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Zusammenfassung

Einleitung: Lungenkrebs ist auch heute noch einer der hiufigsten bosartigen
Erkrankungen in der westlichen Welt. Diese bosartigen Lungentumore sind fiir fast 1/5
aller Krebs-assoziierten-Todesfdlle verantwortlich. Insbesondere Patientinnen und
Patienten mit kleinzelligen Lungenkarzinomen werden meist erst in einem
fortgeschrittenen Stadium der Krankheit diagnostiziert und haben oft eine schlechte
Prognose. Dies beruht meist auf der frithen Metastasierung, dem schnellen
Tumorwachstum und der zentralen Lokalisierung des Tumors.

Dartiber hinaus, gab es bei der Therapie dieser Erkrankung tiber die letzten Jahrzehnte fast
keine Fortschritte. Jiingst konnte jedoch ein neuer Hoffnungsschimmer fiir die Patientinnen
und Patienten geweckt werden. Eine klinische Phase-1 Studie, die ein Antikdrper-
Wirkstoff-Konjugat gegen DLL3 (Rovalpituzumab tesirine) testet.

Um diese neue Form der Therapie anzuwenden, braucht es jedoch einen
immunhistochemischen Nachweis der DLL3 Expression im Tumorgewebe.

Diese Testung wird dadurch erschwert, dass in der klinischen Studie ein Antikdrper
verwendet wurde, der nicht in jedem pathologischen Labor verfiigbar ist. In dieser Studie
wurden 4 unterschiedliche Antikorper verwendet um die Expression von DLL3 in
kleinzelligen Lungenkarzinomen (SCLC) und grof3zelligen neuroendokrinen Karzinomen

(LCNEC) nachzuweisen.

Methoden: Die Studiengruppe setzt sich aus 53 chirurgisch entfernten Proben zusammen.
29 davon waren LCNEC, 24 SCLC. Von jedem einzelnen Fall wurden Tissue micro arrays
(TMA) angefertigt und danach unter Verwendung der verschiedenen Antikdrper
immunhistochemisch analysiert. Die entstandenen Bilder der Farbung wurden hinsichtlich
der Expression von DLL3 mikroskopisch analysiert und manuell ausgewertet. Der
Antikorper, der in der klinischen Studie verwendet wurde, bildete die Referenz.

Dariiber hinaus wurde eine Validierungsgruppe mit 46 SCLC Fillen angelegt, die durch

die gleichen Methoden verifiziert und ausgewertet wurde.

Ergebnisse: Die Expression von DLL3 war, unabhéngig vom Typ des Tumors und den
Cut-Off Werten, mit jedem verwendeten Antikorper unterschiedlich. Der
Referenzantikorper der klinischen Studie zeigte gegeniiber den drei anderen Antikorpern

eine Uberlegenheit. Er war richtig-negativ bei Zellen, die DLL3 nicht exprimiert hatten

v



und richtig-positiv, bei Zellen mit einer nachgewiesenen DLL3 Expression. Dartiber hinaus
konnte keine Korrelation zwischen der Expression von DLL3 und einem Verlust des RB1

in LCNEC und SCLC beobachtet werden.




Abstract

Introduction: Lung cancer is one of the most prevalent malignancies in the World. Nearly
one out of five cancer related deaths is caused by lung cancer. Patients with small cell lung
cancer are diagnosed at an advanced stage and have a very poor prognosis due to early
metastasis and rapid growth. Unfortunately, until today there is no significant improvement
in therapy. Recently, a clinical phase 1 study of an antibody-drug conjugate against DLL3
(Rovalpituzumab tesirine) showed promising results. In order to identify patients with a
higher probability of response to this therapy, DLL3 expression analysis is required.
However, not all pathological laboratories will be able to use antibody applied in clinical
study, due to the need of adequate technical equipment. Because of this, we aimed to
compare concordance of expression of four different DLL3 antibodies in LCNEC and

SCLC.

Methods: Study cohort included 53 surgically removed samples of LCNEC (29) and
SCLC (24). Tissue microarrays were constructed and used for immunohistochemical
analysis. Four different antibodies targeting DLL3 were used. Slides were analysed under
microsope. Percentage of positive tumour cells, and H score (percentage of positive tumour
cells multiplied by intensity of the staining) were recorded. Standard antibodies for p53
and Rb1 were also used. Staining results for both were expressed as percentage of positive
tumour cells. The same staining was repeated in validation cohort, consisting of 46 SCLC.

Obtained results were correlated with survival data.

Results: The expression of DLL3 was different with each antibody, regardless of the type
of tumour and the used cut-off values. Furthermore, no correlation between the expression
of DLL3 and a RBI1 loss was observed in LCNEC. In SCLC we have found a positive

correlation of DLL3 expression with a loss of RB1.

Conclusion: We have shown that results obtained using different DLL3 antibodies are not
concordant, and these antibodies are not interchangeable. Evaluation of DLL3 expression,
is however, feasible, and it was present both in SCLC and in LCNEC, but without any

prognostic significance.
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1 Introduction and Background

1.1 Epidemiology

Lung cancer is still one of the most prevalent forms of cancer in the modern society and
remains at the top of the cancer statistics in men (1). In women, mostly due to the different
amount of tobacco smoked, lung cancer remains at the second place, right after breast
cancer, which is the most common cancer among the female population (2). In 2018 alone,
there were 2.1 million new cases recorded worldwide, with almost 90% appearing in high
and very high developed countries. The highest incidence rates in the male population, as
seen below (Figure 1), are found in Micronesia and Polynesia (54.1 and 52.0 per 100,000)
the central and eastern part of Europe (49.3 per 100,000) and the eastern part of Asia (47.2
per 100,000). Countries in the western part of Africa as well as Eastern Africa are listed at

the bottom of the statistics (2.4 and 3.4 per 100,000) (1).

Age standardized (World) incidence rates, lung, males, all ages

o
°
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. =48
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Figure 1: Estimated Lung Cancer Incidence Worldwide in 2018: Men (1)

However, if we compare this to the female population (Figure 2), the incidence slightly
changes in geography, with the highest number of patients found in North America (30.7
per 100,000) and the northern part of the European continent (26.9 per 100,000), followed
by Western Europe (25.7 per 100,000). Very low rates are found in the African countries

().
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Age standardized (World) incidence rates, lung, females, all ages
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Figure 2: Estimated Lung Cancer Incidence Worldwide in 2018: Women (1)

Looking at the mortality of cancer worldwide, within both sexes, lung cancer is still the
most frequent cause of death. Almost one out of five cancer related deaths is due to

malignant lung tumour (1.76 million per year) (1).

The situation in Austria is slightly different. In 2015, lung carcinoma was diagnosed in
2.956 male and 1.904 female patients. In the same year 3.889 people (2.396 male/1.493
female) died and 13.242 patients (7.589 male/ 5.653 female) lived with lung cancer. These
numbers make lung cancer the second most common cancer in women and the second
most frequent in men in Austria. Lung cancer is the leading cancer related death in men in
Austria, and at the second place in women. The female lung cancer incidence and mortality
increased significantly (+33% and +30%, respectively), while the male rates showed
decrease (-10% and -17%, respectively). Geographically, Upper Austria has the lowest
mortality, as well as the lowest incidence, while Vienna has the highest rates in both

categories in the period between 2013 and 2015 (3).

The relative one-year survival between 1998-2002 and 2013-2015 improved moderately
(from 40% to 50%), while five-year survival rate increased by 4% (from 15% to 19%).
Generally, men in Austria have a lower probability of surviving five years with lung cancer

than women (3).
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1.2 Etiology

1.2.1 General risk factors

Carcinogenesis of a malignant lung tumour is multifactorial. However, nearly 90% of all
malignancies in the lung are triggered through smoking cigarettes, both active and passive.
Other pulmonary carcinogens, like radioactive radiation, radon, arsenic or asbestos, have a
smaller significance in the carcinogenesis of these tumours. Inhaled fine dust could also
play a role in lung carcinogenesis, but that is still under investigation. It is important to
stress that lung cancer develops also in non-smokers , but in many cases driven by

targetable mutations. (4).

1.2.2 Smoking exposure

Over 7000 different chemicals are hidden within tobacco smoke, of which 60 of them were
proven as carcinogens in animal experiments. More important, it does not make a
difference if a person uses filter or non-filter cigarettes, e-cigarettes or light cigarettes. All
of them contain toxins like polycyclic aromatic hydrocarbons, aldehydes, heavy metals or

aromatic amines, which can all cause cancer (4).

The fact that the incidence of lung carcinoma in non-smokers (3,4/100.000/year) is about
15 times lower than in smokers who smoke 10 cigarettes a day (51,5/100.000/year), and
about 63 times lower than in heavy smokers who smoke 40 cigarettes a day
(217,5/100.000/year), illustrates that smoking is the main trigger in the carcinogenesis of
lung cancer (4). Smokers make up by far the biggest proportion of people diagnosed with

lung cancer worldwide (5).

The longer someone smokes and the more cigarettes someone consumes daily, the higher
is the risk of developing a malignant lung tumour. Moreover, after smoking cessation the
risk drops continuously. (6). Therefore, smoking cessation is a crucial part of the

prevention and therapy of lung cancer (7).
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1.3 Clinic

1.3.1 Symptoms

Typical first alarm signs and symptoms of lung cancer are cough, huskiness, haemoptysis,
chest pain, stridor and dyspnoea. However, some patients are symptomless and don’t have
any problems. Nevertheless, the further the disease spreads, the more symptoms occur.
Due to metastatic processes, people start to lose weight, have pain in the abdomen or spinal
column due to liver or bone metastases or neurological symptoms due to brain
metastases.(8). During the progression of the disease, more than 20% of the people
diagnosed with a malignant lung tumour generate metastases in the brain or spinal cord,

which can lead to nerve entrapment or epileptic seizures (9).

1.3.2 Imaging

Thoracic X-ray is still the most common imaging, which is performed on suspicion of a
malignant lung tumour. The lung carcinoma can present as a pleural infusion, atelectasis or
a round mass. However, a positive result in thoracic X-ray, as well as a negative result, that
does not agree with the clinic, leads to the necessity of a more detailed imaging such as
thoracic and epigastric CT with contrast agent (signs of metastasis, infiltration or contrast
agent enhancement). Morphologically, lung carcinomas often show typical signs such as
pleural retraction, necrotic areas and vascular signs. Although the CT has a high
sensitivity, the specificity is rather poor. Therefore, especially for the TNM staging, an
MRI is preferentially used. To confirm the radiological diagnosis a transbronchial or
transthoracic biopsy, depending on the location of the tumour, is used.

Further staging often requires a PET-CT, bone scintigraphy or sonography.

