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Abstract
Purpose DeWning the site of recurrent disease early after
deWnitive treatment for a localized prostate cancer is a criti-
cal issue as it may greatly inXuence the subsequent thera-
peutic strategy or patient management.
Methods A systematic review of the literature was per-
formed by searching Medline from January 1995 up to Jan-
uary 2011. Electronic searches were limited to the English
language, and the keywords prostate cancer, radiotherapy
[RT], high intensity focused ultrasound [HIFU], cryother-

apy [CRIO], transrectal ultrasound [TRUS], magnetic reso-
nance [MRI], PET/TC, and prostate biopsy were used.
Results Despite the fact that diagnosis of a local recur-
rence is based on PSA values and kinetics, imaging by
means of diVerent techniques may be a prerequisite for
eVective disease management. Unfortunately, prostate can-
cer local recurrences are very diYcult to detect by TRUS
and conventional imaging that have shown limited accu-
racy at least at early stages. On the contrary, functional and
molecular imaging such as dynamic contrast-enhanced
MRI (DCE–MRI), and diVusion-weighted imaging (DWI),
oVers the possibility of imaging molecular or cellular pro-
cesses of individual tumors.

Recently, PET/CT, using 11C-choline, 18F-Xuorocholine
or 11C-acetate has been successfully proposed in detecting
local recurrences as well as distant metastases. Neverthe-
less, in controversial cases, it is necessary to perform a
biopsy of the prostatic fossa or a biopsy of the prostate to
assess the presence of a local recurrence under guidance of
MRI or TRUS Wndings.
Conclusion It is likely that imaging will be extensively
used in the future to detect and localize prostate cancer
local recurrences before salvage treatment.

Keywords Radical prostatectomy [RP] · Radiotherapy 
[RT] · High-intensity focused ultrasound [HIFU] · 
Cryotherapy [CT] · Prostate cancer recurrence · Imaging

Introduction

Recurrence after a deWnitive treatment for prostate cancer
(PCa) (i.e., radical prostatectomy [RP], radiotherapy [RT],
high intensity focused ultrasound [HIFU], and cryotherapy
[CT]) is deWned by an increase in the serum value of PSA
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after reaching the nadir. Generally, the deWnition of recur-
rence after RP has relied on a single elevated PSA level, but
the reported level of PSA which indicates failure after RP
varies. Various PSA thresholds have been used, including
>0.1, >0.2, >0.4, and >0.5 ng/mL [1–4]. After radiotherapy,
the RTOG–ASTRO Phoenix consensus has assessed that a
rise by 2 ng/ml or more above the nadir as standard deWni-
tion of biochemical failure after RT (or 3 ng/ml after brachy-
therapy).

The PCa recurrences may be classiWed into four main
categories: (1) PSA-only relapse, (2) local recurrence, (3)
distant metastases (most commonly nodal or osseous), and
(4) combination of local and distant recurrences. Detecting
the site of recurrence is diYcult, since an increasing PSA
level is rarely associated with symptoms or Wndings at
physical examination [5–10]. Thus, PSA doubling time (in
months), PSA velocity (in ng/ml/year), and nomograms
have been advocated in order to improve the discrimination
between local or distant recurrence [11–13].

From a practical point of view, detecting the site of
recurrence (local vs. distant) is critical for deWning the opti-
mum treatment [14, 15]. For instance, patients submitted to
RRP with a local recurrence with no detectable distant
metastases may beneWt from salvage radiotherapy with or
without androgen deprivation (according to the Consensus
Statement on Radiation Therapy of Prostate Cancer and to
the Society of Therapeutic Radiation Oncologist guide-
lines), whereas those with distant disease may be treated
with systemic treatments [16].

Currently, diVerent imaging methods are suggested,
together with the biopsy of prostatic fossa or prostate
biopsy after treatment may help the urologists and the
oncologists to assess local recurrence in patient with PSA
relapse after deWnitive treatments for PCa.

We have reviewed the available literature on this topic,
and analyzed all the advantages and disadvantages of all the
available imaging techniques.

Materials and methods

A systematic review of the literature was performed by
searching Medline from January 1995 up to January 2011.
Electronic searches were limited to the English language,
and the keywords prostate cancer, RT, HIFU, CT, transrectal
ultrasound [TRUS], magnetic resonance [MRI], PET/TC,
and prostate biopsy were used.

