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ARTICLE INFO ABSTRACT

Keywords: Background: The primary objective was to compare the overall diagnostic performance, presented as detection
PET/MRI rate of %®Ga-PSMA-HBED-CC positron emission tomography/magnetic resonance imaging (PSMA PET/MRI)
PSMA

versus conventional, multiparametric MRI (mpMRI) in a population of patients with biochemically recurrent
prostate cancer. In conjunction with this analysis, secondary objectives included the evaluation of the detection
rate stratified by PSA levels and primary treatment modality.

Methods: A total of 165 PSMA PET MRI were performed from April 2018 to May 2021, of whom 108 were
presenting for biochemical recurrent disease. The PSMA PET vertex to thigh were read by two different board-
certified nuclear medicine physicians while the MRI head and neck, chest, abdomen, and pelvis (with dedicated,
PI-RADS compliant multiparametric prostate MRI) were read by two board certified diagnostic radiologists.
Analysis: PSMA PET/MRI had a higher detection rate than mpMRI when evaluating patients with biochemical
recurrence (BCR) with similar results demonstrated when sub-analysis was performed using PSA levels, primary
treatment modality, and time since androgen deprivation therapy. Our study also showed PSMA PET/MRI had a
higher sensitivity than mpMRI.

Discussion: Our findings demonstrate that PSMA PET/MRI is a better imaging modality in the detection of disease
in the setting of BCR when compared to MRI alone. Combined utility with PSMA PET/MRI is a powerful tool
which can aid in not only the detection of disease, but also guide in treatment planning for prostate cancer

Biochemical recurrence
Prostate cancer

patients.
Introduction diagnosis, 30% of the patients are expected to develop biochemical
recurrence (BCR) [2]. BCR is defined as a PSA level equal to or greater
3.1 million men in the US have a diagnosis of prostate cancer [1] than 0.2 ng/mL in post radical prostatectomy patients or 2 ng/mL
with approximately 250,000 expected new diagnoses in 2021 alone. The greater than the nadir PSA after radiation therapy (Phoenix criteria) [3,
predicted number of mortality cases attributed to prostate cancer in 4].
2021 is approximately 34,000. Within 10 years of a prostate cancer BCR generally occurs before clinical and radiographic evidence of

Abbreviations: BCR, Biochemical recurrence; MRI, Magnetic resonance imaging; mpMRI, multiparametric MRI; PSMA, %8Ga-PSMA-HBED-CC; sRT, salvage ra-
diation therapy; PET, positron emission tomography; PSA, prostate specific antigen; ADT, Androgen deprivation therapy.
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cancer is demonstrable. Conventional imaging techniques in asymp-
tomatic patients with low serum prostate specific antigen (PSA) levels
are not diagnostic [5]. Management of BCR includes observation with
serial PSA monitoring, androgen deprivation therapy (ADT), and
salvage radiation therapy (sRT). Despite advances made in prostate
cancer and the inclusion of new therapies such as PSMA-based targeted
treatment [6], salvage radiotherapy (sRT) to the prostatic bed +/- pelvic
lymph nodes is still the only localized treatment option for patients with
BCR following radical prostatectomy [7]. Furthermore, sRT has been
associated with a 5-year progression free survival of 80% and 5-year
overall survival of approximately 90%, with limited benefit in patients
with extra-pelvic disease [8]. Therefore, the ability to identify and
localize recurrent disease is crucial as it determines treatment course
and patient prognosis.

The development of °®Ga-Prostate Specific Membrane Antigen
(PSMA)-HBED-CC has improved the detection rate of prostate cancer
related lesions, including in patients with low serum PSA values. PSMA
positron emission tomography (PET)/computed tomography (CT) has
the potential to detect disease at an earlier disease state and with low
PSA values when compared to 18F-Choline PET/CT [9]. Crocerossa et al.
[10] published a meta-analysis reporting a detection rate of 74.1% for
PSMA PET/CT in BCR patients. Recently, studies have shown that PSMA
PET/magnetic resonance imaging (MRI) have a high detection rate in
detecting pathologic lesions in patients with low PSA levels, especially
within the prostate/prostatic bed. Kranzbiihler et al. [7] published a
retrospective study with a cohort of 66 patients with BCR who under-
went a PSMA PET/MRI and reported a detection rate of 65% in patients
with PSA values between 0.2 and 0.5 ng/ml. In comparison, multi-
parametric MRI (mpMRI) has a reported sensitivity of 61% and speci-
ficity of 58.7% for the detection of local recurrence [11].

