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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 1st of December 2024 and till 1st 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 ABC; 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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Резюме ___________________________________________________________________________________________________ 

Введение. Заболеваемость раком растет во всем мире. Это в значительной степени 
обусловлено экологическими факторами и образом жизни. Несмотря на достижения 
в области лечения, радиотерапия сталкивается с проблемами, связанными с пере-
мещением внутренних органов, что приводит к неопределенности в выборе цели, 
повышению токсичности и снижению точности. Эффективные стратегии управления 
движением необходимы для повышения точности радиотерапии и минимизации 
вреда для окружающих здоровых тканей.
Цель. Рассчитать фактическую дозу облучения, доставленную к мишени и органам 
риска, и сравнить дозиметрические результаты между планами радиотерапии с при-
менением и без применения техники активной задержки дыхания.
Материалы и методы. Проспективное дозиметрическое исследование в онкологи-
ческом центре Al-Safeer проводилось в период с 1 декабря 2024 г. по 1 мая 2025 г.  
Оценивали влияние активной координации дыхания (ABC) и абдоминальной ком-
прессии при объемно-модулированной дуговой терапии у 50 онкологических па-
циентов. Тридцать семь пациентов с раком молочной железы (РМЖ) использовали 
ABC; пациенты с раком легких и печени подвергались абдоминальной компрессии. 
КТ-симуляция, обучение пациентов и планирование лучевой терапии обеспечили 
точность. Параметры «доза – объем» для органов риска оценивались с использова-
нием методов контроля движения и без них. Использовались стандартизированные 
протоколы дозирования радиотерапии.
Результаты. В исследование были включены 37 пациентов с раком левого легкого 
(средний возраст – 59,67 года), в основном с опухолями T2 (32,4%) и поражением 
лимфатических узлов N2 (40,5%). ABC значительно снизила среднюю дозу облуче-
ния сердца и левого легкого (p=0,05, p=0,017) и увеличила объем легких (p=0,001).  
Объем и доза правого легкого также значительно улучшились (p=0,001, p=0,042). 
Из 13 пациентов с раком легких/печени (средний возраст – 65,7 года) у 61,5% были 
опухоли легких. Абдоминальная компрессия значительно увеличила внутренний 
целевой объем (ITV) по сравнению с общим объемом опухоли (GTV), p=0,012. Эти 
результаты демонстрируют эффективность ABC и абдоминальной компрессии в по-
вышении точности лучевой терапии и снижении облучения органов риска.
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	� 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, or immunotherapy. 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.

	� MATERIALS AND METHODS 
Study design 
A prospective dosimetry study was conducted at Al-Safeer Oncology Center for the 

period between the 1st of December 2024 and till 1st 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  

Заключение. ABC снизила дозу облучения сердца и легких и увеличила объем лег-
ких, что улучшило распределение дозы. Абдоминальная компрессия значительно 
увеличивала ITV, улучшая контроль дыхательных движений и точность лечения па-
циентов с раком легких и печени.
Ключевые слова: дозиметрия, координация активного дыхания, гистограмма 
«доза – объем», абдоминальная компрессия, VMAT (объемно-модулированная дуго-
вая терапия)
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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, Illinois, 

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.

	� 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

T

T0 21.6 8
T1 18.9 7
T2 32.4 12
T3 18.9 7
T4 8.2 3

N

N1 29.8 11
N2 40.5 15
N3 24.3 9
N4 5.4 2

GRADE
G1 32.4 12
G2 54.1 20
G3 13.5 5

Treatment type
Neoadjuvant 32.4 12
Adjuvant 67.6 25

ER/PR
Positive 78.4 29
Negative 21.6 8

HER2
Positive 13.5 5
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

Role of Breath Holding Technique in Advanced Radiotherapy



403«Евразийский онкологический журнал», 2025, том 13, № 4

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

Measurement
Heart volume Heart mean dose
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 (25th–75th) 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

Measurements
Left lung volume Left lung reference dose Left lung reference 

volume
Without 
ABC With ABC Without 

ABC With ABC Without 
ABC With ABC

Mean 1192.31 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

IQR (25th–75th) 977.1–
1310.1

1695.2–
1991.6 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 5
Demographic and Clinical Data of patients with lung and liver mass

%No.Variables
65.7±5.98Mean±SDAge

38.55Male
Gender

61.58Female
61.58Lung mass

Site
38.55Liver mass

Table 4
Right Lung Volume and Dose Parameters under ABC Protocol

Measurements
Right lung volume Right lung reference dose Right lung reference 

volume
Without 
ABC With ABC Without ABC With ABC Without 

ABC With ABC

Mean 1455.73 2084.13 8.123 7.87 1765.75 1756.75
SD 260.77 410.28 3.01 2.78 560.52 560.52
Median 1425.01 2046.23 0.25 0.55 2000 2000

IQR (25th–75th) 1244.5–
1657.6

1865.2–
2324.6 0.04–1.24 0.19 –1.5 2000–2000 2000–2000

Minimum 1031.58 633.59 0.0 0.0 500 500
Maximum 2136.27 2930.6 57.38 53.5 2000 2000
p-value 0.001 0.042 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 6
GTV and ITV Measurements with Statistical Analysis

Measurement GTV volume (cc) ITV volume (cc)

Mean 10.98 14.68
SD 3.48 4.30
Median 7.31 9.94
IQR (25th–75th) 2.19–14.41 3.03–24.19
Minimum 0.89 1.14
Maximum 49.05 58.57
p-value 0.012
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	� 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 dosimetric advantages 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. 

	� 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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