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ABSTRACT

IMRT is a well-known and widely used treatment technique for carcinoma of the prostate (PCa) because it permits
dose escalation to the tumour while sparing normal tissues. In Sri Lanka, along with IMRT, the 3DCRT technique
is also used in the treatment of PCa. This study was carried out to compare 3DCRT treatment against Simultaneous-
Integrated Boost Intensity Modulated Radiation Therapy (SIB-IMRT), Sequential IMRT, and Standard IMRT using
dosimetric parameters such as Planning Target Volume (PTV) coverage by prescribed dose, Conformity Index (Cl),
Homogeneity Index (HI), percentage of maximum, minimum and mean dose to PTV and dose to 50% volume (D50)
of the rectum, bladder, and femoral heads. Thirty-one PCa patients’ treatment plans were included in the study.
For evaluation purposes, the Dose-volume Histograms (DVHs) were compared in all techniques. The D50 to
femoral heads showed a significant difference (p < 0.05) in the 3DCRT technique against all IMRT techniques as
the dose to femoral heads was significantly greater in 3DCRT therapy in many patients. SIB-IMRT showed a
significantly higher PTV coverage and dose conformity in PTV than 3DCRT while the Sequential IMRT technique
showed a greater homogeneity in PTV and critical organ sparing to 3DCRT technique. However, when considering
other dosimetric parameters, there was no significant difference between 3DCRT and IMRT.
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1. INTRODUCTION

According to the national cancer registry data, the
incidence of prostate cancer reported in Sri Lanka is
rising and majority of cases have metastatic spread at
the time of diagnosis (Abeygunasekera et.al, 2015).
3D conformal radiation therapy (3DCRT) and
Intensity Modulated Radiotherapy (IMRT) is the
main radiotherapy techniques used to treat PCa. The
use of these advanced techniques allows better
sparing of  more normal tissue high doses than with
the conventional two dimensional (2D) radiotherapy.
During 2D radiotherapy, a large volume is treated
to high doses to ensure proper coverage of the PTV
due to difficulties in localization of the tumour
(Spiess, 2011). Therefore, surrounding normal
tissues were incorporated in the treated volume. As a
result, the prescribed dose was limited by the
tolerance of organs at risk such as rectum and
bladder, to a dose of 60-65Gy (Choe & Liauw,
2010). With 3DCRT, it has been possible to deliver a
higher dose with more conformity using standard
dose fractions (2 Gy per fraction). Previous studies
have shown improved prostate-specific antigen
(PSA) control with dose escalation, at the cost of
increasing probability surrounding tissue toxicity
(Zelefsky et. al., 2008). There is a study confirming
the significant increase in late rectal complications in
the delivery of 70 Gy or more on 25% of the rectum
volume (Webb & Naham, 1993). A study by Zelefsky
et.al., (2008) has reported that the dose levels beyond
75.6 Gy with 3DCRT increased risks of Grade 2
rectal and bladder-related late toxicities.

At present, IMRT is a commonly used treatment
technique in developing countries like Sri Lanka as it
helps to reduce the volume of the rectum and bladder
being exposed to higher doses in clinically localized
PCa. The volume of the rectum and bladder receiving
more than 40 Gy is reduced by 20% in conformal
3DCRT radiotherapy and it is further reduced by 45%
in IMRT (Taylor & Powell, 2004). In contrast to
3DCRT, IMRT can deliver a dose up to 81 Gy with
99% conformity to the clinical target volume (CTV)
and limiting the doses carried to the rectal wall in
between 50 and 77 Gy and the bladder wall between

55 and 85 Gy, and the femoral heads between 25 and
60 Gy (Zelefsky et. al., 2000).

With the increasing use of the  simultaneous
integrated boost intensity-modulated radiotherapy
(SIB-IMRT), it has been possible to deliver a
simultaneously escalated per fraction dose to
different tissues (PTVSs) in a single treatment session
resulting in an increased therapeutic ratio and
shortening of overall treatment time (Mohan et. al.,
2000 and Orlandi et. al.,, 2010). The previous
treatments used dose escalation with daily doses of
about 2 Gy per fraction up to a total dose higher than
80 Gy for treatment where the treatment times were
prolonged for more than eight weeks.

In Sri Lanka, 3DCRT is commonly used in most
cancer treatment centres due to the lack of advanced
treatment facilities such as IMRT. Moreover, the
cancer treatment centres equipped with IMRT
treatment facility is continuously using 3DCRT
technique to manage the workload and patients’
waiting list. The main purpose of this study is to
evaluate 3DCRT against IMRT based on the
dosimetric parameters such as PTV coverage by
prescribed dose, dose conformity in the target volume
(CI), dose homogeneity in the target volume (HI),
percentage of maximum, minimum and mean dose to
PTV and D50 of organs at risk (OAR) (such as
bladder, rectum and femoral heads).

