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Abstract

Introduction. Cancer incidence is rising globally, driven largely by environmental and
lifestyle factors. Despite treatment advances, radiotherapy faces challenges from internal
organ motion, causing targeting uncertainty, increased toxicity, and reduced precision.
Effective motion management strategies are essential to enhance radiotherapy accuracy
and minimize harm to surrounding healthy tissues.

Purpose. To calculate the actual radiation dose delivered to the target and organs at risk,
and compare dosimetric outcomes between radiotherapy plans with and without the
Active Breath Holding technique.

Materials and methods. A prospective dosimetry study at Al-Safeer Oncology Center
was conducted for the period from 15t of December 2024 and till 15* of May 2025, evaluated
the impact of Active Breathing Coordination (ABC) and abdominal compression with
Volumetric Modulated Arc Therapy in 50 cancer patients. Thirty-seven breast cancer (BC)
casess used ABG; lung and liver cancer patients underwent abdominal compression. CT
simulations, patient training, and radiotherapy planning ensured precision. Dose-volume
parameters for organs at risk were assessed with and without motion control techniques.
Standardized radiotherapy dosing protocols were followed.

Results. The study included 37 left-BC patients (mean age 59.67), mostly with T2 tumors
(32.4%) and N2 nodal involvement (40.5%). ABC significantly reduced mean heart and left
lung doses (p=0.05, p=0.017) and increased lung volumes (p=0.001). Right lung volume
and dose also improved significantly (p=0.001, p=0.042). Among 13 lung/liver cancer
patients (mean age 65.7), 61.5% had lung tumors. Abdominal compression significantly
increased internal target volume (ITV) compared to gross tumor volume (GTV), p=0.012.
These results demonstrate the effectiveness of ABC and abdominal compression in
enhancing radiotherapy precision and reducing exposure to organs at risk.

Conclusion. ABC reduced heart and lung radiation doses and increased lung volumes,
improving dose distribution. Abdominal compression significantly increased ITV,
enhancing respiratory motion control and treatment accuracy for lung and liver cancer
patients.

Keywords: dosimetry, active breathing coordination, dose-volume histogram, abdominal
compression, VMAT (Volumetric Modulated Arc Therapy)
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Hyp XacaH Anu, ManBap Abaynenax Anb-HakkawwP<
MegnunHcknin konnepx, bargagckuin yHusepcutet, bargag, Vpak

Ponb TeXHNKM 3a4eP>KKW AblXaHWSA
B pacCLUMpPEHHON pagnoTepannm

KoHpNuKT nHTepecos: He 3asBeH.

Bknap aBTopoB: Hyp Anu — KoHUenTyanm3aums, 06paboTka AaHHbIX, UCCNeAoBaHME, METOLOMOIMA, afMUHNCTPUPOBaHME NPo-
eKTa, HanvcaHve NepBOHaYanbHOro NPOeKTa, peLieH3npoBaHre 1 pefakTuposaHne; MaHeap Anb-Hakkal — KoHuenTyanmsa-
uuA, 06paboTKa laHHbIX, UCCNeoBaHNe, METOAONOINA, aAMUHUCTPUPOBAHME NPOEKTA, PECYPCbI, HAaNMCaHVe NepBOHaYanbHOro
NPOeKTa, peLieH3npoBaHme 1 pefakTupoBaHme.

CraTba ony6n1KoBaHa B aBTOPCKOW pefakumi.

MNopaHa: 16.06.2025

MpuHaTa: 10.11.2025
KoHTakTbl: manwaralnaqgash@yahoo.com

Pesiome

BBegeHume. 3a601eBaeMOCTb PaKOM pacTeT BO BCEM MUPE. DTO B 3HAUUTESIbHOW CTENeHN
obycnoneHo skonornyeckumm daktopamm 1 06pas3om xmsHu. HecMoTpa Ha JOCTUXKEH A
B 06nacTn NleyeHus, pagmoTepanusa CTankmBaeTca ¢ npobnemamu, CBA3AHHbIMU C nepe-
MelLLeHeM BHYTPEHHMX OPraHoB, YTO MPUBOAUT K HeonpeaeneHHOCTY B Bbibope uenu,
MOBbILLEHWNIO TOKCMYHOCTU Y CHUPKEHWIO TOYHOCTU. IdPeKTNBHbIE CTpaTerum ynpasneHus
LABVKEHMEM HeobXoAuMMbl Af1si MOBbILWEHNA TOYHOCTW pPagmoTepanum M MUHUMU3ALUK
BpeAa A1s OKPY»KaloLLMX 300POBbIX TKaHEWN.

