Open Access @

(Pustin Publishing crou

Austin Journal of Nuclear Medicine and
Radiotherapy

Research Article

An Impact of Pelvic Magnetic Resonance Imaging
to Radiotherapy Volume Definition in Patients with
Intermediate- and High-Risk Prostate Cancer: A
Population Based Study

Rouvinov K¥*, Mermershtain W%, Belochitski O,
Keizman D?, Ariad St and Lavrenkov K¥#*
!Department of Oncology, Soroka University Medical

Abstract

Purpose: Pelvic MRI (PMRI) is an important pre-radiotherapy (RT)

Center and Faculty of The Health Sciences, Ben Gurion
University of The Negev, Beer Sheva, Israel

2Institute of Oncology, Meir Medical Center and The
Sackler School of Medicine, Tel Aviv University, Israel
KR, WM, and KL contributed equally to the manuscript

evaluation procedure in patients with intermediate- and high-risk prostate
cancer. We conducted a retrospective study to evaluate an influence of PMRI to
delineation of RT clinical target volume (CTV).

Methods: Medical records of prostate cancer patients treated with intensity-

modulated RT (IMRT) in single institution in 2009-2015 were retrieved and
examined retrospectively. Initial risk group affiliation was defined using NCCN
criteria. PMRI reports of patients with intermediate and high-risk prostate
cancer were reviewed and risk group affiliation was re-defined in regards of
T- and N-stage. CTVs for IMRT treatment plans were contoured. Accounting to
information obtained from PMRI. Extra-capsular extension (ECE) and seminal
vesicles invasion (SVI) were included to high-dose CTV. Regional pelvic lymph
nodes (RPLN) were planned to treat in all high-risk pts. RPLN considered
pathological by PMRI were included to separate CTV to receive RT dose higher
than unaffected RPLN stations.
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Results: Between 2009 and 2013, 169 patients with intermediate and high-
risk prostate cancer underwent PMRI at around 1 month before commencing
IMRT. Initially, 89 patients were affiliated to intermediate-risk and 80 to high-risk
group. In general, PTV-changes based on PMRI data required in 66 patients
(39%). Thirty seven of 89 intermediate-risk patients (42%) were switched to
high-risk group, necessitating irradiation of RPLN. ECE and SVI were included
to high-dose CTV in 64 (38%) and 29 patients (17%) respectively. RPLN were
thought pathological in 10 patients (6%), which justified contouring of a separate
CTV for dose escalation.

Conclusion: In our retrospective series, PMRI-scans had a significant
impact on RT target coverage decision in patients with intermediate and high-
risk prostate cancer. However, a true value of this impact should be defined a
large scale prospective clinical trial.

Keywords: Prostate cancer; Magnetic resonance imaging; Radiotherapy;
Clinical target volume

have detrimental consequences in patients selected for definitive
radiotherapy (RT). Undetected extracapsular extension (ECE) and/
or seminal vesicle invasion (SVI) may result to inadequate coverage
of all the disease within clinical target volume (CTV), potentially
leading to RT failure.Other methods used to evaluate local extension

Introduction

Diagnosis of prostate carcinoma is usually made by trans-rectal
ultrasound (TRUS) guided core biopsy. The clinical T-stage (Table
1) [1] defined by TRUS and digital rectal examination (DRE) along
with Gleason-score and initial value of prostate-specific antigen
(PSA) are crucial parameters to affiliate prostate cancer patient to
low-, intermediate-, or high risk group in order to determine clinical
prognosis and properly select local and systemic therapies [2,3].

of prostate cancer included TRUS and computerized tomography
(CT). However, TRUS by its own right has been shown not any better
than DRE, and its interpretation was reported as user-dependent
[7,8]. Furthermore, CT has no advantage in staging because of limited

The DRE is defined by current guidelines as a standard method
to determine the clinical T-stage in prostate cancer patients [4],
despite of rising evidence of poor correlation of DRE findings with
pathological T-stage in radical prostatectomy series [5], and lack
of inter-observer consistency [6]. Incorrect clinical staging may

ability for definition of tiny variances in soft tissue density [9].

Magnetic resonance imaging (MRI) has been proved to be of
superior accuracy for staging prostate cancer due to its capacity to
visualizing normal anatomy and identifying ECE, SVI and metastases
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Table 1: Clinical staging of prostate cancer (AJCC, 2002) [1].

Table 3: Patient characteristics.

AJCC: American Joint Committee for Cancer; FNA: Fine Needle Biopsy; PSA:
Prostatic Specific Antigen; ECE: Extracapsular Eextension; SVI: Seminal
Vesicle(s) Involvement; RLN: Regional Lymph Nodes.

