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IMPORTANCE The oligometastatic paradigm postulates that patients with a limited number of
metastases can be treated with ablative local therapy to each site of disease with curative
intent. Stereotactic ablative radiotherapy (SABR) is a radiation technique that has become
widely used in this setting. However, prospective data are limited and are mainly from single
institutional studies.

OBJECTIVE To conduct a meta-analysis to characterize the safety and clinical benefit of SABR
in oligometastatic cancer.

DATA SOURCES A comprehensive search was conducted in PubMed/MEDLINE, Embase,
Cochrane Database of Systematic Reviews, and Cumulative Index to Nursing and Allied
Health Literature on December 23, 2019, that included prospective clinical trials and review
articles that were published within the past 15 years.

STUDY SELECTION Inclusion criteria were single-arm or multiarm prospective trials including
patients with oligometastatic cancer (ie, �5 sites of extracranial disease), and SABR was
administered in less than or equal to 8 fractions with greater than or equal to 5 Gy/fraction.

DATA EXTRACTION AND SYNTHESIS The Population, Intervention, Control, Outcomes and
Study Design; Preferred Reporting Items for Systematic Reviews and Meta-analyses; and
Meta-analysis of Observational Studies in Epidemiology methods were used to identify
eligible studies. Study eligibility and data extraction were reviewed by 3 authors
independently. Random-effects meta-analyses using the Knapp-Hartung correction, arcsine
transformation, and restricted maximum likelihood method were conducted.

MAIN OUTCOMES AND MEASURES Safety (acute and late grade 3-5 toxic effects) and clinical
benefit (1-year local control, 1-year overall survival, and 1-year progression-free survival).

RESULTS Twenty-one studies comprising 943 patients and 1290 oligometastases were
included. Median age was 63.8 years (interquartile range, 59.6-66.1 years) and median
follow-up was 16.9 months (interquartile range, 13.7-24.5 months). The most common
primary sites were prostate (22.9%), colorectal (16.6%), breast (13.1%), and lung (12.8%). The
estimate for acute grade 3 to 5 toxic effect rates under the random-effects models was 1.2%
(95% CI, 0%-3.8%; I2 = 50%; 95% CI, 3%-74%; and τ = 0.20%; 95% CI, 0.00%-1.43%), and
the estimate for late grade 3 to 5 toxic effects was 1.7% (95% CI, 0.2%-4.6%; I2 = 54%; 95%
CI, 11%-76%; and τ = 0.25%; 0.01%-1.00%). The random-effects estimate for 1-year local
control was 94.7% (95% CI, 88.6%-98.6%; I2 = 90%; 95% CI, 86%-94%; and τ = 0.81%;
95% CI, 0.36%-2.38%]). The estimate for 1-year overall survival was 85.4% (95% CI,
77.1%-92.0%; I2 = 82%; 95% CI, 71%-88%; and τ = 0.72%; 95% CI, 0.30%-2.09%) and
51.4% (95% CI, 42.7%-60.1%; I2 = 58%; 95% CI, 17%-78%; and τ = 0.20%; 95% CI,
0.02%-1.21%) for 1-year progression-free survival.

CONCLUSIONS AND RELEVANCE In this meta-analysis, SABR appears to be relatively safe in
patients with oligometastatic cancer with clinically acceptable rates of acute and late grade 3
to 5 toxic effects less than 13% and with clinically acceptable rates of 1-year local control
overall survival, and progression-free survival. These findings are hypothesis generating and
require validation by ongoing and planned prospective clinical trials.
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L ocal therapies have previously had limited utility in the
context of metastatic cancer owing to an inability to ac-
count for radiologically occult sites of disease. The tra-

ditional treatment of patients with metastatic solid tumors in-
volved the use of systemic therapies with the goal of delaying
disease progression and extending overall survival (OS).1,2 In
1995, Hellman and Weichselbaum3 at the University of Chi-
cago formally defined the oligometastatic paradigm. This para-
digm suggests that in certain tumors, anatomic and physi-
ologic factors may limit and concentrate the number of
metastases to single or few organs. This concept has been re-
cently expanded in the context of patients with synchronous
oligometastatic disease or those with oligoprogressive can-
cer (defined as patients with the majority of the disease being
stable or responding to therapy with a limited number of sites
exhibiting progression).4 Subsequent work building on this hy-
pothesis has found that distinct molecular subgroups exist that,
in combination with clinical risk factors, define subpopula-
tions who may preferentially benefit from aggressive local
therapy and potentially delay tumor seeding of other sites and
the development of more aggressive phenotypes.5

Stereotactic ablative radiotherapy (SABR) involves the de-
livery of a high dose of radiation in a highly conformal manner.6

SABR is a noninvasive local therapy that is frequently used to
target tumors in a variety of sites, such as the brain, lungs, liver,
and bone. Should critical healthy tissues be adjacent to lesions
being considered for local therapy, more protracted hypofrac-
tionated courses may be used to minimize the risk of potential
toxic effects. In the context of oligometastatic cancer, SABR pre-
sents a novel opportunity for aggressive therapy for select pa-
tients with the potential for durable disease control without de-
laying systemic therapy given the minimal number of toxic
effects with SABR. The low rates of toxic effects reported with
SABR are notable thus far given the necessity of recognizing the
importance of quality of life in the context of patients with lim-
ited life expectancy. Worldwide, the use of SABR is increasing7,8;
in addition, combining SABR with newer systemic therapies (eg,
immune checkpoint inhibitors) in the setting of oligometa-
static cancer has become more widely adopted.9-12

Many studies have explored the role of SABR in the man-
agement of oligometastatic cancer.13-33 Although these studies
areprospective,theyarelargelysingleinstitutionaltrialsandcon-
sist of many different types of histologic cancers and treatment
sites, which may result in inherent selection bias. As a result, it
is difficult to integrate these studies into clinical practice. There-
fore, our aim in this study was to better characterize the safety
and clinical benefit of SABR by pooling published prospective
studies in which patients received SABR in the management of
oligometastaticcancerviaameta-analysistoaidclinicaldecision-
making. We hypothesized that SABR is safe and clinically ben-
eficial when used in the setting of oligometastatic cancer.

