
INTRODUCTION

Up to 50% of prostate cancer (PCa) patients experi-
ence recurrence or disease persistence following local 
therapy with curative intent. Certainly, some of these 

men are candidates for adjuvant or salvage local sur-
gical or radiation therapy (RT) approaches including 
stereotactic/hypo fractionated radiotherapy, salvage 
lymphadenectomy or prostatectomy [1-3]. However, this 
clinical decision is typically based in the absence of 
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image-detectable recurrent disease but on prostate spe-
cific antigen (PSA) dynamics after local therapy. Thus, 
the clinical value of identifying distant or regional me-
tastases by the common gold-standard imaging modali-
ties (computed tomography [CT], magnetic resonance 
imaging, bone scan) is limited and the detection of (lo-
cal) recurrent PCa is particularly challenging if PSA 
levels are low [4,5]. 

In the light of these considerations, new imaging 
techniques are progressively evolving. For example, 
fusion of positron-emission tomography (PET) and CT 
provide functional and morphologic information. This 
allows physicians to identify metabolic cancer activity 
in addition to their shape and size. The latest imaging 
technology used for PCa is 68Gallium (68Ga)-labelled 
prostate specific membrane antigen (PSMA) PET-
CT. PSMA, a transmembrane glycoprotein, is largely 
expressed on prostate cells with a greater expression 
on poorly differentiated, metastatic, and castration-re-
sistant cancer cells [6], making it an optimal target for 
small-molecule radiopharmaceuticals, such as 99mTech-
netium (99mTc) or 68Ga to visualize PCa recurrent cells. 

This review summarizes the current evidence related 
to 68Ga-labelled PSMA-PET/CT in PCa men diagnosed 
with PSA recurrence. First, detection rates of PSMA-
PET/CT stratified by PSA-levels and its impact on 
clinical decision making are being discussed. Second, 
PSMA-PET vs. F-/C-Choline PET scans and the role of 
PSMA-single photon emission computed tomography 
(SPECT)/CT are compared. Finally, accuracy of PSMA-
PET in men undergoing salvage lymphadenectomy as 
well as the contemporary role of PSMA-radio-guided 
salvage lymphadenectomy are elucidated.

MAIN BODY

1. Evidence acquisition
A review of the literature was conducted in Octo-

ber 2018 using PubMed to find articles evaluating the 
contemporary role of PSMA for men with possible bio-
chemical recurrence (BCR). Specifically, we sought to 
identify studies which can help answer the questions 
outlined previously. 

Included studies were original articles, investigat-
ing patients with biochemical recurrence of  PCa after 
primary or secondary treatment (e.g., radical prostatec-
tomy [RP], RT, systemic, or local treatment). 

In order to present consistent results, studies had to 

report detection rates as the number of positive scans-
irrespective of site of recurrence-relative to the number 
of patients examined (n[Patientspositive]/n[Patientsexamined]). 
To better understand the value of detection rates, it 
is important to notice that in PET/CT lesions suspi-
cious for PCa are defined as any focal uptake of PSMA 
higher than the adjacent background that is not as-
sociated with physiological uptake and thus, detec-
tion rates do not provide information about the site 
or quality of the lesion. We included studies reporting 
accuracy, sensitivity, specificity, positive and negative 
predictive values for PSMA-PET/CT before salvage 
lymphadenectomy if their estimations were based on 
histopathological reports. We excluded studies that 
inferred these estimates based on findings from clini-
cal follow-up (e.g., PSA values, findings from follow-up 
imaging) in order to gain most valuable results.

The search strategy employed the following ap-
proach: Search terms were used but not restricted to 
the following: PSMA PET, positron emission tomog-
raphy, 68Ga, choline, biochemical recurrence, recur-
rent prostate cancer, BCR, prostate cancer, prostatic 
neoplasm, prostate malignancy, salvage lymph node 
dissection, SPECT, single photon emission computed 
tomography, radio-guided therapy.

References of considered studies were reviewed and 
included if inclusion criteria were met. After critical 
review of 258 titles, 133 abstracts, 60 full texts and 
their respective references, 32 publications remained 
eligible for this review (Fig. 1).

2. Evidence synthesis

1) �Performance and impact of prostate specific 
membrane antigen positron-emission 
tomography/computed tomography

(1) Detection rates stratified to prostate specific anti-
gen-levels: Measurement of serum PSA is the corner-
stone in follow-up after primary curative treatment for 
PCa. Rising PSA values are helpful to identify patients 
with recurrence and it is directly correlated with tu-
mor burden [7]. However, it cannot distinguish between 
local and systemic recurrence, and thus continuously 
rises some degree of clinical interpretation difficulties. 
PSMA-PET has been proposed as a tool which over-
comes these shortcomings in the post-treatment setting. 
The aim of this part is to answer the following ques-
tions: What are the detection rates of PSMA PET/CT 
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and at which PSA-thresholds is PSMA PET/CT able to 
identify positive lesions in a reasonable number of pa-
tients? Do clinical parameters beyond PSA exist, that 
are associated with higher detection rates (Table 1)?

Looking at a broad spectrum of patients and a wide 
range of PSA values, PSMA PET/CT has detection 
rates ranging from 27.3% to 96% at PSA levels below 0.5 
and ≥10 ng/mL, respectively. Afshar-Oromieh et al [8] 
evaluated PSMA PET/CTs of a large number of men 
(n=1,007) with BCR after different primary and sec-
ondary treatments (i.e., RP, RT, androgen deprivation 
therapy [ADT], chemotherapy and/or high-intensity 
focused ultrasound). The overall detection rate of any 
lesion, including all PSA levels, was 79.5% – slightly 
lower than in previous studies of the same group, sup-
posedly due to a lower median PSA level [9]. 

