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ABSTRACT

In terms of breast cancer radiation treatment, it has radiation using the 3D-Conformal Radiotherapy (3D-CRT)
technique and the continuation of the 3D-CRT technique, namely the Intensity Modulated Radiation Therapy
(IMRT) technique. This study aims to evaluate the dosage aspects of PTV and OAR between the 3D-CRT and
IMRT techniques in cases of left breast cancer with hypofractionation using the Deep Inspiration Breath Hold
(DIBH) method using the Conformity Index (CI) and Homogeneity Index (H.I.) and H.I. organ at risk uses
tolerance limits.

This type of research is comparative quantitative with ten samples with primary data conducted at Siloam T.B.
Hospital. Simatupang from November 2019 to April 2020. The research was carried out in the form of radiation
planning with 3D-CRT techniques and IMRT techniques, and the results of planning both techniques were
evaluated between 3D-CRT techniques and IMRT techniques through PTV evaluations using CI and H.IL
values. Furthermore, the organs at risk use tolerance limits on each organ.

The results showed the assessment between 3D-CRT and IMRT on PTV and organs at risk received different
doses. The PTV shows the CI value, which is almost the same as the difference of 0.034, and there is a slight
difference in H.I. with an average value in the IMRT technique of 0.07 and 3D-CRT of 0.11, and it can be seen
that the IMRT is slightly superior because the excellent H.I. value is the closest to 0. Then at the dose of organ
at risk received by the sample, the 3D-CRT technique is slightly superior by obtaining a lower dose that obtains
the difference in the heart by 0.53%, lung by 3.46%, spinal cord by 6.51 Gy, esophagus at 4.5 Gy, and larynx at
5.18 Gy.

Keywords: Breast Cancer, 3D-CRT, IMRT, Organ At Risk, CI and H.I.

Introduction

Breast cancer was initially treated with conventional fractionation, which associated
administering a total dose of 45 - 50 Gy (1.8 - 2 Gy per fraction) in 25 - 28 times fractions,
but this can now be accomplished with hypofraction. Hypofractionation is administering a

total dose of 40.5 —42.5 Gy (2.66 — 2.67 Gy per fraction) in 15-16 times the fraction in breast
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cancer irradiation. Radiotherapy has been shown to accomplish this goal in several
experiments conducted abroad. This trial compared hypofractionated Radiotherapy to
conventional fractionation as postoperative adjunctive treatment. These findings suggest that
the acute and chronic effects of each type of breast cancer irradiation are not significantly
different. (4,5)

A method known as the Deep Inspiration Breath Hold (DIBH) method delivers a lower dose
to the heart and lungs to minimize acute and chronic effects. This method focuses on
reducing the dose to the cardiac substructure during radiation treatment for left breast cancer.
(6)

While the 3D-CRT technique is the most frequently used for breast cancer radiation
treatment, other techniques may be used, one of which is developing the 3D-CRT technique,
namely the IMRT technique. 3D Conformal Radiation Therapy (3D-CRT) is a technique for
irradiating breast cancer expected to reduce radiation doses delivered to healthy organs. The
tumor location can be determined more precisely by using Computed Tomography (C.T.) to
simulate and plan radiotherapy treatment. (3). The 3D-CRT technique is widely regarded as
the industry standard for treatment planning. However, compared to 3D-CRT, IMRT can
provide more excellent target coverage and lower radiation doses to surrounding vital organs.
(7

Among the efforts is using the DIBH method for breast cancer irradiation and cutting-edge
radiotherapy technology, specifically the 3D-CRT and IMRT techniques. The goal is similar
to Radiotherapy, which delivers the maximum dose possible to the target while sparing the
surrounding organs at risk. Additionally, both techniques apply to cases of breast cancer.

The Deep Inspiration Breath Hold (DIBH) method was used to determine the dose of 3D-
CRT and IMRT techniques in hypofractionated left breast cancer cases.

METHODS OF RESEARCH

The data collection method used in this study was a discussion with radiotherapists and
medical physicists to obtain the necessary information regarding sample selection, analysis of
organs at risk to be studied, and processing of CI and H.I. data. Then, using experimental
experiments at TPS, we obtained 3D-CRT and IMRT techniques in one patient who met the
research inclusion criteria, with a sample size often, and we observed and recorded data from
the results of TPS calculation planning, specifically DVH 3D-CRT and IMRT techniques in
cases of left breast cancer treated with hypofractionation using the DIBH method. Following

data processing in this study, the results of TPS planning for each patient will be compared
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using the DVH diagram. The dose value on the PTV and organ at risk is determined using
DVH. At PTV, the data will be processed using CI and H.I. and then compared to the
tolerance limit for the organ at risk. After evaluating and comparing the dose values for PTV
and organ at risk for each patient using 3D-CRT and IMRT techniques, conclusions will be
drawn regarding which technique is the most optimal for CI and H.I. values and organ at risk

in cancer patients. Hypofractionation of the left breast using the DIBH method.