Table 2: Risk group stratification of patients with localized prostate cancer
(NCCN).

Required characteristics 5-10-year
Risk group bPFS/CSS
PSA (ng/ml) Gleason's score T-stage (%)
Low (all apply) <10 <6 T1-T2a  80-90/>95
'”termeg;)ate @y 420 7 T2b - T2c 70-85/75-90
High (any of) >20 8-10 T3-T4 30-60/60-80

NCCN: National Comprehensive Cancer Network; PSA: Prostatic Specific
Antigen; bPFS — biochemical Progression-free Survival; CSS: Ause-specific
Survival.

in regional pelvic lymph nodes (RPLN) as well [10,11]. The MRI-
defined T-stage has also been revealed as having better correlation
than DRE and TRUS with biochemical control in patients undergoing
radical RT for prostate cancer [12]. Therefore, applying MRI-scan
to decision-making on RT target coverage may be more precised as
compared with conventional staging based on DRE and TRUS [13,15].
This could be particularly important for patients initially affiliated to
intermediate- and high risk group because of high Gleason score and/
or high PSA values, as they have greater probability of ECE, SVI and
RPLN metastases [2,3].

Ourretrospective study aimed to evaluate an impact of diagnostic
MRI-scan to definition of RT CTVs in patients with intermediate-
and high-risk prostate cancer.

Patients and Methods

The medical records of patients with intermediate- and high-
risk prostate adenocarcinoma treated by intensity modulated RT
(IMRT) in single medical from 2009 to 2015 were collected and
reviewed by approval of the Institutional Review Board. One hundred
seventy eight patients were identified. All patients had histologically
confirmed adenocarcinoma of the prostate gland, based on TRUS-
guided biopsy. Initial clinical stage was established in accordance
with DRE and TRUS. Patients were then risk-stratified according
to National Comprehensive Cancer Network (NCCN) criteria,

Category Description Variable Value
Primary tumor Age (years), median (range) 68.2 (48-81)
(T Prostatic specific antigen (ng/ml), median (range) 12.92 (1.9-84)
T1 Clinically in apparent neither palpable nor visible by imaging Gleason score, n
T1a Tumor Incidental histologic finding in < 5% of tissue resected 6 23
T1b Tumor Incidental histologic finding in > 5% of tissue resected 7 91
T1c Tumor identified by FNA (e.g., because of elevated PSA) 8 41
9 13
T2 Tumor confined to prostate 10 1
T2a Tumor involves < 1/2 of one lobe NCCN risk group [4]
T2b Tumor involves > 1/2 of one lobe, but not both lobes Intermediate 89
T2c Tumor involves both lobes High 80
NCCN: National Comprehensive Cancer Network.
T3 Tumor extends through prostate capsule
T3a ECE (unilateral or bilateral) Table 4: Risk group affiliation in regards to MRI-scan (169 patients).
T3b svi Relation to MRI-scan (absolute / per cent)
NCCN group [4]

T4 Tumor is fixed or invades adjacent structures other than SVI Before After

RLSX(N) RLN were not assessed Intermediate 89/53 52/31
NO No RLN metastasis High 80/47 117 /69
N1 RLN metastasis

NCCN: National Comprehensive Cancer Network; MRI: Magnetic Resonance
Imaging.

accounting on stage, Gleason’s score and PSA value (Table 1) [4]. All
patients started neo-adjuvant androgen deprivation therapy (ADP)
with bicalutamide combined with luteinizing hormone-releasing
hormone agonist (LHRHA), and were referred for definitive IMRT.

All patients were considered to IMRT 78 Gy to prostate and
54 Gy to SV in 2 Gy daily fractions given 5 days a week. IMRT 44
Gy to RPLN was deemed necessary in patients with calculated risk
of RPLN metastases of 15% or more [16,17]. On admission to RT-
unit, 169 patients were referred to diagnostic pelvic MRI-scan for
accurate definition of CTV at subsequent CT-simulation. MRI was
contraindicated for various reasons in remaining 9 patients, and
their records were excluded from the study. The MRI-scans were
acquired at 1.5 Tesla Philips-scanner with an external phased-array
body coil. T1- and T2-weighted sequences were acquired in axial,
coronal and sagittal planes, covering prostate, SV and pelvic lymph
nodes inclusive presacral, obturator, and common, internal and
external iliac nodal stations. MRI-scans were reviewed by diagnostic
radiologist and radiation oncologist. Clinical stage and risk group
affiliation were redefined based on presence of ECE, SVI and RPLN
suspicious for metastases.

