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bstract
urpose: Our aim was to assess whether multiparametric magnetic resonance and PET-CT can have a role in detecting local recurrence in
atients with biochemical recurrence after radical prostatectomy.
ethods: We reviewed the recent international literature by carrying out a PUBMED search.
esults: We critically reviewed 11 recent original studies about the use of PET-CT and 5 recent studies about the use of multiparametric

agnetic resonance. PET-CT has not shown significant results in terms of detection rate for local recurrence in patients with low level of PSA.
ultiparametric magnetic resonance showed encouraging results to detect local recurrence in patients with low PSA and with small diameter

esions.
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onclusions: Currently, most important urological societies do not consider multiparametric magnetic resonance and PET-CT in the follow-up
f patients with suspected local recurrence after radical prostatectomy. We can assert that multiparametric magnetic resonance seems to have
xcellent results in detecting local recurrence in patients submitted to radical prostatectomy and PSA < 1.5 ng/ml.

2012 Elsevier Ireland Ltd. All rights reserved.
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We searched in the Medline and Cochrane Library
. Introduction: the clinical point

A persistently elevated PSA level after radical prostatec-
omy (RP) means that PSA producing tissue remained and
his is generally thought to be residual cancer due to either

icro-metastases that were not detected or are undetectable,
r to residual disease in the pelvis possibly due to positive
urgical margins [1–4]. Tumour recurrence is common after
rimary therapy, occurring in 20–50% after RP during a 10
ears follow-up [3,4], manifested by a rising PSA level, often
ithout clinical or radiological evidence of disease. More-
ver 16–35% of patients will receive second line treatments
ithin 5 years from the initial therapy [5]. Freedland et al. [6]

howed that biochemical recurrence precedes clinical recur-
ence of a median of 5 years and that time to biochemical
ecurrence represents a predictive value for cancer specific
urvival.

Treatment failure after RP is defined as a rising PSA
evel, in particular two consecutive values of PSA > 0.2 ng/ml
ppear to represent biochemical recurrent cancer [7–10].
nce PSA relapse has been diagnosed, it is of major impor-

ance to determine whether the recurrence has developed at
ocal or at distant sites. For this reason the urologist must use
ome parameters that can help to differentiate from local to
istant relapse. One parameter that is used is the time to PSA
ncrease after surgery: if the PSA level develop within the
rst 2 years following surgery is more likely to be associated
ith distant recurrence [11]. PSA doubling time (DT) is a

econd used parameter: if PSA DT is <4 months might be
ssociated with distant relapse, whereas a median PSA DT
12 months predicts local failure.

Other informations can be obtained from the pathologi-
al examination after RP. The TNM staging system of the
nternational Union Against Cancer (UICC) recommends to
eport not only the location but also the extension of extrapro-
tatic invasion because extension is related to the risk of
ecurrence [12]. For what concern the surgical margin status,
ven if there is insufficient evidence to prove a relationship
etween the extension of positive surgical margins and the
isk of recurrence [12,13], surgical margin status is consid-
red an independent risk factor for biochemical recurrence,
articularly local recurrence.

The way of treatment for PSA recurrence after RP
emains controversial and different therapeutic options are

vailable: in the absence of metastatic disease a rising PSA
evel is interpreted as locally persistent or recurrent disease
nd salvage radiotherapy could theoretically control the local

d
r
g

isease. However if metastatic disease is found, radiotherapy
o the prostate bed would be unnecessary, with higher risk
f morbidity for the patient. With the development of new
adiotherapy modalities, nowadays there is the possibility to
scalate the dose of radiation in areas of known disease recur-
ence, so that an accurate identification of local recurrence
ith imaging might improve results of tumour eradication

14,15].
For all these reasons there is a strong need for imag-

ng techniques able to recognize small recurrent lesions and
o describe the nature of these (inflammation or scar tis-
ue, healthy prostate tissue or residue of neoplastic tissue).
hese techniques should be able to detect residual disease
hen the PSA is very low (<1 ng/ml), so to early perform

he right therapeutic plane. Nowadays several imaging tech-
iques are available but they all have limitations and often
ail to produce reliable results. Scattoni et al. [16] demon-
trated that Trans-rectal Ultrasound (TRUS) guided biopsies
o detect local recurrence after RP have a limited sensitivity
f 25–54%, particularly when the PSA is <1.0 ng/ml. Kane
t al. [17] in a retrospective analysis concluded that patients
ith biochemical recurrence after RP have a low probability
f a positive bone scan (9.4%) or a positive CT scan (14.0%)
ithin 3 years of biochemical recurrence. Most patients with
positive bone scan have a high PSA level and a high PSA
elocity.

In the last years new technological acquisitions have
llowed the development of imaging techniques able to detect
hanging of cellular metabolism and angiogenesis, from
ealthy to cancer tissue. Multiparametric magnetic resonance
maging (MRI) and positron emission tomography/computed
omography (PET-CT), more than other imaging procedures,
ave been proposed as useful tools in the diagnosis of mor-
hological and functional changes. Both methods have had
romising results in the diagnosis of PC, in particular of local
ecurrence of PC after primary therapy.

The aim of our review is to critically analyze and com-
are the current evidence of these two different techniques,
ultiparametric MRI and PET-CT, for the diagnosis of local

ecurrence after RP.

. Evidence acquisition
atabases (primary fields: prostate neoplasm and local
ecurrence after RP and MRI or PET-CT) without lan-
uage restriction from the literature of the last 10 years.



A. Alfarone et al. / Critical Reviews in Oncol

Table 1
Level of evidence according to European Association of Urology Guidelines.

