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Abstract
Purpose: Given the relative radioresistance of sarcomas and their often large size, conventional palliative radiation therapy (RT) often
offers limited tumor control and symptom relief. We report on our use of hypofractionated RT (HFRT) as a strategy to promote
durable local disease control and optimize palliation.
Methods and Materials:We retrospectively reviewed 73 consecutive patients with sarcoma who received >10 fractions of HFRT from
2017 to 2020. Clinical scenarios included: (1) palliative or symptomatic intent (34%), (2) an unresectable primary (27%), (3)
oligometastatic disease (16%), and (4) oligoprogressive disease (23%).
Results: The HFRT target was a primary tumor in 64% of patients with a median dose of 45 Gy in 15 fractions (59% ≥45 Gy). The 1-
year disease-specific survival was 59%, which was more favorable for patients receiving HFRT for oligometastatic (1-year 100%) or
oligoprogressive (1-year 73%) disease (P = .001). The 1-year local control (LC) of targeted lesions was 73%. A metastatic target (1-year
95% vs 60% primary; P = .02; hazard ratio, 0.27; P = .04) and soft tissue origin (1-year 78% vs 61% bone; P = .01; hazard ratio, 0.33;
P = .02) were associated with better LC. The rate of distant failure was high with a 6-month distant metastasis-free survival of only
43%. For patients not planned for adjuvant systemic therapy (n = 53), the median systemic therapy break was 9 months and notably
longer in oligometastatic (13 months), oligoprogressive (12 months) or unresectable (13 months) disease. HFRT provided palliative
relief in 95% of cases with symptoms. Overall, 49% of patients developed acute grade 1 to 2 RT toxicities (no grade 3-5). No late grade
2 to 5 toxicities were observed.
Conclusions: HFRT is an effective treatment strategy for patients with unresectable or metastatic sarcoma to provide durable LC,
symptom relief, and systemic therapy breaks with limited toxic effects.
© 2022 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 represent a highly heterogeneous population of
tumors with unique epidemiology, biology and sensitivity to
treatment.1-4 Accordingly, the contemporary management
r
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for sarcomas is complex in both the localized and metastatic
setting.5 In the localized setting, treatment often requires a
multidisciplinary approach with a combination of surgery,
radiation therapy (RT) and systemic therapy.6-10 For local-
ized soft tissue sarcoma preoperative RT is the preferred
approach.11 In contrast, for bone sarcomas RT is more com-
monly performed in the adjuvant setting for positive mar-
gins or high-risk features or used as a definitive therapy for
unresectable tumors.12-16

Although such approaches offer effective durable
local control, high rates of distant metastasis remain a
primary concern. Approximately one-third of sarcoma
patients develop distant disease, and in particular those
with high-risk features such as intermediate to high-
grade or larger tumors are at an elevated risk of hav-
ing metastatic disease.17-19 In the metastatic setting,
management often includes anthracycline-based che-
motherapy or second line systemic therapy.20,21 Unfor-
tunately, overall response rates for systemic therapy
are relatively poor with nearly all patients eventually
progressing on therapy.22 Therefore, RT is commonly
delivered in these settings with palliative intent for
symptom relief.23

Due to the relative radioresistance and often large
size of sarcoma lesions, conventionally fractionated
palliative RT may be inadequate to provide effective
palliation or durable tumor control.24 Furthermore,
given the emerging understanding of the oligometa-
static state,25,26 new evidence has demonstrated that
improved oncologic outcomes including overall sur-
vival (OS) and progression-free survival (PFS) can be
achieved when aggressive local therapy in the form of
surgery or RT is pursued along with systemic
therapy.27,28 Recent evidence has highlighted this para-
digm shift in the multimodal management of sarcoma,
specifically using locally directed treatments such as
metastasectomy and locally ablative therapies (includ-
ing RT and radiofrequency ablation) in patients with
unresectable locally advanced or metastatic disease.29,30

