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Objective

To investigate the superiority of the integrated cervicothoracic immobilization devices (ICTID) on the mobility of the supraclavicular station in lung cancer patients requiring both primary lung lesion and positive supraclavicular lymph nodes irradiation.





Methods

One hundred patients with lung cancer were prospectively enrolled in the study. The following four different fixation methods are used for CT simulation positioning: thoracoabdominal flat immobilization device fixation with arms lifting (TAFID group), head-neck-shoulder immobilization device fixation with arms on the body sides (HNSID group), ICTID fixation with arms on the body sides (ICTID arms-down group), and n ICTID fixation with arms lifting (ICTID arms-up group). Cone-beam computed tomography (CBCT) images are taken daily or weekly before treatment, to assess anatomical changes during the radiotherapy course.





Results

The translation errors in X (left-right direction), Y (head-foot direction), and Z (abdomen-back direction) directions of the ICTID arms-up, TAFID, ICTID arms-down and HNSID groups were (0.15 ± 0.18) cm, (0.15 ± 0.16) cm, (0.16 ± 0.16) cm, and (0.15 ± 0.20) cm; (0.15 ± 0.15) cm, (0.21 ± 0.25) cm, (0.28 ± 0.23) cm, and (0.27 ± 0.21) cm; (0.13 ± 0.14) cm, (0.15 ± 0.14) cm, (0.17 ± 0.13) cm, and (0.16 ± 0.14) cm, respectively. Among them, the ICTID arms-up group had the minimal setup errors in X direction than those in ICTID arms-down (p=0.001) and HNSID groups (p=0.001), and in Y direction than those in TAFID (p<0.001), and in Z direction than those in ICTID arms-down (p<0.001) and TAFID groups (p=0.034). For the rotational errors of the four groups in the directions of sagittal plane, transverse plane, and coronal plane, the ICTID arms-up group had the smallest setup errors in the sagittal plane than that of TAFID groups and similar rotation setup errors with those of the other three groups.





Conclusion

For patients requiring radiation of primary lung lesion and positive supraclavicular lymph nodes, an integrated frame fixation device is preferred the ICTID arms-up methods provide the smallest set up error and satisfied repeatability of body position, compared with TAFID and HNSID.
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1 Introduction

Lung cancer is the leading cancer-related death cause worldwide (1). Supraclavicular lymph node metastasis is not rare in patients with locally advanced lung cancer; it is present in 12% of patients at the time of their first diagnosis and in up to 37.5% of autopsy cases (2). Previous studies have shown that local radiotherapy involving the supraclavicular area has a curative effect on patients with metastasis in this area (3–5). Ensuring high setup accuracy of this area during radiotherapy critical.

A thoracoabdominal flat immobilization device (TAFID) suitable for radiotherapy in most patients with lung cancer (6). However, owing to the wide range of motion in the acromioclavicular joint, the setup repeatability of the supraclavicular area is unsatisfactory. Therefore, improvements in the setup repeatability are worth exploring. Our previous studies have compared different immobilization methods for patients with thoracic tumors, such as esophageal and lung cancer (7–9), and found that the overall setup accuracy when using a TAFID is less reliable than integrated cervicothoracic immobilization devices (ICTID) (7–9). In other hands, head-neck-shoulder immobilization device (HNSID) is used in patients with tumor located in upper lobe of lungs, as the motion of lungs below the tracheal carina have little influence on the setup error of target volume. Consequently, the current study first evaluated the differences between TAFID, ICTID and HNSID, in terms of overall setup error and stability of the supraclavicular region for lung cancer patients.




2 Materials and methods



2.1 Patients

We prospectively enrolled 100 patients with lung cancer who received thoracic radiotherapy at our center from October 2019 to September 2022. The inclusion criteria were as follows: (1) The radiotherapy target area included the supraclavicular area. (2) The patient underwent conventional fractionated radiotherapy. (3) The patient underwent cone-beam computer tomography (CBCT) check five times in the first week and one time per week during the radiotherapy. (4) The Karnofsky score was greater than 70.

The study was approved by the ethics review boards of our institution, and all patients were provided with signed informed consent prior to enrolment.




