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Abstract
Purpose: Owing to the coronavirus disease 2019 (COVID-19) pandemic, radiation oncology departments have adopted various stra-
tegies to deliver radiation therapy safely and efficiently while minimizing the risk of severe acute respiratory syndrome coronaviruse2
transmission among patients and health care providers. One practical strategy is to deliver stereotactic body radiation therapy (SBRT) in
a single fraction, which has been well established for treating bone metastases, although it has been infrequently used for other
extracranial sites.
Methods and Materials: A PubMed search of published articles in English related to single-fraction SBRT was performed. A critical
review was performed of the articles that described clinical outcomes of single-fraction SBRT for treatment of primary extracranial
cancers and oligometastatic extraspinal disease.
Results: Single-fraction SBRT for peripheral early-stage non-small cell lung cancer is supported by randomized data and is strongly
endorsed during the COVID-19 pandemic by the European Society for Radiotherapy and Oncology-American Society for Radiation
Oncology practice guidelines. Prospective and retrospective studies supporting a single-fraction regimen are limited, although outcomes
are promising for renal cell carcinoma, liver metastases, and adrenal metastases. Data are immature for primary prostate cancer and
demonstrate excess late toxicity in primary pancreatic cancer.
Conclusions: Single-fraction SBRT should be strongly considered for peripheral early-stage non-small cell lung cancer during the
COVID-19 pandemic to mitigate the potentially severe consequences of severe acute respiratory syndrome coronaviruse2 transmission.
Although single-fraction SBRT is promising for the definitive treatment of other primary or oligometastatic cancers, multi-fraction
SBRT should be the preferred regimen owing to the need for additional prospective evaluation to determine long-term efficacy and
safety.
� 2020 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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Introduction

The coronavirus disease 2019 (COVID-19) pandemic
has compelled the oncology community to rethink cancer
treatment delivery to maintain high-quality and effective
cancer care while minimizing the risk of severe acute
respiratory syndrome coronaviruse2 (SARS-CoV-2)
transmission among medically vulnerable patients and
health care providers.1 Patients with cancer in particular
have a higher risk of morbidity and mortality from
COVID-19.2-5

For radiation oncology, one practical strategy to miti-
gate the risk of contracting SARS-CoV-2 is to shorten
radiation therapy regimens.6 As such, stereotactic body
radiation therapy (SBRT) delivered in up to 5 fractions
should be preferred over conventionally fractionated reg-
imens when medically appropriate.7-9 Abbreviating SBRT
regimens whenever possible should also be considered;
delivery of a single fraction not only offers the most
convenient option for patients with cancer but also rep-
resents a means to reduce the risk of SARS-CoV-2
transmission compared with multi-fraction regimens.

Ablative single-fraction radiation therapy dates back to
the 1950s, when Dr Lars Leksell developed the gamma
knife for stereotactic radiosurgery to treat intracranial le-
sions.10 In the 1990s, investigators at the Karolinska
Institute pioneered the use of single-fraction SBRT in
extracranial malignancies.11 Since that time, advances in
image guidance, motion management, and treatment
planning have further expanded the ability to deliver high-
quality SBRT for extracranial targets, especially for spinal
metastases, for which the single- and multi-fraction SBRT
literature is extensive.12 In contrast, the published litera-
ture on single-fraction SBRT to definitively treat visceral
anatomic targets and extraspinal bone metastases is
limited although expanding.

The objectives of this critical review are to appraise the
currently available data on the efficacy and toxicity of
single-fraction SBRT and discuss the potential of
expanding indications in the definitive treatment of pri-
mary extracranial malignancies in addition to oligometa-
static extraspinal disease. The published prospective
studies involving the use of single-fraction SBRT in the
definitive and oligometastatic settings are summarized in
Tables 1 and 2, respectively.
Methods and Materials

A PubMed search of published articles in English
related to single-fraction SBRT was performed using the
keywords “single fraction/dose stereotactic body radio-
therapy or radiation therapy,” “cancer,” “metastasis,” and
“oligometastatic.” Studies that reported on the use of
single-fraction SBRT in the definitive treatment of
primary extracranial cancers and oligometastatic extra-
spinal disease were included in this critical review.
Thoracic

Some of the initial advances in extracranial SBRT
were pioneered for the treatment of thoracic malignancies.
Several landmark studies assessed the feasibility and
safety of single-fraction SBRT for lung tumors.13,14 De-
cades of increasingly widespread use have led to a range
of acceptable prescriptions being used with excellent local
control (LC) as long as the biologically effective dose
(BED) is significantly high.15 Although a 2013 survey
found only 1% of surveyed United States practitioners
treated early-stage peripheral T1N0 non-small cell lung
cancer (NSCLC) to 25 to 34 Gy � 1 fraction,16 single-
fraction treatments remain strongly justifiable by extant
phase II and retrospective data.17

