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Abstract
Even with the technological advances of dose-escalated IMRT with the addition of the latest image
guidance technologies, local failures still occur. The combination of MRI-based imaging techniques
can yield quantitative information that reflects on the biological properties of prostatic tissues.
These techniques provide unique information that can be used for tumor detection in the treated
gland. With the advent of these improved imaging modalities, it has become possible to more
effectively image local recurrences within the prostate gland. With better imaging, these focal
recurrences can be differentially targeted with salvage brachytherapy minimizing rectal and bladder
toxicity. Here we report a novel use of MRI-directed focal brachytherapy after local recurrence.
This technique offers a unique opportunity to safely and successfully treat recurrent prostate
cancer, previously treated with definitive radiation therapy. The use of multi-parametric
MRI-directed focal salvage permanent interstitial brachytherapy for locally recurrent adenocarcinoma of the prostate is a promising strategy to avoid more aggressive and expensive treatments
that are associated with increased morbidity, potentially improving survival at potentially lower
costs.
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Introduction
There currently is no standard salvage treatment
for locally recurrent adenocarcinoma of the prostate
(CaP) after definitive external beam radiation treatment (EBRT). Patients with recurrent CaP are often
given androgen deprivation therapy, which is a temporizing measure, at best, and is rarely curative. Salvage prostatectomy is associated with 10 year bio-

chemical recurrence-free survival of less than 50% (1)
and is associated with a significant rate of
post-operative incontinence (21% to 90%), erectile
dysfunction (80% to 100%), bladder neck contractures
(22% to 41%), and rectal injury (0% to 28%) (2,3,4).
Salvage cryotherapy is associated with 5-year biochemical control rates of < 50%, with attendant uri-
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nary incontinence rates of 73%, obstructive uropathy
symptoms of 67% and impotence rates of 72% (5).
Salvage brachytherapy (BrachyRx) has been associated with biochemical control rates between 34% and
54% (6, 7). In one phase II prospective randomized
trial of magnetic resonance imaging (MRI)-guided
salvage BrachyRx for local CaP recurrence after definitive radiation therapy, a 70% 4-year PSA (Prostate-Specific Antigen) failure-free survival rate was
observed and 28% of the patients experienced grade
III or grade IV GU (Genitourinary) and/or GI (Gastrointestinal)toxicities.
Newer multi-parametric prostate MRI techniques which include T2, diffusion- weighted, dynamic contrast enhanced imaging and MR spectroscopy are allowing us to more accurately identify locally recurrent CaP after initial EBRT (9,10,11). These
newer MRI techniques have been used to guide focal
salvage high dose rate BrachyRx for locally recurrent
disease after primary EBRT (12) in addition to salvage
permanent prostate BrachyRx for locally recurrent
disease after primary BrachyRx (13).
Herein we report the application of multi-parametric-MRI-(MPM) guided permanent interstitial prostate BrachyRx. This therapeutic modality was
applied for locally recurrent prostate cancer after
failure of primary EBRT. MPM-guided BrachyRx for
focal salvage of recurrent CaP represents a novel
treatment approach.

