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Introduction

Lung cancer is the most common non-cutaneous cancer 
worldwide and the second most common cancer in the 
United States. In 2022, there is an estimated 236,740 new 
cases, contributing to 12.4% of all new cancer cases and 
about 21.4% of all cancer deaths in the United States (1). 
Non-small cell lung cancer (NSCLC) accounts for about 
80% of all lung cancers and portends a more favorable 
prognosis as compared to small cell lung cancers. 

For NSCLC, the American Joint Commission on Cancer 

(AJCC) tumor-node-metastasis (TNM) staging system, 
which is developed by the International Association for the 
Study of Lung Cancer (IASLC), has limited definition of 
metastasis regarding prognostic indications but has been 
expanded from the 7th edition to include M1a to M1c in the 
most recent 8th edition (2). Traditionally, the standard of 
treatment for metastatic disease to prolong overall survival 
(OS) has been systemic therapy. However, within the realm 
of metastatic disease, oligometastatic disease (OMD) and 
oligoprogressive disease (OPD) have emerged as subsets 
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that may portend improved survival, especially in the era 
of improved systemic therapy and improved technology 
including stereotactic body radiation therapy (SBRT)/
stereotactic ablative radiotherapy (SABR) for delivering safe 
and high doses for better local control. We aim to clearly 
define and describe features of OPD in the context of OMD 
for NSCLC as well as discuss local ablative therapy (LAT) 
as an increasingly used management modality. We further 
aim to discuss current and future clinical trials based on 
literature review of scientific databases including PubMed 
as well as report several relevant current clinical trials 
underway as reported via Clinicaltrials.gov. We present the 
following article in accordance with the Narrative Review 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-22-536/rc). 

Methods

Extensive literature review of oligoprogression in NSCLC 
was performed via Table 1. Several sources were used 
including peer-reviewed journal articles, textbooks, and 
relevant online databases as well as established literature. As 
the concept of oligometastasis emerged in the 1960s, our 
specified time frame begins in 1960 to the present day. 

Historical perspective 

Defining the oligometastatic state

To understand oligoprogression, we first  need to 
understand the history of oligometastases. In the 1960s,  
Dr. Phillip Rubin and Dr. Jerold Green wrote a book 

entitled “Solitary Metastasis” summarizing data and 
exploring the concept of possible curative intent treatments 
in patients with one metastasis (seen on X-ray imaging) (3).  
In 1968, Rubin published an editorial questioning 
whether metastases are curable (4). In 1995, Hellman 
and Weichselbaum proposed the term “oligometastatic 
disease” as a distinct state between locally confined cancer 
and systemic metastatic disease. They also suggested that 
metastatic disease can exist along a spectrum of clinical 
states (5). Within this definition lies different clinical 
scenarios that can describe OMD; patients may present 
with a synchronous or de novo (OMD at time of diagnosis 
in which primary tumor and limited number of metastases 
are detected simultaneously) vs. metachronous disease 
(oligometastatic recurrence following primary therapy at 
least 3–6 months after initial diagnosis, also referred to as 
oligorecurrence). 

The implication of this subset of patients beyond 
improved prognosis is that localized ablative treatment of 
these oligometastatic site(s) may impact survival. 

From 2012–2016, Gomez et al. conducted a phase 
II randomized multicenter study of 49 patients with 
histologically confirmed oligometastatic NSCLC, 
having three or fewer oligometastatic sites after first line 
systemic therapy. Patients were randomized to either local 
consolidative therapy (LCT) and maintenance systemic 
therapy or maintenance therapy (or surveillance) alone. 
Consolidative therapy consisted of either radiation with 
chemotherapy or resection of all lesions with or without 
maintenance treatment. The initial reports were released 
in 2016 and final results in 2019. The trial was closed early 

Table 1 The search strategy summary

Items Specification

Date of search 02/02/2022–03/02/2022 

Databases and other sources searched PubMed, ClinicalTrials.gov, EMBASE, GoogleScholar; textbooks

Search terms used Non-Small Cell Lung Cancer (NSCLC), Oligoprogression, Oligometastases, Metastatic 
Disease, Stereotactic Body Radiation Therapy (SBRT), Stereotactic Ablative Radiation 
Therapy (SABR), Targeted Therapy, Tyrosine Kinase Inhibitor, Immunotherapy 

Timeframe 1960–2022 

Inclusion and exclusion criteria Considered retrospective and prospective studies, phase II randomized studies, 
oligometastatic review articles 

Selection process Authors KTN and GS selected articles discussing local ablative therapy in NSCLC, and 
conferred with authors DPS, MTM, and HQ 

https://jtd.amegroups.com/article/view/10.21037/jtd-22-536/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-536/rc
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due to significant progression free survival (PFS) benefit 
(11.9 months) in the LCT arm vs. the standard of care arm 
(3.9 months). In an updated analysis, with median follow-
up of 38.8 months (range, 28.3–61.4 months) the difference 
remained significant with a median PFS of 14.2 months 
[95% confidence interval (CI): 7.4–23.1 months] with LCT 
vs. 4.4 months (95% CI: 2.2–8.3 months) with maintenance 
therapy/observation (P=0.022) (6,7). 