2.2 Patient position immobilization and CT simulation

Details of simulation, target volume definition, prescription, planning were published previously (10). The clinical target volume (CTV) was created by expanding the gross tumor volume 0.6–0.8 cm, as well as ipsilateral hilum, mediastinal and supraclavicular nodal stations involved. The planning target volume (PTV) was generated by a uniform 0.5 cm expansion around the CTV, which is enough to cover 95% setup errors on the basis of our institutional data, regardless of definitive or adjuvant radiotherapy for lung cancer (10–12). Patients in the supine position were fixed using four different position immobilization methods and the corresponding films in a calm environment. In the ICTID arms-up group, patients were required to have the upper part of their body well exposed and arms naturally extended approximately 120°, while arms and wrists were placed on brackets, holding a stanchion in their hands (Figure 1). In the ICTID arms-down group, both arms were placed on both sides and fixed with thermoplastic film (Figure 2). In the TAFID group, the arms were crossed in front of the forehead, and the thermoplastic membrane was fixed (Figure 3). In the HNSID group, the patient’s arms were placed on both sides of the body in a relaxed state, and the thermoplastic membrane was fixed (Figure 4). The angle and height of the arm bracket and head restraint model were adjusted according to the patient’s comfort and clinical needs to ensure setup repeatability in the ICTID arms-up group. CT simulation scanning (Philips Brilliance Big Bore or Siemens SOMATOM D Definition AS 40) was performed under free breathing conditions. The positioning center should be as close as possible to the sternoclavicular joint.




Figure 1 | Illustration of the setup using the integrated cervicothoracic immobilization devices (ICTID) with arms on brackets.






Figure 2 | Illustration of the setup using the integrated cervicothoracic immobilization devices (ICTID) with arms on body sides.






Figure 3 | Illustration of the setup using the thoracoabdominal flat immobilization device (TAFID).






Figure 4 | Illustration of the setup using the head-neck-shoulder immobilization device (HNSID).






2.3 Target area delineation and plan design

Patient positioning images were uploaded to the Pinnacle (version 9.10) treatment planning system. The doctor drew the target area based on the principles of the field involved. Physicians follow the ICRU No. 83 report to formulate treatment plans. All patients were treated with intensity-modulated radiotherapy (including static intensity-modulated therapy, volumetric modulated arc therapy, and integrated intensity-modulated therapy). If the VMAT was selected, the virtual block structure was created to block the beamlets if necessary by closing the multi-leaf collimator (MLC) at prerequisite angles. In our study, the virtual block structure for arms protection was shown in violet and contoured based on the algorithm (13). The optimization parameters for the virtual block structure: Dmax<5 Gy and the primary optimization weight for the block was initially set to 10 and could be adjusted to 20 (maximum weight value) step-by-step according to the composite object values in the Pinnacle treatment planning system.




2.4 Image guidance and data acquisition

During the radiotherapy setup, patient placement was based on the surface marking line along with the positioning line on the thermoplastic film and laser guidance. CBCT scanning was performed for position calibration on a daily basis in the first five radiotherapy fractions, and then once a week until the last time. In CBCT images, the upper boundary of the scan should not exceed the cricoid cartilage, while the lower boundary should not exceed 5 cm below the septum muscle or 20 cm above and below the treatment center. The anterior boundary includes subcutaneous soft tissue, while the posterior boundary includes the entire vertebral body. According to the ICRU recommendations, the scope of the registration frame should be 2 cm away from the PTV in three dimensions. CBCT image registration was performed based on soft tissue window registration. The target area was used as a reference to manually fine-tune and record the setup errors for the six degrees of freedom, namely, the overall translation errors in the X (left-right direction), Y (head-foot direction), and Z (ventral-dorsal direction) directions, and rotational errors in Rx (sagittal plane), Ry (transverse plane), and Rz (coronal plane). Correction and adjustment are made for the surface marking line along with the positioning line on the thermoplastic film, based on setup error data of the first 5 CBCT. In the following fractions, we verified the setup by CBCT once a week. If the setup error is more than 5 mm or 2°, more CBCT will be request until the setup error is acceptable.

The sternoclavicular joint displacements, namely, Xst, Yst, and Zst, were obtained considering the posterior cervical spine as the region of interest and using manual registration. The acromioclavicular joint displacements, namely, Xac, Yac, and Zac, were obtained by manual calibration in the CBCT images of the region of interest.




