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Abstract
Purpose: Management of adult soft tissue sarcomas entails a multidisciplinary approach with surgery and radiation therapy with or without
chemotherapy. The use of preoperative irradiation has been well established, and although conventional fractionation involves daily treatments
over the course of 5 weeks, higher doses per fraction may be beneficial due to the radiobiologic profile of sarcoma. In this study we report
long-term oncologic outcomes from a single-institution, phase II study evaluating a 5-fraction hypofractionated course of preoperative radiation.
Methods and materials: Preoperative hypofractionated radiation therapy was administered to 35 Gy in 5 fractions every other day
followed by resection 4 to 6 weeks later. If given, chemotherapy consisted of a doxorubicin-ifosfamide-based regimen delivered
neoadjuvantly. The primary endpoint was local control. Additional survival and pathologic outcomes, including overall and distant
metastasis-free survival, tumor, and treatment-related pathology, as well as acute and late toxicity were examined.
Results: Thirty-two patients were enrolled in this prospective, single-arm phase II trial. At a median follow-up of 36.4 months (range, 3-
56), no patient developed a local recurrence, and the 3-year overall and distant metastasis-free survival was 82.2% and 69%, respectively.
Major acute postoperative wound complications occurred in 25% of patients. Grade 2 and 3 fibrosis occurred in 21.7% and 13% of
patients, respectively. The 2-year median and mean Musculoskeletal Tumor Society score for all patients was 28 and 27.4, respectively.
Conclusions: A condensed course of preoperative hypofractionated radiation therapy leads to excellent rates of local control and
survival with acceptable toxicity profiles. Potential studies ideally with phase II or III randomized trials would help corroborate these
findings and other preoperative hypofractionated results in soft tissue sarcomas.
© 2021 The Author(s). 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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Soft tissue sarcomas (STS) of the extremity and super-
ficial trunk are rare tumors that comprise <1% of all adult
malignancies.1 The management of STS of has evolved to
incorporate a multimodality approach of radiation ther-
apy and surgery with or without systemic therapy.
Although preoperative radiation therapy has been shown
to lead to an increase in the incidence of postoperative
wound complications, it does offer several advantages,
such as decreased radiation dose, decreased field size and
improved long-term toxicity.2-4 Standard preoperative
radiation occurs over approximately 5 weeks, followed by
an additional 4- to 6-week break, yielding an overall man-
agement time of 9 to 11 weeks. The addition of neoadju-
vant chemotherapy increases the overall treatment time
to 18 to 20 weeks. Due to the prolonged treatment time,
many patients who travel long distances may defer man-
agement at high-volume sarcoma centers that have exper-
tise in the treatment of this rare disease.

The use of hypofractionated radiation therapy has been
reported in several malignancies, such as prostate cancer,
breast cancer, and melanoma.5-12 Like these cancer types,
sarcoma holds a lower a/b ratio and thus may respond to
higher doses of radiation per fraction.13-16 Hypofractio-
nated preoperative radiation therapy in STS is beneficial,
as it reduces time to surgery and increases patient conve-
nience; however, finding a balance between disease con-
trol and toxicity is imperative.

Although there may be concern of acute and long-term
morbidity, emerging data on the use of preoperative
hypofractionation in STS have demonstrated toxicity rates
on par with protracted, standard preoperative irradiation
regimens. Although promising phase II data have been
presented, primary endpoints, length of follow-up, and
timing of surgery have varied (Tables 1 and 2).7,8,17-22

Given the diversity in data, we aimed to increase the
wealth of knowledge pertaining to preoperative hypofrac-
tionated radiation therapy in STS. In this phase II pro-
spective study, we report long-term clinical outcomes and
toxicity in patients receiving 35 Gy in 5 fractions adminis-
tered every other day.
Materials and Methods
Patients

The phase II prospective trial for this study was
reviewed and approved by the institutional review board,
and all investigators completed training in both human
research and patient privacy (NCTXXXX). The study was
conducted in accordance with the Declaration of Helsinki
and the International Conference on Harmonization
Guideline for Good Clinical Practice.