According to the new guidelines, imaging plays an important role in the screening of lung
cancer. Patients between the age of 55 and 74 who are under risk (more than 30 pack years
and less than 15 years without smoking) or patients over the age of 50 with more than 20
pack years and an additional risk factor (COPD, lung fibrosis, family members with lung

cancer etc.) should get an annual low-dose CT (10).
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1.3.3 Paraneoplastic symptoms

Lung cancer is one of the tumours with the highest occurrence of paraneoplastic
symptoms. However, different subtypes of the malignant lung tumours have different
probabilities of developing such symptoms. In adenocarcinomas paraneoplasia is found
very rarely, while small cell lung carcinomas tend to produce neuropeptides with the effect
of pituitary hormones (11) (12). This can lead to hyponatremia (through SIADH)
hypercalcaemia (through parathormone-like substance), gynaecomastia (through
gonadotropins), increased pigmentation (through melanocyte-stimulating hormone),
Cushing syndrome (through adrenocorticotropic hormone) or prolactinaemia (13,14).
Neurological deficits, such as encephalopathy, myasthenic syndromes, autoimmune
neuropathies or Lambert-Eaton myasthenic syndrome can also occur in the context of a
paraneoplastic syndrome (8). The blood system, bone marrow and immune system can also
be affected. Anaemia, thrombocytopenia, a nephrotic syndrome, the systemic lupus
erythematosus or a disseminated intravascular coagulation, to name just a few, can be the

consequence (13).
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1.4 Histological Subtypes

According to the WHO-Classification, there are more than 50 histologically different lung
carcinomas (4). Generally, there are two main histological groups. The small cell lung
carcinomas (SCLC) (15% of the cases) and the non-small cell lung carcinomas (NSCLC)
(85% of the cases) (15). The most frequent histological type is adenocarcinoma, followed
by squamous cell carcinoma and then small cell carcinoma. Rather rare are
adenosquamous carcinomas, pleomorphic carcinomas, spindle and giant cell carcinomas,
followed by many different rare tumours (4). If all possible differentiations/classifications
are excluded, morphologically and immunohistochemically, tumours are classified as a

large cell lung carcinoma.

1.4.1 Adenocarcinoma

The adenocarcinoma makes up the largest part of the malignant lung tumours. Today, more
than 40% of all lung carcinomas worldwide are adenocarcinomas, and the number of
newly diagnosed adenocarcinomas is still rising.

The number has increased considerably since the 1980s. At that time, less than 30% of all
lung malignancies were adenocarcinomas. At the same time squamous cell carcinoma
numbers reduced from 32% to 20%, while incidence of small cell carcinoma remained
practically the same (17% to 13%), and large cell neuroendocrine carcinoma also showed

decrease in incidence (8% to 2%) (8).

The main cause of this change is the “improvement” in cigarette production. The
companies added ventilation holes and filters, therefore reducing the amount of tar.
Consequently, the nicotine content was reduced too. That made the smokers inhale deeper
to enhance the puff volume. The result was an increased peripheral load of the harmful
substances and a rise in the incidence of adenocarcinomas.

Another important reason why the adenocarcinomas are more frequent nowadays is the
fact, that the diagnostics made tremendous progress within the last few years. Especially
development and improvement of immunohistochemistry, leading to application of
adenocarcinoma and squamous cell carcinoma markers in everyday diagnostic procedures.
(8) (16).

Lung carcinoma metastases occur relatively frequently. They first spread into the regional
ipsilateral as well as contralateral lymph nodes (hilar and mediastinal), and then through

the blood into adrenal glands, brain, bones and the lung itself. In addition, liver metastases
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are very common in this type of carcinoma too. Moreover, the metastasis can also involve

the pleura, which is associated with a poor survival (17).

Histologically adenocarcinoma shows different growth patterns; solid, micropapillary,
papillary, acinar and lepidic. They might also produce mucin, and according to the latest
WHO classification there are some special variants like colloid, fetal and enteric

adenocarcinoma.(8).

Today, the most important immunohistochemical marker of adenocarcinoma is TTF1. It is
expressed in nearly 75% of the lung adenocarcinoma cases and shows a correlation with
the EGFR mutation (18) (19) (20).

This marker is almost always expressed in lepidic and papillary adenocarcinomas, whereas
it can be negative in solid subtypes (21). However, TTF1 is also found in a variety of other

tumours, like neuroendocrine tumours of the lung and thyroid malignancies (8).

Lung adenocarcinoma harbours a large variety of mutations, some of which are
“druggable” and therefore improve survival (8). Of the highest clinical importance are
activating mutations in the EGFR, ALK and ROS-1 gene, as well as in BRAF and HER2,
since they are all targetable mutations with available therapy. (22) (23) (24) (25). Another
aberration commonly found in adenocarcinomas is a mutation in the Kirsten rat sarcoma
viral oncogene (KRAS) (26)(27)(28). However, although it is very common (ca 25-30%),
there are still no KRAS targeted therapies today.

Overall, women and never-smokers have better prognosis, regardless of the clinical stage.
Patients diagnosed with a carcinoma bigger than 2.5cm, or demonstrating micropapillary

or predominant solid growth pattern are associated with a poorer survival (29) (30) (31)

(28) (32).
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1.4.2 Squamous cell carcinoma

The squamous cell carcinoma was once, with 32% of all diagnosed cases, the most
common lung cancer. However, due to a previously explained changes in the smoking
behaviour and the cigarette production, it is now the second most frequent after the

adenocarcinoma (8).

People who start smoking in their teenage years or consume tobacco products over a very
long period of time have a significantly increased risk of developing the squamous cell
lung carcinoma. Furthermore, the amount of tobacco which a person consumes every day
is related to the incidence of developing squamous cell lung carcinoma (33).

A further well documented risk factor is the exposition to arsenic (34) (35) (36), while
some controversial studies claim that there is a connection between this type of cancer and

a HPV infection (37) (38).

Generally, this tumour is very aggressive and mainly located near the bronchus.
Histologically the typical features of this epithelial tumour, including intercellular
connections, “pearl formation” as well as keratinization, appear in the keratinizing subtype
and are often lost through a lack of differentiation of the carcinoma. In the non-keratinizing
subtype these features are rarely found. Third subtype is basaloid squamous cell
carcinoma, characterized by palisading of tumour cells at the borders of tumour cell nests.
Immunohistochemistry can help in diagnosis, since p40, p63 or CK5 are here usually

positive, while TTF1 is negative (39).

The rate of mutations in squamous cell lung carcinoma is very high (40). Most commonly
affected are chromosomes 3q (with the TP63 and SOX2 gene), 7p (with the epidermal
growth factor receptor), 8p (with the FGFR1) and 9p (with the CDKN2A gene) (41) (42).
Moreover, the tumour suppressor genes TP53, RB1 and the NOTCHI1 are often also
directly modified or damaged (40). However, so far none of these is “druggable” (39).
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1.4.3 Large cell carcinoma

The cases of large cell carcinomas have reduced almost by 75% within the last 30 years,
due to a progress in the discovery of immunohistochemical markers for cell differentiation.
Many of the formerly diagnosed large cell carcinomas are now listed as non-keratinizing
squamous cell carcinomas, basaloid squamous cell carcinomas, solid adenocarcinomas or
large cell neuroendocrine carcinomas. Therefore, as a differential diagnosis, all of the
above are possible (43).

It is mostly found in men and has a strong association with tobacco consumption. In most
cases, the tumour is located in the peripheral part of the lung and diagnosed in patients
above the age of60 years (43).

Histologically, the tumour cells are large and polygonal, the nucleoli are striking, and the
cytoplasm is described as of average quantity. Generally, it does not show any sign of
differentiation, morphologically or immunohistochemically (TTF1, napsin A, p40, p63
negative) (43).

In molecular pathological analyses both mutations usually found in adenocarcinomas, as
well as in squamous cell carcinomas of the lung, are detected (42) .If “druggable”, they

provide a possibility for targeted therapy in this group of patients (43)

1.4.4 Adenosquamous carcinoma

The adenosquamous carcinoma is defined as a combination of the adenocarcinoma and the
squamous cell carcinoma, with both tumour subtypes at least comprising 10% of the
tumour. The tumour is also highly associated with smoking and makes up between 0.4%
and 4% of all diagnosed lung carcinoma cases (44) (45) (46) (47) (48).

It is typically located in the peripheral part of the lung, but there are also carcinomas found
near the bronchus (49) (50) (51).

Concerning genetic changes, this tumour also combines mutations of both adeno- and
squamous cell carcinomas. Patients who have a high consumption of tobacco products
often show a mutation in the KRAS gene, while in never-smokers, and especially female
patients, EGFR mutations are the most common (52) (53) (54). Furthermore, mutations in
the HER2 (55), ROS1 (56), ALK (57), LKB1 (58), FGFR1 (59) and RET (60) were also
detected in this type of tumour.

The prognosis of the adenosquamous carcinoma is poor, with 5-year survival for resectable

stage of only 40% (61) (62) (50) (63).
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1.4.5 Neuroendocrine tumours

1.4.5.1 Small cell carcinoma

This type of malignant lung tumour makes up about 13% of the lung cancers newly

diagnosed every year. It is almost exclusively associated with heavy tobacco smoking (64).

Chronical lung diseases, like COPD or asthma, are also assumed to be a trigger or
supplementary risk factor for the genesis of this cancer (65) (66). On the other hand, there
are some protective factors, like a hormone replacement treatment, which reduces the risk
moderately (67).

Histologically, it has small round or spindle shaped, sometimes oval cells, without
pronounced nucleoli and with a small amount of cytoplasm. SCLCs are characterized by a
high mitotic rate and necrosis. Furthermore, this cancer commonly produces
neuroendocrine peptides or markers, which, as previously mentioned, lead to

paraneoplastic syndromes (68).

Together with the typical carcinoid (low grade malignancy), the atypical carcinoid
(intermediate grade malignancy) and the large cell neuroendocrine carcinoma (high grade

malignancy), it belongs to the group of neuroendocrine lung tumours (69) (70) (71).
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Figure 3: Typical histological presentation of a small cell lung carcinoma.
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In contrast to the high-grade malignancies (SCLC, LCNEC), the carcinoids tend to appear
in combination with a multiple endocrine neoplasia syndrome type 1 or an ordinary MENI1
mutation (72) (73). They also occur in combination with diffuse idiopathic pulmonary
neuroendocrine cell hyperplasia, which is believed to be the precursor lesion for the
carcinoids. However, in the high-grade neuroendocrine carcinomas (SCLC, LCNEC) such

preinvasive lesion was not found (74).

Rapid growth, early metastasis and paraneoplastic syndromes characterize the SCLC. It is
mostly found near the bronchus, but also in the periphery (5%). The poor prognosis is
mainly based on the high lymphogenic and haematogenic metastasis rate. The metastases
first spread into the regional lymph nodes (intrathoracic and supraclavicular) and then over
the blood into liver, adrenal glands, brain, bones and the lung (68). In imaging, such as X-
ray or CT, the SCLC presents as a big hilar mass as well as a mediastinal

lymphadenopathy or metastasis (75).