2.5 Definition of displacement error

Systematic error Σ (standard deviation of average individual case error) and random error σ (root mean square of the standard deviation regarding the individual case error). The relative displacements of the upper and lower clavicles were calculated by ΔX =|Xst − Xac|, ΔY =|Yst − Yac|, and ΔZ =|Zst − Zac|. Therefore, the displacement amplitude was defined as:

	




2.6 Statistical analysis

According to our previous retrospective study (7), 25 patients were needed for each groups at least. All patients were randomized by random number tables (14). SPSS25.0 software was used to compare the overall setup error, sternoclavicular joint setup error, acromioclavicular joint setup error, and displacement amplitude of the sternoclavicular joint against the acromioclavicular joint using t-test or rank sum test (with a significance level of 0.05).





3 Results



3.1 Characteristics of patients

Our patient population was predominantly male (79% men vs. 21% women), with a median age of 62 years. Half of patients presented with large tumors or involved mediastinum (T3-4 51.0%). The primary tumours were more located in the right lung (58%). An average of 8.3 sets of CBCT was done for per patients (Table 1).


Table 1 | Baseline characteristics of patients.






3.2 Setup error and distribution of the four immobilization methods

A total data of 825 sets of CBCT were obtained. The overall target positioning errors in the four immobilization methods are listed in Table 2. The translation error values of the ICTID arms-up group in the head-foot direction, ventral-dorsal direction, and Rx (sagittal plane) were smaller than those of the other three groups. In X (left-right direction), there was a significant difference in the ICTID arms-up group compared with the ICTID arms-down and HNSID groups (P<0.05). In Y (head-foot direction), there was a significant difference between the ICTID arms-up and TAFID groups (P<0.05). In Z (ventral and dorsal direction), there was a significant difference in the ICTID arms-up group compared with the ICTID arms-down and TAFID groups (P<0.05). Regarding the rotation error, there was a significant difference in the sagittal plane direction between the ICTID arm-up and TAFID groups (P<0.05).


Table 2 | Overall setup errors for the four immobilization methods.



The translation setup error distributions in the X, Y, and Z directions, and the rotation errors in the sagittal, transverse, and coronal planes of the four groups are reported in Table 3. The percentages of X ≤ 2 mm in the ICTID arms-up, TAFID, ICTID arms-down, and HNSID groups were 57%, 57%, 67%, and 56%, respectively, 47%, 42%, 39%, and 43%, respectively, in Y, and 68%, 68%, 65%, and 64%, respectively, in Z (ventral-dorsal direction). The percentages of rotation error ≤ 1° are 73%, 57%, 80%, and 72% in Rx; 72%, 72%, 69%, and 60% in Ry; 69%, 71%, 72%, and 69% in Rz, respectively.


Table 3 | Setup error distribution of the four immobilization methods.






3.3 Three-dimensional displacement and displacement amplitude of acromioclavicular joint

Table 4 illustrates that the three-dimensional acromioclavicular joint displacement and displacement amplitude of the acromioclavicular joint in the ICTID arms-up group were smaller than those in the other three groups. There was a significant difference in the displacement direction of the acromioclavicular joint among the three groups (P<0.05).


Table 4 | Displacement of the acromioclavicular joint of the four immobilization methods.







4 Discussion

Patients with lung cancer due to complex causes require personalized treatment. For patients administered with radiotherapy, including the mediastinum, supraclavicular area, and primary lung lesion, clinicians in charge have different opinions on the method of body position immobilization. In the past, TAFID and HNSID were used to fix the body position during intensity-modulated radiotherapy for lung cancer (15). However, due to the lack of positional restrictions, such as with TAFID on the neck and HNSID in the lower mediastinum area, setup errors between different fractions in patients who need treatment in the supraclavicular and lower mediastinum areas are unacceptable. The unconscious autonomous movements of organ also result in large setup errors and poor setup repeatability. Compared with the arm-head-hugging posture, patients holding the arm-lifting posture have more accuracy in shoulder blades, more relaxation in the neck and back, fit the bed surface more closely, and more repeatability of the arm position, which overcomes the instability caused by the patient’s “shrug” or “droop” action. Therefore, the repeatability of the ventral-dorsal direction improved. Consequently, for patients whose treatment target area includes the supraclavicular area, a new method that can consider the advantages of the two types of body frames is needed to control the patients’ unconscious autonomous movements to reduce positioning error. In this study, we found that the overall setup error was significantly reduced when ICTID was used along with the arm lift posture. In particular, by comparing the displacements of the acromioclavicular and sternoclavicular joints between different fractions, we concluded that the ICTID arms-up positioning had advantages over flat immobilization devices in fixing the supraclavicular area.

