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Abstract 
Purpose: Intraoperative planning with transrectal ultrasound (US) is used for accurate seed placement and optimal 

dosimetry in prostate brachytherapy. However, prostate magnetic resonance imaging (MRI) has shown superiority 
in delineation of prostate anatomy. Accordingly, MRI/US fusion may be useful for accurate intraoperative planning. 
We analyzed planning with MRI/US fusion to compare differences in dosimetry and volume to that derived from the 
postoperative computed tomography (CT). 

Material and methods: Twenty patients underwent preoperative prostate MRI, which was fused intraoperatively 
with US during prostate brachytherapy. Intraoperative 125I or 103Pd seed placement was modified by the use of MRI 
fusion when indicated. Following implantation, dose comparisons were made between data derived from MRI/US 
and that from post-operative CT scans. Plan parameters analyzed included the D90 (dose to 90% of the prostate), rectal 
D30, V30 (volume of the rectum receiving 30 percent of dose), and prostate V100. 

Results: The median number of seeds implanted per patient was seventy-six. The MRI measured prostate volume, 
which was on average 4.47 cc larger than the CT measured prostate volume. In 9 patients, the apex of the prostate was 
better identified under MRI with the fusion protocol, and an average of 4 fewer seeds were required to be placed in 
the apex/urinary sphincter region. Both MRI and US individually showed a reduced intraoperative prostate D90 in 
comparison to the postoperative CT, with a larger mean difference for MRI in comparison with US (9.71 vs. 4.31 Gy, 
p = 0.007). This was also true for the prostate V100 (5.18 vs. 2.73 cc, p = 0.009). Post-operative CT underestimated rectal 
D30 and V30 in comparison to both MRI and US with MRI showing a larger mean difference than US for D30 (40.64 vs. 
35.92 Gy, p = 0.04) and V30 (50.20 vs. 44.38 cc, p = 0.009). 

Conclusions: The MRI/US fusion demonstrated greater prostate volume compared to standard CT/US based 
planning likely due to the better resolution of the prostate apex. Furthermore, rectal dose was underestimated with CT 
vs. MRI based planning. Additional study is required to assess long-term clinical implications of disease control and 
effects on long-term toxicity, especially as related to the rectum and urinary sphincter. MRI/US intraoperative fusion 
may improve prostate dosimetry while sparing the rectum and urethra, potentially impacting disease control and late 
toxicity. 
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Purpose 
Prostate adenocarcinoma is the most commonly diag-

nosed cancer among American males, affecting approx-
imately 15% of the population [1]. Screening measures 
such as rectal examination in combination with serum 
prostate-specific antigen (PSA) have made detection of 
cancer at an early, localized stage possible. When local-

ized to the prostate, 10-year survival rates often exceed 
95%, highlighting the prolonged natural course of the 
disease [1]. Given the extended period of survival, com-
plications relating to treatment can negatively impact the 
quality of life, contributing significantly to morbidity. 

An excellent treatment option for men with early-inter
mediate stage disease is to undergo definitive treatment 
with brachytherapy. Low-dose-rate (LDR) brachytherapy 
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involves the percutaneous implantation of permanent 
radioactive seeds into the prostate, and offers several ad-
vantages to prostatectomy including expedited recovery 
times, lower infection rates, and dramatically lower im-
potence rates [2]. 

Low-dose-rate prostate brachytherapy success is de-
pendent on accurate visualization of the prostate gland. In-
accurate seed placement may result in dose heterogeneity, 
i.e., underdosing of tumor or overdosing either the pros-
tate gland itself or organs at risk (OAR) such as the rectum 
and urethra. Adverse effects secondary to treatment can 
be analyzed both temporally (acute verse chronic), as well 
as by system (urinary system, gastrointestinal, sexual) [3]. 
Occurring at an incidence of approximately 10%, the most 
common acute adverse effect is urinary retention [4]. Fur-
thermore, up to 39% of post-implant patients report dimin-
ished sexual function as a result of treatment [5]. 

The current standard imaging modality for accurate 
seed placement and optimal dosimetry is intraoperative 
transrectal ultrasound (TRUS). While inexpensive and 
accessible, the use of TRUS is also highly operator-depen-
dent; increasing the possibility of variance and subsequent 
error if the operator is inexperienced. Additionally, the 
ability of US to delineate prostate anatomy is inferior to 
that of alternative imaging such as magnetic resonance im-
aging (MRI). 

