph nodal detectability was statistically significant on Chi‑square test. On McNemar’s test, P value was statistically 
insignificant for number of patient detection (P = 0.250) but statistically significant for lymph nodal detection (P = 0.001) 
for 68Ga‑PSMA PET‑CT. In ROC analysis, area under the curve was also significantly high for lymph node detectability by 
68Ga‑PSMA PET‑CT. Our initial experience shows that 68GaPSMA PET‑CT is a very promising tracer for N staging in the 
initial workup of prostate cancer. It has the potential to impact patient’s initial management and can up‑ and down‑stage 
effectively.
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worldwide.[1] In addition to the tumor‑node‑metastasis 
staging, serum prostate specific antigen  (PSA), and 
Gleason score are also an integral part of staging and 
treatment determinants.[2,3] Nomograms are available 
to predict the risk of distant and nodal metastasis 
which substitute the nodal staging procedure in low 
risk (PSA <10 µg/L, Gleason 6 or less, and stage T2a or 
less) patients.[4‑6] However, in a patient with high risk of 
metastatic disease (PSA >20 µg/L, Gleason 8 or more, 
and stage T3 or more), a suitable staging procedure may 
be beneficial before a potentially curative treatment is 
planned. Current published literature indicates that 
computed tomography  (CT) and magnetic resonance 
imaging  (MRI) perform similarly in the detection of 
pelvic lymph node metastasis.[7] In either case, the lymph 
nodal involvement criteria solely based on the size and 
shape. A threshold of 1 cm in the short axis for the oval 
lymph node and 0.8 cm for the round lymph node has 
been a recommended criteria for abnormal lymph node in 
morphological imaging despite the fact that a significant 
number of metastatic lymph nodes can be sub‑cm 
in size.[8] To overcome these limitations, functional 
imaging techniques using radiopharmaceuticals 
and targets have been recently identified.[9] Prostate 
specific membrane antigen  (PSMA) is the preferred 
one among these targets. PSMA is overexpressed in 
the prostate cancer cell, and it has a positive correlation 
with the grade of tumor.[10,11] Glu‑NH‑CO‑NH‑Lys‑ 
(Axe)‑(68Gallium [68Ga]‑[HBED‑CC]) positron emission 
tomography‑CT (PET‑CT) has recently showed promising 
results in suspected recurrence of prostate cancer.[12,13] We 
analyzed our retrospective data prospectively to see the 
lymph node detection capability of 68Ga‑PSMA PET‑CT 
in comparison to MRI in high‑risk prostate cancer during 
staging. To the best of our understanding, we were not 
aware of any similar studies in the literature.

Materials and Methods
A total of 39 high risk (PSA >20 µg/L, Gleason 8 or more, 
and stage T3 or more) prostate cancer patients underwent 
68Ga‑PSMA PET‑CT between December 2014 and 
December 2015. Twenty patients  (51.3%) had distant 
metastasis, five (12.8%) were planned for radiotherapy, 
and two (5.1%) had high intensity focused ultrasound 
and underwent their treatments accordingly. We 
included 12 patients who were planned and underwent 
radical prostatectomy with ePLND based on the findings 
of the imaging in the final analysis. The findings were 
correlated with final histopathology (HPE), which was 
taken as the gold standard.

A 1.11 GBq iTG self‑shielded Ga‑68 generator provided 
metal‑free 68Ga chloride ready for peptide labeling 
following elution with 4 ml of 0.05 N HCl. The entire 
synthesis was performed in‑house in a laminar flow 

cabinet with PSMA peptide GMP kits from ABx using 
an IQS‑fluidic labeling module (iTG) that did not require 
computer control.

