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vant therapy, and tumor stage (hazard ratio, 
3.70; 95% CI, 1.29 to 10.65; P = 0.01) (Table S6 
in Supplementary Appendix 1). A static measure 

of chromosome disruption (describing the mean 
proportion of the genome that was aberrant 
across tumor regions) was not associated with 
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in pharmacotherapy, including cytotoxic chemotherapy, 
molecular-targeted therapy, and immune checkpoint blockade, 
have resulted in a growing interest for local ablative therapy 
(LAT) for oligometastatic diseases. Currently, there is no 
consensus on the definition of oligometastasis. However, most 
studies defined oligometastatic disease as having 1–3 or 1–5 
metastatic lesions [5-8]. In this review, we will briefly describe 
the biological and clinical rationales of LAT for oligometastasis 
and summarize the recent prospective clinical trials on LAT for 
oligometastatic NSCLC.

Biological Rationale of LAT for 
Oligometastasis

Recent next-generation sequencing (NGS) technology allows 
the phylogenetic analysis of primary and metastatic tumors 
and reveals branched evolutionary tumor progression [9-
11]. Genomic analysis in patients with NSCLC has shown that 
primary tumors and lung metastasis share a common driver 
mutation [12,13]. These data indicate that primary tumor and 
its metastases are clonally related, and they originate from a 
common ancestral cell. Phylogenetic trees or relationships of 
primary and metastatic subclones can be estimated by analysis 
of ubiquitous, shared, and private mutations. According to the 
relative timing of the emergence of new metastatic subclones 
and degree of genetic divergence between primary and 
metastatic tumors, models of metastatic evolution or cascade 
can be classified into linear and parallel progression models 
[14-16]. Early emergence of metastatic subclones and high 
degree of genetic divergence favor the parallel progression 
model of metastatic cascade, while late emergence of 
metastatic subclones and low degree of genetic divergence 
support the linear progression model [16,17] (Fig. 1). In the 
linear progression model, metastasis can occur late during 
disease progression; however, in the parallel progression model, 
early dissemination of tumor cells can occur. In both linear 
and parallel progression models, intratumoral heterogeneity of 
the primary tumor and earlier metastasis can lead to further 
disseminated metastases. As a result, LAT to the primary tumor 
and early metastatic lesions may prevent emergence of new 
metastasis-competent clone and progression to disseminated 
metastasis. Therefore, improving survival by performing LAT at 
the limited metastatic stage is possible in the two progression 
models of metastatic evolution.

Radiotherapy Techniques

LAT options for patients with limited metastasis include 
surgical resection, radiotherapy, radiofrequency ablation, 
and cryoablation [18-22]. Radiotherapy is a nonsurgical and 
noninvasive treatment, and high-dose radiation shows good 
tumor control. Stereotactic ablative radiotherapy (SABR), 
also known as stereotactic body radiotherapy, refers to 
stereotactically guided delivery of highly conformal radiation 
with ablative dose in a limited number of fractions [23]. 
SABR for metastatic lesions in various sites, including the 
lung, liver, adrenal gland, lymph nodes, and spine, has shown 
good local control rates ranging from 70% to 100% and 
acceptable treatment-related toxicities [24-30]. Typically, 
noninvasive positioning techniques, such as those in image-
guided radiotherapy, and short treatment courses with 1, 3, 
or 5 fractions are used. The ongoing randomized phase II/III 
trial (NRG-LU002) comparing local consolidative therapy and 
maintenance systemic therapy for limited metastatic NSCLC 
uses radiation doses of 24 Gy (acceptable variation, 21–27 Gy) 
with 1 fraction, 30 Gy with 3 fractions (acceptable variation, 
26.5–33 Gy), and 34 Gy with 5 fractions (acceptable variation, 
30–37.5 Gy) for SABR. For the primary site, 45 Gy (acceptable 
variation, 42–48 Gy) with 15 fractions is used.

Interestingly, a recent systematic study analyzed the effects 
of the types of LAT on OS in oligometastatic NSCLC patients 
[31]. According to this study, the use of SABR instead of 
conventionally fractionated radiotherapy for these patients 
rapidly increased after 2011, and a time trend towards 
improved OS after 2011 was detected. Moreover, the types 
of LAT including radiotherapy and surgery for primary tumor 
or distant metastasis did not result in a significant effect on 
median OS.

Fig. 1. Intratumoral heterogeneity and genetic differences in the 
linear and parallel progression models.

metastasis-exclusive in two cases (34). Last, there
was evidence of two separate waves of meta-
static spread from the primary tumor to the
metastasis, suggesting repeated or continuous
metastatic seeding. This observation has impor-
tant clinical implications. If the primary tumor
has the capacity to repeatedly seed metastases,
then its removal, even if metastatic disease is
already established, could halt further metastatic
progression. It is this removal of the reservoir of
diverse metastatic clones that is postulated to
contribute to the survival benefit associated with
palliative resection of the primary tumor in some
advanced cancer, as observed in RCC (35).
Gundem et al. (36) characterized the sub-

clonal architecture of ten cases of prostate cancer
in which primary tumors had multiple paired
metastases. In cases where the origin of the
metastases was identifiable in the primary tu-
mor, it was always a minor subclone, and both
the primary and metastatic tumors continued
to evolve after dissemination. In some cases,
multiple subclones with different degrees of
divergence from the primary tumor gave rise
to the metastases, indicating independent and

temporally separate seeding, as was observed
by Hong and colleagues (34). AR gene am-
plifications were subclonal in 16 of 17 primary
tumors, which is consistent with the develop-
ment of secondary resistance to androgen de-
privation therapy (ADT) (37); the sequential
gains of the AR gene that were observed in
some cases imply continuous pressure exerted
by therapy that selects for alterations in this
gene and/or pathway. A similar phenomenon has
been observed in breast cancer. Treatment of a
patient exhibiting PIK3CA (phosphatidylinositol-
4,5-bisphosphate 3-kinase, catalytic subunit alpha)–
mutant metastatic breast cancer with a drug
that inhibits the PI3Ka signaling pathway re-
sulted in parallel evolution of six distinct PTEN
mutations in the metastatic sites, which had
progressed through therapy and which were sam-
pled at autopsy (38). Thus, selective pressure
from therapy can also play a role in shaping
metastatic progression.
In a recent report, Zhao et al. presented 40 P-M

WES analyses across 13 different tumor types, in-
cluding 13 cases of lung cancer (39). A varying
degree of P-M divergence was observed. Early

divergence of metastases, consistent with the
parallel progression model, was detected in 11
cases. However, no clear correlation was ob-
served between the degree of P-M divergence
and tumor type.
Several conclusions can be drawn from these

analyses. First, evidence from these studies indi-
cates elements of both linear and parallel meta-
static progression within specific tumor types
and even within individual cancers (Fig. 1, middle
column). Although it may not be important to
assign the model of progression correctly, an
estimate of the timing of metastatic spread from
the primary tumor has important clinical impli-
cations. If metastatic dissemination occurs be-
fore the primary tumor is clinically detectable,
then early surgical resection may fail to reduce
the risk of metastatic disease in the future.
Second, notwithstanding the small number

of cases included, the studies reviewed here
offer support for the idea that a macroevolu-
tionary shift (defined as large-scale genomic al-
terations, such as copy number changes and
structural chromosomal rearrangements mani-
fested as CIN) is often evident at metastatic
sites. Increases in CIN have been observed in
parallel to metastatic progression in cases of pros-
tate cancer (31, 32), pancreatic cancer (26), breast
cancer (20, 21), CRC, and RCC (27). CIN is linked
to poor outcomes in cancer treatment (40) and
to metastatic progression in mouse models of
skin carcinogenesis (41) and pancreatic adeno-
carcinoma (42). Evidence of parallel evolution
was observed for TP53, as well as for other
genes that play a role in maintaining genome
stability: SETD2 through nucleosome stabili-
zation, suppression of replication stress, and
the coordination of DNA repair (43, 44) and
PBRM1 through promoting cohesion of chro-
matin at centromeres (45). In RCC, SETD2 and
PBRM1 loss-of-function mutations were fre-
quently subclonal, suggesting that they are pref-
erentially inactivated later in the evolution
of the primary tumor, triggering CIN. The ob-
served relationship between CIN and/or GIN
and metastatic progression is reminiscent of
the progression from pre-invasive to invasive
disease, which is linked to the onset of CIN;
two examples are the progression of Barrett’s
esophagus to esophageal carcinoma (46) and
the progression of melanoma in situ to inva-
sive melanoma (47). Karyotypic abnormalities
such as genome doubling and chromothripsis
were observed as a late event in some lung adeno-
carcinomas (11) and a metastasis-specific event
in CRC (19), respectively. MSI and a BRCA2 de-
ficiency were detected exclusively in the metas-
tasis of two prostate cancer cases (34), suggesting
that distinct forms of GIN can be associated
with metastatic progression.

Genetic divergence between
metastases: The route and destination
of metastatic cells

Genetic approaches have also been used to de-
termine the relationship between two or more
metastases arising from the same primary tumor.
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Fig. 2. Metastatic spread can take place through multiple routes and in different directions.
The primary tumor (P) is shown in the center of the diagram, with different colored circles representing
distinct subclones. Lymph nodes can be seeded by single clones (LN1) or multiple clones (LN2). Lymph
nodes can seed systemic metastases directly (M1), or the same primary subclone can seed a systemic
metastasis (M2) in parallel to seeding the lymph node. A subclone other than the one that seeded the
lymph node can seed individual systemic metastases in parallel (M3, M4, and M5; monophyletic
metastases). Alternatively, it can seed just one metastatic site (M3), which in turn can seed other
metastases (metastatic cascades; M6 and M7). Metastases can also be polyphyletic, with distinct
subclones seeding different metastases (for example, M1, M3, and M8). Metastases can undergo parallel
evolution, indicated by the double circles (M8 and M9). Metastases can continue to evolve after they
have disseminated from the primary tumor, represented by the dual colors in M10. These metastases
can then potentially re-infiltrate the primary tumor or surgical bed, a process called self-seeding. Cross-
metastatic seeding can also occur, resulting in complex subclonal mixtures in the metastases them-
selves (M10!M9).
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Indeed we can define the oligometastatic disease (OMD)

u De- novo OMD

u Repeat OMD

u Induced OMD
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treatment was combined with either continuation of 
systemic therapy43–47 or switch to the next treatment 
line.48 In patients with induced oligopersistence, only 
stable disease or partial response is achieved in a few 
metastases, whereas a prolonged partial response or 
complete response is observed in the remaining poly-
metastatic disease. Both randomised trials in oligo-
metastatic non-small-cell lung cancer enrolled patients 
with stage IV non-small-cell lung cancer after 
completing systemic therapy, irrespective of their 
tumour burden at their primary cancer diagnosis; the 
oligometastatic state was defined at the time of restaging 
after first-line therapy.2,4 Consequently, heterogeneous 
patients could have been recruited into these trials: 
ie, a mixture of patients with chemotherapy-resistant 
or targeted therapy-resistant genuine oligo metastatic 
disease and patients with induced oligopersistence, in 
whom systemic treatment of poly metastatic disease 
achieved a complete response except for a few resistant 
metastases.

Treatment strategies and goals
Traditionally, local treatment for metastatic disease, 
irrespective of oligometastatic or polymetastatic state, 
was exclusively done with palliative intent. The systemic 
treatment strategy was dependent on several factors, 
including patient characteristics such as age and 
comorbidities; primary cancer type and molecular 
disease features; pattern, volume, and kinetics of disease 
progression; presence of symptoms; previous history of 
cancer treatment such as response to systemic treatment 
or disease-free interval; availability of current and future 
systemic therapy options, and their e!cacy and toxicity 
profile; and patient’s preference.

Both treatment goals and treatment strategies have 
changed with the introduction of the concept of 
oligometastatic disease. In clinical trials, overall survival, 
progression-free survival, avoidance of systemic therapy 
(eg, androgen-deprivation therapy in oligometastatic 
prostate cancer), and quality of life are the most 
frequently defined endpoints.31,49 Whereas local treatment 
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Figure !: Illustration of the oligometastatic disease classification system
(A) De-novo oligometastatic disease. (B) Induced oligometastatic disease. (C) Repeat oligometastatic disease. In repeat and induced oligometastatic disease the primary tumour is assumed to be 
controlled by ongoing or previous treatment. Oligometastases are confirmed by imaging or biopsy to exclude simultaneous or secondary primary tumours. T0=at this current point of time. T-x=any 
previous point in time.
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treatment was combined with either continuation of 
systemic therapy43–47 or switch to the next treatment 
line.48 In patients with induced oligopersistence, only 
stable disease or partial response is achieved in a few 
metastases, whereas a prolonged partial response or 
complete response is observed in the remaining poly-
metastatic disease. Both randomised trials in oligo-
metastatic non-small-cell lung cancer enrolled patients 
with stage IV non-small-cell lung cancer after 
completing systemic therapy, irrespective of their 
tumour burden at their primary cancer diagnosis; the 
oligometastatic state was defined at the time of restaging 
after first-line therapy.2,4 Consequently, heterogeneous 
patients could have been recruited into these trials: 
ie, a mixture of patients with chemotherapy-resistant 
or targeted therapy-resistant genuine oligo metastatic 
disease and patients with induced oligopersistence, in 
whom systemic treatment of poly metastatic disease 
achieved a complete response except for a few resistant 
metastases.

