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Radio-immunotherapy: a promising weapon to
consider in the fight against NSCLC
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Abbreviations: NSCLC, non-small cell lung cancer; CALR,
calreticulin; HSPs, heat-shock proteins; APC, antigen-presenting ce-
1ls; HMGBI, high mobility group box 1; DAMPs, damage-associated
molecular patterns; IFN, induced type i interferon; DC-CIK, dendritic
cells and cytokine-induced killers

Introduction

Non-Small Cell Lung Cancer (NSCLC) treatment has dramatically
changed during this last decade. Due to better understanding and
new options of treatment, unresectable and metastatic patients have
improved their overall survival from less than 8months' to almost
14months of median survival.> Treatment’s algorithm is currently
based on the molecular profile of the tumor, especially for lung
cancer adenocarcinoma, where the initial study in the metastatic
setting includes evaluation of EGFR mutation status, ALK and ROS1
rearrangement, and immunohistochemistry for PDL-1.* The benefit
of immunotherapy with PD-1 checkpoint inhibitors has been already
reported for squamous and non-squamous histology.**

In the pivotal trial KEYNOTE-024.° pembrolizumab, a humanized
monoclonal antibody against PD-1, was associated with an
impressive significantly longer progression-free survival in patients
with untreated metastatic NSCLC and PD-L1 expression on at least
50% of tumor cells.

Median progression-free survival was 10.3months (95% CI 6.7 to
not reached) in the pembrolizumab group versus 6.0months (95% CI,
4.2t06.2) inthe control group (HR 0.50;95% CI,0.37t00.68; P<0.001).
Results for overall survival are not mature yet, but the estimated rate
of overall survival at 6months also favored pembrolizumab. Previous
studies*® reported the benefit of immunotherapy in patients who
progressed after a first line of chemotherapy. Although promising
results are being reported, the response rate of immunotherapy is still
sub-optimal,**°this could be explained by underlying mechanisms that
are currently under study.

Several strategies are under development to improve the published
results of immunotherapy, including dual checkpoint blockade
with anti-CTLA-4 antibodies and combination with cytotoxic
chemotherapy or anti-VEGF antibodies.’

The role of fractionated radiotherapy is well established in patients
with NSCLC locally advanced disease® and newer technologies, like
SBRT, are more frequently used in patients with early stage disease.’
Recently the focus has changed due to theoretical advantages that
could be obtained with the combination of immunotherapy and
radiation therapy in metastatic disease. Although the lymphocytotoxic
effect of radiotherapy has long been recognized,' this should be
considered with caution, because the newer available technologies
allow better control of the irradiation volumes, with decreased filed
sizes and optimized dose constraints.
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The rationale of immune-radiotherapy in
NSCLC

Radiation therapy is essentially a localized treatment based on
the utilization of ionizing radiation, commonly photons, that damage
the DNA, which will cause cell death by different mechanisms.!!?
However, effects of radiation are not limited only to the targeted
volumes, and tumor regression has been also observed to occur
outside the radiation field. This phenomenon is known as “abscopal
effect” (ab scopus, away from the target).'>'* The complex mechanism
behind this phenomenon is not completely understood, but immune-
mediated cell death is thought to be a main component of the event.
When the irradiated cancerous cell dies, it releases damage-associated
molecular patterns (DAMPs) which recruit cellular components of
the immune system to the tumor bed, creating an anti-tumor immune
response.”> Some of these molecules include the endoplasmic
reticulum chaperone calreticulin (CALR) and various heat-shock
proteins (HSPs), which are exposed on the surface of the dying cell
and recognized by antigen-presenting cells (APC). Also, these proteins
can be released as cytokines.!* The nuclear High Mobility Group Box
1 protein (HMGB1) and ATP are also released from the dying cell and
recognized by de APC."? The final effects of these pathways lead to
an improved uptake of tumor cells and recognition of tumor-derived
antigens. Other effects provoked by radiation include increased
expression of NKG2D ligands and sensitivity to NK cell-mediated
cytotoxicity of tumor cells' and radiation-induced type I interferon
(IFN) production, upregulated MHC class I expression, and restored
response to anti-PD-1 in anti-PD-1-resistant rat models.'® These
molecular mechanisms open the possibility of a synergistic effect
when used in conjunction with immunotherapy.
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The production of tumor-derived antigens is associated with the
mutational heterogeneity of cancer cell lines, some types of cancers
such as NSCLC present high somatic mutation frequency, which is
thought to be associated with exposure to carcinogens like tobacco.'”
Although the immune system can detect tumor-derived antigens, there
are mechanisms to evade immune-mediated destruction of cancer
cells, like down-regulation of major histocompatibility complex
and expression of cell surface proteins that kill cytotoxic T cell
(PD-L1-PD-1 axis) among others,'® which can be manipulated via
immunotherapy and radiation therapy. NSCLC cells express PD-L1
as a mechanism to avoid immune response, and it has been used in the
clinic as a biomarker for efficacy of immunotherapy, identifying better
response rates to anti-PD-1 immunotherapy in patients with higher
cellular membrane expression.!” Higher somatic nonsynonymous
mutation burden and molecular signature of smoking have also shown
association with clinical response to anti-PD1 immunotherapy.?

Clinical evidence of the benefit of combined
treatment

Currently, most of the evidence that supports the use of
immunotherapy combined with radiation therapy comes from
preclinical models. In the clinical setting, the incidence of abscopal
effect in patients receiving immunotherapy has been reported more
frequently in melanoma.?’ In NSCLC patients some case reports
have been published, creating interest in the combination of ablative
radiation therapy and immunotherapy. Golden et al.,? reported a
case of a 64years-old man with metastatic lung adenocarcinoma
who received treatment with IMRT to a total dose of 30Gy to a liver
metastasis concurrently with ipilimumab 3mg/kg body weight. Post-
treatment imaging showed response inside and outside the irradiated
field. Cong et al.” reported the case of a 64year-old- treated female
with metastatic lung adenosquamous carcinoma. After progression,
she was treated with dendritic cells and cytokine-induced killers (DC-
CIK) immunotherapy and concurrent SBRT to a dose of 37.5Gy in
five fractions to a paramediastinal lesion. Chest imaging performed
10months after completion of SBRT showed response of lesions in the
irradiated field and outside of it as well.

A recently published retrospective analysis of the KEYNOTE-001
trial,** reported the outcomes in patients previously treated with
radiotherapy. Progression-free survival and overall survival was
significantly improved for patients treated with pembrolizumab who
received previous radiotherapy compared with those without a history
of radiotherapy (HR 0.56 95%CI, 0.34-0.91; P=0.019 and HR 0.58;
95%CI, 0.36-0.94; P=0.026, respectively).

To date, several clinical trials are being conducted to further clarify
the effects of this approach in patients with localized and metastatic
NSCLC (25, 26). From the oncological perspective, several questions
must be answered in the clinical field, including optimal time of
delivery of radiation, dose and fractionation and particle employed
to optimize outcomes but also how to combine radiotherapy and
immunotherapy looking forward to achieve the best results in survival
with a lesser toxicity rate.

Conclusion

Immunotherapy has become a promising treatment option for
patients with metastatic NSCLC but evidence suggests that there is
still a wide range of opportunities to further improve outcomes. While
pre-clinical studies are providing valuable information, more clinical
research is required to confirm the efficacy of radio-immunotherapy in
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NSCLC patients. The abscopal effect can be considered as a promising
weapon in the fight against NSCLC in patients with metastatic and
unresectable disease that needs to be studied and better explored in
prospective randomized clinical trials.
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