In 2018, Iyengar et al. published a single institution 
randomized phase II trial evaluating whether intervening 
with non-invasive SBRT/SABR would lead to improvements 
in PFS for patients with oligometastatic NSCLC on 
chemotherapy. Patients without anaplastic lymphoma 
kinase/epidermal growth factor receptor (ALK/EGFR) 
mutations and those that did achieve partial response or 
stable disease were randomized to SBRT to all sites of gross 
disease with maintenance chemotherapy vs. maintenance 
chemotherapy alone. A total of 29 patients with NSCLC, 14 
in the SBRT arm and 15 in the maintenance chemotherapy 
arm with up to five oligometastatic lesions were enrolled. It 
is worth emphasizing that in the SBRT arm, half (7/14) of 
the patients received hypofractionated (45 Gy/15 fractions)  
regimen and not true SBRT regimen with ablative doses 
given. The trial was stopped early due to significant 
improvements with the addition of SBRT (PFS 9.7 vs. 
3.5 months, P=0.01). Toxicities were similar in both 
arms. Overall consolidative SBRT prior to maintenance 
chemotherapy tripled PFS with no observed difference in 
toxicity leading to conclusions that consolidative SBRT is 
beneficial in oligometastatic settings (8). 

The landmark phase II SABR-COMET open-label 
randomized controlled trial (RCT) included 99 patients 
with oligometastases with up to five metastatic areas 
(93% had one to three areas and 42% with one single 
area) from any cancer (most commonly breast, colorectal 
and lung) to SBRT/SABR group (67%) or control group 
(33%). Of note, excluded were patients with femoral 
bone metastasis or the presence of one to three brain 
metastases with no disease elsewhere. Despite a higher 
rate of grade ≥2 toxicities in SABR (19 of 66 patients) vs. 
control (3 of 33 patients), median OS was higher in the 
SBRT group with 50 months in the SBRT arm compared 
to 28 months in the control. PFS was also doubled with 
SBRT (11.6 vs. 5.4 months) (9).

Defining oligoprogression

Oligoprogression is a relatively new concept, emerging as 

more effective systemic therapies become available. OPD 
is still not consistently defined in the literature, although it 
is generally considered to be defined as a few lesions (≤5) 
progressing in the background of otherwise stable OMD or 
stable polymetastatic disease (PMD) as seen on radiological 
imaging (10). 

The European Soc ie ty  for  Medica l  Oncology 
(ESMO) has sought to further identify and clarify 
terminology (11). In recent literature, the definition 
of OPD refers to up to 3–5 metastatic areas having 
progression (increased in size and/or avidity) while 
on/off systemic therapy, though current investigations 
are looking to expand the number of metastatic areas 
as defined to be oligoprogressive. The definition of 
“metastatic areas” is also not uniform but implies a 
limited number of sites of progression. Variations in 
definition include whether metastatic lesions present 
at initial diagnosis that resolve after systemic therapy 
should be included or if different lymph node stations 
should be defined separately or together.

The  European  Soc ie ty  for  Rad io therapy  and 
Oncology (ESTRO) and American Society for Radiation 
Oncology (ASTRO) convened a committee to establish 
consensus definition of OMD and define gaps in current 
evidence including sub-classifications such as OPD. 
They performed a systematic review of the literature 
that focused on radiotherapy for OMD. The consensus 
was that the oligometastatic state is independent of the 
primary tumor, metastatic location and the presence or 
length of disease-free interval. There was also consensus 
for extra-cranial OMD being limited to a maximum of  
5 metastatic lesions off-protocol. OPD on systemic 
therapy is considered clinically from OMD with possibly 
worse prognosis but with a treatment goal that may be 
more focused on keeping patients on a current line of 
systemic therapy rather than ablation of metastasis. The 
group also supported the consensus that, due to the 
lack of validated biomarkers, the ability to deliver safe 
and clinically meaningful radiotherapy was a minimum 
requirement for OMD for RT planning (12). 

