Clinical Investigations
Original paper

Impact of intraoperative MRI/TRUS fusion

on dosimetric parameters in cT3a prostate cancer
patients treated with high-dose-rate realtime
brachytherapy

Alfonso Gomezlturriaga, MD, PhD!, Juanita Crook, MD, FRCP?, Francisco Casquero, MD, PhD', Claudia Carvajal, MD!,
Arantxa Urresola, MD®, Begofia Canteli, MD?, Ana Ezquerro, MD?, Eduardo Hortelano, MD!, Jon Cacicedo, MD!
Jose Maria Espinosa®, Ferando Perez®, Pablo Minguez?, Pedro Biloao, MD, PhD!

Department of Radiation Oncology, Cruces University Hospital, Barakaldo, Spain, “Department of Radiation Oncology, British Columbia
Cancer Agency, Cancer Center for the Souther Interior, Kelowna, BC, Canada, ®Deportment of Radiology, Cruces University Hospital,
Barakaldo, Spain, “Department of Radiation Physics, Cruces University Hospital, Barakaldo, Spain

Abstract

Purpose: The purpose of this study was to evaluate the impact of intraoperative MRI/TRUS fusion procedure in
cT3a prostate cancer patients treated with high-dose-rate (HDR) real-time brachytherapy.

Material and methods: Prostate gland, dominant intraprostatic lesions (DILs), and extracapsular extension (ECE)
were delineated in the pre-brachytherapy magnetic resonance images (MRI) of 9 consecutive patients. The pre-implant
P-CTVyy (prostate clinical target volume) was defined as the prostate seen in the transrectal ultrasound (TRUS) images.
The CTV, includedthe prostate with the ECE image (ECE-CTV) as defined on the MRI. Two virtual treatment plans
were performed based on the MRI/TRUS fusion images, the first one prescribing 100% of the dose to the P-PTVy;g, and
the second prescribing to the PTV,;z The implant parameters and dose-volume histogram (DVH) related parameters
of the prostate, OARs, and ECE were compared between both plans.

Results: Mean radial distance of ECE was 3.6 mm (SD: 1.1). No significant differences were found between pros-
tate Vigg, Visg, Vogor and OARs DVH-related parameters between the plans. Mean values of ECE V4, V55, and Vg
were 85.9% (SD: 15.1), 18.2% (SD: 17.3), and 5.85% (SD: 7) when the doses were prescribed to the PTV{;g, whereas ECE
Vioor Vise and Vo were 99.3% (SD: 1.2), 45.8% (SD: 22.4), and 19.6% (SD: 12.6) when doses were prescribed to PTVyz

(p =0.028, p = 0.002 and p = 0.004, respectively).

Conclusions: TRUS/MRI fusion provides important information for prostate brachytherapy, allowing for better
coverage and higher doses to extracapsular disease in patients with clinical stage T3a.
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Purpose

The combination of brachytherapy and external beam
radiotherapy (EBRT) is a standard therapeutic option for
high risk prostate cancer and has provided excellent re-
sults in such patients [1,2]. Brachytherapy allows a high
dose of radiation to be administered directly into the
prostate with a rapid fall off of a dose to the surround-
ing healthy tissues [3]. The rapid fall-off over a distance
of a few millimetres spares the surrounding structures,
but unfortunately may result in uncertain coverage of the
immediate peri-prostatic tissue, which may harbour extra-