Images obtained via MRI have consistently shown 
better soft tissue visualization of the intraprostatic tumor 
and better anatomic demarcation of the prostatic apex, 
external urinary sphincter, bladder neck, and intrapros-
tatic ejaculatory ducts [4,5,6,7,8,9]. Over the past decade, 
clinicians have increasingly used MRI in prostate cancer 
evaluation and treatment decision making due to its im-
proved image quality. As an example, Lawrentschuk et al. 
demonstrated the value of MRI in detection of previously 
biopsy negative cancer in patients with elevated serum of 
prostate specific antigen (PSA) levels [10]. Successful ap-
plication of MRI in diagnosis of prostate cancer has also 
been accomplished through image guided biopsies [11]. 
Additionally, high-spatial-resolution dynamic contrast- 
enhanced MRI has shown potential as a staging modality 
distinctly demonstrating capsular infiltration [12]. 

MRI information has changed the American Joint 
Commission on Cancer (AJCC) stage from T2 to T3 disease 
resulting in downstream treatment recommendations for 
changes in nearly one-fifth of patients in some studies 
[13,14]. The first report of intraoperative MRI-guided 
prostate brachytherapy successfully employed MRI with 
dose-volume histogram analysis in nine patients [15]. As 
a result, MRI imaging in prostate brachytherapy has been 
increasingly utilized on several platforms: preoperative-
ly for planning, intraoperatively for implant guidance, 
and post-implant assessment of dosimetric parameters 
[16,17]. Intraoperative MRI scanning is impractical, but 
fusion programs in modern computers have made MRI 
incorporation possible. Given the functional relationship 
between seed location and dose-toxicity, superior visu-
alization of the prostate, and recent evidence of MRI as 
a  feasible modality in both diagnosis and therapy, we 
investigated the role of intraoperative MRI in prostate 

brachytherapy. This retrospective analysis compared the 
dosimetric parameters and acute morbidity of twenty pa-
tients who underwent intraoperative MRI/US fusion to 
the current standard of US-based planning. 

Material and methods
Patient selection 

From January 2015 to December 2015, twenty patients 
underwent transperineal prostate brachytherapy follow-
ing evaluation, which consisted of a history and physical 
examination and relevant laboratory testing. All patients 
underwent a  baseline International Prostate Symptom 
Score (IPSS) survey prior to the procedure and at all fol-
low-up. Informed consent was obtained along with in-
stitutional review board approval. Eligibility criteria for 
participation in this protocol was consistent with recom-
mendations of the American Brachytherapy Society and 
included the following: life expectancy > 5 years, clinical 
tumor stage T1b-T2c, Gleason score ≤ 10, PSA ≤ 50 ng/ml, 
and no pelvic lymph node involvement or distant metas-
tasis [18]. A preoperative prostate MRI was obtained and 
fused intraoperatively with US using a MiM Symphony® 
treatment planning system (MiM Software; Cleveland, 
Ohio, USA). 

Treatment planning 

The preoperative 1.5 Tesla MRI and US volumetric 
studies were obtained 2 weeks prior to the implant proce-
dure. The prostate, rectum, and urethra were contoured 
intraoperatively and a treatment plan was generated for 
each patient to achieve a  prostate D90 dose of approxi-
mately 160 Gy. Dosimetry was calculated both intraop-
eratively and one month post-operatively using the MiM 
Symphony® software, which incorporates the American 
Association of Physicists in Medicine Task Group 43 
guidelines [19], and the implant was performed in accor-
dance with the National Institute of Standards and Tech-
nology 1999 guidelines for prostatic brachytherapy [20]. 
The fusion process is done within the MiM Symphony 
computer system and is proprietary. 