Guckenberger et al. proposed an OMD classification 
system that breaks down the oligometastatic state into 
eight subtypes. The two broad categories are a genuine 
oligometastatic state and an induced oligometastatic state. 
The genuine oligometastatic state is further divided into 
synchronous/de novo OMD, metachronous oligorecurrence 
and repeat oligorecurrence/persistence/progression. The 
induced state is subdivided into oligorecurrence, induced 
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oligopersistence, or induced oligoprogression seen in  
Figure 1 (13). Overall, the goal with these eight subdivisions 
is to test these states of OMD in OligoCare prospective 
cohort [EORTC-ESTRO RADiotherapy InfrAstrucTure 
for Europe (E²-RADIatE)] to risk stratify the disease, and 
to further clarify which patients with OMD might benefit 
from treatment (14). We, instead, have proposed a model of 
defining metastatic disease to accurately characterize these 
states (Figure 2).

It is worthwhile to emphasize that OPD as a subset of 
OMD is a distinct entity compared to the de novo OPD 
(Figure 2). De novo OPD can be defined as less than 5 lesions 
progressing on imaging in a polymetastatic setting after 
systemic therapy. Unlike genuine OMD and OMD based 
OPD, de novo OPD is a very dynamic state as tumor kinetics 
and acquired mutations can progress at different rates at 
different tumor locations. It is also not known whether a 
transient window period will be responsive to LAT such as 
SABR/SBRT. 

Patterns of progression

The frequency of reported OPD varies, though is estimated 
to be between 15–47% (15). OPD tends to be more common 
within the central nervous system (CNS), lungs, lymph 
nodes, bones as compared with adrenal or liver lesions. 
Oncogene mutations may increase likelihood of developing 
liver metastasis or pleural or pericardial metastasis (16).

Milano et al. in 2010 retrospectively looked at 77 patients 
with organ-confined oligometastasis (≤5 sites) and their 
pattern of oligoprogression following SABR; 73% of patients 
developed new metastasis, most frequently in same organ 
(occurring in 82% of first new metastases after SBRT and 
89% of cumulative new metastases). For the lung, 73% of first 
recurrences occurred within the lung, then thoracic lymph 
nodes, then liver. A subset of patients develop progression at 
limited sites, amenable to additional courses of SBRT/SABR, 
with such treatment being associated with better survival. 
Oligoprogressive lesions following SBRT for organ confined 

Figure 1 Classification of oligometastatic disease. Reprinted with permission from Elsevier.
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disease often first appear in the organ confined site before 
progressing to distant extra organ sites (17). In the situation 
of EGFR+ NSCLC patients on tyrosine kinase inhibitor 
(TKI) therapy, most studies have indicated that the lung as 
the most common area of progression, with the CNS, and 
thoracic lymph nodes being the most common other site of 
progression (18). Other studies however have indicated the 
CNS as the most common site of oligoprogression for EGFR+ 
NSCLC (19).

Detection of oligoprogression

OPD is clinically diagnosed via imaging. Generally, to 
accurately stage NSCLC, both the ESMO and National 
Comprehensive Cancer Network (NCCN) recommend a 
positron emission tomography/computed tomography (PET/
CT) scan and magnetic resonance imaging (MRI) of the brain 
due to the false negative rates of PET/CT scan in the brain (20). 

Ng et al. in 2018 identified patients with metastatic 

EGFR+, ALK+, or ROS-1+ NSCLC on relevant TKI therapy 
from 2010–2016 and classified extracranial disease OPD 
(<4 lesions) by either 18F-FDG-PET/CT or CT. OPD 
was detected in 81.3% (26/32 patients) by PET/CT vs. 
68.6% (24/35 patients) by CT (P=0.363). There was a non-
significant trend to detect more extra-CNS disease with 
PET/CT. However, of these patients, there was a significant 
difference in the number that was treated with LAT 17/26 
(65.4%) in 18F-FDG-PET/CT and 5/24 (20.8%) in CT 
group (P=0.004) (21). 

Identifying OPD prior to diffuse dissemination to PMD 
is important as LAT with SBRT/SABR can lead to increased 
PFS and potentially OS. As a corollary the modality of 
imaging and the need for new radio-pharmaceuticals for 
PET based imaging becomes increasingly important in 
surveillance of these patients. This has been seen in other 
disease sites with increasing sensitivity, and specificity 
of prostate-specific membrane antigen (PSMA)-PET in 
prostate cancer diagnosis and treatment. 
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Figure 2 Classification of metastatic disease. Metastatic disease can be further categorized based on certain disease characteristics 
as described in Figure 2. There are several different sub-classifications of oligoprogressive disease. MD, metastatic disease; PMD, 
polymetastatic disease; OMD, oligometastatic disease; OPD, oligoprogressive disease.
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Treatment and management of oligoprogression

For limited metastatic disease, emerging data support 
locally ablative treatment (LAT) including resection (surgical 
metastasectomy) or radiotherapy such as SBRT/SABR, 
or stereotactic radiosurgery (SRS) in the case of brain 
metastasis (6,10,22). Yet, the optimal management of OPD 
remains controversial due to lack of prospective data. As 
increasing use of less invasive ablative techniques emerges 
which allows sparing of surrounding critical structures, 
radiotherapy has become a more commonly utilized option. 
The adoption of SBRT/SABR for OPD has been beneficial 
due to minimal interruption of systemic therapy, outpatient 
delivery of treatment, convenience of few fractions, and 
often with minimal adverse effects.

