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ABSTRACT

Background: The present study was to investigate the usefulness of deep inspiration breath hold (DIBH) in bilateral breast
patients using 6MV flattened beam (FB) and flattening filter free beam (FFFB).

Materials and methods: Twenty bilateral breast cancer patients were simulated, using left breast patients treated with DIBH
technique. CT scans were performed in the normal breathing (NB) and DIBH method. Three-dimensional conformal radio-
therapy (3DCRT) and volumetric arc therapy (VMAT) plans were generated.

Results: In our study the best organ at risk (OAR) sparing is achieved in the 3DCRT DIBH plan with adequate PTV coverage (Ves
>47.5 Gy) as compared to 6MV FB and FFFB VMAT DIBH plans. The DIBH scan plan reduces the heart mean dose significantly at
the rate of 49% in 3DCRT (p = 0.00) and 22% in VMAT (p = 0.010). Similarly, the DIBH scan plan produces lesser common lung
mean dose of 18% in 3DCRT (p = 0.011) and 8% in VMAT (0.007) as compared to the NB scan. The conformity index is much
better in VMAT FB (1.04 £+ 0.04 vs. 1.04 £ 0.05), p =1.00 and VMAT FFFB (1.04 £ 0.05 vs. 1 + 0.24, p = 0.345) plans as compared to
3DCRT (1.63 £ 0.2 vs. 1.47 £ 0.28, p = 0.002). The homogeneity index of all the plans is less than 0.15. The global dmax is more
in VMAT FFFB DIBH plan (113.7%). The maximum MU noted in the NB scan plan (478 vs. 477MU, 1366 vs. 1299 MU and 1853 vs.
1788 MU for 3DCRT, VMAT FB and VMAT FFFB technique as compared to DIBH scan.

Conclusion: We recommend that the use of DIBH techniques for bilateral breast cancer patients significantly reduces the
radiation doses to OARs in both 3DCRT and VMAT plans.
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Introduction Radiotherapy planning of synchronous bilater-

al breast cancer is complex due to concavity of

The incidence of synchronous bilateral breast planning target volume (PTV), time consuming
cancer (SBBC) is about 2.1% of all breast cancer in planning and difficult to reduce the dose to
patients [1]. Surgery, chemotherapy and radio- the common lung, heart and higher scatter in the
therapy are the choice to treat the breast cancer. wider treatment volume [2]. The treatment goal
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of radiotherapy planning is to protect normal
tissue and to deliver prescription dose uniformly
throughout the target. Practically, in breast plan-
ning the entrance and exit beams pass through
the lung, heart and liver, which is totally unavoid-
able in all the treatment techniques like three-di-
mensional conformal radiotherapy (3DCRT),
intensity modulated radiotherapy (IMRT) and
volumetric arc therapy (VMAT). The use of tra-
ditional tangential beam arrangement (3DCRT)
has some drawbacks, such as inhomogeneous
dose distribution, hot spot, inadequate PTV cov-
erage, difficulty in OAR sparing and high dose
volume near the heart and lungs [3]. The use
of the VMAT technique is increased nowadays
in all treatment sites due to the clinically ac-
ceptable target coverage and OAR sparing [4].
VMAT plan will generate the highly conformal,
homogenous dose distribution inside the PTV
and spare the adjacent OARs by simultaneous
modulation of dose rate, gantry and multi-leaf
collimator speed [5].

To reduce cardiac and lung toxicity [6, 7], the
breath hold technique is needed. The application
of the DIBH technique in left breast patients [8, 9]
will displace the heart from the inner chest wall
and total lung volume increased due to air filling
the lungs. Parkes et al. [10, 11] reported that the
organ movement during breathing affects image
quality in diagnostic procedure and also radia-
tion delivery. To reduce the organ movement, the
breath hold technique is implemented with the
help of a mechanical ventilator. This technique will
increase the oxygen level in the lungs and remove
carbon dioxide and will enable a safe prolonged
breath-holds in a single session in the DIBH tech-
nique at duration of 5 minutes.

The development in technology will help to man-
ufacture the advanced treatment devices and treat-
ment technique. Recently the Varian True beam
linear accelerator capable to deliver the flattened
beam and flattening filter-free beam. The FFF beam
has several advantages like increased dose rate, re-
duced the head scatter, lesser beam ON time and
reduced out of field dose as compared to flattened
beam [12].

DIBH technique is used mostly in left breast can-
cer patients and rarely in right breast cancer pa-
tients. The planning study of the DIBH techniques
in bilateral breast patients is not available to the

best of our knowledge. The aim of the study was
to analyse the advantage of the DIBH technique in
comparison to normal breathing in bilateral breast
cancer patients using the 6MV FB and FFFB.