Of note, ADT was found to be significantly associ-
ated with positive PSMA PET/CTs (both p<0.001). ADT 
plays a relevant role in PSMA-based imaging since it 
is known to increase PSMA expression of PCa cells [6]. 
This phenomenon does not only increase the number 
of visualized lesions in patients on ADT compared to 

patients without ADT, but may also be of clinical im-
portance regarding PSMA-targeting therapies. While 
the strength of this study lies in its large sample size, 
the rather heterogeneous spectrum of recurrent PCa 
patients represents a limitation regarding validity of 
PSMA-PET/CT detection rates. However, the results 
are being corroborated by the largest prospective study, 
conducted by Caroli et al [10], who examined PSMA 
PET/CTs from 314 men after RP or primary RT and 
without ADT within 6 months before imaging. If re-
sults from 18flourine (F)-choline PET/CTs performed 
within one month prior to PSMA PET/CT were avail-
able, only patients with negative or “dubious” scans 
were included. In their study, the overall detection rate 
of any positive lesion was 62.7%, ranging from 27.3% 
for PSA values of 0–0.2 ng/mL to 94.8% for PSA values 
above 2 ng/mL. In comparison to the results from the 
previous mentioned retrospective study, the overall 
detection rate, as well as detection rates for PSA levels 
<0.5 and 1 to 2 ng/mL, was lower. These differences 
may be explained by the study design: results from 
prospective evaluations are less prone to unmeasured 

Fig. 1. Evidence acquisition. PSMA: prostate specific membrane antigen, PET: positron-emission tomography, BCR: biochemical recurrence, SPECT: 
single photon emission computed tomography, PSA: prostate specific antigen, CT: computed tomography.
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confounding. Also, the mean PSA was as low as 0.83 
ng/mL, explaining the lower overall detection rate. 
Taken together, the study by Caroli et al [10] confirms 
higher PSA levels to be significantly associated with 
positive scans, while the impact of ADT could not be 
assessed due to study design. 

When focusing on more homogeneous cohorts and 
low PSA levels for which reliable imaging modalities 
are desperately needed, PSMA-PET/CT still reveals le-
sions in more than 50% of the patients. A group from 
Munich investigated 272 patients with very low (0.2–0.5 
ng/mL) and low (>0.5–1.0 ng/mL) PSA values after RP 
only [11]. Detection rates of any lesion in PSMA-PET/
CT, stratified by PSA-levels, were as high as 55% vs. 
74% for very low and low PSA values, respectively. 
These important findings were in line with other ret-
rospective evaluations making the clinician understand 
that diagnostic PSMA PET/CT scans may be of use if 
imaging will have an impact in treatment strategy at 
PSA-levels below 0.5 ng/mL [12,13].

Interestingly, even in patients with very low PSA-
values <0.5 ng/mL, two studies from Munich found 
distant lesions in ~18% of the patients. This finding 
suggests that clinicians are facing a rather palliative 
setting in almost every 5th to 6th patient with such 
low PSA levels. Furthermore, this finding underscores 
evidence from previous studies showing better out-
comes only in 80% of patients undergoing salvage RT 
at low PSA levels [14]. 

Evidence for the value of PSMA PET/CT after RT 
as a primary treatment is low. Distinguishing between 
men who do and do not benefit from further – and to 
some extent morbid – treatment is exactly what di-
agnostic tools should be able to do. This is even more 
crucial in patients who had undergone RT as primary 
treatment since treatment options for patients with 
local recurrence after RT are associated with higher 
morbidity compared to those after primary RP. Unfor-
tunately, to date there is only one study available that 
exclusively focused on patients with BCR after RT 
and found an overall detection rate of 90.7% for PSMA 
PET/CT at a comparatively high median PSA of 6.4 
ng/mL. Evidence of distant disease in 59.8% of the pa-
tients suggests a certain potential to tailoring further 
treatment [15]. However, more in-depth investigations 
are needed to better understand the value and impact 
of PSMA PET/CT in the management of patients with 
BCR after RT.

In summary, the overall detection rates for patients 
with PSA-recurrence after primary local therapy for 
PCa range from 63% to 91%. Unsurprisingly, detection 
rates are higher among men with higher PSA levels. 
However, PSMA PET/CT demonstrates promising 
detection rates of >50% up to 74% for men with PSA 
levels <0.5 ng/mL and between 0.5 and <1 ng/mL, re-
spectively. At these PSA levels, at which early salvage 
RT is recommended according to current guidelines, 
distant disease are found in ~18%. 

For men with higher PSA ≥1 ng/mL detection rates 
were >80% in almost all studies. Besides higher PSA-
level, ADT is significantly associated with positive 
scans which may be explained by its ability to increase 
PSMA expression on PCa cells. The major limitation 
of all of the aforementioned studies is the missing 
verification of positive lesions PSMA PET/CT: the true 
rate of positive lesions remains uncertain. More impor-
tantly, it remains unanswered whether the additional 
effort and expense translates into an alteration of the 
management and a clinical benefit in a long-term-
perspective.

(2) Does prostate specific membrane antigen positron-
emission tomography change clinical decision-making?: 
Even a highly accurate diagnostic test is only useful 
if it impacts clinical management. Thus, in addition to 
defining the accuracy of this test, one clinical relevant 
question is whether PSMA PET/CT influences clini-
cal decision-making of men with BCR of PCa. Deci-
sion making might be particularly challenging when 
treatment recommendations before and after PSMA 
PET/CT are conflicting, boiling down to the question 
whether or not a therapy should be changed based 
on the results of PSMA PET/CT scans. For example: 
Does a men with BCR after primary RP and negative 
results on PSMA PET/CT still require salvage RT? An-
other rising debate addresses the management of oligo-
metastatic diseases. The treatment of solitary or few 
metastases in patients with PCa showed longer ADT-
free survival in a randomized phase II clinical trial [16]. 
However, do clinical decisions change in patients with 
oligometastatic disease seen in PSMA PET/CT? Table 
2 summarizes the results of six retrospective and three 
prospective studies that observed changes in the man-
agement of recurrent PCa following PSMA PET/CT 
[17-25].

In patients planned for salvage RT after primary 
RP, results from PSMA PET/CT lead to modification of 
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the initially planned RT strategy in up to one third of 
the patients: Calais et al [17] aimed to determine how 
often positive lesions seen in PSMA PET/CTs were 
covered by the prostate fossa clinical target volume for 
post-prostatectomy RT. This volume is defined by the 
Radiation Therapy Oncology Group and represents a 
minimum volume to be irradiated in a common post-
operative scenario [26]. Calais et al [17] examined 270 
men with BCR after RP and PSA levels of less than 1 
ng/mL, who were planned for RT according to current 
guidelines [3,27,28]. A total of 19% were identified to 
harbor at least one positive lesion that was not cov-
ered by the consensus clinical target volume. Of those, 
12% had extrapelvic lesions (mostly bone lesions) and 
thus salvage RT as initially planned would not lead to 
curative treatment. Seven percent had positive lesions 
within the pelvis, which could have led to an exten-
sion of the radiated field. Unfortunately, due to lack 
of follow-up, the question whether or not these results 
ultimately led to a change of management remains 
unclear. However, the true clinical impact was exam-
ined in a prospective setting by van Leeuwen et al [25] 
Positive lesions were detected in 54% of 70 consecutive 
men with PSA levels between 0.05–1.0 ng/mL follow-
ing RP. The management was altered in 28.6% because 
of lesions that were located in either regional lymph 
nodes or bones that would not have been included in a 
conventional salvage RT field to the prostatic bed. No-
tably, the authors emphasize that in 18 men (25%) with 
positive lesions within the pelvis, consideration might 
also have been given to focused treatment to a higher 
dose, using the 68Ga-PSMA fused with the planning CT 
to allow a simultaneous integrated boost or dose paint-
ing. 

