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Abstract

Background: There is growing evidence that local recurrence after radiotherapy often occurs within the dominant
intraprostatic lesions (DILs) in prostate cancer. This study aimed to evaluate the dose difference between DILs defined
by Magnetic Resonance-guided and arc-based Intensity Modulated Radiation Therapy (IMRT) and to assess the
association between the dose difference and biochemical recurrence-free survival. Materials and Methods: Between
2015 and 2019, 48 prostate cancer patients with DILs visible from multiparametric Magnetic Resonance Imaging
(mpMRI) underwent arc-based IMRT with 70 Gy (2.5 Gy each fraction) to the prostate gland. Pretreatment mpMRI
DILs contoured the prostate gland retrospectively. Results: Biochemical recurrence was 8.3%. There was a significant
difference between the median dose of DILs from MRI-guided imaging, 69.22 Gy, and the median dose of the whole
prostate from arc-based IMRT which was 67.09 Gy (p < 0.001*). The Kaplan-Meier survival curve compared by log-
rank test showed an escalation dose of at least 2 Gy tends to improve biochemical recurrence-free survival. However,
this tendency did not reach statistical significance (p = 0.2). Conclusions: The dose distribution within DILs defined
by mpMRI is significantly higher than the whole prostate dose from arc-based IMRT. Escalation doses in DILs tend
to improve biochemical recurrence-free survival, further validation in larger patient cohorts with extended follow-up
is warranted.
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Introduction

Prostate cancer is the third most common malignancy
in the world, according to the World Health Organization
(WHO), 2020 [1]. Based on the latest European Society for
Medical Oncology (ESMO) clinical practice guidelines,
radical radiotherapy is a treatment option for all risk
groups [2]. Intensity-modulated radiotherapy (IMRT) is
the standard technique for external beam therapy (EBRT)
in localized prostate cancer. Currently, IMRT has been
reclassified as a higher-level treatment involving an arc
technique that supports the multiple directions of the beam
in curved projections to the target called arc-based IMRT.
This therapy ensures a high-level of intensity on the target

while sparing the adjacent normal tissues [3].

The target of the radiotherapy used in prostate cancer
treatment is the whole prostate gland because the cancer
tends to present in the form of multifocal tumors [4-6].
A dose-response correlation between the homogenous
radiation dose to the entire prostate gland and biochemical
control rates has been reported in several randomized
studies investigating the dose-escalation regimen [7-10].
Increasing the radiation dose to the whole prostate gland
is associated with better results but has higher toxicity
consequences including proctitis, cystitis, or impotence
[11]. The dose escalation regimen to the whole prostate
gland may not therefore be the best way forward and other
ways of increasing the dose to the macroscopic lesion is
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potentially more beneficial. There is considerable evidence
to show that local recurrence following radiotherapy
occurs mainly at the site of the largest intraprostatic lesion,
referred to as the dominant intraprostatic lesion (DIL)
[12-15]. This most significant lesion can be identified
using multiparametric MRI (mpMRI), which is the main
and most effective diagnostic tool for giving precise
anatomical information, tumor delineation, and imaging-
guided accurate delivery of radiotherapy. A higher dose to
the DIL may reduce prostate-specific antigen (PSA) levels
and improve local tumor control [12, 16].

Another development in the use of radiotherapy for
prostate cancer is hypofractionation. The radiobiologic
characteristics of prostate cancer (a/p ratio = 1.5 Gy)
support the use of a hypofractionation regimen (>2Gy
per fraction) [17, 18]. Several randomized controlled
studies have reported effective outcomes of the use of
moderate hypo-fractionated regimens in prostate cancer
[19-21]. Consequently, a total of 76-78 Gy (dose-escalated
conventional fractionation) or moderate hypofractionation
(60Gy in 3Gy per fraction or 70Gy in 2.5Gy per fraction)
is recommended, as described in the European Association
of Urology (EAU) guidelines 2023 [22].

IMRT has been used to treat prostate cancer patients in
our faculty since 2008, and a hypo-fractionated regimen
(70Gy in 2.5Gy per fraction) was implemented in 2012.
In 2020, we reported our experience in an international
publication [23]. At that time, our treatment focused on
the whole prostate without individual concern for the
DIL. To build on our previous research we designed
this study to evaluate the dose to DIL of prostate cancer
patients who were treated with arc-based IMRT with a
hypofractionation regimen to the whole prostate gland
at that period.