Materials and methods

In this study twenty early stage left breast BCS
(breast conservation surgery) patients in the
age group of 35-45 were selected randomly, for
simulating the patients for synchronous bilateral
breast cancer analysis. Patients were immobilized
on the breast board in a supine position with the
arms over the head. The CT scan was performed
in NB and DIBH. To maintain the breathing pat-
tern, adequate breath hold training was given
to the patients. The DIBH scan is acquired with
breathing instruction given from console and the
breathing pattern is recorded using Varian real
time position management system. The gating
window for all the patients depends upon the
inspiration capacity.

The CT slice thickness was acquired at 3mm in-
tervals. The PTV and OARs, such as the common
lungs, heart, liver and spinal cord were contoured in
respective CT slices based on the Radiation Thera-
py Oncology Group atlas. Clinical target volume
(CTV) consists of bilateral breasts and expanded
5mm in all directions (except towards the body) to
form the planning target volume (PTV).

The prescribed dose was 50 Gy in 25 frac-
tions. The planning goal is to cover > 95% of PTV
to = 95% of the prescription dose (= 47.5 Gy). The
OAR dose constraints were the heart V5, < 10%,
common lung V¢, < 30%, and the dose to the
other volumes (Vsg, to V,,) are as low as reason-
able to achieve.

The whole patient treatment planning was per-
formed in the Varian eclipse treatment planning
system (Ver.11.0) using a true beam linear accel-
erator equiped with a millennium multileaf col-
limator (MLC). The selected beam energy is 6 MV
FB (dose rate: 600 MU/min) and 6MV FFF beam
(dose rate: 1400 MU/min). Totally, 6 plans were
generated for each patient. Three plans — 6MV
FB 3DCRT (NB), 6MV FB VMAT (NB) and 6MV
FFFB VMAT (NB) — in free breathing CT scan
and three plans — 6MV FB 3DCRT (DIBH), 6MV
FB VMAT (DIBH) and 6MV FFEB VMAT (DIBH)
were generated on DIBH scans.
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a) 3DCRT Planning

b) VMAT Planning

Figure 1. Beam placement of three-dimensional conformal radiation therapy (3DCRT) (left) and volumetric modulated arc

therapy (VMAT) planning (right).

Single isocenter is used in VMAT and two iso-
centers for 3DCRT planning. Field in filed 3DCRT
plans consist of two tangential beams placed on the
left breast [52° + 5° for medial tangent (MT) and
120° £ 5°forlateral tangent (LT)] and, similarly, for
the right breast (300° + 5°for MT and 220° + 5° for
LT). In our study the field in field technique is used
in 3DCRT planning to get optimized desired dose
distribution and will help to minimize the breath
hold time in comparison to wedge planning. In
VMAT planning, four partial arcs were placed: two
arcs for the left breast (300°-120°) and two arcs
for the right breast (60°-220°). Beam placement of
3DCRT (left) and VMAT planning (right) is shown
in Figure 1.

Dose calculation was performed on an anisotro-
pic analytical algorithm (AAA) and the calculation
gird size was 2.5 x 2.5 mm”. The statistical analyses
between the groups were carried out. Paired sam-
ple-t test was performed using the Statistical Pack-
age for the Social Sciences (SPSS) version 20 (SPSS
Inc., USA). The p value of < 0.05 was considered as
statistically significant.

Conformity index (CI), homogeneity index (HI)
[13], low gradient index (LGI) and high-gradient
index (HGI) of all plans were calculated using the
below formula 1 to 4. To evaluate dose homogeneity
in the planning target volume (PTV), homogeneity
index is used.

V95%

c=—22% ()
PTV Volume

Conformity index is the ratio of volume of 95%
isodose line divided by PTV volume, which is used
to evaluate the coverage criteria of the prescribed
dose for the plans. The CI = 1 indicate good con-
formity.

D2% — D98%
= D50% (2)

where Dggy,, Dy, and D,,, were dose received by
98%, 50%, and 2% PTYV, respectively [9]. HI = 0
represents the homogeneous dose distribution in
the PTV.

Low and high gradient indices were calculated
using the following formula [14].

V25%PID

Low Gradient Index (LGI) = 750%PID (3)

V50%PID

High Gradient Index (HGI) = V90%PID (4)

Where V54, Vion, &V, Were volumes receiving
25%, 50%, and 90% of the prescription isodose dose
(PID), respectively.

To evaluate the dose received by the OARS, the
following parameters were noted: for the common
hmg, Vsop Vioap Visap Yaoap Yooy Viogy and mean
dose; for the heart V; Gy Vio Gy Vis Gy Vo Gy Vs c.y)Vso
op Vacyand mean dose. The mean dose of the liver
and spinal cord Dmax were also noted as were the
body-PTV mean dose, low dose volume of V¢, V,
Gy, V; Gy, V, Gy, \E Gy, Vi Gy, Vi Gy, Vs Gy, Vi Gy, Vs Gy and
monitor units (MU).
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Results

