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Introduction  

The emergence of immunotherapy as the fourth pillar 
of cancer therapy, alongside surgery, radiation and 
chemotherapy, has generated interest in combinatorial 
strategies to maximize the benefits of anti-tumor immunity. 
The Food and Drug Administration (FDA) approval of 
immune checkpoint blockade in the treatment of metastatic 
non-small cell lung cancer (NSCLC) has specifically ignited 
efforts toward combinatorial approaches in NSCLC. 
Radiation therapy (RT) may be well suited as a partner 
to immunotherapy in NSCLC given its immunoadjuvant 
properties and its utility across the spectrum of patients with 
NSCLC. While combinations of RT and immunotherapy 
in NSCLC are still nascent, there is a body of preclinical 
literature supporting this approach. Moreover, emerging 
clinical data in melanoma and other disease sites support 

testing combinations of RT and immunotherapy in 
NSCLC.

The need for greater systemic control in NSCLC

NSCLC is the leading cause of cancer death in the United 
States with an estimated 158,080 deaths in 2016 (1). RT 
plays a prominent role in the treatment of NSCLC patients 
across the spectrum of disease: early stage, locally advanced 
and metastatic. In the growing population of patients 
with early stage disease, curative local therapy (surgery or 
stereotactic body radiotherapy) results in 5-year survival 
rates below 55% (SEER 2005–2011) and 3-year distant 
metastasis rates between 20–40% (2). For patients with 
locally advanced or metastatic disease, outcomes remain 
poor: 5-year survival rates reach 25% for locally advanced 
stage IIIA patients (2). Patients with metastatic disease 
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treated with platinum-doublet therapy have a median 
survival less than 1 year. 

In the absence of better systemic disease control, even 
the most effective RT will have limited gains. Cytotoxic 
chemotherapy has had limited efficacy for patients with 
locally advanced and metastatic NSCLC. Several studies 
demonstrated a survival benefit to adjuvant chemotherapy 
after resection of non-metastatic NSCLC (stage II-III) 
(3-7). Adjuvant chemotherapy does not improve clinical 
outcomes in stage IA patients. For stage IB patients, 
CALGB 9633 found no benefit to adjuvant chemotherapy, 
notwithstanding a posthoc analysis suggesting benefit for 
patients with tumors >4.0 cm (8). Even in the unplanned 
subgroup analysis of patients with tumors >4.0 cm, the 
modest benefit of adjuvant chemotherapy must be weighed 
against its toxicities. 

Other approaches, including angiogenesis inhibitors, 
have had limited success (9,10). The emergence of next 
generation sequencing has helped identify patients whose 
tumors harbor mutations for which targeted therapies 
exist. With this type of personalized medicine, profound 
responses are observed. However, this approach is limited 
to a small subset of patients whose tumors harbor actionable 
mutations (11).

Thus, additional approaches are needed to combat this 
devastating disease. Immunotherapeutic approaches are 
the most promising of the emerging therapies for NSCLC. 
These approaches were first successful in melanoma, a 
disease in which the immune activating factor IL-2 emerged 
as a standard therapy in the 1980s (12). Adoptive cell transfer 
of tumor infiltrating lymphocytes (TIL), and subsequently 
T cell receptor engineered lymphocytes, induced profound 
responses in melanoma in the 1990s and early 2000s. But 
it was not until 2011, when level I evidence demonstrated 
the survival benefit of immune checkpoint blockade 
targeting the immunoregulatory molecule CTLA-4,  
that immunotherapy attracted the attention of a global 
audience (13). This was followed closely by clinical trials 
demonstrating the efficacy of a second class of immune 
checkpoint inhibitors targeting programmed cell death 
protein 1 (PD-1) (14). 

In 2015, immune checkpoint inhibitors targeting the 
PD-1 pathway were approved by the U.S. FDA for treatment 
of patients with locally advanced or metastatic NSCLC 
that had progressed on prior therapy. More recently the 
results of the KEYNOTE-024 trial randomized previously 
untreated patients with metastatic PD-L1 positive NSCLC 
to pembrolizumab, a humanized monoclonal antibody 

against PD-1, versus standard chemotherapy and showed 
a significant survival benefit in favor of patients receiving 
pembrolizumab (15). 

