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Zusammenfassung

Einleitung: Digitalisierung, kunstliche Intelligenz (Al) und maschinelles Lernen (ML)
werden zunehmend als Unterstitzung in der Diagnostik von Patholog*innen
verwendet. Diese Technologien zielen darauf ab, schnell objektivere und genauere
Ergebnisse als Menschen zu liefern. In diversen Richtungen der Pathologie werden
Technologien wie AI/ML bereits zur Unterstutzung der alltaglichen Arbeit verwendet
und zeigen vielversprechende Ergebnisse. Die Auswertung von PD-L1 in
Lungentumoren ist derzeit noch sehr subjektiv und ist von Patholog*in zu Patholog*in
unterschiedlich. Dennoch ist die immunhistochemische Auswertung essentiell,
weshalb das Ziel dieser Studie ist, die menschliche PD-L1 Auswertung mit jener von
Al zu vergleichen.

Methoden: In dieser retrospektiven Studie wurden 51 Proben mit NSCLC, die 2020
am Institut fir Diagnostik und Forschung der Pathologie an der Medizinischen
Universitat Graz diagnostiziert wurden, und 24 Proben mit pleuralen Mesotheliomen,
die zwischen 2018 und 2020 diagnostiziert wurden, eingeschlossen. Alle 75 Proben
wurden auf drei Gruppen aufgeteilt: kleine Biospieproben (NSCLC), resezierte
Tumorproben (NSCLC) und Mesotheliome. Fir die automatisierte Analyse wurde das
Bildanalyseprogramm uPath PD-L1 (SP263) von Ventana (Roche) verwendet. Die
Resultate wurden anschlieBend mit den Ergebnissen eines erfahrenen
Thoraxpathologen und eines Studenten verglichen, deren Auswertung unter dem
Mikroskop erfolgte.

Ergebnisse: Die Ubereinstimmung der Ergebnisse, die die Software bzw. der
Pathologe/Student erzielten, fiel in den einzelnen Gruppen unterschiedlich aus. In
der Gruppe mit den kleinen Biopsieproben ergab die Berechnung des Cohen’s kappa
eine geringe Ubereinstimmung. In den beiden anderen Gruppen waren
Ubereinstimmungen kaum feststellbar.

Fazit: In der Studie war die Ubereinstimmung zwischen der maschinellen bzw. der
menschlichen Auswertung der NSCLC und Mesotheliome nicht so hoch wie erwartet.
Dennoch weist diese Studie einige Limitationen auf und es missen weitere Studien
durchgefuhrt werden, um unsere vorlaufigen Ergebnisse zu verifizieren oder

falsifizieren.



Abstract

Introduction: Digitalization, the use of artificial intelligence (Al), and machine
learning (ML) are increasingly used to support pathologists in diagnostic procedures.
Such technologies aim to achieve faster, more objective, and more accurate results
compared to human evaluation. In many areas of pathology, Al/ML is already used
as a supporting tool in routine work and provides promising results. PD-L1 scoring in
lung carcinomas is very subjective and varies among pathologists. However, it is very
important for the decision about immunotherapy. This study aimed to compare the
PD-L1 scoring of lung carcinomas and mesotheliomas between Al and humans.
Methods: In this retrospective study, 51 samples of NSCLC, diagnosed in 2020 at
the Diagnostic and Research Institute of Pathology at the Medical University of Graz,
and 24 samples of pleural mesothelioma, diagnosed between 2018 and 2020, were
included. All 75 samples were divided into three groups: small biopsy samples
(NSCLC), resected tumors (NSCLC), and mesothelioma samples. uPath PD-L1
(SP263) image analysis by Ventana (Roche) was used for automated scoring. Those
results were then compared to the evaluated scores of an experienced thoracic
pathologist and a student who analyzed the samples under the microscope.

Results: Concordance between the Al scores and the pathologist/student scores
varied between the three groups. In the small biopsy group, the calculated Cohen’s
kappa score showed a slight agreement. The results for both resected samples and
mesothelioma samples were classified as poor agreement.

Conclusion: This study shows that the concordance between Al scoring and human
scoring among NSCLC and mesotheliomas is not as high as expected. However, our
study has several limitations, and further studies are needed to confirm or dispute our

preliminary results.



1. Introduction

Globally, lung cancer is the leading cause of cancer-related deaths in men. In
women, it is the second leading cause after breast cancer (1). Nevertheless, the
number of deaths has been constantly decreasing over the past decades. One of the
main reasons for this reduction is the development of therapy according to the
histologic types and the development of immunohistochemistry. This is essential for
the proper histologic classification of tumors (2). The differentiation between the
histological subtypes and the tumor staging is indispensable for assigning the most
appropriate therapy.

In the past years, the importance of PD-L1, a predictive biomarker, has been growing
due to the positive outcome of immunotherapy compared to conventional
chemotherapy (3). However, evaluation of the PD-L1 positivity is not always easy and
straightforward, so the results among pathologists can vary. As a solution, several
companies are developing automated detection systems to standardize the PD-L1
scoring using digitalized slides. Because of that, we aimed to compare the results of
currently only IVD-approved software for PD-L1-evaluation in non-small cell lung
carcinoma, uPath PD-L1 image analysis (Ventana, Roche), with the evaluation of a
pathologist. Two tumor types were selected- non-small cell lung carcinoma (NSCLC)
(for which this software is IVD-approved) and pleural mesothelioma (for which

recently the first immunotherapy was approved).

2. General information about NSCLC

2.1 Epidemiology of lung cancer

2.1.1 Incidence

In 2020, Globocan registered about 2.2 million new cases of lung cancer worldwide.
This accounts for 11.4% of all cancer cases (1). In Austria, the incidence of lung
cancer patients has been increasing steadily over the past years. In 2017, about
2800 men and 1937 women were diagnosed with lung carcinoma (4). While the

number of new cases has been increasing in Austria, it has been declining in the



United States in both males and females, from 2006 to 2015 (men) and 2008 to 2015
(women) (2).

More than half of all new cases in 2020 worldwide were registered in Asia (59.6%),
followed by Europe (21.6%) and North America (11.5%). Africa constitutes only 2%
and South America, including the Caribbean, 4.4%. But here, one must consider that,
for example, Brazil is one of the few countries in South America which have a register
for lung cancer. Within Asia, China has the highest incidence, with around half a
million new cases every year. However, there is a remarkably higher occurrence of
lung cancer in the east of China, especially in the cities, where the lifestyle is more
similar to the Western world (5).

This difference exists not only between countries and continents but also in regards
to gender. Globally, lung cancer is the leading carcinoma diagnosed in men of all
ages. When it comes to women, the most common cancer is located in the breast,
followed by the colorectum. Lung cancer is placed third and makes up approximately
8.4% of all neoplasms among women.

This gap between the sexes is very large in some countries, like in Russia. While
lung cancer is the most frequent within the male population in the Russian
Federation, females tend to have a much lower risk of developing lung carcinoma (1).
The male to female ratio is around 4:1. The leading cause for this enormous
difference could be smoking, as it is the most important risk factor for developing lung

carcinoma. In Russia, smoking is still not as popular with women as it is with men (5).

2.1.2 Mortality

The number of deaths associated with lung cancer had a peak in 1991. This constant
increase of both cancer incidence and mortality was basically linked with the rising
tobacco consumption in the 20th century, which is the main etiologic factor for the
development of lung carcinoma. Since 1991, mortality has dropped every year due to
improved and earlier detection and a decline in smoking (2).