The mean volume of PTV, common lung, heart
and liver of all 20 patients were 1329 + 396 cm’,
1930 + 349cm’, 490 + 69 cm’ and 1342 + 272 cm’
[mean + standard deviation (SD)] in the NB scan
and 1281 + 427 cm’, 3168 + 931 cm’, 442 + 73 cm’
and 1207 + 226 cm’ in the DIBH scan, respectively.
Table 1 and Table 2 summarizes planning target
volume and OAR dose comparison between free
breathing and deep inspiration breath hold scans
for the 3DCRT and VMAT plans. Table 3 repre-
sents the common lung physical properties for NB
and DIBH scans. Figure 2 represents the transverse
plane isodose distribution for one patient in all
six plans. The DVH comparison between NB and
DIBH scan for 6MV 3DCRT, 6MV FB VMAT and
6MV FFFB VMAT plan is shown in Figures 3-5.
Figure 6 represents the bar plot for the heart (V s,
and Dmean) and common lung (V,y, and Dmean)
for NB versus DIBH scan. Figures 7-9 represents
the dose fall off (1 Gy to 40 Gy) in the BODY —
PTYV region for NB and DIBH scan for the 3DCRT,
FB VMAT and FFFB VMAT techniques.

PTV coverage, indexes, OAR sparing
and MU for NB versus DIBH scans for
3DCRT and 6MV FB/FFFB VMAT plans
In our study, in all the treatment plans, the

PTV Dy, was 47.5 Gy, as plans were normalized
such that 95% of PTV covered 95% of the pre-
scription dose; however, the higher global Dmax
was observed in the 6MV FFFB VMAT DIBH
plan (113.7%, p = 0.556) as compared to the NB
scan plans. Both NB and DIBH scans produce the
best homogeneous plan in the 6MV FB and FFFB
VMAT technique (HI < 0.14, p < 0.452) as com-
pared to 3DCRT (0.15, p = 0.808). Similarly, the
highly conformal plan is generated in 6MV FFFB
VMAT DIBH, the value is 1.00 £ 0.2 (p = 0.345)
due to the modulation of VMAT beams. In the
present study, the 6MV 3DCRT NB scan plans
gives a poor conformity index, the value is < 1.63
(p =0.002), as a 7 mm field margin around PTV is
given in all the beams to obtain adequate coverage.
The DIBH plans produce higher HGI and LGI in all
the techniques; however, the 3DCRT plans produce
lesser HGI (< 1.33) and LGI (< 1.20) as compared
to VMAT (HGI < 1.98, LGI < 1.86) as 3DCRT
plans have a minimum number of beams and beam

passing through non-target PTV was lesser. The
dosimetric advantage of the DIBH technique is ob-
served in sparing OARs , such as the heart, com-
mon lung and liver, the values were mentioned in
Table 2.The DIBH plan spareed the heart V,; g,
the values were 5.07 vs. 1.17% (p = 0.00), 2.27 vs.
0.48% (p = 0.00) and 2.77% vs. 0.81% (p = 0.00) for
3DCRT, FB VMAT and FFFB VMAT as compered
to NB scan. Similarly, DIBH plan spared the heart
Dmean, the value were 4.38 vs. 2.24 Gy (p = 0.00)
for 3DCRT, 9.0 vs. 7.01 Gy (p = 0.010) for 6MV FB
VMAT and 9.6 vs. 7.4Gy (p = 0.00) for 6MV FFFB
VMAT, respectively. The heart Vs, Vigap Visap Vao
6p Vasap Vioop Voo, and Dmean value is 48-81%
in 3DCRT, 25-100% in 6MV FB VMAT and in
7.6-27.8% 6MV FFFB VMAT lower in DIBH scan
as compared to FB scan.

The DIBH plan spared the common lung Vg,
the values were 16.19 vs. 12.48 % (p = 0.012) for
3DCRT, 19.29 vs. 16.16% (p = 0.122) for 6MV FB
VMAT and 20.41 £ 6.90 % vs. 18.46% (p = 0.251)
for 6MV FFFB VMAT as compared to the NB scan.
Similarly, DIBH spared the common lung Dmean,
the values were 9.2 vs. 7.53 Gy (p = 0.011) for
3DCRT. 13.85 vs. 12.74 (p=0.007) for 6MV FFFB
VMAT and 14.26 vs. 13.03Gy (p = 0.005) for 6MV
FFFB VMAT as compared to the NB scan, respec-
tively. The common Iung Vi, Vigep Visep Vaoap Vo
6y Vioey and Dmean values were 10-27% in 3DCRT,
7.6-27.8% in 6MV FB VMAT and 7.4-23.3% in
6MV FFFB VMAT, lower in DIBH scan as com-
pared to FB scan.

The DIBH scan reduced the liver mean dose
about 42% in 3DCRT (2.29 vs. 1.33 Gy, p = 0.162),
54% in 6MV FB VMAT, (6.37 vs. 2.93 Gy, p = 0.094)
and 52% in 6MV FFFB VMAT (6.43 vs. 3.07,
p = 0.092) as compared to the NB Scan.