Treatment strategies and goals
Traditionally, local treatment for metastatic disease, 
irrespective of oligometastatic or polymetastatic state, 
was exclusively done with palliative intent. The systemic 
treatment strategy was dependent on several factors, 
including patient characteristics such as age and 
comorbidities; primary cancer type and molecular 
disease features; pattern, volume, and kinetics of disease 
progression; presence of symptoms; previous history of 
cancer treatment such as response to systemic treatment 
or disease-free interval; availability of current and future 
systemic therapy options, and their e!cacy and toxicity 
profile; and patient’s preference.

Both treatment goals and treatment strategies have 
changed with the introduction of the concept of 
oligometastatic disease. In clinical trials, overall survival, 
progression-free survival, avoidance of systemic therapy 
(eg, androgen-deprivation therapy in oligometastatic 
prostate cancer), and quality of life are the most 
frequently defined endpoints.31,49 Whereas local treatment 
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treatment was combined with either continuation of 
systemic therapy43–47 or switch to the next treatment 
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stable disease or partial response is achieved in a few 
metastases, whereas a prolonged partial response or 
complete response is observed in the remaining poly-
metastatic disease. Both randomised trials in oligo-
metastatic non-small-cell lung cancer enrolled patients 
with stage IV non-small-cell lung cancer after 
completing systemic therapy, irrespective of their 
tumour burden at their primary cancer diagnosis; the 
oligometastatic state was defined at the time of restaging 
after first-line therapy.2,4 Consequently, heterogeneous 
patients could have been recruited into these trials: 
ie, a mixture of patients with chemotherapy-resistant 
or targeted therapy-resistant genuine oligo metastatic 
disease and patients with induced oligopersistence, in 
whom systemic treatment of poly metastatic disease 
achieved a complete response except for a few resistant 
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was exclusively done with palliative intent. The systemic 
treatment strategy was dependent on several factors, 
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disease features; pattern, volume, and kinetics of disease 
progression; presence of symptoms; previous history of 
cancer treatment such as response to systemic treatment 
or disease-free interval; availability of current and future 
systemic therapy options, and their e!cacy and toxicity 
profile; and patient’s preference.

Both treatment goals and treatment strategies have 
changed with the introduction of the concept of 
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prostate cancer), and quality of life are the most 
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treatment was combined with either continuation of 
systemic therapy43–47 or switch to the next treatment 
line.48 In patients with induced oligopersistence, only 
stable disease or partial response is achieved in a few 
metastases, whereas a prolonged partial response or 
complete response is observed in the remaining poly-
metastatic disease. Both randomised trials in oligo-
metastatic non-small-cell lung cancer enrolled patients 
with stage IV non-small-cell lung cancer after 
completing systemic therapy, irrespective of their 
tumour burden at their primary cancer diagnosis; the 
oligometastatic state was defined at the time of restaging 
after first-line therapy.2,4 Consequently, heterogeneous 
patients could have been recruited into these trials: 
ie, a mixture of patients with chemotherapy-resistant 
or targeted therapy-resistant genuine oligo metastatic 
disease and patients with induced oligopersistence, in 
whom systemic treatment of poly metastatic disease 
achieved a complete response except for a few resistant 
metastases.

Treatment strategies and goals
Traditionally, local treatment for metastatic disease, 
irrespective of oligometastatic or polymetastatic state, 
was exclusively done with palliative intent. The systemic 
treatment strategy was dependent on several factors, 
including patient characteristics such as age and 
comorbidities; primary cancer type and molecular 
disease features; pattern, volume, and kinetics of disease 
progression; presence of symptoms; previous history of 
cancer treatment such as response to systemic treatment 
or disease-free interval; availability of current and future 
systemic therapy options, and their e!cacy and toxicity 
profile; and patient’s preference.

Both treatment goals and treatment strategies have 
changed with the introduction of the concept of 
oligometastatic disease. In clinical trials, overall survival, 
progression-free survival, avoidance of systemic therapy 
(eg, androgen-deprivation therapy in oligometastatic 
prostate cancer), and quality of life are the most 
frequently defined endpoints.31,49 Whereas local treatment 
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treatment was combined with either continuation of 
systemic therapy43–47 or switch to the next treatment 
line.48 In patients with induced oligopersistence, only 
stable disease or partial response is achieved in a few 
metastases, whereas a prolonged partial response or 
complete response is observed in the remaining poly-
metastatic disease. Both randomised trials in oligo-
metastatic non-small-cell lung cancer enrolled patients 
with stage IV non-small-cell lung cancer after 
completing systemic therapy, irrespective of their 
tumour burden at their primary cancer diagnosis; the 
oligometastatic state was defined at the time of restaging 
after first-line therapy.2,4 Consequently, heterogeneous 
patients could have been recruited into these trials: 
ie, a mixture of patients with chemotherapy-resistant 
or targeted therapy-resistant genuine oligo metastatic 
disease and patients with induced oligopersistence, in 
whom systemic treatment of poly metastatic disease 
achieved a complete response except for a few resistant 
metastases.

Treatment strategies and goals
Traditionally, local treatment for metastatic disease, 
irrespective of oligometastatic or polymetastatic state, 
was exclusively done with palliative intent. The systemic 
treatment strategy was dependent on several factors, 
including patient characteristics such as age and 
comorbidities; primary cancer type and molecular 
disease features; pattern, volume, and kinetics of disease 
progression; presence of symptoms; previous history of 
cancer treatment such as response to systemic treatment 
or disease-free interval; availability of current and future 
systemic therapy options, and their e!cacy and toxicity 
profile; and patient’s preference.

Both treatment goals and treatment strategies have 
changed with the introduction of the concept of 
oligometastatic disease. In clinical trials, overall survival, 
progression-free survival, avoidance of systemic therapy 
(eg, androgen-deprivation therapy in oligometastatic 
prostate cancer), and quality of life are the most 
frequently defined endpoints.31,49 Whereas local treatment 
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treatment was combined with either continuation of 
systemic therapy43–47 or switch to the next treatment 
line.48 In patients with induced oligopersistence, only 
stable disease or partial response is achieved in a few 
metastases, whereas a prolonged partial response or 
complete response is observed in the remaining poly-
metastatic disease. Both randomised trials in oligo-
metastatic non-small-cell lung cancer enrolled patients 
with stage IV non-small-cell lung cancer after 
completing systemic therapy, irrespective of their 
tumour burden at their primary cancer diagnosis; the 
oligometastatic state was defined at the time of restaging 
after first-line therapy.2,4 Consequently, heterogeneous 
patients could have been recruited into these trials: 
ie, a mixture of patients with chemotherapy-resistant 
or targeted therapy-resistant genuine oligo metastatic 
disease and patients with induced oligopersistence, in 
whom systemic treatment of poly metastatic disease 
achieved a complete response except for a few resistant 
metastases.

Treatment strategies and goals
Traditionally, local treatment for metastatic disease, 
irrespective of oligometastatic or polymetastatic state, 
was exclusively done with palliative intent. The systemic 
treatment strategy was dependent on several factors, 
including patient characteristics such as age and 
comorbidities; primary cancer type and molecular 
disease features; pattern, volume, and kinetics of disease 
progression; presence of symptoms; previous history of 
cancer treatment such as response to systemic treatment 
or disease-free interval; availability of current and future 
systemic therapy options, and their e!cacy and toxicity 
profile; and patient’s preference.

Both treatment goals and treatment strategies have 
changed with the introduction of the concept of 
oligometastatic disease. In clinical trials, overall survival, 
progression-free survival, avoidance of systemic therapy 
(eg, androgen-deprivation therapy in oligometastatic 
prostate cancer), and quality of life are the most 
frequently defined endpoints.31,49 Whereas local treatment 
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treatment was combined with either continuation of 
systemic therapy43–47 or switch to the next treatment 
line.48 In patients with induced oligopersistence, only 
stable disease or partial response is achieved in a few 
metastases, whereas a prolonged partial response or 
complete response is observed in the remaining poly-
metastatic disease. Both randomised trials in oligo-
metastatic non-small-cell lung cancer enrolled patients 
with stage IV non-small-cell lung cancer after 
completing systemic therapy, irrespective of their 
tumour burden at their primary cancer diagnosis; the 
oligometastatic state was defined at the time of restaging 
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patients could have been recruited into these trials: 
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or targeted therapy-resistant genuine oligo metastatic 
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whom systemic treatment of poly metastatic disease 
achieved a complete response except for a few resistant 
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Treatment strategies and goals
Traditionally, local treatment for metastatic disease, 
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was exclusively done with palliative intent. The systemic 
treatment strategy was dependent on several factors, 
including patient characteristics such as age and 
comorbidities; primary cancer type and molecular 
disease features; pattern, volume, and kinetics of disease 
progression; presence of symptoms; previous history of 
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or disease-free interval; availability of current and future 
systemic therapy options, and their e!cacy and toxicity 
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Both treatment goals and treatment strategies have 
changed with the introduction of the concept of 
oligometastatic disease. In clinical trials, overall survival, 
progression-free survival, avoidance of systemic therapy 
(eg, androgen-deprivation therapy in oligometastatic 
prostate cancer), and quality of life are the most 
frequently defined endpoints.31,49 Whereas local treatment 
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• Systemic therapy-free interval
• T0: diagnosis of new (blue) and growing or regrowing (red) 
 oligometastases

• T-X: diagnosis of oligometastases followed by local treatment or
 systemic treatment or both
• Under treatment with active systemic therapy
• T0: diagnosis of new (blue) and growing or regrowing (red) 
 oligometastases
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 systemic treatment or both
• Under treatment with active systemic therapy
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T-X 

T-X 

T-X T0 

Active systemic
therapy

Active systemic
therapy

T0

T0 

C
Induced oligorecurrence

Induced oligometastatic disease

• T-X: diagnosis of polymetastatic metastatic disease followed  
 by systemic treatment with or without local treatment
• Systemic therapy-free interval
• T0: diagnosis of new (blue) and growing or regrowing (red) 
 oligometastases, possible residual non-progressive metastases
 (black)

• T-X: diagnosis of polymetastatic metastatic disease followed 
 by systemic treatment with or without local treatment
• Under treatment with active systemic therapy
• T0: diagnosis of new (blue) and growing or regrowing (red) 
 oligometastases, possible residual non-progressive 
 metastases (black)

• T-X: diagnosis of polymetastatic metastatic disease followed
 by systemic treatment with or without local treatment
• Under treatment with active systemic therapy
• T0: diagnosis of persistent non-progressive oligometastases
 (red), where response is worse compared with other residual
  metastases (black)

Induced oligoprogression

Induced oligopersistence

T-X 

T-X 

T-X T0 

T0

T0 

Active systemic
therapy

Active systemic
therapy

Figure !: Illustration of the oligometastatic disease classification system
(A) De-novo oligometastatic disease. (B) Induced oligometastatic disease. (C) Repeat oligometastatic disease. In repeat and induced oligometastatic disease the primary tumour is assumed to be 
controlled by ongoing or previous treatment. Oligometastases are confirmed by imaging or biopsy to exclude simultaneous or secondary primary tumours. T0=at this current point of time. T-x=any 
previous point in time.
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Registry data suggest the efficacy of local treatment in NSCLC OMD 

therapy alone, 0.59; 95% CI, 0.55-0.64; P < .001) (eTable 1 in the Supplement). EBRT/TA plus
systemic therapy demonstrated superior overall survival compared with systemic therapy alone (HR,
0.95; 95% CI, 0.93-0.98; P = .002).

Overall Survival After EBRT/TA and Systemic Therapy
For subgroup analyses and interaction testing, patients receiving EBRT/TA and systemic therapy
underwent 1:1 propensity score matching. Propensity matching focused on balancing known
confounders between both treatment groups, including the extent of local and systemic tumor
spread. The matched cohort included 16 916 patients, yielding standardized mean differences of 0.1
or below (with the exception of longer time to treatment and smaller tumor diameter in the systemic
therapy subgroup) (eTable 2 in the Supplement). In the propensity score–matched cohort, superior
overall survival was identified for EBRT/TA plus systemic therapy vs systemic therapy alone
(HR, 0.94; 95% CI, 0.91-0.97; P < .001) (Figure 2).

