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Abstract 

Introduction: Late toxicities related to radiotherapy in early breast cancer, especially 

cardiac toxicities are those that bring concerns in long-life survivors. 

Material and methods: Patients who underwent breast-only postoperative irradiation 

utilizing the deep inspiration breath hold (DIBH) technique with the Optical Surface 

Monitoring System (OSMS) during the years 2024-2025 were randomly selected.  All patients 

had two simulation CTs (free-breathing, FB, and DIBH). Three-dimensional radiotherapy 

treatment plans were created for both (FB and DIBH) CT scans. Dosimetric evaluations were 

made from the dose-volume histograms (DVH). Statistical evaluation was done with paired 

sample t-test (two-tailed) and statistical significance was determined at p<0.05. 

Results: Eleven patients were included in the study. Target coverage (PTV95%) wasn’t 

statistically significant between groups. The mean heart dose decreased significantly in DIBH 

plans by 57%, median difference 1.44 Gy. Heart D16Gy (%) and Heart D16Gy (cm3) were 

reduced by 91.5% and 89.1% in DIBH plans, respectively (p values 0.005 and 0.022). In 

comparison to FB plans, DIBH plans resulted in reductions of 87.7% in left anterior descending 

artery (LAD) Dmean and 68.2% in LAD Dmax (p < 0.001). The left ventricle Dmean and 

Dmax showed reduced values with DIBH plans by 68.2% and 68.9% (p=0.003 and <0.001), 

respectively.  The ipsilateral lung volume was considerably greater in DIBH plans (p < 0.005), 

with a median difference of 1133 cm³.   

Conclusion: Our study has demonstrated a significant reduction in radiation doses 

delivered to the heart and its substructures in DIBH plans compared to FB plans, consistent 

with prior studies.    
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Introduction  

Breast cancer is the most common malignancy in women with 2,296,840 new cases 

diagnosed in 2022 and it accounted for approximately 15.4 % of all cancer deaths in women[1]. 

In Slovenia, breast cancer had an incidence of 1504 new cases per year (2017-2021), which 

accounted for 19.7% of all cancer cases, according to Slovenian cancer registry data[2]. It 
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remains one of the most significant health concerns worldwide. Increased awareness and 

screening programs have resulted in the detection of the disease in early stages, characterized 

by smaller tumors and fewer positive lymph nodes at initial diagnosis. This ultimately led to 

improved prognosis and longer survival in patients with breast cancer. Advancements in 

treatment modalities resulted in increased life expectancy for breast cancer patients, yet 

treatment-related morbidity and mortality still pose significant challenges. The treatment of 

breast cancer is multidisciplinary, including radiotherapy as one of the most important 

strategies, especially after breast conserving surgery (BCS). Evidence from multiple trials 

shows that omission of postoperative radiotherapy after BCS is associated with an increased 

mortality risk (RR=1.086; 95% CI: 1.003-1.175) and reduction of overall survival [3].  

Late toxicities related to radiotherapy in early breast cancer, especially cardiac toxicities 

are those that bring concerns in long-life survivors. There are different treatment techniques 

that are used to decrease cardiac irradiation for patients with left-sided breast cancer.  Initial 

cut-off on cardiac doses was introduced by Gyenes et al. [4], who incorporated three-

dimensional radiotherapy (3D-CRT) planning and showed the heart volume treated to 50% 

isodose to be 5.7% (compared to 25% in earlier trials).  After adoption of 3D-CRT as minimum 

required for cardiac safety, researchers continued with more advanced techniques and 

implemented intensity-modulated radiation therapy (IMRT). This technique was especially 

important in more advanced stages where nodal irradiation was required [5,6,7]. Accelerated 

partial breast irradiation (IMRT or brachytherapy) significantly decreases the volume of heart 

receiving low to high doses in left-sided breast cancer [8, 9], but the selection criteria for this 

treatment are very strict. Prone position showed promising results in cardiac dose decrease in 

women with larger breasts (≥750 cm3) [10]. 

