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Abstract

There is growing consensus that multi-parametric MRI (mpMRI) is an effective modality in the 

detection of locally recurrent prostate cancer after prostatectomy and radiation therapy. The 

emergence of MR guided focal therapies, such as cryoablation, high-intensity focused ultrasound, 

and laser ablation, have made the use of mpMRI even more important, as the normal anatomy is 

inevitably altered and the detection of recurrence is made more difficult. The aim of this article is 

to review the utility of mpMRI in detecting recurrent prostate cancer in patients following radical 

prostatectomy (RP), radiation therapy (RT), and focal therapy (FT) and to discuss expected post-

treatment mpMRI findings, the varied appearance of recurrent tumors, and their mimics.
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Introduction

Prostate cancer (PCa) is the most common non-cutaneous cancer in men with an incidence 

of 220,800 in US in 2015. The estimated number of deaths from PCa was 27,540 in 2015, 

accounting for 4.7% of all cancer deaths (1). Management options for stage I-III PCa 

include active surveillance or definitive therapy via radical prostatectomy (RP) or 

radiotherapy (RT) including brachytherapy, intensity modulated radiation therapy and 

stereotactic ablative radiotherapy. In addition, several prostate sparing focal therapy (FT) 
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options have been utilized recently, including cryotherapy, microwave, laser, and high 

intensity focused ultrasound (HIFU) (2). The 10 year biochemical relapse free survival rates 

of men with organ confined disease following conventional definitive therapy can range 

from 65-80%; however, recurrence rates for focal therapies have not yet been accurately 

established (3-7).

Following definitive therapy, careful monitoring with sequential serum PSA is crucial to 

assess for recurrent disease. Criteria for biochemical recurrence varies according to therapy. 

Generally, serial increases in PSA exceeding the threshold of 0.2ng/dl define a biochemical 

recurrence after RP. RT generally results in a nadir of PSA, which is often greater than zero, 

within months of completion of therapy. Recurrence is defined as a rise of 2.0ng/dl above 

the nadir according to the commonly used Phoenix criteria. Thus, rises in PSA after therapy 

define the onset of biochemical recurrence (BCR).

Multi-parametric MRI (mpMRI) has begun to occupy an increasingly central role in the 

management of patients suspected of prostate cancer, as it generates both the best spatial 

resolution and soft tissue contrast for characterizing lesions in the prostate gland. The 

multiparametric approach which combines anatomic sequences (T1 and T2 weighted MRI) 

with functional imaging sequences, including diffusion weighted magnetic resonance 

imaging (DW MRI) and dynamic contrast enhanced MRI (DCE MRI) have proven 

successful in identifying clinically significant cancers while under-diagnosing low grade 

cancers that do not require treatment. The mpMRI can be fused to transrectal ultrasound 

(TRUS) to enable fusion image guided biopsy of MR-defined lesions (8). Recent studies 

have also suggested that mpMRI can also be used in the evaluation of recurrent or residual 

disease (9-11). However, treatment induced changes including distorted anatomy, fibrosis, 

artifacts from surgical clips, and alteration of the signal characteristics on MRI can 

complicate the interpretation. Therefore, it is essential to distinguish expected post-therapy 

changes from local recurrence.

The aim of this article is to review the utility of mpMRI in detecting recurrent PCa in 

patients following RP, RT, or FT. We begin by describing expected post-treatment mpMRI 

findings, then discuss the appearances of recurrent tumors as well as their mimics.

mpMRI of BCR following radical prostatectomy

RP is the most frequently utilized treatment option for patients with PCa. Approximately 

40% of patients with localized PCa will select this definitive therapy (12-14). RP involves 

removal of the entire prostate gland and both seminal vesicles with the goal of negative 

surgical margins. The procedure is typically accompanied by a pelvic lymph node resection 

although the extent of this resection varies dramatically among surgeons (15). Following RP, 

PSA levels fall to undetectable levels (<0.01 ng/mL), within weeks.

