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Abstract
Background: Stereotactic body radiotherapy (SBRT) is increasingly used to treat oli-
gometastatic disease (OMD), but the effect of metastasis timing on patient outcomes 
remains uncertain.
Methods: An international database of patients with OMD treated with SBRT was 
assembled with rigorous quality assurance. Early versus late metastases were defined 
as those diagnosed ≤24 versus >24 months from the primary tumor. Overall survival 
(OS), progression-free survival (PFS), and incidences of wide-spread progression 
(WSP) were estimated using multivariable Cox proportional hazard models stratified 
by primary tumor types.
Results: The database consists of 1033 patients with median follow-up of 24.1 months 
(0.3–104.7). Late metastatic presentation (N = 427) was associated with improved OS 
compared to early metastasis (median survival 53.6 vs. 33.0  months, hazard ratio 
[HR] 0.59, 95% confidence interval [CI]: 0.47–0.72, p < 0.0001). Patients with non-
small cell lung cancer (NSCLC, N = 255, HR 0.49, 95% CI: 0.33–0.74, p = 0.0005) 
and colorectal cancer (N = 235, HR 0.50, 95% CI: 0.30–0.84, p = 0.008) had bet-
ter OS if presenting with late metastasis. Late metastasis correlated with longer PFS 
(median 17.1 vs. 9.0 months, HR 0.71, 95% CI: 0.61–0.83, p < 0.0001) and lower 2-
year incidence of WSP (26.1% vs. 43.6%, HR 0.60, 95% CI: 0.49–0.74, p < 0.0001). 
Fewer WSP were observed in patients with NSCLC (HR 0.52, 95% CI: 0.33–0.83, 
p = 0.006) and kidney cancer (N = 63, HR 0.37, 95% CI: 0.14–0.97, p = 0.044) with 
late metastases. Across cancer types, greater SBRT target size was a significant pre-
dictor for worse OS.
Conclusion: Late metastatic presentation is associated with improved survival and 
delayed progression in patients with OMD treated with SBRT.
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1  |   INTRODUCTION

Patients with limited metastatic disease may benefit from 
aggressive metastasis-directed local therapy (MDT). 
Prospective clinical trials have demonstrated the efficacy 
of stereotactic body radiotherapy (SBRT) in patients with 
oligometastatic disease (OMD).1–6  The recently updated 
SABR-COMET study demonstrated significantly higher 5-
year overall survival (OS) among patients receiving SBRT 
than those who did not.7 Incorporating SBRT into the treat-
ment paradigm of OMD may slow disease progression, delay 
the need to initiate or change systemic therapy, and prolong 
survival.3,8–11 However, appropriate selection criteria for pa-
tients who may benefit most from metastasis-directed SBRT 
remains elusive. Relevant clinical markers, such as tim-
ing of metastatic presentation, may be useful indicators of 
the underlying tumor biology and inform patient selection. 
Previous studies offer conflicting evidence on the effect of 
metastasis timing on patient outcomes, with some studies 
suggesting a favorable effect of late metastatic presentation in 
patients with non-small cell lung cancer (NSCLC), colorectal 
cancer, and kidney cancer,12–17 while others showing no or 
the opposite effect.18,19 In addition, the optimal threshold for 
stratifying patients by the timing of metastatic presentation 
is unclear, and past studies have used different cutoffs rang-
ing from 1 to 36 months from the diagnosis of the primary 
tumor.20–23 Therefore, the definition and true impact of early 
versus late metastasis in the setting of SBRT for OMD re-
quire further study.

This study is based on a large, international database 
of patients with OMD treated with SBRT at six academic 
institutions.24 OS of the entire cohort was recently re-
ported, in which late metachronous metastatic presentation 
(>24 months of primary diagnosis) was associated with bet-
ter OS compared to synchronous metastasis (0–6 months of 
primary diagnosis), while patients with early metachronous 
metastasis (6–24 months) had inferior OS equivalent to syn-
chronous metastasis.24 The goal of the current study was to 
further elucidate the effect of metastasis timing on patient 
outcomes by additionally including progression-free survival 
(PFS) and widespread progression (WSP) endpoints, and di-
chotomizing patients by the 24-month threshold into “early” 
and “late” OMD presentations. Furthermore, since primary 
histology also influenced disease progression and survival, 
we also examined the impact of metastatic presentation on 
patient outcomes after stratifying by the most common pri-
mary tumor types, including NSCLC, colorectal, kidney, 

prostate cancer, and breast cancer, which constituted 74.3% 
of the entire cohort.