According to the Statistik Austria (2020) (4), it is still the leading cancer-related death
cause in Austria. Especially in Vienna, the most deaths have been reported between
2013 and 2015, while the lowest incidence and mortality was observed in Upper
Austria. In the years between 2014 and 2017, almost 4000 patients died annually
with the diagnosis of lung cancer. However, the relative 1-year survival rate has
increased from 42% to 52% (4).



Globally, lung cancer was still one of the top causes of cancer-related deaths in
absolute numbers in 2020. Particularly in the industrialized countries and continents
like Australia, North America, Europe, and China, the mortality was much higher than
other types of cancer, as illustrated in Figure 1. All blue areas represent the countries

where lung cancer was the leading cause of death due to cancer.

Lung (60)
Breast (52)
Prostate (32)
Cervix uteri (28)
Liver (7)
Stomach (5)
Oesophagus (1)
Not applicable
No data

Figure 1: Top cancer mortality per country in 2020, both sexes, all ages, and age-standardized mortality rate (1)

With 35.9 per 100.000 inhabitants, Turkey registered more deaths related to lung
cancer than any other country in the world. Another country with remarkably high
mortality is China, with 30.2 per 100.000 inhabitants.

In comparison, Austria has a mortality rate of 20.4. In Central Africa, this rate is
notably low. For instance, in the Democratic Republic of the Congo, itis 2.1 (1).

What needs to be mentioned in this context is the fact that there are substantial
disparities between the sexes and ethnic groups within the different countries. In the
US, for example, black men have mortality twice as high as Asian Americans (6, 7).
The difference between the sexes in Russia has already been described above. This
disparity is also striking in Turkey, where the mortality rate is almost seven times

higher in men than in women (67.5 vs. 10.7) (1).



2.2 Causes
2.2.1 Risk factors
Lung cancer has various risk factors ranging from intrinsic factors like genetics to
extrinsic factors like tobacco smoking or rare causes such as asbestos exposition.
Numerous studies have shown a connection between a confirmed case of lung
cancer in the family history and a higher incidence of early-onset lung cancer (8).
Furthermore, it is associated with genetic diseases like the Li-Fraumeni syndrome,
which expresses multiple neoplasms throughout the body due to a mutation of the
p53 tumor-suppressor gene (9).
However, by far the most prominent risk factor is the consumption of tobacco.
Cigarettes are the common form of tobacco consumption in the Western world, which
is linked to the high incidence of lung carcinoma. There is also a correlation between
less popular forms like cigars, cigarillos, and pipes and the occurrence of neoplasms
in the lung (10).
Besides, to increase the risk of developing lung carcinoma, it is not even necessary
to smoke actively. Second-hand smokers have a higher chance of suffering from lung
cancer than people without this exposure. In addition, it has to be mentioned that
patients who are second-hand smokers are most commonly women. Only
approximately one out of five of those are men (11).
Another important risk factor that has a carcinogenic impact on the lung is the
radioactive gas radon. This gas appears in the soil and was especially important in
the 20™ century among mine workers (12). Moreover, there is a connection between
radon exposure and tumor mutations (13). The risk for those who have radon
exposure and are active smokers is 25 times higher than for the non-smoking
population (14).
As mine-workers often get in touch with radon, other occupational groups are
frequently exposed to different substances that can lead to lung cancer. Among
these substances are asbestos (15) or pesticides. Other occupations with a higher
risk are waiters and waitresses or bartenders due to second-hand smoking (16).
Even though in Europe solid fuel is barely used in households for cooking and
heating, in countries with a low income, this is almost standard (17, 18). Especially in
parts of Asia, it is common to utilize coal to heat houses or stoves. During the
combustion of the domestic fuel develops smoke, which is, according to the IARC
4



(17), carcinogenic even for people who do not smoke, and it pollutes the air inside

the house (19).
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Figure 2: Possible causes for lung cancer in non-smokers (20)

As presented in Figure 2 (20), many other factors can cause lung cancer besides
smoking. Apart from the risks mentioned before, like radon exposure, biomass
burning, family history, or occupational exposures, some more need to be addressed.
Radiation exposure, for example, is considered as another risk factor for developing
a neoplasm in the lung, especially in patients with a previous cancer diagnosis in the
chest area and a subsequent radiation therapy (21-23). It is also known that chronic
inflammation like asthma and sarcoidosis (24) or infections such as pulmonary
tuberculosis, HIV, or HPV can have a role in the development of lung carcinoma, as

shown in Figure 2 (20).



When it comes to HIV, lung cancer is the most death-related malignancy in this group
of patients (25-27). The incidence of NSCLC is higher in infected patients than
among uninfected (28-31).

To conclude, even though tobacco smoking is by far the most important cause of
lung cancer, there are various other reasons, even for non-smokers, as presented in
Figure 2 (20).

2.3 Symptoms

First of all, it has to be mentioned that the symptoms must not occur in every patient,
they occur late in the course of the disease, and they can vary from person to person.
A major symptom is a newly emerged cough. This applies to roughly half of the
patients, who are smokers or former smokers.

Patients who already suffer from chronic obstructive pulmonary disease often show
an aggravation in the course of their disease. Decisive for those exacerbations can
also be numerous recurring lung infections (32). Another very frequent symptom is
dyspnoea. However, some symptoms are not as frequent as dyspnoea or a cough,
such as huskiness or chest pain due to local tumor invasion. While coughing, there
can also appear a bloody secretion but is not severe in most cases (33).

Patients can also have intra- and extrathoracic symptoms through the spread of
cancer. Extrathoracic symptoms do not have to be very specific. Loss of weight, for
instance, can be the consequence of lung cancer but also of various other cancers or
diseases. Inside the thorax, symptoms like the superior vena cava syndrome,
dysphagia, or pain in the arm or shoulder can occur (32). Furthermore, metastases
are possible in the bone or the brain, and they can cause paraneoplastic syndromes.
The paraneoplastic syndrome integrates neurologic syndromes, SIADH, or

hypercalcemia (34).

2.4 Histologic Classification

In 2021, the World Health Organization published the most recent classification of
lung tumors, including benign and malignant forms. This classification distinguishes
between over fifty different entities, while most of them belong to malignant lung
carcinomas (35).

Generally, we can divide lung carcinomas into two main groups: non-small cell lung

carcinoma (NSCLC) and small cell lung carcinoma (SCLC). NSCLC accounts for
6



85% of all lung cancer types, while SCLC makes up the remaining 15%. It is not
enough to differentiate between those two groups for today’s therapy decision, but

the correct histological diagnosis is of great importance (36).

2.4.1 Non-small cell lung carcinoma (NSCLC)

NSCLC includes many different subtypes. The main ones are adenocarcinoma and
squamous cell carcinoma. These two histologic subtypes make up already more than
two-thirds of all lung cancer cases reported worldwide.

Rare forms include large-cell carcinoma, adenosquamous carcinoma, and

pleomorphic carcinoma (37).

2.4.1.1 Adenocarcinoma (AC)

A histologic examination reveals an adenocarcinoma (AC) in over 40% of patients
diagnosed with lung cancer. Furthermore, it is not only occurring among adult men
and women but is also present in relatively young people and never-smokers

(38). In addition, a steady growth of the relative frequency of AC has been registered
in the past decades (39).

AC is, per definition, a malignant epithelial neoplasm, which either shows a glandular
differentiation or a production of mucus. Commonly, this tumor type expresses
markers that are usual for pneumocytes. These are the thyroid transcription factor
(TTF-1) and the Napsin A. Those two markers are detectable in more than 85% of
the diagnosed ACs (40-42)

Histologically, five different predominant growth patterns are distinguished. These are
lepidic, acinar, papillary, micropapillary, and solid. They differ in the level of
cytological atypia. Figure 3 presents a histologic presentation of a typical AC of the
lung with predominant acinar pattern.

