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Introduction

Lung cancer is the second most commonly diagnosed 
cancer but the leading cause of cancer related mortality with 
nearly 156,000 deaths per year; of those newly diagnosed 
lung cancer cases approximately 85% are non-small cell 
lung cancer (NSCLC) (1,2). Despite advances in screening 
nearly half of newly diagnosed NSCLC will be metastatic 
at presentation (3). Furthermore, despite aggressive 
treatment with concurrent chemotherapy and radiation 
followed by adjuvant chemotherapy nearly 45% of patients 
with locally advanced NSCLC will develop metachronous  
metastasis (4). Metastatic NSCLC represents the greatest 
contributor to cancer related mortality and thus significant 
research has been directed into the diagnosis and treatment 
of metastatic NSCLC. 

Traditionally, solitary and limited metastatic NSCLC 
was considered a widespread and thus incurable disease. 

However, investigators have begun to challenge the 
concept of incurable metastatic NSCLC. The principle of 
oligometastases was well popularized in 1995 by Hellman 
and Weichselbaum who hypothesized that metastatic 
disease occurs in a step-wise manner, initially with limited 
metastases followed by progression to widespread disease. 
Early on, metastases may be limited in number and location 
based on interaction of tumor cells with target organs 
in a “seed and soil” pattern (5,6). With improvements 
in imaging, including positron emission tomography/
computed tomography (PET/CT) and magnetic resonance 
imaging (MRI), identification of isolated metastatic deposits 
is accomplished with higher sensitivity and specificity. A 
significantly greater proportion of patients may be identified 
early in the metastatic spectrum and offered potentially 
curative local treatment, creating a new paradigm in the 
management of limited volume metastatic NSCLC. 
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Defining the oligometastatic state

While aggressive local therapy in limited metastatic 
sarcoma and colorectal carcinoma has been shown to lead 
to durable control of disease, the data supporting a true 
population of limited metastatic NSCLC remains limited. 
A meta-analysis of 49 publications, largely retrospective, 
including over 2,000 patients with oligometastatic NSCLC, 
defined as five or fewer sites of disease, was recently 
performed by Ashworth et al. Of note, 60% of the studies 
included patients with brain only metastases. The analysis, 
which included patients who received aggressive local 
therapy to sites of metastatic disease, found a total median 
overall survival of 19 months and a 5-year overall survival 
of 23.3% (7). The meta-analysis revealed a modest subset 
of patients with long-erm disease free survival and thus 
the existence of a true oligometastatic state. However, 
the studies included had highly heterogenous outcomes 
also suggesting that there are shortcomings in identifying 
patients with oligometastatic disease. A follow up individual 
patient data meta-analysis was performed to further identify 
patients that would benefit from aggressive local therapy 
of metastatic sites. The second meta-analysis included a 
total of 757 patients with five or fewer sites of metastatic 
disease with controlled primary sites of disease. All patients 
received ablative therapy to all sites of metastatic disease. 
The cohort of patients included had a median overall 
survival of 26 months, a 5-year overall survival 29.4%, and 
an 8-year overall survival of 23.4%. Analysis of prognostic 
factors coupled with recursive partitioning analysis revealed 
three risk groups. Those patients with metachronous 
development metastatic disease were considered low risk for 
additional metastatic disease and thus most likely to benefit 
from local therapy. Intermediate risk patients were those 
with synchronous metastatic disease but were node negative 
on presentation. Those patients classified as intermediate 
risk had 5-year overall survivals of 36.2% and 29.2% in the 
training and validation sets respectively. Lastly, patients 
classified as high risk (synchronous metastasis and ≥ N1) 
had 5-year overall survivals of 13.8% and 12.1% (8). 
Ultimately both of the meta-analyses reveal a subset of 
patients who have truly oligometastatic disease and can 
benefit from ablative local therapy though even in those 
patients considered high risk for additional disease greater 
than 10% can benefit from aggressive local therapy. 