RT-planning CT-scan using Marconi CT-simulator was
performed at 1 week after diagnostic MRI-scan. All patients were
immobilized using knee-fix device. CT-scan was extended from
L4-L5 intervertebral space down to 2cm bellow minor trochanter
with axial slice thickness 2.5mm. CTV contours were delineated by
radiation oncologist. Where ECE was detected by MRI, a prostate
CTV was expanded uniformly by 3mm. If SVI was identified, SV’s
were incorporated to joint high-dose (78Gy) CTV along with prostate.
Nodal CTV was contoured in all high risk patients. In occurrence
of RPLN suspicious for metastases, separate high-dose nodal CTV
was delineated for escalating the total dose to 60Gy. Planning target
volume (PTV) for RPLN was generated by adding 8mm uniform
margin around nodal CTVs. PTVs for SV and prostate were created
with 6.5mm posterior margin and 8mm margins in other directions
around CTV.
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Results

The characteristics of 169 patients included to this retrospective
study are listed Table 3. The median age was 68.2 years, and median
PSA value was 12.92ng/ml. The Gleason score varied from 6 to 10.
Based on initial clinical information, the patients were nearly equally
distributed to intermediate- and high-risk group (Table 4). All
patients were considered for IMRT to prostate and SV, and elective
irradiation of RPLN was thought necessary only for high-risk group
patients.

Diagnostic MRI scan detected ECE, SVI, and RPLN suspicious for
metastases in 64 (38%), 29 (17%), and 10 (6%) patients respectively.
As aresult, 37 of 80 (42%) patients initially belonging to intermediate
risk group were shifted to high risk group (Table 4).

Overall, CTV changes were required in 66 patients (39%) based
on MRI-scan results (Table 5). After incorporation of the MRI data
to IMRT planning, elective irradiation of RPLN was considered
necessary in 117 (67%) patients as compared to 80 (49%) patients
before MRI (p=0.02). Prostate CTV was expanded by 3mm margin
to include ECE in 64 (38%) patients. SV were incorporated to
joint CTV with prostate to accounting for SVI in 29 (17%) patient.
Separate nodal CTV was delineated for delivering radiation to RPLN
suspicious for metastases in 10 (6%) of patients.

Discussion

Our population based retrospective study demonstrated that
pre-planning MRI-scan had a significant impact on decision making
about RT-target coverage in patients with intermediate- and high-
risk prostate cancer. Post-MRI correction of CTVs were required in
39% of patients, inclusive elective irradiation of RPLN, expansion
of prostate CTV due to ECE, assembling prostate and SV into a
single CTV because of SVI, and defining a separate CTV for RPLN
suspicious for metastases. These findings correspond with preceding
publications, which have reported on substantial influence of MRI-
scans on surgical management of prostate cancer [18,19].

Previous studies have examined an impact of MRI-scans on RT-
volume delineation in terms of changes of prostate contouring. MRI-
based contouring not only enabled for significantly smaller CTVs
as compared to CT-scans due to reduced incorporation of normal
tissue, but also resulted in decreased likelihood of inter- and intra-
observer variation in target demarcation, particularly at the prostate
apex [20-22]. A recent publication [15] testified that in addition to
better anatomical definition of prostate, MRI-scans allowed more
accurate pathological-feature contouring, specifically for ECE and
SVI. These revelations were further confirmed by our study. However,
to contrast with Chang et al [15] we intentionally left patients with
low risk prostate cancer out of study scope. The possibility of extra-
prostatic extension is considered negligible in these patients, and to
our view their inclusion to study could potentially underestimate an
effect of MRI-scans on CTVs delineation.

ECE is not routinely accounted for in RT protocols, and the CTV
encompasses only the prostate to the edge of the capsule. Nevertheless,
pathological series have reported that where ECE is present, an
average spread is 2-3mm beyond the prostatic capsule in the involved
areas [11,13,14]. This microscopic extra-prostatic extension of

Table 5: CTV change in regards to MRI-scan (absolute n / per cent).