2  |   METHODS

2.1  |  Patients

An international, multi-institutional database of patients 
with OMD treated with SBRT was constructed retrospec-
tively using meticulous data collection and quality assur-
ance measures, and the inclusion and exclusion criteria have 
been described previously.24 All patients had OMD, defined 
as 5 or fewer extra-cranial metastases, which were treated 
with SBRT. Patients were excluded if they initially had 
more widespread disease that was downstaged to OMD after 
systemic therapy, presented with brain metastases or had a 
primary hematologic, central nervous system, or germ cell 
malignancy. All patients underwent complete baseline stag-
ing, including CT and/or MRI of the brain, CT of the chest/
abdomen/pelvis and/or PET scan, within 4 months of the first 
SBRT treatment.

2.2  |  Treatment and follow-up

Stereotactic body radiotherapy treatments were delivered in 
fewer than 10 fractions using stereotactic technique. Patients 
receiving palliative fractionation schemes such as 4 Gy ×5 
fractions, 3 Gy ×10 fractions, or 8 Gy ×1 or 2 fractions were 
excluded. Detailed dose and fractionation schemes stratified 
by treatment sites have been previously reported.24 The mean 
total dose was 41.8 Gy and the mean number of fractions was 
4.6 (median 5). Site-specific simulation, immobilization, and 
image guidance were determined by each participating insti-
tution and described previously.25 Post-SBRT follow-up was 
performed in a treatment site and institution-specific manner, 
and consisted of at least a CT chest, abdomen, and pelvis 
every 2–4 months for the first year, 3–6 months in year 2–4, 
and 6–12 months in year 5 and thereafter.26

2.3  |  Clinical variables and outcomes

Based on our previous study, early versus late metastatic 
presentations were defined as the first metastasis diagnosed 
≤24  months versus >24  months from the diagnosis of the 

K E Y W O R D S

late metastasis, metastasis-directed radiotherapy, oligometastasis, SABR, SBRT, wide-spread 
progression



      |  6191CHEN et al.

primary tumor. Other clinical variables include the total num-
ber of metastases, whether or not all metastases were con-
fined to the bone (bone-only metastasis), the total size of the 
SBRT planning target volume (PTV, in cm3) during the first 
course of SBRT, and the total biologically effective dose at 
α/β of 10 (BED10) during the first course of SBRT. Genomic 
and biologic variables were also included when applicable, 
including EGFR and ALK mutation status in NSCLC, KRAS 
mutation status in colorectal cancer, Gleason score and pre-
SBRT PSA level for prostate cancer, and tumor grade and 
receptor subtype for breast cancer. The main outcomes of this 
study were OS, PFS, and incidence of WSP. Progression was 
defined as radiographic evidence of either local progression, 
new metastasis, death, or last follow-up for patients who 
were alive. WSP was defined as the development of ≥6 new 
sites of extracranial metastases or wide dissemination that 
precluded further local ablative therapy, such as malignant 
effusion.

2.4  |  Statistical analysis

Overall survival and PFS rates were estimated by the Kaplan–
Meier method. The start of follow-up was defined as the start 
date of the first course of SBRT for all patients to allow for 
the same baseline and avoid immortal time bias between 
time of diagnosis and the first course of SBRT. Univariable 
and multivariable Cox regressions for OS and PFS were per-
formed for the entire patient cohort, as well as in each of the 

five most common primary tumor types to estimate the ef-
fect of prognostic factors listed in the previous section. WSP 
rates were estimated by the cumulative incidence function 
using death as a competing risk. Univariable and multivari-
able Fine and Gray competing risks regressions were used 
to estimate the effect of the prognostic factors on WSP for 
the entire cohort as well as each of the five primary tumor 
types.27 All tests were two-tailed, and results were consid-
ered significant if the p value was <0.05. Statistical analyses 
were performed using R (x64, v4.0.2).28