Subgroup Analyses
Subgroup analyses were also performed to detect heterogeneous effects of treatment depending on
patient demographics and cancer factors (Figure 3). Qualitative interactions were seen depending
on cancer histologic finding (P < .001 for multivariable interaction), T category (P < .001 for
multivariable interaction), N category (P < .001 for multivariable interaction), number of metastatic

Figure 1. Overall Survival in Patients With Stage IV Non–Small Cell Lung Cancer
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Figure 2. Overall Survival in Patients With Stage IV Non–Small Cell Lung Cancer After Accounting for
Confounders via Propensity Score Matching
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Figure 4, patients treated with EBRT/TA had a survival benefit compared with those receiving
systemic therapy alone (HR, 0.68; 95% CI, 0.57-0.80; P < .001). Overall survival rates were 60.4%
vs 45.4% at 1 year, 32.6% vs 19.2% at 2 years, and 20.2% vs 10.6% at 3 years for combination
treatment vs systemic therapy alone. In contrast, patients with adenocarcinoma, T3 to T4 category
disease, N2 to N3 category disease, and 2 or more distant metastatic sites had an inferior overall
survival after EBRT/TA compared with patients undergoing systemic therapy alone (Figure 4)
(HR, 1.39; 95% CI, 1.22-1.59; P < .001), with overall survival rates at 1 year of 41.4% vs 25.3%; at 2
years of 19.5% vs 10.6%; and at 3 years of 9.4% vs 7.4%.

Discussion
Systemic therapy is considered the standard of care for stage IV NSCLC across a wide array of
oncology treatment guidelines.14-16 The prospect of improving outcomes with a treatment
management paradigm that includes locoregional therapy of the primary tumor site, whether
surgical resection, EBRT, or TA, is promising, especially given initial results from phase 2 studies.10,17

Using the NCDB, this study demonstrates that the addition of a local treatment option for the
primary tumor site combined with systemic therapy was associated with overall survival, even after
accounting for potential confounders. Patients undergoing surgical resection of their primary cancer
appeared to benefit the most, with superior overall survival rates of 72.9% at 1 year. Further, a
survival benefit was evident for EBRT/TA compared with systemic therapy alone, although its clinical
relevance remains unclear given the limited effect size. Nevertheless, subgroup analyses indicate
that the survival benefit of EBRT/TA varied by patient and cancer-specific variables; in optimally
selected patients presenting with squamous cell carcinoma and limited nodal disease as well as
oligometastases, EBRT/TA yielded a clinically relevant overall survival benefit vs systemic therapy
alone. In contrast, EBRT/TA treatment in patients with adenocarcinoma and extended local and
distant spread was associated with unfavorable prognosis vs systemic therapy alone. Patient
demographic and cancer factors were strongly associated with treatment allocation; for example,
surgical resection was primarily used for patients with small, oligometastatic NSCLC. However, based
on our results, patients beyond this selected cohort might benefit from surgical resection.

Figure 4. Subgroup Analyses Showing the Potential Benefit of External Beam Radiotherapy/Thermal Ablation (EBRT/TA) and Systemic Therapy vs Systemic Therapy
Alone in Selected Populations
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Figure 4, patients treated with EBRT/TA had a survival benefit compared with those receiving
systemic therapy alone (HR, 0.68; 95% CI, 0.57-0.80; P < .001). Overall survival rates were 60.4%
vs 45.4% at 1 year, 32.6% vs 19.2% at 2 years, and 20.2% vs 10.6% at 3 years for combination
treatment vs systemic therapy alone. In contrast, patients with adenocarcinoma, T3 to T4 category
disease, N2 to N3 category disease, and 2 or more distant metastatic sites had an inferior overall
survival after EBRT/TA compared with patients undergoing systemic therapy alone (Figure 4)
(HR, 1.39; 95% CI, 1.22-1.59; P < .001), with overall survival rates at 1 year of 41.4% vs 25.3%; at 2
years of 19.5% vs 10.6%; and at 3 years of 9.4% vs 7.4%.

Discussion
Systemic therapy is considered the standard of care for stage IV NSCLC across a wide array of
oncology treatment guidelines.14-16 The prospect of improving outcomes with a treatment
management paradigm that includes locoregional therapy of the primary tumor site, whether
surgical resection, EBRT, or TA, is promising, especially given initial results from phase 2 studies.10,17

Using the NCDB, this study demonstrates that the addition of a local treatment option for the
primary tumor site combined with systemic therapy was associated with overall survival, even after
accounting for potential confounders. Patients undergoing surgical resection of their primary cancer
appeared to benefit the most, with superior overall survival rates of 72.9% at 1 year. Further, a
survival benefit was evident for EBRT/TA compared with systemic therapy alone, although its clinical
relevance remains unclear given the limited effect size. Nevertheless, subgroup analyses indicate
that the survival benefit of EBRT/TA varied by patient and cancer-specific variables; in optimally
selected patients presenting with squamous cell carcinoma and limited nodal disease as well as
oligometastases, EBRT/TA yielded a clinically relevant overall survival benefit vs systemic therapy
alone. In contrast, EBRT/TA treatment in patients with adenocarcinoma and extended local and
distant spread was associated with unfavorable prognosis vs systemic therapy alone. Patient
demographic and cancer factors were strongly associated with treatment allocation; for example,
surgical resection was primarily used for patients with small, oligometastatic NSCLC. However, based
on our results, patients beyond this selected cohort might benefit from surgical resection.

Figure 4. Subgroup Analyses Showing the Potential Benefit of External Beam Radiotherapy/Thermal Ablation (EBRT/TA) and Systemic Therapy vs Systemic Therapy
Alone in Selected Populations
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External Beam RT; Thermal ablationSurgery Systemic therapy in selected patients

Local treatment + systemic therapy vs systemic therapy alone in stage IV NSCLC from NCD
• 34887 pts
• up to 1 distant metastases to bone, brain , liver and lung
• small T and N1 and oligometastases are in favor of EBRT/TA
• median EQD2 (10) 46.9 Gy (IQR 39-70)
• Local treatment to the primary tumor Uiligh J JAMA open 2019



Systematic review suggesting the efficacy of SABR in NSCLC OMD 

was coined in 1995. Radical treatment of metastatic patients was not
firmly established in this period, leading to many studies that ex-
clusively included patients with a singular metastasis. As there is no
concise definition of the oligometastatic state today in terms of number
or time interval of occurrence from first diagnosis, our analysis revealed
widely varying numbers of treated metastases per patient with the
majority of publications reporting fewer than three metastases (Fig. 2).
On the other end of this spectrum is the study by Cheruvu et al. which
defined up to eight metastases as “limited stage IV” [7]. Interestingly, a
discrepancy between the prespecified number of lesions by a particular
study and the actually treated and analyzed number of lesions could be
detected. The vast majority of patients was characterized by a max-
imum of two metastases, although the respective study allowed a sig-
nificantly higher number as a prespecified inclusion criterion (Fig. 2).
For example, Merino et al. defined OMD as up to five metastases but
only included two patients with two metastases, a single patient with
three metastases and none with more than that, while 79% of patients
actually only had a solitary metastasis [26]. Based on the publications
included in this review, a definition of OMD based on the number of
metastases would therefore have to be equal to or fewer than three
metastases to reflect the published clinical practice. While an arbitrary
number does most likely not reflect the underlying biology of OMD, its
definition should be uniform in the absence of a better discriminator.
Although the formal prespecified discrimination between synchronous
and metachronous was either 3 or 6months in those studies, these in-
tervals between primary diagnosis and metastases defining

metachronous disease were not reflected in the disease-free interval
(DFI) of included patients: 14 studies reported actual median duration
until diagnosis of metastases of 14.3 months, and 11 studies did not
report a DFI.

Median OS of the analyzed studies was 19.6months
(6.2–52.9months) with an observed plateau and possible long-term
survival of 20%. No OS di!erence for synchronous and metachronous
OMD could be detected in the present analysis in contrast to the in-
dividual patient-data meta-analysis from Ashworth et al. [1]. Of note,
we observed a trend for improved median OS in the cited studies over
time: patients from reports published after 2011 reported better OS
compared to the earlier time period: 28.1 months versus 17.2 months,
respectively. Whether this e!ect is related to a wider utilization of lo-
cally intensified treatment or improved treatment quality cannot be
answered based on the available data. Rather, this e!ect coincided with
more studies reporting on OMD as a distinct entity with a pre-specified,
albeit not standardized definition of OMD.

Although there was no formal requirement on the imaging modality
to define OMD in these studies, a lead time or stage migration bias
cannot be excluded due to earlier, more stringent and improved ima-
ging during staging and follow-up. Therefore, a better patient selection
due to awareness of the OMD concept and staging with more vigorous
imaging and follow-up after 2011 seems to be a more likely explanation
for the increasing OS benefit over time, as patient with more wide-
spread metastatic disease could then be excluded from intensified OMD
treatment concepts. A similar stage migration and OS shift has been

Fig. 2. (A) Definition of oligometastasis as described in included studies. (B) E!ectively included maximum number of metastases per patient in studies. (C) Organ
distribution of metastases as percentage of all metastases in all included studies. BRA – brain, PUL – lung, ADR – adrenal, OSS – bone, OTH – other, LYM – distant
lymph nodes, HEP – liver, PLE – pleura. (D) Number of metastases per patient as percentage of patients in all included studies.
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Ø There is a shift in treatment modality for metastases directed 
treatment and OS benefitobserved with the vigorous implementation of PET-CT staging for non-

metastasized NSCLC before radical treatment, as patients with distant
metastases not detected by routine CT scans could be excluded from

futile intensified curative treatment approaches [47].
The management of OMD has changed considerably over the past

20 years. Historically, chemotherapy has been the treatment of choice

Fig. 3. Percentage of patients treated with indicated modality. (A) Local treatment to primary tumor. (B) Local treatment to distant metastases. C) Systemic
treatment. RT – radiotherapy, SBRT – stereotactic body radiotherapy, RCT – radio-chemotherapy, CHT – chemotherapy.

Fig. 4. Included studies by publication year (x-axis) and median overall survival of included patients (y-axis). Circle size is proportional to number of patients. Colors
signify studies which reported use of SBRT as part of the locally ablative treatment regimen for primary tumor or metastases (red) or use of surgery only (blue). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Phase II-III RCTs suggest the efficacy of local treatment in OMD 

Study # patients Tumor origin HR PFS HR OS Treatment
Iyengar

Jama Oncol 2018 N= 29 NSCLC 0.30 - SABR + 
HypoFx

Gomez
JCO 2019 N= 49 NSCLC 0.30 0.41

SABR + 
Surgery + 

CRT

Palma
JCO 2020 N= 18* NSCLC* 0.48*? 0.47*? SABR

Wang
ASCO 2020 N= 133 NSCLC 0.62* .068* SABR

Total 229 patients 



Study RT dose # metastases HR PFS RT site Prior therapy

Iyengar
Jama Oncol 2018

45 Gy / 15 fx
20-24 Gy / 1 fx

33 Gy /3 fx
30-37.5 /5 fx

< = 5 0.30 Primary and 
metastases

After 4-6 Platinum 
based CT

Gomez
JCO 2019

60-66 Gy / 30-33 fx
45-60 Gy / 15 fx
30-70 Gy /10 fx

50 Gy /4 fx
18– 20 / 1 fx

< = 3 0.30 Primary and 
metastases

After 4 Platinum based 
CT

After target x EGFR
After target x ALK

Palma
JCO 2020

60 Gy / 8 fx
35 Gy / 5 fx
54 Gy /3 fx

18 – 24 Gy /1 fx

<= 5
Max 3 x organ

0.48

All known 
disease
Primary 

controlled

at diagnosis of OMD

Wang
ASCO 2020

25– 40 Gy / 5 fx
<= 5

Max 2 x organ
0.62

All disease site 
& primary 
controlled

Concomitant with TKI 
(only EGR m)



RCTs suggest the efficacy of local treatment in NSCLC OMD 

Iyengar JAMA Oncology 2018ately obvious. This may reflect both the design of the trial,
which was not powered to detect an OS difference, as well as
the administration of crossover SAbR postprogression in !"%

of patients in the maintenance chemotherapy–alone arm. There
were limitations to our study including: (!) a single center of
accrual; (#) the lack of inclusion of emerging systemic thera-
pies such as checkpoint inhibitors; (") the small sample size;
and ($) use of multiple induction chemotherapy regimens in-
troducing potential heterogeneity. Future use of immuno-
therapy with SAbR may offer greater synergy in controlling lo-
cal disease while reducing distant disease through direct and
abscopal effects.%&,%!