Eligible participants were patients ≥18 years of age
with American Joint Committee on Cancer, 8th
edition stage I-III histologically confirmed STS of the
extremity or trunk. All patients were deemed to be
medically operable with a Karnofsky performance sta-
tus of ≥60. Key exclusion criteria comprised patients
with stage IV disease or simultaneously treated sec-
ondary malignancy, pathology other than sarcoma sub-
types, or patients who had prior radiation therapy in
the proposed treatment area. Participants were dis-
cussed in a multidisciplinary tumor board involving
radiation and medical oncology, surgical and orthope-
dic oncology, pathology, and radiology. All enrolled
patents provided written and informed consent.
Radiation therapy

Patients enrolled in the study received preoperative
radiation therapy with or without neoadjuvant chemo-
therapy, followed by resection ideally 4 to 6 weeks postra-
diation. Concurrent chemotherapy was not allowed per
protocol. Planning for radiation therapy included a com-
puted tomography (CT) scan and magnetic resonance
imaging (MRI) simulation with immobilization. Tumor
volumes were designed according to Radiation Therapy
Oncology Group 0630.23 CT imaging obtained at simula-
tion was fused with the T1- and T2-weighted MRI
sequences acquired at the time of MRI simulation. The
gross tumor volume (GTV) was defined by the MRI fused
sequences, and the clinical target volume (CTV) for inter-
mediate- to high-grade tumors that measured over 8 cm
included the GTV with a 3 cm longitudinal and 1.5 cm
radial margin. Anatomic boundaries such as uninvolved
bone and muscle compartment that were not abutting the
GTV were respected.

For all other tumors the CTV included the GTV and
suspicious edema with a 2 cm longitudinal margin and
1 cm radial margin in which the same anatomic bound-
aries were respected. A planning target volume (PTV)
was created by expanding the CTV by 5 mm as daily
image guided radiation therapy was performed. The PTV
was truncated by 3 to 5 mm from the skin surface in deep
tumors and if there was no concern of skin involvement.

Per protocol, at least 90% of the PTV received a pre-
scription dose of 35 Gy in 5 fractions, which was delivered
every other day with a minimum of 48 hours between
treatments to allow for tissue recovery. The dose chosen
was one that emulates the biologic effective dose of the
standard dose and fractionation of 50 Gy in 25 fractions
and was calculated on a presumed a/b = 5 for sarcomas.

Three-dimensional conformal or intensity modulated
radiation therapy was used for each subject. Dosimetric
constraints adjusted for a hypofractionated regimen were
used (Table E1). No patient enrolled violated any dosi-
metric constraints. In addition, per protocol, all patients
underwent image guided radiation therapy with either a
cone beam kV or MV CT or CT on rails for each fraction.



Table 1 Compilation of publications in hypofractionated preoperative radiation therapy in STS

Author No. Dose/Fraction Median Follow-up (mo) RT to Surgery Time Chemotherapy*

Kosela-Paterczyk et al 272 25 Gy/5 fx 35 3-7 d Yes

Kalbasi et al 52 30 Gy/5 fx 29 2-6 wk No

Kubicek et al 14 35-40 Gy/5 fx 9.3 4-8 wk Yes

Temple et al 42 30 Gy/10 fx 72 4-6 wk Yes

Parasi et al 16 30 Gy/5 fx 10.7 0-7 d Yes (1 with stage IV)

MacDermed et al 34 28 Gy/8 fx 33.5 4-8 wk Yes

Meyer et al 16 28 Gy/8 fx 26 Not reported Yes

Ryan et al 25 28 Gy/8 fx 24 4-5 wk Yes

Pennington et al 116 28Gy/8 fx 71 2-3 wk Yes

Current study 32 35 Gy/5 fx 36.4 4-6 wk Yes

* Chemotherapy administered preoperatively or concurrent.
Abbreviation: fx = fractions.
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Chemotherapy

Chemotherapy was recommended and administered
neoadjuvantly in patients who were typically <70 years of
age, with large (>5 cm), deep, and high-grade lesions and
chemotherapy-sensitive histologies. Chemotherapy was a
doxorubicin-ifosfamide-based regimen given for 1 to 3
cycles based on clinical response and tolerance.