Approximately 15 to 20% of patients experience biochemical recurrence (BCR) following 

RP (16-18). Positive surgical margins, high grade tumors, extra-prostatic extension of tumor, 

seminal vesicle invasion, increased tumor volume, perineural invasion, and PSA doubling 

time (PSADT) prior to and after surgery are all associated with increased risk of recurrence 
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(12). The American Urological Association (AUA) and European Association of Urology 

(EAU) define BCR as a serum PSA ≥0.2ng/ml, with a second confirmatory level (19, 20). Of 

patients who demonstrate BCR, approximately one third will ultimately develop metastatic 

disease, and approximately one in five will die of PCa (21). Thus, successful detection and 

treatment of BCR becomes a potential “fire wall” in the prevention of metastatic disease.

The distinction between metastatic disease recurrence and locoregional residual or recurrent 

disease is important, as prognosis is significantly worse in the former. PSADT <4 months 

has been suggested as a predictor of distant metastases, while a PSADT >12 months is 

linked more to local failure; however, PSADT alone, as it depends on a serum assay, is 

neither sensitive nor specific for distinguishing metastatic from local recurrence (20, 22). 

Salvage RT with androgen deprivation therapy (ADT) is most commonly used in post-

prostatectomy patients with residual locoregional recurrent disease (12, 23). However, this 

strategy is clearly insufficient for a patient with distant metastatic disease. Therefore, 

imaging is essential to distinguish between local and metastatic recurrence in BCR.

Normal MRI findings after RP reflect the extent of resection in this procedure (24). The 

bladder neck is anastomosed to extraprostatic distal urethra. Thus, the bladder neck has a 

conical shape that falls far more caudally than normal on sagittal images. In the axial plane, 

the tissue around the vesico-urethral anastomosis is low in signal on T2W MRI, reflecting 

postoperative scarring and fibrosis. Occasionally, the anastomosis may demonstrate 

intermediate T2W MRI signal which mimics recurrence, particularly if there was extensive 

hemorrhage at the time of surgery. Extensive fat stranding is often encountered surrounding 

the bladder base. Variations in the surgical approach may account for different patterns of 

fibrosis, as described by Allen et al. (25). The vas deferens and /or seminal vesicle which are 

supposed to be removed in a classical RP may be retained in part, in their normal location 

and are seen as low or intermediate intensity tubular structures on T1W MRI and T2W MRI 

(25). These structures can demonstrate enhancement on DCE MRI and restricted diffusion 

on DW MRI (26). On DCE MRI, no enhancement should be noted on early arterial phase, 

but low levels of uniform enhancement are often seen during the venous phase within the 

operative bed. Metallic clips, if present, can introduce susceptibility artifacts which greatly 

reduce the value of DWI MRI including the ADC map which is so useful in primary tumor 

detection. However, the use of surgical clips varies widely so that DWI MRI cannot be 

assumed to be of no value. Post-operative lymphoceles are common in patients who undergo 

lymph node resections, as they reflect accumulation of lymphatic fluid from damaged 

lymphatics. They can be recognized by their thin walled cystic nature, low signal intensity 

on T1W MRI, hyperintense signal on T2W MRI, and lack of enhancement on DCE MRI 

(27).

Recurrent tumors after RP can assume various shapes including uni- or multi-lobulated 

masses, semi-circumferential masses, or plaque-like soft tissue thickening in the surgical 

bed. Recurrent masses can occur anywhere within the prostatectomy bed including the 

bladder wall, the retrovesical space, the vesicourethral anastomosis, and the membranous 

urethra (28). The soft tissues may also be involved, including the lateral margins of the 

prostatectomy bed along the levator ani muscles (29). Recurrences may also be seen near or 

within seminal vesicles, or adjacent to the vas deferens (30). Signal characteristics of 
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recurrent tumors are similar to those of the initial tumor; although they are often less 

conspicuous without a background of normal prostatic tissue for comparison. DCE MRI is 

the most useful MRI sequence, as residual/recurrent tumors will enhance in the early arterial 

phase while fibrosis will either not enhance or enhance very slowly and uniformly(11). 

