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Introduction

Incidence and epidemiology

Primary lung cancer remains the most common malignancy after non-
melanocytic skin cancer, and deaths from lung cancer exceed those from
any other malignancy worldwide [1]. In 2015, lung cancer was the most
frequently diagnosed cancer and the leading cause of cancer death in male
populations. Among females, lung cancer was the leading cause of cancer
death in more developed countries, and the second one in less-developed
countries [2,3]. In 2017 in the European Union (EU), lung cancer mortality
prediction fell in men by 10.7% compared with 2012, while cancer death
rates increased in women by 5%, thereby approaching male counterparts
[4]. The prediction for the 2018 in the United Stated (US) confirms that lung
cancer incidence rates continue to decline about twice as fast in men as in
women, reflecting historical differences in tobacco uptake and cessation, as
well as upturns in female smoking prevalence in some birth cohorts [5].
Data from 2015 revealed that in the US, lung cancer did represent the
leading cause of cancer death in males from the age of 40 and in females
from the age of 60 [5]. The number of cancer deaths expected to occur in
2017 in the US has been estimated, still reporting lung cancer as the leading
cause of death in both genders, despite the fact that death rates declined
by 45% from 1990 to 2015 among males and 19% from 2002 to 2015 among
females [5].

A significantly higher proportion of lung cancer is diagnosed in patients aged
65 years and over [6], and the median age at diagnosis is around 70 years
[7]. The cumulative probability of lung cancer in the general population for
individuals up to 74 years of age is 10% to 15% in those who smoke one or
more pack of cigarettes par day [8]. A subset of patients with non-small-cell
lung cancers (NSCLCs) presents at a younger age (<40 years), but the

incidence in this population has decreased in the US from 1978 to 2010 [9].



Tobacco smoking is still the main cause of lung cancer in most of the
patients, and the geographic and temporal patterns of the disease largely
reflect tobacco consumption during the previous decades. Both smoking
prevention and smoking cessation can lead to a reduction in a large fraction
of human cancers. In countries with effective tobacco control measures, the
incidence of new lung cancer has begun to decline in men, and is reaching
a plateau for women [10-12]. Several other factors have been described,
including exposure to asbestos, arsenic, radon and non-tobacco-related
polycyclic aromatic hydrocarbons. There is evidence that lung cancer rates
are higher in cities than in rural settings, but many confounding factors other
than outdoor air pollution may be responsible for this pattern. Interesting
hypotheses about indoor air pollution (e.g. coal-fuelled stoves and cooking
fumes) are available, showing a correlation with the relatively high burden
of non-smoking-related lung cancer in women in some countries [13].
Evidence for a genetic predisposition to lung cancer has been difficult to
establish as it is confounded by environmental exposures, but there are
emerging data suggesting that single nucleotide polymorphisms in genes in
certain loci — 15g24-25 (CHRNA3, CHRNAS5, CHRNAB4), 6p21.33, 5p15.23
— have some association with lung cancer risk [15,16].

The World Health Organisation (WHO) estimates that lung cancer is the
cause of 1.37 million deaths globally per year. An estimated 71% of these
deaths are caused by smoking, indicating that about 400000 deaths
annually are attributed to lung cancer in lifetime never smokers [1].
Prevalence of lung cancer in females without a history of tobacco smoking
is estimated to represent 19%, compared with 9% of male lung carcinoma
in the US [16,17]. Especially in Asian countries, an increase in the
proportion of NSCLC in never smokers has been observed [18]. These new
epidemiological data have resulted in ‘non-smoking-associated lung cancer’
being considered a distinct disease entity, where specific molecular and

genetic tumour characteristics have been identified [19].



Classification of lung tumours

Almost all lung cancers are carcinomas (other histologies comprise well
under 1%). The predominant histological types are adenocarcinoma,
squamous cell carcinoma (SCC), small cell carcinoma (SCLC) and large
cell carcinoma. Preinvasive lesions, benign epithelial tumours,
lymphoproliferative tumours, and other miscellaneous tumours also occur,
but they are relatively rare. The relative proportions of the histological types
have varied considerably over the years. During the earliest period (1977-
1981), squamous cell carcinoma accounted 32% of cases; but by 2006-
2010, the proportion had declined to 20%. Adenocarcinoma accounted for
less than 30% of cases during the earliest years, but the proportion
increased to more than 40% by 2006-2010. The small cell proportion
decreased from 17% to 13% and the large cell proportion from 8% to 2%.
The other unspecified carcinoma proportion rose from 2% to 4%. The
unspecified carcinoma proportion rose from 12% to 23% during 2001-2005,
and then dropped to 18%. These recent trends reflect improvements in the
determination of histological type over past decade, especially for large cell
carcinoma and adenocarcinoma, after the introduction of
immunohistochemical staining with TTF1 and squamous markers [20].
There is now an increased emphasis on the accurate determination of
histological type, because of treatment and outcome implications.

Being this manuscript focused on a specific population of lung cancer

patients, | will deliberately describe only some histologies.

Adenocarcinoma

Although most cases are seen in smokers, adenocarcinoma develops more
frequently than any other histologic type of lung cancer in individuals
(particularly women) who have never smoked [22,23]. Invasive
adenocarcinoma is a malignant epithelial tumour with glandular
differentiation, mucin production, or pneumocyte marker expression. The
tumours show an acinary, papillary, micropapillary, lepidic or solid growth

pattern, with either mucin or pneumocyte marker expression. Tumours are



classified according to their predominant pattern. Invasive
adenocarcinomas characteristically consist of a complex heterogeneous
mixture of histological subtypes, which often represent a morphological
continuum rather than discrete compartments.

According to the last WHO classification of tumours of the lung, pleura,
thymus and heart we can classified invasive adenocarcinomas according to
different patterns: lepidic adenocarcinoma, acinar adenocarcinoma,
papillary adenocarcinoma, micropapillary adenocarcinoma and solid
adenocarcinoma [23] (Table 1).

The lepidic variant typically consists of bland pneumocyte cells growing
along the surface of alveolar walls, similar to the morphology defined in the
sections on minimally invasive adenocarcinoma and adenocarcinoma in
situ. An invasive adenocarcinoma component is present in at least one
focus of >5mm in greatest dimension.

The acinar variant shows a majority component of glands, which are round
to oval-shaped with a central luminal space surrounded by tumour cells
[21,25]. The neoplastic cells and/or glandular spaces may contain mucin.
Acinar structures may also consist of rounded aggregates of tumour cells
with peripheral nuclear polarization and central cytoplasm without a clear
lumen.

The papillary variant shows a major component of a growth of glandular
cells along central fibrovascular cores, while the micropapillary one has, as
a major component, tumour cells growing in papillary tufts forming florets
that lack fibrovascular cores [21,25]. The tumour cells are usually small and
cuboidal, with variable nuclear atypia.

The solid variant shows a major component of polygonal tumour cells
forming sheets that lack recognizable patterns of adenocarcinoma [21,25].
If the tumour is 100% solid, intracellular mucin should be present in more
than 5 tumours cells in each of two high-power fields, and confirmed with
histochemical stains for mucin [21,25]. Solid adenocarcinoma must be
distinguished from squamous cell carcinomas and large cell carcinomas,

both of which may show rare cells with intracellular mucin.



Currently, the most commonly used pneumocyte markers are TTF1 and
napsin A. Approximately 75% of invasive adenocarcinomas ae positive for
TTF1 [26,27]. Among the adenocarcinoma patterns, most lepidic and
papillary areas are positive for TTF1, whereas positivity is less common in
solid predominant cancer [27]. The sensitivity of napsin A is comparable
with that of TTF1, although some reports have suggested that the former is
superior for differentiating from squamous cell carcinoma if positive
reactions from entrapped pneumocytes are excluded [28]. P40, which is
expressed in a strong, diffuse manner in squamous cell carcinoma, is a
more specific squamous marker than p63, as the latter is also positive in up
to 30% of lung adenocarcinomas [26,30,31]. It is worth noting that TTF1 is
also expressed in other tumours, such as small cell lung cancer, large cell
neuroendocrine carcinomas, some carcinoid tumours, and thyroid
carcinomas. Napsin A is sometimes expressed in other tumours such as
renal cell carcinoma.

Several driver gene alterations are now known in lung adenocarcinomas,
including EGFR, KRAS, BRAF, ERBB2/HER2, ALK, ROS1, RET, NTRK1
and NRG1. HER2, ROS1 and NTRK1 share clinicopathological features
with EGFR and ALK in terms of involvement that is nearly specific to
adenocarcinoma in lung cancer, particularly frequent in TTF1 positive
adenocarcinoma, and preferentially in never-smokers and women.

Unlike the specific alterations seen in other tumours, there are no specific
histological-molecular correlations in lung cancer [21,25]. The strongest
histological-molecular correlation is with the invasive mucinous
adenocarcinoma, where a high percentage of these tumours have KRAS
mutations and lack of EGFR mutations. EGFR mutations are most often
seen in association with non-mucinous adenocarcinomas that are lepidic or
papillary predominant, and there have been reports of an association with a
micropapillary pattern [31-33]. KRAS mutations are reported most often in
tumours with a solid pattern, and can be present in tumours producing
extracellular mucin [34-36]. ALK rearrangement has been mostly

associated with an acinar pattern, and with signet ring cell features [38,39].



Squamous cell carcinoma

Squamous cell carcinoma (SCC) is a malignant epithelial tumour that either
shows keratinization and/or intercellular bridges, or is a morphologically
undifferentiated non-small cell carcinoma that expresses
immunohistochemical markers of squamous cell differentiation, that arises
from bronchial epithelium. Like all lung cancers, but to a significantly higher
degree than adenocarcinoma, SCC is strongly associated with smoking
[39].

SCC may be keratinizing or non-keratinizing. Keratinizing SCC is
recognized by the presence of keratinization, pearl formation, and/or
intracellular bridges. These features vary with degree of differentiation; they
are prominent in better differentiated tumours, where there is typically
keratinization and present only focally or are less apparent in those that are
poorly differentiated. In non-keratinizing SCC, immunohistochemistry is
required to distinguish tumours from large cell carcinoma with a null
phenotype. For such tumours, diffuse positive staining with a squamous
marker (p40, p63, CK5, or CK 5/6) and negativity for TTF1 confirm their
squamous phenotype and classification. The presence of intracellular mucin
in a few cells does not exclude tumours from this category. Some non-
keratinizing SCCs may morphologically resemble urothelial transitional cell
carcinoma. Non-keratinizing SCC should show diffuse positive staining with
p40, which is a more specific marker than p63, CK5, or CK5/6. In
keratinizing squamous cell tumours, TTF1 also be negative. In non-
keratinizing SCC, p40, p63, CK5, or CK5/6 are diffusely and strongly
expressed; there may rarely be weak focal TTF1 expression [40].

A comprehensive analysis of the genome of SCC identified a very high rate
of mutations per megabase (3-10 times higher than in other common
cancer) [41], reflecting the mutagenic effects of cigarette smoke in this
strongly smoking-associated lung cancer subtype.

SCCs are characterized by gene copy number alterations, including
gain/amplification of chromosomes 3q (SOX2, TP63) (147,2655), 7p
(EGFR), and 8p (FGFR1), as well as frequent deletion of chromosome 9p



(CDKNZ2A) (1006, 2320). Common gene mutations include TP53, CDKN2,
PTEN, PIK3CA, KEAP1, MLL2, HLA-A, NFE2L2, NOTCH1, and RB1 (936).
With only rare exceptions, pure squamous carcinomas, as diagnosed in
resection specimens, do not harbour EGFR and KRAS mutations [41, 42].

Small cell carcinoma

Small cell carcinoma is a malignant epithelial tumour that consists of small
cells with scant cytoplasm, poorly defined cell borders, finely dispersed
granular nuclear chromatin, and absent or inconspicuous nucleoli. Necrosis
Is typically extensive, and the mitotic count is high.

Combined small cell carcinoma, which is rare, has an additional component
that consists of any of the histological types of NSCLC; usually
adenocarcinoma, SCC, large cell carcinoma, large cell neuroendocrine
carcinoma (LCNEC), or less commonly spindle cell carcinoma or giant cell
carcinoma.

Among the major lung cancer subtypes, SCLC shows the strongest
association with cigarette smoking; the odds ratio is estimated to be 111 in
current smokers with a >30 pack-year history compared to never-smoker
[43].

From a histopathological point of view, SCLC is characterised by densely
packed small tumour cells that commonly form a sheet-like diffuse growth
pattern, without obvious neuroendocrine morphology apart from nuclear
characteristics. Architectural patterns such as nesting, trabeculae,
peripheral palisading, and rosette formation are less common. There is a
high mitotic rate (at least 10 mitoses per 2mm?, but averaging over 60
mitoses per 2mm?). The proliferative index is evaluated by Ki-67 antigen
immunohistochemistry is >50%, averaging >80%.

Combined SCLC refers to the admixture of NSCLC element. Because of the
morphological continuum between SCLC and LCNEC, at least 10% of the
tumour should show large cells to be subclassified as combined SCLC and

LCNEC. There is no percentage requirement for components of



adenocarcinoma, squamous cell carcinoma, or sarcomatoid carcinoma, as
they are easily recognized [44].

The diagnosis of SCLC can be reliably made based on routine histological
and cytological preparations, but immunohistochemistry may be required for
confirmation of the neuroendocrine and epithelial nature of the tumour cells.
Broadly reactive cytokeratin antibody mixtures, including AE1/AE3,
CAM5.2, and MNF116, highlight epithelial differentiation in nearly all cases
of SCLC, with either dot-like, paranuclear, or diffuse cytoplasmic staining
pattern [44—-46]. A high-molecular weight cytokeratin cocktail (recognizing
CK1, CK5, CK10 and CK14) is always negative in pure SCLC [47]. A panel
of neuroendocrine markers is useful, including NCAM/CD56 [48, 49]. Dense
core granule-associated protein chromogranin A, and the synaptic vesicle
protein synaptophysin (both with cytoplasmic labelling) are regularly
expressed in SCLC [43,49]. NCAM/CD56 is the most sensitive marker, but
it is also less specific, and should be interpreted in the appropriate
morphological context. Synaptophysin and NCAM/CD56 can diffusely and
strongly stain SCLC, while chromogranin A can be more focal and weak.
However, <10% of SCLC can be completely unreactive or only very focally
reactive for neuroendocrine markers, probably due to the lack of overt
neuroendocrine differentiation [46]. SCLC is also positive for TTF1 in up to
90-95% of instances [44,50-52], whereas napsin A, a marker of
adenocarcinoma differentiation, is consistently unreactive [54].

The neuroendocrine tumours of the lung do not form a continuous
pathogenic spectrum and high-grade neuroendocrine tumours are driven by
inactivating mutations in the RB and TP53 genes. They contain the
characteristic tobacco carcinogen-associated molecular signature
(abundant numbers of mutation and high fraction of G—T transversions
caused by polycyclic aromatic hydrocarbons, often occurring a methylated
CpG dinucleotides) [54,55]. The early activation of TP53 results in genomic
instability, with multiple frequent sites of allelic imbalance [57], including
losses as chromosome 3p, 49, 13q and 15g. A small number of molecular

changes, in particular TP53 mutations and high total numbers of so-called
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smoking signature mutations, are common to all lung cancers, but
inactivating RB1 mutations are a hallmark of SCLC. PTEN mutation and
FGFR1 amplifications occur in important subsets of SCLC (10% and 6%,
respectively), as do SOX2 amplification and mutations in SLIT2, EPHA7,
and multiple histone modifier genes.

Many genomic and epigenomic aberrations have been identified (although
clinical therapeutic targets have yet to be achieved) [58-60], such as KIT
overexpression [61-63]; telomerase activation [63,64]; RASSF1linactivation
upon hypermethylation [66]; and TTF1, BAI3, and BRN2 expression [66,67].

Molecular profile of NSCLC

In the beginning of the 20™ century, Hansemann and Boveri hypothesized
that cancer is the result of genetic lesions [69]. Today, we know that the
epidemiology of lung cancer is strongly associated with environmental
genotoxins, but our understanding of the biological implications of critical
genetic alterations is still incomplete. Exposure to cigarette smoke is
associated with approximately 90% of lung cancer [70]. Cigarette smoke
contains more than 50 different carcinogens, that induce alterations in a
large number of genes controlling the homeostasis of normal alveolar and
bronchial cells [71]. With the use of cytogenetics, comparative genomic
hybridization, and allelotyping, a wide array of genetic changes has been
discovered in cancer. In the last years, there has been an increasing amount
of new molecular alterations, identified in NSCLC including oncogenes and
tumour suppressors genes [72]. Concurrent with the emergence of NSCLC
subtype (histology) as an indicator of probable response to therapy,
molecular biomarkers now have a similar role. Biomarkers may predict
response to ‘traditional’ cytotoxic chemotherapeutic agents [73], but, more
importantly, patients can be selected according to their likelihood of
benefiting from molecularly targeted therapy [73,74]. The majority of these
are small molecular inhibitors of a specific tyrosine kinase (TK) or a
monoclonal antibody against a specific receptor. In general, these
biomarkers either reflect the actual target of the specific drug or some factor

that might abrogate the effect of the drug. In lung cancer medicine, this shift
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towards specific treatments given to selected patients has been a revolution
for oncologists and pathologists alike.

Proto-oncogenes are genes that contribute to malignant transformation
when mutationally activated or overexpressed. Proto-oncogenes that have
been associated with lung cancer include EGFR, KRAS, MET, ALK, ROS1,
BRAF, PIK3CA, RET [76].

EGFR

The human epidermal growth factor (EGF) receptor (HER) gene family
encodes proto-oncogenes, which belong to the class of receptor tyrosine
kinase [77]. This family is also named ERBB after the viral erythroblastosis
B oncogene and includes the EGF receptor (EGFR/HER1), HER2, HER3
and HER4. These receptors bind ligands such as EGF and neuregulin 1.
Binding of ligand induces receptor homo- or heterodimerization, activation
of the intrinsic receptor tyrosine kinase, and activation of intracellular signal
transduction pathways that stimulate proliferation and survival. The EGFR-
HER2 heterodimer has been shown to initiate the strongest and most long-
lived signalling in NSCLC models [78]. Strong EGFR expression is present
in 40 to 80% of NSCLC tumour specimens [77,78]. High-level
overexpression in lung cancer is amplification of the gene copy number [80].
Oncogenic mutations of EGFR and HERZ2, located in the kinase domain and
leading to constitutive activation of the kinase, have been reported in up to
35% and 4% of NSCLC specimens, respectively [81]. EGFR mutations are
found in about 10%-12% of Caucasians with adenocarcinoma and are more
frequent in never smokers, females and in patients of East Asian ethnicity.
Similar mutations have been detected in the normal respiratory epithelium
of up to 43% of patients with EGFR mutant adenocarcinomas and are
identical to those seen in tumour specimens from the same patient,
suggesting that these mutations may be an early event of carcinogenesis,
particularly in never smoker [82].

Activating EGFR mutations are predictive for response to the EGFR tyrosine

kinase inhibitors (TKIs) gefitinib, erlotinib, afatinib, dacomitinib, icotinib and
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osimertinib. Such treatments result in improved response rate (RR) and
progression-free survival (PFS), better tolerability and superior quality of life
(QoL) when compared with platinum-based chemotherapy in the first-line
setting, as demonstrated in several randomised trials [83]. EGFR mutation
testing is recommended in all patients with advanced non-squamous cell
carcinoma (NSCC), regardless of smoking history [84]. Molecular EGFR
testing is not recommended in patients with a unequivocal diagnosis of
squamous cell carcinoma, except in never/former light smokers (<15 pack
years) [85]. EGFR mutation testing should provide an adequate coverage
of all clinically relevant mutations; test methodology should have adequate
coverage of mutations in exons 18-21, including those associated with
resistance to some therapies. At a minimum, when resources or material
are limited, the most common activating mutations (exon 19 deletion, exon
21 L858R point mutation) should be determined.