While current EAU guidelines recommend PSMA 
PET/CT in patients with PSA values ≥1 ng/mL after 
RP [3], better long-term outcomes have been observed 
following early salvage RT in patients with PSA levels 
<0.5 ng/mL [3,28]. 

Astonishingly, Farolfi et al [18] found similar modi-
fication rates in patients at these PSA levels. For ex-
ample 24% became candidates for stereotactic body ra-
diation therapy (SBRT; compared to 0% before PSMA 
PET/CT), while ADT was avoided in 14.3%. SBRT is 
currently under debate as a treatment option for oligo-
metastatic PCa. It constitutes a non-invasive high-dose 
external beam radiotherapy, typically delivered in only 

a few fractions that allow for relative sparing of near-
by normal tissues [29]. While there is evidence for a 
benefit in progression free survival from the treatment 
of oligomeatastatic disease, studies also show high dis-
tant failure rates over time [30]. 

Active treatment of local recurrence and/or oligo-
metastatic disease and avoidance of definitive treat-
ment in patients with distant disease are common post-
imaging changes. Findings from several retrospective 
and survey-based studies show that when investigating 
a broader spectrum of patients with BCR after differ-
ent primary treatment modalities, changes occur in 
up to three quarters of patients [19-21,23]. The largest 
retrospective study revealed that >90% of all negative 
scans resulted mostly in surveillance instead of admin-
istration of ADT [20]. In 34% of the patients, oligometa-
static disease was actively treated. These findings on 
the impact of PSMA PET/CT on management decisions 
are further supported by a prospective study by Zacho 
et al [24] In the setting of BCR after RP, RT or RP plus 
salvage RT, they found that the management changed 
in 30/69 patients (43.5%) according to results from 
PSMA PET/CT [24]. Likewise, the prevailing change 
was avoidance of ADT, favouring selective lymph node 
dissection in men found to have positive lymph node 
disease. Also, in six out of nine patients with negative 
scans, salvage RT was omitted. It is important to note 
that all patients had BCR and that surveillance is only 
recommended in patients with favourable risk factors, 
while salvage RT represents the standard of care in 
patients with BCR after RP [3]. One has to question 
the meaningfulness of changing management decisions 
based on PSMA PET/CT as long as no long-term clini-
cal outcomes are available and as long as there is no 
intention to investigate these. 

In our review, out of nine studies, positive and nega-
tive PSMA PET/CT results influenced clinical decision 
making in 19% to 76% of cases, mainly by steering pa-
tients away from ADT towards more individual treat-
ment, as for example by altering the initially planned 
radiation strategy. To what, if any, extent these deci-
sions might impact clinical outcomes in a long-term 
perspective is uncertain due to missing follow-up in-
vestigations. This said, patients facing changes in their 
management due to results from PSMA PET/CT must 
be informed that these must not necessarily translate 
into a long-term clinical benefit. 
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2) �Comparison to alternative imaging modalities 
for recurrent prostate cancer

(1) Prostate specific membrane antigen- vs. Choline-
positron-emission tomography/computed tomography: 
Before PSMA PET/CT was introduced, choline PET/
CT was the most sensitive imaging modality in the set-
ting of biochemically recurrent PCa [31]. Choline based 
imaging takes advantage of key enzymes in choline 
metabolism being up-regulated in PCa cells such as 
choline kinase, leading to accumulation of radiolabelled 
11carbon- and 18F-choline [32,33]. The most challenging 
aspect is the detection of recurrent PCa in low serum 
PSA values after primary curative treatment, as PSA-
level correlates with outcome after salvage therapies 
[14,34]. So far, reported choline PET/CT detection rates 
are comparably low, ranging from 19% to 36% in PSA 
levels ≤1.5 ng/mL [35]. A recent study revealed a detec-
tion rate of 55% in a population with PSA values ≤2 
ng/mL [36]. 

To date, we found four studies directly or indirectly 
comparing results of PSMA and choline based PET 
scans, consisting of three retrospective studies and one 
prospective trial (Table 3). 

All of these corroborate that PSMA PET/CT has bet-
ter detection rates as choline-based PET scans, especial-
ly at low PSA-levels. The largest study was conducted 
by Bluemel et al [37], analysing 125 men who under-
went sequential imaging beginning with 18F-choline 
PET/CT followed by PSMA PET/CT, in case F-choline 
PET/CTs was negative. The overall detection rate was 
85.6% for the sequential scans and 74.4% for F-choline 
alone. Detection rates increased with higher serum 
PSA levels. In choline-negative patients (n=32), PSMA-
PET/CT detected sites of recurrence in 43.8%, indicat-
ing improvement in detection of recurrent PCa using 
PSMA PET/CT. However, due to the study design, 
a direct comparison of choline to PSMA-based PET 
scans was not feasible as there is no information if F-
choline positive lesions may have been PSMA PET/
CT negative. Similar findings were described in other 
studies that are summarized in Table 3 [38-40]. In brief, 
Schwenck et al [38] found that PSMA-PET-scans had a 
significantly higher (lesion-based) detection rate com-
pared to choline-PET-scans (94% vs. 71%, respectively, 
p<0.001). In 13 of 67 positive scans (19.4%), lesions were 
only found in PSMA PET/CT, whereas only 2 patients 
(3.0%) had positive lesions in choline-based imaging 
only. Interestingly, most patients who had PSMA-only 

positive lesions presented with PSA levels <1 ng/mL, 
corroborating the results from a prospective evaluation 
of 38 patients with BCR after primary treatment by 
Morigi et al [39]. Here, the detection rate at PSA-levels 
<0.5 ng/mL, was four times higher in PSMA PET/CT 
than in choline PET/CT (50% vs. 12.5%). Moreover, of 
all 26 patients with positive lesions, more than 50% 
were only recorded in PSMA-PET/CT. Histopathologi-
cal evaluation of nine PSMA- and two choline-detected 
positive lesions revealed true positive lesions for all 
PSMA-detected lesions, whereas one of the choline-
detected lesions was false-positive (and true negative in 
PSMA PET/CT). 