2. METHODOLOGY

2.1. Patient Selection

This study was a retrospective cohort study
conducted at National Cancer Institute Maharagama,
Sri Lanka between the years 2016-2018. Treatment
plans for patients with localized prostate cancer and
with or without lymph nodes (LN) metastasis treated
with standard IMRT, SIB-IMRT and Sequential
IMRT were included in the study. Eleven patients
have had prostate cancer confined to the prostate
gland and had been treated using standard IMRT and
twenty patients’ prostate cancer had spread beyond
the prostate gland and had been treated using
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sequential IMRT and SIB-IMRT techniques. 3DCRT
plans were generated for each IMRT plan of patients.
The ethical clearance for the study was obtained from
the Institution of Biology Sri Lanka.

2.2. Target volume delineation

In a low risk patient, the gross tumor volume (GTV)
was equal to CTV1, which in turn was equal to the
total prostate gland. In Intermediate risk patients,
CTV1 included prostate gland and seminal vesicles,
and CTV2 included prostate gland only. In high-risk
patients CTV1 included regional pelvic lymph nodes,
seminal vesicles and prostate, and CTV2 included
prostate gland and seminal vesicles, whereas CTV3
included prostate only.

2.3. Treatment planning

A 6 MV clinical linear accelerator with 80 pairs of
the dynamic multi-leaf collimator (MLC) has been
used in the generation of IMRT treatment plans, and
static MLC has been used in 3DCRT treatment plans.
The prescribed dose used in both IMRT and 3DCRT
treatment plans was 56-76 Gy to the PTV. The
treatments have been planned to deliver 95% -107%
of the prescribed dose to the isocenter. All plans have
been generated using the Eclipse (version 8.6)
treatment planning software, and plans have been
optimized using direct parameter machine
optimization. The parameters for optimization used
are the specified dose to the PTV, the dose limits for
each of the critical structures, and the respective
penalties for deviation from these criteria. According
to the Radiation Therapy Oncology Group (RTOG)
protocol, dose-volume constraints for 3%, 15%, 30%,
50% and 60% of rectum volume were 74Gy, 70Gy,
65Gy, 60Gy, and 50Gy respectively. Dose-volume
constraints for 5%, 25%, and 50% volume of the
bladder were 74Gy, 60Gy, and 50Gy respectively.
The dose-volume constraint for 50% volume of the
femoral head was 50Gy.

2.4 Dose prescriptions

The low-risk group (T1-T2a and Gleason Score (GS)
<6 and PSA<10 ng/ml) or the intermediate-risk group

(T2b and/or GS = 7 and/or PSA > 10-20 ng/ml) has
been treated with a standard dose of 66 Gy -76 Gy
over 33 to 38 fractions (2Gy/F). The two techniques,
i.e. Sequential IMRT technique and SIB-IMRT were
used to treat high-risk patients (T2c or PSA > 20
ng/ml or GS > 8-10). In Sequential IMRT, treatment
radiation has been delivered in two to three phases
within 6 to 7 weeks. In each phase, the same dose of
2 Gyl/fraction has been delivered to pelvic nodes,
seminal vesicles and the prostate using a dynamic
multi-leaf collimator. In the first-phase, for all the
cases equally spaced, non-opposed 8-coplanar beams
have been used and for the boost phases, different
IMRT beam arrangements have been used in the
plans. In the first-phase, the dose for the CTV1
(pelvic lymph nodes, seminal vesicles and prostate)
has been 54 Gy (27 fractions, 2 Gy/fraction), in the
second phase, the dose to the CTV2 (prostate and
seminal vesicles) has been 12 Gy (6 fractions, 2
Gy/fraction) and in the third phase, the dose to the
CTV3 (prostate) has been 8 Gy (4 fractions, 2
Gy/fraction). The total physical dose for pelvic nodes
was 54 Gy, for seminal vesicles it was 66 Gy and for
prostate it was 74 Gy.

In SIB-IMRT treatment, the radiotherapy has been
given as a single phase, using a dynamic multi-leaf
collimator. In all SIB-IMRT plans equally spaced,
non-opposed 8- coplanar beams have been used.
Respectively 54 Gy, 66 Gy and 74 Gy doses have
been delivered to pelvic lymph nodes, seminal
vesicles and prostate in 30 fractions at a 1.8
Gyl/fraction, 2.2 Gy/fraction and 2.5 Gy/fraction
within 6 weeks.

In the 3D-CRT method, 4 beams; anterior posterior
(AP) and posterior anterior (PA) and 2 lateral beams
were used in treatment plans. The Lowe-risk or
intermediate-risk group’s patients were treated with a
standard dose (66 Gy -76 Gy over 33 to 38 fractions
(2Gy/Fraction)). For the high-risk group, radiation
was delivered in three phases using a static multi-leaf
collimator, reducing the field size of the target
volume. In the first phase, the dose for CTV1 (pelvic
lymph nodes, seminal vesicles and prostate) was 54
Gy (27 fractions, 2 Gy/fraction), in the second phase,
the dose to the CTV2 (prostate and seminal vesicles)
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was 12 Gy (6 fractions, 2 Gy/fraction) and in the third 3. RESULTS

phase, the dose to the CTV3 (prostate) was 8 Gy (4

fraction, 2 Gyl/fraction). The total physical doses 3.1. Comparison and assessment of 3SDCRT
were 54 Gy for pelvic nodes, 66 Gy for seminal against standard IMRT