3  |   RESULTS

The entire cohort consisted of 1033 patients with OMD 
treated with SBRT, with a median follow-up time of 
24.1 months (range: 0.3–104.7). The five most common pri-
mary tumor types were NSCLC (N = 255, 24.7%), colorectal 
cancer (N = 235, 22.7%), prostate cancer (N = 132, 12.8%), 
breast cancer (N = 83, 8.0%), and kidney cancer (N = 63, 
6.1%). Table  1  summarizes the baseline patient and treat-
ment characteristics. The median age at the start of SBRT 
was 66.8 years (standard deviation [SD]: 12.8), and 601 pa-
tients (58.2%) were male. The majority of patients in the en-
tire cohort (58.7%), as well as those with NSCLC (67.8%) 
and colorectal cancer (63.4%), had early metastatic presenta-
tion (≤24 months), while the majority of patients with pros-
tate cancer and breast cancer had late metastasis (66.7% and 
55.4%, respectively). The majority of patients (57.1%) had 

T A B L E  1   Baseline patient and treatment characteristics

Total NSCLC Colorectal Kidney Prostate Breast

N (%) 1033 (100.0) 255 (24.7) 235 (22.7) 63 (6.1) 132 (12.8) 83 (8.0)

Age (Mean ± SD) 66.8 ± 12.8 70.2 ± 10.6 70.6 ± 12.2 66.8 ± 10.4 70.2 ± 7.6 55.0 ± 11.0

Male (%) 601 (58.2) 137 (53.7) 140 (59.6) 39 (61.9) 132 (100.0) 1 (1.2)

Metastasis timing (%)

Early (≤24 months) 606 (58.7) 173 (67.8) 149 (63.4) 31 (49.2) 44 (33.3) 37 (44.6)

Late (>24 months) 427 (41.3) 82 (32.2) 86 (36.6) 32 (50.8) 88 (66.7) 46 (55.4)

Total no. of metastases

1 590 (57.1) 193 (75.7) 95 (40.4) 30 (47.6) 80 (60.6) 49 (59.0)

2 248 (24.0) 43 (16.9) 62 (26.4) 22 (34.9) 26 (19.7) 23 (27.7)

3 106 (10.3) 13 (5.1) 40 (17.0) 6 (9.5) 13 (9.8) 7 (8.4)

4 57 (5.5) 4 (1.6) 23 (9.8) 4 (6.3) 8 (6.1) 4 (4.8)

5 32 (3.1) 2 (0.8) 15 (6.4) 1 (1.6) 5 (3.8) 0 (0.0)

Total PTV volume in 
cm3 (Mean ± SD)

66.7 ± 75.6 57.0 ± 70.0 61.3 ± 71.1 110.5 ± 116.1 61.8 ± 61.7 69.6 ± 73.0

Total BED10 in Gy 
(Mean ± SD)

114.7 ± 72.1 108.5 ± 51.5 135.8 ± 74.0 99.4 ± 69.0 106.0 ± 82.8 83.7 ± 47.8

Pre-SBRT systemic 
therapy (%)

368 (35.6) 46 (18.0) 96 (40.9) 11 (17.5) 82 (62.1) 56 (67.5)

Abbreviations: BED10, biologically effective dose at α/β ratio of 10 Gy; NSCLC, non-small cell lung cancer; PTV, planning target volume; SD, standard deviation.
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only one metastasis at the time of presentation, and 91.4% 
had three or fewer metastases. Ninety-five percent of pa-
tients had all known sites of OMD treated upfront. There 
was a wide range of total PTV sizes during the first course 
of SBRT (Mean ± SD: 66.7 ± 75.6 cm3), and patients with 
kidney cancers appeared to have the greatest target volume 
(Mean  ±  SD: 110.5  ±  116.1  cm3). The mean total SBRT 
prescription BED10 during the first course of SBRT was 
114.7 Gy10 (SD: 72.1 Gy10).

Univariable regression analysis (Figure  1) revealed that 
late metastatic presentation was associated with significantly 
better OS in the entire cohort (HR 0.51, 95% CI: 0.42–0.63, 
p < 0.0001), as well as in patients with NSCLC (HR 0.46, 
95% CI: 0.31–0.68, p = 0.0001) and colorectal cancer (HR 
0.59, 95% CI: 0.38–0.94, p = 0.025). In the overall cohort, 
the median OS for patients with late metastatic presentation 
was 53.6 months (95% CI: 49.8–70.0), significantly longer 
than those with early metastasis (33.0 months, 95% CI: 30.6–
39.2). When stratified by the primary tumor type, median OS 
was also significantly longer for late metastasis among pa-
tients with NSCLC (49.8 months, 95% CI: 39.4-not reached 
vs. 28.8 months, 95% CI: 20.5–32.7) and colorectal cancer 
(53.5  months, 95% CI: 46.3-not reached vs. 48.2  months, 
95% CI: 37.2–56.7). The effect of late metastatic presentation 
on OS remained significant in multivariable analyses after 
adjusting for the total number of metastases, bone-only (vs. 
soft tissue) metastasis, total PTV size, total SBRT BED10, 
and tumor mutational status. Table 2 demonstrates the results 
of multivariable analyses for the entire cohort (HR 0.59 for 