Local recurrence after radical prostatectomy

After surgery, it is possible to perform diVerent imaging
modalities to detect a local recurrence [17, 18]. Tradition-
ally, transrectal ultrasound (TRUS) is easily performed but

it has shown to have many limitations when diVerentiating
between recurrent or residual tumor and postsurgical scar-
ring. Nevertheless, the biopsies of the prostatic fossa after
RP are still executed under TRUS guidance.

TRUS

Although several trials have shown that TRUS is better
than digital rectal examination (DRE) for detecting local
recurrence, it lacks speciWcity.

TRUS appearance of local recurrence of PCa in the
prostatic fossa in patients with no clinical or biochemical
evidence of recurrence after RP include: asymmetric
thickening or fullness of the anastomosis, loss of the integ-
rity of the retro-anastomotic fat plane and/or the presence
of hypoechoic lesion in the perianastomotic area, sur-
rounded by a variable amount of tissue that is more promi-
nent anteriorly and that is hypoechoic relative to the
surrounding fat [19–21].

The most common TRUS-detectable lesion site is the
vesico-urethral anastomosis (VUA) area. The other sites
include the anterior and the posterior bladder neck and, less
frequently, the retro-vesical space (posterior to the bladder
neck). Particularly, TRUS provides a substantial advantage
compared with DRE in the PCa recurrence localized at the
bladder neck, since these lesions may be more diYcult to be
palpable because of the anterior location or because of
merging of the lesion with the bladder wall.

Thus, lesions that occupied more than one site within the
prostatic fossa had a greater likelihood of having positive
biopsy Wndings, and the lesions are more likely to be palpa-
ble compared with those that occupied one site, as reported
by Leventis and Coll [19].

In the last decade, several studies have addressed the
clinical utility of TRUS in detecting local recurrence and
described a statistically signiWcant correlation between
TRUS-suspected areas in the prostatic fossa and positive
biopsies [20]. As indicated by Leventis et al. and Scattoni
et al., local recurrences are more often hypo-echoic (65% of
cases) whereas about 30% of local recurrence are iso-
echoic with VUA appearance, with about 20% of patients
with a Wnal positive biopsy [19, 22]. Unfortunately, the
ability of TRUS to detect a local recurrence depends on the
PSA levels. Scattoni et al. have demonstrated that TRUS
was able to detect every biopsy-proven local recurrence
lesion only with a PSA >2.0 ng/ml [22], therefore the use of
TRUS is questionable.

TRUS-guided biopsies

Due to the low accuracy of TRUS in the detection of recur-
rent prostate cancer especially at low PSA levels, it may be
useful to perform a prostatic fossa biopsy. The optimal
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biopsy strategy regarding location and number of cores has
not been proved. Scattoni and al. [22] have suggested that a
sampling with 6 cores in the VUA region is an eYcient tool
in the detection of local recurrence after RP, even with
PSA <0.5 ng/mL. However, the likelihood of biopsy-
proven local recurrence after RP has been reported to vary
between 35 and 54% with nearly a third of patients requir-
ing two or more TRUS-guided biopsy sessions to obtain a
Wnal diagnosis [23, 24]. DiVerent authors agree that
increasing the core number do not markedly improve the
detection rate of recurrence [19–21]. It has been suggested
that a more easily sampling may be performed using an
end-Wre probe to guide the biopsy, with the Wnal aim to
direct the needle into the prostatic fossa at a more orthogo-
nal angle. Conversely, side-Wre or bi-planar probes sample
a longer segment of the retro-trigonal space and prostatic
fossa, where local recurrence is less frequent but more often
visible.

Several authors have tried to Wnd further factors that may
predict PCa recurrence detection in the prostatic fossa, but
the results are still controversial. Shekarriz and Coll. [25]
have demonstrated that the pathological stage or status of
the margins following RP (including seminal vesicles
involvement) or recurrence time may predict the results of
VUA biopsy. Saleem et al. [26] have reported that the path-
ological stage, Gleason score and PSA velocity are unhelp-
ful in predicting biopsy results. Conversely, Scattoni et al.
[22] have found that only an abnormal TRUS and DRE may
be considered as signiWcant predictors of PCa recurrence
detection, while PSA, pathological stage, the Gleason score,
margins’ status following RP or the PSA elevation time
have no correlation with a positive biopsy. Zietman et al.
[27] reported that the likelihood of a positive re-biopsy is
dependent on original tumor size and current PSA levels.