However, studies are yet to illustrate the value of PSMA PET/MRI
when compared to mpMRI. For this reason, we designed this study to
evaluate the detection rate of %3Ga-PSMA-HBED-CC positron emission
tomography /magnetic resonance imaging (PSMA PET/MRI) in patients
with BCR and compared it to MRI body with mpMRI prostate. We hy-
pothesize that PSMA PET/MRI performance is superior to mpMRI with a
greater detection rate of abnormal lesions in patients with biochemical
recurrence.

Objective

The primary objective was to compare the overall diagnostic per-
formance, presented as detection rate of 68Ga-PSMA-HBED-CC PET/
MRI versus MRI vertex to thighs (MRI Body) with dedicated mpMRI
prostate in a population of prostate cancer patients with BCR as deter-
mined by referring physician. In conjunction with this analysis, sec-
ondary objectives included the evaluation of the detection rate
specifically in biochemical recurrent patients, subsequently stratified by
serum PSA levels and primary treatment modality.

Methods
Study design

This was an observational study designed to evaluate detection rate
and sensitivity of pathological lesions in PSMA PET/MRI and MRI Body
with mpMRI. Patients were enrolled after being referred by their pri-
mary oncologist, radiation oncologist or urologist with an indication for
initial or restaging imaging, including for indication of BCR.

[°8Ga] -gallium chloride was generated from an IGG100 Eckert and
Ziegler closed system ®%Ga- generator consisting of a borosilicate glass
column containing a titanium dioxide bed on which ®3Ga was absorbed
and fully shielded. This study was performed under the specifications set
forth by IND 124,495. Both, the HBED-PSMA non-radioactive precursor
and the %®Ga radionuclide were obtained from the Citigroup Biomedical
Imaging Center at Weill Cornell Medicine.
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68Ga-PSMA-HBED-CC PET/MRI were performed with a standard
technique. All studies were performed using a dedicated PET/MRI
scanner (Siemens Biograph mMR). Participants received a single IV dose
of 4 mCi (148 MBq) +/- 10% of %8Ga-PSMA-HBED-CC (study drug)
followed by a PET/MRI scan, 90 min after injection.

Setting

This study was part of an open-label, single-center, HIPAA-compliant
prospective clinical trial which enrolled patients for the PSMA PET/MRI
imaging from April 2018 to May 2021 at New York Presbyterian Hos-
pital - Weill Cornell Campus. In this paper, we discuss the findings from
the cohort of patients who were recruited in this study with BCR. BCR
was defined as a PSA level equal to or greater than 0.2 ng/mL in post
radical prostatectomy patients or using the Phoenix criteria with 2 ng/
mL greater than the nadir PSA after radiation therapy [3,4]. This study
was approved by the Weill Cornell institutional review board (IRB # 1,
706,018,301). Written informed consent was obtained from all subjects.

Participants

Potential subjects were identified by co-investigators and referring
physicians from the departments of Oncology, Urology and Radiation
Oncology. Electronic medical records were reviewed to confirm eligi-
bility criteria before approaching the participants to participate in the
study.

The inclusion criteria were as follows:

(1) adult males who were above the age of 21 years,

(2) had histologically proven prostate cancer,

(3) underwent radical prostatectomy or radiation therapy as defini-
tive therapy,

(4) had biochemical recurrence as defined by one of the definitions
mentioned in the setting section,

(5) were willing to sign informed consent,

(6) could safely undergo MRI.

If the patient was unable to remain supine or tolerate the imaging
scan, he was excluded from the study.

Variables

The main variable of this study was the binary (positive or negative
study) characterization of the PSMA PET/MRI and MRI Body with
mpMRI in prostate cancer patients with biochemical recurrence. N1
lymph nodes, N2 lymph nodes, osseous, other metastases and prostatic
or prostatic bed lesions were further quantified for comparison.