RESULTS AND DISCUSSION

The results obtained in the form of DVH result from treatment planning performed by
Medical Physicists in the TPS room. DVH indicates the dose and volume values for PTV and
organs at risk, which correspond to the dose tolerance limit, and the quality of the dose
distribution in the target being evaluated by examining the CI and H.I. parameters.

The radiation planning results were evaluated for their suitability for the target shape,
homogeneity of the target volume, and dose to at-risk organs nearby the target. The CI and
H.I. values were used to determine the dose distribution's suitability for the target tumor or
PTV. The conformity index is defined in ICRU report 83 as the degree to which the

prescribed dose covers the tumor target and is expressed in equation 1.

Treated Veolume

Cl= (Persamaan 1)
PTV

Where PTV Volume is 95 percent of Treated Volume and Treated Volume is PTV Volume
The ideal conformity index value is 1, which indicates that the isodose curve for the
prescribed dose fits the PTV perfectly.

The homogeneity index, defined in equation 2, is a ratio between the maximum and minimum

doses in the target volume; a lower value indicates a more homogeneous dose distribution.

D2%—D98%
Hl= ————— (Persamaan 2)
D509

Where D2% is the dose that covers 2% of the PTV volume, D98% is the dose that covers
98.9% of the PTV volume, and D50% is the dose that covers 50% of the PTV volume. The
outstanding homogeneity index value is 0, which indicates that all doses on PTV are
homogeneous.

DIBH, CI, and H.I. values were determined based on the results of a study on ten samples of

hypofractionated left breast cancer patients.
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Tabel 1. Nilai Conformity Index 3D-CRT dan Tabel 2. Nilai Homogeinity Index 3D-CRT dan IMRT
IMRT Sampel Teknik D2%(Gy) D50% D98% H.l.
Sampel  Teknik TV PTV cl (Gy) (Gy)
(cm3) (cm3)

A 3D-CRT 44,93 43,63 40,44 0,10

A 3D-CRT 1045,2 1065,3 0,981
IMRT 44,95 43,78 42,08 0,06

IMRT  1063,5 1065,3 0,998

B 3D-CRT 45,09 43,85 40,99 0,09

B 3D-CRT 6357 6429 0988 IMRT 45,34 43,72 42,01 0,07

IMRT ~ 641,3 642,9 0,997 C  3D-CRT 45,03 43,49 41,15 0,08
C 3D-CRT  441,2 4435 0,994 IMRT 4557 43,96 42,16 0,07
IMRT 4433  443,5 0,999 D 3D-CRT 46,05 43,96 41,89 0,09
D 3D-CRT 546,2 548,6 0,995 IMRT 44,94 43,36 41,04 0,08
IMRT 547,5 548,6 0,997 E 3D-CRT 45,20 44,26 38,96 0,14
E 3D-CRT 3045 317,5 0,959 IMRT 44,66 43,53 42,03 0,06
IMRT 3172 3175 0,999 F 3D-CRT 44,70 42,78 38,86 0,13

F 3D-CRT 7346 8474 0,866 IMRT 44,83 43,60 42,08 0,06

G 3D-CRT 4505 43,54 40,16 0,11
IMRT 846,6 847,4 0,999 ' ' ' '

IMRT 44,75 43,44 42,19 0,05
G 3D-CRT 511,8 524,2 0,976

H 3D-CRT 45,21 43,92 39,38 0,13

IMRT 524,1 524,2 0,999

IMRT 45,25 43,92 42,09 0,07
H 3D-CRT 464,9 482,1 0,964

| 3D-CRT 44,91 43,56 38,87 0,13

IMRT 481,2 482,1 0,998

IMRT 45,69 44,10 41,89 0,08

| 3D-CRT 417,1 437,1 0,954

J 3D-CRT 44,87 43,29 39,85 0,11

IMRT 435,9 437,1 0,997
IMRT 45,06 43,64 42,05 0,06

J 3D-CRT 303,5 313,3 0,968

IMRT 3129 313,3 0,998

The results of the calculation of the CI value obtained from equation 1 for PTV in the 3D-
CRT technique and IMRT in the case of left breast cancer treated with hypofractionation
using the DIBH method are presented in Table 1. The calculation of ten samples using the

3D-CRT technique yields a confidence interval (CI) of 0.866 to 0.995, while the IMRT
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technique yields a CI of 0.997 to 0.999. Overall, the average CI value for each sample was
0.964 for the 3D-CRT technique and 0.998 for the IMRT technique.