Llenb. Paccuntatb dpakTmyeckyto o3y 065yyeHUs, 4OCTaBAEHHYIO K MULLEHW U OpraHam
pU1CKa, U CPaBHNUTb JO3UMETPUYECKNE pe3ynbTaTbl MeXAy NiaHamm paguotepanum C npu-
MeHeHneM 1 6e3 NPMMEHEHUA TEXHMNKN aKTUBHOW 3afeP>KKM AbIXaHNA.

Matepuanbl n metogpl. [1pocnekTMBHOE [O3MMETPUYECKOE UCCIefoBaHMe B OHKONOTU-
yeckom LieHTpe Al-Safeer npoeogunock B nepuon ¢ 1 aekabpa 2024 r. no 1 maa 2025 .
OueHuBanu BAUAHE akKTUBHOWM KoopauHauumn abixaHua (ABC) n abaoMmHanbHoOM Kom-
npeccuy Npu o6bEMHO-MOAYNNPOBaHHONW AYyroBoW Tepanun y 50 OHKONOrnMyeckmx na-
uMeHToB. TpnauaTh CEMb NaLMEHTOB C PakoM MOMOYUHON xene3sbl (PMX) ncnonb3osanu
ABC; nauyneHTbl C pakoM NErknx 1 nevyeHn nogaeepranncb abgoMMHaNbLHOM KOMMNPEeCCcuu.
KT-cumynauma, obyyeHne nauueHToB 1 NAaHMpOBaHME Ny4yeBOW Tepanuu obecneunnu
TOYHOCTb. MapameTpbl «403a — 06BEM» AN1A OPraHOB PUCKA OLLEHUBANUCH C UCMONb30Ba-
HMEM METOA0B KOHTPONSA ABUXKeHUA 1 6e3 HMX. icnonb3oBanncb CTaHAapTU3NPOBaHHble
NPOTOKOJbl JO3MPOBAHUA pagnoTepanumu.

PesynbraTbl. B uccnegoBaHue 66111 BKNoYeHbl 37 NaLMeHTOB C PakoM JIEBOrO NErKoro
(cpegHui Bo3pacT — 59,67 roga), B OCHOBHOM C onyxonamu T2 (32,4%) n nopaxeHnem
numdatuuecknx y3nos N2 (40,5%). ABC 3HaunTenbHO CHM3UNA CpefHioo Ao3y obnyue-
HUA ceppua u neeoro nerkoro (p=0,05, p=0,017) n yBenuumna obbvem nerkmx (p=0,001).
O6bem 1 f03a NPaBOro JIerkoro Takxe 3HauuTenbHo ynydwmnuck (p=0,001, p=0,042).
M3 13 nauymeHToB C pakom nerkmx/neveHu (cpegHuin BospacT — 65,7 roga) y 61,5% 6binu
onyxonu nerkux. A6JoMMHaNbHaA KOMMPECCUs 3HAUUTENIbHO YBenuumnna BHYTPEeHHUN
ueneson ob6bem (ITV) no cpaBHeHuto ¢ 0bwmm ob6bemom onyxonu (GTV), p=0,012. 3Tu
pe3ynbraTbl AeMoHCTpUupYtoT 3bdekTnsHocTb ABC 1 abgommnHanbHoOM Komnpeccun B no-
BbILLIEHWM TOYHOCTY NTyYeBOW Tepanuu 1 CHUXeHNM 06yYeHns opraHoB pucKa.
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Role of Breath Holding Technique in Advanced Radiotherapy

3aknioueHune. ABC cHr3una fo3y obnyueHusa cepaua u nerkux u ysennuuna obbem ner-
KWX, 4TO YNy4yluunio pacnpepeneHuve fo3bl. AbQoMMHaNbHaa KOMMNpPeccrsa 3HaunuTenbHO
yBenuuueana ITV, ynyyliaa KOHTPONb AblXaTeNbHbIX ABVMXEHWUA 1 TOYHOCTb JleueHns na-
LMEHTOB C PaKOM JIErKUX U NEYEHN.