late vs. early metastasis, 95% CI: 0.47–0.72, p  <  0.0001), 
NSCLC (HR 0.49, 95% CI: 0.33–0.74, p  =  0.0005), and 
colorectal cancer (HR 0.50, 95% CI: 0.30–0.84, p = 0.008). 
There was no statistically significant difference in OS be-
tween early versus late metastasis in patients with renal cell 
carcinoma (HR 1.24, 95% CI: 0.45–3.44, p = 0.68).

To understand whether the superior OS in patients with 
late metastatic presentation was due to delayed disease pro-
gression, we examined PFS (Figure 2; Table 3) and incidences 
of WSP (Figure 3; Table 4) in relation to metastasis timing. 
Patients with late metastatic presentation demonstrated pro-
longed median PFS compared to those with early metasta-
sis in the entire cohort (17.1 vs. 9.0  months, p  <  0.0001), 
NSCLC (21.5 vs. 9.5 months, p = 0.0002), colorectal cancer 
(16.1 vs. 11.2  months, p  =  0.14), and kidney cancer (14.6 
vs. 7.3  months, p  =  0.38). On multivariable analyses, late 
metastatic presentation was associated with significantly lon-
ger PFS in the entire cohort (HR 0.71, 95% CI: 0.61–0.83, 
p < 0.0001) and patients with NSCLC (HR 0.60, 95% CI: 
0.43–0.83, p = 0.002), and a trend toward longer PFS in pa-
tients with colorectal cancer (HR 0.77, 95% CI: 0.56–1.07, 
p = 0.12).

We also observed lower risk of developing WSP in patients 
with late metastatic presentation. At 2 years after SBRT, the 
incidence of WSP was 26.1% (95% CI: 21.6%–30.5%) ver-
sus 43.6% (95% CI: 39.5%–47.7%) for patients with late 
versus early metastasis in the entire cohort (p  <  0.0001). 
When stratified by primary tumor type, the 2-year incidence 
of WSP was also lower for late metastasis in patients with 

F I G U R E  1   Kaplan–Meier survival 
curves for overall survival in the entire 
cohort (A), and patients with NSCLC (B), 
colorectal cancer (C), and kidney cancer 
(D). Solid lines, early metastasis (diagnosed 
≤24 months of the primary tumor); dashed 
lines, late metastasis (diagnosed >24 months 
after the primary tumor)



      |  6193CHEN et al.

T
A

B
L

E
 2

 
M

ul
tiv

ar
ia

bl
e 

an
al

ys
is

 o
f f

ac
to

rs
 a

ss
oc

ia
te

d 
w

ith
 o

ve
ra

ll 
su

rv
iv

al

En
tir

e 
co

ho
rt

a  
N

SC
LC

C
ol

or
ec

ta
l

K
id

ne
y

H
R

 (9
5%

 C
I)

p 
va

lu
e

H
R

 (9
5%

 C
I)

p 
va

lu
e

H
R

 (9
5%

 C
I)

p 
va

lu
e

H
R

 (9
5%

 C
I)

p 
va

lu
e

La
te

 m
et

as
ta

tic
 

pr
es

en
ta

tio
n

0.
59

 (0
.4

7–
0.

72
)

<
0.

00
01

##
0.

49
 (0

.3
3–

0.
74

)
0.

00
05

##
0.

50
 (0

.3
0–

0.
84

)
0.

00
8#

1.
24

 (0
.4

5–
3.

44
)

0.
68

To
ta

l #
 m

et
as

ta
se

s
1.

06
 (0

.9
5–

1.
18

)
0.

33
0.

92
 (0

.6
8–

1.
24

)
0.

58
1.

16
 (0

.9
5–

1.
41

)
0.