The biological basis of radiotherapy to eradicate 
oligoresistant disease lies in the fact that tumor cells are 
initially sensitive to systemic therapy and have had an initial 
complete or partial response to this therapy. This can be 
followed by development of resistance of certain tumor 
cells within discrete metastatic sites. Management of OPD 
consists of targeting treatment to alter the patterns of 
failure of those who progress on systemic therapy. In the 
case of NSCLC, molecular mutations and rearrangements 
give way to the development of targeted therapies that over 
time, through resistance and other molecular mechanisms, 
become less effective in controlling disease. 

Treatment of OPD on systemic therapy

As an example of OPD management with NSCLC on 
systemic therapy, acquired resistance to TKI develops after 
a median of 8–13 months (23). SBRT added onto systemic 
treatment is thought to prolong response to systemic 
therapy by eradicating such non sensitive de-differentiated 
clones (24). In this sense, the goals of management of 
oligoprogression and LAT are to be able to continue 
systemic therapy and halt disease progression. 

Recently, the Stereotactic Body Radiation Therapy in 
Newly Diagnosed Advanced Staged Lung Adenocarcinoma 
(SINDAS) trial evaluated first line TKI therapy for EGFR-
mutated synchronous oligometastatic NSCLC and randomized 
patients to upfront radiation therapy (RT) vs. no RT; 133 
patients with biopsy proved EGFR mutated adenocarcinoma 
with synchronous oligometastatic NSCLC without brain 
metastasis were enrolled from 2016–2019. They all received 
TKI therapy and were randomized to RT vs. no RT to all 

metastasis and primary tumor/involved regional lymphatics. 
Median follow-up was 23.6 months. Respective median PFS 
was 20.2 vs. 12.5 months (P<0.001) and median OS was 25.5 
vs. 17.4 months (P<0.001). Based on the efficacy of results in 
the interim analysis, the trial was prematurely ended (25). 

Modalities of LAT

Though most discussion thus far is centered on SBRT/SABR 
as LAT, there are other methods that may be used such as 
surgical excision and thermal ablative techniques such as 
radiofrequency ablation (RFA) and cryoablation. Surgical 
excision of metastasis has been demonstrated to improve 
outcomes in carefully selected patients as compared to 
outcomes of systemic therapy alone. Certain tumors are more 
easily resectable, such as lung, liver, adrenal, and brain (26).

Though these thermal ablative techniques are becoming 
more frequently used in lung cancer, the mechanism of their 
systemic immunomodulatory effects is still unclear. RFA 
is a modified electrocautery technique that is considered 
localized, minimally invasive in regards to tissue ablation. 
Clinically, it allows for local tumor destruction (27). 

Metastasectomy or RFA may have the added benefit 
of obtaining tumor tissue which may allow for better 
classification of disease progression and mechanism of 
acquired resistance. 

Randomized study of SBRT/SABR for OPD

Tsai  e t  a l .  repor ted  a t  the  Amer ican  Soc ie ty  o f 
Radiation Oncology 2021 and 2022 meeting, the first 
randomized trial to evaluate the use of SBRT to treat 
oligoprogressive NSCLC and breast cancers with ≤5 
extracranial oligoprogressive lesions. Of 106 enrolled 
patients, 59 had NSCLC and 47 had breast cancer. 
The median number  of  o l igoprogress ive  les ions 
was 2, and total number of metastatic lesions was 5,  
with the maximum number being 10 lesions. Patients were 
randomized to receive standard of care treatment with vs. 
without SBRT/SABR to sites of OPD. For patients treated 
with SBRT, the median PFS was 44 weeks compared to  
9 weeks for those who did not receive SBRT/SABR 
(P=0.001). Post SABR/SBRT, 40 of 56 patients further 
progressed, their sites of progression lung (35%), node 
(23%), and non-spine bone metastatic site (18%) and liver 
(11%) (28). 
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Brain metastasis and oligoprogression

It is thought that in patients with NSCLC who develop 
cerebral metastasis, certain characteristics such as EGFR+ 
NSCLC demonstrate a higher propensity for intracranial 
metastasis (29). Progression of disease in the brain may 
occur due to inadequate CNS penetration of systemic 
therapies that have emerged. Historically, brain metastasis 
has been associated with poor prognosis. However, in recent 
years with third generation TKI (i.e., osimertinib) and 
especially with the development of SRS, patients with brain 
metastasis may still have favorable disease with local control 
of primary tumor as one of the most important prognostic 
factors. The role of SRS for limited brain metastases is 
already well established.

