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SUMMARY

Volumetric-modulated arc therapy versus intensity-modulated
radiotherapy for localized prostate cancer: a dosimetric
comparative analysis of moderate hypofractionated radiation
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Aim: To compare Intensity Modulated Radiotherapy (IMRT) and Volumetric-
Modulated Arc Radiotherapy (VMAT) for patients receiving moderate
hypofractionated radiotherapy.

Introduction: Hypofractionated radiation has been established for localized
prostate cancer; however, eligibility for this treatment depends on strict
dosimetric constraints.

Methods: CT simulation datasets of 23 patients with localized prostate
adenocarcinoma were analysed, IMRT and VMAT plans were generated
for each patient. Dose Volume Histogram (DVH) records, Monitor Units
(MUs), treatment delivery times, conformality, and homogeneity indices
were compared between the two techniques. Hypofractionated regimen
parameters were assessed for each technique to evaluate plan eligibility for
the short-course radiotherapy (60 Gy over 20 fractions).

Results: Compared with IMRT plans, VMAT resulted in better PTV coverage
(p=0.001) and significantly decreased bladder and rectal (D50) doses
(p=0.019 and p=0.002, respectively). Both conformality and homogeneity
were improved with VMAT but did not reach statistical significance. The
mean MUs were lower with VMAT than with IMRT (662 vs 738). Moreover,
the treatment time was shorter with VMAT than with IMRT (mean, 1.8 vs
7.1 minutes, p=0.004). Four IMRT plans did not meet hypofractionated
objectives and were deemed not eligible for short-course radiotherapy. All
VMAT plans met the planning objectives.

Conclusion: For hypofractionated prostate irradiation, VMAT resulted in
improved PTV (D99) coverage and more sparing of surrounding tissues.
VMAT used less MUs and shorter treatment time. VMAT could meet all
constraints and made patients eligible for hypofractionated radiotherapy.
Therefore, VMAT may be preferred for patients who undergo moderate
hypofractionation scheme.
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INTRODUCTION

Prostate cancer is the most frequent urological malignancy [1].
Radiotherapy forms an integral part in the management of
this disease. In the last few decades, dose escalated radiation
has led to improvement in biochemical control [2-4]. However,
patients should commence for two months treatment. This
long procedure is costly and inconvenient for both cancer
patients and radiation facilities. Recently, hypofractionated
radiation has been studied in multiple prospective trials,
and it has proven equivalence in terms of disease control
and toxicity profile [5-7]. This approach enables patients to
complete their radiotherapy schedule in only 4 weeks instead
of 8 weeks, nevertheless, eligibility for hypofractionated
radiation requires many dosimetric objectives to be fulfilled;
for example, meeting strict organs at risk constraints, if these
targets are not met then treatment will be carried with standard
fractionation radiotherapy [7]. Therefore, radiotherapy plan
should be highly conformal in order to deliver a higher dose
per fraction to the prostate while sparing nearby normal tissues,
particularly rectum and bladder. Advanced radiation techniques
are set to meet this goal, their superiority over conventional
radiation has been acknowledged [8]. Nowadays, Intensity
Modulated Radiotherapy (IMRT) and Volumetric Modulated
Arc Radiotherapy (VMAT) are used in many centers to treat
prostate cancer. The use of these contemporary techniques
is more valuable when high dose per fraction is utilized, for
instance; hypofractionated prostate irradiation.

AIM

The aim of this study is to perform a dosimetric comparison
between VMAT and IMRT techniques in patients receiving
moderate hypofractionated radiotherapy for localized prostate
cancer, and to evaluate the eligibility for hypofractionated
approach using each technique.

MATERIALS AND METHODS

Patient population

At presentation, all patients were investigated with complete
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physical examination and laboratory testing (PSA and
testosterone). Trans-rectal biopsy was obtained for diagnosis
of prostatic adenocarcinoma. Staging work up; bone scan and
Computed Tomography (CT) were performed to rule out
distant metastasis. In addition, pelvic Magnetic Resonance
Imaging (MRI) was acquired to evaluate loco-regional extension
of the disease. Patients eligible for hypofractionated course were;
low and intermediate-risk prostate cancer (T1-T2c, Gleason 6-7
and PSA<20 ng/mL) without evidence of disease spread to the

lymph nodes or bone.