In all the techniques, there is no significant p val-
ue noted when comparing NB vs. DIBH. No moni-
tor unit (MU) difference was observed in 3DCRT
plans of NB and DIBH scans, the MU was 478
(p = 0.817). In the case of 6MV FB VMAT the MU
were 1366 for the NB scan and 1299 MU (p = 0.183)
for the DIBH Scan. The MU for 6MV FFFB VMAT
is 1853 for NB scan and 1788 (p = 0.335) for DIBH
Scan.

The body V105%, body-PTV mean dose and out
of field dose, i.e. normal tissue exposed to 1 Gy to
40 Gy dose contribution is reduced in DIBH scan
plans due to the lesser volume of the PTV (1329 cc

66 https://journals.viamedica.pl/rpor



Suresh Tamilarasu, Madeswaran Saminathan Dosimetric comparison of NB and DIBH in breast cancer

S1iun JojuoW — M)A ‘Xapul Juaipesb mo| — |97 xapul Jualpelb-ybiy — [DH Xxapul Awiojuod — | xapul Alsusabowoy — |H ‘weaq 931y 91|y buiusnely — g444 ‘weaq pausliel — g4 ‘9Sop uesaw — ueawd ‘2Sop WNWIXew — xewq

GEE0 €810 L18°0 YETF88LL YL F66TL 0T F LLY 0bT ¥ €581 ¥8L F99¢1 6L F8LY nw
€700 9LE0 0600 7907867 09'0F 26T 09'LF9L'9 OS'L FLV'E 850 F80°E YOTF LLL (%) A
6100 rLLO 8L0°0 OL'LFETY €0LF6L9 8E'LF90°8 6t'L F589 £60F 559 TETF8T6 (%) %A
0020 £8T°0 zLo0 LT LOTL 08'LF9LLL 65LFS6 80T F 8P Tl SLLFLLTL 85T FS80L (%) A
YEY'0 0€L°0 z£0°0 9L'EF LEST 69°€ T LO'ST ¥8'L FS0TL 69°€ T 96'ST [8ETYST 09T LTEL (%) A
699'0 0920 LYT0 787 F88'6€ YLy F T6'6€ or'T F LTSI €67 F £E°0Y L6 F 670V 6E€€F L6SL (%) A
6%L°0 0SL°0 1870 SLYFISEY YLy F 99l T6TFT691 67 F L8'EY 687 F L0V 89°€ F9E/L (%) A Ad-fpog
LL60 9180 L9€°0 YSYF LLLY SOV F6LY CEF V6L 86y ¥ L8’ LY €0SFL8Y LTYF1°0C (%) ©FA
08L°0 L0L°0 LSL0 L9V ¥ 18°TS LLYF6TES LLEFOLYT 6L'S F LOES STSF8IES 9€'S ¥90'9C (%) A
€€9°0 8€€0 6170 L¥'S FT6T9 LSS FSSE9 LLSFTY OV LSTLF 64719 S9'SF L9719 YSLF T (%) A
ore0 ort'0 ¥S¥°0 €6'0F65°L 060 F 952 L6'0 T €¥'S €0°L ¥88'L €60FCL L 8TLF66'S [Ao] ueay
¥£0°0 S61°0 L6€0 0EL F1'TSL TCLF9L°60L 8STF VLT ¥0T F LT OELFLEL 19T F SOVE [23] %A Apog
850°0 870°0 0000 9L'0F98'L LLIOFO8'L 00FCL ZL0F 8L LLOF8LL T00¥F8LL 191
oLLo 0£€°0 0000 9L0F L6'L SL0F86'L 900 F6€°L YI'0FE6L YLOF96'L Y00 FEEL I9H
SYE0 000°L 2000 YTOF00'L SO0 F¥O'L 8TOF 'L Y00 FS0°L Y00 F+0'L LTOFE9'L (B)
€220 4540} 8080 Z00F L0 €00FELO €00FSL0 €00F¥L°0 TO0FELO €00FSL0 H
¥61°0 8L€°0 0r0°0 S0S F60'65CL | TCYF6L0EEL | SOSFS9L98L L0V F 6'¥8EL S6€ F SL'89€L 879 ¥ 680¢C [2]%%A
0950 9980 926'0 ILEFLELL WEFVTLL 96T F LOLL 8LEFTELL 96TFSTLL €9TFLOLL (%) xew@
8LL0 ¥2L0 £91°0 TTTL ¥ 5855 LOTL ¥ 0€SS ST8 T 169€ Sliyl ¥92SS O£V L ¥ 89YS €V0L F 998€ [33] %SZA ALd
6190 0S50 €60°0 85/ T 870€ €V/ FTLOE 589 T 880€ €7/ F €90€ LLZ ¥ 6S0€ S06 F ¥8TE [33] %0SA
08€°0 4340} 6000 89% T L9SL 89% F 8151 65S F 9€7C iy F 2091 Ty F¥8SL 9EL F L6YC [33] %06/
6920 ) 0v8°0 €9'L F €6'CS L9l FHSTS [SLFYLES 88'L F LTES 9/'LF9L7TS vLLF6LES [Ao]*q
1810 ¥£5°0 86L°0 650 F 8205 €9°0 F ¥50S 88'0 ¥ 8°0S 9L0FTOLS 79'0 F €9°0S 080 ¥ 98'05 [Ao]™*g
0€€0 0990 €170 LO0F S LY LO0F S LY OL0F Sy 000 F S/t 000 F S/t 00FS'LY [Ao]***q
0€9°0 LL80 6090 0T TV OV €C0F 6V OV €L0FTLO STOF8EOY 610 F LVOY L90F T [ho]**q

