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Purpose: To evaluate the safety and efficacy of stereotactic ablative brachytherapy
(SABT) as a salvage therapy for patients with recurrent chest wall cancer (rCWC)
who have previously received external beam radiotherapy (EBRT) or surgery.

Materials and methods: Between November 2013 and October 2020, a total of
130 patients (including 75 men with a median age of 63 years) with rCWC treated
with SABT were enrolled in this multicenter retrospective study. There were 97
cases of non-small-cell lung carcinoma, 24 cases of breast cancer, and 9 cases of
thymic cancer. Of the patients included, 102 patients previously received surgery
and 58 patients received EBRT, with systemic treatment progressing after
recurrence. None of them were suitable or refused to undergo salvage EBRT or
surgery again.

Results: During the 22 (4-70)-month median patient follow-up, 59 patients died.
The local control (LC) rates at 6, 12, 24, and 36 months were 88.3%, 74.3%, 50.4%,
and 36.7%, respectively. The 1-, 2- and 3-year survival rates were 85%, 56%, and
42%, respectively. The median overall survival was 26 months (95% Cl, 18.9-33.1
months). The pain relief rate was 81%, and the median to remission time was 10
days. Univariate and multivariate analyses showed that independent prognostic
factors for LC included tumor size and postoperative D90. On the other hand,
independent prognostic factors for survival include the Karnofsky performance
status (KPS) score, tumor size, and D90 19 patients (14.6%) developed grade I/ skin
reaction complications. No grade Il or severer complications occurred.
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Conclusion: SABT is safe and effective as a salvage therapy for rCWC following
EBRT/surgery. For patients with a KPS score greater than 80, prescribed dose
greater than 130 Gy, and tumor size less than 4 cm may bring better results.

KEYWORDS

recurrent chest wall cancer, stereotactic ablative brachytherapy, reirradiation, external
beam radiotherapy (EBRT), salvage therapy

Introduction

Chest wall cancer (CWC) can arise from a variety of tumors,
including breast cancer, lung cancer, mesothelioma, sarcoma, and
thymic cancer. The primary treatment was surgical resection, but 50%
of patients relapsed after surgery or radiotherapy (1-3). Once
systemic therapy (chemotherapy or targeted therapy) progressed,
the treatment options were limited; 5-year survival was only 17%
(4-6). Retreatment with EBRT is promising, although the recurrence
of the lesion within the previously irradiated field remains to be
resolved. Hence, only well-selected patients can be considered for
EBRT with higher toxicity (7, 8). Brachytherapy (BT) has the
exceptional ability to deliver extremely high doses that external
beam radiotherapy (EBRT) could never achieve within treated
lesions, with the added benefit that doses drop off rapidly outside
the target lesion by minimizing the exposure of uninvolved
surrounding normal tissue (9).Stereotactic ablative BT (SABT) was
designed to improve the ablative effect of radiation, which was
achieved via improved image guidance and the calculation of
ablative dose, shorter treatment duration, and better organ
preservation (10). Recently collected data suggest that SABT has
been shown to be safe and effective in the treatment of head and neck,
thoracic, abdominal, retroperitoneal, and vertebral cancers,
particularly for locally advanced or recurrent solid cancers
following EBRT (11-15). Several single-institution retrospective
studies of recurrent CWC (rCWC) patients have been published
previously (16-18). Here, our multicenter retrospective study
provided the long-term survival outcome data in rCWC patients
treated with SABT and the data for real-world clinical practice.

Materials and methods
Patient selection criteria

This was a retrospective study, and 130 patients were enrolled [75
men and 55 women; the median age of 63 (32-85) years was related to
rCWC receiving SABT treatment at eight medical centers in China
between November 2013 and October 2020. There were 97 cases of
non-small-cell lung carcinoma (40 cases of squamous cell carcinoma
and 57 cases of adenocarcinoma), 24 cases of breast cancer, and 9
cases of thymic cancer. Of the patients included, 102 patients
previously received surgery and 58 patients received EBRT, with
systemic treatment progressing after recurrence and none of whom
were candidates for or refused salvage surgery and/or repeat EBRT.
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The study enrolled patients with squamous cell lung cancer or driver-
negative adenocarcinoma of the lung who had failed previous
multiline chemotherapy. The driver-positive adenocarcinoma of the
lung, who had failed previous targeted therapies. The characteristics
of the patients are listed in Table 1. We analyzed several indicators
such as the local control (LC) rate, progression-free survival (PFS),
overall survival (OS), and complications. We evaluated tumor
response according to Response Evaluation Criteria in Solid
Tumors (RECIST) v1.1 (19).. Local disease control included
complete response, partial response, and stable disease. Time to
tumor progression from the SABT procedure was defined as time
to progression. The time from SABT surgery to death from any cause
or last follow-up was defined as OS. Complications were identified by
Common Terminology Criteria for Adverse Events (CTCAE) v4.0
(CTCA) (20).