Taken together, these studies clearly support the 
superiority of PSMA-PET/CT over choline-based PET-
scans in term of detection rates, with a focus on low 
PSA levels. However, most results remain unconfirmed 
and lack histological confirmation. Moreover, long-term 
outcomes are unavailable and awaited.

(2) Prostate specific membrane antigen as a target pro-
tein for single photon-emission tomography/computed 
tomography: Similar to PET, SPECT is another func-
tional imaging modality depicting the nuclear radia-
tion emitted from the radiolabeled PSMA ligand (in 
this case 99mTc labeled MIP-1404). The main difference 
between SPECT and PET/CT modalities is the type 
of the used radioactive tracer: Whereas PSMA PET 
relies on emission of positrons from 68Ga, SPECT mea-
sures the emission of gamma rays from 99mTc. While 
the qualities of the images produced differ, with lower 
resolution in SPECT, it benefits from being regarded 
as more economic [41]. In addition, SPECT is gaining 
attraction due to the fact that resolution improvements 
can be achieved when SPECT is combined with com-
mon imaging modalities such as CT or X-ray [42].

Studies aiming to investigate the role of  PSMA 
SPECT/CT in men with BCR are scarce. Here, we will 
discuss the five available retrospective studies, all of 
which investigating detection rates of PSMA SPECT/
CT in heterogeneous cohorts of patients with BCR af-
ter different primary and/or secondary treatment of 
PCa (Table 4). 

These studies provide a rough idea about SPECT/
CT being comparatively effective at higher PSA lev-
els. However, at lower PSA levels, for which imaging 
improvements are more desperately needed, PET/CT 
clearly outperforms SPECT/CT. The only available 
large-scale study, including 225 patients was conducted 
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by Schmidkonz et al in 2018 [43]. While the overall de-
tection rate of PSMA SPECT/CT of 77% was compara-
ble to PET diagnostics, it is important to note that for 
low PSA levels (<2 ng/mL), SPECT/CT showed consid-
erably lower detection rates of only 54% compared to 
PSMA PET/CT. The highest detection rate for SPECT/
CT at very low PSA levels (<0.5 ng/mL) was described 
by Liu et al [44] with 48.6%. In patients with PSA re-
lapse and PSA values <1 ng/mL after primary treat-
ment, two smaller retrospective studies showed detec-
tion rates for PSMA SPECT/CT of only 36.4% and 30%, 
respectively [45,46]. The superiority of PSMA PET/CT 
over PSMA SPECT/CT in detecting positive lesions at 
low PSA levels using are further illustrated in a study 
by Rauscher et al [47]: In a preselected cohort of 22 
patients with positive lesions in PSMA PET/CT and a 
median PSA of 1.03 ng/mL, SPECT/CT only detected 
14/29 lesions (48.3%) and no additional lesions. 

3) �Accuracy of 68Gallium-prostate specific 
membrane antigen positron-emission 
tomography/computed tomography before 
salvage lymphadenectomy

Along with higher detection rates of recurrent PCa, 
salvage lymphadenectomy, has gained increasing in-
terest. There is a growing body of literature analyzing 
the sensitivity, specificity, positive and negative pre-
dictive value, and accuracy of PSMA PET diagnostics 
for patients undergoing salvage lymphadenectomy [48-
52]. Compared to the above mentioned detection rates, 
these investigations additionally aim to analyze the ac-
curacy for the detection of lymph node metastases by 
comparing the results seen in PSMA PET/CT with his-
topathologic findings. Are lesions seen in PSMA PET/
CT actually positive in histopathology? Or even more 
crucial: Are negative lesions truly negative? To answer 
these questions, it is most important to not exclusively 
remove positive lesions when undertaking a lymph 
node dissection (as done in some of the aforementioned 
studies), but to perform a bilateral extended lymph 
node dissection beyond positive lesions [50]. 

When performing standardized lymph node dissec-
tions, the current sensitivity and specificity of PSMA-
PET/CT are not high enough to justify a salvage 
lymphadenectomy solely of the PET-positive regions, 
instead a complete (extended) bilateral salvage lymph-
adenectomy may be performed. 

In the largest retrospective study conducted by 

Rauscher et al [52], standardized predefined lymph 
node template fields in 48 patients with positive re-
sults in PSMA PET/CT, PET/MR of morphologic imag-
ing were evaluated. Regarding the predefined fields 
(so called field-based), sensitivity, specificity, positive 
predictive value, negative predictive value and ac-
curacy of 68Ga-PSMA PET were 77.9%, 97.3%, 94.6%, 
87.8%, and 89.9% whereas these results were 100%, 50%, 
93.3%, 100%, and 93.8% on a patient-based analysis. 
PSMA based results outclassed morphologic imaging 
results especially in terms of sensitivity, which was 
<35% in both field- and patient-based analysis. Hence, 
PSMA PET/CT identifies patients with negative re-
sults more reliably compared to morphologic imaging, 
but still doesn’t reach levels to which selective lymph 
node dissection only should be suggested as almost ¼ 
of negative lesions in PSMA PET/CT were ultimately 
positive in histological evaluation. The field-based re-
sults seen in Rauscher et al’s study [52], however, are 
comparable to those seen in smaller studies (Table 5) 
[48,49,51]. Interestingly, the results also translated into 
results seen in a real world investigation by Mandel et 
al [50]. While most other investigators looked at imag-
ing results from their home institution, Mandel et al 
[50] evaluated PSMA PET/CT or PET/MR from 13 dif-
ferent nuclear medicine centers. Often, study settings 
largely differ from real world settings: When investi-
gating imaging results, differences may occur through-
out the process due to different imaging policies across 
practices and institutions. By including results from 
different nuclear medicine centers the results yield in 
a higher generalizability. 