vesicles and 74 Gy for prostate. ) ]
The results obtained for the comparison of 3DCRT

against standard IMRT treatment are discussed in this

2.5. Method of assessment and comparison of .
section.

3DCRT and IMRT plans

To compare the 3DCRT and IMRT techniques dose Table 1: The percentage of maximum, minimum
and mean dose to PTV and percentage of

volume histograms (DVHSs) of the PTV and the OAR prescribed dose to PTV in the standard IMRT
(rectum, bladder and femoral heads) were used. The against 3DCRT.
dose to every delineated structure in the PTV was

obtained using these DVHs. To compare treatment Maximum | Minimum | Mean %Prescrib
modalities, the dosimetric parameters analyzed were dose (%) dose (%) Dose (%) i gg;e to
the percentage of prescribed dose to 100% PTV, PTVO
percentage of maximum, minimum and mean dose to volume
PTV, Homogeneity Index (HI), Conformal Index
(C1) and Dso of rectum, bladder and femoral heads. 2
Dso of rectum, bladder and femoral heads were % 'E % 'E % 'E % 'E %
assessed to see whether doses are at or above dose 'g; S Q S Q S Q S o
constraint values of RTOG protocol. The Dose
volume constraints as per RTOG protocols for Dsg of ' Bl B R R e e
Rectum, Bladder and Femoral heads are 60Gy, 50Gy 2| 1049|2087 | 790 | 889 ) 1006 | 989 | 920 | 920
and 50Gy respectively. HI index and CI index were 3 1052 | 1021 | 830 | 761 | 1001 | 983 | 876 | 865
calculated using equations 1 and 2. 4 1075 [ 1041 [806 [ 852 | 1020 | 1000 | 913 [ 865
5 106.2 102.6 82.7 87.2 100.0 97.3 87.9 90.0
HI = %i; (1) 6 108.0 102.5 89.0 78.6 104.4 99.2 94.0 93.0
7 107.3 104.3 79.6 92.1 97.3 99.8 86.0 94.0
Cl = M%%PD, (2) 8 107.4 106.9 79.5 79.8 102.8 99.5 88.0 86.0
Verv 9 1030 | 1031 | 791 | 807 | 973 | 734 | 960 | 90.0
10 100.4 104.3 84.2 90.1 97.2 100.1 90.0 93.0
Where, D5 and D95 are the doses delivered to 5% and T s 53 T5is 879 1000 (990 860 T 920
95% of the PTV respectively. HI value approximate 1055 | 1039 | 803 | 847 | 998 | 9.8 | 897 | 896
to 1 indicates the homogenous dose distribution in the é g I R B B
PTV. CI value approaching 1 indicates a higher = = = e
degree of conformity. The results obtained under N3 0.050 0.110 0.246 1.000
each group were presented as mean with standard -
deviation. The Wilcoxon signed rank test is used to
compare the dosimeteric parameters of the treatment Table 1 summarizes the percentage of maximum,
strategies. The probability value (p value) < 0.05 was minimum and mean dose to PTV and percentage of
considered as statistically significant. prescribed dose to 100% PTV. The maximum doses

(Dmax) to PTV in standard IMRT is significantly
higher than the 3DCRT except the patient number 10
(see figure 1(a)). However, there was no statistically
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significant difference in Dmax values between two
treatment methods (p=0.050). The minimum doses
(Dmin) in standard IMRT method are inferior to the
3DCRT method except the patient number 3 and 6
(see figure 1(b)). There is no statistical significance
between Dnin values in the two treatment methods
(P=0.110).
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Figure 1: Comparison of 3DCRT against standard
IMRT (@) maximum dose (b) minimum dose (c)
mean dose and (d) PTV coverage

The mean doses (Dmean) are comparable and within
the acceptable limit except the patient number 9
where the mean dose is very low (73.4%) in 3DCRT
plan (see figure 1(c)). Further, there is no statistical
significance between mean dose (Dmean) Values in two
treatment methods (P=0.246). The PTV coverage is
also comparable in the two methods (see figure 1(d)).
Some 3DCRT plans (patient no. 5,7,10 and 11) show
better tumour coverage than IMRT techniques.
However, there is no statistical significance between
mean PTV coverage in the two techniques (P =
1.000).

Table 2 and figure 2(a) reveal that both Standard
IMRT and 3DCRT have a uniform distribution of
dose in the PTV as mean HI values calculated for
both methods are comparable and approximating to
1. Therefore, there is no statistical significance in the
homogeneity of dose in the two methods (p=0.610).
Cl values show a variation between the two methods.
For instance, plans of 1, 6 and 10 provide high

conformity in IMRT than that in 3DCRT. In contrast,
3DCRT plans of patients 5, 7 and 11 shows high
conformity to the target volume compared to IMRT.
The rest of the CI values are comparable in one
method against the other. Overall, Cl values showed
no statistical significance between the two methods
(p=0.285).