Preoperative preparation and preplanning

All patients underwent blood routine, coagulation, and
biochemical tests before SABT to rule out contraindications. The
patient was secured on a CT scan bed and fixed in a custom-made
vacuum bag in supine, prone, or lateral positions. Plain and contrast-
enhanced CT scans were performed 1-2 days before treatment with a
thickness of 5 mm. According to the requirements of the American
Association of medical physicists (AAPM) , the image data is
transmitted to BT-TPS (Beijing University of Aeronautics and
Astronautics and Beijing Astronomical Technology Co. , Ltd.) for
pre-planning (22, 23). The 90% gross tumor volume (GTV (GTV
D90) dose should be as close as possible to the prescribed dose, while
the organs at risk (OAR) dose should be as low as possible. The
median prescription dose was 120 Gy (range, 100-160 Gy). The
radionuclides used in the treatment were iodine 125 seeds (4.5 mm X
0.8 mm in size, with a half-life of 59.6 days; the activities of the seeds
were 0.45-0.83 mCi (median 0.65 mCi).

Stereotactic ablative brachytherapy protocol

The SABT protocol was as follows (24, 25): (1) the patient is
placed on a CT simulator and fixed with a vacuum pad for a CT scan.
(2) The body surface projection of the tumor target area was
delineated, and local anesthesia and intercostal nerve block were
performed. (3) Simple CT guided or use a coplanar or non-coplanar
template to place the first pin on the body surface projection of the
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TABLE 1 Clinical characteristics of the 130 patients.

n %

Gender

Male 75 57.7

Female 55 423
Median age (years) 63

<70 92 70.8

=70 38 29.2
KPS

<80 59 45.4

=80 71 57.7
Primary tumor

Lung cancer 97 74.6

Breast cancer 24 18.5

Thyroid cancer 9 6.9
Previous therapy

Previous surgery 102 78.5

Previous radiotherapy 58 44.6
Guidance mode

Coplanar template guided 61 46.9

3D-PNCT guided 20 15.4

Simple CT guided 49 37.7
Tumor size

<4 55 42.3

>4 75 57.7

tumor as planned. The seed needles were all inserted into the target
site; (4) A CT scan was performed to determine the exact position of
the reference needle; (5) when the position of the reference needle did
not match the predetermined position, the needle was adjusted in real
time until the deviation was less than 2 mm; (6) the needle was
inserted into the target area all at once; (7) the CT scan was repeated
to confirm the position of all the tips and, in the same way, adjust for
deviations of more than 2 mm; (8) the '*°I seeds were delivered in a
backward fashion with the Mick 200-TPV Applicator: TP
transperineal (Mick Radio-Nuclear Inc., USA: Mount Vernon, NY);
(9) The CT scan was performed again to confirm the distribution of
'2°] seeds in the targets. CT images were transmitted to BT-TPS for
postplanning dose assessment. The patient will be discharged 1-2
days after SABT. All procedures follow the International Commission
on Radiological Protection Recommendation (26). The dosimetric
parameters, e.g., D90, were identified.

Follow-up

The subjects were followed up by CT at the first month after
SABT, every 3 months for 2 years, every 6 months for 3-5 years, and
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every year thereafter. The evaluation of tumor response was based on
CT images after SABT.

Statistical analysis

Statistical analyses were performed using SPSS 26.0 (IBM Corp.,
Armonk, NY, USA). The survival rate was estimated by the Kaplan-
Meier method, univariate analysis by the logarithmic rank test, and
multivariate analysis by Cox regression. P < 0.05 was set as
statistically significant.

Results
Patients

The 130 patients enrolled had a median age of 63 + 11.7 years. A
total of 59 patients died during a median follow-up of 22 (4-70)
months; 71 patients survived (12 patients lost to follow-up since
October 2020; Figure 1).