Surgery for oligometastatic disease

Traditionally definitive management of metastatic sites 

consists of radical resection with or without systemic 
therapy. The strongest evidence for surgical management 
of metastatic disease is for patients with limited brain 
metastases.  The randomized trial  of  whole brain 
radiotherapy versus surgical resection followed by whole 
brain radiotherapy by Patchell et al., in which 77% of 
patients had NSCLC, included patients with a solitary 
brain metastasis. The study revealed both a local control 
and overall survival benefit with the addition of local  
therapy (9). A retrospective study from Memorial Sloan 
Kettering Cancer Center evaluating the role of surgical 
resection of solitary NSCLC lung metastases revealed a 7% 
10-year overall survival (10). Taken together these studies 
suggest there is a benefit to aggressive local therapy in the 
treatment of brain metastases. While the aforementioned 
studies evaluated the benefit of surgical resection on only 
brain metastases they did not evaluate the importance of 
treatment of the primary site of disease. A study performed 
by Bonnette et al. evaluated the role of surgical resection of 
both the primary and synchronous brain metastases. The 
study, which included 103 patients, found a 1-year overall 
survival of 56%, 2-year overall survival of 28%, and an 11% 
overall survival at 5 years (11). An additional retrospective 
study performed by Collaud et al. reported on 29 patients 
who underwent resection of the north the primary and 
sites of metastatic disease. Of the 28 included in the study  
19 had brain metastases, 8 lung metastases, and 2 and 
adrenal metastases. The 1- and 5-year overall survivals 
were 65% and 36% respectively with a median OS of  
20.5 months (12). 

The surgical paradigm has been further extended to 
extracranial metastatic sites. As the adrenal glands are a 
common site for metastases several studies have examined 
the role of adrenalectomy for patients with limited 
metastatic NSCLC. In the largest retrospective series, 
Porte et al. examined outcomes of 43 patients with either 
synchronous (n=32) or metachronous (n=11) solitary adrenal 
metastases treated with surgery from a multi-institutional 
retrospective cohort. The 4-year overall survival was 11% 
with 3 patients surviving beyond 5 years. Interestingly, no 
difference in overall survival was noted between patients 
with synchronous or metachronous metastases (13). Several 
smaller retrospective series have also confirmed the findings 
of Porte and colleagues (14-16). The study by Congedo 
and colleagues further extended the surgical paradigm to 
other disease sites. In a mixed cohort of 53 patients with 
brain (n=39), adrenal (n=7), bone (n=3), vertebra (n=3), and 
liver (n=1) metastases who underwent surgical resection the 
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long-term outcomes were examined. Overall survival was 
73.1% at 1 year and 24% and 5 years with a median overall 
survival of 19 months (17). 

Given the strong suggestion of a benefit for surgical 
resection of metastatic disease several prospective trials have 
been performed. In a prospective phase II trial performed by 
Downey et al. 23 patients who were treated with induction 
chemotherapy with mitomycin, vinblastine, and cisplatin 
followed by resection of all sites of disease and consolidation 
vinblastine and cisplatin. Of note, patients with solitary 
brain metastases had craniotomy prior to resection. It is 
important to note that only 12 patients completed induction 
chemotherapy. However, the median overall survival was 
reported to be 11 months with two patients surviving to  
5 years (18). In an additional trial performed by De 
Ruysscher and colleagues patients with <5 sites of metastatic 
disease were enrolled to a prospective phase II trial of local 
therapy. In the aforementioned study both surgical and 
radiotherapy was allowed for the treatment of metastatic 
sites. A total of 44 patients were enrolled but only 39 
were evaluable. Of note, despite allowing for up to 5 sites 
of disease 87% of patients had a solitary metastatic site. 
Furthermore, 95% of patients received chemotherapy as 
part of their treatment regimen. The 1 and 3-year overall 
survivals were 56.4% and 17.5% respectively (19). Taken 
together these retrospective and limited prospective trials 
suggest a role for resection of all sites of gross disease in 
patients with limited metastatic NSCLC. 