Therefore, these data further support this concept of
dose escalation as a form of more aggressive local
therapy, in select patients, with the goal of improving
outcomes. Given the shifting paradigms and increasing
use of hypofractionated RT (HFRT) to more aggres-
sively manage patients with sarcoma diagnoses in
patients not eligible for stereotactic body RT (SBRT)
due to size or anatomic considerations, we evaluated
our experience to determine tumor and survival out-
comes, efficacy of palliation, and duration of systemic
therapy breaks.
Methods and Materials
Seventy-three patients with histologically confirmed
sarcoma who were treated with >10 fractions of HFRT
(dose >2 Gy per fraction) at our institution between 2017
and 2020 were retrospectively identified from institutional
databases for subsequent review and analysis. Institutional
review board approval was obtained before reviewing
patients’ medical records. Treatment decisions regarding
all patients were based on consensus recommendations
from a multidisciplinary sarcoma team.

The reason for more aggressive HFRT was catego-
rized into 4 clinical indications including: (1) palliation
or symptom relief that the treating physician thought
may not respond as well to conventional palliative
doses; (2) more definitive intent for an unresectable
primary; (3) oligometastatic disease; or (4) oligoprog-
ressive disease where the goal of RT was to delay or
prevent the need to change or reinitiate chemotherapy.
Oligometastatic disease was defined as <5 sites of
metastases based on CT or positron emission tomogra-
phy imaging. Oligoprogressive disease was defined as
limited sites (<3) of progressive disease in patients
with otherwise stable metastatic disease.

HFRT was delivered most commonly using intensity
modulated radiation therapy with a simultaneous inte-
grated boost (SIB) to further escalate the dose. Gross
tumor volumes (GTV) were contoured based on imag-
ing or clinical findings. Expansions for clinical target
volumes (CTV) varied based on the clinical scenario,
anatomic location, and tumor type, and generally
ranged between »1 to 2 cm. The planning target vol-
ume expansions were dependent on the immobiliza-
tion, motion management, and image guidance but
typically were 5 to 8 mm.

Dose fractionation was determined by the treating
radiation oncologist. A number of factors were used
to guide radiation prescriptions including target size,
anatomic location, and treatment intent. The histo-
logic subtype was less commonly used to guide pre-
scription selection. Radiation doses generally <40 Gy
were employed for patients treated with palliative
intent, whereas doses ranging between 45 and 52.5
Gy in 15 fractions were more commonly prescribed
for unresectable tumors and those with oligometa-
static/oligoprogressive disease. In those cases, when
nearby organs at risk did not exceed standard dose
constraints following biologic equivalent dose calcula-
tions, the GTV prescription was commonly 52.5 Gy
in 15 fractions. If equivalent standard dose con-
straints were exceeded, the GTV prescription was
commonly lowered to 45 Gy and an intentional het-
erogenous 110% to 120% “hot center” was permitted
as a way to safely dose escalate the GTV while still
prioritizing a low toxicity risk. Multiple dose-levels
were often employed using a SIB technique. When
the GTV was prescribed 52.5 Gy in 15 fractions, the
CTV was typically prescribed 45 Gy. If the GTV was
prescribed 45 Gy in 15 fractions, the CTV received
37.5 Gy.



Table 1 Patient and tumor characteristics

Variable Value or n (%)N = 73

Follow-up time for all patients, mo

Median 9

Range 2-24

IQR 5-13

Age, y

Median 51

Range 18-86

IQR 35-69

Sex

Female 29 (40)

Male 44 (60)

ECOG performance status

0 19 (26)

1 35 (48)

2 14 (19)

3 2 (3)

4 3 (4)

Median 1

Irradiated tumor

Primary tumor 47 (64)

Metastasis 26 (36)

Irradiated location
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Patient follow-up most commonly involved a clinical
history, physical examination, and serial imaging every 3
months for the first 3 years and annually thereafter. Local
control (LC) of the targeted lesion was assessed by
serial cross-sectional imaging. Musculoskeletal radiology
reports were used to annotate the best radiographic
response after RT and were categorized as a decrease in
size only, a decrease in size and enhancement or avidity,
decreased enhancement or avidity only, or having stable
disease without evidence of radiographic progression.
Once radiographic reports annotated tumor growth or
increasing enhancement or avidity, if that trend continued
on follow-up imaging, the date of the initial imaging
change was scored as progressive. Pain response was
assessed by comparing patient reported pain scores before
and after HFRT.

