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Objective

Compared the dosimetric characteristics of half-field-based VMAT and half-field-based IMRT for left breast cancer patients combined with deep inspiration breath-hold (DIBH) and free breathing (FB) techniques.





Methods

Twenty-one left breast cancer patients were included. Each patient underwent DIBH and FB CT scans, IMRT and VMAT plans in half-field beam mode for both breathing techniques, resulting in four plans: FB-IMRT (F-IMRT), FB-VMAT (F-VMAT), DIBH-IMRT (D-IMRT) and DIBH-VMAT (D-VMAT). The conformity index (CI), homogeneity index (HI), and the doses received at the heart, left anterior descending (LAD), left lung, right breast, and right lung, were compared among plans.The correlation between the difference in the volume of lung_L (ΔLVL) and the difference in the mean dose (ΔDmean) of lung_L under the DIBH and FB plans, the correlation between the difference in the heart-chest distance (ΔHCD) and the ΔDmean of the heart,LAD under the DIBH and FB plans.





Results

The D-VMAT plan lower lung_L V5 than both the F-IMRT and F-VMAT plans (p<0.05), The D-VMAT plan lower values for V10, V20, V30, and Dmean than did the other plans (p < 0.05). For the heart, the D-VMAT plan lower V5, V10, V20, and Dmean values than did the other plans (p < 0.05). The D1% and Dmax of the heart and the Dmax and Dmean of the LAD obtained with the D-VMAT plan were lower than those obtained with the F-IMRT and F-VMAT plans (p < 0.05). ΔHCD exhibited correlation with the ΔDmean of the LAD between the D-VMAT and F-IMRT plans and between the D-VMAT and F-VMAT plans (R = -0.765 and -0.774, respectively, p = 0.000).





Conclusion

the D-VMAT plan offered enhanced protection for OARs. The integration of the DIBH technique with half-field and VMAT technology in the D-VMAT plan offers a superior dose distribution.
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1 Introduction

Breast cancer is currently one of the most common malignancies in women, and its incidence has been increasing in recent years (1). Adjuvant radiotherapy following breast-conserving surgery can reduce the risk of local recurrence and distant metastasis as well as improve the overall survival rate of patients with early breast cancer (2). Postoperative radiotherapy for breast cancer can cause radiation damage to the heart, lung and mammary glands of the healthy side adjacent to the target area, leading to an increased risk of heart-related adverse events such as ischemic heart disease, valve disease, arrhythmia, congestive heart failure and secondary primary lung and breast cancer (3, 4). Among them, heart-related adverse events have become the primary threat to the long-term survival of patients with early breast cancer (5). In particular, radioactive cardiac injury (also called radiation-induced heart disease, or RIHD) in is a serious late complication of radiotherapy for breast cancer (6). The probability of a patient developing RIHD is positively correlated with the mean cardiac dose (or mean heart dose, MHD); specifically, for every 1 Gy increase in the MHD received by the patient, the probability of developing ischemic heart disease (IHD) increases by approximately 7.4% (7), and no minimum dose threshold has been identified (8). How can the dose delivered to breast cancer patients, and therefore the probability of radiation-related complications, be reduced? To answer this question, various technologies are constantly being developed and applied in radiotherapy for breast cancer treatment.

The deep inspiration breath-hold (DIBH) technique is one of the most popular methods used in breast cancer radiotherapy. A DIBH is achieved through voluntary deep inhalation to a certain limit during radiotherapy; this causes the chest and lung volume to expand and the heart to move to the lower right. This technique increases the distance between the heart and the chest wall while ensuring coverage of the best target area and reduces the irradiation density of lung tissue, which can effectively protect important organs, especially the heart and major blood vessels, during radiotherapy (9–11). Moreover, this technique has good repetition and stability (12, 13) and is routinely recommended for radiotherapy of the left breast.

Following breast-conserving surgery, breast cancer patients commonly undergo radiotherapy via techniques such as three-dimensional conformal radiotherapy (3DCRT), intensity-modulated radiation therapy (IMRT), and volumetric modulated arc therapy (VMAT) to minimize radiation exposure to critical organs (14). VMAT is an advanced mode of IMRT, in which the beam intensity is adjusted during continuous rotation of the gantry. VMAT technology typically has greater overall performance than other radiotherapy techniques used in postbreast cancer surgery radiotherapy (15–17). Nevertheless, in comparison to tangential IMRT, VMAT has a greater low-dose range (18–20), which can be mitigated with a suitable field layout (21). The half-beam field is a special form of asymmetric field in which one side of the tungsten gate is pushed to the central axis and fixed; consequently, the corresponding side is referred to as the half-beam field, while the other side is composed of a multileaf collimator (MLC). Li et al. (22) found that the field scattering dose of the half-beam field was significantly lower than that of a symmetrical field. The application of fixed half-beam technology to radiotherapy for breast cancer can limit the radiation dose range, reduce the influence of scattering radiation on lung tissue, and obtain a better dose distribution in radiotherapy for breast cancer (18).

To devise an exceptional treatment plan for patients who have undergone left breast-conserving cancer surgery, we proposed the use of a half-field technique combined with VMAT and DIBH to ensure precise irradiation. To validate our protocol, four plans (free breathing (FB) IMRT (F-IMRT), DIBH IMRT (D-IMRT), F-VMAT, and D-VMAT) were designed, and the corresponding dosimetry parameters were compared to determine the better technique for patients undergoing radiotherapy for left breast cancer.