capsular extension (ECE), especially in high risk disease
where the higher PSA (> 10 ng/ml) and Gleason score (> 7)
are associated with a likelihood of ECE of approximately
50% [4]. Traditionally, external beam radiation alone has
been the basis of treatment for high risk disease, because
of assumed better extraprostatic coverage [5]. Among the
several radiation techniques available for prostate can-
cer, brachytherapy offers several advantages in terms of
dose conformation, accurately adjusting the isodoses to
the prostate while keeping adjacent organs such as the
urethra and rectum within tolerance [6]. This precision of
brachytherapy requires accurate local staging of disease in
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order to shape isodoses appropriately to cover the target.
Common imaging modalities such as transrectal ultrasound
(TRUS), have not demonstrated satisfactory sensitivity for
detecting, localizing, and staging prostate cancer [3]. Mag-
netic resonance imaging (MRI) provides high soft tissue res-
olution to better assess the local extent of disease [7], and the
accuracy of MRI in the determination of ECE has been vari-
able across studies. Although it is recognized that the spec-
ificity for ECE detection with MRI is high, the sensitivity is
rather low [8-10]. Recent studies have shown an increase
in sensitivity and specificity for the detection of ECE when
using multiparametric MRI as a diagnostic tool in staging
[11-13]. The combination of MRI and TRUS is useful for both
stereotactic prostate biopsy [14] and staging [15]. Moreover,
brachytherapy companies have recently developed soft-
ware allowing for MRI-TRUS image fusion. Reports have
investigated the use of MRI-TRUS fusion for prostate low-
dose-rate (LDR) brachytherapy planning [16-18].

The purpose of this study was to evaluate the impact
of intraoperative MRI/ TRUS fusion on dosimetric param-
eters in ¢T3a prostate cancer patients treated with high-
dose-rate (HDR) real-time brachytherapy.

Material and methods
Patient cohort

At Cruces University Hospital, HDR brachytherapy is
used for the treatment of intermediate and high risk pros-
tate cancer as a conformal boost in conjunction with EBRT.
Treatment consists of a single HDR fraction of 15 Gy,

Table 1. Summary statistics of clinical characteristics

N

Age (years)

Mean 68

Range 60-78
PSA (ng/ml)

Mean 17.7

Range 8.6-29.3
Gleason score

7 6

8 1

9 1

10 1
% Positive Cores

< 50%

>50% 6
Clinical T-stage

Tlc 7

T2a 1

T2b 1
Pre MRI NCCN risk group

Intermediate 6

High

Very high 1

followed by 2-4 weeks of EBRT at a dose of 37.5 Gy in
15 fractions over 3 weeks. Nine patients with histologi-
cally proven adenocarcinoma of the prostate and clinical
(MR imaging) stage T3a disease and without clinical ra-
diographic evidence of metastases were included in this
study. All patients were investigated with a serum PSA,
TRUS-guided prostate biopsy, and systemic staging with
bone scintigraphy and abdominal/ pelvic CT. The patient
characteristics are given in Table 1.

Magnetic resonance technique

All patients referred to our department for prostate
brachytherapy undergo a staging MRI. Magnetic reso-
nance imaging is performed using a 1.5 T Achieva scan-
ner (Philips Electronics, Eindhoven, The Netherlands),
and a body multichannel antenna (Cardiac Sense-MS).
The parameters of the sequences have been previously
optimized for this coil. All patients were studied supine
after cleansing rectal enema and intramuscular admin-
istration of butyl scopolamine. Axial T1 sequences of
the entire pelvis from the iliac crest to pubic symphysis
and T2 axial volumetric sequence (VISTA) as a guide for
planning brachytherapy were performed. For the func-
tional study, spectroscopy (PRESS) and diffusion (DWI)
sequences were performed. The ADC values were ob-
tained from DWI sequences and finally a dynamic FFE T1
volumetric sequence was performed. From the resulting
image data, various curves of perfusion were analyzed
to detect and localize the tumour. All MR studies were
evaluated by radiologists experienced in uro-radiology.

MRI-TRUS fusion

The T2 axial volumetric sequence (VISTA) is import-
ed directly from the picture archiving and communica-
tion systems (PACS), and sent to the Oncentra® Prostate
v.4.0 software (Nucletron, an Elekta company, Elekta AB,
Stockholm, Sweden). Magnetic resonance images are re-
constructed and segmented. Target volumes such as pros-
tate gland, dominant intraprostatic lesions (DILs), ECE,
organs at risk (OARs), urethra, and rectum are delineated.
A transrectal sagittal volumetric ultrasound image is im-
mediately acquired with images obtained every 2 degrees.
A rapid reconstruction algorithm converts the series of 2D
images into a 3D volume, which is then displayed in axial,
sagittal, and coronal views and transferred to the fusion
module. The MR images and the real-time ultrasound ex-
amination are displayed on a split-screen with the possi-
bility of overlaying the images live in one image. A graph-
ical user interface is used for rigid manual registration of
the ultrasound and MR images. This interface allows for
displacements in three dimensions as well as rotations,
until both images are correctly superimposed. The con-
toured structures are transferred to the US dataset. These
contours may be slightly modified, until a perfect match
with the US images is achieved.

