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Abstract
Purpose So far, there have been very few studies which provide a direct comparison between MRI and PSMA-ligand PET/CT
for the detection of recurrent prostate cancer (rPC). This present study therefore aims to provide further clinical data in order to
resolve this urgent clinical question, and thereby strengthen clinical recommendations.
Methods A retrospective analysis was performed for patients who were scanned at our institution with whole-body PSMA-PET/
CT (tracer: 68Ga-PSMA-11) between January 2017 and September 2018 in order to detect rPC. Amongst them, 43 underwent an
additional pelvic MRI within 2 months. Both modalities were compared as follows: a consensus read of the PET data was
performed by two nuclear physicians. All lesions were recorded with respect to their type and localization. The same process was
conducted by two radiologists for pelvic MRI. Thereafter, both modalities were directly compared for every patient and lesion.
Results Overall, 30/43 patients (69.8%) presented with a pathologic MRI and 38/43 (88.4%) with a pathologic PSMA-PET/CT
of the pelvis. MRI detected 53 pelvic rPC lesions (13 of them classified as “uncertain”) and PSMA-PET/CT detected 75 pelvic
lesions (three classified as “uncertain”). The superiority of PSMA-PET/CTwas statistically significant only if uncertain lesions
were classified as false-positive.
Conclusions PSMA-PET/CT detectedmore pelvic lesions characteristic for rPCwhen compared toMRI. In order to detect rPC, a
potential future scenario could be conducting first a PSMA-PET/CT. Combining the advantages of both modalities in hybrid
PET/MRI scanners would be an ideal future scenario.
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Introduction

Prostate cancer (PC) is the most frequently diagnosed malig-
nant tumor in men, with increasing incidence worldwide [1,
2]. Despite initial therapy, biochemical recurrence is observed
in up to 40% of patients within 10 years [3, 4]. Accurate
staging in such patients is challenging for conventional imag-
ing modalities, and it is in this setting that combined positron
emission and computed tomography (PET/CT) imaging using
68Ga-PSMA-11 targeting the prostate-specific membrane an-
tigen (PSMA) [5–11] has gained rapid acceptance. PSMA is a
transmembrane protein, which is strongly over-expressed in
the majority of prostatic adenocarcinomas, thereby providing
an ideal target for molecular imaging as well as therapy in
what has come to be termed a theranostic approach [12–14].

Likewise, multi-parametric imaging (mpMRI) of the pros-
tate is a readily available and well-established technique for
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the evaluation of prostate cancer, offering excellent spatial
resolution and clear delineation of anatomical structures, in-
cluding marginal invasion of surrounding structures such as
the rectum, which are less easily discerned in PET/CT.

Meanwhile, 68Ga-PSMA-11 PET/CT has become a well-
established methodology for imaging recurring prostate can-
cer (rPC), with high reported sensitivity and specificity [5, 10,
15–19]. So far, there have been very few published studies
which provide a direct comparison between MRI and
PSMA-ligand PET/CT for the detection of rPC. As a conse-
quence, until recently there were no guidelines as to which
modality is preferred. The most recent guidance from the
European Association of Urology provides only weak evi-
dence for the use of PSMA-ligand PET/CT in the setting of
biochemical recurrence post radical prostatectomy, and un-
clear guidance as to which modality is preferable in the setting
of recurrence post radiotherapy. This present study therefore
aims to provide further clinical data in order to resolve this
urgent clinical question, and thereby strengthen clinical
recommendations.

Material and methods

Patients and inclusion criteria

We conducted a retrospective analysis of all patients consec-
utively referred to our clinic for the investigation of biochem-
ically recurrent PC (rPC), and who were scanned with 68Ga-
PSMA-11 PET/CT at our department between January 2017
(first introduction of this modality at our institute) and
September 2018 (n = 324). Of these, 43 patients (13.3%) also
underwent a MRI scan of the pelvis within a time interval of
60 days, allowing for a direct intra-patient comparison of the

two modalities with particular reference to the detection of
rPC in the pelvis. Patient characteristics are shown in Table 1.