Treatment planning

The management strategy was discussed at the genitourinary
multidisciplinary meetings. After obtaining the consent for
radiation treatment, CT-simulation was performed to all cases
with 2 mm slice thickness, patients were counselled for full
bladder and empty rectum during all radiotherapy sessions. The
whole prostate was defined as Clinical Target Volume (CTV),
and the proximal 10 mm of the seminal vesicles were included
if the risk of seminal vesicle involvement was>15% by Partin’s
nomogram [9]. Planning Target Volume (PTV) was created with
10 mm expansion in all directions, except 7 mm posteriorly [7].
All the radiation plans were generated on Pinnacle (Pinnacle
system 9.1-Koninklijke Philips N., Amsterdam, Netherlands)
using VMAT. Radiotherapy was delivered in 3-Gy fractions
over 20 sessions for a total radiation dose of 60 Gy. Moreover,

concurrent hormonal treatment was prescribed for six months.

CT simulation data sets of 23 patients with prostate cancer
who were treated with VMAT between January 2018 and
February 2020 were randomly selected for this institutional
review board approved study. All the plans were regenerated
using step and shoot IMRT inverse planning applying the same
planning objectives. The IMRT plans were performed with 6
MV energy, using Direct Machine Parameter Optimization
(DMPO) technique with 7-9 beams. Of note, all VMAT plans
were delivered with one arc. The planning grid used in both
techniques was 35 cm in length.

According to the hypofractionated radiation protocol, the
prostate tumor volumes coverages and Organs at Risks (OAR)
constraints, specifically bladder and rectum, should be met
before proceeding with hypofractionated regimen. If the plan
is not meeting the Dose-Volume Histogram (DVH) objectives,
then treatment should be carried with standard fractionation
approach (75.6 Gy over 42 fraction) in reference to PROFIT
trial protocol [7].

The planning objectives for target coverage were: CTV (D99)
> 60 Gy and PTV (D99) = 57Gy, while OAR constraints were;
bladder wall (D50) not more 37 Gy and (D30) not more 47 Gy.
For the rectal wall (D50) should be limited to 37 Gy and (D30)
not more 47 Gy, the head of femur (D5%) should be less than
43 Gy. Of note, D (volume)% refers to percent of target volume
receiving a minimum of specific dose.

Furthermore, an expansion rings were created by adding 1,
2,5 and 10 cm to the PTV, the mean doses at these contours
were recorded after subtracting PTV to estimate dose fall-off in

the surrounding tissues. The 10 cm expansion was limited to
external body contour.

Plan homogeneity was assessed using International Commission
on Radiation Units and Measurements (ICRU 83) definition of
homogeneity index; defined as (D2%-D98%)/(D50%) [10]. In
addition, we compared IMRT and VMAT plans conformality;
defined as (Treated volume with 95% isodose-line)/(PTV
volume). Monitor units for each plan were documented and
compared.

The actual treatment time for VMAT was compared with IMRT
treatment time; delivered in QA mode. Of note, gantry motion
time was included in this estimation.

All the plans were reviewed by the radiation oncologist after being
checked by two senior medical physicists. The deliverability of
the IMRT and the VMAT plans was verified using the PTWs'
OCTAVIUS 4D and the data was analysed with Verisoft
S070009 software (PTW, Freiburg-Germany). Radiation was
delivered using Versa HD- Elekta® linear accelerator mounted
with XVI R5.0.3 (XVI, Elekta Oncology Systems Ltd., UK)
[11].

STATISTICAL ANALYSIS

Descriptive analysis was performed; summary statistics were
reported as mean and median where appropriate. Target
volume coverage and DVH records were obtained automatically
from Pinnacle planning system. The VMAT and IMRT plans
parameters; mean volumes, homogeneity and conformality
indices were compared by One-way ANOVA analysis. A
statistical significant level at less than 0.05 was determined. All
analyses were performed using SAS version 9.4 (SAS Institute
Inc, Cary, NC).

RESULTS

Patient’s characteristics

All patients were diagnosed with low and intermediate risk
prostate cancer, Gleason score (6 in 3 patients and Gleason
7 in 20 patients). The disease was localized in the prostate
for the whole cohort, and median PSA level was 11 pg/mlL.
Median patients’ age was 71 years. Table 1 illustrates patient’s
characteristics. All patients received definitive hypofractionated
radiation as 60 Gy over 20 fractions, in addition to six months
of androgen deprivation therapy to all patients but one.

Dosimetric comparison

All plans were optimized using same planning constraints.
Meeting OARs constrains was prioritized over target coverage
at time of planning using both techniques. The DVH records
were analysed, all VMAT plans were meeting the objectives
required for hypofractionated radiation approach. Conversely,
four IMRT plans did not meet the prerequisite parameters.
VMAT was superior in terms of target volume coverage and
OAR sparing (Figure 1).