Unfortunately, the clinical utility of TRUS biopsy of the
prostatic fossa is controversial and highly dependent to
PSA levels. Shekarriz et al. [25] have reported that the
higher the serum PSA level, the higher the positive biopsy
rate, with a PSA cut-oV of 1.0 ng/mL. TRUS biopsy of the
VUA shows a low incidence of detection with a PSA level
<0.5 ng/mL, as reported by both Saleem [26] and Connolly
[28]. Similarly, Naya et al. [29] have, more recently,
reported that none of the men with a serum PSA concentra-
tion of <0.5 ng/mL at biopsy who had normal results for
both TRUS and DRE had a biopsy-proven local recurrence.
On the contrary, Scattoni et al. [30] have documented that
the sensitivity of a TRUS extends even to those patients
with very low serum PSA levels since more than 70% of
the patients having a positive TRUS and PSA <0.5 ng/mL
had a biopsy-proven local recurrence (Table 1).

While some studies have supported the need for histo-
logic or radiographic conWrmation of the recurrence before
salvage radiotherapy, more recently, others demonstrated

no diVerences in survival rates after RT between patients
with PSA recurrence only and those with a documented
local recurrence. A recent study has demonstrated that a
biopsy of VUA before RT seems unnecessary for
PSA ·0.9 ng/mL. For higher values, a positive biopsy of
VUA seems to always justify a salvage RT, which may not
be recommendable, given the non-negligible risk of an
already micrometastatic disease, if the biopsy results are
negative [31].

In conclusion, TRUS biopsy of the prostatic fossa seems
to be more accurate than TRUS in the detection of prostate
cancer recurrence, even if its accuracy is highly correlated
to PSA levels. Moreover, the clinical value of TRUS biopsy
of the VAU remains in question.

MR imaging

MR has a better diagnostic yield than TRUS and allows an
evaluation of pelvic lymph node and bone status, with the
detection of all sites of pelvic relapse in a single examination.

The administration of MR contrast medium, i.e., gado-
linium seems to improve further the overall accuracy. It
theoretically allows detection of cancerous tissue in cases
where morphological anomalies are not evidenced on unen-
hanced MR images and diVerentiation between tumor
relapse and postoperative Wbrosis or scar tissue.

MRI and dynamic contrast-enhanced MRI (DCE–MRI)
can identify diVerent sites of local recurrence: VUA (52%),
retro-vesical space (20%), bladder neck (16%), and circum-
ferential areas (12%).

Recurrences were, in most cases, slightly hyperintense to
internal obturator muscle on T2-weighted sequences as

Table 1 Accuracy (PPV and NPV) of TRUS as a function of VUA
biopsy results according to PSA values in positive cases and diVerent
authors

PPV positive predictive value, NPV negative predictive value

Authors No. of 
patients

TRUS Mean PSA 
values (ng/ml) 
with positive 
biopsy

Connolly et al. [28] 114 Positive: 66.9 PPV
Negative: 69.6 NPV

5.7
(range 0.2–35)

Saleem et al. [26] 91 Positive: 52%
Negative: 25%

7.8 § 13

Shekarriz et al. [25] 45 Positive: 65%
Negative: 18%

5.2 § 5.4

Leventis et al. [19] 99 Positive: 62%
Negative: 20%

2.4

Scattoni et al. [22] 119 Positive: 69%
Negative: 34%

1.6 § 3.1

Naya et al. [29] 100 Positive: 45%
Negative: 12%

1.6
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found by Sella et al. [32] and in fewer cases markedly
hyperintense on T2-weighted sequences.

Nodules that appear slightly hyperintense or markedly
hyperintense on T2-weighted sequences may represent not
only recurrences but also prostatic or seminal vesicle resi-
dues with diVerent amounts of Wbrosis.