Seed implantation

The median lesion diameter was 4.65 + 1.61 cm (range, 1.5-8.9
cm). The median number of implanted seeds was 57 + 20.65 (range,
23-128). The median seed radioactivity was 0.65 = 0.07 mCi (range,
0.6-0.8 mCi). The median GTV D90 was 126 + 15.27 Gy (range, 95-
180 Gy).

Treatment response

The median follow-up period was 22 months (range, 4-70
months). The LC rates at 6, 12, 24, and 36 months were 88.3%,
74.3%, 50.4%, and 36.7%, respectively (Figure 2). Univariate analysis
showed that sex, age, past surgical history, past radiotherapy history,
implantation mode, pathological type, and physical status score were
independent of LC (p = 0.119, 0.270, 0.993, 0.068, 0.550, 0.083, and
0.522, respectively). LC in patients with D90 > 130 Gy was
significantly better than that in patients with D90 < 130 Gy (p <
0.001). LC in patients with tumor size <4 cm was significantly better
than that in patients with tumor size >4 cm (p < 0.001). In addition,
multivariate analysis showed that the tumor size and postoperative
D90 were independent prognostic factors for LC (Figure 3). The pain
relief rate was 81%, and the median to remission time was 10 days.

Survival

The 1-,2-, and 3-year survival rates were 85%, 56%, and 42%,
respectively, with a median OS of 26 months (Figure 2). The 6-, 12-,
24-, and 36-month survival rates were 81.3%, 60.3%, 29.1%, and
20.3%, respectively. The median PFS was 13 months; 52.3% of
patients had metastasis, 20.8% had local progression, and 26.9%
had long-term LC. Univariate analysis showed that sex, age, past
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surgical history, past radiotherapy history, and implantation mode
were not related to OS (P = 0.520, 0.111, 0.941, 0.178, and 0.099,
respectively). Patients with D90 > 130 Gy showed significantly better
OS than patients with D90 < 130 Gy (p < 0.001). Patients with tumor
size <4 cm had significantly better OS compared to patients with
tumor size >4 cm (p = 0.006). Patients with good performance status
(KPS = 80) showed better OS than those with poor performance
status (KPS < 80) (p < 0.001). Patients with the chest wall recurrence
of breast cancer had longer OS than lung cancer (p = 0.005).
Multivariate analysis showed that factors significantly associated
with OS included the KPS score, tumor size, and postoperative D90
(all p < 0.001; Figure 3).

Complications

There were 19 cases (14.6%) with grade I/II skin reaction and
local skin pigmentation. No influencing factors were found to be
associated with skin toxicity. No rib fracture, burst, pneumothorax,
radiation pneumonia, and other adverse events occurred. There were
no treatment-related adverse events of grade 3 or above.

Discussion

This multicenter retrospective study presents the long-term
follow-up results of SABT as salvage therapy. After a median
follow-up of 22 months, patients showed relatively high rates of LC,
0§, and improvement in the quality of life, particularly pain. The KPS
score, tumor size, and postoperative D90 were significantly correlated
with OS. The main complication was a mild skin reaction.

The management of rCWC after surgery and/or radiotherapy has
been a challenging issue. EBRT as a salvage treatment option is
promising for rCWC in previously exposed areas. However,
challenges remain because it is difficult to deliver adequate doses to
the target without affecting normal tissue, especially for tumors that
had previously received full-dose therapy (27, 28). Hyperthermia
combined with reirradiation or a high dose rate after loading is an
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| Preoperative preparation |
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effective treatment option in recent years (3, 29, 30). However, it is
also limited by the tolerance of normal tissues, which often makes it
difficult to increase the target dose, the overall efficacy is not
satisfactory, and there are serious or even fatal treatment-related
adverse reactions, such as ulceration, necrosis, chest fibrosis, and
pneumonia (31, 32). SABT appears to be a viable alternative to
adjuvant therapy. SABT may have the following advantages (9, 10):
(1) compared with EBRT, the implanted radioactive seeds can
irradiate the tumor continuously and without interval; (2) the
radiation dose of the target can be increased high enough to
achieve ablation effect; at the same time, the dose of correctly
implanted seeds will rapidly decrease, thus not affecting normal
tissue; (3) because of the minimally invasive nature of SABT,
patients will soon recover and resume their daily lives after treatment.