Definition of ECE and target volumes

The parameters studied in MR were established by
consensus at our uro-oncology tumour board, and were
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defined as: tumour burden (number of nodules or intra-
prostatic mass), laterality of lesions, the presence or ab-
sence of extraprostatic tumor extension, seminal vesicle
invasion, pelvic lymph node involvement, and/or meta-
static bone disease. The likelihood of ECE was scored
based on the presence of indirect or direct signs of ECE.
Indirect signs of ECE were defined as tumour contact with
the capsule and a capsular signal defect with or without
capsular bulging. Direct signs of ECE were defined as the
presence of a hypo-intense signal in any periprostatic area
(neurovascular bundles, subapical or perivesicular area,
recto-prostatic angle and lateral or posterior periprosta-
tic fat). All nine patients included in the study had direct
signs of ECE. When seen, extracapsular extension was
quantified by measuring the largest radial diameter of ex-
traprostatic tumor, defined as the perpendicular distance
of tumor beyond the expected location of the outer cap-
sular margin [19,20], on the transverse T2-weighted im-
ages. The prostate gland, dominant intraprostatic lesions
(DILs), and ECEs an independent volume were delineated
on the pre-brachytherapy MR image sets of the 9 patients
by two experienced uro-radiologists. The pre-implant
P-CTVyy (prostate clinical target volume) was defined as
the prostate seen in the TRUS images. To create the plan-
ning target volume (P-PTV ), a 3-dimensional expansion
of the CTV of 3 mm was performed isotropically, except
posteriorly where 1 mm was added. The CTVy included
the prostate with the ECE image (ECE-CTV) as defined on
the MR images and an expansion was performed to create
the PTVyz.

Treatment and dosimetry

Two virtual treatment plans were performed based
on the MRI/TRUS fusion images, the first one prescrib-
ing 100% of the dose to the P-PTVyy, and the second pre-
scribing to the PTVyz. No changes were made in terms
of number and distribution of the needles between plans;

however, dosimetric parameters used for inverse plan-
ning optimization were modified.

The homogeneity parameters used for optimization
aim for prostate Vipy > 98%, V57 of 25-33%, Voo < 8%,
where V, is the fractional volume of the organ that re-
ceives n% of the prescribed dose, urethral D, (maxi-
mum point dose inside the urethral volume) < 115%, and
rectal 1 cc <70% of prescribed dose.

The implant parameters and dose-volume histogram
(DVH) related parameters of the prostate, OARs and
ECE-CTV were compared between both plans (Table 2).

Statistical analysis

A statistical analysis was performed using the Statis-
tical Package for the Social Sciences, version 20.0 (SPSS,
IBM, New York, USA). Descriptive statistics were calcu-
lated (means and standard deviations) to summarize the
clinical characteristics of the 9 patients and dosimetric in-
dices for each of the two plans. Complete data were avail-
able for all parameters considered. Comparisons of the
mean values between the two plans for paired data were
performed using the t-statistic. Significance was defined
as a probability value less than 0.05, and no adjustment
was made for multiple comparisons.