Besides these growth patterns, another four variants are invasive mucinous, colloid,
fetal, and enteric AC. These variants can be assigned to the other subtypes of the
lung AC described above (38).
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Figure 3: Histologic presentation of typical adenocarcinoma of the lung, here with predominant acinar pattern.

2.4.1.2 Squamous cell carcinoma (SCC)

The squamous cell carcinoma (SCC) is a malignant epithelial tumor demonstrating
squamous differentiation, with or without keratinization (37). Compared to the other
forms of NSCLC, SCC has the by far highest association to cigarette smoking and
second-hand smoking (43). In the last years, the relative incidence of this lung cancer
type has decreased, but it still accounts for approximately 25-30% of all diagnosed
lung carcinomas (36).

Histologically, there are three different variants of squamous cell carcinoma
according to the 2021 World Health Organization classification (35). These variants
are the keratinizing SCC, the nonkeratinizing SCC, and the basaloid SCC. In cases
where the squamous differentiation is not found or where it is ambiguous
immunohistochemical markers like p40 (or p63) are used for the diagnosis. The SCC
also presents with more extensive areas of necrosis in comparison to AC, which can
lead to a pseudo-glandular appearance (36, 37).

In Figure 4, the histologic presentation of SCC is shown.
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Figure 4: Histologic presentation of squamous cell carcinoma of the lung, with areas of inflammation, and without
obvious keratinization.

2.4.1.3 Adenosquamous Carcinoma (ASC)

Another subtype of the NSCLC is adenosquamous carcinoma (ASC). ASC only
accounts for a maximum of 5% of all lung cancers. As the name already reveals, this
carcinoma consists of parts of the adenocarcinoma and parts of the squamous cell
carcinoma of the lung, each represented in at least 20% of the whole tumor mass
(44).

On the molecular level, the case is more complex. This type of tumor can express
oncogenic mutations like EGFR or KRAS typical for AC (36). According to the survey
of Kang et al. (45), EGFR-mutations are predominant in women and never-smokers.
The diagnosis can be problematic, as the biopsy or cytology might only show one
component of this cancer type. If this is, for example, the SCC fraction, it will be
diagnosed as SCC. Because of the unrepresentativeness of the small
biopsies/cytologic samples, according to the international recommendations, the ASC

diagnosis should be made only on resected specimens (37).

2.4.1.4 Large cell carcinoma (LCC)

A large cell carcinoma (LCC), like previously mentioned ASC, can be diagnosed only
on resected material (37). LCC makes up only a small percentage of the lung
cancers diagnosed. Today, tumors are only diagnosed as LCC when there is a lack
of AC, SCC, or neuroendocrine carcinoma differentiation in morphology and/or

immunohistochemistry.



Histologically, the cancer cells are large and polygonal. Furthermore, the nucleus has
a vesicular shape, but the morphology can vary. These cells form either solid sheets

or nests and do not have any specific pattern. (46, 47).

2.4.2 Neuroendocrine tumors

In the current 2021 WHO classification, small-cell lung carcinoma (SCLC) and large-
cell neuroendocrine carcinoma (LCNEC), as well as carcinoid tumors, are listed
among neuroendocrine tumors (35). Nevertheless, there are strong differences
between those carcinomas concerning epidemiology, histology, and clinical
presentation. SCLC has the highest incidence among neuroendocrine tumors and is,
as well as LCNEC, associated with heavy smoking exposure. On the other hand, the
carcinoid tumor is more present among younger patients, and the etiological
correlation is not associated with smoking as strongly. Histologically, both SCLC and
LCNEC show a higher mitotic rate and larger necrotic areas than the carcinoids. In
SCLC, one will find hyperchromatic nuclei, without nucleoli and cytoplasms are scant.
On the other hand, LCNEC has more vesicular nuclei, with prominent nucleoli and
cytoplasms are bigger. Furthermore, different lung cancer types like ACs or SCCs
can be present simultaneously with SCLC and LCNEC, and they are diagnosed as
combined carcinomas (48). Furthermore, small-cell lung carcinomas and large-cell
neuroendocrine carcinoma are associated with genetic abnormalities which are
generally different from the ones found in carcinoid tumors (37, 49, 50). Figures 5
and 6 present the histologic images of SCLC and LCNEC in the hematoxylin-eosin

staining.
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Figure 5: Histologic presentation of small cell lung cancer, with tumor cells with scant cytoplasm and in the middle

of the image pronounced ,crushing” artifact.

Figure 6: Histologic presentation of large cell neuroendocrine carcinoma in the lung, with areas of necrosis, and

tumor cells with more abundant cytoplasm.

2.5 TNM-Classification of lung carcinoma
The TNM-Classification is an important tool to classify tumors based on their size or
depth of infiltration (T) and taking into account lymph node- and distant metastases

(N and M, respectively). TNM is used both by pathologists and clinicians as the basis
11



for the communication between them and as a basis for communication with patients.
This classification is used to decide on the most suitable treatment, and it has
prognostic significance (51).

Table 1 features the latest TNM-Classification of lung carcinoma according to the 8"

edition of the American Joint Committee on Cancer (AJCC) (52)

TNM-Classification of lung cancer

Category Staging Description

Primary tumor not evaluable, or
TX malignant cells cannot be visualized by

imaging or bronchoscopy

TO No evidence of primary tumor

Tis Carcinoma in situ

Tumor <3cm, surrounded by lung or
T visceral pleura, more proximal than the

lobar bronchus

T1mi Minimally invasive adenocarcinoma
T1a Tumor <1cm
T1b Tumor >1cm and <2cm
T T1c Tumor >2cm and <3cm
(Primary Tumor) Tumor >3cm and <5cm or involving the
main bronchus without the carina;
12 infiltrating visceral pleura; atelectasis or
obstructive pneumonitis up to the hilus
T2a Tumor >3cm and s4cm
T2b Tumor >4cm and <5cm
Tumor >5cm and <7cm or separate
tumor nodules in the equal lobe as a
T3 primary tumor; invasion into
mediastinum, heart, diaphragm, trachea,
esophagus, carina, great vessels
T4 Tumor >7cm or separate tumor nodules
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in different lobe than primary tumor;
Invasion into mediastinum, heart,
diaphragm, trachea, esophagus, carina,

great vessels

NX Regional lymph nodes not evaluable
NO No existent lymph node metastasis
N Lymph node metastasis
N ipsilateral/peribronchial or ipsilateral hilar
Lymph node metastasis ipsilateral/
(Regional lymph node | N2 ymp P
. mediastinal or subcarinal
involvement)
Lymph node metastasis contralateral
N3 mediastinal, ipsilateral/contralateral
scalene, contralateral hilar,
supraclavicular
MO Distant metastases not existent
M1 Presence of a distant metastasis
Tumor nodules additionally in the
M M1a , .
. ] contralateral lobe or pleural/pericardial
(Distant metastasis)
M1b Single extrathoracic metastasis
M Multiple metastases in at least one organ
c

extrathoracic

Table 1: TNM-Classification of lung carcinoma (52)

As this table shows, the T stage corresponds to the primary tumor size in the lung.

However, it is important to bear in mind that the tumor size depends on the time of

the measurement. For example, the study of Park et al. (53) showed that fixation in

formalin could change the extent of the tumor up to 5%. As Table 1 demonstrates,

this primary tumor category is divided into six main groups (TX, TO, Tis, T1, T2, T3,

T4).