Table 2: Comparison of HI values and CI values
in the standard IMRT against 3DCRT

- HI value Cl value
c
'% e IMRT | 3DCRT IMRT | 3DCRT
o
1 1.13 1.05 0.95 0.70
2 1.07 1.07 1.00 0.95
3 1.08 1.08 0.97 0.95
4 1.10 1.08 0.99 0.95
5 1.03 1.01 0.89 0.92
6 1.02 1.09 1.00 0.85
7 1.13 1.07 0.80 1.00
8 1.10 111 0.96 0.92
9 1.04 1.07 0.98 1.00
10 1.06 1.06 0.98 0.85
11 1.09 1.08 0.90 0.95
Mean | 1.08(0.04) | 1.07(0.03) | 0.95(0.06) | 0.91(0.09)
(SD)
Z value -0.5096 -1.0669
P value 0.610 0.285
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N
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Figure 2a: HI and CI Index
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Figure 2 b: Dso Rectum and Bladder
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Figure 2 C: Dso Femoral heads

Table 3 summarizes dose to 50% volumes (Dsg) of
organs at risk. In the comparison of Ds of the
rectal wall there is no statistical significance found
between the two methods (p=0.881). Further
evaluation revealed that in 3DCRT method, the
patient numbers 1 and 4 have received an obvious
higher Dso rectal dose, which exceeds the dose
constraint. While in IMRT method, all eleven
patients have received a dose under the dose
constraint (see figure 2(b)).

In the comparison of Ds, of bladder, Dso of bladder
of patient plans 1, 6 and 10 exceeded the dose
constraint in both methods and overdoses are
greater in 3ADCRT method than in IMRT. In the
patient 8 plan, it is noted that bladder gets under
dose in both methods. Additionally, in the patient
plan 3, bladder gets a very lower dose in both

methods. In the patient plan 11, bladder gets a greater dose
in 3DCRT plan than in IMRT. However, there is no
significant difference between the two methods (p=0.803).

In the comparison of Dso to right and left femoral heads the
two methods are statistically significant (p=0.0044, p =
0.007). It is clearly observed that overdose to femoral heads
are seen in 3ADCRT method in many patients ‘plans while all
IMRT plans have delivered a dose below the doses constrain
(see table 3). Overdose in 3DCRT was particularly seen in
plans where dose is at or above the 74Gy.

Figure 3: IMRT plan of the patient 10 shows a
part of the bladder volume ink out line structure)
is included within the PTV (Red out lined)

Table 3: The Comparison of the D50 Rectum, D 50
Bladder and D50 Femoral heads in the Standard IMRT
against 3DCRT

Rectum Bladder Dso Right Dso Left
Dso (Gy) Dso (Gy) femoral femoral
head (Gy) head (Gy)
= - = = = =
ol x x '~ % e % e [
2c| = Q Q Q o]
S = a > A = A = A
™ - ™ - ™ - ™
1 562 | 7.8 | 530 | 570~ | 352 | 500 | 363 | 5L1*
2 556 | 451 | 310 | 310 | 310 | 513* | 310 | 513*
3 466 | 466 | 296 | 3.7* 266 | 259 | 296 | 259
1 518 | 69.6* | 444 | 481 | 400 | 518 | 340 | 518~
5 290 | 251 | 350 | 317 | 320 | 380 | 340 26
6 528 | 508 | 634* | 653* | 284 | 310 | 290 | 469
7 37.2 25.1 34.2 25.1 32.7 55.5* 18.2 56.2*
8 336 | 214 | 91* 7.0* 238 | 504 | 294 | 518*
9 429 | 530 | 240 200 | 328 | 56.9* | 320 | 56.2*
10 396 | 251 | 62.7* | 653 | 231 | 469 | 182 | 442
11 481 | 562 | 451 555 | 377 | 533 | 414 | 533*
44.9 44.5 39.2 37.2 31.2 46.4 30.3 46.8
B | 02 | (182 | (165) | (223) (54) | (102) | (7.0) | (10.9)
s2
z
VaFI,ue 0.1529 -0.255 -2.845 -2.667
value 0.88076 0.803 0.0044 0.00758
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Table 4: The percentage of Maximum, Minimum and Mean dose to PTV and percentage of prescribed dose
to PTV in the SIB-IMRT against 3DCRT.

Max Dose (%) Min Dose (%) | Mean Dose (%) PTV
Coverage (%)
€ > 'E | & - |k
B e |8 |23 |8 |22 |8 |25 |8
g z »n = ™ »n = ™ »n = ™ = ™
12 105.5 105.3 89.3 76.7 102.5 | 98.6 94.0 84.0
13 98.9 105.7 85.3 82.2 96.3 98.2 90.5 85.0
14 109.0* 102.7 92.6 58.4 105.3 | 77.7 97.0 88.5
15 105.8 103.5 78.7 77.1 96.8 98.9 94.4 90.9
16 104.4 105.0 71.5 64.5 95.2 97.4 90.2 96.5
17 107.8* 106.0 85.4 76.5 102.5 | 99.9 92.5 85.7
18 104.0 102.0 62.4 65.0 85.7 82.2 94.0 86.0
19 104.2 107.4* | 82.0 89.0 97.0 102.0 | 86.0 92.0
20 104.0 99.4 79.2 92.5 100.0 | 101.3 | 88.0 76.6
21 106.0 104.0 90.5 72.6 102.0 | 98.7 94.0 85.0
Mean SD | 105.0 104.1 81.7 75.5 98.3 95.5 92.1 87.0
2.7) (2.3) (9.3) (10.8) | (5.6) (8.4) 33) | 64
P value 0.3843 0.1676 0.384 0.037
110 1 IDCAT aganst SIS MAT 4:‘_: aganst S8-
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Figure 4: Comparison of 3DCRT against SIB-IMRT (a) maximum dose (b) minimum dose (c) mean dose
and (d) PTV coverage
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3.2 Comparison and assessment of 3DCRT Table 5: Comparison of HI values and CI
against SIB-IMRT values in the SIB-IMRT against 3SDCRT
. L HI value Cl value