The majority of patients will progress after 9-12 months of treatment with an
EGFR TKI, and various mechanisms of acquired resistance to first and
second generation EGFR TKIs have been described [86]. The most
common (49%-60%) mechanism of acquired resistance is the acquisition of
a single recurrent missense mutation within exon 20, the T790M mutation
[86,87]. This mutation leads to the substitution of threonine by methionine
at position 790, which encodes part of the kinase domain of the receptor
and results in increased affinity for ATP, causing resistance to competitive
inhibition by EGFR TKIs [88,89]. Some third-generation EGFR TKiIs, that
are specifically designed to target EGFR T790M mutation have undergone
clinical development. Among these, osimertinib, an oral, selective,
irreversible EGFR TKI inhibitor with activity against T790M mutation is
licensed for use in patients who have developed the EGFR T790M
resistance mutation [89,90]. A recent phase lll trial demonstrated a better
PFS for EGFR positive patients treated with osimertinib compared to first
generation TKIs in first line treatment [93]. A paper by Sequist et al.,
investigating the mechanism of acquired TKI resistance in EGFR mutated

NSCLC (Figure 1), revealed that all drug-resistant tumours retained their
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original activating EGFR mutation and some acquired the T790M mutation
or MET amplification. Some resistant cancers showed unexpected genetic
changes and surprisingly also unexpected histological changes. Another
mechanism of resistance to an EGFR TKIl is through MET amplification, and
in vivo combination of EGFR and MET inhibition seems to overcome this

resistance [94].

ALK

Anaplastic lymphoma kinase (ALK), also known as ALK tyrosine kinase
receptor or cluster of differentiation 246 (CD246), is an enzyme that is
encoded by the ALK gene and mutations in this gene, which has been
implicated in the pathogenesis of NSCLC. This mutation is caused by fusion
of the EML4 gene with the signalling portion of the ALK gene resulting in the
formation of the fusion protein EML4-ALK, which has been implicated as a
driver of oncogenesis. An inversion on the short arm of chromosome 2
(Inv(2)(p21p63)) that joins exons 1 to 13 of EML4 to exons 20 to 29 of ALK
leads to the formation of this EML4-ALK fusion oncogene. The resulting
chimeric protein contains an N-terminus derived from EML4 and a C-
terminus containing the entire intracellular tyrosine kinase domain of ALK.
A study utilizing transgenic mouse lines that expressed EML4-ALK
specifically in lung alveolar epithelial cells revealed that these mice
developed hundreds of adenocarcinoma nodules in both lungs within few
weeks after birth, and in vivo treatment of these EMK4-ALK transgenic mice
with an oral small-molecule inhibitor of the kinase activity of ALK resulted in
tumour regression, confirming the potent oncogenic activity of this fusion
gene [95]. ALK fusion genes were first identified in anaplastic large cell
lymphoma, and subsequently in NSCLC and rare tumours such
inflammatory myofibroblastic tumour [95,96]. Overall, more than 20 ALK
fusion partners have been identified. In lung cancer, aside from the major
partner EML4, fusion with KIF5B, TGF, KLC1, and HIPI have been reported
[97-103]. The breakpoints on the ALK gene almost always occur in intron

19 and, rarely, in exon 20, resulting in a constant inclusion of the ALK kinase
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domain in the fusion gene/protein. A common feature of the fused partner
genes is the presence of basic coil-coil domain, which allows the
spontaneous dimerization of the fusion proteins. EML4-ALK, the most
common ALK fusion found in NSCLC, is formed by an inversion occurring
on the short arm of chromosome 2 and involves the genes encoding for ALK
(2p23) and EML4 (2p21), with variants 1, 2, and 3a/3b being the most
common fusion patterns among more than 13 variants [104]. Because the
gene rearrangement involves large chromosomal inversion and
translocation, FISH was the first method used for detecting all forms of ALK
rearrangement, and until recently, FISH with ALK break-apart
rearrangement probes was the reference criterion for the diagnosis of lung
cancers with ALK rearrangement. More recently, the detection of ALK fusion
protein by an ALK D5F3 IHC assay has received the Food and Drug
Administration (FDA) approval for the selection of patients to be treated with
an ALK inhibitor in the US. ALK fusion is encountered more frequently, but
not exclusively, in never smokers, adenocarcinoma subtype and in younger
patients, with a prevalence of around 5% in adenocarcinomas [104,105].
Patients ALK-rearranged can be treated in first line setting with crizotinib, a
dual ALK and MET tyrosine kinase inhibitor, which activity was initially
demonstrated in two multicentre single-arm studies with significant ORR
and PFS advantages [107], as well as a survival advantage compared with
other treatment [108]. Similar to the case with EGFR-mutated lung cancer,
almost all ALK-rearranged tumours develop resistance to crizotinib
treatment. Sequencing of the resistant tumour DNA has led to the
identification of resistant point mutations on the ALK gene in 20% to 40% of
patients [109-111]. These mutations result in decreased binding of the
inhibitor or increased ATP binding affinity [109]. Other resistance
mechanisms have also been identified, including the activation of EGFR and
KRAS pathways by their respective mutations, and ALK and KIT gene
amplification [108,109]. Second-generation ALK inhibitors (ceritinib and

alectinib) that may overcome some of these resistances have recently
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received approval in various parts of the world, including the United States,

Europe, and Japan [112].

ROS1
The human ROS1 gene is located on chromosome 6p22 and encodes a

tyrosine kinase receptor that is evolutionally related to the ALK receptor. It
is a homologue of the chicken c-ros, proto-oncogene of v-ros from UR2
avian sarcoma virus [112,113]. The first ROS1 fusion gene discovered was
FIG(GOPC)-ROS1 in human glioblastoma cell line U-118 MG,; it resulted
from a 6p deletion between the FIG and ROS1 genes [114,115]. The FIG-
ROS1 fusion subsequently was found in cholangiocarcinoma and lung
adenocarcinoma [117]. Other ROS1 fusion partners that have been
identified in lung cancer include SLC34A2, CD74, TPM3, SDC4, EZR,
LRIG3, KDEL R2, LIMAL, MSN, CLTC, CCDC6, TMEM106, and TPD52L1
[118-121]. With more widespread profiling of tumours with NGS, the
number of ROS1 fusion partners likely will continue to grow. The
mechanism by which ROS1 fusion proteins become oncogenic remains
unclear. Unlike ALK-fusion oncogenes, a majority of ROS1 fusions lack coil-
coil domain that promotes spontaneous dimerization and kinase activation
[122]. Nevertheless, some ALK inhibitors inhibit proliferation of the cell line
HCC-78, which harbours ROS1 rearrangement [121,122], probably as a
result of evolutional correlation of both molecules. Furthermore, in the
expansion cohort of the PROFILE 1001 trial, the response rate to crizotinib
was 72% among patients with lung cancer in which ROS1 rearrangement
was identified by break-apart FISH assay [125]. This result formed the basis
for approval of crizotinib for the treatment of ROS1-rearranged lung cancer
in the US and EU. However, several resistance mutations in ROS1 fusion
genes acquired during the treatment of ROS1-rearranged lung cancer with
crizotinib have already been identified. Considering the rapid evolution of
ALK inhibitor therapies, one can expect that a strategy for overcoming the
resistance mechanism in ROS1-rearranged lung cancer will soon be

forthcoming.
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KRAS

The rat sarcoma viral oncogene homolog (RAS) family of proto-oncogenes
(KRAS, NRAS, and HRAS) encodes membrane-bound GTPases, which link
signalling from growth factor receptors to the mitogen-activated protein
(MAP) kinase proliferation pathway [126]. The RAS oncogene was first
isolated from a virus causing rat sarcoma. KRAS is activated by point
mutation in up to 35% of lung adenocarcinomas and KRAS mutations are
associated with smoking [127]. Oncogenic mutations of KRAS is sufficient
to expand murine bronchioalveolar stem cells in culture and in vivo [128].
The mutational and stem cell model-derived data indicate that KRAS is a
strong oncoprotein of the lung. The function of KRAS is reliant on
membrane-anchoring of the protein, which in turn is facilitated by several
posttranslational modifications, including farnesylation, geranylation,
methylation, and palmitoylation. Despite KRAS being one of the earliest
known oncogenic drivers in NSCLC, effective targeting remains a

therapeutic challenge.

MET

The MET gene is located on the long arm of chromosome 7 at position 31
[129]. This oncogene encodes for a tyrosine kinase receptor (hepatocyte
growth factor receptor), which activates multiple signalling pathways, that
play fundamental roles in cell proliferation, survival, motility, and invasion
[130]. Pathologic activation of MET includes mutation, gene amplification,
and protein overexpression [131]. MET alterations were first reported in
patients with renal papillary carcinoma and mutations in the MET kinase
domain leading to constitutive activation of the receptor [132]. In lung
cancer, MET mutations are found in the extracellular semaphorin and
juxtamembrane domains, occurring in 3% of squamous cell lung cancers
and 8% of lung adenocarcinomas [131]. MET amplifications are found in 4%
of lung adenocarcinomas and 1% of squamous cell lung cancers and are
associated with sensitivity to MET inhibitors [131]. In NSCLC, MET and

hepatocyte growth factor protein expression, along with high MET gene
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copy number, have been described as poor prognosis factors [132,133].
MET amplification in NSCLC is implicated in acquired resistance to EGFR
inhibitors and has been reported in approximately one-fifth of cases with
EGFR inhibitor resistance [135].

Activating point mutations affecting splice sites of exon 14 of the MET gene
(METex14), which occur in 4% of lung adenocarcinomas, represent a
possible oncogenic driver and identify a subset of patients who may benefit
from MET inhibitors, such as capmatinib and crizotinib [131]. This novel

alteration is usually assayed by NGS methodology.

B-RAF

The B-RAF proto-oncogene, serine/threonine kinase (BRAF) oncogene is
located on the long arm of chromosome 7 at position 34. It encodes for a
serine/threonine kinase, which is involved in the RAS/RAF/MEK/ERK
signalling pathway [136]. When activated by oncogenic mutations, BRAF
phosphorylates MEK and promotes cell growth, proliferation, and survival.
The highest incidence of BRAF mutation is in malignant melanoma (27%-—
70%), followed by papillary thyroid cancer, colorectal cancer, and serous
ovarian cancer [137]. BRAF mutations have also been reported in 1% to 3%
of NSCLCs [136]. In contrast to melanoma, only half of BRAF mutations in
NSCLC are V600E. Other non-V600E mutations reported in NSCLC include
G469A (35%) and D594G (10%). All BRAF mutations are mutually exclusive
with other driver alterations, such as those of EGFR, KRAS, and ALK
[135,137]. BRAF-mutated NSCLC has been reported to be mostly
adenocarcinoma, and in contrast to patients with EGFR mutations or ALK
rearrangements who are mostly never-smokers, patients with BRAF
mutations are mostly current or former smokers [138]. Nevertheless,
patients with NSCLC and BRAF V600E mutations have a worse prognosis
and lower response to platinum-based chemotherapy than patients with
wild-type BRAF. These patients have benefited from treatment with BRAF
and MEK inhibitors [138,139]. BRAF inhibitors, such as vemurafenib and
dabrafenib, have high and selective activity against the V600E-mutant
BRAF kinase, with overall responses rates from 33% to 42% [138,140].
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RET

The RET proto-oncogene is located on the long arm of chromosome 10 at
position 11.2. It encodes for a tyrosine kinase receptor for the glial cell line—
derived neurotrophic factor family of ligands and is involved in cell
proliferation, migration, and differentiation, and neuronal navigation [142].
RET chromosomal rearrangements were originally described in papillary
thyroid carcinoma [142]. Approximately 1% to 2% of NSCLCs harbour RET
fusions, and several fusion partners, including kinesin family member 5B
(KIF5B; 90%), coiled-coil domain containing 6 (CCDC6), nuclear receptor
coactivator 4 (NCOAA4), and tripartite motif-containing 33 (TRIM33), have
been described [142,143]. RET-rearranged NSCLC typically occurs in
adenocarcinomas with more poorly differentiated solid features in young
never-smokers, and it is mutually exclusive with known driver oncogenes
[142,144]. In vitro studies showed that RET fusions lead to oncogenic
transformation, which can be inhibited by multitargeted kinase inhibitors,
such as vandetanib, sorafenib, and sunitinib [145]. Preliminary studies with
cabozantinib (MET and vascular endothelial growth factor receptor 2
inhibitor) in RET-rearranged lung adenocarcinoma are promising [144].
FISH is currently the standard diagnostic assay for detection of RET
chromosomal rearrangements. RT-PCR is usually insufficient for the
detection of new partners or isoforms, and RET IHC has shown low
sensitivity and specificity for RET rearrangements [142,144]. Sequencing
approaches, including NGS methodologies, are also frequently used to

detect RET translocations.

Her2

The human EGFR 2 gene HER2 (ERBB2) is a proto-oncogene located on
chromosome 17 at position 12.46 It encodes for a tyrosine kinase receptor
member of the ERBB receptor family [146]. HER2 lacks a specific ligand.
Nevertheless, it can be combined with other ERBB receptors to form a
heterodimer [147]. This allows for the activation of important signal

transduction pathways, including the MAPK and PI3K pathways, involved in
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cell proliferation, differentiation, and migration [146]. HER2 expression
and/or amplification are found in many cancers including breast and gastric
cancer [147]. Overexpression of HER2 has been reported in 7% to 34.9%
of NSCLCs and has been associated with poor prognosis in patients with
these tumours [146]. Activating mutations of HER2 have been found in 1.6%
to 4% of lung cancers [80,145]. These mutations occur in the four exons of
the tyrosine kinase domain (exons 18-21) and are found more often in
adenocarcinomas in female, Asian, never-smokers, or light smokers. HER2
mutations are almost always mutually exclusive with other driver oncogene
alterations in lung cancer described previously [81]. Different studies
reinforce the importance of screening lung adenocarcinomas for HER2
mutation as a method to select patients who could benefit from HER2-
targeted therapies (afatinib and trastuzumab), which have shown response
rates of approximately 50% [148]. Several clinical trials of targeted agents,
such as trastuzumab, neratinib, and pyrotinib, among others, are being
conducted in patients with HER2 mutation [148]. HER2 mutations are

usually assessed via sequencing approaches.

PIK3CA

PI3Ks are heterodimeric lipid kinases composed of catalytic and regulatory
subunits and are part of several downstream pathways involved in cell
growth, transformation, adhesion, apoptosis, survival, and motility [149].
The PIK3CA gene is located on the long arm of chromosome 3 at position
26.3. It encodes for the catalytic subunit p110 alpha of P13Ks [150]. PIK3CA
amplifications, deletions, and somatic missense mutations have been
reported in many tumours including lung cancers. In fact, PIK3CA is one of
the most commonly mutated oncogenes, along with KRAS, in human
cancers [151]. Mutations are found in 1% to 4% of patients with NSCLC,
usually affecting exons 9 and 20 (80%) [129,148,150-152]. These
mutations are not mutually exclusive with other driver alterations and have
been reported more frequently in lung squamous cell carcinoma compared
with adenocarcinoma (6.5% versus 1.5%) [153]. However, PIK3CA

mutations have not shown association with any clinicopathologic features
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[148,151,152]. Squamous cell carcinomas with PIK3CA gains are not
accompanied by other genetic alterations, suggesting that this gene may
play an important role in the pathogenesis of squamous cell cancers [149].
Studies have shown that PIK3CA mutations in EGFR-mutated lung cancer
confer resistance to EGFR-TKIs and are a negative prognostic predictor in
patients with NSCLC treated with EGFR-TKIs [154]. PI3KCA alterations and
their downstream effectors, such as phosphatase and tensin homolog,
MTOR, and AKT, are potential therapeutic targets for NSCLC therapy and
are being evaluated in clinical trials for lung cancer [155]. Alterations in

PIK3CA are detected using sequencing approaches, mostly NGS assays.

NTRK1

The neurotrophic receptor tyrosine kinase 1 (NTRK1) proto-oncogene is
located on chromosome 1921 to 22 and encodes for a receptor tyrosine
kinase, also known as tropomyosin-related kinase (TRK) A, belonging to the
TRK superfamily of receptor tyrosine kinases [156]. NTRK1 is involved in
the regulation of cell growth and differentiation via activation of several
signal transduction pathways including MAPK, PI3K, and phospholipase C-
gamma. NTRK1 rearrangements have been found in colon cancer, thyroid
cancer, and glioblastoma multiforme [156]. In lung cancer, approximately
3% of adenocarcinomas harbour NTRK1 fusions, and some fusion partners,
including myosin phosphatase RHO-interacting protein (MPRIP)-NTRK1
and CD74-NTRK1, have been reported [157]. All of these fusions result in
constitutive TRKA kinase activity, which has been reported to be oncogenic
[157]. In early phase 1 studies, NTRK inhibitors, such as entrectinib and
LOXO-101, have shown promising results in patients with solid tumours
harbouring NTRK fusions [158].

Treatment strategies for the metastatic disease

The treatment strategy should take into account factors like histology,
molecular pathology, age, PS, comorbidities and patient’s preferences.

Treatment decisions should ideally be discussed within a multidisciplinary
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tumour board, who can recommend additional investigations and changes

in treatment modality [159].

First-line and second line treatments for EGFR and ALK-

negative disease

Chemotherapy with platinum-doublets should be considered in all stage 1V
NSCLC patients with EGFR and ALK negative disease, without major
comorbidities and PS 0-2. Benefits of chemotherapy versus best supportive
care (BSC), are observed irrespective of age, sex, histology and PS in two
meta-analyses [159,160]. The survival benefit of two-agent over one-agent
chemotherapy regimens was reported in a meta-analysis in 2004, with no
survival benefit seen for three-agent over two-agent regimens [162]. Based
on a 2006 meta-analysis, revealing a statistically significant reduction (equal
to 22%) in the risk of death at one year for platinum over non-platinum
combinations, without induction of unacceptable increase in toxicity,
platinum-based doublets are recommended in all patients with no
contraindications to platinum compounds [163]. Neither a large individual
trial nor a meta-analysis found an overall survival (OS) benefit of six versus
fewer cycles of first-line platinum-based doublets, although a longer PFS
coupled with significantly higher toxicity was reported in patients receiving
six cycles [162,163]. Therefore, four cycles of platinum-based doublets
followed by less toxic maintenance monotherapy, or four up to a maximum
of six cycles in patients not suitable for maintenance monotherapy, are
currently recommended.

Several platinum-based regimen with third-generation cytotoxics
(cisplatin/paclitaxel, cisplatin/gemcitabine, cisplatin/docetaxel,
carboplatin/paclitaxel) have shown comparable efficacy [166].

Any platinum-based doublets with a third-generation agent, including
gemcitabine, vinorelbine or taxanes, might be used in NSCLC. However,
the incorporation of pemetrexed and bevacizumab into individual treatment
schedules should be considered in NSCC. Pemetrexed-based combination

chemotherapy represents a therapeutic option, based on the results of a
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meta-analysis that showed a slight but significant survival benefit compared
with gemcitabine- or docetaxel-based combinations and of a pre-planned
subgroup analysis of a large randomised phase lll trial [165,166].

Two randomised clinical trials revealed that bevacizumab, a monoclonal
antibody against the vascular endothelial growth factor (VEGF), improves
OS when combined with paclitaxel/carboplatin regimens in patients with
NSCC and PS 0-1, and, therefore, may be offered in the absence of
contraindications in eligible patients with advanced NSCC [167,168]. While
one trial of non-taxane, gemcitabine/cisplatin combination with or without
bevacizumab demonstrated an objective RR (ORR) and modest PFS
advantage, but no OS benefit [171], two meta-analyses showed a consistent
significant improvement of RR, PFS and OS for the combination of
bevacizumab and platinum-based chemotherapy, compared with platinum-
based chemotherapy alone in eligible patients with NSCC [171,172].
Treatment with bevacizumab also delayed the incidence of brain
metastases in a retrospective analysis [174].

After four cycles of platinum-based doublets, decision making about
maintenance therapy must take into account histology, residual toxicity after
first-line chemotherapy, response to first line treatment, PS and patient
preference. Several trials have investigated the role of maintenance
treatment in patients with good PS (0-1) either as ‘continuation
maintenance’ or as ‘switch maintenance’. ‘Continuation maintenance’ and
‘switch maintenance’ therapies refer, respectively, to either the maintained
use of an agent included in first-line treatment or the introduction of a new
agent after four cycles of platinum-based chemotherapy.

A randomised phase Il switch maintenance trials have reported
improvements in PFS and OS with pemetrexed [175] versus placebo
following four cycles of platinum-based chemotherapy in NSCC.