The N category describes whether regional lymph nodes are infiltrated with the tumor

cells or not. These guidelines recommend resection of at least six lymph nodes for an

exact staging. However, a pathologist can make N classification, even if the

recommended number of lymph nodes is not present (51). In staging, it is crucial to

13




distinguish between N1 and N2 because the subsequent therapy varies substantially.
By appropriate T stage, with NO and N1, surgical resection with a possible adjuvant
therapy afterward is recommended. The patients with the same T stage and N2
receive only adjuvant chemotherapy (54).

M category considers the presence of distant metastases and whether they are
single or multiple. Even though there is no significant difference in the survival rate
between M1a and M1b, the local treatment is more aggressive in patients with a
tumor in stage M1b (55).

2.6 Immunohistochemistry

Previously, terms like NSCLC and SCLC were mainly used because this
differentiation was the only important one for the therapy decision. A further
classification in its morphology was therefore not required. However, with the
development of therapies, and their different effect based on the histologic subtype, it
has become mandatory to consider histological differentiation before deciding about
treatment.

Nowadays, there are more than fifty subtypes reported that differ in their
histomorphological differentiation (37, 56, 57). Sometimes, especially in the small
samples, this differentiation is not possible without the application of
immunohistochemistry (IHC) (58).

In IHC, we use antibodies to identify cells through their markers expressed on their
surface (59). Based on many different studies, the best combination of markers to
use in the daily routine to differentiate between AC and SCC are TTF-1, P40, and
Napsin A.

Napsin A and TTF-1 are markers of glandular differentiation (AC). P40 is a marker of
squamous differentiation (SCC) (42, 60-63). In small biopsies, if there is no obvious
morphologic differentiation, TTF-1 and p40 are negative, and morphology is not of
SCLC, tumors should be classified as non-small cell carcinoma - not otherwise
specified (NSCC-NOS) (37).

14



2.7 Therapy

The treatment in non-small cell lung carcinomas varies, depending on the clinical
staging and presence or absence of predictive markers (like PD-L1 and targetable

mutations).

2.7.1 Surgical resection

In early tumor stages, | to llla, surgical resection is recommended. Among the
different surgical resection techniques, lobectomy is the method of choice (64). An
advantage of the lobectomy is a higher survival rate compared to a limited resection
of the tumor (65, 66). If surgery is not indicated, patients will receive some other form

or combination of different below-mentioned therapies.

2.7.2 Chemotherapy

Patients with a clinical-stage Il or lla should receive postsurgical (adjuvant)
chemotherapy, usually cisplatin-based (64). Chemotherapy can also be applied prior
to surgery (neoadjuvant chemotherapy) to reduce the tumor as much as possible to
conduct a complete resection. This approach has fewer side effects than adjuvant
chemotherapy (64). However, no increased chance of survival has been reported,
even though numerous studies have been performed (67, 68). In contrast to
neoadjuvant chemotherapy, the adjuvant approach has a proven positive impact on

the 5-year survival rate in patients with this treatment (69).

2.7.3 Targeted Therapies
There are several mutations used as predictive biomarkers in lung cancer patients for
different targeted therapies. EGFR mutation, for instance, is found in around 15% of
all advanced NSCLC diagnoses in the Western population (70). If an activated EGFR
mutation is confirmed, the therapy consists of EGFR-TKI. Those TKIls include
erlotinib, osimertinib, afatinib, and dacomitinib, to mention just a few of them. The
advantage of these targeted therapies compared to the platinum-based
chemotherapy is a better progression-free survival and easier application (71-73).
Other predictive biomarkers in this group are, for example, ALK, ROS-1, and BRAF
mutations. Each of them occurs in less than 5% of patients with NSCLC, mostly AC.
ALK protein overexpression is the result of gene fusion. Like for the treatment of
EGFR mutated carcinomas, a TKI is used here. In this case, one option can be
15



crizotinib (74), or ALK-TKIs of new generations like alectinib or ceritinib. These are
newer TKIs, more potent than crizotinib (75, 76). Some ALK-TKIs also impact tumors
with detected ROS1 rearrangements (77).

Within the last years, the development of targeted therapies for lung carcinoma has
exploded and improved survival in this group of patients. Furthermore, it caused the
necessity of using parallel multigene testing (also known as next-generation
sequencing) as the best option when only a limited amount of tumor tissue is
available. Interestingly, the distribution of these mutations varies significantly based
on geography, gender, and sometimes smoking status. Shi et al. (78) showed that
activating EGFR mutations are expressed in up to 50% of the patients in the Asian
cohort, while only in less than 15% in the Caucasian cohorts. Even more, if all
targetable mutations are combined, only a small number of lung carcinoma patients

(ca. 25%) will be eligible for this type of targeted therapy (79).

2.7.4 Immunotherapy

It is known that the immune system, with its capability to detect and destroy tumor
cells, is important for carcinogenesis (80). To control that non-malignant cells are not
destroyed, the immune system manages activating and inhibitory pathways (81). If
there is an imbalance between those pathways, or malignant cells are “disguised” as
non-malignant cells, the neoplastic process will progress.

Programmed death-1 (PD-1), for example, is a transmembrane receptor expressed in
many different tissues (82). The ligand (PD-L1) can be found on T cells and tumor
cells. If ligand and receptor interact, the T cell gets inactivated, which is one
mechanism of how T cells evade the destruction of normal tissue. However, if T-cells
recognize malignant cells as normal cells, they will thrive (83). The basic principle of
immunotherapy is to aim those PD-1/PD-L1 interactions with antibodies and block
them (82).

Many immune checkpoint inhibitors have been developed and approved for different
solid tumors in the last years due to excellent results regarding progression-free
and/or overall survival. Likewise, immunotherapy in lung carcinoma patients was

another breakthrough in therapy.
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2.8 PD-L1

As already mentioned above, PD-L1 is located on T cells of the immune system and
tumor cells (83). This predictive biomarker is associated with an improved survival
rate after the application of immunotherapy because the chances of responding to it
are higher in patients with higher PD-L1 expression (3). Although PD-L1 evaluation is
not needed for all immune checkpoint inhibitors in NSCLC, the assessment of this
PD-L1 expression is a common practice. For the subsequent therapy, it is essential
to assess the PD-L1 expression correctly. The main problem is that different clones
of PD-L1 antibodies are designed for various clinical studies of different
pharmaceutical companies.

Currently, four clones are mostly used routinely in NSCLC: 22C3, 28-8, SP263, and
SP142. All those antibodies bind to different epitopes and evaluate the positivity on
tumor cells in a similar but different way. Studies have shown that three antibodies
are very similar in their expression, but none is actually interchangeable (84). For
most pathological laboratories, it is not possible to have four antibodies (and
adequate staining platforms) available for routine diagnostics. Another issue with PD-
L1 evaluation is that different cut-offs are used for different antibodies and different
indications. So, the assays cannot be replaced among each other unlimitedly (85).
Furthermore, studies have shown that correlation of evaluation varies between
pathologists and is sometimes rather time-consuming (86-89). Because of the
previously mentioned points, the idea of having reliable software performing PD-L1
evaluation is very attractive. Today, when many pathologies are on their way to
include digital pathology in their workflow, it could be easily integrated into this
“digitalization” process, providing pathologists with already scored slides, and

therefore saving time.
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3. Pleural mesothelioma

3.1 Epidemiology and etiology

Epidemiologically, pleural mesothelioma (PM) is a rare but very aggressive neoplasm
with a poor prognosis. Overall, PM makes up less than 0.3% of all malignancies (90).
Etiologically, it is associated with the exposure of asbestos. The latency period
between the asbestos exposure and the actual manifestation is approximately 40
years (91). Even though asbestos was banned decades ago, there is an incidence

peak expected in the following years due to the long latency period (92).

