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Background: Major progresses in the systemic treatment of non-small cell lung cancer (NSCLC) were 
obtained during the last decade, including the use of immunotherapy and tyrosine kinase inhibitors (TKIs), 
with impressive results in terms of response and survival rates. Moreover, novel imaging and radiotherapy 
techniques have allowed the development of stereotactic body radiotherapy (SBRT), with high rates of 
local disease control and minimal toxicity. These factors propelled the use of combined systemic and local 
treatment strategies in patients with a low burden of metastases—the oligometastatic disease (OMD).
Methods: We systematically review the evidence from prospective randomized and non-randomized trials 
on local ablative therapy for OMD NSCLC published until June 2020. In addition, we present a review of 
the ongoing and/or recruiting trials in the field.
Results: We included 16 articles, reporting on 14 prospective clinical trials, starting from the pilot trial 
conducted in the early 2000’s to the recent randomized trials that have showed benefits in survival. We found 
24 ongoing trials, which combine multiple local ablative regimens with new systemic therapies, such as new 
generation TKIs and immunotherapy.
Discussion: Despite these vast current and ongoing prospective research efforts, there are several issues 
that impair the generalizability of their findings. These include the heterogeneous definition of OMD, 
trial design, staging, patient selection, tumor mutational status and treatments used, which may limit their 
applicability in the clinical practice.
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Introduction

Major progresses in the treatment of non-small cell lung 
cancer (NSCLC) were obtained during the last decade. 
Introduction of adjuvant chemotherapy after surgery 
or adjuvant immunotherapy after concomitant radio-

chemotherapy led to improved survival rates in local 
and locally advanced NSCLC. In stage IV disease, the 
discovery of targetable oncogenic driver mutations/
translocations and immune checkpoints (PD-1/PD-L1/
CTLA-4) led to development of specific drugs (tyrosine 
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kinase or immune checkpoints inhibitors) with impressive 
data both in terms of response and survival rates. 
However, stage IV is a continuum status from single to 
multiple and diffuse metastatic sites. In 1995, Hellman  
et al. proposed the concept of oligometastatic disease 
(OMD) (1) .  This new concept corresponds to an 
intermediate state between locoregional and classical 
metastatic diseases with distinct prognoses, and potential 
benefit from local ablative therapy. Outside the agreement 
about the meaning of “oligo” as few/limited number of 
metastases, no consensual OMD definition is currently 
accepted despite proposals from scientific societies as the 
European Society for Medical Oncology (ESMO) (2). 
The European Organisation for Research and Treatment 
of Cancer (EORTC) Lung Cancer Group designed an 
initiative aiming to propose a consensual definition of 
synchronous OMD (sOMD) to be used in clinical trials (3).  
The OMD concept covers different clinical situations that 
can be summarized in four settings: sOMD, occurring 
at the time of initial NSCLC diagnosis; oligorecurrence 
(rOMD), developing after optimal local control of a 
localized tumor; oligoprogression (pOMD), corresponding 
to a progression of disease in a limited number of 
metastatic sites; and oligopersistant disease (peOMD) 
after/on systemic therapy.

A number  of  re trospect ive  ser ies  focus ing  on 
specific metastatic sites as adrenal, lung or brain were 
summarized in systematic reviews (4-6) showing potential 
interest of primary and metastatic sites radical treatment 
in increasing local control and prolonging survival. 
Obviously, not all patients with OMD are benefiting 
from this aggressive approach as patients with controlled 
primary tumor, with N stage 0–1 and metachronous 
(vs. synchronous) OMD deserved better survival (7). 
This therapeutic approach was further tested in non-
randomized studies with a first pilot study showing the 
feasibility of surgery both on the primary and the single 
metastatic sites after induction chemotherapy, with 57% 
of complete resections and 11 months of median overall 
survival (OS) (8).

The aim of this article is to systematically review the 
published evidence from prospective randomized and 
non-randomized trials on local ablative therapy for OMD 
NSCLC. In addition, a review of the ongoing and/or 
recruiting trials in the field will be presented. We present 
the following article in accordance with the PRISMA 
reporting checklist (available at http://dx.doi.org/10.21037/
tlcr-20-964).

Methods

The literature search was performed in June 2020 using 
the Ovid Medline system. This research was performed 
by a scientific librarian (VD), experienced in searching 
for medical and scientific publications, and by physicians, 
experts in the treatment of thoracic neoplasms and trained 
in evidence-based medicine. Ovid Medline database was 
searched using the OvidSP interface. The “Population, 
Intervention, Comparison, Outcome” (PICO) questions 
model for clinical questions was used to identify the 
concepts included in the questions. The corresponding 
search criteria of “P” and “I” were translated into MeSH 
terms, free-text keywords and name of substances 
or interventions (Table S1). Results were limited to 
prospective, phase II or phase III studies. Citations were 
exported from Medline into reference manager databases 
(EndNote) to allow the removal of duplicates and to 
facilitate the selection process performed by reviewers. All 
articles retrieved by the librarian selected for their eligibility 
by two authors based on the title and abstract and the final 
selection was performed by reading the full publication 
and its inclusion was consensually decided. This search was 
supplemented by screening the references of the selected 
articles and other literature known by the experts. One 
author (MB) retrieved information concerning study design 
(including staging assessments, tumor molecular status, and 
number of allowed metastases), sample size, treatment arms 
and efficacy outcomes in terms of progression-free survival 
(PFS) and OS.