Materials and Methods

Patients
This retrospective, single institution study included

patients with histologically confirmed prostatic
adenocarcinoma who received radically hypo fractionated
arc-based IMRT with a dose of 70Gy in 2.5Gy per
fraction to the whole prostate gland from January 2015 to
December 2019. The availability of mpMRI images within
six months before treatment was a requirement. Patients
were excluded from the analysis if they had previously
received pelvic EBRT, or had ¢cN1 or cM1 disease, or
had no detectable intraprostatic lesion on mpMRI. The
Institutional Review Board gave approval to this study at
the Faculty of Medicine, Chiang Mai University, with the
study code RAD-2565-09083.

Co-registration of Images and Generation of Contours

The DILs from mpMRI (T2W, Diffusion Weighted
Imaging (DWI), and Dynamic contrast enhanced (DCE)-
sequences) were contoured in the prostate gland via
direct method (image fusion) or indirect method (image
reference) on the Oncentra Contouring Workstation
(Elekta AB, Sweden). The treatment plans and DILs for
all patients were uploaded to MIM MAESTRO v.6.8.2
(MIM Software Inc., Cleveland, OH) to facilitate the
dose evaluation of DILs and other relevant parameters.
A summary of the study design and participants is shown
as a flow diagram in Figure 1 and 2.

Data Analysis and Statistics

The statistical analysis was carried out using Stata 16
software (StataCorp LP, College Station, TX). Categorical
variables were presented as frequency and percentage and
continuous variables as median and inter-quartile ratio.
The imaging dosages to the prostate gland and DIL of
each patient were analyzed, and the median calculated
doses were compared. Initial prostatic specific antigen
(iPSA), prostate volume, PSA density, Gleason score,
clinical tumor stage, volume DILs, risk group, age, usage
of ADT, dose constraints, and total treatment time, were
all recorded. The ASTRO-Phoenix criteria were used to
define biochemical recurrence [24]. The Bland-Altman

Men with localized prostate cancer treated by arc-based
IMRT from 2015-2019 with the dose of 70Gy in 2.5 Gy
per fractions to the whole prostate gland

DILs from pre-treatment MRI were contoured
using the ONCENTRA Contouring System

Dosage to DILs wre evaluated in MIM software

Evaluation of dose between DILs and the whole prostate gland was
carried out and analyzed in relation to other parameters

Figure 1. Flow Diagram of Study Design and Participants. DIL, dominant intraprostatic lesion
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Figure 2. A DIL in a) T2 Weighted Imaging b) Diffusion Weighted Imaging (DWI) c) Apparent diffusion coefficient
(ADC) and d) dose distribution of DIL when added to the treatment plan.

Table 1 Patient Characteristics

Characteristics

Median age in years (range) 75 (59-86)
21.70 (6.86-406.00)
34.79 (11.00-137.20)

0.76 (0.10-16.69)

Median initial PSA in ng/ml (range)
Median prostate volume (ml) (range)
Median PSAD (ng/ml2) (range)
PIRADS, n (%)

4 17 (35.4)

5 31 (64.5)
Hormonal treatment, n (%)

No 3(6.3)

STADT 5(10.4)

LTADT 40 (83.3)
Biopsy Gleason score, n (%)

Upto 6 11 (22.9)

7 11 (22.9)

8-10 26 (54.2)
Clinical T stage, n (%)

2 18 (37.5)

3 24 (50.0)

4 6(12.5)
D’ Amico classification, n (%)

Intermediate risk 7 (14.6)

High risk 41(85.4)

Median, mean volume, ml (range)
Whole Prostate Gland 49.26 (25.53-181.83)
DIL 3.67 (0.77-27.63)

Median total treatment time (months) 41 (32-52)

(range)

Abbreviations: DIL, Dominant Intraprostatic Lesion; LTADT, Long-
term Androgen Deprivation Therapy; PSA, Prostate Specific Antigen;
PSAD: Prostate Specific Antigen Density; The prostate volume was
measured on mpMRI; STADT, Short-term Androgen Deprivation
Therapy.

plot and the Kaplan-Meier survival curve were used for
graphical representation of the data. A p-value of less than
0.05 was used to denote statistical significance.