The prognosis of SCLC is extremely poor. At a disease stage with metastases the 2-year
survival rate is only 10%, while a patient with an early stage SCLC, without metastases,
has a chance of 25% to survive the next 5 years (76) (77). On average, a patient diagnosed
with SCLC survives only 12.7 months (78). Nevertheless, there are several positive
prognostic factors. Younger, female patients, who undergo surgery due to a limited disease
stage have a better survival (79) (77). On the other hand, some factors are associated with a
shorter survival time. Diagnosed patients who continue smoking, a low level of
haemoglobin, metastases in brain, spinal cord or the bones and paraneoplastic syndromes

belong to this category (68).
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1.4.5.1.1 SCLC Classifications

SCLC are classified using the same TNM system like for NSCLC.

TNM Classification of SCLC (80)

Category Stage Description
T (Tumour) Tis Carcinoma in situ
T1 Carcinoma < 3cm, main bronchus not
Tla (mi) involved, minimal invasive
Adenocarcinoma
Tla Carcinoma < or = Icm
Tlb Carcinoma > lcm but < or = 2cm
Tlc Carcinoma > 2c¢m but < or = 3cm
T2 Carcinoma > 3cm but < or = 5cm,
infiltration of the main bronchus (not
the carina), infiltration of the visceral
pleura, tumor related obstructive
pneumonia or atelectasis
T2a Carcinoma > 3cm but < or = 4cm
T2b Carcinoma > 4cm but < or = Scm
T3 Carcinoma > 5cm but < or = 7cm,
infiltration of the chest wall, infiltration
of the parietal pericardium or N.
phrenicus
Additional: a second tumor in the same
pulmonal lobe
T4 Carcinoma > 7cm or direct infiltration
in mediastinum, heart, trachea,
esophagus, diaphragma, vertebral body,
carina, N.laryngeus recurrens or the big
vessels
Additional: a second tumor in an
ipsilateral pulmonal lobe
N (Lymph node) | NO No lymph node metastasis
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N1

Lymph node metastasis in ipsilateral
hilar/pulmonal lymph node or

peribronchial lymph node

N2

Lymph node metastasis in ipsilateral

mediastinal or subcarinal lymph node

N3

Lymph node metastasis in contralateral
mediastinal/hilar lymph node or
contralateral/ipsilateral deep cervical or

supraclavicular lymph node

M (Metastasis) MO

No distant metastasis

M1
Mla

Milb

Mlc

Distant metastasis

Additional tumour in a contralateral
pulmonal lobe, malignant pleural
effusion, malignant pericardial effusion
Isolated distant metastasis in an extra
thoracic organ

> 1 distant metastasis in one or more

extra thoracic organs

Table 1: TNM Classification of SCLC - IASLC Lung Cancer Staging Project (80)

Classification of the Veterans Administration Lung Study (81)

1. Very limited disease: T1-2 or/and NO-1
2. Limited disease: T3-4 or/and N2-3

3. Expanded disease: M1 and everything above the limited disease

This classification is based on the feasibility of a radiotherapy. A limited disease stage can

be completely covered and irradiated. Although this classification is usually adequate for

clinical purposes, more accurate staging systems, such as TNM, are usually used to

describe the staging and prognosis of SCLC (81).
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1.4.5.2 Large cell neuroendocrine carcinoma

The large cell neuroendocrine carcinoma belongs to the group of neuroendocrine lung
tumours. It also produces neuroendocrine peptides and markers, which can be measured
immunohistochemically. More than 90% of these carcinomas are found in regular smokers.
Moreover, large cell neuroendocrine carcinomas also share the same loss of tumour
suppressor proteins and gens, as well as the same carcinogenesis pathway with the small
cell carcinoma (82). Furthermore, it is assumed, that the tumour cells of the LCNEC
originate from Clara-like cells. These precursors have a neuroendocrine differentiation and

were tested in animal models (83) (84).

The LCNEC are mostly found in the peripheral parts of lung. However, in 20% the
LCNEC appears near the bronchus. This can cause a bronchial stenosis leading to
pneumonia or atelectasis. A paraneoplastic symptom is rarely found in contrast to the small
cell carcinomas (82).

In imaging, the tumour shows up in various forms. Intrathoracic lymphadenopathy or a
pleural effusion is not very common in this type of cancer. There is a chance to detect
tumour calcifications (85).

Histologically the tumour is neuroendocrine in the appearance. Typical signs like
trabecular cell growth, palisading structures or rosettes are visible. As the name already
indicates, the large cell neuroendocrine carcinoma is characterized by larger tumour cells.

The cytoplasm is often mediocre, and the nucleoli are striking.

LCNEC commonly contain large areas of necrosis and often express NCAM,
chromogranin or synaptophysin. These neuroendocrine peptides should be used as
immunohistochemical markers for diagnosis, and at least one must be positive, in at least
10% of tumour cells (82). In contrast to this, diagnosis of SCLC can be also done without
neuroendocrine marker expression, as long as the morphology fits, and other tumours with

similar morphology are excluded.
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The prognosis of the LCNEC is poor, but slightly better than the one of the SCLC. The
chance of surviving 5 years with an early stage of the disease is around 33% (44) (45).

A recurrence and metastases are more common than in other NSCLC (46). The
metastases first spread into the regional lymph nodes, then into the lung itself, followed by

haematogenic distribution into brain, liver or bones (40).

1.4.5.3 Carcinoid tumour

Typical and atypical carcinoids also belong to this group of neuroendocrine tumours. With
a low mitotic activity (less than 2 mitoses per 2 mm?) and no necrosis, the typical carcinoid
is considered a low-grade malignancy. The atypical carcinoid on the other hand, can have

tumour necrosis, has a higher mitotic activity (2-10 mitoses per 2 mm?), and belongs to the

intermediate-grade malignancies (86).

Carcinoid tumours of the lung generally have a very low incidence (1.5/100.000), which is
less than 1% of the all lung cancers. The better differentiated typical carcinoids make up
nearly 90% of this group (87) (88) (89) (90).

Younger people and especially women have a higher risk of developing this type of

tumours (91).
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They occur in combination with diffuse idiopathic pulmonary neuroendocrine cell
hyperplasia, which is believed to be the preinvasive or precursor lesion of carcinoids.

However, they are not associated with tobacco smoking (86).

The carcinoids usually appear near the bronchus, but about 30% of these tumours are in the
periphery. In some cases, a neuropeptide production is reported, which can lead to
acromegaly or a carcinoid syndrome. Due to the production of adrenocorticotropic

hormones a Cushing syndrome can occur (86).

Typical and atypical carcinoids have slightly different prognosis: atypical carcinoid is
generally associated with a poorer survival when compared with typical (92) (93). An older
age, lymph node metastases and strong cigarette consumption deteriorate the prognosis
additionally (93). The 5-year survival rate for typical carcinoids is nearly 90%, while a
patient with atypical carcinoid has a chance of 60% to survive the next 5 years. A surgical

resection improves the prognosis (94) (95).

1.5 Genetics

Neuroendocrine lung tumours are genetically inconsistent. As mentioned above, the typical
and atypical carcinoids (low and intermediate grade tumour) often appear in combination
with a multiple endocrine neoplasia syndrome type 1 or an ordinary MEN1 mutation. This
aberration is never found in the high-grade malignancies and appears more often in
atypical than in typical carcinoids (72) (73).

In the high-grade tumours (SCLC and LCNEC) the mutation rate is very high and the main
genetic lesion is the inactivation of the main tumour suppressor genes TP53 and RB (82)
(68) (96).

The elimination of TP53 leads to an allelic imbalance (97). The consequence is the loss of
the chromosome 3p, 4q, 5q, 13q and 15q (98). Especially chromosome 3p is very
important, as it includes many of the human tumour suppressor genes like FHIT, FUSI,
VHL or RASSF1 (99) (100) (101). Furthermore, there is a large number of both,
epigenomic and genomic lesions in neuroendocrine lung carcinomas, which unfortunately

cannot yet be used for therapy (102) (103) (104).
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1.6 DLL3, RB, p53

1.6.1 RB/p53 pathway

The RB (Retinoblastoma) gene and the p53 gene are the two main tumour suppressors in
the human organism and switched off in many of the most common malignancies,

including SCLC and LCNEC (105)(106).

RB gene is located on the 13" chromosome (13q14.1-q14.2) and encodes the RB protein
(105). The main function of this tumour suppressor is to stop the cell cycle in the G1 (first
gap) phase. It inactivates the transcription factor E2 promoter-binding—protein-
dimerization partner (E2F-DP), which is very important for the transition to the S phase.
Therefore, the cell cannot reach the S (synthesis) phase and because of that, DNA
replication is not possible.

This prevents the human body from excessive cell growth and the development of cancer.
Only if the cell is ready and no damages to the DNA are registered, RB is inactivated
through phosphorylation by cyclin-dependent kinases (CDK) (107) (108). However, once
the gene is permanently inactivated by mutation, tumours occur much more frequently. If

this occurs already in childhood, a highly malignant retinoblastoma will develop (109).

The p53 gen, often called “the guardian of the genome”, was found in the 17" chromosome
(17p13.1) (110). It has many different functions and is important for the correct course of
the cell development. It activates DNA repair if the DNA is damaged, or initiate apoptosis
if the damage is irreversible (111) (112). Another function is to stop the cell cycle in the
G1 phase (through the cyclin-dependent kinase inhibitor p21 [also called WAF1]), to allow
the DNA repair proteins to do their job and start the cell cycle again. If there is no damage
registered, p53 remains inactivated by the Mdm2 protein, which reacts with the tumour
suppressor (111) (112) (113) (114). However, if p53 is permanently inactivated by
mutation, like in an RB mutation, tumours appear much more frequently. There are also
syndromes associated with a loss of the RB gene called Li-Fraumeni syndrome or sarcoma,
breast, leukaemia and adrenal gland (SBLA) syndrome. (115).

On the other hand, typical carcinoids and tumorlets are not associated with a mutation of

p53. However, atypical carcinoids are associated with p53 loss in around 11% (116).
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1.6.2 DLL3

Another pathway leading to neuroendocrine lung cancer, beside the already mentioned
RB/p53, is the NOTCH-ASCL1-RB-p53. This axis contributes to an alternative secondary
pathogenesis in contrast to the RB/p53 pathway, which seems to be responsible for the
primary development of the neuroendocrine carcinomas (117). Often found in SCLC, the
achaete-scute homolog 1 (ASCLI1) leads to increased dissemination and increased growth.
Therefore, it interacts with and upregulates the cyclin-dependent kinase 5 (CDKS5), which
phosphorylates RB and inactivates it (117) (118).