Patients were followed through the electronic medical records after
the scan for the duration of the study recruitment period for a maximum
of 2 years. Serum PSA levels collected on the day of the PSMA PET/MRI
were used for further analysis. In cases where this information was not
available, the PSA level which was closest to the day of study (within 60
days prior to the study and 30 days after the study) was assumed to be
the PSA level at the time of examination. For the purposes of this
analysis, equivocal lesions were classified as negative lesions. This was
in congruence with findings from other studies where equivocal osseous
lesions on MRI were subsequently concluded as non-malignant in nature
[14].

Data sources/measurement

The PSMA PET/MRIs were reviewed by two nuclear radiologists (S.
H.C and J.J) while the MRI head, neck, chest, abdomen, and pelvis with
dedicated mpMRI prostate were read by two diagnostic radiologists (D.
M and E.O). Study data were collected and managed using the REDCap
(Research Electronic Data Capture) server hosted at Weill Cornell
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Medicine. REDCap is a secure, web-based software platform designed to
support data capture for research studies [12].

Bias

To prevent biased interpretation, the PSMA PET/MRI and mpMRI
were independently read and dictated.

Study size
A total of 108 patients were enrolled for the indication of BCR.

Quantitative variables

PSMA positivity was defined as having an SUV value above that of
the reference blood pool, liver, and/or salivary glands when evaluating
the N1 lymph nodes (or lymph nodes below the level of the aortic
bifurcation), N2 lymph nodes (lymph nodes above the level of the aortic
bifurcation), osseous, prostate/prostatic bed and other lesions, as
described using the PROMISE criteria [13]. Additionally, detection of
extracapsular extension, seminal vesicle and neurovascular bundle
involvement on MRI was also extracted. T2 low signal lesions within the
prostate/prostatic bed with focal early arterial enhancement on dy-
namic contrast-enhancing images were suspicious for recurrent disease.
Diffusion weighted imaging demonstrated corresponding high signal
intensity on high b-value images with low-signal intensity on apparent
diffusion coefficient images. Imaging where the dictation mentioned
multiple abnormal lymph nodes or osseous lesions were re-reviewed by
two dual radiologists-nuclear medicine physicians for further
quantification.

Statistical methods

First, the description analysis for patient demographics was per-
formed (Table 1). Then, the true positive rates between PSMA PET/MRI
and MRI were compared. The reference gold standard was either a
recent biopsy report (biopsy done after the PSMA PET/MRI) or in pa-
tients subsequently treated with sRT with down-trending serum PSA
trend measured within 6 months after completion of sRT. The true
positive rate was defined as any true abnormal lesion detected in the
head, neck, chest, abdomen, and pelvis of the PSMA PET/MRI or MRI.
For the purposes of this analysis, equivocal lesions were classified as
negative lesions. This was in congruence with findings from other
studies where equivocal osseous lesions on MRI were subsequently
concluded as non-malignant in nature [13]. The true positive rate was
compared between PSMA PET and MRI.

In a separate analysis, true positive rates for detecting lesions be-
tween PSMA PET/MRI and MRI in various anatomical locations were
compared, including prostate/prostatic bed, N1 lymph nodes, N2 lymph
nodes, and osseous lesions. Further, the patients were divided into
subgroups based on their PSA levels and primary treatment modality.

Table 1
Demographics of patients with biochemical recurrence included in this study.

BCR (n = 108) Mean (Range)
Age 69 +/- 9.1 (41-87)
PSA 5.56 +/- 11.1 (0.06-70.35)

Primary Treatment (n = 109)
Radical Prostatectomy only
Radiation therapy only 12 (11.0%)
Radical Prostatectomy and Radiation therapy 13 (11.9%)
Androgen Deprivation Therapy last received (n = 113)

84 (77.1%)

< 2 weeks (Currently Using) 1 (0.9%)

< 6 months 4 (3.54%)
< 6 months (Currently Using) 12 (10.3%)
> 6 months 82 (72.6%)
Unknown 14 (12.4%)
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The PSA subgroups were 0 to 0.2 ng/mL, 0.2 to 0.5 ng/mL, 0.5-2 ng/mL,
and 2 ng/mL or greater. The primary treatment modality subgroups
were post radical prostatectomy, post radiation therapy, and post radical
prostatectomy and radiation therapy. Subgroup analysis of the primary
treatment modality utilized a null hypothesis which assumed no dif-
ference in true positive rates between PSMA PET/MRI and MRI.