3.2 Histologic classification
In the 2021 World Health Organization classification, histological subtypes are

divided into three major groups: epithelioid, sarcomatoid, and biphasic (35, 90).

Figure 7: Histologic presentation of epithelioid pleural mesothelioma with pronounced desmoplastic stroma.

Epithelioid pleural mesotheliomas (Figure 7) have a better prognosis compared to the
biphasic and sarcomatoid. For the correct diagnosis, architectural patterns, cytology,
and stromal features should be reported. Histologically, mesotheliomas with at least
10% of each epithelioid and sarcomatoid pattern are diagnosed as biphasic
mesotheliomas (35). However, the cut-off level was chosen arbitrarily. For example,
the study of Galateau et al. (93) showed that the cut-offs can be set at different levels
and still afford a better prognosis stratification.
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As it is sometimes difficult to clearly identify sarcomatoid mesothelioma only by
histology, immunohistochemistry improves the correct diagnosis. Per definition,
sarcomatoid mesotheliomas have spindle, atypical cells within the fibrous or

desmoplastic stroma (93).

3.3 Diagnostic and predictive IHC and molecular findings
Immunohistochemistry is crucial for diagnosing mesotheliomas because it is difficult
to differentiate between mesothelial lesions and other tumors (metastases to pleura
and sarcoma) or sometimes even reactive lesions.

Overall, at least four IHC markers should be used. Two markers positive in
mesothelial cells, and two markers negative in mesothelial cells (carcinoma markers).
However, the exact number of markers depends on the histological presentation and
differential diagnosis (94).

Differentiation between benign and malignant mesothelial proliferation is currently
performed with BRCA associated protein 1 (BAP1) as a marker. If BAP1 is not
present as a nuclear staining, mesothelial proliferation is assumed as malignant.
Nevertheless, BAP1 loss is not necessarily specific for mesotheliomas, as it can
occur in other malignant tumors (95). Another helpful method for confirming
malignancy is the deletion of CDKNZ2A, which is analyzed by fluorescence in-situ
hybridization (FISH) (96). A combination of both BAP-1 IHC and CDKN2A FISH can
provide a proper assignment to either benign or malignant cells in many cases (90).
Very recently, immunotherapy also showed potentially promising results in overall
survival in patients with pleural mesothelioma. Therefore, the importance of PD-L1
evaluation is increasing, even though it is only used for prognostic reasons so far (97-
100).

4. Aims

Our study aimed to compare the scoring performed by the only IVD-approved
software for the PD-L1 testing in lung cancer with a manual, microscope-based
evaluation by pathologists. Furthermore, we aimed to assess the applicability of this
software in the PD-L1 assessment in pleural mesotheliomas.
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5. Material and Methods
5.1 Study design

This retrospective study included 51 consecutive samples of NSCLC
(adenocarcinoma and squamous cell carcinoma), diagnosed in 2020 at the
Diagnostic and Research Institute of Pathology, Medical University of Graz. 26 were
small biopsy samples (small), and 25 samples were obtained after surgery as
resection samples (resect). Furthermore, 24 samples of pleural mesotheliomas
(meso), diagnosed between 2018 and 2020. were also included. All samples were
formalin-fixed (24 to 48 hours) paraffin-embedded samples. The inclusion criteria for
samples was the availability of enough tumor tissue in paraffin blocks for new PD-L1
staining.

This retrospective study conformed to the principles outlined in the Declaration of
Helsinki (as revised in 2013). It was approved by the Ethics Committee of the Medical
University of Graz (30-105 ex 17/18).

5.2 PD-L1 immunohistochemistry

For the PD-L1-staining, new 4pm-thick sections were prepared. PD-L1 clone SP263
(Ventana, Roche) was used as a ready-to-use assay on the BenchMark Ultra
(Ventana, Roche). Afterward, the corresponding hematoxylin-eosin-stained slides
and the PD-L1-stained slides were digitalized. For the digitalization, the DP 200
scanner (Ventana, Roche) was used with x20 magnification. The scans were then
stored on the server of the Medical University of Graz.

Representative images of PD-L1 staining in NSCLC and mesothelioma are presented

in Figures 8-12.
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Figure 8: Strong positive PD-L1 reaction in all tumor cells, in a resection material of lung squamous cell
carcinoma.

Figure 9: Resection material with negative PD-L1 reaction in tumor cells of lung adenocarcinoma, with positive
reaction in macrophages.
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Figure 10: CT-guided needle biopsy of lung carcinoma with strongly positive PD-L1 reaction.

Figure 11: Completely negative reaction with PD-L1 in a CT-guided needle biopsy of lung carcinoma.
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Figure 12: PD-L1 staining in epithelioid pleural mesothelioma. Tumor cells are completely negative, while some

stromal/inflammatory cells demonstrate positive reaction.

5.3 PD-L1 scoring

Scoring under the microscope was performed by an experienced thoracic pathologist
(LB) and a student (CM). Results of the evaluation were expressed as the
percentage of positive tumor cells of all tumor cells. Staining of any intensity,
incomplete, or complete membranous staining was regarded as positive. Both
pathologist and student have performed evaluation alone. Results were compared,
discrepancies discussed, and consensus (final percentage) was reached and used
for comparison. Scores were registered using the following cut-offs: <1, 5, 10, 20, 30,
40, 50, 60, 70, 80, 90 and 100%.

For the automated scoring, uPath PD-L1 (SP263) image analysis for non-small cell
lung carcinomas was used (Ventana, Roche). Slides were analyzed by software
without prior selection of the region of interest. In other words, the whole slides were
analyzed. The percentage of positive tumor cells was automatically calculated based
on the total number of counted tumor cells.

Both scores (obtained from humans and machine) were then registered in an Excel
table.
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5.4 Statistical analysis

The statistical analysis is based on the Cohen’s kappa coefficient to calculate the

Interrater-Observability.

For the calculation the obtained scores were grouped to § different, and clinically

relevant categories. The total range from 0% to 100% was divided in the following
categories: 0=0-0.99%; 1=1-9.99%; 2=10-24.99%; 3=25-49.99%; 4=50-100% (Table
2), named 0,1,2,3 and 4.

Scores in % Categories
0-0.99 0
1-9.99 1
10-24.99 2
25-49.99 3
50-100 4

Table 2: Categories for PD-L1 scoring

Each investigated group,

namely small resection materials,

and

mesotheliomas were separately analyzed for each of the raters (Pathologist and

Software).

With the help of Data-Matrix the Cohen’s kappa coefficient was according to the

following formula was calculated:

Resulting in a number between -1 and 1, afterwards the Cohen’s kappa coefficient

was interpreted after Landis et al. (101), see Table 3.
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Values

Interpretation

Smaller than 0.00

Poor Agreement

0.00t0 0.20 Slight Agreement

0.2110 0.40 Fair Agreement

0.41 t0 0.60 Moderate Agreement
0.61t0 0.80 Substantial Agreement
0.81 10 1.00 Almost Perfect Agreement

Table 3: Kappa-score values (101)

6. RESULTS

Obtained values of PD-L1 scoring are presented with actual percentages obtained

from humans and software in Table 3. Scoring results after categorization are shown

in Table 4.