A large phase Ill randomised trial of continuation maintenance with
pemetrexed versus placebo after four induction cycles of cisplatin plus
pemetrexed chemotherapy demonstrated a PFS and OS improvement in

patients with a PS 0-1, confirmed at long-term follow-up [175,176]. Median
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OS was 13.9 months (95% CI, 12.8 to 16.0 months) for pemetrexed and
11.0 months (95% CI, 10.0 to 12.5 months) for placebo, with 1-year and 2-
year survival rates significantly longer for patients given pemetrexed (58%
and 32%, respectively) than for those given placebo (45% and 21%).
Another phase Ill study comparing maintenance bevacizumab, with or
without pemetrexed, after first-line induction with bevacizumab, cisplatin
and pemetrexed showed a benefit in PFS for the pemetrexed-bevacizumab
combination but no improvement in OS [178], although a trend towards
improved OS was seen when analysing 58% of events of 253 patients
randomised for this study [179]. Continuing pemetrexed following
completion of four cycles of first-line cisplatin/pemetrexed chemotherapy is,
therefore, recommended in patients with non-squamous histology, in the
absence of progression after first-line chemotherapy, and upon recovery
from toxicities from the previous treatment.

Chemotherapy is not the only therapeutic approach available for EGFR and
ALK negative patients in first line setting. Lung cancer has been historically
considered poorly immunogenic, with no established benefit from cytokine
modulation or vaccines. Nevertheless, the recent development of
checkpoint inhibitors provided a promising new approach for
immunotherapy in patients with NSCLC. Immune checkpoints are inhibitory
pathways that maintain self-tolerance and protect peripheral tissues by
restricting the immune responses. The two checkpoint targets that have
been studied more extensively in lung cancer are the cytotoxic T-
lymphocyte-associated antigen 4 (CTLA-4) and the programmed death
ligand 1 (PD-1) receptor.

Pembrolizumab is an anti-PD-1 monoclonal antibody that has recently
received an approval in first line treatment for patients with NSCLC and a
tumour expression of PD-L1 on at least 50% [180]. The KEYNOTE-04 study
was an open-label, phase Il trial, for untreated advanced NSCLC with PD-
L1 expression on at least 50%, that randomised to receive either
pembrolizumab (at a fixed dose of 200 mg every 3 weeks) or platinum-
based chemotherapy. Median PFS was 10.3 months (95% CI, 6.7 to not
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reached) in the pembrolizumab group versus 6.0 months (95% ClI, 4.2 to
6.2) in the chemotherapy group (HR for disease progression or death, 0.50;
95% CI, 0.37 t0 0.68; P < 0.001). The estimated rate of OS at 6 months was
80.2% in the pembrolizumab group versus 72.4% in the chemotherapy
group (HR for death, 0.60; 95% CI, 0.41 to 0.89; P = 0.005). The RR was
higher in the pembrolizumab group than in the chemotherapy group (44.8%
versus 27.8%), the median duration of response was longer (not reached
versus 6.3 months), and treatment-related adverse events of any grade
were less frequent (occurring in 73.4% versus 90.0% of patients), as were
grade 3, 4, or 5 treatment-related adverse events (26.6% versus 53.3%).
The recommended dose and schedule of pembrolizumab in first line is 200
mg (flat dose) administered as an intravenous infusion every 3 week.
Combination of chemotherapy in association with anti PD-1 or anti PD-L1
treatments are under investigations in several phases II- 11l trials.

The FDA approved the use of pembrolizumab in combination with
carboplatin and pemetrexed for the first-line treatment of metastatic NSCC,
irrespective of PD-L1 expression based on the results of a randomized
phase Il trial (KEYNOTE-021) [181].

Atezolizumab, an anti-PD-L1 monoclonal antibody, recently demonstrated
its benefit, in a phase lll trial, in terms of PFS in association with carboplatin-
paclitaxel and bevacizumab compared to carboplatin-paclitaxel in all

patients independently from the PD-1 status[182].

For several decades only three options were available in second line
treatment: pemetrexed and docetaxel monotherapy, or erlotinib [183—-185].
Treatment choice was guided by: first line treatment combination, residual
toxicities from first line, histology and PS.

A phase lll second-line study demonstrated non-inferiority for OS between
pemetrexed and docetaxel (8.3 versus 7.9 months, HR 0.99, 95% CI: 0.8—
1.2). However, pemetrexed showed a better toxicity profile with a
significantly lower rate of neutropenia and alopecia as well as lower rates of

gastrointestinal adverse events [183]. In a retrospective analysis a
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predictive impact of histology on outcome by pemetrexed was reported
favouring those patients with NSCC (median OS: 8.0 versus 9.3 months,
docetaxel versus pemetrexed, HR 0.78, 95% CI: 0.61-1.0, P = 0.004) [186].
Erlotinib improved OS in second-line or in third-line in all NSCLC histological
subtype patients not eligible for further chemotherapy, including patients
with PS 3 [185]. Erlotinib was shown to be equivalent to pemetrexed or
docetaxel in refractory (progression during the four cycles of a standard
platinum-based chemotherapy doublet) and in unselected patients in a
randomised trial [187]. Finally, a large randomised phase IlI trial showed
comparable outcome with pemetrexed or erlotinib [188].

Erlotinib still represents a potential second-line treatment option in pre-
treated patients with unknown or wild type (WT) EGFR status and preferably
in patients not suitable for chemotherapy, with, however, limited efficacy in
WT EGFR patients when compared with chemotherapy.

While registration trials of pemetrexed, docetaxel and erlotinib did not limit
therapy to a set number of treatment cycles, second-line treatment duration
should be individualised, and treatment may be prolonged if disease is
controlled and toxicity acceptable.

The development of antibodies against PD-1 has dramatically changed the
treatment strategies in second line in both SCC and NSCC.

Among the antibodies against PD-1, nivolumab, a fully IgG4 PD-1 immune
checkpoint inhibitor, was the first to be investigated in phase Il trials and it
is approved after a platinum-based chemotherapy in both squamous and
non-squamous tumours independently from the PD-L1 expression.

A phase lll trial (CheckMate-017) in patients previously treated for a SCC,
compared 3 mg/kg of nivolumab given every 2 weeks to docetaxel, showing
an improvement in terms of PFS of 3.2 months [193,194] leading to its
approval by the FDA and EMA. At the data cut-off, median OS was 9.2
months (95% CI 7.3—-13.3 months) on nivolumab compared with 6.0 months
(95% CI 5.1-7.3 months) on docetaxel, with a 41% reduction in the risk of
death in the nivolumab arm (HR 0.59, 95% CI 0.44-0.49; P < 0.001). An
updated follow-up reported an 18 months-OS of 28% and 13% in the
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nivolumab and docetaxel arm respectively and an 18 months-PFS equal to
17% for nivolumab and 2.7% for docetaxel [190].

In the phase Il trial, nivolumab was better tolerated than docetaxel, the
experimental arm also showed a positive impact on QoL and a longer time
to symptom deterioration compared to the standard arm [191]. The
expression of PD-L1 was neither prognostic nor predictive of clinical benefit
in a retrospective analysis using various cut-points in this study.

Nivolumab also led to a significant prolongation of OS compared with
docetaxel in 582 pretreated patients with NSCC, who were recruited to the
Checkmate-057 trial (median OS 12.2 versus 9.4 months, HR 0.73, 95% CI:
0.59-0.89; P = 0.002), although a small excess of early progression and/or
death events were observed for nivolumab, compared with docetaxel. In
addition, RR (19% versus 12%, P = 0.021) and duration of response (17.2
versus 5.6 months) were in favour of nivolumab, while no significant
difference has been reported for PFS (median PFS 2.3 versus 4.2 months,
HR 0.92, 95% CI: 0.77-1.1). An exploratory retrospective analysis revealed
an association of efficacy by nivolumab and the level of tumour membrane
expression of PD-L1. However, this analysis is limited by the retrospective
and unplanned nature of this biomarker assessment. In the nivolumab arm,
compared with docetaxel, a lower frequency of both severe adverse events
(CTCAE grade 3/4 events: 10% versus 54%) and adverse events leading to
treatment discontinuation (5% versus 15%) were observed. The most
frequent selected adverse events were rash, pruritus, diarrhea,
hypothyroidism, elevation of liver enzymes and pneumonitis [192].
Pembrolizumab received accelerated FDA and subsequently EMA approval
for the treatment of any histological type of NSCLC after failure of first-line
therapy in patients with tumours expressing PD-L1 on at least at 1%.

The phase Il KEYNOTE-010 trial randomised 1034 patients with previously
treated NSCLC with PD-L1 expression to receive pembrolizumab 2 mg/kg,
pembrolizumab 10 mg/kg or docetaxel 75 mg/m2 every 3 weeks. The
primary end points were OS and PFS both in the total population and in

patients with PD-L1 expression on at least 50% of tumour cells [193]. In the
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entire population, OS was significantly longer for pembrolizumab 2 mg/kg
versus docetaxel (HR 0.71, 95% CI. 0.58-0.88; P = 0.0008) and for
pembrolizumab 10 mg/kg versus docetaxel (HR 0.61, 95% CI: 0.49-0.75; P
< 0.0001), with median OS of 10.4, 12.7 and 8.5 months in the three arms,
respectively. Grade 3-5 treatment-related adverse events were less
common with pembrolizumab than with docetaxel. The recommended dose
and schedule of pembrolizumab in second line is 2 mg/kg administered as
an intravenous infusion every 3 week.

Immunotherapy should be the reference second line treatments in both
squamous and non-squamous NSLC, while patients not eligible to this
treatment can receive chemotherapy (docetaxel or pemetrexed) or erlotinib.

EGFR-mutated NSCLC patients

Among EGFR TKiIs we can identify three generations of drugs. The first-
generation EGFR TKIs (gefitinib, erlotinib, icotinib), binding competitively
and reversibly to the ATP-binding site of the EGFR tyrosine kinase domain,
have resulted in a significant improvement in outcome for NSCLC patients
with activating EGFR mutations (L858R and Del19) compared to platinum-
based chemotherapy. The second-generation irreversible EGFR/HER TKiIs
(afatinib, dacomitinib) were developed to treat resistant disease, targeting
not only the exon 20 T790M mutation, but also the EGFR-activating
mutations and wild-type EGFR. Although they exhibited promising anti-
T790M activity in the laboratory, their clinical activity among T790M+
NSCLC was poor mainly because of dose-limiting toxicity due to
simultaneous inhibition of WT EGFR. The third-generation EGFR TKils
selectively and irreversibly target EGFR T790M and activating EGFR
mutations (with limited activity against EGFR WT), showing efficacy in
NSCLC resistant to the first- and second-generation EGFR TKIs and also
in frontline treatment comparing to first generation TKls [194].

Several studies have consistently demonstrated that the EGFR TKils
produce higher RR, longer PFS and improve QoL when compared with
standard platinum-based doublet chemotherapy in patients with good PS

(PS 0-2), whose tumour harbours an activating (sensitising) EGFR mutation
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[195-202]. Patients with PS 3—4 may also be offered an EGFR TKI, as they
are likely to receive a similar clinical benefit to patients with good PS [203].
The phase llb study LUX-LUNG 7 showed that afatinib achieves higher RR
and longer PFS than gefitinib as first-line treatment for patients with
advanced NSCLC with common activating mutations (del19 or L858R).
Data on OS (co-primary end point) showed no difference between the two
treatments [204].

EGFR TKIs represent the standard-of-care as first-line treatment for
advanced EGFR mutant NSCLC. All patients with advanced NSCC, and
patients with squamous histology who are never/former light smokers (<15
pack years), should have their tumour tested with EGFR mutational analysis
at diagnosis, and results should preferably be available before initiation of
first-line treatment.

Notably, none of the above studies have shown any benefit in OS for an
EGFR TKI over platinum-based chemotherapy, likely due to the high level
of crossover. However, an unplanned pooled OS analysis of patients who
have been recruited to either the LUX-Lung 3 or the LUX-Lung 6 trial
revealed an OS benefit for afatinib compared with chemotherapy in patients
with EGFR del-19 mutations (median OS: 27.3 months versus 24.3 months;
HR 0.81, 95% CI: 0.66-0.99; P = 0.0374), whereas this improvement was
not observed in patients with EGFR Leu858Arg mutations [205]. This data
was not confirmed in a prespecified subgroup analyses of the LUX-Lung 7
trial, that showed similar OS trends in patients with exon 19 deletion (30.7
versus 26.4 months; HR, 0.83, 95% CI 0.58-1.17, P =0.2841) and L858R
(25.0 versus 21.2 months; HR 0.91, 95% CI 0.62-1.36, P= 0.6585)
mutations [204].

Should the information on the presence of an EGFR-sensitising mutation
become available during first-line platinum-based chemotherapy, it is
recommended to continue chemotherapy for up to four cycles, and then to
offer the EGFR TKI as maintenance treatment in those patients achieving
disease control [206], or as second-line treatment at the time of progression.

In a Japanese randomized trial 154 EGFR mutated patients were
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randomized to receive erlotinib and bevacizumab or erlotinib alone (75
patients in the combination arm and 77 in the erlotinib alone arm were
included in the efficacy analyses) [207]. Median progression-free survival
was 16.0 months (95% CI 13.9-18.1) with erlotinib plus bevacizumab and
9.7 months (5.7-11.1) with erlotinib alone (HR 0.54, 95% CI 0.36—0.79; log-
rank test P = 0.0015). A similar PFS was described in a European phase I
trial also using the combination of erlotinib and bevacizumab [208]. This
treatment combination is an option in EGFR mutated patients but not
available in many European countries.

Osimertinib showed efficacy superior to that of standard EGFR-TKIs in the
first-line treatment of EGFR mutation—positive advanced NSCLC, with a
similar safety profile and lower rates of serious adverse events. In a phase
3 trial, 556 patients with previously untreated, EGFR mutation—positive
(exon 19 deletion or L858R) advanced NSCLC were randomised to receive
either osimertinib (at a dose of 80 mg once daily) or a standard EGFR-TKI
(gefitinib at a dose of 250 mg once daily or erlotinib at a dose of 150 mg
once daily). The median progression-free survival was significantly longer
with osimertinib than with standard EGFR-TKIs (18.9 months versus 10.2
months; HR for disease progression or death, 0.46; 95% confidence interval
[CI], 0.37 to 0.57; P<0.001). The objective response rate was similar in the
two groups: 80% with osimertinib and 76% with standard EGFR-TKIs (OR,
1.27; 95% ClI, 0.85 to 1.90; P=0.24). The median duration of response was
17.2 months (95% CI, 13.8 to 22.0) with osimertinib versus 8.5 months (95%
Cl, 7.3 to 9.8) with standard EGFR-TKIs. Data on overall survival were
immature at the interim analysis (25% maturity). The survival rate at 18
months was 83% (95% CI, 78 to 87) with osimertinib and 71% (95% CI, 65
to 76) with standard EGFR-TKIs (hazard ratio for death, 0.63; 95% ClI, 0.45
to 0.88; P=0.007 [nonsignificant in the interim analysis]) [93]. Osimiertinib is
not still available in clinical practice in this setting of patients.

The majority of patients will progress after 9-12 months of treatment with an
EGFR TKI, and various mechanisms of acquired resistance to first-and
second generation EGFR TKIs have been described (Figure 1) [86]. The
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most common (49%-60%) mechanism is the acquisition of a single recurrent
missense mutation within exon 20, the T790M mutation [86,87]. This
mutation leads to the substitution of threonine by methionine at position 790,
which encodes part of the kinase domain of the receptor and results in
increased affinity for ATP, causing resistance to competitive inhibition by
reversible EGFR TKiIs [89, 90].

A number of third-generation EGFR TKiIs that are specifically designed to
target EGFR T790M mutation have undergone clinical development.
Among these, osimertinib, is licensed for use in patients who have
developed the EGFR T790M resistance mutation as previously described
[90,91].

Patients who progress after an EGFR TKI should undergo a re-biopsy to
perform molecular analysis specifically looking for EGFR T790M mutation,
as this could influence the next therapeutic step or reveal alternative EGFR
TKI resistance mechanisms such as transformation to SCLC or bypass
tracks that could potentially be addressed in clinical trials.

At the present time, when re-biopsy is not feasible or when the EGFR
T790M mutation is not detected as resistance mechanism, the standard of
care is represented by platinum-based chemotherapy alone. There is no
data to support continuation of the EGFR TKI with platinum-based
chemotherapy [209].

A good alternative to tissue re-biopsy is represented by liquid biopsy, which
has been validated [210] and represents a surrogate source of DNA and a
new strategy for tumour genotyping, mainly at the time of progression for
EGFR-mutated patients [211-213]. In case a T790M mutation in peripheral
blood is observed treatment with 3rd generation EGFR TKI’s is justified
[214]. In case of a T790M negative liquid biopsy is observed, a re-biopsy is
recommended if feasible and accepted by the patient.

A phase Il study has demonstrated benefit in PFS in patients who continued
first-line erlotinib beyond radiological progression [215]; therefore, this
strategy could be considered in patients with asymptomatic progression.

Evidence from retrospective series and case reports suggests that, in
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patients where there is evidence of radiological progression in a single site
(i.e. central nervous system metastasis or adrenal gland), but with ongoing
dependence on the driver oncogene addiction and without rapid systemic
progression, the combination of continuing the EGFR TKI with local
treatment (radiotherapy or surgery) may represent a reasonable option and
could be considered on an individualised basis [216].

The treatment strategy and the evolution of EGFR positive patients could
substantially change in case of approval of osimertinib in first line.
Mechanisms of resistance to osimertinib that have been identified in
patients with T790M-positive NSCLC after EGFR-TKI treatment include
acquired EGFR mutations (e.g., C797S), MET and HER2 amplification, and
SLCC [217-219]. Mechanisms of resistance to osimertinib when used as
first-line therapy remain to be fully characterized, although an analysis of
genomic mechanisms of resistance in nine patients with previously
untreated EGFR mutation—positive advanced NSCLC who received
osimertinib in the phase 1 component of the AURA trial showed no cases
of acquired T790M mutation [220].

ALK-rearranged NSCLC patients

The anti-tumour activity of crizotinib, a dual ALK and MET tyrosine kinase
inhibitor, was initially demonstrated in two multicentre single-arm studies
with significant ORR and PFS advantages [107], as well as a survival
advantage compared with other treatment [108].

The phase Ill PROFILE 1007 study confirmed the benefit of crizotinib over
chemotherapy, pemetrexed or docetaxel (investigator’s choice), as second-
line treatment with better ORR and PFS [221]. The median PFS, as
determined by independent radiologic review, was 7.7 months (95% CI, 6.0
to 8.8) in the crizotinib group, as compared with 3.0 months (95% ClI, 2.6 to
4.3) in the chemotherapy group (HR for disease progression or death with
crizotinib, 0.49; 95% Cl, 0.37 to 0.64; P < 0.001). Crizotinib also showed an
advantage over both pemetrexed and docetaxel with regards to the

improvement in symptoms and QoL [222].
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Based on these data, any patient with NSCLC harbouring an ALK fusion
and previously treated should receive crizotinib in second line, if this was
not previously administered.

Subsequently, the phase Il study PROFILE 1014 compared crizotinib with
cisplatin-pemetrexed without maintenance pemetrexed as first-line
treatment in ALK-positive advanced NSCC [223], and demonstrated a
significantly longer PFS (median, 10.9 months versus 7.0 months; HR for
progression or death with crizotinib, 0.45; 95% CI, 0.35 to 0.60; P < 0.001)
and higher ORR with crizotinib compared with chemotherapy (74% and
45%, respectively; P < 0.001). Median OS was not reached in either group.
First-line treatment with crizotinib is the standard treatment of patients with
ALK- rearranged NSCLC.

As for the EGFR mutated, also for the ALK rearranged NSCLC patients the
combination of continuing the EGFR TKI with local treatment (radiotherapy
or surgery) may represent a reasonable option and could be considered on
an individualised basis [216].

Despite improved outcome in patients with tumours harbouring ALK
rearrangements and treated with crizotinib, all patients will eventually
experience disease progression through primary or acquired resistance.
Furthermore, crizotinib penetration into the cerebrospinal fluid (CSF) is
negligible and this pharmacologic limitation is extremely relevant in
treatment decisions, taking into account the high propensity of ALK-
rearranged NSCLC to metastasise to the brain [224]. Various resistance
mechanisms to ALK inhibitors have been identified, resulting in the
development of new therapeutic approaches and novel TKiIs.

Two phase | studies, including the multicentre open-label ASCEND-1 study,
showed a significant activity of ceritinib, based on an ORR of 56% and 6.9
months of PFS in patients with ALK-rearranged NSCLC with crizotinib
resistance [225]. The benefit also included intracranial responses in patients
with brain metastasis. These results were confirmed in two phase Il trials
(ASCEND-2 and ASCEND-3) [222,223], in which the ORR was 38.6% and

63.7% respectively with a median OS of 14.9 months and not reached at
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the data cut -off in the ASCEND-3 trial (the estimated 24-month OS rate was
67.5%).