When the average CI value for the IMRT technique is 0.998, it demonstrates that the 3D-
CRT and IMRT techniques for CI at PTV 10 samples studied in cases of left breast cancer
treated with hypofractionation using the DIBH method are nearly identical with a difference
of only 0.034, because the ideal value for CI is 1, which indicates that the isodose curve for
the prescribed dose of PTV coincides.

In Table 2, the H.I. calculation results for ten samples using the 3D-CRT technique range
from 0.08 to 0.14, while the IMRT technique ranges from 0.08 to 0.05. Overall, the average
H.I. value for each sample was 0.11 using the 3D-CRT technique and 0.07 when using the
IMRT technique.

When the average value of H.I. in the IMRT technique is 0.07, it demonstrates that the IMRT
technique is superior to the 3D technique for PTV 10 samples studied in cases of left breast
cancer treated with hypofractionation using the Deep Inspiration Breath Hold (DIBH)
method. -CRT with a difference of 0.04, and the results of this study are consistent with the
provisions of ICRU report 83, as described in the previous Theory Study, that the ideal value
for the homogeneity index is 0, indicating that all doses in the PTV are homogeneous.
Additionally, the IMRT technique achieves an H.I. value that is closer to zero than the 3D-
CRT technique.

The IMRT technique's homogeneity is due to optimization in the treatment planning process,
which ensures that the dose received by the PTV is the same in each direction of the beam.
Based on the study results, different tolerance limits for each organ, namely the heart, lung,
spinal cord, esophagus, and larynx, will be used in cases of left breast cancer treated with

hypofractionation using the DIBH method, as illustrated in Fig. Table 3.

Tabel 3. Batasan toleransi pada Kanker Tabel 4. Nilai Dosis pada OAR dengan Batasan
Payudara (9-11) Toleransi antara teknik 3D-CRT dan IMRT
Org?n At Tel.(nlk Nilai Structure Volume Dose Mean Max
Risk Penyinaran Rata-
Dose Dose
Rata
Heart 10% < - -
LUNG V20 < 3D 24,61 %
25Gy
37% IMRT 28,07 %
e Lung 37% < - -
HEART V25 3D 0,82 % 20Gy
<10%
’ IMRT 135%  Esophagus - - < -

34Gy
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SPINAL 3D 4,78 Gy Larynx - - < -
CORD Dmax 45Gy
= 37(Gy) IMRT 11,1 Gy
Spinal - - - <45
ESOPHAGUS 3D 4,13 Gy Cord Gy
Dmean <
34(Gy) IMRT 8,63 Gy
LARYNX 3D 2,34 Gy
Dmean <

45(Gy) IMRT 7,52 Gy

The dose tolerance limits for each organ, namely the heart, lung, esophagus, larynx, and
spinal cord, are listed in Table 3. The tolerance limit V25 10% indicates that the percentage
of dose distribution obtained at 25 Gy by the heart should not exceed 10% of the heart
volume and V20 37% for the lung. The tolerance limit of Dmean 34 Gy explains that the
average dose received by the esophagus should not exceed 34 Gy, while the larynx and spinal
cord should receive Dmean 45 Gy and Dmax 45 Gy, respectively.

The results of the ten samples analyzed revealed variations in the organs at risk (heart, lung,
spinal cord, esophagus, and larynx). In this organ, it is observed that the 3D-CRT technique
delivers lower doses to all organs at risk than the IMRT technique. The dose differences
between these two methods were 0.53 Gy, 3.46 Gy, 6.51 Gy, 4.5 Gy, and 5.18 Gy for the
heart, lungs, spinal cord, esophagus, and larynx, respectively. The dose received by the organ

at risk is still below the dose tolerance limit.

CONCLUSION

According to the study's findings, there were differences in the Conformity Index (CI) and
Homogeneity Index (H.I.) values between the 3D-CRT and IMRT techniques for the ten
samples studied. The average Conformity Index (CI) for the IMRT technique was 0.998,
while the 3D-CRT technique had a value of 0.964, indicating that the values are nearly
identical between the two techniques. And the IMRT technique's average Homogeneity Index
(H.L.) value is 0.07, while the 3D-CRT technique's value is 0.11, indicating that the IMRT
technique is closer to the ideal value of 0.

And the results of the study on ten samples examined indicated that all organs at risk, namely
the heart, lung, spinal cord, esophagus, and larynx, received a lower dose in the 3D-CRT

technique than in the IMRT technique, with a difference of 0.53 percent for the heart, 3.46
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percent for the lung, 6.51 Gy for the spinal cord, 4.5 Gy for the esophagus, and 5.18 Gy for

the larynx. Additionally, the entire organ is within the tolerance dose limit.
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