Descriptive statistics were used to evaluate baseline
patient, tumor, and treatment characteristics. Fisher exact
tests and x2 analyses were used to evaluate differences
between categorical variables. The Kaplan-Meier method
was used to estimate actuarial rates of OS, PFS, disease-
specific survival (DSS), LC, and distant metastasis-free
survival (DMFS) with survival times calculated from the
completion of local therapy. Log-rank tests were used to
assess differences between actuarial curves. Multivariable
analyses were conducted using the Cox proportional haz-
ards model. Significant (P < .05) estimated hazard ratios
(HRs) and 95% confidence intervals (CIs) are reported.
SPSS Statistics version 22 (IBM, Armonk, NY) was used
for data analysis.
Head and neck 20 (27)

Upper extremities 2 (3)

Lower extremities 3 (4)
Results
Trunk 48 (66)

Superficial trunk 12

Intrathorax 18

Pelvis 14

Retroperitoneum 4

Sarcoma type

Soft tissue sarcoma 53 (73)

Bone sarcoma 20 (27)

Histology

Leiomyosarcoma 11 (15)

Synovial sarcoma 9 (12)

High-grade sarcoma, NOS 9 (12)

Osteosarcoma 6 (8)

Ewing sarcoma 6 (8)

Chondrosarcoma 5 (7)

Dedifferentiated liposarcoma 4 (6)

(continued on next page)
Patient and tumor characteristics

Patient and tumor characteristics are listed in Table 1.
The median age was 51 years (interquartile range [IQR],
35-69 years), and 60% (n = 44) were male. The HFRT
strategy was used to treat primary tumors (n = 47, 64%)
more commonly than sites of metastatic disease (n = 26,
36%). Anatomically, most irradiated tumors were located
in the trunk (n = 48, 66%), with the majority either intra-
thoracic (n = 18, 38%) or in the pelvis (n = 14, 29%). The
next most common involved anatomic location was the
head and neck (n = 20, 27%), with 8 (40%) involving the
neck and the other 12 (60%) involving various subsites of
the head. Involvement of the extremities was least com-
mon (upper, n = 2, 3%; lower, n = 3, 4%). The median
tumor size was 7 cm (range, 1-23 cm) and 27% of tumors
(n = 20) were >10 cm.

Most tumors were of soft tissue origin (n = 53,
73%). Leiomyosarcomas (n = 11) and synovial sarco-
mas (n = 9) were the most common, although other
histologies were also treated (Table 1). Tumors of



Table 1 (Continued)

Variable Value or n (%)N = 73

Angiosarcoma 4 (6)

Chordoma 3 (4)

Rhabdomyosarcoma 3 (4)

Solitary fibrous tumor 3 (4)

Hemangioendothelioma 2 (3)

Myxoid liposarcoma 2 (3)

MPNST 2 (3)

Other 4 (6)

Maximum tumor dimension, cm

Median 7

Range 1-23

IQR 4-12

Tumor size

≤5 cm 28 (38)

5-10 cm 25 (34)

>10 cm 20 (27)

Abbreviations: ECOG = Eastern Cooperative Oncology Group;
IQR = interquartile range; NOS = not otherwise specified;
MPNST = malignant peripheral nerve sheath tumor.

Table 2 Treatment characteristics

Variable
Value or n (%)
N = 73

Lines of systemic therapy preceding HFRT

Median 2

Range 0-11

IQR 1-3

0 9 (12)

1 18 (25)

2-3 29 (40)

≥4 17 (23)

Systemic therapy immediately preceding HFRT

Chemotherapy 33 (45)

Tyrosine kinase inhibitor 9 (12)

Immunotherapy 8 (11)

None 23 (32)

Best radiographic response of tumor before HFRT

Progressing 56 (77)

Stable 8 (11)

Partial response 9 (12)

Rationale for hypofractionated HFRT

Palliation 25 (34)

Unresectable 20 (27)

Oligoprogression 16 (23)

Oligometastasis 12 (16)

Dose-fraction schemes to GTV
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bone origin were less common (n = 20, 27%) and
included osteosarcoma (n = 6), Ewing sarcoma
(n = 6), chondrosarcoma (n = 5), and chordoma
(n = 3).
Median 45 Gy/15 fx