Recurrent masses show early arterial and intense contrast enhancement compared to 

surrounding tissues and may washout earlier (27, 31, 32). Recurrent tumors demonstrate 

signal characteristics similar to those of muscle on T1W MRI, and are iso- to slightly 

hyperintense to adjacent pelvic muscles on T2W MRI. Recurrence, with its mild 

hyperintensity on T2W MRI, can often be distinguished from normal post-operative fibrotic 

changes which demonstrates low T2W MRI signal. DWI-MRI can be distorted by the 

presence of surgical clips and susceptibility artifacts. However, when distortion does not 

occur recurrences demonstrate restricted diffusion, with high grade tumors showing lower 

ADC values and high signal on high b-value DWI (23) (Figure 1).

Mimics of recurrence can arise from fibrosis and surgical remnants. Retained seminal 

vesicles are seen in up to 20% of patients (33), and can mimic a recurrence. Normal retained 

seminal vesicles will appear as hyperintense fluid filled tubules in the superior aspect of the 

prostatectomy bed but will not show abnormal enhancement on DCE MRI, nor show 

restricted diffusion, distinguishing this finding from recurrent tumor. In the case where 

seminal vesicle invasion (SVI) has occurred but the SVs are nevertheless retained, they will 

show hypointense signal and early enhancement on ADC maps and DCE MRI, respectively. 

Prominent vascular structures in the surgical bed can also demonstrate rapid, intense 

enhancement and wash-out, in a pattern similar to recurrent tumor. This can be distinguished 

from recurrence on T2W MRI, where vessels will not show a soft tissue mass appearance. 

Residual normal prostatic tissue can also mimic a recurrence. While normal prostate tissue 

signal characteristics can help to distinguish this from cancer recurrence, a very long 

PSADT is expected with residual prostatic tissue in comparison with recurrence where the 

PSADT is expected to be shorter (11).

Clinical studies of mpMRI in the diagnosis of local PCa recurrence suggest it can be 

accurate for detection (34). The value of a multiparametric approach has been validated, 

although DCE and T2W scans play a larger role in the recurrence setting than they do in the 

primary setting. For instance, in an 80 patient cohort in the post RP setting (mean, median 

and range PSA of 1.17, 0.43 and 01-10.3ng/ml, respectively) sensitivity/specificity increased 

from 48-84% and 52-88%, respectively for T2W MRI alone to 71-100% and 74-100%, 

respectively for DCE plus T2W MRI (35, 36). Wassberg et al. analyzed 52 patients in the 

recurrence setting (mean PSA=2.2 [95% CI: 1.3-3.2]) with suspicious MRI findings and 

found that DCE added incremental value to T2W MRI alone especially for inexperienced 

readers (32).

The value of DW MRI is very variable in this context due to artifacts. However, when it can 

be successfully performed, it is valuable. For instance, it can be helpful to avoid the pitfall of 

misdiagnosing peri-prostatic vessels as enhancing nodules (37). Panebianco et al. evaluated 

a cohort of 262 patients with a high risk of local BCR following RP validated by either PSA 

reduction greater than 50% after salvage RT or biopsy. They evaluated how various 

combinations of sequences in mpMRI with endorectal coil performed in the detection of 
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recurrence. By using a >50% decline in PSA following salvage radiotherapy as the gold 

standard for local recurrence in 126 patients (mean and range PSA of 1.3 and 0.5-1.7ng/ml, 

respectively) as validation, the combination of T2W MRI and DCE MRI showed 98% 

sensitivity, 94% specificity, and 93% accuracy in detecting local recurrence. They also 

demonstrated excellent results by combining T2W MRI with high b-value DW MRI of 

3,000 s/mm2, showing 97% sensitivity, 95% specificity, and 92% accuracy. Using T2W MRI 

in combination with a lower b-value of 1,000 s/mm2 showed a sensitivity of 93%, specificity 

of 89%, and accuracy of 88%. The results were similar when TRUS biopsy was used as the 

gold standard. Thus, when feasible, the combination of either DW MRI and T2W MRI is 

comparable to DCE MRI and T2W MRI (23, 31, 37, 38). A study by Cha et al. also looked 

into the value of different mpMRI sequence combinations to detect BCR following RP. 