Radioactive seed implantation 

Radioactive source implantation was accomplished 
through a  transperineal approach using encapsulated 
125I or 103Pd seeds with mean radioactivity of 0.381 and 
1.31 mCi, respectively. Sources used were linear Bard 
Brachysource model IS-1271® for 125I and Bard model  
PS-TS200K® for 103Pd (Bard Medical, Murray Hill, New 
Jersey, USA). Implantation was accomplished under 
guidance of MRI/ultrasound image fusion according to 
the preoperative treatment plan (Figure 1). Care was tak-
en to exempt seeds from the proximal 0.5 cm surrounding 
the urethra, and 0.2-0.3 cm from the posterior capsule to 
protect the rectum. All patients were discharged the same 
day of the procedure, and were pre-emptively treated 
with tamsulosin 0.4 mg daily and a broad-spectrum an-
tibiotic post-implantation. The average prescribed dose 
to 90 % of the target volume (D90) was 159.19 Gy for the 
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Fig. 1. Visualization of prostate using magnetic resonance imaging/ultrasound fusion imaging. A) Transrectal ultrasound of prostate 
gland, transverse view. B) Magnetic resonance imaging of prostate with ultrasound “slices” superimposed. C) Magnetic resonance 
imaging/ultrasound fusion
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125I patients, and 100.45 Gy for the 103Pd patients based 
on post-operative computed tomography (CT) dosimetry 
done 4 weeks following the implant. The 103Pd patients 
were treated as a boost following 45 Gy to the prostate 
using image guided radiotherapy (IMRT). 

Acute toxicity analysis 

Patients were evaluated for symptoms of urinary dys-
function using the IPSS [21]. The IPSS score rates patient 
reported symptoms 0-5, including: urgency, nocturia, 
weak stream, frequency, incomplete emptying, straining, 
and intermittency. Scores of ≤ 7 are classified as “mild 
symptoms”, between 8 and 19 as “moderate symptoms”, 
and from 20 to 35 as “severe symptoms”. Each patient 
completed an IPSS screening evaluation prior to and fol-
lowing implantation, and at each follow-up visit. 

Post-operative statistical analysis 

Following implantation, dosimetric comparisons were 
made between the preoperative MRI/US fusion, intra
operative US (without fused MRI), and post-operative 
CT scans. Plan parameters analyzed included the D90, 
rectal D30, rectal V30 (volume of rectum receiving 30%  
of the dose), and prostate V100, V150, V200. Patients com-
pleted a  repeat IPSS survey at 2-3 weeks post-implan-
tation that was compared to the results of their baseline 
survey. Unpaired t-tests were performed using Microsoft 
Excel 2013® (Microsoft Corporation, Bellevue, Washing-
ton, USA) software. 

Results 
Twenty patients underwent intraoperative MRI/

US fusion guided LDR brachytherapy with either 125I or 
103Pd. Characteristics relating to the patients and seed 
implants are listed in Table 1. The median number of 
seeds implanted per patient was seventy-six. The MRI 
measured prostate volume was on average 4.47 cc larger 
than the CT measured prostate volume. Prostate volumes 
and dosimetric characteristics measured through intraop-
erative Magnetic resonance imaging and US, as well as, 
post-operative CT are shown in Table 2. 

In 9 patients, the apex of the prostate was better iden-
tified under MRI and an average of 4 fewer seeds (range, 
3-5) were required to be placed in the apex/urinary 
sphincter region. All volumetric parameters demonstrat-
ed a mean reduction for MRI in comparison with CT vs. 
US in comparison with CT with largest mean reductions 
in the prostate D90 (9.71 vs. 4.31 Gy, p = 0.007), and V100 
(5.18 vs. 2.73 cc, p = 0.009) displayed in Table 3. The mean 
difference in comparison with postoperative CT was 
larger for MRI vs. US in rectal D30 (40.64 vs. 35.92 Gy,  
p = 0.038), and V30 (50.20 vs. 44.38 cc, p = 0.009). 

Discussion 
Low-dose-rate prostate brachytherapy is a  defini-

tive therapeutic option for localized disease that offers 
the advantage of being completed in an outpatient set-
ting with relatively low acute morbidity. Consistent with 
past reports [14,15,16], we have demonstrated that MRI-
based prostate brachytherapy is a feasible option offering 
improved imaging and the potential for optimized seed 
placement and dose distribution. A  minor limitation re-
lating to MRI-based treatment is the increased intraoper-
ative fusion time of 5-10 minutes and the introduction of 
pre-operative MRI imaging, which is rapidly becoming 
a standard preoperative study [14,15,16,17]. In addition to 
the slightly longer operative times, MRI is less accessible 
compared to US. Although more accessible, US does not 
offer the benefits of improved prostatic visualization and 
dosimetric parameters seen with MRI. 