The straightforward yet groundbreaking concept of irradiating during deep inspiration-

when lung volume is increased, the heart is positioned lower in the chest cavity, and the space 

between the chest wall and heart is greater-has resulted in numerous technological advancements 

aimed at minimizing cardiac doses in patients with left-sided breast cancer. The two dominant 

deep inspiration breath hold technique (DIBH) methods are the spirometry-based active breathing 

coordinator (ABC) system (Elekta, Stockholm, Sweden) or ABC_DIBH and the video-based real-

time position management (RPM) system (Varian Medical Systems, Palo Alto, CA) or vDIBH.  

The Institute of Oncology in Ljubljana is providing DIBH in patients with left-sided 

breast cancer (and in some patients with right-sided breast cancer) using ABC system since 

2016 and the OSMS real-time RPM system since 2019.  

This study aimed to evaluate the dosimetric parameters of the planning target volume 

(PTV) and OARs-the heart, left descending coronary artery (LAD), left ventricle, and lungs - 

across two sets of CT scans (FB vs. DIBH). 

 

Material and methods 

This study employs a retrospective, observational design. Before starting the study, 

non-interventional protocol was created and approved by Institutional review board and 

committee with number ERIDSPRA-0055/2025. 

 

Patients 

After breast conserving surgery, patients treated with DIBH breast radiotherapy using 

OSMS in the period 2024-2025 were randomly selected. All patients previously had undergone 

two simulation CTs (FB and DIBH) with OSMS system, with identical setup using 3-mm slice 

thickness. Eleven patients with breast only (elective) radiotherapy, whose treatment plans were 

technically feasible for retrospective contouring were selected. All patients received 40.05 Gy 

delivered in 15 fractions of 2.67 Gy. Plans that included locoregional irradiation, simultaneous 

integrated boost, or plans that used IMRT/ VMAT planning were excluded from the study.  
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CT simulation, contouring and planning 

CT simulation for all patients had been performed according to surface guided DIBH 

institutional protocols. CT datasets were used for retrospective contouring. On the FB series, 

organs at risk (OARs) were contoured, and target volumes were replicated from original plans 

according to institutional atlases. Three-dimensional conformal radiotherapy (3D-CRT) plans 

for FB were generated by a single planner using Varian Eclipse™. Previously contoured and 

delivered DIBH plans for the same patients were used for comparison. 

Dosimetric evaluation was performed using dose–volume histograms for both FB and 

DIBH plans. PTV coverage was assessed using 95% of the PTVeval (PTV minus 5 mm under 

the skin). The parameters assessed for organs at risk included: mean dose and volume of 16 Gy 

(%) for the ipsilateral lung, mean dose and volume of 16 Gy (%) for the heart, mean and 

maximum doses for the left anterior descending artery (LAD), and mean and maximum doses 

for the left ventricle. LAD and left ventricle were not contoured as OARs in initial DIBH plans. 

They were retrospectively contoured by the investigator and were not taken in consideration as 

restrictions when 3D CRT plans were done for both (DIBH and FB) plans. 

 

Results 

Dosimetric evaluation for PTVeval, used as surrogate for target volume coverage is 

shown in Table 1.  

 
Table 1. Dosimetric evaluation on PTVeval covered by 95% 

of prescribed dose expressed in % 

PTVe 95% Mean ± SD p value 

FB 97.69 ± 1.16 0.11 

DIBH 98.4 ±- 0.77  

 

Dose-volume parameters for OARs are shown on the tables below. Heart and heart sub-

structures are presented in Table 2, and dosimetric data from ipsilateral lung is shown in Table 3.   

 
Table 2. Dosimetric evaluation of heart and heart substructures. Legend: Dx - dose received by x 