ASCLI1 itself on the other hand is suppressed by the neurogenic locus notch homolog
(NOTCH) (119). In many different neuroendocrine tumours, a NOTCH mutation is also
commonly found (120). Furthermore, NOTCH is inhibited by DLL3 (delta like 3 protein),
which belongs to the group of NOTCH-ligands (121). The DLL3 protein physiologically
has an important role in the development of the central nervous system, but is also
upregulated in neuroendocrine carcinomas, especially in SCLC, which offers hopeful

possibilities for future therapies (122) (123).
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1.7 Therapy

The different subtypes of lung cancer have made different therapeutic progress in recent
years. Treatment of NSCLC depends on the stage of diagnosis (124) (125).

The favored therapy in patients with a very early stage of NSCLC is surgery or stereotactic
radiotherapy, while patients with an early to intermediate stage get additional
chemotherapy and radiation treatment. Furthermore, patients with an extensive disease
stage get either chemotherapy or immunotherapy depending on the genetic mutations
(126) (127) (10).

First line treatment of NSCLC without the expression of EGFR, ALK or ROS1 aberrations
and an expression of PD-L1 (>50% of the tumor cells), regardless of the histology, is an
immunotherapy with the PD-1 antibody Pembrolizumab (128) (10).

NSCLC with a squamous epithelium histology and an expression of PD-L1 of <50%
should get a combination therapy of a platinum based chemotherapy, (Pembrolizumab and
Paclitaxel) while non-squamous epithelium NSCLC should be treated with a combination
of a platinum based chemotherapy (Pembrolizumab and Pemetrexed). (129) (10)

Targeted treatments for non-squamous NSCLC with activating EGFR mutations are
tyrosine kinase inhibitors (like Osimertinib or Afatinib). Tumors with ALK-translocation
will also receive targeted therapy (for example with Alectinib), while the treatment of a
NSCLC with a BRAF-mutation consists of a combination of Dabrafenib and Trametinib.
Crizotinib is the drug of choice for the first line treatment of NSCLC with ROS1-
translocation. (10) (125)

Despite the success of immunotherapy in NSCLC the treatment of SCLC has not made the
same improvements. Local treatment like resection or radiation are only options in very
early stages (very limited disease VLD). Patients with Limited disease of SCLC (LD) are
treated with a combination of Chemotherapy and Radiation. Nevertheless, about 70% of
patients with SCLC have metastases at time of diagnosis (extensive disease ED).
Chemotherapy and survival have made very little progress in the last four decades.
Treatment in this stage includes a combination-chemotherapy with a Platin (Cisplatin or
Carboplatin) and mainly Etoposide. Response rates are high (70%) but disease recurrence
is very frequent (130) (131) (132).

Unfortunately, the disease quickly adapts to the drugs and a relapse occurs relatively

frequently. If that’s the case, most therapies are limited. Treatment options in the second
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line is a re-challenge of the Platinum-combination (for chemotherapy sensitive patients
with a relapse later than 6 month) or Topotecan if the relapse occurs earlier. (133) (134)
(135). However, the DLL3-inhibitor Rovalpituzumab tesirine provides a new, hopeful

therapeutic approach (136).

1.7.1 Rovalpituzumab tesirine

Rovalpituzumab tesirine, antibody-drug conjugate targeting DLL3, has finished open-label
phase 1 study. It is composed of a monoclonal IgG1 antibody called SC16 and the SC-
DRO002, which is a cross-linking agent of the DNA. In addition, to combine SC16 to SC-
DRO002, a special protease is added. The study, that has first investigated Rovalpituzumab
tesirine, included 82 participants. 74 people with SCLC as well as eight patients with
LCNEC were treated between 2013 and 2015 at ten US cancer centres. Every participant
got at least one dose of the drug. Toxic dose-limiting effects, like a heavy
thrombocytopenia and liver disorders appeared in patients who had been given the drug at
a dose of 0,8mg/kg (every three weeks) (136). In addition to that, increased lipase and
pleural effusion was registered in some cases. However, at a lower dosage of max.
0,4mg/kg (every three weeks) these side effects could be observed much more rarely. At
this dosage, an objective therapeutic reaction could be demonstrated in about 18% of the
participants. Furthermore, 54% had stable disease. The patients who showed a high DLL3
expression (more than 50% of tumour cells positive) showed a response in 38% of the
cases and 88% had a stable disease. In the whole cohort, the average time of response was
5.6 months and the progression free survival 2.8 months, while the high expressed DLL3
cases showed a shorter time of response (4.3 months) but a longer period of progression
free survival (4.3 months). Participants with low expression of DLL3 on the other hand
showed no response and a progression free survival of only 2.2 months.

The research concluded that the DLL3-inhibitor Rovalpituzumab tesirine has an antitumor

activity at a justifiable toxicity. Therefore, another clinical study is recommended (136).
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2 Material and Methods

2.1 Patient Cohort

Main study cohort included 53 surgically removed high-grade neuroendocrine lung
carcinomas, in the period from 1996 to 2012, with available paraffin blocks, which were
provided by the Lung Archive, Institute of Pathology, Medical University of Graz. All
available slides were again analysed, in order to validate the diagnosis and choose the most
appropriate slide to construct the tissue microarray (TMA). Cores of 1 mm in diameter
were made from each tumour (two to seven cores per tumour), including one with normal
(non-tumour) lung parenchyma.

Additionally, 46 SCLC tumour samples were chosen as a validation cohort for the small
cell lung cancer samples analysed in the study cohort. This group consisted of 12 resection
samples and 34 transbronchial biopsies.

The present study was approved by the Ethic Committee of the Medical University of Graz
(EK-Nummer 24-135 ex 11/12).

2.2 Immunohistochemistry

4-um sections were cut out of every TMA, as well as every paraffin block in validation
cohort and fixed on positively charged glass slides. Four antibodies were used. As a
referral antibody DLL3 ready-to-use assay (clone SP347, Ventana, Roche, Tucson, AZ,
USA) (VenA), after 80 min pre-treatment with CC1, and using OptiView detection kit
(Ventana) on Benchmark Ultra slide staining instrument (Ventana) was used.
Additionally, three different polyclonal DLL3 antibodies were tested: PA5-26336 (1:150;
Thermo Fisher Scientific, Waltham, MA, USA (TherA)); NBP2-24669 (1:150; Novus
Biological, Littleton, CA, USA, (NovA)); and ab103102 (1:500; Abcam, Cambridge, MA,
USA (AbcA)). DAKO Autostainer (DAKO, Glostrup, Denmark) was used for staining,
after 40 min pre-treatment with MW 9.0 at 150 Watt. For detection, EnVision Kit 5007
(DAKO, Glostrup, Denmark), with DAB was used.
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Figure 6: Overview of TMA stained with the AbcA antibody.
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Figure 5: Overview of the TMA stained with the VenA antibody.
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Figure 8: Overview of the TMA stamed with the TherA antibody.
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DDL3 antibodies were regarded as positive reaction. The intensity of the staining using
three-tiered system (3-high, 2-intermediate, 1-low) as well as the percentage of positive
tumour cells were assessed under microscope and recorded. Intensity multiplied by
percentage of positive tumour cells (H-score) was calculated for each core and expressed
as average for each tumour. Disparate and difficult TMA s were discussed together and an

agreement was reached for each case.

J

Figure 9: DLL3 staining using reference antibody: positive reaction in SCLC.

(Immunohistochemistry, objective x10)

(Immunohistochemistry, objective x10)
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2.3 Statistical analysis

Percentages and medians were used to represent the data. Cohen’s kappa was used to
evaluate agreement between antibodies regarding DLL3 expression. The Spearman
correlation coefficient was used to objectify the agreement on H-scores and percentage of
DLL3 expressing positive cells. To calculate the outcome the statistical software R 3.5.1
(www.r-project.org) was used.

The significance threshold for the statistical tests was P < 0.05.
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3 Results

Patient cohort

The main study group included 24 SCLC, and 29 LCNEC. In the SCLC group, there were
20.8% (5/24) women, and 79.2% (19/24) men. In the LCNEC group, the majority were
also men, including 62.1% (18/29), with 37.9% (11/29) women. Median age for the SCLC
group was 66 years (range 50-86), while the median age in the LCNEC group was also 66
years (range 37-79). Smoking status was known only in 24 patients. 18 of them were
smokers, 6 didn’t smoke.

The median survival time in the SCLC group was 19 months (range 5 days to 16 years).
LCNEC group had longer median survival time (83 months, range 12 days to 25 years).
Validation cohort consisted only of SCLC. Majority were males, 80.4% (37/46), with a
median age for the whole cohort of 65 years (range 45-78). Follow-up for the validation
cohort was not recorded, since this group was used as a validation cohort for staining with

different DLL3 antibodies.
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Figure 11: Survival analysis of the main study cohort demonstrated poor survival for patients with both,

LCNEC and SCLC.

Comparison of a DLL3 expression of 4 different antibodies in TMA
Both in LCNEC as well as SCLC, a positive expression of DLL3 was present.
In the study cohort, the AbcA and the TherA showed a higher percentage of DLL3

expressing tumour cells, as well as a higher H-score, in comparison to the other two
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antibodies, NovA and VenA. In an additional analysis of each subgroup (SCLC and
LCNEC) the same result was shown.

Furthermore, comparing each antibody separately, major differences were present in terms
of tumour cells positivity.

In SCLC cells the reference antibody VenA showed a staining of more than 75% of the
tumour cells in 5/24 (20.8%) of the cases. For >50% 11/24 (45.8%) cases showed an
expression and at a cut-off value over 25% 14/24 (58.3%) of the samples were positive.

In the other three antibodies, NovA, TherA and AbcA the distribution results for DLL3
expressing lung cancer cells were, >75%: 5/24 (20.8%), 7/24 (29.2%), 5/24 (20.8%),
>50%: 12/24 (50%), 18/24 (75%), 14/24 (58.3%), and >25%: 20/24 (83.3%), 22/24
(91,7%), 22/24 (91.7%), respectively.

In LCNEC, tumour cells with a cut-off value of over 25% for DLL3 expressing positive
tumour cells differences were also present. The reference antibody VenA showed a
positive expression in 14/27 (51.9%) of the cases, while NovA, TherA and AbcA were
positive in 15/27 (55.6%), 25/27 (92.6%), 24/28 (85.7%) of the samples.

Comparing the reference antibody with the other three antibodies, the overall consent in
percentage of positive lung cancer cells ranged from a minimum of 45.8% to a maximum
of 83.3%. With a higher cut-off value for positivity (=25, >50, >75), the positive agreement
rate increased significantly, while the negative agreement rate declined with the rise in cut-

off value and was high at the cut-off point of 25%.
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Figure 12: Comparison of the percentage of DLL3 positive tumour cells (pct.Tm) obtained with 4 different

antibodies. Results are presented for the whole study cohort, as well as separated for SCLC and LCNEC.

None of the antibodies used, showed positive correlation with other tested antibodies.
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Comparison of a DLL3 expression of 4 different antibodies in validation cohort
TherA and NovA antibodies showed a lower percentage of DLL3 expressing tumour cells
as well as a lower H-score, in comparison to the other two antibodies, VenA and AbcA.