Methods
Evidence Acquisition
The Population, Intervention, Control, Outcomes and Study
Design method was used to define literature inclusion

criteria (eTable 1 in the Supplement).34-36 The Preferred Re-
porting Items for Systematic Reviews and Meta-analyses
(PRISMA) reporting guideline was used.37 In addition, the Meta-
analysis of Observational Studies in Epidemiology (MOOSE)
reporting guideline was used.38 A comprehensive search was
conducted in PubMed/MEDLINE, Embase, Cochrane Database
of Systematic Reviews, and Cumulative Index to Nursing and
Allied Health Literature on December 23, 2019, which included
prospective clinical trials and review articles that were
published within the past 15 years. The search strategy applied
was oligometastatic or oligometastases and prospective and
radiation and stereotactic, which was used by 3 of us (E.J.L.,
R.S., and N.G.Z.) independently across the databases. In
addition, references in review articles were closely examined
for possible inclusion of studies into the meta-analysis. The
results of a search of ClinicalTrials.gov is presented in eTable 2
in the Supplement.

Inclusion criteria included prospective trials with (1) pa-
tients with oligometastatic cancer (defined as ≤5 extracranial
metastases), (2) multiarm or single-arm prospective clinical
trial, (3) all patients in a treatment arm underwent SABR (de-
fined as ≤8 fractions with ≥5 Gy/fraction), and (4) at least the
primary outcome measure (grade 3-5 acute/late toxic effects)
or at least 1 of the secondary outcome measures (1-year local
control [LC], 1-year OS, or 1-year progression-free survival [PFS])
was reported. Exclusion criteria included (1) retrospective study
design, (2) studies involving nonhuman subjects, (3) works not
published in English, and (4) unfinished documents.

Centre for Evidence-Based Medicine levels of evidence
were assigned next to each of the included studies.39 Table 1
depicts treatment and patient characteristics,13-33 and Table 2
presents outcomes of the studies.13-19,21-33

Outcome Measures and Data Extraction
The primary outcome measure was the incidence of grade 3
to 5 acute and late toxic effects. The secondary outcome mea-
sures were 1-year LC, 1-year OS, and 1-year PFS.

Data extraction was conducted and reviewed by 2 of us in-
dependently (E.J.L. and R.S.) and discussed with another of
us (N.G.Z.). Data regarding outcome measures, as well as pa-
tient, study, histologic details, and treatment characteristics

Key Points
Question Is stereotactic ablative radiotherapy safe and clinically
beneficial in the management of oligometastatic cancer?

Findings This meta-analysis of 21 trials comprising 943 patients
and 1290 oligometastases found that stereotactic ablative
radiotherapy was associated with rates of clinically significant
acute and late toxic effects of less than 13% and with clinically
acceptable rates of 1-year local control overall survival, and
progression-free survival. These findings were noted among a
heterogeneous group of patients treated in prospective trials.

Meaning The findings of this study suggest that stereotactic
ablative radiotherapy is generally safe and well tolerated in the
oligometastatic setting and remains a viable treatment option in
appropriately selected patients; further study addressing sources
of heterogeneity is warranted.
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were recorded as reported in Table 1 and Table 2. Rates of acute
and late grade 3 to 5 toxic effects were largely based on the Ra-
diation Oncology Therapy Group or the Common Terminol-
ogy Criteria for Adverse Events.40 In the case of toxic effects,
if studies did not separate nonzero toxic effect rates into acute
or late events, they were excluded from the analysis. How-
ever, if acute and late toxic effect rates were pooled together
and reported as being 0, they were included in both the acute
and late toxic effect analyses as 0%. When outcome measure
rates were not reported in the article text, Kaplan-Meier curves
were digitized using Plot Digitizer, version 2.6.8 (Source-
Forge) to extract the pertinent values at 1 year. This process
was performed by 2 of us (E.J.L. and R.S.) independently and
discussed with another of us (N.G.Z).

Individual study effect sizes were modeled as propor-
tions in which the denominator was the total number of pa-
tients enrolled in the study and the numerator was the num-
ber of patients experiencing the particular outcome measure
of interest. The numerator was calculated by multiplying the
denominator by the percentage of patients experiencing the
outcome measure of interest at a prespecified time. For ex-
ample, if 100 patients were enrolled in a study and the 1-year

OS rate was 85%, then the numerator would be 100 multi-
plied by 85%. For each forest plot, the numerator was rounded
to the nearest whole number. Each proportion was then ex-
pressed as a percentage by dividing the denominator into the
numerator.