Radiotracer for PET/CT imaging

68Ga-PSMA-11 was produced as previously described [5,
20]. Briefly, 68Ga3+ was obtained from a 68Ge/68Ga radio-
nuclide generator and used for radiolabelling of PSMA-11.
The 68Ga-PSMA-11 solution was applied to the patients via
an intravenous bolus injection (mean of 194.6 ± 22.3 MBq,
range 137–235 MBq). The targeted dose was 3 MBq per
kilogram.

PET/CT imaging

The patients of the study population were investigated with
two BIOGRAPH-mCT PET/CTscanners (Siemens, Erlangen,
Germany) which were cross-calibrated.

In 2017, the patients (19 of them included in this study)
were scanned at 1 h post injection. In 2018, the patients (24 of
them included in this study) were scanned 1.5 h after tracer
injection and 20 mg of furosemide (0.5 h before the scan).
First, a non-contrast-enhanced CT scan from pelvis to vertex
was performed using the following parameters: slice thickness
of 5 mm; increment of 3.0 mm; soft-tissue reconstruction ker-
nel; maximum of 120 keVand 90mAs by applying CARE kV
and CARE Dose. Immediately after CT scanning, a whole-
body PET (pelvis to vertex) was acquired in 3D (matrix:
200 × 200) with a zoom factor of 1. For each bed position
(16.2 cm, overlapping scale: 4.2 cm), a 2 min acquisition time
with a 15.5 cm field of view (FOV) was used. The emission
data were corrected for randoms, scatter, and decay.
Reconstruction was conducted with an ordered subset expec-
tation maximization algorithm (OSEM) with four iterations/
21 subsets and Gauss-filtered to a transaxial resolution of

Table 1 Characteristics of
patients included in this study.
Time window between PET and
MRI: on average, the PETwas
conducted 9.6 days earlier than
the MRI (hence the minus signs
for mean, range, and median in
that row). Overall, 18 MRI were
conducted before the PET and 25
PET were conducted before the
MRI

Parameter Values

Age (years): mean/standard deviation/range/median 69.8/6.2/59–86/70

GSC (mean/standard deviation/range/median) 7.5/0.9/6–9/7

PSA (ng/ml): mean/standard deviation/range/median 4.1/5.1/0.2–20/1.9

Time PET Δ MRI (days): mean/standard deviation/range/median −9.6/33.7/−52−60/−17
Initial therapy RP (n = 34)

RP + adjuvant RT (n = 7)

RT (n = 2)

Initial TNM T2 (n = 16)

T3 (n = 32)

N0 (n = 30)

N1 (n = 11)

Nx (n = 1)

Injected activity (MBq): mean/standard deviation/range/median 194.6/22.3/137–235/200

RT: radiation therapy of the prostate or prostate fossa. GSC: Gleason score. [d]: days. RP: radical prostatectomy
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5 mm at full width at half maximum (FWHM). Attenuation
correction was performed using the low-dose non-enhanced
computed tomography data. PET and CT were performed
using the same protocol for every patient.

PET/CT analysis

PET/CT analysis was performed using an appropriate work-
station and software (SyngoVia; Siemens, Erlangen,
Germany). A consensus read of the scans was performed by
two nuclear medicine physicians with 14 and 7 years of clin-
ical experience (co-first authors) who were not aware of the
MRI results. All lesions that were visually considered as sug-
gestive for PC were recorded with respect to their type (local
recurrence, lymph node, bones), their diagnostic certainty
(0 = no tumor; 1 = clear rPC; 2 = uncertain/equivocal lesion)
and location including the differentiation between inside or
outside the pelvis. In a second round, both modalities (PET/
CT and MRI) were directly compared for every patient and
lesion by the second first author and the last author in order to
note all matches and discrepancies. During this latter analysis,
care was taken that the PET-findings were within the field of
view of the MRI. PET-positive lesions outside the field of
view of the MRI were noted separately.