Level Type of evidence

1a Evidence obtained from meta-analysis of randomized trials
1b Evidence obtained from at least one randomized trial
2a Evidence obtained from one well-designed controlled study

without randomization
2b Evidence obtained from at least one other type of well-designed

quasi experimental study
3 Evidence obtained from well-designed non-experimental

studies, such as comparative studies, correlation studies and
case reports

4 Evidence obtained from expert committee reports or opinions
or clinical experience of respected authorities
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contrast. Intraductal and extracellular water molecules move
freely. In PC extracellular space is decreased, therefore the
water molecule movement is restricted and the so-called
riginal articles and review articles, were included and clin-
cally reviewed. Additional references were identified from
eference lists of these articles. We have not included edi-
orials, abstracts and reports from meetings. We included in
he present review only articles specifically and primarily
ocused on the role of MRI or PET-CT in the detection of
ocal recurrence after RP. For all studies we critically evalu-
ted the level of evidence according to European Association
f Urology (EAU) guidelines [18] (Table 1). In our research
e have found 15 original studies on the use of PET-CT and
studies on the use of MRI, primarily focused on the detec-

ion of recurrence after primary therapy, in particular RP. In
rder to obtain a better comparison between the two different
maging procedures we particularly included in the analysis
tudies who clearly reported data on local recurrence detec-
ion rate, PSA level, number of patients submitted to RP and
alidation criteria for the imaging findings confirmation.

. Imaging techniques: MRI and PET-CT

In recent years, new cellular biology acquisitions permit
o better understand different tumour metabolism. Imaging
echnological improvements give the possibility to perform
maging procedures that combine anatomic, biologic and
unctional information. Both MRI and PET-CT nowadays
re able to detect differences of cellular metabolites; the
RI with spectroscopy shows the relative concentrations of
etabolites in the prostate as choline, citrate and creatine.
ET-CT is able to visualize cellular metabolism using differ-
nt radiotracers: Fluorodeoxyglucose (FDG), 11C metionine,
1C acetate, 11C and 18F choline. The large amount of lit-
rature shows that choline is not only the most analysed
etabolite, but probably the most useful for the identifica-

ion of prostate tumour cells [19–21]. The aim of metabolic
maging should be to have an optimal spatial resolution so
o detect very small lesions like local recurrences after RP,
articularly in patients with biochemical failure and very low

evels of PSA. a
ogy/Hematology 84 (2012) 109–121 111

.1. PET-CT for the diagnosis of local recurrence

The technique positron emission tomography (PET) is a
olecular imaging that is able to create images from physi-

logical and metabolic processes. PET use positron emitters
o create quantitative tomographic images. PET images are
olumetric set of data that can be displayed as tomographic
mages in the transaxial, coronal or sagittal planes. At the
ame time PET has a limitation: the lack of an anatomical
eference frame. For this reason the combination of PET with
he computerized tomography (CT) offers optimal fusion
f images with an excellent morphological imaging with
natomical resolution.

Malignant tumours are usually characterized by enhanced
lucose use. Increased fluorodeoxyglucose (FDG) use is cor-
elated with increased cellular proliferation in tumours and
his can be imaged by PET and 18F-FDG. However FDG
n PC is a challenge, because of urinary excretion and low
ptake. For this reason new PET tracers have been investi-
ated in recent years. One of these new tracers is the choline,
substrate for the synthesis of phosphatidylcholine which is

he major phospholipid in the cell membrane [19]. Choline
as been the most used tracer to study PC with PET-CT [22].
target of the PET-CT procedure is the possibility to show

ith good sensitivity the staging of the disease in the whole
ody in one step.

.2. Multiparametric MRI for the diagnosis of local
ecurrence

In the last 20 years several progresses have been done
n the use of MRI. Endorectal coil MRI is able to pro-
uce a morphological imaging of the prostate, particularly
2 weighted (T2w) MRI [23]. Other recent complemen-

ary techniques improve the staging and the detection of PC.
ynamic contrast-enhanced MRI (DCE-MRI) is a technique
ased on the assessment of neoangiogenesis, therefore it can
etect those tumours in which an angiogenic pathway has
een turned on [24]. T1 weighted (T1w) sequences are used
uring the passage of a contrast agent within the prostatic
issue. The peri-anastomotic fibrosis appears hypointense on
2 weighted images, with absent enhancement on DCE-MRI.
fter DCE-MRI all benign nodules show signal enhancement
f less than 50% in the early phase, whereas all recurrences
howed fast signal enhancement in the early phase followed
y a plateau or washout. Recurrences appear as masses with
ntermediate signal intensity on T2 weighted images, enhanc-
ng after intravenous injection of contrast medium.

Diffusion weighted magnetic resonance imaging (DW-
RI) yields qualitative and quantitative information about

issue cellularity and cell membrane integrity and proton
iffusion properties within water are used to obtain image
pparent diffusion coefficient values are low. DW-MRI can
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e produced without the administration of exogenous con-
rast medium and can be considered the most practical and
imple to use [25].

Magnetic resonance spectroscopic imaging (MRSI) is a
hree dimensional data set of the prostate, with volume ele-

ents (voxels) ranging from 0.24 cm to 0.34 cm [26] This
echnique produces the relative concentration of metabolites
ithin voxels, such as citrate, choline and creatine. Recent

tudies demonstrate that in PC citrate levels are reduced,
reatine and particularly choline are elevated. The ratio of
holine plus creatine to citrate can distinguish from PC tis-
ue to healthy tissue [27]. On the basis of the literature each
oxel can be categorized as follows: fibrotic or scar tissue
hen the ratio is <0.2, residual healthy prostatic gland tissue
hen ratio is >0.2 and <0.5, probably recurrent PC when ratio

s >0.5 and <1; definitively recurrent PC tissue when ratio is
1 [28]. MRSI technique is more complex when compared
ith DWI or DCE-MRI and it also requires longer acquisition

imes.
Multiparametric MRI has the advantage to have a very

ood spatial resolution so to localise and characterise PC,
o detect very small lesions and to better differentiate from
ealthy to neoplastic areas. It is a complex technique and
eeds experienced and trained radiologists, in particular if
e consider the MRSI. Multiparametric MRI does not have

t now a large availability in hospitals, it is a procedure that
equires time and it does not have good detection rates for
odal and distant metastasis.

. Studies in the literature

.1. PET-CT

Of all studies reviewed on the use of PET-CT, we par-
icularly describe 11 articles that appeared to be the most
xtensive in terms of data on local recurrence following RP.