Difficulties in comparing the results from the above-
mentioned studies arise from discrepancies in used ref-
erences for the analyses (number of patients, number 
of lymph nodes removed or the anatomic boundaries). 
Moreover, it is of note that in many cases only patients 
with positive results underwent surgery resulting in 
selection bias due to imaging-derived pre-selection and 
possible overestimation of sensitivity results. Further-
more, it remains debatable whether or not salvage 
lymphadenectomy should be performed based on find-
ings from PSMA PET/CT at all. Of note, according to 
current guidelines, any kind of salvage lymphadenec-
tomy should only be offered to highly selected patients 
and its impact on long-term oncologic outcomes is still 
controversial [3,53]. 
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4) Radio-guided salvage lymphadenectomy
With the attempt to further tailor therapy, new 

PSMA-targets have lately been developed to possibly 
guide salvage treatment in oligometastatic patients: 
Instead of labeling PSMA with positron emitting iso-
topes for imaging purposes, it can also be targeted by 
gamma-radiation emitting isotopes [54]. The emitted 
radioactivity can be detected during surgery with the 
use of gamma probes giving an acoustic feedback. In 
an experimental setting, radio guided salvage lymph 
node dissection might be a promising approach for the 
future as it can lead to a beneficial BCR-free survival 
compared to “standard” salvage lymphadenectomy. 

Clinical outcomes and safety of this new and experi-
mental procedure were first evaluated by a group from 
Munich, Germany [55]. The investigators compared 
intra-operative gamma probe radioactivity with his-
topathological results of dissected specimen of 31 men 
with oligometastatic recurrence within the pelvic or 
retroperitoneal lymph nodes. Ex vivo measurements 
(positive vs. negative) with gamma probes resulted in a 
sensitivity, specificity and accuracy of 92.3%, 93.5% and 
93.1%, respectively. The positive and negative predictive 
values were 88.9% and 95.6%. Of all men with complete 
follow-up information, a PSA reduction of >50% and 
90% were observed in 76.6% and 53.3%, respectively. 
Two thirds remained without therapy after a median 
follow-up of 337 days. Another 31 men were analyzed 
in a similar setting, but using 99mTc based PSMA to 
guide surgery [56]. Sensitivity was lower (83.6%) with 
a specificity of 100% in 132 tissue specimen removed. 
Accuracy reached 93%. After surgery, PSA-reduction to 
≤0.2 ng/mL was seen in 20 patients (64.5%) of whom 13 
(65%) stayed BCR free after 13 months. In concordance 
with the aforementioned results, 20 men (64.5%) con-
tinued being therapy-free after a median follow-up of 
12.2 months. These results are further strengthened by 
a short term follow-up study by Knipper et al [57] PSA 
reduction >50% and >90% within six weeks of surgery 
was significantly higher in 13 patients who underwent 
radio guided salvage lymph node dissection compared 
to 29 patients who underwent surgery based on PSMA 
PET/CT results only (p<0.01). These findings under-
score the potential of radio guided salvage lymph node 
dissection in the future. However, one must bear in 
mind that the studies examined very small and highly-
selected patients. Furthermore, the follow-up time of a 
maximum of 13 months has to be considered as rather Ta
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short. Before a final evaluation of this new procedure 
can be made, further, larger cohorts with longer follow-
up need to be investigated.

SUMMARY AND CONCLUSION

In this narrative review, we summarize literature 
relating to the use of PSMA-based nuclear medicine 
studies in a variety of clinical scenarios including the 
performance of PSMA PET/CT in patients with BCR 
of PCa, its impact on clinical decision-making, its value 
compared to other available imaging modalities, and its 
accuracy in patients undergoing salvage lymphadenec-
tomy. Finally, we demonstrated current experimental 
approaches using PSMA as a target for radio-guided 
salvage lymphadenectomy.

We found that overall detection rates of PSMA-PET/
CT range from 63% to 91%. Especially in men with 
low PSA values <1 ng/mL and <0.5 ng/mL, for which 
visualization is most urgently needed, detection rates 
are promising and outrange those seen in other imag-
ing modalities such as F/C-choline PET/CT or PSMA 
SPECT/CT. In men with PSA ≥1 ng/mL detection rates 
were consistently >80% across almost all studies. Detec-
tion rates were repeatedly shown to be associated with 
rising PSA as well as in patients under ADT which 
may be explained by its ability to increase PSMA ex-
pression on PCa cells. Positive and negative PSMA 
scans impacted clinical decision-making in up to 76% of 
patients, leading predominantly to avoidance of ADT 
or changes in the planned radiation strategy. 

From a clinical point of view, the sensitivity of ~75% 
of PSMA-PET does not seem to be high enough to jus-
tify a salvage lymphadenectomy of the PET-positive 
regions alone. Instead, if salvage lymphadenectomy 
is considered, a complete (extended) bilateral salvage 
lymphadenectomy should be performed. Conversely, 
outcomes of radio-guided salvage lymphadenectomy 
seem to be better compared to “standard” salvage 
lymphadenectomy but must be considered as a rather 
experimental strategy.

There are some limitations our review has to address; 
first, most studies include very heterogeneous cohorts 
including patients who underwent RP and/or RT, for 
whom PSA thresholds for detecting metastases in BCR, 
based on PSMA PET/CT may differ. Second, many of 
the studies were performed in academic centers whose 
populations may not be generalizable to the overall 

public. The fundamental limitation of these studies is 
their lack of long-term clinical outcomes. Evidence to 
back up the theoretical benefits is still lagging behind 
the rapid advancement of this novel diagnostic tool 
and patients must be informed that decisions made 
based on PSMA PET/CT do not necessarily translate 
into a survival benefit. Given this lack of evidence re-
garding the benefit in clinical outcomes, one has also 
to question whether the expenses for this high-cost 
imaging modality are worth the investment. Unfortu-
nately, to date there is no study investigating the cost-
effectiveness of PSMA PET/CT. 

Kasivisvanathan et al [58] demonstrated that design-
ing a randomized trial of imaging modalities is feasible 
and has the potential to change clinical practice in the 
right scenario. 

Overall, PSMA PET/CT shows promising results as 
a diagnostic tool in BCR of PCa. However, in order to 
implement PSMA-based diagnostics and therapies into 
individualized medicine in the future, prospective ran-
domized clinical trials are required.

Disclosure

The authors have no potential conflicts of interest to disclose.