MR imaging

For patients undergoing MR imaging in our clinic, a 3 Tesla
(T) MR scanner (Siemens Skyra, Siemens Healthineers,
Erlangen, Germany) with a specific imaging protocol for the
prostate was used. The protocol consisted of an initial T2-
weighted (T2w) single slab 3D TSE sequence with slab selec-
tive, variable excitation pulse [T2 SPACE, 1 mm slice thick-
ness (ST)] which was reconstructed in an additional coronal
and sagittal plane, followed by a further T2w sequence with a
focus to the prostatic fossa (3 mm ST). Two separately per-
formed sequences with diffusion-weighted imaging (DWI; b-
values 0, 500, 1000, 2000) and apparent diffusion coefficient
(ADC) were both focused on the whole pelvis and again the
prostatic fossa. T1-weighted (T1w) axial VIBE sequences
(2 mm ST) were included before and after contrast medium
administration. During contrast injection, T1w VIBE perfu-
sion imaging was performed.

MRI analysis

All MR examinations were analyzed in a consensus read by
two radiologists (co-last authors) with at least 5 years’ expe-
rience in MR imaging of the prostate and who were not aware
of the PET/CT results. In a first round, it was assessed whether
MR imaging revealed a recurrent lesion in the prostatic fossa
or otherwise in the pelvis. If a recurrent lesion was detected,
both its exact location and the diagnostic certainty of its

presence were documented (0 = no recurring tumor; 1 = clear
rPC; 2 = uncertain/equivocal finding for rPC).

Of the 43 patients included, 37 patients underwent MR
imaging within our institute. Six patients underwent MR im-
aging at external practices. The imaging protocols of these
examinations were similar, although perfusion imaging after
contrast injection was missing in three cases.

Statistical analysis

Comparison of the two imaging modalities was performed by
means of a two-sided McNemar test. A p value of < 0.05 was
considered statistically significant.

Follow-ups

Information regarding clinical follow-up was available for 42
patients at the time of submission of this manuscript.

Results

Number of lesions detected by PET/CT versus MRI.
As presented by Table 2, MRI detected 53 PC lesions, of

which 42 were classified as certain (class 1 diagnostic certain-
ty) and 13 as “uncertain” (class 2 diagnostic certainty).

As also shown by Table 2, PSMA-PET/CT detected 75
pelvic lesions (in the same field of view as the MRI) of which
three were classified as “uncertain” (class 2 diagnostic certain-
ty). In the corresponding MRI, one of the three before-
mentioned lesions was classified as certain local recurrence
while two lymph nodes were classified as not pathologic.

Intra-patient analysis

For each patient (n = 43), we then considered which imaging
modality was positive and which negative. Counting the un-
certain lesions (class 2 diagnostic certainty) as false-positive

Table 2 Number of lesions classified as “certain” or “uncertain” in both
MRI and PSMA-ligand PET/CT

Number of certain PC lesions MRIpelvin PETpelvin

Local relapse 24 31

Lymph node met. 12 32

Bone met. 4 9

Total 40 72

Number of uncertain PC lesions MRIpelvin PETpelvin

Local relapse 5 1

Lymph node met. 6 2

Bone met. 2 0

Total 13 3

met. = metastases
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(no tumor), we noted that for patients with negative (non-
pathologic) MRI (n = 14), five patients had a negative PET
and nine had a positive (pathologic) PET. Conversely, for
patients with a positive MRI (n = 29), two had a negative
PET and 27 had a positive PET. Using the McNemar test,
PSMA-PET/CTwas significantly (p = 0.035)more often path-
ologic compared toMRI when uncertain lesions were counted
as negative.

We then repeated the analysis, this time counting the un-
certain lesions (class 2 diagnostic certainty) as true-positive
(tumor). In this case, for patients with a negative MRI (n = 8),
three had a negative PET and five had a positive PET. For
patients with a positive MRI (n = 35), two had a negative
PET and 33 had a positive PET. In this case, PSMA-PET/
CT was not significantly (p = 0.257) more often pathologic
compared to MRI.

In Figs. 1, 2, 3, 4, and 5, we present examples of matched or
discrepant findings of both modalities.

Detection of metastatic lesions

PSMA-PET/CT detected extrapelvic lesions (therefore out-
side the field of view of the MRI) in 12 different patients.
Amongst them were six retroperitoneal lymph node metasta-
ses in four patients, six bone metastases in six different pa-
tients, disseminated bone metastases in one patient, and one
lung metastasis in one patient.

Sequencing of the examinations

Eighteen MRI were conducted before the PET, and 25 PET
were conducted before the MRI. All further details regarding
the time window between the two modalities are presented in
Table 1.