Imaging protocol
Standard 68Ga‑PSMA PET‑CT imaging protocol was 
followed. After 4 h of fasting and maintaining proper 
hydration, 2 MBq/kg body weight of 68Ga‑PSMA was 
injected intravenously. Water was used as negative oral 
contrast. After approximately 60 min, whole body scan 
(vertex to mid‑thigh) was performed on a dedicated 
full‑ring hybrid PET‑CT system (Biograph TruePoint40 
with LSO crystal from Siemens Healthcare) with 4 min 
per bed position in three‑dimensional mode. A low‑dose 
CT scan (40 mAs and 120 kVp) was used for attenuation 
correction and localization. Noncontrast MRI of the pelvis 
was performed in Siemens 1.5 Tesla Avanto System using 
body matrix coil and T1W SE, T2W turbo spin echo, and 
short‑tau inversion recovery sequence in axial, coronal, 
and sagittal planes. High‑resolution small field of view 
T2 images without fat saturation were obtained for local 
anatomical delineation. Diffusion‑weighted images were 
obtained with B values of 500 and 1000 s/mm2, and ADC 
maps were generated.

Image interpretation
68Ga‑PSMA PET‑CT scan was reinterpreted independently 
by two nuclear medicine physician without access 
to MRI or HPE findings. Unambiguously increased 
PSMA uptake other than physiological distribution in a 
comparison to background was taken as positive. No size 
criterion was used for PET interpretation. MRI reported 
independently by the radiologist was taken into analysis. 
Lymph node which is equal to or more than 1 cm in the 
smallest diameter was considered abnormal. Right and 
left pelvic lymph nodes were separately recorded for 
both imaging modalities.

Results
Patient’s data are summarized in Table 1. Of total, 243 
lymph nodes were pathologically sampled in 12 patients 
(average 20.25 and median twenty lymph nodes per 
patient). Seven (58.33%) patients with total 27 (11.11%) 
lymph nodes were positive on HPE. 68Ga‑PSMA PET‑CT 
and MRI were positive in eight patients and five patients, 
respectively. Their diagnostic value for number of patient 
with at least one positive lymph node on HPE is given 
in Tables 2 and 3, respectively.

68Ga‑PSMA PET‑CT and MRI diagnostic sensitivity, 
specificity, positive predicative value  (PPV), negative 
predicative value (NPV), and accuracy for detection of 
number of patients with at one positive lymph node on 
HPE were 100%, 80%, 87.5%, 100%, 91.67%, and 57.14%, 
80%, 80%, 57.4%, 66.67%, respectively.
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68Ga‑PSMA PET‑CT and MRI showed 21 and 10 positive 
lymph nodes, respectively. Their diagnostic value for 
number of lymph nodes detectability in comparison to 
HPE is given in Tables 4 and 5, respectively. 68Ga‑PSMA 
PET‑CT and MRI diagnostic sensitivity, specificity, 
PPV, NPV, and accuracy for detection of lymph node 
metastasis in high risk case were 66.67%, 98.61%, 85.71%, 
95.95%, 95.06%, and 25.93%, 98.61%, 70%, 91.42%, 
90.53%, respectively. 68Ga‑PSMA PET‑CT detected 
18/27 (66.67%) true positive lymph nodes, whereas MRI 
detected 7/27 (25.93%) true positive lymph nodes. This 
difference of true positive lymph node detectability is 
significant on Chi‑square test (P = 0.006). All lymph node 

seen on MRI (n = 7) which were ≥ 1 cm were detected on 
68Ga‑PSMA PET‑CT [Figure 1]. However, the remaining 
sub‑cm positive lymph nodes on HPE (n = 20, 74.08%), 
68GaPSMA PET‑CT detected 11 (55%) of them [Figure 2].

We also compared by applying McNemar’s test, the 
diagnostic sensitivities of 68Ga‑PSMA PET‑CT and 
MRI for number of patients with at least one HPE 
positive lymph node  [Table  6] and for overall lymph 
node detectability [Table  7]. P  value was statistically 
insignificant for number of patient detectability 
(P = 0.250) between these two modalities but significant 
difference was seen for overall lymph nodal detection 
sensitivity (P = 0.001).