Surgery

All patients underwent surgery at a single institution. Wide
local resection was performed by fellowship-trained musculo-
skeletal oncologists grossly through normal tissue planes. Pres-
ervation of neurovascular structures was performed when
possible. The goal of surgery was to achieve negative margins
(R0). Vascular or reconstructive plastic surgeons were involved
in cases that required vascular reconstruction, difficult wound
closures, and free flap reconstructions.
Table 2 Compilation of publications in hypofractionated preo

Author R0 Resection Wound Complication*

Kosela-Paterczyk et al 78.7% 32.4%

Kalbasi et al 82% 32.0%

Kubicek et al 100% 28.6%

Temple et al Not reported 14.2%

Parasi et al 62.5% 31.2%

MacDermed et al 100% 17% requiring operation

Meyer et al 94% 38%

Ryan et al 88% 20%

Pennington et al 93% 10%

Current study 91% 25%

* Wound complications per the CAN-NCIC-SR2 study.2

Abbreviation: G = grade.
Follow-up

After resection, patients were seen by the multidisci-
plinary team, including radiation, orthopedic, and medi-
cal oncology (the latter if they received chemotherapy).
Patients were evaluated clinically postoperatively and for
surveillance every 3 to 4 months for the first 2 years while
on study. Off study after 2 years, patients were followed
every 6 months up until year 5, then yearly thereafter.
Imaging occurred at the time of follow-up and included a
CT scan of the chest and imaging of the primary tumor
with MRI. In patients with myxoid liposarcoma, a yearly
MRI of the entire spine was also acquired.
Endpoints

The primary endpoint of this study was to assess the
local control. Local recurrence was determined by
perative radiation therapy in STS

≥G2 Fibrosis Local Control @ y Overall Survival @ y

3.7% 81% @ 3 y 72% @ 5 y

11% 94.3% @ 2 y Not reported

0% 92.3% @ 1 y Not reported

Not reported 97% @ 5 y 79% @ 5 y

0% 100% @ 1 y Not reported

13.8% 89% @ 5 y 42.3% @ 5 y

Not reported 100% @ 2 y 86% @ 2 y

Not reported 88% @ 2 y 84% @ 2 y

Not reported 89% @ 3 y 82% @ 3 y

25% 100%@ 3 y 94.4% @ 3 y
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physical examination and imaging. Secondary endpoints
included the incidence of major acute wound complica-
tions and pathologic change post neoadjuvant therapies
as delineated by a musculoskeletal pathologist, which
included percent fibrosis, necrosis, and viable cells. In
addition, distant metastasis-free survival (DMFS) and
overall survival (OS), physician-reported function out-
comes using the Musculoskeletal Tumor Society (MSTS)
scale (scale 0-30), and grade 3 or greater fibrosis per the
Common Terminology Criteria for Adverse Events ver-
sion 4.0 (National Cancer Institute) were evaluated. Post-
operative wound complications were defined according to
the Canadian National Cancer Institute of Canada SR2
(CAN-NCIC-SR2) Multicenter Trial and were recorded if
they occurred within 6 months after limb-salvage sur-
gery.2 In general, cases that required reoperation, pro-
longed wound care, or antibiotics after resection were
considered wound complications. Local control, OS, and
DMFS were defined from the date of biopsy to the date of
calculated endpoint. Wound complications were assessed
from the time of surgery.
Pathologic analysis

Resection specimens were reviewed by fellowship-
trained and board-certified bone and soft tissue
Table 3 Patient, tumor and treatment characteristics

All Patients

No. 32

Median age 63.5 (range, 28-86)