Forty-three patients with BCR (mean PSA=0.71 [0.20-3.51ng/ml]) and 14 patients who had 

no evidence of recurrence (mean PSA=0.02 [0.01-0.04ng/ml]) were included in this study. 

T2W MRI alone was compared to T2W+DCE MRI, T2W+DW MRI, and T2W+DCE+DW 

MRI. Median follow up time was 26 months for patients with BCR and 12 months for the 

control group. This study found that both DCE MRI and DW MRI add value to T2W MRI in 

detecting BCR after RP (38). Using two readers, the sensitivity was higher for T2W+DCE 

MRI (76-90%) than for T2W+DW MRI (46-49%). However, the specificity for T2W+DCE 

MRI was slightly lower compared to T2W+DW MRI (83-88% versus 87-90%, respectively). 

Combining T2W MRI with DCE MRI and DW MRI gave comparable sensitivities and 

specificities. The low sensitivity for T2W+DW MRI was explained by signal artifacts due to 

surgical clips thus, limiting its value (38).

The role of the endorectal coil in MRI for recurrence remains controversial with no head-to-

head studies reported. Rischke et al. investigated the utility of non-endorectal coil mpMRI 

with DCE MRI in BCR patients, and found that mpMRI detected lesions in patients whose 

PSA levels were above 0.54ng/mL with an accuracy of 83%. However, this study was 

limited by a small patient population (n=33), its retrospective nature, and the lack of 

validation (39). In comparison, Cirillo et al. evaluated a cohort of 72 post RP patients (mean 

PSA=1.23±1.3ng/ml) using an endorectal coil MRI and found that DCE MRI and T2W 

resulted in a sensitivity of 84.1%, and a specificity of 89.3%. This study concluded that 

endorectal coil mpMRI improves the ability to detect recurrences and that the addition of 

DCE MRI improved the diagnostic performance of T2W MRI. However, this study was also 

limited by its patient population size and interobserver variability was not measured (28).

These studies suggest that the optimal method to evaluate for PCa recurrence in BCR 

following radical prostatectomy is to perform an endorectal coil mpMRI with at least DCE 

and T2W MRI, and to use DWI when artifacts are not present. As it cannot be reliably 

predicted when DW MRI will be limited by artifacts, one may include it as a matter of 

routine, understanding that it may not be useful in all cases. Overall, mpMRI yields 

relatively high sensitivity and specificity although it requires confirmation with biopsy as 

false positives are not infrequent.
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mpMRI in BCR following Radiation Therapy

Radiation therapy (RT) targets high doses of ionizing radiation to the prostate through 

several forms of external beam radiation therapy (EBRT) and/or brachytherapy(40). In 

general, patients undergoing RT are older and have higher risk tumors than patients selected 

for RP. RT is also commonly combined with courses of ADT which can affect imaging.

The American Society for Therapeutic Radiology and Oncology (ASTRO) defines BCR 

after EBRT using the “Phoenix Criteria” as an increase in PSA of ≥2ng/mL above the nadir 

PSA (41). BCR occurs in about 25% of patients treated with RT, and is more common in 

patients with high risk tumors (42, 43). Risk factors for BCR include high Gleason score, 

clinical tumor stage T3b or T4, and a post treatment PSADT <3 months (43). The time to 

reach a PSA nadir is usually 18 months after treatment, though determining the PSA nadir 

may be complicated by a transient PSA rise, known as a PSA “bounce”, that occurs at a 

median of 12-18 months after treatment (44-46). A shorter PSADT and a faster time to BCR 

portend a worse prognosis and BCR before 18 months after treatment doubles the risk of 

death from PCa (43, 47). Among those who experience BCR, the median time to metastases 

is 5.4 years and median time to PCa specific mortality is 10.5 years (43).