Interfraction setup errors in lung cancer radiotherapy may affect the dose distribution in the target area and endanger normal tissues. Small setup error will maintain the minimal PTV margins necessary for SBRT and, consequently, reduce normal tissue complication probability and increase tumor control probability (16–20). Roper et al. showed no significant loss of target volume coverage when a plan isocenter rotational error of 0.5°was simulated, although rotational errors up to 2°resulted in significant loss of target coverage (19). Therefore, it is necessary to minimize the error to improve radiotherapy accuracy. Our results demonstrate that the errors in the Y, Z, and Rx directions of the ICTID arms-up group are significantly smaller than those of the TAFID group, which is closely related to the larger fixation area of the ICTID. Using the ICTID, compared with the TAFID, the neck and head of the patient can be better fixed so that the midline of the patient can coincide with the top laser. This ensures better repeatability of the patient’s position and reduce the setup error in the head-foot direction. Moreover, because the ICTID has wrist and arm support, it can achieve patient arm lift in a relatively comfortable and fixed position, reducing the degree of traction caused by the improper placement of the arm lift and discomfort, which causes the ICTID arms-up group to exhibit smaller errors in the Z direction and Rx. Compared with the HNSID arm side group, the ICTID arms-up group had a significantly better immobilization effect on the chest and abdomen of patients, leading to a significant reduction in the left-right deflection of the patient’s midline and a significantly smaller error in the X direction. In summary, ICTID exhibited a better immobilization effect than the other two methods.

Lymphatic metastasis is one of the main causes of lung cancer metastasis. Cancer cells metastasize remotely through blood vessels around the lymph nodes or efferent lymphatic vessels (21). It is important to explore the relationship between accurate radiotherapy provided to lymph nodes in the drainage area of metastatic lymph nodes and the overall survival of patients. We focused on displacement in the supraclavicular and infraclavicular regions in patients with lung cancer, which is related to increased mortality. The relative displacements of the sternoclavicular and acromioclavicular joints correspond to the amplitude of the shoulder joint movement compared to the simulation position. The movement of the acromioclavicular joint, lifting height and abduction range of the upper and lower arms, and rotation of the pillow pose are the requirements for setup repeatability. The ICRU No. 24 report suggested that a 5% deviation in the dose change in the target area would increase the recurrence of the primary focus and complications related to endangering organs. The ICTID can adjust the angle and height of the arm and wrist supports so that the patient’s arms rest more relaxed and comfortably, further ensuring that both arms are far away from the supraclavicular area simultaneously with high repeatability to avoid unnecessary radiation. The adjustment of the position and model of the pillow improves the consistency and stability of the rotation and pitch of the head and neck of the patient. Moreover, this reduces the possibility of injury to important organs, such as the spinal cord, thyroid, and brachial plexus. According to the statistical analysis conducted in this study, compared with the TAFID, ICTID arms-down, and HNSID groups, the ICTID arms-up group exhibited the smallest setup errors in terms of shoulder joint mobility, which greatly reduced the uneven dose distribution caused by the shoulder joint mobility changes. However, two points need to be clarified for implying the ICTID. First, the ICTID arms-down position is the best choice for the patients with disorder of shoulder joint, who can’t lift the arms up. Second, the treatment time including positioning, CBCT and dose delivery should not be too long, usually less than 10-20 minutes. Because one usually can’t maintain arms stable and immobile when lifting the arms above over 20 minutes.

Although the setup error is smaller using the ICTID arms-up method, the influence of the respiratory movement cannot be ignored. Research shows that free breathing can lead to artifacts and changes in the shape, size, density, and position of anatomical structures. The volume and spatial position deformation could not be predicted. Respiratory movement leads to uncertainty in dose delivery, which in turn leads to uncertainty in target coverage. The respiratory movement of patients can be reduced or eliminated through the deep inspiration breath hold (DIBH) technology to improve the accuracy of radiotherapy. Previous studies have proved that surface-guided radiation therapy (SGRT) technology can reduce the setup error in the supraclavicular region, reduce the uncertainty in the position between fractions, and monitor the patient movement in the fractions during treatment. However, this technology also presents the characteristics of expensive equipment, the heavy economic burden on patients, and the need to train patients before treatment, which makes the operation complex. Abdominal compression combined with SGRT can effectively reduce tumor motion and target volume.