14
1.

42
 (0

.8
4–

2.
43

)
0.

19

B
on

e-
on

ly
 m

et
as

ta
si

s
0.

93
 (0

.6
9–

1.
25

)
0.

63
1.

63
 (0

.9
7–

2.
73

)
0.

06
3

5.
06

 (1
.4

7–
17

.4
)

0.
01

*
0.

54
 (0

.1
3–

2.
27

)
0.

4

To
ta

l P
TV

 v
ol

um
e

1.
00

3 
(1

.0
02

–1
.0

04
)

<
0.

00
01

##
1.

00
2 

(1
.0

00
–1

.0
04

)
0.

01
9*

1.
00

3 
(1

.0
01

–1
.0

05
)

0.
00

5#
1.

00
4 

(1
.0

00
–1

.0
08

)
0.

02
9*

To
ta

l B
ED

10
0.

99
9 

(0
.9

98
–1

.0
01

)
0.

44
1.

00
0 

(0
.9

95
–1

.0
05

)
0.

89
1.

00
0 

(0
.9

97
–1

.0
03

)
0.

95
0.

99
4 

(0
.9

86
–1

.0
02

)
0.

14

EG
FR

 m
ut

at
io

n
N

A
N

A
0.

82
 (0

.2
8–

2.
39

)
0.

72
N

A
N

A
N

A
N

A

A
LK

 m
ut

at
io

n
N

A
N

A
0.

24
 (0

.0
3–

1.
86

)
0.

17
N

A
N

A
N

A
N

A

K
R

A
S 

m
ut

at
io

n
N

A
N

A
N

A
N

A
0.

60
 (0

.2
9–

1.
22

)
0.

16
N

A
N

A

A
bb

re
vi

at
io

ns
: B

ED
10

, b
io

lo
gi

ca
lly

 e
ff

ec
tiv

e 
do

se
 a

t α
/β

 ra
tio

 o
f 1

0 
G

y;
 C

I, 
co

nf
id

en
ce

 in
te

rv
al

; H
R

, h
az

ar
d 

ra
tio

.
a M

ul
tiv

ar
ia

bl
e 

m
od

el
 fo

r t
he

 e
nt

ire
 c

oh
or

t a
ls

o 
ad

ju
st

ed
 fo

r p
rim

ar
y 

tu
m

or
 ty

pe
.

*p
 <

 0
.0

5;
 #

p 
<

 0
.0

1;
 #

#p
 <

 0
.0

01
.

T
A

B
L

E
 3

 
M

ul
tiv

ar
ia

bl
e 

an
al

ys
is

 o
f f

ac
to

rs
 a

ss
oc

ia
te

d 
w

ith
 p

ro
gr

es
si

on
-f

re
e 

su
rv

iv
al

En
tir

e 
co

ho
rt

a  
N

SC
LC

C
ol

or
ec

ta
l

K
id

ne
y

H
R

 (9
5%

 C
I)

p 
va

lu
e

H
R

 (9
5%

 C
I)

p 
va

lu
e

H
R

 (9
5%

 C
I)

p 
va

lu
e

H
R

 (9
5%

 C
I)

p 
va

lu
e

La
te

 m
et

as
ta

tic
 

pr
es

en
ta

tio
n

0.
71

 (0
.6

1–
0.

83
)

<
0.

00
01

##
0.

60
 (0

.4
3–

0.
83

)
0.

00
2#

0.
77

 (0
.5

6–
1.

07
)

0.
12

0.
74

 (0
.4

0–
1.

38
)

0.
35

To
ta

l #
 m

et
as

ta
se

s
1.

11
 (1

.0
2–

1.
20

)
0.

01
1*

1.
07

 (0
.8

4–
1.

37
)

0.
59

1.
05

 (0
.9

1–
1.

20
)

0.
52

1.
27

 (0
.8

9–
1.

81
)

0.
2

B
on

e-
on

ly
 m

et
as

ta
si

s
1.

22
 (0

.9
8–

1.
52

)
0.

08
2

1.
21

 (0
.7

7–
1.

89
)

0.
42

1.
08

 (0
.3

3–
3.

48
)

0.
90

1.
90

 (0
.7

8–
4.

59
)

0.
16

To
ta

l P
TV

 v
ol

um
e

1.
00

3 
(1

.0
02

–1
.0

04
)

<
0.