A single-centre retrospective study from Heinisch et al.
29] suggested that using 18F-choline PET-CT is possible
o have positive findings in patients with biochemical
rogression after RP, also with PSA level <5 ng/ml. In this
tudy the results of PET-CT were mostly compared with
ther imaging modalities (CT and/or MRI), and only in few
ases local tumour progression was histologically confirmed
t biopsy, as well as the course of disease was clinically
efined. They analysed 31 patients after RP and they found
hat 8/17 patients (47%) with biochemical recurrence and
ith PSA <5 ng/ml, had positive results at 18F-choline
ET-CT. In their analysis they found malignancy in 7/8
en positive at PET-CT exam and with a PSA <5 ng/ml,

onfirmed by either correlating imaging methods (CT
nd/or MR), biopsy/histology, or the course of the disease.

edian PSA in 18F-choline PET-CT positive patients
as 6.1 ng/ml (mean PSA 17.1 ng/ml) and median PSA in
8F-choline PET-CT negative patients was 2.3 ng/ml (mean
SA 3.4 ng/ml). In this study authors did not report other

T
s
i
T

ogy/Hematology 84 (2012) 109–121

ata about the detection rate of PET-CT particularly focused
n prostate bed recurrences. At the same time they did not
eported data on the maximal diameter of recurrence lesions.
tatistical analysis in terms of sensitivity, specificity or
ccuracy is not provided (level of evidence 3; see Table 2).

In a single-centre retrospective study, Rinnab et al. [30]
nalysed 50 consecutive patients with biochemical recur-
ence after primary therapy for PC (RP in 40 patients),
sing 11C choline PET-CT. The results were correlated
ith a histopathology examination. Mean PSA serum lev-

ls were 3.62 ng/ml (range 0.5–13.1 ng/ml) in patients with
positive PET-CT and 0.90 ng/ml (range 0.41–1.4 ng/ml)

n patients with negative PET-CT. Of 13 patients with a
SA <1.5 ng/ml, 7 had a positive PET-CT and in 9/13 his-

ology was positive for PC recurrence. In 17 patients with
SA > 1.5 < 2.5 ng/ml, all of them were positive at PET-
C and 13/17 had a positive histology. In 11 patients with
SA > 2.5 < 5.0 ng/ml, all had positive PET-CT and only
/11 had negative histology. The last group was composed
y 9 patients with PSA > 5.0 ng/ml: also in this group all
atients had positive PET-CT and only 1/9 had a negative
istology. The overall sensitivity of PET-CT for detecting
ecurrence was 95% and PPV was 86%; the overall speci-
city was 40%, NPV was 67% and the accuracy was 84%.
he authors also considered the sensitivity and specificity
f PET-CT only in patients with PSA < 2.5 ng/ml, reporting
1% and 50%, respectively. Unfortunately authors did not
etermined the diameter of lesions (level of evidence 2b; see
able 2).

Vees et al. [31] in a multicentre retrospective study,
valuated 20 patients divided in two different groups with
iochemical recurrence or suspected residual tumour after
P. In the first group they used 18F choline PET-CT to detect

ocal recurrence whereas in the second group they used 11C
cetate PET-CT. Two patients were submitted to both PET-CT
xams; therefore the study analysed 22 PET-CT exams. Only
atients with a PSA level < 1.0 ng/ml (range 0.11–0.73 ng/ml)
ere included. At PET-CT they found abnormal local tracer
ptake in 5/10 and 6/10 patients, respectively in the two
roups. Authors did not give more information regarding the
aximal diameter of prostate bed lesions. As control they

sed endorectal coil MRI that was positive in 15/18 cases
2 patients did not perform MRI scan). All patients received
alvage radiotherapy after PET-CT and a decrease by half
n the PSA level after salvage radiotherapy was considered
he endpoint of the response, confirming the presence of
ocal disease. This endpoint was achieved in 8/10 patients
n the first group and in 7/10 cases in the second group.
hey reported a sensitivity of 60% and 66% for 18F choline
ET-CT and 11C acetate PET-CT, respectively. Authors did
ot estimate specificity because there were too few patients
ith stable or increasing PSA after salvage radiotherapy.

hey summarized that PET-CT cannot be recommended as
tandard diagnostic tool for early relapse or suspicion of min-
mal persistent disease after surgery (level of evidence 3, see
able 2).
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Table 2
Characteristics and level of evidence of the different reviewed studies on multiparametric MRI and PET-CT for the diagnosis of local recurrence after RP.

Authors Imaging used Study Number cases Mean PSA Mean lesion size Validation used Sensibility, specificity,
PPV, NPV, accuracy

Level of
evidence

Heinisch [29] 18 F choline
Pet-CT

Retrospective 31 17.1 ng/ml in positive
pts − 3.4 ng/ml in
negative pts

Not available CT-MRI-histology, course
of disease

Not available 3

Rinnab [30] Retrospective 40 3.62 ng/ml in positive
pts − 0.9 ng/ml in
negative patients

Not available Hystology Sensitivity 95%,
Specificity 40%, PPV
86%, NPV 67%,
Accuracy 84%

2b

Vees [31] 18F choline
Pet-CT+ 11C
choline Pet-CT

Retrospective 20 <1 ng/ml Not available MRI, clinical validation
with PSA following
radiotherapy

Sensitivity of 18F choline
60%
Sensitivity of 11C choline
66%

3

Reske [32] 11C choline
Pet-CT

Retrospective 36 + 13 control
group

2 ng/ml 1.7 cm Hystology Sensitivity 73%,
Specificity 88%, PPV
92%, NPV 61%,
Accuracy 78%

2b

Rinnab [33] 11C choline
Pet-CT

Retrospective 41 2.8 ng/ml Not available Hystology Sensitivity 93%,
Specificity 36%, PPV
80%, NPV 67%

2b

Castellucci [34] 11C choline
Pet-CT

Retrospective 190 4.2 ng/ml Not available Hystology Sensitivity 73%
Specificity 69%

2b

Giovacchini [35] 11C choline
Pet-CT

Retrospective 170 3.24 ng/ml Not available Not available Sensitivity 87%,
Specificity 89%, PPV
87%, NPV 89%,
Accuracy 88%

2b

Giovacchini [36] 11C choline
Pet-CT

Retrospective 358 3.77 ng/ml Not available Hystology or clinical
validation with PSA
following radiotherapy