Results of maximum PTV dose (Dmax), minimum

PTV dose (Dmin), mean PTV dose (Dmen) and - - —
percentage of prescribed dose to 100% PTV volume S o é E % é E 6
(DV 100%) obtained for the comparisons of 3DCRT § 7 = % n 2 C@)
against SIB-IMRT treatment are summarized in

tables 4 and analyzed graphically in figure 4. Except 12 1.06 112 0.99 0.9
for the PTV coverage (p= 0.037), other parameters 13 1.04 11 0.92 0.9

showed no statistical significance between the two
methods. SIB-IMRT plans show a better PTV
coverage than the 3DCRT plans (see table 4). 15 102 | 113 1.0 0.97

16 1.08 1.05 0.95 1.0
17 1.08 1.08 0.99 0.95

14 1.07 1.2 1.0 0.97

Figure 5(a) and table 5 disclose that SIB-IMRT and
3DCRT have achieved the uniform homogeneity in

the PTV. But mean HI value in SIB-IMRT is more 18 1.04 1.06 1.0 0.95
approximate to 1, which indicates that the dose 19 1.09 0.96 0.95 0.95
distribution is more uniform with SIB-IMRT. 20 109 118 0.95 084
Conversely there is no statistical significance

(p=0.152) in homogeneity in 3DCRT against SIB- Mean 1.06 1.10 0.97 0.94
IMRT. The conformity index (CI) is statistically ) 0.02 0.07 0.03 0.05
superior in SIB-IMRT plans (p=0.037). However, p 0.152 0.037

both HI and CI values are comparable between the value

methods in the patient plans 16, 17, 18 and 19 (See

table 5). 1 I T - [ i-ue:w;?i%}::

In the comparison of Dsg of the rectum in 3DCRT
against SIB-IMRT, all the patients have received a
dose less than the dose constraint (60Gy) to 50% of
the rectum wall in both methods. So both methods

HIICH Index
. of Organ at Risk

D,
B RE LB R
|

112 13 14 16 16 1T B 19 20 N 2 11 12 13 14 15 16 17 18 19 20 21 22

have been successful in Preventing rectum being Patent Numoer Patent Nunser
overdosed (see Table 6 and figure 5(b)). There is no (a) (b)
statistical significance in D50 rectum in SIB-IMRT . _

against 3D-CRT (p=0.168). In the comparison of o o

Dso the bladder walls are under the dose constraint
in both methods except in the patients 14, 16 and 18
where the dose has exceeded by 8 Gy, 10 Gy and 4
Gy respectively in 3DCRT plans. In patients 15 and o1 —
21, both techniques have overdosed bladder by 2.5 e ;‘;lle‘i:m-:%mb‘;sr Vb
Gy to 8 Gy respectively (See table 6). However,

there is no statistical significance between the Dsp of
bladder in two methods (p=0.263).

af Orgar at Risk
|
i

=
=

0,

{c)

Figure 5: Comparison of 3DCRT against SIB-
IMRT (a) HI and CI Index (b) Dso Rectum and
Bladder (c) Dso Femoral heads.
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In the study, Dso dose to femoral heads in all patients
in both methods were below dose constraint (see
figure 5(c)). But Dsp to left femoral heads were
noticeably greater in 3DCRT plans (See table 6) than
in SIB-IMRT plans and this difference was
statistically significant (p=0.0285). Even though Dso
to right femoral heads were also higher in 3DCRT
plans over SIB-IMRT plans, this difference was not
statistically significant (p=0.308).

methods (p=0.093). Dmin is almost comparable in the
two methods and there is no significant difference in
the Dmin in the two methods (p=0.447). Conversely,
there is a significant difference in Dmean (p=0.037)
between two methods.

