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Abstract
Myxofibrosarcoma (MFS) is one of the most common soft tissue sarcomas. Low-grade MFS has a high local
recurrence rate, similar to that of high-grade MFS. Hence, appropriate adjuvant therapy is required to
control low-grade MFS. In this report, we present a case in which recurrent low-grade MFS was successfully
treated with stereotactic body radiation therapy (SBRT) using CyberKnife® (CK) (Accuray Incorporated,
Sunnyvale, CA). A 76-year-old man underwent SBRT using CK for recurrent low-grade MFS in the right
posterior chest wall after undergoing resection and skin grafting four and three times, respectively. We
planned CK treatment separately for each in two parts. For the lesion on the scapula side, the target volume
was 109 cm3 and the total prescribed dose was 34.6 Gy, while the lesion on the spinal side had a target
volume of 72 cm 3 and a total prescribed dose of 36 Gy, both in five fractions. Each SBRT was performed on
alternate days in a span of 14 days. The tumors gradually reduced in size with tolerable levels of toxicity.
SBRT using CK could be a safe and effective adjuvant therapy for low-grade MFS.
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Introduction
Myxofibrosarcoma (MFS) is one of the most common soft tissue sarcomas affecting middle-aged and elderly
people. The optimal treatment for MFS is radical surgical resection, including a wide margin of adjacent
disease-free tissue. However, this treatment method may lead to a considerably reduced quality of life.
Radiation therapy (RT) has been described as a definitive treatment for unresectable MFS. Furthermore, a
novel advanced technique, stereotactic body radiation therapy (SBRT), allows for the delivery of a higher
dose of radiation to the tumor while reducing the quantity of irradiation to the surrounding normal tissue.
Herein we present a case in which postoperative recurrent low-grade MFS was successfully treated with
SBRT using CyberKnife® (CK) (Accuray Incorporated, Sunnyvale, CA).
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The patient was a 76-year-old man with a past history of ischemic heart disease (on antiplatelet drug), aortic
regurgitation after bio-valve replacement, and pituitary dysfunction. His blood type was type AB, Rh (−). In
2012, he presented with an approximately one-year history of a gradually increasing painless mass (9 x 6
cm) in the right posterior chest wall. A dermatologist at the first hospital performed the initial surgery on
him without sufficient preoperative evaluation by imaging. The initial pathological diagnosis was a solitary
fibrous tumor. In total, he underwent resection and skin grafting four and three times, respectively, in order
to treat a tumor on the right posterior chest wall (Figure 1).
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FIGURE 1: Clinical course
SBRT: stereotactic body radiation therapy: CK: CyberKnife

The tumor recurred locally 30 months after the fourth resection. He was referred to the second hospital and
seen by a sarcoma specialist. The final pathological diagnosis was low-grade MFS with 5% of Ki-67 labeling
index (Figure 2).

FIGURE 2: Histopathological findings
(a). Low power field, x 2
(b). High power field, x 20
Hematoxylin & eosin staining of the recurrent tumor by needle biopsy. Spindle-shaped cells and curvilinear
thin-walled blood vessels in a myxoid background in low cellularity tumor. The tumor cells showing no severe
atypia, no pleomorphism, and few mitoses

The patient was advised to undergo treatment using CK at our institution because the referring specialist
considered the tumor to be unresectable.
At the first visit, he presented with a subcutaneous tumor in the right posterior chest wall and felt heavy,
and faced difficulty raising his right upper limb without pain. Three lesions were found on his back. The skin
on the tumor was thin and fragile, but not perforated yet (Figure 3).
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FIGURE 3: Time course of skin findings on photography
The images show changes in the right-back chest wall skin after CKR. Subcutaneous lesions also improved
after CKR
(a). Three lesions (three arrows) and two areas of redness (black and white arrows)
(b). One lesion reduced in terms of the surgical scar (white arrow). The other lesion increased surrounding
redness (black arrow).
Another lesion had no change (red arrow)
(c). Two lesions improved (black and white arrows). The other lesion appeared with redness (red arrow)
(d). Two lesions maintained improvement (black and red arrow). The other lesion in the surgical scar did not
increase (white arrow) but a blood scab occurred in part (blue arrow)
CKR: CyberKnife radiotherapy

Plain and enhanced CT, plain and enhanced MRI, and 2-deoxy-2-[18F] fluoro-D-glucose (FDG)-positron
emission tomography (PET)/CT were performed as pretreatment examinations. CT and MRI revealed
contrast-enhanced multiple nodules in the right posterior chest wall with irregular surfaces (Figure 4).