9444 AW9

44 AW9

HaId sA1 N

anjea-d

4444
1VWA A9

44 IVWA A9

(Hg1Q) PIoy Yyieaiq uone.

14d0dge

dasqg

4444
1VWA A9

44 IVWA ANS

(an) buryieaiq jewioN

(@s) uoneirap piepueis F abeIdaAy

sueld JWYIWA pue (14Dag) Adesayy uoneipes [ewojuod
|euoIsusWIP-931y3 J0j ueds (Hg|A) PIoY Yieaiq uonedidsu dasp pue (gN) Buiyieaiq [ewiou usamiag uosiiedwod asop (Yy0) sH 1e uebio pue (A1d) SwnjoA 1abiey buluueld °L ajqel

1ddae

siojoweled

S4VYO
pueabie]

67

//journals.viamedica.pl/rpor

https



weaq a31) 43}y bujuanely — g444 ‘weaq pauslel — g4 ‘9Sop uesW — ueaw( SSop WnWIXew — xewq

9500 6CL0 6L0°0 v8LFEL9L ¥0'9 F £98l 8L'0F 0L TTSFYOT S6SFIELT €T0FE60 [Ao] xewq | p40> |eurds
2600 ¥60°0 910 0LLFLOE 0L1FE€6T 690FE€EL 80°€ F €79 YL'EF LE9 €L0F 67T [Ao] ueawq 19A1
0L0°0 0L00 0000 65 LFTVL ELFLOL 90'L FH¥TT [TTFI6 SOTF00'6 0L F8EY [Ao] ueawq
LEOO 8€0°0 0000 000 F00'0 000 F00'0 LULFL90 €E0FIL0 0S0FSL0 €0EF LOE (%) A
0000 0000 0000 6T0F V10 0Z0F L0 SSLFL60 vTLFS8LL 0TLFYLL 89°€ T €9 (%) A
0000 0000 0000 Z60F 180 7907870 8LLFLLL YOTF LLT SULFLTT €6'€FL0'S (%) ©A
6100 8000 0000 9Y'E F99°€ EL'TFT9T 0TFLEL 0T ¥589 STEFOLS LIV FYSS (%) © A HesH
9500 7€0'0 0000 80 F 8801 08V F L6 YT FToL 850l F £L9L L6 F8LEL LSTFIL9 (%) ©<'A
£00°0 €100 0000 S9'6 F L'€C LL'8 F8£0T LSTFL0T 95 /L F €£'9€ SP/LF69°LE 80GFYlL (%) ©°'A
0000 0000 0000 LSYL F9T9S LOEL F65°SS 6EETFL6'E 08'€L F £S'SL 66 €LFLLVL TS9FSOLL (%) A
S00°0 L00°0 LL00 89'L F£0°€EL LOLF¥LTL 95T FESL L6'L FOTYL 8L FS8EL SYEFT6 [Ao] ueswq
¥S€°0 6210 LEO0 OLLFLLL 9LLFSYL SSYFELL 6TTFETT L9LF 10T €E9F90L (%) ©A
€5€°0 6€0°0 8L0°0 6L'€FE€S9 79TFT6'S €0'SF9E0L 69°€F LEL lyEFesL LOLFSLEL (%) © A
LST0 [44X0} z100 8v'v F 9p'8l T6'SF9L9l 85'S F 8Tl 06'9 F 1107 LLSF6T6L 95/ F6L91 (%) © A :oEw::o:u_
AN 6170 €100 S8'9F LETE 0TLFELOE S8'SFSOVL 696 F 68V V'8 F LLTE S6LF68LL (%) ©<'A
9000 920'0 €200 SS'6 F ThvS 16'8 F9'CS ¥SOF8LLL 8L'EL F €609 ZOELFLL8S SE8F 80T (%) ©°'A
0000 0000 2600 98/ F9€'S8 66'L F SSV8 SL'8FELLT 795 F61T6 S9SF LS L6 SE6F L°0E (%) A