The limitations of this study are as follows. First, the study was conducted at a single center. Second, the study did not refine the location(upper, middle or lower lobe) and the number of primary lung lesions, which were not balanced among the four groups. For the primary lung lesions located in the lower lobe, it is more difficult to achieve good setup for lung lesion and supraclavicular station at the same time, compared with the ones with lung lesion located in the upper lobe. Third, we did not apply CBCT before every fraction as the CBCT was not covered be medical assurance during the study period. In regards of cost-effectiveness, around 30-40% treatment fractions were guided with CBCT (6). Thus parts of interfraction setup errors were not obtained, which had negative impact on the quality of our study. At last, the quality of image registration during the clinical treatment process was not controlled systematically. In future research, the experimental conditions should be optimized and gradually extended to dosimetric comparisons to provide a more accurate clinical setting reference.

In summary, radiotherapy for lung cancer is a multigroup collaborative process. Cancer patients need to be administered personalized treatments according to their conditions. Irradiation of the tumor target area and lymphatic drainage area during postural immobilization is particularly important. The change in tumor location during the treatment of lung cancer poses severe challenges to the treatment (22, 23). This study has reference significance for body position immobilization in lung cancer radiotherapy. For lung cancer patients with supraclavicular target radiotherapy, the setup error of the ICTID arms-up method is smaller, which can better reduce the external expansion of the PTV, providing a better guarantee for patients. The ICTID arms-up and TAFID groups had smaller setup errors in the X and Z directions than that of the ICTID arms-down group. Simultaneously, lifting the arms with hands holding the poles can reduce unnecessary radiation to the arms. Therefore, when  lung cancer requires a chest clavicle combined with mediastinal radiotherapy, the ICTID arms-up immobilization method is recommended.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving human participants were reviewed and approved by National GCP Center for Anticancer Drugs, The independent Ethics Committee. The patients/participants provided their written informed consent to participate in this study.





Author contributions

BW and SL collected data, analyze data, interpreted the study results, and drafted the manuscript. XF, WQ, HS, LH, KZ, SW, ZZ, ZX, DC, QF, XW and FH collected data, analyze data, revised manuscript critically for important intellectual content. JW designed and supervised the study, and revising manuscript critically for important intellectual content. All authors contributed to the article and approved the submitted version.





Funding

This study is supported by National Natural Science Foundation of China (82071759, 82173348), and Beijing Hope Run Special Fund of Cancer Foundation of China (LC2020A14). The funders had no role in the study design, data collection, data analysis, data interpretation, or writing of the report.




Acknowledgments

We thank the patients, their families, and the clinical study site investigators and staffs and their contributions to the study.





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. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2018). 68:394–424. doi: 10.3322/caac.21492

2. Hui, Z, Wang, Q, Han, W, Sun, S, Wang, M, Dai, J, et al. Comparation of set-up errors between two different body positions in precision radiotherapy for esophageal cancer. Chin J Radiat Oncol (2014). 23:336–9.

3. Xu, H, Song, X, Wang, X, Hu, K, Qui, J, and Zhang, F. Halcyon analyzed target margin in 142 patients with lung cancer treated by conventional segmentation therapy. Basic Clin Med (2020). 40:1691–4.

4. Faivre-Finn, C, Snee, M, Ashcroft, L, Appel, W, Barlesi, F, Bhatnagar, A, et al. Concurrent once-daily versus twice-daily chemoradiotherapy in patients with limited-stage small-cell lung cancer (CONVERT): an open-label, phase 3, randomised, superiority trial. Lancet Oncol (2017). 18:1116–25. doi: 10.1016/S1470-2045(17)30318-2

5. Spigel, DR, Faivre-Finn, C, Gray, JE, Vicente, D, Planchard, D, Paz-Ares, L, et al. Five-year survival outcomes from the PACIFIC trial: Durvalumab after chemoradiotherapy in stage III non-Small-Cell lung cancer. J Clin Oncol (2022). 40:1301–11. doi: 10.1200/JCO.21.01308

6. Wang, D, Bi, N, Zhang, T, Zhou, Z, Xiao, Z, Liang, J, et al. Comparison of efficacy and safety between simultaneous integrated boost intensity-modulated radiotherapy and conventional intensity-modulated radiotherapy in locally advanced non-small-cell lung cancer: a retrospective study. Radiat Oncol (2019). 14:106. doi: 10.1186/s13014-019-1259-3

7. Wan, B, Liang, B, Huan, F, Lu, F, Zhang, W, Zhao, Y, et al. Comparison of setup errors of immobilization devices for thoracic radiotherapy. Med Dosim (2022). 47:325–8. doi: 10.1016/j.meddos.2022.06.002

8. Bao Wan, JH, Qin, S, Lu, F, Zhang, W, Zhang, K, Zhao, Y, et al. Comparison of kinematic displacement errors of supraclavicular region with four posture fixation methods for thoracic esophageal carcinoma. J Cancer Control Treat (2022). 35:538–43.