Table 7: The percentage of Maximum, Minimum
and Mean dose to PTV and percentage of
prescribed dose to PTV in the standard Sequential
IMRT against 3DCRT

Table 6: The Comparison of the Dso Rectum, D so ) PTV
Bladder and Dso Femoral heads in the SIB- IMRT Max Dose (%) M'?O/?)OSE Me?%)ose Coverage
against 3DCRT = (%)
2| = - - -
4] [ [ ]
. 2| 2| & |25 E | B | B | 2| K
D50 D 50 D 50 Right | D50 Left. 18| 6 |8%| G |8 | S | gz &
Rectum Bladder Femoral Femoral (%— 2 §_ 2 g— 2 5)'7'— 2
head head
22 106.4 101.26 67 29.12 95.5 90.4 70.8 85
23 100.2 97.77 87.46 72.05 96.56 85.2 89.2 74.32
24 103.19 101.63 60.3 69.99 82.9 80.01 91.6 66.6
- = = = 25 | 107.13 101.2 811 | 66.58 | 100.15 | 81.8 923 | 106.1
S 021 E % E DE: E 02: E 26 | 1075 1033 | 7894 | 6038 | 9933 | 8412 | 90.27 | 93
=29 | = @) = O = O 27 | 1051 | 1083 | 849 | 9126 | 10035 | 9938 | 897 | 05
2 o 9, o 8 o % o 8 28 102.5 105.3 75.7 | 8222 94.9 100.1 | 85.1 91.2
3 @ o @ o 29 | 1066 | 10394 | 752 | 87.3 | 10042 | 989 | 878 | 912
| 50 58 20 27 31 51 31 51 30 | 1046 | 10528 | 8393 [ 87.03 | 100.28 | 9944 | 92.3 [ 92.94
13 56 52 26 30 395 51 35 525 31 103.8 105.38 86.6 86.58 100.24 98.96 98.21 89.28
14 | 46 | 54 | 29 58* | 285 | 17 2% | 23 <
15 44 50 55* 525 32 47 315 47 g 104.7 102.8 78.1 73.3 97.0 91.8 88.7 88.5
16 48 55 36 60 42 50 28 48
17 51.9 56 27.4 25 28.8 28.8 415 495
18 50 54 45 54* 39 35.5 43 41 9) 2.2 2.3 8.4 17.7 51 7.9 6.8 10.5
19 40 40 25 35 28 22 49.5 46
20 | 39 23 | 3% 25 2 20 45 | 145 ©
21 | 41 | 42 | 565* | 58* 34 45 32 | 455 E 0.093 0.447 0.037 0.803
= o
[+
§ 46.59 48.6 36.49 42.45 32.48 36.73 32.2 41.8
o The mean PTV coverage with prescribed dose is
5.6 10.8 117 15.2 6.2 13.8 12.3 12.7 .. . .
” more or less similar in both sequential IMRT and
o 0168 0263 0308 0.0285 3DCRT. Except in the patient 23 and 24, the
E sequential IMRT shows a better PTV coverage than
that in the 3DCRT (see figure 6(d)). However, there
. is no significant difference in the PTV coverage in the
3.3. Comparison and assessment of 3DCRT

against sequential IMRT

The results obtained for the comparison of 3DCRT
against Sequential (phase) IMRT treatment plans are
summarized in table 7. The Dmax values in PTV in the
sequential IMRT is slightly greater than that in
3DCRT except in the case of patient numbers 28, 30
and 31 (see figure 6(a)). However there is no
significant difference in the Dmax values in the two

two methods (p>0.803).

Table 8 reveals that sequential IMRT and 3DCRT
homogeneity in the PTV is statistically significant
(p=0.0226). But CI values in the two methods are
comparable and there is no statistical significance
between the two methods (p =0.638).
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I

ax Dase (%)

D, of Organ at Risk

Table 9 compares Dose to 50% volume of rectum,
bladder and femoral heads in 3DCRT and sequential
IMRT. In the comparison of Dsg to rectum all the
patients have received a dose less than dose constraint
(60Gy) in both sequential IMRT and 3DCRT
methods (see figure 7(a)). Therefore, there was no
statistical significance in the Dsg to rectum in the two
methods (p=0.13)
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Table 8: Comparison of HI values and ClI values in
the Sequential IMRT against 3DCRT

HI value Cl value
i, 2k |5 |EE %
58 == |3 |82 |3
o A ™ P ™
22 PTV1 1.11 1.15 0.92 0.92
PTV2 1.4 1.15 0.86 0.95
PTV3 1.24 1.06 0.73 0.73
23 PTV1 1.06 1.2 1 0.95
PTV2 1.11 1.2 1 1
PTV3 1.12 1.04 0.85 0.1
24 PTV1 1.08 1.18 0.97 0.97
PTV2 1.1 1.21 1 1
PTV3 1.08 1.2 1 1
25 PTV1 1.12 1.14 0.95 1
PTV2 1.17 1.7 1 1
26 PTV1 1.09 1.4 1 1
PTV2 1.13 1.19 1 1.0
27 PTV1 1.41 1.43 0.99 0.98
PTV2 1.07 1.05 0.95 1
28 PTV1 1.15 1.15 1 1
PTV2 1.09 1.09 0.7 0.98
29 PTV1 1.3 1.4 1 0.97
PTV2 1.1 1.14 0.95 0.93
30 PTV1 1.4 1.57 0.98 0.98
PTV2 1.07 1.1 0.98 0.95
31 PTV1 1.2 1.35 1 0.98
PTV2 1.1 1.09 0.95 0.95
Mean 1.16 1.23 0.95 0.92
SD 0.11 0.17 0.08 0.19
.0226 0.638
P value

In the patients 24,25,26 and 29 of 3DCRT plans, Dso
dose to bladder were above the dose constraint (see
table 8 and figure 7(a)), and there is statistical
significance between the D50 of bladder in the two
methods (p=0.03).