Author Contribution 

Conceptualization: Krimphove MJ, Mandel PC, Preisser F, 
Chun FKH. Methodology: Krimphove MJ, Mandel PC, Preisser 
F, Chun FKH. Project administration: Krimphove MJ, Mandel 
PC, Chun FKH. Supervision: Mandel PC, Cole AP, Chun FKH. 
Visualization: Krimphove MJ, Theissen LH, Cole AP. Writing–
original draft: Krimphove MJ, Theissen LH, Cole AP, Mandel 
PC, Preisser F. Writing–review & editing: Krimphove MJ, 
Theissen LH, Cole AP, Preisser F, Mandel PC, Chun FKH.

REFERENCES

1.	 Han M, Partin AW, Pound CR, Epstein JI, Walsh PC. Long-
term biochemical disease-free and cancer-specific survival 
following anatomic radical retropubic prostatectomy. The 15-
year Johns Hopkins experience. Urol Clin North Am 2001; 
28:555-65.

2.	 Simmons MN, Stephenson AJ, Klein EA. Natural history of 
biochemical recurrence after radical prostatectomy: risk as-
sessment for secondary therapy. Eur Urol 2007;51:1175-84.

3.	 Cornford P, Bellmunt J, Bolla M, Briers E, De Santis M, Gross T, 



 Marieke J. Krimphove, et al: PSMA PET/CT in Recurrent Prostate Cancer

45www.wjmh.org

et al. EAU-ESTRO-SIOG Guidelines on prostate cancer. Part 
II: treatment of relapsing, metastatic, and castration-resistant 
prostate cancer. Eur Urol 2017;71:630-42.

4.	 Maurer T, Eiber M, Fanti S, Budäus L, Panebianco V. Imaging 
for prostate cancer recurrence. Eur Urol Focus 2016;2:139-50.

5.	 Kosuri S, Akhtar NH, Smith M, Osborne JR, Tagawa ST. Re-
view of salvage therapy for biochemically recurrent prostate 
cancer: the role of imaging and rationale for systemic salvage 
targeted anti-prostate-specific membrane antigen radioim-
munotherapy. Adv Urol 2012;2012:921674.

6.	 Meller B, Bremmer F, Sahlmann CO, Hijazi S, Bouter C, Tro-
jan L, et al. Alterations in androgen deprivation enhanced 
prostate-specific membrane antigen (PSMA) expression in 
prostate cancer cells as a target for diagnostics and therapy. 
EJNMMI Res 2015;5:66.

7.	 Ruckle HC, Klee GG, Oesterling JE. Prostate-specific antigen: 
concepts for staging prostate cancer and monitoring response 
to therapy. Mayo Clin Proc 1994;69:69-79.

8.	 Afshar-Oromieh A, Holland-Letz T, Giesel FL, Kratochwil 
C, Mier W, Haufe S, et al. Diagnostic performance of 68Ga-
PSMA-11 (HBED-CC) PET/CT in patients with recurrent 
prostate cancer: evaluation in 1007 patients. Eur J Nucl Med 
Mol Imaging 2017;44:1258-68.

9.	 Afshar-Oromieh A, Avtzi E, Giesel FL, Holland-Letz T, 
Linhart HG, Eder M, et al. The diagnostic value of PET/CT 
imaging with the (68)Ga-labelled PSMA ligand HBED-CC 
in the diagnosis of recurrent prostate cancer. Eur J Nucl Med 
Mol Imaging 2015;42:197-209.

10.	 Caroli P, Sandler I, Matteucci F, De Giorgi U, Uccelli L, Celli M, 
et al. 68Ga-PSMA PET/CT in patients with recurrent prostate 
cancer after radical treatment: prospective results in 314 pa-
tients. Eur J Nucl Med Mol Imaging 2018;45:2035-44.

11.	 Rauscher I, Düwel C, Haller B, Rischpler C, Heck MM, 
Gschwend JE, et al. Efficacy, predictive factors, and predic-
tion nomograms for 68Ga-labeled prostate-specific membrane 
antigen-ligand positron-emission tomography/computed to-
mography in early biochemical recurrent prostate cancer after 
radical prostatectomy. Eur Urol 2018;73:656-61.

12.	 Eiber M, Maurer T, Souvatzoglou M, Beer AJ, Ruffani A, 
Haller B, et al. Evaluation of hybrid 68Ga-PSMA ligand PET/
CT in 248 patients with biochemical recurrence after radical 
prostatectomy. J Nucl Med 2015;56:668-74.

13.	 Prado Júnior LM, Marino FM, Barra R, do Prado LFM, Barra 
Sobrinho A. One-year experience with 68Ga-PSMA PET/CT: 
applications and results in biochemical recurrence of prostate 
cancer. Radiol Bras 2018;51:151-5.

14.	 Ohri N, Dicker AP, Trabulsi EJ, Showalter TN. Can early 
implementation of salvage radiotherapy for prostate cancer 

improve the therapeutic ratio? A systematic review and re-
gression meta-analysis with radiobiological modelling. Eur J 
Cancer 2012;48:837-44.

15.	 Einspieler I, Rauscher I, Düwel C, Krönke M, Rischpler C, 
Habl G, et al. Detection efficacy of hybrid 68Ga-PSMA ligand 
PET/CT in prostate cancer patients with biochemical recur-
rence after primary radiation therapy defined by phoenix 
criteria. J Nucl Med 2017;58:1081-7.

16.	 Ost P, Reynders D, Decaestecker K, Fonteyne V, Lumen N, De 
Bruycker A, et al. Surveillance or metastasis-directed therapy 
for oligometastatic prostate cancer recurrence: a prospective, 
randomized, multicenter phase II trial. J Clin Oncol 2018;36: 
446-53.

17.	 Calais J, Czernin J, Cao M, Kishan AU, Hegde JV, Shaverdian 
N, et al. 68Ga-PSMA-11 PET/CT mapping of prostate cancer 
biochemical recurrence after radical prostatectomy in 270 
patients with a PSA level of less than 1.0 ng/mL: impact on 
salvage radiotherapy planning. J Nucl Med 2018;59:230-7.

18.	 Farolfi A, Ceci F, Castellucci P, Graziani T, Siepe G, Lamberti-
ni A, et al. 68Ga-PSMA-11 PET/CT in prostate cancer patients 
with biochemical recurrence after radical prostatectomy and 
PSA <0.5 ng/ml. Efficacy and impact on treatment strategy. 
Eur J Nucl Med Mol Imagin 2019;46:11-9.