4444 AW9

44 AW9

1:EEE|
1VIWAAW9

94 IVWAANS

14d0age

4444
1VWAAN9

94 IVWA A9

14>0de

siajaweled

ournals.viamedica.pl/rpor

//j

https

Reports of Practical Oncology and Radiotherapy 2022, vol. 27, no. 1

(aN) buiyreaiq jewsoN

(Hg1Q) pIoyY Yreaiq uonesidsur daaq

Ha1a A N

anjea-d (@s) uoneiaap piepuess F abesany

sue|d (1VIWA) Adesayi die parejnpow d119WNn|oA
pue (14Dag) Adeiayy uolieIpel [PWIOJUOD [RUOISUSWIP-34Y3 J0j Ueds (HGIA) PloYy Yiealq uonesidsul daap pue (gN) buiyiealq [euwou ussmiaq uosiedwod (4y0) ysH 1e uebiQ *z ajqel

68



Suresh Tamilarasu, Madeswaran Saminathan Dosimetric comparison of NB and DIBH in breast cancer

Table 3. Hounsfield units (HUs) and electron density for for the NB Scan and 1289 cc for DIBH), The graph
is plotted between dose vs. volume as shown in
Figures 7-9, from the plot as by increasing the dose

(el L) the volume decreases gradually. This lesser volume
[average + standard deviation (SD)]

the common lung for normal breathing (NB) and deep
inspiration breath hold (DIBH) scan

of PTV in DIBH scan will reduce the patient scat-

HU Electron densit . .
iy ter and collimator scatter contribution. However,
NB scan 652168 03550176 in our study, 3DCRT plans will reduce the low dose
DIBH scan 794167 0-233+0.160 volume (1 Gy to 40 Gy) in the body-PTV region,

500
=6

Figure 2. Transverse plane isodose distribution for one patient in all six plans. A. Three-dimensional conformal radiation
therapy (3DCRT) — normal breathing (NB); B. 6MV flattened beam (FB) volumetric modulated arc therapy (VMAT) — NB;
C. 6MV VMAT flattening filter free beam (FFFB) — NB; D. 3DCRT — deep inspiration breath hold (DIBH); E. 6MV FB VMAT
— DIBH; F. 6MV VMAT FFFB — DIBH

4 [

B EEE

Figure 3. Planning target volume (PTV) and organ at risk (OAR’s) dose comparison for between normal breathing (NB)
and deep inspiration breath hold (DIBH) scan for three-dimensional conformal radiation therapy (3DCRT) plan of one patient
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6MV VMAT FB

A

3 EEEI

Figure 4. Planning target volume (PTV) and organ at risk (OAR'’s) dose comparison between normal breathing (NB)
and deep inspiration breath hold (DIBH) scan for 6MV volumetric modulated arc therapy (VMAT) flattened beam (FB) plan

of one patient

6MV VMAT FFFB

4 [Em

B EEEEN

Figure 5. Planning target volume (PTV) and organ at risk (OAR’s) dose comparison between normal breathing (NB) and deep
inspiration breath hold (DIBH) scan for 6MV volumetric modulated arc therapy (VMAT) flattening filter free beam (FFFB) plan

of one patient

the reason was parallel opposed minimum number
of tangential beams around the PTV as compared
to VMAT (see beam placement in Fig. 1), the values
were represented in Table 1.

Discussion

In our study DIBH scan plans spared the com-
mon lung, heart, liver, body-PTV mean dose and
low dose volume in normal tissue is lower as com-
pared to NB scan plans. Kalef-ezra et al. [15] re-

ported that the electron density of the lung reflects
the relative volumes of air, lung tissue, interstitial
fluid and blood. However, the mean densities of
the lung in women were 8% and 16% higher than
in men in the whole lung and lung close to the
chest wall. The mean CT number for women was
—-722 and for men, —-746; the mean relative electron
densities were 0.297 and 0.275 for women and men,
respectively. Rotstelen et al. [16] reported that the
relative electron density of the lung varied from the
anterior to posterior direction, the anterior-lateral
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Figure 6. Common lung (Dmean and V20 Gy) and heart dose (Dmean and V25 Gy) in normal breathing (NB) and deep
inspiration breath hold (DIBH) scan for three-dimensional conformal radiation therapy (3DCRT) and volumetric modulated
arc therapy (VMAT) technique; Dmean — mean dose; FB — flattened beam; FFFB — flattening filter free beam
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Figure 7. Dose fall off (1 Gy to 40 Gy) in BODY — planning target volume (PTV) region normal breathing (NB) and deep
inspiration breath hold (DIBH) scan for three-dimensional conformal radiation therapy (3DCRT) technique
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Figure 8. Low dose fall off (1 Gy to 5 Gy) in BODY — planning target volume (PTV) region normal breathing (NB) and deep
inspiration breath hold (DIBH) scan for 6MV flattened beam (FB) volumetric modulated arc therapy (VMAT) technique
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Figure 9. Dose fall off (1 Gy to 40 Gy) in BODY — planning target volume (PTV) region normal breathing (NB) and deep
inspiration breath hold (DIBH) for flattening filter free beam (FFFB) volumetric modulated arc therapy (VMAT) technique

quarter of the lung is 0.17 and the whole lung is
0.25. Fogliata et al. [17] reported that the mean HU
and mean density (gem”) for the NB scan is -709
HU and 0.27. In the case of DIBH scans, the value
is -822 HU and 0.16, respectively.