For patients who develop recurrence in a previously radiated
chest wall, the treatment options are more difficult. The overall
clinical response rate was 38%-42.3% for radiation alone. There
have been several small trials exploring reirradiation with the
addition of local hyperthermia therapy. The 3-year LC rate was
25%. The overall clinical response rate was 60%-71% (33). Previous
SABT data for rCWC patients were all obtained from single-center
retrospective studies. Jiang et al. (16) reported 20 patients with
refractory rCWC. The median follow-up time was 11.5 months.
The 1-, 2-, 3- and 4-year tumor control rates were all 88.7%,
respectively. The 1- and 2-, 3-, and 4-year OS rates were 53.3% and
35.6%, 35.6%, and 35.6% respectively. Shi et al. (17)reported 31
patients with a recurrent chest wall malignant tumor. The 6-month
effective rate was 77.4%, and the LC rate was 83.9%. Jiang et al. (18)
reported 19 cases of SABT guided by a three-dimensional (3D) non-
coplanar template. The median follow-up time was 8 months.
Complete response was observed in 18.1%, and partial response was
observed in 59.1%; stable disease was observed in 8.1%, and the pain
relief rate was 87.5%. Our study is consistent with those of previous
studies, and higher LC rates were obtained. The 6- and 12-month LC
rates were 88.3% and 74.3%, respectively. The chest wall recurrence
tumor focus shallow, fixed, rich bone structure is conducive to 3D-
printing non co-planar template (PNCT) fixation; the template is
easier to meet the preoperative dosimetry requirements and can

A case of recurrent chest wall cancer (rCWC) following surgery and adjuvant radiotherapy. (A) CT images of rCWC; (B) template-assisted CT-guided
puncture the tumor target area; (C) **°| seeds were implanted as a salvage treatment; and (D) 3 months after the seed implantation, partial response

was observed.
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(A) Kaplan—Meier plots of local control (LC) and (B) Kaplan—Meier plots of survival.

simplify the procedure; and the operator in a relatively short learning
time can be skilled. The high rate of LC and the major causes of
progression or death are metastasis to other sites suggest the need to
explore and combine better systemic therapy to improve OS.

In terms of safety, 24%-33% of patients >grade 3 acute toxicity
occurred using hyperthermia and radiation. The main adverse
reactions were skin edema, ulceration and fibrosis (34), chest wall
pain (neurogenic) (35), and rib fracture (36, 37); the incidence of
moderate and severe skin ulcers was as high as 14% (38). The average
duration of chest wall pain was 25 months (2-63 months), and 36% of
patients never had relief from chest wall pain. A total of 34 (29%) of
the 118 cases resulted in rib fractures with an average time of 22

Frontiers in Oncology

months (3-46 months). The results of this study showed that the
complications of SABT were mild and acceptable, mainly manifested
as local skin pigmentation, without rib fracture, rupture,
pneumothorax, radiation pneumonia, and other adverse events. No
treatment-related adverse events of grade 3 or above occurred.
Retreatment after radiotherapy remains a therapeutic challenge, but
both the efficacy and toxicity of SABT are acceptable. There is even a
history of radiation therapy similar to that of patients without
radiation therapy. As a result, SABT has significant security
advantages. The improvement of pain is good, the median onset
time is short, and the quality of life of patients could be
significantly improved.
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Kaplan—Meier curve about LC and survival: (A) the LC of patients with D90 > 130 Gy and D90 < 130 Gy; (B) the LC of tumor size <4 cm and tumor size
>4 cm; (C) the overall survival (OS) of patients with D90>130 Gy and D90 < 130 Gy; (D) the OS of patients with tumor size <4 cm and tumor size >4 cm;

and (E) the OS of patients with KPS scores 60-70 and 80-100.

This study has several limitations. First, as a multicenter study, the
proportion of patients in different center groups is different, which may
lead to potential bias. Secondly, the study was a one-arm retrospective
study with 12 patients interviewed since October 2020, which may also
lead to some bias. Thirdly, SABT serves as salvage therapy for the
patients, but there is currently a lack of control group receiving
standard salvage surgery or repeat EBRT. In addition, this group of
patients is heterogeneous in the pathologic type, involving many
different tumor species. There were no significant differences between
lung cancer and breast cancer in the LC from SABT. Patients with the
chest wall recurrence of breast cancer had better OS compared to
patients with lung cancer. The sample size of different pathological
types in the study group was quite different, and there might be some
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bias. However, this study was the first multicenter study including more
than 100 patients to investigate the long-term safety and efficacy of
SABT as salvage therapy in patients with rCWC. Therefore,
randomized controlled prospective studies are warranted in the future.