Sensitivity 85%,
Specificity 93%, PPV
91%, NPV 87%,
Accuracy 89%

2b

Giovacchini [37] 11C choline
Pet-CT

Retrospective 109 1.31 ng/ml 8.7 mm for nodal
lesions, not
available for
prostatectomy bed
recurrences

Hystology Not available 2b

Castellucci [38] 11C choline
Pet-CT

Retrospective 102 <1.5 Not available Hystology Sensitivity 53%
Specificity 100%

2a

Sella [40] Endorectal MRI Retrospective 48 2.18 ng/ml 1.4 cm Hystology or clinical
validation with PSA
following radiotherapy or
follow up with MRI

Sensitivity 95%
Specificity 100%

2b
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Table 2 (Continued)

Authors Imaging used Study Number cases Mean PSA Mean lesion size Validation used Sensibility, specificity,
PPV, NPV, accuracy

Level of
evidence

Casciani [41] MRI with DCE Retrospective 46 1.9 ng/ml 1.5 cm Hystology or clinical
validation with PSA
following radiotherapy

Sensitivity 88%,
Specificity 100%, PPV
100%, NPV 88%,
Accuracy 94%

2b

Sciarra [42] MRSI + DCEMRI Prospectic 77 (10 pts as
control)

1.26 ng/ml in group A
0.8 ng/ml in group B

13.3 mm in group
A 6 mm in group
B

Hystology (group A) or
clinical validation with
PSA following
radiotherapy (Group B)

In Group A Sensitivity
87%, Specificity 94%,
PPV 96%, NPV 79%

2a

In Group B Sensitivity
86%, Specificity 100%,
PPV 100%, NPV 75%

Cirillo [43] CE-MRI Retrospective 72 1.23 ng/ml 1.7 cm Hystology, choline
PET-CT, follow up with
PSA

Sensitivity 84.1%,
Specificity 89.3%, PPV
92.5%, NPV 78.1%,
Accuracy 86.1%

2a

Panebianco [44] MRSI + DCEMRI
and 18F choline
Pet-CT

Prospectic 84 1.1 ng/ml in group A
1.9 ng/ml in group B

6 mm in group A
13.3 mm in group
B

Hystology (group B) or
clinical validation with
PSA following
radiotherapy (Group A)

In Group A with MRI
Sensitivity 92%,
Specificity 75%, PPV
96%, NPV 60%,
Accuracy 89%

2a

In Group A with PET-CT
Sensitivity 62%,
Specificity 50%, PPV
88%, NPV 18%,
Accuracy 60%
In Group B with MRI
Sensitivity 94%,
Specificity 100%, PPV
100%, NPV 57%,
Accuracy 94%
In Group B with PET-CT
Sensitivity 92%,
Specificity 37%, PPV
98%, NPV 43%,
Accuracy 91%
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Reske et al. [32] in a single-centre retrospective study, ana-
ysed 49 patients into two groups. The group A included 36
atients with biochemical recurrence after RP and the group
(control group) 13 patients submitted to RP without bio-

hemical relapse. All patients enrolled in this study had a 11C
holine PET-CT examination. In group A mean PSA levels at
he day of the exam was 2.0 ng/ml (range 0.3–12.1 ng/ml). A
RUS-guided biopsy of the prostate bed showed local recur-

ence PC at histology in 33 cases and only scar tissue in
cases. 11C choline PET-CT was positive in 23/33 (70%)

atients with histological confirmation of local recurrence
isease and in one of the 3 patients without histological con-
rmation of PC. The median maximal diameter of PET-CT

esions was 1.7 cm (range 0.9–3.7 cm). In the control group
nly 1/13 patient was positive at PET-CT exam. They con-
luded that 11C choline PET-CT had a sensitivity of 73%,
pecificity 88%, Positive Predictive Value (PPV) 92%, Neg-
tive Predictive Value (NPV) 61% and an accuracy of 78%
level of evidence 2b, see Table 2).

In a recent single-centre retrospective study, Rinnab et al.
33] enrolled 41 patients with biochemical failure following
P (9/41 patients received an adjuvant treatment with radio-

herapy). All patients were submitted to 11C choline PET-CT
nd then, in cases with suspected local recurrences, a TRUS-
uided biopsy was performed. Mean PSA was 2.8 ng/ml
range 0.41–11.6 ng/ml) for all the population, 3.1 ng/ml in
atients with positive findings and 0.86 ng/ml in patients with
egative findings. Authors divided the population on the basis
f PSA levels so to analyse PET-CT detection rate in each
roup. Overall the sensitivity of PET-CT was 93%, specificity
6%, PPV 80%, NPV 67%. In the group of cases (12 patients)
ith a PSA < 1.5 ng/ml sensitivity was 67%, specificity 67%,
PV 67% and NPV 67%. In the group of cases (28 patients)
ith a PSA < 2.5 ng/ml sensitivity was 89%, specificity 72%,
PV 40% and NPV 67%. Authors did not reported specific
ata only for local recurrence and did not report diameters of
ocal recurrence lesions (level of evidence 2b, see Table 2).

In single-centre retrospective study, Castellucci et al.
34] enrolled 190 patients previously treated with RP
nd with biochemical recurrence. All cases were ana-
ysed with 11C choline PET-CT and the mean PSA serum
evel was 4.2 ng/ml (range 0.2–25.4 ng/ml). Patients were
ivided into 4 different groups on the basis of the PSA
evel: PSA < 1.0 ng/ml (51 patients), PSA > 1.0 < 2.0 ng/ml
39 patients), PSA > 2.0 < 5.0 ng/ml (51 patients) and
SA > 5.0 ng/ml (49 patients). PET-CT was positive in
4/190 patients (38.9%), mean PSA value was 2.4 ng/ml
n PET-TC negative and 6.7 ng/ml in PET-CT posi-
ive patients. The percentage of positive 11C choline
ET-CT scans was 19% in the group of patients with
SA < 1.0 ng/ml, 25% in patients with PSA >1.0 < 2.0 ng/ml,
1% in patients with PSA >2.0 < 5.0 ng/ml and 67% in

atients with PSA > 5.0 ng/ml. The ROC analysis demon-
trated an area under the curve (AUC) of 0.76, a sensitivity
f 73% and specificity of 69% for the prediction of PET-
T in terms of recurrence positive results. The analysis also

P
a
p
s

ogy/Hematology 84 (2012) 109–121 115

emonstrated an optimal cut-off value for PSA to indicate a
ET-CT of 2.43 ng/ml. Authors found that there were no false
ositive results at PET-CT. Unfortunately, of the 74 PET-CT
ositive patients, only 5 had a local recurrence disease val-
dated at histology after a TRUS guided biopsy. Moreover,
hey did not reported any data about the dimension of the
ocal recurrence lesion (level of evidence 2b, see Table 2).