Peripheral early-stage NSCLC
Radiation Therapy Oncology Group 0915 was a phase

II multi-center trial that randomized patients with T1-T2
peripheral NSCLC to 34 Gy � 1 (BED10 149 Gy) versus
48 Gy in 4 fractions (BED10 106 Gy); planning was done
with heterogeneity corrections. At a median follow-up of
30.2 months, comparable tumor control rates and toxic-
ities were demonstrated, with 1-year LC of 97%18 for 34
Gy � 1, thus demonstrating the efficacy and safety of
single-fraction SBRT. These excellent outcomes persisted
on long-term follow-up with 5-year LC of 89.4% and
grade �3 adverse events reported in <5% for the 34 Gy
cohort.19 These findings were corroborated by another
phase II clinical trial that randomized 98 patients with
early-stage peripheral NSCLC to 30 Gy � 1 fraction or 20
Gy � 3 fractions (not using heterogeneity corrections),
showing equivalent LC at median follow-up of 4.5
years.20 The grade �3 adverse event rate was 16% in the
30 Gy arm, and improved quality-of-life was noted with
single-fraction treatment.20 A retrospective analysis
showed similar outcomes using prescription doses of
either 30 or 34 Gy.21 Taken together, 30 to 34 Gy � 1
fraction is safe and effective for peripheral tumors. Single-
fraction SBRT should be strongly considered for periph-
eral early-stage NSCLC, especially during the ongoing
COVID-19 pandemic according to a recently published
European Society for Radiotherapy and
OncologyeAmerican Society for Radiation Oncology
(ESTRO-ASTRO) consensus statement.22

Central tumors
The 2 completed randomized single versus multi-

fraction trials were limited to patients with “peripheral”
tumors, characterized as >2 cm from the proximal
bronchial tree as defined in Radiation Therapy Oncology
Group 0236.23 Central tumors are associated with higher



Table 1 Prospective studies involving the use of single-fraction SBRT in the definitive treatment of extracranial malignancies

Authors (year) Study type Primary
diagnosis

No

patients
Dose
(Gy)

Median
follow-up
(months)

Local control Acute/late
grade �3
toxicity

Videtic et al (2015, 2019)18,19 Phase II NSCLC 94 34 30.2 1 y 97%
5 y 89.4%

2.6%

Singh et al (2019)20 Phase II NSCLC 98 30 53.8 2 y 94.9% 16%
Koong et al (2004)35 Phase I Pancreas 15 15-25 NR 1 y 100% 0% acute
Schellenberg et al (2008)36 Phase I/II Pancreas 16 25 9.1 1 y 100% 6% acute

13% late
Schellenberg et al (2011)38 Phase I/II Pancreas 20 25 11.8 1 y 94% 0% acute

5% late
Staehler et al (2015)50 Phase I/II RCC 30 25 28.1 9 mo 98% 0% acute

0% late
Siva et al (2017)52 Phase I/II RCC 17 26 24 2 y 100% 0% acute

3% late
Greco et al (2018)60,* Phase II Prostate 15 24 NR NR 0% acute

Abbreviations: NR Z not reported; NSCLC Z non-small cell lung cancer; RCC Z renal cell carcinoma; SBRT Z stereotactic body radiation
therapy.

* Abstract only.
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risk of grade 3 to 5 toxicities, and single-fraction SBRT
should be approached cautiously. An early phase I dose-
escalation trial of single-fraction SBRT from Stanford
noted pulmonary toxicities occurred at doses of at least 25
Gy, including 3 posttreatment deaths.14 Toxicities were
noted 5 to 6 months after single-fraction SBRT, with the
majority occurring in patients treated for central tumors.
Similarly, the Roswell Park Cancer Institute evaluated
outcomes of 42 patients who underwent SBRT for cen-
trally located lung tumors; 1-year LC was 100% among
the 11 patients treated with 26 to 30 Gy � 1, although 5
Table 2 Prospective studies involving the use of single-fraction SB
disease

Authors
(year)

Study type Primary
diagnosis

No.
patients

No.
metastases

Siva
et al
(2018)72

Phase I/II Prostate 33 50

David
et al
(2020)71

Phase I/II Breast 15 19

Nuyttens
et al
(2015)77

Phase II Multiple 30 57

Goodman
et al
(2010)85

Phase I Multiple 26 40

Meyer
et al
(2016)86

Phase I Multiple 14 17

Abbreviations: NR Z not reported; SBRT Z stereotactic body radiation the
patients experienced grade 3 to 4 toxicities at a median of
14.6 months posttreatment.24 This included a broncho-
pulmonary hemorrhage after treatment to 26 Gy, neces-
sitating pneumonectomy and ultimately leading to
death.25 In comparison, the same group published out-
comes of single-fraction SBRT to 30 Gy in peripheral
early-stage NSCLC, with a complete absence of grade �3
toxicities at a median follow-up of 22 months.26

Single-fraction SBRT may be feasible for central lung
tumors at lower doses. Although standard SBRT pro-
tocols prescribe a uniform dose regimen for lung tumors
RT in the treatment of extracranial/extraspinal oligometastatic

Treated
site(s)

Dose
(Gy)

Median
follow-up
(months)