Conclusion

As salvage therapy following EBRT/surgery in patients with
rCWC, SABT is safe and effective and has promising efficacy
compared to historical data. Patients with a KPS score greater than
80, prescribed dose greater than 130 Gy, and tumor size less than 4 cm
may bring better results.

frontiersin.org


https://doi.org/10.3389/fonc.2022.957497
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Huo et al.

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 authors.

Ethics statement

The studies involving human participants were reviewed and
approved by The Second Hospital of Tianjin Medical University. The
patients/participants provided their written informed consent to
participate in this study.

Author contributions

Study concepts and design: SC, XuH, and JW. Literature research:
BH and ZJ. Clinical studies: WY, YM, XiH, ZW, XZ, JD, HW, GC,
RW,YS, and KZ. Experimental studies/data analysis: XiH, ZW, XZ,
JD, and HW. Statistical analysis: Z] and CH. Manuscript preparation:
BH and CH. Manuscript editing: BH and ZJ. SC, XuH, and JW
reviewed and edited the manuscript. All authors contributed to the
article and approved the submitted version.

References

1. Zagar TM, Higgins KA, Miles EF, Vujaskovic Z, Dewhirst MW, Clough RW, et al.
Durable palliation of breast cancer chest wall recurrence with radiation therapy,
hyperthermia, and chemotherapy. Radiother Oncol (2010) 97(3):535-40. doi: 10.1016/
j.radonc.2010.10.020

2. Wang L, Yan X, Zhao J, Chen C, Chen C, Chen J, et al. Expert consensus on
resection of chest wall tumors and chest wall reconstruction. Transl Lung Cancer Res
(2021) 10(11):4057-83. doi: 10.21037/tlcr-21-935

3. Besson N, Hennequin C, Guillerm S, Fumagalli I, Martin V, Michaud S, et al.
Plesiobrachytherapy for chest wall recurrences of breast cancer after mastectomy and
radiotherapy for breast cancer. Brachytherapy (2018) 17(2):425-31. doi: 10.1016/
jbrachy.2017.10.005

4. Incarbone M, Pastorino U. Surgical treatment of chest wall tumors. World ] Surg
(2001) 25(2):218-30. doi: 10.1007/s002680020022

5. Sandri A, Donati G, Blanc CD, Nigra VA, Gagliasso M, Barmasse R, et al. Anterior
chest wall resection and sternal body wedge for primary chest wall tumour: reconstruction
technique with biological meshes and titanium plates. J Thorac Dis (2020) 12(1):17-21.
doi: 10.21037/jtd.2019.06.45

6. Arciero C, Thompson P, Meisel JL, Taylor CE, Torres MA, Wood WC, et al.
Multidisciplinary approaches to chest wall recurrences of breast cancer. Oncol (Williston
Park) (2018) 32(8):392-6.

7. Demmy TL, Nwogu CE, Yendamuri S. Thoracoscopic chest wall resection: what is
its role? Ann Thorac Surg (2010) 89:52142-2145. doi: 10.1016/j.athoracsur.2010.02.110

8. Wouters MW, van Geel AN, Nieuwenhuis L, van Tinteren H, Verhoef C, van
Coevorden F, et al. Outcome after surgical resections of recurrent chest wall sarcomas.
] Clin Oncol (2008) 26:5113-8. doi: 10.1200/JCO.2008.17.4631

9. Wei §, Li C, Li M, Xiong Y, Jiang Y, Sun H, et al. Radioactive iodine-125 in tumor
therapy: Advances and future directions. Front Oncol (2021) 11:717180. doi: 10.3389/
fonc.2021.717180

10. Xue H, Qiu B, Wang H, Jiang P, Sukocheva O, Fan R, et al. Stereotactic ablative
brachytherapy: Recent advances in optimization of radiobiological cancer therapy.
Cancers (2021) 13:3493. doi: 10.3390/cancers1314349