% of the target volume, Dmean - mean absorbed dose within a target volume, Vx - volume receiving 

x Gy, FB – free breathing, DIBH – deep inspiration breath hold 

 FB DIBH Mean dif. Reduction % p value 

Heart      

Dmean (Gy) 2.52 ± 1.5 1.08±0.5 1.44 57 0.005 

V16 Gy (%) 4.06 ± 3.7 0.4 ± 1.0 3.6 91.5 0.005 

V16 Gy (cm3) 29.4 ± 33.2 3.5 ± 9.2 25.8 89.1 0.022 

Volume (cm3) 674.3 ± 163 661.3 ± 153.6   0.85 

LAD      

Dmean (Gy) 15.4 ± 8.9 3.4 ± 4.6 11.9 87.7 0.001 

Dmax (Gy) 31.3 ± 124 9,9 ± 9.6 21.3 68.2 <0.005 

Left ventricle      

Dmean (Gy) 3.9 ± 2.6 1.2 ± 0.6 2.6 68.2 0.003 

Dmax (Gy) 34.0 ± 8.6 10.6± 9.7 23.4 68.9 0.000085 
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Table 3. Dosimetric evaluation of lung. Legend: Dx - dose received by x % of the 

target volume, Dmean - mean absorbed dose within a target volume, Vx - volume 

receiving x Gy. FB – free breathing, DIBH – deep inspiration breath hold 

 FB DIBH Mean dif. p value 

Lung     

Dmean (Gy) 6.7 ± 2.3 5.5 ± 1.6 1.22 0.17 

V16 Gy (%) 15.6 ± 6.1 15.5 ± 4.1 3.07 0.18 

LungV16Gy (cm3) 203.3 ± 80.6 309.7 ± 123.3 -106 0.03 

Volume(cm3) 1287 ± 238.6 2421.9 ± 353.5 -1133 <0.005 

 

Discussion 

Our study showed a substantial decrease in the radiation doses administered to the heart 

in DIBH plans relative to FB plans, without reducing the dose provided to the PTV. These 

findings are similar to other published studies, despite the small sample size and the challenge 

to compare studies with differences in study methods. 

DIBH is already established technique for lowering cardiac dose in postoperative 

radiotherapy in patients with left-sided breast cancer. Many centers across the world have rich 

experience with this technique and use different technologies. ESTRO-ASCOP guidelines[11] 

were released in 2023 explaining equipment, staff training and couching, image guidance and 

guidance in delivering DIBH radiotherapy according to site (breast cancer, thoracic and 

abdominal tumors) providing overview of available technical solutions and guidance for best 

practice in the implementation phase.  

UK HeartSpare comparative study concluded that vDIBH and ABC_DIBH are 

comparable in terms of positional reproducibility and normal tissue sparing, but vDIBH is 

preferred by patients and radiographers, takes less time to deliver, and is cheaper than 

ABC_DIBH[12]. Both techniques can lower cardiac dose but neither of them can monitor 

treatment based on the breast position, so the idea for combined use of respiratory-gated DIBH 

and an optical surface scanning system (OSMS) was brought for more reliable dose delivery 

to the target. Optical tracking AlignRT (Vision RT Ltd., London UK) system uses stereo vision 

technology by viewing an object through three units, each containing two cameras, and 

reconstructs the 3D surface information of the object using a computer vision algorithm. This 

system can be used for patient positioning prior to treatment, real-time target monitoring, and 

respiratory tracking. Several investigators have studied the feasibility and accuracy of the 

AlignRT system for left-breast DIBH treatment and proved advantage compared to multiple 

on-board imaging modalities [13, 14]. Rong et al. [15] in their study showed that AlignRT 3D 

surface imaging provided better target position accuracy during DIBH treatment compared to 

RPM alone, as determined by the MV Cine imaging, while ensuring patient setup and 

monitoring inter- and intra- fractional motions. 

There are multiple studies that show the benefit from using DIBH. SAVE-Heart 

study[16] is the largest prospective study enrolling 585 patients with left-sided invasive breast 

carcinoma with indicated adjuvant radiotherapy of the breast/thoracic wall with or without 

regional lymph nodes. DIBH have been applied using the automatically triggered surface 

guidance system Catalyst with audio–video feedback. The results were published in 2024 

showing that mean and maximum doses to the heart and the left coronary artery were 

significantly reduced by 36%-42% (p<0.001), while the mean ipsilateral lung dose was reduced 

by 12%-14% (p<0.001).  Estimated risk reduction for 10-year cardiovascular risk in these 

patients treated with DIBH was 5%.   