In order to review the ongoing trials in the OMD field, 
we performed a search in the clinicaltrials.gov registry 
from inception to July 30, 2020. We used the following 
search criteria: (I) search terms: “oligometastatic” OR 
“oligometastases” OR “SBRT”; (II) condition or disease: 
NSCLC; (III) recruitment status: recruiting, not yet 
recruiting, active, not recruiting, enrolling by invitation; 
(IV) age groups: adult and older adult; phase: 2, 3, 4, and 
not applicable. In order to be eligible, trials had to be 
prospective therapeutic interventional phase II–IV studies 
and to specifically include patients with OMD NSCLC (as 
defined by each trial), either as the main population of the 
trial or as a pre-defined subgroup for outcome analysis. 
Studies limited to the treatment of brain metastases and/
or studies that have already published their final results 
were excluded. We retrieved information regarding 
study name, country, design, sample size, mandatory 
staging procedures, molecular status of patients’ tumors, 

http://dx.doi.org/10.21037/tlcr-20-964
http://dx.doi.org/10.21037/tlcr-20-964
https://cdn.amegroups.cn/static/public/TLCR-20-964-Supplementary.pdf


3475Translational Lung Cancer Research, Vol 10, No 7 July 2021

© Translational Lung Cancer Research. All rights reserved.   Transl Lung Cancer Res 2021;10(7):3473-3485 | http://dx.doi.org/10.21037/tlcr-20-964

maximum number of metastases allowed, treatment arm(s) 
and endpoints.

Current prospective evidence

The systematic search of literature yielded 180 citations 
and, after screening for title/abstract, 21 references were 
submitted to full-manuscript review. Of these, 12 articles 
met the inclusion/exclusion criteria; moreover, four 
additional articles were retrieved from other sources. 
Therefore, 16 articles, reporting on 14 prospective clinical 
trials, were included in this review (Figure 1). Definition of 
“oligometastatic” state ranged from a single metastasis to 
6 metastatic lesions in total (Table 1). However, in all trials, 
over 50% of patients included had ≤2 metastatic sites of 
disease.

sOMD

The first prospective trial in patients with OMD was 
published by Downey et al. (8) in the early 2000’s, including 

23 patients with stage IV NSCLC with a synchronous single 
metastasis. Patients were proposed to receive three cycles of 
chemotherapy, followed by surgery to all sites of disease and 
two additional cycles of chemotherapy. Patients were young 
(median age of 55 years), half were women, and 14/23 patients  
had a solitary brain metastasis. Only 14/23 patients were 
submitted to a lung resection, as the other 9 patients had 
progressive disease while on chemotherapy. The median OS 
was 11 months, and there were two patients who were still 
alive 5 years after diagnosis.

Subsequent single-arm trials explored the effect of 
surgery and/or radiotherapy, either as concomitant chemo-
radiotherapy, stereotactic body radiotherapy (SBRT) or 
stereotactic radiosurgery (SRS), in sOMD (9-16). The 
number of patients included ranged from 20 to 198 and 
only three of these trials mandated both the performance 
of 18F-FDG PET and brain imaging as baseline staging 
(10,13,16), as recommended by the EORTC consensus (3).  
In most of these trials, the tumor’s molecular status was 
unknown (10,12-16), but on the Arrieta trial, 41% of 
patients had an EGFR-mutated tumor and 3% had an 

Figure 1 Published trials flowchart.
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Table 1 Published/presented phase II–IV clinical trials on the treatment of oligometastatic NSCLC

Author, year, country Design N
1ry  

end-point

18F-FDG 
PET

Brain 
imaging

Molecular status
Nb. 

metastases
% 1/2 

metastases
Treatment(s) Median PFS Median OS

sOMD (± rOMD*)

Downey, 2002, USA (8) Phase II, single-arm 23 Pilot No Yes Unknown status 1 100% CT × 3 cycles → surgery to all sites → CT × 2 cycles NR 11 m (range, 1–104 m)

De Ruysscher, 2012 & 
2018 (9,10)

Phase II, single-arm 39 OS Yes Yes Unknown status <5¥ 87%/10% LAT to all sites (surgery/CT-RT/SBRT/SRS) → systemic 
therapy (optional)

12.1 m (95% CI, 9.6–14.3 m); 6-year PFS: 2.5% 13.5 m (95% CI, 7.6–19.4 m); 
6-year OS: 5.1%

Collen, 2014* (11) Phase II, single-arm 26 CMR rate Yes No 8% (n=2) EGFR-mut ≤5 54%/NR CT/TKI × 3 cycles → “good tumor response” and/or patients 
began to experience side-effects of CT → SBRT to all sites; 
patients considered not to be candidates for systemic 
treatment: SBRT upfront to all sites (without systemic 
therapy afterwards)

CMR: 30%; PMR: 30%; 11.2 m (CI, NR); 1-year 
PFS: 45%

Median 23 m (CI, NR); 1-year 
OS: 67%

Endo, 2014* (12) Phase II, single-arm 20 OS No* Yes Unknown status ≤3 in 1 organ NR T1–2N0–1: surgery to all sites (met + primary, if present) [or 
SRS to the brain] → systemic therapy (optional)

NR 5-year OS: 44.7%

Su, 2015 (13) Phase II, single-arm 198 OS Yes Yes Unknown status ≤3 56%/NR Concomitant CT-3D-RT to the primary tumor only → 
completion of CT (up to 4–6 cycles); no maintenance therapy

9.0 m (95% CI, 7.7–10.3 m); 1-year PFS: 30.8%, 
3-year PFS: 6%

13.0 m (95% CI, 11.7–14.3 m); 
1-year OS: 54%, 3-year OS: 
9%

Petty, 2018 (14) Phase II, single-arm 27 PFS  
(from CT)

No* No Unknown status ≤5□ 11%/52% sOMD + rOMD: CT × 3–6 cycles → SD/PR → CT-RT and/or 
SBRT to all sites → observation

11.2 m (95% CI, 7.6–15.9 m) 28.4 m (95% CI, 14.5–45.8 m)

Bauml, 2019* (15) Phase II, singe-arm 45 PFS No No* Unknown status; regardless of 
PD-L1 status

≤4 62%/31% sOMD or rOMD with ≤ 4 metastases → ≥1 lines of systemic 
therapy, except ICI → LAT to all sites (SBRT/surgery/CT-RT/
interventional ablation) → “pseudo-adjuvant” pembrolizumab 
for 6–12 m