The peri-anastomotic Wbrosis appears hypointense on
T2w images, with absent enhancement on DCE–MRI
images (Fig. 1). After DCE–MRI, all benign nodules showed
signal enhancement of less than 50% in the early phase,
whereas all recurrences showed fast signal enhancement in
the early phase followed by plateau or washout. Recur-
rences appear as lobulated masses with intermediate signal
intensity on T2w images, enhancing after intravenous injec-
tion of contrast medium (Fig. 1).

Silverman et al. [33] have achieved a high sensitivity
and speciWcity (100%) evaluating a group of patients with
T1-weighted and T2-weighted sequences and T1-weighted
images with fat-suppression technique after gadolinium
administration. All nodules showed signal enhancement
after gadolinium administration, strengthening the suspi-
cion that they were recurrences.

Also, Sella et al. [32] have achieved a high sensitivity
(95%) and speciWcity (100%) using T1-weighted and T2-

weighted sequences. All the local recurrences seen on MR
images were isointense on T1-weighted sequences and
slightly hyperintense to muscle on T2-weighted sequences.
However, in the Sella study, the mean PSA level was
2.1 ng/ml and in the Silverman study, 74% had palpable
recurrence and 88% had a PSA >0.4 ng/ml, there would not
have been any need of MRI to detect these recurrences.
Therefore, the clinical beneWt of current imaging is very
low.

Casciani et al. [34] reported that MRI alone showed a
poorer accuracy in detecting recurrences, probably due to
the smaller size (between 0.4 and 3.0 cm) of the recurrences
compared with those in the study of Silverman and the
study of Sella et al., (0.7–3.8 cm and 0.8–4.5 cm, respec-
tively). This comparison showed a statistically signiWcant
lower diagnostic accuracy of unenhanced eMR in compari-
son to CE–eMR (70 vs. 86%), a statistically signiWcant
lower sensitivity (60 vs. 84%), and no signiWcant speciWcity
diVerences (82 vs. 89%). Cirillo and coll [34] have sup-
ported the accuracy of eMR after RP providing high sensi-
tivity 84% and speciWcity 89.3%, in patients with high PSA
levels.

Recently, great interest has been shown anatomic
T2w imaging with functional MRI techniques such as

Fig. 1 56-years-old man with 
rising PSA after radical prosta-
tectomy. a, b MR T2-weighted 
coronal and axial images with 
endorectal coil show a soft-tis-
sue mass (arrows) anterior to the 
rectum. c Post-contrast dynamic 
image shows clear enhancement 
of the tissue. d PET/CT using 
11C-choline image shows the 
uptake of the mass (arrows). The 
mass was proved to be a local 
recurrence by using transrectal 
US-guided biopsy
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DCE–MRI, DWI, and MR with spectroscopic imaging. In
particular, DCE–MRI is useful for diVerentiating Wbrosis in
the prostatectomy fossa, remnants of normal prostatic
tissue, and hyperplastic nodules from prostate cancer
recurrence. DWI increases the accuracy of DCE–MRI well
correlating with tissue cellularity of malignant tumors of
the prostate.

In conclusion, MRI has proved to be useful at PSA val-
ues (generally higher than 1 ng/ml) for which the identiWed
recurrence after RP cannot be treated with success.

Furthermore, MRI showed a limited clinical beneWt in
early diagnosis of recurrence after surgery since the lower
detection limit is above 0.5 cm.

PET

Improvement about the detection of local recurrence may
be reached by employing an imaging technique based on
metabolism rather than an anatomic imaging technique. In
this respect, PET may play a role, with the use of diVerent
tracers [35].

Few studies [36–51] have reported on the detection of
local recurrence after RP with 18F-Xuoro-2-deoxy-D-glu-
cose (18FDG). Its use in PCa is limited by a low sensitivity.
There is a modest glucose consumption by PCa cells and
the uptake of this medium in the recurrent tumor has been
shown to be similar to the uptake in postoperative scar, or
benign prostate tissue. Moreover, 18FDG is high excreted
into urine. Thus, results have been particularly disappoint-
ing for the diagnosis of recurrences.

Promising results in the detection of recurrent PCa
have been obtained with the newer PET tracers: 11C-acetate,
11C-choline (Ch-PET) and 18F-Xuorocholine. Since Ch-PET
is not rapidly excreted in urine, Ch-PET show clear images
of the pelvic region and of the PCa and pelvic lymph node
metastases in the absence of urinary radioactivity.