2 Data and methods



2.1 Patient datasets

Twenty-one patients with breast cancer treated at our institution from September 2022 to August 2023 underwent radiotherapy. The inclusion criteria were as follows: (1) remnant breast cancer following breast-conserving surgery and (2) a Karnofsky score (KPS) greater than 90. The exclusion criterion was the inability to achieve a breath-hold of more than 30 seconds following standard respiratory training. The study included 3 patients with TisN0M0, 16 patients with T1N0M0, and 2 patients with T2N0M0, all graded according to the 8th edition of the American Joint Committee on Cancer (AJCC) staging criteria for breast cancer. The patients ranged in age from 30 to 59 years, with a median age of 48 years. All patients signed informed consent to undergo radiotherapy and volunteered to participate in this study, which was approved by the Medical Ethics Committee of our institution.




2.2 Patient positioning and simulation

All patients were fixed with a vacuum pad (68 NL Coloredi) in the supine position with the ipsilateral arm raised above the top of the head and the head tilted sideways. After undergoing standard breathing training, patients were scanned using a CT simulation positioning machine (Brilliance Big Bore, Philips, USA) to obtain two sets of scans, one under the FB technique and the other under the DIBH technique. The scan range was up to the lower edge of the mandible to 10 cm below the breast skin fold (10th thoracic vertebra level), with a slice thickness of 5 mm. The reconstructed images were transmitted to an Eclipse 15.6 planning system (Varian Medical System, Palo Alto, USA).




2.3 Target volume delineation

The target volumes were outlined according to the guidelines for breast cancer developed by the American Radiation Therapy Oncology Group (RTOG), which defines the whole-breast clinical target volume (CTV) as all breast tissue on the affected side and the whole thoracic major muscle fascia but not the muscle tissues of the ribs or chest wall. The CTV was then uniformly expanded by 0.5 cm, and the anterior boundary was collected to 0.3 cm subcutaneously to obtain the planned target area (PTV). The organs at risk (OARs) mainly included the heart, left anterior descending (LAD) artery, left lung (lung_L), right lung, spinal cord, and contralateral mammary glands.




2.4 Treatment planning

The Eclipse 15.6 planning system was used to design IMRT and VMAT plans under both the FB and DIBH techniques, producing the F-IMRT, F-VMAT, D-IMRT, and D-VMAT plans. In all plans, the doses to the PTV were 50 Gy, with 2.0 Gy per fraction per day, and 95% of the PTV was required to receive 100% of the prescribed dose. The dose limits for the OARs were as follows: lung_L V5 <50%, V20 <25%, V30<20%, heart Dmean<5 Gy, spinal cord Dmax <40 Gy, and contralateral breast V5 <1%, where Vx represents the percentage volume receiving a dose of x Gy. A VitalBeam linear accelerator was operated with 6 MV of X-ray energy, maintaining a dose rate of 600 motor units (MU)/min and utilizing a dose calculation grid of 0.25 cm. Progressive resolution optimization (PO, Photon Optimizer 15.6.06) was chosen as the inverse optimization algorithm, whereas the AXB algorithm (Acuros External Beam, Acuros XB 15.6.06) was employed for precise dose calculations. The IMRT plan involved use of the half-beam tangent strength tuning technique. As shown in Figure 1, the gantries of the two main tangent fields, Beam 1 and Beam 2, were positioned at 300° and 120°, respectively, and 3 auxiliary fields were set on their bases. The gantries of Beam 3, Beam 4 and Beam 5 were positioned at 315°, 105° and 145°, respectively; the partial lead door of Beam 5 was locked to reduce the volumes of the heart and axilla that were irradiated, and the collimators of all beams were adjusted to minimize the volume of lung_L that was irradiated. To reduce the dose effect of the type of respiratory exercise, the blade position was adjusted using the Skin Flash Tool in the Eclipse system. A total of 1 cm of the skin was exposed to the shooting field. The VMAT plans included four partial arcs with gantry angles of 300° -0°, 90° -145°, 145° -90°, and 0° -0° -300°, as shown in Figure 2. To achieve half-beam irradiation, collimator jaw X1 was closed and X2 was open for ARC 1 and ARC 2, while the opposite configuration was used for ARC 2 and ARC 3. Anterior expansion of the target area was considered for pseudotissue compensation.




Figure 1 | IMRT plan field setting and field beam’s eye view (BEV).






Figure 2 | VMAT plan field setting and field BEV.






2.5 Evaluation indicators

All four plans were normalized based on the prescription dose covering 95% of the PTV. The plans were evaluated using dose−volume histograms (DVHs) in accordance with the recommendations of the International Commission on Radiation Units and Measurements (ICRU) Report 83 (23). The evaluation metrics included the V95%, D98%, and D2% of the PTV, along with the conformity index (CI) and homogeneity index (HI), calculated as follows:

 

 

V50 represents the volume of the body receiving 50 Gy, VPTV represents the volume of the PTV, VPTV50 represented the volume within the PTV that received 50 Gy, D2% represents the dose delivered to 2% of the PTV, D98% represents the dose delivered to 98% of the PTV, and D50% represented the median dose of the PTV. The following parameters were calculated: V2.5, V5, V10, V20, V30, mean dose (Dmean), and left lung volume (LVL) for lung_L; V2.5, V5 and Dmean for lung_R; V5, V10, V20, D1%, Dmax, Dmean, and heart volume (HV) for the heart; Dmax and Dmean for the LAD artery; Dmax and Dmean for the contralateral breast; and the heart-to-chest distance (HCD) was defined as the horizontal distance between the most lateral margin of the heart and the chest wall (24), as depicted in Figure 3. Additionally, the following volume differences were calculated: ΔLVL, representing the difference in left lung volume between the DIBH and FB plans; ΔHV, indicating the difference in heart volume between the DIBH and FB plans; and ΔHCD, representing the difference in HCD between the DIBH and FB plans.