Local
control

Acute/late
grade �3
toxicity

Bone,
lymph
node,
or both

20 NR 1 y 97%
2 y 93%

3%

Bone 20 24 2 y 100% 0% acute

Lung 30 36 2 y 74% 17% acute
10% late

Liver 18-30 17.3 1 y 77% 0%

Liver 35-40 30 2 y 100% 0%

rapy.
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irrespective of tumor size, prior studies suggest that
smaller tumors may be controlled with lower doses than
larger tumors. Stanford treated 83 patients with 97 tumors
using a volume-adapted dose strategy, prescribing 18 to
25 Gy � 1 fraction (BED < 100 Gy) for small tumors
with gross volume <12 cm3.27 LC in this cohort was
>90% at 12 months, and no grade �3 toxicities were
noted at a median follow-up of 13.5 months. A retro-
spective study from Rome demonstrated 1-year LC of
89% and minimal grade 3 toxicities after 23 Gy � 1
fraction in 49 central tumors at a median follow-up of 15
months.28 Additionally, the Peter MacCallum Cancer
Center showed acceptable LC with 18 Gy � 1 fraction to
central targets; with median follow-up of 2.1 years, no
grade �3 toxicities were reported.29

Single-fraction SBRT has not been established as an
appropriate alternative to multi-fraction SBRT for central
lung cancers. Future studies should evaluate whether such
an approach is feasible for central lesions using novel
image guidance modalities such as magnetic resonance
imaging (MRI), which provides superior soft tissue
visualization compared with computed tomography,
continuous intrafraction visualization, and daily online
adaptive replanning to achieve optimal target and normal
organ doses.30,31
Unique clinical scenarios: Synchronous tumors and
recurrent disease in the lung

Expanding beyond definitive treatment for standard
early-stage disease, SBRT may be used for the definitive
management of both synchronous (�2) lung tumors and
locally recurrent disease. The early Stanford study of
tumor volume-adapted SBRT dosing included 20 patients
with multiple (2-4) tumors treated during the same treat-
ment course, with no grade �4 toxicities.27 More
recently, a single-institution series compared outcomes of
26 synchronous primary patients versus those with
nonsynchronous disease, including some utilization of
single-fraction SBRT in both groups. At a median follow-
up of roughly 1 year, no significant differences were
noted with respect to survival or progression patterns
between the groups.32 An international collaboration be-
tween Canada and the Netherlands treated a small mi-
nority (4%) of the total 84 patients with synchronous lung
tumors to 34 Gy � 1 fraction. SBRT was delivered using
multi-isocenter volumetric-modulated arc therapy tech-
nique, as synchronous lesions were at a substantial dis-
tance from one another (half of the patients had bilateral
disease). Many patients underwent simultaneous treat-
ment to all lesions during a single session and severe
toxicity was uncommon, with grade �3 events observed
in only 2% of patients.33

Another increasingly common scenario is the patient
with recurrent or persistent lung cancer despite prior
definitive treatment. In the absence of alternative
interventions, SBRT represents a potential treatment op-
tion for these patients. A retrospective series evaluated
outcomes of 100 patients who were treated with SBRT for
recurrent lung cancer, 31% of whom received 20 Gy � 1
fraction, with the remainder being treated to 45 to 60 Gy
in 3 to 5 fractions.34 At a median follow-up of 51 months,
there was no reported severe toxicity. Single-fraction
SBRT was associated with inferior overall survival on
univariate analysis; this finding was subject to multiple
confounders and accordingly lost significance on multi-
variable regression. However, general prudence suggests
that single-fraction SBRT is most appropriate for radia-
tion-naïve patients with peripherally located tumors in
whom single-fraction dose escalation to �30 Gy is
feasible.
Abdomen/pelvis

Pancreatic cancer
The feasibility and toxicity of using single-fraction

SBRT in the treatment of locally advanced pancreatic
cancer was first reported in a phase I study from Stan-
ford.35 A total dose of 25 Gy � 1 fraction achieved 100%
LC without causing significant acute gastrointestinal (GI)
toxicities.35 In subsequent studies by the same group, this
single-fraction SBRT regimen continued to demonstrate
1-year LC of >90% for locally advanced pancreatic
cancer, but was associated with significant risk of late GI
toxicities when gemcitabine was used before and after
SBRT.36-39 A single-fraction SBRT study using Cyber-
Knife reported 19% and 6% acute grade �2 and grade �3
GI toxicity rates, respectively, as well as 47% and 13%
late grade �2 and grade �3 GI toxicity rates, respec-
tively.36 When linear accelerator (LINAC)ebased SBRT
was used to deliver the same single-fraction dose, acute
grade �2 and grade �3 GI toxicity rates were 15% and
0%, respectively; late grade �2 and grade �3 GI toxic-
ities were 15% and 5%, respectively.38

Given the significant risk of late GI toxicities asso-
ciated with single-fraction SBRT, various multi-fraction
regimens (ie, 33 Gy in 5 fractions, 24-36 Gy in 3
fractions, or 25-50 Gy in 5 fractions) were evaluated
and shown to confer good LC with less severe GI
toxicity.39-46 Of note, 33 Gy in 5 fractions was esti-
mated to be equivalent to 25 Gy � 1 fraction in terms of
BED using the universal survival curve.47 At present,
multi-fraction SBRT is conditionally recommended by
ASTRO in the 2019 clinical practice guidelines for the
management of locally advanced and borderline
resectable pancreatic cancer.8