Generally, Ch-PET provides good sensitivity and speci-
Wcity values in detecting distant and local recurrences after
RP and RT, but only in patients with high PSA levels.

Only few studies have assessed the accuracy of PET in
RP patients with low PSA values; most of them report a
low sensitivity of PET in detecting local recurrence. In a
recent study, also Vees et al. [52] did not recommended
Ch-PET as a standard diagnostic tool if early relapse is sus-
pected because the high levels of PSA (<1 ng/ml) needed to
detect local residual or recurrent disease after RP in about
half the patients.

Recently, Heinisch et al. [53] have recommended using
a18 F-Xuorocholine PET/CT at PSA levels of >5 ng/mL. By
contrast, de Jong et al. have reported that Ch-PET cannot
be used to visualize prostate cancer on restaging at a PSA
level of <4.5 ng/mL. Rinnab and Coll. [54] recommend
using PET, even at PSA levels of <2.5 ng/mL, because

early detection of recurrence can be an advantage for
patients with increasing PSA levels.

In integrated PET/CT (computed tomography), the focal
uptake of choline can be more easily assigned to anatomic
structures, with a better diVerentiation of physiological
(rectum and bladder) uptake from residual/recurrent PCa,
resulting in a higher accuracy.

Moreover, respect to conventional imaging techniques,
the most important advantage is the staging of the disease
in one step. Rinnab and Coll. have reported an overall sen-
sitivity and positive predictive value of 95 and 86%. The
overall speciWcity was 40% with a negative predictive
value of 67%.

In conclusion, Ch-PET detection rate of recurrences
increases together with the increase of PSA serum value
and, according to the current available data, the use of Cho-
line PET/CT cannot be recommended for PSA values lower
than 1 ng/ml.

Local recurrences after radiotherapy

Diagnosing local recurrence after radiotherapy (RT) is
challenging because of radiation-induced Wbrosis and
shrinkage of the prostate. The sensitivity and speciWcity of
TRUS are reported to be 49 and 57%, respectively [55].
Prostate cancer visualization by MRI is also critical,
because the tissue contrast between recurrent cancer and
benign irradiated tissue is decreased as the recurrent cancer
after radiation therapy demonstrates low signal intensity on
T2w imaging [56].

Results for T2w imaging at 3T using a phased-array coil
showed a poor diagnostic performance in predicting recur-
rent cancer in patients with biochemical failure after radia-
tion therapy [57].

DCE–MRI can predict locally recurrent cancer more
accurately than T2w imaging showing a hypervascular area
within the slow/low enhancement of post-radiation Wbrosis.
DWI added to MRI examination protocol increases the
accuracy of the technique showing focal low signal inten-
sity relative to the surrounding prostate tissue on ADC
maps [57].

After RT, MR Spectroscopy imaging demonstrates intra-
prostatic voxels with no detectable peaks for choline, poly-
amines, creatine, and citrate (so-called metabolic atrophy).
However, residual prostate cancer can still be identiWed
by a relative increase in the (choline + creatine)/citrate ratio
or by an increase in the choline peak with no detectable
citrate.

Using these criteria, good correlations between spectro-
scopic data and biopsy Wndings have been reported [58].
However, for unclear reasons, some benign glands can
exhibit high levels of choline after RT and cause false posi-
tive Wndings [59].
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The use of choline PET/CT can be recommended since
local recurrence after RT is associated with PSA values
>2 ng/ml (Fig. 2).

Biopsy after radiotherapy

Biopsy is performed to identify a persistence or recurrence
following RT, when PSA failure occurs according Phoenix
or ASTRO criteria. Biopsy is not a considered a gold stan-
dard of treatment eYcacy, but is an independent predictor
of outcome [60].

The role of biopsy after RT is: (1) to provide pathologi-
cal analysis and diagnosis of local recurrence, (2) to rule
out local recurrence, and (3) to describe grade and tumor
spread in the gland.

Biopsy mapping is indicated after not less than
24 months from the end of RT cycle. Crook et al. [60] rec-
ommended that biopsies should be performed at least 30–
36 months following RT since false negative results were
observed in 19% and false positive in 30% when early
biopsy at 12 months were performed.