Statistical Analysis
Statistical analyses were performed using R Studio, version
1.1.383 (R Foundation for Statistical Computing).41 The Meta-
analysis for R (metafor) package, version 2.4-042 and the Gen-
eral Package for Meta-Analysis (meta), version 4.13-043 were
used to perform the random effects meta-analyses, tests for
heterogeneity (I2 and τ), generation of prediction intervals, gen-
eration of funnel plots, and tests for publication bias. The an-
gular transformation was used and a 0.5 continuity correc-
tion was applied for studies with an event probability of 0 or
1.44 In addition, the restricted maximum likelihood method
and the Knapp-Hartung adjustment were used.45 Weighted ran-
dom-effects models were used to determine an overall sum-
mary estimate for each outcome measure and were depicted
on a forest plot with its corresponding 95% CI and associated
95% prediction interval (PI). A random-effects approach was
chosen over a fixed-effects approach because using random
effects is often the preferred technique when performing a
meta-analysis to guide patient treatment decisions.46,47 For-
est plots were generated when 3 or more studies were in-
cluded in each group. The R code used to generate each of these
analyses is provided in the eMethods in the Supplement.

Heterogeneity was assessed using the I2 and τ statistics.48,49

Although significant heterogeneity was considered present if
I2>50%, there are shortcomings of the I2 statistic, such as its
high sensitivity to individual study sample sizes; therefore, we
also provided τ, which is the SD of the random effect, to quan-
tify study heterogeneity, which has been calculated using an
arcsine transformation, with the value ranging from 0 to π.50-52

An inverse transform (sin[τ/2])2 was used to express τ as a per-
centage in the article.

In addition, PIs were included because they are particu-
larly insightful in this setting, with a 95% PI providing a pre-
diction region for a single future study.52 The presence of pub-
lication bias was assessed with the use of funnel plots, and the
t test was based on weighted linear regression, whereby the
null hypothesis was rejected for P < .05.53 The data sets for each
outcome measure are provided in eTables 3-7 in the
Supplement.

Results
Study Characteristics
Twenty-one prospective trials comprising 943 patients who un-
derwent SABR for the treatment of 1290 oligometastases were
included in the meta-analysis (Figure 1). The trials were pub-
lished between 2004 and 2020 as reported in Table 1.13-33 Pa-
tients underwent treatment in the US,13-18,20,25-28,31,32 Canada,24

Europe,19,21-24,29 and Australia.24,30,33 The median patient age
was 63.8 years (interquartile range [IQR], 59.6-66.1 years). Me-
dian follow-up was 16.9 months (IQR, 13.7-24.5 months).

Figure 1. Preferred Reporting Items for Systematic Reviews
and Meta-analyses Flow Diagram

120 Full-text articles assessed for eligibility

204 Records screened

21 Studies included in qualitative synthesis

21 Studies included in quantitative synthesis (meta-analysis)

204 Records after duplicates removed

84 Records excluded
65 Did not involve SABR

6 Abstract

2 Out of time period
1 Non-English language

10 Case report

99 Full-text articles excluded
64 Retrospective

3 LC, toxicity, PFS, or OS not reported

20 Not treated with SABR
(treated in > 8 fractions and/or
with < 5 Gy/fraction)

10 Surgery offered without
SABR-specific outcomes

2 Update of previously included trial

437 Records identified through
database searching 

5 Records identified through
other sources

Search methods and screening process used to screen and select eligible
articles. There were initially 442 articles screened; 21 articles were eligible for
inclusion in the meta-analysis. LC indicates local control; OS, overall survival;
PFS, progression-free survival; SABR indicates stereotactic ablative
radiotherapy.

Research Original Investigation Ablative Stereotactic Radiotherapy for Oligometastatic Cancer

E8 JAMA Oncology Published online November 25, 2020 (Reprinted) jamaoncology.com

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 12/01/2020

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.6146?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.6146
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.6146?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.6146
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.6146


Ta
bl

e
2.

D
et

ai
ls

of
To

xi
cE

ff
ec

ts
an

d
Sy

st
em

ic
Th

er
ap

y
(c

on
tin

ue
d)

So
ur

ce
Sy

st
em

ic
th

er
ap

y
To

xi
c

ef
fe

ct
de

ta
ils

Ru
st

ho
ve

n,
et

al
,2

7

20
09

Sy
st

em
ic

th
er

ap
y

no
ta

llo
w

ed
14

d
be

fo
re

or
af

te
rS

AB
R

N
o

in
st

an
ce

so
fg

ra
de

4
or

5
to

xi
c

ef
fe

ct
s

N
on

e
of

th
e

7
pa

tie
nt

sw
ho

di
ed

be
fo

re
as

se
ss

ed
fo

rl
oc

al
co

nt
ro

lh
ad

an
y

ev
id

en
ce

of
tr

ea
tm

en
t-

re
la

te
d

to
xi

c
ef

fe
ct

s
1

Gr
ad

e
3

so
ft

tis
su

e
to

xi
c

ef
fe

ct
w

as
se

en
in

a
pa

tie
nt

w
ho

re
qu

ire
d

na
rc

ot
ic

an
al

ge
si

cs
,h

yp
er

ba
ric

ox
yg

en
,a

nd
de

br
id

em
en

t6
m

o
af

te
rS

AB
R

W
an

g,
et

al
,3

2

20
12

Sy
st

em
ic

ra
di

ot
he

ra
py

or
ch

em
ot

he
ra

py
al

lo
w

ed
w

ith
in

30
d

of
SA

BR
;

pa
tie

nt
sr

ec
ei

vi
ng

bi
sp

ho
sp

ho
na

te
so

rh
or

m
on

e
th

er
ap

y
w

er
e

ex
cl

ud
ed

Gr
ad

e
3:

na
us

ea
(1

),
vo

m
iti

ng
(1

),
di

ar
rh

ea
(1

),
fa

tig
ue

(1
),

no
nc

ar
di

ac
ch

es
tp

ai
n

(3
),

dy
sp

ha
gi

a
(1

),
ne

ck
pa

in
(1

),
di

ap
ho

re
si

s(
1)