Rationale for immunotherapy in NSCLC: the shoe 
fits

Before the approval of immune checkpoint blockade (anti-
PD1 therapy) for metastatic NSCLC, there were hints in 
studies of the immune microenvironment of these tumors 
that immunotherapy could be an effective approach. Several 
studies have examined the association of tumor infiltrating 
lymphocytes TIL on outcome in patients with NSCLC. 
The interest in TIL may be largely based on observations 
of heavy T-cell infiltrates in melanoma, a disease highly 
responsive to immunotherapy. In melanoma, the rich T-cell 
infiltrate serves as the basis for TIL therapy, in which TIL 
are grown ex vivo for therapeutic intravenous administration 
in combination with myeloablative regimens and immune 
growth factors (e.g., IL-2). 

Across numerous studies, the presence of CD8+ T cells 
within the NSCLC tumor microenvironment was associated 
with superior clinical outcome, despite heterogeneous 
clinical populations and quantification methods (16). Even 
more recently, a study examined the association of TIL with 
survival in a more homogeneous population of patients with 
resected NSCLC who were enrolled on clinical trials testing 
adjuvant chemotherapy. The presence of TIL was associated 
with improved overall survival in this dataset (17). These 
data supporting TIL as a prognostic factor lend credence 
to the potential anti-tumor role of infiltrating T cells in 
NSCLC, as in melanoma. 

In addition to TIL, the burden of somatic mutations 
in a particular tumor may determine its immunogenicity. 
Effective immunotherapy is based on the premise that T 
cells recognize a non-self antigen presented by tumor cells. 
One hypothesis is that tumors with greater mutational 
load also have greater neoantigens repertoire, increasing 
the likelihood of a productive anti-tumor T cell response. 
Compared to other cancer types, melanoma has the highest 
burden of somatic mutations, thought to be a result of 
UV-light exposure (18). Consistent with this hypothesis, 
melanoma patients with higher mutational load are more 
likely to derive clinical benefit from anti-CTLA-4 immune 
checkpoint blockade (19). 

The two major subtypes of NSCLC, squamous cell 
carcinoma and adenocarcinoma, carry the second and 
third highest mutational burden of all cancer types. This 
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heavy mutational signature may be related to the effects 
of tobacco smoking. It is plausible that like melanoma, the 
greater mutational burden seen in NSCLC results in a 
higher likelihood of tumor reactive T cells that may mount 
a productive anti-tumor response under the appropriate 
stimulus. And in line with findings in melanoma, NSCLC 
patients with tumors harboring higher mutational load, anti-
PD-1 immune checkpoint blockade was more effective (20).  

Clinical data for immunotherapy in NSCLC

The FDA approval of pembrolizumab was based on 
results of an international phase 1 study of pembrolizumab 
(KEYNOTE-001) that included 495 patients with locally 
advanced or metastatic NSCLC (including both squamous 
and non-squamous histology). In these patients there was 
an overall response rate of 19.4%, including a response rate 
of 45.2% in the PD-L1 high-expressing population (21). 
Because of the latter finding, its approval was limited to 
patients with tumors expressing PD-L1. 

Two trials compared an alternate antibody antagonist 
of PD-1, nivolumab, with docetaxel in the second-line 
treatment of metastatic squamous or non-squamous lung 
cancer (CheckMate-017 and CheckMate-057, respectively) 
(22,23). For both CheckMate-017 and CheckMate-057, 
2-year overall survival was higher in the nivolumab arm 
(23% vs. 8% and 29% vs. 16%, respectively). Unlike 
CheckMate-057, there was a statistically significant increase 
in progression-free survival for patients on CheckMate-017 
and responses were not tied to baseline PD-L1 expression. 
Nivolumab was approved by the FDA in March of 2015 for 
treatment of advanced squamous cell NSCLC refractory to 
chemotherapy. 

Despite the overwhelming success of immune checkpoint 
blockade, the majority of patients do not respond. 
Combination therapies—including those with RT—may 
circumvent the resistance mechanism and expand the 
efficacy of immune checkpoint blockade to larger fraction 
of patients with NSCLC. 

Rationale for radiotherapy as an immunoadjuvant

Radiation is classically categorized as a DNA-damaging, 
cytotoxic therapy. However, in addition, it acts as an 
immunomodulator. The interest in radiation as an 
immunomodulator began nearly half a century ago, with 
the first anecdotal reports of the abscopal effect (24). 
The abscopal effect is a clinical response in a malignant 

lesion other than the target lesion (or a response outside 
the irradiated field), and was posited to be a result of an 
immunologic response incited by radiation to the target 
lesion. 