Obtained results are presented as a data matrix (Table 5-7).

i Humans Artificial Arti_ficial
Mesothelioma Humans Score Intelligence Intelligence
Score
01 _MESO 5 0 0.9 5
02 MESO 20 0 19 0
03 MESO 10 0 76 0
04 MESO 10 0 0.8 0
05 MESO 40 0 0 0
06 MESO 0 0 46 1
07 MESO 0 0 0.3 1
08 MESO 5 0 6.3 1
09 MESO 0 0 4.3 1
10 MESO 20 0 6.5 1
11 MESO 0 0 11 1
12 MESO 0 0 0.6 1
13 MESO 10 1 0.5 0
14 MESO 1 1 25 0
15 MESO 0 1 18 0
16_MESO 0 1 13 1
17 MESO 0 1 0.5 1
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18 MESO 0 1 0,4 1
19 MESO 1 1 0,5 2
20 MESO 5 2 1 0
21 MESO 1 2 0,6 0
22 MESO 5 2 16,8 1
23 MESO 0 2 3,8 1
24 MESO 0 2 0,2 1
Resection Humans Artificial Artificial
samples- Humans Score Intelligence Intelligence
NSCLC 9 Score
01 RESECT 0 0 2.1 1
02 RESECT 70 0 16,3 1
03 RESECT 0 0 2 2
04 RESECT 100 0 86,3 1
05 RESECT 30 0 15,1 1
06 RESECT 20 0 35,1 1
07 RESECT 0 0 15,8 1
08 RESECT 20 1 1,8 3
09 RESECT 90 1 17,2 2
10 RESECT 0 1 5,5 2
11 RESECT 20 1 10,7 1
12 RESECT 30 1 17 1
13 RESECT 0 2 43 3
14 RESECT 5 2 30 1
15 RESECT 5 2 12 2
16 RESECT 20 2 9.1 1
17 RESECT 10 2 3,8 1
18 RESECT 60 2 8,8 2
19 RESECT 100 3 51,2 2
20 RESECT 5 3 11,7 2
21 RESECT 0 4 5 2
22 RESECT 1 4 2,5 4
23 RESECT 0 4 7.1 2
24 RESECT 20 4 14,8 1
25 RESECT 1 4 2,5 4
_Sma_ll Humans Artificial Artl_f|C|aI
biopsies- Humans Score Intelligence Intelligence
NSCLC 9 Score
01 Small 100 0 12,9 0
02 Small 0 0 0 0
03 Small 1 0 0,1 0
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04 Small 0 0 0 1
05 Small 0 0 0,3 1
06 Small 5 0 1,1 0
07 Small 0 0 1 1
08 Small 0 0 2,4 0
09 Small 0 0 0,2 0
10_Small 0 0 1,6 0
11_Small 100 0 45,6 0
12 Small 70 1 42,8 0
13_Small 60 1 10,7 1
14_Small 40 1 2,9 1
15_Small 80 1 6,3 2
16_Small 100 2 11 1
17_Small 90 3 13,6 1
18_Small 10 3 1,7 1
19 Small 0 4 0 2
20 Small 80 4 0,1 3
21 Small 30 4 3,6 3
22 Small 5 4 1,8 2
23 Small 0 4 0,6 1
24 Small 0 4 0,3 2
25 Small 0 4 0,1 2
26 Small 1 4 10,4 0

Table 4: Comparison of PD-L1 evaluation between humans and software

6.1 NSCLC small biopsies

Small

Software

Pathologist

Category

Total

11

AW DN -

=0 DN = N W -

| N =
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Total 10 9 5 2 0

Table 5: Data matrix small biopsy group

The data matrix in Table 5 presents the differences and concordances between the
scoring of the humans and the software in tumors of the small biopsy group. As
previously mentioned, in this group, a total of 26 samples were evaluated. Humans
and the software had the best concordance in 8 samples assigned to category 0. In 3
further samples, humans gave category 0 and software 1. What is very discrepant is
the distribution of categories 3 and 4. Humans assigned category 4 to 8 samples,
and software did not find any sample with more than 50% of positive tumor cells.
Even more, in 6 out of these 8 cases, the software categorized them as category 0 (1
case), 1 (1 case), and category 2 (4 cases). In category 3, humans found two
samples, and software classified them as category 2. The calculated Cohen’s kappa
score for this group was 0.204 which indicates a slight agreement, as presented in
Table 3.

6.2 NSCLC resection samples

Resect
Software
Category | 0 1 2 3 4 Total
0 - 6 1 - - 7
1 - 2 2 1 - 5
2 - 3 2 1 - 6
»
‘S 3 - - 2 - - 2
oS
[} 4 - 1 2 - 2 5
S
& Total 0 12 9 2 2

Table 6: Data matrix lung resection group

In this group, 25 samples were examined. The Data matrix is presented in Table 6.
Interestingly, for categories 0 and 3, no concordance in the evaluation of the software
and humans was found. Humans have 7 cases categorized in category 0, while these
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were recognized as category 1 (6 cases) and category 2 (1 case) by software. The
remaining categories 1, 2, and 4 had a concordance in two samples each. This
accounts for a total number of 6 concordant samples out of 25 investigated samples.

As is clearly showed in Table 6, the software had more than twice as many scores in
category 1 (12 cases) than humans (5 cases). Even more, out of 12 cases assigned
by software to category 1, humans had only 2 cases in the same category. Other
cases were in category 0 (6 cases), category 2 (3 cases), and even category 4 (1
case). Humans had also assigned a total of 5 samples to category 4. Two of them
matched with the results of the software. The other three cases were allocated in
category 1 (1 case) and 2 (2 cases) by the software.

In this group, a kappa score of 0.0433 was achieved representing poor agreement.
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Figure 13: Two images representing slide with excellent concordance between pathologist and software regarding
PD-L1 positivity in tumor cells. All optically positive tumor cells (stained brown in A) are also marked as positive
tumor cells by software (red cells in B), while negative tumor cells are marked with blue (B).
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Figure 14: Two images representing slide with negative PD-L1 staining and adequate concordance between
pathologist and software. All optically negative tumor cells (A) are also marked as negative tumor cells by
software (blue cells in B). There are occasional false-positive tumor cells marked with red (B), corresponding to

macrophages.
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Figure 15: Two images representing slide with positive PD-L1 staining and not adequate concordance between
pathologist and software. Software was not able to recognize negative tumor cells (marked with yellow line in A),
while it performed evaluation on necrotic cells (red stained cells in B) and failed to recognize all vital and PD-L1

positive tumor cells.
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Figure 16: Two images representing slide with clearly positive PD-L1 staining in all tumor cells and not adequate
concordance between pathologist and software. Software was not able to recognize that all tumor cells are
positive (positive cells marked in red in B), while it recognized stroma cells as negative tumor cells (marked with
blue in B).
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6.3 Mesothelioma

MESO
Software
Category | 0 1 2 3 4 Total
0 5 7 - - - 12
1 3 3 1 - - 7
2 2 3 - - - 5
7
2 3 - - - - - 0
L)
o 4 - - - - - 0
s
& Total 10 13 1 0 0

Table 7: Data matrix mesothelioma group

The data matrix of the mesothelioma group is presented in Table 7. In total, 24
mesotheliomas were evaluated. It is needed to be mentioned again that this software
is not IVD-registered for the evaluation of PD-L1 in mesotheliomas. However, the
results obtained are pretty similar to the results of the NSCLC evaluation.

Neither humans nor the software had a case with a score over 25% (no cases
assigned to categories 3 and 4). In category 0, although the number of assigned
cases is similar (12 by humans and 10 by software), there was an overall
concordance of only 5 samples. In category 1, only three cases were assigned to the
same category. Even though both humans and software categorized samples to
category 2, none of them matched. The only case the software assigned to this class
was evaluated as category 1 by humans. On the other hand, the 5 samples humans
assigned to category 2 were rated as category 0 (2 cases) and 1 (3 cases) by
software. Altogether, 8 out of 24 cases were concordant.

