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Lung cancer is the most commonly diagnosed cancer and
leading cause of cancer death worldwide, with an estimated
2,093,876 new lung cancers and 1,761,007 deaths from lung
cancer in 2018 (1). Out of the 85% of lung cancers that
are non-small cell lung cancer (NSCLC), approximately
30% of patients will present with unresectable Stage
IIT disease for which combination chemotherapy and
radiation therapy (RT) is the recommended treatment
(2,3). Despite advancements in RT technology that have
improved accuracy and therapeutic index of RT (4-6),
local recurrence in NSCLC is still a key problem fueling
research interests in RT dose escalation approaches (7-9).
Even though higher RT doses have resulted in better
tumor control when delivering stereotactic body radiation
therapy (SBRT) using 48-55 Gy in 3-5 fractions to Stage
I-II lung tumors, when conventionally fractionated 60 vs.
74 Gy for locally advanced NSCLC patients was studied
in a large phase III dose-escalation study (RTOG 0617),
patients in the 74 Gy arm had worse outcomes (8). Due to
the heterogeneity of NSCLC, it is very possible that there
may be a subset of tumors that would benefit from either
dose-escalation or dose de-escalation. If it were possible
to identify certain NSCLC tumors or patients who would
benefit from more specific RT doses, then we could better
customize RT plans to provide optimal tumor control while
minimizing toxicities. This type of biological precision
would elevate radiation oncology into a new dimension of
personalized medicine.
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NSCLCs are a highly heterogeneous group of cancers
for which targeted therapies for mutations of epidermal
growth factor receptor (EGFR) and the translocation of
anaplastic lymphoma kinase (ALK) have shown promise.
Other frequently mutated genes in NSCLC tumors include
BRAF, KRAS, and TP53 (10). In contrast to systemic
therapy delivery for lung cancer that often is based on
driver mutational status, radiation oncology has not yet
incorporated personalized knowledge of tumor genomics or
molecular signatures into RT administration. Instead, the
historical knowledge of the tumor type’s radiosensitivity,
adjacent normal tissue tolerances, and the results from
clinical trials have resulted in a recommended standard
RT dose of 260 Gy at 1.8-2 Gy per fraction for NSCLC
regardless of the tumor’s unique genetic profile. Torres-
Roca and team have developed a tumor gene signature-
focused method of personalizing radiation dose by utilizing
the tumors radiosensitivity index (RSI) and genomically
adjusted radiation dose (GARD), but it is not yet ready for
clinical implementation (11-15).

Another area of active research is serum circulating
microRNAs (c-miRNAs), a non-coding RNA that regulates
gene expression. MiRNA’s may serve as biomarkers for
tumor detection and prognosis, have a broad spectrum
of effects including tumor suppression and proliferation,
and have a distinct profile in different tumors and normal
tissues (16). Biomarkers play a vital role in diagnosis and
prognosis of many cancers, and serum miRNA’s have been
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recognized as markers of early lung cancer detection (17,18).
A study that analyzed 904 serum miRNAs at pre- and post-
lung cancer diagnosis time points observed changes in a
specific c-miRNA signature during tumor development,
and proposed that lung cancer may be detectable years prior
to diagnosis (19). What if c-miRNAs could also be used as
a serum biomarker that could identify patients who would
benefit from higher doses of RT?