Though not limited to NSCLC and not specific to 
oligoprogression, a 2014 study by Yamamoto et al. is a 
prospective observational study of patients with 1 to 10 
new metastases (<3 cm) treated with SRS alone. Patients 
with 5–10 lesions were compared to patients with 2–4 
tumors and patients with one tumor with primary end 
point of OS. Results showed that OS did not differ 
between the 5–10 lesion cohorts compared to the 2–4 
lesion cohorts when treated with SRS, which indicates that 
local therapy may be suitable for patients with up to 10 
metastasis (30). 

Similarly, a recent review of patients with NSCLC 
and brain OMD with aggressive treatment with surgery 
to primary tumor and radiotherapy (with or without 
chemotherapy) showed a median survival of 15.5– 
31.8 months with 1 year survival of 50–71% and 2-year 
survival of 16–60%. Conclusions were that well-selected 
patients with NSCLC and exclusively oligometastatic 
cerebral disease represented a subgroup of patients in which 
aggressive local ablative treatment may help achieve long-
term survival (31).

Targeted systemic therapy and oligoprogression 

Local progression is the predominant pattern of failure 
for patients with advanced NSCLC treated with first line 
systemic therapy. The Norton-Simon hypothesis suggests 
a sigmoidal pattern of tumor growth and that the effect of 
systemic therapy is proportional to tumor growth. Ideas 
have emerged that LAT may move the tumor growth curve 
back to the exponential growth phase, allowing systemic 
therapies to remain effective and be used for longer 
durations (32).

Molecular studies: ALK+ and EGFR-mutations

A subset of NSCLC patients exhibit somatic EGFR 
mutation or ALK rearrangement, more commonly seen in 
never smokers, women, and patients of East Asian ethnicity. 
Less common mutations include MET, ROS1, BRAF and 
other mutations. In these patients, targeted TKI therapy 
results in higher response rates, improved PFS, and reduced 
side effects as compared to platinum-based chemotherapy. 
EGFR TKIs include third generation TKI osimertinib, 
second generation afatinib, third generation erlotinib and 
gefitinib. ALK rearrangements (found in about 5% of 
NSCLC) respond to TKIs such as crizotinib, alectinib, and 
ceritinib. ROS-1 mutations are seen in 1–2% of NSCLC 
and respond to crizotinib. BRAF V600E, MET, RET, and 
KRAS are emerging driver mutations that are thought 
to respond to vemurafenib, crizotinib, cabozantinib, and 
sotorasib respectively (10).

However, this same subset of patients tends to present 
with limited OPD (up to 50% estimated) as they quickly 
develop resistance. It is thought that radical local treatment 
to these oligoprogressive lesions may eradicate the de-
differentiated clones and restore sensitivity of the metastatic 
disease. The literature in regard to radiation therapy is 
mainly based on reports of cases with ALK rearrangement 
and EGFR mutations as they appear to result in promising 
and favorable survival outcomes.

Selected prospective non-randomized studies of 
SBRT/SABR of NSCLC 

Oligoprogression with EGFR or ALK mutation

In 2019, Weis et al. conducted a single arm prospective 
phase II study that enrolled 25 patients with EGFR mutant 
NSCLC on first generation TKI (erlotinib) who had 3 or 
fewer sites of extracranial progression treated with SABR/
SBRT, subsequently continued on erlotinib. The median 
PFS post SBRT/SABR was 6 months (95% CI: 2.5– 
11.6 months) and OS was noted to be 29 months (95% 
CI: 21.7–36.3 months). The PFS in this prospective trial 
with erlotinib and SBRT/SABR is similar to that seen 
with second generation and third generation TKI such as 
dacomitinib and osimertinib (33).

Similarly, ATOM, a single arm phase II prospective 
study by Chan et al. in 2020, evaluated not strictly OPD but 
rather oliogopersistent disease; that is, patients on at least  
3 months of TKI who on repeat PET/CT imaging have less 
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than 4 PET-avid lesions. These patients were treated to all 
sites with SABR/SBRT. Unfortunately, due to poor accrual 
and competing drug trials, the study was closed early. A 
total of 18 patients were enrolled from 2014–2017, and 16 
were analyzed. The median PFS was 15 months (18 months 
since randomization and being on first generation TKI), 
which is similar to second and third generation TKIs that 
would be started in a first line setting (34).