35 Gy/14 fx 1 (1)

36 Gy/12 fx 5 (7)

37.5 Gy/15 fx 9 (12)

39 Gy/12 fx 1 (1)

39.6 Gy/12 fx 1 (1)

42 Gy/12 fx 4 (5)

42.5 Gy/17 fx 9 (12)

45 Gy/15 fx 32 (44)

45.9 Gy/17 fx 1 (1)

48.75 Gy/15 fx 1 (1)

51 Gy/17 fx 1 (1)

52.5 Gy/15 fx 8 (11)

Dose-fraction schemes to PTV

Median 37.5 Gy/15 fx

33 Gy/12 fx 1 (1)

35 Gy/14 fx 1 (1)

(continued on next page)
Treatment

Most patients (n = 64, 87.7%) received systemic
therapy before HFRT, often having had multiple lines
of therapy (median = 2; ≥2 lines; n = 46, 63%) during
the course of their sarcoma treatment. Immediately
preceding RT, 50 (68%) patients had received systemic
therapy, most commonly chemotherapy (n = 33),
whereas 23 (32%) patients were not treated with sys-
temic therapy immediately before RT. Additionally, at
initiation of HFRT, the majority of the tumors were
radiographically progressing (n = 56, 77%) whereas 8
(11%) patients had stable disease and 9 (12%) had a
partial response to therapy (Table 2).

The rationale for delivery of HFRT varied, but the
most common reason was for palliation of symptoms
(n = 25, 34%); 35 (48%) patients had tumor-related pain
at the time of RT (Table 3). Patients receiving palliative
hypofractionated RT tended to have larger tumors
(median, 9 cm) than patients receiving RT for other rea-
sons (median, 6 cm; P = .02), which included irradiating
unresectable primary tumors (n = 20, 27%) or local



Table 2 (Continued)

Variable
Value or n (%)
N = 73

35 Gy/15 fx 1 (1)

36 Gy/12 fx 7 (10)

37.5 Gy/15 fx 44 (60)

37.5 Gy/17 fx 1 (1)

38.25 Gy/17 fx 2 (3)

39 Gy/12 fx 1 (1)

40.05 Gy/15 fx 1 (1)

42 Gy/12 fx 1 (1)

42.5 Gy/17 fx 7 (10)

45 Gy/15 fx 6 (8)

Dose per fraction GTV

<3 Gy/fx 21 (29)

3 Gy/fx 38 (52)

>3 Gy/fx 14 (19)

SIB used

Yes 47 (64)

No 26 (36)

GTV “hot center”

Yes 20 (27)

No 53 (73)

Best radiographic response to HFRT

Decreased size 30 (41)

Decreased size and enhancement/avidity 19 (26)

Decreased enhancement/avidity only 5 (7)

Stable only 16 (22)

Unknown 3 (4)

Abbreviations: fx = fraction; GTV = gross tumor volume;
HFRT = hypofractionated radiation therapy; IQR = interquartile range;
NOS = not otherwise specified; PTV = planning target volume;
SIB = simultaneous integrated boost.

Table 3 Symptoms related to tumor and radiation
toxicity

Variable
Value or n (%)
N = 73

Symptoms related to tumor

None 34 (47)

Pain only 28 (38)

Neurologic only 1 (1)

Pain and neurologic 7 (10)

Other 3 (4)

Symptomatic benefit after RT

Yes 37 (51)

No 2 (3)

Absence of symptoms before RT 34 (46)

Acute toxicity

None 37 (51)

Pain flare 15 (21)

Lower GI 13 (18)

Upper GI 14 (19)

Acute GI toxicity grade

Grade 1 20 (74)

Grade 2 7 (26)

Grades 3-5 0 (0)

Late toxicity

Respiratory 2 (3)

GI 0 (0)

Neurologic 0 (0)

Late toxicity grade

Grade 1 2 (3)

Grades 2-5 0 (0)

Abbreviations: GI = gastrointestinal; RT, radiation therapy.
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treatment for oligoprogression (n = 16, 23%) or oligome-
tastasis (n = 12, 16%).