In the open-label, randomized, phase Ill ASCEND-5 study, ceritinib was
compared with chemotherapy (docetaxel or pemetrexed) in locally
advanced or metastatic, ALK-rearranged NSCLC patients who had received
previous crizotinib and chemotherapy (including a platinum doublet). [228]
Results showed that median PFS was significantly improved with ceritinib
compared to chemotherapy (5.4 versus 1.6 months; HR 0.49, 95% CI: 0.36—
0.67; P = 0.001). The improvement in PFS was robust, demonstrating
consistency across a number of subgroups, and clinical benefit was further
supported by ORR (39.1% versus 6.9%) and DCR (76.5% versus 36.2%).
Based on this data, ceritinib is recommended in patients with ALK-positive
advanced NSCLC who progress on treatment with or are intolerant to
crizotinib.

The efficacy of ceritinib was also investigated in first line in the ASCEND-4
trial, in which patients were randomly assigned to receive ceritinib 750
mg/day or pemetrexed-platinum chemotherapy, followed by maintenance
pemetrexed [229]. Ceritinib treatment significantly improved median PFS
compared to chemotherapy, with a risk reduction of 45% in PFS (16.6
versus 8.1 months for ceritinib and chemotherapy, respectively; HR 0.55,
95% CI. 0.42-0.73; P = 0.00001). Ceritinib was also associated with
improved median PFS compared to chemotherapy both in the subgroup of
patients without brain metastases (26.3 versus 8.3 months, HR 0.48, 95%
Cl: 0.33-0.69) and with brain metastases (10.7 versus 6.7 months, HR 0.70,
95% CI: 0.44-1.12). In addition, significantly higher and durable responses
were attained with ceritinib compared to chemotherapy (ORR and DOR:
72.7% and 23.9 months versus 27.3% and 16.6 months, respectively). The
median OS was not reached in the ceritinib group and was 26.2 months in
the control group. Following the results of this phase Il trial ceritinib
received an expands approval in first line by the FDA and EMA.

Alectinib is another second-generation ALK inhibitor, which has been

approved in Japan for all patients with advanced ALK-positive NSCLC. Two
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phase Il studies have also demonstrated RR between 45%-50% and PFS
of 8.9 months. Alectinib was also effective for brain metastases [230].

The ALEX trial was a phase Il trial comparing alectinib versus crizotinib in
untreated ALK-positive advanced NSCLC patients. The primary end point
was investigator-assessed PFS. Secondary end points were independent
review committee—assessed PFS, time to CNS progression, ORR, and OS.
A total of 303 patients were enrolled in this trial; the rate of investigator-
assessed PFS was significantly higher with alectinib than with crizotinib (12-
month event-free survival rate, 68.4% (95% CI, 61.0 to 75.9 (with alectinib
versus 48.7% (95% CI, 40.4 to 56.9) with crizotinib; HR for disease
progression or death, 0.47 (95% CI, 0.34 to 0.65; P < 0.001); the median
PFS with alectinib was not reached. The results for independent review
committee—assessed PFS were consistent with those for the primary end
point. A total of 18 patients (12%) in the alectinib group had an event of CNS
progression, as compared with 68 patients (45%) in the crizotinib group
(cause-specific HR, 0.16; 95% CI, 0.10 to 0.28; P < 0.001). A response
occurred in 126 patients in the alectinib group (response rate, 82.9%; 95%
Cl, 76.0 to 88.5) and in 114 patients in the crizotinib group (response rate,
75.5%; 95% CI, 67.8 to 82.1). Grade 3 to 5 adverse events were less
frequent with alectinib (41% versus 50% with crizotinib) [231]. As compared
with crizotinib, alectinib showed superior efficacy and lower toxicity in
primary treatment of ALK-positive NSCLC.

Several alternative ALK inhibitors are currently in clinical development,
which are all more potent than crizotinib, with broader activity against a
number of mutated ALK genes and mainly characterised by higher brain
activity [232].

First-line and second line treatments for metastatic small cell lung
cancer

Treatment of stage IV SCLC is palliative, and combination chemotherapy
has been the main treatment option for more than three decades. Despite

RRs close to 70%, outcomes remain poor with a median PFS of only 5.5
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months and a median OS of less than 10 months [229,230]. A meta-analysis
of 19 randomised trials with a total of 4054 patients demonstrated prolonged
OS of patients receiving a cisplatin-containing regimen compared with older
chemotherapy combinations [235]. Another meta-analysis of 36 trials
reported an OS benefit in favour of etoposide alone or in combination with
cisplatin compared with regimens that did not contain one of the two drugs
[236]. These results led to the adoption of etoposide—cisplatin as a standard
treatment regimen. A recent individual patient data meta-analysis including
four randomised clinical trials comparing cisplatin versus carboplatin-based
combination chemotherapy demonstrated no difference in efficacy
outcomes including RR, PFS and OS [237]. In the carboplatin group,
increased haematological toxicity rates were observed, whereas higher
renal and neurotoxicity was seen with cisplatin. According to these results,
cisplatin can be substituted by carboplatin in patients with metastatic SCLC.
Due to the limited number of only 663 patients included in this analysis,
there was limited statistical power to draw conclusions in important
subgroups such as patients with localised disease and young patients. In
these subgroups, etoposide—cisplatin is recommended.

Studies with 3-drug regimens and the administration of increased dose
intensity regimens, using increased dose or non-cross-resistant regimens,
have not consistently reported improvement in OS. In addition, they have
frequently been associated with significant toxicity in this usually co-morbid
patient population and they are not recommended as first-line treatment
[238].

A recent literature-based meta-analysis of seven randomised studies
showed an improved OS, but not PFS with irinotecan—platinum compared
with etoposide—platinum. Irinotecan led to more gastrointestinal toxic
effects, while more haematological toxic effects were observed with
etoposide [239]. The results, however, were primarily driven by Asian
studies, and pharmacogenomic differences between Asian and Western
populations possibly contributing to these differential outcomes have

previously been described [240]. No chemotherapy doublet has yet been
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shown to be superior to i.v. etoposide—platinum in a Western population.
Randomised phase |IIl trials which compared irinotecan—cisplatin,
gemcitabine—carboplatin (in poor prognostic patients only) or i.v. or oral
topotecan—cisplatin to etoposide—platinum have demonstrated non-
inferiority for survival [241-244]. These regimens are recommended as
alternative treatment options in the case of contraindications to etoposide.
Continuation of chemotherapy beyond 4—6 cycles has been assessed in at
least 14 randomised, controlled trials. Although a significant OS benefit was
reported in a literature-based review including 11 trials (HR 0.89, 95% CI:
0.81-0.92; P = 0.02), the benefit was small and high heterogeneity among
the included trials was observed [245]. Similarly, a previous meta-analysis
found a small OS benefit of 4% at 2 years with maintenance therapy [246].
However, the majority of the randomised, controlled trials did not show any
significant OS benefit, and a properly designed large clinical trial to address
this question is lacking. In addition, there is a considerable risk of increased
toxicity with prolonged platinum-based chemotherapy.

Prophylactic cranial irradiation (PCI) significantly decreases the risk of
symptomatic brain metastases (from 40.4% to 14.6% at 1 year) and
increases OS (HR 0.68; 95% CI, 0.52-0.88) [247]. PCI is associated with
adverse effects such as fatigue and hair loss, and health-related quality of
life may be negatively affected as well [248]. Patients with any response to
first-line treatment and who have a reasonably good PS should be
evaluated for PCI. The PCI dose may be 25 Gy in 10 daily fractions or 20
Gy in 5 fractions.

Due to the often centrally located primary tumours, symptoms such as
dyspnoea, infections due to atelectasis, chest pain or superior vena cava
syndrome are frequent and make the incorporation of thoracic radiotherapy
into the initial treatment algorithm an appealing concept. A four-arm
randomised phase lll trial has demonstrated a survival benefit of concurrent
thoracic radiotherapy in patients whose primary tumours have responded
after three cycles of cisplatin—etoposide and whose metastatic sites were in

complete remission (OS: 17 versus 11 months, P = 0.041) [249]. This single
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centre trial was however small (54 patients per arm), and the concurrent
chemoradiotherapy treatment used does not correspond to the current
standard approach.

RRs to second-line treatment depend on the treatment-free interval and are
usually in the order of 10% in resistant disease (i.e. progression-free interval
<3 months) and 20% in sensitive disease (i.e. interval >3 months). In
refractory patients (i.e. patients not responding or progressing during
chemotherapy) and resistant patients with early relapse (<6 weeks),
outcomes are poor and the clinical benefit of further systemic therapy is
uncertain. For these patients, participation in a clinical trial or best
supportive care is recommended. Oral topotecan led to better symptom
control including slower time to quality of life deterioration and improved
survival compared with best supportive care in a study in which half of the
patients had resistant disease [250]. Prior to topotecan development,
anthracycline-based regimes have been commonly used, including
cyclophosphamide, doxorubicin and vincristine (CAV). In 1999, a trial of i.v.
topotecan and CAV demonstrated equal efficacy, with similar RRs, time-to-
progression, and OS, and better tolerance when compared with CAV [251].
Oral and i.v. topotecan have shown to be equally effective [252], but with
differing toxicity profiles. Either oral or i.v. topotecan are recommended for
patients having resistant or sensitive relapse with CAV being an alternative
option. Only patients with sensitive disease derive benefit from rechallenge

with first-line therapy (usually platinum—etoposide).
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The TransCPC and TransBio projects

Rational

Phenotypic transformation from NSCLC to SCLC is a resistance mechanism
in TKI treated EGFR mutant tumours, although some cases of SCLC
transformation from WT EGFR tumours are also described in literature
[249,250]. This transformation is a rare event and little is known about the
clinical and therapeutic characteristics of these patients. In EGFR mutant
lung cancers, mostly adenocarcinoma, phenotypic transformation to SCLC
has been described as one of the resistance mechanisms aside major
events, such as the secondary exon 20 T790 mutation or the c-Met or Her2
amplifications [93,249,251-256]. In the original description of resistance
mechanisms and in published clinical cases there were anecdotal
description of sensitivity to platinum etoposide chemotherapy but neither
response rate nor survival characteristics after treatment were reported.

A documented transformation from adenocarcinoma to SCLC in non-EGFR-
mutant cancers treated with chemotherapy is a well-known, but rarely
diagnosed event [254]. The low incidence might be partially explained by
the limited use of re-biopsy in the oncological history of these patients.

A recent systematic review and pooled analysis described
clinical/pathological features and prognosis of oncogene addicted
adenocarcinoma transformed in SCLC. Thirty-nine patients were eligible for
the analysis and the median time from initial diagnosis of lung
adenocarcinoma to the transformation to SCLC was 19 months (range 1—
61 months). The median survival after SCLC diagnosis was 6 months;
female gender was significantly associated with longer transformation to
SCLC at the multivariable analysis and smoking status seemed to be
associated with worse prognosis after the diagnosis of SCLC [261]. One
limitation of this analysis is that the patient data were retrospectively
collected from published article.

The development of a SCLC by the transformation of an adenocarcinoma
is a surprising phenomenon, considering the radically different

characteristics of these cancers and the clinical characteristics of the
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patients developing them. The classic histomolecular dogma is that these
cancers develop from the transformation of different cellular precursors
(epithelial for adenocarcinoma, neuroendocrine for SCLC). However, some
murine experiences showed that mice with a TP53 and Rb1 loss in all
alveolar type Il cells might have the potential to develop SCLC, even if at
lower frequency than for neuroendocrine cells [262].

Patients developing primary SCLC are almost all heavy smokers, whereas
EGFR mutant adenocarcinoma is more frequent in never or light smoker.
From a molecular level, these two cancers are also distinct entities,
characterized by radically different genetic alterations (apart from the usual
mutation of TP53 gene).

Several hypotheses try to explain the mechanism of this phenomenon: one
is that these patients have a combined histology at the time of initial
diagnosis, which is not apparent on the diagnostic sample, and at
progression SCLC become predominant due to activity of an EGFR TKI on
the adenocarcinoma counterpart [253]. Series published about this
population show that most of patients initially respond to EGFR inhibitors
and have a tumour growth at the time when SCLC was diagnosed. If we
consider tumor heterogeneity as the mechanism of SCLC development in
these patients we could expect a less important response to EGFR TKiIs
and an earlier acquired resistance. A paper from Roca et al. confirmed that
these patients have a benefit in terms of PFS with an EGFR TKI that is
similar to a population of adenocarcinoma that do not become a SCLC
[261].

In contrast with this first hypothesis, a series of patients published by
Sequist at al. shows that the EGFR genomic sequencing from both the
diagnostic and re-biopsy samples at the time of resistance retained the
original EGFR-activating mutation, which suggests that these were not
independent de-novo cancers, but a transformed phenotype as a
mechanism of resistance to treatment [94].

The phenomenon of SCLC relapse is not unique to lung cancer and has

also been documented in prostate cancer [263]. These observations lead to
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a radical reconsideration about our knowledges on the lung cancer
histopathogenesis.

On the basis of the present knowledge, three major and joint molecular
events seem to preside over the conversion of an adenocarcinoma into a
SCLC: the TP53 mutation, RB1 inactivation and EGFR repression.
However, it is unknown whether these events are necessary or sufficient,
nor in what context of evolutive tumor heterogeneity they appear.

A recent paper published by Lee et al. revealed that the apolipoprotein B
MRNA editing enzyme, catalytic polypeptide-like (APOBEC)-induced
hypermutation was frequent in the branches toward small-cell
transformation [264]. The APOBEC cytidine deaminase has a function in
innate immunity as well as in RNA editing in addition to the activation-
induced cytidine deaminase (AID) [265]. Several cancer types displayed
high levels of the APOBEC mutation pattern as well as a wide variation
among individual samples, which could reflect different biological pathways
leading to carcinogenesis [266]. In the current study we describe and
compare the characteristics of SCLC arising from mutant or non-mutant

NSCLC in a large cohort of patients.

Objectives

The aims of this project are:

For the transCPC study:

- Primary objective: to analyze survival data of the population after the
transformation to SCLC.

- Secondary objectives: to define the epidemiological characteristics at the
diagnosis of NSCLC, the histomolecular characteristics at the diagnosis and
at the transformation; the clinical characteristics at the time of diagnosis of
NSCLC and SCLC and the treatment characteristics before and after
transformation.

For the transBio study:

- Primary objective: to develop an extensive histopathological, clinical and

molecular characterization of this phenomenon, in order to better
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characterize the histological and genetic tumor dynamics that preside over
this conversion.

- Secondary objectives: the research of sensitivity biomarkers to targeted
agents; the comparison of the SCLC genomic profiles with phenotypic
transformation and classical SCLC, and the comparison of genomic profiles
of EGFR mutated tumor transformed into mutated SCLC versus EGFR

tumors that never switch.

Material and Method TransCPC study

We performed an international multicentric retrospective collection of cases
between 2005 and 2017. Thirty Italian and French centers, after a global e-
mailing to a network of thoracic oncology centers, decided to participate.
Consecutive NSCLC patients with stage 11l or IV NSCLC (according to the
7" TNM Lung Cancer Stage Classification) with or without initial EGFR
mutation with a transformation to SCLC were included. We excluded in our
collection patients with a previous history of SCLC or neuroendocrine tumor
of the lung as well as patients with combined SCLC/ NSCLC on the initial
pathology sample.

Study ethics approval was obtained both in Italy (in each participating
center) and in France (CECIC Rhéne-Alpes-Auvergne, Clermont-Ferrand,
IRB 5891).

Anonymized data were collected at each center then centrally analyzed at
the Albert Bonniot Institute, Inserm U 823, Grenoble Alpes University, in
Grenoble, France.

Continuous variables were described as median (25%-75% interquartile
range [IQR]) and categorical variables as number. Associations between
categorical variables were compared using the chi-2 test or Fisher’s exact
test and those between continuous variables using the Wilcoxon test.
Patients were followed until 26" July 2017 and no patients were lost to
follow-up. Overall survival is considered from the initial diagnosis of lung
cancer to death and survival after SCLC transformation is from the re-biopsy
to death. Kaplan-Meier plots of survival curves were compared between

groups using the log-rank test. All tests were two-sided, and P values <0.05
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were considered statistically significant. All statistical analyses were
performed using SAS 9.3 (SAS Institute, Cary, NC, USA).

TransBio study

Following the data collection phase, we started the second part of the
project that is still ongoing.

The first step of the project consisted in a centralized histological revision of
the samples to confirm the presence of the transformation and to select the
samples for the molecular analysis. On the basis of these analysis and the
pathologist’ agreement, selected tissues were recut, alternating 2 thick
sections (10 mM) for DNA extraction and molecular biology (total 8 sections)
and 5 thin sections (5 mM) for histomolecular analysis and FISH (total: 20
sections) (Figure 2).

The exome sequencing of six samples (three couples) was performed using
the DNA extracted from the thick sections. The definition of the regions to
be analyzed has been done based on the selection of a representative and
sufficiently abundant area of initial adenocarcinoma and relapse SCLC,
constituting a "before / after" doublet. The sequencing is carried out by a
specialized provider, IntegraGen Genomics (Campus Geénopole, Evry,
France). Exome sequencing is performed at a depth of 145X on Illumina
HighSeq4000.

If enough tissue will be available the later step of the study will be the
histochemical analysis, carried out by the Molecular Diagnostic Platform of
the Grenoble University Hospital (PDMiS Grenoble). The markers selected
for these analyzes will be: TTF-1, p63, p53, pRb, phosphatase and tensin
homolog (PTEN), EGFR expression, phospho-AKT, chromogranine A,
synaptophysine, enolase neurone-specific (NSE), PD-L1, DDL3, vimentin,

E-cadherin.

Results

Sixty-two cases of SCLC transformation were registered, but one was not

considered for the final analysis because it did not respect the inclusion
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criteria (absence of transformation to SCLC at re-biopsy). Forty-eight
patients were EGFR mutant and 13 non-EGFR mutant NSCLC. Median age
in the overall population was 62 [range 52-70] without any differences
between EGFR mutant and non-mutant patients (P = 0.70). Sixty-nine
percent of the patients in the EGFR mutant group were female and 46% in
the non-mutant one (P = 0.19), most of them with a PS between 1 and 2
(54% in the overall population). About smoking status, in the overall
population 53 (91%) patients were former or never smokers, with a
statistical difference between the two groups (93% in EGFR mutant versus
85% in non-mutant, P = 0.03). Most of the patients (53; 87%) had stage IV
disease, whereas the others were stage Ill unresectable lung tumors;
adenocarcinoma was the most prevalent histology (55; 90%) and any
patients in the EGFR mutated group had a squamous cell carcinoma (Table
2).

Forty one out of sixty-one (67%) of initial biopsies were performed on the
lung primary tumor site, whereas in 8 cases (13%) the site of the biopsy was
not recorded. Eight cases had a pleural biopsy (13%), 2 cases (3%) had
lymph-node biopsy, one case had a brain or a bone biopsy respectively
(Table 3).

Overall, 57 (93%) tumors had molecular analyses at the time of initial
diagnosis; in the EGFR mutant group 36 patients presented an exon 19
mutation (in one case associate to an exon 20 T790M one), 10 a L858R one
and 2 case an exon 18 or 20 mutation (Table 4).

The median time to SCLC transformation was 16 months [IQR 25%-75%,
11-27] in the EGFR mutant group and 26 months [IQR 25%-75%, 23-36] in
the non-EGFR mutant one (P = 0.01). The number of different treatment
lines administered before SCLC transformation are shown in Figure 3A and
3B. As first line treatment in the EGFR mutant group, 38 (79%) patients
received a TKI: gefitinib (n=16), erlotinib (n=12) and afatinib (n=10). The last
line of treatment before SCLC transformation was a TKI in 39 cases (81%)

in the EGFR mutant group and in 3 patients (23%) in the non-EGFR one.
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Erlotinib was prescribed in the non-EGFR-mutated group according to its
label in second or third line of treatment.

Site of re-biopsy was lung in 24 cases (39%), lymph-nodes or liver in 11
cases (18%) respectively, pleurain 2 cases (4%) or adrenal gland in 1 case
(2%), while in 12 cases (19%) re-biopsy site was not reported. (Table 3).
Thirty-eight cases (79%) had a tumor molecular analyses after SCLC
transformation in the EGFR mutant group, whereas as expected no
molecular analyses were performed in the non-EGFR mutant one. In the
EGFR mutant group, 38/48 (79%) had a driver mutation, mostly the same
mutation as the one observed initially (Table 4). In 3 cases, initially mutated
exon 19 patients lost their starting mutation and the transformation into
SCLC was associated with PI3K mutation and C-Met amplification (1 case),
ALK fusion alone (1 case) and ALK fusion with exon 21 and 18 mutations
(1 case).

