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Purpose: Spatially fractionated radiation therapy (SFRT) is a recognized technique for enhancing tumor response in radioresistant and
bulky tumors. We analyzed clinical and treatment outcomes in patients with bone and soft tissue sarcomas treated with modern SFRT
techniques.
Methods and Materials: Patients with metastatic or unresectable sarcoma treated with brass collimator, volumetric modulated arc
therapy lattice, or proton SFRT from December 2019 to June 2022 were retrospectively reviewed. Consolidative external beam
radiation therapy (EBRT) was delivered at the physician’s discretion. Patient and treatment characteristics, treatment response
(symptom improvement, local control, and imaging response), and toxicity data were collected.
Results: The cohort consisted of 53 patients treated with 61 SFRT treatments. Median age at treatment was 60.0 years. The primary
location was soft tissue in 46 courses (75%) and bone in 15 (25%). Fifty-three courses (87%) were treated for symptom relief. The most
used SFRT technique was volumetric modulated arc therapy lattice (n = 52, 85%) to a dose of 20 Gy (n = 48, 79%; range, 16-20 Gy).
EBRT was delivered post-SFRT in 55 (90%) treatment courses with a median time interval from SFRT to EBRT of 5 days (range, 0-14
days). Median physical EBRT dose and fractionation was 40 Gy (range, 9-73.5 Gy) and 10 fractions (range, 3-33 fractions). Median
follow up was 7.4 months (range, 0.2-30 months). One-year overall survival and local control rates were 53% and 82%. Symptom relief
was documented with 32 treatment courses (60%). Stable or partial response was observed with 47 treatment courses (90%). Four
grade 3 to 4 acute and subacute toxicities were attributable to SFRT (8%).
Conclusions: The current series is the largest to date documenting outcomes for SFRT in sarcomas. Our results suggest combined
SFRT with EBRT is associated with a favorable toxicity profile and high rates of symptomatic and radiographic responses for metastatic
or unresectable sarcomas.
© 2023 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Sarcomas are a group of rare malignancies that com-
prise a heterogeneous mix of soft tissue and bone histolo-
gies. Radiation therapy (RT) can be a component of
curative local treatment for sarcomas and may also be
used as palliative treatment for metastatic disease. Histori-
cally, local tumor control with conventionally fractionated
RT alone yields suboptimal results for most soft tissue and
bone sarcomas. Sarcomas are extremely radioresistant and
larger tumors are frequently not controlled. For instance,
Kepka et al reported a 5-year local control rate of 45% in
a series of patients with unresectable soft tissue sarcomas
treated with definitive RT.1 Furthermore, the local control
rate declined to 9% for tumors >10 cm.1 Similarly, RT
alone has been associated with poor local tumor control
r
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for virtually all bone sarcoma histologies.2-4 Palliative RT
is often used to address symptomatic sarcoma metastases.
However, the percentage of patients who experience
symptom relief is not well studied and current results are
variable with series reporting improvements in 55% to
95% of treatment courses.5-7 As such, methods to improve
tumor response and symptom relief for sarcoma patients
treated with RT alone are needed.

Spatially fractionated radiation therapy (SFRT) is a
technique that may enhance tumor response in radiore-
sistant and bulky tumors.8,9 SFRT has been studied in cer-
tain disease sites and histologies, including head and neck
cancers and melanoma, and demonstrated to correlate
with acceptable disease control and toxicities.10-12 Cur-
rently, it is believed the radiobiology behind the response
seen with SFRT includes the bystander effect (cells
affected by RT communicate manifestations of damage to
other cells not directly affected by RT), antitumor
immune responses, and tumor microvasculature damage.9

SFRT may be beneficial in the treatment of advanced sar-
comas given the radioresistant nature of these tumors,
bulky tumor burden at time of treatment, and suboptimal
local control rates seen despite RT dose-escalation.