Figure 3 | Measurement of the HCD on CT transverse imaging (A) and coronary imaging (B).






2.6 Statistical methods

SPSS 26.0 statistical analysis software was used to analyze the data. Variables are represented as (  + s), and comparisons between groups were performed with the paired t test, Pearson correlation analysis was performed between pairs of variables; a correlation coefficient with an absolute value (|R|) between 0.8-1.0, 0.6-0.8 indicating a strong correlation, 0.4-0.6 indicating a moderate correlation, 0.2-0.4 indicating a weak correlation, and 0-0.2 indicating a very weak or no correlation. For all statistical tests, p < 0.05 represented statistical significance.





3 Results



3.1 Variations in the volumes of lung_L and the heart and in the HCD with the DIBH and FB techniques

Compared with those obtained with the FB technique, with the DIBH technique, the volume of the left lung was on average 837.6 cm3 greater, the heart volume was 33.2 cm3 lower, and the HCD was 1.3 cm greater; all differences were statistically significant (p <0.05), as shown in Table 1.


Table 1 | Comparison of the volumes of and the distances between the left lung and heart calculated with the two breathing modes (DIBH and FB) (n=21,   + s).






3.2 Comparison of dosimetry parameters for PTV among the four plans

Table 2 illustrates the doses delivered to the PTV across the four plans. Generally, the four plans demonstrated minor variations in PTV dosimetry parameters. Compared with the F-IMRT plan, the D-VMAT plan yielded a significantly greater D98% (p < 0.05). Additionally, compared to both the F-IMRT and D-IMRT plans, the D-VMAT plan exhibited a slightly elevated D2% (p < 0.05). However, when compared with the D-IMRT plan, the D-VMAT plan was marginally inferior with regard to the HI (p < 0.05). Furthermore, the average number of MUs for the D-VMAT plan was 433.7 ± 20.4, which was notably lower than the 734.1 ± 84.5 MUs for the F-IMRT plan and the 694.7 ± 62.6 MUs for the D-IMRT plan (p < 0.05). Figure 4 shows the dose distributions of all four plans for the transverse, coronal, and sagittal views.


Table 2 | Comparison of PTV dosimetry parameters obtained with the four plans for left breast radiotherapy (n=21,   + s).






Figure 4 | Dose distribution plots of the four  plans in the transverse, coronal, and sagittal orientations (CTV contoured in red, PTV contoured in blue, heart contoured in deep sky blue, lung_L contoured in light green, lung_R contoured in dark green, LAD artery contoured in cyan, and breast_R contoured in sea green). (A) F-IMRT, (B) F-VMAT, (C) D-IMRT, (D) D-VMAT.






3.3 Comparison of dosimetry parameters for the OARs across the four plans

The doses received by the OARs in the four plans are shown in Table 3. Regarding lung_L, D-VMAT yielded a higher V2.5 than D-IMRT but a slightly lower value than F-VMAT (p < 0.05). D-VMAT also yielded a significantly lower lung_L V5 than both the F-IMRT and F-VMAT plans (p<0.05), but a comparable value to the D-IMRT plan (p>0.05). Furthermore, the D-VMAT plan demonstrated significantly lower lung_L V10, V20, V30, and Dmean values than did the F-IMRT, D-IMRT, and F-VMAT plans (p < 0.05). For the heart, the D-VMAT plan yielded significantly lower V5, V10, V20, and Dmean values for the heart than did F-IMRT, D-IMRT, and F-VMAT (p < 0.05). Moreover, the D1% and Dmax values of the heart with the D-VMAT plan were lower than those with both the F-IMRT and F-VMAT plans (p < 0.05). For the LAD artery, the Dmax and Dmean values obtained with D-VMAT were significantly lower than those obtained with the F-IMRT and F-VMAT plans (p < 0.05). The Dmax value for breast_R obtained with the D-VMAT plan was greater than that obtained with the D-IMRT plan but lower than that obtained with the F-VMAT plan (p <0.05). The Dmean of breast_R was lower when obtained with the D-VMAT plan than when obtained with the F-VMAT plan (p <0.05). The mean doses received by the left lung, heart, LAD artery, and right breast in each of the four treatment plans are graphically represented in Figure 5, providing a clear visualization of their distribution.


Table 3 | Comparison of OAR dosimetry parameters among the four plans for left breast radiotherapy (n=21,   ± s).






Figure 5 | Comparison of the average dose to organs at risk for the F-IMRT, F-VMRT, D-IMRT and D-VMAT schedules in the four plans. (A) Lung_L, (B) Heart, (C) LAD, (D) Breast_R.






3.4 Correlation analysis between ΔLVL and ΔHCD and dose difference parameters

As depicted in Figure 6, the ΔLVL value was moderately negatively correlated with the ΔDmean value of lung_L calculated between the D-VMAT and F-IMRT plans and between the D-VMAT and F-VMAT plans (R = -0.599 and -0.528, respectively, p < 0.05). Similarly, a negative correlation was observed between the ΔHCD value and the ΔDmean value of the heart for the above two comparisons, with correlation coefficients of R = -0.489 and -0.505, respectively (p < 0.05). Additionally, ΔHCD was strongly negatively correlated with the ΔDmean value of the LAD artery calculated between the D-VMAT and F-IMRT plans and between the D-VMAT and F-VMAT plans (R = -0.765 and -0.774, respectively, p = 0.000).