The comparison of sequential IMRT with Dsp of
femoral heads (left and right) showed statistical
significance as the mean dose to Dso femoral heads are
20 Gy higher in 3DCRT. However, the doses to
femoral heads in both methods were below the dose
constraint value (see figure 7(b).
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Table 9: The Comparison of the Dso Rectum, D so
Bladder and Dso Femoral heads in the Sequential IMRT
against 3DCRT

prescribed dose (Table 1,4 and 8). A cold spot is an
area which receives a lower dose than the
prescribed dose (< 93 % of prescribed dose). The
total volume of any cold spot should be <1 % of

the PTV (Arno et. al., 2005). It is noted that this
was, as doses were not normalized to 107% but to

100%. Anyhow this had no effect on the patient’s
treatment. There were no significant differences
between the minimum doses to PTV in any IMRT
and corresponding 3DCRT treatment plans.

Comparison of 3DCRT against standard IMRT,;

the over dose to the rectum in patient 1 and 4 in

3DCRT plan (see table 3) is due to the large PTV

margin including part of the rectal wall in the

prostate PTV. But in IMRT, due to the ability to

modulate beam intensity and curve iso-dose lines

to the shape of the tumour volume spared the rectal

wall being overdosed. Overdose to bladder in
patient plans 1,6 and 10 in both techniques (see

D so Rectum Dso Dso Right Dso Left
Bladder femoral femoral
head head
[ © [+ [~
Eb |k |Ek|l&k |EE|E |EE|&
O o o (] o (] o
22 | a 22| 2 22| 2 22| A2
<] ™ o5 ™ o5 ™ [ (7]
wn wn (%] (%]
22 52 60 42 39 33 53 30 53
23 43.5 38 45 45 29 42.5 28.5 40.5
24 50 58 45.5 60* 32 51 29 53
25 44.5 55 40 59* 25 56 25 56.5
26 35 60 45 65% 27.5 51.5 35 51.5
27 44 45 44 50 26 54.5 27 54.5
28 50 57.5 60* 70* 20 54 225 54
29 37.5 35 50 65* 53 34 35 53
30 40 325 30 325 27 55 27 55
31 50 50 45 45 26 57 25 58
Mean 44.65 49.1 44.65 53.05 29.85 50.85 28.4 52.9
SD 5.85 10.74 7.52 12.54 8.91 7.18 4.11 4.75
P 0.13 0.03 0.005 0.005
value
4, DISCUSSION

In the Standard IMRT plan (Figure 1) and SIB-IMRT
plan (Table 4) there were regions where the
maximum dose is greater than 107% of the prescribed
dose which were to be assumed as hot spots. These
hot spots should be taken into account as they can
affect toxicity and tumor control probability (Arno et.
al.,, 2005). According to the International
Commission on Radiation Units and measurements,
a “Hot spot” is an area outside PTV but within the
GTV, which receives a higher dose than the
prescribed dose (> 100 % of the prescribed dose). Hot
spots are considered significant if the minimum
diameter exceeds 15 mm. It is noted that areas in the
standard and SIB-IMRT plans with the maximum
dose which is greater than 105% of the prescribed
dose but as the area of such overdose was
significantly negligible (minimum diameter of area <
1 mm) they were not considered as a hot spot and
identified as pin point.

The minimum doses in most patients in Standard

IMRT, Sequential IMRT, SIB -IMRT and
corresponding 3DCRT were less than 93% of the
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table 3) is due to the portion of bladder volume being
included within the PTV (see figure 3). Though
patients were advised to follow bladder protocol
before radiotherapy scanning, bladder may not have
been fully filled or the size of the prostate may have
been large. It was also found that the bladder volume
of patient 6 was anatomically smaller in size (39 cm?)
and 66% of bladder volume was overdosed. In the
patient 10, the bladder was overdosed by both
methods as about 48% bladder volume was included
within the PTV and 52% of total bladder volume was
overdosed. However, in both treatments plans, Dso
bladder outside PTV and volume of bladder outside
PTV were in acceptable range. (Dso bladder dose
outside PTV was 43 Gy and 35Gy respectively in
IMRT and 3DCRT plans). In the patient plan 3, the
bladder gets very lower dose in both methods as PTV
enclosed only prostate, and the rectum, bladder and
femoral heads are lined outside the PTV. In the
patient plan 11, the bladder gets a greater dose in
3DCRT plan due to optimization limitations in
3DCRT technique, and thus the plan cannot be
improved further, as resultant would under dose PTV.
Overdose to femoral heads in 3DCRT plans above 74
Gy is mainly due to use of opposed beams (AP/PA
and Lateral beams) and inability to shape the beam
according to the geometry of the tumor. It has been
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confirmed in previous studies that four-field
technique is suitable for prescribed dose of up to 74
Gy and further dose escalation delivers a dose above
50Gy to femoral necks, which is above RTOG dose
constraint protocols (Hardcastle et. al., 2010). In the
use of 4 fields opposed beams technique, the two
lateral incidence beams and transmitting beams of
opposite lateral fields pass through the femoral heads.
The 3DCRT techniques is safe to use in patient
treatments when the prescribed dose to PTV is below
74Gy. However, if 3DCRT is used for the treatment
with a dose above 74Gy, overdosing of femoral heads
can be reduced with less weight to lateral fields or
with more beams incorporated into the treatment
plan.