A few case reports and small series have integrated
SFRT therapy into the treatment paradigm for advanced
sarcomas treated with RT and demonstrated improved
clinical and pathologic response rates as well as symptom
relief for these patients.13-17 This suggests SFRT therapy
may be beneficial in optimizing the effectiveness of RT
alone for advanced sarcomas and warrants further investi-
gation. We analyzed clinical and treatment outcomes in
53 metastatic and/or unresectable sarcoma patients with
61 SFRT treatments, making this the largest series of
sarcoma patients to date treated with modern SFRT
techniques.
Methods and Materials
Patients

Sarcoma patients with metastatic disease or unresectable
localized disease treated with SFRT from December 1,
2019, through June 1, 2022, at Mayo Clinic Rochester were
retrospectively reviewed on an institutional review board
−approved protocol. Use of SFRT for advanced sarcomas
was at physician discretion. In general, SFRT was recom-
mended when the intent of treatment was to elicit reduc-
tion in tumor size, provide durable local control, and/or
provide symptom relief in tumors not amenable to stereo-
tactic body radiation therapy. A total of 53 patients with
61 SFRT treatments were included in the analysis.
Patients were treated with palliative intent in the setting
of metastatic disease with the purpose of tumor response
and symptom relief. Patients were treated with curative
intent in the setting of localized, unresectable disease pri-
marily to optimize local control.
SFRT therapy

All patients received SFRT as the sole therapy or before
a course of consolidative external beam radiation therapy
(EBRT). SFRT was delivered using brass, volumetric mod-
ulated arc therapy (VMAT) lattice, or proton therapy
techniques as previously described by our institution,
including dose to organs at risk.18-20 The recommended
prescription dose was 16 to 20 Gy delivered in a single
fraction based on the report from Mohiuddin et al that a
higher response rate is seen with an SFRT dose of ≥15
Gy.8 In general, 20 Gy was administered whenever feasi-
ble. 16 to 18 Gy was administered when the tumor was in
close proximity to normal tissues sensitive to RT (eg,
bowel).

In general, brass GRID plans used a commercial brass
block (.decimal) to deliver a single static field with either a
6 or 10 MV beam. The diameter of the holes at isocenter
was 1.4 cm and were spaced 2.1 cm center-to-center in a
hexagonal pattern. VMAT plans used 2 to 4 arcs and 6
MV flatting filter free beams. Spherical lattice points were
placed throughout the physician contoured gross tumor
volume (GTV) and optimized using 3 concentric ring
structures to confine the highest doses to the center of the
spheres and maximize dose sparing between the spheres.
Sphere placement followed guidelines of a 1 to 1.5 cm
sphere diameter, 2 to 3 cm sphere center-to-center separa-
tion, and sphere edge placement at least 1 cm away from
any organ at risk. For proton SFRT, one field with a hex-
agonal spot scanning pattern was first applied. This was
followed by a 2-step optimization process to reduce both
the spot spacing and tubular shaped dose regions to a
1 cm radius.
Consolidative EBRT

Most patients received EBRT post-SFRT if they could
clinically tolerate it and had not received prior irradiation
in the same area. The prescription dose, fractionation
scheme, and treatment modality of the EBRT course was
at the discretion of the treating physician. In general,
patients treated with palliative intent received a lower
cumulative EBRT dose and shorter fractionation scheme
whereas patients treated with curative intent treatment
for unresectable localized disease received a higher EBRT
dose (>50 Gy equivalent dose at 2 Gy per fraction) and
longer fractionation scheme. Target doses were often lim-
ited due to bulky tumor volumes and proximity to critical
tissues, such as bowel. Our institution’s prior publication
details the approach for dose constraints to organs at risk
when combining SFRT with EBRT.20



Advances in Radiation Oncology: March 2024 SFRT for sarcomas 3
Statistical methods

Data abstracted from the medical records included
patient characteristics, tumor features, overall treatment
paradigm, SFRT and EBRT treatment plan parameters,
treatment-associated toxicities, imaging response, and
oncologic outcomes. Imaging response was defined as sta-
ble disease (no change in tumor size, with or without
tumor necrosis), partial response (any reduction in tumor
size, with or without tumor necrosis), or progressive dis-
ease (any increase in tumor size and absence of tumor
necrosis) at last follow-up imaging compared with pre-
SFRT imaging. Tumor measurements were reported in 2-
and 3-dimensions. Symptom relief was characterized by
chart review of follow-up clinical notes documenting the
change in presenting symptoms (eg, improved or no
change). Toxicity was graded using Common Terminol-
ogy Criteria for Adverse Events, version 5.