,p
ai

n
as

so
ci

at
ed

w
ith

to
ng

ue
ed

em
a

an
d

tr
is

m
us

(2
)

N
o

gr
ad

e
4

to
xi

c
ef

fe
ct

sw
er

e
re

po
rt

ed
an

d
no

ra
di

at
io

n-
re

la
te

d
sp

in
al

co
rd

m
ye

lo
pa

th
y

w
as

ob
se

rv
ed

du
rin

g
th

e
st

ud
y

Sc
or

se
tt

ie
ta

l,2
9

20
15

Al
lp

at
ie

nt
sr

ec
ei

ve
d

ch
em

ot
he

ra
py

af
te

rd
ia

gn
os

is
of

m
et

as
ta

tic
di

se
as

e;
42

%
of

pa
tie

nt
sr

ec
ei

ve
d

ch
em

ot
he

ra
py

po
st

-S
AB

R
N

o
gr

ad
e

3-
5

to
xi

c
ef

fe
ct

sw
er

e
ob

se
rv

ed

Ga
rg

et
al

,1
5

20
12

Pa
tie

nt
sw

ho
re

ce
iv

ed
ch

em
ot

he
ra

py
w

ith
in

30
d

of
SA

BR
w

er
e

ex
cl

ud
ed

Gr
ad

e
4

to
xi

c
ef

fe
ct

in
a

pa
tie

nt
w

ho
de

ve
lo

pe
d

he
m

ic
or

d
sy

nd
ro

m
e

11
m

o
po

st
-S

AB
R

re
qu

iri
ng

us
e

of
w

he
el

ch
ai

r
Gr

ad
e

3
to

xi
c

ef
fe

ct
in

a
pa

tie
nt

w
ho

de
ve

lo
pe

d
L5

ra
di

cu
lo

pa
th

y
9

m
o

po
st

-S
AB

R
re

qu
iri

ng
th

e
us

e
of

a
ca

ne
an

d
pa

in
m

ed
ic

at
io

n
Ch

an
g

et
al

,1
4

20
04

Pa
tie

nt
sw

ho
re

ce
iv

ed
sy

st
em

ic
ra

di
ot

he
ra

py
or

ch
em

ot
he

ra
py

w
ith

in
30

d
of

SA
BR

w
er

e
ex

cl
ud

ed
N

o
ne

ur
ot

ox
ic

ity
or

gr
ad

e
3-

4
to

xi
c

ef
fe

ct
sw

er
e

ob
se

rv
ed

in
an

y
pa

tie
nt

s

M
én

de
z

Ro
m

er
o

et
al

,1
9

20
06

N
R

N
on

cl
as

si
c

ra
di

at
io

n-
in

du
ce

d
liv

er
di

se
as

e
(2

)
Gr

ad
e

3
as

th
en

ia
(1

;h
ow

ev
er

,t
hi

sp
at

ie
nt

re
ce

iv
ed

ch
em

ot
he

ra
py

an
d

su
rg

er
y

be
fo

re
SA

BR
,w

hi
ch

m
ay

ha
ve

co
nt

rib
ut

ed
to

hi
sp

re
se

nt
at

io
n)

Gr
ad

e
3

la
te

GI
bl

ee
di

ng
ev

en
t(

1)
M

ila
no

et
al

,2
0

20
09

90
%

of
pa

tie
nt

sr
ec

ei
ve

d
ch

em
ot

he
ra

py
an

d/
or

ho
rm

on
e

th
er

ap
y

pr
io

rt
o

tr
ia

le
nr

ol
lm

en
t;

80
%

re
ce

iv
ed

ch
em

ot
he

ra
py

an
d/

or
ho

rm
on

e
th

er
ap

y
po

st
-S

AB
R

N
R

Pa
sq

ua
le

tt
ie

ta
l,2

5

20
18

Ch
em

ot
he

ra
py

an
d/

or
ho

rm
on

al
th

er
ap

ie
sw

er
e

ad
m

in
is

te
re

d
po

st
-S

AB
R

on
ly

af
te

rt
he

oc
cu

rr
en

ce
of

>3
sy

nc
hr

on
ou

sa
ct

iv
e

le
si

on
s

Gr
ad

e
3

ve
rt

eb
ra

lf
ra

ct
ur

e
(1

)

Ah
m

ed
et

al
,1

3

20
13

H
or

m
on

e
th

er
ap

y
al

lo
w

ed
N

o
gr

ad
e

3-
5

ac
ut

e
or

la
te

to
xi

c
ef

fe
ct

sr
ep

or
te

d

H
en

ke
et

al
,1

6

20
18

N
o

sy
st

em
ic

th
er

ap
y

al
lo

w
ed

w
ith

in
1

w
k

of
SA

BR
;n

o
in

ve
st

ig
at

iv
e

ag
en

ts
al

lo
w

ed
.