19.	 Afaq A, Alahmed S, Chen SH, Lengana T, Haroon A, Payne 
H, et al. Impact of 68Ga-prostate-specific membrane antigen 
PET/CT on prostate cancer management. J Nucl Med 2018; 
59:89-92.

20.	 Albisinni S, Artigas C, Aoun F, Biaou I, Grosman J, Gil T, 
et al. Clinical impact of 68Ga-prostate-specific membrane 
antigen (PSMA) positron emission tomography/computed 
tomography (PET/CT) in patients with prostate cancer with 
rising prostate-specific antigen after treatment with curative 
intent: preliminary analysis of a multidisciplinary approach. 
BJU Int 2017;120:197-203.

21.	 Calais J, Fendler WP, Eiber M, Gartmann J, Chu FI, Nickols 
NG, et al. Impact of 68Ga-PSMA-11 PET/CT on the manage-
ment of prostate cancer patients with biochemical recurrence. 
J Nucl Med 2018;59:434-41.

22.	 Henkenberens C, Derlin T, Bengel FM, Ross TL, Wester HJ, 
Hueper K, et al. Patterns of relapse as determined by 68Ga-
PSMA ligand PET/CT after radical prostatectomy: impor-
tance for tailoring and individualizing treatment. Strahlenther 
Onkol 2018;194:303-10.

23.	 Mattiolli AB, Santos A, Vicente A, Queiroz M, Bastos D, Her-
chenhorn D, et al. Impact of 68GA-PSMA PET / CT on treat-
ment of patients with recurrent / metastatic high risk prostate 
cancer - a multicenter study. Int Braz J Urol 2018;44:892-9.

24.	 Zacho HD, Nielsen JB, Dettmann K, Haberkorn U, Langkilde 



https://doi.org/10.5534/wjmh.180133 

46 www.wjmh.org

NC, Jensen JB, et al. 68Ga-PSMA PET/CT in patients with 
biochemical recurrence of prostate cancer: a prospective, 
2-center study. Clin Nucl Med 2018;43:579-85.

25.	 van Leeuwen PJ, Stricker P, Hruby G, Kneebone A, Ting F, 
Thompson B, et al. (68) Ga-PSMA has a high detection rate 
of prostate cancer recurrence outside the prostatic fossa in pa-
tients being considered for salvage radiation treatment. BJU 
Int 2016;117:732-9.

26.	 Michalski JM, Lawton C, El Naqa I, Ritter M, O’Meara E, 
Seider MJ, et al. Development of RTOG consensus guidelines 
for the definition of the clinical target volume for postopera-
tive conformal radiation therapy for prostate cancer. Int J 
Radiat Oncol Biol Phys 2010;76:361-8.

27.	 Heidenreich A, Bastian PJ, Bellmunt J, Bolla M, Joniau S, van 
der Kwast T, et al. EAU guidelines on prostate cancer. Part 
II: treatment of advanced, relapsing, and castration-resistant 
prostate cancer. Eur Urol 2014;65:467-79.

28.	 Stish BJ, Pisansky TM, Harmsen WS, Davis BJ, Tzou KS, 
Choo R, et al. Improved metastasis-free and survival out-
comes with early salvage radiotherapy in men with detectable 
prostate-specific antigen after prostatectomy for prostate can-
cer. J Clin Oncol 2016;34:3864-71.

29.	 Potters L, Kavanagh B, Galvin JM, Hevezi JM, Janjan NA, Lar-
son DA, et al. American Society for Therapeutic Radiology 
and Oncology (ASTRO) and American College of Radiology 
(ACR) practice guideline for the performance of stereotactic 
body radiation therapy. Int J Radiat Oncol Biol Phys 2010;76: 
326-32.

30.	 Habl G, Straube C, Schiller K, Duma MN, Oechsner M, Kes-
sel KA, et al. Oligometastases from prostate cancer: local 
treatment with stereotactic body radiotherapy (SBRT). BMC 
Cancer 2017;17:361.

31.	 Tilki D, Reich O, Graser A, Hacker M, Silchinger J, Becker AJ, 
et al. 18F-Fluoroethylcholine PET/CT identifies lymph node 
metastasis in patients with prostate-specific antigen failure 
after radical prostatectomy but underestimates its extent. Eur 
Urol 2013;63:792-6.

32.	 Ackerstaff E, Glunde K, Bhujwalla ZM. Choline phospholipid 
metabolism: a target in cancer cells? J Cell Biochem 2003;90: 
525-33.

33.	 Kitajima K, Murphy RC, Nathan MA. Choline PET/CT for 
imaging prostate cancer: an update. Ann Nucl Med 2013;27: 
581-91.

34.	 Pfister D, Bolla M, Briganti A, Carroll P, Cozzarini C, Joniau S, 
et al. Early salvage radiotherapy following radical prostatec-
tomy. Eur Urol 2014;65:1034-43.

35.	 Castellucci P, Picchio M. 11C-choline PET/CT and PSA ki-
netics. Eur J Nucl Med Mol Imaging 2013;40 Suppl 1:S36-40.

36.	 Chiaravalloti A, Di Biagio D, Tavolozza M, Calabria F, Schil-
laci O. PET/CT with (18)F-choline after radical prostatectomy 
in patients with PSA ≤2 ng/ml. Can PSA velocity and PSA 
doubling time help in patient selection? Eur J Nucl Med Mol 
Imaging 2016;43:1418-24.

37.	 Bluemel C, Krebs M, Polat B, Linke F, Eiber M, Samnick S, et 
al. 68Ga-PSMA-PET/CT in patients with biochemical pros-
tate cancer recurrence and negative 18F-Choline-PET/CT. 
Clin Nucl Med 2016;41:515-21.

38.	 Schwenck J, Rempp H, Reischl G, Kruck S, Stenzl A, Niko-
laou K, et al. Comparison of 68Ga-labelled PSMA-11 and 11C-
choline in the detection of prostate cancer metastases by PET/
CT. Eur J Nucl Med Mol Imaging 2017;44:92-101.

39.	 Morigi JJ, Stricker PD, van Leeuwen PJ, Tang R, Ho B, Nguyen 
Q, et al. Prospective comparison of 18F-fluoromethylcholine 
versus 68Ga-PSMA PET/CT in prostate cancer patients who 
have rising PSA after curative treatment and are being con-
sidered for targeted therapy. J Nucl Med 2015;56:1185-90.