Initial risk group
CTV description ) ~ High (n'|'=01t2;)
Intermediate (n=89) (n=80)
Elective RPLN CTV
Before MRI 0/0 80/80 | 80/47
After MRI 37142 80/80 | 117/69
Expanded prostate CTV for ECE
Before MRI 0/0 0/0 0/0
After MRI 34/38 30/38 | 64/38
Prostate and SV joint CTV for SVI
Before MRI 0/0 0/0 0/0
After MRI 15/17 14/18 | 29/17
Separate CTV for RPLN suspicious
for metastases
Before MRI 0/0 0/0 0/0
After MRI 3/4 719 10/6
Total CTV change after MRI 38/43 28/35  66/39

CTV: Clinical Target Volume; MRI: Magnetic Resonance Imaging; RPLN:
Regional Pelvic Lymph nodes; ECE: Extracapsular Extension; SV: Seminal
Vesicles; SVI: Seminal Vesicles Involvement.

the tumor should be included to CTV according to the ICRU-50
guidelines [23]. Recent publication showed that that this microscopic
extension would have been missed in 8% of patients, unless MRI-scan
was implemented to RT planning [15]. Our retrospective population
based study revealed probability of even higher probability rate of
such geographical missing (38%). Furthermore, SVI also may not
be accounted for correctly without MRI-scan. Some investigators
advocate only inclusion of the base of SV into prostate CTV, or using
predictive tools to identify patients with higher risk of SVI without
performing MRI-scan [16,17,24-26]. However, a study by Chang et
al [15] demonstrated that 16% of patients would not have received an
adequate dose to the full extent of SVs based on clinical staging alone.
Our series showed that SVI would not be sufficiently covered in 29
patients (17%) unless MRI data were incorporated to IMRT planning.

In addition to accurate detection of ECE and SVI, MRI-scan
can also effectively recognize metastases to RPLN in patients with
prostate cancer [27,28]. A number of retrospective and randomized
controlled trials justified using definitive RT in combination with
androgen deprivation therapy (ADT) as improving local control,
biochemical relapse-free survival (bRFS), and overall survival (OS)
rates in node positive patients with prostate cancer [29-33]. These
trials used conventional RT techniques, applying the total doses to
whole pelvisno more than 45-50 Gy delivered by standard fractions
in order to respect the limits of the bowel tolerance to radiation [34].
However, it is unclear if such doses are sufficient to treat positive
RPLN for curative intent. Dose escalation to positive RPLN using
modern techniques in attempt to improve outcomes of RT of prostate
cancer is a rapidly evolving treatment paradigm yet not approved by
randomised controlled trials. Increasing the total dose to positive
RPLN to 60-70 Gy with acceptable toxicity using IMRT was feasible
in few phase I-II studies [35-39]. A promising trend to high bRFS
and OS rates was also reported [37,39]. In our series of intermediate-
and high- risk prostate cancer, RPLN suspicious for metastases
were identified in 10 (6%) patients. We delineated separate CTV for
positive RPLN aiming dose escalation to 60Gy.

The upgrading effect of MRI reported here is consistent with
previous reports. Jackson et al [12] found that 52% of patients were
upgraded to higher risk group after MRI-scan. A study by Chang et al
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[15] showed thatlack MRI could result in underdosage or geographical
missing in 20% of patients. In our hands, CTVs correction was
required in 39% of patients after MRI. Another advantage of accurate
risk group definition with MRI is more appropriate selection of ADT
schedule. There is a solid evidence for better survival with longer
course of ADT in patients with high-risk prostate cancer [4,29,40].
To our data, 42% of patients initially belonging to intermediate risk
group were shifted to high risk group after MRI, and therefore longer
courses of ADT were justified for them.

This study does have a number of pitfalls. A retrospective
character of the trial was an obvious limitation. Pre-MRI evaluation
including DRE and TRUS could be performed by different urologists
without clear guidance for attempting detection of the disease
extension beyond the prostate. As a result, ECE and SVI could be
underreported at primary assessment, and therefore the study
may overestimate the benefits of MRI. Additionally, this was not
a surgical study, and false positive findings by MRI could not be
accounted for. However, given the high specificity of MRI reported
in radical prostatectomy series [11,41], it would be sensible to include
visualized ECE, SVI and positive RPLN into the high-dose CTVs.
Furthermore, for availability difficulties MRI-scans were performed
2-3 months after starting neoadjuvant ADT and were therefore not
true initial staging scans. Other investigators revealed significant
drop of an original volumes of the prostate and primary tumor
after few month of ADT [42]. Accordingly, a substantial fraction of
patients in our study may have been downstaged on the MRI owing
tumour shrinkage attributable to ADT. Moreover, the MRI protocols
underwent profound changes since the study period because of a
constant technological development. Diffusion-weighted MRI is now
part of routine evaluation of prostate cancer patients in our center.
With improved sensitivity and specificity of newer technologies,
the pelvic MRI would likely have even higher impact on RT target
coverage decision than what was reported here.

To conclude, MRI can have a potential impact on the target
coverage decision in the RT-management of intermediate- and high-
risk prostate cancer patients. However, a true value of this impact
should be defined in a large scale prospective clinical trial.
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