Figure 6 | (A) Correlation between ΔLVL and ΔDmean of lung_L in the Plans D-VMAT and F-IMRT (R=-0.599, p =0.004). (B) Correlation between ΔLVL and ΔDmean of lung_L in the Plans D-VMAT and F-VMAT (R=-0.528, p =0.014). (C) Correlation between ΔHCD and  ΔDmean of heart in the Plans D-VMAT and F-IMRT (R=-0.489, p =0.025). (D) Correlation between ΔHCD and ΔDmean of heart in the Plans D-VMAT and F-VMAT ( R=-0.505, p =0.019). (E) Correlation between ΔLVL and ΔDmean of LAD artery in the Plans D-VMAT and F-IMRT (R=-0.765, p =0.000). (F) Correlation between ΔLVL and ΔDmean of LAD artery  in the Plans D-VMAT and F-VMAT  (R=-0.774, p =0.000).







4 Discussion

In this study, a comparative dosimetric analysis was conducted to evaluate the D-VMAT plan with respect to the F-IMRT, D-IMRT, and F-VMAT plans. Although no significant superiority was evident in the CI or HI for the PTV, the D-VMAT plan exhibited notable dosimetric advantages in safeguarding OARs. Specifically, the Dmean values of OARs such as the heart and lung_L were significantly lower in the D-VMAT plan than in the other three plans. Furthermore, the Dmax and Dmean values of the LAD were also lower in the D-VMAT plan than in the F-IMRT and F-VMAT plans. In summary, the D-VMAT plan demonstrated superior performance in terms of dosimetric benefits compared to the other three plans.

In this study, the IMRT plans employed two opposing half-beam tangential fields as the primary radiation sources, supplemented by three additional auxiliary fields, as depicted in Figure 1. Specifically, Beam 1 and Beam 2 served as the half-beam tangential fields, whereas Beam 3, Beam 4, and Beam 5 constituted the three auxiliary radiation fields. The half-beam tangent technique reduces scattering and low-dose volumes in breast cancer radiotherapy (18). As shown in Figure 2, for VMAT plans employing half-beam tangent rotating arc irradiation, the half-beam tangent arc adopts an independent jaw that can be moved to block half of the field along the central axis to eliminate beam divergence. During continuous rotating half-beam irradiation with ARC 1 and ARC 4, jaw X1 is turned off and jaw X2 is open, while ARC 2 and ARC 3 employ the opposite configuration. Lai Y et al. (25) demonstrated that the combination of a half-bundle with VMAT significantly reduced the radiation dose to the heart and affected lung of patients with left breast cancer with respect to IMRT. In this study, the D-VMAT plan was compared with the F-IMRT, D-IMRT and F-VMAT plans. In terms of HI, the D-VMAT plan yielded slightly higher values than did the F-IMRT and D-IMRT plans. However, there was no significant difference between the values obtained with the D-VMAT and F-IMRT plans, perhaps because of the small number of patients treated with the respective plans. Bi et al. (26) also concluded that the HI of VMAT was slightly greater than that of IMRT. Yu PC et al. (27) showed that the mean MU of a breast cancer VMAT plan was approximately 40% lower that obtained with an IMRT plan. This finding is similar to the results of this study, which revealed that the mean MU in the D-VMAT plan was 433.7, which was significantly lower than that in the F-IMRT (734.1) and D-IMRT plans (694.7) (p <0.05).

In this study, the DIBH method effectively increased the lung_L volume by an average of 837.6 cm³, thereby decreasing the density of radiation delivered to the lung. Correspondingly, the D-VMAT plan exhibited a marked reduction in the Vx (>5 Gy) and Dmean values of lung_L with respect to the D-IMRT plan (p<0.05). The V5 value of lung_L in the D-VMAT plan was similar to that in the D-IMRT plan, while the V2.5 value was significantly greater in the D-VMAT plan than in the D-IMRT plan (p<0.05). This observation indicates that the D-VMAT plan offers a substantial advantage in terms of dose distribution in high-dose areas (those receiving >5 Gy) of lung_L. Both plans were similar for 5 Gy, but the D-VMAT plan exposed larger low-dose areas (those receiving <5 Gy) than did the IMRT plan. However, previous research has indicated that VMAT plans tend to yield a significantly greater V5 for the lungs than IMRT plans (20). Specifically, Yu PC et al. (27) reported that the V5 of the left lung in a DIBH-VMAT plan was 31.7%, surpassing the 28.5% in a DIBH-IMRT plan. This difference could be explained by our use of the half-beam technique. It is crucial to note that, regarding the V2.5 value of lung_L, the D-VMAT plans consistently yielded greater values than the D-IMRT plans. Therefore, extra caution is advised when managing low-dose exposure to lung_L in the D-VMAT plan. Nonetheless, in terms of the average dose delivered to lung_L, the D-VMAT plan had a significantly lower dose than the other three plans considered in this study. Ultimately, these findings indicate that the D-VMAT plan offers superior protection for the left lung. Therefore, when evaluating overall performance, the D-VMAT plan is a superior option for protecting lung_L.

In left-sided breast cancer RT plans, the heart and LAD artery are the most important organs at risk, requiring large weights in the target function. Studies have shown that the exposed dose to the heart is still relatively high with both IMRT and VMAT schedules, with an average doses > 7.8 Gy, even up to 15.2 Gy (28–31). The DIBH technique is one of the most popular methods used in breast cancer radiotherapy plans (13, 32), as it can increase the distance between the heart and the chest wall while ensuring the optimal dose in the target area, thus effectively reducing the dose to the heart (9, 33, 34). In this study, the V5, V10, V20, D1%, Dmax and Dmean values of the heart in the F-IMRT and F-VMAT plans were significantly greater than those in the D-VMAT plan, and the Dmax and Dmean of the LAD artery in the F-IMRT and F-VMAT plans were significantly greater than those in the D-VMAT, aligning with the findings of previous studies (27, 35). In this study, the cardiothoracic distance was 1.3 cm greater with the DIBH technique than with the FB technique, creating space for a dose drop outside the target area, further protecting the heart and LAD artery. This finding indicates that the D-VMAT plan significantly outperforms the F-IMRT and F-VMAT plan in the protection of the heart and its substructures. In this study, the D-VMAT V5, V10, V20, and Dmean values were significantly lower than those of the D-IMRT program (p <0.05). For the Dmax and Dmean in the right breast, the VMAT plans yielded slightly greater values than did the IMRT plan, similar to the findings of Yu et al. (27). Because the VMAT technique results in greater dose scattering on the contralateral mammary gland, special attention should be given to the exposed dose of the healthy breast when choosing the D-VMAT plan.