The median RT dose was 45 Gy (IQR, 42-45 Gy)
over a median of 15 fractions with 43 (59%) patients
receiving ≥45 Gy (Table 2). Details of dose-fraction-
ation schemes are presented in Table 1. Delivery of 3
Gy per fraction was most common (n = 38, 52%),
whereas higher total doses were more commonly used
to treat truncal tumors (P = .001) and to treat
patients receiving HFRT for unresectable or oligo-
metastatic or progressive disease compared with palli-
ative intent (P = .03). An SIB technique was used for
47 (64%) of patients to provide dose-escalation to the
GTV and or CTV. Additionally, heterogeneity was
planned for 20 (27%) patients with intentionally
higher doses to the center of the tumor (median, 52.5
Gy; IQR 48-52.5 Gy).

Of the 39 (54%) patients who had tumor-related symp-
toms before RT, 37 (95%) had improvement after treat-
ment, including 33 of the 35 patients presenting with
pain.
Patterns of disease recurrence

After RT, 49 (67%) patients had a measurable partial
response with a decrease in the size of treated tumors
with 19 (39%) also exhibiting decreased enhancement or
fluorodeoxyglucose-avidity. Sixteen (22%) patients had
no radiographic change in their tumor (Table 2).
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Nineteen (26%) patients developed local failure of
the irradiated tumor at a median time of 7.5 months
(IQR, 5.5-13). The 1- and 2-year LC was 73% and
47%, respectively. Two factors associated with more
favorable LC on univariate analysis included having
the metastasis as the target lesion (1-year 95% vs 60%
primary tumor, P = .02) and having a sarcoma of soft
tissue origin (1-year 78% vs 61% for bone sarcomas,
P = .01); smaller tumor size ≤5 cm neared favorable
significance (1-year LC 82% vs 66% for >5 cm;
P = .07). On univariate analysis, LC was not associated
with radiation dose stratified at 45 Gy (P = .84), dose
per fraction (<3 Gy vs 3 Gy vs >3 Gy, P = .92), use
of a SIB to increase the dose to the central part of the
tumor (P = .46), or radiographic response after RT
(P = .23). On multivariable analysis accounting for
tumor size, tissue origin, and target type, both having
a metastatic site as the target lesion (HR, 0.27;
P = .04; 95% confidence interval [CI], 0.08-0.94) and
the target being of soft tissue origin (HR, 0.33;
P = .02; 95% CI, 0.13-0.87) remained significant for
LC.

The rate of distant failure from targeted lesions
(progression at an existing untreated distant site or
development of a new distant site) was high with a
6-month and 1-year DMFS of only 43% and 22%,
respectively. Fifty-two (71%) patients developed dis-
tant relapse or progression at a median time of
2 months (IQR 1-5 months). Three factors were asso-
ciated with more favorable DMFS on univariate anal-
ysis; having a primary tumor as the target lesion
(1-year 33% vs 0% for metastasis, P = .01), diagnostic
imaging showing stable or partial response of the tar-
get tumor before irradiating (1-year 53% vs 12% for a
progressing target, P = .01), and the clinical rationale
for HFRT being used for an unresectable primary (6-
month 70% vs 40% for oligoprogression vs 53% for
oligometastasis vs 15% for palliation, P < .001). How-
ever, on multivariable analysis accounting for target
origin (primary site vs metastasis), systemic treatment
before RT, response of target before RT, and rationale
for RT, only the rationale for RT (unresectable
primary = HR, 0.14; P < .001; 95% CI, 0.06-0.33;
oligometastatic = HR, 0.25; P = .003; 95% CI, 0.1-
0.62; oligoprogression = HR, 0.51; P = .07; 95% CI,
0.25-1.06; all vs palliation as the rationale) remained
significant.
Survival