Tab. 1. lllustrates patients Age (years)
demographic, disease and Range
treatment characteristics Mean

Gleason score
6 (3+3)
7 (3+4)
7 (443)
T-stage (AJCC 8™ edition)
T1
T2a
T2b
T2c
PSA level at presentation
(ng/mL)
Range
Mean
Risk group
Low risk
Favorable intermediate

Unfavorable
intermediate

Received 6 months of
hormones

Yes
No
N-stage (AJCC 8t edition)
Nodal involvement

Non involved

66-77
71

3 (13%)
11 (48%)
9 (39%)

2 (9%)
3(13%)
10 (43%)
8(35%)

4-18
11

2 (13%)
11 (48%)

9 (39%)
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The mean PTV (D99) dose was 58.3 Gy with VMAT and 57
Gy for IMRT (p=0.001), the plan with minimum PTV (D99)
coverage was 55.3 Gy for IMRT and 57.1 Gy for VMAT.
Regarding OAR, VMAT met all required objectives for short
course, and demonstrated more OAR sparing; (the average)
rectal wall (D50) was 23.2 Gy in VMAT and 27.8 Gy in IMRT
(p=0.002), similarly, bladder wall (D50) was 20.7 Gy for VMAT
and 24.2 Gy for IMRT (p=0.019) (Figure 2).

Moreover, VMAT plans showed better conformality index
(mean; 1.09 versus 1.13) and improved homogeneity, but the
difference was not statistically significant. Notably, some IMRT
plan did not meet rectal and bladder (D30) dose constraints.

The treatment time was also less with VMAT (mean; 1.8 vs
7.1 minutes, p=0.004). Furthermore, the monitor units used
in VMAT were less than IMRT. Table 2 illustrates dosimetric
parameters for IMRT and VMAT plans.

Additionally, radiation dose fall-off was improved with VMAT,
the doses at 1 cm, 2 cm and 5 cm from PTV were less, but the
difference was statistically significant only at 2 cm (p=0.048).
On the contrary, mean dose at 10 cm was less with IMRT, but
difference was not significant. Noteworthy, radiation dose to
penile bulb was significantly less in the VMAT plans (mean
doses; 27 Gy vs 30.5, p=0.002).

Fig. 1. (A) Isodose lines for VMAT plan; (B) Isodose lines for IMRT plan
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Fig. 2. (A) DVH of rectal wall; (IMRT-dashed and VMAT solid) (B) DVH of bladder wall; (IMRT-dashed and VMAT solid)
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Tab. 2. Dosimetric comparison of target coverage and Reference |\ \or VMAT p-value
OARs between IMRT and VMAT endpoint
Number of beam angles/arcs Prostate 79 1
CTV (D99)
Mean 260 Gy 59.7 60.2 Gy 0.22
Range (57.9-60.6) ' (60-60.5)
PTV (D99),
Mean (Gy) 257 Gy 57 58.3Gy | 0.001
Range (55.3-59.1) (57.1-59.4)
Homogeneity index
Mean 0.07 0.04 0.332
Range (0.03-0.11) (0.01-0.08)
Conformality index
Mean 1.13 1.09 0.798
Range (0.96-1.28) |(1.01-1.14)
Rectal wall dose, D50
Mean (Gy) <37 27.8 23.2 0.002
Range (21.4-33.9) |(18.9-29.4)
Rectal wall dose, D30
Mean (Gy) <46 43.2 38.2 0.12
Range (31.2-53.1) | (31-45.1)
Bladder wall dose, D50
Mean (Gy) <37 24.2 20.7 0.019
Range (17-31.1) | (12-29.2)
Bladder wall dose, D30
Mean (Gy) <46 41.3 35.8 0.189
Range (30.5-51.1) (26.8-46.2)
Femoral head dose, D5
Mean (Gy) <43 233 22.2 0.301
Range (14.5-30.2) @ (15-26.2)
Monitor Units (MU)
Mean 738 662 0.101
Range (549-872) | (594-760)
Dose fall-off, at (Gy)
1cm (mean) 52.1 49.4 0.82
Range (49.2-53.5) | 47.8-52.4
2 cm (mean) 38.2 37.5 0.048
Range (34.2-41.7) (35.6-42.6)
5 cm (mean) 18.2 17.9
Range (14.6-22.8) (15.2-22.6)| 0.32
10 cm (mean) 10.9 12.3

DISCUSSION

A recent consensus guidelines from American Society for
Radiation Oncology (ASTRO), American Society for Clinical
Oncology (ASCO) and American Urology Association (AUA)
have endorsed the use of moderate hypofractionated radiation
in patients with localized prostatic adenocarcinoma [12]. This
approach has proven equivalence with standard fractionation in
terms of biochemical control and radiotherapy related toxicity.
Moreover, implementation of hypofractionated radiation would

Range (9.2-17.60) (10.6-19.3)| 0.41

improve treatment cost-effectiveness; and decrease additional
costs such as residence and transportation, and for the radiation
facility two patients can be treated at the same time of one
patient. However, irradiating normal nearby organs is a matter
of concern when higher dose per fractions is utilized because, in
general, it can be associated with increased toxicities.