Renal cell carcinoma
First-line therapy for renal cell carcinoma (RCC) is

surgical resection. For patients with significant medical
comorbidities or unresectable disease, SBRT is an
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emerging treatment option.48 Several retrospective studies
have reported outcomes of single-fraction SBRT to the
kidney. Hanzly et al49 retrospectively evaluated 4 patients
who were prescribed 15 Gy � 1 fraction for rapidly
growing renal masses without histologic confirmation.
Three of the 4 patients had tumor size reduction (average
0.85 cm) at 13.8 months follow-up. No toxicities or sig-
nificant decline in renal function from baseline were
observed. From a prospective institutional database that
included 45 renal tumors (15 transitional cell carcinoma
and 30 RCC) in 40 patients treated with CyberKnife to 25
Gy � 1 fraction, 98% LC rate was reported at 9 months
posttreatment.50 Renal function remained stable from
baseline to follow-up and there was no grade 3 toxicity. A
pooled analysis from the International Radiosurgery
Oncology Consortium of Kidney assessed the role of
SBRT in the management of RCC.48 Of the 233 patients
with RCC from 9 institutions analyzed, 118 underwent
SBRT in a single fraction ranging from 14 to 26 Gy with a
median follow-up of 2.6 years. The single-fraction SBRT
cohort was younger and had smaller tumors, with mean
diameter of 37.1 mm. Single-fraction treatment caused a
higher rate of nausea (17.0% vs 6.8%; P Z .005),
although otherwise there was no difference in toxicity.
There was no observed difference in reduction of mean
renal function (e6.1 mL/min vs e4.9 mL/min; P Z
.660). Multivariable analysis demonstrated poorer
progression-free survival (PFS) (hazard ratio, 1.13; P Z
.02) and cancer-specific survival (hazard ratio, 1.33; P Z
.01) among patients who received multi-fraction SBRT.
LC at 4 years was excellent (97.8%); 1 local failure
occurred in the single-fraction cohort and 2 local failures
in the multi-fraction cohort (P Z .60).

In a pilot trial investigating the immunologic effect of
high dose radiation therapy on RCC cell lines and the
safety of SBRT followed by nephrectomy, 16 patients
with metastatic RCC were enrolled.51 Each patient
received 15 Gy � 1 and then 14 proceeded to nephrec-
tomy 4 weeks after treatment. Only 1 patient experienced
grade 3 toxicity (anemia), whereas acute grade 2 toxicities
were experienced by 4 patients in total. Qualitative reports
from surgeons noted that surgery was not significantly
more difficult, and no postsurgical complications were
reported. Furthermore, a prospective interventional trial
was conducted to assess the feasibility and safety of
SBRT for RCC.52 Thirty-seven patients were enrolled and
stratified according to RCC size. Seventeen patients with
RCCs < 5 cm in diameter received 26 Gy in a single
fraction and were followed for a minimum 12 months.
Overall survival rates at 1 and 2 years were 100% and
92%, respectively. After SBRT, tumor size reduced in
61% of RCCs. No acute grade 3 toxicities were observed
and only 1 grade 3 late toxicity was seen (fatigue). Mean
baseline glomerular filtration rate was 55 mL/min, which
decreased by 11 mL/min from baseline at 1- (P < .001)
and 2-year follow-up. No subgroup analysis of the
single-fraction cohort was available. This treatment
regimen is presently being investigated in a multi-center
phase II clinical trial (NCT02613819).53

Single-fraction SBRT for primary RCC appears to be a
viable treatment option in unresectable or comorbid pa-
tients, although additional prospective evaluation is
warranted.
Prostate cancer
Definitive treatment options for localized prostate

cancer include surgical resection, external beam radiation
therapy, brachytherapy or active surveillance. Broadly,
the evolution of fractionated radiation therapy has sought
to take advantage of tumors having a higher a/b ratio than
late-responding surrounding normal tissues. Prostate
cancer, however, has a low a/b ratio, with estimates of
1.85 Gy.54 As such, the rationale for SBRT in prostate
cancer is to harness the cancer’s sensitivity to high dose
per fraction treatment. Current dose-fractionation sched-
ules run upwards of 7 weeks with daily bowel/bladder
preparation, which can be burdensome for patients. Evi-
dence for moderately55-57 and extremely hypofractio-
nated58,59 radiation therapy is becoming increasingly
used. Despite this, the current literature reporting the
safety and efficacy of single-fraction SBRT in prostate
cancer is scarce.

In a phase II randomized trial investigating SBRT for
intermediate risk prostate cancer, presented in abstract
form only,60 30 hormone-naïve patients were randomized
to receive 45 Gy in 5 fractions or 24 Gy � 1. At 16
months median follow-up, there were no grade �2 tox-
icities in either group and no significant difference in
mean Expanded Prostate Cancer Index Composite (EPIC)
scores for all domains. Prostate-specific antigen at 18-
month follow-up demonstrated similar responses be-
tween the 2 groups (<1 ng/mL). There was no detectable
disease on MRI in any case at 6 months. A multi-center
phase I/II study assessing the toxicity and efficacy of
single-fraction SBRT of 19 Gy in patients with low- to
intermediate-risk prostate cancer is currently underway.61