Descriptive statistics were used to collate patient and
treatment characteristics as well as treatment response
and toxicity. Kaplan-Meier analyses for local tumor con-
trol and overall survival were performed using BlueSky
Statistics software version 10.3 (BlueSky Statistics LLC).
Patients with <30 days of follow-up from SFRT and those
without follow-up information were excluded from the
treatment response and toxicity analyses.
Results
Patient characteristics

The cohort consisted of 53 patients with 61 SFRT
treatments. Table 1 lists patient, tumor, and treatment
characteristics. The median age at treatment was 60 years
(range, 15-90 years). Site of origin was soft tissue in 46
courses (75%) and bone in 15 courses (25%). The most
common soft tissue sarcoma and bone sarcoma histolo-
gies were leiomyosarcoma (n = 14, 23%) and chondrosar-
coma (n = 7, 11%), respectively. Thorax (n = 18, 30%)
was the most frequently treated site, followed by abdomen
(n = 16, 26%) and pelvis (n = 16, 26%). Treatment intent
was palliative in 51 treatment courses (82%). Treatment
focused on the primary site of disease in most patients
(n = 39, 64%). Symptoms were associated with 53 treat-
ment courses (87%). The most common presenting symp-
tom was pain (n = 40, 76%). Neurologic, gastrointestinal,
pulmonary, and hematologic symptoms accounted for the
remaining symptoms before treatment (n = 13, 25%).
Dosimetric features of SFRT plans

Median GTV volume for SFRT was 636 cc (range, 47-
13,373 cc; IQR, 1975 cc). Two patients did not have a
GTV volume for SFRT contoured. In addition, 20 Gy was
the most used SFRT dose (n = 48, 79%; range, 16-20 Gy).
Most courses were treated with a VMAT lattice technique
(n = 52, 85%). Brass and proton GRID were used in 6
(10%) and 3 (5%) courses, respectively. Figure 1 shows
representative brass, VMAT, and proton SFRT plans
from the cohort.

EBRT was delivered post-SFRT in 55 (90%) treatment
courses with a median time interval from SFRT of 5 days
(range, 0-14 days). Intensity modulated radiation therapy
was used in 43 courses (78%), proton therapy in 11
courses (20%), and combination intensity modulated
radiation therapy and proton therapy in 1 course (2%).
Median EBRT dose and fractionation was 40 Gy (range,
9-73.5 Gy; IQR, 15 Gy) and 10 fractions (range, 3-33 frac-
tions; IQR, 5 fractions), respectively. With an a /b of 4,
this equates to a median equivalent dose at 2 Gy per frac-
tion dose of 43 Gy (range, 11-83; IQR range, 19 Gy).
Median BED was 56 Gy10 (range, 12-92; IQR, 22 Gy).
Concurrent systemic therapy was administered in 5 treat-
ment courses (9%), and 1 patient underwent tumor gross
total resection 2 months after GRID-only treatment for a
chest-wall desmoid.
Response and survival

Median follow-up was 7.4 months (range, 0.2-30
months). At last follow-up, 22 patients were dead of dis-
ease (42%), 27 patients were alive with disease (51%), and
4 patients were alive with no evidence of active/metastatic
disease (8%). The 1-year overall-survival rate was 53.0%
(95% CI, 41%-69%; Fig. 2A). Eight treatment courses
were excluded from the treatment-associated toxicity and
clinical and imaging response analyses because these
patients expired within 1 month of finishing RT. An addi-
tional 2 patients were excluded as they expired before
posttreatment imaging and follow-up was obtained,
resulting in 10 treatment courses not evaluable for imag-
ing and clinical response. Median time to imaging from
SFRT treatment was 6 months (range, 1-30; IQR 7). Stable
imaging response was observed with 18 treatment courses
(35%), partial response with 29 treatment courses (56%;
Fig. 3), and progressive disease with 5 treatment courses
(10%). The 1-year local control rate was 82% (95% CI,
65%-100%; Fig. 2B). Median time to disease progression
was 6 months (range, 1-10). Median duration of response
in those who did not have disease progression was 6
months (range, 1-30). Symptom relief was documented
with 32 treatment courses (60%). Median time to symp-
tom relief from treatment was 1.6 months (range, 1 day to
15.6 months). The 1-year distant failure rate was 42%
(95% CI, 29%-60%).