Over the subsequent decades, scattered cases of the 
abscopal effect were reported, but these were met with 
healthy skepticism. As immune checkpoint blockade 
and other immunotherapies began to emerge over the 
past decade, reports of the abscopal effect became more 
prominent (25). Concurrently, the body of preclinical 
evidence on the intersection of radiation and immunity 
began to grow exponentially. These have been reviewed 
extensively elsewhere (26-28). 

Importantly, the local effects of radiation were noted 
to be immune dependent in specific mouse models. In 
a murine model of melanoma, the depletion of CD8+ 
T cells abrogated the local effects of irradiation (29). 
Likewise, in a murine model of colon cancer, the local 
effects of radiotherapy were partially dependent on IFN-
alpha receptor and stimulator of interferon genes (STING) 
signaling (30). In both of these studies, the local anti-tumor 
effects of radiation could not be uncoupled from the T cell 
immunity. That radiation can incite a local anti-tumor T 
cell response supports the possibility that it may incite a 
systemic anti-tumor T cell response, otherwise known as 
concomitant immunity (31). 

Indeed, studies in an animal model of breast cancer 
demonstrated that ablative radiation of a local tumor 
impeded the development of lung metastases in a CD8+ 
T-cell dependent fashion (32). These results have been 
corroborated by several studies where local irradiation and 
systemic immunotherapy led to improved tumor control 
compared to either therapy alone (32-36).

Several mechanisms have been proposed by which 
radiation potentiates an anti-tumor T cell response. 
Radiation can induce the release of danger signals or 
danger-associated molecular patterns (DAMPs), which 
serve as the first step in a cascade that leads to activation 
of antigen presenting cells (APCs)/dendritic cells. Danger 
signals, such as HMGB1, can bind to toll like receptors 
on the surface of APCs and potentiate the ability of APCs 
to activate nearby T cells (37). Thus, indirectly via release 
of DAMPs or via release of specific chemokines (e.g., 
GM-CSF), radiation may modulate antigen presentation. 
Radiation can also lead to increase in the quantity, variety 
and presentation of antigens from a tumor though activation 
of proteasome pathways, and augmentation of MHC class I 
presentation (38,39). Radiation-induced chemokines may 
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also directly attract APCs or effector CD8+ T cells to the 
tumor microenvironment (40). 

Radiation can also have immunosuppressive effects 
that may counteract the development of systemic anti-
tumor immunity.  Foremost,  radiation can recruit 
immunosuppressive myeloid cells (e.g., myeloid derived 
suppressor cells, inflammatory monocytes, or tumor-
associated macrophages) that either directly promote tumor 
outgrowth (41), or contribute to be an immunosuppressive 
microenvironment in which T cells are dysfunctional (42). 
Additionally, radiation has been shown in pre-clinical 
models to upregulate PD-L1 expression in the tumor 
microenvironment, which can lead to T-cell exhaustion (36). 
Finally, radiation can lead to accumulation of T-regulatory 
cells, which serve as obstacles to productive anti-tumor 
immunity (43). 

Whether the dominant effects of radiation promote or 
disrupt anti-tumor immunity may largely depend on tumor 
type and context. In tumors with baseline immunogenicity, 
radiation may be more likely to stimulate productive 
anti-tumor immunity. On the contrary, immunologically 
“cold” tumors that lack a neoantigens signature and T cell 
infiltrate, may predominantly recruit immunosuppressive 
myeloid cells in response to radiation. 

Abscopal response to radiotherapy in NSCLC

The majority of clinical data indicating an immunoadjuvant 
role for radiation are from patients with melanoma. However, 
data in NSCLC have also emerged. In 2013, clinicians 
reported a case of an abscopal response to radiotherapy in a 
patient with metastatic NSCLC who did not receive systemic 
therapy. The patient received conventionally fractionated 
radiation (60 Gy) for a T3N0 left upper lobe primary 
adenocarcinoma, and SBRT (26 Gy ×1) to a right lower lobe 
primary adenocarcinoma. Two weeks after treatment the 
patient was noted to have an FDG avid lesion in the adrenal 
gland consistent with metastasis, and approximately 2 months 
after treatment developed an FDG avid humeral lesion, also 
consistent with metastasis. One year after radiation, even 
without systemic therapy, these lesions had achieved complete 
metabolic response. The patient ultimately progressed at a 
different osseous site (44). 

The potential for radiation to initiate a systemic anti-
tumor immune response has been used as an argument 
for the treatment of early stage NSCLC with SBRT, 
especially in contrast to surgery. In a 2010 retrospective 
study comparing patients with T1-T2N0 NSCLC who 

underwent either wedge resection or SBRT, local and 
locoregional recurrence rates were lower in patients 
receiving SBRT (45). However, in the pooled analysis of 
two randomized trials of surgery versus SBRT in medically 
operable patients (STARS and ROSEL), while SBRT was as 
effective as surgery (46), there was no significant difference 
in the rate of regional recurrence or distant metastasis. 