At a cut-off of more than 75% of the tumour cells being positive TherA and NovA showed
an expression in 20/46 (43.5%) and 10/46 (21.7%) of the cases. For >50%, it was 5/46
(10.9%) and 27/46 (58.7) of the cases. At the cut-off values of over 25% the expression
was 21/46 (45.7%) and 15/46 (32.6%), respectively. The two better performing antibodies,
VenA and AbcA, showed a positive reaction in 15/41 (36.6%) and 13/46 (28.3%) of the
cases at a value of >75%. For >50%, VenA and AbcA showed 32/41(78%) and 32/46
(69.6%), whereas the expressions for >25% were 34/41 (82.9%) and 42/46 (91.3%) of the
cases, respectively.

In conclusion, the validation cohort showed similar outcome as the main study cohort.

In comparison of the three other antibodies to the VenA, which was used in the clinical
study, they showed poor results in terms of positive and negative agreement, as well as
concerning Kappa values and overall agreement.

In case by case analysis, TherA showed statistically significant difference in 20/46 samples
and NovA in 17/46 cases, even being positive in cases, where the reference antibody
demonstrated negativity. AbcA differed in 8 out of 46 cases as well: the reference antibody
VenA was negative in four positive cases and only slightly positive in another negative

case.

Correlation of RB1 and TP53 expression with DLL3 expression in SCLC and
LCNEC

The relationship between the RB1/TP53 loss and a DLL3 expression was also investigated
in the main study cohort. Only reference antibody (VenA) was used in this analysis.
There was no statistically significant correlation between the expression of DLL3 (VenA)
and the loss of RB1 and TP53 in the large cell neuroendocrine carcinoma.

Similar results have been found in the SCLC group for TP53, but there was a statistical
significance of RB1 loss in small cell lung cancer and DLL3 expression.

SCLC showed an expression of TP53 in 15/21 (71.4%) cases and an expression of RB1 in
9/24 (37.5%) cases.

LCNEC, on the other hand, expressed TP53 in 15/28 (53.6%) cases and RB1 in 16/27
(59.3%) times.
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Figure 13: Presentation of the expression of the antibody against RB1: Loss of

RBI in SCLC (Immunohistochemistry, objective x10)

Figure 14: Presentation of the expression of the antibody against RB1: Positive

50 ym
el

against TP53: nuclear positive reaction in SCLC (Immunohistochemistry,

objective x10)
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Figure 16: Presentation of the immunohistochemical staining with the antibody
against TP53: complete negative reaction in SCLC (Immunohistochemistry,

objective x10)

Beyond that, ranging from -23.2 up to 33.9, Kappa values were extremely deficient and
neither the percentage of DLL3 expressing tumour cells, nor the H-score of all tested
antibodies showed correlation with the overall survival. Furthermore, the expression of
RB1 and TP53 showed no correlation with the survival.

These results apply to both SCLC and LCNEC, separately, as well as to the entire TMA

study cohort.
All(S+L) SCLC LCNEC
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Figure 17: Correlation of DLL3 positive tumour cells (Roche, pct.Tm) with the expression of p53 using the

reference antibody did not reveal any statistically significant relation.
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Figure 18: Analysis of the correlation of DLL3 positive tumour cells (Roche, pct.Tm) with RB1 loss using the
reference antibody demonstrated statistically significant results in SCLC, but not in the LCNEC nor when the

group was analysed as a whole.
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4 Discussion

Lung cancer is still one of the most prevalent forms of cancer in the modern society and
remains at the top of the cancer statistics in men (137). In women, mostly due to the
different amount of tobacco smoked, lung cancer is at the second place, right after breast
cancer (2).

The small cell lung carcinoma makes up about 13% of the lung cancers recorded every
year. It’s almost exclusively associated with heavy tobacco smoking (64).

Although in the last decade huge improvement in therapeutic options for adenocarcinoma,
as well as for squamous cell carcinoma is obvious, no significant change in the therapy of
small cell lung cancer has occurred so far. Currently, a phase 1 study of an antibody-drug
conjugate which targets DLL3 is published, with promising results. This first-in-class, first
in human study of a DLL3-targeted antibody-drug conjugate can lay the foundation for the
future therapy of people suffering from a small cell lung carcinoma (136). This would
mean a major evolution in the therapy of these patients, who commonly have an advanced
disease stage with poor prognosis.

Due to these results and knowing that DLL3 expression on tumour cells is prerequisite for
this therapy, we have decided to test the expression of four different DLL3 antibodies, in
consecutive slides of the same tumour samples. The idea was to analyse the positivity rate
with all antibodies, and to see how much they would differ, keeping in mind that not all
pathological laboratories are equipped with staining machines adequate for the antibody
used in clinical trial. Based on the previous experiences, the last one being PD-L1 testing,
there will be many in-house, or laboratory developed tests. In validation phase of these, it
is crucial to see how they correlate to the reference antibody.

Our results clearly demonstrated, that none of the 4 used antibodies is interchangeable.
Because of that the results of staining differ significantly. As the VenA antibody is the
antibody used in clinical study, we have decided to use it as a reference antibody. At all
different cut-off values that were analysed in our study (>75%, or >50%, or >25% of
positive tumour cells in the sample, with respect to VenA), there was not even one without

difference in DLL3 expression between all four antibodies applied.
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These disconcordant results were present in both tumour groups, large cell neuroendocrine
carcinoma as well as the small cell lung carcinoma group.

We have also investigated the DLL3 expression in LCNEC. If we look at the results
obtained with VenA antibody it reveals that roughly 50% of these carcinomas were
positive. That implies that LCNEC patients, which express DLL3, could probably benefit
from a DLL3-based antibody therapy.

Recently, new LCNEC therapies have been suggested, depending on mutational analysis.
In case of a RB1 loss, chemotherapy similar to the one for the SCLC treatment is
recommended. On the other hand, patients with a loss of PTEN or a mutation of PI3KCA
would benefit more from a cisplatin based therapy (138) (139). Furthermore, we have
shown that in large cell neuroendocrine carcinoma there is no correlation between the
DLL3 expression and a loss of RB1. In other words, DLL3-targeted antibody-drug
conjugate is another potential therapeutic option, regardless of RB1 status, and RB1 role.
In the group of SCLCs, we have found positive statistical correlation of DLL3 expression
and a loss of RB. However, it is not sure if this is a real correlation or just a reflection of
the fact that most small cell lung carcinoma have a loss of RB1. Like in other studies
previously demonstrated, we were not able to find correlation between RB1, TP53, DLL3
and prognosis.

Our study has some obvious limitations: The study cohort is small, immunohistochemical
analysis was performed on archive samples and there was no positive and negative control
to be included in analysis.

However, by using real-life samples we have demonstrated feasibility of DLL3 expression
analysis, and additionally, a big difference in expression between the analysed antibodies,
suggesting that for in-house methods for DLL3 testing some other antibodies should be

used.

43



References

1.

10.

IARC. Lung Source: Globocan 2018 Number of new cases in 2018, both sexes, all
ages [Internet]. 2018 [cited 2018 Nov 20]. Available from: http://gco.iarc.fr/today
Statistik Austria. Brust [Internet]. 2017 [cited 2017 Oct 4]. Available from:
https://www.statistik.at/web_de/statistiken/menschen und gesellschaft/gesundheit/k
rebserkrankungen/brust/index.html

Statistik Austria. Luftrohre, Bronchien, Lunge [Internet]. 2018 [cited 2018 Nov 20].
Available from:

https://www.statistik.at/web_de/statistiken/menschen_und gesellschaft/gesundheit/k
rebserkrankungen/luftroehre _bronchien lunge/index.html

Popper H, Soltermann A, Bubendorf L, Petersen I. Tumoren der Lunge. In: Bocker,
Denk, Heitz, Hofler, Kreipe, Moch, editor. Pathologie. 5th ed. Miinchen; Urban &
Fischer; 2015: 506—13.

Marshall AL, Christiani DC. Genetic susceptibility to lung cancer--light at the end
of the tunnel?. Carcinogenesis. 2013 Mar 1; 34(3):487-502.

Thun MJ, Hannan LM, Adams-Campbell LL, Boffetta P, Buring JE, Feskanich D, et
al. Lung Cancer Occurrence in Never-Smokers: An Analysis of 13 Cohorts and 22
Cancer Registry Studies. Adami H-O, editor. PLoS Med. 2008 Sep 9; 5(9):e185.
McCaskill-Stevens W, Pearson DC, Kramer BS, Ford LG, Lippman SM. Identifying
and Creating the Next Generation of Community-Based Cancer Prevention Studies:
Summary of a National Cancer Institute Think Tank. Cancer Prev Res (Phila). 2017
Feb; 10(2):99-107.

Travis WD, Noguchi M, Yatabe Y, Brambilla E. Adenocarcinoma. In: WHO
Classification of Tumours of Lung, Pleura, Thymus and Heart. 4th ed. Lyon: WHO;
2015:26-37.

Barnholtz-Sloan JS, Sloan AE, Davis FG, Vigneau FD, Lai P, Sawaya RE.
Incidence Proportions of Brain Metastases in Patients Diagnosed (1973 to 2001) in
the Metropolitan Detroit Cancer Surveillance System. J Clin Oncol. 2004 Jul 15;
22(14):2865-72.

Onkologie, Leitlinienprogramm der AWMF, DKG D. Interdisziplindre S3-Leitlinie:
Priavention, Diagnostik, Therapie und Nachsorge des Lungenkarzinoms [Internet].
2018 [cited 2018 Nov 21]. Available from:

https://www.awmf.org/uploads/tx_szleitlinien/020-

44



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

0070L 1 S3 Lungenkarzinom 2018-03.pdf

Osterlind K, Andersen PK. Prognostic factors in small cell lung cancer: multivariate
model based on 778 patients treated with chemotherapy with or without irradiation.
Cancer Res. 1986 Aug; 46(8):4189-94.

Souhami RL, Bradbury I, Geddes DM, Spiro SG, Harper PG, Tobias JS. Prognostic
significance of laboratory parameters measured at diagnosis in small cell carcinoma
of the lung. Cancer Res. 1985 Jun; 45(6):2878-82.

Colby TV, Koss MN, Travis WD, Armed Forces Institute of Pathology (U.S.),
Universities Associated for Research and Education in Pathology. Tumors of the
lower respiratory tract. 3rd ed. Washington, DC: Armed Forces Institute of
Pathology, under the auspices of Universities Associated for Research and
Education in Pathology; 1995. 554 p.