For comparing overall detectability of these two imaging 
modalities for number of patients with at least one 
HPE positive lymph node  [Figure  3] and for overall 
lymph node detection  [Figure 4] by using area under 
the curve by applying comparison of independent 
receiver operating characteristic curve test, we found 
the statistically significant difference for overall lymph 
node detectability by 68Ga‑PSMA PET‑CT (P = 0.0013).

Discussion
Lymph node dissection or sampling is a gold standard 
for lymph node staging in prostate cancer due to the size 
criteria limitation of conventional imaging modalities.[14] 
Using a minimum of size of 10 mm as threshold, the 
sensitivity of CT and MRI was found to be  <40%.[7,15] 
Abuzallouf et  al. reported a series of 4264  patients in 
which 15.3% had positive lymph nodes on surgery, 
out of which only 2.5% had a positive CT scan. The 
median estimated sensitivity, specificity, NPV, and 
PPV were 7%, 100%, 85%, and 100%, respectively.[16] 

Table 1: Patients demography with magnetic resonance imaging, 68Gallium‑prostate specific membrane 
antigen‑positron emission tomography‑computed tomography, and histopathological findings

Age Gleason’s 
score

PSA µg/L Lymph node involvement
MRI PSMA HPE

Total Right pelvic Left pelvis Total Right pelvic Left pelvis Total sampled Total positive Right pelvic Left pelvis
76 4+5 8.71 0 0 0 0 0 0 11 0 0 0
65 3+4 24.41 0 0 0 0 0 0 19 0 0 0
63 4+5 18.83 2 1 1 1 0 0 23 0 0 0
66 4+5 68.01 3 2 1 4 3 1 21 5 5 0
68 4+4 13.29 0 0 0 0 0 0 15 0 0 0
46 5+5 9.99 2 1 1 2 1 1 21 3 2 1
59 4+4 131.26 0 0 0 2 1 1 27 2 1 1
56 3+3 56.11 0 0 0 2 1 1 18 1 0 1
70 4+4 200.56 0 0 0 0 0 0 16 0 0 0
56 4+3 100.12 0 0 0 2 1 1 28 3 1 2
59 4+4 24.14 2 2 0 6 2 4 29 11 7 4
57 5+4 9.98 1 0 1 2 1 1 15 2 1 1
HPE: Histopathology; MRI: Magnetic resonance imaging; PSMA: Prostate specific membrane antigen; PSA: Prostate‑specific antigen

Table 2: 68Gallium‑prostate specific membrane 
antigen‑positron emission tomography‑computed 
tomography detectability for number of patients 

with at least one histopathology positive lymph node
HPE positive Total (%)

n (%) P (%)
Total 68Ga‑PSMA‑PET‑CT

Negative 4 (33.33) 0 (0.00) 4 (33.33)
Positive 1 (8.33) 7 (58.33) 8 (66.67)

Total 5 (41.67) 7 (58.33) 12 (100.00)
HPE: Histopathology; 68Ga‑PSMA‑PET‑CT: 68Gallium‑prostate specific membrane 
antigen‑positron emission tomography‑computed tomography

Table 3: Magnetic resonance imaging detectability 
for number of patients with at least one 

histopathology positive lymph node
HPE positive Total (%)

n (%) P (%)
Total MRI

Negative 4 (33.33) 3 (25.00) 7 (58.33)
Positive 1 (8.33) 4 (33.33) 5 (41.67)

Total 5 (41.67) 7 (58.33) 12 (100.00)
HPE: Histopathology; MRI: Magnetic resonance imaging
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2‑fluoro‑2‑deoxyglucose (18F) PET‑CT has also not been 
very effective due to the known low‑glucose utilization 

of the well differentiated prostate cancer.[17] ePLND 
being an invasive procedure associated with morbidities 
should not be used as a staging procedure and 
should only be used as a therapeutic procedure when 
indicated.[18,19] Therefore, there is certainly a need for a 
sensitive imaging procedure, which can predict with a 
reasonable certainty about the nodal involvement for an 
accurate surgical planning.