In the 4 patients with local tumor progression, tumor
involved the extremity in one patient and abdomen-pelvis
in 3 patients. All patients were treated with palliative



Table 1 Patient, tumor, and treatment characteristics

Characteristics N (%)

All patients 53 (100)

Treatment courses 61 (100)

Median age (range), y 60 (15-90)

Patient gender

Male 31 (57)

Female 23 (43)

Primary location

Soft tissue 46 (75)

Bone 15 (25)

Treatment site

Thorax 17 (30)

Pelvis 16 (26)

Abdomen 16 (26)

Extremity 6 (10)

Axial 5 (8)

Treatment site

Primary 39 (64)

Metastatic 22 (36)

Treatment intent

Curative 10 (16)

Palliative 51 (84)

Median SFRT GTV volume (range; IQR) 636 cc (47-13, 373 cc; 1975 cc)

Median SFRT dose (range) 20 Gy (16-20 Gy)

SFRT technique

VMAT lattice 52 (85)

Brass 6 (10)

Proton therapy 3 (5)

Consolidative EBRT

Yes 55 (90)

No 6 (10)

Median EBRT dose (range; IQR) 40 Gy (9-73.5 Gy; 15 Gy)

Median EBRT fractions (range; IQR) 10 fx (3-33 fx; 5 fx)

Median EBRT EQD2 (range; IQR) 43 Gy (11-83 Gy; 19 Gy)

Median EBRT BED10 (range; IQR) 56 Gy (12-92 Gy; 22 Gy)

Median number of days between SFRT and EBRT (range) 5 d (range, 0-14 d)

EBRT modality

IMRT 43 (78)

Proton therapy 11 (20)

IMRT and proton therapy 1 (2)

Abbreviations: BED10 = biologically equivalent dose; EBRT = external beam radiation therapy; EQD2 = equivalent dose at 2 Gy per fraction;
GTV = gross tumor volume; IMRT = intensity modulated radiation therapy; SFRT = spatially fractionated radiation therapy; VMAT = volumetric
modulated arc therapy.
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Figure 1 (A) Brass spatially fractionated radiation therapy plan for 26-year-old woman with malignant phyllodes of the
chest-wall. (B) volumetric modulated arc therapy lattice plan 55-year-old woman with abdominal gastrointestinal stromal
tumor (GIST). (C) Proton spatially fractionated radiation therapy plan for 56-year-old woman with pelvic osteosarcoma.
All plans were treated to 20 Gy.

Figure 2 Kaplan-Meier estimates for (A) overall survival (n = 53 patients) and (B) local control (n = 51 treatment
courses).

Figure 3 Treatment course for a 39-year-old woman with synovial sarcoma metastasis treated with 20 Gy spatially frac-
tionated radiation therapy plus 40 Gy in 10 fractions external beam radiation therapy. (A) Pelvic computed tomography
demonstrating disease extent at time of radiation planning. (B) Spatially fractionated radiation therapy treatment at same
axial level. Gross tumor volume delineated in red. (C) Pelvic computed tomography demonstrating tumor response at
same axial level, 1 month later.
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intent and had a soft tissue sarcoma histology. One
patient was treated with brass SFRT, and the remaining
were treated with VMAT SFRT. SFRT dose was 18 Gy in
2 patients and 20 Gy in 2 patients. Two patients did not
receive EBRT. EBRT dose was 40 Gy in 10 fractions for
both patients. Three patients did not experience symptom
relief and 1 patient did experience symptom relief. One
patient died of disease.