N
o

gr
ad

e
3-

5
ac

ut
e

or
la

te
SA

BR
-r

el
at

ed
to

xi
c

ef
fe

ct
sr

ep
or

te
d

Gr
ad

e
4

an
em

ia
an

d
th

ro
m

bo
cy

to
pe

ni
a

re
la

te
d

to
re

ce
iv

in
g

fu
ll-

do
se

ge
m

ci
ta

bi
ne

an
d

FO
LF

IR
IN

OX
af

te
rc

om
pl

et
in

g
SA

BR
(2

)
Si

va
et

al
,3

0

20
18

H
or

m
on

e
th

er
ap

y
al

lo
w

ed
;p

re
vi

ou
sc

yt
ot

ox
ic

ch
em

ot
he

ra
py

w
as

an
ex

cl
us

io
n

fa
ct

or
Gr

ad
e

3
sp

in
al

fr
ac

tu
re

re
qu

iri
ng

in
st

ru
m

en
ta

tio
n

(1
)

M
ua

ce
vi

c
et

al
,2

1

20
13

8%
of

pa
tie

nt
sr

ec
ei

ve
d

ch
em

ot
he

ra
py

an
d

19
%

re
ce

iv
ed

ho
rm

on
e

th
er

ap
y

be
fo

re
SA

BR
M

ild
na

us
ea

fo
llo

w
in

g
SA

BR
th

at
w

as
tr

ea
te

d
w

ith
or

al
an

tie
m

et
ic

s(
5)

,c
lin

ic
al

ly
si

le
nt

rib
fr

ac
tu

re
(1

);
1

pa
tie

nt
w

ith
pr

og
re

ss
iv

e
sp

in
al

m
et

as
ta

si
sd

ev
el

op
ed

ne
ur

ol
og

ic
de

fic
its

O
st

et
al

,2
3

20
18

Pa
tie

nt
sw

er
e

in
el

ig
ib

le
if

th
ey

ex
pe

rie
nc

ed
a

PS
A

re
la

ps
e

w
hi

le
on

ho
rm

on
e

th
er

ap
y,

ea
rl

ie
rc

yt
ot

ox
ic

ag
en

tf
or

pr
os

ta
te

ca
nc

er
,o

rt
re

at
m

en
tw

ith
in

30
d

be
fo

re
SA

BR
w

ith
an

ag
en

tk
no

w
n

to
in

flu
en

ce
PS

A

N
o

gr
ad

e
2

or
hi

gh
er

to
xi

c
ef

fe
ct

sw
er

e
ob

se
rv

ed

Pa
lm

a
et

al
,2

4

20
19

Ch
em

ot
he

ra
py

or
ta

rg
et

ed
th

er
ap

ie
sw

er
e

no
tp

er
m

itt
ed

w
ith

in
4

w
k

be
fo

re
SA

BR
bu

tc
ou

ld
be

re
su

m
ed

af
te

rS
AB

R
w

as
co

m
pl

et
ed

Gr
ad

e
5

(3
):

su
bd

ur
al

he
m

at
om

a
af

te
rr

ep
ai

ro
fg

as
tr

ic
ul

ce
ri

n
a

pa
tie

nt
w

ith
Cr

oh
n

di
se

as
e

re
ce

iv
in

g
co

rt
ic

os
te

ro
id

th
er

ap
y;

pu
lm

on
ar

y
ab

sc
es

sa
ts

ite
of

tr
ea

te
d

le
si

on
1

y
af

te
ru

nd
er

go
in

g
SA

BR
,a

nd
pa

tie
nt

re
fu

se
d

tr
ea

tm
en

t;
ra

di
at

io
n-

as
so

ci
at

ed
pn

eu
m

on
iti

s2
m

o
af

te
rS

AB
R

ad
m

in
is

te
re

d
to

2
ch

es
tl

es
io

ns
,1

of
w

hi
ch

w
as

ce
nt

ra
l;

un
kn

ow
n

if
pa

tie
nt

ha
d

hi
st

or
y

of
in

te
rs

tit
ia

ll
un

g
di

se
as

e
Gr

ad
e

3:
pa

in
(3

)a
nd

dy
sp

ne
a

(1
)

Da
vi

d
et

al
,3

3

20
20

Pa
tie

nt
sw

er
e

in
el

ig
ib

le
if

th
ey

ha
d

pr
ev

io
us

hi
gh

-d
os

e
ra

di
ot

he
ra

py
ad

m
in

is
te

re
d

to
an

ar
ea

to
be

tr
ea

te
d,

vi
sc

er
al

m
et

as
ta

se
s,

tr
ea

tm
en

t
w

ith
cy

to
to

xi
c

ch
em

ot
he

ra
py

w
ith

in
3

w
k

of
SA

BR
,o

re
vi

de
nc

e
of

sp
in

al
co

rd
co

m
pr

es
si

on
or

sp
in

al
in

st
ab

ili
ty

Gr
ad

e
3:

AL
T

le
ve

li
nc

re
as

e
(1

),
an

em
ia

(1
)

Gr
ad

e
4:

ob
es

ity
(1

)
Re

po
rt

ed
in

fin
al

st
at

is
tic

al
re

po
rt

Ab
br

ev
ia

tio
ns

:A
D

Ls
,a

ct
iv

iti
es

of
da

ily
liv

in
g;

GI
,g

as
tr

oi
nt

es
tin

al
;L

AD
,l

ym
ph

ad
en

op
at

hy
;L

FT
,l

iv
er

fu
nc

tio
n

te
st

;
N

S,
no

rm
al

sa
lin

e;
N

SA
ID

s,
no

ns
te

ro
id

al
an

ti-
in

fla
m

m
at

or
y

dr
ug

s;
N

SC
LC

,n
on

–s
m

al
lc

el
llu

ng
ca

nc
er

;P
R,

pa
rt

ia
l

re
sp

on
se

;P
SA

,p
ro

st
at

e-
sp

ec
ifi

ca
nt

ig
en

;P
TV

,p
la

nn
in

g
tu

m
or

vo
lu

m
e;

Q
oL

,q
ua

lit
y

of
lif

e;
RE

CI
ST

,r
es

po
ns

e

ev
al

ua
tio

n
cr

ite
ria

in
so

lid
tu

m
or

s;
RF

A,
ra

di
of

re
qu

en
cy

ab
la

tio
n;

SA
BR

,s
te

re
ot

ac
tic

ab
la

tiv
e

ra
di

ot
he

ra
py

;S
CC

,
sq

ua
m

ou
sc

el
lc

ar
ci

no
m

a;
SD

,s
ta

bl
e

di
se

as
e;

SS
,s

ta
tis

tic
al

ly
sig

ni
fic

an
t;

V1
5,

vo
lu

m
e

re
ce

iv
in

g
15

Gy
an

d
hi

gh
er

.