KnioueBble cnoBa: [O3UMETPUA, KOOpAWHALMA aKTMBHOMO AbIXaHWs, rMcTorpaMma
«f103a — 06bem», abgomMuHanbHasa komnpeccus, VMAT (06bemMHO-MoaynpoBaHHas fyro-
BadA Tepanus)

B INTRODUCTION

There are almost 100 different kinds of cancer known to exist. Multiple organs are often
affected by cancer because of uncontrolled cell invasion, migration, and division. Given
the growing number of cases and the shortcomings of conventional treatment choices,
which lead to low overall and disease-free survival rates for many patients, it is essential to
comprehend its pathophysiology [1, 2].

Radiotherapy is a cornerstone in cancer treatment, used either as a primary modality
or in combination with surgery, chemotherapy, orimmunotherapy. It works by delivering
high-energy radiation beams to target and destroy cancerous cells while sparing
surrounding healthy tissues. Modern advancements in radiotherapy, such as IMRT and
SBRT, have significantly improved treatment precision and outcomes. However, despite
these advancements, certain anatomical and physiological challenges remain, particularly
related to organ motion during treatment delivery [3].

According to recent data from the GLOBOCAN, there will be 28.4 million cancer cases
worldwide by 2040, an almost 50% rise from 2020 [4]. The total number of new cases of
cancer in Iraq during the year 2023 was 43,062 [5].

Deep Inspiration Breath Hold (DIBH) and ABC are advanced respiratory management
techniques employed to reduce radiation exposure to critical organs during
radiotherapy [6].

The breath-holding method is notably used in the treatment of left-sided BC, where the
heart is in close proximity to the radiation field [7]. It is advantageous in the treatment of
abdominal and pelvic tumors, since organ movement caused by respiration and digestive
processes might affect treatment precision [8-10].

Aims of the study to calculation of the actual dose received by the target and organ
of risk (OAR) in breath holding technique plan and to dosimetric comparison between
radiotherapy plan with the use of Active Breath Holding and without for both target and
organ at risk.

B MATERIALS AND METHODS

Study design

A prospective dosimetry study was conducted at Al-Safeer Oncology Center for the
period between the 1% of December 2024 and till 1t of May 2025.

Study population
Thirty-seven women with left-side BC, 13 patients with lung and liver cancer were
enrolled. The densitometry was assessed for each patient with and without ABC
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for patients with BC and with and without abdominal compression for patients with lung
and liver cancer during radiotherapy.

Exclusion criteria

Patients with a history of heart failure.

Patients are diagnosed with asthma, COPD, and Severe pulmonary dysfunction.
Abdominal pathology include ascites and recent abdominal surgery.

Patients are unable to hold their breath as required for the procedure.

Patients who refused to be part of the study.

Data collection

A specialized questionnaire was designed to gather data. The collected including age,
TN stages, tumor grades, primary tumor site, histopathology, prior treatments, radiation
doses, management protocols, hormonal receptor status, HER2 status, and surgical
interventions. Then all patients underwent CT simulation scans during free breathing (FB)
and ABC phases. A 132-slice CT scanner (Philips® 16 series, Germany) was used. DICOM
images from the CT control console were transferred to the treatment planning system.
For patients with lung or liver cancer, abdominal compression was utilized during CT
simulation and radiotherapy sessions.

Active breathing coordination (ABC) device

The ABC device (Elekta, Sweden) was utilized at Al-Safeer Oncology Center for
implementing breath-hold techniques during radiotherapy. It integrates seamlessly with
various linear accelerators and CT systems. Procedure, patient training and scanning and
treatment were done according protocol of management.

Abdominal compression and delineation
The stereotactic body frame (Elekta, Stockholm, Sweden) was utilized for patient
positioning.