Results

Patient Characteristics and Treatment Outcome
Forty-eight total cases were included in this
investigation. Patients ranged in age from 59 to 86 years
old, with 75 years being the median age. According to the
D’Amico classification, the majority of patients (86.7%)
had an illness that carried a high risk. Table 1 shows the

Table 2. Cox-Regression Analyses Considering
Biochemical Recurrence of Prostate Cancer
Patient and treatment-related HR p-value
parameters (95% CI)
iPSA in ng/ml (< 10, 10-20, > 20) 3.257 0.227
(0.480, 22.121)
Gleason score in biopsy 0.811 0.68
(<7,7,0r>7) (0.300, 2.194)
clinical T stage (2, 3, 4) 1.468 0.571
(0.389, 5.545)
Volume DIL-imaging (continuous) 1.021 0.755
(0.897, 1.162)
Age in years (continuous) 1.143 0.169
(0.945, 1.383)
Usage of ADT (0, 1, 2) 0.738 0.596
(0.240, 2.270)
Prescription dose in Gy (continuous) 1.08 0911
(0.280, 4.165)
Arc-based IMRT technique 0.028 0.382

(TOMO, VMAT) (0.000, 85.116)
Abbreviations: ADT, Androgen Deprivation; DIL, Dominant In-
traprostatic Lesion; Gy, Gray; IMRT, Intensity Modulated Radiation
Therapy; iPSA, initial Prostate Specific Antigen; VMAT, Volumetric
Modulated Arc Therapy
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Figure 3 Bland-Altman Plot of Difference Dose between Prostate Gland from arc-based IMRT and DIL from

MRI-Guided Treatment

Table 3. Wilcoxon Signed-Rank Test of Dose WPG from arc-based IMRT with Dose DIL from MRI-Guidance

WPG from arc-based IMRT DIL from MRI-Guidance p value
Median Median
Dose (Gy) 67.09 69.22 p<0.001*

(66.54, 69.68)

(67.81, 71.66)

Abbreviations: DIL, Dominant Intraprostatic Lesion; Gy, Gray; IMRT, Intensity-modulated Radiation Therapy; WPG, Whole Prostate Gland

characteristics of the patients enrolled onto the study.
After a median follow-up period of 41 months (range:
32-52 months), 8.3% (4/48) of the 48 patients met the
Phoenix criteria for biochemical failure. In three out of
the four patients (75%) with biochemical recurrence, the
location of the recurrence was detected using MRI, and in
one of these patients (25%), the MRI was not available.
Visual analysis of the imaging data revealed that in three
of these four patients, the prostate cancer lesion before

arc-based IMRT and the advent of biochemical recurrence
had a high degree of special overlap. At the time of the
last evaluation, 47 out of 48 prostate cancer patients were
alive, while one had died.

From the univariate and multivariate analyses, none of
the patient-related characteristics recorded such as initial
prostatic specific antigen (iPSA), prostate volume, PSA
density, Gleason score, clinical tumor stage, volume DILs,
risk group, age, usage of ADT, dose constraints, and total

Kaplan-Meier survival estimates
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Figure 4. Kaplan-Meier Curves for Biochemical Recurrence-Free Survival
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treatment time were shown to be clinically significant
(Table 2).

Regarding the side effects of arc-based IMRT in all
patients, Grade 2-4 proctitis was recorded in four patients
(8.3%) and Grade 0—1 proctitis in 44 patients (91.6%).
Grade 2-4 cystitis presented in only one patient (2.1%),
and Grade 0-1 cystitis in 47 patients (97.9%).

Impact of Dose Difference

The dose parameters for the targets and normal tissues
are shown in Additional Table 1. The data shows that the
dose received by patients from the DILs is higher than that
received by the whole prostate gland for all individuals.
The median dose of DILs was 69.22 (Q1 67.81,Q3 71.66),
and the median dose of the whole prostate gland was 67.09
(Q1 66.54, Q3 69.68) indicating that the dose difference
was statistically significant (p < 0.001*) according to
Wilcoxon Signed-Rank Test (Table 3). The Bland-Altman
plot shows a cut-point of 2Gy between DILs and the whole
prostate gland (PTV_D98%) (Figure 3).