00
01

##
1.

00
6 

(1
.0

04
–1

.0
08

)
<

0.
00

01
##

1.
00

2 
(1

.0
00

–1
.0

04
)

0.
02

2*
1.

00
1 

(0
.9

98
–1

.0
04

)
0.

52

To
ta

l B
ED

10
1.

00
0 

(0
.9

98
–1

.0
00

)
0.

46
0.

99
9 

(0
.9

95
–1

.0
03

)
0.

51
1.

00
2 

(1
.0

00
–1

.0
05

)
0.

02
9*

1.
00

0 
(0

.9
96

–1
.0

05
)

0.
86

EG
FR

 m
ut

at
io

n
N

A
N

A
0.

97
 (0

.3
8–

2.
51

)
0.

95
N

A
N

A
N

A
N

A

A
LK

 m
ut

at
io

n
N

A
N

A
1.

20
 (0

.3
5–

4.
15

)
0.

77
N

A
N

A
N

A
N

A

K
R

A
S 

m
ut

at
io

n
N

A
N

A
N

A
N

A
1.

10
 (0

.7
0–

1.
74

)
0.

68
N

A
N

A

A
bb

re
vi

at
io

ns
: B

ED
10

, b
io

lo
gi

ca
lly

 e
ff

ec
tiv

e 
do

se
 a

t α
/β

 ra
tio

 o
f 1

0 
G

y;
 C

I, 
co

nf
id

en
ce

 in
te

rv
al

; H
R

, h
az

ar
d 

ra
tio

.
a M

ul
tiv

ar
ia

bl
e 

m
od

el
 fo

r t
he

 e
nt

ire
 c

oh
or

t a
ls

o 
ad

ju
st

ed
 fo

r p
rim

ar
y 

tu
m

or
 ty

pe
.

*p
 <

 0
.0

5;
 #

p 
<

 0
.0

1;
 #

#p
 <

 0
.0

01
.



6194  |      CHEN et al.

NSCLC (20.3%, 95% CI: 11.0%–29.7%), colorectal cancer 
(28.9%, 95% CI: 18.7%–39.1%), and kidney cancer (21.0%, 
95% CI: 5.7%–36.3%) than those with early metastasis in 
the NSCLC (39.3%, 95% CI: 31.7%–46.8%, p  =  0.0004), 

colorectal cancer (38.3%, 95% CI: 30.0%–46.5%, p = 0.22), 
and kidney cancer (34.9%, 95% CI: 16.6%–53.2%, p = 0.17) 
subgroups. On multivariable analyses, late metastatic pre-
sentation was a significant predictor for decreased incidence 

F I G U R E  2   Kaplan–Meier survival 
curves for progression-free survival in the 
entire cohort (A), and patients with NSCLC 
(B), colorectal cancer (C), and kidney cancer 
(D). Solid lines, early metastasis (diagnosed 
≤24 months of the primary tumor); dashed 
lines, late metastasis (diagnosed >24 months 
after the primary tumor)

F I G U R E  3   Kaplan–Meier failure 
curves for wide-spread progression in the 
entire cohort (A), and patients with NSCLC 
(B), colorectal cancer (C), and kidney cancer 
(D). Solid lines, early metastasis (diagnosed 
≤24 months of the primary tumor); dashed 
lines, late metastasis (diagnosed >24 months 
after the primary tumor)
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of WSP in the entire cohort (HR 0.60, 95% CI: 0.49–0.74, 
p < 0.0001), as well as patients with NSCLC (HR 0.52, 95% 
CI: 0.33–0.83, p = 0.006) and kidney cancer (HR 0.37, 95% 
CI: 0.14–0.97, p = 0.044). The HR for late metastasis was 
0.71 (95% CI: 0.46–1.10, p = 0.12) among patients with col-
orectal cancer.

In patients with prostate cancer or breast cancer, the tim-
ing of metastatic presentation was not a significant predic-
tor for OS, PFS, or WSP (Tables S1 and S2; Figures S1 and 
S2). On the other hand, total PTV size during the first course 
of SBRT was significantly associated with worse OS in the 
entire cohort (HR 1.003 per cm3 increase, 95% CI: 1.002–
1.004, p < 0.0001) and all the subgroups (HR 1.002–1.017), 
indicating a relationship between initial metastatic volume 
and OS. The effect of total PTV size on OS was most pro-
nounced in patients with prostate cancer (HR 1.017 per cm3 
increase, 95% CI: 1.004–1.031). This effect was also ob-
served in relation to PFS and WSP in the entire cohort, as 
well as patients with NSCLC, colorectal cancer, and prostate 
cancer (Tables 3 and 4; Table S1). In contrast, the total abso-
lute number of metastases was not associated with survival 
after SBRT.