In our study, as expected, target coverage was not statistically significant with both (FB 

and DIBH) plans covering ≥95% by a dose of 95%. The mean dose to the heart was 

significantly reduced (p=0.005) in plans during DIBH, with a reduction of 57% or average 1.44 

Gy. In addition, the volume of the heart that received 16 Gy (restrictions as per institutional 
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protocols) expressed in percentage and in cm3 was also reduced by 91.5% and 89.1% in DIBH 

plans (p value 0.005 and 0.022, respectively). The results from other studies show decrease in 

mean heart dose between 24% in the study by Wolf et al. [17] to more than 50% in the 

prospective study by Gaál et al. [18]. 

The mean and maximum doses in LAD were reduced in plans during DIBH compared 

to FB, with reductions of 87.7% and 68.2%, respectively (p<0.001). In two prospective trials 

by Knöchelmann et al. [19] and Ferdinand et al. [20], the mean LAD dose was reduced by 32% 

and 30.1%, respectively. The highest reduction of 68% was noted in the small retrospective study 

by Eber et al. [21]. The evaluation of mean and maximal dose on left ventricle showed reduced 

values for DIBH plans by 68.2 and 68.9% (p=0.003 and <0.001), respectively. Heart volume 

was insignificantly different between the two groups (p=0.85). The reason why the difference 

of LAD doses in our study was higher than in other studies (Table 4) can be explained. As 

mentioned earlier, LAD and left ventricle were not initially contoured as organs at risk (OARs) 

in the DIBH plans. They were contoured retrospectively and were not considered as constraints 

when creating the 3D-CRT plans for both DIBH and FB. However, when these structures were 

additionally evaluated as OARs in the DIBH plans, it was found that 10 out of 11 plans had 

values within clinical protocol (LAD Dmean <8 Gy), compared to only 3 plans, out of 11 in 

the FB group. This suggests that the 3D-CRT plans in FB would have required additional work 

to achieve acceptable values for LAD and left ventricle, resulting in smaller differences 

between DIBH and FB groups. 

 
Table 4. Studies with both conventional and/or hypofractionated dose prescriptions that used DIBH surface-

guided radiotherapy (SGRT) for the patient setup 

Study Design 
No. 

patients 

LAD mean 

dose reduction 

Heart mean 

dose reduction 

Lung mean 

dose reduction 

Schönecker et al.
[16]

  Prospective 585 58% 36-37% 12-14% 

Wolf et al.
 [17]

  Retrospective 130 71% 24% 12.5% 

Knöchelmann et al.
 [19]

  Retrospective 357 32% 47% 9% 

Gaál et al.
 [18]

 Prospective 88 >60% >50%  

Sakyanun et al.
 [22]

 Prospective 25 25.3-42.1% 37.2-45.2%  

Ferdinand et al.
 [20]

 Prospective 31 30.1% 39.15% 9.9% 

Eber et al.
 [21]

 Retrospective 10 68% 54.2%  

Current study Retrospective 11 57% 87%  

 

As shown in Table 3, the volume of the ipsilateral lung is significantly higher in DIBH 

plans (p<0.005) with a median difference of 1133 cm3. In our study, we did not show 

significancy in the mean dose delivered to the lung although the median difference was 1.22 

Gy in favor for DIBH plans. The lung volume (cm3) that received 16 Gy was significantly 

higher (p=0.03) in DIBH group, but when converted in percentage this difference was 

insignificant (p=0.18). When analyzing data from SAVE Heart study[16], the mean lung dose in 

DIBH group had an absolute value of 0.7 in hypofractionated and 1.32 in normofracionated 

group and yielded statistically significant reduction of 12% and 14%, respectively. However, 

V20Gy, V10Gy, and V5Gy means in the lung were significantly higher in DIBH plans compared to 

FB plans (p < 0.001).  

Considering all of the above mentioned, the surface-guided DIBH technique is a 

valuable method in reducing cardiac dose and doses to other OARs (LAD and left ventricle) 

when irradiating patients with left-sided breast cancer. While it may not be relevant for all 

patients, the notion of ''as low as possible'' suggests that any reduction is significant, 

particularly if it does not compromise target coverage.  All patients with left-sided breast cancer 

should, whenever feasible, be treated with DIBH rather than FB. 