Given the paucity of data for single-fraction SBRT in
prostate cancer, some lessons may be extrapolated from
brachytherapy experience to provide a strong rationale to
further evaluate a single-fraction approach. A phase II
study comparing single- and multi-fraction high dose rate
(HDR) brachytherapy for intermediate- and high-risk
localized prostate cancer included 293 patients, 49 of
whom received 19 or 20 Gy � 1 fraction.62 At 4-year
follow-up, biochemical recurrence free survival was
94% for the single fraction arm (no difference in 2- and 3-
fraction arms; P Z .54). Grade 3 urinary toxicity was
worse in the 3-fraction arm (P Z .01). Contrastingly,
Morton et al63 showed inferior outcomes with single-
fraction brachytherapy. In 170 patients with either low
or intermediate prostate cancer randomized to receive
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HDR using 19 Gy � 1 fraction (n Z 87) versus 13.5 Gy
� 2 fraction (n Z 83), there was a significant difference
in 5-year biochemical disease free survival (73.5% vs
94.9%; P Z .001). The cumulative incidence of biopsy
proven local failure at 5 years for the single-fraction arm
was 29.4%. There was no difference in late toxicity be-
tween the 2 arms.

The evidence supporting single-fraction SBRT for
prostate cancer is in its infancy. The potential for SBRT to
harness prostate cancer’s favorable radiobiological char-
acteristics makes this an enticing area for further inves-
tigation. Results from single-fraction HDR brachytherapy,
especially poorer 5-year biochemical disease free survival
in 1 randomized study, urges caution in rapid adoption of
this approach. With global practices heading toward
truncation of radiation therapy courses to moderate and
extreme hypofractionation for prostate radiation therapy,
consideration should be given to await more robust data
to emerge in the single-fraction setting before recom-
mending this approach.
Oligometastatic disease

Multiple randomized phase II trials have demonstrated
that the use of multi-fraction SBRT in addition to
chemotherapy can achieve significantly prolonged PFS
and also potentially overall survival compared with
chemotherapy alone in patients with 1 to 5 metastatic
lesions.64-66 Although most patients who received SBRT
in these trials had 3 or fewer lesions, the potential indi-
cation of SBRT for 4 or more lesions is being evaluated
(NCT03721341). It is in this context of delivering SBRT
to multiple lesions that single-fraction SBRT is particu-
larly attractive, which not only enhances patient conve-
nience, but also optimizes resource utilization. There are
promising data demonstrating the efficacy and safety of
single-fraction SBRT to treat oligometastases, although
these findings are limited to single-institution retrospec-
tive reviews and small prospective trials.67-73

An earlier retrospective analysis included 20 patients
with recurrent and metastatic abdominopelvic cancers,
87% of whom were treated with SBRT to a total median
dose of 18 Gy (range, 10-25 Gy) in 1 fraction and the
remaining in 2 or 3 fractions.67 At the median follow-up
of 6.3 months, the authors reported 48% overall response
rate (sum of complete and partial responses); 74% LC rate
(sum of response rate and stable disease); 85% metabolic
response rate (sum of complete and partial responses
based on standardized uptake valuemax assessment of
fluorodeoxyglucose-positron emission tomography
scans); 55% and 6% grade 1/2 acute upper and lower GI
toxicities, respectively; and 0% grade �3 toxicity at 1
month post-SBRT. In a more recent retrospective review
of 132 patients mostly with genitourinary, GI, and lung
primaries and 186 sites of metastatic disease
(predominantly lung and bone metastases) treated with
single-fraction SBRT, the 1- and 2-year freedom from
widespread disease were 75% and 52%, respectively,
whereas 1- and 2-year freedom from local progression
were 90% and 84%, respectively.69 The only grade �3
treatment-related toxicity was a lumbar vertebral
compression fracture. The prescription dose for single-
fraction SBRT in this study varied depending on the
anatomic site of metastatic disease; for instance, 20 Gy
was used for spine, 18 Gy for centrally located lung tu-
mors, 20 Gy for bone (from breast and prostate cancer),
and 24 Gy for nonvertebral bone and soft tissues.69 This
study highlighted that single-fraction SBRT may be
comparable to multi-fraction SBRT in achieving high
rates of LC and freedom from widespread disease with
minimal toxicity in the oligometastatic setting. In another
single-institution retrospective review of patients with
oligometastatic prostate cancer who developed 1 to 3
abdominopelvic lymph node metastases after radical
treatment to the primary (radical prostatectomy or defin-
itive radiation therapy), single-fraction SBRT of 24 Gy
resulted in 1- and 2-year biochemical progression-free
survival of 40% and 26%, respectively, and no grade
�1 treatment-related toxicity.70

Furthermore, in the single-institution prospective
POPSTAR trial from the Peter MacCallum Cancer Center
that included 33 patients with oligometastatic prostate
cancer with 1 to 3 metastases involving bone, lymph
node, or both, single-fraction SBRT of 20 Gy resulted in a
1- and 2-year local PFS of 97% and 93%, and a 1- and 2-
year distant PFS of 58% and 39%, respectively.72 Two
grade 2 and 1 grade 3 fractures were observed.72 The 2-
year freedom from androgen deprivation therapy was
48% in those patients who were not on it before SBRT.72