Oechsner et al. [18] reported that the appli-
cation of DIBH resulted in the left lung mean
dose being reduced to 8.1 + 1.6 Gy (DIBH) vs.
10.0 + 1.7 Gy (NB) and the left lung V,, ¢, to
189 + 3.6% vs. 14.4 £ 3.3%. Similarly, heart
mean dose decreased from 4.0 + 1.9 Gy (NB) to
1.7 + 1.0 Gy (DIBH). Heart V¢, is 6.2 + 4.2% vs.
1.2 + 1.0% and V) 3.6 £ 2.7% vs. 0.4 + 0.9%.
Significant changes in mean lung density were
noted, 0.31 + 0.05 g/cm’ for NB CT scan and
0.17 + 0.03 g/cm’ for DIBH scan. Due to the ex-
pansion of the lung in DIBH scan, the irradiated
lung volumes were larger; however, the total rela-
tive irradiated lung volume was small.

In our study, the common lung HU for NB and
DIBH scans were 652HU and 794HU, respectively,
and the corresponding electron densities were 0.355
and 0.233, respectively. The changes are due to air
filling in the common lung. The DIBH scan re-
duced the common lung mean dose and the values
were 9.2 + 3.43 Gy vs. 7.53 £ 2.56 Gy for 3DCRT,
13.85 + 1.82 Gy vs. 12.74 + 1.61 Gy for VMAT FB
and 14.26 £ 1.97 Gy vs. 13.03 £ 1.68 Gy for VMAT
FFFB as compared to NB scan. Similarly, DIBH
scan reduced the heart mean dose: 4.38 + 1.30 Gy
vs. 2.24 £ 1.06 Gy (for 3DCRT), 9.00 £ 2.05 Gy vs.
7.01 = 1.32 Gy (VMAT FB plan) and 9.6 £ 2.27 Gy

vs. 7.42 + 1.59 Gy for VMAT FFFB as compared to
the NB scan.

Kim et al.[19] compared the 3DCRT, IMRT
and VMAT treatment plans for 10 synchronous
bilateral breast cancer (SBBC) patients. The MU
of 3DCRT, IMRT and VMAT plans were 458 MU,
1194 MU and 1205 MU, the delivery time was 55
secs, 764 secs and 389 secs. The 3DCRT, IMRT and
VMAT plans generated the liver mean doses of 4.66
Gy, 5.83 Gy and 8.10 Gy, respectively. Similarly the
heart mean doses were 8.18 Gy, 9.46Gy and 14.47
Gy, respectively. In our study the NB scan plan gave
the maximum MU, the values were 478 MU, 1366
MU and 1853 MU in 3DCRT, VMAT FB and FFFB
plans, respectively. The corresponding beam ON
time was 0.8 min, 3.1 min and 2.8 min, respectively.

In our study the VMAT FFFB needed 37% high-
er monitor units to achieve the plan goal; however,
the FFF beam reduced the beam ON time by 10%
in the FB scan plan and by 7% in the DIBH plan as
compared to the VMAT FB plan. The reason being
that the FFF beam profile is non-uniform, the dose
is maximum at the center and decreases towards
the periphery. The linear accelerator is calibrated
(1 cGy = 1MU) at the central axis of the beam un-
der reference condition (10 x 10cm’ filed sized at
dmax). The additional MU is required in the off axis
part of the FFF beam to maintain the same dose
away from the central axis.

Yeona Cho et al. [20] studied the synchronous
bilateral breast cancer (SBCC) of 15 patients, single
isocenter was used for the whole PTV, and two
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240° arcs placed in the clockwise and clockwise
direction, the VMAT plans produced the common
lung mean dose, Vs, Vg, and Vg, of 14.4Gy,
67.9%, 41.1% and 27.5%, respectively. The heart
mean dose, Vs, and Vs, were 13.2 Gy, 11.5%
and 6.4%, respectively. The CI and HI were 1.5 and
1.07. The treatment MU was 795 and beam on time
was 115.3 secs.

In our study the CI of 3DCRT (1.63) was high
compared to VMAT (1.05) in both NB and DIBH
scans. The NB scan of all plans gives more MU (478
MU for 3DCRT, 1366 MU for VMAT FB and 1853
MU for VMAT FFFB) and the beam ON times were
0.8 min, 3.1 min and 2.8 minutes, respectively. In
our earlier study [21] the VMAT plan of 6MV FB
and FFF beam gave MU values of 1214 and 1638,
the corresponding beam ON times were 3.0 min-
utes and 2.5 minutes, respectively. The heart mean
dose was less than 10.8 Gy and V5, was 10.8%. The
common lung mean dose was less than 15.8 Gy and
Vo6, Was 26.9%.