 



Petkovska G. et al. Dosimetric evaluation on DIBH vs. FB postoperative SGRT in early breast cancer   
 

 

84 
 

Conflict of interest statement. None declared. 

 

References  

1. Kim J, Harper A, McCormack V, Sung H, Houssami N, Morgan E, et al. Global patterns 

and trends in breast cancer incidence and mortality across 185 countries. Nat Med 2025; 

31(4): 1154-1162. doi: 10.1038/s41591-025-03502-3. 

2. Zadnik V, Zagar T, Lokar K, Tomsic S, Konjevic AD, Zakotnik B. Trends in population-

based cancer survival in Slovenia. Radiol Oncol. 2021 Jan 21;55(1):42-49. doi: 

10.2478/raon-2021-0003. PMID: 33885247; PMCID: PMC7877261. 

3. Joshi SC, Khan FA, Pant I, Shukla A. Role of radiotherapy in early breast cancer: an 

overview. Int J Health Sci (Qassim) 2007; 1(2): 259-264. PMID: 21475437.  

4. Killander F, Wieslander E, Karlsson P, Holmberg E, Lundstedt D, Holmberg L, et al. 

No Increased Cardiac Mortality or Morbidity of Radiation Therapy in Breast Cancer 

Patients After Breast-Conserving Surgery: 20-Year Follow-up of the Randomized 

SweBCGRT Trial. Int J Radiat Oncol Biol Phys 2020; 107(4): 701-709. doi: 

10.1016/j.ijrobp.2020.04.003. 

5. Gyenes G, Gagliardi G, Lax I, Fornander T, Rutqvist LE. Evaluation of irradiated heart 

volumes in stage I breast cancer patients treated with postoperative adjuvant 

radiotherapy. J Clin Oncol 1997; 15(4): 1348-1353. doi: 10.1200/JCO.1997.15.4.1348. 

6. Cavey ML, Bayouth JE, Endres EJ, Pena JM, Colman M, Hatch S. Dosimetric 

comparison of conventional and forward-planned intensity-modulated techniques for 

comprehensive locoregional irradiation of post-mastectomy left breast cancers. Med 

Dosim 2005; 30(2): 107-116. doi: 10.1016/j.meddos.2005.02.002. 

7. Cao L, Ou D, Qi WX, Xu C, Ye M, Fang YH, et al. A randomized trial of early 

cardiotoxicity in breast cancer patients receiving postoperative IMRT with or without 

serial cardiac dose constraints. Int J Cancer 2025; 156(6): 1213-1224. doi: 

10.1002/ijc.35245. 

8. Wu S, He Z, Guo J, Li F, Lin Q, Guan X. Dosimetric comparison of normal structures 

associated with accelerated partial breast irradiation and whole breast irradiation delivered 

by intensity modulated radiotherapy for early breast cancer after breast conserving 

surgery. Clin Transl Oncol 2014; 16(1): 69-76. doi: 10.1007/s12094-013-1044-y. 

9. Dickler A, Kirk MC, Seif N, Griem K, Dowlatshahi K, Francescatti D, et al. A dosimetric 

comparison of MammoSite high-dose-rate brachytherapy and Xoft Axxent electronic 

brachytherapy. Brachytherapy 2007; 6(2): 164-168. doi: 10.1016/j.brachy.2007.01.005. 

10. Formenti SC, DeWyngaert JK, Jozsef G, Goldberg JD. Prone vs supine positioning for 

breast cancer radiotherapy. JAMA 2012; 308(9): 861-863. doi: 10.1001/2012.jama.10759. 

11. Aznar MC, Carrasco de Fez P, Corradini S, Mast M, McNair H, Meattini I, et al. 

ESTRO-ACROP guideline: Recommendations on implementation of breath-hold 

techniques in radiotherapy. Radiother Oncol 2023; 185: 109734. doi: 

10.1016/j.radonc.2023.109734. 

12. Bartlett FR, Colgan RM, Carr K, Donovan EM, McNair HA, Locke I, et al. The UK 

HeartSpare Study: randomised evaluation of voluntary deep-inspiratory breath-hold in 

women undergoing breast radiotherapy. Radiother Oncol 2013; 108(2): 242-247. doi: 

10.1016/j.radonc.2013.04.021. 

