Next-generation molecular therapy in lung cancer
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The identification of molecular subsets of non-small
cell lung cancer (NSCLC) has completely modified our
approach to the management of this disease. NSCLC is the
most common type of lung cancer (80-85%), which is the
number one cancer killer in the nation and worldwide (1).
NSCLC can be further pathologically divided into two
main subtypes including adenocarcinoma (ADC, 40%) and
squamous cell carcinoma (SCC, 25%). Recent advances in
genomic mutational analysis and targeted therapy have made
significant progress in the treatment of lung ADC patients,
especially for those patients with certain specific activating
mutations in EGFR, ALK and ROSI (2). In contrast, no
molecular targeted therapy has been specifically approved
for the treatment of patients with SCC of the lung (3).
Despite recent substantial advances for the treatment of
lung cancer targeting T cell checkpoint molecule CTLA-4
or PD-1/PD-L1 (4), promising new targets and therapy
strategies are still critically needed. Genome-sequencing
of a large sample of NSCLC specimens may facilitate the
identification of novel molecular targets and development
of novel therapies in order to improve the outcomes of lung
cancer patients.

In the May 2016 issue of Nature Genetics, Campbell er al.
reported the results from analyzing exome sequences and
copy number profiles of 1,144 lung cancers including
660 ADC and 484 SCC (5). They identified 38 significantly
mutated genes in lung ADC and 20 significantly mutated
genes in lung SCC. Fourteen genes were found mutated
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across tumor types but not identified when analyzed
separately. With this large data set, low-frequency
alterations in critical oncogenic pathways such as RTK/
RAS/RAF pathway genes (SOSI and RASAI) and Rho
kinase signaling genes (VAV1 and ARHGAP35) were
identified. Only six genes such as TP5S3, RBI, ARIDI1A,
CDKN2A, PIK3CA, and NF1 were significantly mutated
in both tumor types, suggesting that somatic alterations
can have different oncogenic potential in different cellular
contexts. Further, they reported new significantly mutated
genes including PPP3CA, DOTIL, and FTS7D1 in lung
ADC; RASAI in lung SCC; and KLFS, EP300, and CREBBP
in both tumor types. New amplification peaks contain
MIR21 in lung ADC, MIR205 in lung SCC, and MAPKI
in both. These findings contribute to the characterization
of a very heterogeneous tumorigenic process in two main
subtypes of lung cancer, that reflect individual genetic
predisposition, different progenitor cells, the stochastic
acquisition of mutational events that later is selected for
oncogenic drivers from which we derive tremendous
insights to better manage these patients and to design future
molecular therapies.

Newly identified mutation drivers

In 2014, The Cancer Genome Atlas Research Network
(TCGA) reported 75% of lung ADC had oncogenic
activities that are drivers of the RTK/RAS/RAF activation
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pathway by adding amplifications in MET and ERBB2 as well
as mutations of NFI and RITI as driver events specifically
in otherwise oncogene-negative lung ADC (6). Campbell
et al. have now reported newly identified driver genes such
as RASAI, SOS1, VAV1 and ARHGAP3S although the total
proportion of oncogene-positive lung ADC remains almost
same (76%), leaving up to 24% of lung ADCs still with
unknown or undetected alteration in the RTK/Ras/Raf
pathway (5). Interestingly, both CREBBP and EP300 are
epigenetic modifier and collectively mutated in up to 18%
of small cell lung cancer (SCLC) (7), suggesting epigenetic
alterations as common mechanistic driver in lung cancer. It
is worth noting that the majority of previously oncogene-
negative lung ADC (12%) harbors NFI mutations, which
is consistent with the TCGA study. NFI is a negative
regulator of the Ras cellular proliferation pathway and
also exerts tumor suppression via other mechanisms. NF1
is 1 of 6 genes significantly mutated in both subtypes,
implying a potential driver pathway that warrants further
study in both subtypes. Nonetheless, the number clinical
trials of NF1-based therapeutic approaches are currently
limited (8). Improved understanding of the implications
of NFI aberrations is critical for the development of novel
therapeutic strategies. In contrast, SOST is a major member
that transduces receptor tyrosine kinase signaling to Ras
and gain-of-function mutations. These mutations were
found in SOSI and proposed to be a new mechanism by
which upregulation of the Ras pathway is independent of
PTPNI11 or KRAS mutation in Noonan syndrome (9). A
small molecule inhibitor targeting SOSI1 has been reported
recently and might be useful as both biological tools and
future therapeutic development (10). This study illustrates
nicely the benefit of increasing sample size to discover new
mutations and molecular alterations potentially targetable.
Considering that the genomic landscape is markedly distinct
in never-smokers compared to smokers (11), further testing
of a dose response association between smoking history and
genomic signature (12) could uncover different mechanisms
of tumorigenesis and guide therapy. In addition, testing the
association between specific genetic signatures in tumor
DNA and genetic predisposition measured by genome-
wide association study (GWAS) in germline DNA may shed
light in the mechanisms of lung cancer development among
never smokers, a much-understudied population.