Gagliardi et al. [22] reported that less than 1% of
cardiac moralities occur 15 years after completion
of radiotherapy, with the dose to the heart limited
to Vi, < 10%. Sun etal. [23] reported that the
single isocenter VMAT plan gave the common lung
Vsep Vieop Vaoos Vioay s Vao gy and mean dose of
35%, 23.5% 15%, 10.3%, 7.4% and 8.95 Gy, respec-
tively. Similarly, heart mean dose, Vs, Vigsp Voo
Vi6y and V¢, were 4.85 Gy, 16.9%, 10.1%, 6.2%,
3.8% and 1.7%, respectively. The liver mean dose
was 4.04 Gy and treatment MU was 987.

Gunel Haji et al. [24] compared in their study
the NB vs. DIBH scan, in the right breast patients.
The liver mean dose was reduced (5.59 + 2.07 Gy vs.
2.54 £ 1.40 Gy). Rice et al. [25] also reported that
the DIBH method reduced the liver mean dose to
2.6Gy in comparison to normal breath (4.8 Gy).
Huang et al. [26] reported that fixed jaw IMRT
plan gave the liver mean dose of 3.07 + 1.23 Gy and
4.39 + 1.25 Gy for partial VMAT. The prescription
dose was 42.56 Gy delivered in 16 fractions. In our
study DIBH plan reduced the liver mean dose of
48% in 3DCRT and 22% in VMAT as compared
to the NB scan, the doses were 2.29 Gy vs. 1.33 Gy
(3DCRT), 6.37 vs. 2.93Gy (VMAT FB) and 6.43 vs.
3.07 Gy for the VMAT FFFB plan.

Shaitelman et al. [27] noted grade 3 pneumonitis
after radiotherapy for non-small cell lung cancer,
the incidence rate was 2%, 4% and 24% of bilateral

lung volumes receiving Vs, < 35%, Vs, = 35-50%,
and V¢, > 50%, respectively. In our analysis the
DIBH scan plans reduced the V5Gy as compared
to the NB scan (30.1% vs. 27.1% in 3DCRT, 91.5%
vs. 84.5% in VMAT FB and 92.1% vs. 85.3% in
VMAT FFFB plan, respectively). Graham et al.
[28] reported that the common lung Vg, is the
predictor of pneumonitis severity. There was no
grade 2 pneumonitis noted, when the common
lung V20 < 22% and V20 = 22-31%. Grade 3 pneu-
monitis was observed with V,, 5, > 40%. In our
study all plans generated for the common lung
V06, was less than 18.4% noted in the DIBH scan
and 20.4% in the FB scan. Grantzau et al. [29]
observed the incidence of secondary lung cancer
after 12 years from breast irradiation. The lung
cancer risk was 8.5% per gray and 17.3% of smok-
ers. To avoid this risk, advanced normal tissue
sparing technique is needed.

Paddick et al. [10] proposed the dose gradient
index (GI) to compare equal conformity plans and
to measure the dose falloft outside the target. The
lower isodose volume covers normal tissue, which
is responsible for normal tissue complication. The
recommended value of GI is less than 3 for the
radiosurgery plan because of the steep dose falloft
outside the target. In our analysis the GI was less
than 2. In both NB and DIBH CT scans, 3DCRT
(GI = 1.4) plan gave higher dose fall in normal tis-
sue compared to VMAT (GI > 1.9).

American Society for Radiation Oncology
(ASTRO-2018)[30] evidence-based guidelines re-
ported that V, volume should be minimized to
reduce the body toxicity for unilateral breast cancer.
To avoid desquamation Vs, < 200 cc. In our study
the volume received by 105% is less in the DIBH
scan as compared to the FB scan plans, the values
were 340 cc vs. 274 cc for 3DCRT, 131 cc vs. 109
cc for VMAT FB and 247 cc vs. 152 cc for VMAT
FFFB plan, respectively.

AAPM TG 158 report [31] defined the in-field
non-target dose, which is located near the field
border and out-field non-target dose which is
away from the field border due to irradiation
of non-tumor tissue by treatment beams. The
out-field dose was classified into the high dose
region [> 50% of the prescription dose (> 30
Gy)], the intermediate dose region [< 5-50% of
the prescription dose (3-30 Gy)] and low dose
volume [< 5% of the prescription dose (3 Gy)].

https://journals.viamedica.pl/rpor 73



Reports of Practical Oncology and Radiotherapy 2022, vol. 27, no. 1

In our study, DIBH scan reduced the out-field
dose in 3DCRT and VMAT planning technique;
however, the high dose (30-50 Gy) component
in the body-PTV region is 25-80% higher in the
3DCRT technique as compared to VMAT in both
NB/DIBH scans.

Conclusions

In our analysis 3DCRT and VMAT plans
achieved the target coverage and OAR sparing in
both NB and DIBH scans. However, a better OAR
sparing is achieved in DIBH scan plans. This purely
treatment planning study will be used as future
reference for determining the best plan for bilateral
breast patients under the DIBH technique.
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