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ABSTRACT

Background: To compare the dosimetric coverage of the planning target
volume (PTV) and the dose delivered to the main Organs at Risk (OARs) in 5
and 7-field techniques of Intensity Modulated Radiation Therapy (IMRT) in
patients with local prostate cancer. Materials and Methods: Twelve patients
with local prostate cancer underwent 5 and 7-field IMRT planning. The
delivery of IMRT was carried out using the sliding technique. The dose
coverage for PTV was designated to 298% of the PTV covered by 95% of the
prescribed dose. Dose conformity was evaluated by comparing the volume of
nontarget tissue receiving maximum, and average of the prescribed dose and
the dose of 33%, 50%, and 66% of the volumes on both planning sets. For
target, this evaluation was made with comparing the Conformity Index (Cl)
and Inhomogeneity Index (HI). In addition, we compared the monitor units
used for dose delivery in both planning techniques. Results: All the 5 and 7-
field IMRT plans differed slightly in the measured parameters, and none of
them have statistically significant differences with each other except for the
monitor units where significant differences were observed in favor of the 5-
field IMRT plans (p=0.000). In all of the 5-field IMRT plans the mean dose
delivered to OARs were very similar or less than that of the 7-field plans.
Conclusion: In comparison to the 7-field technique, the 5-field IMRT
technique has resulted in improved IMRT dose conformity, homogeneity, and
lesser MUs used for radiation therapy. However, this difference was not
significant.
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INTRODUCTION

Intensity-modulated Radiotherapy (IMRT) is
increasingly being used worldwide for a variety
of cancers and rapidly becoming part of
mainstream radiation oncology. It achieves
better conformity of radiation dose to the target
and normal structures and offers reduced
critical structure dose compared to the
conventional Three-dimensional Conformal

Radiotherapy (3D-CRT) approaches(®).

The basic principle of IMRT involves
irradiation from a number of different directions
with beams of nonuniform energy fluences,
which have to be optimized for delivering a high
dose to the target volume and acceptable low
dose to the surrounding normal structures such
as the rectum and the penile bulb in prostate
radiotherapy (@. However, one of the most
significant obstacles for the implementation of
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IMRT has been slower throughput because of
longer treatment delivery times. The problem is
compounded by the requirement for more
stringent setup techniques, and for some site
imaging for target localization before treatment
and more Monitor Units (MUs) used for
treatment(3).

Treatment accuracy has been improved with
Image-guided Radiotherapy (IGRT) * 5. IMRT
and IGRT are complementary technologies. On
this base, the American College of Radiology has
recently deemed IMRT to be the most
appropriate treatment planning and treatment
delivery approach for prostate cancer(©).

IMRT of prostate uses five to seven beams for
treatment. Treatment planning program divides
each beam into a large number of beamlets and
determines the optimum setting of their energy
fluences or beam weights. IMRT increases the
volume of normal tissue exposed to some
radiation but can reduce the total dose received
by critical organs (7, permit tumor dose
escalation, thereby yielding higher rates of local
tumor control 8.

The aim of this study was to compare the
dose to normal tissues and dose-limiting
structures such as the rectum, dose homogeneity
and conformity and the number of MUs required
for delivery, when using the same prescription
doses, planning system and PTV margins with
five and seven beam IMRT plans.

MATERIALS AND METHODS

Prior to initiating the study, a university
ethics approval consent was obtained from
twelve patients previously treated for prostate
cancer with IMRT, and comparisons were made
between the original and new plans. Treatment
plans were generated using a five beams
arrangement with gantry angles of 15° 55°,
110°, 260°, 330°and seven beams arrangement
with gantry angles of 0°, 52° 103°, 154°, 205°,
256°, 308°and dynamic multi leaf collimator
(MLC) delivery for each patient. Planning
method and comparisons were made between
two plans for each patient. Target coverage and
normal tissue constraints were those designated
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by RTOG protocols and were kept consistent
among all the plans G 9. Dose conformity was
evaluated through Dose-Volume Histogram
(DVH) analysis for both target volume and
surrounding normal structures.

All patients had histologically confirmed and
clinically staged localized prostate cancer. The
age of the patients ranged from 57 to 80 years
(the mean being 71.6 years). Initial
prostate-specific antigen was in the range of
5.9-16.4 ng/ml (the mean being 11.3ng/ml) with
Gleason scores of 6 to 8. All patients received
neoadjuvant hormonal therapy.