Tumor size (median) 9.5 cm

American Joint Committee
on Cancer 8th ed. Stage

IB 0

II 6

IIIA 11

IIIB 15

Histology

Undifferentiated
pleomorphic sarcoma

10

Leiomyosarcoma 6

Liposarcoma 7

Myxofibrosarcoma 7

Synovial sarcoma 2

Location

Trunk 2

Upper extremity 5

Lower extremity 25
pathologists. Percent viable tumor, necrosis, and fibrosis/
hyalinization were scored per slide, and the overall per-
centages were calculated for the entire specimen so that
the sum of the 3 components totaled 100%. Viable cells
were quantified based on residual cells with similarity to
the diagnostic biopsy material and often with radiation-
associated changes, including pleomorphic cells with
enlarged, hyperchromatic nuclei and abnormal mitotic
figures.

Necrosis was quantified as a confluent area of dead and
degenerating cells with karyorrhectic nuclear debris and
polymorphonuclear neutrophil infiltrate. Fibrosis/hyalini-
zation was quantified as hypocellular areas with dense,
collagenous matrix and associated with fibroblasts.
Statistical analysis

Descriptive statistics were used to describe local failure,
survival, toxicity, and postoperative wound complications.
DMFS and OS were estimated using the Kaplan-Meier
estimate of the survival function. Fisher exact or x2 analy-
sis and McNemar test were used for unpaired and paired
categorical variables, respectively. All intervals were calcu-
lated from the date of biopsy. All analyses were performed
with MedCalc version 19.8 (MedCalc Software Ltd.). For
No Chemotherapy Chemotherapy

22 10

67.5 (range, 28-86) 53.5 (range, 32-74)

7.8 cm 12.1 cm

0 0

6 0

8 3

8 7

6 4

5 1

3 4

6 1

2 0

2 0

4 1

16 9
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all analyses, the type I error was maintained at 0.05 and 2-
sided tests were used.
Results
Patient, tumor and treatment characteristics

Between March 2016 and February 2020, 35 patients
with localized STS of the extremity or trunk were enrolled
on this phase II protocol, of which 32 were evaluable.
Median follow-up was 36.4 months (range, 3-56) One
patient died of a myocardial infarction at 3 months, and 2
patients were lost to follow-up. Median age was 63.5 years
(range, 28-86; Table 3).

Most patients (22 of 32) had lower extremity tumors
and the median tumor size was 9.5 cm (range, 2.8-22).
Neoadjuvant doxorubicin and ifosfamide were adminis-
tered in 31.5% of subjects (10 of 32; Table 3). All but 1
patient received 3 cycles of chemotherapy, with that par-
ticipant stopping short secondary to elevated liver func-
tion tests. No patients received adjuvant chemotherapy.

All enrolled patients received preoperative radiation to
35 Gy in 5 fractions delivered every other day. The
median time from initiation to completion of radiation
was 10 days (range, 9-13).
Surgical outcomes

Thirty-one patients underwent wide local excision
after preoperative hypofractionated radiation therapy.
One patient sustained a fall and subsequent fracture after
radiation therapy with gross tumor contamination and
local spread and thus elected amputation. The median
time from the end of radiation to surgery was 41 days
(range, 19-67). Gross total resections (R0) were achieved
in 91% of patients (29 of 32), and 9% of patients (3 of 32)
had microscopic positive margins (R1). Planned flap clo-
sure involving plastic and reconstructive surgery occurred
in 41% of patients (13 of 32). Median tumor size was
9.5 cm. The most common histology was undifferentiated
pleomorphic sarcoma (31.2%) and most tumors were
located in the lower extremity.
Toxicity and oncologic outcomes

During radiation, there were no grade 3 or higher
acute dermatitis reactions. Grade 2 acute dermatitis
occurred in 15.6% of patients (5 of 32). Major acute
postoperative wound complications occurred in 25% of
patients (8 of 31). Of the 8 patients with a wound
complication, 6 (75%) occurred in the lower extremity,
all of which were in the proximal lower extremity.
One patient ultimately elected to undergo a hip disar-
ticulation due to persistent infection. Five of the 10
patients who received neoadjuvant chemotherapy
developed a wound complication, whereas 13.6% (3 of
22) who did not receive chemotherapy developed a
wound complication (P = .07). In addition to chemo-
therapy, age, tumor size, tumor location, and acute
dermatitis did not significantly affect the incidence of
postoperative wound complications (Table 4).