13. Alderliesten T, Sonke JJ, Betgen A, Honnef J, van Vliet-Vroegindeweij C, Remeijer P. 

Accuracy evaluation of a 3-dimensional surface imaging system for guidance in deep-

inspiration breath-hold radiation therapy. Int J Radiat Oncol Biol Phys 2013; 85(2): 

536-542. doi: 10.1016/j.ijrobp.2012.04.004. 

14. Tang X, Zagar TM, Bair E, Jones EL, Fried D, Zhang L, et al. Clinical experience with 

3-dimensional surface matching-based deep inspiration breath hold for left-sided breast 



Petkovska G. et al. Dosimetric evaluation on DIBH vs. FB postoperative SGRT in early breast cancer   
 

 

85 
 

cancer radiation therapy. Pract Radiat Oncol 2014; 4(3): e151-e158. doi: 

10.1016/j.prro.2013.05.004. 

15. Rong Y, Walston S, Welliver MX, Chakravarti A, Quick AM. Improving intra-fractional 

target position accuracy using a 3D surface surrogate for left breast irradiation using the 

respiratory-gated deep-inspiration breath-hold technique. PLoS One 2014; 9(5):  

e97933. doi: 10.1371/journal.pone.0097933. 

16. Schönecker S, Angelini L, Gaasch A, Zinn A, Konnerth D, Heinz C, et al. Surface-based 

deep inspiration breath-hold radiotherapy in left-sided breast cancer: final results from 

the SAVE-HEART study. ESMO Open 2024; 9(12): 103993. doi: 

10.1016/j.esmoop.2024.103993. 

17. Wolf J, Stoller S, Lübke J, Rothe T, Serpa M, Scholber J, et al. Deep inspiration breath-

hold radiation therapy in left-sided breast cancer patients: a single-institution 

retrospective dosimetric analysis of organs at risk doses. Strahlenther Onkol 2023; 

199(4): 379-388. doi: 10.1007/s00066-022-01998-z. 

18. Gaál S, Kahán Z, Paczona V, Kószó R, Drencsényi R, Szabó J, Rónai R, Antal T, Deák 

B, Varga Z. Deep-inspirational breath-hold (DIBH) technique in left-sided breast 

cancer: various aspects of clinical utility. Radiat Oncol. 2021 May 13;16(1):89. doi: 

10.1186/s13014-021-01816-3. PMID: 33985547; PMCID: PMC8117634. 

19. Knöchelmann AC, Ceylan N, Bremer M. Left-sided Breast Cancer Irradiation with 

Deep Inspiration Breath-hold: Changes in Heart and Lung Dose in Two Periods. In Vivo 

2022; 36(1): 314-324. doi: 10.21873/invivo.12704. 

20. Ferdinand S, Mondal M, Mallik S, Goswami J, Das S, Manir KS, et al. Dosimetric 

analysis of Deep Inspiratory Breath-hold technique (DIBH) in left-sided breast cancer 

radiotherapy and evaluation of pre-treatment predictors of cardiac doses for guiding 

patient selection for DIBH. Tech Innov Patient Support Radiat Oncol 2021; 17: 25-31. 

doi: 10.1016/j.tipsro.2021.02.006. 

21. Eber J, Schmitt M, Dehaynin N, Le Fèvre C, Antoni D, Noël G. Evaluation of Cardiac 

Substructures Exposure of DIBH-3DCRT, FB-HT, and FB-3DCRT in Hypofractionated 

Radiotherapy for Left-Sided Breast Cancer after Breast-Conserving Surgery: An In 

Silico Planning Study. Cancers (Basel) 2023; 15(13): 3406. doi: 

10.3390/cancers15133406. 

22. Sakyanun P, Saksornchai K, Nantavithya C, Chakkabat C, Shotelersuk K. The effect of 

deep inspiration breath-hold technique on left anterior descending coronary artery and 

heart dose in left breast irradiation. Radiat Oncol J 2020; 38(3): 181-188. doi: 

10.3857/roj.2020.00094. 

 