11. Ji Z, Jiang Y, Tian S, Guo F, Peng R, Xu F, et al. The effectiveness and prognostic
factors of CT-guided radioactive I-125 seed implantation for the treatment of recurrent
head and neck cancer after external beam radiation therapy. Int ] Radiat Oncol Biol Phys
(2019) 103(3):638-45. doi: 10.1016/j.ijrobp.2018.10.034

12. Yu X, Li J, Zhong X, He J. Combination of iodine-125 brachytherapy and
chemotherapy for locally recurrent stage III non-small cell lung cancer after concurrent
chemoradiotherapy. BMC Cancer (2015) 15:656. doi: 10.1186/s12885-015-1657-3

Frontiers in Oncology

10.3389/fonc.2022.957497

Conflict of interest

Authors YM and YS are employed by the Staff Hospital of
Chengde Iron and Steel Group Co. Ltd.

The remaining 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.

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.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.957497/
full#supplementary-material

13. Jiang W, Jiang P, Wei S, Jiang Y, Ji Z, Sun H, et al. The accuracy and safety of CT-
guided iodine-125 seed implantation assisted by 3D non-coplanar template for
retroperitoneal recurrent carcinoma. World J Surg Oncol (2020) 18(1):307.
doi: 10.1186/512957-020-02087-0

14. Henriquez Lopez I, Gonzalez-San Segundo C, Vegas JO, Gutierrez C, Hervas A,
Cabeza Rodriguez MA, et al. Salvage brachytherapy for locally-recurrent prostate cancer
after radiation therapy: A comparison of efficacy and toxicity outcomes with high-dose
rate and low-dose rate brachytherapy. Radiother Oncol (2019) 141:156-63. doi: 10.1016/
j.radonc.2019.09.006

15. Yao L, Cao Q, Wang J, Yang J, Meng N, Guo F, et al. CT-guided 1251 seed
interstitial brachytherapy as a salvage treatment for recurrent spinal metastases after
external beam radiotherapy. BioMed Res Int (2016) 2016:8265907. doi: 10.1155/2016/
8265907

16. Jiang P, Liu C, Wang ], Yang R, Jiang Y, Tian S. Computed tomography (CT)-
guided interstitial permanent implantation of 1251 seeds for refractory chest wall
metastasis or recurrence. Technol Cancer Res Treat (2015) 14(1):11-8. doi: 10.7785/
tcrt.2012.500402

17. Shi S, Zheng G, Zhang S, Lv ], Feng Z, Chai S, et al. CT guided coplanar template
assisted in the treatment of metastatic or recurrent chest wall malignant tumor with 1251
seed implantation. Chin ]| Radiol Med Prot (2017) 37(7):539-42. doi: 10.3760/
cma.j.issn.0254-5098.2017.07.013

18. Jiang W, Chen Y, Ji Z, Jiang Y, Qiu B, Sun H, et al. The accuracy and dosimetric
analysis of 3D-printing non-coplanar template-assisted iodine-125 seed implantation for
recurrent chest wall cancer. J Contemp Brachyther (2021) 13(3):273-9. doi: 10.5114/
jcb.2021.106250

19. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al. New
response evaluation criteria in solid tumours: Revised RECIST guideline (veSABTon 1.1).
Eur J Cancer (2009) 45(2):0-247. doi: 10.1016/j.ejca.2008.10.026

20. Chen AP, Setser A, Anadkat MJ, Cotliar J, Olsen EA, Garden BC, et al. Grading
dermatologic adverse events of cancer treatments: The common terminology criteria for
adverse events VeSABTon 4.0. ] Am Acad Dermatol (2012) 67(5):1025-39. doi: 10.1016/
j.jaad.2012.02.010

21. Qiu B, Jiang P, Ji Z, Huo X, Sun H, Wang J. Brachytherapy for lung cancer.
Brachytherapy (2021) 20(2):454-66. doi: 10.1016/j.brachy.2020.11.009

22. Fraass B, Doppke K, Hunt M, Kutcher G, Starkschall G, Stern R, et al. American
Association of physicists in medicine radiation therapy committee task group 53: Quality
assurance for clinical radiotherapy treatment planning. Med Phys (1998) 25(10):1773-
829. doi: 10.1118/1.598373