There were 23 patients who had evaluable fibrosis at
2 years. In this subset, grade 3 fibrosis occurred in 13.0%
(3 of 23), grade 2 occurred in 21.7% (5 of 23), and grade 1
occurred in 34.7% (8 of 23) of patients. Age, tumor size,
tumor location, administration of chemotherapy, acute
dermatitis, and development of postoperative wound
complications were not significantly associated with the
development of grade ≥2 fibrosis (Table 4). The median
and mean MSTS score for all patients as well as those
with 2-year follow-up was 28 and 27.4, respectively.

No patient developed a local recurrence, and the 3-year
local control was 100%. The 3-year OS was 82.2%. Distant
metastasis developed in 28% of patients (9 of 32) of
patients, and the 3-year DMFS was 69% (Fig. 1). The
median time to the development of distant metastasis was
14.6 months (range, 2.1-38.8).

Of the 32 patients enrolled, 24 have had a minimum 2-
year follow-up. Of these, none has had a local recurrence,
1 patient (4.1%) died, and 25% of patients (6 of 24) devel-
oped distant metastasis. The 3-year local control in this
subset remains at 100%. The 3-year OS and DMFS are
94.4% and 75.0%, respectively.
Pathologic outcomes

Median necrosis, fibrosis, and viable cells from all 32
patients who underwent resection were 17.5%, 20%, and
50% respectively. No pathologic variable was associated
with DMFS. Treatment-related necrosis and fibrosis
≥90% occurred in 4 patients. Although not statistically
significant, therapy-related changes of necrosis and fibro-
sis ≥90% were associated with a 3-year OS of 100% versus
77.9% (P = .31). R0 resection was achieved in 100% of
patients who had ≥90% treatment-related necrosis and
fibrosis versus 88.3% of patients who had <90% treat-
ment-related necrosis and fibrosis.
Discussion
Conventional preoperative radiation therapy for STS of
the extremity and trunk involves daily treatments over the
course of 5 weeks. With the addition of surgery, the over-
all treatment “package” time may extend to 8 to 10 weeks
with preoperative radiation alone or up to 22 weeks if
neoadjuvant systemic therapy is administered. Patients



Table 4 Factors associated with post-operative wound complication & grade ≥2 fibrosis

Post-operative WC (%) P - value ≥ Grade 2 fibrosis P - value

Median age

≤65 4/16(66.7) 0.99 3/16 (18.8) 0.66

>65 4/16 (66.7) 4/13 (30.8)

Median size

≤9.5 cm 3/16 (18.8) 0.68 3/16 (18.8) 0.66

>9.5 cm 5/16 (31.3) 4/13 (30.8)

Location

Upper Extremity/Trunk 2/7 (28.6) 0.99 1/6 (16.7) 0.99

Lower Extremity 6/25 (24) 6/23 (26.1)

Acute dermatitis

No 4/19 (21.) 0.68 2/17 (11.8) 0.09

Yes 4/13 (30.8) 5/12 (41.7)

Chemotherapy

No 3/22 (13.7) 0.07 4/19 (21.1) 0.66

Yes 5/10 (50) 3/10 (30%)

Wound complication

No N/A 5/22 (22.7) 0.99

Yes 2/7 (28.6)
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undergoing radiation therapy with or without systemic
therapy often prefer shorter courses of irradiation to facil-
itate earlier tumor resection.