Results

The mean pre-treatment prostate specific antigen
(PSA) level was 17.7 ng/mL (SD: 7.02), mean age 68 years
(SD: 6), and mean prostate volume 24.7 cc (SD: 4.4). Six-
ty-seven percent of patients had Gleason score 7 and 33%
had Gleason 8-10. Mean percentage of positive cores in
the biopsy was 50% (SD: 28). ECE was located in the pros-
tate base in 5 patients, in the apex in two patients, in the
midgland in two patients, and in 8 out of 9 patients in-
volved the posterior-lateral region of the prostate. There
was an association between the location of ECE and areas

Table 2. Comparisons of the mean values between the two plans for paired data

Dosimetric parameters US-Plan MR-Plan p
Mean SD Mean SD

Prostate Vyq, 98.51 0.38 98.43 0.45 0.275
Prostate V5, 24.40 3.71 25.80 3.29 0.173
Prostate Vg, 6.50 1.37 7.07 0.98 0.110
ECE Vg 85.94 15.13 99.31 1.20 0.028
ECE V5o 18.20 17.27 45.79 22.39 0.002
ECE V00 5.86 6.99 19.57 12.58 0.004
Urethra D, 114.32 111 114.33 1.09 0.996
Urethra Dy, 110.28 1.11 110.01 0.63 0.383
Urethra 1 cc 57.46 45.49 58.23 46.04 0.499
Rectum D,y 90.18 13.85 87.10 6.12 0.303
Rectum 1 cc 66.61 3.55 66.59 2.32 0.981
Rectum 2 cc 59.13 3.73 59.33 2.79 0.819
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Fig. 1. A) V,o, isodose (blue color-wash) for the US-Plan. The extracapsular extension (ECE) region (in green) is
not covered completely by the prescription dose. B) V,,, isodose (blue color-wash) for the MR-Plan. The extra-
capsular extension region (in green) is adequately covered by the prescription dose

of heavy infiltration on biopsy. Mean radial distance of
ECE was 3.6 mm (SD: 1.1). The mean number of needles
for both plans was 15 (range: 13-17).

Treatment and dosimetric parameters are summa-
rized in Table 2. Mean prostate V), V5, and V,q, were
98.5%, 24.4%, and 6.5%, respectively for the US-Plan, and
98.4%, 25.8% and 7% for the MR-Plan. Mean urethral
maximal dose was 114.3% and was the same for the two
plans. No significant differences were found between
prostate Vg, Vis0, Vago, and OARs DVH-related parame-
ters between the plans. Finally, mean values of ECE V,,,
Vis0, and Vg, were 85.9% (SD: 15.1), 18.2% (SD: 17.3),
and 5.85% (SD: 7) when the doses were prescribed to
the PTVys, whereas ECE V), V50, and Vo, were 99.3%
(SD:1.2),45.8% (SD: 22.4), and 19.6% (SD: 12.6) when dos-
es were prescribed to PTVy; (Figs. 1 and 2). These differ-
ences were statistically significant (p = 0.028, p =0.002, and
p = 0.004, respectively).

Fig. 2. Fused MR data set. Volumes delineated: pro-
state (red), dominant intraprostatic lesion (pink),
extracapsular extension (green). Vy, isodose dis-
tribution (blue color wash)

Discussion

Our “proof of concept” study shows that TRUS/
MRI fusion could provide an important information for
prostate brachytherapy, allowing for better coverage and
higher doses to extracapsular disease in patients with
clinical stage T3a. Technologic and imaging advances
have allowed radiation oncologists to reduce the poten-
tial risks for treatment-related toxicity, and to escalate
dose to the target volume. However, in prostate cancer,
neither CT nor TRUS can precisely identify tumour nod-
ules. Therefore, current methods for defining the CTV in
prostate cancer may not accurately account for ECE and
could lead to underdosage or geographic miss. Effective
treatment planning requires accurate determination of
the stage of the disease. Various methods have been sug-
gested for predicting that a clinically localized prostate
cancer is, in fact, pathologically confined to the prostate
[21-24]. Nomograms are limited as a treatment-planning
tool, because they do not incorporate anatomic data that
could assist in the localization of ECE, which is critical for
optimal treatment [4,24,25].