Seven patients associated with 8 treatment courses died
within 1 month of finishing RT. Median patient age for
this cohort was 63 years (range, 15-72). Treatment intent
was palliative for all courses with 4 courses treated at a
primary site (50%). Seven treatment courses (88%) were
delivered for pain symptoms. Site of origin was soft tissue
in 6 courses (75%); and primary tumor site was pelvis in 4
(50%), extremity in 2 (25%), abdomen in one (13%), and
thorax in one (13%). Consolidative EBRT was delivered
with 5 courses (63%). None of the courses were adminis-
tered with concurrent or subsequent systemic or surgical
therapies.
Toxicity

Treatment-associated toxicities are listed in Table 2.
No treatment related toxicities were documented in 45



Table 2 Treatment associated toxicities (n = 61 treat-
ment sites)

CTCAE grade

Toxicities 1 2 3 4 5

Skin 1 1

Fatigue 5 1

Gastrointestinal* 5 1 1 1

Urinary retention 1

Bone fracture 2

Pneumonitis 1 1

Mucositis 1

Dysgeusia 1

Dysphagia 1

Dyspnea 1

Pain 1 1

*Includes nausea, diarrhea, enteritis, bowel obstruction, and fistula.
Abbreviation: CTCAE = Common Terminology Criteria for Adverse
Events, version 5.
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treatment courses (74%) and grade 1 to 2 toxicities were
observed in 12 treatment courses (20%). Four grade 3 to 4
acute and subacute toxicities were attributable to SFRT
(8%). These cases included grade 3 radiation dermatitis
involving the inguinal fold for a palliative extremity sar-
coma treatment, grade 3 radiation pneumonitis treated
with steroids for a palliative lung sarcoma treatment,
grade 3 large bowel obstruction requiring colostomy for a
palliative pelvic sarcoma treatment, and grade 4 bowel fis-
tula (Fig. 4) requiring surgical exploration for a palliative
abdominal sarcoma treatment.

Evaluation of radiation plans for the 4 grade 3 to 4 tox-
icities revealed the following. For the case of grade 4 bowel
fistula, tumor was intertwined with bowel and a SFRT
VMAT sphere was placed in the bowel, resulting in the
fistula. SFRT and EBRT doses were 18 Gy and 35 Gy/10
Figure 4 Treatment course for a 60-year-old woman with abdo
tially fractionated radiation therapy plus 35 Gy in 10 fractions e
tomography demonstrating disease extent at time of radiation p
ment at same axial level. Gross tumor volume delineated in re
tumor response and fistula toxicity at same axial level, 8 months
fractions, respectively. Maximum small dose on the sum
plan was 42 Gy. In the case of grade 3 bowel obstruction,
SFRT and EBRT doses were 20 Gy and 25 Gy/5 fractions,
respectively. Maximum large bowel dose on the sum plan
was 29 Gy. The obstruction was likely a result of tumor
aggravated by RT. In the case with grade 3 dermatitis, the
SFRT and EBRT doses were 20 Gy and 40 Gy/10 frac-
tions, respectively. Maximum skin dose on the sum plan
was 42 Gy. Finally, for the case of grade 3 radiation pneu-
monitis, the SFRT and EBRT doses were 20 Gy and
40 Gy/10 fractions, respectively. Mean total lung dose in
the sum plan was 10 Gy.

Concurrent systemic therapy was administered in 2
patients who experienced treatment-associated toxicities.
Eribulin was administered in the palliative extremity
patient who experienced grade 3 radiation dermatitis, and
temozolomide and irinotecan was administered in a palli-
ative pelvis patient who experienced grade 1 diarrhea.
Discussion
Patients who received a diagnosis of metastatic or
unresectable sarcomas experience significant morbidity
and mortality.21,22 Sarcomas are extremely radioresistant
and when they are bulky, durable local control is often
difficult to achieve. SFRT is a treatment approach
designed to enhance the therapeutic response to EBRT in
radioresistant and bulky tumors. We report the largest
series to date of metastatic or unresectable sarcomas
treated with modern SFRT techniques and demonstrate
that SFRT is associated with a favorable toxicity profile
(20% grades 1-2; 8% grades 3-4) as well as high rates of
symptomatic (60.4%) and radiographic responses (90%
stable disease or partial response).