Conclusions
This randomized phase # study measuring radiation’s consoli-
dative contributions showed a near tripling of PFS with equiva-
lent toxic effects and is suggestive of a benefit of SAbR for lim-
ited metastatic NSCLC. It is promising that a phase " study, based
on this trial design, has been activated by NRG Oncology (NRG
LU &&# [NCT&"!"'''!]) to answer the benefit of local therapy
on OS. SARON, another NSCLC specific phase " randomized trial
with similar arms (chemotherapy with or without local therapy)
has opened in the United Kingdom as well (NCT&#$!'((#).
Though an improvement of PFS was hypothesized and therefore
expected, the more critical question will be if an extension of
PFS will translate into OS increases. This study was not large
enough to mine subsets of clinical features to identify predictors
of survival benefit, another postulated advantage of the phase
" trial. Several studies are currently enrolling in multiple disease
sites which will further elucidate the role of local therapy for
limited metastatic disease (NCT&!$$('$$, NCT&###)"%(,
NCT&#%)!('&, NCT&#)&%%"&). Despite the approval of
immunotherapy in the first-line setting, there will still be a large
percentage of patients with metastatic NSCLC who will receive
cytotoxic chemotherapy as part of their treatment. Therefore,
the findings of this study will continue to be very relevant to
patients with NSCLC.
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Figure 2. Analysis of Progression-Free Survival
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Log-rank testing reveals a statistically significant benefit in progression-free
survival for SAbR-plus-maintenance chemotherapy (hazard ratio, 0.304; 95%
CI, 0.113-0.815; P = .01). SAbR indicates stereotactic ablative radiotherapy.

Table 3. Patterns of Failure by Treatment Assignmenta

Site of Progression SAbR Plus Maintenance, No. Maintenance, No.
Brain 1 4

Liver 2 0

Lung 0 8

Bone 1 1

Pancreas 1 0

In-field 0 7

Abbreviation: SAbR, stereotactic ablative radiotherapy.
a Patients treated with SAbR had no failure within the treated field.
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Ø early trial closure (limited number of patients)

Ø single institution

Ø 40% pretreated with WBRT 

Ø 64% pretreated with Carbo + Pemetrexed or Carbo + 

Paclitaxel

Ø 65% maintenance therapy with Pemetrexed

Ø 7 patients treated on the primary

Ø Local failure was detected in 0/14  vs 6/15 in for SABR 

# M+ sites prior chemotherapy <= 2 vs  >2  1 Yr PFS 100% vs 38%   
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Ø early trial closure (limited number of patients)

Ø multicentric

Ø 30% presented CNS metastases

Ø 80% of patients were EGFR/ALK WT

Ø 38% of all relapsed patients progressed as OMD

Ø Local treatment to all the site of disease

Ø Aggressive consolidation therapy leads to PFS gain

Ø # of metastatic site < 2 in 68% of patients

RESULTS

As noted in our initial publication, the trial was closed early
after a planned annual Data Safety Monitoring Board
analysis revealed that, according to the data at that time,
there was a 99.46% probability of superiority of the LCT arm
if the current trend continued. Of the 74 patients enrolled
on the trial at the time of closure, 49 (66%) were randomly
assigned and included in this analysis. Patient character-
istics have been previously published and are listed in
Table 1. Treatment regimens also have been previously
published and are listed in Appendix Table A1 (online only).
Note that the LCT regimens could include surgery, radia-
tion, or a combination of the two. Concurrent chemo-
radiation also was allowed for the primary tumor and
regional lymph nodes. The median follow-up time for
censored patient data at the date the patient was last known
to be alive was 38.8 months (range, 28.3 to 61.4 months).
Thirty-nine patients were identi!ed as having progression
(19 of 25 in the LCT group and 20 of the 24 in the MT/O
group), and three patients in the MT/O arm had their data
censored, because they received upfront LCT before dis-
ease progression. The median PFS time for all patients was
8.3 months (95% CI, 5.2 to 14.2 months). The previously
noted PFS bene!t from LCT was maintained; the median
PFS was 14.2months in the LCT group (95%CI, 7.4 to 23.1
months) versus 4.4 months in the MT/O group (95% CI, 2.2
to 8.3 months; P = .022; Fig 1A). The median time to
appearance of new lesions was 14.2 months in the LCT
group (95% CI, 5.7 to 24.3 months) versus 6.0 months in
the MT/O group (95% CI, 4.4 to 8.3 months; P = 0.11).

Twenty-nine of the original 49 patients died by the time of
this analysis: 11 of 25 died in the LCT group, and 18 of 24
died in the MT/O group. The median OS time for all patients
was 37.7 months (95% CI, 16.6 to 41.2 months). OS time

was signi!cantly longer in the LCT group (median, 41.2
months; 95% CI, 18.9 months to not reached) than in the
MT/O group (median, 17.0 months; 95% CI, 10.1 to 39.8
months; P = .017; Fig 1B).

Salvage therapies for all patients included additional sys-
temic therapy, LCT to all progressing sites of disease, and
combinations thereof (Appendix Table A2, online only) on or
off a clinical trial. The median survival-after-progression time
for all patients was 13.6 months (95% CI, 8.4 to 37.6
months). x2 tests revealed no difference in the proportions of
patients who received late LCT in the LCT versus MT/O group
(P = .39). However, patients in the LCT group survived longer
after progression relative to patients in the MT/O group
(37.6 months [95% CI, 9.0 months to not reached] v
9.4 months [95% CI, 5.9 to 19.6 months]; P = .034; Fig 2).

Of the 39 patients who experienced progression, 15 (41%;
n = 6 in the LCT group and n = 9 in the MT/O group)
received LCT at the time of progression. Reasons for not
undergoing LCT at the time of progression in the MT/O arm
were polymetastatic progression (n = 7), poor performance
status (n = 3), and refusal of radiation therapy (n = 1).
Calculated from the time of progression, patients who re-
ceived LCT at progression had a median OS time that was
not reached (95% CI, 11.5 months to not reached) versus
16.4 months without late LCT (95% CI, 8.7 to 40.9 months;
P = .119; Fig 3). In a multivariable Cox model analysis that
assessed OS and incorporated both initial treatment as-
signment (LCT v MT/O) and late LCT (yes v no), both initial
(HR, 0.30; 95% CI, 0.12 to 0.75) and late (HR, 0.44; 95%
CI, 0.18 to 1.06; P = .064) treatment with LCT correlated
with improved OS.

When the effect of other major clinical variables was
assessed, OS was associated with two to three meta-
stases (HR, 1.65; P = .208), partial response to !rst-line
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FIG 1. (A) Progression-free survival (PFS) and (B) overall survival (OS) in patients given local consolidative therapy (LCT) or maintenance therapy or
observation (MT/O) for oligometastatic non–small-cell lung cancer.
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RESULTS

As noted in our initial publication, the trial was closed early
after a planned annual Data Safety Monitoring Board
analysis revealed that, according to the data at that time,
there was a 99.46% probability of superiority of the LCT arm
if the current trend continued. Of the 74 patients enrolled
on the trial at the time of closure, 49 (66%) were randomly
assigned and included in this analysis. Patient character-
istics have been previously published and are listed in
Table 1. Treatment regimens also have been previously
published and are listed in Appendix Table A1 (online only).
Note that the LCT regimens could include surgery, radia-
tion, or a combination of the two. Concurrent chemo-
radiation also was allowed for the primary tumor and
regional lymph nodes. The median follow-up time for
censored patient data at the date the patient was last known
to be alive was 38.8 months (range, 28.3 to 61.4 months).
Thirty-nine patients were identi!ed as having progression
(19 of 25 in the LCT group and 20 of the 24 in the MT/O
group), and three patients in the MT/O arm had their data
censored, because they received upfront LCT before dis-
ease progression. The median PFS time for all patients was
8.3 months (95% CI, 5.2 to 14.2 months). The previously
noted PFS bene!t from LCT was maintained; the median
PFS was 14.2months in the LCT group (95%CI, 7.4 to 23.1
months) versus 4.4 months in the MT/O group (95% CI, 2.2
to 8.3 months; P = .022; Fig 1A). The median time to
appearance of new lesions was 14.2 months in the LCT
group (95% CI, 5.7 to 24.3 months) versus 6.0 months in
the MT/O group (95% CI, 4.4 to 8.3 months; P = 0.11).

Twenty-nine of the original 49 patients died by the time of
this analysis: 11 of 25 died in the LCT group, and 18 of 24
died in the MT/O group. The median OS time for all patients
was 37.7 months (95% CI, 16.6 to 41.2 months). OS time

was signi!cantly longer in the LCT group (median, 41.2
months; 95% CI, 18.9 months to not reached) than in the
MT/O group (median, 17.0 months; 95% CI, 10.1 to 39.8
months; P = .017; Fig 1B).

Salvage therapies for all patients included additional sys-
temic therapy, LCT to all progressing sites of disease, and
combinations thereof (Appendix Table A2, online only) on or
off a clinical trial. The median survival-after-progression time
for all patients was 13.6 months (95% CI, 8.4 to 37.6
months). x2 tests revealed no difference in the proportions of
patients who received late LCT in the LCT versus MT/O group
(P = .39). However, patients in the LCT group survived longer
after progression relative to patients in the MT/O group
(37.6 months [95% CI, 9.0 months to not reached] v
9.4 months [95% CI, 5.9 to 19.6 months]; P = .034; Fig 2).

Of the 39 patients who experienced progression, 15 (41%;
n = 6 in the LCT group and n = 9 in the MT/O group)
received LCT at the time of progression. Reasons for not
undergoing LCT at the time of progression in the MT/O arm
were polymetastatic progression (n = 7), poor performance
status (n = 3), and refusal of radiation therapy (n = 1).
Calculated from the time of progression, patients who re-
ceived LCT at progression had a median OS time that was
not reached (95% CI, 11.5 months to not reached) versus
16.4 months without late LCT (95% CI, 8.7 to 40.9 months;
P = .119; Fig 3). In a multivariable Cox model analysis that
assessed OS and incorporated both initial treatment as-
signment (LCT v MT/O) and late LCT (yes v no), both initial
(HR, 0.30; 95% CI, 0.12 to 0.75) and late (HR, 0.44; 95%
CI, 0.18 to 1.06; P = .064) treatment with LCT correlated
with improved OS.

When the effect of other major clinical variables was
assessed, OS was associated with two to three meta-
stases (HR, 1.65; P = .208), partial response to !rst-line
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FIG 1. (A) Progression-free survival (PFS) and (B) overall survival (OS) in patients given local consolidative therapy (LCT) or maintenance therapy or
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reported previously, there were 3 deaths (4.5%) in the
SABR arm that were possibly, probably, or de!nitely related
to treatment. The cumulative incidence of new metastases
adjusted for death as a competing event is shown in
Figure 4, with no differences between arms detected
(strati!ed Gray’s test P 5 .57).

DISCUSSION

At the time of initial publication, SABR-COMET was the !rst
randomized trial to demonstrate an impact of any ablative
therapy on a primary end point of OS in patients with oli-
gometastases. In this long-term analysis, the effects of
SABR on OS were larger in magnitude than previously
reported, with a median OS bene!t of 22 months (v 13
months in the original analysis), which corresponds to an
absolute bene!t of 24.6% at 5 years. SABR did not result
in a detriment in QOL, and no new safety signals were
apparent. The increasing magnitude of bene!t over time
suggests that long-term follow-up is required for any ran-
domized trials in patients with oligometastases to fully
ascertain the impact of ablative therapies on OS.

It is also apparent from this analysis that most patients with
oligometastases have undetectable micrometastases at the
time of enrollment, but with close surveillance and further
SABR to subsequent developing sites of metastasis, some
patients can be successfully treated and again be rendered
disease free. Three lines of evidence support this con-
clusion. First, there was no signi!cant difference between
arms in time to development of new metastases, which
suggests that these new metastatic lesions were seeded
before SABR was delivered and grew in the months after
randomization. Second, a substantial number of long-term
survivors (30% of those alive beyond 5 years) required

salvage SABR for new metastases. Third, a !nding of a
comparatively short median PFS bene!t (6 months in this
trial) in the setting of a longer median OS bene!t generally
indicates that post-progression treatment is in"uencing
the OS bene!t. Because there were no differences in use
of systemic therapy between arms, it is likely that post-
progression SABR is the main contributing factor to this
difference. Taken together, these !ndings suggest that
patients treated with SABR for oligometastases should
undergo imaging surveillance with salvage SABR used if
safe, as was done in this trial. Additional studies are re-
quired to determine the optimal imaging surveillance
strategy and the maximum number of new lesions treatable
with SABR.