Dose and volume measurements

Key dose-volume parameters for the heart and lungs were assessed using dose-
volume histograms (DVH). Measurements were performed with and without the use of an
active breathing control (ABC) protocol to evaluate its impact on dose distribution. Heart
Volume and Dose Metrics: Heart volume and mean dose were calculated and compared
with and without ABC. Left and Right Lung Parameters: For each lung, the total volume,
reference dose, and reference volume were measured. In patients with lung and liver
masses, GTV and ITV were measured. Differences between GTV and ITV were assessed
using paired statistical tests to determine the impact of tumor motion and abdominal
compression.

Radiotherapy doses

® 4005 cGy in 15 fractions over 3 weeks has been adopted as standard practice in
radiotherapy dosing for women undergoing mastectomy.

® 4005 cGy / 15 fractions / 3 weeks performed for patients undergoing BCS plus 1000
cGy / 5 fractions / 1 week as booster dosing.
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3500 GY/ 5 fractions / 3 weeks for patients with right hypochondrial mass.
2700 GY/ 3 fractions / 1 week for lung nodule.

Ethical consideration

Approval of the study was obtained from the Ethical Committee of the Department of
Surgery, College of Medicine (No. 24, dated 12 January 2025). Written informed consent
was secured from all participants before their enrollment in the study.

Statistical analysis

All analyses were conducted by using SPSS version 24.0 (SPSS Inc., Chicago, lllinois,
USA). Comparative analysis was performed using paired t-tests. For all analyses: The mean,
SD, median, IQR, minimum, and maximum values were calculated. Statistical significance
was defined as p<0.05.

B RESULTS

Demographic and Clinical Characteristics of patients with breast

Thirty-seven women who presented with left BC are included. Their mean age was
59.67 years and ranged between 47-73 years. Tumor stage shows a higher proportion of
T2 tumor (32.4%). The majority of patients (40.5%) had N2 nodal involvement. High rates
of positive ER/PR (78.4%). Regarding the surgery types, most of the patients underwent
the BCS (83.8%). All these data were presented in Table 1.

Table 1
Demographic and Clinical Characteristics of patients with BC
Variables No. %
Age Mean+SD 59.67+7.48
TO 21.6 8
T1 18.9 7
T T2 324 12
T3 18.9 7
T4 8.2 3
N1 29.8 11
N N2 40.5 15
N3 243 9
N4 54 2
G1 324 12
GRADE G2 54.1 20
G3 135 5
Treatment type Neoadjuvant 324 12
Adjuvant 67.6 25
Positive 784 29
ER/PR Negative 21.6 8
Positive 13.5 5
HER2 Negative 86.5 32
Surgery type BCS 83.8 31
Radical mastectomy 16.2 6
Axillary Axillary clearance 81.1 30
Sentinel LN dissection 18.9 7
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Comparison of heart volume and dosemetrics with and without ABC

Table 2 showed the comparison of heart volume and dosemetrics with and without
ABC. The heart volume shows a reduction in median dose from 603.24 without ABC to
581.06 with ABC, but this difference is not statistically significant (p=0.523). On the other
hand, the reduction in the median heart mean dose from 543.9 to 579.5 shows a significant
statistical difference, p=0.05.

Left lung volume and dose parameters under ABC protocol

Table 3 showed the left lung volume and dose parameters under the ABC protocol.
There is a significant increase in median left lung volume from 1201.19 to 1809.83 with a
p=0.01. Regarding the median of reference dose shows a significant statistical reduction
with ABC from 27.64 to 24.38, with p=0.017.

Right lung volume and dose parameters under ABC protocol

The right lung volume and dose parameters under the ABC protocol are presented
in Table 4. The increase in right lung volume with ABC from 1425.01 to 2046.23 was of
statistical significance, p=0.001. The median dose reduction from 0.25 to 0.55 was of
statistical significance, p=0.042.