After the SCLC transformation, the number of lines received are shown in
Figure 4. In the EGFR mutant group 42 (88%) patients were treated and
received at least one line of therapy; in most of cases the treatment choice
was a “classical” SCLC treatment with platinum and etoposide doublet (38
cases, 79%), while in 2 cases (4%) the chemotherapic regimen with
platinum and etoposide was associated with a TKI and in one case the
patient received nivolumab or paclitaxel respectively (Table 5). The
response rate was available in 31 out of these 42 cases (72%), with partial
response (PR) achieved in 14 (45%) cases, stable disease (SD) in 5 (16%)
and progressive disease (PD) in 12 (39%). In the non-EGFR mutant group,
11 of 13 patients (85%) received at least one line of treatment, in all cases
a combination of etoposide and either carbo or cisplatin. The response rate
was available in 10 of these cases, with PR achieved in 4 (40%) cases, SD
in 2 (20%) cases and PD in 4 (40%) cases. There was no statistical
difference in the type of response between the two groups (P = 1).

The median follow-up duration after the initial diagnosis was 30 [IQR 25%-
75%, 17-40] months among 50 patients who have died at the time of last
follow up and 25 months [IQR 25%-75%, 17-44] months among 11 alive
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patients. In the EGFR mutant group, the median OS were respectively 28
[IQR 25%-75%, 17-40] months after the initial diagnosis and 9 [IQR 25%-
75%, 3-13] months after transformation. In the non-EGFR mutant group, the
median OS were respectively 37 [IQR 25%-75%, 32-49] months after the
initial diagnosis and 10 [IQR 25%-75%, 6-15] months after transformation.
The Kaplan Meier survival curves from the initial diagnosis and after SCLC
transformation are shown in Figure 5 and 6. There was a tendency towards
a worse overall survival after SCLC transformation in the EFGR mutant
group (P =0.56), and a trend of statistically significant difference in survival
estimated after the initial diagnosis, was observed in the non-EGFR mutant
one (P =0.06).

Centralized histological revision of the initial diagnosis was performed for
22 out of 61 patients (36%) before and 33/61 (54%) after transformation.
Histological revision was performed on 26/48 (54%) EGFR mutant patients
and on 7 out of 13 EGFR-non-mutant ones (54%). Of the 19 initial
adenocarcinoma at diagnosis, all of them were confirmed after revision and
1 carcinoma NOS was reclassified as adenocarcinoma after control. About
the 3 SCC only 2 were available for revision and the initial diagnosis was
confirmed.

Twenty-two of the 33 revised SCLC (66%) were confirmed after revision,
while 4 (13%) were classified as large cell neuroendocrine carcinoma, 5
(16%) as mixed adenocarcinoma-SCLC and 2 (6%) as mixed small/ large
cell lung cancer.

We compared clinical characteristics between cases that were revised and
not and we did not find any statistically difference between the two

populations (Table 6).

Discussion

In NSCLCs, the TKis erlotinib, gefitinib and afatinib are used to treat patients
with EGFR mutations. While these drugs are associated with high response
rates and improved survival characteristics, patient inevitably develop
resistance during treatment. Among the different mechanisms of resistance,

50 to 60 % of cases are associated with the occurrence of T790M
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gatekeeper mutation and c-Met amplification is the second one. In 4-14%
of EGFR-mutant, histological transformation to SCLC occurs [92, 251,260].
The biological mechanism underlying transformation to SCLC is not well
understood, although 2 possibilities have been proposed [253]: (1) a
phenotypic switch from NSCLC to SCLC or (2) a combination of SCLC and
adenocarcinoma may be present at baseline, with SCLC becoming the main
histological component after an EGFR- TKI treatment. In published case
reports of transformation to SCLC [252,260,262], these tumors were treated
with the standard etoposide cisplatin combination and achieved tumor
regression. However, to date no response rate nor survival characteristics
are available on a significant number of patients.

Furthermore, combined SCLC and non EGFR mutant NSCLC are described
in the WHO classification of lung tumors and rarely a transformation to
SCLC can occurs in non EGFR mutant NSCLC treated with chemotherapy
[253, 259].

In the current series of 61 patients, 48 cases came from EGFR mutated
tumors and 13 from non-mutated NSCLC. We hypothesize that the latter 13
cases might be considered as genuine classical SCLC. Indeed, these
tumors occur mostly in current of former heavy smokers. In contrast and as
expected most of the cases (93%) occurring in EGFR mutant tumors came
from former and never smokers.

Neither EGFR mutant nor non-EGFR mutant NSCLC displayed SCLC
features in the primary biopsy specimen; this data was confirmed for the
specimens available at the centralized histological revision. In agreement
with previous reports on a smaller number of patients we observed identical
EGFR mutations in both primary tumor and SCLC in 31 out of 38 cases with
molecular analyses. Interestingly, one case had an exon 19 mutation and a
T790M resistance mutation at diagnosis, one other case loss the EGFR
mutation and presented an ALK fusion at transformation.

The median time to SCLC transformation was significantly shorter (16
months [IQR 25%-75%, 11-27]) in the EGFR mutant group when compared
to the non-EGFR mutant one (26 months [IQR 25%-75%, 23-36]) (P = 0.01).
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The median number of lines of treatment before transformation was 2 in
both groups. As expected, the last line of treatment before SCLC
transformation was more frequently a TKI in the EGFR mutant group (81%)
than in the non-EGFR one (23% treated with erlotinib in the last line).
Fifty-three among the 61 SCLC cases were treated after transformation, and
49 cases received a platinum based with etoposide regimen. Most of the
patients achieved good disease control rate response rates as usually
observed in SCLC (61% in the EGFR mutant group and 60% in the non-
EGFR, P =1). The median number of lines after transformation was identical
in the 2 groups.

Despite high response rate to chemotherapy the 48 cases of SCLC
occurring in EGFR mutant seem to behave more aggressively with a
tendency to a shorter survival (median OS after transformation of 9 months)
than those occurring in non-EGFR mutant NSCLC that behave more
classical SCLC (median OS of 10 months). It should be emphasized that in
the latter group the survival characteristics were comparable with those
regularly observed for SCLC [269]. Furthermore, the survival after the initial
diagnosis of NSCLC was also shorter in the EGFR mutant group. Therefore,
we hypothesize that the usual indolent course of EGFR mutated tumors is
strongly modified by the transformation into a very different aggressive
entity. Our series of patients seem in contrast with the series published by
Sequist et al. that displayed a more indolent natural history compared with
classical SCLC [94].

In classical SCLC, the Rb is altered in the vast majority of cases [266,267]
and this is also observed in tumor samples and cell lines derived from SCLC
transformed cases [272] suggesting that this subset of resistant tumors
adopt the key molecular characteristics of classical SCLC. However, the
mechanisms underlying the transformation remain to be discovered. The
vast majority of these tumors keep on expressing the same EGFR mutation
as observed in the initial NSCLC. These mutations are possibly present in
the SCLC transformed cells or may also be present in a NSCLC residual

subclone. The observation of an ALK fusion in one case probably reflects
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probably more the coexistence of different subclones than a SCLC with an
ALK fusion. Recently, some cases of SCLC transformation after treatment
with alectinib of an NSCLC with an ALK fusion have been described [273—
275]. These observations together with the observation of SCLC
transformation after third generation EGFR TKI osimertinib and rociletinib,
suggests that transformation into SCLC is a rare but common mechanism
of resistance to TKIl. One case with a T790M resistance mutation also
demonstrates that distinct mechanisms of resistance to EGFR TKI may be
present within the same tumor. Osimertinib will be probably available in the
next future, as an option in first line setting for EGFR positive NSCLC; the
advent of a third generation TKI in first line open some questions about the
possible mechanisms of resistance of this drug. Following the results of a
phase | trial in first line, none of the patients treated with osimertinib
developed the T790M mutation at progression [220]. Instead, the EGFR
C797S mutation is described as a mutation inducing resistance in T790M
mutant patients treated with osimiertinib in. We do not know exactly what
will be the most frequent mechanisms of resistance to osimiertinib in first
line and it will be fundamental to perform re-biopsies as much as possible,
in order to understand if more cases of SCLC will be diagnosed in this
setting of patients.

This cohort is at the moment the largest described in scientific literature,
demonstrating how the phenomenon of phenotypic transformation in SCLC
is not only anecdotal and limited to a single case. The project is still ongoing,
data about sequencing will be available in the near future, and they could
give us some answers about the molecular mechanisms related to this
phenomenon. The objective of these sequences is also to compared the
genome of this population with a series of adenocarcinoma that never
become a SCLC, with the idea to identify some predictive biomarkers.

With the greater development of molecular targeting, this phenomenon will
probably be more and more frequent by opening up new scenarios for the
histological classification of pulmonary carcinomas, including small cell

carcinomas that are derived from a non-small cell tumor. The creation of a
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collaboration between Italy and France has allowed us to collect a very
interesting case from both epidemiological and biological point of view,

demonstrating the importance of cooperation between different centers and
nations.
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Tables and Figures

Table 1. 2015 WHO Classification of Lung Adenocarcinomas [40]

. . ICDO
Histologic Type and Subtypes Code
Adenocarcinoma 8140/3
Lepidic adenocarcinoma 8250/3
Acinar adenocarcinoma 8551/3
Papillary adenocarcinoma 8260/3
Micropapillary adenocarcinoma 8265/3
Solid adenocarcinoma 8230/3
Invasive mucinous adenocarcinoma 8253/3
Mixed invasive mucinous and 8254/3
nonmucinous adenocarcinoma
Colloid adenocarcinoma 8480/3
Fetal adenocarcinoma 8333/3
Enteric adenocarcinoma 8144/3
Minimally invasive adenocarcinoma
Nonmucinous 8256/3
Mucinous 8257/3
Preinvasive lesions
Atypical adenomatous hyperplasia | 8250/0
Adenocarcinoma in situ
Nonmucinous 8250/2
Mucinous 8253/2




Table 2. TransCPC and TranBio patients’ characteristics

All EGFR Non EGFR chi2 test or
(n=61) mu_tant mu_tant Wilcoxon
(n=48) (n=13)
Age 62 [52-70] | 61 [51-72] | 62 [56-64] 0.70
Female gender 39 (64%) 33 (69%) 6 (46%) 0.19 (Fisher)
PS (MD=2) 0.86
0 27 (46%) 21 (46%) 6 (46%)
1-2 32 (54%) 25 (54%) 7 (54%)
Tobacco smoking
(MD=3) 0.03
Active 5 (9%) 3 (7%) 2 (15%)
Former 22 (38%) 14 (31%) 8 (62%)
Never 31 (53%) 28 (62%) 3 (23%)
Pack/year (MD=7)
<20 7 (35%) 6 (46%) 1 (14%)
>20 13 (65%) 7 (54%) 6 (86%)
Stage IV/II 53 (87%)/ | 43 (90%)/ | 10 (77%)/ ,

) 8 ((13%)) 5 ElO%g 3 ((23%)) 0.35 (Fisher)
Histology 0.02 (Fisher)
Adenocarcinoma 55 (90%) 45 (94%) 10 (77%)

Squamous 3 (5%) 0 3 (23%)
NOS 3 (5%) 3 (6%) 0
Median number of
lines of treatment
before 2 [1-3] 2 [1-2] 2 [1-3] 0.33
transformation

MD: Missing Data

Table 3. Sites of biopsy and re-biopsy

Biopsy Re-biopsy

Lung 41 (67%) 24 (39%)
Pleura 8 (13%) 2 (4%)
Lymph node 2 (3%) 11 (18%)
Liver - 11 (18%)
Adrenal gland - 1 (2%)
Bone 1 (1%) -
Brain 1 (1%) -
Missing data 8 (13%) 12 (19%)
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Table 4. Different types of EGFR mutations

Mutation at the time of initial diagnosis

n=48 exon 19, n=36 | L858R n=10 | exon 18 or 20, n=2
Mutation at the time of SCLC transformation

No molecular 6/36 (17%) | 3/10 (30%) 1/2 (50%)
analyses
Molecular analyses | 536 8306) | 7/10 (70%) 1/2 (50%)
performed
Exon 19 24 (80%)? 0 0
L858R 1 (3%) 6 (86%) 0
Exon 18 or 20 0 0 1 (100%)
No mutation 5 (17%) 1 (14%) 0

a1 associated with a second mutation in exon 20 T790M

Table 5. First line treatment after SCLC transformation

EGFR Mutant Non-EGFR Mutant
(n=48) (n=13)
No treatment 6 (13%) 2 (15%)
Platinum etoposide 38 (79%) 11 (85%)
Nivolumab 1 (2%) 0
Paclitaxel 1 (2%) 0
Platinum etoposide and TKI 2 (4%) 0
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Table 6. TransCPC and TranBio patients’ characteristics comparison
between revised and not-revised cases

All Revised | Not-revised | chi2 test or
(n=61) (n=33) (n=28) Wilcoxon
Age 62 [52-70] | 61 [55-68] | 63 [50-70] 1.00
Female gender 39 (64%) 18 (55%) 21 (75%) 0.1
PS (MD=2) 0.39
0 27 (46%) | 13 (41%) 14 (52%)
1-2 32 (54%) 19 (59%) 13 (48%)
Tobacco smoking
(MD=3) 0.06
Active 5 (9%) 5 (16%) 0
Former 22 (38%) 9 (29%) 13 (48%)
Never 31 (53%) 17 (55%) 14 (52%)
Pack/year (MD=7)
<20 7 (35%) 4 (40%) 3 (30%)
>20 13 (65%) 6 (60%) 7 (70%)
53 (87%)/ | 27 (82%)/ 26 (93%)/ 0.27

Stage IV/lll 8 ((13%)) 6 ElS%g 2 ((7%)) (Fisher)

. 0.43
Histology (Fisher)
Adenocarcinoma 55 (90%) 28 (85%) 27 (96%)
Squamous 3 (5%) 2 (6%) 1 (4%)
NOS 3 (5%) 3 (9%) 0
Median number of
lines of treatment 2 [1-3] 2 [1-2] 2 [1-3] 0.34

before
transformation
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Figure 1. The frequency of observed drug resistance mechanisms after an
EGFR TKi treatment [94]

Unknown
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Figure 2. TransBio study design
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Figure 3A. Type and number of different treatment lines administered
before SCLC transformation in EGFR mutant patients (n=48).
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Figure 3B. Type and number of different treatment lines administered
before SCLC transformation in non- EGFR mutant patients (n=13).
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Figure 4. Type and number of different treatment lines administered after
SCLC transformation
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Figure 5. The Kaplan Meier overall survival from the initial diagnosis
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Figure 6. The Kaplan Meier overall survival from the SCLC transformation

estimated survival after SCLC transformation

1.0 —--- EGFR mutant

- — Non EGFR mutant
08 4 !
0.6
0.4 .
02 o
0.0 - '

T T T
0 12 18 24 30
months

Time (months) 0 12 18 24 30
N at risk 61 35 7 3 1
EGFR mutant 48 25 6 2
Non-EGFR mutant 13 10 1 1 1

60



Bibliography

1.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Jemal A, Bray F, Center MM et al. Global cancer statistics. CA. Cancer J. Clin. 2011; 61(2):69—
90.

Torre LA, Siegel RL, Ward EM, Jemal A. Global Cancer Incidence and Mortality Rates and
Trends--An Update. Cancer Epidemiol. Biomark. Prev. Publ. Am. Assoc. Cancer Res.
Cosponsored Am. Soc. Prev. Oncol. 2016; 25(1):16-27.

WHO website http://www.who.int/mediacentre/factsheets/fs297/en/ (December 2017, date
last accessed)

Malvezzi M, Carioli G, Bertuccio P et al. European cancer mortality predictions for the year
2017, with focus on lung cancer. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 2017; 28(5):1117—
1123.

Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA. Cancer J. Clin.
doi:10.3322/caac.21442.

GLOBOCAN 2012: Cancer incidence, mortality and prevalence worldwide [database online].
http://www-dep.iarc.fr/ (11 January 2016, date last accessed).

Howlader NNA, Krapcho M,et al. SEER Cancer Statistics Review, 1975-2010. Bethesda,
MD:National Cancer Institute (2013). http://seer. cancer.gov- 11 (January 2016, date last
accessed).

WHO | The top 10 causes of death. http://www.who.int/mediacentre/factsheets/fs310/en/
(December 2017, date last accessed).

Thomas A, Chen Y, Yu T et al. Trends and Characteristics of Young Non-Small Cell Lung Cancer
Patients in the United States. Front. Oncol. 2015; 5:113.

Malvezzi M, Bertuccio P, Levi F et al. European cancer mortality predictions for the year 2013.
Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. ESMO 2013; 24(3):792-800.

Jemal A, Ma J, Rosenberg PS et al. Increasing lung cancer death rates among young women in
southern and midwestern States. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2012; 30(22):2739—-
2744,

International Agency for Research on Cancer (IARC). [http://www.iarc.fr/ (13 Jan 2016, date
last accessed)].

Straif K, Cohen A, Samet J. Air pollution and Cancer, IARC: Scien Pub IARC. Lyon 2013:161, .
Hung RJ, McKay JD, Gaborieau V et al. A susceptibility locus for lung cancer maps to nicotinic
acetylcholine receptor subunit genes on 15g25. Nature 2008; 452(7187):633—637.

Wang Y, Broderick P, Webb E et al. Common 5p15.33 and 6p21.33 variants influence lung
cancer risk. Nat. Genet. 2008; 40(12):1407-1409.

Novello S, Stabile LP, Siegfried JM, Gender-related differences in Lung Cancer. The IASCL
Multidisciplinary approach to thoracic oncology. IASLC Press 2014. .

McCarthy WJ, Meza R, Jeon J, Moolgavkar SH. Chapter 6: Lung cancer in never smokers:
epidemiology and risk prediction models. Risk Anal. Off. Publ. Soc. Risk Anal. 2012; 32 Suppl
1:569-84.

Toh C-K, Gao F, Lim W-T et al. Never-smokers with lung cancer: epidemiologic evidence of a
distinct disease entity. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2006; 24(15):2245-2251.
Couraud S, Souquet P-J, Paris C et al. BioCAST/IFCT-1002: epidemiological and molecular
features of lung cancer in never-smokers. Eur. Respir. J. 2015; 45(5):1403-1414.

Travis WD, Brambilla E, Noguchi M et al. International association for the study of lung
cancer/american thoracic society/european respiratory society international multidisciplinary
classification of lung adenocarcinoma. J. Thorac. Oncol. Off. Publ. Int. Assoc. Study Lung
Cancer 2011; 6(2):244-285.

Colby T, Koss M, Travis WD. Tumors of the Lower Respiratory Track, 3rd ed. Washington, DC:
Armed Forces Institute of Pathology, 1995.

Khuder SA. Effect of cigarette smoking on major histological types of lung cancer: a meta-
analysis. Lung Cancer Amst. Neth. 2001; 31(2-3):139-148.

Travis WD, Brambilla E, Nicholson AG et al. The 2015 World Health Organization Classification
of Lung Tumors: Impact of Genetic, Clinical and Radiologic Advances Since the 2004

61



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Classification. J. Thorac. Oncol. Off. Publ. Int. Assoc. Study Lung Cancer 2015; 10(9):1243—
1260.

Travis WD, Brambilla E, Noguchi M et al. Diagnosis of lung adenocarcinoma in resected
specimens: implications of the 2011 International Association for the Study of Lung
Cancer/American Thoracic Society/European Respiratory Society classification. Arch. Pathol.
Lab. Med. 2013; 137(5):685—-705.

Rekhtman N, Ang DC, Sima CS et al. Inmunohistochemical algorithm for differentiation of lung
adenocarcinoma and squamous cell carcinoma based on large series of whole-tissue sections
with validation in small specimens. Mod. Pathol. Off. J. U. S. Can. Acad. Pathol. Inc 2011,
24(10):1348-1359.

Stenhouse G, Fyfe N, King G et al. Thyroid transcription factor 1 in pulmonary
adenocarcinoma. J. Clin. Pathol. 2004; 57(4):383-387.