Our long-term !ndings add to a growing body of evidence
that supports the use of ablative therapies for oligometa-
static cancers. Other phase II trials have suggested bene!ts
of ablative therapies in the setting of colorectal cancer
liver metastases,21,22 in non–small-cell lung cancer
(NSCLC),13,15,17 and in prostate cancer.16,18 As a notable
exception, the PulMiCC phase III trial failed to show
a bene!t for surgical resection of pulmonary metastases
from colorectal cancers, although the trial closed early and
reported on only 21% of target accrual (65 patients).23

Overall, however, the preponderance of randomized evi-
dence suggests that patients with oligometastases bene!t
from ablative therapies, but larger phase III trials, with
suf!cient power to examine histologic subgroups sepa-
rately, would be ideal to conclusively prove the survival
bene!t.

Such phase III trials are under way. SABR-COMET-3
(ClinicalTrials.gov identi!er: NCT03862911) and SABR-
COMET-10 (ClinicalTrials.gov identi!er: NCT03721341)
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FIG 2. Kaplan-Meier plots for (A) overall survival and (B) progression-free survival. SABR, stereotactic ablative radiotherapy.
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Ø Only 18 NSCLC patients 

Ø Only 6 NSCLC patients in the control arm

Ø No information about systemic therapies

Ø No information about driver mutations

Ø Absolute benefit in OS at 5 yrs of 24.6% (for all tumors)
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are assessing the impact of SABR on OS in patients with
1-3 and 4-10 metastases, respectively, accruing patients
with a controlled primary tumor of any solid tumor
histology.24,24a The CORE trial (ClinicalTrials.gov identi!er:
NCT02759783) is a phase II/III trial that includes patients
with breast, NSCLC, or prostate histology with a controlled
primary tumor and 1-3 metastatic lesions. Large co-
operative group trials speci!c to lung cancer (NRG-
LU002) and breast cancer (NRG-BR002) oligometastases
are also under way and accruing well.

Predictive biomarkers would be a major asset to help to
guide treatment decisions for patients with oligometa-
stases, but currently, no validated biomarkers are available
for clinical use. Biomarkers could allow physicians to tailor
treatment and surveillance intensity to the risk of further
metastatic recurrence. For example, patients with oligo-
metastases predicted to be at high risk of rapid widespread
metastatic progression after SABR may be best served by
effective systemic therapy rather than by SABR (or both
treatments in sequence). Efforts to develop biomarkers that
are prognostic and predictive are under way as part of
ongoing clinical trials; for example, SABR-COMET-3 and
SABR-COMET-10 are both collecting samples to assess for
circulating biomarkers, including circulating tumor DNA
and circulating tumor cells.24

The possible toxicities of SABR must be borne in mind for
patients and physicians considering treatment. SABR was
well tolerated in the majority of patients, with a rate of grade
$ 2 toxicity of only 29%. However, the grade 5 toxicity rate
of 4.5% (despite strict dose constraints and peer review of
all radiation plans) is higher than reported in other studies.
This suggests that SABR delivery should continue to focus
on minimization of toxicity, and additional studies are
needed to determine the optimal SABR doses, balancing
the competing considerations of maximizing LC while
minimizing toxicity.

This trial has limitations that must be considered when
interpreting its !ndings. Many of the limitations were dis-
cussed in detail in the original trial report,14 including the
inclusion of multiple histologies (a common approach in
stereotactic radiation trials for metastases). The large ma-
jority of patients with prostate cancer were assigned to the
SABR arm, but our sensitivity analysis does not suggest that
the results are merely due to the allocation of these patients.
Despite the reduced power after excluding patients with
prostate cancer, a bene!t was still demonstrated that would
meet the cutoff for a randomized phase II screening trial. The
most favorable histologies in patients with oligometastatic
cancers treated with SABR are breast, prostate, and kid-
ney,25 and these groups are highly represented in the long-
term survivors (100% in arm1 and 70% in arm 2), but in arm
2, some patients with unfavorable histologies also achieved
long-term survival. Evaluation of local control after SABR is
dif!cult because focal !brosis can present as an enlarging
mass; this may explain the relatively low local control rates
reported for lung lesions using RECIST version 1.1.26 Pa-
tients with 4-5metastases are under-represented in this trial,
which led to the development of separate trials for patients
with 1-3 and 4-10 metastases, as described. This trial was
launched before the immunotherapy era, and immuno-
therapeutic options may change the impact of SABR on
long-term outcomes.

In conclusion, with longer-term follow-up, SABR achieved a
22-month median OS bene!t in patients with a controlled
primary tumor and 1-5 oligometastases. Even with SABR,
many patients progress with new metastases, likely be-
cause of the presence of occult micrometastatic disease at
presentation, but some can receive salvage therapy with
repeat SABR. Phase III trials currently underway aim to
con!rm the OS bene!ts and to develop biomarkers pre-
dictive of bene!t with SABR.
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FIG 4. Kaplan-Meier plot for development of newmetastases over time
on the basis of cumulative incidence function, with death as a
competing event.
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Ø time to new metastases is the same 

between the 2 arms

Ø the new metastases after SABR were seeded 

before the treatment

Ø This principle enforce the potential of  new 

SABR at oligoprogression



The long-term survival goal in NSCLC 

u Systemic control (CT; CT + IT; TKI)

u Brain control (TKI; IT; PCI)

u Locoregional control (CT-RT; S; CT-RT-IT; CT-S

u Local control (RT; SABR; S; RA; SABR+IT)

u Treatment related events ( Acute and late toxicity)

u Comorbidities
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The scenario 
in stage IV 

NSCLC

Stage IV SCC          

Never or former light
smoker (< 15 pack-years)a

PD-L1 expressionb

PD-L1 ! 50%

High TMB 
(! 10 mutations/Mb)

Any expression of PD-L1

PS 3-4PS 0-1
Molecular test 

Targeted
therapy

Positive Negative

Follow recommended 
treatment in 

function of PD-L1 
expression level

Nivolumab [I, A, MCBS 5]
Atezolizumab [I, A; MCBS 5]

Pembrolizumab if PD-L1 > 1% [I, A; MCBS 5]
Docetaxel [I, B]

Ramucirumab/docetaxel [I, B; MCBS 1]
Erlotinib [II, C]

Afatinib [I, C; MCBS 2]

PS 0-1
Pembrolizumab 
[I, A; MCBS 5]

Nivolumab/ipilimumab 
[I, A]c

PS 0-1
Platinum–based ChT 

(see fi rst-line treatment without IO)

Pembrolizumab 
+ carboplatin/
paclitaxel or 

carboplatin/nab-P 
(4 cycles), followed 
by pembrolizumab 

[I, A]c

Atezolizumab 
+ carboplatin/

nab-P (4-6 cycles), 
followed by 

atezolizumab
[I, B]c 

4-6 cycles 
Platinum–based ChT:

Cisplatin/gemcitabine [I, A]
Cisplatin/docetaxel [I, A]
Cisplatin/paclitaxel [I, A]

Cisplatin/vinorelbine [I, A]
Carboplatin/gemcitabine [I, A]

Carboplatin/docetaxel [I, A]
Carboplatin/paclitaxel [I, A]

Carboplatin/vinorelbine [I, A]
Carboplatin/nab-P [I, B]

4-6 cycles
Carboplatin-based ChT:

< 70 years and PS 2 [II, A]
! 70 years and PS 0-2 [I, A]

Single-agent ChT:
Gemcitabine, vinorelbine or 

docetaxel [I, B]

BSC [II, B]

BSC

Disease progression Disease progression

PS 0-2 PS 3-4

< 70 years and PS 2
or

Selected ! 70 years and PS 0-2

Figure 1. Treatment algorithm for stage IV SCC.
aMolecular testing is not recommended in SCC, except in those rare circumstances when SCC is found in a never-, long-time ex- or light-smoker (< 15 pack-years).
bIn absence of contraindications and conditioned by the registration and accessibility of anti-PD-(L)1 combinations with platinum-based ChT, this strategy will be preferred to platinum-
based ChT in patients with PS 0-1 and PD-L1 < 50%. Alternatively, if TMB can accurately be evaluated, and conditioned by the registration and accessibility, nivolumab plus ipilimumab
should be preferred to platinum-based standard ChT in patients with NSCLC with a high TMB.
cNot EMA-approved.
ALK, anaplastic lymphoma kinase; BSC, best supportive care; ChT, chemotherapy; EGFR, epidermal growth factor receptor; EMA, European Medicines Agency; IO, immuno-oncology; Mb,
megabase; MCBS, ESMO-Magnitude of Clinical Benefit Scale; nab-P, albumin-bound paclitaxel; NSCLC, non-small cell lung cancer; PD-1, programmed cell death protein 1; PD-L1,
programmed death-ligand 1; PS, performance status; SCC, squamous cell carcinoma; TMB, tumour mutation burden.
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SINDAS Interim Analysis: Study Design

§ Multicenter, open-label, randomized phase III trial in China (January 2016 - June 2019)

Adult patients with 
pathologically confirmed 
EGFR-mutated NSCLC; 

up to 5 metastases 
with maximum of 
2 lesions/organ; 

life expectancy ≥ 6 mos; 
ECOG PS 0-2

(N = 133)

Follow-up

EGFR TKI* +
SBRT 25-40 Gy in 5 fractions

(n = 68)

EGFR TKI*
(n = 65)

*Gefitinib 250 mg QD, erlotinib 150 mg QD, or 
icotinib 125 mg TID.

§ Primary endpoint: PFS

§ Secondary endpoint: OS

§ Other endpoint: safety

Slide credit: clinicaloptions.comWang. ASCO 2020. Abstr 9508.



RCTs suggest the efficacy of local treatment in NSCLC OMD 

Wang ASCO 2020

SINDAS Interim Analysis: PFS and OS

§ After median follow-up of 19.6 mos, EGFR TKI + SBRT significantly 
prolonged PFS and OS vs EGFR TKI only

Median Outcome, Mos EGFR TKI + SBRT
(n = 68)

EGFR TKI Only
(n = 65) HR

PFS (primary endpoint) 20.2 12.5 0.618 (95% CI: 0.394-0.969; 
log-rank P < .001)

OS (secondary endpoint) 25.5 17.4 0.682 (95% CI: 0.456-1.001; 
log-rank P < .001)

Slide credit: clinicaloptions.comWang. ASCO 2020. Abstr 9508.



What for immunotherapy and NSCLC OMD? 

Ø RCT for SABR + immunotherapy and OMD in NSCLC  ?

Ø Is there any “abscopal” improvement in disease response with SABR and OMD?

Ø Is there any synergic effect for local control between SABR and IT in OMD?
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PEMBRO alone vs PEMBRO-RT  randomized PHASE II

was seen in the PD-L!–positive subgroups (HR, !.!"; #$% CI,
%."$-&.'#; P = .(#) (Figure &).

At the time of analysis, $! patients had died. A median OS
of (.) months (#$% CI, ).%-!*.# months) in the control arm and
!$.# months (#$% CI, (.! months to not reached) in the experi-
mental arm was observed (Figure !). This increased OS was not
significant (HR, %.)); #$% CI, %.*(-!.!'; P = .!)). The benefit
of SBRT with respect to OS was observed only in the PD-L!–
negative subgroup (HR, %."'; #$% CI, %.&"-%.##; P = .%")), and
no benefit was seen in the combined PD-L!–positive sub-
groups (HR, !."; #$% CI, %."&-".)); P = .$'). Male patients (HR,
%."&; #$% CI, %.!#-%.#); P = .%") and smokers (HR, %."'; #$%

CI, %.&$-%.#*; P = .%*) performed significantly better in the
experimental arm compared with the control arm (Figure *).
After correction for other variables, only PD-L! status re-
mained a predictive factor for OS in the experimental arm.