SFRT for the treatment of bulky tumors has a history
of over 100 years, though initially delivered with ortho-
voltage x-rays.9 The introduction of megavoltage x-rays,
skin sparing techniques, and superior dosimetry with
minal leiomyosarcoma metastasis treated with 18 Gy spa-
xternal beam radiation therapy. (A) Abdominal computed
lanning. (B) Spatially fractionated radiation therapy treat-
d. (C) Abdominal computed tomography demonstrating
later.
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treatment planning platforms led to SFRT falling out of
favor in clinical practice.9 However, modern advances in
RT physics and technology have provided more techni-
ques with which to enhance SFRT dosimetry and delivery,
resulting in a resurgence of SFRT investigations.9 Sarco-
mas are traditionally considered to be radioresistant
tumors given the often larger tumor sizes at time of treat-
ment, higher doses needed for therapeutic effect, and sub-
optimal response rates despite RT dose-escalation. For
example, Kepka et al evaluated local control in a series of
patients with unresectable soft tissue sarcomas treated
with definitive RT and reported the local control rate
declined to 0% for tumors greater than 10 cm treated to
<63 Gy.1 Given the often-large tumor sizes for advanced
sarcomas, stereotactic body radiation therapy/stereotactic
radiosurgery are unsuitable treatment approaches. As
such, SFRT is gaining popularity in the treatment of meta-
static and/or unresectable sarcomas.

The modern use of SFRT for the treatment of advanced
sarcomas has mostly been limited to case reports and
small series thus far.13-17 Nevertheless, these reports dem-
onstrate improved response rates for patients treated with
SFRT.13-17,23 Kaiser et al reported the case of an 82-year-
old woman with a spindle cell sarcoma of the upper
extremity measuring 926 cm3 volumetrically treated with
18 Gy SFRT followed by 32 Gy in 11 fractions EBRT.14

The tumor responded dramatically with only necrotic
debris present before surgery.14 Pathology from the mar-
gin negative resection demonstrated 65 cm3 of residual
tumor and 5% to 10% viable cells.14 The high percentage
of necrosis was unexpected given that the tumor was
high-grade, received less than the standard dose of 50 Gy
for preoperative RT, and neoadjuvant chemotherapy was
not administered. Roberge et al documented a median
pathologic treatment response of 50% for high-grade sar-
comas treated with conventionally fractionated 50 Gy pre-
operative RT only on retrospective review, and
RTOG0630 documented a pathologic complete response
rate of 19.4% in extremity soft tissue sarcomas with a
median tumor size of 10.5 cm treated with 50 Gy in 25
fractions preoperative RT § chemotherapy.23,24 Snider et
al delivered 15 Gy SFRT followed by 45 to 50.4 Gy EBRT
to 26 patients with bulky (>8 cm) osteosarcomas and soft
tissue sarcomas before surgery.13 A pathologic complete
response was observed in 35.3% of all high-grade sarco-
mas, 50% of high-grade sarcomas involving the extremi-
ties, and 50% of osteosarcomas. The value of pathologic
complete response rates in sarcoma as an oncologic end-
point is debated and warrants further investigation in the
context of SFRT.

We elected to incorporate SFRT into our practice for
metastatic and/or unresectable sarcomas given the associ-
ated symptoms and morbidity with these advanced cases
as well as the suboptimal response rates and local control
with palliative RT.22,25 For instance, Boyce-Fappiano et al
reported a best response rate in 70 of 73 patients (96%)
with unresectable and/or metastatic sarcomas treated
with hypofractionated (>10 fractions) RT.7 Mohiuddin et
al used SFRT § EBRT in 33 patients (44 treatment sites)
with recurrent or unresectable soft tissue sarcomas.15 The
median SFRT and EBRT doses were 15 Gy and 50 Gy,
respectively.15 Stable disease or some degree of response
was noted in 80% of patients.15 We report similar
response results in our cohort with 90% of tumors docu-
mented as stable disease or experiencing a partial radio-
graphic response. We are the first in the literature to
report percentage of patients with symptom improvement
after SFRT for advanced sarcomas. Approximately 87% of
treatment courses were delivered to palliate tumor-related
symptoms and 60% had subjective symptom improve-
ment. Our results fall within the range of symptom
improvement rates reported in previously published palli-
ative RT series for advanced sarcomas. For example,
Tween et al reported a 70% symptom response rate to pal-
liative RT in soft tissue sarcomas, and a 55% response rate
in bone sarcomas.5 The limitation of these analyses,
including ours, is the retrospective nature of chart reviews
which may underreport symptom improvement rates.
Nevertheless, our results suggest SFRT with or without
EBRT can be associated with high rates of symptom relief
for patients with advanced sarcomas and warrants further
investigation and data collection.