Ablative Stereotactic Radiotherapy for Oligometastatic Cancer Original Investigation Research

jamaoncology.com (Reprinted) JAMA Oncology Published online November 25, 2020 E9

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Piergiorgio Gigliotti on 12/01/2020

http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.6146


The most common primary sites were the prostate (22.9%), co-
lorectal (16.6%), breast (13.1%), and lung (12.8%). The most fre-
quently treated lesions by SABR site were bone and/or spine
(44.8%), lung (29.2%), liver (13.1%), and lymph nodes (12.2%).
Of the 21 studies included, 2 solely evaluated non–small cell
lung cancer (NSCLC) oligometastases,17,18 2 solely evaluated
breast cancer oligometastases,20,33 5 solely evaluated
prostate cancer oligometastases,13,21,23,25,30 and the
remaining 12 trials evaluated multiple tumor histologic
characteristics.14-16,19,22,24,26-29,31,32 The most common defi-
nition of acute toxic effects was events occurring within 3
months (range, 3-6 months) of completing radiotherapy.

Acute Grade 3 to 5 Toxic Effects
Twelve studies provided rates of acute grade 3 to 5 toxic ef-
fects after SABR.13,14,16,18,19,23,26-29,31,33 Rates of development
of acute grade 3 to 5 toxic effects ranged from 0%14,16,18,23,27,29

to 20%.33 Mixed primary tumor histologic findings were evalu-
ated in 8 studies,14,16,19,26-29,31 prostate cancer oligometasta-
ses were evaluated in 2 studies,13,23 breast cancer oligometas-
tases were solely evaluated in 1 study,33 and NSCLC
oligometastases were solely evaluated in 1 study.18 Figure 2A
depicts the forest plot for all 12 studies reporting the inci-
dence of acute grade 3 to 5 toxic effects; the estimated inci-
dence under the random-effects model was 1.2% (95% CI, 0%-
3.8%; 95% PI, 0%-10.1%; I2 = 50%; 95% CI, 3%-74%; and
τ = 0.20%; 95% CI, 0.00%-1.43%). Figure 2A also shows the
corresponding funnel plot in which the P value of the weighted
linear regression test was <.001, indicating the presence of pub-
lication bias. Forest plots were not generated by histologic char-
acteristics because only 2 studies13,23 solely evaluated acute
grade 3 to 5 toxic effects for prostate cancer oligometastases;
both of these trials reported rates of 0%. In addition, only 1
study solely evaluated breast cancer 33 and NSCLC18 oligome-
tastases and reported acute grade 3 to 5 toxic effects, with rates
of 20% for breast cancer and 0% for NSCLC.

Late Grade 3 to 5 Toxic Effects
Twelve studies provided rates of late grade 3 to 5 late toxic ef-
fects after SABR.13,14,16,18,19,22,23,26-29,31 Rates of late toxic ef-
fects ranged from 0%13,14,16,18,23,27,29,31 to 10%.22 Mixed pri-
mary tumor histologic characteristic were evaluated in 9
studies,14,16,19,22,26-29,31 prostate cancer oligometastases were
solely evaluated in 2 studies,13,23 and NSCLC oligometastases
were solely evaluated in 1 study.18 Figure 2B depicts the for-
est plot for all 12 studies reporting the incidence of late grade
3 to 5 toxic effects; the estimated incidence of late grade 3 to 5
toxic effects was 1.7% (95% CI, 0.2%-4.6%; 95% PI, 0%-
12.5%; I2 = 54%; 95% CI, 11%-76%; and τ = 0.25%; 95% CI,
0.01%-1.00%). Figure 2B also shows the corresponding fun-
nel plot in which the P value of the weighted linear regression
test was 0.39, indicating an absence of publication bias. For-
est plots were not generated by histologic findings because only
2 studies13,23 solely evaluated late grade 3 to 5 toxic effects for
prostate cancer oligometastases; both of these trials reported
rates of 0%. In addition, forest plots were not generated for
NSCLC because only 1 study18 solely evaluated this histologic
finding exclusively. Incidence of late grade 3 to 5 toxic effects

in that single study was 0%. Further details regarding toxic ef-
fects and systemic therapy are presented in Table 2.