Iyer P, Ibrahim M, Siddiqui W, Dirweesh A. Syndrome of inappropriate secretion of
anti-diuretic hormone (SIADH) as an initial presenting sign of non small cell lung
cancer-case report and literature review. Respir Med Case Reports. 2017; 22:164-7.
Henne-Bruns D, Barth E. Chirurgie. 4., aktual. Stuttgart: Thieme; 2012. 1460 p.
Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger KR, Yatabe Y, 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. 2011 Feb; 6(2):244-85.

Postmus PE, Brambilla E, Chansky K, Crowley J, Goldstraw P, Patz EF, et al. The
IASLC Lung Cancer Staging Project: Proposals for Revision of the M Descriptors in
the Forthcoming (Seventh) Edition of the TNM Classification of Lung Cancer. J
Thorac Oncol. 2007 Aug; 2(8):686-93.

Rekhtman N, Ang DC, Sima CS, Travis WD, Moreira AL. Immunohistochemical
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. 2011 Oct 27; 24(10):1348-59.

Stenhouse G, Fyfe N, King G, Chapman A, Kerr KM. Thyroid transcription factor 1
in pulmonary adenocarcinoma. J Clin Pathol. 2004 Apr; 57(4):383—7.

Yatabe Y, Kosaka T, Takahashi T, Mitsudomi T. EGFR mutation is specific for
terminal respiratory unit type adenocarcinoma. Am J Surg Pathol. 2005 May;
29(5):633-9.

Kadota K, Nitadori J, Sarkaria IS, Sima CS, Jia X, Yoshizawa A, et al. Thyroid

45



22.

23.

24.

25.

26.

27.

28.

29.

30.

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 Mar 1; 119(5):931-8.

Lynch TJ, Bell DW, Sordella R, Gurubhagavatula S, Okimoto RA, Brannigan BW,
et al. Activating mutations in the epidermal growth factor receptor underlying
responsiveness of non-small-cell lung cancer to gefitinib. N Engl J Med. 2004 May
20; 350(21):2129-39.

Paez JG, Janne PA, Lee JC, Tracy S, Greulich H, Gabriel S, et al. EGFR Mutations
in Lung Cancer: Correlation with Clinical Response to Gefitinib Therapy. Science
(80-). 2004 Jun 4; 304(5676):1497-500.

Pao W, Miller V, Zakowski M, Doherty J, Politi K, Sarkaria I, et al. EGF receptor
gene mutations are common in lung cancers from &quot;never smokers&quot; and
are associated with sensitivity of tumors to gefitinib and erlotinib. Proc Natl Acad
Sci. 2004 Sep 7; 101(36):13306—11.

Soda M, Choi YL, Enomoto M, Takada S, Yamashita Y, Ishikawa S, et al.
Identification of the transforming EML4-ALK fusion gene in non-small-cell lung
cancer. Nature. 2007 Aug 2; 448(7153):561-6.

Rekhtman N, Ang DC, Riely GJ, Ladanyi M, Moreira AL. KRAS mutations are
associated with solid growth pattern and tumor-infiltrating leukocytes in lung
adenocarcinoma. Mod Pathol. 2013 Oct 26; 26(10):1307-19.

Russell PA, Barnett SA, Walkiewicz M, Wainer Z, Conron M, Wright GM, et al.
Correlation of mutation status and survival with predominant histologic subtype
according to the new IASLC/ATS/ERS lung adenocarcinoma classification in stage
IIT (N2) patients. J Thorac Oncol. 2013 Apr; 8(4):461-8.

Yoshizawa A, Sumiyoshi S, Sonobe M, Kobayashi M, Fujimoto M, Kawakami F, 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. 2013 Jan; 8(1):52-61.

Cha MJ, Lee HY, Lee KS, Jeong JY, Han J, Shim YM, et al. Micropapillary and
solid subtypes of invasive lung adenocarcinoma: Clinical predictors of
histopathology and outcome. J Thorac Cardiovasc Surg. 2014 Mar; 147(3):921—
928.e2.

Russell PA, Wainer Z, Wright GM, Daniels M, Conron M, Williams RA. Does

Lung Adenocarcinoma Subtype Predict Patient Survival?: A Clinicopathologic

46



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Study Based on the New International Association for the Study of Lung
Cancer/American Thoracic Society/European Respiratory Society International
Multidisciplinary Lung Adenocarcinoma Classification. J Thorac Oncol. 2011 Sep;
6(9):1496-504.

Warth A, Muley T, Meister M, Stenzinger A, Thomas M, Schirmacher P, et al. The
novel histologic International Association for the Study of Lung Cancer/American
Thoracic Society/European Respiratory Society classification system of lung
adenocarcinoma is a stage-independent predictor of survival. J Clin Oncol. 2012
May 1; 30(13):1438—46.

Yoshizawa A, Motoi N, Riely GJ, Sima CS, Gerald WL, Kris MG, et al. Impact of
proposed IASLC/ATS/ERS classification of lung adenocarcinoma: prognostic
subgroups and implications for further revision of staging based on analysis of 514
stage I cases. Mod Pathol. 2011 May 21; 24(5):653—64.

Park SK, Cho LY, Yang JJ, Park B, Chang SH, Lee K-S, et al. Lung cancer risk and
cigarette smoking, lung tuberculosis according to histologic type and gender in a
population based case-control study. Lung Cancer. 2010 Apr; 68(1):20-6.

Guo H-R, Wang N-S, Hu H, Monson RR. Cell type specificity of lung cancer
associated with arsenic ingestion. Cancer Epidemiol Biomarkers Prev. 2004 Apr;
13(4):638-43.

Huang H-H, Huang J-Y, Lung C-C, Wu C-L, Ho C-C, Sun Y-H, et al. Cell-type
specificity of lung cancer associated with low-dose soil heavy metal contamination
in Taiwan: An ecological study. BMC Public Health. 2013 Dec 10; 13(1):330.
Martinez VD, Buys TPH, Adonis M, Benitez H, Gallegos I, Lam S, et al. Arsenic-
related DNA copy-number alterations in lung squamous cell carcinomas. Br J
Cancer. 2010 Oct 12; 103(8):1277-83.

Klein F, Amin Kotb WFM, Petersen I. Incidence of human papilloma virus in lung
cancer. Lung Cancer. 2009 Jul; 65(1):13-8.

Srinivasan M, Taioli E, C.Ragin C. Human papillomavirus type 16 and 18 in
primary lung cancers--a meta-analysis. Carcinogenesis. 2009 Oct 1; 30(10):1722-8.
Tsao M-S, Brambilla E, Nicholson AG, Butnor KJ. Squamous cell carcinoma. In:
WHO Classification of Tumours of Lung, Pleura, Thymus and Heart. 4th ed. Lyon:
WHO; 2015: 51-5.

Hammerman PS, Lawrence MS, Voet D, Jing R, Cibulskis K, Sivachenko A, et al.

Comprehensive genomic characterization of squamous cell lung cancers. Nature.

47



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

2012 Sep 9; 489(7417):519-25.

Bass AJ, Watanabe H, Mermel CH, Yu S, Perner S, Verhaak RG, et al. SOX2 is an
amplified lineage-survival oncogene in lung and esophageal squamous cell
carcinomas. Nat Genet. 2009 Nov 4; 41(11):1238-42.

Tonon G, Wong K-K, Maulik G, Brennan C, Feng B, Zhang Y, et al. High-
resolution genomic profiles of human lung cancer. Proc Natl Acad Sci. 2005 Jul 5;
102(27):9625-30.

Nicholson AG, Brambilla E, Beasley MB, Caporaso NE. Large cell carcinoma. In:
WHO Classification of Tumours of Lung, Pleura, Thymus and Heart. 4th ed. Lyon:
WHO; 2015: 80-5.

Yatabe Y, Brambilla E, Rekhtman N, Aisner SC. Adenosquamous carcinoma. In:
WHO Classification of Tumours of Lung, Pleura, Thymus and Heart. 4th ed. Lyon:
WHO; 2015: 86-7.

Gawrychowski J, Bruliniski K, Malinowski E, Papla B. Prognosis and survival after
radical resection of primary adenosquamous lung carcinoma. Eur J Cardiothorac
Surg. 2005 Apr; 27(4):686-92.

Hsia JY, Chen CY, Hsu CP, Shai SE, Wang PY. Adenosquamous carcinoma of the
lung. Surgical results compared with squamous cell and adenocarcinoma. Scand
Cardiovasc J. 1999; 33(1):29-32.

Maeda H, Matsumura A, Kawabata T, Suito T, Kawashima O, Watanabe T, et al.
Adenosquamous carcinoma of the lung: surgical results as compared with squamous
cell and adenocarcinoma cases. Eur J Cardiothorac Surg. 2012 Feb 1; 41(2):357-61.
Shimizu J, Oda M, Hayashi Y, Nonomura A, Watanabe Y. A clinicopathologic
study of resected cases of adenosquamous carcinoma of the lung. Chest. 1996 Apr;
109(4):989-94.

Watanabe Y, Tsuta K, Kusumoto M, Yoshida A, Suzuki K, Asamura H, et al.
Clinicopathologic Features and Computed Tomographic Findings of 52 Surgically
Resected Adenosquamous Carcinomas of the Lung. Ann Thorac Surg. 2014 Jan;
97(1):245-51.

Takamori S, Noguchi M, Morinaga S, Goya T, Tsugane S, Kakegawa T, et al.
Clinicopathologic characteristics of adenosquamous carcinoma of the lung. Cancer.
1991 Feb 1; 67(3):649-54.

Leslie KO, Wick MR. Practical pulmonary pathology : a diagnostic approach.
Elsevier Saunders; 2011. 864 p.

48



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Kang SM, Kang HJ, Shin JH, Kim H, Shin DH, Kim SK, et al. Identical epidermal
growth factor receptor mutations in adenocarcinomatous and squamous cell
carcinomatous components of adenosquamous carcinoma of the lung. Cancer. 2007
Feb 1; 109(3):581-7.

Tochigi N, Dacic S, Nikiforova M, Cieply KM, Yousem SA. Adenosquamous
Carcinoma of the Lung. Am J Clin Pathol. 2011 May 1; 135(5):783-9.

Toyooka S, Yatabe Y, Tokumo M, Ichimura K, Asano H, Tomii K, et al. Mutations
of epidermal growth factor receptor and K-ras genes in adenosquamous carcinoma
of the lung. Int J cancer. 2006 Mar 15; 118(6):1588-90.

Tomizawa K, Suda K, Onozato R, Kosaka T, Endoh H, Sekido Y, et al. Prognostic
and predictive implications of HER2/ERBB2/neu gene mutations in lung cancers.
Lung Cancer. 2011 Oct; 74(1):139-44.

Yoshida A, Kohno T, Tsuta K, Wakai S, Arai Y, Shimada Y, et al. ROS1-
Rearranged Lung Cancer. Am J Surg Pathol. 2013 Apr; 37(4):554-62.

Chaft JE, Rekhtman N, Ladanyi M, Riely GJ. ALK-Rearranged Lung Cancer:
Adenosquamous Lung Cancer Masquerading as Pure Squamous Carcinoma. J
Thorac Oncol. 2012 Apr; 7(4):768-9.