In the first of three studies (retrospective single-centre),
iovacchini et al. [35] analysed 170 patients with biochem-

cal failure after RP. All patients were submitted to 11C
holine PET-CT, mean PSA serum level at the time of the
xam was 3.24 ng/ml (range 0.23–48.6 ng/ml) and mean
SA-DT was 9.37 months. In this study 44% of patients
75/170) had a positive PET-CT and these cases had signif-
cantly higher PSA levels and shorter PSA-DT. Only local
ecurrences at PET-CT were found in 24 patients, whereas
ther 12 patients had local recurrence with concomitant nodes
r distant metastases. Including all patients, PET-CT showed
sensitivity of 87%, specificity of 89%, PPV of 87%, NPV
f 89% and accuracy of 88%. They found 3 false positive
nd 7 false negative regarding the analysis of the prosta-
ectomy bed. In this study PET-CT positive finding were
onfirmed using: histological analysis of lymph node spec-
men, vescicourethral anastomosis biopsy, progression on
ET-CT follow-up studies associated with increased PSA

evel, confirmation with conventional imaging, disappear-
nce or sizable reduction of choline uptake after local or
ystemic treatment, PSA decrease greater than 50% after
elective irradiation of the unique site of pathological choline
ptake. Authors did not explain how they specifically vali-
ated local recurrences and also they did not reported the
iameters of recurrence lesions. In this study authors also
roposed a nomogram to predict the probability of positive
nding at 11C choline PET-CT (level of evidence 2b, see
able 2).

In a second single-centre retrospective study, Giovac-
hini et al. [36] enrolled 358 patients with biochemical
ecurrence after RP. 11C choline PET-CT was performed in
ll patients, results were validate by histological analysis,
linical follow-up was reported in patients that under-
ent salvage radiotherapy. The mean PSA value was
.77 ng/ml (range 0.23–45.2 ng/ml) and 141 patients had a
SA level < 1.0 ng/ml. The 11C choline PET-CT resulted
ositive in 161/358 patients (45%) and in 55 patients at
rostatectomy bed site. Of these 55 patients, only 32 patients
ad local recurrence alone, whereas the others had local recur-
ence associated with nodes or distant metastases. Analysing
ET-CT, authors reported an overall sensitivity of 85%, speci-
city 93%, PPV 91%, NPV 87% and accuracy 89%. They
ound statistically significant correlation between PSA lev-
ls and PET-CT results. In particular 19% of patients with
SA < 1.0 ng/ml had a positive PET-CT, 46% of patients with

SA levels between 1.0 and 3.0 ng/ml had positive results
t PET-CT and 82% of patients with PSA > 3.0 ng/ml had
ositive PET-CT results. Patients with positive PET-CT had
ignificantly higher levels of PSA than patients with negative
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ET-CT. The best cut-off value to distinguish between pos-
tive and negative PET-CT exams was a PSA of 1.4 ng/ml.
or this PSA cut-off sensitivity was 73% and specificity
2%. The detection rate of positive PET-CT was 24% with a
SA level < 1.4 ng/ml and 68% with a PSA level >1.4 ng/ml.
uthors specified that with a PSA < 1.0 ng/ml and with a PSA
etween 3 and 5 ng/ml the proportions of patients with patho-
ogical 11C choline uptake at prostatectomy bed level were
% and 12%, respectively (level of evidence 2b, see Table 2).

In the third single centre retrospective study Giovacchini
t al. [37] from a database of 2124 patients, retrospectively
nalysed 109 patients with biochemical recurrence, previous
P and pelvic lymph node dissection, no androgen adju-
ant therapy, no positive nodes at surgery and no evidence
f metastatic disease at conventional imaging. All patients
ere submitted to 11C choline PET-CT, with a mean PSA
efore imaging of 1.31 ng/ml (range 0.22–16.76 ng/ml). They
eported positive findings at 11C choline PET-CT in 12/109
atients, as local recurrence in 4 patients and as pelvic
odal metastases in 8 cases. Authors determined the max-
mal diameter for nodal lesions (mean 8.7 mm with a range
f 5.4–9.7 mm), but not for prostatectomy bed lesions. Vesi-
ourethral anastomosis biopsy was done in 13 patients: 3/13
ad focal choline uptake in the prostatectomy bed and histol-
gy was positive for PC in all 3 patients, 10/13 patients had
egative PET-CT results but in 2 of these histology resulted
ositive for PC.

PSA and PSA velocity were significantly higher in patients
ith positive PET-CT findings and PSA-DT was significantly

horter in patients with positive PET-CT findings. Overall
ET-CT was positive respectively in 5%, 15% and 28% of
atients with PSA between 0.2 and 1.0 ng/ml, between 1.0
nd 2.0 ng/ml and >2.0 ng/ml. Authors summarised that the
esolution of 11C choline PET-CT, which is about 6 mm,
imits the ability to detect small lymph node metastasis and
mall local recurrences. This contributes to the low positive
etection rate of 11C choline PET-CT and accounts for the 2
atients with false negative findings in the prostatectomy bed
ompared to biopsy findings (level of evidence 2b, Table 2).