PFS (from pembrolizumab): 18.7 m (95% CI, 
10.1–27.1 m)

Immature; no change in QoL 
from baseline

Arrieta, 2019 (16) Phase II single-arm 37 OS Yes Yes 41% EGFR-mut; 3% ALK-rearr. ≤5 38%/27% CT or EGFR/ALK TKI ×4 cycles → SD/PR → LAT all sites 
(surgery/SBRT/RT/CT-RT/RFA) → maintenance therapy 
(optional)

23.5 m (95% CI, 13.6–33.3 m); in patients with EGFR/
ALK alteration: 17.9 m (95% CI, 10.8–25.1 m); no 
molecular alteration: 23.5 m (95% CI, NR), P=0.341

OS (counted as time from 
diagnosis): not reached

Gomez, 2016 & 2019 
(17,18)

Phase II, randomized 49 PFS No* No* 12% EGFR-mut & 8% ALK-alt 
in the LCT arm; 12% EGFR-
mut in the maintenance arm

≤3‡¶ 65%/NR CT/TKI for 3 m → SD/PR: LCT (SBRT/surgery/CT-RT) vs. 
maintenance/observation

14.2 (95% CI, 7.4–23.1) vs. 4.4 m (95% CI, 2.2– 
8.3 m), P=0.022 Initial HR: 0.35 (90% CI, 0.18–0.66)

41.2 (95% CI, 18.9–NR) vs. 
17.0 m (95% CI, 10.1–39.8 m), 
P=0.017

Iyengar, 2018 (19) Phase II, randomized 29 PFS No* NR EGFR and ALK wild type only ≤6† 21%/48% CT × 4–6 cycles → SD/PR: SBRT vs. maintenance therapy 9.7 (CI, NR) vs. 3.5 m (CI, NR); HR 0.30 (95% CI, 
0.11–0.82, P=0.01) 

NR vs. 17 m (CI, NR)

Wang, 2020 (20) 
(SINDAS)—interim results

Phase III, randomized 133 PFS NR Yes All EGFR-mut ≤5 NR TKI (gefitinib or erlotinib) vs. TKI + SBRT (25 Gy/5 fr to  
40 Gy/5 fr) to all sites of disease → TKI

12.5 vs. 20.2 m; HR 0.62 (95% CI, 0.39–0.97, 
P<0.001)

17.4 vs. 25.5 m; HR 0.68  
(95% CI, 0.47–1.00, P<0.001)

rOMD only

Palma (SABR-COMET), 
2019 (21) [multiple tumor 
types]

Phase II, randomized; 
n=18 with lung cancer

99 OS No* Yes Unknown status ≤5Δ 42%/32% Controlled primary tumor (treatment >3 m before enrollment): 
SBRT (all metastatic sites) + SoC vs. SoC

12 (95% CI, 6.9–30.4) vs. 6 m (95% CI, 6.9–30.4 m); 
HR 0.47 (95% CI, 0.30–0.76), P=0.0012

41 (95% CI, 26–NRe) vs. 28 m  
(95% CI, 19–33 m); HR 0.57 
(95% CI, 0.30–1.10, P=0.09)

pOMD

Iyengar, 2014, USA (22) Phase II, single-arm 24 PFS Yes No Unknown status ≤6† 33%/33% pOMD after ≥1 CT lines, including platinum-based CT: SBRT 
+ erlotinib

14.7 m (CI, NR) 20.4 m (CI, NR)

Weiss, 2019 (23) Phase II, single-arm 25 PFS NR NR All EGFR-mut ≤5 progressive 
sites

84%/8% Previous response to EGFR-TKI and/or ≥6 m of treatment 
without PD: SBRT to progressive metastases → erlotinib

6 m (CI, NR) 29 m (CI, NR)

“All sites” means the primary tumor (when present) and metastatic lesions. *, PET-CT and/or brain magnetic resonance imaging were suggested but not mandatory. †, six active extracranial lesions (including primary tumor) and no more than 3 lesions in the liver or in the lung each; brain metastases were 
allowed. ‡, number of metastatic disease lesions after first-line systemic therapy. ¶, any positive thoracic nodes (N1–N3), including the supraclavicular fossae, were counted collectively as one lesion. ¥, intracranial metastases alone were not allowed. Δ, maximum of 3 lesions per organ. □, ≤5 lesions at 
baseline (before chemotherapy), spread across 3 disease sites other than the primary tumor and any hilar or mediastinal lymph nodes; and including ≤3 active extracranial metastatic lesions; the cumulative long axis diameter of all lung lesions could not exceed 7 cm (excluding lymph nodes); for liver 
lesions, the cumulative size limit was 6 cm; nodal metastases were considered part of the primary site and were not included in the calculation of metastatic sites; untreated N2 nodal disease was allowed if the patient had not received prior radiation therapy to the mediastinum. CI, confidence interval; 
CMR, complete metabolic response; CT, chemotherapy; CT-RT, chemo-radiotherapy; EC, extra-cranial; LAT, local ablative therapy; m, months; LCT, local consolidative therapy; NR, not reported; OS, overall survival; pOMD, oligoprogressive disease; RFA, radiofrequency ablation; rOMD, oligorecurrent 
disease; RT, radiotherapy; SBRT, stereotactic body radiotherapy; SoC, standard of care treatment; SRS, stereotactic radiosurgery; sOMD, synchronous oligometastatic disease.
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ALK-rearranged tumor (16).
In the De Ruysscher trial, patients with ≤5 metastases 

were submitted to upfront local ablative therapy (surgery, 
chemo-radiotherapy, SBRT and/or SRS) to all sites of 
disease, with optional systemic therapy afterwards (10). 
In the Su trial, patients received concomitant chemo-
radiotherapy only to the primary tumor, followed by 
the completion of chemotherapy (up to 4–6 cycles), but 
without systemic maintenance therapy (13). The median 
PFS and OS were similar between the two trials (12.1 and 
9.0 months; and 13.5 and 13.0 months, respectively). On 
the other hand, Endo et al. only included patients with 
T1–2N0–1 tumors and ≤3 metastases in a single organ, who 
were submitted to surgery to all sites of disease (or SRS to 
the brain) followed by optional systemic therapy (12). These 
tight selection criteria may explain the reported 5-year OS 
of 44.7%.