The true positive rates between mpMRI and PSMA PET were
compared for the primary treatment modality analysis using the chi
square test. When there were less than 5 counts in any cell, the true
positive rates were compared using the Fisher’s exact test. Sensitivity,
specificity, positive predictive values, negative predictive values, and
detection rates were calculated for patients with biochemical recurrence
using the caret package [15] in R (R version 1.3.1093).

Results
Patient demographics

114 patients were enrolled in this study with the indication of BCR.
Population characteristics are shown in Table 1. The average age was 69
years +/- 9.1 years, and the average PSA level was 5.56 +/- 11.1. 109
(95.6%) patients had information about the primary treatment received,
out of which 77.1% (n = 84) were post radical prostatectomy. Similarly,
113 patients had information about when they last received androgen
deprivation therapy (ADT), and 72.6% (n = 82) did not receive a dose
within the last 6 months of the scan.

True positive rates of PSMA PET/MRI and MRI by anatomical region

PSMA PET/MRI had a significantly higher number of positive reads
than MRI for biochemically recurrent patients (p = 0.009, Table 2). This
pattern was redemonstrated when reviewing the number of abnormal
N1 lymph nodes, N2 lymph nodes, osseous, prostate/prostatic bed, and
other lesions. MRI detected more abnormal lesions in the prostate.

Determining the interpretation of equivocal lesions on MRI

On MRI, there were several lesions determined as equivocal pri-
marily within prostate/prostatic bed and osseous lesions. For example, 6
patients had equivocal osseous findings on MRI. These 6 patients also
had other suspicious findings on MRI consistent with recurrent disease.
2 of these patients were found to have congruent osseous positivity on
PET/MRI (33%). When the equivocal MRI lesions were classified as
positive, there was a total of 20 patients who had positive osseous le-
sions on mpMRI. 60% (12 of the 20) had overlap between osseous le-
sions seen on MRI and those seen on PET/MRI. When the equivocal
lesions were classified as negative lesions, there was an 86% overlap
between the MRI and PET, supporting the decision to interpret equivocal
lesions as negative lesions.

True positive rate of PSMA PET/MRI and MRI when stratified by PSA
value

We established that PSMA PET/MRI was more likely to detect a

Table 2
PSMA PET/MRI detected more lesions concerning for disease outside the pros-
tate/prostatic bed when compared to MRI.

Biochemical Recurrence PSMA PET/MRI MRI

n 63 (55.3%) 37 (32.5%)
N1 34 (29.8%) 11 (9.65%)
N2 20 (17.5%) 7 (6.14%)
Osseous 24 (21.1%) 14 (12.3%)
Prostate 3 (2.63%) 7 (6.14%)
Prostatic Bed 8 (7.01%) 7 (6.14%)
Other 3 (2.63%) 1 (0.01%)
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pathological lesion than MRI in BCR. However, the question subse-
quently arose regarding the location of these pathological lesions rela-
tive to PSA levels. Sub-cohort analysis reviewed strata of PSA ranges in
biochemical recurrence. PSMA PET/MRI was more likely to have a
positive read than MRI at all PSA levels (Fig. 1). In patients with serum
PSA levels < 0.2 ng/mL, PSMA PET/MRI was positive in detecting a
suspicious lesion within the chest, abdomen, and pelvis in 32% of pa-
tients while MRI was positive in only 9% of patients. These detection
percentages increased as the PSA levels increased (Fig. 1).

PSMA PET/MRI detected N1 and N2 nodes and osseous lesions more
frequently than MRI at all PSA levels (Table 3). mpMRI detected more
lesions in the prostatic bed at lower PSA levels than the PSMA PET/MRI
alone. However, PSMA PET/MRI detected more lesions in the prostatic
bed than mpMRI at higher PSA levels.