In this group, Cohen’s kappa score calculation presented a value of -0.0667. Thus,

the evaluation in the mesothelioma group showed a poor agreement.
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7. Discussion

Even though lung cancer incidence has been decreasing over the past decades, it
remains one of the most prevalent carcinomas in men and women. Furthermore, it is
still the leading cause of cancer-related deaths (1). Since 1991, mortality in the USA
has declined every year, which can be traced back to the reduction of tobacco
smoking and the steady improvement in the early diagnosis and therapy of lung
cancer (2).

In recent years there were two major breakthroughs in the therapy of NSCLC. The
first one was the implementation of targeted therapies for lung carcinoma harboring
activating mutations in EGFR (and since then, many other genes like ALK, ROS-1,
BRAF...). The second one was the introduction of immune checkpoint inhibitors
targeting PD-1/PD-L1 axis. Due to all these findings, today is reflex testing of lung
adenocarcinoma for targetable mutations (by molecular methods), and all NSCLC for
PD-L1 (by immunohistochemistry) a standard in diagnostic procedures of lung
carcinoma. This is associated with careful management of small tissue/cytology
samples to provide the correct and complete diagnosis with all necessary predictive
markers. While molecular analysis is pretty much straightforward and not subject to
pathologists” subjective interpretation if a mutation is there or not, the PD-L1
evaluation is an entirely different story. First of all, there is more than one clone of
PD-L1 antibody, which should be stained on different platforms. They are evaluated
using different criteria (membranous vs. cytoplasmic vs. membranous/cytoplasmic
staining) and different cut-offs for positivity (1%, 10%, 25%, 50%) depending on the
potential drug and the line of therapy. Based on published data (84), these antibodies
are pretty similar but not really interchangeable- they are not entirely concordant, and
the results vary depending on the used clone. For example, clone SP142 will stain
fewer tumor cells in comparison to SP263 or 22C3. If we set aside these issues
concerning clones, platforms, and interpretation criteria, one variable which remains
is a pathologist. It has been shown that pathologists among themselves are pretty
concordant in evaluating PD-L1 (at least when dealing with tumor cells), but always
with present differences, which persist even after training. Differences are not big, but
even 10% means for certain patients a lot. If we think of therapy-relevant cut-offs,
depending on the antibody and pathologist, one tumor sample can be scored as

40%, 50%, or 60%. Because of that, a fast method of evaluation that can be non-
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subjective, with clear interpretation criteria, and algorithm of assessment, would be
more than welcome.

Increasing digitalization and the use of Atrtificial intelligence (Al) and machine learning
(ML) should support pathologists in finding the right diagnosis, with better
prognostication and adequate evaluation of predictive markers. In many areas in
pathology, it has already been demonstrated that there are certain advantages of
these technologies compared to the evaluation of pathologists. Namely, the results
are faster available, more objective, and more accurate (102). For example, breast
cancer studies already showed an improvement of diagnostic accuracy using Al/ML
as a supporting tool (103-105). Furthermore, evaluation of Gleason score in prostate
carcinoma (106) is another excellent example of Al's possible application in the
everyday, routine work of pathologists.

Based on these encouraging results and on the information that the first IVD software
for PD-L1 evaluation has occurred, we decided to compare the results of evaluation
made by humans to the one performed by software. On the one hand, we had data
obtained by classical microscopic evaluation of PD-L1 stained slides compared with
the results of digital scoring by uPath PD-L1 (SP263) image analysis for non-small
cell lung carcinomas (Ventana, Roche).

Since this is ready-to-use software, we approached it in this way. Slides were simply
scanned in the adequate scanner, and we run software on each slide without any
annotations or selection of the region of interest (ROI). The concordance between the
software results and the pathologist was not as high as expected. More precisely, the
results were rather disappointing. The kappa score showed a slight agreement in the
group with small biopsy samples and a poor agreement for the groups with
resections and mesothelioma samples. We went back to the image analysis to see if
we can detect the problem in this evaluation. While on some slides the recognition of
tumor cells, stromal cells and PD-L1 positive cells was very good (Figures 13 and
14), it was not always the case. What was apparent is that the software was not able
to recognize the tumor area by itself, so it practically evaluated the whole slides,
regardless of the size or amount of tumor on it. The next issue was that it could not
recognize the area of necrosis (which are often stained with secondary antibodies
and therefore false positive) and macrophages, which are always nicely positive
(Figures 15 and 16). Furthermore, when we looked closely at the cells which program

identified as tumor cells, we have realized that it sometimes recognized the tumor
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cells where there are not any tumor cells, and vice versa, it fails to recognize tumor
cells (regardless of the reaction with PD-L1 immunohistochemistry) (Figures 15 and
16). Also, as expected, it did not interpret some positive reactions as positive, and
therefore these cells were also not included in the final score.

At this point, we contacted Roche and discussed our obtained results. The software
is IVD-approved for the detection of PD-L1 staining at the cut-off of 50% in NSCLC.
However, it has not been tested/trained on enough small biopsy samples (due to
availability). Furthermore, the prerequisite is that the pathologist should mark the ROI
manually and, if possible, exclude areas of necrosis and/or macrophages. As we
were aware, the software is not registered for mesothelioma evaluation. Still, we have
decided to make this analysis in mesothelioma as well since there are some
promising results in clinical studies with immunotherapy (97-100). After careful
analysis of discrepancies from the company side, it was also noticed that in our PD-
L1 staining protocol counterstaining with hematoxylin is 8 minutes. According to the
protocol for software analysis, it should be 4 minutes. This can, of course, cause
differences in interpretation because the contrast between positive and negative cells
is smaller when our protocol was applied.

As this was a preliminary study for a bigger project, we have noticed important
limitations. First of all, we have to adjust our PD-L1 staining protocol, which is not a
problem. However, pathologists at our Institute prefer to have longer counterstaining
because the tissue is better visualized in this way. Secondly, we have to mark
manually on digital slides the ROl and exclude bigger areas of necrosis. This is also
not a problem, but it is an additional time investment in routine work, making this
automatic analysis less automatic. Even more, in the time needed for the
annotations, an experienced pathologist might be finished with the PD-L1 scoring.
And finally, the “real” slides should be evaluated by at least three different
pathologists to obtain a value for software comparison. Only one on one, one human
vs. software, it might be questionable whose score is correct.

To conclude, our study demonstrated huge discrepancies in the evaluation of PD-L1
on tumor cells in NSCLC and mesothelioma samples between humans and software.
As mentioned in the previous paragraph, several points have to be addressed, and
we expect the results to be much better (more concordant). However, even if those

adjustments will be successful, the big question will probably remain- do we really
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need software that cannot function autonomously, and pathologists must invest more

time than required for the PD-L1 evaluation under a microscope?

38



Literature

1.

IARC. Lung Source: Globocan 2020 number of new cases in 2020, both
sexes, all ages [Internet]. Lyon: IARC; 2020 [cited 2020, Dec 29]. Available

from: https://gco.iarc.fr/.

. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. 2019

Jan;69(1):7-34. doi: 10.3322/caac.21551.

Yu H, Boyle TA, Zhou C, Rimm DL, Hirsch FR. PD-L1 Expression in Lung
Cancer. J Thorac Oncaol. 2016 Jul;11(7):964-75. doi:
10.1016/j.jtho.2016.04.014.

Statistik Austria. Luftréhre, Bronchien, Lunge [Internet]. Wien: Statistik Austria;
2019 [cited 2020, Dec 29]. Available from:
http://pic.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundhe
it’/krebserkrankungen/luftroehre_bronchien_lunge/index.html.