The Kaplan-Meier survival curve comparison of the
log-rank test results showed an escalation dose of at least 2
Gy tends to improve biochemical recurrence-free survival.
However, the results did not reach statistical significance
(p =0.2) (Figure 4).

Discussion

In our study, the median dose to the DILs was 69.22Gy
and the median dose to the whole prostate gland was
67.09Gy. Although, we did not intend to treat the DILs
at that time, the dose to the DILs was significantly higher
than the dose to the whole prostate gland. Comparing
the Kaplan-Meier survival curves using the log-rank test
revealed that an escalation dose of at least 2Gy at the DILs
in comparison to the whole prostate gland dose tended
to enhance better biochemical recurrence-free survival.
However, the data did not reach statistical significance
(p = 0.2) in our study. Similar to the results of a study
conducted by Zamboglou and colleagues, it was found
that the dose received by the DILs is significantly higher
than the dose received by the whole prostate gland [12].
However, when comparing the mean dose received by
the DILs with that of the whole prostate gland in terms
of its impact on biochemical recurrence-free survival,
no statistically significant effect was observed [12]. This
might be because of an insufficient number of patients
enrolled on the study and also that there was a stronger
focus on the whole prostate gland in comparison to the
DILs. Further study into the differences in DIL dose
is warranted and the dose escalation by simultaneous
integrated boost (SIB) to increase the dose to DILs may
be the best way to improve the clinical outcome.

Increasing the dose of radiation delivered to the
prostate during radical radiotherapy (RT) has been shown
to enhance biochemical control [8, 12, 25]. Many studies
have reported that an increased dose of up to 80 Gy can be
safe and effective [8, 26]. A meta-analysis demonstrated
that increasing the total RT dose on the whole prostate by
1 Gy reduces the risk of biochemical failure in patients
with primary prostate cancer by approximately 1.8% [25].

On the other hand, however, increasing the dose to the
entire prostate is related to an increase in the toxicity to
the bladder and the rectum [8, 26, 27]. Although prostate
cancer is typically multifocal, the histopathology of
prostate cancer typically presents with a larger focus or
intraprostatic lesion (DIL). Local recurrence following
radical RT occurs predominantly at the DILs, and this
leads us to focus on the DILs in the IMRT era.

A randomized study in DIL-focusing treatment has
been published. The long-term results of the FLAME trial
revealed a 7% increase in biochemical recurrence-free
survival (bRFS) for dose escalation at DILs based on
mpMRI [28]. A higher dose to the DILs may reduce
prostate-specific antigen (PSA) levels and improve
local tumor control [12, 16]. However, the precise value
of the specific DIL boost varies and is dependent on
imaging factors, including technical factors and tumor
characteristics. To minimize the variation which may lead
to errors and toxic impact, our study involved a diagnostic
radiologist who delineated the DILs using 3D matching
tools and subsequently performed manual readjustments.
To ensure accuracy in measurement multiple steps were
identified to ensure the best patient outcome, including
optimal imaging, accurate transmission of this information
to the planning CT, accurate identification, fiducial
placement, and delineation of the lesion, and then delivery
of the RT with target recognition. However, our findings
must be validated by future studies that include more
patients and extended follow-up. In order to prevent
underdosing and possibly escalating the RT dose in these
areas, routine delineation of the intraprostatic tumor
using mpMRI information should be performed before
radiotherapy for prostate cancer.

This retrospective investigation has some limitations.
The systemic modes of treatment (e.g., ADT duration)
are not identical for all patients. Persistent testosterone
suppression after ADT may affect PSA levels [29].
According to our study, forty patients (83.3%) had long-
term ADT, five patients (10.4%) had short-term ADT and
three patients (6.3%) had no ADT. Thus, our findings
require validation, preferably through a prospective study.
Another drawback is that there was only a very limited
number of patients and the arc-based IMRT plan at that
time did not focus on DILs.

In conclusions, the median dose to the DILs was
69.22 Gy and the median dose to the whole prostate was
67.09 Gy. Escalation doses in DIL >2Gy (in comparison
to the whole gland) showed an increasing trend regarding
improvement in biochemical recurrence-free survival.
Further investigation into dose-escalated DIL treatment
in larger patient cohorts with extended follow-up is
warranted.
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