FIGURE 4: MRI and CT before and after CKR
(a), (b), and (c) are pre-CKR images. (d), (e), and (f) are images 12 months after CKR. (a), (b), (d), and (e) are
enhanced SPGR MRIs. (c) and (f) are enhanced CT
(a). Enhanced lesions (white arrow)
(b). The tail sign along the fascia (white arrow)
(c). Nodular lesions with the enhanced wall
(d). The enhanced lesion has decreased
(e). The enhancement of the tail sign has disappeared
(f). The enhanced lesions have disappeared
MRI: magnetic resonance imaging; CT: computed tomography; CKR: CyberKnife radiotherapy; eSPGR:
enhanced spoiled gradient-recalled; eCT: enhanced CT; Ax: axial view

Enhanced MRI revealed a tail sign, i.e., a thick fascial enhancement extending from the tumor margin, in the
right erector spinae muscle (Figure 4). High FDG uptake in the lesion was observed on PET/CT (Figure 5).
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FIGURE 5: Time course of FDG-PET/CT
(a), (b), and (c). A scapula side lesion with relatively high FDG uptake in the right posterior chest wall before
CKR (black and white arrows)
(d), (e), and (f). The lesion FDG uptake reduced six months after CKR (black and white arrows)
(g), (h), and (i). The lesion FDG uptake reduced further 12 months after CKR (black and white arrows)
CKR: CyberKnife radiotherapy; FDG: 2-deoxy-2-[18F] fluoro-D-glucose; PET: positron emission tomography;
CT: computed tomography; MIP: maximum intensity projection; Cor: coronal view; Ax: axial view

No other abnormal findings, such as suspected metastasis, were observed.
We planned the CK treatment separately for each lesion in two parts because of the irregularity in the shape
of the lesions. SBRT was performed using CK G4® (Accuray) system with MultiPlan® (Accuray). The target
lesions were tracked with the Xsight® (Accuray) spine tracking system. The gross tumor volume (GTV) was
contoured using planning CT with MRI and FDG-PET/CT. We decided that the planning target volume (PTV)
and GTV were the same. For the lesion on the scapula side, the PTV was 109 cm3 and the total prescribed
dose was 34.6 Gy, while the lesion on the spinal side had the PTV of 72 cm3 and a total prescribed dose of 36
Gy, both in five fractions (Figure 6). In the right lung, the volume receiving over 20 Gy was 0.6% and the
total maximum dose was 28.6 Gy. The total maximum dose on the skin surface was 39.5 Gy and that in the
spinal cord was 14.1 Gy.
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FIGURE 6: CyberKnife radiotherapy plan using MultiPlan
(A). The plan for scapula side lesion
(B). The plan for spinal side lesion
Table – CKR: CyberKnife radiotherapy; PTV: planning target volume; total dose: plan A + B
Ax: axial view; Cor: coronal view; Sag: sagittal view; PTV: planning target volume

Each SBRT was performed on alternate days in a span of 14 days. The patient felt an improvement in his
right upper limb as it got lighter during SBRT. There was no severe adverse event during and after SBRT. The
tumor gradually decreased in size and the range of movement of his right upper limb expanded after SBRT.
PET performed six and 12 months after SBRT showed a decrease in the uptake of FDG by the tumor (Figure
5). CT and MRI revealed decreased size of the tumor (Figure 4). All image examinations showed residual
tumor at the boundary with the resected area (Figures 4, 5). Redness and swelling occurred around the
lesions away from the resected area but recovered spontaneously (Figure 2). He occasionally had blood
oozing due to rubbing the fragile skin in the resected area (Figure 3). CT revealed transient inflammatory
findings in the right lung without any symptoms. PET/CT performed six and 12 months after SBRT revealed
no FDG uptake in the right lung findings.
One year after SBRT, the patient continues to lead a normal life. We would like to perform additional
treatment using CK when the residual tumor has increased in size.