9. Bao Wan, FH, Zhao, Y, Chen, H, Geng, S-s, Yan, H, and Zhang, Y. Comparative analysis of supraclavicular area mobility in locally advanced esophageal cancer radiation therapy with two different fixed ways. Basic Clin Med (2022). 42:131–5.

10. Wang, D, Bi, N, Zhang, T, Zhou, Z, Xiao, Z, Liang, J, et al. Comparison of efficacy and safety between simultaneous integrated boost intensity-modulated radiotherapy and conventional intensity-modulated radiotherapy in locally advanced non-small-cell lung cancer: A retrospective study. Radiat Oncol (2019). 14:106. doi: 10.1186/s13014-019-1259-3

11. Wang, J, Hui, Z, Men, Y, Kang, J, Sun, X, Deng, L, et al. Systemic inflammation-immune status predicts survival in stage III-N2 non-small cell lung cancer. Ann Thorac Surg (2019). 108:1701–9. doi: 10.1016/j.athoracsur.2019.06.035

12. Hui, Z, Men, Y, Hu, C, Kang, J, Sun, X, Bi, N, et al. Effect of postoperative radiotherapy for patients with pIIIA-N2 non-small cell lung cancer after complete resection and adjuvant chemotherapy: The phase 3 PORT-c randomized clinical trial. JAMA Oncol (2021). 7:1178–85. doi: 10.1001/jamaoncol.2021.1910

13. Chen, J-Y, Wang, D-Q, Zhang, X-D, Fu, Q, Yan, X-N, Men, K, et al. Sparing lung tissue with virtual block method in VMAT planning for locally advanced non-small cell lung cancer. Nucl Sci Tech (2022). 33:51–65. doi: 10.1007/s41365-022-01033-x

14. Egbewale, BE. Random allocation in controlled clinical trials: a review. J Pharm Pharm Sci (2014). 17:248–53. doi: 10.18433/J3SW36

15. Bradley, JD, Hu, C, Komaki, RR, Masters, GA, Blumenschein, GR, Schild, SE, et al. Long-term results of NRG oncology RTOG 0617: Standard- versus high-dose chemoradiotherapy with or without cetuximab for unresectable stage III non-Small-Cell lung cancer. J Clin Oncol (2020). 38:706–14. doi: 10.1200/JCO.19.01162

16. Kitamura, K, Shirato, H, Shinohara, N, Harabayashi, T, Onimaru, R, Fujita, K, et al. Reduction in acute morbidity using hypofractionated intensity-modulated radiation therapy assisted with a fluoroscopic real-time tumor-tracking system for prostate cancer: preliminary results of a phase I/II study. Cancer J (2003). 9:268–76. doi: 10.1097/00130404-200307000-00009

17. Cheung, P, Sixel, K, Morton, G, Loblaw, DA, Tirona, R, Pang, G, et al. Individualized planning target volumes for intrafraction motion during hypofractionated intensity-modulated radiotherapy boost for prostate cancer. Int J Radiat Oncol Biol Phys (2005). 62:418–25. doi: 10.1016/j.ijrobp.2004.09.051

18. Mantz, C. A phase II trial of stereotactic ablative body radiotherapy for low-risk prostate cancer using a non-robotic linear accelerator and real-time target tracking: Report of toxicity, quality of life, and disease control outcomes with 5-year minimum follow-up. Front Oncol (2014). 4:279. doi: 10.3389/fonc.2014.00279

19. Roper, J, Chanyavanich, V, Betzel, G, Switchenko, J, and Dhabaan, A. Single-isocenter multiple-target stereotactic radiosurgery: Risk of compromised coverage. Int J Radiat Oncol Biol Phys (2015). 93:540–6. doi: 10.1016/j.ijrobp.2015.07.2262