In addition to decreased treatment time, hypofractio-
nated radiation therapy offers other advantages. STS are
known to be more resistant to irradiation due to its
enhanced ability to repair DNA damage between fractions
compared with other malignancies.24,25 Thus, a regimen
that offers a higher dose per fraction, or biologic equiva-
lent dose, leads to more tumor cells killed per fraction
and decreased ability for sarcoma cells to repair them-
selves between fractions. Moreover, the global COVID-19
pandemic has led many specialties to examine mitigating
risk of hospital-acquired infections in this high-risk popu-
lation.26 Due to past and recent data demonstrating good
rates of local control and acceptable incidence of short-
and long-term toxicity, hypofractionated preoperative
radiation therapy in STS offers an effective option to abate
prolonged hospital exposure, treatment delays, and if
performed at a sarcoma center, delivery of high quality
therapy in appropriate patient populations.26 Lastly, miti-
gation of the implicit costs of travel, decreased hours
worked, and other social factors make hypofractionated
radiation therapy an attractive option.

There is a growing body of literature investigating
short-course dose-intensified radiation therapy in STS,
including ongoing studies evaluating moderately hypo-
fractionated radiation therapy at large sarcoma centers
within the United States.27,28 One of the initial and
largest prospective studies examined preoperative
hypofractionated radiation therapy administered to 25
Gy in 5 fractions. After a median follow-up of 35
months, the 3-year OS was 72% and local control was
81%. Although OS is comparable to historical data,
local control is lower than reported in the preoperative
radiation therapy literature for STS.7 The investigators
of the study calculated an equivalent dose in 2 Gy
fractions (EQD2) of 40 Gy with an a/b ratio of 3. In
the current study, we chose to treat patients with an
a/b ratio of 5 to 35 Gy in 5 fractions (EQD2 = 60 Gy)
every other day to allow for tissue recovery, which is
based on a regimen that has been reported in the liter-
ature with excellent outcomes.8

More recently, Kalbasi et al prospectively enrolled 52
patients in a phase II preoperative hypofractionation
trial.17 In this study, radiation was delivered over 5 conse-
cutive days to 30 Gy at 6 Gy per fraction with an EQD2 of
50 Gy. Major acute wound complications occurred in
32% of patients, and grade ≥2 fibrosis and joint stiffness
were present in 11% of patients each. After a minimum 2-
year follow-up, local control was 94.3% and 21.2% of
patients developed distant disease. In the current study,
the primary endpoint was local control, which was 100%
in all patients and in those who had a minimum 2-year
follow-up. In addition, neoadjuvant chemotherapy was
administered in 31% of patients, and the addition of che-
motherapy did not influence local control, DMFS
(P = .66), or OS (P = .48).



Fig. 1 Kaplan-Meier curves for overall survival (A) and distant metastasis-free survival (B).
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Although excellent outcomes have been demonstrated
(Tables 1 and 2), more condensed preoperative radiation
regimens in STS may not be used due to concerns of acute
and long-term toxicity. Although not powered for toxicity,
in this study the incidence of major acute postoperative
wound complications was 25%, which is lower than the
incidence in the CAN-NCIC-SR2 study (35%), in which
patients were administered standard preoperative dose to
50 Gy at 2 Gy per fraction.2,4 As demonstrated in other
studies,2 the incidence of postoperative complications was
primarily located in the proximal lower extremity in the
current study. Furthermore, it is on par with the incidence
of wound complications in other studies that have investi-
gated preoperative hypofractionated radiation therapy with
varying dose regimens (Tables 1 and 2). The rate of grade
≥2 fibrosis in the present study was 34.8%, which is com-
parable with the grade ≥2 fibrosis in the CAN-NCIC-SR2
study (31.5%) but had higher rates of fibrosis than in other
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hypofractionated preoperative studies (3.7%-13.8%).4,7,8,17-
22,29 Doses greater than 60 to 65 Gy in 2 to 3 Gy per frac-
tion have been shown to lead to a 50% risk of developing
fibrosis.30 In this study, the biologic equivalent dose of 35
Gy in 5 fractions is at or greater than the dose reported in
these studies, which could explain the incidence of grade
≥2 fibrosis. It is also plausible that as the data continue to
mature, the rate of grade ≥2 fibrosis may decrease; how-
ever, as the denominator is small, any change in either the
numerator or denominator affects the incidence to a large
degree. In addition, the impact of late toxicity in this trial
did not translate to decreased MSTS scores, for which the
median and mean scores were 28 and 27.4, respectively.
This correlates with the study of Davis et al, where the 2-
year mean MSTS score was 28 in patients who received
preoperative standard fraction irradiation.4