Mohamad et al. (36) studied 22 left breast cancer patients and showed that the difference in the maximum cardiac distance between FB and DIBH plans was significantly associated with the decrease in the mean cardiac dose caused by the DIBH plan. In this study, a moderate correlation was observed between the mean dose reduction in the left lung and the left lung volume difference (ΔLVL) when comparing the F-VMAT to the D-VMAT plan. Specifically, the patients’ ΔLVL was 768.8 cm3, while the left lung ΔDmean decreased 0.91 Gy from the F-VMAT to the D-VMAT plan; in one patient, ΔLVL was 917.1 cm3, and their left lung ΔDmean decreased by 1.52 Gy from the F-VMAT to the D-VMAT plan. Furthermore, the heart mean dose difference and LAD artery mean dose difference were similarly correlated with the ΔHCD. The results of these correlation analyses suggest that the greater the ΔLVL and ΔHCD are in the DIBH respiratory mode, the greater the reduction in the dose delivered to the left lung, heart, and LAD artery.




5 Conclusion

For patients who underwent radiotherapy following breast-conserving surgery for left breast cancer, the D-VMAT plan exhibited dosimetry parameters in the target PTV comparable to those of the F-IMRT, D-IMRT, and F-VMAT plans. When considering OARs, the D-VMAT plan offered enhanced protection for those such as the left lung, heart, and LAD artery. Nevertheless, compared to the D-IMRT plan, the D-VMAT plan may result in a minor elevation in the V2.5 value for lung_L and the Dmax value for the heart. The integration of the DIBH respiratory mode with half-beam VMAT technology in the D-VMAT plan offers patients a superior dosimetry distribution, thus implying important clinical implications.





Data availability statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.





Ethics statement

The studies involving humans were approved by Scientific Research Ethical Review of Ganzhou Hosptial. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.





Author contributions

WW: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Visualization, Writing – original draft, Writing – review & editing. HY: Data curation, Formal Analysis, Methodology, Writing – original draft, Writing – review & editing. ZL: Conceptualization, Investigation, Software, Validation, Writing – original draft. LL: Project administration, Writing – review & editing. CX: Methodology, Resources, Writing – review & editing. YX: Methodology, Writing – review & editing. JD: Writing – review & editing. QZ: Software, Supervision, Writing – review & editing. HG: Data curation, Formal Analysis, Funding acquisition, Methodology, Project administration, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. Ganzhou science and technology planning project (GZ2023ZSF283).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Harbeck, N, and Gnant, M. Breast cancer. Lancet. (2017) 389:1134–50. doi: 10.1016/S0140-6736(16)31891-8

2. Haussmann, J, Corradini, S, Nestle-Kraemling, C, Bölke, E, Njanang, FJD, Tamaskovics, B, et al. Recent advances in radiotherapy of breast cancer. Radiat Oncol. (2020) 15:71. doi: 10.1186/s13014-020-01501-x

3. Mehta, LS, Watson, KE, Barac, A, Beckie, TM, Bittner, V, Cruz-Flores, S, et al. Cardiovascular disease and breast cancer: where these entities intersect: A scientific statement from the american heart association. Circulation. (2018) 137(8):e30–66. doi: 10.1161/CIR.0000000000000556

4. Rehammar, JC, Jensen, MB, McGale, P, Lorenzen, EL, Taylor, C, Darby, SC, et al. Risk of heart disease in relation to radiotherapy and chemotherapy with anthracyclines among 19,464 breast cancer patients in Denmark, 1977-2005. Radiother Oncol. (2017) 123:299–305. doi: 10.1016/j.radonc.2017.03.012

5. Zhu, Q, Kirova, YM, Cao, L, Arsene-Henry, A, and Chen, J. Cardiotoxicity associated with radiotherapy in breast cancer: A question-based review with current literatures. Cancer Treat Rev. (2018) 68:9–15. doi: 10.1016/j.ctrv.2018.03.008

6. Laugaard Lorenzen, E, Christian Rehammar, J, Jensen, MB, Ewertz, M, and Brink, C. Radiation-induced risk of ischemic heart disease following breast cancer radiotherapy in Denmark, 1977-2005. Radiother Oncol. (2020) 152:103–10. doi: 10.1016/j.radonc.2020.08.007

7. Gaasch, A, Schönecker, S, Simonetto, C, Eidemüller, M, Pazos, M, Reitz, D, et al. Heart sparing radiotherapy in breast cancer: the importance of baseline cardiac risks. Radiat Oncol. (2020) 15:117. doi: 10.1186/s13014-020-01520-8

8. Darby, SC, Ewertz, M, McGale, P, Bennet, AM, Blom-Goldman, U, Brønnum, D, et al. Risk of ischemic heart disease in women after radiotherapy for breast cancer. N Engl J Med. (2013) 368:987–98. doi: 10.1056/NEJMoa1209825