Dosimetric parameters 
Several studies have validated prostate D90 and V100 

as predictive measures of biochemical relapse-free sur-
vival (bRFS) [3,22,23,24,25]. Stock et al. [22] and Kollmeier 
et al. [23] demonstrated superior 8-year bRFS (82% vs. 
68%) in patients treated with a cumulative D90 ≥ 140 Gy 
compared to those treated with a dose < 140 Gy. Pötters 
et al. [24,25], found the 4-year bRFS in patients with D90 
≥ 90% to be better (92.4% vs. 80.4%, p = 0.001) compared 
to those who received D90 < 90% of the prescription dose. 
Similarly Wallner et al. supported prostate V100 as a pre-

Table 1. Patient International Prostate Symptom Score and isotope characteristics

Patient and implant characteristics Median Mean Range

Number of patients: N = 20 N/A N/A N/A

Age (y) 66.5 66.6 (56-75)

IPSS score: pre-treatment 9.5 8.5 (1-19)

IPSS score: post-treatment 12 11.4 (1-22)

Change in pre-treatment IPSS score 3 3 (-8-17)

Isotope: 125I (n = 19), 103Pd (n = 1) N/A N/A N/A

Number of seeds 76 78 (56-96)

Seed activity (mCi) 0.398 0.381 (0.309-0.439)

IPSS – International Prostate Symptom Score, y – years, 125I – Iodine 125, 103Pd – Palladium 103 
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Table 2. Comparison of dosimetric parameters obtained via intraoperative magnetic resonance imaging  
and ultrasound and post-operative computed tomography

Dosimetric/volumetric parameters MRI US Post-op CT

Prostate volume (cc)

Mean 37.8 36.58 33.34

Median 36.11 35.5 30.74

Range (21.75-53.87) (21.75-58) (18.85-55.89)

V100 prostate (%)

Mean 85.25 87.7 90.43

Median 85.62 89.92 90.49

Range (71.47-92.45) (74.55-93.06) (84.36-93.77)

V150 prostate (%)

Mean 25.32 26.01 45.97

Median 24.02 23.79 45.81

Range (16.61-39.87) (17.42-43.82) (23.38-60.16)

V200 prostate (%)

Mean 10.82 10.97 23.07

Median 9.84 9.68 21.62

Range (7.07-19.01) (6.99-21.22) (10.3-37.85)

V30 rectum (%)

Mean 66.74 59.54 17.76

Median 71.66 61.11 17.24

Range (26.98-98.91) (3.3-99.29) (3.44-36.02)

D90 prostate (Gy)

Mean 149.48 154.87 159.19

Median 152.46 159.97 161.35

Range (93.13-165.16) (87.83-166.65) (97.29-173.85)

D30 rectum (Gy)

Mean 73.03 65.38 31.15

Median 74.69 67.04 32.16

Range (37.21-122.36) (31.76-93.77) (6.45-54.12)

MRI – magnetic resonance imaging, US – ultrasound, CT – computed tomography, V100 prostate – volume of prostate receiving 100 percent of prescribed dose  
(V150 and V200, 150% and 200%, respectively), V30 rectum – volume of rectum receiving 30% of prescribed dose, D90 prostate – dose to 90% of prostate, D30 rectum 
– dose to 30% of rectum 

Table 3. Comparison of differences in dosimetric parameters between magnetic resonance imaging and com-
puted tomography vs. ultrasound and computed tomography 