Radiotherapy and immune checkpoint blockade

The ability of radiation to initiate systemic anti-tumor 
immunity may be amplified in the context of immune 
checkpoint blockade. In animal models, radiation interacts 
favorably with immune checkpoint blockade. When 
combined with dual immune checkpoint blockade in a 
murine model of melanoma, radiation is associated with T 
cell receptor diversification, and results in greater control 
of non-irradiated tumors (47). A concordant phenomenon 
was seen in the peripheral blood from a cohort of patients 
with metastatic melanoma treated with immune checkpoint 
blockade (anti-CTLA-4) and palliative radiotherapy. In this 
cohort, 17% of patients experienced a response in the non-
irradiated lesion, which exceeds the expected response rate 
for anti-CTLA-4 therapy alone. 

In the largest dataset thus far examining the effects of 
local therapy in combination with immune checkpoint 
blockade (anti-CTLA-4), 127 metastatic melanoma patients 
were treated with electrochemotherapy, radiation or 
selective internal radiation therapy (SIRT). After accounting 
for measured differences in the treatment groups, patients 
receiving local therapy had significantly longer overall 
survival (48). 

In NSCLC, there are case reports of abscopal responses 
to radiotherapy in patients also receiving immune 
checkpoint blockade. In one case, a patient with metastatic 
lung adenocarcinoma who had progressed despite multiple 
systemic therapy regimens, received RT concurrently with 
anti-CTLA-4 therapy and experienced a clinical response 
in multiple metastatic lesions (49). While it is possible this 
response was primarily related to anti-CTLA-4, it should be 
noted that anti-CTLA-4 therapy alone or in combination 
with systemic therapy has not resulted in improvements in 
disease outcomes for patients with NSCLC. 

A recently reported phase I study of anti-CTLA-4 
therapy with SBRT in patients with non-melanoma solid 
tumors included eight patients with NSCLC (50). Uniquely 
in this trial, patients received ablative doses of radiation, 
with BED of ~100 Gy (assuming alpha/beta =10) to the 
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lung or liver. One out of eight NSCLC patients experienced 
either a partial response or prolonged (6 months) stable 
disease outside of the irradiated field (according to immune 
related response criteria). 

Toxicity considerations

Multiple early phase studies have been conducted 
examining the safety of combining ablative radiotherapy 
with immunotherapeutic agents (47,51,52). At the 
University of Pennsylvania, combination ipilimumab with 
hypofractionated palliative radiotherapy was tested in a 
phase I study. Of 21 enrolled patients, there was no grade 4 
or higher toxicities. The most common grade 3 toxicity was 
anemia, which was unlikely to be related to the effects of 
focal hypofractionated radiotherapy. 

For the combination of lung radiation and immune 
checkpoint blockade, pneumonitis is an overlapping toxicity. 
Radiation pneumonitis and pneumonitis due to immune 
checkpoint blockade may have shared mechanisms. The 
precise mechanism for radiation pneumonitis is unclear, 
but in addition to innate immune responses driven by 
monocyte, macrophage and neutrophil infiltration (53,54), 
T cell driven adaptive immune processes have been 
implicated (55-57). The mechanism for pneumonitis related 
to immune checkpoint blockade has not been well studied, 
but is putatively due to autoreactive T cells. 

Anti-PD-1 agents have a better safety profile than 
anti-CTLA4 agents. The rate of grade 3 toxicity for 
pembrolizumab in NSCLC in KEYNOTE-001 was 
<10%, including a 1.8% rate of grade 3 pneumonitis. 
And in modern SBRT series, the rate of grade 3 radiation 
pneumonitis is <5% (58).

Thus, given the low independent rates of pneumonitis 
with each therapy, this combination will likely be safe and 
tolerable. However, given potential overlapping immune 
mechanisms of pneumonitis related to each therapy, it is 
important to carefully characterize the safety and toxicity 
profile in a prospective study. In the aforementioned phase 
I study of anti-CTLA-4 therapy with SBRT in patients with 
non-melanoma solid tumors, which included eight patients 
with NSCLC, clinical pneumonitis was not observed. A 
phase I safety study of atezolizumab (anti-PD-L1 antibody) 
in combination with SBRT in early stage NSCLC is actively 
recruiting patients (NCT02599454, www.clinicaltrials.gov). 
Likewise, in the metastatic setting, escalating doses of 
radiotherapy to the lung will be investigated combination 
with pembrolizumab to assess safety and toxicity 

(NCT02587455). 