Discussion
MFS is a fibroblast-derived soft tissue sarcoma that commonly occurs subcutaneously in the limbs of elderly
people. MFS accounts for approximately 9% of all soft tissue malignant tumors [1]. In general, MFS is
clinically characterized as a slow-growing, partially nodular, and painless tumor. MFS is classified into three
grades: low, intermediate, and high. Low-grade MFS is unlikely to cause distant metastasis, but its local
recurrence rate is as high as 50-60%, which is similar to that of high-grade MFS [2,3]. The grade of MFS
tends to progressively increase with recurrence [2,3].
Complete surgical resection at the time of primary tumor presentation remains the most effective therapy
for MFS. It is generally believed that resection of at least 2 cm around the tumor is needed to ensure a
negative surgical margin [4]. The tumor eventually becomes inoperable due to frequent repeated local
recurrences and subsequent surgeries. The effect of chemotherapy is unclear; however, it is commonly used
in patients with MFS with distant metastasis.
RT is a reasonable option for local treatment of tumors in situations where the effect of chemotherapy is
uncertain. Sufficient doses of radiation may not be administered for the tumor of the trunk due to difficulty
in surgery. Consequently, RT is mostly performed with a palliative aim, such as pain relief. Callegaro et al.
have reported that RT was associated with a better local outcome, especially in myxoid liposarcoma, vascular
sarcoma, and MFS, without being associated with survival [5]. However, no randomized controlled trials
have specifically evaluated the effect of radiotherapy on MFS. The advantage of treating tumors with SBRT
over conventional radiation therapy (CRT) is that SBRT precisely irradiates tumors while allowing a tight
margin of surrounding normal tissues. Furthermore, the therapeutic effect of SBRT for MFS in one to five
fractions may be greater than that with CRT because the α/β ratio of soft tissue sarcoma is known to be
relatively low [6].
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CK is an SBRT device with image guidance, and it consists of a robot arm, linear accelerator, and target
tracking system. This system can irradiate a target with less damage to proximal organs by moving the robot
arm, which has a wide range of motion. SBRT using CK is less invasive as compared with standard surgery
and has a shorter treatment period and higher efficacy than CRT. Paik et al. have reported that SBRT using
CK for soft tissue tumors yielded acceptable results with irradiation doses ranging from 20 to 48 Gy in one to
five fractions [7]. Additionally, Wang et al. have reported that an unresectable chest-wall malignant fibrous
histiocytoma (MFH), which received CK irradiation at a dose of 75 Gy in five fractions over five days,
demonstrated gradual shrinking of the tumor with tolerable toxicity following the treatment [8]. However,
there is no consensus on whether and when radiotherapy should be used in the management of MFS.
Furthermore, the tolerable dose of fragile skin after repeated resection is unknown. Zaorsky et al. [9] have
reported good cosmesis in 80% of patients with skin cancer after RT under a biologically effective dose (BED)
of 100 Gy (α/β=3) in a meta-analysis. This BED dose corresponds to 50 Gy in 15 fractions, 36.7 Gy in seven
fractions, and 35 Gy in five fractions as a treatment radiation dose. It has been reported that protocols with
irradiation every alternate day resulted in the reduction of adverse events, such as rectal toxicity in prostate
cancer, carotid blowout syndrome in recurrent head and neck cancer, and general fatigue in hepatocellular
carcinoma after treatment with SBRT [10-12]. Kubicek et al. [13] have reported that surgical complications
and control rates were satisfactory with a regimen of 35-40 Gy in five fractions every alternate day as a
preoperative RT for soft tissue sarcoma. There are also two reports stating that using hypofractionated RT as
preoperative RT was a safer alternative to CRT in wound complications after surgical resection for soft tissue
sarcoma [14,15]. Parsai et al. [14] used a regimen of 30 Gy in five fractions (range: 27.5-40 Gy) on
consecutive days, whereas Allen et al. [15] used 28 Gy in eight fractions with intensity-modulated radiation
therapy.
We treated the two lesions by alternatively irradiating them every other day to reduce damage to the fragile
skin. In the present case, CK radiotherapy was delivered at a prescribed dose of 33 Gy in five fractions,
totaling 35-36 Gy over 14 days. Following the treatment, the tumor gradually reduced in size with tolerable
levels of toxicity.

Conclusions
Appropriate adjuvant therapy is needed to control low-grade MFS due to the high chances of frequent local
recurrence. Our case report demonstrates that SBRT using CK might be safe and effective for managing
unresectable low-grade MFS. Studies with longer follow-ups are required to further confirm the efficacy and
safety of this treatment modality.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
The authors would like to thank Enago (www.enago.jp) for the English language review.

References
1.
2.

3.

4.
5.

6.
7.
8.