In a recent single-centre retrospective study, Castellucci
t al. [38] analysed 102 patients with biochemical relapse
fter RP submitted to 11C choline PET-CT examination (16
atients were under antiandrogen therapy). They included
ll patients with a PSA serum level at the time of PET-
C < 1.5 ng/ml (0.2–1.5 ng/ml). Choline PET-CT showed
ositive findings in 28% of patients (29/102 cases) and local
ecurrence disease was described in 7 of the 29 positive
atients. All suspected local recurrences at PET-CT have been
onfirmed at TRUS-guided biopsy: 6 patients that were con-
idered negative for local recurrence at PET-CT were found
istologically positive for PC recurrence. Regarding local
ecurrence the sensitivity of 11C choline PET-CT was 53.8%

nd specificity was 100% (no false positive were recorded).
uthors did not reported data on the dimension of the local

ecurrence lesions. In patients with positive PET-CT the mean
SA-DT was 4.34 months whereas in patients with negative

w
e

ogy/Hematology 84 (2012) 109–121

ET-CT it was 13.3 months. The ROC analysis demonstrated
hat an optimal cut-off for PSA-DT in prediction of PET-CT
esults is 7.25 months. Using this value, PSA-DT specificity
as 74%, sensitivity 93%, PPV 60% and NPV 96% (level of

vidence 2b, see Table 2).

.2. Critical analysis and level of evidence for PET-CT

All these studies were designed in a retrospective way
nd most of them were single-centre. The number of patients
nrolled ranges from 20 to 358 and often the sample size
s limited. Another important issue is the value of PSA at
ET-CT examination. In the different studies mean PSA level
anges from 0.33 ng/ml and 5.9 ng/ml and in most of the stud-
es it is high (>3 ng/ml). Moreover, in the studies where the

ean PSA level is low (<1.5 ng/ml) the detection rate of PET-
T for local recurrence is definitely poor, probably because
f PET spatial resolution (5–6 mm) which does not allow
he detection of small lesions. In a review article Picchio
t al. [39] affirm that the routine use of choline PET-CT scan-
ing for localisation of the site of PC recurrence cannot be
ecommended for PSA values < 1 ng/ml.

A relevant limit of all these studies is also the lack of
nformation on local recurrence dimensions.

In our analysis PET-CT predictive values for PC recur-
ence or progression after RP show a sensitivity between 60%
nd 95%, specificity between 36% and 93%, PPV between
0% and92%, NPV between 61% and 96% and accuracy
etween 78% and 89%. Unfortunately, from these results is
ifficult to isolate values referred only to local recurrence
etection. Differences in predictive values among the differ-
nt studies may be related to the different validation criteria
sed (histologic confirmation of PET-CT findings is rarely
vailable), but also to different PSA values at the imaging
xamination.

In summary all these studies do not obtain high levels of
vidence because of the small sample sizes, the retrospective
nalysis, the lack of standardised validation criteria and the
ifferences in clinical and pathological samples.

At the same time it is relevant that different studies demon-
trate a significant relationship between PET-CT detection
ate of recurrence and PSA levels or PSA kinetics (PSA-DT
nd PSA velocity) at the imaging examination. As proposed
y Giovacchini et al. [35] nomograms including the use of
SA and its kinetic can help to better recognize patients can-
idates to PET-CT scan. Finally we suggest that, according
o the results of the reviewed studies, evidences are very low
o consider PET-CT as a standard diagnostic tool for early
elapse, local recurrence or suspicion of subclinical mini-
ally persistent disease after surgery.

.3. Multiparametric MRI
Of all studies reviewed on the use of multiparametric MRI,
e particularly describe 5 articles that appeared to be the most

xtensive in terms of data on local recurrence following RP.
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ll the articles analysed only the aspect of local recurrence
fter RP.

In a single-centre retrospective study Sella et al. [40] ana-
ysed 48 patients with biochemical progression after RP. All
atients were submitted to endorectal coil MRI to investi-
ate the presence of a local recurrence of PC. Seven patients
howed a negative MRI imaging whereas 41 patients resulted
ositive for local recurrence at MRI. In 39/41 cases the MRI
emonstrated positive imaging in the post-prostatectomy
ossa. Of these, 15 patients were submitted to a biopsy that
onfirmed PC recurrence, 17 patients had a significant reduc-
ion of PSA after radiation salvage therapy and 7 patients had
follow-up with MRI that revealed an increase in the size of

ocal recurrence. In the 2/41 patients with a negative MRI,
he images demonstrated post-surgical fibrosis. These data
esulted in a sensitivity of 95% and a specificity of 100% for
etection of local relapse at MRI imaging. Authors described
lso the exact location of the local recurrence: 12 lesions
ere peri-anastomotic, 17 retrovescical, 9 at seminal vescicle

evel and 4 lesions were in the anterior and lateral surgical
argins. All local recurrences seen on MRI images were

sointense to muscle in T1W images and slightly hyperintense
o muscle in T2W images. The mean size of lesions (max-
mum diameter) was 1.4 cm (range 0.8–4.5) and the mean
SA of patients before MRI imaging was 2.18 ng/ml (range
–10 ng/ml). It is important to underline that 25 patients
64%) had a PSA serum level < 1.5 ng/ml (level of evidence
b, see Table 2).

Casciani et al. [41] in a single centre retrospective study
escribed the use of MRI with DCE in 46 patients previ-
usly submitted to RP and with biochemical recurrence. All
atients were submitted to both endorectal MRI and DCE-
RI. This study particularly analysed the difference between
simple MRI scan and a DCE-MRI. Of all patients, 25

esulted positive for a local recurrence as established using a
RUS guided biopsy in 22 cases and on the basis of a reduc-

ion in PSA following salvage radiotherapy in 3 patients. In
he 25 positive patients the endorectal MRI showed negative
esults in 3 patients, 11 patients had dubious findings and
1 patients had positive findings. In the 21 patients without
ocal recurrence, the endorectal MRI showed positive results
n 2 patients, dubious results in 8 and negative findings in 11
atients. Therefore MRI correctly classified 23 of 46 patients
ith an accuracy of 48%; 21 patients without local recurrence

nd 12 with local recurrence were correctly classified with a
ensitivity of 48% and a specificity of 52% (PPV = 54% and
PV = 46%). The DCE-MRI identified as negative all the
1 patients without local recurrence and identified as posi-
ive 22 of 25 patients with local recurrence; the accuracy was
4%, sensitivity was 88% and specificity was 100%, PPV was
00% and NPV was 88%. The mean diameter of the lesions
as 1.5 cm (range 0.4–4.0 cm) and the mean PSA level was

.9 ng/ml (range 0.1–6.0 ng/ml). Authors summarised that
CE-MRI improved diagnostic accuracy and is able to bet-

er define nodules that appear markedly hyperintense at T2W
RI as residual prostatic healthy tissue or fibrotic residual of

p
f
T
4

ogy/Hematology 84 (2012) 109–121 117

eminal vesicle or peri-anastomotic scars (level of evidence
b, see Table 2).