4  |   DISCUSSION

In this study, we defined a single clear threshold for stratify-
ing patients with OMD by the timing of metastatic presenta-
tion. Using the definition of early (≤24 months of primary 
tumor diagnosis) versus late metastasis (>24 months), meta-
static presentation was a significant predictor for disease 
progression and survival after SBRT for OMD in a large, di-
verse, and well-characterized patient cohort. These data can 
improve risk stratification and prognostication for patients 
with OMD being considered for SBRT, and ultimately ad-
vance our understanding of what subset of patients may be 
potentially curable despite the development of metastases.

Most studies to date have reported a positive association 
between late metastatic presentation and better patient out-
come. For example, in a retrospective cohort of 309 patients 
with OMD treated with SBRT, metastasis diagnosed within 
1 month of the primary tumor was an independent predictor of 
worse OS compared to metastasis diagnosed after 1 month.20 
Similar association between metastasis timing and patient 
survival and disease control after SBRT has been observed 
for NSCLC, colorectal cancer, and kidney cancer, as well as 
oligometastasis to the lung and liver.12–14,16,17,29 Several stud-
ies, however, have noted no or the opposite effect of metasta-
sis timing on survival and disease progression in patients with 
NSCLC or pulmonary oligometastasis.18,19 This discrepancy 
may be partly due to the various thresholds used to define 
synchronous versus metachronous metastases, ranging from 
1 to 6 months of the diagnosis of the primary tumor.12,19–21 T
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Other studies using longer thresholds (24–36  months) for 
disease-free interval (DFI) have demonstrated positive asso-
ciation between longer DFI and improved patient outcomes 
in patients with pulmonary oligometastasis after SBRT or 
metastatectomy.22,23,30  These data suggest a need to better 
define the threshold for stratifying patients with OMD based 
on metastasis timing.

In the current study, we chose a threshold of 24 months 
to define early versus late metastatic presentations based on 
multiple rationales. First, as previous report of our entire 
cohort demonstrated, patients with synchronous metasta-
sis (diagnosed within 6  months of the primary tumor) had 
equivalent OS to those with early metachronous metastasis 
(6–24 months after primary diagnosis), and both groups had 
inferior survival compared to patients with late metachronous 
metastases (>24 months after primary diagnosis).24 Second, 
when stratified by primary tumor type, we observed simi-
lar OS in patients with synchronous (0–6 months) and early 
metachronous metastases (6–24 months after primary diag-
nosis) for NSCLC, colorectal, kidney, prostate cancer, and 
breast cancer (Figure S3). Third, the difference between late 
and early metastases in the current study is similar to the dif-
ference between metachronous and synchronous metastases 
in previous reports. For example, the HR for late versus early 
metastasis was 0.50 in our cohort of patients with NSCLC, 
while the HR of OS for metachronous timing (vs. synchro-
nous timing) was 0.51 in one of the largest series of patients 
with oligometastatic NSCLC.12 Similarly, the HR for WSP 
was 0.37 for late versus early metastasis in our cohort of pa-
tients with kidney cancer, while metachronous timing was as-
sociated with prolonged freedom from systemic therapy after 
SBRT (HR of 0.37) in patients with renal cell carcinoma.8 
Finally, the effect of late versus early metastasis timing ap-
peared consistent across multiple primary tumor types, in-
cluding NSCLC, colorectal cancer, and kidney cancer. Taken 
together, our data suggest that 24 months is a superior thresh-
old for predicting patient outcomes based on the timing of 
metastatic presentation.

We also comprehensively investigated the relationship 
between metastasis timing and WSP, a novel outcome that 
may have important clinical utility. In our series, late me-
tastasis was associated with reduced incidences of WSP in 
the entire cohort (p < 0.0001), and in patients with NSCLC 
(p = 0.006), kidney cancer (p = 0.044), and potentially col-
orectal cancer (p = 0.12), suggesting that these patients have 
the lowest risk of converting to systemic disease, thus may 
benefit most from MDT. However, SBRT for OMD resulted 
in excellent patient outcomes, even among those who had 
early metastatic presentation. In patients presenting with 
early metastatic disease, the median OS was nearly 3 years 
(33 months), and less than half (43.6%) developed WSP at 
2 years, indicating that the majority of patients in this sub-
group may still benefit from local therapy, such as SBRT. 