Treatment plans were produced and
analyzed using the TIGRT, treatment planning
system (Linatec Company...) with doses
calculated over an isotropic dose grid with 3, 3
and 5 mm spacing for Clinical Tumor Volume
(CTV), Planning Tumor Volume (PTV) and
Organs at Risk (OARs), respectively using a
collapsed-cone convolution algorithm. Plans
were produced for treatment on Primus Series
Oncology Systems (Siemens Company....), linear
accelerators at beam energy of 15 MV. In all
cases, the field shape of treatment plans were
made using external multi leaf collimators with a
leaf width of 0.5 to1 cm at the isocentre from the
center to the edge of the field and according to
each of the two trial protocols.

Patients were scanned in the treatment
position from the level of L5-S1 to the ischial
tuberosities. They were placed in a supine
position and asked to keep their rectum empty
and bladder comfortably full at the time of
simulation and during each treatment fraction.
No immobilization was used. The planning CT
scans were taken with a 5mm thickness. To
produce Digitally Reconstructed Radiographs
(DRR), CT slices were reconstructed at 2mm
increments throughout the scanned volume. The
volumetric CT data set was transferred to the
planning system. The PTV, bladder, rectum and
femora were contoured. The PTV included the
entire prostate and seminal vesicles plus a 5mm
margin, except at the prostate-rectum interface
where a 3mm margin was used to decrease the
risk of rectal toxicity (3. On-line portal imaging
was used to decrease treatment uncertainties
and assure the quality of treatment delivery.
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Then, the DDR of each field was generated. All of
the plans were evaluated with dose of 80Gy in
40 fractions.

Delivery of IMRT was carried out using the
sliding window technique as developed by
Spirou and Chui (9. The desired beam intensity
profiles were delivered by DMLC (11).

The definitions of CTV and PTV for our trial
and for both low to moderate risk patients are
shown in table 1(2),

The aim of these planning methods was to
obtain dosimetric coverage of the nominated
PTV as designated by the protocol and its dose
constraints while evaluating the dose delivered
to the main OARs, which are the rectum and
bladder. Dose volume histograms were
produced for PTVs and all pertinent OARs, to
allow objective and quantitative comparison of
the dose distributions between the two different
IMRT planning techniques. Figure 1 shows two
IMRT plans.

The dose coverage for both PTV1 and PTV2
was designated to an International Commission
Radiation Units and Measurements report 62
reference point in the PTV, with 298% of the
PTV covered by 95% of the prescribed dose. The
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goal was to keep the maximal point dose at
<107%.

Dose conformity was evaluated by comparing
the volume of non-target tissue receiving
maximum, minimum, and average of the
prescribed dose and the dose delivered to 33%,
50%, and 66% of the volumes (Dmax, Dmin,
Dmean, D33%, D50%, and D66%) on both
planning sets. For target, this evaluation was
made with comparing the Conformity Index (CI)
and Inhomogeneity Index (HI).

1. Dmax: the absolute maximum dose received
by any point in the OARs or PTV (in Gy)

2. Dmin: the absolute minimum dose received by
any point in the OARs or PTV (in Gy)

3. Dmean: the absolute mean dose received by
the OARs or PTV (in Gy)

4.D33%: the absolute dose received by the 33%
of the OARs volume (in Gy)

5. D50%: the absolute dose received by the 50%
of the OARs volume (in Gy)

6. D66%: the absolute dose received by the 66%
of the OARs volume (in Gy)

7.D 2%: the absolute dose received by the 2% of
the PTV volume (in Gy)

Table 1. Definition of target volumes.

Low risk Moderate risk
CTv1 Prostate + base of seminal vesicles Prostate + seminal vesicles
PTV1 CTV1+5mm* CTV145mm*
CTV2 Prostate Prostate
PTV2 Prostate Prostate

CTV, Clinical Target Volume; PTV, Planning Target Volume; *, 5mm margin for all directions except 3mm posteriorly.

Figure 1. Axial displays of treatment planning’s show irradiation beams and dose distribution in the target and overlying struc-

tures: a; 5-field and, b; 7-field IMRT plans.
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8.D98%: the absolute dose received by the 98%
of the PTV volume (in Gy)

For normal tissues, we compared the doses
treating 33%, 50%, and 66% of the organ
volumes in two IMRT plans (12), We also looked
at the maximum doses, as well as volumes of
organs that received 102% of the treating dose,
to achieve a more representative comparison of
DVHs between 5 and 7- fields IMRT plans.

The difference between the two planning
techniques was compared using the mean
statistics for their radiated OARs volumes and
PTV coverage as the main parameter. An
independent Student’s t-test was used to verify
the significance of the differences in the mean
outcome of the treatment plans. The data was
normally distributed and a P value of <0.05 was
taken into account as the significant difference.