Other trials opted for a design in which patients started 
with systemic therapy and, in the absence of progression, 
were submitted to local therapy (11,14-16). After a variable 
course of chemotherapy or tyrosine kinase inhibitor (TKI), 
patients in the Collen trial received SBRT to all sites of 
disease (11). Alternatively, patients who were considered not 
to be candidates for systemic treatment because of medically 
unfit condition and/or low tumor burden or patients’ refusal, 
could underwent SBRT as upfront treatment (without 
systemic therapy afterwards). This was the only trial 
having as primary endpoint the achievement of a complete 
metabolic response, as defined by 18F-FDG PET, which 
was of 30%. Petty enrolled patients that received 3–6 cycles  
of chemotherapy, without progression, and submitted them 
to chemo-radiotherapy and/or SBRT to all sites of disease, 
followed by observation; in this trial, both PFS and OS were 
measured from date of chemotherapy initiation, instead of 
date of enrolment in the trial (14). In the Arrieta trial, patients 
without progression after four cycles of chemotherapy or 
TKI received local ablative therapy to all sites, followed by 
optional maintenance therapy (16). In a more recent trial, 
by Bauml et al., patients under systemic therapy [except 
an immune checkpoint inhibitor (ICI)] underwent local 
ablative therapy, followed by a “pseudo-adjuvant” course of 
pembrolizumab for 6–12 months (15). The heterogeneity 
in patient population and study designs may explain why 
median PFS ranged from 11.2 to 23.5 months and OS from 
23 months to “not reached” in these studies.

In the sOMD setting, there are two randomized phase 
II trials that have been published as a full manuscript 
(17-19) and the phase III randomized SINDAS trial that 

recently presented its interim results at the ASCO Congress 
2020 (20). Gomez included patients regardless of their 
tumor’s molecular status, while Iyengar only enrolled 
patients without oncogenic driver alterations (in EGFR 
or ALK). In both trials, patients received systemic therapy 
for 3–4 months. In the absence of progression, they were 
randomized to local treatment (SBRT in Iyengar et al.; local 
consolidative treatment, consisting of SBRT, surgery and/
or chemo-radiotherapy in Gomez et al.) vs. maintenance 
therapy/observation. Both trials reported a significant 
improved in PFS, with hazard ratios between 0.30 [95% 
confidence interval (CI), 0.11–0.82] and 0.35 (90% CI, 
0.18–0.66). Moreover, Gomez showed an impressive 
increase in median OS from 17.0 to 41.2 months.

On the other hand, only patients with an EGFR-mutated 
tumor were included in the SINDAS trial and randomized to 
standard EGFR-TKI therapy vs. EGFR-TKI plus SBRT to 
all sites of disease, followed by maintenance EGFR-TKI (20). 
Among the first 133 patients included, the median PFS 
significantly improved from 12.5 to 20.2 months with the 
addition of SBRT and the median OS increased from 17.4 
to 25.5 months. The publication of the final results is now 
expected.

Other OMD settings

The phase II randomized SABR-COMET enrolled 99 
patients with a controlled primary tumor and oligorecurrent 
disease, of whom 18 had lung cancer (21). Patients were 
randomized to SABR to all metastatic sites plus standard-
of-care vs. standard-of-care. Overall, there was a significant 
prolongation of PFS and a numerical increase in OS, which 
was not significant.

In addition, two phase II single-arm trials explored the 
use of SBRT to oligoprogressive sites of disease (22,23). 
The first study enrolled patients regardless of their tumor’s 
mutational status, who underwent SBRT plus concurrent 
erlotinib and had a median OS of 20.4 months (22). More 
recently, Weiss et al. performed a prospective single-arm 
trial based on the current recommendations of management 
of patients who previously benefited from EGFR-TKI 
therapy and that develop oligoprogressive disease (23): 
patients underwent SBRT to oligoprogressive sites and 
continued treatment with a TKI (erlotinib). Their median 
PFS was only 6 months, but the median OS was 29 months. 
This trial also tested the prognostic role of Veristrat, 
a serum proteomic signature, which was predictive of 
differential benefit from erlotinib in the second-line 
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treatment of unselected NSCLC patients (24). Yet, among 
patients included in the Weiss study, this signature could 
not predict PFS (23).

Future research efforts 

We retrieved 90 studies in clinicaltrials.gov, of which 24 
trials were included (Figure 2). Through the included 
manuscripts, systematic reviews and other publications we 
identified 9 additional ongoing trials. There were 33 trials 
included, aiming to enroll a total of 4,255 patients, and 
with a median number of 100 patients per trial (https://cdn.
amegroups.cn/static/public/tlcr-20-964-1.pdf) (25-27).  
Almost half of these studies are being carried in the 
synchronous and/or oligorecurrent setting and most of 

them are randomized (70%).

Local treatment strategies

Given the progresses observed in the last decade in 
radiotherapy techniques, all ongoing trials in OMD 
NSCLC use radiotherapy as one of the possible or 
the only locally ablative treatment allowed. Most trials 
recommend SBRT, either alone, or in conjunction with 
conventionally fractioned or hypofractioned radiotherapy 
or concurrent chemo-radiotherapy to the primary tumor. 
When reported, regimens of SBRT differ widely across 
trials, but in most cases, they are not described or are left at 
the discretion of the treating investigator. One of the trials 
allows the prescription of SBRT with photons or protons 

Figure 2 Ongoing trials selection flow chart. NSCLC, non-small cell lung cancer; OMD, oligometastatic disease.
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(NCT02314364). Another one uses stereotactic ablation 
brachytherapy (NCT04486287). Other ablative techniques 
include surgery and radiofrequency ablation. The phase 
III randomized OMEGA trial (NCT03827577) mandates 
surgical resection of the primary lung tumor (if still in 
place), but in all other trials, ablation of the primary tumor 
may also be performed using radiotherapy or radiotherapy 
is the sole treatment modality permitted.