The median follow-up time from the completion of RT
was 9 months (IQR, 5-13 months). The 1- and 2-year OS
rates were 53% and 39%, respectively (Fig. 1). There were
31 (43%) deaths attributable to disease resulting in a
median survival of 9.5 months (IQR 5-13) and a 1- and 2-
year DSS of 59% and 43%, respectively. On univariate
analysis, the only factor associated with DSS was the clini-
cal rationale for hypofractionated RT. The 1- and 2-year
DSS was more favorable for patients treated for oligoprog-
ressive (73% and 73%) or oligometastatic (100% and 83%)
disease compared with unresectable primary (59% and
43%) or for palliation (25% and 0%) (P = .001; Fig. 2).
Systemic therapy break

A total of 23 (32%) patients were not receiving sys-
temic therapy before RT (within 1 month), of whom 9
had never received systemic therapy typically due to lim-
ited efficacy for their tumor-type. After RT, 20 (27%)
patients were planned to restart or continue systemic
therapy, whereas 53 were not planned for additional ther-
apy. For all patients, the median systemic therapy break
was 6.5 months (IQR 2.5-20). However, for patients not
planned for adjuvant systemic therapy, the median sys-
temic therapy break was 9 months (IQR 4-23).

The systemic therapy break was notably longer for
patients receiving RT due to oligometastatic (median, 13
months; IQR, 8-36 months), oligoprogressive (median, 12
months; IQR, 3-25 months), or for unresectable disease
(median, 13 months; IQR 7-35 months) compared with
those treated for palliation of symptoms.
Outcomes for patients with oligometastatic
or oligoprogressive disease

Twelve (16%) patients received HFRT to treat oligo-
metastatic disease for which the 1- and 2-year OS was
91% and 38%, respectively. Two (17%) patients developed
local recurrence at a median of 8.5 months while 7 (58%)
developed distant recurrence at a median of 5 months
(IQR 3-8). The median systemic therapy break was 13
months and RT provided a median addition of 7 months
off systemic therapy (IQR 5-14 months).

Sixteen (23%) patients were treated due to oligoprog-
ression for which both the 1- and 2-year OS was 73%,
respectively. Six (38%) patients developed local relapse at
a median of 12 months (IQR, 6-18), and all but one (94%)
developed distant progression at a median time of 4.5
months (IQR, 1-7). The median systemic therapy break
was 12 months and RT provided a median addition of 6
months off systemic therapy (IQR 2-11.5).
Toxic effects

Acute radiation-related toxic effects occurred in 36
patients (49%). Twenty-seven (37%) patients experienced
acute gastrointestinal (GI) toxicity; 14 (52%) had upper
GI-related symptoms (ie, mucositis, dysphagia,



Figure 1 Kaplan-Meier curves showing outcomes for patients with sarcoma using a hypofractionated radiation therapy
strategy: (A) 12-month overall survival (53%), (B) 12-month disease-specific survival (59%), (C) 12-month local control
(73%), and (D) 6-month distant metastatic free survival (43%).
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esophagitis, etc), and 13 (48%) had lower GI symptoms
(ie, increased bowel movements, nausea, vomiting, etc).
Most patients had grade 1 toxicities (n = 20, 74%), with a
minority of grade 2 (n = 7, 26%) and no grade 3 to 5 tox-
icities. Fifteen (21%) patients had a pain flare related to
RT, which occurred more commonly in patients who had
tumor-related pain before RT (P = .04). Late toxic effects
were limited. Two (3%) patients had grade 1 pneumonitis
and 1 (1%) patient had expected persistent dry eye. There
were no late neurologic or GI-related toxic effects.
Discussion
The management of sarcoma is complex in both the
localized and metastatic setting due to its relative resis-
tance to conventional oncologic therapy. Considering
suboptimal outcomes in the unresectable and metastatic
setting with conventional RT and anatomic or size limita-
tions for SBRT, we present one of the largest series of
hypofractionated RT for patients with unresectable or
metastatic sarcoma. Our findings demonstrate that HFRT
is an effective treatment option for such patients as it con-
fers durable local control, excellent symptom relief and
prolonged systemic therapy breaks with limited toxic
effects. In particular, patients with oligometastatic or oli-
goprogressive disease appeared to derive the greatest ben-
efit with favorable disease-specific survival and significant
chemotherapy breaks, which likely improves quality of
life for these patients.