The radiation techniques have evolved dramatically in the last
few decades, introduction of IMRT revolutionized radiation
delivery and improved conformality, and therefore it was widely
adopted [13]. VMAT is a newer tool for radiation delivery using
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arcs, some reports suggested superiority of VMAT over IMRT,
while other studies did not find a meaningful difference [14-16].

A small series compared these two techniques in prostate cancer
patients who received standard fractionation (2 Gy per fraction),
VMAT demonstrated better bladder and rectum sparing and less
monitor units, however, target volume coverage was similar [17].

A recent meta-analysis looked at published studies comparing
IMRT and VMAT in prostate cancer, they analysed 110 plans
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less monitor units and treatment time [18]. A study by Quan et
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with reduced intrafraction motion [19]. Our results came in
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sparing and improved treatment time and workflow in patients
receiving short course scheme.

To the best of our knowledge, this is the first study in the
literature comparing IMRT and VMAT expressly for moderate
hypofractionated prostate irradiation. In this series, 23 plans
were optimized using both step and shoot IMRT and VMAT.
Four out of ten IMRT plans failed to meet plan objectives,
those patients deemed not eligible for hypofractionated regimen
using IMRT, although the same patients would be eligible for
hypofractionation using VMAT.

Aforementioned, VMAT employed less monitor units than
IMRT, although the difference was not significant. Additionally,
treatment time was less with VMAT with significant p value,
this fact would potential decrease intra-fractional random errors
and make radiotherapy more convenient because patients are
required to maintain their bladder full during the session and
the urinary system is usually irritated with radiation. Moreover,
less treatment time may translate in improved workflow within

radiotherapy facility.

Furthermore, VMAT showed better and
homogeneity along with superior dose fall-off profile, this

conformality
conveys to decrease radiation dose to surrounding tissues and
diminish radiation associated side effects.

Sexual function is a major concern for many prostate patients,
the erectile dysfunction is usually influenced by age, in addition
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to other factors such as cancer treatment; radiotherapy and
hormones. Many studies have shown that the dose received
by penile bulb is predictive for erectile dysfunction [20, 21].
Moreover, this effect is increased when hypofractionated
radiotherapy is employed [22]. For this reason, one of the
radiotherapy planning targets is decreasing the dose to the bulb
as possible. Notably, in our study the dose to penile bulb was

statistically significantly lower with VMAT when compared
with IMRT.

This study suffers retrospective nature and associated potential
selection bias. It is known that planning outcomes can be
influenced by the treatment planning system and planner
experience, for this reason our plans optimization was performed
by the same experienced physicist. We acknowledge that
dosimetric comparative studies are subject to multiple factors
that may influence the results, for example; planning tools,
comparative methods and other factors like patient’s anatomy.
The effect of these factors cannot be entirely excluded, even
with optimal balancing between both techniques. Accordingly,
some of the outcomes may result from this confounding effect.
Comparing our results with other series in the literature, may
help to extract more consistent conclusions about the best
planning method. In addition, comparing these techniques in
multi-institutional prospective fashion, would provide a proper
insight on the advantages and disadvantages of each technique.

Nowadays, higher doses per fraction (SBRT) are delivered using
more sophisticated platforms, yet longer follow up is required to
establish the role of such techniques [23].

CONCLUSION

In conclusion, a dosimetric comparison was performed between
23 IMRT plans and 23 VMAT plans for patients receiving
moderate hypofractionated radiotherapy for localized prostatic
adenocarcinoma. VMAT revealed a statistical significant
improvement in PTV (D99) coverage and OAR sparing;
specifically the rectum and bladder wall (D50), in addition
to penile bulb. VMAT expressed superior conformality with
less monitor units and shorter treatment time. Interestingly,
four IMRT plans failed to meet the required hypofractionated
objectives and were not eligible for this approach, VMAT
showed ability meeting constraints and made patients eligible
for hypofractionated radiotherapy. Interpretation of results
should take into consideration limitations of such studies and
potential influence of these factors on the conclusions.
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