The most common adverse events were fatigue (&' of (&
patients [*#%]), flulike symptoms (&* of (& [*&%]), and cough
(&% of (& [&'%]). Fatigue (!% of *( patients [&(%] vs !' of *$
[$!%]; P = .%$) and pneumonia (* of *( ['%] vs # of *$ [&)%];
P = .%)) occurred more often in the experimental arm than in
the control arm. Pembrolizumab-related toxic effects were pri-
marily fatigue (!'%), flulike symptoms (!$%), and pruritus
(!"%). Grade * to $ pembrolizumab-related toxic effects were

Figure 2. Progression-Free Survival in the Intent-to-Treat Population
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10/17 15/16Female 0.78 (0.35-1.74) 

ECOG performance score
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11/17 15/191 1.18 (0.54-2.57) 
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2/5 6/10!50 0.58 (0.12-2.91) 

Histology
27/36 26/31Nonsquamous 1.45 (0.84-2.51) 
3/4 3/5Squamous 0.82 (0.16-4.16) 

Lines of previous chemotherapy
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Age at randomization, y
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A, Experimental arm comprised
patients who received
pembrolizumab after stereotactic
body radiotherapy; control arm
comprised patients who received
pembrolizumab alone. Hazard ratio
was 0.71 (95% CI, 0.42-1.18) with a
2-sided significance level of P = .19.
B, ECOG indicates Eastern
Cooperative Oncology Group;
PD-L1, programmed death–ligand 1.
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reported in !" patients (!#%), with no significant differences
between arms. Adverse events that appeared in more than !$%
of patients and relevant pembrolizumab-related toxic effects
are presented in eTable % in Supplement ".

Discussion
The PEMBRO-RT study is the first randomized trial, to our
knowledge, to show an augmenting effect of SBRT on the re-
sponse to PD-! blockade in patients with metastatic NSCLC. The
experimental arm showed an increase in ORR, disease con-

trol rate at !" weeks, and median PFS and OS without an in-
crease in toxic effects. The study did not meet its primary end
point because the improvements did not meet the study’s
prespecified criteria—an increase of ORR from "$% in the
control arm to %$% in the experimental arm at !" weeks—for
meaningful clinical benefit.

In recent trials, response rates of pembrolizumab-
treated patients with advanced NSCLC were dependent on
the PD-L! expression levels of the tumor.",&,!&,!% The
response rate in the combined PD-L!–positive subgroups
(PD-L! ' !%) in our study was much higher compared with
other trials (%"% [!( of )!] vs !*% to "#%).",!& Patient and

Figure 3. Overall Survival in the Intent-to-Treat Population
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ECOG performance score
15/22 9/160 1.85 (0.80-4.30)
10/17 12/191 1.09 (0.47-2.53)

PD-L1, %
21/25 13/180 2.06 (1.00-4.23)
3/8 5/81-49 0.65 (0.15-2.77)

Smoking, pack-years
4/8 6/7<10 0.40 (0.11-1.44)
22/32 15/29!10 2.09 (1.07-4.08)

1/5 3/10!50 0.74 (0.08-7.09)

Histology
24/36 18/31Nonsquamous 1.61 (0.86-2.99)
2/4 3/5Squamous 0.40 (0.04-4.06)

Lines of previous chemotherapy
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patients who received
pembrolizumab after stereotactic
body radiotherapy; control arm
comprised patients who received
pembrolizumab alone. Hazard ratio
was 0.66 (95% CI, 0.37-1.18) with a
2-sided significance level of P = .16.
B, ECOG indicates Eastern
Cooperative Oncology Group;
PD-L1, programmed death–ligand 1.
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Ø 8 Gy x 3 fx
Ø Median PFS for SABR was 6.6 months (IC95% 4– 14.6) vs 1.9 (IC95% 1.7-6)
Ø Median OS for SABR was 15.9 months (IC95% 7.1 – nr) vs 7.6 (IC95% 6 – 13.9)
Ø Is this the “abscopal” effect
Ø A significant PFS and OS benefit (HR 0.49 and HR 0.49) in PDL-1 negative subgroup



The long-term survival goal in NSCLC 

u Systemic control (CT; CT + IT; TKI)

u Brain control (TKI; IT; PCI)

u Locoregional control (CT-RT; S; CT-RT-IT; CT-S)

u Local control (RT; SABR; S; RA; SABR+IT)

u Treatment related events ( Acute and late toxicity)

u Comorbidities



The revolution of IT in stage III NSCLC 

PACIFIC
Faivre-Finn C et al, ESMO 2020



New Extrathoracic Lesions at First Progression per Site 
(BICR)*
• The patterns of extrathoracic lesion numbers per organ were similar regardless of treatment 

*With a data cutoff of March 22, 2018, median duration of follow-up was 25.2 months (range 0.2–43.1) 

LYMPH NODES No. of patients (%)

No. of new lymph 
node lesions

Durvalumab 
(n=3)

Placebo 
(n=3)

1 1 (33.3) 1 (33.3)

2 1 (33.3) 1 (33.3)

3–5 0 1 (33.3)

>5 1 (33.3) 0

BRAIN No. of patients (%)

No. of new brain 
lesions

Durvalumab 
(n=26)

Placebo 
(n=26)

1 12 (46.2) 9 (34.6)

2 8 (30.8) 9 (34.6)

3–5 6 (23.1) 5 (19.2)

>5 0 3 (11.5)

LIVER No. of patients (%)

No. of new liver 
lesions

Durvalumab 
(n=6)

Placebo 
(n=5)

1 0 3 (60.0)

2 0 2 (40.0)

3–5 2 (33.3) 0

>5 4 (66.7) 0

BONE No. of patients (%)

No. of new bone 
lesions

Durvalumab 
(n=6)

Placebo 
(n=3)

1 6 (100) 2 (66.7)

2 0 0

3–5 0 1 (33.3)

>5 0 0
stereotactic-body radiation therapy (SBRT) among patients with
advanced NSCLCs with progression on pembrolizumab found a
subset of patients have prolonged disease control after
metastasis-directed SBRT [22]. Based on imaging criteria alone,
we found that 47% of patients with metastatic disease progression
would have been candidates for metastasis-directed ablative ther-
apies, supporting future evaluations of such ablative strategies in
patients with progression on the PACIFIC regimen. However, the
most common relapse pattern was disseminated disease, again
highlighting the need for better systemic therapies [23–25].

This series was collected at a single tertiary cancer center. The
results presented here, however, are consistent with the PACIFIC
trial despite the fact our cohort is older and has a more advanced
stage population than the PACIFIC trial population. PD-L1, TMB
and NGS results were not associated with outcomes, however,
these results were not available for all patients. Additionally, fur-
ther studies are warranted assessing clinical outcomes among
patients that receive comprehensive ablative therapies at first pro-
gression to better determine the value of this approach. Further-
more, although this is the largest series of patients with stage III
unresectable NSCLC treated with cCRT and durvalumab outside
of the PACIFIC trial, and the first analysis to define LRC in patients
treated with consolidative durvalumab, our patient numbers are
still somewhat limited, and further analysis is encouraged.

In conclusion, this assessment of durvalumab after cCRT in
stage III NSCLC found disease outcomes consistent with data from
the PACIFIC trial, found the regimen led to favorable local–regional
control and in addition quantified the potential role of metastasis-
directed therapies in patients with recurrent disease. Further stud-
ies are needed to better identify predictors of response to the PACI-
FIC regimen and elucidate strategies to combine and intensify
therapies to improve outcomes for patients with unresectable
stage III NSCLCs.
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Table 3
Disease Progression Patterns and Candidacy for Metastasis-Directed Ablative Therapy.

Patient Brain Thorax Abdominal Osseous Local-Regional Failure? Distant Metastasis? Ablative Candidate*

1 N Y N N Marginal N Y
2 Y Y N Y In-Field Y N
3 N Y N N Marginal Y Y
4 N Y N N Out-of-Field Y N
5 N Y N N Marginal Y Y
6 N Y Y N In-Field Y N
7 N Y N Y In-Field Y N
8 N Y N N In-Field Y N
9 Y Y Y N In-Field Y N
10 N Y N N Marginal Y Y
11 Y N N N N Y Y
12 N Y N N N Y Y
13 N N Y N N Y Y
14 N Y Y N N Y N
15 N Y Y N N Y Y
16 Y N N N N Y Y
17 N Y N N N Y N
18 N Y N N N Y N

* Candidacy for Ablative Therapy: !5 discrete sites of disease, no progression of treated primary tumor, no pleural effusion.

210 Outcomes in stage III NSCLCs treated with chemoradiation and durvalumab

More OMD after CT-RT + IT?

Ø more than 50% of PD are candidate to focal ablation



The long-term survival goal in NSCLC 

u Systemic control (CT; CT + IT; TKI)

u Brain control (TKI; IT; PCI)

u Locoregional control (CT-RT; S; CT-RT-IT; CT-S

u Local control (RT; SABR; S; RA; SABR+IT)

u Treatment related events ( Acute and late toxicity)

u Comorbidities



Figure 1

Figure 1  Stereotactic body radiation therapy dose distribution for a single brain metastasis from non-small cell lung cancer. Planning computed tomography
fused with magnetic resonance images. A: Coronal view; B: Axial view; C: Sagittal view.

has been the treatment of choice in selected patients[63]. The results of laparoscopic
surgery are equivalent to open surgery, with less morbidity[64].

Recently, SBRT has become an excellent alternative to surgery for the treatment of
adrenal oligometastasis[65]  (Figure 2). Published case series, most with > 12 mo of
follow-up,  suggest  that  toxicity  ≥  G2  is  practically  nonexistent.  Moreover,  the
excellent local control rates (> 90%) are highly promising. Probably the most notable
case series published to date is the 34 patient series reported by Scorsetti et al[66]. This
study has the longest median follow-up to date (41 mo), with excellent local control
rates (93%).

Holy et  al[67]  reported a median OS of  23 mo,  comparable to surgical  series,  in
patients with NSCLC with a single adrenal metastasis treated with SBRT (40 Gy in
five fractions). Casamassima et al[68]  reported results from a series of patients with
adrenal metastases from different primary tumors (including NSCLC). Those patients
received SBRT (36 Gy in three fractions), obtaining a 2-year local control rate of 90%.
To date, a range of different fractionation schedules and doses have been used to treat
adrenal  gland  metastases.  Some  authors,  such  as  Li  et  al[69],  have  proposed  a
biologically-effective dose (BED) 10 > 100 Gy (as in other metastatic sites), suggesting
that this BED provides greater local control.

The ideal candidate for radical intent local treatment to the adrenal metastasis
remains to be defined. Similarly, we still need to define the optimal treatment, either
surgery or SBRT. Given the lack of comparative studies, current evidence suggests
that SBRT yields comparable local control rates to surgery, with less morbidity and
lower mortality rates. Moreover, SBRT is easier to combine with systemic treatment.

Liver oligometastases

While liver metastasis is less common than in other locations in patients with NSCLC,
the presence of such lesions is an unfavorable prognostic factor[5]. Although surgery
remains the treatment of choice for these lesions, estimates suggest that only 10%-20%
of patients are eligible for surgery[70]. Several different ablative techniques have been
investigated, with reported local control rates as high as 90%[71,72]. However, these
ablative treatments are limited by the patient’s reserve of healthy liver tissue, the risks
of bleeding, lesion size, and the presence of nearby vascular structures[73]. SBRT has
become a non-surgical option in these patients (Figure 3).

Numerous retrospective and prospective studies have evaluated SBRT for liver
oligometastases,  all  of  which have included patients  with liver  metastases  from
different  primary  tumors  (Table  2).  Of  these,  the  recent  study  carried  out  by
Mahadevan et al[70] stands out. They evaluated 427 patients with a total of 568 liver
metastases (12% secondary to lung cancer) treated with SBRT. OS was longer (25 mo
vs 15 mo) in small volume metastatic lesions (< 40 cm3) and in lesions that received a
BED 10 ≥ 100 Gy (27 mo vs 15 mo), which also yielded better local control (77.2% vs

59.6%). Tumor histology had no impact on local control rates. While we await the
results of ongoing prospective studies, the available evidence indicates that the high
local control rates obtained with SBRT appear to be similar to those achieved with
other local treatments, with a good toxicity profile.

Lung oligometastases

Surgical resection of lung metastases has a long history. The influential “Analysis of
the International Registry of Pulmonary Metastases” was published in 1997[82]. In that
study, 5206 cases of pulmonary metastases (of various different histologies) were
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PCI in high risk brain metastases NSCLC

SRS  in limited # brain metastases

PRoT- BM randomize Phase II trial (Arrieta et  al IGRBOP 2021)

In metastatic NSCLC, approximately 30% of patients will have brain metastases at first 
diagnosis

Ø Patients harboring EGFR mutations, ALK rearrangements or elevated CEA
Ø Standard of care plus  PCI 25 Gy / 10 Fx vs standard of care
Ø The 24 months CBM was 7% vs 38% in favor of PCI  (HR 0.12)

Long-Term Survival in Patients With Synchronous, Solitary Brain Metastasis From Non–Small-
Cell Lung Cancer Treated With Radiosurgery (Flannery IJROBP 2007)



The long-term survival goal in NSCLC 

u Systemic control (CT; CT + IT; TKI)

u Brain control (TKI; IT; PCI)

u Locoregional control (CT-RT; S; CT-RT-IT; CT-S)

u Local control (RT; SABR; S; RA; SABR+IT)

u Treatment related events ( Acute and late toxicity)

u Comorbidities
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SABR for oligometastases



Kroze Cancer treatment Rew 2017

Toxicity from RCTs

Study # patients Tumor origin HR PFS HR OS Toxicity
Iyengar

Jama Oncol 2018 N= 29 NSCLC 0.30 - Similar in the 2 arms

Gomez
JCO 2019 N= 49 NSCLC 0.30 0.41 No grade 4 and equal in 

the groups

Palma
JCO 2020 N= 18* NSCLC* 0.48*? 0.47*?