The transrectal approach is usually performed; however,
the transperineal route is preferred in patients with proctitis

or previous events of post-RT rectorrhagia. Biopsy should
be performed as random mapping (8–12 cores) to the whole
prostatic gland and to the base of seminal vesicles. Target
biopsy directed to visible nodules by TRUS or MRI should
be performed due to the high probability of recurrence.

The information provided in the surgical pathology
report of a prostate needle biopsy with carcinoma has
become critical in the subsequent salvage therapy. Map dis-
tribution of cancer based on biopsy is important to assess
tumor spread and it is essential for planning the salvage
therapy [61].

In conclusion, histologically proved local relapse is
mandatory only if salvage treatment (cryosurgery or prosta-
tectomy) is planned.

Local recurrence after cryotherapy

Cryotherapy (CT) of the whole prostate is widely used as
primary treatment or salvage treatment for local recurrence
after radiation therapy. Focal CT has been considered an
investigational procedure in well selected patients as alter-
native to achieve surveillance or total treatments (surgery
or radiation or total CT). Role of imaging to detect local

Fig. 2 78-years-old man with 
rising PSA after radiotherapy. 
a MR T2-weighted axial image 
shows low signal intensity of the 
irradiated tissue (arrows). 
b DWI image shows normal low 
signal intensity of prostate 
(arrows). c, d PET/CT using 
11C-choline images conWrm 
(c) low uptake of the prostate 
(asterisk) and (d) focal site of 
pathologic increase of 11C-cho-
line uptake in the left internal 
iliac lymph node (arrows)
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recurrence after total cryoablation is very limited. Absolute
PSA levels (>0.5 ng/ml) or PSA kinetic (ASTRO or Phoe-
nix deWnitions) are widely used and may predict recurrence
[62]. B-mode transrectal ultrasound (TRUS) has a low
diagnostic accuracy of local recurrence for several pitfalls:
(1) isoechoic cancer, (2) post-treatment modiWcations, and
(3) small-volume recurrent cancer. All these pitfalls explain
also the limited value of TRUS. Goal of prostate CT is to
produce complete necrosis of the prostate glands. DiYculty
arises in the evaluation after total CT, because of the large
damage zone, created by the treatment. In particular areas
located at the margins of the ice-ball (anterior zone, far
basal zone close to seminal vesicles, distal apical tissue,
peri-prostatic urethra or subcapsular tissue) may a thin rim
of untreated tissue (Fig. 3) or cancer [61]. These small areas
may remain undetected by imaging techniques because of
their irregular shape and volume (less than 5 mm) that also
could be under the detection limits of MR.

New ultrasound (US) functions and magnetic resonance
(MR) applications have the potential to enhance visualiza-
tion of the residual prostate tissue and local recurrence.
Contrast-enhanced US is an useful tool to detect untreated
areas but no studies have been reported so far. Elastosonog-
raphy [63] is not useful after CT since scar tissue and dense
Wbrosis are seen as hard tissue mimicking tumor. Color
Doppler ultrasound may help in the detection of areas with
residual vasculature.

There is a strong correlation between magnetic reso-
nance imaging with gadolinium defects and amount of
coagulation and necrosis caused by CT. However, gadolin-
ium defects were not seen in areas of viable tissue as
determined by histopathologic evaluation [64]. Some inves-
tigators reported that Wndings of post-operative gadolinium
enhancement-MR were not predictive of six-months biopsy
results or following PSA levels [65].

Biopsy after cryotherapy

Diagnosis of local recurrence after CT is done by pathologi-
cal analysis of core-biopsy specimens using end-Wre TRUS
probe. To date, few studies have assessed long term patho-
logical Wndings. After primary CT, biopsy may detect resid-
ual carcinoma in 7–23% of cases and viable benign glands in
45–70% of patients [66]. After salvage CT, Chin JL et al.
reported residual cancer, viable benign prostate glands and
viable stroma in 14, 42, and 27%, respectively [67].

Biopsy scheduled per protocol after 6, 12 or 24 months
after total cryoablation are rarely performed [68]. Biopsy
“for-cause” are usually performed in most of the case series
reported in literature.