Radiation therapy for oligometastatic disease

While surgical therapy has shown promise for the treatment 
of oligometastatic disease, surgery is often not feasible for 
all sites of disease and only select patients are good surgical 
candidates. Furthermore, surgical treatment can often 
require long recoveries periods which can delay initiation or 
re-initiation of chemotherapy. With the invention of highly 
conformal radiation therapy including stereotactic ablative 
radiotherapy (SABR), radiation can now be used to quickly, 
safely, with minimal interruptions in systemic therapy in 
numerous disease sites (20-25). An initial retrospective 
analysis from the University of Chicago examined patients 
with oligometastatic NSCLC treated with stereotactic body 
radiation therapy (SBRT) to 1 to 5 sites of metastatic or 
primary disease following systemic therapy. Patients were 
treated to all known sites of active disease at a minimum 
of two weeks following first line systemic therapy. The 
most commonly used fractionation schedule was 50 Gy 

in 10 fractions. A total of 62 lesions were treated in 25 
patients with a median of two lesions per patient. With a 
median follow-up of 14 months, the median progression 
free survival and overall survival was 7.6 and 22.7 months 
respectively. Progressive disease was identified in 52% 
of patients following initial first-line chemotherapy with 
patients failing to have a response to therapy having worse 
progression free and overall survival (26). An additional 
retrospective study from the University of Rochester 
examined patients with up to five sites of oligometastatic 
disease of any histology (19% NSCLC) were treated to 
all sites of disease with SBRT. There were 121 patients 
enrolled prospectively with 74% treated to 50 Gy in 
five fractions. The 6-year overall survival for all patients 
was 20%. Patients who achieved a response or stable 
disease to initial systemic therapy prior to SBRT showed 
significantly higher rates of overall survival and freedom 
from distant metastases compared to those with progressive 
disease following initial systemic therapy (27). In an early 
prospective study of radiotherapy, the University of Chicago 
performed a single arm prospective dose escalation study of 
patients with 1–5 sites of disease. Of note, however, patients 
with all histologies were included and only 18% of the 61 
enrolled patients had metastatic NSCLC. In the University 
of Chicago trial dose was escalated from 24 to 42 Gy in 3 
fractions. The trial revealed a median PFS of 5.1 months 
with a median overall survival of approximately 2 years. 
While local control in the study by Salama and colleagues 
was low, with a 2-year local control of 53%, many patients 
did not receive ablative doses of radiotherapy due the dose 
escalation design of the trial (28). 

Until recently only the aforementioned retrospective 
series provided evidence for the use of locally ablative 
radiotherapy in the treatment of limited metastatic 
NSCLC. Despite the lack of evidence, a significant 
number of practicing radiation oncologists utilized SABR 
in the treatment of metastatic patients. However, there 
have been multiple recent prospective trials elucidating 
the role of locally ablative therapy in limited metastatic 
NSCLC. In a recently published randomized phase II 
trial Gomez et al. investigated the role of local therapy for 
patients with three or fewer sites of disease after induction 
chemotherapy; patients with EGFR and ALK mutations 
were allowed on the study. Patients were randomized in 
a 1:1 manner to local consolidative therapy (either SBRT, 
surgery, or chemoradiation) with or without maintenance 
chemotherapy or maintenance therapy alone. Of note, 
observation alone was an allowed maintenance therapy. 
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The trial was stopped early at an interim analysis after a 
total of 74 patients were enrolled. The median progression 
free survival was 11.9 months in the consolidative therapy 
arm and 3.9 months in the maintenance only arm. An 
interesting finding of the Gomez study was that the time to 
development of a new site of disease was prolonged in the 
consolidative arm when compared to the maintenance alone 
arm (29). In addition to the study by Gomez and colleagues, 
we performed a randomized phase II trial of maintenance 
chemotherapy  a lone  vs .  SBRT and maintenance 
chemotherapy. In our trial patients with six or fewer sites 
of disease after response or stable disease after induction 
chemotherapy were randomized to SBRT (hypofractionated 
radiotherapy to the primary and mediastinum was allowed) 
followed by maintenance chemotherapy or maintenance 
chemotherapy alone. Patients with EGFR and ALK 
mutations were not allowed on trial. The progression free 
survival was 9.7 months in the SBRT plus maintenance 
chemotherapy arm and 3.5 months in the maintenance 
alone arm. None of the patients who progressed in the 
SBRT plus maintenance chemotherapy arm progressed at 
an initial site of disease and treatment dramatically shifted 
the expected patterns of failure (30). While the recently 
published trials confirmed a progression free survival 
benefit for local therapy in limited metastatic NSCLC the 
more important question of the effect on overall survival 
remains unanswered. There are currently two trials 
underway SABR-COMET (NCT01446744) and NRG-
LU-002 (NCT03137771) which are powered to detect 
an overall survival benefit and will definitely elucidate the 
role of locally ablative therapy in the treatment of limited 
metastatic NSCLC. 