In “Serum MicroRNA Signature Predicts Response
to High-Dose Radiation Therapy in Locally Advanced
Non-Small Cell Lung Cancer (NSCLC)” by Sun et a/.,
the authors sought to determine if c-miRNAs could be
used as a biomarker to predict outcomes with high-dose
RT for NSCLC. This study was a novel endeavor as there
are currently no clinically utilized serum biomarkers to
differentiate NSCLC radiation sensitivity. Pre-treatment
serum from 80 patients, who were prospectively treated from
2004 to 2013 on 4 different dose-escalation clinical trials
for Stage II-III NSCLC using three-dimensional conformal
RT to deliver 66-86 Gy in 30-37 fractions of >2 Gy
per fraction, were analyzed with a panel of 62 c-miRNAs
out of which 11 miRNAs were identified as dose-effect
modifiers. A model to calculate the dose-response score
(DRS) to predict for overall survival (OS) after high- vs.
standard-dose RT incorporated the 11 miRNAs (identified
as dose-effect modifiers), chemotherapy, RT dose, normal
tissue toxicities, and patient characteristics to describe a
c-miRNA signature that could identify a subset of NSCLC
patients who may benefit from RT dose-escalation. Patients
with low and high DRS (split at median) were further
stratified into 2 subgroups of high- vs. standard RT dose
using a cutoff median biological effective dose (BED) of
87.1 Gyy,. For reference, using a tumor o/ ratio =10,
BED of a typical definitive dose of 60, 66, 70 and 74 Gy is
equivalent to 72, 79.2, 84 and 88.8 Gy, respectively (all in
2 Gy fractions). While rates of OS in patients with high-
DRS were not affected by RT dose, patients with low-
DRS benefited from high-dose RT compared to standard
dose, resulting in improved OS and lower risk of distant
metastasis. The DRS also predicted RT dose effect on
local control (LC), but the relationship was not statistically
significant. The authors concluded that the DRS model
they developed could identify a subset of NSCLC patients
who could obtain an OS benefit from high-dose RT, but the
model would need external validation prior to implementing
it clinically (20).

While this study’s approach and conclusions are original
and hypothesis-generating, there are some limitations
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pertaining to the sample size, type of sample, and choice of
the miRNA panel that should be considered before drawing
conclusions. There may be a possible selection bias in the
patients that were included in the dose escalation trials, which
could skew the results of this study. For example, patients
with smaller tumors and less lymph node involvement are
often easier to dose-escalate safely and may have made up
the majority of the trial patients. These less advanced tumors
may also have a distinct genetic profile that could predict
favorable response to systemic therapy or RT. Since there
was no validation cohort and only 80 (46%) serum samples
could be evaluated out of the total 173 NSCLC patients
treated on the 4 RT dose escalation studies, there may not
be enough samples to account for the potential variations in
the tumors genetic profiles, treatment variables, and patient’s
characteristics in this study, thus making it difficult to validate
results or generalize from this study.

There are also standard inherent weaknesses when
retrospectively analyzing specimens, including the integrity
of the serum sample and possible loss of c-miRINA material
during the freezing, isolation, or RNA quantification
processes. Additionally, serum provides a less invasive
sample to use for miRNA testing, however serum c-miRNA
profiles may not correlate to the tumor’s miRNA profile (21).
Thus serum c-miRNA may not be as helpful when trying to
determine if a tumor would be more responsive to higher
RT doses since the serum may not be circulating tumor-
specific miRNA in high enough quantity to be detected,
and c-miRNA may not capture changes in the tumor
microenvironment that play a more direct role in RT-
induced tumor kill mechanisms.

Another limitation is the choice of miRNA panel for
this study. While over 2,000 human miRNAs have been
identified (16), only 62 (~3%) miRNAs were evaluated
in this study. These specific 62 miRNA were previously
studied in melanoma and zinc depletion, not NSCLC.
During the time period of this study’s miRNA panel
analysis, there had already been published miRNA studies
in NSCLC. A study published in 2010 in the Journal
of Clinical Oncology investigated the role of serum
miRNA in predicting prognosis of NSCLC patients and
identified a four-miRNA signature (miR-486, miR-30d,
miR-1 and miR-499) that was an independent predictor
of OS in their cohort of patients (22). None of these 4
miRNAs were included in the 62-miRNA panelevaluated
in Sun et al.’s study. Another study identified miR-374a
as a prognostic marker for NSCLC progression (23);
miR-374a was included within the 62-miRNA panel but
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not found to be correlated to dose-response. While ideally
future studies on the relationship between c-miRNA and
RT dose-escalation would have the funding to utilize big
data resources (24) and test a comprehensive panel of serum
miRNAs, an obvious limitation will be the lack of samples
from patients who received RT dose-escalation. Thus, while
there were only 80 samples in this study, it is likely one of
the largest sources of data available for answering questions
about dose escalation in conventionally fractionated RT
treatments for locally advanced NSCLC.