The role of magnetic resonance (MR) imaging in pros-
tate cancer management is expanding as improved MR
techniques, such as multiparametric MR and spectro-
scopic imaging become commonplace, and as experience
grows with interpretation of such MR images [26-29]. We
recently reported that staging MR impacts staging of the
primary tumour, and can modify risk group classification
as well as treatment decisions in intermediate and high
risk patients. 46% of patients with cT1-T2 were upstaged
to ¢T3 stage when multiparametric MR was performed
[30]. In the present study, the clinical stage of the patients
before MR was T1c in 7, and T2 in 2 patients. It is impor-
tant to note that the concept of extra prostatic extension
is not a simple binary observation, but has an important
quantitative component. The degree of extraprostatic ex-
tension affects its detection by MR [31]. McKenna et al.
[32] observed worse outcomes in patients with greater
than 5 mm of ECE on MR. Given the detection of prostate
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cancer at an earlier stage through routine PSA screening,
ECE at the time of diagnosis is now generally less exten-
sive than in past decades and may not carry the same
prognostic significance. Hence, when assessing the accu-
racy of MR in the detection of ECE it is valuable to stratify
by its extent.

Chao ef al. in a pathologic review of prostatectomy
specimens correlated clinical features with the linear ex-
tent of ECE to determine the appropriate margin to in-
clude in the clinical target volume (CTV) when there is
a significant risk of ECE. They demonstrated that the ma-
jority of all ECE occur primarily along the postero-lateral
region and that approximately 20% of patients who have
PSA > 10 ng/ml and biopsy Gleason score > 7 are at risk
for ECE extending 4 to 5 mm beyond the prostate capsule
[33]. In the present study, only 2 out of 9 patients were
found to have ECE greater than 5 mm. The mean ECE
radial distance was 3.6 mm, and most of the ECE was lo-
cated along the neurovascular bundle.

Additionally, previous studies that have investigated
the value of MR prior to radiotherapy have consistently
shown that MR findings predict biochemical control
[32,34-36]. Riaz et al. investigated the role of pre-treat-
ment MRI in patients receiving the combination of EBRT
and brachytherapy, and showed that the only factors cor-
relating with biochemical control were Gleason score and
the presence of extraprostatic extension [37].

The combination of brachytherapy and EBRT is a stan-
dard therapeutic option for high risk prostate cancer.
The choice between LDR and HDR boost depends on the
preference and expertise of the treating physicians, and
varies from institution to institution. LDR brachytherapy
is used more widely than HDR brachytherapy, although
advocates of the HDR technique have noted several po-
tential advantages of this approach [3,38]. The precise
control over dose delivery inherent in HDR brachyther-
apy is not readily achievable with LDR brachytherapy
due to factors such as seed or strand migration, post im-
plant prostatic swelling, and the uncertain periprostatic
margin, all of which can contribute to suboptimal dose
distributions. As far as the coverage of ECE is concerned,
manipulation of the dwell times and dwell positions in
HDR brachytherapy can correct for deviations in needle
placement, tightly control doses to critical organs, and
push extraprostatic dose where needed [39]. Several re-
ports have demonstrated improved biochemical control,
and higher survival rates with dose escalation using HDR
brachytherapy [40-43]. Martinez et al. reported a strong
dose-response relationship for intermediate and high-
risk prostate cancer patients treated with EBRT and an
HDR boost [44]. Those receiving a biologically equivalent
dose (BED; 5) > 268 Gy had significantly decreased bio-
chemical and clinical failures as well as distant metasta-
sis [44]. The BED; 5 in our protocol is 318 Gy. The dose
administered with brachytherapy (202.5 Gy) represents
64% of the total dose. Hence, an optimal dose distribution
with brachytherapy is critical for higher tumour control
and better oncologic outcomes.

We have found statistically significant differences in
the DVH parameters favouring the MRI-TRUS fusion ap-

proach. The V;,, V50, and V,, of the ECE volume were
higher when the ECE was delineated on MR and trans-
ferred to the US dataset for planning purposes, while pre-
serving Vo, Vis0, Voo and OAR doses within the pre-
established dosimetric constraints.

To our knowledge this is the first study reporting the
impact of TRUS/MRI fusion in the coverage of ECE in
T3a patients treated with HDR real-time brachytherapy.