HFRT is increasingly being used as an escalated form
of local therapy in select patients with oligometastatic pre-
sentations or limited gross disease. Additionally, HFRT is
also being increasingly used in the definitive setting for
multidisciplinary sarcoma management.31,32 SBRT is effi-
cacious with high rates of LC in appropriately selected



Figure 2 A Kaplan-Meier curve showing disease-specific
survival at 12 months by the clinical rationale for using a
hypofractionated radiation strategy including oligometa-
stasis (100%), oligoprogression (73%), unresectable pri-
mary (59%), and palliation (25%) (P = .001).
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patients. A majority of the evidence is based on SBRT for
sarcoma lung metastases. Dose fractionation schemes for
lung SBRT have ranged from 30 to 60 Gy in 1 to 10 frac-
tions and have been seen to yield 86% to 96% LC.33-35

Outside of the lung, stereotactic approaches for metastatic
sarcomas include treating spinal metastases with spine
SRS (SSRS).36-38 In these studies, SSRS was delivered to
18 to 36 Gy in 1 to 6 fractions achieving LC rates of 81%
to 91%.36-38 Notably, some of these studies demonstrated
improved LC with dose escalation, in particular a biologi-
cally effective dose (BED) >45 Gy was noted to be a sig-
nificant predictor of improved LC (P = .006).37,38

However, given the natural history of sarcomas, com-
monly lesions grow too large for SBRT or in locations not
conducive to this strategy. This is reflected in our series as
62% of treated sites were >5 cm in size (median 7 cm),
thus beyond the size threshold of SBRT. Additionally,
despite there often large size many of these tumors were
not necessarily strictly palliative cases where common pal-
liative dose regimens like 20 Gy in 5 fractions would be
warranted as many of these patients did not have neces-
sarily have extensive metastatic disease, poor functional
status, or immanent prognosis of death. Therefore, HFRT
was used as a means of delivering dose-escalated and
more aggressive therapy compared with conventional pal-
liative treatment. This HFRT strategy has been demon-
strated to be effective in other tumor types such as central
non-small cell lung cancer with low toxicity, while also
offering the advantage of using concurrent chemotherapy
or immunotherapy.39-41 Thus, considering that a majority
of patients with metastatic or unresectable sarcomas are
suboptimal SBRT candidates, HFRT serves as an
intermediary approach to pursue improved LC without
significant treatment toxicity.

Using HFRT we achieved 1- and 2-year LC rates of
73% and 47%, respectively. It is difficult to draw com-
parisons of HFRT to conventional fractionation with
respect to efficacy of palliation in metastatic sarcoma as
there is limited evidence on the subject. For example,
in a recently published study of nearly 300 patients
treated with conventional palliative RT to the spine,
only about 10 patients had sarcoma histology which
precluded any histology-specific analysis.42 In general,
however, conventional palliative RT has resulted in
local control rates around 50% to 70% among all malig-
nancies, most of which are notably more responsive to
RT than sarcomas.43-45 The relative radio-resistance of
sarcomas has been supported by preclinical and clinical
data. Sarcomas generally have been noted to have rela-
tively low a/b ratios a measure of sensitivity to radia-
tion fractionation, suggesting that such tumors may be
more vulnerable to HFRT.46-48 This coupled with recent
advances in RT technology and image guidance, makes
hypofractionated approaches an attractive option, par-
ticularly for patients with unresectable tumors or oligo-
metastatic disease.

The patients who are to derive the greatest benefit from
these more aggressive approaches are undoubtedly those
with oligometastatic or oligoprogressive disease. Our find-
ings revealed that patients with oligometastatic and oligo-
progressive disease had significantly improved 1-year DSS
at 100% and 73% (P = .001) respectively compared with
those treated with unresectable primaries or with a pallia-
tive rationale. Furthermore, patients with oligometastatic
disease were noted to have significantly improved DMFS.
Similar findings for patients with NSCLC were reported
in the landmark trial by Gomez et al27 after observing a
substantial PFS benefit with local consolidative therapy
(LCT) in patients with oligometastatic NSCLC as LCT
improved median PFS to 14.2 months compared with 4.4
months for standard of care systemic therapy (P = .022).
Similarly, the SABR-COMET trial displayed that SBRT
for oligometastatic patients doubled median progression
free survival.28