Some of the aforementioned studies were all-inclusive
with respect to the anatomic metastatic targets being
treated and the primary oncologic diagnoses,67,69 whereas
others involved patients with oligometastatic disease from
only 1 primary cancer (prostate or breast) and bone being
the predominant anatomic target of single-fraction
SBRT.70-72 The published evidence on the use of
single-fraction SBRT in targeting other specific anatomic
sites of oligometastatic disease is reviewed in separate
sections.
Lung metastasis
Because several early studies of single-fraction SBRT

for lung tumors included patients with pulmonary me-
tastases, single-fraction SBRT has been solidified as an
effective, feasible, and safe treatment modality for local
consolidation of oligometastatic sites.74 Randomized
controlled trials of local consolidative therapy have only
entailed multi-fraction prescriptions to date65,66,75; how-
ever, a fair amount of data support the utility of single-
fraction SBRT in the oligometastatic setting. For
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example, an early retrospective study evaluated outcomes
after single-fraction SBRT to 103 pulmonary metastases
in 66 patients with a median follow-up of 15 months.
Prescription doses were 23 and 30 Gy for 49 central tu-
mors and 54 peripheral tumors, respectively. One- and 2-
year LC rates were 89% and 82%, respectively, with
favorable toxicity profiles including just 2 cases of grade
3 pneumonitis.28 The University of Torino also reported
clinical outcomes for 67 patients treated with single-
fraction SBRT of 26 Gy to 90 lesions with a longer me-
dian follow-up of 24 months.76 Actuarial 1- and 2-year
LC rates were 93% and 88%, respectively, with mini-
mal acute toxicity and limited grade 2 to 3 late toxicity
(<15%). After these reports, a retrospective comparison
of single- versus multi-fraction SBRT among 65 patients
treated for 85 pulmonary metastases was published.29

Single-fraction SBRT was prescribed to 26 Gy for pe-
ripheral targets and 18 Gy for central targets, with 41 of
65 patients receiving single-fraction treatment. At a me-
dian follow-up of 2.1 years, there were no significant
differences in survival, time to progression, or toxicity
rates between the single- and multi-fraction cohorts. The
2-year freedom from local progression was 93%, with LC
comparable between the groups. No grade �3 toxicities
were reported.

Contrary to these studies, a phase II trial from the
Netherlands demonstrated lower efficacy with single-
fraction SBRT of 30 Gy for 23 oligometastatic lung tu-
mors,77 with an actuarial 1-year LC rate of 74%. In a
larger retrospective study from the same institution, the
investigators once again reported single-fraction SBRT of
30 Gy to be associated with inferior LC compared with
multi-fraction prescriptions up to 60 Gy.78 Perhaps the
ongoing TROG 13.01/ALTG 13.001 SAFRON II study
will serve as a definitive comparison of single- versus
multi-fraction SBRT for pulmonary metastases.79 This
multi-center phase II trial randomizes patients with up to 3
peripheral lung metastases to either 28 Gy in a single
fraction or 48 Gy in 4 fractions. While we eagerly await
these data, single-fraction SBRT remains a reasonable
option in the consolidative setting. It should be noted that
some histologies have been demonstrated to be radio-
resistant (eg, colorectal metastases) and may still benefit
from higher BED10 prescriptions (eg, 54-60 Gy in 3
fractions).

Liver metastasis
Although surgery is the gold standard for management

of liver metastases, most patients are not appropriate
surgical candidates because of extensive intrahepatic
disease or suboptimal baseline liver function.80 Radiation
therapy for liver cancer was first reported in the 1950s as a
noninvasive means to provide effective palliation for liver
metastases.81 Since then, technological advances have
allowed for highly conformal delivery of ablative doses
that demonstrated safe and durable LC in several
prospective trials for appropriately selected patients.82

Although published liver SBRT data mostly include
outcomes from 3- to 5-fraction regimens, mounting evi-
dence suggests the feasibility of delivering ablative doses
in a single fraction.11,83-86

The first reports of single-fraction liver SBRT were
published by investigators from the Karolinska Institute,
inspired by their successful intracranial radiosurgery
experience.11,83,87 In 1998, Blomgren et al83 reported
their initial SBRT outcomes for 50 patients with 75
thoracic and abdominal tumors treated using a novel
stereotactic body frame with abdominal compression. The
first 5 patients who received a single fraction were
excluded from the formal analysis because of unfavorable
outcomes, including fatal radiation-induced liver disease
in a patient with hepatocellular carcinoma with a 229 cm3

lesion that was prescribed 30 Gy; 4 other patients had
local tumor progression, likely due to the use of excep-
tionally tight margins.

Recognizing the lessons learned from the Karolinska
experience, other investigators subsequently limited pa-
tient selection for single-fraction treatment to those with
smaller tumors and used more generous margins while
continuing to ensure rigid patient immobilization and
employ motion mitigation techniques. Three phase I
single-fraction trials evaluating a range of doses from 14
to 40 Gy (BED10, 33.6-200 Gy) have been completed,
predominantly including patients with colorectal cancer,
with inclusion criteria of �3-5 liver metastases measuring
�5-6 cm.82,84-86 The first 2 trials successfully achieved
dose escalation to 26 Gy84 and 30 Gy,84,85 respectively,
without dose-limiting toxicity, and LC at 12 to 18 months
was ~70% to 80%. Of note, in the second trial,84,85 there
were grade 2 duodenal ulcers in 3 patients who had
treated lesions in the porta hepatis region; they concluded
that multi-fraction SBRT is preferred for such lesions
instead of single-fraction. A more recent phase I/II trial
included 14 patients with the aim to further improve LC
by escalating dose from 35 Gy (BED10, 157.5 Gy) to 40
Gy (BED10, 200 Gy) in a single fraction. Patients were
only eligible for enrollment if they had peripheral lesions,
defined as outside a 2-cm expansion from the portal vein
to its bifurcation. With a median follow-up of 30 months,
2-year LC was 100%, and 69% tumors had a complete
radiographic response. No grade �3 toxicity was re-
ported. These prospective trials collectively demonstrated
that ablative doses delivered in a single fraction are safe
and can potentially achieve excellent long-term tumor
control. The largest series of single-fraction SBRT for
liver metastases was reported in a retrospective analysis
that included 138 liver lesions in 90 patients, most with
either primary colorectal (51%) or breast (20%) cancer.88