Our series also demonstrates that SFRT is associated
with a favorable toxicity profile. Grades 1 to 2 toxicities
were noted in 20% and grades 3 to 4 toxicities were docu-
mented in 8% of the cohort. Other SFRT series have also
reported favorable toxicity profiles.13-17 Mohiuddin et al
reported 2 patients who experienced grade 3 skin reaction
in the analysis of 33 patients with recurrent and/or unre-
sectable soft tissue sarcomas.15 In our series, one patient
experienced a grade 4 bowel fistula requiring surgical
exploration (Fig. 4). The tumor was intertwined with the
bowel, and on retrospective review it was evident that one
of the VMAT SFRT spheres was placed in bowel and this
likely resulted in the fistula toxicity. After this event, our
simulation, contouring, and treatment planning practices
evolved significantly to ensure safer delivery of SFRT.20

For example, we now routinely use intravenous and oral
contrast for abdominal and pelvic tumors to delineate
bowel. We also developed standardized approaches to
VMAT SFRT sphere placement, dose optimization, plan
evaluation, and constraints for organs at risk.20 With
these standardized practice implementations, we believe
our SFRT practice is now safer, and we will continue to
collect and report data regarding the safety and efficacy of
SFRT for advanced sarcomas.

Many questions remain unanswered regarding the
optimal delivery of SFRT with or without EBRT for
advanced sarcomas. This includes whether EBRT is
needed for effective palliation after SFRT, the optimal
EBRT dose and fractionation, and time between the SFRT
and EBRT courses. The median EBRT dose and fraction
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number in our series was 40 Gy and 10 fractions, respec-
tively. The median number of days between SFRT and
EBRT was 5 days. Most other published reports combined
SFRT with EBRT (variable dose and fractionation
schemes) and reported a variable period between the 2
treatments.14-16 For instance, Snider et al noted a break of
2 to 3 days was “generally preferred” between SFRT and
the start of preoperative radiation therapy (45-50.4 Gy
conventionally fractionated) for their cohort of high risk
soft tissue sarcoma and osteosarcoma.13 Most patients in
our series received EBRT and as such we cannot confi-
dently determine which patients are most likely to benefit
from SFRT alone. Further understanding of the radiobiol-
ogy behind SFRT may also help answer some of these
questions.

Currently, it is hypothesized that the bystander effect, vas-
cular damage, and antitumor immune responses may play a
role in the mechanism of SFRT efficacy based on preclinical
data.9,26 Ongoing research efforts to understand the cellular
environment and processes in correlation with clinical out-
comes for SFRT will be helpful in determining the optimal
treatment approach (NCT01967927, NCT04549246, clinical-
trials.gov). It is also important to note that 7 patients in
our cohort expired within 1 month of finishing RT. This
highlights the need to evaluate a patient’s performance
status, select shorter EBRT courses, and to develop
patient selection criteria for those most likely to derive
the benefits of durable symptom improvement and/or
local control.

This study has many limitations including its retro-
spective nature, especially as it relates to symptom and
imaging response data collection and analyses. Never-
theless, our results suggest SFRT with EBRT may be a
useful treatment approach to provide symptom relief
and achieve a tumor response in unresectable or meta-
static sarcomas. We favor this approach for large,
advanced sarcomas. A shorter course of EBRT is likely
beneficial in patients anticipated to have a very short
life expectancy. We plan to open a prospective study
designed to evaluate the optimal use of EBRT with or
without SFRT, as well as methodically evaluate for
symptom relief and tumor response, in advanced sarco-
mas as the next step.
Conclusion
Our study demonstrates modern era SFRT is an inno-
vative, feasible, and safe treatment strategy for metastatic
and unresectable sarcomas. Combined SFRT with hypo-
fractionated EBRT is associated with a favorable toxicity
profile and high rates of symptomatic and radiographic
responses. Survival is generally poor for this population
indicating a shorter course of EBRT is preferred, which
also permits patients with other sites of disease to resume
systemic therapy more quickly. Future studies will need to
better identify patients with sarcoma who are most likely
to benefit from EBRT with or without SFRT.
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