Table 2
Comparison of Heart Volume and Dosemetrics with and without ABC
Heart volume Heart mean dose
Measurement , " . .
Without ABC With ABC Without ABC With ABC
Mean 592.61 583.593 579.21 556.97
SD 91.17 107.23 138.7 71.76
Median 603.24 581.06 543.9 579.5
IQR (25%"-75%) 508.1-659.9 519.2-666.5 483.3-669.1 486.1-611.0
Minimum 425.3 238.51 230.9 420.9
Maximum 823.13 795.55 873.7 677.0
p-value 0.523 0.05
Table 3

Left Lung Volume and Dose Parameters under ABC Protocol

Left lung reference

Left lung volume Left lung reference dose
Measurements Without Without vwo'lt:met
ABC withABC o WithABC o With ABC
Mean 119231 1845.94 26.51 24.96 2000 2000
SD 271.02 303.59 2.87 7.33 0.0 0.0
Median 1201.19 1809.83 27.64 24.83 2000 2000
977.1- 1695.2-
IQR (25t-75t%) 13101 19916 20.9-29.9 24.5-28.5 2000-2000 | 2000-2000
Minimum 767.52 889.17 17.14 2.32 2000 2000
Maximum 1977.2 2400.5 29.97 38.23 2000 2000
p-value 0.001 0.017 NA
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Table 4

Right Lung Volume and Dose Parameters under ABC Protocol

Measurements

Mean
SD
Median

IQR (25"-75%)

Minimum
Maximum
p-value

Right lung vol

Without
ABC

1455.73
260.77
1425.01

1244.5-
1657.6

1031.58
2136.27
0.001

ume

With ABC

2084.13
410.28
2046.23

1865.2—
2324.6

633.59
2930.6

Right lung reference dose

Without ABC | With ABC

8.123
3.01
0.25

0.04-1.24

0.0
57.38
0.042

7.87
2.78
0.55

0.19-1.5

0.0
53.5

Right lung reference

volume

Without
ABC

1765.75
560.52
2000

2000-2000

500
2000
NA

Demographic and clinical data of patients with lung and liver mass
The second part of the study includes 13 patients with lung and liver cancer. Their
mean age was 65.7 years and ranged from 34-78 years. 61.5% of them were females with

lung masses. All these data were presented in Table 5.

GTV and ITV measurements with statistical analysis
GTV and ITV measurements with statistical analysis were presented in Table 6. The
median GTV volume was 7.31 and increased to 9.94 ITV volume, and this increase is a
statistically significant p=0.012.

Table 5

Demographic and Clinical Data of patients with lung and liver mass

Variables
Age

Gender

Site

Table 6

Mean+SD
Male
Female

Lung mass

Liver mass

No.
65.7+5.98
5

8
8
5

GTV and ITV Measurements with Statistical Analysis

Measurement

Mean

SD

Median

IQR (25"-75%)
Minimum
Maximum
p-value

404

GTV volume (cc)

10.98

3.48

7.31
2.19-14.41
0.89

49.05
0.012
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%

38.5
61.5
61.5
38.5

ITV volume (cc)

14.68

4.30

9.94
3.03-24.19
1.14

58.57

With ABC

1756.75
560.52
2000

2000-2000

500
2000
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B DISCUSSION

The use of advanced motion management techniques in radiotherapy, such as ABC
and abdominal compression, is becoming increasingly important in minimizing radiation
exposure to OAR and improving the precision of dose delivery [11].

The demographic and clinical characteristics of the 37 women with left-sided BC
enrolled in this study provide a representative cohort for examining radiation planning
strategies. The mean age of patients was 59.7 years, with the majority falling within the T2
stage (32.4%) and N2 stage (40.5%) of disease. Most patients underwent adjuvant therapy
(67.6%), breast-conserving surgery (83.8%), and axillary clearance (81.1%). These findings
are consistent with regional epidemiological data, where early to moderately advanced
disease at presentation is common, and breast-conserving approaches are increasingly
adopted due to favorable outcomes and cosmetic preferences [12, 13].