Given the excellent tumor control and low rate of toxicity, 
SBRT remains an appropriate therapeutic option in patients 
presenting with early or synchronous metastasis. Moreover, 
these data support the use of repeated SBRT for patients who 
develop oligoprogression after initial SBRT. Collectively, 
our findings are consistent with the ESTRO-ASTRO con-
sensus statement that metastasis timing may define different 
types of OMD but a DFI is not necessary for patients to be 
considered for SBRT.31

Initial PTV size, rather than the total number of metasta-
ses, was associated with poor survival in our study. Of note, 
we used PTV size, instead of gross tumor volume (GTV) 
or clinical target volume (CTV), in the multivariable analy-
ses, because PTV data were more complete (only 2.3% data 
points missing) than GTV/CTV (10.9% missing). Given PTV 
is typically a limited uniform expansion of GTV/CTV, we are 
confident that PTV size is a reasonable surrogate for tumor 
volume. Similar effect of PTV size on local control and sur-
vival has been observed in previous studies. For example, in 
a retrospective series of 317 patients with pulmonary oligo-
metastasis, PTV size was associated with local control after 
SBRT.32 PTV size was also associated with poorer local con-
trol and/or OS in patients with oligometastatic ovarian and 
colorectal cancer.33–35 These observations may be explained 
by the presence of a large number of active tumor cells, rep-
resented by greater PTV size, increases the likelihood of 
metastatic dissemination, and lowers the effectiveness of 
tumor-directed therapy. Whether SBRT dose escalation or 
combining SBRT with more active systemic agents, such 
as immunotherapy, could overcome treatment resistance re-
mains to be determined.

We did not observe a clear association between metas-
tasis timing and patient outcomes with prostate cancer or 
breast cancer, possibly due to a multitude of factors. First, 
patients with oligometastatic prostate cancer and breast 
cancer had much better outcome in our dataset, with 2-year 
OS rate of 96.0% and 89.7%, respectively. As a result, there 
were fewer events observed in these subgroups, limiting 
the statistical power to detect a difference. Second, patients 
with prostate cancer and breast cancer may have more active 
systemic therapy options, since both are largely hormone-
driven malignancies. Lastly, given the superior outcome 
and more indolent natural history, a threshold much longer 
than 24 months may be needed to classify early versus late 
metastatic presentation for patients with prostate cancer 
and breast cancer.

Given the variable natural history of different cancer 
types in our study, consideration of SBRT for OMD needs 
to be individualized based on each patient's history, disease 
burden, and personal values. For patients with lower risk of 
systemic spread, for example, those with prostate cancer, 
kidney cancer, or late-presenting oligometastatic NSCLC, 
initial SBRT may be favored instead of systemic therapy, 
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especially the types of systemic therapies that have higher 
risks of toxicities. In contrast, patients at higher risk of 
systemic progression, such as those with early presenting 
oligometastatic NSCLC, colorectal cancer, or breast can-
cer, may benefit from early initiation of systemic therapy 
in conjunction with SBRT. Future prospective randomized 
trials may provide further guidance on patient selection and 
SBRT timing.

In conclusion, in this large international multi-institutional 
cohort of patients with OMD, late metastatic presentation 
(>24 months from the diagnosis of the primary tumor) is as-
sociated with better overall survival and decreased incidence 
of wide-spread progression. This effect was evident in multi-
ple cancer types, including NSCLC, colon cancer, and kidney 
cancer, suggesting metastasis timing is a true marker for dis-
ease aggressiveness. Absolute tumor burden, as measured by 
SBRT target size, is a negative predictor of overall survival 
in patients with NSCLC, colorectal, kidney, prostate cancer, 
and breast cancer. Patients with both early and late oligome-
tastases should be considered for metastasis-directed SBRT 
given the favorable outcomes in our cohort. Future prospec-
tive trials of SBRT for OMD should consider stratifying pa-
tients based on primary tumor type and timing of metastatic 
presentation.
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