3 pts G5-
long term OK

Wang
ASCO 2020 N= 133 NSCLC 0.62* .068* Slightly worse in SABR but 

no significative





The Quality of Life
Quality of Life Outcomes After Stereotactic Ablative Radiation Therapy

(SABR) Versus Standard of Care Treatments in the Oligometastatic
Setting: A Secondary Analysis of the SABR-COMET Randomized Trial 

Olson R IJROBP 2019



Predictive and Prognostic models for SABR and NSCLC

and ‘timing of metastatic spread’ were less important independent
factors, receiving 4 and 2 points. The risk score of a patient is
derived by summation of the points of existing risk factors. We
present a nomogram that provides the survival estimates accord-
ing to this risk score (Fig. 1).

Four prognostic groups were defined (Table 3, Fig. 2). The con-
cordance index based on the risk groups was 0.65. The risk groups
provide a discrimination of 2-year OS ranging from 20% to 70%.
Most patients (65%) are situated in the low and low intermediate
group and have a relatively good prognosis with a 5-year survival
of 22–37%. In the best prognostic group, 19% of patients live longer
than eight years. In addition, subgroup analysis was performed in
four subgroups: respectively patients with lung, liver, nodal and
brain metastases. Applicability of the same risk groups can be seen
on the Kaplan–Meier curves within these subgroups (Fig. s1).

Discussion

Oligometastatic patients form a heterogeneous population.
While SRT and other metastasis-directed therapies become
increasingly common, clinicians are faced with the challenge of
distinguishing the patients that could benefit most from local

therapy, potentially combined with systemic therapy. Estimation
of the prognosis is therefore essential but difficult without appro-
priate risk models [34,35].

Table 2
Final multivariate Cox prognostic model and corresponding risk points for the prognostic score.

p HR (95% CI) Beta coefficient Points Acronym

Male sex 0.004 1.42 (1.12–1.80) 0.349 4 M
Timing: synchronous disease 0.09 1.22 (0.97–1.54) 0.200 2 T
Brain metastasis present <0.001 1.92 (1.48–2.51) 0.653 7 B
Non-adenocarcinoma <0.001 2.02 (1.55–2.64) 0.704 7 N
KPS <80 (ECOG >1) <0.001 2.18 (1.54–3.10) 0.779 8 K

HR: hazard ratio; CI: confidence interval.

Fig. 1. Nomogram. Points of each present risk factor should be added up. From the resulting sum score, drawing a horizontal line estimates the Median Survival (MS), 2-year
and 5-year Overall Survival (OS).

Table 3
Risk groups and corresponding survival estimates.

Risk score Risk group n HR (Cox) Median survival (months) (95% CI) Survival: IQR (months) (25–75%) 2 year OS 5 year OS 8 year OS

0–2 Low 109 1 (ref.) 41 (30–52) 21–82 70% 37% 19%
3–8 Low intermediate 149 1.46 29 (25–34) 16–56 60% 22% 10%
9–13 High intermediate 89 2.20 17 (10–25) 8–32 41% 16% 6%
!14 High 51 5.55 8 (6–10) 2–14 20% 0% 0%
Overall 403 27 (24–30) 12–55 54% 22% 10%

HR: hazard ratio; CI: confidence interval; IQR: InterQuartile range; OS: overall survival.

Fig. 2. Kaplan–Meier’s curves for overall survival according to risk group.

116 METABANK: Predicting survival after SRT for oligometastases

and ‘timing of metastatic spread’ were less important independent
factors, receiving 4 and 2 points. The risk score of a patient is
derived by summation of the points of existing risk factors. We
present a nomogram that provides the survival estimates accord-
ing to this risk score (Fig. 1).

Four prognostic groups were defined (Table 3, Fig. 2). The con-
cordance index based on the risk groups was 0.65. The risk groups
provide a discrimination of 2-year OS ranging from 20% to 70%.
Most patients (65%) are situated in the low and low intermediate
group and have a relatively good prognosis with a 5-year survival
of 22–37%. In the best prognostic group, 19% of patients live longer
than eight years. In addition, subgroup analysis was performed in
four subgroups: respectively patients with lung, liver, nodal and
brain metastases. Applicability of the same risk groups can be seen
on the Kaplan–Meier curves within these subgroups (Fig. s1).

Discussion

Oligometastatic patients form a heterogeneous population.
While SRT and other metastasis-directed therapies become
increasingly common, clinicians are faced with the challenge of
distinguishing the patients that could benefit most from local

therapy, potentially combined with systemic therapy. Estimation
of the prognosis is therefore essential but difficult without appro-
priate risk models [34,35].

Table 2
Final multivariate Cox prognostic model and corresponding risk points for the prognostic score.

p HR (95% CI) Beta coefficient Points Acronym

Male sex 0.004 1.42 (1.12–1.80) 0.349 4 M
Timing: synchronous disease 0.09 1.22 (0.97–1.54) 0.200 2 T
Brain metastasis present <0.001 1.92 (1.48–2.51) 0.653 7 B
Non-adenocarcinoma <0.001 2.02 (1.55–2.64) 0.704 7 N
KPS <80 (ECOG >1) <0.001 2.18 (1.54–3.10) 0.779 8 K

HR: hazard ratio; CI: confidence interval.

Fig. 1. Nomogram. Points of each present risk factor should be added up. From the resulting sum score, drawing a horizontal line estimates the Median Survival (MS), 2-year
and 5-year Overall Survival (OS).

Table 3
Risk groups and corresponding survival estimates.

Risk score Risk group n HR (Cox) Median survival (months) (95% CI) Survival: IQR (months) (25–75%) 2 year OS 5 year OS 8 year OS

0–2 Low 109 1 (ref.) 41 (30–52) 21–82 70% 37% 19%
3–8 Low intermediate 149 1.46 29 (25–34) 16–56 60% 22% 10%
9–13 High intermediate 89 2.20 17 (10–25) 8–32 41% 16% 6%
!14 High 51 5.55 8 (6–10) 2–14 20% 0% 0%
Overall 403 27 (24–30) 12–55 54% 22% 10%

HR: hazard ratio; CI: confidence interval; IQR: InterQuartile range; OS: overall survival.

Fig. 2. Kaplan–Meier’s curves for overall survival according to risk group.

116 METABANK: Predicting survival after SRT for oligometastases

The METABANK
Ø none effective biomarkers for SABR

Van Den Begin, Radiother Oncol 2019



Upcoming clinical research in NSCLC

NSCLC NCT02417662 NCT0313771 NCT03391869 NCT02759783 NCT03721341* NCT03862911 NCT03410043 NCT03965468

Estimated 
completion

August 
2022

April
2022

December 
2022

October
2024

January 
2029 May 2029 January 

2023
December 

2021

Number of 
patients 340 378 270 245 159 297 143 47

Study type Phase III Phase II/III Phase III Phase II/III Phase III Phase III Phase II Phase II

Number of 
metastases 1-3 1-3 > 1 1-3 4-10 1-3 > 1 1-3 + primary



Upcoming clinical research

CHESS
Immunotherapy, Chemotherapy, 

Radiotherapy and Surgery
for Synchronous Oligo-metastatic

NSCLC

Ø multicenter single arm phase II
Ø Primary endpoint PFS
Ø Secondary endpoint: pattern of 

disease progression, DPFS, ORR, 
response to induction, duration of 
response,  toxicity and QoL

Ø SAAK & SLCG (P.I. Guckenberger)60 -66 Gy



Upcoming clinical research

NRG LU 002

Patients with metastatic 
NSCLC having completed 4 
cycles or courses of first-
line/induction systemic 
therapy 

Restaging studies reveal no 
evidence of progression and 
limited (≤ 3 discrete sites) 
metastatic disease, all of 
which must be amenable to 
SBRT +/- Surgery

S
T
R
A
T
I
F
Y

Histology: 
Squamous vs. 
Non-squamous

Systemic 
Therapy:

Immunotherapy 
vs Cytotoxic 

Chemotherapy

R
A
N
D
O
M
I
Z
E

Arm 1:
Maintenance systemic therapy 
alone

Arm 2:
SBRT or SBRT and Surgery to 
all sites of metastases (≤ 3 
discrete sites) plus irradiation 
(SBRT or hypofractionated RT) 
of the primary site followed by 
maintenance systemic therapy.  
All Arm 2 patients, even if 
treated with Surgery, must 
have one site of disease 
(metastasis or primary) treated 
with radiation.

Ø Phase 2/3 multi-center: maintenance chemotherapy or 

SBRT + maintenance chemotherapy

Ø Primary histology: all NSCLC 

Ø Primary outcome measure: PFS 

Ø P.I.: Yengar P.



Upcoming clinical research

5Conibear!J, et!al. BMJ Open 2018;8:e020690. doi:10.1136/bmjopen-2017-020690

Open access

All serious adverse events must be reported to UCL 
CTC within 24 hours. The Trial Management Group 
(TMG) and Independent Data Monitoring Committee 
(IDMC) will also adopt a safety monitoring role and will 
review safety issues. Protocols amendments if required 
will be disseminated to all relevant parties.

Initial feasibility substudy
The aims of the feasibility substudy are:

 ► To satisfy the TMG and IDMC that recruitment targets 
are likely to be met for the remainder of the main 
trial.

Figure 2 SARON trial schema.!RT, radiotherapy; SABR, stereotactic ablative radiotherapy; SRS, stereotactic radiosurgery. 

Figure 3 Summary of treatment in investigational arm.!RT, radiotherapy; SABR, stereotactic ablative! radiotherapy; SRS, 
stereotactic radiosurgery. 
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4 Conibear!J, et!al. BMJ Open 2018;8:e020690. doi:10.1136/bmjopen-2017-020690

Open access 

which would prevent achieving full recruitment within 
the timescales set out for the study.

Thoracic SABR safety substudy
This will be done to document the toxicity and feasibility 
of delivering SABR to thoracic metastases with or imme-
diately following radical thoracic RT. Additionally, we will 
be able to assess processes for RT planning and dosim-
etry and have quality assurance (QA) for this group of 
patients.

TRIAL DESIGN AND METHODS
SARON is a randomised, multicentre, non-blinded, 
parallel-phase III trial (including trial feasibility and 
thoracic metastatic SABR safety components) for 
patients with oligometastatic (1–3 metastases) NSCLC. 
As already stated, the SARON trial will also include two 
substudies on feasibility and thoracic radiation safety 
(figure 1).

Main trial
Patients will be randomised in a 1:1 ratio to receive either 
standard systemic therapy only (Control Arm) or stan-
dard systemic therapy plus radical RT or SABR to their 
primary tumours (and N1–3 mediastinal nodes where 
present) and SABR/SRS to all the metastatic deposits 
(Investigational Arm) (figure 2).

Allocation to either arm will be decided by a comput-
er-generated randomisation schedule. Patients will be 
stratified by investigational site (hospital), histology 
(adenocarcinoma vs non-adenocarcinoma), nodal stage 
(N0/1 vs N2/3), number of oligometastatic sites (1 vs 2 
or 3), brain metastases (present vs absent).

Due to the different treatment modalities in the study, 
it is not possible to blind the patient or the physician to 
the treatment arm.

Setting
The trial will be held in the UK with a target of 30 hospi-
tals/cancer centres that are able to give chemotherapy and 
conventional RRT and to provide SABR/SRS (whether 
in their own centre or via referral to another centre). All 
sites giving RT must have QA accreditation, as guided by 
the Radiotherapy Treatment Quality Assurance (RTTQA) 
group of the National Cancer Research Institute (NCRI).

Cancer Research UK & UCL Cancer Trial Centre (UCL 
CTC), acting on behalf of the sponsor UCL, will need to 
ensure all documents and requirements are reviewed and 
approved before activating the trial and sites.