As metastatic disease is a relative contraindication to local definitive salvage therapy 

following BCR, differentiating between local and metastatic recurrence following BCR is an 

essential step in the workup of a patient with BCR after RT. As mentioned earlier, metastatic 

disease is more likely with a rapidly rising PSA, (DT<6 months) and a moderately rising 

PSA (PSADT 6 mo-1 year) likely indicates local recurrence (48). However, PSA levels 

fluctuate significantly following RT and false positive rates can be as high as 32% with PSA 

alone (49). Most recurrences after RT for localized PCa occur within the prostate, with one 

series of 2,694 patients demonstrating that 55.3% of patients with BCR had biopsy 

confirmed local recurrence (42). Imaging, particularly mpMRI, therefore, is a key tool in 

detecting cancer recurrence within the prostate.

Irradiated prostatic tissue shows characteristic changes on MRI. On T2W MRI, radiation-

induced glandular atrophy and fibrosis manifest as diffusely decreased signal in the entire 

gland. Although the treated prostate is heterogeneous with diffuse hypo-isointense signal 

features, the zonal anatomy is still distinguishable (50). The entire prostate gland and 

seminal vesicles decrease in size (51). The mean membranous urethral length decreases by 

2-4 mm after RT, with even more shortening after brachytherapy (52). Bladder, rectal wall, 

perirectal fascia, and pelvic sidewall muscles also demonstrate increased signal intensity on 

T2W MRI with the levator ani muscles more affected after brachytherapy and the obturator 

internus more affected after EBRT (27, 52). Fatty replacement of bone marrow can be 

visualized as hyperintense signal changes on T1W MRI and hypointense changes on T2W 

MRI in the region of the treatment port (27, 50).

On T2W MRI, recurrent PCa after RT appears as a nodular lesion which hypointense 

relative to normal prostatic tissue. The nodule most commonly appears in the same location 

as the pre-treatment tumor, with only 4-9% of lesions recurring in a previously unidentified 

area (53, 54). This fact is very helpful in determining the presence of recurrence. Nodular 
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recurrence may demonstrate growth relative to the atrophic gland and present with a 

capsular bulge, especially in lesions located at the periphery of the prostate gland. DCE MRI 

adds information about tumor contrast uptake, vascularity, and permeability which should be 

combined with the anatomical information from T2W MRI. As the surrounding benign 

tissue atrophies, vascularity also decreases, whereas the recurrent tumor can grow and create 

a more vascular network (55, 56). With this increased neovascularity, recurrent prostate 

lesions demonstrate early and high peak enhancement on DCE MRI relative to the treated 

prostate (57).

DW MRI reflects the restriction of proton diffusion through malignant tissues in the 

prostate. This restricted water proton movement can be identified on an apparent diffusion 

coefficient (ADC) map, calculated from multiple b-value DW MRI. Prostatic tumors 

demonstrate an increased ADC value as a normal response to RT, whereas benign and 

normal areas undergo a slightly decreased ADC value shift when compared to their pre-

radiotherapy ADC (58). Recurrent lesions demonstrate low signal on ADC maps and 

hyperintensity on high b-value DW MRI. Evaluation of the transition zone is challenged by 

heterogeneous signals from BPH nodules on ADC, thus ADC maps must be interpreted in 

the context of anatomical information from T2W MRI. False positives on ADC may be from 

prostatitis, hemorrhage, dysplasia, and high-grade prostatic intraepithelial neoplasia (59),

(60).

The sensitivity and specificity of T2W MRI alone to detect recurrence after EBRT range 

widely. Sala et al. in a retrospective cohort of 45 patients with BCR after definitive EBRT 

demonstrated a sensitivity for T2W MRI ranging between 36-75% and specificity of 65-81% 

with salvage prostatectomy as the standard (61). Westphalen et al. investigated if time since 

therapy was a factor on T2W MRI accuracy by evaluating 25 patients imaged within three 

years of therapy and 34 imaged more than three years after therapy. Accuracy for the overall 

group was similar to the findings of Sala et al. for the sensitivity of T2W MRI as 62-74% 

and specificity from 64-68%. Logistic regression demonstrated no difference in accuracy 

between those imaged early or later than 3 years post therapy (p=0.86) (62). Much of the 

variation in accuracy is due to the limitations of T2W MRI as a single parameter, as the 

contrast resolution between malignant lesions and normal prostatic tissue decreases in the 

irradiated gland.