Mean dosimetric/Volumetric parameters (CT-MRI) (CT-US) p-value

Prostate volume (cc) –4.47 –3.24 0.281

V100 prostate (%) 5.181 2.73 0.009

V150 prostate (%) 20.65 19.95 0.073

V200 prostate (%) 12.24 12.1 0.512

V30 rectum (%) –50.2 –44.38 0.009

D90 prostate (Gy) 9.24 4.31 0.007

D30 rectum (Gy) –40.64 –35.92 0.038

MRI – magnetic resonance imaging, US – ultrasound, CT – computed tomography, V100 prostate – volume of prostate receiving 100 percent of prescribed dose (V150 
and V200, 150% and 200%, respectively), V30 rectum – volume of rectum receiving 30% of prescribed dose, D90 prostate – dose to 90% of prostate, D30 rectum – dose 
to 30% of rectum 
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dictive measure of bRFS [26]. Patients receiving V100  
≥ 90% of the prescription dose had superior 3-year bRFS 
(97% vs. 87%, p = 0.01) compared to those with V100 < 90%. 
Our median post-operative CT dosimetric parameters re-
ported herein of D90 (161.35 Gy) and V100 (90.49%) were 
within the ranges recommended to maximize bRFS. Both 
the V100 (median, 85.62%) and D90 (median, 152.46 Gy) 
were smaller when calculated using MRI-based planning. 
This decrement likely reflects better anatomic definition 
and subsequent increased contouring accuracy seen with 
MRI. While increasing prostate V100 and D90 that were 
correlated with increased bRFS, exceedingly high doses 
may lead to increased morbidity. Stock and Stone showed 
worsening late urinary complications when D90 > 180 Gy 
[27]. Our D90 dose (range, 97.29-173.85 Gy) was well be-
low this threshold in all patients. Monitoring of the rectal 
D30 showed measurement discrepancies consistent with 
those noticed by other researchers in MRI/CT compar-
ison [28]. We used this same parameter to demonstrate 
discrepancies with ultrasound defined volumes suggest-
ing that caution must be used when evaluating dose to 
larger volumes of rectum (as opposed to 1 and 2 cc vol-
umes only), and using these values as limits for organs at 
risk, since the D30 has been shown as a measurable metric 
for long-term morbidity [29]. 

Acute toxicity and quality of life 

In a  study by Cesaretti et al., the average pre-treat-
ment IPSS in 172 patients was 7.5 (CI, 6.5-8.5). This val-
ue was similar to the average pre-treatment IPSS (8.5) 
seen in our study [30]. They also observed that baseline 
IPSS scores increased after seed implantation, typically 
reaching a peak value of 19.4 (ΔIPSS = 11.9) at a median 
of 1.3 months post-implant. These results were similar to 
those previously obtained by Desai et al., in which IPSS 
also peaked at 1 month post-implant to 14 [31]. Increas-
ing total radioactivity and cumulative radiation dose to 
the prostate, bladder, and urethra were variables cor-
related with the peak in symptoms. The IPSS scores of 
our patients were assessed at 3-4 weeks post-treatment, 
with a mean change from baseline IPSS of 3. While this 
increase in IPSS compares favorably with the reported re-
sults of Desai and Cesaretti (9 and 11.9, respectively), our 
sample size was much smaller with the IPSS taken at an 
earlier post-operative interval, possibly contributing to 
the smaller incremental increase. 

Prostate volume significantly impacts the IPSS score 
[27,28,29,30,31,32,33]. The average prostatic gland vol-
ume by ultrasound in our study (mean, 36.58 cc; range, 
21.75-58.0 cc) was similar to volumes reported in both 
Desai (median, 32.6 cc; range, 16-72 cc) [31] and Cesaretti 
(mean, 42.9 cc; range, 12.7-73.7 cc) [30]. 

Utility of magnetic resonance imaging

MRI is increasingly used for prostate cancer screening, 
staging, and treatment. With this technique, we were able 
to visualize the prostatic apex more clearly. As a  result, 
nearly half of the patients (9/20) treated required fewer ra-
dioactive seeds in this area, which may result in decreased 

dose to the urogenital diaphragm and associated distal 
urethra. With improved visualization and dosimetry, we 
anticipate diminished acute and chronic morbidity. De-
spite the feasibility and superior dosimetric parameters 
seen with MRI imaging, additional larger scale studies are 
required to assess the long-term clinical implications of 
disease control and normal tissue morbidity. 

Conclusions 
The current standard planning modality in prostate 

brachytherapy is CT/US-based. Our study showed that 
CT/US-based planning may underestimate prostate vol-
ume when compared to treatment planning conducted 
with the MRI/US fusion. This may contribute to unnec-
essary total seeds implanted and to possible excessive 
total dose. Furthermore, CT/US-based dosimetric plans 
underestimated prostatic and rectal dose when compared 
to MRI/US, as well potentially contributing to increased 
morbidity. Further study is required to define the long-
term clinical significance. Altogether, MRI is a  feasible 
imaging option for prostate brachytherapy capable of 
institution into standard treatment protocols to augment 
intraoperative TRUS-based seed placement. 
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