Follow-up

Clinical follow-up was available for 42 patients at the
time of writing of this manuscript. Details regarding the
different therapeutic modalities after the scans, including
subsequent PSA changes, are presented by Fig. 6. None
of the patients had surgical treatment or biopsies after the
scans.

Of the 21 patients with a pathologic scan who were treated
exclusively by radiation therapy, 14 had clearly pathologic
findings in both MRI and PET, four had a clearly pathologic
PET scan but an uncertain MRI scan, one had a clearly path-
ologicMRI but an uncertain PETscan, and two had a negative
MRI but a clearly pathologic PET scan.

Summarizing the above-mentioned results, all PSMA-
positive lesions and lesions suspicious of rPC in the MRI
which were further treated with RT were most likely true-
positive due to the subsequent decrease of PSA.
Calculating the patient-based specificity, and negative
and positive predictive values, was not possible because

Fig. 1 A 70-year-old patient after
prostatectomy with a recent minor
increase of his prostate specific
antigen(PSA) level to 2.6 ng/ml.
An MRI of the pelvis reveals an
enlarged contrast enhancing
perirectal lymph nodewith a di-
ameter of 12 mm (a and b). As
there is a diffusion restriction to
be detected within the lymph
node (c,diffusion weighted imag-
ing (DWI), b1000 image, arrow;
d, apparent diffusion coefficient
(ADC)map, arrow) a lymph node
metastasis is highly likely. As the
68GaPSMA 11 PET/CT shows a
strong tracer uptake (e and f-
,arrow), there also is an urgent
suspicion of a lymph node me-
tastasis. a–d: MRI; e–f: 68Ga
PSMA 11 PET/CT;a: T2w; b:
contrast-enhanced T1w; c: b1000
DWI; d: ADC map; e: fusion of
68Ga PSMA 11 PET and low-
dose CT; f: maximum intensity
projection of the PET
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Fig. 2 Example of a consistent
evaluation using MRI and 68Ga
PSMA 11 PET/CT. In a follow-up
examinationafter prostatectomy, a
87-year-old patient had an increase
of the PSA level up to 13 ng/ml.
There is a 19-mmtumorous lesion
in the anterior prostate fossa in the
pelvic MRI scan (a, T2w, arrow;
and b, contrast-enhancedT1w se-
quence, arrow). A diffusion re-
striction (c, b1000, arrow; and d,
corresponding ADC map, arrow)
makethe presence of a large recur-
ring prostate cancer very likely. In
the same way, also in the 68Ga
PSMA 11PET/CT there is a tumor
recurrence with strong tracer up-
take highly likely to be diagnosed
(arrow in e and f).a–d: MRI; e–f:
68Ga PSMA 11 PET/CT;a: T2w;
b: contrast-enhanced T1w; c:
b1000 DWI; d: ADC map; e: fu-
sion of 68Ga PSMA 11 PET and
low-dose CT; f: maximum intensi-
ty projection of the PET

Fig. 3 Example of a small round-
shaped lymph node in the right
perirectal space (a and b, arrows).
Despite thesmall size with a di-
ameter of only 3 mm, the diffu-
sion restriction (c, b1000, arrow;
and d, ADCmap, arrow)indicates
a metastastic involvement. This is
consistent with the increased
tracer uptake in the 68Ga PSMA
11PET/CT. a–d: MRI; e–f: 68Ga
PSMA 11 PET/CT;a: T2w; b:
contrast-enhanced T1w; c: b1000
DWI; d: ADC map; e: fusion of
68Ga PSMA 11 PET and low-
dose CT; f: maximum intensity
projection of the PET

Eur J Nucl Med Mol Imaging



our cohort did not include true-negative patients (all pre-
sented with a biochemical failure).

Discussion

MRI and PET/CT imaging with PSMA ligands are both well-
established and widely used imaging modalities for the inves-
tigation of prostate cancer. In the setting of rPC, both modal-
ities having distinct advantages and disadvantages. The accu-
rate staging of rPC is of paramount importance and guides
clinical decision-making in the choice between local treatment
with curative intent, systemic therapy in metastatic disease or
palliative management. Furthermore, new treatment para-
digms such as PSMA-ligand endoradiotherapy, or image-
guided radiotherapy [21] place further demands on imaging
modalities, particularly in the detection of rPC at early stages
when the chance of curative treatment is at its highest. One
potential solution to this conundrum is to combine the advan-
tages of PET with MRI. Indeed, previous studies have dem-
onstrated the advantages of this approach [22]. However, al-
though highly promising, until hybrid PET/MRI scanners

become more widely available, the question of which modal-
ity should be performed and when remains urgent.