Ongoing studies  

In addition to the phase I study of SBRT combined with 
anti-PD-L1 in early stage NSCLC, other studies are 
examining combinations of immunotherapy and radiation 
or chemoradiation in NSCLC (Table 1). Many of the 
trials are conducted in the metastatic or oligometastatic 
setting, similar to those described above, wherein patients 
with NSCLC are included with other histologies and the 
emphasis is to examine the impact of SBRT on efficacy of 
immune checkpoint blockade or other immunotherapy. 
At one institution, investigators are testing FLT3 ligand, 
which may enhance antigen presentation, administered 
subcutaneously concurrent with SBRT in patients with 
metastatic NSCLC refractory to standard therapy 
(NCT02839265). 

In studies of early stage and locally advanced disease, 
the focus of combination studies is to test the efficacy of 
immunotherapy when added to standard therapy. This 
includes immunotherapy other than immune checkpoint 
blockade, such as cancer vaccines that have been tested 
in the metastatic setting (e.g., cancer-testis antigens such 
as NY-ESO-1 and MAGE-A3, as well as telomerase 
and MUC-1). A phase II study of telomerase peptide 
vaccination in locally-advanced stage IIIA NSCLC 
suggested patients developed specific immune responses 
against the peptide in 80% of patients (59). Another vaccine 
study in locally advanced patients, this one a phase III 
randomized study, examined the impact of a vaccine against 
MUC1 glycoprotein on overall survival. While no overall 
survival difference was noted, the vaccine was associated 
with a benefit in a subset of patients who had received prior 
chemoradiotherapy (60). 

Other vaccine studies are ongoing for patients after 
chemoradiation for locally advanced disease. However, 
combinations using immune checkpoint blockade have 
generated the most interest, and several trials are ongoing 
for locally advanced patients. RTOG will be studying 
adjuvant nivolumab after definitive chemoradiation for 
locally advanced NSCLC in a randomized phase III design 
(NCT02768558). Another institution is testing the use of 
neoadjuvant pembrolizumab for patients with stage IB, II or 
IIIA NSCLC in a single arm phase II design (NCT02818920). 
Durvalumab, an anti-PD-L1 monoclonal antibody, will 
be tested as a neoadjuvant therapy in combination with 
chemotherapy in patients with resectable stage IIIA NSCLC 
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(NCT02572843). Patients will also receive adjuvant 
durvalumab, but only after adjuvant radiotherapy, should it 
be indicated. While these studies may prove a benefit for the 
experimental agent, they are unlikely to produce data on the 
potential synergy and radiotherapy. 

Resistance mechanisms/future directions

W h i l e  o p t i m i s m  i s  a b o u n d i n g  r e g a r d i n g  t h e s e 
combinatorial successes, failure of these approaches can 
and should be anticipated. In melanoma, where immune 
checkpoint blockade has had startling success, a substantial 
number of refractory cases remain. Some patients do not 
respond to therapy, and others respond and then progress. 
Recent evidence suggests that defects in interferon 
sensitivity within tumor cells may limit the efficacy of 
immune checkpoint blockade (61,62). Interferon pathway 
stimulation is likely an important component of the 
radiotherapy-induced antitumor response as well (30). 
Thus, identifying patients with NSCLC that lack sufficient 
interferon pathway signaling, will allow for better selection 
of patients for clinical trials of combined radiation and 
immunotherapy. 
 

Conclusions

Some of the immune effects of radiation can induce or 
boost systemic anti-tumor immunity, especially in tumor 
with baseline immunogenicity. By doing so, radiation can 
complement immunotherapies such as immune checkpoint 
blockade. This is an especially promising approach in 
NSCLC because of its shared features with melanoma, 
the disease where immunotherapy has made the most 
headway. Like melanoma, NSCLC is characterized by a 
significant number of somatic mutations and a substantial 
T cell infiltrate. Given these similarities, it is not surprising 
that NSCLC is one of a handful of malignancies that, like 
melanoma, responds to immune checkpoint blockade. With 
the emerging data in melanoma that radiotherapy may 
improve clinical response rates and outcomes with immune 
checkpoint blockade, this approach is equally intriguing in 
NSCLC. We await results from numerous studies testing 
this approach in the early stage, locally advanced and 
metastatic settings.
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