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Introduction

Prostate cancer (PCa)recurrence following radiation therapy
(RT) is a significant issue. Despite advances in diagnosis and
management of PCa, the disease still recurs after definitive
treatment in up to 30% of patients [1]. Early diagnosis of local
recurrence is strongly associated with improved patient prognosis
because of prompt treatment decisions based on the diagnosis.
It is approximately 3 years from development of local recurrence
to distant metastasis on average if without salvage therapy [2].
According to the Phoenix criterion, after RT, biochemical recurrence
(BCR) is defined as an absolute increase in PSA level of 2 ng/ml
above nadir (i.e., the lowest post-treatment PSA value) [3,4]. The
recurrence may be local, nodal and/or metastatic. A rising serum
prostate-specific antigen (PSA) level is typically the first sign of
relapse, unfortunately it does not differentiate local recurrence
from systemic disease. If PSA doubles in less than 8 months,
especially in the first year after treatment, this can be a predictor
for metastatic disease [5]. Since there is no reliable way to diagnose
local recurrence clinically, imaging is needed to determine if there is
alocal recurrence. Fortunately, recent advances in multiparametric
MRI (mp-MRI) techniques have markedly improved detection
of local recurrence following RT [6]. The majority of post-RT
recurrences have been shown to be local, with the most common
site of recurrence being the prostate. Therefore, in the follow up of
BCR in these patients, evaluation with prostate mp-MRI is essential
[7]. Most local recurrences exhibit specicifc features at mp-MRI that
make them readily detectable [7,8]. The purpose of this mini review
isto provide an overview of the MRI features of locally recurrent PCa

following RT, emphasizing the key MRI features that will lead to
make a definitive diagnosis of local recurrence.

Key Features of Recurrent PCa Following RT at mp-MRI

Up to 40% of patients over 65 years old and 25% of patients
under 65 years old would choose RT as the definitive treatment
for PCa [9]. RT can be offered as external-beam RT (EBRT) or
brachytherapy. Through multiple portals, external-beam RT
involves the use of ionizing radiation directed at the prostate and
surrounding tissues. Most modern methods in EBRT allow for
highly targeted radiation with reduced dose to normal tissue by
delivering photons or protons using advanced computer-based
planning systems. Photons and protons each have their distinct
advantages and disadvantages. Proton therapy with a higher cost
delivers a lesser dose. In order to improve survival, 2-3 years of
post-radiation adjuvant hormonal therapy is administered for
patient with high-risk disease [6]. Either short-course hormonal
therapy and standard dose EBRT or dose escalation should be
considered standard for patients with intermediate-risk disease.
Brachytherapy delivers a high dose of radiation to the tumor while
sparing the bladder and the rectum by implanting radioactive

sources (seeds or needles) directly into the prostate gland.
Recurrent PCa in Patients After External-BeamRT

The differentiation of the zones of the prostate is effaced in the
irradiated prostate which is smaller as a result of gland atrophy
[10]. The entire prostate is hypointense on T2W imaging, further
complicating differentiation between benign versus malignant
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tissue [11]. Accurate localization of focal recurrence is essential for
possible salvage radiation therapy. The location of the recurrence
at the region of the primary tumor occurs more than 90% of
time [12,13]. Even though malignant tumors are still most often
recognized as lesions of relatively lower T2 signal intensity than
that of surrounding noncancerous prostate, unfortunatelyT2W
imaging has marked limitations. Since the post-radiation gland
fibrosis is less cellular and has diminished vascularity compared
to pre-treatment prostate tissue, DWI and DCE appearance of
the prostate is impacted as well after RT. However, the functional
sequences of mp-MRI still play a more dominant role in detection
of post-RT recurrence because changes on DWI and DCE are not
as drastic as on T2W. On DWI, signal characteristics of post-RT
recurrence are focal hypo intensity on the ADC map, hyperintensity
on high b-value DWI and a nodular area on corresponding T2W
imaging, very similar to the characteristics of primary PCa. The
vascularity of the irradiated prostate decreases with gland atrophy,
but recurrent tumors can retain their highly vascular network [14].
Therefore, recurrence will have early hyperenhancement relative to
the treated prostate on DCE imaging. If a focal, early enhancement
at MRI correlates with abnormalities on T2 and DWI, the finding is
particularly suspicious for recurrent PCa [15].

Recurrent PCa in Patients After Brachytherapy

Following brachytherapy, post-treatment changes to the
prostate are very similar to those seen after EBRT, with the
additional finding of visualization of the radioactive seeds used.
Brachytherapy seeds can distort images by introducing MR
susceptibility artifacts, particularly on DWI, making interpretation
difficult. Since the majority of the patients with brachytherapy have
low-risk primary disease, recurrence is less of a concern than it
is after EBRT. On T2W imaging, the brachytherapy seeds appear
as small, hypointense, ellipsoid structures scattered throughout
the prostate. The seeds gradually migrate peripherally within
the gland as it shrinks in size. Following brachytherapy, the most
common site of recurrence is at the location of the original tumor,
which is similar to EBRT. A rapid focus of hyperenhancement on
DCE imaging, corresponding a hypointense nodule on T2W imaging
with paucity of radiation seeds nearby, with or without associated
diffusion restriction are imaging characteristics for suspicion of
local recurrence [16]. In recent years, a new form of temporary
high dose rate (HDR) brachytherapy has been offered. Since the
seeds in HDR brachytherapy are removed, image quality does not
suffer from susceptibility artifacts related to the seeds. The data
validating the use of mp-MRI post-HDR is limited because HDR is
relatively new and BCR post-brachytherapy occurs less frequently.
T2WI sensitivity in detecting the recurrence is limited due to the
background changes in the gland. In this setting with the removal

of seeds, DWI is not compromised, showing high sensitivity for
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detection of recurrence. At DCE, early hyperenhancement remains
very important for the diagnosis of recurrent PCa [17].

Conclusion

MR imaging plays an important role not only in initial staging of
PCabutalso in evaluation for suspected recurrent disease following
RT. Radiologists should be comfortable with interpretation of mp-
MRI for both indications. Recognizing the typical appearance of post
treatment changes and distinguishing them from the MR features of
recurrent cancer are very important in making a correct diagnosis,
which plays an uttermost role in clinical management and potential
prompt treatment of PCa Recurrence (Table 1).

Table 1: Typical mp-MR Imaging Features of Recurrent PCa
Following RT.

PCa Treatment Typical MR Features of Recurrence

Mass-like T2 hypointense lesion, most

commonly at the site of original tumor,

with diffusion restriction and abnormal
enhancement at DCE

External Radiation
Therapy

T2 hypointense lesion, most commonly at
the site of the original tumor, with paucity
of radiation seeds nearby and abnormal
enhancement at DCE

Internal Radiation
Therapy
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