We acknowledge several uncertainties in the deline-
ation of DIL and ECE volumes transferred from the MR
images to the US dataset due to several reasons: a Foley
catheter was not in-situ during the MR acquisition, the
transrectal probe may deform the posterior prostate, and
two patients received 1 month of hormonal therapy prior
to HDR brachytherapy. For these 2, the volume of DIL may
have been less than imaged on the pretreatment MR lead-
ing to an overestimation of the ECE at the time of treatment.

We believe that a further refinement of TRUS/MR
guided realtime HDR brachytherapy is dose escalation
to the Dominant Intraprostatic Lesions (DIL) using dose
painting and inverse planning. Consequently, we have
started a phase II clinical trial investigating the feasibility
and safety of this dose escalation (NCT01909388). A sim-
ilar clinical trial is ongoing in British Columbia, Canada
(NCT01605097). For the ongoing trial, we have modified
our approach to include a second MR, acquired the same
day as the HDR procedure using a Foley catheter and
a 2.5 cm diameter rectal cylinder to mimic the ultrasound
probe. Results from well-designed clinical trials will elu-
cidate whether better coverage of the ECE or local dose
escalation to the DIL will produce improved disease con-
trol without increasing normal tissue complications.

MR imaging contributes significant incremental value
to the nomograms for the prediction of ECE, and is by far
the best imaging technique for prostate cancer staging.
We recommend MR staging for high risk patients prior
to HDR brachytherapy and incorporation of this infor-
mation into the dosimetric planning process. Although,
MR-guided HDR is not likely to be readily available in
the near future, real-time TRUS/MR fusion can accom-
plish the same goal with currently available equipment
and software.

Disclosure

Authors report no conflict of interest.

References

1. Yamada'Y, Rogers L, Demanes D] et al. American Brachyther-
apy Society consensus guidelines for high-dose-rate prostate
brachytherapy. Brachytherapy 2012; 11: 20-32.

2. Skowronek J. Brachytherapy in the therapy of prostate cancer
- an interesting choice. Contemp Oncol (Pozn) 2013;17: 407-412.

3. Skowronek J. Low-dose-rate or high-dose-rate brachytherapy
in treatment of prostate cancer - between options. | Contemp
Brachytherapy 2013; 5: 33-41.

4. Partin AW, Mangold LA, Lamm DM et al. Contemporary
update of prostate cancer staging nomograms (Partin Tables)
for the new millennium. Urology 2001; 58: 843-848.

5. Febles C, Valicenti RK. Combining external beam radiothera-
py with prostate brachytherapy: issues and rationale. Urology
2004; 64: 855-861.

Journal of Contemporary Brachytherapy (2014/volume 6/number 2)



MRI/TRUS fusion in prostate brachytherapy

159

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Morton G. The best method for dose escalation: Prostate bra-

chytherapy. Can Urol Assoc ] 2012; 6: 196-198.

. Akin O, Hricak H. Imaging of prostate cancer. Radiol Clin

North Am 2007; 45: 207-222.

. Roethke MC, Lichy MP, Kniess M et al. Accuracy of preop-

erative endorectal MRI in predicting extracapsular extension
and influence on neurovascular bundle sparing in radical
prostatectomy. World | Urol 2013; 31: 1111-1116.

. Wang L, Akin O, Mazaheri Y et al. Are histopathological fea-

tures of prostate cancer lesions associated with identification
of extracapsular extension on magnetic resonance imaging?
BJU Int 2010; 106: 1303-1308.

Futterer JJ, Engelbrecht MR, Jager GJ et al. Prostate cancer:
comparison of local staging accuracy of pelvic phased-array
coil alone versus integrated endorectal-pelvic phased-array
coils. Local staging accuracy of prostate cancer using en-
dorectal coil MR imaging. Eur Radiol 2007; 17: 1055-1065.
Wang L, Hricak H, Kattan MW et al. Prediction of organ-con-
fined prostate cancer: incremental value of MR imaging and
MR spectroscopic imaging to staging nomograms. Radiology
2006; 238: 597-603.