40.	 Afshar-Oromieh A, Zechmann CM, Malcher A, Eder M, 
Eisenhut M, Linhart HG, et al. Comparison of PET imaging 
with a (68)Ga-labelled PSMA ligand and (18)F-choline-based 
PET/CT for the diagnosis of recurrent prostate cancer. Eur J 
Nucl Med Mol Imaging 2014;41:11-20.

41.	 Hlatky MA, Shilane D, Hachamovitch R, Dicarli MF. Eco-
nomic outcomes in the study of myocardial perfusion and 
coronary anatomy imaging roles in coronary artery disease 
registry: the SPARC study. J Am Coll Cardiol 2014;63:1002-8.

42.	 Mariani G, Bruselli L, Kuwert T, Kim EE, Flotats A, Israel O, 
et al. A review on the clinical uses of SPECT/CT. Eur J Nucl 
Med Mol Imaging 2010;37:1959-85.

43.	 Schmidkonz C, Hollweg C, Beck M, Reinfelder J, Goetz TI, 
Sanders JC, et al. 99mTc-MIP-1404-SPECT/CT for the detec-
tion of PSMA-positive lesions in 225 patients with biochemi-
cal recurrence of prostate cancer. Prostate 2018;78:54-63.

44.	 Liu C, Zhu Y, Su H, Xu X, Zhang Y, Ye D, et al. Relationship 
between PSA kinetics and Tc-99m HYNIC PSMA SPECT/
CT detection rates of biochemical recurrence in patients with 
prostate cancer after radical prostatectomy. Prostate 2018;78: 
1215-21.

45.	 Reinfelder J, Kuwert T, Beck M, Sanders JC, Ritt P, Schmid-
konz C, et al. First experience with SPECT/CT using a 99mTc-
labeled inhibitor for prostate-specific membrane antigen in 
patients with biochemical recurrence of prostate cancer. Clin 
Nucl Med 2017;42:26-33.

46.	 Su HC, Zhu Y, Ling GW, Hu SL, Xu XP, Dai B, et al. Evalua-
tion of 99mTc-labeled PSMA-SPECT/CT imaging in prostate 
cancer patients who have undergone biochemical relapse. 
Asian J Androl 2017;19:267-71.



 Marieke J. Krimphove, et al: PSMA PET/CT in Recurrent Prostate Cancer

47www.wjmh.org

47.	 Rauscher I, Maurer T, Souvatzoglou M, Beer AJ, Vag T, 
Wirtz M, et al. Intrapatient comparison of 111In-PSMA 
I&T SPECT/CT and hybrid 68Ga-HBED-CC PSMA PET in 
patients with early recurrent prostate cancer. Clin Nucl Med 
2016;41:e397-402.

48.	 Herlemann A, Wenter V, Kretschmer A, Thierfelder KM, 
Bartenstein P, Faber C, et al. 68Ga-PSMA positron emission 
tomography/computed tomography provides accurate stag-
ing of lymph node regions prior to lymph node dissection in 
patients with prostate cancer. Eur Urol 2016;70:553-7.

49.	 Jilg CA, Drendel V, Rischke HC, Beck T, Vach W, Schaal K, et 
al. Diagnostic accuracy of Ga-68-HBED-CC-PSMA-Ligand-
PET/CT before salvage lymph node dissection for recurrent 
prostate cancer. Theranostics 2017;7:1770-80.

50.	 Mandel P, Tilki D, Chun FK, Pristupa E, Graefen M, Klut-
mann S, et al. Accuracy of 68Ga-Prostate-specific membrane 
antigen positron emission tomography for the detection of 
lymph node metastases before salvage lymphadenectomy. Eur 
Urol Focus 2018. doi: 10.1016/j.euf.2018.07.025 [Epub].

51.	 Pfister D, Porres D, Heidenreich A, Heidegger I, Knuechel R, 
Steib F, et al. Detection of recurrent prostate cancer lesions 
before salvage lymphadenectomy is more accurate with (68)
Ga-PSMA-HBED-CC than with (18)F-Fluoroethylcholine 
PET/CT. Eur J Nucl Med Mol Imaging 2016;43:1410-7.

52.	 Rauscher I, Maurer T, Beer AJ, Graner FP, Haller B, Weirich G, 
et al. Value of 68Ga-PSMA HBED-CC PET for the assessment 
of lymph node metastases in prostate cancer patients with 
biochemical recurrence: comparison with histopathology af-
ter salvage lymphadenectomy. J Nucl Med 2016;57:1713-9.

53.	 Tilki D, Mandel P, Seeliger F, Kretschmer A, Karl A, Ergün S, 
et al. Salvage lymph node dissection for nodal recurrence of 
prostate cancer after radical prostatectomy. J Urol 2015;193: 
484-90.

54.	 Xu X, Zhang J, Hu S, He S, Bao X, Ma G, et al. 99mTc-labeling 
and evaluation of a HYNIC modified small-molecular inhibi-
tor of prostate-specific membrane antigen. Nucl Med Biol 
2017;48:69-75.

55.	 Rauscher I, Düwel C, Wirtz M, Schottelius M, Wester HJ, 
Schwamborn K, et al. Value of 111In-prostate-specific mem-
brane antigen (PSMA)-radioguided surgery for salvage 
lymphadenectomy in recurrent prostate cancer: correlation 
with histopathology and clinical follow-up. BJU Int 2017;120: 
40-7.

56.	 Maurer T, Robu S, Schottelius M, Schwamborn K, Rauscher I, 
van den Berg NS, et al. 99mTechnetium-based prostate-specific 
membrane antigen-radioguided surgery in recurrent prostate 
cancer. Eur Urol 2019;75:659-66.

57.	 Knipper S, Tilki D, Mansholt J, Berliner C, Bernreuther C, 
Steuber T, et al. Metastases-yield and prostate-specific antigen 
kinetics following salvage lymph node dissection for prostate 
cancer: a comparison between conventional surgical approach 
and prostate-specific membrane antigen-radioguided surgery. 
Eur Urol Focus 2019;5:50-3.

58.	 Kasivisvanathan V, Rannikko AS, Borghi M, Panebianco V, 
Mynderse LA, Vaarala MH, et al. MRI-targeted or standard 
biopsy for prostate-cancer diagnosis. N Engl J Med 2018;378: 
1767-77.