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.957497/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.957497/full#supplementary-material
https://doi.org/10.1016/j.radonc.2010.10.020
https://doi.org/10.1016/j.radonc.2010.10.020
https://doi.org/10.21037/tlcr-21-935
https://doi.org/10.1016/j.brachy.2017.10.005
https://doi.org/10.1016/j.brachy.2017.10.005
https://doi.org/10.1007/s002680020022
https://doi.org/10.21037/jtd.2019.06.45
https://doi.org/10.1016/j.athoracsur.2010.02.110
https://doi.org/10.1200/JCO.2008.17.4631
https://doi.org/10.3389/fonc.2021.717180
https://doi.org/10.3389/fonc.2021.717180
https://doi.org/10.3390/cancers1314349
https://doi.org/10.1016/j.ijrobp.2018.10.034
https://doi.org/10.1186/s12885-015-1657-3
https://doi.org/10.1186/s12957-020-02087-0
https://doi.org/10.1016/j.radonc.2019.09.006
https://doi.org/10.1016/j.radonc.2019.09.006
https://doi.org/10.1155/2016/8265907
https://doi.org/10.1155/2016/8265907
https://doi.org/10.7785/tcrt.2012.500402
https://doi.org/10.7785/tcrt.2012.500402
https://doi.org/10.3760/cma.j.issn.0254-5098.2017.07.013
https://doi.org/10.3760/cma.j.issn.0254-5098.2017.07.013
https://doi.org/10.5114/jcb.2021.106250
https://doi.org/10.5114/jcb.2021.106250
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.jaad.2012.02.010
https://doi.org/10.1016/j.jaad.2012.02.010
https://doi.org/10.1016/j.brachy.2020.11.009
https://doi.org/10.1118/1.598373
https://doi.org/10.3389/fonc.2022.957497
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Huo et al.

23. Nath R, Anderson LL, Meli JA, Olch AJ, Stitt JA, Williamson JF. Code of practice
for brachytherapy physics: Report of the AAPM radiation therapy committee task group
no. 56. Am Assoc Phys Med Med Phys (1997) 24(10):1557-98. doi: 10.1118/1.597966

24. Wang J, Chai S, Wang R, Zheng G, Zhang K, Huo B, et al. Expert consensus on
computed tomography-assisted three-dimensional-printed coplanar template guidance
for interstitial permanent radioactive 1251 seed implantation therapy. ] Cancer Res Ther
(2019) 15(7):1430-4. doi: 10.4103/jcrt.JCRT_434_19

25. Ji Z, Jiang Y, Guo F, Peng R, Sun H, Fan J, et al. Safety and efficacy of CT-guided
radioactive iodine-125 seed implantation assisted by a 3D printing template for the
treatment of thoracic malignancies. ] Cancer Res Clin Oncol (2020) 146(1):229-36.
doi: 10.1007/s00432-019-03050-7

26. Optimization and decision-making in radiological protection. A report of a task
group of committee 4 of the international commission on radiological protection. Ann
ICRP (1989) 20(1):1-60.

27. Buchholz TA, Ali S, Hunt KK. Multidisciplinary management of locoregional
recurrent breast cancer. J Clin Oncol (2020) 38(20):2321-8. doi: 10.1200/JC0O.19.02806

28. Chagpar A, Kuerer HM, Hunt KK, Strom EA, Buchholz TA. Outcome of treatment
for breast cancer patients with chest wall recurrence according to initial stage:
Implications for post-mastectomy radiation therapy. Int J Radiat Oncol Biol Phys
(2003) 57(1):128-35. doi: 10.1016/s0360-3016(03)00431-0

29. Auoragh A, Strnad V, Ott OJ, Beckmann MW, Fietkau R. Re-irradiation of the
chest wall for local breast cancer recurrence: Results of salvage brachytherapy with
hyperthermia. re-bestrahlung der brustwand bei lokalen brustkrebsrezidiven: Ergebnisse
der salvage-brachytherapie mit hyperthermie. Strahlenther Onkol (2016) 192(9):617-23.
doi: 10.1007/s00066-016-1010-z

30. Oldenborg S, Van Os RM, Van rij CM, Crezee ], Van de Kamer JB, Rutgers EJ, et al.
Elective re-irradiation and hyperthermia following resection of peSABTstent locoregional
recurrent breast cancer: A retrospective study. Int J Hyperther (2010) 26(2):136-44.
doi: 10.3109/02656730903341340