In head-to-head comparisons with T2W MRI, DCE MRI consistently performed with a 

higher level of accuracy and reproducibility (63, 64). Preliminary studies by Rouviere et al. 

compared the accuracy of DCE MRI to T2W MRI in the peripheral zone and found that 

DCE MRI performed better than T2W MRI with a sensitivity of 70-74% and specificity of 

73-85% (p<0.001). (55). They also reported improved reproducibility with DCE MRI among 

three readers achieving a kappa value of 0.63-0.70 for DCE MRI versus 0.18-0.39 for T2W 

MRI (55). Haider et al. found similar benefits of DCE MRI over T2W MRI with sensitivity 

improving to 72% compared to only 38% on T2W MRI (p=0.005) (65).

In imaging recurrence after RT, DW MRI holds particular promise in identifying recurrence 

when combined with T2W MRI (66). Kim et al. prospectively evaluated a series of 36 

patients with BCR after RT with T2W MRI and DW MRI and found an improvement in 
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sensitivity from 25 to 62% (p<0.001). The ADC values were significantly lower in recurrent 

cancer than in treated but benign tissue (p<0.01) (67). Other studies have tended to confirm 

these findings (68) (69). The value of ERC in DW MRI was implicated further in a study by 

Morgan et al. who used it to obtain ADC maps and T2W MRI in 24 patients with BCR after 

EBRT and found a sensitivity of 94% and specificity of 75% (69). Thus, it is apparent that 

the combination of parameters improves the detection of recurrent cancer(70) (71). A meta-

analysis by Wu et al. evaluated the pooled sensitivity and specificity of these studies to 

detect recurrence after EBRT to be 82% and 74%, respectively on a patient level. 

Additionally, DCE MRI was shown to be particularly accurate with the highest individual 

pooled sensitivity of 90% on a patient based analysis and 71% on a sextant based analysis 

among all parameters (72). All these results together suggest the optimal method to evaluate 

for PCa recurrence in a patient treated with EBRT is a multi-parametric approach with T2W

+DCE+DW MRI for optimal accuracy and agreement between readers.

Some disagreement has recently arisen in the literature about the relative value of DCE MRI 

in the multi-parametric approach (73). Some studies show a clear improvement in diagnostic 

value by the addition of DCE-MRI while others do not. (74) (73). It is unclear how much the 

technique of DCE MRI matters in its diagnostic utility. For instance, until recently there 

have been few standards regarding the rate of injection of contrast media, the temporal and 

spatial resolution of the DCE MRI sequence and the method of evaluation (75). Hopefully, 

future studies will try to standardize their methods so that direct comparisons will be more 

meaningful.

The evaluation of a patient with BCR after brachytherapy is similar to EBRT, but is 

complicated by artifacts related to permanent seed implants and more variability in PSA 

after treatment (46, 76). Regardless of which radionuclide the seeds are loaded with, they are 

composed of small rice-sized metal containers that can distort the magnetic field if they are 

closely packed. These seeds show gradual peripheral migration in the prostate as the gland 

atrophies from treatment effects. The prostate shows similar changes to EBRT with T2W 

MRI showing diffusely hypointense signal with blurred anatomical margins. Depending on 

time from treatment, usually before six to eight weeks post treatment, hemorrhage may be 

hyperintense on T1W MRI. Recurrence appears as hypointense nodules on T2W MRI with 

diffusion restriction on DW MRI and rapid contrast uptake on DCE MRI (Figure 2).

Studies on the efficacy of mpMRI for detection of recurrent PCa after brachytherapy are 

limited. Tamada et al. evaluated 16 men with BCR after brachytherapy with mpMRI. T2W 

MRI, DCE MRI, DW MRI, and mpMRI showed a sensitivity of 27%, 50%, 68%, and 77%, 

respectively and a specificity of 92% for mpMRI on a sector based analysis (77). However, 

in reality very few studies have been performed in this cohort of patients perhaps reflecting a 

relatively low rate of recurrence due to patient selection for brachytherapy.

mpMRI in focal therapy

Focal therapy (FT) of PCa is sometimes used to treat prostate cancer as an alternative to RP 

or RT. FT is not standard of care and is generally considered to be experimental. 