Selected retrospective non-randomized studies of SBRT/
SABR of NSCLC oligoprogression with EGFR or ALK 
mutation

In a retrospective study of Memorial Sloan Kettering 
group of 184 patients, 18 EGFR-mutated patients with 
TKI therapy received local therapy (surgery, radiotherapy, 
or RFA) for extracranial OPD followed by continuation of 
TKI. Median OS was 41 months while median PFS was  
10 months (35).

A single institution study by Weickhardt et al. investigated 
patients with ALK rearranged metastatic NSCLC (n=38) 
treated with crizotinib and EGFR-mutated NSCLC treated 
with erlotinib (n=27). A subset of patients with OPD 
suitable for LAT received either RT or surgery to these 
sites and were then continued on the same TKIs. Median 
PFS in ALK rearranged patients on crizotinib was 9 and  
13.8 months for EGFR mutated patients on erlotinib (36). 

Campo et al. conducted a literature review to identify 
publications regarding the use of RT in oligometastatic or 
oligoprogressive NSCLC. In several studies, SBRT allowed 
excellent local control and, in conjunction with TKI, was 
effective against disease in other anatomic sites, thereby 
prolonging PFS (37).

Several smaller scale studies have evaluated patients 
with apparent acquired resistance to TKIs (as seen by 
oligoprogression). Local therapies, in conjunction with 
continued systemic treatment, have been found to be well 
tolerated and associated with longer PFS and OS (38).

Oligoprogression under immune checkpoint inhibitors

There has been evidence that OPD that occurs with 
immune checkpoint inhibitors occurs later and with 
improved outcomes. This suggests improved treatment 
effects and more favorable biology of oligoprogressive 
NSCLC to immuno-oncology (IO) therapy. Rheinheimer 
et al. evaluated patients with OPD under treatment with 
PDL-1 inhibitors; 636 patients with stage IV NSCLC were 

evaluated. It was noted that OPD occurred later after the 
start of immunotherapy (median time to progression 9 vs.  
2 months, P<0.0001) and was associated with longer OS 
than multifocal progression (36 vs. 16 months, P<0.001) (39).

Similarly, Wang et al. retrospectively reviewed patients with 
advanced NSCLC who received SBRT for OPD, defined 
as two or less sites of disease, after acquiring resistance to 
immune checkpoint inhibitors; 15 of 24 patients included 
were diagnosed with lung adenocarcinoma. After combining 
SBRT with checkpoint inhibitors, one- and two-year local 
control rates (LCRs) were 100% and 81.8% respectively. 
Median PFS and OS were 11 and 35 months respectively. 
This again, suggests a synergistic effect, perhaps by way of 
reshaping the immune microenvironment that over time, 
becomes resistant (40).

Tumor microenvironment (TME) as a contributing factor

At a molecular level, the classic “seed and soil” hypothesis 
introduced by Stephen Paget in 1889 recognized the interplay 
between “seed” tumor biology and “soil” which is encompassed 
by the complex micro and macro-environment that cancer 
cells maneuver to establish the metastatic state (41). 

Favorable interactions must occur for metastasis to occur. 
The tumor seed is thought to undergo a series of sequential 
steps that must be taken prior to metastatic spread. This 
includes a loss of cell adhesion (detachment), migration and/
or penetration, dedifferentiation, adhesion and invasion of 
circulatory vessels, extravasation and colonization of distant 
sites and growth. These processes are reliant on changes at 
the genetic, epigenetic level and soil interaction with micro 
and macro environments. This process contributes to tumor 
proliferation by “hiding” the tumor cells from the immune 
surveillance.

The microenvironment in NSCLC is characterized by 
rich angiogenesis (allowing for a rich tumor oxygen supply) 
as well as an immune environment composed by cytokines 
and immune cells usually related to chronic exposure of 
lung tissue to inhalant toxic agents (i.e., cigarette smoking). 
Immune response includes phagocytosis of inhaled 
pathogens and particles as well as epithelial cells modulating 
cytokines and chemokines.

The biological behavior and likely tumor heterogeneity 
contributes to OPD, as under the selective pressure 
of applied systemic treatment, there is promotion of 
development of one or more clones harboring intrinsic 
resistance mechanisms and the crosstalk between cancer 
cells and its surrounding TME (42).
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Abscopal effect

There is literature to suggest that SBRT elicits abscopal 
effect, though the extent to which this occurs, and the clinical 
significance of such an effect remain controversial (43). 
There are various preclinical and clinical trials underway. 
Increasing number of reports of the abscopal effect have been 
made since the emergence of immunotherapy and immune 
checkpoint inhibitors, suggesting that there is, at the very least, 
a synergistic effect of combining RT with systemic therapy.
While there has been emerging evidence of this effect, several 
pre-clinical and clinal models are still underway (44). 