The median prescription dose was 24 Gy (range, 14-30
Gy), typically prescribed to the 80% isodose line. At the
median follow-up of 21.7 months, the LC (69.9% at 12
months) and adverse event profile (no severe toxicity)
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were similar to what has been reported in prospective
studies.

Single-fraction SBRT is promising for treating pe-
ripheral liver metastases, although the published data are
limited. Randomized evaluation of single- versus multi-
fraction SBRT is warranted based on the existing phase I/
II evidence. It is expected that ablative doses can be safely
delivered to limited volumes of the liver regardless of the
fractionation schedule, provided that baseline liver func-
tion is adequate.89 Long-term tumor control was excellent
in the trial by Meyer and colleagues,82,84-86 which pre-
scribed the highest dose (35-40 Gy) of the completed
single-fraction trials; dose escalation for liver metastases
has been recommended by many published studies,90-92

especially for patients with more inherently radio-
resistant tumors.93 Future studies should explore the use
of MRI guidance for treatment of liver metastases, espe-
cially for central lesions where smaller margins and online
adaptive replanning may facilitate the safe application of a
single-fraction regimen.93,94
Adrenal metastasis
The adrenal gland is a common site of metastasis,

especially from lung cancer, GI cancers, and melanoma.95

Adrenalectomy is an effective means to achieve long-term
survival for select patients with oligometastatic adrenal
metastasis.96 For patients who are not surgical candidates,
SBRT may be a reasonable alternative based on the
published literature demonstrating excellent LC and
minimal severe toxicity.97-99 However, the supporting
evidence is limited to several small retrospective studies.
In an effort to collectively evaluate these data, a recently
published meta-analysis/systematic review was conducted
of 39 retrospective studies that included 1006 patients
with adrenal metastases who were prescribed a median
dose of 38 Gy in a median of 5 fractions.100 Outcomes
were favorable, with 2-year LC of 82% and only 1.8%
grade 3 or higher toxicity. The majority was treated with
multiple fractions, although a single fraction was used
with prescription doses ranging from 13 to 30 Gy.101-105

The feasibility of single-fraction SBRT is unclear
given its limited utilization and because there is no pub-
lication dedicated only to single-fraction outcomes; 2
studies have attempted to compare these different frac-
tionation schedules. Investigators from the University of
Florence included 48 patients treated with SBRT for ad-
renal metastasis; 8 received a single fraction (mean, 23.5
Gy; range, 21.7-27.0 Gy), whereas the remainder received
multiple fractions (mean, 34.9 Gy; range, 30.2-54.1
Gy).102 The overall 2-year LC was 90% and no patient
experienced grade �3 toxicity. There was no significant
difference in outcomes on univariate and multivariate
analyses based on the number of fractions. More recently,
Shah et al104 reported excellent LC and no severe toxicity
among patients who received a single fraction (16 lesions;
median, 18 Gy; range, 14-18 Gy) or multiple fractions (38
lesions; median, 30 Gy; range, 16-40 Gy), although the
follow-up was limited to only several months. Although a
single-fraction strategy seems promising, additional
evaluation is clearly needed to better understand its
appropriateness compared with multiple fractions for pa-
tients with adrenal metastases. Particular attention should
be focused on determining the safety of delivering a
single fraction with respect to the proximity of luminal GI
structures, especially for left-sided lesions that may abut
both the stomach and small bowel.
Discussion

Many radiation oncologists have been hesitant to use
single-fraction SBRT for the management of extracranial/
extraspinal cancers because of the established safety and
efficacy of multi-fraction regimens, concern about po-
tential suboptimal tumor control and/or increased toxicity,
and lack of prospective data. The ongoing COVID-19
pandemic has increased awareness of the existing single-
fraction SBRT literature that includes not only retro-
spective but also multiple prospective (including some
randomized) studies. There has been increasing enthu-
siasm for using single-fraction SBRT in select patients,
with the strongest indication existing for peripheral early-
stage NSCLC based on the European Society for Radio-
therapy and OncologyeAmerican Society for Radiation
Oncology guidelines.22 As we eventually transition out of
the current pandemic and the impetus wanes to minimize
patient footfall in the hospital to reduce SARS-CoV-2
transmission, there are potential advantages, such as pa-
tient convenience, to consider for implementation and
further investigation of single-fraction SBRT.