With this in mind, there is a paucity of head-to-head compar-
isons between PSMA-ligand PET/CTandMRI for the detection
of rPC in the literature, with truly objective comparison impeded
by the heterogeneity of protocols, tracers, and patient popula-
tions. The here-presented study aimed to provide further clinical
data in order to strengthen clinical recommendations.

Our retrospective study of patients referred for both imag-
ing modalities (n = 43) demonstrated that 68Ga-PSMA-11
PET/CT revealed pelvic lesions characteristic of rPC in 38
patients (88%), whereas MRI revealed lesions characteristic
of rPC in 30 patients (69%). Therefore, MRI-based imaging
alone would have incorrectly under-staged 8/43 patients
(19%) of our cohort.

Interestingly, our statistical analysis revealed that 68Ga-
PSMA-11 PET/CT outperforms MRI when the equivocal re-
sults were disregarded. Only when equivocal results were in-
cluded in the analysis did the two modalities reach equivalence
(i.e., no statistically significant difference between the two).
The reason for this lies in the finding that the number of uncer-
tain lesions in theMRIwas four times higher compared to PET/

Fig. 4 Mismatch in the evaluation of a possible tumor recurrence in the
prostatic fossa. After prostatectomy, intheMRI of a 70-year-old patient an
increased contrast enhancement was observed on both sides in the
prostaticfossa in the contrast dynamic (DCE, dynamic contrast enhance-
ment), especially on the left side (b, right arrow),but much less on the
right side (b, left arrow). In diffusion-weighted imaging, a diffusion re-
striction isrecognizable only on the left side (c and d, arrow), but not on

the right side (c and d, dotted circle). In contrastto this, there is an urgent
suspicion of the presence of tumor recurrences on both sides in the 68Ga
PSMA 11PET/CT (e and f, arrows). a–d: MRI; e–f: 68Ga PSMA 11
PET/CT;a: T2w; b: contrast-enhanced T1w; c: b1000 DWI; d: ADC
map; e: fusion of 68Ga PSMA 11 PET and low-dose CT; f: maximum
intensity projection of the PET
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CT, potentially reflecting the difficulty of imaging in the setting
of altered, post-operative anatomy, the challenges of depicting
small lymph node metastases [23], and the advantages of hy-
brid imaging with PET/CT combining both morphological and
molecular data. Therefore, the inclusion of uncertain findings
would, in our view, misleadingly favor MRI.

Our observation that 68Ga-PSMA-11 PET/CT detects
more lesions characteristic for rPC compared to MRI is in
agreement with several previous studies. For example, in a
prospective study by Sawicki et al., superior detection rate
for 68Ga-PSMA PET/CT in comparison to whole-body MRI
was observed [24]. In a prospective study, Zacho et al. com-
pared 68Ga-PSMA-11 PET/CT, 18F-sodium fluoride PET/
CT, and diffusion-weighted MRI (DW600-MRI) for the de-
tection of bone metastases in 68 patients with recurrent PCa,
and observed that both PET methods performed better com-
pared to DW600-MRI [25]. In a retrospective study, Rauscher
et al. compared MRI with PET in 17 patients with recurrent
PCa for the assessment of lymph node metastases, also noting
the superiority of 68Ga-PSMA-11 PET/CT [26].