Koivunen JP, Kim J, Lee J, Rogers AM, Park JO, Zhao X, et al. Mutations in the
LKBI1 tumour suppressor are frequently detected in tumours from Caucasian but not
Asian lung cancer patients. Br J Cancer. 2008 Jul 22; 99(2):245-52.

Preusser M, Berghoff AS, Berger W, Ilhan-Mutlu A, Dinhof C, Widhalm G, et al.
High rate of FGFR1 amplifications in brain metastases of squamous and non-
squamous lung cancer. Lung Cancer. 2014 Jan; 83(1):83-9.

Wang R, HuH, Pan Y, Li Y, Ye T, Li C, et al. RET Fusions Define a Unique
Molecular and Clinicopathologic Subtype of Non—Small-Cell Lung Cancer. J Clin
Oncol. 2012 Dec 10; 30(35):4352-9.

Goya T, Asamura H, Yoshimura H, Kato H, Shimokata K, Tsuchiya R, et al.
Prognosis of 6644 resected non-small cell lung cancers in Japan: a Japanese lung
cancer registry study. Lung Cancer. 2005 Nov; 50(2):227-34.

Nakagawa K, Yasumitu T, Fukuhara K, Shiono H, Kikui M. Poor prognosis after
lung resection for patients with adenosquamous carcinoma of the lung. Ann Thorac
Surg. 2003 Jun; 75(6):1740-4.

Asamura H, Goya T, Koshiishi Y, Sohara Y, Eguchi K, Mori M, et al. A Japanese
Lung Cancer Registry study: prognosis of 13,010 resected lung cancers. J Thorac

49



64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Oncol. 2008 Jan; 3(1):46-52.

Devesa SS, Bray F, Vizcaino AP, Parkin DM. International lung cancer trends by
histologic type: Male:Female differences diminishing and adenocarcinoma rates
rising. Int J Cancer. 2005 Nov 1; 117(2):294-9.

Houghton AM. Mechanistic links between COPD and lung cancer. Nat Rev Cancer.
2013 Apr 7; 13(4):233-45.

Rosenberger A, Bickeboller H, McCormack V, Brenner DR, Duell EJ, Tjenneland
A, et al. Asthma and lung cancer risk: a systematic investigation by the International
Lung Cancer Consortium. Carcinogenesis. 2012 Mar; 33(3):587-97.

Pesatori AC, Carugno M, Consonni D, Hung RJ, Papadoupolos A, Landi MT, et al.
Hormone use and risk for lung cancer: a pooled analysis from the International Lung
Cancer Consortium (ILCCO). Br J Cancer. 2013 Oct 1;109(7):1954-64.

Brambilla E, Beasley MB, Austin JHM, Capelozzi VL. Neuroendocrine tumours,
Small cell carcinoma. In: WHO Classification of Tumours of Lung, Pleura, Thymus
and Heart. 4th ed. Lyon: WHO; 2015: 63-8.

Righi L, Volante M, Tavaglione V, Bille A, Daniele L, Angusti T, et al.
Somatostatin receptor tissue distribution in lung neuroendocrine tumours: a
clinicopathologic and immunohistochemical study of 218 “clinically aggressive”
cases. Ann Oncol. 2010 Mar 1; 21(3):548-55.

Rindi G, Klersy C, Inzani F, Fellegara G, Ampollini L, Ardizzoni A, et al. Grading
the neuroendocrine tumors of the lung: an evidence-based proposal. Endocr Relat
Cancer. 2013 Dec 16; 21(1):1-16.

Travis WD, Rush W, Flieder DB, Falk R, Fleming M V, Gal AA, et al. Survival
analysis of 200 pulmonary neuroendocrine tumors with clarification of criteria for
atypical carcinoid and its separation from typical carcinoid. Am J Surg Pathol. 1998
Aug; 22(8):934-44.

Debelenko L V, Brambilla E, Agarwal SK, Swalwell JI, Kester MB, Lubensky IA,
et al. Identification of MEN1 gene mutations in sporadic carcinoid tumors of the
lung. Hum Mol Genet. 1997 Dec; 6(13):2285-90.

Debelenko L V, Swalwell JI, Kelley MJ, Brambilla E, Manickam P, Baibakov G, et
al. MEN1 gene mutation analysis of high-grade neuroendocrine lung carcinoma.
Genes Chromosomes Cancer. 2000 May; 28(1):58—65.

Wistuba II, Berry J, Behrens C, Maitra A, Shivapurkar N, Milchgrub S, et al.

Molecular changes in the bronchial epithelium of patients with small cell lung

50



75.

76.

77.

78.

79.

80.

81.

82.

83.

&4.

85.

cancer. Clin Cancer Res. 2000 Jul; 6(7):2604-10.

Nicholson SA, Beasley MB, Brambilla E, Hasleton PS, Colby T V, Sheppard MN,
et al. Small cell lung carcinoma (SCLC): a clinicopathologic study of 100 cases with
surgical specimens. Am J Surg Pathol. 2002 Sep; 26(9):1184-97.

Planchard D, Le Péchoux C. Small cell lung cancer: new clinical recommendations
and current status of biomarker assessment. Eur J Cancer. 2011 Sep; 47 Suppl
3:5272-83.

Svensson G, Ewers S-B, Ohlsson O, Olsson H. Prognostic factors in lung cancer in a
defined geographical area over two decades with a special emphasis on gender. Clin
Respir J. 2013 Jan; 7(1):91-100.

Jhun BW, Lee K-J, Jeon K, Suh GY, Chung MP, Kim H, et al. Clinical applicability
of staging small cell lung cancer according to the seventh edition of the TNM
staging system. Lung Cancer. 2013 Jul; 81(1):65-70.

Gaspar LE, McNamara EJ, Gay EG, Putnam JB, Crawford J, Herbst RS, et al.
Small-Cell Lung Cancer: Prognostic Factors and Changing Treatment Over 15
Years. Clin Lung Cancer. 2012 Mar; 13(2):115-22.

Nicholson AG, Chansky K, Crowley J, Beyruti R, Kubota K, Turrisi A, et al. The
International Association for the Study of Lung Cancer Lung Cancer Staging
Project: Proposals for the Revision of the Clinical and Pathologic Staging of Small
Cell Lung Cancer in the Forthcoming Eighth Edition of the TNM Classification for
Lung Cancer. J Thorac Oncol. 2016 Mar; 11(3):300-11.

Rami-Porta R, Bolejack V, Goldstraw P. The New Tumor, Node, and Metastasis
Staging System. Semin Respir Crit Care Med. 2011 Feb 15; 32(01):044-51.
Brambilla E, Beasley MB, Chirieac LR, Austin JHM. Large cell neuroendocrine
carcinoma. In: WHO Classification of Tumours of Lung, Pleura, Thymus and Heart.
4th ed. Lyon: WHO; 2015: 69-72.

Sutherland KD, Proost N, Brouns I, Adriaensen D, Song J-Y, Berns A. Cell of
origin of small cell lung cancer: inactivation of Trp53 and Rb1 in distinct cell types
of adult mouse lung. Cancer Cell. 2011 Jun 14; 19(6):754—64.

Park K-S, Liang M-C, Raiser DM, Zamponi R, Roach RR, Curtis SJ, et al.
Characterization of the cell of origin for small cell lung cancer. Cell Cycle. 2011
Aug 15; 10(16):2806—15.

Akata S, Okada S, Maeda J, Park J, Yoshimura M, Saito K, et al. Computed

tomographic findings of large cell neuroendocrine carcinoma of the lung. Clin

51



86.

87.

88.

&9.

90.

91.

92.

93.

94.

95.

96.

Imaging. 2007 Nov; 31(6):379-84.

Beasley MB, Brambilla E, Chirieac LR, Austin JHM. Carcinoid tumour. In: WHO
Classification of Tumours of Lung, Pleura, Thymus and Heart. 4th ed. Lyon: WHO;
2015: 73-7.

Hemminki K, Li X. Incidence trends and risk factors of carcinoid tumors: a
nationwide epidemiologic study from Sweden. Cancer. 2001 Oct 15; 92(8):2204-10.
Naalsund A, Rostad H, Strem EH, Lund MB, Strand T-E. Carcinoid lung tumors--
incidence, treatment and outcomes: a population-based study. Eur J Cardiothorac
Surg. 2011 Apr; 39(4):565-9.

Quaedvlieg PF, Visser O, Lamers CB, Janssen-Heijen ML, Taal BG. Epidemiology
and survival in patients with carcinoid disease in The Netherlands. An
epidemiological study with 2391 patients. Ann Oncol OffJ Eur Soc Med Oncol.
2001 Sep; 12(9):1295-300.

Yao JC, Hassan M, Phan A, Dagohoy C, Leary C, Mares JE, et al. One Hundred
Years After “Carcinoid”: Epidemiology of and Prognostic Factors for
Neuroendocrine Tumors in 35,825 Cases in the United States. J Clin Oncol. 2008
Jun 20; 26(18):3063-72.

Fink G, Krelbaum T, Yellin A, Bendayan D, Saute M, Glazer M, et al. Pulmonary
carcinoid: presentation, diagnosis, and outcome in 142 cases in Israel and review of
640 cases from the literature. Chest. 2001 Jun; 119(6):1647-51.

Cao C, Yan TD, Kennedy C, Hendel N, Bannon PG, McCaughan BC.
Bronchopulmonary Carcinoid Tumors: Long-Term Outcomes After Resection. Ann
Thorac Surg. 2011 Feb; 91(2):339-43.

Daddi N, Schiavon M, Filosso PL, Cardillo G, Ambrogi MC, De Palma A, et al.
Prognostic factors in a multicentre study of 247 atypical pulmonary carcinoids. Eur
J Cardiothorac Surg. 2014 Apr 1; 45(4):677-86.

Skuladottir H, Hirsch FR, Hansen HH, Olsen JH. Pulmonary neuroendocrine
tumors: incidence and prognosis of histological subtypes. A population-based study
in Denmark. Lung Cancer. 2002 Aug; 37(2):127-35.

Soga J, Yakuwa Y. Bronchopulmonary carcinoids: An analysis of 1,875 reported
cases with special reference to a comparison between typical carcinoids and atypical
varieties. Ann Thorac Cardiovasc Surg. 1999 Aug; 5(4):211-9.

Pleasance ED, Stephens PJ, O’Meara S, McBride DJ, Meynert A, Jones D, et al. A

small-cell lung cancer genome with complex signatures of tobacco exposure.

52



Nature. 2010 Jan 14; 463(7278):184-90.

97. Coe BP, Lee EHL, Chi B, Girard L, Minna JD, Gazdar AF, et al. Gain of a region
on 7p22.3, containing MADI1L1, is the most frequent event in small-cell lung cancer
cell lines. Genes Chromosomes Cancer. 2006 Jan; 45(1):11-9.