Table 4: 68Gallium‑prostate specific membrane 
antigen‑positron emission tomography‑computed 

tomography detectability for lymph node metastasis 
in comparison to histopathology

HPE Total (%)
n (%) P (%)

68Ga‑PSMA‑PET‑CT
Negative 213 (87.65) 9 (3.70) 222 (91.36)
Positive 3 (1.23) 18 (7.41) 21 (8.64)

Total 216 (88.89) 27 (11.11) 243 (100.00)
HPE: Histopathology; 68Ga‑PSMA‑PET‑CT: 68Gallium‑prostate specific membrane 
antigen‑positron emission tomography‑computed tomography

Table 5: Magnetic resonance imaging detectability 
for lymph node metastasis in comparison to 

histopathology
HPE Total (%)

n (%) P (%)
MRI

Negative 213 (87.65) 20 (8.23) 233 (95.88)
Positive 3 (1.23) 7 (2.88) 10 (4.12)

Total 216 (88.89) 27 (11.11) 243 (100.00)
HPE: Histopathology; MRI: Magnetic resonance imaging

Table 6: 68Gallium‑prostate specific membrane 
antigen‑positron emission tomography‑computed 

tomography and magnetic resonance imaging 
comparison of sensitivities for number of patients 
with at least one histopathology positive lymph 

node (McNemar’s test)
Total 68Ga‑PSMA‑ 

PET‑CT, P (%)
Total (%) P Difference (%)

MRI 0.250 42.86
Negative 3 (42.86) 3 (42.86)
Positive 4 (57.14) 4 (57.14)

Total 7 (100.00) 7 (100.00)
MRI: Magnetic resonance imaging; 68Ga‑PSMA‑PET‑CT: 68Gallium‑prostate specific 
membrane antigen‑positron emission tomography‑computed tomography

Table 7: 68Gallium‑prostate specific membrane 
antigen‑positron emission tomography‑computed 

tomography and magnetic resonance imaging 
comparison of sensitivities for histopathology 

positive lymph node (McNemar’s test)
Total 68Ga‑PSMA‑ 

PET‑CT
Total (%) P Difference (%)

n (%) P (%)
MRI 0.001 40.75

Negative 9 (33.33) 11 (40.74) 20 (74.07)
Positive 0 (0.00) 7 (25.93) 7 (25.93)

Total 9 (33.33) 18 (66.67) 27 (100.00)
HPE: Histopathology; MRI: Magnetic resonance imaging; 68Ga‑PSMA‑PET‑CT: 68Gallium‑ 
prostate specific membrane antigen‑positron emission tomography‑computed tomography

Figure 3: 68Gallium‑prostate specific membrane antigen‑positron 
emission tomography‑computed tomography and magnetic 

resonance imaging comparison of area under the curve 
using comparison of independent receiver operating 

characteristic curve test for number of patients with at least one 
histopathology positive lymph node

Figure 2: Axial fused 68Gallium‑prostate specific membrane 
antigen‑positron emission tomography‑computed tomography 
(a) and T2W turbo inversion recovery magnitude sequence, 

(b) sub centimeter prostate specific membrane antigen positive 
right pelvic lymph node (white arrow)

ba

Figure 1: Axial fused 68Gallium‑prostate specific membrane 
antigen‑positron emission tomography‑computed tomography 
(a) and T2W turbo inversion recovery magnitude sequence, 
(b) enlarged prostate specific membrane antigen positive left 

pelvic lymph node (white arrow)