1-Year LC
Fourteen studies provided rates of LC at 1 year after
SABR.15,19,21-23,25-33 Rates of 1-year LC ranged from 67.2%29 to
100%.19,23,26,33 Mixed primary tumor histologic characteris-
tics were evaluated in 9 studies,15,19,22,26-29,31,32 prostate can-
cer oligometastases were solely evaluated in 4 studies,21,23,25,30

and breast cancer oligometastases were solely evaluated in 1
study.33 Figure 3A depicts the forest plot for 1-year LC for all
14 studies; the estimated rate of 1-year LC was 94.7% (95% CI,
88.6%-98.6%; 95% PI, 63.8%-100%; I2 = 90%; 95% CI, 86%-
94%; and τ = 0.81%; 95% CI, 0.36%-2.38%). Figure 3A also
shows the corresponding funnel plot in which the P value of
the weighted linear regression test was 0.45, indicating the ab-
sence of publication bias. A subgroup analysis was con-
ducted for prostate cancer oligometastases. eFigure 1A in the
Supplement depicts the forest plot for 1-year LC for the 4 stud-
ies examining prostate cancer oligometastases; the esti-
mated rate of 1-year LC was 97.9% (95% CI, 93.1%-100%; 95%
PI, 90%-100%; I2 = 21%; 95% CI, 0%-88%; and τ = 0.01%; 95%
CI, 0%-2.86%). eFigure 1B in the Supplement shows the cor-
responding funnel plot in which the P value of the weighted
linear regression test was 0.79, indicating the absence of pub-
lication bias. A forest plot was not generated for the breast can-
cer studies, because only 1 study solely evaluated patients with
breast cancer oligometastases and reported a 100% LC rate at
1 year after SABR.33

1-Year OS
Fifteen studies provided rates of OS at 1 year after
SABR.15-17,19,20,22-24,26-32 Rates of 1-year OS ranged from 65.9%26

to 100%.23,30 Mixed primary tumor histologic characteristics
were evaluated in 11 studies,15,16,19,22,24,26-29,31,32 prostate can-
cer oligometastases were solely evaluated in 2 studies,23,30

breast cancer oligometastases were solely evaluated in 1
study,20 and lung cancer oligometastases were solely evalu-
ated in 1 study.17 Figure 3B depicts the forest plot for 1-year OS
for all 15 studies; the estimated 1-year OS was 85.4% (95% CI,
77.1%-92.0%; 95% PI, 50.9%-100%; I2 = 82%; 95% CI, 71%-
88%; and τ = 0.72%; 95% CI, 0.30%-2.09%). Figure 3B also
shows the corresponding funnel plot in which the P value of
the weighted linear regression test was 0.87, indicating an ab-
sence of publication bias. Forest plots were not generated by
histologic factors because only 2 studies23,30 solely evaluated
1-year OS for prostate cancer oligometastases, both of which
reported rates of 100%. In addition, only 1 study solely evalu-
ated breast cancer20 and NSCLC17 oligometastases and re-
ported 1-year OS rates of 92.7% for breast cancer and 67.2% for
NSCLC.

1-Year PFS
Eleven studies provided rates of PFS at 1 year after
SABR.16-18,20,23,24,28-31,33 Rates of 1-year PFS ranged from
33.3%28 to 80.0%.33 Mixed primary tumor histologic charac-
teristics were examined in 5 studies,16,24,28,29,31 prostate can-
cer oligometastases were solely evaluated in 2 studies,23,30
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breast cancer oligometastases were solely evaluated in 2
studies,20,33 and lung cancer oligometastases were solely evalu-
ated in 2 studies.17,18 eFigure 2A in the Supplement depicts the
forest plot for 1-year PFS for all 11 studies; the estimated 1-year
PFS was 51.4% (95% CI, 42.7%-60.1%; 95% PI, 29.1%-73.5%;
I2 = 58%; 95% CI, 17%-78%; τ = 0.20%; 95% CI, 0.02%-
1.21%). eFigure 2B in the Supplement shows the correspond-
ing funnel plot in which the P value of the weighted linear re-
gression test was 0.40, indicating an absence of publication
bias. Forest plots were not generated by histologic factors be-
cause only 2 studies reported 1-year PFS for prostate (48%-
85%), breast (68%-80%), and NSCLC (38.3%-53.6%)
oligometastases.

Discussion
There have been reports dating back to the 1930s that pa-
tients with limited metastatic disease may respond favorably
to curative local therapy (eg, radiotherapy or surgery).54,55 To
date, there have been several single-institution trials assess-
ing the safety and efficacy of SABR in the oligometastatic
setting.13-32 To our knowledge, this is the only meta-analysis
exploring the role of SABR prospectively administered in the
setting of oligometastatic cancer. Our analysis suggests that
SABR is generally well tolerated and of clinical benefit.

Two of the largest prospective trials published to date ex-
amining the potential benefit of SABR in the setting of oligo-
metastatic prostate cancer have been Surveillance or Metas-
tasis-Directed Therapy for Oligometastatic Prostate Cancer
Recurrence (STOMP)23 and Observation vs Stereotactic Abla-
tive Radiation for Oligometastatic Prostate Cancer (ORIOLE
2).56 The STOMP trial randomized patients with oligometa-
static prostate cancer to surveillance with salvage androgen
deprivation therapy or upfront metastasis-directed therapy
comprising SABR or surgery followed by salvage androgen de-
privation therapy.23 In the metastasis-directed therapy arm,
the patients treated with SABR experienced 1-year LC and OS
rates of 100%, with an absence of acute and late toxic effects.
Updated findings noted 5-year androgen deprivation therapy–
free survival rates of 34% for the metastasis-directed therapy
and 8% for the observation arms (P = .06).57 Similarly, the re-
cently reported ORIOLE 2 trial that randomized patients with
oligometastatic prostate cancer to SABR vs observation noted
a significant 5-year PFS benefit in favor of SABR (not reached
vs 5.8 months, P = .002), with no grade 3 or greater level of toxic
effects reported.56