Systemic therapies

Immunotherapy has been recently introduced in the 
treatment of NSCLC, which explains why, so far, only one 
published trial in OMD enrolled patients who received 
ICI (15). Given the important survival benefits brought 
by immunotherapy in the treatment of NSCLC, it is 
surprising that the number of ongoing trials specifically 
mentioning a combination of local ablative therapy with 
immunomodulatory drugs is still small (30%). As expected, 
some of them use already approved ICI for NSCLC, 
such as durvalumab [CHESS trial (NCT03965468); 
NCT04255836 ] ,  pembro l i zumab  [NRG LU002 
(NCT03137771)], the combination of nivolumab with 
ipilimumab [LONESTAR trial (NCT03391869)] the use 
of standard-of-care immunotherapy, but without specifying 
which type [SARON (NCT02417662), SUPPRESS-
NSCLC (NCT04405401)]. Other studies are using 
drugs that have not yet been approved, such as darleukin 
[ImmunoSABR (NCT03705403)]; TQB2450 [anti-
PD-L1 agent; (NCT04306926)]; recombinant human 
granulocyte macrophage stimulating factor [rhGM-
CSF, in CRAGMOLC (NCT03489616)]; and sintilimab 
(NCT04486287) and SHR-1210 (NCT03557411), which 
are both anti-PD-1 drugs.

Among these trials, the CHESS trial (NCT03965468) 
is an especially interesting study, as it will combine 
and alternate the use of immunotherapy (durvalumab) 
and chemotherapy (carboplatin and paclitaxel) with 
radiotherapy (SBRT and conventional radiotherapy) and 
surgery for sOMD. It has the objective of potentiate the 
immunomodulatory effects of radiotherapy and will also 
have an associated translational research program, which 
will better clarify the biology of OMD.

Trials specifically including patients with oncogenic 
driver alterations mandate the use of EGFR/ALK-TKI and 
two of them specifically combine osimertinib with local 
ablative treatment (NCT03667820 and NCT03410043). 
Most trials for “all comers” also recommend the use of 

TKIs as systemic therapy in case the patient’s tumor has 
an oncogenic driver alteration, following current clinical 
practice (28). However, most trials do not specify which 
type of systemic therapy the patient should receive and 
recommend that the physician should choose the standard-
of-care systemic therapy available.

Phase II/III and III randomized trials

There is an impressive number of 11 ongoing phase II/
III and phase III randomized trials for OMD, of which 
7 only include NSCLC patients. In the sOMD setting, 
the large SARON trial (NCT02417662) is including  
340 patients without oncogenic driver alterations, 
randomized to chemotherapy with/without radical 
radiotherapy to the primary tumor and all metastatic sites. 
Importantly, patients are stratified by hospital, histology, 
nodal stage (N0/1 vs. N2/3), number of oligometastatic 
sites (1 vs. 2/3), brain metastases (present vs. absent) and its 
primary outcome is OS.

The OITROLOC trial (NCT02076477) is prescribing 
ablative radiotherapy to all patients and its aim is to 
understand the best timing for radiotherapy in OMD: 
either upfront or after two cycles of chemotherapy. The 
already discussed Sindas trial (NCT02893332) is testing the 
addition of consolidative SBRT to EGFR-TKI in patients 
with EGFR-mutated tumors.

Then, for patients with a previously treated primary 
tumor and that have now an rOMD, both the CORE 
(NCT02759783) and the SABR-COMET 10 (NCT03721341) 
studies are evaluating if the addition of SBRT to standard-
of-care therapy improves survival outcomes among patients 
with different tumor types. The main difference between 
them is that the CORE has a limit of 3 metastatic sites, while 
the SABR-COMET 10 has the same design as the already 
published SABR-COMET trial (21), but it includes patients 
with a higher burden of disease (4 to 10 metastatic sites).

The OMEGA (NCT03827577) and STEREO-OS 
(NCT03143322) studies are including patients both with 
sOMD and with rOMD. The OMEGA trial has a similar 
design to CORE and SABR-COMET 10, but also allows 
the use of surgery for the treatment of the primary tumor. 
Interestingly, the STEREO-OS is only including patients 
with ≤3 bone metastases, either from breast, prostate or 
NSCLC, who are randomized to systemic treatment with/
without SBRT, plus local ablative treatment of the primary 
tumor, if still in place.

The NRG LU002 trial (NCT03137771) is targeting 
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a different patient population, i.e., those who have OMD 
after induction systemic therapy, regardless of the number 
of metastases at baseline. This includes patients with 
“genuine” OMD (i.e., oligometastatic since diagnosis) 
or “induced” OMD (i.e., patients with a previous history 
of polymetastatic disease) (29). This large trial is testing 
whether the addition of SBRT and/or chemo-radiotherapy 
to standard maintenance therapy may prolong PFS and 
OS. The LONESTAR study (NCT03391869) is including 
patients with both polymetastatic and OMD NSCLC, 
receiving nivolumab/ipilimumab and without evidence of 
progression after 12 weeks of therapy. The trial is assessing 
if the addition of local consolidative treatment to the 
immunotherapy combination improves OS, both in the 
overall population and in the OMD group.

For patients with oligoprogressive disease, there are 
two phase II/III randomized trials currently ongoing. The 
PROMISE-004 study (NCT03808662) includes patients 
with breast or NSCLC with ≤5 progressing metastases 
in one single extra-cranial organ, who are randomized 
to receive upfront SBRT to all oligoprogressive sites 
vs. standard-of-care therapy only. The HALT trial 
(NCT03256981) is only enrolling patients with oncogenic 
driver alterations, that benefited from TKI therapy and that 
have now a progression of disease in ≤3 sites. Patients are 
randomized in a 2:1 fashion to continue with the same TKI 
therapy with/without SBRT. The trial is therefore testing 
if the current recommendation of performing SBRT to 
oligoprogressive sites maintaining the same TKI improves 
PFS or not (28).