True positive rate of PSMA PET/MRI and MRI when stratified by primary
treatment modality and ADT use

Assuming primary treatment modality may play a role in detection
rates, positive reads were compared with the treatment modality for
BCR patients (Table 4). PSMA PET/MRI was more likely to detect
abnormal lesions in patients who were post radical prostatectomy (p =
0.001). There were no significant differences in performance of PSMA
PET/MRI and MRI in evaluating biochemical recurrence in patients who
were post radiation therapy or post radical prostatectomy and radiation
therapy.

When reviewing the number of positive scans relative to androgen
deprivation therapy in patients with biochemical recurrence, PSMA
PET/MRI was superior to MRI regardless of when the patient received
the last dose of hormone therapy (Table 5).

Sensitivity of PSMA PET/MRI and MRI in patients with available reference
standard

A total of 43 patients had a histopathological biopsy report or PSA
trend which could be used as reference for sensitivity analysis. 8 (19%)
osseous lesions, 12 (28%) lymph nodes, 1 (2%) lung lesion, 1 (2%) pelvic
mass, 5 (12%) prostate lesions, and 2 (5%) prostatic bed lesions were
biopsied among these patients.

90%
80%
70%

60%

50%

40%
30%
20%
10%

0%

0to 0.2 ng/mL

W PSMA PET (%)

0.2to < 0.5 ng/mL
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Table 3

PSMA PET/MRI detected more abnormalities in N1, N2, and Osseous lesions in
biochemical recurrent patients than MRI but was less likely to detect abnor-
malities in the prostate or prostate bed in PSA levels as low as 0.5.

0-0.2 ng/ 0.2- < 0.5ng/ 0.5-2.0 ng/ > 2.0 ng/
mL mL mL mL
N1
PSMA PET/ 4 (13.8%) 9 (25.0%) 8 (23.5%) 13 (20.0%)
MRI
MRI 0 (0%) 3 (12.0%) 3 (8.82%) 5 (7.69%)
N2
PSMA PET/ 3(10.3%) 3(8.33%) 5 (14.7%) 9 (13.8%)
MRI
MRI 0 (0%) 4 (11.1%) 1 (2.94%) 2 (3.08%)
Osseous
PSMA PET/ 2 (6.89%) 6 (16.7%) 10 (29.4%) 6 (9.23%)
MRI
MRI 0 (0%) 4 (11.1%) 4 (11.8%) 6 (9.23%)
Prostate
PSMA PET/ 1 (3.45%) 0 (0%) 0 (0%) 2 (3.08%)
MRI
MRI 0 (0%) 1 (2.78%) 2 (5.89%) 4 (6.15%)
Prostatic Bed
PSMA PET/ 0 (0%) 3(8.33%) 1 (2.94%) 4 (6.15%)
MRI
MRI 0 (0%) 6 (16.7%) 0 (0%) 1 (0.02%)
Other
PSMA PET/ 0 (0%) 1(2.78%) 1 (2.94%) 1 (0.02%)
MRI
MRI 0 (0%) 1 (2.78%) 0 (0%) 0 (0%)
Table 4

PSMA PET/MRI was more likely to detect abnormal lesions in patients who were
post radical prostatectomy.

Radical Radiation Radical Prostatectomy +
Prostatectomy Therapy Radiation Therapy
n 84 12 13
Positive 42 (50%) 11 (92%) 8 (62%)
PET/MRI
Positive 21 (25%) 12 (100%) 4 (31%)
MRI

0.5 to 2.0 ng/mL > 2.0 ng/mL

B MRI (%)

Fig. 1. The detection rate of pathological lesions in biochemical recurrence was always greater with PSMA PET/MRI than MRI, regardless of PSA level.
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Table 5
PSMA PET was more likely to have a positive read than MRI regardless of when
the patient received his last dose of androgen deprivation therapy.