Potential typical application of MPM in
interstitially recurrent prostate cancer after EBRT
On July 18, 2007, a 68 year old Caucasian male
was diagnosed with adenocarcinoma of the prostate.
At presentation, he was found to have a palpable
nodule at the right apex of his prostate on routine
digital rectal exam. His pre-treatment PSA was abnormally elevated, 3.3 ng/dl. He underwent a
trans-rectal ultrasound (TRUS)-guided biopsy of the
prostate nodule. Final pathology revealed adenocarcinoma with a Gleason score of 3+4 in 20% of the core
from the left mid gland medially and Gleason score
3+3 in 20% of the core from the left apex. His prostate
volume measured 31.14 ml and his clinical stage of
CaP was T2a.
Between October 18, 2007 and December 18,
2007, he received definitive 7-field IMRT (Intensity
Modulated Radiation Therapy) to the prostate and
proximal seminal vesicles to a total dose of 7,560 cGy
delivered in 42 daily fractions at 180 cGy per fraction.
This treatment was accompanied by Grade 1 urinary
symptoms and Grade 2 proctitis; otherwise he tolerated his treatment well. His PSA nadir was at 0.19
ng/dl on February 4, 2009.
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Table 1 shows the PSA values between 2009 and
2011. His calculated PSA doubling time for the same
period was 8.49 months and his PSA velocity was 0.62
ng/ml/yr. Bone scan on May 9, 2011 was negative for
metastatic disease. Re-staging computed tomography
(CT) and chest x-ray were negative for metastatic
disease. On June 16, 2011, he underwent a repeat
TRUS-guided biopsy of the prostate. Final pathology
revealed recurrent adenocarcinoma with a Gleason
score of 3+4 involving 5%-10% of the core from the left
mid gland medially and 3+4 in 35% of the core from
the left mid gland laterally. Digital rectal exam at the
time of recurrence revealed a diffusely firm prostate
without discrete nodularity. Bone scan on May 9, 2011
was negative for metastatic disease.
Table 1. PSA values.
Date

PSA (ng/dl)

02/04/2009

0.19

08/10/2009

0.24

02/11/2010

0.62

09/23/2010

0.86

01/24/2011

1.1

4/28/2011

1.7

He was sent for a multi-parametric prostate MRI
on July 26, 2011 (Fig 1). A body coil and endorectal
coil were utilized for this study on a 1.5T magnet.
Axial T2, sagittal T2 and coronal T2-weighted images,
diffusion weighted images with b50, 400 and 1000,
and dynamic contrast enhanced images were obtained through the prostate. A total of 20 ml of ProHance was administered intravenously. The MRI
findings revealed a vague low T2-weighted focus in
the left mid gland measuring about 8.6 mm x 11 mm
in size. This low T2 signal focus was noted to extend
to the prostate capsule without clear evidence of extracapsular extension of disease. There was correlating diffusion restriction in this region on b1000 image
(Fig 1B). In addition, on the dynamic contrast-enhanced images, there was also a corresponding early enhancing focus with rapid washout (Fig
1C), correlating with the region at the left mid gland
of the peripheral zone. This lesion corresponds to the
region positive for recurrent disease on the most recent biopsy. In addition, there was generalized decreased T2 signal of the prostate consistent with prior
radiation treatment, but there were no other focal
abnormalities. Both seminal vesicles were unremarkable and there was no pelvic lymphadenopathy observed on T1-weighted images.
On September 8, 2011, the patient was taken to
the operating room for salvage interstitial brachytherapy implant. The planning target volume (PTV)
http://www.jcancer.org
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was defined as the MRI-positive disease plus 3mm.
Palladium-103 seeds were implanted to a total dose of
124 Gy. The intra-operative D90 was 100% and the
V100 was 100%. The rectal V100 was 0.00cc and the
Urethral D30 was 54.52%.
He returned on October 12, 2011 for his first
post-treatment follow up examination. On presentation he described nocturia of 0-1 time per night and a
daytime voiding interval of 1-2 hours. He was having
moderate urinary urgency and a weak urinary stream
with associated straining, but denied any incomplete
bladder emptying, dysuria, hematuria or urinary incontinence. He further denied any GI complaints and
stated that his erections were firm for intercourse
without medication. His self-assessed American
Urological Association (AUA) prostate symptom
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score was 21 (pre-salvage AUA symptom score 5) and
his Sexual Health Inventory for Men (SHIM) score
was 22. He was sent for repeat multi-parametric
prostate MRI on October 25, 2011 (Fig. 2). The images
showed that the previously visualized lesion in the
left mid gland of the peripheral zone with rapid contrast wash in and wash out, and diffusion restriction,
was no longer visualized. This was consistent with a
response to treatment.
His first post treatment PSA on December 12,
2011 was 0.80ng/dl. Most recently on June 14, 2012 it
had decreased further to 0.52ng/dl. He is currently
without clinical evidence of disease and has returned
to his pre-treatment functional baseline with regard to
GU and GI symptoms.