A biological advantage of SBRT is immunomodula-
tion, and emerging data indicate that factors including
radiation therapy delivery technique and fractionation
strongly influence the ability of SBRT to achieve clini-
cally meaningful tumor-specific immune responses.106

Preclinical data have demonstrated that massive tumor
cell death after high dose per fraction leads to the release
of tumor antigens and inflammatory cytokines, thereby
stimulating an antitumor immune response.107,108 SBRT
also increases tumor vascular permeability, leading to
increased extravasation of antigen-presenting cells and
effector T cells.108 These immune-related effects of SBRT
have sparked interest in combining SBRT with immu-
notherapy to treat various malignancies.109-111 Although
the optimal SBRT dose fractionation schedule for this
combinatorial strategy is unknown and may differ ac-
cording to tumor type, the applicability of 1 or few
fractions has been demonstrated in preclinical and clinical
studies.51,112 Furthermore, multi-fraction SBRT has been
shown to spare circulating lymphocytes due to smaller
irradiated tissue volume and blood volume compared with
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conventional fractionation.113-115 Single-fraction SBRT is
likely to be more lymphocyte sparing than multi-fraction
SBRT because of a lower integral dose delivered to the
blood pool, rendering it an appealing regimen to be
evaluated in combination with immunotherapy. In fact,
delivery of fewer SBRT fractions has been correlated with
less severe lymphopenia.116 The safety of combining
single-fraction SBRT and immunotherapy is not well-
established, although emerging data suggest that it is
well-tolerated.117 These data support future clinical trials
to better understand the clinical scenarios in which single-
versus multi-fraction SBRT may be best suited for use
with novel systemic agents such as immunotherapy.

Single-fraction SBRT is advantageous from a cost
perspective. As health care expenditures rise, the selection
of efficient and cost-effective radiation therapy options
should be prioritized. This is especially pertinent in the
United States, where the Centers for Medicare and
Medicaid Services is developing an alternative payment
model to transition from a traditional fee-for-service to an
episode-based payment, with the goal being to provide
less costly care.118 In this context, SBRT delivered in the
shortest possible course (1 fraction) would be preferable,
provided that clinical outcomes are at least not inferior to
established multi-fraction regimens. The cost savings of a
single fraction can be substantial; for instance, SBRT for
NSCLC delivered in 1 fraction would cost 40% less
compared with 3 fractions using 2009 Medicare rates.119

With regard to the current COVID-19 pandemic, a single-
fraction solution would also indirectly provide savings by
reducing staffing requirements and personal protective
equipment needs, especially as a lengthy recovery is
expected.

It cannot be understated that appropriate expertise and
technical capability must be incorporated in the planning
and delivery of high-quality SBRT, regardless of the
fractionation schedule, especially considering that extra-
cranial targets are routinely subject to inter- and intra-
fraction positional changes.120 Rigid immobilization and
image guidance are critical; this is especially relevant for
single-fraction SBRT because the mitigation of random
setup error effects achieved by delivering multiple frac-
tions is not applicable. In addition, early adopters of
single-fraction SBRT have recognized that accounting for
and minimizing motion are crucial, and therefore they
routinely use techniques including an internal target vol-
ume with abdominal compression for LINAC-based
treatment19,20,86 or with tumor tracking on Cyber-
Knife.70,85 Interestingly, there is a paucity of single-
fraction SBRT outcomes reported with patients treated
in breath hold, which is 1 of the most effective means to
reduce the volume of normal tissue receiving at least the
prescription dose and therefore the risk of potentially
severe toxicity.121

One of the barriers to broader adoption of single-
fraction SBRT may be the concern of a potential
geographic miss. Much of the concern about a geographic
miss originates from the inability to visually ensure that
appropriate target localization is maintained throughout
treatment once pretreatment images have been approved.
Using MRI-guided radiation therapy can alleviate this
concern by providing continuous real-time visualization
of the target and surrounding organs at risk with no need
for implanted fiducial markers and with no added radia-
tion dose to the patient.122,123 Smaller margins and su-
perior soft tissue visualization compared with computed
tomography may improve clinical outcomes. Further-
more, the ability of an MR-LINAC to perform daily on-
line adaptive replanning within minutes to account for the
current day’s tumor and normal organ anatomy may
facilitate safe dose escalation for high-risk targets such as
pancreatic124 and central/ultracentral lung125 tumors;
whether this is feasible in a single fraction remains
unclear.
Conclusions

Reducing the number of radiation therapy fractions
whenever possible should be prioritized during the
ongoing pandemic to mitigate the risk of significant
morbidity and mortality from COVID-19 in the cancer
patient population. Although consensus guidelines
strongly recommend single-fraction SBRT for peripheral
early-stage NSCLC, single-fraction SBRT has not been
clearly proven as a reasonable alternative to multi-fraction
SBRT for other primary or oligometastatic targets.
However, promising early outcomes suggest that the role
of single-fraction SBRT may expand beyond the
pandemic when the advantages of reduced cost, potential
immune-related effects, and enhanced convenience espe-
cially for treating multiple metastatic lesions are consid-
ered. Future clinical trials should aim to incorporate a
tumor volume-adapted approach for defining the optimal
prescription dose range in a single fraction that balances
tumor control and surrounding normal tissue toxicity for
each primary cancer histology. With these innovations,
we may ultimately show that sometimes less accom-
plishes more.
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