RESULTS

All the 5 and 7-field IMRT plans differed
slightly in the measured parameters, however
none of them have statistically significant
differences with each other except for the
monitor units where significant differences
were observed in favor of the 5-field IMRT plans
(p=0.000).

The delivered doses to 33%, 50%, and 66% of
the rectum volumes were 59.89, 47.02 and,
35.24 Gy for 5-field and 59.24, 50.34, and 40.39
Gy for 7-field IMRT plans respectively (Table 2).
As we can see the dose of 50% and 66% of the
rectum volumes in 5-field plan are less than that
of 7-field plans. However, statistically, there
were no significant differences between them (p
values = 0.059, and 0.256, respectively).

Maximum doses delivered to the rectum in
both of IMRT plans were in comparable range
from 86.78 to 87.62 Gy (p= 0.234) for 5 and
7-fields respectively. The measured doses of
2cm3 of the rectum volumes were similar in both
plans (1.00% and 1.01% of the total prescribed
dose respectively with p=0.379).

Table 4 shows the doses which were
delivered to the bladder volumes in two plans.
Bladder statistics revealed no significant
differences between the doses delivered to the
33%, 50% and 66% of the organ volumes
(P =0.856, p= 0.955, and p = 0.145 respectively).
Maximum doses delivered to the bladder were
similar 84.47 and 84.71Gy for 5 and 7-field IMRT
plans respectively (p = 0.803). Although, the
average dose delivered to the bladder with 5-
field IMRT plan were less than that delivered by
7-field IMRT plan, but there were not significant
differences between them (p=0.703).

Table 2. D33%, D50%, and D66% for rectum in Two IMRT plans.

Rectum
Patient D33% (Gy) D50%(Gy) D66%(Gy)
5-field 7-field 5-field 7-field 5-field 7field
1 65.24 64.84 52.00 48.16 36.41 50.22
2 59.14 59.14 47.73 50.85 36.94 46.58
3 63.44 65.52 52.81 55.52 44.23 50.53
4 60.26 58.58 46.17 51.03 36.22 44.85
5 59.25 60.30 49.90 53.17 49.18 42.26
6 63.23 61.09 50.25 51.96 41.52 46.87
7 69.61 61.62 54.87 51.58 40.96 45.54
8 53.14 57.38 42.99 51.19 34.40 44.47
9 54.06 55.51 40.50 46.74 28.10 27.93
10 60.42 57.49 43.34 51.03 32.14 40.82
11 57.49 54.78 42.62 47.82 33.45 35.29
12 53.42 54.67 41.09 45.09 9.36 9.36
Mean | 5.00+59.89 | 3.60+59.24 | 4.92+47.02 | 2.90+50.34 | 9.941+35.24 |11.64+40.39

The mean, maximum and minimum doses for PTVs in 5-field and 7- field IMRT plans were in the same ranges 81.63, 86.78 and 68.51 Gy and 81.71,
87.61 and 68.76 Gy respectively (Table 3). Statistically, there were no significant differences between the two IMRT plans (P=0.882, 0.341, and 0.919

respectively).
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Table 3. Maximum, Minimum, and Mean target dose for PTVs in 5 and 7-field IMRT plans.

patient IMRT 5- field (PTV) IMRT 7- field (PTV)
Dmax(Gy) Dmin(Gy) Dmean(Gy) Dmax(Gy) Dmin(Gy) Dmean(Gy)

1 88.83 63.04 82.59 88.27 71.03 83.21
2 84.82 77.33 79.72 84.92 77.47 79.68
3 84.44 57.57 79.99 84.44 57.57 79.99
4 86.91 67.05 81.95 88.33 63.97 82.05
5 86.32 74.22 81.89 88.38 74.25 82.09
6 85.56 60.43 81.71 85.78 62.38 81.70
7 87.14 65.60 79.22 87.60 67.41 79.46
8 85.27 74.89 81.76 84.91 67.66 81.82
9 87.29 72.36 82.29 93.30 69.75 82.65
10 88.51 68.72 82.12 89.77 66.51 82.42
11 88.99 68.54 82.93 89.30 72.92 82.84
12 87.29 72.36 83.41 86.39 74.14 82.53

mean 1.541+86.78 6.08168.51 1.31+81.62 2.54+87.61 5.68+68.76 1.28+81.71

PTV: Planning Target Volume
Table 4. D33%, D50%, and D66% for bladder in two IMRT plans.
Bladder
Patient D33%(Gy) D50%(Gy) D66%(Gy)
5-field 7-field 5-field 7-field 5-field 7-field