Figure 1. Multiparametric Prostate MRI demonstrating recurrent prostate cancer at the left mid peripheral zone. (A) Axial T2 weighted image shows a
vague low T2 signal focus at the left mid gland of the peripheral zone (arrow) of the prostate (P). (B) Diffusion weighted image (b 1000) shows a high signal
focus at the left mid gland of the peripheral zone (arrow) of the prostate (P) consistent with diffusion restriction. (C) Axial post dynamic contrast image
shows a lesion at the left mid gland of the peripheral zone (arrow) of the prostate (P) with rapid wash in and wash out, consistent with the biopsy proven
recurrent prostate cancer.

Figure 2. Multiparametric Prostate MRI following focal salvage brachytherapy demonstrating resolution of the recurrent prostate cancer at the left mid
peripheral zone. (A) Axial T2 weighted image shows the previously visualized vague low T2 signal focus at the left mid gland of the peripheral zone of the
prostate (P) is less well seen (arrow). Multiple radiation seeds at the region (S) are noted. (B) Diffusion weighted image (b 1000) shows resolution (arrow)
of the previously visualized high signal focus at the left mid gland of the peripheral zone of the prostate (P). (C) Axial post dynamic contrast image shows
resolution (arrow) of the lesion at the left mid gland of the peripheral zone of the prostate (P).
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Discussion and state of the art
Using the multi-parametric MRI-directed focal
salvage permanent interstitial brachytherapy for locally recurrent adenocarcinoma of the prostate is a
promising strategy to avoid more aggressive treatments that are associated with increased morbidity.
Today, largely due to the technological advances
in image-guided radiation therapy, EBRT involves
doses which are considerably greater than those used
previously. Resulting from the use of radiation doses
now known to be inadequate, a large number of earlier treated prostate cancers recur. Typically, the recurrence begins with a PSA rise 2-6 years after the
EBRT (14). Available anatomic pathology data from
salvage prostatectomy series argue that many radiation failures involve incomplete eradication of the
original disease (15). It has also been reported that
>90% of all remaining pre-cancerous tissue in the irradiated prostate is found within 2mm of the recurrence (16). Thus, a PSA rise which begins more than
two years after EBRT may herald a focal recurrence at
the original site of disease.
Even with the technological advances of
dose-escalated IMRT with the addition of the latest
image guidance technologies, the 10-year actuarial
PSA relapse-free survival rates after primary definitive radiation therapy are between 62% and 81%, depending on risk grouping (17). Differentiating between local recurrence and metastatic disease is, for
obvious reasons, very important. Traditionally, bone
scans and CT scans have been the tests of choice,
along with physical examination, to define disease
progression. Evaluation of PSA kinetics (doubling
time and velocity) may be a useful tool that further
aids in differentiating between local recurrence and
metastatic disease. A rapidly rising PSA may indicate
distant disease while a more moderate rate of PSA rise
may indicate local disease recurrence (18). Although,
recent data elicited debate on the use or misuse of PSA
for screening and diagnosis, in the setting of radiation
failure, the absolute PSA value and PSA kinetics are
vital in defining treatment failure.
Traditionally, androgen suppression has been
the salvage treatment of choice because of the difficulty in approach and subsequent morbidity of current salvage options. However, this form of salvage
treatment is only temporizing and rarely curative
secondary to the multifactorial aspects of multiple
molecular pathways for the development of hormone
resistance (19). Furthermore, the side effects from
prolonged androgen suppression can have quality of
life limiting effects. These include such as hot flashes,
increased bone turnover, osteoporosis, loss of muscle
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mass, and increased fracture risk, sexual dysfunction,
and loss of libido, memory loss, increased fat deposition, altered lipid profiles, and a significantly increased risk of cardiovascular events and cardiovascular morbidity (20, 21). Other salvage treatments
have also proven difficult. Salvage prostatectomy, in