Among other primary tumor types, one of the largest trials
assessing the potential role of SABR is the Stereotactic Abla-
tive Radiotherapy for the Comprehensive Treatment of Oligo-
metastatic Cancers (SABR-COMET) trial, which randomized pa-
tients with oligometastatic or oligoprogressive cancer among
a variety of histologic characteristics in a 2:1 fashion to SABR
or standard of care palliative treatments.24 On initial report-
ing, PFS (hazard ratio, 0.47; 95% CI, 0.40-0.76; P = .001) was
found to be superior in the SABR arm, with a 1-year PFS of 53%
with 3 patients dying from treatment-related toxic effects. A
recent update found that 5-year OS was significantly higher in

patients within the SABR arm (42.3%) compared with pa-
tients who did not receive SABR (17.7%) (P = .006), as was
5-year PFS (17.3% vs 3.2%, P = .001).58 Other trials have noted
significant benefits among tumors with other histologic char-
acteristics. Iyengar et al,18 in the setting of patients with oligo-
metastatic NSCLC, noted a median PFS of 9.7 months with the
addition of SABR to systemic therapy vs 3.5 months in pa-
tients randomized to receive chemotherapy alone (P = .01). Ad-
ditional planned and ongoing trials investigating the role of
SABR in oligometastatic cancer can be found in eTable 2 in the
Supplement, with many focusing on specific primary tumor
histologic characteristics or expanding the use of SABR for
patients with up to 10 lesions, such as the case with
SABR-COMET-10.59

The results of this work provide evidence in support of
SABR across a variety of primary tumor histologic character-
istics given its excellent LC and perhaps more importantly
low overall rates of severe acute and late toxic effects,
which is particularly important in the context of patients
with metastatic disease and limited life expectancies. How-
ever, the low rates of toxic effects are likely to be a result of
well-selected patients. Lesions treated with SABR in the
trials included in our analysis were similarly likely well
selected such that relevant dose and volume constraints for
critical structures could be met to minimize the risk of
potential toxic effects. In addition, the potential quality-of-
life detriments from potential SABR-related toxic effects, as
well as potential delays of systemic therapies that compose
the backbone of the management of metastatic disease, are
also important considerations. Thus, patient selection is
critical in determining which populations of patients with
oligometastatic or oligoprogessive cancer have the most to
gain from the addition of SABR to systemic therapy.

In addition to clinical patient-specific factors, such as per-
formance status, the volume and number of metastatic de-
posits, whether patients presented with synchronous or meta-
chronous disease, the location of metastatic deposits, and
primary tumor subtype, further studies aim to examine the mo-
lecular phenotype of metastases that will estimate outcomes
for patients who are more likely to benefit.60-62

Prior work by Lussier et al63 noted distinct microRNA
expressions between patients with oligometastatic or
polymetastatic progression in the lung, which may aid in
identifying patient populations at risk for rapid progression.
Another study of note, the TRACERx Renal study, compared
matched biopsies of primary renal cell carcinoma and
metastases and noted that loss of chromosome 9q was asso-
ciated with both development of metastasis and poorer out-
comes compared with metastasis biopsies with more
heterogeneity.64 Pitroda et al5 used specific molecular fea-
tures among patients with metastatic colorectal cancer with
liver metastases to identify 10-year OS rates in low- (94%),
intermediate- (45%), and high-risk (19%) patient popula-
tions, highlighting the need to consider molecular pheno-
types as well as patient-specific prognostic factors in clinical
decision-making. Each of these works exhibited the need
for further study to better define distinct phenotypes of
metastatic lesions across a variety of tumor histologic char-
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acteristics to aid in patient selection and identification of
subgroups that have the most to gain from SABR.

Limitations
Our work has limitations. First, we did not have access to in-
dividual patient data. Therefore, we were unable to adjust for
patient-specific covariates. We aimed to mitigate this limita-
tion by including only prospective studies in the meta-
analysis. Second, our median follow-up for all studies was 16.9
months, which may be an inadequate time to comprehen-
sively record all late toxic effects. Third, although there was
largely an absence of publication bias, this factor was ob-
served in our analysis of acute toxic effects.

Although our analysis provides evidence in support of
using SABR in the oligometastatic setting, a significant amount
of heterogeneity was observed. This large amount of hetero-
geneity was likely present because the prospective data pres-
ently available were not limited to a single tumor histologic
type, the studies had varying inclusion and exclusion crite-
ria, and the studies primarily involved treatment to different
sites. Future prospective studies should aim to further stratify
these factors to better elucidate sources of heterogeneity, which
would allow for SABR to be tailored in a more individualized
manner.

Conclusions

The findings of this meta-analysis are not meant to be viewed
as definitive evidence that SABR is safe and effective in all pa-
tients with oligometastatic cancer. Rather, we recommend that
clinicians continue to exercise their best clinical judgment and
offer this therapy in appropriately selected patients, typi-
cally those with low-volume metastatic disease, favorable ini-
tial responses to systemic therapy, and good performance sta-
tus. Our analysis was intended to be hypothesis generating as
we await the results of further prospective trials. Initiatives are
under way to further classify oligometastatic disease based on
patient-level and treatment characteristics that influence OS
in patients undergoing SABR.65

In this meta-analysis, SABR appeared to be safe and effec-
tive in the setting of oligometastatic cancer. Rates of acute and
late grade 3 to 5 toxic effects were commonly less than 10%,
with clinically acceptable rates of local LC OS and PFS at 1 year
posttreatment. Therefore, we recommend that clinicians con-
sider this therapy in selected patients with oligometastatic can-
cer. Ongoing prospective studies will further explore poten-
tial sources of heterogeneity, allowing for a more individualized
approach to this therapy.
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