Preoperative hypofractioned irradiation has been used
in combination with chemotherapy. Spencer et al enrolled
48 patients with high-grade extremity STS who received 3
cycles of doxorubicin and ifosfamide in conjunction with
hypofractionated radiation to 25 Gy in 5 fractions.31 Radi-
ation was delivered during cycle 2, given concurrently
with doxorubicin alone. The 3-year OS was 86.3% and the
addition of systemic therapy did not impact the develop-
ment of wound complications, which occurred in 19.5%
of subjects. In the present study, the use of neoadjuvant
chemotherapy was recommended in a multidisciplinary
setting and contingent on histology, tumor size and grade,
and patient factors such as age, performance status, and
comorbidities. Although a small number of patients
received neoadjuvant systemic therapy, an increased inci-
dence of postoperative wound complications was seen in
this group compared with those who did not receive che-
motherapy (50% vs 13.6%), which trended toward signifi-
cance (P = .07). Other studies that have assessed the
impact of neoadjuvant chemotherapy in patients treated
with conventionally fractioned irradiation have, for the
most part, not been associated with an increased inci-
dence of postoperative wound complications.32-34

Treatment-related pathologic outcomes such as necro-
sis have been investigated as prognostic factors in
STS.19,21,35-37 Necrosis is strongly prognostic in osteosar-
coma, with improved survival in tumors that have >90%
necrosis.38 Pathologic response to neoadjuvant therapy
had been investigated in Radiation Therapy Oncology
Group 9514, where 27% of patients who received interdig-
itated chemotherapy and radiation therapy had a patho-
logic complete response (pCR).39 Recent data have shown
pCR such as necrosis and/or fibrosis has led to improved
OS and distant recurrence-free survival.19,37,39-41 Seldon
et al retrospectively reviewed 79 patients who received
neoadjuvant irradiation, chemotherapy, or chemoradia-
tion, and showed that chemoradiation was associated
with higher rates of pCR, as defined by ≥90% necrosis.40

Pathologic complete response was also associated with
improved OS (100% vs 81.2%, P = .18). Similarly in this
study, therapy-related pathologic changes ≥90% led to
improved OS (100% vs 77.9%, P = .31).

Kalbasi et al reported one of the few studies that exam-
ined pathologic effect by percentage of hyalinization and
necrosis relative to biopsy specimens after 30 Gy in 5 frac-
tions and found the average pathologic treatment effect
was 44%.17 Although pathologic outcomes are currently
being implemented as endpoints in prospective clinical
trials, consistency in the definition of pCR and variables
contributing to treatment-related response is imperative
to guide future sarcoma trials.42

Although the study presented is a prospective trial, there
are inherent biases. A selection bias was present as patients
were enrolled whose tumors were <20 cm and thought to
be more amenable to hypofractionated preoperative radia-
tion therapy without leading to added toxicity. In addition,
the modest sample size for a heterogeneous malignancy
may impact various outcomes, which is one of the primary
reasons prospective sarcoma trials are difficult to translate
to all histologies. Ideally, phase II or III randomized con-
trolled trials may be warranted to corroborate these find-
ings, leading to routine implementation by sarcoma
providers. Nonetheless, this study adds to the emerging
data supporting preoperative hypofractionated radiation
therapy in localized STS of the extremity and trunk.
Conclusions
The present study illustrates the safety, efficacy, and con-
venience of a 5-fraction course of preoperative hypofractio-
nated radiation therapy in extremity and truncal STS. High
rates of 3-year local control and overall survival as well as
acceptable rates of acute and long-term toxicity were dem-
onstrated. Therefore, if feasible, phase II or III multi-institu-
tional studies with a larger sample size are warranted to
shift the paradigm of preoperative radiation in STS.
Supplementary materials
Supplementary material associated with this article can
be found in the online version at doi:10.1016/j.adro.2021.
100850.
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