Nonetheless, it is popular among patients because it promises to treat the tumor while 
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minimizing damage to the remainder of the gland thus reducing the known side effects of 

prostate cancer treatment including urinary incontinence and erectile dysfunction (7). FT 

generally is an image guided procedure and is used in conjunction with probes that kill cells 

by various physical interventions including cryoablation, high intensity focused ultrasound 

(HIFU), and laser ablation (78). MR guidance is a good but not perfect guidance tool. MRI 

can miss lesions or underestimate their volume. Meanwhile, it can be difficult to assess the 

margins of treatment at the time of their application. Therefore, it is common to undertreat 

portions of the tumor leading to recurrence (79).

The definition of BCR following FT is controversial (80, 81). By definition, much of the 

normal prostate is preserved and produces PSA therefore a non-zero nadir is expected. A 

number of studies have compiled definitions of BCR after FT and generally use an approach 

similar to the Phoenix criteria, namely a rise of 2ng/ml from PSA nadir (82, 83).

Each of the various FT methods has unique methods of killing cancer cells. Cryotherapy 

alternates extreme temperatures to cause coagulative necrosis after several freeze-thaw 

cycles. Focal cryoablation is successful in 60-80% of patients, as determined by their five to 

ten year biochemical failure free survival rate (84-87). Naturally, the rate of recurrence has 

much to do with patient selection and most patients undergoing FT have low grade tumors. 

The exact “kill zone” is typically underestimated on imaging, where the “ice ball” typically 

is larger than the “kill zone”. Moreover, the intense freeze-thaw cycles of this therapy 

method make image interpretation of post-cryoablation changes difficult. MRI after 

cryoablation is limited since the prostatic fossa is often completely disrupted and therefore, 

difficult to interpret (88). Recurrences appear similar to primary tumors on T2W, DW-MRI 

and DCE-MRI. However, the symmetry that is expected on a normal prostate MRI is lost 

after FT (11, 89) (Figure 3). Though biochemical outcomes after cryoablation seem 

promising, further research is needed to assess its value and more accurately define the role 

of mpMRI in PCa recurrence after focal cryoablation.

High intensity focused ultrasound (HIFU) is a thermoablative technique that uses extremely 

high temperatures to heat tumor tissue by focused ultrasound to cause coagulative necrosis 

within the tumor. Among 160 patients with a median follow up time of 72 months in a study 

by Mearini et al., the biochemical-recurrence-free rate for HIFU treatment was 70% and 

41% for low and intermediate risk disease, respectively (90). Post HIFU MRI can also be 

challenging due to the heterogeneity and diffuse hypointensity of the prostate gland on T2W 

MRI (88, 91, 92). DCE-MRI can demonstrate rim enhancement around the site that was 

ablated due to reparative tissue. Within 6 months of treatment T2W MRI remains 

heterogeneous with hypointense signal intensity at the treatment site. Nonetheless, it is 

possible to identify recurrences by their hypointense T2W MRI signal, restricted diffusion 

on ADC maps of DW MRI, and early focal enhancement on DCE MRI (11, 89). Among the 

sequences, DCE-MRI tends to be the most reliable in this context with sensitivity/specificity 

of 80-87% and 63-68% (93).

Focal laser ablation (FLA) uses laser energy, delivered via optical fibers, to ablate tumor 

tissues. Data on recurrence after FLA is limited. Post treatment appearance on MRI shows 

heterogeneous T2W MRI signal intensity due to intravascular coagulation from laser light 
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exposure (94). Ablated lesions exhibit a hypointense defect on T2W MRI indicating fibrosis, 

low signal intensity on ADC maps which is caused by a signal void (absence of water), and 

hypovascularity on DCE MRI (89). Recurrence post FLA can be detected by hypointense 

T2W MRI signal, restricted diffusion, and early hyper-enhancement on DCE MRI (11). 