Hegde JV, Chen MH, Mulkern RV et al. Preoperative 3-Tes-
la multiparametric endorectal magnetic resonance imaging
findings and the odds of upgrading and upstaging at radical
prostatectomy in men with clinically localized prostate can-
cer. Int | Radiat Oncol Biol Phys 2013; 85: €101-107.
Rosenkrantz AB, Chandarana H, Gilet A et al. Prostate can-
cer: utility of diffusion-weighted imaging as a marker of side-
specific risk of extracapsular extension. ] Magn Reson Imaging
2013; 38: 312-319.

Kaplan I, Oldenburg NE, Meskell P et al. Real time MRI-ul-
trasound image guided stereotactic prostate biopsy. Magn
Reson Imaging 2002; 20: 295-299.

Selli C, Caramella D, Giusti S et al. Value of image fusion in
the staging of prostatic carcinoma. Radiol Med 2007; 112: 74-81.
Daanen V, Gastaldo ], Giraud JY et al. MRI/TRUS data fu-
sion for brachytherapy. Int | Med Robot 2006; 2: 256-261.
Reynier C, Troccaz J, Fourneret P et al. MRI/TRUS data fu-
sion for prostate brachytherapy. Preliminary results. Med
Phys 2004; 31: 1568-1575.

Ewertsen C, Grossjohann HS, Nielsen KR et al. Biopsy guid-
ed by real-time sonography fused with MRI: a phantom
study. AJR Am ] Roentgenol 2008; 190: 1671-1674.

Davis BJ, Pisansky TM, Wilson TM et al. The radial distance
of extraprostatic extension of prostate carcinoma: implica-
tions for prostate brachytherapy. Cancer 1999; 85: 2630-2637.
McKenna DA1, Coakley FV, Westphalen AC et al. Prostate
cancer: role of pre-treatment mr in predicting outcome after
external-beam radiation therapy - initial experience. Radiology
2008; 247: 141-146.

Catalona WJ, Smith DS, Ratliff TL et al. Detection of organ-con-
fined prostate cancer is increased through prostate-specific an-
tigen-based screening. JAMA 1993; 270: 948-954.

Ennis RD, Flynn SD, Fischer DB et al. Preoperative serum
prostate-specific antigen and Gleason grade as predictors of
pathologic stage in clinically organ confined prostate cancer:
implications for the choice of primary treatment. Int | Radiat
Oncol Biol Phys 1994; 30: 317-322.

Gohji K, Okamoto M, Morisue K et al. Usefulness of digital
rectal examination, serum prostate-specific antigen, transrec-
tal ultrasonography and systematic prostate biopsy for the
detection of organ-confined prostate cancer. Int | Urol 1995;
2:116-120.

Poulakis V, Witzsch U, De Vries R et al. Preoperative neural
network using combined magnetic resonance imaging vari-
ables, prostate specific antigen and Gleason score to predict
prostate cancer stage. | Urol 2004; 172: 1306-1310.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Partin AW, Kattan MW, Subong EN et al. Combination of
prostate-specific antigen, clinical stage, and Gleason score
to predict pathological stage of localized prostate cancer.
A multi-institutional update. JAMA 1997; 277: 1445-1451.
Kirkham AP, Emberton M, Allen C. How good is MRI at
detecting and characterising cancer within the prostate? Eur
Urol 2006; 50: 1163-1174; discussion 1175.

Riches SF, Payne GS, Morgan VA et al. MRI in the detection of
prostate cancer: combined apparent diffusion coefficient, me-
tabolite ratio, and vascular parameters. AJR Am | Roentgenol
2009; 193: 1583-1591.

Sciarra A, Barentsz J, Bjartell A et al. Advances in magnetic
resonance imaging: how they are changing the management
of prostate cancer. Eur Urol 2011; 59: 962-977.

Turkbey B, Pinto PA, Mani H et al. Prostate cancer: value
of multiparametric MR imaging at 3 T for detection - histo-
pathologic correlation. Radiology 2010; 255: 89-99.
Gomez-Iturriaga A, Casquero F, Urresola A et al. Impact of
Magnetic Resonance Imaging in the local staging, risk group
classification and treatment of prostate cancer patients with
combination of High Dose Rate brachytherapy and External
Beam Radiotherapy. Cancer de Préstata. Monografia 2013; 1:
42-50.