Frontiers in Oncology

08

10.3389/fonc.2022.957497

31. Oldenborg S, Rasch CRN, van Os R, Kusumanto YH, Oei BS, Venselaar JL, et al.
Reirradiation + hyperthermia for recurrent breast cancer en cuirasse. rebestrahlung +
hyperthermie bei brustkrebs in form von cancer en cuirasse. Strahlenther Onkol (2018)
194(3):206-14. doi: 10.1007/s00066-017-1241-7

32. Oldenborg S, Griesdoorn V, van Os R, Kusumanto YH, Oei BS, Venselaar JL, et al.
Reirradiation and hyperthermia for irresectable locoregional recurrent breast cancer in
previously irradiated area: Size matters. Radiother Oncol (2015) 117(2):223-8.
doi: 10.1016/j.radonc.2015.10.017

33. Jones EL. Randomized trial of hyperthermia and radiation for superficial tumors.
J Clin Oncol (2005) 23(13):3079-85. doi: 10.1200/JC0.2005.05.520

34. Hoppe BS, Laser B, Kowalski AV, Fontenla SC, Pena-Greenberg E, Yorke ED, et al.
Acute skin toxicity following stereotactic body radiation therapy for stage I non-Small-
Cell lung cancer: Who's at risk? Int J Radiat oncol biol Phys (2009) 72(5):1283-6.
doi: 10.1016/j.ijrobp.2008.08.036

35. Mccammon R, Schefter TE, Gaspar LE, Zaemisch R, Gravdahl D, Kavanagh B.
Observation of a dose-control relationship for lung and liver tumors after stereotactic
body radiation therapy. Int ] Radiat Oncol Biol Phys (2009) 73(1):112-8. doi: 10.1016/
j.ijrobp.2008.03.062

36. Pettersson N, Nyman J, Johansson KA. Radiation-induced rib fractures after
hypofractionated stereotactic body radiation therapy of non-small cell lung cancer: A
dose- and volume-response analysis. Radiother Oncol ] Eur Soc Ther Radiol Oncol (2009)
91(3):360-8. doi: 10.1016/j.radonc.2009.03.022

37. Voroney JPJ, Hope A, Dahele MR, Purdie TG, Franks KN, Pearson S, et al. Chest
wall pain and rib fracture after stereotactic radiotherapy for peripheral non-small cell
lung cancer. Int ] Radiat Oncol biol Phys (2008) 72(1):S35-6. doi: 10.1097/
JTO.0b013e3181a2962

38. Li G, Mitsumori M, Ogura M, Horii N, Kawamura S, Masunaga S, et al. Local
hyperthermia combined with external irradiation for regional recurrent breast carcinoma.
Int J Clin Oncol (2004) 9(3):179-83. doi: 10.1007/s10147-004-0395-3

frontiersin.org


https://doi.org/10.1118/1.597966
https://doi.org/10.4103/jcrt.JCRT_434_19
https://doi.org/10.1007/s00432-019-03050-7
https://doi.org/10.1200/JCO.19.02806
https://doi.org/10.1016/s0360-3016(03)00431-0
https://doi.org/10.1007/s00066-016-1010-z
https://doi.org/10.3109/02656730903341340
https://doi.org/10.1007/s00066-017-1241-7
https://doi.org/10.1016/j.radonc.2015.10.017
https://doi.org/10.1200/JCO.2005.05.520
https://doi.org/10.1016/j.ijrobp.2008.08.036
https://doi.org/10.1016/j.ijrobp.2008.03.062
https://doi.org/10.1016/j.ijrobp.2008.03.062
https://doi.org/10.1016/j.radonc.2009.03.022
https://doi.org/10.1097/JTO.0b013e3181ae2962
https://doi.org/10.1097/JTO.0b013e3181ae2962
https://doi.org/10.1007/s10147-004-0395-3
https://doi.org/10.3389/fonc.2022.957497
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Safety and efficacy of stereotactic ablative brachytherapy as a salvage therapy for recurrent chest wall cancer: A retrospective, multicenter study
	Introduction
	Materials and methods
	Patient selection criteria
	Preoperative preparation and preplanning
	Stereotactic ablative brachytherapy protocol
	Follow-up
	Statistical analysis

	Results
	Patients
	Seed implantation
	Treatment response
	Survival
	Complications

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