Analogous findings have been demonstrated in
sarcoma.29,30 Most notably, a prospective study conducted
by the French Sarcoma Group evaluated the efficacy of
LCT for 281 patients with oligometastatic sarcoma.30 This
study used a combination of LCT including surgery,
radiofrequency ablation, and RT and reported a substan-
tial improvement in OS with LCT 45.3 months vs stan-
dard of care systemic therapy 12.6 months.30 Although
treatment in the oligometastatic setting remains an evolv-
ing paradigm, patient selection is of chief importance.
This is reflected by the high rate of progressive distant
failure reported within our series, with a 6-month DMFS
of only 43%. In totality, these data highlight the impor-
tance of patient selection to balance the benefits of LCT
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while prioritizing systemic therapy for those who are
greater risk of distant failure.

Although LC and OS are important measures for such
patients, symptom relief and palliation is also paramount
and one of the most common indications for RT in
patients with metastatic sarcoma. Overall, limited data are
available in the modern area exploring the efficacy of RT
for palliation in patients with metastatic sarcoma. A
recent comprehensive study by Tween et al49 evaluated
the role of HFRT for 105 patients with metastatic sarcoma
treated with 25 different dose fractionation schemes.
Although this study did not report OS or LC related out-
comes, they did note that 70% of patients with STS and
55% of those with osseous sarcomas reported significant
improvement in their symptoms.49 This study noted that
a BED of 50 Gy (a/b = 4) was associated with improved
palliation, yet no additional dose response was seen above
this level.49 Our results, however, suggest that higher bio-
logic doses may achieve better palliation as 95% of
patients in our series received symptomatic relief. This
underscores that one of the primary rationales of using
HFRT for sarcoma patients should be for improved pallia-
tion and also prevention of serious complications and
or quality of life consequences from continued tumor
progression.

Another critical endpoint for patients that is less com-
monly reported but is effective for quality of life (QOL)
for patients with incurable cancer presentations is time
off of systemic therapy. We found that HFRT was success-
ful in providing systemic therapy breaks, particularly for
patients with oligometastatic or progressive and unresect-
able disease. Emerging evidence supports this finding as
HFRT has recently also been shown to provide meaning-
ful drug holidays in patients with metastatic ovarian
cancer.50 The benefits of drug holidays include both
improving patient QOL and reducing drug resistance as
have been exhibited in several disease sites,51-53 including
sarcoma.54 The ability of HFRT to offer effective pallia-
tion for sarcoma patients while also potentially providing
a valuable systemic therapy breaks can drastically improve
patient QOL.

Although this study represents the largest single-
�institution series of sarcoma patients treated with
HFRT there still remains limitations inherent to the retro-
spective nature of this study. First, there is intentional
selection bias in terms of the patient cohort selected to
receive dose-escalated therapy as patients with more sig-
nificant disease burden, poor functional status, or signifi-
cant comorbidities would likely receive conventional
palliative RT. Additionally, this study examined a heter-
ogenous cohort of patients with rare diseases representing
different sarcoma histologies or biologies, anatomic sites,
treatment indications (palliative, curative, oligometastatic
etc) and tumor sizes, which decreases the power to detect
interactions between variables. Similarly, due to the rela-
tively heterogeneous dose-fractionation schemes used and
variable a/b ratios for differing sarcoma histologies, we
were unable to confidently explore the effects of dose-
escalation or BED on outcomes. Furthermore, although
systemic therapy regimens were quite varied, specific regi-
men details were not available for analysis. Finally, long-
term follow-up would be beneficial to better understand
the durability of this HFRT approach.
Conclusion
Our study demonstrates that HFRT is an effective
treatment strategy for patients with unresectable or meta-
static sarcoma as it can provide durable LC, excellent
symptom relief and valuable systemic therapy breaks
while conferring limited toxic effects. Those with oligo-
metastatic or oligoprogressive disease derive the greatest
benefit. However, appropriate patient selection remains
crucial as risk of distant failure remains high for a large
proportion of patients with unresectable primary and
metastatic sarcoma. Further investigations are required to
determine the optimal dose-fractionation regimens for
HFRT in this setting.
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