Kadota K, Nitadori J-l, Sarkaria IS et al. Thyroid transcription factor-1 expression is an
independent predictor of recurrence and correlates with the IASLC/ATS/ERS histologic
classification in patients with stage | lung adenocarcinoma. Cancer 2013; 119(5):931-938.
Ordoinez NG. A word of caution regarding napsin A expression in squamous cell carcinomas of
the lung. Am. J. Surg. Pathol. 2012; 36(3):396—-401.

Bishop JA, Teruya-Feldstein J, Westra WH et al. p40 (ANp63) is superior to p63 for the
diagnosis of pulmonary squamous cell carcinoma. Mod. Pathol. Off. J. U. S. Can. Acad. Pathol.
Inc 2012; 25(3):405-415.

Nonaka D. A study of ANp63 expression in lung non-small cell carcinomas. Am. J. Surg. Pathol.
2012; 36(6):895-899.

De Oliveira Duarte Achcar R, Nikiforova MN, Yousem SA. Micropapillary lung adenocarcinoma:
EGFR, K-ras, and BRAF mutational profile. Am. J. Clin. Pathol. 2009; 131(5):694-700.

Motoi N, Szoke J, Riely GJ et al. Lung adenocarcinoma: modification of the 2004 WHO mixed
subtype to include the major histologic subtype suggests correlations between papillary and
micropapillary adenocarcinoma subtypes, EGFR mutations and gene expression analysis. Am.
J. Surg. Pathol. 2008; 32(6):810-827.

Yatabe Y, Kosaka T, Takahashi T, Mitsudomi T. EGFR mutation is specific for terminal
respiratory unit type adenocarcinoma. Am. J. Surg. Pathol. 2005; 29(5):633-639.

Rekhtman N, Ang DC, Riely GJ et al. KRAS mutations are associated with solid growth pattern
and tumor-infiltrating leukocytes in lung adenocarcinoma. Mod. Pathol. Off. J. U. S. Can. Acad.
Pathol. Inc 2013; 26(10):1307-1319.

Russell PA, Barnett SA, Walkiewicz M et al. Correlation of mutation status and survival with
predominant histologic subtype according to the new IASLC/ATS/ERS lung adenocarcinoma
classification in stage Ill (N2) patients. J. Thorac. Oncol. Off. Publ. Int. Assoc. Study Lung Cancer
2013; 8(4):461-468.

Yoshizawa A, Sumiyoshi S, Sonobe M et al. Validation of the IASLC/ATS/ERS lung
adenocarcinoma classification for prognosis and association with EGFR and KRAS gene
mutations: analysis of 440 Japanese patients. J. Thorac. Oncol. Off. Publ. Int. Assoc. Study Lung
Cancer 2013; 8(1):52-61.

McLeer-Florin A, Moro-Sibilot D, Melis A et al. Dual IHC and FISH testing for ALK gene
rearrangement in lung adenocarcinomas in a routine practice: a French study. J. Thorac.
Oncol. Off. Publ. Int. Assoc. Study Lung Cancer 2012; 7(2):348—354.

Yoshida A, Tsuta K, Watanabe S et al. Frequent ALK rearrangement and TTF-1/p63 co-
expression in lung adenocarcinoma with signet-ring cell component. Lung Cancer Amst. Neth.
2011; 72(3):309-315.

Molina JR, Yang P, Cassivi SD et al. Non-small cell lung cancer: epidemiology, risk factors,
treatment, and survivorship. Mayo Clin. Proc. 2008; 83(5):584—-594.

Travis WD, Brambilla E, Burke AP et al. WHO Histological Classification of Lung Tumours.
Histological Typing of Lung and Pleural Tumours., 4th ed. IARC: Lyon, 2015.

Cancer Genome Atlas Research Network. Comprehensive genomic characterization of
squamous cell lung cancers. Nature 2012; 489(7417):519-525.

Rekhtman N, Paik PK, Arcila ME et al. Clarifying the spectrum of driver oncogene mutations in
biomarker-verified squamous carcinoma of lung: lack of EGFR/KRAS and presence of

62



43.

44.

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

PIK3CA/AKT1 mutations. Clin. Cancer Res. Off. J. Am. Assoc. Cancer Res. 2012; 18(4):1167—
1176.

Pesch B, Kendzia B, Gustavsson P et al. Cigarette smoking and lung cancer--relative risk
estimates for the major histological types from a pooled analysis of case-control studies. Int.
J. Cancer 2012; 131(5):1210-1219.

Nicholson SA, Beasley MB, Brambilla E et al. Small cell lung carcinoma (SCLC): a
clinicopathologic study of 100 cases with surgical specimens. Am. J. Surg. Pathol. 2002;
26(9):1184-1197.

Masai K, Tsuta K, Kawago M et al. Expression of squamous cell carcinoma markers and
adenocarcinoma markers in primary pulmonary neuroendocrine carcinomas. Appl.
Immunohistochem. Mol. Morphol. AIMM 2013; 21(4):292-297.

Wick MR. Immunohistology of neuroendocrine and neuroectodermal tumors. Semin. Diagn.
Pathol. 2000; 17(3):194-203.

Sturm N, Rossi G, Lantuéjoul S et al. 34BetaE12 expression along the whole spectrum of
neuroendocrine proliferations of the lung, from neuroendocrine cell hyperplasia to small cell
carcinoma. Histopathology 2003; 42(2):156—-166.

Lantuejoul S, Isaac S, Pinel N et al. Clear cell tumor of the lung: an immunohistochemical and
ultrastructural study supporting a pericytic differentiation. Mod. Pathol. Off. J. U. S. Can. Acad.
Pathol. Inc 1997; 10(10):1001-1008.

Lantuéjoul S, Laverriere MH, Sturm N et al. NCAM (neural cell adhesion molecules) expression
in malignant mesotheliomas. Hum. Pathol. 2000; 31(4):415-421.

Guinee DG, Fishback NF, Koss MN et al. The spectrum of immunohistochemical staining of
small-cell lung carcinoma in specimens from transbronchial and open-lung biopsies. Am. J.
Clin. Pathol. 1994; 102(4):406-414.

Ordoinez NG. Value of thyroid transcription factor-1 immunostaining in distinguishing small
cell lung carcinomas from other small cell carcinomas. Am. J. Surg. Pathol. 2000; 24(9):1217-
1223.

Sturm N, Rossi G, Lantuejoul S et al. Expression of thyroid transcription factor-1 in the
spectrum of neuroendocrine cell lung proliferations with special interest in carcinoids. Hum.
Pathol. 2002; 33(2):175-182.

Kaufmann O, Dietel M. Expression of thyroid transcription factor-1 in pulmonary and
extrapulmonary small cell carcinomas and other neuroendocrine carcinomas of various
primary sites. Histopathology 2000; 36(5):415—420.

Brown AF, Sirohi D, Fukuoka J et al. Tissue-preserving antibody cocktails to differentiate
primary squamous cell carcinoma, adenocarcinoma, and small cell carcinoma of lung. Arch.
Pathol. Lab. Med. 2013; 137(9):1274-1281.

Peifer M, Fernandez-Cuesta L, Sos ML et al. Integrative genome analyses identify key somatic
driver mutations of small-cell lung cancer. Nat. Genet. 2012; 44(10):1104-1110.

Pleasance ED, Stephens PJ, O’'Meara S et al. A small-cell lung cancer genome with complex
signatures of tobacco exposure. Nature 2010; 463(7278):184—190.

Coe BP, Lee EHL, Chi B et al. Gain of a region on 7p22.3, containing MAD1L1, is the most
frequent event in small-cell lung cancer cell lines. Genes. Chromosomes Cancer 2006;
45(1):11-19.

D’Angelo SP, Pietanza MC. The molecular pathogenesis of small cell lung cancer. Cancer Biol.
Ther. 2010; 10(1):1-10.

Staaf J, Isaksson S, Karlsson A et al. Landscape of somatic allelic imbalances and copy number
alterations in human lung carcinoma. Int. J. Cancer 2013; 132(9):2020-2031.

Kalari S, Jung M, Kernstine KH et al. The DNA methylation landscape of small cell lung cancer
suggests a differentiation defect of neuroendocrine cells. Oncogene 2013; 32(30):3559-3568.
Pelosi G, Masullo M, Leon ME et al. CD117 immunoreactivity in high-grade neuroendocrine
tumors of the lung: a comparative study of 39 large-cell neuroendocrine carcinomas and 27
surgically resected small-cell carcinomas. Virchows Arch. Int. J. Pathol. 2004; 445(5):449—-455.
Tamborini E, Bonadiman L, Negri T et al. Detection of overexpressed and phosphorylated wild-
type kit receptor in surgical specimens of small cell lung cancer. Clin. Cancer Res. Off. J. Am.
Assoc. Cancer Res. 2004; 10(24):8214-8219.

63



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Rohr U-P, Rehfeld N, Pflugfelder L et al. Expression of the tyrosine kinase c-kit is an
independent prognostic factor in patients with small cell lung cancer. Int. J. Cancer 2004;
111(2):259-263.

Lantuejoul S, Soria JC, Moro-Sibilot D et al. Differential expression of telomerase reverse
transcriptase (hTERT) in lung tumours. Br. J. Cancer 2004; 90(6):1222-1229.

Wu X-Q, Huang C, He X et al. Feedback regulation of telomerase reverse transcriptase: new
insight into the evolving field of telomerase in cancer. Cell. Signal. 2013; 25(12):2462-2468.
Pelosi G, Fumagalli C, Trubia M et al. Dual role of RASSF1 as a tumor suppressor and an
oncogene in neuroendocrine tumors of the lung. Anticancer Res. 2010; 30(10):4269-4281.
Bari MF, Brown H, Nicholson AG et al. BAI3, CDX2 and VIL1: a panel of three antibodies to
distinguish small cell from large cell neuroendocrine lung carcinomas. Histopathology 2014;
64(4):547-556.

Sakaeda M, Sato H, Ishii J et al. Neural lineage-specific homeoprotein BRN2 is directly involved
in TTF1 expression in small-cell lung cancer. Lab. Investig. J. Tech. Methods Pathol. 2013;
93(4):408-421.

Hardy PA, Zacharias H. Reappraisal of the Hansemann-Boveri hypothesis on the origin of
tumors. Cell Biol. Int. 2005; 29(12):983-992.

Shields PG. Molecular epidemiology of smoking and lung cancer. Oncogene 2002;
21(45):6870-6876.

Hecht SS. Tobacco smoke carcinogens and lung cancer. J. Natl. Cancer Inst. 1999; 91(14):1194—
1210.

Chan BA, Hughes BGM. Targeted therapy for non-small cell lung cancer: current standards and
the promise of the future. Transl. Lung Cancer Res. 2015; 4(1):36-54.

Rosell R, Cuello M, Cecere F et al. Treatment of non-small-cell lung cancer and
pharmacogenomics: where we are and where we are going. Curr. Opin. Oncol. 2006;
18(2):135-143.

Pao W, lafrate AJ, Su Z. Genetically informed lung cancer medicine. J. Pathol. 2011;
223(2):230-240.

Pao W, Girard N. New driver mutations in non-small-cell lung cancer. Lancet Oncol. 2011;
12(2):175-180.

Suh JH, Johnson A, Albacker L et al. Comprehensive Genomic Profiling Facilitates
Implementation of the National Comprehensive Cancer Network Guidelines for Lung Cancer
Biomarker Testing and Identifies Patients Who May Benefit From Enrollment in Mechanism-
Driven Clinical Trials. The Oncologist 2016; 21(6):684—691.

Hynes NE, Lane HA. ERBB receptors and cancer: the complexity of targeted inhibitors. Nat.
Rev. Cancer 2005; 5(5):341-354.

Franklin WA, Veve R, Hirsch FR et al. Epidermal growth factor receptor family in lung cancer
and premalignancy. Semin. Oncol. 2002; 29(1 Suppl 4):3-14.

Piyathilake CJ, Frost AR, Manne U et al. Differential expression of growth factors in squamous
cell carcinoma and precancerous lesions of the lung. Clin. Cancer Res. Off. J. Am. Assoc. Cancer
Res. 2002; 8(3):734-744.

Hirsch FR, Varella-Garcia M, McCoy J et al. Increased epidermal growth factor receptor gene
copy number detected by fluorescence in situ hybridization associates with increased
sensitivity to gefitinib in patients with bronchioloalveolar carcinoma subtypes: a Southwest
Oncology Group Study. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2005; 23(28):6838-6845.
Shigematsu H, Takahashi T, Nomura M et al. Somatic mutations of the HER2 kinase domain in
lung adenocarcinomas. Cancer Res. 2005; 65(5):1642—-1646.

Tang X, Shigematsu H, Bekele BN et al. EGFR tyrosine kinase domain mutations are detected
in histologically normal respiratory epithelium in lung cancer patients. Cancer Res. 2005;
65(17):7568-7572.

Lee J-K, Hahn S, Kim D-W et al. Epidermal growth factor receptor tyrosine kinase inhibitors vs
conventional chemotherapy in non-small cell lung cancer harboring wild-type epidermal
growth factor receptor: a meta-analysis. JAMA 2014; 311(14):1430-1437.

64



84. Kerr KM, Bubendorf L, Edelman MJ et al. Second ESMO consensus conference on lung cancer:
pathology and molecular biomarkers for non-small-cell lung cancer. Ann. Oncol. Off. J. Eur.
Soc. Med. Oncol. ESMO 2014; 25(9):1681-1690.

85. Rekhtman N, Paik PK, Arcila ME et al. Clarifying the spectrum of driver oncogene mutations in
biomarker-verified squamous carcinoma of lung: lack of EGFR/KRAS and presence of
PIK3CA/AKT1 mutations. Clin. Cancer Res. Off. J. Am. Assoc. Cancer Res. 2012; 18(4):1167—
1176.

86. Cortot AB, Janne PA. Molecular mechanisms of resistance in epidermal growth factor
receptor-mutant lung adenocarcinomas. Eur. Respir. Rev. Off. J. Eur. Respir. Soc. 2014;
23(133):356—-366.

87. Yu HA, Arcila ME, Rekhtman N et al. Analysis of tumor specimens at the time of acquired
resistance to EGFR-TKI therapy in 155 patients with EGFR-mutant lung cancers. Clin. Cancer
Res. Off. J. Am. Assoc. Cancer Res. 2013; 19(8):2240-2247.

88. Blakely CM, Bivona TG. Resiliency of lung cancers to EGFR inhibitor treatment unveiled,
offering opportunities to divide and conquer EGFR inhibitor resistance. Cancer Discov. 2012;
2(10):872-875.

89. Pao W, Miller VA, Politi KA et al. Acquired resistance of lung adenocarcinomas to gefitinib or
erlotinib is associated with a second mutation in the EGFR kinase domain. PLoS Med. 2005;
2(3):e73.

90. Yun C-H, Mengwasser KE, Toms AV et al. The T790M mutation in EGFR kinase causes drug
resistance by increasing the affinity for ATP. Proc. Natl. Acad. Sci. U. S. A. 2008; 105(6):2070—
2075.

91. Janne PA, Yang JC-H, Kim D-W et al. AZD9291 in EGFR inhibitor-resistant non-small-cell lung
cancer. N. Engl. J. Med. 2015; 372(18):1689-1699.

92. Mitsudomi T, Tsai C-M, Shepherd FA et al. AZD9291 in Pre-Treated T790M Positive Advanced
NSCLC: AURA2 Phase Il Study. J Thorac. Oncol 2015; 10(9), Suppl 2:5320.

93. SorialJ-C,OheY, Vansteenkiste J et al. Osimertinib in Untreated EGFR-Mutated Advanced Non-
Small-Cell Lung Cancer. N. Engl. J. Med. 2017. doi:10.1056/NEJMoal1713137.

94. Sequist LV, Waltman BA, Dias-Santagata D et al. Genotypic and histological evolution of lung
cancers acquiring resistance to EGFR inhibitors. Sci. Transl. Med. 2011; 3(75):75ra26.

95. Soda M, Choi YL, Enomoto M et al. Identification of the transforming EML4-ALK fusion gene in
non-small-cell lung cancer. Nature 2007; 448(7153):561-566.

96. Morris SW, Kirstein MN, Valentine MB et al. Fusion of a kinase gene, ALK, to a nucleolar protein
gene, NPM, in non-Hodgkin’s lymphoma. Science 1994; 263(5151):1281-1284.

97. Hallberg B, Palmer RH. Mechanistic insight into ALK receptor tyrosine kinase in human cancer
biology. Nat. Rev. Cancer 2013; 13(10):685-700.

98. Takeuchi K, Choi YL, Togashi Y et al. KIF5B-ALK, a novel fusion oncokinase identified by an
immunohistochemistry-based diagnostic system for ALK-positive lung cancer. Clin. Cancer
Res. Off. J. Am. Assoc. Cancer Res. 2009; 15(9):3143-3149.

99. Wong DW-S, Leung EL-H, Wong SK-M et al. A novel KIF5B-ALK variant in nonsmall cell lung
cancer. Cancer 2011; 117(12):2709-2718.

100. Togashi Y, Soda M, Sakata S et al. KLC1-ALK: a novel fusion in lung cancer identified using
a formalin-fixed paraffin-embedded tissue only. PloS One 2012; 7(2):e31323.

101. Fang DD, Zhang B, Gu Q et al. HIP1-ALK, a novel ALK fusion variant that responds to
crizotinib. J. Thorac. Oncol. Off. Publ. Int. Assoc. Study Lung Cancer 2014; 9(3):285-294.

102. Hong M, Kim RN, Song J-Y et al. HIP1-ALK, a novel fusion protein identified in lung
adenocarcinoma. J. Thorac. Oncol. Off. Publ. Int. Assoc. Study Lung Cancer 2014; 9(3):419—-
422.

103. Ou S-HI, Klempner SJ, Greenbowe JR et al. Identification of a novel HIP1-ALK fusion variant
in Non-Small-Cell Lung Cancer (NSCLC) and discovery of ALK 11171 (11171N/S) mutations in
two ALK-rearranged NSCLC patients with resistance to Alectinib. J. Thorac. Oncol. Off. Publ.
Int. Assoc. Study Lung Cancer 2014; 9(12):1821-1825.

104. Yoshida T, Oya Y, Tanaka K et al. Differential Crizotinib Response Duration Among ALK
Fusion Variants in ALK-Positive Non-Small-Cell Lung Cancer. J. Clin. Oncol. Off. J. Am. Soc. Clin.
Oncol. 2016; 34(28):3383—3389.

65



105. Kwak EL, Bang Y-J, Camidge DR et al. Anaplastic lymphoma kinase inhibition in non-small-
cell lung cancer. N. Engl. J. Med. 2010; 363(18):1693—-1703.

106. Shaw AT, Yeap BY, Mino-Kenudson M et al. Clinical features and outcome of patients with
non-small-cell lung cancer who harbor EML4-ALK. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol.
2009; 27(26):4247-4253.

107. Camidge DR, Bang Y-J, Kwak EL et al. Activity and safety of crizotinib in patients with ALK-
positive non-small-cell lung cancer: updated results from a phase 1 study. Lancet Oncol. 2012;
13(10):1011-1019.

108. Shaw AT, Yeap BY, Solomon BJ et al. Effect of crizotinib on overall survival in patients with
advanced non-small-cell lung cancer harbouring ALK gene rearrangement: a retrospective
analysis. Lancet Oncol. 2011; 12(11):1004-1012.

109. Lovly CM, Pao W. Escaping ALK inhibition: mechanisms of and strategies to overcome
resistance. Sci. Transl. Med. 2012; 4(120):120ps2.

110. van der Wekken AJ, Saber A, Hiltermann TJN et al. Resistance mechanisms after tyrosine
kinase inhibitors afatinib and crizotinib in non-small cell lung cancer, a review of the literature.
Crit. Rev. Oncol. Hematol. 2016; 100:107-116.

111. Dagogo-Jack I, Shaw AT. Crizotinib resistance: implications for therapeutic strategies. Ann.
Oncol. Off. J. Eur. Soc. Med. Oncol. 2016; 27 Suppl 3:iii42-iii50.

112. Facchinetti F, Tiseo M, Di Maio M et al. Tackling ALK in non-small cell lung cancer: the role
of novel inhibitors. Transl. Lung Cancer Res. 2016; 5(3):301-321.

113. Matsushime H, Wang LH, Shibuya M. Human c-ros-1 gene homologous to the v-ros
sequence of UR2 sarcoma virus encodes for a transmembrane receptorlike molecule. Mol.
Cell. Biol. 1986; 6(8):3000—3004.

114. Birchmeier C, Birnbaum D, Waitches G et al. Characterization of an activated human ros
gene. Mol. Cell. Biol. 1986; 6(9):3109-3116.