1 56.54 56.18 47.32 48.16 41.41 41.86
2 48.18 48.37 42.34 37.22 26.90 29.14
3 51.51 53.06 39.69 39.96 2.40 31.48
4 45.13 44.69 38.33 34.56 25.87 26.53
5 50.00 53.03 41.82 42.63 34.60 33.98
6 41.22 39.21 23.43 27.20 10.67 18.15
7 52.74 50.53 41.89 38.38 24.39 30.75
8 40.81 36.33 24.75 25.79 18.14 18.28
9 61.06 61.64 47.50 49.42 34.18 35.53
10 52.74 53.70 44.43 42.14 35.16 35.16
11 33.58 39.67 14.11 19.71 0.71 1.06
12 61.15 59.99 48.24 48.05 39.38 37.61

mean 8.331+49.55 | 8.231+49.70 | 11.01+37.80 | 9.48+37.77 13.851+24.49 11.15+28.30

The volumes of rectum and bladder which have received 102% of the total dose were very similar, specifically 2.30 and 2.32cm? for the rectum and
2.52 and 2.46cm’ for the bladder, with p=0.976, and p=0.921 respectively. In addition, the doses that have received by 2cm? of the rectum volumes
have not exceeded from 100.1% except in one patient who received 103% of prescribed dose for that.

Compared to the 7-field IMRT plans, the 5-
field plans achieved a 5.7% relative decrease in
the mean number of MUs required for radiation

delivery (615 MU vs. 558 MU respectively) as
shown in table 5.

Table 5. Comparison of the mean dosimetric parameters.

. Significant at
variable Mean Mean p<0.05
Monitor units 29.29+558 26.48+615 *0.000
PTV volume of 95% isodose (cm?) 54.45+221.6 56.8+224.77 0.890
Conformity index (volume of 95%/PTV)(13) 0.27+1.589 0.26+1.568 0.844
Inhomogeneity index (D2%-D98%)/D mean 0.04+0.03 0.01+0.02 0.285

PTV; Planning Target Volume, SD; Standard Deviations
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DISCUSSION

The outcome of treatment for prostate cancer
patients, measured as PSA progression-free
survival, has improved in recent years. The
improvement was mainly due to the radiation
dose escalation (!4 and addition of the androgen
suppression therapy ().

Safe increase in the radiation dose to the
prostate gland is limited by the radiation toxicity
effects on normal tissues, particularly the
rectum(16).The major advantage of IMRT is the
ability to decrease the dose to critical structures,
which in turn lowers the radiation toxicity
effects (17.18),

The increase of normal tissue integral dose
with multiple beam radiation therapy during
IMRT is also a major concern due to the
potential risk of the secondary induced
malignancies especially in younger patients (7).
The large number of beamlets and monitor units
can lead to an increase in integral dose (7. 19),
however, a higher-energy photons beams may
reduce the normal tissue integral doses (20).

Long time follow-up is needed for the
detection of secondary malignancies after
radiation therapy and because IMRT is a
relatively new technique, the true risk of second
malignancies is not yet known (7). However, even
in the absence of such data, the theoretical
increased risk of second malignancies is
sufficient explanation to attempt to reduce the
MUs delivered to patients while maintaining a
high dose to the target volumes (21)-

In our study, 7-field plans use a greater num-
ber of MUs per treatment than 5-field IMRT
plans which lead to greater interleaf leakage
dose and therefore, again lead to an increasing
rate of probability of cancer induction (7). An
increase in MUs also leads to the greater linear
accelerator beam-on time and consequently
more treatment time and running cost.
However, it should be mentioned that more MUs
in IMRT techniques results into a more or less
better homogeneity of dose distribution within
the PTV and it is obvious in 7-field IMRT
technique (table 5) which requires a clinical
judgment.

From the other points of view using high
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energy beam with a larger MUs may lead to
increase in neutron production during
photon-neutron interaction, which its potential
risk must also be weighed against perceived
benefits (22),

CONCLUSION

The Intensity Modulated Radiotherapy (IMRT) is
a novel form of radiation delivery technique in
our country (Iran). The 5-field fixed gantry,
sliding window IMRT is the standard IMRT
configuration used to treat patients at our center
(Pars hospital radiotherapy department).
However, in comparison with the 7-field
technique, the 5-field IMRT technique, in
addition to dose homogeneity, has resulted in
improved IMRT dose conformity, and lesser MUs
for patient irradiation. In fact, except for MUs,
the differences between these two techniques
are very small and not statistically significant,
however, their own clinical outcomes needs a
long time study and more investigation.
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