98.  Whang-Peng J, Kao-Shan CS, Lee EC, Bunn PA, Carney DN, Gazdar AF, et al.
Specific chromosome defect associated with human small-cell lung cancer; deletion
3p(14-23). Science. 1982 Jan 8; 215(4529):181-2.

99.  Zabarovsky ER, Lerman MI, Minna JD. Tumor suppressor genes on chromosome
3p involved in the pathogenesis of lung and other cancers. Oncogene. 2002 Oct 7;
21(45):6915-35.

100. Pelosi G, Fumagalli C, Trubia M, Sonzogni A, Rekhtman N, Maisonneuve P, et al.
Dual role of RASSF1 as a tumor suppressor and an oncogene in neuroendocrine
tumors of the lung. Anticancer Res. 2010 Oct; 30(10):4269-81.

101. Gazzeri S, Brambilla E, Chauvin C, Jacrot M, Benabid AL, Brambilla C. Analysis
of the activation of the myc family oncogene and of its stability over time in
xenografted human lung carcinomas. Cancer Res. 1990 Mar 1; 50(5):1566—70.

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

103. Kalari S, Jung M, Kernstine KH, Takahashi T, Pfeifer GP. The DNA methylation
landscape of small cell lung cancer suggests a differentiation defect of
neuroendocrine cells. Oncogene. 2013 Jul 25; 32(30):3559-68.

104. Staaf ], Isaksson S, Karlsson A, Jonsson M, Johansson L, Jonsson P, et al.
Landscape of somatic allelic imbalances and copy number alterations in human lung
carcinoma. Int J Cancer. 2013 May 1; 132(9):2020-31.

105. Murphree AL, Benedict WF. Retinoblastoma: clues to human oncogenesis. Science.
1984 Mar 9; 223(4640):1028-33.

106. Bourdon J-C, Surget S, Khoury MP. Uncovering the role of p53 splice variants in
human malignancy: a clinical perspective. Onco Targets Ther. 2013 Dec 19; 7:57.

107. Shao Z, Robbins PD. Differential regulation of E2F and Sp1-mediated transcription
by G1 cyclins. Oncogene. 1995 Jan 19; 10(2):221-8.

108. Goodrich DW, Wang NP, Qian YW, Lee EY, Lee WH. The retinoblastoma gene
product regulates progression through the G1 phase of the cell cycle. Cell. 1991 Oct
18; 67(2):293-302.

109. Kleinerman RA, Tucker MA, Tarone RE, Abramson DH, Seddon JM, Stovall M, et

53



110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

al. Risk of new cancers after radiotherapy in long-term survivors of retinoblastoma:
an extended follow-up. J Clin Oncol. 2005 Apr 1; 23(10):2272-9.

McBride OW, Merry D, Givol D. The gene for human p53 cellular tumor antigen is
located on chromosome 17 short arm (17p13). Proc Natl Acad Sci U S A. 1986 Jan;
83(1):130-4.

Levine AJ. p53, the cellular gatekeeper for growth and division. Cell. 1997 Feb 7;
88(3):323-31.

Nigro JM, Baker SJ, Preisinger AC, Jessup JM, Hosteller R, Cleary K, et al.
Mutations in the p53 gene occur in diverse human tumour types. Nature. 1989 Dec 7
;342(6250):705-8.

Ogryzko V V, Wong P, Howard BH. WAF1 retards S-phase progression primarily
by inhibition of cyclin-dependent kinases. Mol Cell Biol. 1997 Aug; 17(8):4877-82.
Radhakrishnan SK, Feliciano CS, Najmabadi F, Haegebarth A, Kandel ES, Tyner
AL, et al. Constitutive expression of E2F-1 leads to p21-dependent cell cycle arrest
in S phase of the cell cycle. Oncogene. 2004 May 20; 23(23):4173—6.

Zhou R, Xu A, Gingold J, Strong LC, Zhao R, Lee D-F. Li—Fraumeni Syndrome
Disease Model: A Platform to Develop Precision Cancer Therapy Targeting
Oncogenic p53. Trends Pharmacol Sci. 2017 Oct; 38(10):908-27.

Gomez JMN, Bernal JFV, Arranz PG, Fernandez SL, Roman JJG. Alterations in the
expression of pS3, KLF4, and p21 in neuroendocrine lung tumors. Arch Pathol Lab
Med. 2014; 138(7):936-42.

Meder L, Konig K, Ozretic L, Schultheis AM, Ueckeroth F, Ade CP, et al. NOTCH,
ASCLI, p53 and RB alterations define an alternative pathway driving
neuroendocrine and small cell lung carcinomas. Int J Cancer. 2016; 138(4):927-38.
Demelash A, Rudrabhatla P, Pant HC. Achaete-scute homologue-1 (ASH1)
stimulates migration of lung cancer cells through Cdk5/p35 pathway. Mol Biol Cell.
2012; 23:2856—66.

Sriuranpong V, Borges MW, Strock CL. Notch signaling induces rapid degradation
of achaete-scute homolog 1. Mol Cell Biol. 2002; 22:3129-39.

South AP, Cho RJ, Aster JC. The double-edged sword of Notch signaling in cancer.
Semin Cell Dev Biol. 2012 Jun; 23(4):458—64.

Chapman G, Sparrow DB, Kremmer E, Dunwoodie SL. Notch inhibition by the
ligand Delta-Like 3 defines the mechanism of abnormal vertebral segmentation in

spondylocostal dysostosis. Hum Mol Genet. 2011 Mar 1; 20(5):905-16.

54



122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Ladi E, Nichols JT, Ge W, Miyamoto A, Yao C, Yang L-T, et al. The divergent
DSL ligand DII3 does not activate Notch signaling but cell autonomously attenuates
signaling induced by other DSL ligands. J Cell Biol. 2005 Sep 12; 170(6):983-92.
Saunders LR, Bankovich AJ, Anderson WC, Aujay MA, Bheddah S, Black K, et al.
A DLL3-targeted antibody-drug conjugate eradicates high-grade pulmonary
neuroendocrine tumor-initiating cells in vivo. Sci Transl Med. 2015 Aug 26;
7(302):302ral36.

Postmus PE, Kerr KM, Oudkerk M, Senan S, Waller DA, Vansteenkiste J, et al.
Early and locally advanced non-small-cell lung cancer (NSCLC): ESMO Clinical
Practice Guidelines for diagnosis, treatment and follow-upf. Ann Oncol. 2017 Jul 1;
28(suppl_4):iv1-iv21.

Reck M, Popat S, Reinmuth N, De Ruysscher D, Kerr KM, Peters S. Metastatic non-
small-cell lung cancer (NSCLC): ESMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up. Ann Oncol. 2014 Sep 1; 25(suppl 3):11127-1i139.

Goldstraw P, Ball D, Jett JR, Le Chevalier T, Lim E, Nicholson AG, et al. Non-
small-cell lung cancer. Lancet. 2011 Nov; 378(9804):1727—-40.

Yahya S, Ghafoor Q, Stevenson R, Watkins S, Allos B. Evolution of Stereotactic
Ablative Radiotherapy in Lung Cancer and Birmingham’s (UK) Experience.
Medicines. 2018 Jul 23; 5(3):77.

Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csdszi T, Fiilop A, et al.
Pembrolizumab versus Chemotherapy for PD-L1-Positive Non—Small-Cell Lung
Cancer. N Engl ] Med. 2016 Nov 10; 375(19):1823-33.

Gandhi L, Rodriguez-Abreu D, Gadgeel S, Esteban E, Felip E, De Angelis F, et al.
Pembrolizumab plus Chemotherapy in Metastatic Non—Small-Cell Lung Cancer. N
Engl J Med. 2018 May 31; 378(22):2078-92.

Kubota K, Hida T, Ishikura S, Mizusawa J, Nishio M, Kawahara M, et al. Etoposide
and cisplatin versus irinotecan and cisplatin in patients with limited-stage small-cell
lung cancer treated with etoposide and cisplatin plus concurrent accelerated
hyperfractionated thoracic radiotherapy (JCOG0202): a randomised phase 3 study.
Lancet Oncol. 2014 Jan;15(1):106-13.

Amarasena [U, Chatterjee S, Walters JA, Wood-Baker R, Fong KM. Platinum
versus non-platinum chemotherapy regimens for small cell lung cancer. Cochrane
Database Syst Rev. 2015 Aug 2.

Yang C-FJ, Chan DY, Speicher PJ, Gulack BC, Wang X, Hartwig MG, et al. Role

55



133.

134.

135.

136.

137.

138.

139.

of Adjuvant Therapy in a Population-Based Cohort of Patients With Early-Stage
Small-Cell Lung Cancer. J Clin Oncol. 2016 Apr; 34(10):1057—-64.

Friih M, De Ruysscher D, Popat S, Crino L, Peters S, Felip E, et al. Small-cell lung
cancer (SCLC): ESMO Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol OffJ Eur Soc Med Oncol. 2013 Oct 1; 24 Suppl 6(suppl
6):vi99-105.

National Comprehensive Cancer Network. NCCN Clinical Practice Guidelines in
Oncology: small cell lung cancer. Version 2. Fort Washington: National
Comprehensive Cancer Network; 2016.

Pelayo Alvarez M, Gallego Rubio O, Bonfill Cosp X, Agra Varela Y.
Chemotherapy versus best supportive care for extensive small cell lung cancer. In:
Pelayo Alvarez M, editor. Cochrane Database of Systematic Reviews. Chichester,
UK: John Wiley & Sons, Ltd; 2009.

Rudin CM, Pietanza MC, Bauer TM, Ready N, Morgensztern D, Glisson BS, et al.
Rovalpituzumab tesirine, a DLL3-targeted antibody-drug conjugate, in recurrent
small-cell lung cancer: a first-in-human, first-in-class, open-label, phase 1 study.
Lancet Oncol. 2017; 18(1):42-51.

Ferlay J, Dikshit R, Elser S, Mathers C. Lung Cancer: Estimated Incidence,
Mortality and Prevalence Worldwide in 2012 [Internet]. [ARC. 2017 [cited 2017
Oct 04]. Available from: http://globocan.iarc.fr/Pages/fact sheets cancer.aspx
Derks JL, Leblay N, Thunnissen E, van Suylen RJ, den Bakker M, Groen HIM, et
al. Molecular Subtypes of Pulmonary Large-cell Neuroendocrine Carcinoma Predict
Chemotherapy Treatment Outcome. Clin Cancer Res. 2018 Jan 1; 24(1):33-42.
Karlsson A, Brunnstrom H, Micke P, Veerla S, Mattsson J, La Fleur L, et al. Gene
Expression Profiling of Large Cell Lung Cancer Links Transcriptional Phenotypes
to the New Histological WHO 2015 Classification. J Thorac Oncol. 2017 Aug;
12(8):1257-67.

56