Intervention
In the intervention arm, the patients will receive up to 
another two cycles of the same chemotherapy regime as 
the control arm, followed by RRT within 2–6 weeks of day 1 
of cycle 4 of chemotherapy. RRT can be delivered to the 
primary lung tumour either by conventional radiotherapy 
or SABR, if appropriate, followed by SABR/SRS to the oligo-
metastatic lesion(s) (figure 3). Maintenance chemotherapy 
is permitted according to local practice.

The radiotherapy must be performed by an approved 
site principal investigator who is experienced in 
treating NSCLC. Patients will be planned and treated 
per the SARON RT Planning and Delivery Guidelines 
(online supplementary appendix 1).

Safety monitoring
The treating physician will be able to modify or discon-
tinue a patient treatment in either arm for various reasons, 
including perceived harm or toxicities. The treating physi-
cian will have to enter protocol deviations, treatment inter-
ruptions and adverse toxicities in the case report form 
(CRF) and submit it to the UCL CTC.

Figure 1 SARON substudy schema. QA, quality assurance; RT, radiotherapy; SABR, stereotactic ablative radiotherapy.
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The SARON trial: a multicentre, randomised controlled phase
III trial comparing the addition of stereotactic ablative 
radiotherapy and radical radiotherapy with standard 

chemotherapy alone for oligometastatic non-small cell lung cancer

Ø To investigate the impact the addition RT using SABR/ SRS or conventional RT 
has on OS in oligometastatic NSCLC that are treated with first-line standard 
systemic therapy. 
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! Total number of metastases 4–10
! All sites of disease can be safely treated based on a

pre-plan

Exclusion criteria

! Serious medical comorbidities precluding
radiotherapy. These include interstitial lung
disease in patients requiring thoracic radiation,
Crohn’s disease in patients where the
gastrointestinal (GI) tract will receive
radiotherapy, and connective tissue disorders such
as lupus or scleroderma.

! For patients with liver metastases, moderate/severe
liver dysfunction (Child Pugh B or C)

! Substantial overlap with a previously treated
radiation volume. Prior radiotherapy in general is
allowed, as long as the composite plan meets dose
constraints herein. For patients treated with
radiation previously, biological effective dose
calculations should be used to equate previous doses
to the tolerance doses listed below. All such cases
must be discussed with one of the study PIs.

! Malignant pleural effusion
! Inability to treat all sites of disease
! Any single metastasis > 5 cm in size.
! Any brain metastasis > 3 cm in size or a total

volume of brain metastases greater than 30 cc.
! Metastasis in the brainstem
! Clinical or radiologic evidence of spinal cord

compression
! Dominant brain metastasis requiring surgical

decompression
! Metastatic disease that invades any of the

following: GI tract (including esophagus, stomach,
small or large bowel), mesenteric lymph nodes, or
skin

! Pregnant or lactating women

Pre-treatment evaluation
Investigations

! History and Physical Examination
Including prior cancer therapies and

concomitant cancer-related medications
! Restaging within 12 weeks prior to randomization:

Brain: CT or MRI for tumor sites with
propensity for brain metastasis. All patients with
brain metastases (at enrollment or previously
treated) require an MRI.

Body: 18-FDG PET/CT imaging is
recommended, except for tumors where FDG
uptake is not expected (e.g. prostate, renal cell
carcinoma). PSMA-PET or choline-PET is
recommended for prostate cancer. In situations
where a PET scan is unavailable, or for tumors
that do not take up radiotracer, CT neck/chest/ab-
domen/pelvis with bone scan required

Spine: MRI required for patients with vertebral
or paraspinal metastases. The MRI needs to image
the area being treated and one vertebrae above
and below as a minimum, but does not need to be
a whole spine MRI unless clinically indicated.

! Liver function tests (AST, ALT, GGT, alkaline
phosphatase), albumin, bilirubin, and INR for
patients with liver metastases

! Pregnancy test for women of child-bearing age

Defining the number of metastases
Counting Metastases
Patients are eligible if there are 4–10 metastatic lesions
present. Each discrete lesion is counted separately. For
patients with lymph node metastases, each node is
counted as one site of metastasis. All known metastatic
lesions must be targetable on planning CT. For patients
where the lesion is only detectable on MRI, fusion of the
MRI with the planning CT is required. There is no limit

Fig. 1 Study Schema

Palma et al. BMC Cancer          (2019) 19:816 Page 4 of 15

radiotherapy (RT) treatment centres in Canada, the
United Kingdom, the Netherlands, and Australia (up-
dated country list available on ClinialTrials.gov entry
NCT03862911). Patients will be randomized in a 1:2 ratio
between current SOC treatment (Arm 1) vs. SOC treat-
ment + SABR (Arm 2) to sites of known disease (Fig. 1).
Patients will be stratified by (1) histology (prostate,

breast, or renal vs. all others), and (2) disease free inter-
val (defined as time from diagnosis of primary tumor
until first detection of the metastases being treated on
this trial; divided as !2 vs. > 2 years).

Inclusion criteria

! Total number of metastases of 1–3
! Age 18 years or older
! Willing to provide informed consent
! ECOG performance status 0–2
! Life expectancy > 6 months
! Histologically confirmed malignancy with metastatic

disease detected on imaging. Biopsy of metastasis is
preferred, but not required.

! Controlled primary tumor
! defined as: at least 3 months since original tumor

treated definitively, with no progression at primary
site

! Previous systemic and radiation therapy is permitted
! Hormonal therapy is permitted
! A history and physical exam including performance

status performed within 6 weeks of study accrual
! Not suitable for resection at all sites or decline

surgery
! Patient has had a CT chest, abdomen and pelvis or

PET-CT within 8 weeks of enrollment, and within
12 weeks of treatment

! Patient has had a nuclear bone scan (if no PET-CT)
within 8 weeks of enrollment, and within 12 weeks
of treatment

! If solitary lung nodule for which biopsy is
unsuccessful or not possible, patient has had an 18-
Fluorodeoxyglucose (18-FDG) Positron Emmision
Tomography (PET) scan or CT (chest, abdomen,
pelvis) and bone scan within 8 weeks of enrollment,
and within 12 weeks of treatment

Fig. 1 Study Schema. SABR = stereotactic ablative radiotherapy; W = weeks; M =months. *histology dichotomized as prostrate, breast, or renal vs.
all others. **disease free interval defined as time from diagnosis of primary tumor until first detection of metastatses, and dichotomized as !2
vs. > 2 years

Olson et al. BMC Cancer          (2020) 20:380 Page 3 of 12

SABR-COMET-10
SABR-COMET-3



Upcoming clinical research when time for RCTs results is too far

Ø the use of registries is useful to detect a treatment efficacy in routine clinical practice



New technical issues for multiple targets

Milano, ERAR 2019      &   Iyengar protocol



Conclusions
Ø There is EBM on local treatments impact for OMD in NSCLC

Ø The majority of the “local treatment” and the most suitable strategy is SABR 

Ø High local control in NSCLC OMD

Ø Safe combination with systemic therapies

Ø Waiting for phase III to increase # of patients

Ø More information are needed for precise patients selection and fractionation schedules

Ø What is the optimal timing to integrate SABR in the oncogenic driven era?

Ø How big will the impact of NSCLC OMD be in the radiotherapy departments?
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The importance of imaging to assess the OMD in NSCLC
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Wujanto et al. SBRT for Oligometastatic NSCLC

2) Gomez et al. conducted a multi-center Phase II randomized
study in 49 patients with up to 3 OM NSCLC with no
progression for at least 3 months post 1st line chemotherapy
(12, 52). Eighty-four percent were EGFR/ALK negative.
Patients were assigned to local therapy (surgery or radical
RT) vs. maintenance chemotherapy or observation. Like the
previous trial, this study was stopped early due to significant
improvements in PFS in the local therapy arm (PFS 14.2 vs. 4.4
months, P = 0.022). OS was also significantly improved (OS
41.2 vs. 17 months, P = 0.017). There are two observations

from this study. Firstly, the OS benefit was seen despite
patients crossing-over frommaintenance/observation to local
therapy, suggesting earlier local therapy to be superior to
local therapy on progression. Secondly, none of the patients
su!ered from Grade 3 toxicity.

3) Palma et al. conducted the international SABR-COMET Phase
II trial including 99 patients with up to 5 OM lesions from a
variety of primary histological types (20% lung primary) (13).
Patients were randomized to SBRT to all sites vs. palliative
standard of care alone. The primary endpoint, which was OS,

TABLE 2 | Selected ongoing trials of SBRT treatment in oligometastatic NSCLC.

Title Patients Study design Estimated

completion

Stereotactic Ablative Radiotherapy for Oligometastatic

Non-small Cell Lung Cancer (SARON). A Randomized

Phase III Trial. (53)

Institution: University College London

ClinicalTrials.gov identifier: NCT02417662

340 Phase 3 multi-center: chemotherapy alone (standard platinum

based doublet chemotherapy or chemotherapy + radical

radiotherapy (conventional RT and SABR)

Primary histology: all NSCLC

1–3 oligometastatic lesions

Primary outcome measure: OS

August 2022

Maintenance Systemic Therapy vs. Local Consolidative

Therapy (LCT) Plus Maintenance Systemic Therapy for

Limited Metastatic Non-small Cell Lung Cancer

(NSCLC): A Randomized Phase II/III Trial (NRG LU-002)

Institution: NRG Oncology

ClinicalTrials.gov identifier: NCT03137771

300 Phase 2/3 multi-center: maintenance chemotherapy or SBRT +

maintenance chemotherapy

Primary histology: all NSCLC

1–3 oligometastatic lesions

Primary outcome measure: PFS

April 2022

Randomized Phase III Trial of Local Consolidation

Therapy (LCT) After Nivolumab and Ipilimumab for

Immunotherapy-Naive Patients With Metastatic

Non-small Cell Lung Cancer (LONESTAR) -Strategic

Alliance: BMS

Institution: M.D. Anderson Cancer Center

ClinicalTrials.gov identifier: NCT03391869

270 Phase 3 multi-center: systemic treatment only with nivolumab and

ipilimumab or induction nivolumab and ipilimumab followed by

local consolidative therapy with surgery and/or radiotherapy

Primary histology: all NSCLC

>1 oligometastatic lesions

Primary outcome: OS

December 2022

A Randomized Trial of Conventional Care vs.

Radioablation (Stereotactic Body Radiotherapy) for

Extracranial Oligometastases (CORE)

Institution: Royal Marsden NHS Foundation Trust

ClinicalTrials.gov identifier: NCT02759783

245 Phase 2/3 multi-center: standard of care or standard of care +

SBRT

Primary histology: breast, prostate, or NSCLC

1–3 oligometastatic lesions

Primary outcome measure: PFS

October 2024

A Randomized Phase III Trial of Stereotactic Ablative

Radiotherapy for the Comprehensive Treatment of 4–10

Oligometastatic Tumors (SABR-COMET 10)

Institution: Lawson Health Research Institute

ClinicalTrials.gov identifier: NCT03721341

159 Phase 3 multi-center: stereotactic ablative radiotherapy, plus

standard of care treatment: chemotherapy, immunotherapy,

hormones, or observation given at the discretion of the treating

oncologist

Various histology including NSCLC

4 to 10 oligometastatic lesions

Primary outcome: OS

January 2029

Randomized Phase II Trial of Local Consolidation

Therapy (LCT) After Osimertinib for Patients With EGFR

Mutant Metastatic Non-small Cell Lung Cancer (NSCLC)

(NORTHSTAR)

Institution: M.D. Anderson Cancer Center

ClinicalTrials.gov identifier: NCT03410043

143 Phase 2 multi-center: osimertinib followed by local consolidative

therapy with surgery and/or radiotherapy or maintenance

osimertinib alone

Primary histology: NSCLC

>1 oligometastatic lesion

Primary outcome: PFS

January 2023

A Multicentre Single Arm Phase II Trial Assessing the

Efficacy of Immunotherapy, Chemotherapy and

Stereotactic Radiotherapy to Metastases Followed by

Definitive Surgery or Radiotherapy to the Primary Tumor,

in Patients With Synchronous

Oligo-metastatic NSCLC

Institution: European Thoracic Oncology Platform

ClinicalTrials.gov identifier: NCT03965468

47 Phase 2 multi-center: durvalumab, carboplatin/paclitaxel

chemotherapy, followed by SBRT to all oligometastases.

Restaging at 3 months Definitive local treatment with surgical

resection of primary tumor or RT 60–66Gy to the primary tumor if

no disease progression.

1–3 oligometastatic lesions

Primary outcome: PFS

December 2021

RT, radiotherapy; SBRT, stereotactic body radiation therapy; SABR, stereotactic ablative radiotherapy; OS, overall survival; PFS, progression free survival.
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