Most recurrences are near the edges of the ablated region (11), because the “MR margin” 

often underestimates the true margin of the tumor, a treatment margin of at least 9mm 

around the visible lesion is recommended (79). A phase I trial of FLA was performed by Oto 

et al. indicating the feasibility of focal laser ablation. In this study, DCE MRI demonstrated 

non-enhancing focal defect within the ablated region in eight of nine patients. At six months 

post FLA treatment, MRI guided biopsy revealed Gleason 3+3 in two patients. However, it 

was retrospectively determined that the two recurring patients did not have adequate ablation 

coverage of their suspicious lesions (95). Currently, University of Chicago, University of 

Toronto, and the National Cancer Institute are conducting phase II trials of focal laser 

ablation to determine its oncological efficacy.

Currently, the literature on recurrence after cryoablation, HIFU, and FLA are limited to 

single-institutional, and retrospective studies (96). In an attempt to standardized FT trials, 

Van den Bos et al. in 2014 proposed a standard template for designing the follow-up of FT 

trials (97). Using the Delphi consensus method, they concluded that follow-up should 

include mpMRI with T1W MRI, T2W MRI, DW MRI with b-values>1000 and ADC maps, 

and DCE MRI sequences in addition to TRUS-MRI fusion guided biopsies (98). Since long 

term data on the effects of FT recurrence are limited (7), larger multi-institutional studies are 

needed to establish the criteria of biochemical recurrence following FT and the accuracy of 

mpMRI for detecting recurrence in post FT treatment of PCa.

Conclusion

In conclusion, mpMRI is useful in detecting recurrent PCa in patients following RP, RT, or 

FT. Early detection is crucial in the management of treatment success and patient survival. 

Although every kind of PCa therapy will leave its unique changes within the pelvis, making 

imaging difficult to interpret, recent advances in MRI have proven mpMRI to be the most 

effective modality to detect local recurrent PCa after RP and RT even while PSA levels are 

low. Although the literature is still sparse, several conclusions can be made. Since 

recurrences tend to be small, MRI usually benefits from the use of an endorectal coil. While 

T2W MRI is usually positive it is less sensitive than other techniques. DCE-MRI is 

consistently the most helpful although DW MRI can also be helpful after RT. Unlike RP and 

RT, the definition of BCR after FT is still controversial and thus, the use of MRI after FT is 

still done as a routine rather than in response to specific rises in PSA. While mpMRI allows 

effective and fast detection of recurrence it always requires confirmation preferably with 

biopsy or PSA response after focal treatment. Lastly, there needs to be more research on the 

medical impact of discovering recurrent disease and the initiation of treatment in cases of 

biochemically recurrence.
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Figure 1. 
61 year old male with serum PSA = 16.39ng/mL and S/P radical prostatectomy. Axial T2W 

MRI (A), ADC map of DW MR (B), b2000 DW MRI (C) and DCE MRI (D) shows a soft 

tissue lesion in the prostatectomy bed within the anastomosis (arrows). Targeted biopsy 

revealed recurrent prostate cancer.
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Figure 2. 
77 year old male with serum PSA = 11.97ng/mL S/P brachytherapy. Axial T2W MRI (A), 

ADC map of DW MR (B), b2000 DW MRI (C) and DCE MRI (D) show a lesion in the right 

distal apical peripheral zone (arrows). Low signal artifacts are related to retained seeds. 

Targeted biopsy revealed Gleason 4+4 recurrent prostate cancer.
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Figure 3. 
74 year old male with serum PSA = 3.68ng/mL S/P cryotherapy. Note the distortion of the 

gland on all sequences. Axial T2W MRI (A), ADC map of DW MR (B), b2000 DW MRI 

(C) and DCE MRI (D) show a lesion in the midline apical-base anterior transition zone and 

in the midline to the left mid-base peripheral zone of the prostate (arrows). Targeted biopsy 

revealed Gleason 3+3 and Gleason 3+4 recurrent prostate cancer in the midline apical-base 

anterior transition zone and left mid-base peripheral zone lesions, respectively.
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