Limitations of current and ongoing studies

Despite these vast current and ongoing prospective research 
efforts to understand which therapies may be beneficial to 
NSCLC patients with OMD, there are several issues that 
impair the generalizability of these studies’ findings. Here 
we discuss some of them.

Definition of OMD

The first and very important caveat is in the definition 
of OMD itself. In published prospective studies, the 
number of metastatic sites ranged from 1 to 6, but most 
of the patients included had ≤2 sites of metastatic disease 
(54–100%). Moreover, the way of “counting” the number 
of sites is also heterogeneous. Some trials included the 
primary tumor (19,22), while all the others did not. One 

study collectively counted any positive thoracic nodes (N1–
N3) as one lesion (17), while other excluded these thoracic 
nodes from the counting (14) and Endo et al. only allowed 
patients with N0–1 status (12). Recently, the EORTC pan-
European consensus proposed the definition of sOMD as 
≤5 metastases in ≤3 organs, in which mediastinal lymph 
nodes are not counted as a metastatic site, but are rather 
considered regional disease (3). Still, the consensus’ 
participants agreed that prospective data collection and 
clinical trials are needed to improve this current definition. 
Moreover, they also proposed that future clinical trials 
should consider stratification according to thoracic lymph 
node status—which is being followed by the SARON trial 
(NCT02417662).

However, there is still a wide variation in the definition 
of OMD in ongoing studies, as 27% of included trials 
define it as ≤3 metastatic lesions, 48% as ≤5 metastatic sites, 
12% use other cut-offs and 12% do not define OMD in 
their inclusion/exclusion criteria. Moreover, there is still 
variability in the way of counting N1–N3 lymph nodes: in 
the SARON and NCT04255836 trials they are not counted 
as a metastatic lesion, while they are collectively counted as 
one lesion in NCT01725165, and each progressing lymph 
node is counted as a separate lesion in the SUPPRESS-
NSCLC trial (NCT04405401).

Regarding lesions’ dimensions, there are trials defining 
a maximum size per lesion, such as in the SABR-COMET 
10 (NCT03721341) study, in which extra-cranial lesions 
have to be ≤5 cm of diameter and brain metastase ≤3 cm or 
with a total volume ≤30 cc. These requirements are usually 
related to the potential increased toxicity of performing 
radiotherapy in larger lesions, but other trials prefer to leave 
this feasibility assessment to the physician/multidisciplinary 
tumor board, in a case-by-case basis.

So far, all current definitions of OMD are based on 
imaging, i.e., on the number, size and location of metastases. 
There are efforts towards the development of biomarkers 
to define OMD (30), but none has been prospectively 
validated so far. Therefore, as imaging modalities evolve, 
data obtained from older trials and/or studies, such as the 
one defining synchronous NSCLC into risk groups (7) may 
be no longer applicable.

Trial design

Most of the published studies so far are non-randomized 
and, therefore, do not provide conclusive evidence 
regarding the benefit of adding local ablative therapy to 
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systemic therapy in patients with OMD. The randomized 
trials by Gomez and Iyengar (17,19) suggested that patients 
receiving systemic therapy for 3–4 months, with stable 
disease or partial response, benefit from the addition of 
local consolidative therapy and they were even closed earlier 
due to these positive findings. Nonetheless, the number of 
patients included was still small and their primary endpoint 
was PFS. The SABR-COMET trial (21) also demonstrated 
a benefit of using SBRT in patients with oligorecurrent 
disease, but it only included 18 patients with NSCLC. The 
SINDAS trial showed promising interim results (20), but 
the publication of the full results is awaited. Fortunately, 
there is a large number of ongoing randomized studies 
including NSCLC patients with OMD and given that 
most of them use radiotherapy as the local ablative therapy 
(instead of surgery) and include patients in different disease 
settings, they will probably be able to accrue the necessary 
number of subjects.

Nonetheless, most of these trials use PFS as their 
main endpoint (67%) and only 24% of trials have OS as 
a primary endpoint. This is not ideal, given that all these 
studies are unblinded and that PFS is a surrogate endpoint, 
with an imperfect correlation with OS (31). Still, one may 
argue that in such a symptomatic disease like NSCLC, the 
use of PFS is a valid endpoint, as it may correlate with an 
improvement in the quality-of-life. Interestingly, 13 of the 
ongoing studies (56%) include quality-of-life as a secondary 
endpoint, which is an important evolution, given that, so 
far, only Bauml has prospectively reported this endpoint in 
the treatment of OMD (15).

Moreover, there were trials that measured survival not 
since enrollment in the study (as usually recommended) 
but from diagnosis of NSCLC (16) or from date of 
chemotherapy or TKI initiation (14) (NCT03916913), 
which may have / will artificially increase survival outcomes 
reported in these studies.

In terms of disease setting, both Gomez and Iyengar 
(17,19) enrolled patients with metastatic NSCLC after a 
course of systemic therapy, regardless of the number of 
metastases at diagnosis. Therefore, they have included 
both patients with “genuine” and “induced” OMD, but 
its respective proportions were not provided, which may 
hamper the applicability of their findings in clinical practice. 
On the other hand, they also triggered the hypothesis that 
the tumor’s sensitivity to systemic therapy may be more 
important in the definition of OMD than the number of 
baseline metastases, as it may give a hint to the tumor’s 
biological behavior.

Currently, there are three ongoing trials also defining 
OMD based on the number of metastases after induction 
sys temic  therapy [NCT01725165;  CRAGMOLC 
(NCT03489616), NRG LU002 (NCT03137771)], but all 
other trials define OMD based on the number of baseline 
metastases.