20. Minniti, G, Capone, L, Alongi, F, Figlia, V, Nardiello, B, El Gawhary, R, et al. Initial experience with single-isocenter radiosurgery to target multiple brain metastases using an automated treatment planning software: Clinical outcomes and optimal target volume margins strategy. Adv Radiat Oncol (2020). 5:856–64. doi: 10.1016/j.adro.2020.06.008

21. Pereira, ER, Kedrin, D, Seano, G, Gautier, O, Meijer, EFJ, Jones, D, et al. Lymph node metastases can invade local blood vessels, exit the node, and colonize distant organs in mice. Science (2018). 359:1403–7. doi: 10.1126/science.aal3622

22. Fayad, H, Gilles, M, Pan, T, and Visvikis, D. A 4D global respiratory motion model of the thorax based on CT images: A proof of concept. Med Phys (2018). 45:3043–51. doi: 10.1002/mp.12982

23. Li, G, Liu, Y, and Nie, X. Respiratory-correlated (RC) vs. time-resolved (TR) four-dimensional magnetic resonance imaging (4DMRI) for radiotherapy of thoracic and abdominal cancer. Front Oncol (2019). 9:1024. doi: 10.3389/fonc.2019.01024




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 © 2023 Wan, Luo, Feng, Qin, Sun, Hou, Zhang, Wu, Zhou, Xiao, Chen, Feng, Wang, Huan, Bi and Wang. 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/fonc-13-1135879-g004.jpg
ceeov0ee e
S S

L4

/77, 7
"/[///II////////’
W77 7Y,

N

NIRRT Y)

00000000
900009

(0
A1000 00 44
10008 0 ¢,

.........l

t
HHH
9000009
o0

R460OST

it
E"l"# LOT 20

H'Hlvuu»un.
."'lllvun”lt-‘
.."""""l"‘






OEBPS/Images/fonc-13-1135879-g001.jpg





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Superiority of integrated cervicothoracic immobilization in the setup of lung cancer patients treated with supraclavicular station irradiation

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Patients

          



          		

            2.2 Patient position immobilization and CT simulation

          



          		

            2.3 Target area delineation and plan design

          



          		

            2.4 Image guidance and data acquisition

          



          		

            2.5 Definition of displacement error

          



          		

            2.6 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Characteristics of patients

          



          		

            3.2 Setup error and distribution of the four immobilization methods

          



          		

            3.3 Three-dimensional displacement and displacement amplitude of acromioclavicular joint

          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
ICTID arms- HNSID arm- Avs.B
side (D

(n=25)

TAFID (B)  ICTID arms-down (C)

(n=25) (n=25)

AX (cm, mean + SD) 0.15+0.18 0.15 £ 0.16 0.16 +0.16 0.15 +0.20 ‘ 0.069 0.945 3.304 0.001 3318 ‘ 0.001

AY (cm, mean + SD) 0.15 £ 0.15 0.21 £ 0.25 0.28 +0.23 027 £0.21 ‘ -4782 | 0.000  -0.620 | 0.535 1.284 ‘ 0.200

AZ (cm, mean + SD) 0.13 £ 0.14 0.15 +0.14 0.17 £0.13 0.16 +0.14 ‘ 2.126 0.034 5.020 0.000 0.374 ‘ 0.708

ARx (°, mean + SD) 0.78 + 0.48 0.83 + 0.56 0.92 £ 041 0.81 +0.54 ‘ 4.737 0.000 -1.544 0.123 1175 ‘ 0.240

ARy (°, mean + SD) 0.76 + 0.57 0.72 + 0.65 1.00 + 0.62 0.98 +0.81 ‘ -0.112 | 0911 1.096 0274 -0.385 ‘ 0.700

ARz (°, mean + SD) 0.76 + 0.64 0.72 £ 0.59 0.86 + 0.56 078 +0.77 ‘ -1398 | 0.164  -0.900 | 0.368 1.803 ‘ 0.072
A, change; ‘

HNSID, head-neck-shoulder immobilization device;
ICTID, integrated cervicothoracic immobilization devices;
TAFID, thoracoabdominal flat immobilization device;
SD, Standard deviation;

T> 4303 or < -4.303 is considered statistically significant;
P<0.05 is considered statistically significant.
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BMI, body mass index;

CBCT, cone-beam computer tomography:

HNSID, head-neck-shoulder immabilization device;
ICTID, integrated cervicothoracic immobilization devices;
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