9. Lin, CH, Lin, LC, Que, J, and Ho, CH. A seven-year experience of using moderate deep inspiration breath-hold for patients with early-stage breast cancer and dosimetric comparison. Med (Baltimore). (2019) 98:e15510. doi: 10.1097/MD.0000000000015510

10. Salvestrini, V, Iorio, GC, Borghetti, P, De Felice, F, Greco, C, Nardone, V, et al. The impact of modern radiotherapy on long-term cardiac sequelae in breast cancer survivor: a focus on deep inspiration breath-hold (DIBH) technique. J Cancer Res Clin Oncol. (2022) 148:409–17. doi: 10.1007/s00432-021-03875-1

11. 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) 199:379–88. doi: 10.1007/s00066-022-01998-z

12. Reitz, D, Walter, F, Schönecker, S, Freislederer, P, Pazos, M, Niyazi, M, et al. Stability and reproducibility of 6013 deep inspiration breath-holds in left-sided breast cancer. Radiat Oncol. (2020) 15:121. doi: 10.1186/s13014-020-01572-w

13. Xiao, A, Crosby, J, Malin, M, Kang, H, Washington, M, Hasan, Y, et al. Single-institution report of setup margins of voluntary deep-inspiration breath-hold (DIBH) whole breast radiotherapy implemented with real-time surface imaging. J Appl Clin Med Phys. (2018) 19:205–13. doi: 10.1002/acm2.2018.19.issue-4

14. Liu, J, Ng, D, Lee, J, Stalley, P, and Hong, A. Chest wall desmoid tumours treated with definitive radiotherapy: a plan comparison of 3D conformal radiotherapy, intensity-modulated radiotherapy and volumetric-modulated arc radiotherapy. Radiat Oncol. (2016) 11:34. doi: 10.1186/s13014-016-0611-0

15. Chen, D, Cai, SB, Soon, YY, Vellayappan, B, Tan, CW, Ho, F, Han, D, Wu, N, Shi, D, et al. Dosimetric comparison between Intensity Modulated Radiation Therapy (IMRT) vs dual arc Volumetric Arc Therapy (VMAT) for nasopharyngeal cancer (NPC): Systematic review and meta-analysis. J Med Imaging Radiat Sci. (2023) 54:167–77. doi: 10.1016/j.jmir.2022.10.195

16. Zhao, H, He, M, Cheng, G, Xu, X, Ge, W, Ruan, C, et al. A comparative dosimetric study of left sided breast cancer after breast-conserving surgery treated with VMAT and IMRT. Radiat Oncol. (2015) 10:231. doi: 10.1186/s13014-015-0531-4

17. Hu, J, Han, G, Lei, Y, Dilvoi, M, Patatoukas, G, Kypraiou, E, et al. Dosimetric comparison of three radiotherapy techniques in irradiation of left-sided breast cancer patients after radical mastectomy. BioMed Res Int. (2020) 2020:7131590. doi: 10.1155/2020/7131590

18. Kagkiouzis, J, Platoni, K, Kantzou, I, Xu, M, Xiang, X, and Liu, C. Review of the three-field techniques in breast cancer radiotherapy. J BUON. (2017) 22:599–605.

19. Ding, Z, Zeng, Q, Kang, K, Xu, M, Xiang, X, and Liu, C. Evaluation of plan robustness using hybrid intensity-modulated radiotherapy (IMRT) and volumetric arc modulation radiotherapy (VMAT) for left-sided breast cancer. Bioengineering (Basel). (2022) 9:131. doi: 10.3390/bioengineering9040131

20. Das Majumdar, SK, Amritt, A, Dhar, SS, Barik, S, Beura, SS, Mishra, T, et al. A Dosimetric Study Comparing 3D-CRT vs. IMRT vs. VMAT in Left-Sided Breast Cancer Patients After Mastectomy at a Tertiary Care Centre in Eastern India. Cureus. (2022) 14:e23568. doi: 10.7759/cureus.23568

21. Stanton, C, Bell, LJ, Le, A, Griffiths, B, Wu, K, Adams, J, et al. Comprehensive nodal breast VMAT: solving the low-dose wash dilemma using an iterative knowledge-based radiotherapy planning solution. J Med Radiat Sci. (2022) 69:85–97. doi: 10.1002/jmrs.v69.1

22. Li, DJ, Ding, DH, Wei, ST, Chen, WY, Li, T, Cai, J, et al. A new approach to spare organs at risk for breast cancer radiotherapy-half field segmented VMAT delivery technique. Chin J Radiol Med Prot. (2021) 41:340–5. doi: 10.3760/cma.j.issn.0254-5098.2021.05.004

23. Hodapp, N. The ICRU Report 83: prescribing, recording and reporting photon-beam intensity-modulated radiation therapy (IMRT). Strahlenther Onkol. (2012) 188:97–9. doi: 10.1007/s00066-011-0015-x

24. Cao, N, Kalet, AM, Young, LA, Fang, LC, Kim, JN, Mayr, NA, et al. Predictors of cardiac and lung dose sparing in DIBH for left breast treatment. Phys Med. (2019) 67:27–33. doi: 10.1016/j.ejmp.2019.09.240

25. Lai, Y, Chen, Y, Wu, S, Dilvoi, M, Patatoukas, G, Kypraiou, E, et al. Modified volumetric modulated arc therapy in left sided breast cancer after radical mastectomy with flattening filter free versus flattened beams. Med (Baltimore). (2016) 95:e3295. doi: 10.1097/MD.0000000000003295

26. Bi, S, Zhu, R, and Dai, Z. Dosimetric and radiobiological comparison of simultaneous integrated boost radiotherapy for early stage right side breast cancer between three techniques: IMRT, hybrid IMRT and hybrid VMAT. Radiat Oncol. (2022) 17:60. doi: 10.1186/s13014-022-02009-2