The ABC protocol demonstrated notable dosimetricadvantages for the heart. Although
the heart volume did not change significantly between free breathing and ABC conditions
(p=0.523), the heart mean dose decreased from 579.2 cGy to 556.9 cGy (p=0.05). This
finding is particularly relevant, as cardiac toxicity is a known long-term complication of
left-sided breast irradiation and these finding are in line with Eldredge et al. [14] who found
that ABC was well tolerated and significantly reduced mean heart dose while preserving
local control. Out study also in line with Kunheri et al. [15] who found that use of ABC
technique resulted in a significant reduction in cardiac dose and hence can be considered
as a promising tool for cardiac sparing. Moreover, the reduction in heart dose with ABC
aligns with the results reported by Hayden et al. [16], who found that deep inspiration
breath hold (DIBH) reduced cardiac dose significantly during left breast radiotherapy.
Similarly, a study by Swanson et al. [17] emphasized that even modest reductions in mean
heart dose can have significant implications for long-term cardiac outcomes.

For the lungs, ABC was associated with a significant increase in left and right lung
volumes and a corresponding decrease in radiation dose. Specifically, the left lung
volume increased from 1192.3 cc to 1845.9 cc (p=0.001), while the mean dose decreased
from 26.5 Gy to 24.9 Gy (p=0.017). These findings are consistent with prior studies
by Fernandez et al. [18]; Kaza et al. [19]; Seror et al. [11], and Remouchamps et al [20]
demonstrating that DIBH expands lung volume and displaced the heart inferiorly and
posteriorly, reducing lung and heart dose simultaneously. In this work, the right lung, the
volume increased from 1455.7 cc to 2084.1 cc (p=0.001), and the mean dose was slightly
reduced (8.12 Gy to 7.87 Gy, p=0.042). Though the magnitude of dose reduction in the
right lung was smaller, it reinforces the value of ABC in mitigating unnecessary radiation
exposure.

In the cohort of 13 patients with lung and liver tumors, the demographic profile
included both genders with a slight female predominance (61.5%) and a mean age of
65.7 years. Tumor location was primarily in the lung (61.5%), followed by liver (38.5%).
The study focused on the dosimetric impact of abdominal compression in these patients.
Table 6 shows that the ITV was significantly larger than the GTV, with mean volumes of
14.68 cc and 10.98 cc, respectively (p=0.012). This increase reflects respiratory motion
margin, which is crucial for effective tumor coverage [21]. These findings support prior
research by Grégoire et al. (2020) indicating that abdominal compression can stabilize
diaphragmatic excursion and reduce target motion, thereby allowing for tighter margins
and more conformal dose delivery [22].
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Several studies have reported the benefit of abdominal compression in reducing tumor
motion and enhancing stereotactic body radiotherapy (SBRT) precision [23]. Mampuya et
al. [24] and Grégoire et al. [22] found that compression significantly minimized cranio-
caudal tumor motion, leading to improved PTV definition and reduced OAR exposure. Our
findings align with this, demonstrating that compression is an effective, non-invasive tool
to improve radiotherapy precision in thoracic and abdominal malignancies.

Taken together, the results from both cohorts demonstrate that the use of respiratory
control techniques (ABC and abdominal compression) offers substantial benefits in terms
of target volume delineation and organ-at-risk sparing. These techniques are particularly
critical for patients with left-sided BC, where even minor reductions in cardiac and lung
doses translate into significant long-term benefits. Similarly, in patients with lung or liver
tumors, abdominal compression improves the reproducibility of tumor positioning, which
is essential for high-precision treatments like SBRT [25, 26].

Importantly, these findings contribute to the growing body of evidence that supports
the routine incorporation of motion management strategies in radiotherapy planning.The
dosimetric benefits observed in this study are consistent with established literature and
further validate the clinical utility of breath-hold and abdominal compression protocols.

B CONCLUSIONS

ABC significantly reduced mean heart and lung radiation doses in patients receiving
radiotherapy for left-sided BC, without compromising target coverage. ABC was associated
with an increase in lung volumes during treatment planning, resulting in more favorable
dose distribution and reduced radiation exposure to OAR. The heart mean dose showed a
statistically significant reduction with ABC supporting its utility in minimizing long-term
cardiac toxicity. Abdominal compression in patients with lung and liver tumors led to a
statistically significant increase in ITV, reflecting effective control of respiratory motion
and enhanced treatment precision.
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