In a prospectic single-centre study, Sciarra et al. [42]
nalysed the accuracy of MRSI and DCE-MRI in the def-
nition of local recurrence after RP in 77 patients divided
n three groups. Group A enclosed 47 patients in which, for
he higher level of PSA and probable bigger size of local
ecurrence lesions, a TRUS-guided biopsy was performed
o validate MRI results. Group B enclosed 20 patients in
hich, for the lower level of PSA and probable smaller size
f local recurrence, a reduction in PSA (>50%) after sal-
age radiotherapy was used to validate MRI results. Group

enclosed 10 patients used as control group. In Group A,
t MRSI, a local recurrence was correctly observed in 26 of
7 patients, 5/47 were false negative, 14/47 were true nega-
ive and 2/47 were false positive. Sensitivity, specificity, PPV,
PV of MRSI resulted 84%, 88%, 93%, 74%, respectively.

n the same group, the analysis with DCE-MRI revealed
2/47 true positive, 9/47 false negative, 15/47 true negative,
/47 false positive cases. Sensitivity, specificity, PPV, NPV
f DCE-MRI were 71%, 94%, 96%, 63% respectively. The
ombination of MRSI and DCE-MRI produced 27/47 true
ositive, 4/47 false negative, 15/47 true negative, 1/47false
ositive with a sensitivity of 87%, specificity of 94%, PPV of
6% and NPV of 79%. In this group the mean PSA value was
.26 ng/ml (range 0.9–1.9 ng/ml) and the maximal transverse
imension of a lesion representing local recurrence averaged
3.3 mm.

In group B the MRSI analysis showed 10/20 true positive,
/20 false negative, 5/20 true negative and 1/20 false positive
ith a sensitivity, specificity, PPV, NPV of 71%, 83%, 91%,
6%, respectively. The DCE-MRI analysis showed 11/20 true
ositive, 3/20 false negative, 6/20 true negative and 0 false
ositive with a sensitivity, specificity, PPV, NPV of 79%,
00%, 100%, 67%, respectively. The combined MRSI and
CE-MRI analysis showed 12/20 true positive, 2/20 false
egative, 6/20 true negative and 0 false positive with a sen-
itivity, specificity, PPV, NPV of 86%, 100%, 100%, 75%,
espectively. The mean PSA level at the time of MRI was
.8 ng/ml (range 0.4–1.4 ng/ml) and the mean maximal trans-
erse diameter of suspected local recurrence was 6 mm. In the
ontrol group any patients resulted positive in all the MRI dif-
erent studies. All these findings suggest that the combined
se of MRSI and DCE-MRI can have a higher diagnostic
ccuracy, in particular in patients with low PSA serum level
nd with small volume local disease (level of evidence 2b,
ee Table 2).

Cirillo et al. [43] in a retrospective single-centre study,
nrolled 72 patients with a mean PSA serum level of
.23 ng/ml (range 0.2–8.8 ng/ml) after RP. All patients were
ubmitted to MRI scan with and without contrast enhance-
ent (CE). To validate MRI data they used different clinical
arameters: TRUS-guided biopsy, decrease of PSA level
ollowing radiotherapy, positive findings at choline PET-
C, PSA stability during active surveillance. They found
4 patients positive for PC local recurrence (mean PSA
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Fig. 1. Case with biochemical progression after radical prostatectomy. PSA level: 0.8 ng/ml. (a) T2-weighted MR images show 5 mm intermediate-signal
intensity nodule (arrow) in a perianastomotic location. (b) MR-Spectroscopy analysis with reference images on the nodule. (c) Dynamic contrast-enhanced
( rns. (d)
l

1
U
P
w
A
d
M
8
C
v
s
o
c
d
t
t
p
o

p
o
b
P
(
p
2
t
a
P
5

7
a
A
m
P
a
1
l
i
a
fi
P
B
M
o
a
a
p
c
f
t
f

4
m

DCE) MRI demonstrates a hypervascular lesion (arrow) and malignant patte
esion.

.51 ng/ml) and 28 negative patients (mean PSA 0.77 ng/ml).
sing MRI imaging without CE, sensitivity, specificity,
PV, NPV and accuracy for evidencing a local recurrence
ere 61.4%, 82.1%, 84.4%, 57.5% and 69.4%, respectively.
uthors showed that the diameter of the local recurrences
etected varied from 0.8 to 4.2 cm (average 1.9 cm). Using
RI imaging with CE, sensitivity was 84.1%, specificity was

9.3%, PPV 92.5%, NPV 78.1% and accuracy was 86.1%. At
E-MRI the diameter of the sites of local recurrence detected
aried from 0.8 to 3.5 cm (average 1.7). This comparison
howed a statistically significant lower diagnostic accuracy
f unenhanced MRI in comparison with CE-MRI, a statisti-
ally significant lower sensitivity but no significant specificity
ifferences. Authors moreover asserted that CE-MRI is able
o better differentiate between tumour relapse and postopera-
ive scar tissue of fibrosis. They also underlined that 75.6% of
atients with positive findings had a PSA < 1.5 ng/ml (level
f evidence 2b, see Table 2).