Most recently, Emmett et al. presented a prospective
study including 91 patients with comparison of 18F-

fluoro-methylcholine, multi-parametric MRI of the pelvis
and 68Ga-PSMA-11 in men with biochemical failure after
radical prostatectomy [27]. In this study, the authors report-
ed a rate of pathologic 68Ga-PSMA-11 PET/CT in 42% of
the patients, while pelvic MRI was pathologic in 28% of the
patients, both findings being much lower than the detection
rates revealed by our study. We interpret the lower median
PSA in the study of Emmet et al. (0.42 ng/ml) compared to
our patient cohort (median PSA of 1.9 ng/ml) as one poten-
tial explanation of this finding, noting the relationship be-
tween PSAvalue and detection rate in diagnostic modalities
such as 68Ga-PSMA-11 PET/CT [7]. Notably, this study
reports a larger relative difference in PSMA-PET/CT than
MRI at this low PSA, potentially indicating the lower the
PSA value the higher the margin of superiority for 68Ga-
PSMA-11 PET/CT in comparison to MRI. Further studies
with larger patient cohorts are required to confirm these
results, which could inform a more tailored approach to
the selection of imaging modalities for individual patients.
We note that our patient cohort was too small for a statisti-
cally meaningful sub-analysis of the detection rates at dif-
ferent PSA values.

Fig. 5 Mismatch in the evaluation of a possible tumor recurrence in an
iliac lymph node. In the left groin of a65-year-old patient, an oval-shaped
lymph node is found inguinal, with a central proportion that is
slightlyelevated in T2 weighted imaging indicating a normal fat hilus
(a, arrow). The lymph node also shows a contrastuptake (b, T1w post
contrast, arrow). Although the b1000 image of the DWI reveals an in-
creased signal (c,arrow), there is no clear confirmation of a diffusion

restriction in the ADC maps (d, arrow). Altgether, thelymph node was
not considered suspicious for a metastatic involvement in MRI. In con-
trast to this, in the 68GaPSMA 11 PET/CT there is a high degree of
certainty of a metastasis within the lymph node (e and f, arrow). a–d:
MRI; e–f: 68Ga PSMA 11 PET/CT;a: T2w; b: contrast-enhanced T1w; c:
b1000 DWI; d: ADC map; e: fusion of 68Ga PSMA 11 PET and low-
dose CT; f: low-dose CT
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Emmett et al. included patients who had received all scans
within a time window of 2 weeks. Although, for the purposes
of inclusion, the nominal time window of our study was larger
(2 months) we note that the mean time between examinations
in our cohort was 9.6 days.

Our analysis of the follow-up data (available for 42 pa-
tients) showed that 32 patients went on to receive radiation
therapy, either alone or in combination with other therapies.
Of these patients, 20 received PET beforeMRI, whereas of the
remaining patients who did not undergo RT, only four re-
ceived PET before MRI. Although it is not possible to recon-
struct the clinical decision-making in each individual case, we
broadly interpret this small sample of results as a potential
indication for the preference of MRI amongst our referring
physicians for the purposes of planning radiation therapy. In
this context, the superior resolution and soft-tissue contrast in
MRI facilitates anatomical delineation of critical structures
such as the bladder neck or rectum, which allows for im-
proved treatment planning for RT [28].

Although this retrospective study did not include a gold
standard, namely histopathological correlation of the imaging
findings, in the 21 patients undergoing radiotherapy, 18

demonstrated a post-therapeutic fall in PSA, which we interpret
as lending significant clinical weight to the diagnosis. Indeed,
even if histological data were available, the lack of a standard-
ized approach (e.g., patients with multiple surgically removed
lymph node metastases would produce a bias) would mean that
any such information would have to be interpreted with a great
deal of caution. We are unable to reproduce the reasons for the
second scan (either PETor MRI), and therefore cannot exclude
selection bias in our cohort. Furthermore, given that all patients
in our cohort presented with biochemical recurrence of PC,
there were no true negative patients in our sample, precluding
an analysis of the patient-based specificity, and negative as well
as positive predictive values of the two modalities.

Drawing our various findings together, although our study
confirms that 68Ga-PSMA-11 PET/CT can detect more le-
sions characteristic for rPC when compared to MRI, a com-
plementary role for MRI is still to be found in the pre-
treatment planning for RT. Ultimately, the combination of
the advantages of both techniques represents a very promising
imaging modality for patients with rPC [22, 29].

Conclusion

68Ga-PSMA-11 PET/CT detected more lesions characteristic
for rPC compared to MRI. Our findings suggest that clinical
algorithms should include 68Ga-PSMA-11 PET/CT for the
initial staging of rPC, with the addition of MRI for treatment
planning and for further clarification of unclear PET-findings.
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