Oligoprogressive NSCLC

Many studies have focused on first line treatment of patients 
with limited synchronous or metachronous metastatic 
disease; however, there exists a separate population of 
metastatic patients’ worth discussion. Recent genomic 
studies have revealed that there is distinct clonal evolution 
at each site of metastatic disease such that individual sites 
may obtain treatment resistance or increased metastatic 
potential independent of the primary site of disease or even 
other metastatic sites. These patients with progression 
limited to only a few sites of disease may warrant treatment 
with locally ablative therapy. A retrospective study by Gan 
et al. examined the role of local therapy in patients with 
ALK mutations who progressed on crizotinib therapy. 

A total of 33 patients with 1–3 sites of extracranial 
oligoprogressive disease were included. Of the 33 patients 
included 18 had extracranial progression, and of those 
18, 14 received consolidative local therapy. For those 
patients receiving local therapy the median progression free 
survival was 14 months compared to 7.2 months for those 
without local therapy (31). A similar retrospective study 
was performed by at Memorial Sloan Kettering Cancer 
Center in patients with EGFR mutated NSCLC. In the 
study by Yu et al. patients who had acquired resistance to 
traditional EGFR inhibitors such as erlotinib or gefitinib 
were treated with locally ablative therapy. Of the 142 
patients found to have progression on a tyrosine kinase 
inhibitor (TKI) only 18 were treated with locally ablative 
therapy to a non-CNS site of progression. In the cohort of 
18 patients’ median progression free survival was 10 months 
with a median overall survival of 41 months (32). A study 
by Weickhardt and colleagues evaluated the benefits of 
aggressive local ablative therapy for patients with central 
nervous system and/or limited systemic disease progression. 
They also described continuation of treatment with 
crizotinib or erlotinib in patients with metastatic ALK gene 
rearrangement (n=38) or EGFR mutation (n=27) NSCLC, 
respectively. In their study, the median progression free 
survival was 9.0 months for ALK patients and 13.8 months 
for EGFR mutant patients. Twenty-five patients (49%) who 
progressed received local therapy (15 ALK, 10 EGFR) and 
continuation of the same targeted therapy. In those patients 
in whom local therapy was used, 19 of 25 patients had a 
subsequent progression with median subsequent PFS of  
6.2 months (33). Lastly, a prospective single arm phase II 
study investigating the role of local therapy was recently 
reported by our group. In the study patients with < six sites 
of extra-cranial progression who had progressed on at least 
one line of chemotherapy were treated with SBRT and 
maintenance erlotinib. Of note, the study was performed 
prior to the indication for erlotinib therapy being limited 
to patients with known EGFR mutations and thus the 
mutation status was not checked on all patients enrolled. 
Thirteen of the 24 patients enrolled on trial had EGFR 
mutation status analyzed but all were wild type. SBRT was 
delivered to a range of extracranial sites, and to two or more 
sites in 62.5% of patients. A change in the pattern of relapse 
was noted, with a shift in failure from treated sites of known 
disease to new sites of distant failure. By treating new sites 
of progression with SBRT, several patients in this study 
were able to remain on erlotinib for additional periods of 6 
to 9 months. Toxicities were limited, including two grade 3 
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toxicities, four grade 4 toxicities (one possibly from SBRT, 
and three definitely related to erlotinib), and one grade 5 
toxicity (death) possibly related to SBRT. The median PFS 
and OS for patients in the study were 14.7 and 20.4 months, 
respectively (34). While the aforementioned retrospective 
and single arm prospective trials compare favorably with 
historic controls the lack of appropriate controls confounds 
the magnitude of benefit for treatment of oligoprogressive 
disease. The currently enrolling STOP (NCT02756793) 
and HALT (NCT03256981) trials are randomized trials 
evaluating the role of locally ablative therapy on progression 
free survival in patients with oligoprogressive NSCLC. 