115. Birchmeier C, O’Neill K, Riggs M, Wigler M. Characterization of ROS1 cDNA from a human
glioblastoma cell line. Proc. Natl. Acad. Sci. U. S. A. 1990; 87(12):4799-4803.

116. Charest A, Lane K, McMahon K et al. Fusion of FIG to the receptor tyrosine kinase ROS in
a glioblastoma with an interstitial del(6)(q21g21). Genes. Chromosomes Cancer 2003;
37(1):58-71.

117. Peraldo Neia C, Cavalloni G, Balsamo A et al. Screening for the FIG-ROS1 fusion in biliary
tract carcinomas by nested PCR. Genes. Chromosomes Cancer 2014; 53(12):1033-1040.

118. Bergethon K, Shaw AT, Ou S-HI et al. ROS1 rearrangements define a unique molecular
class of lung cancers. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2012; 30(8):863-870.

119. Gainor JF, Shaw AT. Novel targets in non-small cell lung cancer: ROS1 and RET fusions. The
Oncologist 2013; 18(7):865—875.

120. Davies KD, Doebele RC. Molecular pathways: ROS1 fusion proteins in cancer. Clin. Cancer
Res. Off. J. Am. Assoc. Cancer Res. 2013; 19(15):4040-4045.

121. Zhou J, Zhao J, Sun K et al. Accurate and economical detection of ALK positive lung

adenocarcinoma with semiquantitative immunohistochemical screening. PloS One 2014;
9(3):€92828.

122. Takeuchi K, Soda M, Togashi Y et al. RET, ROS1 and ALK fusions in lung cancer. Nat. Med.
2012; 18(3):378-381.

123. Rikova K, Guo A, Zeng Q et al. Global survey of phosphotyrosine signaling identifies
oncogenic kinases in lung cancer. Cell 2007; 131(6):1190-1203.

124. McDermott U, lafrate AJ, Gray NS et al. Genomic alterations of anaplastic lymphoma
kinase may sensitize tumors to anaplastic lymphoma kinase inhibitors. Cancer Res. 2008;
68(9):3389-3395.

125. Shaw AT, Solomon BJ. Crizotinib in ROS1-rearranged non-small-cell lung cancer. N. Engl. J.
Med. 2015; 372(7):683-684.

126. Friday BB, Adjei AA. K-ras as a target for cancer therapy. Biochim. Biophys. Acta 2005;
1756(2):127-144.

127. Le Calvez F, Mukeria A, Hunt JD et al. TP53 and KRAS mutation load and types in lung
cancers in relation to tobacco smoke: distinct patterns in never, former, and current smokers.
Cancer Res. 2005; 65(12):5076-5083.

66



128. Kim CFB, Jackson EL, Woolfenden AE et al. Identification of bronchioalveolar stem cells in
normal lung and lung cancer. Cell 2005; 121(6):823-835.

129. Zhen Z, Giordano S, Longati P et al. Structural and functional domains critical for
constitutive activation of the HGF-receptor (Met). Oncogene 1994; 9(6):1691-1697.

130. Fujimoto J, Wistuba Il. Current concepts on the molecular pathology of non-small cell lung
carcinoma. Semin. Diagn. Pathol. 2014; 31(4):306—313.

131. Paik PK, Drilon A, Fan P-D et al. Response to MET inhibitors in patients with stage IV lung
adenocarcinomas harboring MET mutations causing exon 14 skipping. Cancer Discov. 2015;
5(8):842—-849.

132. Schmidt L, Duh FM, Chen F et al. Germline and somatic mutations in the tyrosine kinase
domain of the MET proto-oncogene in papillary renal carcinomas. Nat. Genet. 1997; 16(1):68—
73.

133. Masuya D, Huang C, Liu D et al. The tumour-stromal interaction between intratumoral c-
Met and stromal hepatocyte growth factor associated with tumour growth and prognosis in
non-small-cell lung cancer patients. Br. J. Cancer 2004; 90(8):1555-1562.

134. Beau-Faller M, Ruppert A-M, Voegeli A-C et al. MET gene copy number in non-small cell
lung cancer: molecular analysis in a targeted tyrosine kinase inhibitor naive cohort. J. Thorac.
Oncol. Off. Publ. Int. Assoc. Study Lung Cancer 2008; 3(4):331-339.

135. Bean J, Brennan C, Shih J-Y et al. MET amplification occurs with or without T790M
mutations in EGFR mutant lung tumors with acquired resistance to gefitinib or erlotinib. Proc.
Natl. Acad. Sci. U. S. A. 2007; 104(52):20932-20937.

136. Cardarella S, Ogino A, Nishino M et al. Clinical, pathologic, and biologic features associated
with BRAF mutations in non-small cell lung cancer. Clin. Cancer Res. Off. J. Am. Assoc. Cancer
Res. 2013; 19(16):4532-4540.

137. Garnett MJ, Marais R. Guilty as charged: B-RAF is a human oncogene. Cancer Cell 2004;
6(4):313-319.

138. Paik PK, Arcila ME, Fara M et al. Clinical characteristics of patients with lung
adenocarcinomas harboring BRAF mutations. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2011;
29(15):2046—-2051.

139. Planchard D, Kim TM, Mazieres J et al. Dabrafenib in patients with BRAF(V600E)-positive
advanced non-small-cell lung cancer: a single-arm, multicentre, open-label, phase 2 trial.
Lancet Oncol. 2016; 17(5):642-650.

140. Planchard D, Smit EF, Groen HIJM et al. Dabrafenib plus trametinib in patients with
previously untreated BRAFV600E-mutant metastatic non-small-cell lung cancer: an open-
label, phase 2 trial. Lancet Oncol. 2017; 18(10):1307-1316.

141. Hyman DM, Puzanov |, Subbiah V et al. Vemurafenib in Multiple Nonmelanoma Cancers
with BRAF V600 Mutations. N. Engl. J. Med. 2015; 373(8):726—736.

142. Knowles PP, Murray-Rust J, Kjaer S et al. Structure and chemical inhibition of the RET
tyrosine kinase domain. J. Biol. Chem. 2006; 281(44):33577-33587.

143. Wang R, Hu H, Pan Y et al. RET fusions define a unique molecular and clinicopathologic
subtype of non-small-cell lung cancer. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2012;
30(35):4352-4359.

144. Drilon A, Wang L, Hasanovic A et al. Response to Cabozantinib in patients with RET fusion-
positive lung adenocarcinomas. Cancer Discov. 2013; 3(6):630—-635.

145. Lipson D, Capelletti M, Yelensky R et al. Identification of new ALK and RET gene fusions
from colorectal and lung cancer biopsies. Nat. Med. 2012; 18(3):382—-384.

146. Ricciardi GRR, Russo A, Franchina T et al. NSCLC and HER2: between lights and shadows.
J. Thorac. Oncol. Off. Publ. Int. Assoc. Study Lung Cancer 2014; 9(12):1750-1762.

147. Bu S, Wang R, Pan Y et al. Clinicopathologic Characteristics of Patients with HER2
Insertions in Non-small Cell Lung Cancer. Ann. Surg. Oncol. 2017; 24(1):291-297.

148. Maziéres J, Peters S, Lepage B et al. Lung cancer that harbors an HER2 mutation:
epidemiologic characteristics and therapeutic perspectives. J. Clin. Oncol. Off. J. Am. Soc. Clin.
Oncol. 2013; 31(16):1997-2003.

149. Yamamoto H, Shigematsu H, Nomura M et al. PIK3CA mutations and copy number gains
in human lung cancers. Cancer Res. 2008; 68(17):6913—6921.

67



150. Karakas B, Bachman KE, Park BH. Mutation of the PIK3CA oncogene in human cancers. Br.
J. Cancer 2006; 94(4):455-459.

151. Samuels Y, Velculescu VE. Oncogenic mutations of PIK3CA in human cancers. Cell Cycle
Georget. Tex 2004; 3(10):1221-1224.

152. Endoh H, Yatabe Y, Kosaka T et al. PTEN and PIK3CA expression is associated with
prolonged survival after gefitinib treatment in EGFR-mutated lung cancer patients. J. Thorac.
Oncol. Off. Publ. Int. Assoc. Study Lung Cancer 2006; 1(7):629-634.

153. Kawano O, Sasaki H, Endo K et al. PIK3CA mutation status in Japanese lung cancer patients.
Lung Cancer Amst. Neth. 2006; 54(2):209-215.

154. Chen J-Y, Cheng Y-N, Han L et al. Predictive value of K-ras and PIK3CA in non-small cell lung
cancer patients treated with EGFR-TKIs: a systemic review and meta-analysis. Cancer Biol.
Med. 2015; 12(2):126—-139.

155. Thomas A, Rajan A, Lopez-Chavez A et al. From targets to targeted therapies and
molecular profiling in non-small cell lung carcinoma. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol.
2013; 24(3):577-585.

156. Alberti L, Carniti C, Miranda C et al. RET and NTRK1 proto-oncogenes in human diseases.
J. Cell. Physiol. 2003; 195(2):168-186.

157. Vaishnavi A, Capelletti M, Le AT et al. Oncogenic and drug-sensitive NTRK1
rearrangements in lung cancer. Nat. Med. 2013; 19(11):1469-1472.

158. Passiglia F, Caparica R, Giovannetti E et al. The potential of neurotrophic tyrosine kinase
(NTRK) inhibitors for treating lung cancer. Expert Opin. Investig. Drugs 2016; 25(4):385—-392.

159. Ung KA, Campbell BA, Duplan D et al. Impact of the lung oncology multidisciplinary team
meetings on the management of patients with cancer. Asia Pac. J. Clin. Oncol. 2014.
doi:10.1111/ajco.12192.

160. Chemotherapy in non-small cell lung cancer: a meta-analysis using updated data on
individual patients from 52 randomised clinical trials. Non-small Cell Lung Cancer
Collaborative Group. BMJ 1995; 311(7010):899-909.

161. NSCLC Meta-Analyses Collaborative Group. Chemotherapy in addition to supportive care
improves survival in advanced non-small-cell lung cancer: a systematic review and meta-
analysis of individual patient data from 16 randomized controlled trials. J. Clin. Oncol. Off. J.
Am. Soc. Clin. Oncol. 2008; 26(28):4617-4625.

162. Delbaldo C, Michiels S, Syz N et al. Benefits of adding a drug to a single-agent or a 2-agent
chemotherapy regimen in advanced non-small-cell lung cancer: a meta-analysis. JAMA 2004;
292(4):470-484.

163. Pujol J-L, Barlesi F, Daures J-P. Should chemotherapy combinations for advanced non-
small cell lung cancer be platinum-based? A meta-analysis of phase Ill randomized trials. Lung
Cancer Amst. Neth. 2006; 51(3):335-345.

164. Park JO, Kim S-W, Ahn JS et al. Phase lll trial of two versus four additional cycles in patients
who are nonprogressive after two cycles of platinum-based chemotherapy in non small-cell
lung cancer. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2007; 25(33):5233-5239.

165. Rossi A, Chiodini P, Sun J-M et al. Six versus fewer planned cycles of first-line platinum-
based chemotherapy for non-small-cell lung cancer: a systematic review and meta-analysis of
individual patient data. Lancet Oncol. 2014; 15(11):1254-1262.

166. Schiller JH, Harrington D, Belani CP et al. Comparison of four chemotherapy regimens for
advanced non-small-cell lung cancer. N. Engl. J. Med. 2002; 346(2):92-98.
167. Li M, Zhang Q, Fu P et al. Pemetrexed plus platinum as the first-line treatment option for

advanced non-small cell lung cancer: a meta-analysis of randomized controlled trials. PloS One
2012; 7(5):e37229.

168. Scagliotti GV, Parikh P, von Pawel J et al. Phase Ill study comparing cisplatin plus
gemcitabine with cisplatin plus pemetrexed in chemotherapy-naive patients with advanced-
stage non-small-cell lung cancer. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2008; 26(21):3543—
3551.

169. Sandler A, Gray R, Perry MC et al. Paclitaxel-carboplatin alone or with bevacizumab for
non-small-cell lung cancer. N. Engl. J. Med. 2006; 355(24):2542—-2550.

68



170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

Zhou C, Wu Y-L, Chen G et al. BEYOND: A Randomized, Double-Blind, Placebo-Controlled,
Multicenter, Phase Ill Study of First-Line Carboplatin/Paclitaxel Plus Bevacizumab or Placebo
in Chinese Patients With Advanced or Recurrent Nonsquamous Non-Small-Cell Lung Cancer.
J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2015; 33(19):2197-2204.

Reck M, von Pawel J, Zatloukal P et al. Phase Ill trial of cisplatin plus gemcitabine with
either placebo or bevacizumab as first-line therapy for nonsquamous non-small-cell lung
cancer: AVAIl. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2009; 27(8):1227-1234.

Lima ABC, Macedo LT, Sasse AD. Addition of bevacizumab to chemotherapy in advanced
non-small cell lung cancer: a systematic review and meta-analysis. PloS One 2011;
6(8):22681.

Soria J-C, Mauguen A, Reck M et al. Systematic review and meta-analysis of randomised,
phase II/11l trials adding bevacizumab to platinum-based chemotherapy as first-line treatment
in patients with advanced non-small-cell lung cancer. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol.
ESMO 2013; 24(1):20-30.

Ilhan-Mutlu A, Osswald M, Liao Y et al. Bevacizumab Prevents Brain Metastases Formation
in Lung Adenocarcinoma. Mol. Cancer Ther. 2016. doi:10.1158/1535-7163.MCT-15-0582.

Ciuleanu T, Brodowicz T, Zielinski C et al. Maintenance pemetrexed plus best supportive
care versus placebo plus best supportive care for non-small-cell lung cancer: a randomised,
double-blind, phase 3 study. Lancet Lond. Engl. 2009; 374(9699):1432-1440.

Paz-Ares LG, de Marinis F, Dediu M et al. PARAMOUNT: Final overall survival results of the
phase Ill study of maintenance pemetrexed versus placebo immediately after induction
treatment with pemetrexed plus cisplatin for advanced nonsquamous non-small-cell lung
cancer. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2013; 31(23):2895-2902.

Paz-Ares L, de Marinis F, Dediu M et al. Maintenance therapy with pemetrexed plus best
supportive care versus placebo plus best supportive care after induction therapy with
pemetrexed plus cisplatin for advanced non-squamous non-small-cell lung cancer
(PARAMOUNT): a double-blind, phase 3, randomised controlled trial. Lancet Oncol. 2012;
13(3):247-255.

Barlesi F, Scherpereel A, Rittmeyer A et al. Randomized phase Il trial of maintenance
bevacizumab with or without pemetrexed after first-line induction with bevacizumab,
cisplatin, and pemetrexed in advanced nonsquamous non-small-cell lung cancer: AVAPERL
(M022089). J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2013; 31(24):3004-3011.

Barlesi F, Scherpereel A, Gorbunova V et al. Maintenance bevacizumab-pemetrexed after
first-line cisplatin-pemetrexed-bevacizumab for advanced nonsquamous nonsmall-cell lung
cancer: updated survival analysis of the AVAPERL (M022089) randomized phase Ill trial. Ann.
Oncol. Off. J. Eur. Soc. Med. Oncol. ESMO 2014; 25(5):1044-1052.

Reck M, Rodriguez-Abreu D, Robinson AG et al. Pembrolizumab versus Chemotherapy for
PD-L1-Positive Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2016; 375(19):1823-1833.

Langer CJ, Gadgeel SM, Borghaei H et al. Carboplatin and pemetrexed with or without
pembrolizumab for advanced, non-squamous non-small-cell lung cancer: a randomised, phase
2 cohort of the open-label KEYNOTE-021 study. Lancet Oncol. 2016; 17(11):1497-1508.

Reck M, Socinski MA, Cappuzzo F et al. Primary PFS and safety analyses of a randomized
phase Il study of carboplatin + paclitaxel +/- bevacizumab, with or without atezolizumab in
1L non-squamous metastatic NSCLC (IMpower150). Ann. Oncol. 2017; 28(11):Abstract
LBA1_PR.

Hanna N, Shepherd FA, Fossella FV et al. Randomized phase Ill trial of pemetrexed versus
docetaxel in patients with non-small-cell lung cancer previously treated with chemotherapy.
J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2004; 22(9):1589-1597.

Shepherd FA, Dancey J, Ramlau R et al. Prospective randomized trial of docetaxel versus
best supportive care in patients with non-small-cell lung cancer previously treated with
platinum-based chemotherapy. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2000; 18(10):2095—
2103.

Shepherd FA, Rodrigues Pereira J, Ciuleanu T et al. Erlotinib in previously treated non-
small-cell lung cancer. N. Engl. J. Med. 2005; 353(2):123-132.

69



186. Scagliotti G, Hanna N, Fossella F et al. The differential efficacy of pemetrexed according to
NSCLC histology: a review of two Phase Ill studies. The Oncologist 2009; 14(3):253-263.

187. Ciuleanu T, Stelmakh L, Cicenas S et al. Efficacy and safety of erlotinib versus
chemotherapy in second-line treatment of patients with advanced, non-small-cell lung cancer
with poor prognosis (TITAN): a randomised multicentre, open-label, phase 3 study. Lancet
Oncol. 2012; 13(3):300-308.

188. Karampeazis A, Voutsina A, Souglakos J et al. Pemetrexed versus erlotinib in pretreated
patients with advanced non-small cell lung cancer: a Hellenic Oncology Research Group
(HORG) randomized phase 3 study. Cancer 2013; 119(15):2754—-2764.

189. Brahmer J, Reckamp KL, Baas P et al. Nivolumab versus Docetaxel in Advanced Squamous-
Cell Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2015; 373(2):123-135.

190. Reckamp KL, Brahmer JR, Spigel DR et al. Phase 3, Randomized Trial (CheckMate 017) of
Nivolumab (NIVO) vs Docetaxel in Advanced Squamous (SQ) Cell Non-Small Cell Lung Cancer
(NSCLC). J Thorac. Oncol 2016; 10(9), Suppl 2:5174.

191. Gralla RJ, Coon C, Taylor F et al. Evaluation of Disease-Related Symptoms in Patients with
Advanced Squamous Non-Small Cell Lung Cancer Treated with Nivolumab or Docetaxel. J
Thorac. Oncol 2015; 10(9), Suppl 2:5233.

192. Borghaei H, Paz-Ares L, Horn L et al. Nivolumab versus Docetaxel in Advanced
Nonsquamous Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2015; 373(17):1627-1639.
193. Herbst RS, Baas P, Kim D-W et al. Pembrolizumab versus docetaxel for previously treated,

PD-L1-positive, advanced non-small-cell lung cancer (KEYNOTE-010): a randomised controlled
trial. Lancet Lond. Engl. 2015. doi:10.1016/50140-6736(15)01281-7.

194. Sullivan I, Planchard D. Next-Generation EGFR Tyrosine Kinase Inhibitors for Treating
EGFR-Mutant Lung Cancer beyond First Line. Front. Med. 2016; 3:76.

195. Mok TS, Wu Y-L, Thongprasert S et al. Gefitinib or carboplatin-paclitaxel in pulmonary
adenocarcinoma. N. Engl. J. Med. 2009; 361(10):947-957.

196. Han J-Y, Park K, Kim S-W et al. First-SIGNAL: first-line single-agent iressa versus
gemcitabine and cisplatin trial in never-smokers with adenocarcinoma of the lung. J. Clin.
Oncol. Off. J. Am. Soc. Clin. Oncol. 2012; 30(10):1122-1128.

197. Inoue A, Kobayashi K, Maemondo M et al. Updated overall survival results from a
randomized phase Il trial comparing gefitinib with carboplatin-paclitaxel for chemo-naive
non-small cell lung cancer with sensitive EGFR gene mutations (NEJ0O02). Ann. Oncol. Off. J.
Eur. Soc. Med. Oncol. ESMO 2013; 24(1):54-59.

198. Maemondo M, Inoue A, Kobayashi K et al. Gefitinib or chemotherapy for non-small-cell
lung cancer with mutated EGFR. N. Engl. J. Med. 2010; 362(25):2380-2388.

199. Mitsudomi T, Morita S, Yatabe Y et al. Gefitinib versus cisplatin plus docetaxel in patients
with non-small-cell lung cancer harbouring mutations of the epidermal growth factor receptor
(WJTOG3405): an open label, randomised phase 3 trial. Lancet Oncol. 2010; 11(2):121-128.