Androgen deprivation therapy n Positive PET/MRI Positive MRI
<2 weeks (Currently Using) 1 0 (0%) 0 (0%)

<6 months 4 2 (50%) 1 (25%)

<6 months (Currently Using) 12 8 (67%) 3 (25%)

>6 months 82 50 (61%) 34 (41%)
Unknown 14 4 (29%) 1 (7.1%)

7 patients had a negative reference test while 36 had a positive
reference test. This resulted in a sensitivity of 95.5%, positive predictive
values of 87.5%, and a detection rate of 82.4% for PSMA PET/MRI. MRI
had a sensitivity of 63.6%, positive predictive value of 84.9%, and a
detection rate of 54.9%. Out of the 7 patients with a negative reference
test, 3 (43%) patients received radiation therapy as the primary treat-
ment while 3 (43%) were post radical prostatectomy and 1 (14%)
received both as primary treatment. Due to the highly biased sample
population, this study has a reduced number of negative reference tests
which could be utilized for specificity analysis and negative predictive
value. Therefore, these analyses were not performed.

Discussion

Our study showed PSMA PET/MRI had a higher accuracy, sensitivity,
and positive predictive value than MRI when evaluating patients with
biochemical recurrence. This same pattern was consistent when per-
forming sub-analysis using PSA levels, primary treatment modality, and
time since androgen deprivation therapy. A limitation in our analysis
was the small number of cases available for specificity analysis (n = 7),
resultant from the large selection bias in this cohort as individuals who
were evaluated by the gold standard (ie biopsy) were already diagnosed
with biochemical recurrence by their PSA levels, resulting in a negligible
sample size of patients who had a true negative reference.

In prior studies, the sensitivity and specificity of PSMA PET/MRI has
persistently been reported to be >80% in BCR, as demonstrated in the
recently performed OSPREY [16,17] and proPSMA [18,19] trials.
However, no study to the author’s knowledge has compared the utility
of PSMA PET/MRI with mpMRI in detection of biochemical recurrence
in patients who received radiation therapy as primary treatment. Future
studies should evaluate the role of PSMA PET/MRI with MRI in the
detection of biochemical recurrence after radiation therapy in a larger
cohort.

MRI is well recognized for its ability to identify local recurrence after
prostatectomy, even at low PSA levels [20-22]. In our study, abnor-
malities in the prostate and the prostatic bed were better characterized
on MRI at lower PSA levels while PSMA PET/MR detected more
abnormal lesions at higher PSA levels, suggesting that combined utility
with PSMA PET/MRI would be a better option for restaging in
biochemical recurrence. This reiterates the findings of Guberina et al.
[23] where PSMA PET/MRI detected recurrence in more patients than
PSMA PET/CT and had a greater diagnostic confidence for the identi-
fication of local recurrent disease. The combined modality also has
improved utility in guiding treatment planning, such as salvage lym-
phadenectomy [24] and precision radiotherapy [25].

Historically, there has been concern that androgen receptor therapy
can influence the detection rate in recurrent disease, especially in pa-
tients who are post radical prostatectomy [26]. We show above that
despite the potential for physiologic inhibition and/or lack of receptor
binding potential, PSMA PET/MRI was still superior to MRI in detecting
abnormal lesions regardless of when the last dose of androgen depri-
vation therapy was administered.

Finally, our findings suggest that recurrence is more likely to be
detected in lymph nodes than in the bone. It is important to note that
bone metastases have a high washout rate with PSMA in comparison to
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lymph nodes [27]. Internalization rates in bone metastases were also
low when compared to other soft tissue and lymph node lesions. Clini-
cally, osseous lesions are more likely to be seen in higher PSA levels
[28], thereby allowing the clinician to determine the likelihood of
recurrence in the axial and appendicular skeleton.

Another limitation of this study is that multiple patients sought care
at other institutions either prior to the PET/MRI scan or after. As a result,
information was not complete for several patients enrolled in this trial.
Only a small number of the subjects had 2-year follow-up or underwent
confirmatory biopsy, which introduces the possibility of selection bias
for this subset.

Conclusions

We conclude that PSMA PET/MRI is a robust imaging modality with
higher sensitivity than multiparametric MRI alone for the detection of
biochemical recurrence. Together, this combined imaging modality is a
powerful tool which can aid in not only the detection of the abnormal
lesion, but also guide in treatment planning. In patients who are being
evaluated for biochemical recurrence and require imaging, PSMA PET/
MRI should be recommended for restaging and treatment planning.
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