Immunotherapy and future directions

Therapy for NSCLC has seen significant advances within 
the last few years. The standard of care for patients with 
metastatic NSCLC has consisted of platinum-based 
chemotherapy followed by maintenance chemotherapy 
(35-41). However, for those patients with PD-1 expression 
>50% there is an overall survival benefit associated with 
the use of pembrolizumab over traditional platinum 
chemotherapy (42). In addition, in those patients who 
have progressed after first line chemotherapy there is an 
overall survival benefit using nivolumab over single agent  
docetaxel (43). Several retrospective series and case reports 
have shown significant out of field, or abscopal, effects 
with the use of radiation therapy in NSCLC though less 
frequently than with other solid malignancies (44-46). A 
single arm single institution prospective trial of 35 Gy in 
10 fractions delivered with concurrently with granulocyte-
macrophage colony-stimulating factor (GM-CSF) revealed 
nearly 30% of patients had an abscopal response in 
untreated lesions (47). These early findings strongly support 
the use of ablative radiotherapy in patients with metastatic 
NSCLC. However, there are still many concerns with 
combined immunotherapy and radiation: (I) there are no 
predictive clinical or biologic parameters that can accurately 
predict in whom abscopal effects are likely (II) the optimal 
dose of radiotherapy to elicit immune stimulation remains 
unclear (III) the proper order of therapy, sequential 
or concurrent, also remains unclear. Further studies 
are necessary to further elucidate patient selection and 
appropriate radiotherapy in the immunotherapy era. 

As the indications for immunotherapy continue to 
expand the appropriate role of local therapy continues to 
change. The recently published PACIFIC trial showed a 
significant progression free survival benefit for the addition 

of adjuvant durvalumab after chemoradiotherapy (48). 
While the incidence of new lesions was reduced to 20% 
from 32% with the addition durvalumab this still leaves 1 
in 5 patients with metachronous metastatic disease (48). 
However, whereas these patients were previously treated 
with chemotherapy alone these new lesions are ostensibly 
resistant to anti-PD1 therapy and thus the optimal therapy 
remains unclear for these patients. While many resistance 
mechanisms have been suggested in pre-clinical models 
of most interest is T-cell exhaustion via upregulation of 
multiple inhibitory molecules such as CTLA-4 (49). A phase 
II trial by Hellmann et al. investigated the role of CTLA-
4 and PD-1 combined blockade. A total of 78 patients were 
randomized to nivolumab every two weeks with either 
ipilimumab every 6 or 12 weeks. Treatment-related serious 
adverse events were reported in 12 (32%) and 11 (28%) 
patients in the 6 and 12-week cohorts. Objective responses 
were achieved in 47% of patients. The combination was 
felt to be safe and tolerable (50). While early studies have 
shown promise for CTLA-4 inhibitors in the metastatic 
setting more recent results have been mixed. A recent study 
by Govindan et al. investigated the use of ipilimumab for 
patients with metastatic or recurrent NSCLC. Patients 
were randomized to carboplatin and paclitaxel with either 
placebo or ipilimumab. Median overall survival was  
13.4 months for chemotherapy plus ipilimumab and  
12.4 months for chemotherapy plus placebo;  the 
difference was not found to be statistically significant. 
Median progression-free survival was 5.6 months for 
both groups (51). As these studies did not investigate 
the oligoprogressive setting or the role of radiotherapy 
in stimulating immune response to overcome resistance 
mechanisms there are significant areas that will require 
intensive study. At this point, the only statement that can 
be made is that combination therapy appears to be safe 
for patients with NSCLC. The use of combined blockade 
and radiation therapy are currently being investigated 
in NCT03223155 and NCT03168464. The role of  
CTLA-4,  PDL-2 and other  immunotherapies  in 
combination with ablative radiotherapy in the post-primary 
PD-1 inhibition era will require rigorous additional study. 

Conclusions

The understanding and treatment of metastatic NSCLC has 
seen significant advances within the last few years. However 
significant gaps in our understanding of patient selection, 
optimal systemic therapy, the tumor microenvironment, 
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and the effects of radiotherapy on the immune system both 
locally and systemically still exist. Significant advances and 
intensive study will be required to increase disease free and 
overall survival in patients with limited NSCLC. Despite 
these limitations however there still exists a population in 
whom long term cure is possible and with further study 
these patients can reliably treated and ultimately cured with 
aggressive therapy. 
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