The PTV coverage was found to be statistically high
in SIB-IMRT plans compared to corresponding
3DCRT plans (Table 4, Figure 4). This may be due to
the ability of the SIB-IMRT technique to deliver an
escalated hypo-fractionated dose to planning target
volume (i.e. 1.8 Gy, 2.2Gy and 2.5 Gy) in a single
phase yielding a high conformity and a better PTV
coverage. The previous studies also have confirmed
that the SIB-IMRT technique is more conformal to
the target and revenues a better coverage (Orlandi et.
al., 2010, Bansal et. al., 2012 and Hernandez et. al.,
2013). 3DCRT delivers the same per fraction dose in
2-3 phases to planning target volume which requires
optimization of several plans and therefore the dose
is less conformal to the target.

The conformity index (CI) too is statistically superior
in SIB-IMRT plans (Table 4). This may be due to
capability of SIB-IMRT in delivering a conformal
dose to target through escalated hypo-fractionated
dose. It is confirmed in past studies, that SIB-IMRT
has a higher dose conformity and homogeneity in the
target volume (Khayaiwong, 2012). Mohan et. al.,
(2000) has stated in his studies that when the majority
of dose has already been delivered, it is difficult to
achieve a high level of dose conformation with
remaining fractions in the boost plans due to non-
homogenous dose distribution. This can be the reason
for 3DCRT technique showing a less dose
conformity.
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In the patient plans 14 and 18, there were overdoses
to bladder in 3DCRT plans due to the pelvic lymph
nodes been included in the treatment PTV (see figure
6). As the 3DCRT has its limitation in beam shaping,
the bladder has received an overdose. It was also
noted that in-patient 16 the bladder is overdosed in
3DCRT plan due to an anterior field being passed
through the bladder. In the patient 15 and 21 the
bladder is overdosed in both plans due to PTV
including part of the bladder. Dsy of the bladder
outside PTV volume is 31 Gy and the volume of
bladder overdose is about 2% of the total bladder
volume, and as the dose and the volume (dose < 50
Gy and volume < 50 cm®) were in the acceptance
limit both treatment plans were approved for
treatment. In the patient plan 21 about 22.2% of the
total bladder volume was included as a part of PTV.

In the comparison of sequential IMRT and 3DCRT,
the patient number 22 (see table 7) shows a very lower
value for the Dmin in 3DCRT plan. This is not
considered as a cold spot as the volume is less than 1
mm. Dmean is statistically significant (p=0.037) in the
two methods. This may be because many patient plans
of the sequential-IMRT show better Dmean Values
compared to 3DCRT plans (see figure 6(c)).

The Homogeneity Index (HI) was statistically
improved in sequential IMRT because optimization of
several plans in sequential IMRT is more feasible than
optimization of several plans in 3DCRT. 3DCRT has
its limitations in controlling beam intensity
modulation and shaping, whereas in IMRT, beam
intensity can be modulated and diverse intensity doses
can be delivered to the complex target volume to gain
a uniform dose distribution (Shimizuguchi et al
(2017)). However, HI values are comparable in the
patient plan 27-31(see table 8).

In the patients 24,25,26 and 29 of 3DCRT plans, Dsp
doses to bladder was above the dose constraint (see
table 8 and figure 7(a)). This is because the pelvic
lymph nodes of the patient were involved in the PTV.
In the patient 28, both methods have overdosed the
bladder, as the bladder was included in the PTV due
to Bladder metastasis.
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As in 3DCRT method, the mean Dso to right and left
femoral heads are approximately 20Gy higher than
sequential IMRT and there is a statistically significant
(p=0.005) in the Dsp to femoral heads (see table 8) in
the two methods. Higher dose in 3DCRT is due to
lateral incidence beams and opposing lateral
transmitting beams are passing through the femoral
heads in 3DCRT plans.

5. CONCLUSIONS

Results of the study demonstrated that SIB- IMRT
showed foremost PTV coverage by prescribed dose,
dose conformity and dose homogeneity compared to
3DCRT, and it may be due to the ability to deliver
increasing per fraction doses to booster volumes in a
single treatment session. With the Sequential IMRT,
better critical organ sparing was noted compared to
3DCRT. This may be due to a low dose per fraction
to critical organs along with low per fraction (<2Gy)
dose to target volume. Furthermore, the study also
provides a proof-of-principle that 3DCRT is also
reasonably good enough to use in treatment for low
and intermediate risk groups of prostate cancer as
PTV coverage is above 85% of prescribed dose and
also as critical organ sparing was not inferior to
standard IMRT at prescribed dose below 74Gy.
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