27. Yu, PC, Wu, CJ, Tsai, YL, Shaw, S, Sung, SY, Lui, LT, et al. Dosimetric analysis of tangent-based volumetric modulated arc therapy with deep inspiration breath-hold technique for left breast cancer patients. Radiat Oncol. (2018) 13:231. doi: 10.1186/s13014-018-1170-3

28. Ma, C, Zhang, W, Lu, J, Wu, L, Wu, F, Huang, B, et al. Dosimetric comparison and evaluation of three radiotherapy techniques for use after modified radical mastectomy for locally advanced left-sided breast cancer. Sci Rep. (2015) 5:12274. doi: 10.1038/srep12274

29. Xie, Y, Bourgeois, D, Guo, B, and Zhang, R. Postmastectomy radiotherapy for left-sided breast cancer patients: Comparison of advanced techniques. Med Dosim. (2020) 45:34–40. doi: 10.1016/j.meddos.2019.04.005

30. Wang, J, Li, X, Deng, Q, Xia, B, Wu, S, Liu, J, et al. Postoperative radiotherapy following mastectomy for patients with left-sided breast cancer: A comparative dosimetric study. Med Dosim. (2015) 40:190–4. doi: 10.1016/j.meddos.2014.11.004

31. Nobnop, W, Phakoetsuk, P, Chitapanarux, I, Tippanya, D, and Khamchompoo, D. Dosimetric comparison of TomoDirect, helical tomotherapy, and volumetric modulated arc therapy for postmastectomy treatment. J Appl Clin Med Phys. (2020) 21:155–62. doi: 10.1002/acm2.12989

32. Register, S, Takita, C, Reis, I, Zhao, W, Amestoy, W, and Wright, J. Deep inspiration breath-hold technique for left-sided breast cancer: An analysis of predictors for organ-at-risk sparing. Med Dosim. (2015) 40:89–95. doi: 10.1016/j.meddos.2014.10.005

33. Lai, J, Hu, S, Luo, Y, Zheng, R, Zhu, Q, Chen, P, et al. Meta-analysis of deep inspiration breath hold (DIBH) versus free breathing (FB) in postoperative radiotherapy for left-side breast cancer. Breast Cancer. (2020) 27:299–307. doi: 10.1007/s12282-019-01023-9

34. Comsa, D, Barnett, E, Le, K, Mohamoud, G, Zaremski, D, Fenkell, L, et al. Introduction of moderate deep inspiration breath hold for radiation therapy of left breast: Initial experience of a regional cancer center. Pract Radiat Oncol. (2014) 4:298–305. doi: 10.1016/j.prro.2013.10.006

35. Tanguturi, SK, Lyatskaya, Y, Chen, Y, Catalano, PJ, Chen, MH, Yeo, WP, et al. Prospective assessment of deep inspiration breath-hold using 3-dimensional surface tracking for irradiation of left-sided breast cancer. Pract Radiat Oncol. (2015) 5:358–65. doi: 10.1016/j.prro.2015.06.002

36. Mohamad, O, Shiao, J, Zhao, B, Roach, K, Ramirez, E, Vo, DT, et al. Deep inspiration breathhold for left-sided breast cancer patients with unfavorable cardiac anatomy requiring internal mammary nodal irradiation. Pract Radiat Oncol. (2017) 7:e361–7. doi: 10.1016/j.prro.2017.04.006




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Wu, Yin, Liu, Liu, Xiao, Xiao, Ding, Zhang and Guo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/im4.jpg





OEBPS/Images/fonc-14-1418723-g006.jpg
(a) Pearson Correlation R=-0.599, p =-0.004 (b) Pearson Correlation R=-0.528, p =0.014

s 3 g 3
e _ £
S§FE ok
RS T =
S 2> (] 3 S (]
ko] 0 ° < ] 0 [ ]
Q€L o ® T w o, €O
e i 0 500 9000 1500 o T 0 500 © 1500
c = o O ° c e (1)
S g «e 8 < )
ES -3 ° c é 3
2 [a) [a g

| = <3 e
asl .
3 -6 . S -6

ALVL (cm3) 3 ALVL (cm 3)
(C) Pearson Correlation R=-0.489 , p =0.025 (d) Pearson Correlation R=-0.505, p=0.019

&_ 5 & 5
33 = .
T = = °
= & =) o
gx o = 2 3 8L ) e ., 3
x ~ o o L oo

c = ®® (ee Y, ] c > S Ve ) .

[ -5 o ] -5
£ ' £ :

[a)

T = T i=

§ < 10 3 < .10
T AHCD (cm) T AHCD (cm)

Ty
)
N—r
—~
=)
N

Pearson Correlation R=-0.765 , p =0.000 Pearson Correlation R=-0.774 , p =0.000

g 15 ’§~15
8= o=
Sk $3
§2 tsél
oL 24 O 3
o L 0 3 ol
o o = -15
c < c <
<15 g2
E 2 £ = 30
g =} aja}
o3 el ]
3 30 I T 45

AHCD (cm)





OEBPS/Images/M2.jpg
HI = (D2 %-D98% )/D50% ()





OEBPS/Images/im2.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Dosimetric analysis of half-field-based VMAT with the deep inspiration breath-hold technique for left breast cancer patients following breast-conserving surgery

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Data and methods

        

          		

            2.1 Patient datasets

          



          		

            2.2 Patient positioning and simulation

          



          		

            2.3 Target volume delineation

          



          		

            2.4 Treatment planning

          



          		

            2.5 Evaluation indicators

          



          		

            2.6 Statistical methods

          



        



        



        		

          3 Results

        

          		