the setting of a previously irradiated patient is challenging and its associated urinary and rectal toxicity
can be severe. Traditionally, salvage cryotherapy and
salvage brachytherapy have re-treated the whole
prostate gland and, as such, caused high rates of
treatment-related toxicity as well.
Prostate cancer imaging has advanced significantly in recent years. There is now an increased opportunity to perform prostate MRI using sequences
that yield both anatomic and functional information.
In addition to morphological T2-weighted sequences,
the major functional techniques used for prostate
imaging are diffusion-weighted MRI (22, 23), dynamic
contrast-enhanced MRI (24,25), and proton MR spectroscopic imaging (26).
Diffusion-weighted MR imaging (DW-MRI) is a
technique that is sensitive to the structure of biologic
tissue at the microscopic level. It is sensitive to the
molecular translation of water in biologic tissues.
MRI, utilizing the apparent diffusion coefficient
(ADC), quantifies the effects of both diffusion and
capillary perfusion. Studies using DW-MRI have
shown that ADC measurements differ between prostate cancer and benign prostate tissue (27). The tumor
has high cellularity, which limits the movement of
water molecules within it.
Dynamic contrast-enhanced MRI (DCE-MRI) is a
powerful tool in providing a functional map of blood
flow and uses differences in the time course of enhancement following intravenous administration of
contrast to differentiate between benign and malignant tissue. Prostate cancer often enhances more rapidly and to a higher degree with more contrast
washout than the benign gland. In terms of clinical
application, some studies have suggested that
DCE-MRI may be of use in characterizing hypointense lesions on conventional T2 weighted MRI
sequences (28, 29).
MR spectroscopy (MRSI) is a MRI technique that
is capable of detecting and quantifying normal and
cancer-related chemical compounds in the prostate
gland (30). With high sensitivity (89%) and specificity
(82%) (31), MRSI identifies 250-µl-voxels containing
prostate cancer, based on citrate, creatinine and choline chemical shift data. The technique was verified in
a series of 53 prostatectomy patients with
pre-operative 3D-MRSI findings upheld in greater
than 90% of cases (32). What is more, by spatially rehttp://www.jcancer.org
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solving radiation-induced atrophy, 3D-MRSI observations confirm that lower radiation doses are associated with residual metabolic activity, while permanent seed implantation produces a substantially
greater level of metabolic inactivation (33). 3D-MRSI
results, therefore, support the notion that brachytherapy may be an effective salvage treatment. In addition, 3D-MRSI may allow focused treatment of disease, thereby reducing treatment-related morbidity.
Recent research reported that the diagnostic accuracy of multi-parametric MR imaging in detecting
recurrent prostate cancer after radiotherapy was up to
93% for those cancers with ≥3 mm biopsy core length
(34). With the guidance of multi-parametric prostate
MRI, salvage brachytherapy could be planned so that
the radiation dose would be targeted to the area of
disease recurrence while the remainder of the prostate
would receive no radiation, thereby minimizing
treatment-related toxicity.

Conclusion
The combination of MRI-based imaging techniques can yield quantitative information that reflects
on the biological properties of prostatic tissues. These
techniques provide unique information that can be
used for tumor detection in the treated and untreated
gland, for predicting future tumor behavior, and for
monitoring the response to treatment as shown in this
case. With the advent of these improved imaging
modalities, it has become possible to more effectively
image local recurrences within the prostate gland.
This information, in conjunction with histopathological correlation, offers us a unique opportunity to
safely and successfully treat recurrent prostate cancer,
previously treated with definitive radiation therapy.
The use of multi-parametric MRI-directed focal salvage permanent interstitial brachytherapy for locally
recurrent adenocarcinoma of the prostate is a promising strategy to avoid more aggressive and expensive
treatments that are associated with increased morbidity, potentially improving survival at potentially
lower costs.
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