Panebianco et al. [44] reported the first single-centre com-
arative study of MRI and PET-CT in the early detection
f local recurrence after RP. They enrolled 84 patients with
iochemical recurrence after RP using both 18F choline
ET-CT and MRI (MRSI and DCE-MRI) with a 3 Tesla
T) magnet. On the basis of the used validation criteria,
atients were divided in two groups. Group A included
8 patients with >50% PSA reduction following radiation
herapy used as validation criteria. This group showed an

verage size of lesions of 6 mm (range 5–7.2 mm) and a mean
SA of 1.1 ng/ml (range 0.8–1.4 ng/ml). Group B included
6 patients with a lesion average size of 13.3 mm (range

d
T
4

DCE-MRI intensity/time curve of the same area shows in (c) a hypervascular

.6–19.4 mm), mean PSA 1.9 ng/ml (range 1.3–2.5 ng/ml)
nd TRUS-guided biopsy used as validation criteria. In Group

results in identifying a local recurrence demonstrated for
ultiparametric MRI a sensitivity of 92%, specificity of 75%,
PV of 96%, NPV 60% and accuracy of 89% and for PET-CT
sensitivity of 62%, specificity of 50%, PPV of 88%, NPV
8% and accuracy of 60%. In Group B results in identifying a
ocal recurrence showed for multiparametric MRI a sensitiv-
ty of 94%, specificity of 100%, PPV of 100%, NPV 57% and
ccuracy of 94% and for PET-CT a sensitivity of 92%, speci-
city of 37%, PPV of 98%, NPV 43% and accuracy of 91%.
ET-CT revealed distant metastases in 25 patients of Group
and in 5 patients of Group A. Authors compared also the
RI results of this study obtained with a 3 T MRI with those

f a previous study using a 2 T MRI (18226441). The use of
3 T magnet improved results of MRI in terms of sensitivity
nd specificity in patients of Group B and of specificity in
atients of Group A. They concluded that MRSI-DCE-MRI
ombined techniques is a valid tool to detect local recurrence
ollowing RP and it is more accurate than PET-CT in the iden-
ification of smaller lesions in patients with low biochemical
ailure (PSA < 2 ng/ml) (level of evidence 2b, see Table 2).

.4. Critical analysis and level of evidence for
ultiparametric MRI
Most of the studies using multiparametric MRI were
esigned in a retrospective way and they were single-centre.
he number of patients enrolled in these studies ranges from
6 to 84 and therefore sample size is always limited. Mean
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Fig. 2. F 18 choline fused PET-CT axial views show pathological uptake at
t
w

P
t
i
d
l
s
a
a
d
t

u
R
s
s

r
v
m
i
e
t
s
d
c
a
e
b

5

t
r
a

i
d
o
r
u
A
f
a
l
p
t

m
m
g
a
c
a
e
(

p
a
p
c
l
P
P
h
d

t
b
f
r
t
t
p

C

s
t

F

Reviewers
he left level of the prostate bed in a case submitted to radical prostatectomy
ith biochemical progression (PSA = 1.5 ng/ml).

SA level ranges from 0.8 ng/ml and 2.18 ng/ml; therefore in
he MRI studies PSA levels at inclusion are definitely lower
f compared with those in PET-CT studies. This is a fun-
amental aspect related to the need of an early diagnosis of
ow dimension local recurrences. MRI studies show values of
ensitivity between 84% and 95%, specificity between 75%
nd 100%, PPV between 92% and 100%, NPV between 57%
nd 88% and accuracy between 86% and 94%. The mean
iameter of local recurrence lesions is always described in
hese studies and ranges from 6 mm and 15 mm.

In summary, we found a limited number of studies on the
se of MRI for the detection of local recurrence following
P. The level of evidence is not very high because of the

mall sample sizes, the retrospective analysis and the lack of
tandardised validation criteria.

Overall MRI seems to have a high detection rate for local
ecurrence also in patients with low PSA levels and with small
olume recurrent diseases, in particular using the combined
odality of MRSI and DCE-MRI. The 3 T magnet, even

f it has been used only in the recent study of Panebianco
t al. [44], could offer promising better results associated
o his higher spatial resolution. According to the reviewed
tudies we suggest that multiparametric MRI can be a valid
iagnostic tool for the early biochemical failure or suspi-
ion of subclinical minimally persistent disease following RP,
ble to detect local recurrence in patients with low PSA lev-
ls (<1.5 ng/ml). However, larger prospective studies should
etter confirm these evidences.

. Conclusions

The problem of local recurrence after radical prostatec-

omy is topical because of its high frequency. We know the
elevance to have a very rapid diagnosis in terms of PSA
nd also a sure localization of the recurrence. All the most U
ogy/Hematology 84 (2012) 109–121 119

mportant guidelines of urological and oncological societies
o not have significant recommendations regarding the use
f specific imaging techniques for the early diagnosis of local
ecurrence after RP. The NCCN guidelines [45] provide the
se of different imaging techniques as PET, MRI, CT and
UA guidelines [46] do not have specific recommendations

or the use of imaging in patients with biochemical relapse
nd possibility to have local recurrence after RP. EAU guide-
ines [47] indicate PET-CT and MRI as possible tools in
atients with PSA recurrence between 1.0 and 2.0 ng/ml, but
hey are not considered as routine procedures.

Published data indicate an emerging role for multipara-
etric MRI and for PET-CT in different aspects of PC
anagement. Even if few studies are available, they sug-

est for MRI a significant detection rate for local recurrence
lso with very low PSA serum levels, in particular with the
ombined use of MRSI and DCE-MRI. The 3T modality can
gain improve the spatial resolution and scanning conditions
ven at very low PSA values, so to detect very small tumours
Fig. 1: a case).

PET-CT scanning, in particular with the use of choline, can
rovide a systemic localisation of the site of PC recurrence in
single step (Fig. 2: a case). On the basis of published data this
rocedure cannot be recommended for routine use to specifi-
ally detect local recurrence, particularly in patients with low
evel of PSA (<1.5 ng/ml). At the same time we can assert that
ET-CT could be indicated when PSA-DT is <3/6 months and
SA velocity is very high; in these situations patients have a
igh risk of nodal micrometastases and PET-CT has higher
etection rate if compared with multiparametric MRI [48].

Only one study with a direct comparison between mul-
iparametric MRI and PET-CT in the same population has
een produced (44). Moreover the level of evidence provides
rom all the studies in the literature is not very high. For these
easons more prospective comparative studies and larger mul-
icentre trials are needed to confirm promising results of these
wo techniques and to establish guidelines for the imaging in
atients with biochemical failure after RP.
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