There are also concerns about the data cut-offs
and endpoints used in the DRS model that could have
influenced the final analysis. By selecting a cut-off at
BED 87.1 Gy,, between high- and standard-RT doses,
the study considered 70 Gy as standard RT dose, which
though acceptable per the National Comprehensive Cancer
Network (NCCN) guidelines (3), would be considered as
high dose by most radiation oncologists. Could the analysis
be different if the dose was distributed into three strata: 60,
>60 to <70 and >70 Gy? The authors recognize the impact
of this dose cut-off choice on generalizability of their
findings. The choice of OS as the endpoint could have also
influenced the final analysis. The goal of using higher RT
doses is to improve LC, which would hopefully translate
to fewer distant metastases and improved OS. With this in
mind, it is unclear if the model outcomes would have been
different if LC was chosen as the DRS end-point rather
than OS. In fact, while the use of high-dose RT in patients
with low DRS was statistically significant in predicting
lower risk of distant metastases, it was not statistically
significant when predicting dose effect on LC. It is possible
that the higher RT doses killed off the cells that would be
more likely to metastasize, but larger sample sizes would be
needed to validate this hypothesis.

The DRS was estimated by using a variety of clinical
factors and 11 miRNA measurements as potential dose
modifiers for the hazard ratio of death. In the absence of
mechanistic information regarding the role of the selected
miRNAs, a clear explanation for this effect is difficult
to ascertain. The authors admitted that it was beyond
the scope of this study to determine the mechanisms of
the 11 c-miRNAs and how they were involved with the
improved outcomes after high-dose RT. Of the 11 miRNAs
identified in their final subset, many are associated with
tumor suppressor activities while others may promote
tumorigenesis and progression. There are inherent
challenges with correlating miRNA with outcomes since

knowledge regarding miRNAs are still evolving.
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The association of miRNAs with OS and distant
metastases without significantly impacting dose response
effect on LC may open a window of opportunity to select
patients who might benefit from trimodality therapy, which
even in the subset of locally advanced NSCLC disease
has been linked to high OS (25). In single institutional
experiences, while mediastinal nodal clearance after
neoadjuvant chemoradiation was predictive of improved
survival, a pathological complete response at the primary
site in patients who achieved mediastinal nodal clearance
did not further improve outcomes (26). Such patients with
low DRS and at lower risk of distant metastases may be
better served with neoadjuvant chemoradiation followed
by surgical resection of primary disease, thereby reducing
loco-regional recurrence risks, based on the results of the
Sun ez al. study.

Despite the limitations in this current study, examining
c-miRNA is an important step towards personalizing RT
and oncological care. To improve outcomes in the subset
of patients who fail standard doses of RT for NSCLC, we
need to understand differences in radiosensitivity based on
genetic differences between tumors of the same histology.
While the role of c-miRNA in determining RT dose is in
its nascent stages and serum c-miRNA may not be specific
to the tumor, it does open a window to the milleau of other
processes going on in the body that may affect outcomes.
Future studies would ideally include a serum component
along with tumor samples for genetic profiling using big
data platforms so that stronger correlations could be made
between peripheral blood and tumor samples. Progress may
be limited by lack of funding or results that show worse
or marginal differences in outcomes. This hypotheses-
generating work on c-miRNA predicting response to
RT-dose escalation in NSCLC could influence how
we determine RT dose for NSCLC patients, however;
additional data validating these results will be necessary
before changing practice. We continue to rely on methodical
study of locally advanced NSCLC to guide future treatment
paradigms to continue to increase cure rates.
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