            3.1 Variations in the volumes of lung_L and the heart and in the HCD with the DIBH and FB techniques

          



          		

            3.2 Comparison of dosimetry parameters for PTV among the four plans

          



          		

            3.3 Comparison of dosimetry parameters for the OARs across the four plans

          



          		

            3.4 Correlation analysis between ΔLVL and ΔHCD and dose difference parameters

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-14-1418723-g005.jpg
Lung_L mean dose

Heart mean dose

109 &
o
o
= =
= 5
e e
o
$ 2
E o
c °
3 5 o
E 7 g+
-
] t
o o
§ L]
3 z
© Fal
5
4 i T - T o " T T T
FRT DMRT F-VMAT D-VMAT FRT DMRT F-VMAT D-VMAT
RT Techniques RT Techniques
(C) LAD mean dose (d) Breast_R mean dose
40 309
=
= e
e s
209
2 £
c
& E
£ =
“I
]
g &
2
m 104
104
P e T T
FIMRT DMRT F-VMAT D-VMAT FIMRT D-MRT F-VMAT D-VMAT

RT Techniques

RT Techniques





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-14-1418723-g003.jpg
=
S
(o0]
9
™
%
o
<
) (¢r] !
N
(0
(@]
x_






OEBPS/Images/table2.jpg
Parameters F-IMRT(1) D-IMRT(2) F-VMAT(3) D-VMAT(4)

V95%(%) 99.1+0.3 992 +£0.2 99.1+£0.2 992 +£0.2 0.199 0.748 0.064
D98%(Gy) 487 0.3 488 £ 0.2 48.8 0.2 48.8 £ 0.1 0.048* 0.218 0.230
D2%(Gy) 538 + 0.4 539 £ 0.4 542+ 0.5 542 05 0.000** 0.005** 0.340
CI 0.792 + 0.034 0.797 +0.027 0.796 + 0.025 0.798 +0.023 0.312 0.849 0.783
HI 0.098 + 0.011 0.099 £ 0.010 0.103 £ 0.011 0.104 £ 0.010 0.051 0.022* 0818
MU 734.1 + 845 | 694.7 £ 62.6 4294 + 215 433.7 £20.4 1 0.000* 0.000** 0472

The asterisk (*) indicated p < 0.05, and the double asterisk (**) indicated p < 0.01.





OEBPS/Images/fonc-14-1418723-g001.jpg
IMRT






OEBPS/Images/table3.jpg
Structure

Lung L

Lung R

Heart

LAD

Breast_R

p-value

Parameters F-IMRT(1) D-IMRT(2) F-VMAT(3) D-VMAT(4)
1vs4 2vs4
V2.5(%) 368 + 4.1 36.0 + 4.1 40643 383+37 0372 0.000* 0.000°*
V5(%) 270 2.9 25.1+28 2658 +3.0 248 +22 0.000** 0.405 0002
V10(%) 20328 17.5+29 183+25 162 22 0.000** 0.000* 0.0017*
V20(%) 137 £25 115422 120 +2.4 10.7 £ 2.0 0.000** 0.030* 0.001%*
V30(%) 88+ 17 7.7£12 7915 69+ 1.1 0.000** 0.000* 0005
Dmean(Gy) 75409 65+ 07 7.0 £ 08 6105 0.000** 0.002* 0.000°*
V2.5(%) 0.7+ 1.0 0.4+ 06 04+07 02+02 0.020* 0.349 0.187
Dmean(Gy) 02+0.1 0.1£0.1 02+0.1 0.1+0.1 0232 0.664 0.019*
V5(%) 18177 79452 144 +7.3 48+36 0.000** 0.000* 0.000**
V10(%) 118 +6.0 37438 9455 22424 0.000** 0.004** 0.000°*
V20(%) 72+43 15+23 59+38 L1t 14 0.000** 0.036* 0.000°*
D1%(Gy) 371 +127 16.6 + 12.9 389 +1238 16.6 + 129 0.000** 0.474 0.000°*
Dmax(Gy) 480 £ 8.1 313+ 116 489 +59 320+ 145 0.000** 0.571 0.000°*
Dmean(Gy) 43£20 19+ 1.0 35+22 17408 0.000** 0.007** 0.000°*
Dmax(Gy) 44.£10.5 286+ 105 46193 284+ 145 0.000** 0.869 0.000**
Dmean(Gy) 196 +8.1 92+ 48 208 +8.2 9.0+ 54 0.000** 0.621 0.000°*
Dmax(Gy) 11278 8260 137 £ 6.8 9.8+ 63 0.169 0.027* 0.026*
Dmean(Gy) 0807 0.7+ 06 15+ 1.3 10+ 09 0324 0.160 0.003*

The asterisk (*) indicated p < 0.05, and the double asterisk (**) indicated p < 0.01.





OEBPS/Images/im3.jpg





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/im1.jpg





OEBPS/Images/fonc-14-1418723-g004.jpg





OEBPS/Images/M1.jpg
Cl= (Veryss/Very)* (Veryse/ Vae) w





OEBPS/Images/fonc.2024.1418723_cover.jpg
& frontiers | Frontiers in Oncology

Dosimetric analysis of half-fieldbased VMAT
with the deep inspiration breath-hold
technique for left breast cancer patients
following breastconserving surgery





OEBPS/Images/table1.jpg
Parameter FB DIBH T P
LVL(cm?) 1036.8 +199.9 | 1874.4 + 300.9 ‘ 21.727 0.000
HV(em®) 489.1+84.1 4559 + 815 ‘ 3.646 0.002
HCD(cm) 35+ 08 -11.146 0.000

22+08






OEBPS/Images/fonc-14-1418723-g002.jpg