ba
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In current times, molecular targeting with specific and 
near specific tracers has opened a new horizon for 
imaging prostate cancer. Initially, 11C‑choline followed 
by 18F‑choline was used for prostate cancer imaging. 
Evangelista et al. did a literature review and meta‑analysis 
of choline PET‑CT for lymph node involvement 
identification in intermediate to high‑risk prostate cancer 
and reported pooled sensitivity 49.2% (95% confidence 
interval [CI], 39.9–58.4), and pooled specificity 95% (95% 
CI, 92–97.1).[20] PSA and prostate specific acid phosphatase 
could not live up to the expectations for imaging due to 
their secretory nature.[21] PSMA is a type II membrane 
glycoprotein consisting of 750 amino acids (100–120 kDa), 
with a 19 amino acid intracellular component, a 24 
amino acid transmembrane segment, and a large 707 
amino acid extracellular component.[22] Extracellular 
portion of PSMA exhibits folate hydrolase/glutamate 
carboxypeptidase II enzymatic activity. However, its 
precise role in in vivo has not yet been fully elucidated.[23] 
In vitro its folate hydrolase activity has been associated 
with prostatic carcinogenesis.[24] Its expression is also 
directly proportional to Gleason score, metastasis, and 
hormone resistance in prostate cancer. PSMA is also 
expressed in salivary glands, duodenal mucosa, subset 
of proximal renal tubular cells, and subpopulation of 
neuroendocrine cells in colonic crypts small intestine.[25] 
In last several years, a number of small molecules with 
PSMA enzyme inhibitor property have been developed. 
Small molecule inhibitor 68Ga‑DKFZ‑11  (68Ga‑PSMA) 
has been shown to be a novel radiotracer with high‑cell 
uptake and prolonged retention after internalization for 
prostate cancer.[26,27]

There are very few studies in the literature dealing 
with the role of PSMA PET‑CT in staging of prostate 
cancer. Most of the literature pertain to recurrence of 
castration resistant prostate cancer. Afshar‑Oromieh 
et  al. studied 42 recurrent prostate cancer patients 
and compared the positive lymph nodes in PSMA 
PET‑CT with biopsy or surgery.[12] The diagnostic 
sensitivity and specificity was found to be 76.6% and 
100%, respectively. These findings were slightly better 
than our results of sensitivity and specificities 66.67% 
and 98.61%, respectively; however, this difference is 
not statistically significant  (P  =  0.4027). This slight 
difference may be due to interobserver variability or 
less volume of disease in recurrent case, hence more 
tracer availability. 

On the other hand, Budäus et  al. recently published 
his initial experience of 68Ga‑PSMA PET‑CT imaging 
in high‑risk prostate cancer patients before radical 
prostatectomy.[28] He found an overall sensitivity, 
specificity. PPV and NPV of 68Ga‑PSMA PET‑CT for 
lymph node metastasis detection was 33.3%, 100%, 
100%, and 69.2%, respectively, which was lower than 
our findings. Patient selection criteria may be one of 
the factors for this difference. In his study, the disease 
prevalence was lower both by number of positive 
patient (40.0% vs. 58.33%) and total number of positive 
lymph nodes (8.7% vs. 11.11%) and this could be the 
major factor for these differences. Moreover, in his study, 
68Ga‑PSMA PET‑CT was performed in multiple institutes 
nationwide, so differences in opinion among experts 
may not be ruled out despite high‑volume imaging. In 
addition, criteria for positive 68Ga‑PSMA PET‑CT for 
lymph node was also not mentioned.

The major limitation of our study is the small number of 
patients mostly due to a very specific patient’s selection 
criteria. In prostate cancer, during staging, most of the 
lymph nodes were <8 mm in size,[29] and therefore, there 
is bound fallacies in a technique which uses only size 
criteria for interpretation.

Conclusion
Although 68Ga‑PSMA PET‑CT imaging is more used 
in recurrent prostate cancer to assess the disease site 
and volume, our initial experience has shown that 
PSMA PET‑CT is a very promising tracer for N staging 
in the initial evaluation of prostate cancer. It has the 
potential to have an overall impact in the patient’s initial 
management by either up‑staging or down‑staging the 
disease.

Financial support and sponsorship
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Figure 4: 68Gallium‑prostate specific membrane antigen‑positron 
emission tomography‑computed tomography positron emission 
tomography‑computed tomography and magnetic resonance 

imaging comparison of area under the curve using comparison 
of independent receiver operating characteristic curve test for 

histopathology positive lymph node
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