New immunotherapy targets?

Immunotherapies targeting T cell checkpoint molecule
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including CTLA-4 and PD-1/L1 have demonstrated
therapeutic efficacy in a wide spectrum of human
malignancies including NSCLC (13). Yet the majority
of patients with NSCLC (70-80%) do not respond to
PD-1/L1 inhibitor therapy. This may be in part because
we lack a reliable biomarker predictive of response to
PD-1/L1 therapy (4). The success of immunotherapy is
thought to benefit from targeting tumor specific antigens.
In this context, neoantigens encoded by tumor-specific
mutated genes represent attractive targets for T cell-
based cancer immunotherapy (14). In Campbell’s study,
the authors comprehensively analyzed the potential
immunogenic properties of the mutational landscape in
both subtypes of NSCLC. Overall, 47% of lung ADC
and 53% of lung SCC samples had at least five predicted
neoantigens, suggesting potential for immunotherapy. The
predicted number of neoantigens was greater amongst
smokers vs. never smokers. This supports the previous
observation that NSCLC from smokers may respond
better to immune therapy (15). Some highly recurrent
mutations that were predicted to result in neoepitopes may
have histological specificity with T7P53 p.V157f, p.R175G,
p-P278A, PIK3CA p.E542K and NFE2L2 p.E79Q, which
is more prevalent in lung SCC while in contrast, B-Raf
p-G466v and EGFR p.G719A is more prevalent in lung
ADC. Future studies are needed to link these candidates
with clinical outcomes and responses to immune
checkpoint inhibitors or to test them in vaccine based
therapies. The most recent approval of chimeric antigen
receptor (CAR) T-cell therapy on acute lymphoblastic
leukemia (ALL) patients further raises the potential of
such therapy against solid tumors (16). As we gain a better
understanding of the role of patient-specific mutations and
neoantigens in NSCLC, it is likely that we will need to
validate some combination of targeting molecular drivers
and of using neoantigens specific immune therapeutic
strategy.

Future directions

Several key areas of intense research activity are likely to
improve our understanding of and include the study of
tumor heterogeneity, single cell analysis and functional
genomic approaches. Considerable progress has been
made in our understanding of tumor heterogeneity and
how it will require adequate sampling and probably whole
genome sequencing to identify and further understand the
regulatory mechanisms driving evolution of cancer drivers
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in clonal and subclonal populations. Strategies to clinically
translate methods of assessing clonality, spatial and temporal
heterogeneity is under investigation (17-20). The promise
of single cell analysis may help us understand how the
complexity of the human tumors arises from cells that are
spun off through cell division from progenitor cells in the
clonal and subclonal populations of the tumor and further
explore tumor heterogeneity. Whole exome sequencing of
protein encoding genes has brought major determinants
of tumor behavior to light but does not deliver functional
alterations in lung cancer (21). A large scale proteomic
analysis lead by Berger ez al. followed the study of interest
and demonstrated the feasibility of systematic functional
interpretation of the cancer genome (21). They analyzed
non-canonical variants as meaningful oncogenic drivers that
were not identified in the past. Using an expression-based
variant impact phenotyping (eVIP) method that uses gene
expression changes to distinguish impactful from neutral
somatic mutations, they selected candidates followed
by a gain of function cancer phenotype screen in mice.
Application of eVIP to lung ADC alleles confirmed 69%
of mutations analyzed as impactful and 31% as functionally
neutral. This study demonstrated the feasibility and the
future of systematic functional interpretation of the cancer
genome; and, hence may lead to the identification of novel,
rare, non-canonical mutations as gain-of-function likely
“driver” oncogenic mutations that could be targeted in the
future.
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