Importantly, SBRT concurrent or sequential with 
checkpoint inhibitors appears safe with response rate outside 
of irradiated field being modest (though unclear whether 
response was result of checkpoint inhibition alone or due to 
combination with SBRT). Weichselbaum has suggested that 
the synergistic effect is at most, modest, in clinical trials and 
that it is necessary to treat all sites of metastatic disease (45). 

The phase II PEMBRO-RT study randomized patients 
with metastatic NSCLC to pembrolizumab +/− SBRT to a 
single site. Overall response was higher with SBRT (36% vs. 
18%, P=0.07) but did not meet study’s criteria for clinical 
benefit though the PD-L1 negative subgroup seemed to 
benefit most from SBRT with evidence of an augmenting 
effect of SBRT on response to PD-1 blockade in metastatic 
NSCLC patients (46).

Less promising is a multi-center randomized open-
label phase II trial from Germany presented at ESTRO. 
Patients with locally advanced or metastatic disease (not 
limited to NSCLC) were assigned to receive anti-PDL1 
immune checkpoint therapy (standard of care) or combined 
SBRT (8 Gy × 3 fractions) prior to second or third immune 
checkpoint therapy cycle (up to a maximum of three sites). 
Of 99 patients randomized, 3 withdrew and 7 patients 
did not complete the study prescribed SBRT due to early 
disease progression or illness. Median follow-up of 8 (range, 
0.7–33.1) vs. 11.2 (range, 0.7–35) months respectively with 
median PFS of 2.8 months in control arm vs. 4.4 months in 
experimental arm [P=0.7; hazard ratio (HR) =0.91; 95% CI: 
0.55–1.49]. Objective response rate (ORR) did not differ 
significantly between both arms (22% vs. 27%; P=0.5), 
despite a LCR of 77% in irradiated patients. Treatment 
related toxicities were similar (47).

As there is no homogenous cohort, individualized 
treatment should be adapted to other factors such as 
mutational status, next-line systemic therapy options, 
number, and location of OPD, symptom management 

and other factors. Synergistic or abscopal effect cannot be  
relied on. 

Though early in the pipelines, the implications of a 
synergistic or distant effect allows for a more promising 
future of certain subsets of metastatic disease.

Limitations and bias

We have detai led an overview of  an approach to 
oligoprogression. In regards to treatment modalities, 
much focus was given to SBRT/SABR as LAT of choice 
as compared to surgery or RFA. RT is a relatively safe, 
effective and cost-effective approach and it is difficult to 
compare the different approaches directly. As such, more 
studies need to be performed to evaluate the efficacy of 
other modalities of local treatment. 

In addition, optimal sequencing, dosing, and tolerability 
of different systemic agents alongside LAT remains under 
investigation. Many studies listed have variable acceptable 
protocols and small sample sizes, making conclusions difficult 
to attain. Selection bias plays a role in the OPD, as patient 
who undergo LAT may have more favorable outcomes 
though extent is unknown. Future randomized studies are 
needed. Additionally, as the definition of oligoprogression is 
an evolving one, with possible subclassifications such de novo, 
induced, and repeat OPD (see Figure 2), outcomes for each 
may be dramatically different in the coming years. 

Conclusions and future directions

Recently, the American Radium Society published 
guidelines to define oligometastases and oligoprogression 
with recommendations of clinical trial enrollment. SBRT/
SABR has been deemed to be both safe and effective in 
patients with limited metastatic disease though requiring 
more published data (48). Patients presenting with 
progression at a limited number of sites on a given line 
of systemic therapy may have favorable outcomes with 
aggressive LAT including SBRT/SABR. This is also 
reflected in current NCCN Guidelines (19). If SBRT/
SABR is not feasible, other dose-intensive accelerated/
hypofractionated conformal radiation therapy (CRT) 
regimens may be used. As much of the literature has been 
based on phase I/II trials, there are a limited number of 
randomized studies as well several phase III trials under 
way. Many phase I/II trials are also being evaluated for long 
term safety and efficacy (Table 2). 

Future studies specifically examining OPD include local 
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therapy with or without dose intensified radiotHerapy 
for oligo-progressive disease in oncogene-Addicted Lung 
Tumors (HALT trial) which is a phase II/III trial looking 
at whether SBRT in patients with actionable mutations, 
currently on TKI and who develop OPD with less than 
or equal to five sites benefit from SBRT. Patients will be 
randomized in a 2:1 fashion to the SBRT arm and can 
continue on TKI therapy in the background (64). 

Another trial examining OPD is the Stereotactic 
Radiation Therapy for Oligo-Progressive metastatic 
cancer (STOP trial). It is a multicenter phase II trial 
initially only examining NSCLC not limited to those 
with driver mutations; however, due to slow accrual it 
has been expanded to include all histologies. Patients are 
randomized in 2:1 fashion to the SBRT to a maximum of 
five oligoprogessive lesions vs. standard of care (65).