Work-up/staging

The EORTC Consensus mandates the use of 18F-FDG 
PET and brain imaging as baseline staging for the 
definition of OMD (3). Nonetheless, as previously seen, 
only three of the published studies had 18F-FDG PET 
and brain imaging as obligatory procedures (10,13,16). 
The absence of these mandatory screening exams may 
have led to occult imbalances between treatment arms in 
the Gomez and Iyengar randomized trials regarding the 
patients’ burden of disease and, potentially, influenced 
disease outcomes (17,19). Most ongoing trials (64%) do 
not specifically mention the use of 18F-FDG PET or brain 
imaging in their inclusion/exclusion criteria, therefore it 
is not possible to know whether it is a requirement or not. 
Still, randomized trials such as SARON (NCT02417662), 
OMEGA (NCT03827577), STEREO-OS (NCT03143322) 
and ImmunoSABR (NCT03705403) mandate its use, 
which will improve the strength and generalization of their 
findings.

Moreover, the use of 18F-FDG PET accurately identifies 
mediastinal lymph node involvement, for which it has a 
high sensitivity and specificity (32). This is an important 
aspect, as some trials count mediastinal lymph nodes as a 
site of disease, define the treatment to the primary tumor 
according to it and/or use it as a stratification factor. 
With the good sensitivity of 18F-FDG PET in assessing 
mediastinal invasion, histological confirmation is rarely 
reported. The EORTC consensus proposes that histological 
confirmation of at least one metastasis is performed unless 
the multidisciplinary tumor board decides that the risk 
outweighs the benefit.

Patient selection

Like in most clinical trials in general, patients included 
in the published studies were younger and had a better 
performance status (usually WHO or ECOG 0–1) 
compared to the general population of patients with 
metastatic NSCLC. De Ruysscher also pointed out that 
patients included in their study had less comorbidities (46% 
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with no comorbidities; 51% with one comorbidity) (10). 
Likewise, in the ongoing trials, patients are usually required 
to have a performance status of 0–1 at enrollment and no 
serious comorbidities.

Published studies enrolled patients with brain metastases, 
which were usually included in the metastatic sites count. 
Nonetheless, both studies from Iyengar (19,22) allowed the 
inclusion of patients with treated/stable brain metastases, 
but these were not counted for the definition of OMD. 
Currently, most ongoing studies do not allow the inclusion 
of patients with intracranial metastases alone, as these are 
already treated with local ablative treatments (surgery, 
SRS and/or stereotactic ablative radiotherapy). Moreover, 
some trials allow the inclusion of patients with intracranial 
metastases, but consider that they are treated by standard-
of-care radiotherapy and do not take them into account 
in the number of metastatic lesions [e.g., NCT02314364, 
PROMISE-004 (NCT03808662), HALT (NCT03256981)], 
which is in conflict with the EORTC definition and will 
impair comparison of results with other trials.

A retrospective study suggested that patients with 
squamous OMD treated with radical intention (systemic 
therapy plus local ablative therapy) had a worse OS 
compared to patients with adenocarcinoma (33). In all 
published trials, adenocarcinoma was the most frequent 
histology, but in the Arrieta study, almost 95% patients 
presented with nonsquamous histology and 44% had 
a tumor with an oncogenic driver alteration, which 
may explain the very long median PFS (23.5 months) 
reported (16). On the other hand, there was a frank 
imbalance between arms on the proportion of patients 
with squamous NSCLC in the Gomez and Iyengar 
randomized studies (17% and 20% in the maintenance 
treatment arm vs. 4% and 7% in the local consolidative 
therapy arm, respect ively) ,  which may a lso have 
influenced outcomes (17,19). Both the SARON and 
ImmunoSABR randomized trials include histological 
subtype as a stratification factor (25,26), but this is not 
the case of the SABR-COMET-10 study, as it includes 
multiple tumor types (27) nor of the OMEGA trial 
(NCT03827577).

Another important factor to consider is the inclusion of 
patients with tumors with oncogenic driver alterations in 
each trial. Again, in the Gomez study, there was an imbalance 
regarding the proportion of patients with an oncogenic driver 
alteration in the local consolidative therapy (20%) compared to 
the maintenance arm (8%) (17). On the contrary, Iyengar only 
included patients without EGFR or ALK-altered tumors (19)  

and the SINDAS and Weiss studies were directed only to 
patients with EGFR-mutated tumors (20,23). However, in 
most of the other published trials, the tumor’s molecular 
status was unknown, which limits the generalization of their 
findings (8,10,12-15,21,22).

Ongoing studies are following a trend of separating 
patients with oncogene-addicted tumors from those with 
no actionable molecular aberration. Nonetheless, there 
are still trials directed to “all comers”, but some of them 
include the presence of oncogene-addicted tumors as a 
stratification/dynamic balancing factor (e.g., OMEGA trial, 
NCT03827577).

The only trial reporting so far the proportion of 
patients with PD-L1 positive tumors was the one by Bauml  
et al., testing “pseudo-adjuvant” pembrolizumab after local 
ablative treatment. They found a numerical improvement 
in 24-month PFS among patients with PD-L1-positive 
compared to those with PD-L1-negative tumors (69.3% vs. 
38.1%, respectively; non-significant) (15), which is line with 
other trials testing pembrolizumab in metastatic NSCLC. 
The OMEGA trial (NCT03827577) includes PD-L1 status 
as a dynamic balancing factor, but the other trials do not 
mention it in their clinicaltrials.gov description.

Treatment selection

Unlike the classic randomized studies testing systemic drugs 
in metastatic NSCLC, in which treatment arms are very 
well-defined, the published and ongoing randomized trials 
in OMD are usually more flexible regarding the therapy(ies) 
that can be used in each arm.