Indication to for-cause biopsy is based on serum PSA
level (>0.5 ng/ml) and kinetic (according to ASTRO or
Phoenix deWnition) and digital rectal Wndings (nodule). In
the COLD registry after primary total cryoablation, only
16% of patients underwent biopsy.

Galosi et al. reported, on 80/95 patients who underwent
>2 biopsy session per protocol after a median follow-up of
70 months; overall disease-free survival was 61.1%. Cancer
in follow-up biopsy was detected in 21.1% and normal
prostatic tissue in 55% [69].

Biopsy results should be obtained with eight or more
core samplings in order to reduce the risk of under detec-
tion of residual cancer (Fig. 4). Target plus extended ran-
dom biopsy schemes should be used to evaluate patients
with PSA failure after CT in particular in the areas located
at the margins of the ice-ball.

Local recurrences after HIFU ablation

High-intensity focused ultrasound (HIFU) is a minimally
invasive treatment for prostate cancer. Recommendations

Fig. 3 Viable benign tissue after cryoablation: a axial view: located at
the distal apex (arrows); b longitudinal view: viable tissue in the ante-
rior Wbromuscular stroma in front of urethra (U)
123
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concerning HIFU in international guidelines are still con-
Xicting [70, 71].

The overall quality of references about local recurrence is
generally low because of small series, absence of pre-HIFU
study, diVerent timings in the scheduled post-treatment
evaluation (1, 3 or 6 months) and generally retrospective
evaluation of the results.

TRUS has a limited utility in patients treated with HIFU,
since the gland appears diVusely heterogeneous after treat-
ment. Conventional transrectal ultrasound (TRUS) is use-
less in identifying areas suspect for local recurrence and
even elastography was unable to precise correlate with
biopsy results. Color Doppler can improve recurrent cancer
detection by guiding the biopsies toward hypervascular
foci, but only 38% of the sites with recurrent cancer show

positive Doppler Wndings [72]. False positive results are
mostly due to residual benign tissue [73].

MRT2w imaging is diYcult to interpret after HIFU
ablation, because the gland is heterogeneous and
diVusely hypointense. However, recurrent cancer can be
visible in some patients as a nodular hypointense lesion
[74]. Recurrent cancers are easier to distinguish from
post-HIFU Wbrosis using DCE imaging [75]. MRSI imag-
ing was been evaluated in few cases patients and it has
shown to add no additional information than T2w imag-
ing [74]; furthermore, when MRI is used as an indicator
or residual viable tissue, is very diYcult to precisely
match suspect areas at MRI with ultrasound guided
biopsy [76]. Again, the diagnosis of a local recurrence in
this setting is based on the PSA values and PSA kinetics

Fig. 4 a, b TRUS-guided 
biopsy in B-mode (axial view); 
c Wbrosis after cryoablation; 
d viable glands located at the 
inked end of the biopsy (rectal or 
pericapsular); e biopsy frag-
ments pre-embedded and inked 
in the rectal end
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as well as the biopsy of the residual prostate after 12–18
months from treatment.

Conclusions

The diagnosis of local recurrence is highly dependent on
the primary treatment used.

After surgery (RP), the role of imaging and biopsy is
limited since PSA deWne very early recurrence as biochem-
ical failure ¸0.2 ng/ml. TRUS and novel imaging have
shown limited accuracy at least at early stages and very low
PSA values. Choline PET/CT and MR can be recom-
mended for PSA values higher than 1 ng/ml.

After conservative treatments (RT, CT, HIFU), a com-
bined approach using speciWc imaging, PSA cut-oV (>1 ng/
ml) and PSA kinetics with imaged guided biopsy is neces-
sary to assess the presence of a local recurrence or benign
residual tissue. Anatomic (T2w) and functional MR (DCE–
MRI, DWI, and MRS) seems particularly promising for
diVerentiating Wbrosis from cancer.

Final diagnosis of local recurrence is based on patholog-
ical analysis of image guided core-biopsy and TRUS end-
Wre remains the most used imaging method to guide biopsy.

Even if diVerent imaging techniques will be extensively
used in the future, their accuracy in the detection and local-
ization of prostate cancer local recurrences before salvage
treatment remains low and their clinical utility remains in
question.

ConXict of interest The authors report no conXict interest.
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