Further studies include a phase II trial of Osimertinib, 
Surgery, and Radiation Therapy in Treating Patients 
with Stage IIIB or IV Non-small Cell Lung Cancer 
With EGFR Mutations (NORTHSTAR trial). Currently 
osimertinib is standard of care for primary and first 
and secondary TKI resistant/progressive EGFR mutant 
metastatic NSCLC. However, the benefit of LAT with 

SABR/SBRT in patient’s progressing on first and second 
generation TKI with osimertinib is not known. Eligible 
patients include previously untreated patients with EGFR-
mutant NSCLC (L858R or exon 19 deletion) or NSCLC 
patients with acquired EGFR T790M that was acquired 
following progression on first or second generation TKI 
(this subset of patients must have not received prior third 
generation TKI). This population includes patients who 
are progressing on first and second generation TKI and 
addressing whether SABR/SBRT with osimertinib improves 
primary outcome of PFS. Secondary outcomes include OS 
and PFS in oligometastatic subgroups (66). 

Another study (NCT04767009) is an open-label, 
multicenter, phase II single arm trial of SBRT for 
Oligoprogressive NSCLC After Treatment With PD-1 
Immune Checkpoint Inhibitors. The estimated accrual 
for the study is 59 participants, for patients without driver 
mutations who are progressing on primary therapy and 
continue to after PDL-1 therapy. The primary endpoints 
are safety and 1-year new lesion-free survival rate, and the 
secondary endpoints are PFS and OS (67).

Further phase III studies including Stereotactic Ablative 
Radiotherapy for Comprehensive Treatment (SABR-

Table 2 Clinical trials involving SABR/SBRT and immunotherapy in advanced NSCLC

NCT number Enrollment Phase Radiation dose Immunotherapy

NCT02239900 (49) 143 1 50 Gy/4 frac, 60 Gy/10 frac, 20 Gy/5 frac Ipilimumab

NCT02492568 (50) 92 2 24 Gy/3 frac Pembrolizumab

NCT02608385 (51) 117 1 3 or 5 frac (dose not specified) Pembrolizumab

NCT03004183 (52) 57 2 30 Gy/5 frac Pembrolizumab

NCT03307759 (53) 13 1 Not specified Pembrolizumab

NCT02444741 (54) 104 1/2 50 Gy/4 frac, 45 Gy/15 frac Pembrolizumab

NCT03511391 (55) 99 2 24 Gy/3 frac Nivolumab/pembrolizumab

NCT03313804 (56) 57 2 SBRT: BED >100 Gy, 3D-CRT: 30 Gy Nivolumab/atezolizumab/pembrolizumab

NCT03223155 (57) 78 1 3–5 frac (dose not specified) Nivolumab/ipilimumab

NCT03391869 (58) 360 3 LCT: dose not specified Nivolumab/ipilimumab

NCT03431948 (59) 60 1 30–50 Gy Nivolumab + urelumab/cabiralizumab

NCT02221739 (60) 39 1/2 30 Gy/5 frac, 28.5 Gy/3 frac Ipilimumab 

NCT02639026 (61) 30 1 24 Gy/3 frac, 17 Gy/1 frac Durvalumab/tremelimumab

NCT03275597 (62) 17 1b 30–50 Gy/5 frac Durvalumab + tremelimumab

NCT03212469 (63) 55 1/2 Not specified Durvalumab + tremelimumab

SABR/SBRT, stereotactic ablative radiotherapy/stereotactic body radiation therapy; NSCLC, non-small cell lung cancer; Gy, Gray; frac, 
fraction; BED, biologically effective dose; 3D-CRT, 3-dimensional conformal radiotherapy; LCT, local consolidative therapy. 
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COMET) SABR-COMET 3 and SABR-COMET 10 are 
evaluating patients with up to three metastasis and 4–10 
metastasis respectively which will help evaluate the impact 
of number of metastasis on survival in this subset of patients 
and possibly further define treatment recommendations for 
oligoprogression (68,69).

Overall, as SABR/SBRT continues to be shown to 
benefit patients with oligoprogression, additional studies 
and evaluation is needed to further delineate factors that 
may influence outcomes of treatment, including optimal 
radiation dose, burden and location of metastatic disease, 
evaluating the maximum number of metastases that can be 
included in LAT with continued benefit, and understanding 
further molecular characteristics and defining patient 
populations that will allow for most effective treatment. In 
this era of continually emerging targeted treatments and 
immunotherapy, especially in NSCLC, in which resistance 
will inevitably occur, it is important that we continue to 
advance our understanding of OPD.
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