Yamaguchi U, Hasegawa T: Pathological evaluation of soft tissue sarcoma for diagnosis, prognosis and
treatment (Article in Japanese). Gan To Kagaku Ryoho. 2004, 31:1340-5.
Huang HY, Lal P, Qin J, Brennan MF, Antonescu CR: Low-grade myxofibrosarcoma: a clinicopathologic
analysis of 49 cases treated at a single institution with simultaneous assessment of the efficacy of 3-tier and
4-tier grading systems. Hum Pathol. 2004, 35:612-21. 10.1016/j.humpath.2004.01.016
Waters B, Panicek DM, Lefkowitz RA, Antonescu CR, Healey JH, Athanasian EA, Brennan MF: Low-grade
myxofibrosarcoma: CT and MRI patterns in recurrent disease. AJR Am J Roentgenol. 2007, 188:W193-8.
10.2214/AJR.05.1130
Roland CL, Wang WL, Lazar AJ, Torres KE: Myxofibrosarcoma. Surg Oncol Clin N Am. 2016, 25:775-88.
10.1016/j.soc.2016.05.008
Callegaro D, Miceli R, Bonvalot S, et al.: Impact of perioperative chemotherapy and radiotherapy in patients
with primary extremity soft tissue sarcoma: retrospective analysis across major histological subtypes and
major reference centres. Eur J Cancer. 2018, 105:19-27. 10.1016/j.ejca.2018.09.028
Thames HD, Suit HD: Tumor radioresponsiveness versus fractionation sensitivity . Int J Radiat Oncol Biol
Phys. 1986, 12:687-91. 10.1016/0360-3016(86)90081-7
Paik EK, Kim MS, Cho CK, et al.: Feasibility of using stereotactic body radiation therapy for unresectable soft
tissue tumors of the trunk. Oncotarget. 2018, 9:27851-7. 10.18632/oncotarget.25539
Wang Z, Wu XH, Li B, et al.: CyberKnife radiotherapy for malignant fibrous histiocytoma of the chest wall: a

2021 Mizumatsu et al. Cureus 13(7): e16393. DOI 10.7759/cureus.16393

6 of 7

9.
10.

11.

12.

13.
14.

15.

case report and review of the literature. Oncol Lett. 2014, 7:1877-80. 10.3892/ol.2014.1995
Zaorsky NG, Lee CT, Zhang E, Keith SW, Galloway TJ: Hypofractionated radiation therapy for basal and
squamous cell skin cancer: a meta-analysis. Radiother Oncol. 2017, 125:13-20. 10.1016/j.radonc.2017.08.011
King CR, Brooks JD, Gill H, Pawlicki T, Cotrutz C, Presti JC Jr: Stereotactic body radiotherapy for localized
prostate cancer: interim results of a prospective phase II clinical trial. Int J Radiat Oncol Biol Phys. 2009,
73:1043-8. 10.1016/j.ijrobp.2008.05.059
Yazici G, Sanlı TY, Cengiz M, et al.: A simple strategy to decrease fatal carotid blowout syndrome after
stereotactic body reirradiaton for recurrent head and neck cancers. Radiat Oncol. 2013, 8:242. 10.1186/1748717X-8-242
Hasan S, Renz P, Packard M, Horrigan S, Gresswell S, Kirichenko AV: Effect of daily and every other day
stereotactic body radiation therapy schedules on treatment-related fatigue in patients with hepatocellular
carcinoma. Pract Radiat Oncol. 2019, 9:e38-45. 10.1016/j.prro.2018.06.005
Kubicek GJ, LaCouture T, Kaden M, et al.: Preoperative radiosurgery for soft tissue sarcoma . Am J Clin Oncol.
2018, 41:86-9. 10.1097/COC.0000000000000236
Parsai S, Lawrenz J, Kilpatrick S, et al.: Early outcomes of preoperative 5-fraction radiation therapy for soft
tissue sarcoma followed by immediate surgical resection. Adv Radiat Oncol. 2020, 5:1274-9.
10.1016/j.adro.2020.06.024
Allen M, Silvino D, Kamrava M, Shon W, Brien E: Hypofractionated radiation therapy and wound healing
after massive sarcoma resection: case report and review of the literature. Int J Surg Case Rep. 2021,
83:106005. 10.1016/j.ijscr.2021.106005

2021 Mizumatsu et al. Cureus 13(7): e16393. DOI 10.7759/cureus.16393

7 of 7