200. Sequist LV, Yang JC-H, Yamamoto N et al. Phase Il study of afatinib or cisplatin plus
pemetrexed in patients with metastatic lung adenocarcinoma with EGFR mutations. J. Clin.
Oncol. Off. J. Am. Soc. Clin. Oncol. 2013; 31(27):3327-3334.

201. Wu Y-L, Zhou C, Hu C-P et al. Afatinib versus cisplatin plus gemcitabine for first-line
treatment of Asian patients with advanced non-small-cell lung cancer harbouring EGFR
mutations (LUX-Lung 6): an open-label, randomised phase 3 trial. Lancet Oncol. 2014,
15(2):213-222.

202. Rosell R, Carcereny E, Gervais R et al. Erlotinib versus standard chemotherapy as first-line
treatment for European patients with advanced EGFR mutation-positive non-small-cell lung
cancer (EURTAC): a multicentre, open-label, randomised phase 3 trial. Lancet Oncol. 2012;
13(3):239-246.

203. Inoue A, Kobayashi K, Usui K et al. First-line gefitinib for patients with advanced non-small-
cell lung cancer harboring epidermal growth factor receptor mutations without indication for
chemotherapy. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2009; 27(9):1394-1400.

204. Paz-Ares L, Tan E-H, O’Byrne K et al. Afatinib versus gefitinib in patients with EGFR
mutation-positive advanced non-small-cell lung cancer: overall survival data from the phase
Ilb LUX-Lung 7 trial. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 2017; 28(2):270-277.

70



205. Yang JC-H, Wu Y-L, Schuler M et al. Afatinib versus cisplatin-based chemotherapy for EGFR
mutation-positive lung adenocarcinoma (LUX-Lung 3 and LUX-Lung 6): analysis of overall
survival data from two randomised, phase 3 trials. Lancet Oncol. 2015; 16(2):141-151.

206. Cappuzzo F, Ciuleanu T, Stelmakh L et al. Erlotinib as maintenance treatment in advanced
non-small-cell lung cancer: a multicentre, randomised, placebo-controlled phase 3 study.
Lancet Oncol. 2010; 11(6):521-529.

207. Seto T, Kato T, Nishio M et al. Erlotinib alone or with bevacizumab as first-line therapy in
patients with advanced non-squamous non-small-cell lung cancer harbouring EGFR mutations
(JO25567): an open-label, randomised, multicentre, phase 2 study. Lancet Oncol. 2014;
15(11):1236-1244.

208. Stahel R, Dafni U, Gautschi O et al. A phase Il trial of erlotinib (E) and bevacizumab (B) in
patients with advanced non-small-cell lung cancer (NSCLC) with activating epidermal growth
factor receptor (EGFR) mutations with and without T790M mutation.The Spanish Lung Cancer
Group (SLCG) and the European Thoracic Oncology Platform (ETOP) BELIEF trial. Ann Oncol
2015 ; 26 (suppl 6):abstr 3BA.

209. Soria J-C, Wu Y-L, Nakagawa K et al. Gefitinib plus chemotherapy versus placebo plus
chemotherapy in EGFR-mutation-positive non-small-cell lung cancer after progression on first-
line gefitinib (IMPRESS): a phase 3 randomised trial. Lancet Oncol. 2015; 16(8):990-998.

210. Douillard J-Y, Ostoros G, Cobo M et al. First-line gefitinib in Caucasian EGFR mutation-
positive NSCLC patients: a phase-lIV, open-label, single-arm study. Br. J. Cancer 2014;
110(1):55-62.

211. Marchetti A, Del Grammastro M, Felicioni L et al. Assessment of EGFR mutations in
circulating tumor cell preparations from NSCLC patients by next generation sequencing:
toward a real-time liquid biopsy for treatment. PloS One 2014; 9(8):e103883.

212. Marchetti A, Palma JF, Felicioni L et al. Early Prediction of Response to Tyrosine Kinase
Inhibitors by Quantification of EGFR Mutations in Plasma of NSCLC Patients. J. Thorac. Oncol.
Off. Publ. Int. Assoc. Study Lung Cancer 2015; 10(10):1437-1443.

213. Sueoka-Aragane N, Katakami N, Satouchi M et al. Monitoring EGFR T790M with plasma
DNA from lung cancer patients in a prospective observational study. Cancer Sci. 2016;
107(2):162-167.

214. Oxnard GR, Thress KS, Alden RS et al. 1350_PR: Plasma genotyping for predicting benefit
from osimertinib in patients (pts) with advanced NSCLC. J. Thorac. Oncol. Off. Publ. Int. Assoc.
Study Lung Cancer 2016; 11(4 Suppl):S154.

215. Park K, Yu C-J, Kim S-W et al. First-Line Erlotinib Therapy Until and Beyond Response
Evaluation Criteria in Solid Tumors Progression in Asian Patients With Epidermal Growth
Factor Receptor Mutation-Positive Non-Small-Cell Lung Cancer: The ASPIRATION Study. JAMA
Oncol. 2016; 2(3):305-312.

216. Weickhardt AJ, Scheier B, Burke JM et al. Local ablative therapy of oligoprogressive
disease prolongs disease control by tyrosine kinase inhibitors in oncogene-addicted non-
small-cell lung cancer. J. Thorac. Oncol. Off. Publ. Int. Assoc. Study Lung Cancer 2012;
7(12):1807-1814.

217. Thress KS, Paweletz CP, Felip E et al. Acquired EGFR C797S mutation mediates resistance
to AZD9291 in non-small cell lung cancer harboring EGFR T790M. Nat. Med. 2015; 21(6):560—
562.

218. Planchard D, Loriot Y, André F et al. EGFR-independent mechanisms of acquired resistance
to AZD9291 in EGFR T790M-positive NSCLC patients. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol.
2015; 26(10):2073-2078.

219. Kim TM, Song A, Kim D-W et al. Mechanisms of Acquired Resistance to AZD9291: A
Mutation-Selective, Irreversible EGFR Inhibitor. J. Thorac. Oncol. Off. Publ. Int. Assoc. Study
Lung Cancer 2015; 10(12):1736-1744.

220. Ramalingam SS, Yang JC-H, Lee CK et al. Osimertinib As First-Line Treatment of EGFR
Mutation-Positive Advanced Non-Small-Cell Lung Cancer. J. Clin. Oncol. Off. J. Am. Soc. Clin.
Oncol. 2017:1C02017747576.

221. Shaw AT, Kim D-W, Nakagawa K et al. Crizotinib versus chemotherapy in advanced ALK-
positive lung cancer. N. Engl. J. Med. 2013; 368(25):2385—2394.

71



222. Blackhall F, Kim D-W, Besse B et al. Patient-reported outcomes and quality of life in
PROFILE 1007: a randomized trial of crizotinib compared with chemotherapy in previously
treated patients with ALK-positive advanced non-small-cell lung cancer. J. Thorac. Oncol. Off.
Publ. Int. Assoc. Study Lung Cancer 2014; 9(11):1625-1633.

223. Palma DA, Salama JK, Lo SS et al. The oligometastatic state - separating truth from wishful
thinking. Nat. Rev. Clin. Oncol. 2014; 11(9):549-557.

224, Costa DB, Kobayashi S, Pandya SS et al. CSF concentration of the anaplastic lymphoma
kinase inhibitor crizotinib. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2011; 29(15):e443-445.

225. Kim D-W, Mehra R, Tan DSW et al. Activity and safety of ceritinib in patients with ALK-
rearranged non-small-cell lung cancer (ASCEND-1): updated results from the multicentre,
open-label, phase 1 trial. Lancet Oncol. 2016; 17(4):452-463.

226. Crino L, Ahn M-J, De Marinis F et al. Multicenter Phase Il Study of Whole-Body and
Intracranial Activity With Ceritinib in Patients With ALK-Rearranged Non-Small-Cell Lung
Cancer Previously Treated With Chemotherapy and Crizotinib: Results From ASCEND-2. J. Clin.
Oncol. Off. J. Am. Soc. Clin. Oncol. 2016; 34(24):2866—2873.

227. Felip E, Orlov S, Park K et al. Phase 2 study of ceritinib in ALKi-naive patients (pts) with
ALK-rearranged (ALK+) non-small cell lung cancer (NSCLC): Whole body responses in the
overall pt group and in pts with baseline brain metastases (BM). Ann. Oncol. 2016;
27(suppl_6):12080-12080.

228. Scagliotti G, Kim TM, Crino L et al. Ceritinib vs chemotherapy (CT) in patients (pts) with
advanced anaplastic lymphoma kinase (ALK)-rearranged (ALK+) non-small cell lung cancer
(NSCLC) previously treated with CT and crizotinib (CRZ): Results from the confirmatory phase
3 ASCEND-5 study. Ann. Oncol. 2016; 27(suppl_6):LBA42_PR-LBA42_PR.

229. Soria J-C, Tan DSW, Chiari R et al. First-line ceritinib versus platinum-based chemotherapy
in advanced ALK-rearranged non-small-cell lung cancer (ASCEND-4): a randomised, open-
label, phase 3 study. Lancet Lond. Engl. 2017; 389(10072):917-929.

230. Ou S-HI, Ahn JS, De Petris L et al. Alectinib in Crizotinib-Refractory ALK-Rearranged Non-
Small-Cell Lung Cancer: A Phase Il Global Study. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2016;
34(7):661-668.

231. Peters S, Camidge DR, Shaw AT et al. Alectinib versus Crizotinib in Untreated ALK-Positive
Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2017; 377(9):829-838.

232. Katayama R, Lovly CM, Shaw AT. Therapeutic targeting of anaplastic lymphoma kinase in
lung cancer: a paradigm for precision cancer medicine. Clin. Cancer Res. Off. J. Am. Assoc.
Cancer Res. 2015; 21(10):2227-2235.

233. Wolfson AH, Bae K, Komaki R et al. Primary analysis of a phase Il randomized trial Radiation
Therapy Oncology Group (RTOG) 0212: impact of different total doses and schedules of
prophylactic cranial irradiation on chronic neurotoxicity and quality of life for patients with
limited-disease small-cell lung cancer. Int. J. Radiat. Oncol. Biol. Phys. 2011; 81(1):77-84.

234, Foster NR, Qi Y, Shi Q et al. Tumor response and progression-free survival as potential
surrogate endpoints for overall survival in extensive stage small-cell lung cancer: findings on
the basis of North Central Cancer Treatment Group trials. Cancer 2011; 117(6):1262-1271.

235. Pujol JL, Carestia L, Daurés JP. Is there a case for cisplatin in the treatment of small-cell
lung cancer? A meta-analysis of randomized trials of a cisplatin-containing regimen versus a
regimen without this alkylating agent. Br. J. Cancer 2000; 83(1):8-15.

236. Mascaux C, Paesmans M, Berghmans T et al. A systematic review of the role of etoposide
and cisplatin in the chemotherapy of small cell lung cancer with methodology assessment and
meta-analysis. Lung Cancer Amst. Neth. 2000; 30(1):23-36.

237. Rossi A, Di Maio M, Chiodini P et al. Carboplatin- or cisplatin-based chemotherapy in first-
line treatment of small-cell lung cancer: the COCIS meta-analysis of individual patient data. J.
Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2012; 30(14):1692-1698.

238. Popat S, O’Brien M. Chemotherapy strategies in the treatment of small cell lung cancer.
Anticancer. Drugs 2005; 16(4):361-372.
239. Shao N, Jin S, Zhu W. An updated meta-analysis of randomized controlled trials comparing

irinotecan/platinum with etoposide/platinum in patients with previously untreated extensive-

72



stage small cell lung cancer. J. Thorac. Oncol. Off. Publ. Int. Assoc. Study Lung Cancer 2012;
7(2):470-472.

240. Lara PN, Natale R, Crowley J et al. Phase IlI trial of irinotecan/cisplatin compared with
etoposide/cisplatin in extensive-stage small-cell lung cancer: clinical and pharmacogenomic
results from SWOG S0124. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2009; 27(15):2530-2535.

241. Zatloukal P, Cardenal F, Szczesna A et al. A multicenter international randomized phase Il
study comparing cisplatin in combination with irinotecan or etoposide in previously untreated
small-cell lung cancer patients with extensive disease. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol.
2010; 21(9):1810-1816.

242, Fink TH, Huber RM, Heigener DF et al. Topotecan/cisplatin compared with
cisplatin/etoposide as first-line treatment for patients with extensive disease small-cell lung
cancer: final results of a randomized phase Ill trial. J. Thorac. Oncol. Off. Publ. Int. Assoc. Study
Lung Cancer 2012; 7(9):1432-1439.

243. Eckardt JR, von Pawel J, Papai Z et al. Open-label, multicenter, randomized, phase Il study
comparing oral topotecan/cisplatin versus etoposide/cisplatin as treatment for
chemotherapy-naive patients with extensive-disease small-cell lung cancer. J. Clin. Oncol. Off.
J. Am. Soc. Clin. Oncol. 2006; 24(13):2044—2051.

244, Lee SM, James LE, Qian W et al. Comparison of gemcitabine and carboplatin versus
cisplatin and etoposide for patients with poor-prognosis small cell lung cancer. Thorax 2009;
64(1):75-80.

245, Rossi A, Garassino MC, Cinquini M et al. Maintenance or consolidation therapy in small-
cell lung cancer: a systematic review and meta-analysis. Lung Cancer Amst. Neth. 2010;
70(2):119-128.

246. Bozcuk H, Artac M, Ozdogan M, Savas B. Does maintenance/consolidation chemotherapy
have a role in the management of small cell lung cancer (SCLC)? A metaanalysis of the
published controlled trials. Cancer 2005; 104(12):2650-2657.

247. Slotman B, Faivre-Finn C, Kramer G et al. Prophylactic cranial irradiation in extensive small-
cell lung cancer. N. Engl. J. Med. 2007; 357(7):664—672.
248. Slotman BJ, Mauer ME, Bottomley A et al. Prophylactic cranial irradiation in extensive

disease small-cell lung cancer: short-term health-related quality of life and patient reported
symptoms: results of an international Phase lll randomized controlled trial by the EORTC
Radiation Oncology and Lung Cancer Groups. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2009;
27(1):78-84.

249, Jeremic B, Shibamoto Y, Nikolic N et al. Role of radiation therapy in the combined-modality
treatment of patients with extensive disease small-cell lung cancer: A randomized study. J.
Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 1999; 17(7):2092-2099.

250. O’Brien MER, Ciuleanu T-E, Tsekov H et al. Phase Il trial comparing supportive care alone
with supportive care with oral topotecan in patients with relapsed small-cell lung cancer. J.
Clin. Oncol. Off. J. Am. Soc. Clin. Oncol. 2006; 24(34):5441-5447.

251. von Pawel J, Schiller JH, Shepherd FA et al. Topotecan versus cyclophosphamide,
doxorubicin, and vincristine for the treatment of recurrent small-cell lung cancer. J. Clin.
Oncol. Off. J. Am. Soc. Clin. Oncol. 1999; 17(2):658—667.

252. Eckardt JR, von Pawel J, Pujol J-L et al. Phase Il study of oral compared with intravenous
topotecan as second-line therapy in small-cell lung cancer. J. Clin. Oncol. Off. J. Am. Soc. Clin.
Oncol. 2007; 25(15):2086—-2092.

253. Oser MG, Niederst MJ, Sequist LV, Engelman JA. Transformation from non-small-cell lung
cancer to small-cell lung cancer: molecular drivers and cells of origin. Lancet Oncol. 2015;
16(4):e165-172.

254, Adelstein DJ, Tomashefski JF, Snow NJ et al. Mixed small cell and non-small cell lung
cancer. Chest 1986; 89(5):699-704.

255. Yu HA, Arcila ME, Rekhtman N et al. Analysis of tumor specimens at the time of acquired
resistance to EGFR-TKI therapy in 155 patients with EGFR-mutant lung cancers. Clin. Cancer
Res. Off. J. Am. Assoc. Cancer Res. 2013; 19(8):2240-2247.

73



256. Zakowski MF, Ladanyi M, Kris MG, Memorial Sloan-Kettering Cancer Center Lung Cancer
OncoGenome Group. EGFR mutations in small-cell lung cancers in patients who have never
smoked. N. Engl. J. Med. 2006; 355(2):213-215.

257. van Riel S, Thunnissen E, Heideman D et al. A patient with simultaneously appearing
adenocarcinoma and small-cell lung carcinoma harbouring an identical EGFR exon 19
mutation. Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 2012; 23(12):3188—-3189.

258. Morinaga R, Okamoto I, Furuta K et al. Sequential occurrence of non-small cell and small
cell lung cancer with the same EGFR mutation. Lung Cancer Amst. Neth. 2007; 58(3):411-413.
259. Norkowski E, Ghigna M-R, Lacroix L et al. Small-cell carcinoma in the setting of pulmonary

adenocarcinoma: new insights in the era of molecular pathology. J. Thorac. Oncol. Off. Publ.
Int. Assoc. Study Lung Cancer 2013; 8(10):1265-1271.

260. Watanabe S, Sone T, Matsui T et al. Transformation to small-cell lung cancer following
treatment with EGFR tyrosine kinase inhibitors in a patient with lung adenocarcinoma. Lung
Cancer Amst. Neth. 2013; 82(2):370-372.

261. Roca E, Gurizzan C, Amoroso V et al. Outcome of patients with lung adenocarcinoma with
transformation to small-cell lung cancer following tyrosine kinase inhibitors treatment: A
systematic review and pooled analysis. Cancer Treat. Rev. 2017; 59:117-122.

262. Sutherland KD, Proost N, Brouns | et al. Cell of origin of small cell lung cancer: inactivation
of Trp53 and Rb1 in distinct cell types of adult mouse lung. Cancer Cell 2011; 19(6):754—-764.

263. Nadal R, Schweizer M, Kryvenko ON et al. Small cell carcinoma of the prostate. Nat. Rev.
Urol. 2014; 11(4):213-219.
264. Lee J-K, Lee J, Kim S et al. Clonal History and Genetic Predictors of Transformation Into

Small-Cell Carcinomas From Lung Adenocarcinomas. J. Clin. Oncol. Off. J. Am. Soc. Clin. Oncol.
2017; 35(26):3065-3074.

265. Smith HC, Bennett RP, Kizilyer A et al. Functions and regulation of the APOBEC family of
proteins. Semin. Cell Dev. Biol. 2012; 23(3):258-268.

266. Roberts SA, Lawrence MS, Klimczak L) et al. An APOBEC cytidine deaminase mutagenesis
pattern is widespread in human cancers. Nat. Genet. 2013; 45(9):970-976.

267. Tatematsu A, Shimizu J, Murakami Y et al. Epidermal growth factor receptor mutations in
small cell lung cancer. Clin. Cancer Res. Off. J. Am. Assoc. Cancer Res. 2008; 14(19):6092—6096.

268. Morinaga R, Okamoto I, Furuta K et al. Sequential occurrence of non-small cell and small
cell lung cancer with the same EGFR mutation. Lung Cancer Amst. Neth. 2007; 58(3):411-413.

269. Nagy-Mignotte H, Guillem P, Vignoud L et al. Outcomes in recurrent small-cell lung cancer
after one to four chemotherapy lines: a retrospective study of 300 patients. Lung Cancer Amst.
Neth. 2012; 78(1):112-120.

270. Meder L, Konig K, Ozreti¢ L et al. NOTCH, ASCL1, p53 and RB alterations define an
alternative pathway driving neuroendocrine and small cell lung carcinomas. Int. J. Cancer
2016; 138(4):927-938.

271. George J, Lim JS, Jang SJ et al. Comprehensive genomic profiles of small cell lung cancer.
Nature 2015; 524(7563):47-53.

272. Niederst MJ, Sequist LV, Poirier JT et al. RB loss in resistant EGFR mutant lung
adenocarcinomas that transform to small-cell lung cancer. Nat. Commun. 2015; 6:6377.

273. Fujita S, Masago K, Katakami N, Yatabe Y. Transformation to SCLC after Treatment with
the ALK Inhibitor Alectinib. J. Thorac. Oncol. Off. Publ. Int. Assoc. Study Lung Cancer 2016;
11(6):e67-72.

274. Takegawa N, Hayashi H, lizuka N et al. Transformation of ALK rearrangement-positive
adenocarcinoma to small-cell lung cancer in association with acquired resistance to alectinib.
Ann. Oncol. Off. J. Eur. Soc. Med. Oncol. 2016; 27(5):953—-955.

275. Miyamoto S, lkushima S, Ono R et al. Transformation to small-cell lung cancer as a
mechanism of acquired resistance to crizotinib and alectinib. Jpn. J. Clin. Oncol. 2016;
46(2):170-173.

74