Many trials do not specify which type of systemic 
therapy the patient should receive and recommend that 
the physician should choose the standard-of-care systemic 
therapy available. This is a pragmatic approach, which 
reflects current clinical practice and allows the incorporation 
of newly approved drugs in the trial. However, new 
distant metastases are usually the most common sites of 
disease progression in patients included in OMD trials, 
highlighting the importance of having effective systemic 
therapy to control micrometastatic disease that is not 
ablated by local treatments (9). Therefore, trials’ outcomes 
are influenced not only by the local ablative strategies, but 
also by the type of systemic therapy used. This limits the 
generalization of their survival and toxicity findings to other 
countries/regions in which some types of systemic therapy 
may not be available (e.g., immunotherapy combinations, 
novel TKIs, etc.).
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Furthermore, in case of oligoprogressive disease, it is not 
clear if systemic therapy should be maintained or switched 
to a new line. Most current trials in oligoprogressive disease 
maintain the same systemic therapy in the treatment arm 
that receives local ablative therapy, as a way to control 
resistant clones, while keeping the sensible clones under 
the same therapy. Nonetheless, there are two single-arm 
studies that switch treatment to new immunotherapy drugs 
(NCT04486287 and NCT03557411).

Furthermore, there is a large heterogeneity in terms of 
the local ablative strategies used. Earlier trials employed 
surgery as the main ablative approach (8,12), while 
subsequent trials moved to a “mixed” strategy of combining 
surgery with radiotherapy, according to physician’s choice 
(10,15,17) or to the exclusive use of radiotherapy, i.e., 
chemo-radiotherapy and/or SBRT (11,13,14,16,19-23). 
Radiotherapy dosing schedules varied widely across trials 
and even within trials, according to the site and size of 
metastases (e.g., intracranial vs. extracranial). Ongoing trials 
also employ many different radiotherapy regimens, thus it 
is difficult to assess which are the most effective strategies. 
Moreover, the optimal timing of combining radiotherapy 
with systemic therapy (e.g., immunotherapy, TKIs) is 
also unknown, with some trials using sequential schemes 
[e.g., SARON trial (NCT02417662), NRG LU002 trial 
(NCT03137771)], while others deliver them concurrently 
[e.g., CHESS trial (NCT03965468)]. The OITROLC 
trial (NCT02076477) is trying to answer this question in 
sOMD, comparing upfront chemo-radiotherapy, followed 
by chemotherapy vs. the inverted strategy.

Other ablative techniques, such as radiofrequency 
ablation, are being explored, but only in two ongoing trials 
[NCT02805530; OMEGA (NCT03827577)].

Given the difficulty of testing all  the different 
combinations of systemic therapy and local ablative regimens, 
real-life prospective registries, such as the OligoCare cohort 
(NCT03818503), may help understanding the benefits and 
risk of each of these strategies and combinations.

Conclusions

During the last decade, there was a growing interest 
in combining local ablative and systemic therapies in 
oligometastatic NSCLC. Despite encouraging results in 
terms of PFS, and eventually OS, coming from randomized 
and non-randomized phase II studies, the question of 
considering OMD as a separate therapeutic entity from 
classic stage IV NSCLC remains, as the available data 

are lacking generalizability mainly due to some scientific 
limitations and introduction of immunotherapy as a first-
line standard of care systemic therapy. Further, OMD is 
a heterogeneous setting needing standardization in terms 
of definition, with clear specification of the excluded 
sites that cannot be amenable to a local therapy (pleural 
effusion, carcinomatous meningitis, etc.) and maximum 
number of metastatic sites/lesions, extensive work-up, and 
harmonization of systemic therapies, as proposed in the 
EORTC LCG initiative (3). In the future, specific trials 
including tumors with oncogenic driver mutations should 
be preferred to the “all-comers” design, considering the 
major therapeutic impact of very active drugs in an evolving 
domain with recently tested compounds as for example in 
RET translocation or KRAS G12C mutation.

Major efforts are currently developed in clinical research 
and large phase III trials are ongoing. It is of importance 
that the scientific community supports those trials by 
including eligible patients so that many questions regarding 
therapeutic strategy in OMD NSCLC can be resolved in 
the next years.
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Table S1 List of MeSH terms and free-text keywords used to search Ovid Medline database

PICO criteria Searched MeSH terms, free-text keywords and phrases

P = lung cancer lung neoplasms/or bronchial neoplasms/or carcinoma, bronchogenic/or carcinoma, non-small-cell 
lung/or pancoast syndrome/or lung neoplasm*.ti,ab. or lung cancer*.ti,ab. or lung carcinoma*.ti,ab. 
or lung tumour*.ti,ab. or lung tumor*.ti,ab. or pulmonary neoplasm*.ti,ab. or pulmonary cancer*.
ti,ab. or pulmonary carcinoma*.ti,ab. or pulmonary tumour*.ti,ab. or pulmonary tumor*.ti,ab. or 
bronchial neoplasm*.ti,ab. or bronchial cancer*.ti,ab. or bronchial carcinoma*.ti,ab. or bronchial 
tumour*.ti,ab. or bronchial tumor*.ti,ab. or bronchogenic neoplasm*.ti,ab. or bronchogenic cancer*.
ti,ab. or bronchogenic carcinoma*.ti,ab. or bronchogenic tumour*.ti,ab. or bronchogenic tumor*.
ti,ab. or pancoast* syndrome*.ti,ab. or pancoast* tumor*.ti,ab. or pancoast* tumour*.ti,ab

I = oligometastatic oligometastas#s or oligometastatic or (isolated adj3 metastas#s) or (isolated adj3 metastatic) or 
(limited adj3 metastas#s) or (limited adj3 metastatic) or single organ metastatic or single organ 
metastas#s or solitary metastas#s or solitary metastatic or oligoprogression or oligoprogressive).
ti,ab

Limit on the type of study (phase II or phase III or prospective).ti,ab

Database: Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid Medline® Daily and Ovid Medline® 1946-present. term/, 
MeSH term (with all the possible subheading combinations); exp, exploted MeSH term, meaning that this MeSH term and all the MeSH 
terms found below in the hierarchy are taken into consideration; .ti,ab, terms are searched in the title and the abstract; ADJn, terms are n 
words apart; *, stands for zero or more characters; #, stands for one single character.
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