Jager GJ, Ruijter ET, van de Kaa CA et al. Local staging of
prostate cancer with endorectal MR imaging: correlation
with histopathology. AJR Am | Roentgenol 1996; 166: 845-852.
McKenna DA, Coakley FV, Westphalen AC et al. Prostate
cancer: role of pretreatment MR in predicting outcome after
external-beam radiation therapy--initial experience. Radiology
2008; 247: 141-146.

Chao KK, Goldstein NS, Yan D et al. Clinicopathologic anal-
ysis of extracapsular extension in prostate cancer: should the
clinical target volume be expanded posterolaterally to ac-
count for microscopic extension? Int | Radiat Oncol Biol Phys
2006; 65: 999-1007.

Fuchsjager MH, Pucar D, Zelefsky MJ et al. Predicting post-
external beam radiation therapy PSA relapse of prostate can-
cer using pretreatment MRI. Int | Radiat Oncol Biol Phys 2010;
78: 743-750.

Joseph T, McKenna DA, Westphalen AC et al. Pretreatment
endorectal magnetic resonance imaging and magnetic reso-
nance spectroscopic imaging features of prostate cancer as
predictors of response to external beam radiotherapy. Int
] Radiat Oncol Biol Phys 2009; 73: 665-671.

Nguyen PL, Whittington R, Koo S et al. Quantifying the im-
pact of seminal vesicle invasion identified using endorectal
magnetic resonance imaging on PSA outcome after radiation
therapy for patients with clinically localized prostate cancer.
Int | Radiat Oncol Biol Phys 2004; 59: 400-405.

Riaz N, Afaq A, Akin O et al. Pretreatment endorectal coil
magnetic resonance imaging findings predict biochemical
tumor control in prostate cancer patients treated with com-
bination brachytherapy and external-beam radiotherapy. Int
J Radiat Oncol Biol Phys 2012; 84: 707-711.

Hurwitz MD. Technology Insight: Combined external-beam
radiation therapy and brachytherapy in the management of
prostate cancer. Nat Clin Pract Oncol 2008; 5: 668-676.

Crook J. The role of brachytherapy in the definitive manage-
ment of prostate cancer. Cancer Radiother 2011; 15: 230-237.
Marina O, Gustafson GS, Kestin LL et al. Comparison of
dose-escalated, image-guided radiotherapy vs. dose-escalat-
ed, high-dose-rate brachytherapy boost in a modern cohort
of intermediate-risk prostate cancer patients. Brachytherapy
2014; 13: 59-67.

Astrom L, Pedersen D, Mercke C et al. Long-term outcome
of high dose rate brachytherapy in radiotherapy of localised
prostate cancer. Radiother Oncol 2005; 74: 157-161.

Journal of Contemporary Brachytherapy (2014/volume 6/number 2)



160

Alfonso Gomez-lturiaga, Juanita Crook, Francisco Casquero et al.

42.

43.

44.

Prada PJ, Gonzalez H, Fernandez ] et al. Biochemical out-
come after high-dose-rate intensity modulated brachythera-
py with external beam radiotherapy: 12 years of experience.
BJU Int 2012; 109: 1787-1793.

Martinez A, Gonzalez ], Spencer W et al. Conformal high
dose rate brachytherapy improves biochemical control and
cause specific survival in patients with prostate cancer and
poor prognostic factors. ] Urol 2003; 169: 974-979; discussion
979-980.

Martinez AA, Gonzalez ], Ye H etal. Dose escalation improves
cancer-related events at 10 years for intermediate- and high-
risk prostate cancer patients treated with hypofractionated
high-dose-rate boost and external beam radiotherapy. Int
] Radiat Oncol Biol Phys 2011; 79: 363-370.

Journal of Contemporary Brachytherapy (2014/volume 6/number 2)