Goss PE, Strasser-Weippl K, Lee-Bychkovsky BL, Fan L, Li J, Chavarri-
Guerra Y, Liedke PE, Pramesh CS, Badovinac-Crnjevic T, Sheikine Y, Chen
Z, Qiao YL, Shao Z, Wu YL, Fan D, Chow LW, Wang J, Zhang Q, Yu S, Shen
G, He J, Purushotham A, Sullivan R, Badwe R, Banavali SD, Nair R, Kumar L,
Parikh P, Subramanian S, Chaturvedi P, lyer S, Shastri SS, Digumarti R, Soto-
Perez-de-Celis E, Adilbay D, Semiglazov V, Orlov S, Kaidarova D, Tsimafeyeu
|, Tatishchev S, Danishevskiy KD, Hurlbert M, Vail C, St Louis J, Chan A.
Challenges to effective cancer control in China, India, and Russia. Lancet
Oncol. 2014 Apr;15(5):489-538. doi: 10.1016/S1470-2045(14)70029-4.

Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA Cancer J Clin.
2014 Jan-Feb;64(1):9-29. doi: 10.3322/caac.21208.

. Trinh QD, Nguyen PL, Leow JJ, Dalela D, Chao GF, Mahal BA, Nayak M,

Schmid M, Choueiri TK, Aizer AA. Cancer-specific mortality of Asian
Americans diagnosed with cancer: a nationwide population-based
assessment. J Natl Cancer Inst. 2015 Mar 20;107(6):djv054. doi:
10.1093/jnci/djv054.

Bailey-Wilson JE, Sellers TA, Elston RC, Evens CC, Rothschild H. Evidence
for a major gene effect in early-onset lung cancer. J La State Med Soc. 1993
Apr;145(4):157-62.

Malkin D, Li FP, Strong LC, Fraumeni JF Jr, Nelson CE, Kim DH, Kassel J,

Gryka MA, Bischoff FZ, Tainsky MA, et al. Germ line p53 mutations in a
39


https://gco.iarc.fr/
http://pic.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundheit/krebserkrankungen/luftroehre_bronchien_lunge/index.html
http://pic.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundheit/krebserkrankungen/luftroehre_bronchien_lunge/index.html

familial syndrome of breast cancer, sarcomas, and other neoplasms. Science.
1990 Nov 30;250(4985):1233-8. doi: 10.1126/science.1978757.

10.1ARC. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans.
Tobacco Smoke. In: Tobacco smoke and involuntary smoking. Vol 83.
[Internet] Lyon: IARC; 2004 [cited 2021, Jan 4]. Available from:
https://publications.iarc.fr/Book-And-Report-Series/larc-Monographs-On-The-
Identification-Of-Carcinogenic-Hazards-To-Humans/Tobacco-Smoke-And-
Involuntary-Smoking-2004

11.Clément-Duchéne C, Vignaud JM, Stoufflet A, Bertrand O, Gislard A,
Thiberville L, Grosdidier G, Martinet Y, Benichou J, Hainaut P, Paris C.
Characteristics of never smoker lung cancer including environmental and
occupational risk factors. Lung Cancer. 2010 Feb;67(2):144-50. doi:
10.1016/j.lungcan.2009.04.005.

12.Krewski D, Lubin JH, Zielinski JM, Alavanja M, Catalan VS, Field RW, Klotz
JB, Létourneau EG, Lynch CF, Lyon JI, Sandler DP, Schoenberg JB, Steck
DJ, Stolwijk JA, Weinberg C, Wilcox HB. Residential radon and risk of lung
cancer. a combined analysis of 7 North American case-control studies.
Epidemiology. 2005 Mar;16(2):137-45. doi:
10.1097/01.ede.0000152522.80261.e3.

13.Lim SM, Choi JW, Hong MH, Jung D, Lee CY, Park SY, Shim HS, Sheen S,
Kwak Kl, Kang DR, Cho BC, Kim HR. Indoor radon exposure increases tumor
mutation burden in never-smoker patients with lung adenocarcinoma. Lung
Cancer. 2019 May;131:139-146. doi: 10.1016/j.lungcan.2019.04.002.

14.Seo S, Ha WH, Kang JK, Lee D, Park S, Kwon TE, Jin YW. Health effects of
exposure to radon: implications of the radon bed mattress incident in Korea.
Epidemiol Health. 2019;41:€2019004. doi: 10.4178/epih.e2019004.

15.de Groot PM, Wu CC, Carter BW, Munden RF. The epidemiology of lung
cancer. Transl Lung Cancer Res. 2018 Jun;7(3):220-233. doi:
10.21037/tlcr.2018.05.06.

16.Shankar A, Dubey A, Saini D, Singh M, Prasad CP, Roy S, Bharati SJ, Rinki
M, Singh N, Seth T, Khanna M, Sethi N, Kumar S, Sirohi B, Mohan A, Guleria
R, Rath GK. Environmental and occupational determinants of lung cancer.
Transl Lung Cancer Res. 2019 May;8(Suppl 1):S31-S49. doi:
10.21037/tlcr.2019.03.05.

40



17.Balmes JR. Household air pollution from domestic combustion of solid fuels
and health. J Allergy Clin Immunol. 2019 Jun;143(6):1979-1987. doi:
10.1016/j.jaci.2019.04.016.

18.Desai MA, Mehta S, Smith KR, World Health Organization. Indoor Smoke
From Solid Fuels: Assessing the Environmental Burden of Disease at national
and local levels. [Internet] Geneva: WHO; 2004 [cited 2021, Jan 20]. Available
from:
https://apps.who.int/iris/bitstream/handle/10665/42885/9241591358.pdf?seque
nce=1&isAllowed=y.

19.Downward GS, Hu W, Rothman N, Reiss B, Tromp P, Wu G, Wei F, Xu J,
Seow WJ, Chapman RS, Lan Q, Vermeulen R. Quartz in ash, and air in a high
lung cancer incidence area in China. Environ Pollut. 2017 Feb;221:318-325.
doi: 10.1016/j.envpol.2016.11.081.

20.Corrales L, Rosell R, Cardona AF, Martin C, Zatarain-Barrén ZL, Arrieta O.
Lung cancer in never smokers: The role of different risk factors other than
tobacco smoking. Crit Rev Oncol Hematol. 2020 Apr;148:102895. doi:
10.1016/j.critrevonc.2020.102895.

21.Prochazka M, Hall P, Gagliardi G, Granath F, Nilsson BN, Shields PG, Tennis
M, Czene K. lonizing radiation and tobacco use increases the risk of a
subsequent lung carcinoma in women with breast cancer: case-only design. J
Clin Oncol. 2005 Oct 20;23(30):7467-74. doi: 10.1200/JC0O.2005.01.7335.

22.Travis LB, Gospodarowicz M, Curtis RE, Clarke EA, Andersson M, Glimelius
B, Joensuu T, Lynch CF, van Leeuwen FE, Holowaty E, Storm H, Glimelius I,
Pukkala E, Stovall M, Fraumeni JF Jr, Boice JD Jr, Gilbert E. Lung cancer
following chemotherapy and radiotherapy for Hodgkin's disease. J Natl Cancer
Inst. 2002 Feb 6;94(3):182-92. doi: 10.1093/jnci/94.3.182.

23.van Leeuwen FE, Klokman WJ, Stovall M, Hagenbeek A, van den Belt-
Dusebout AW, Noyon R, Boice JD Jr, Burgers JM, Somers R. Roles of
radiotherapy and smoking in lung cancer following Hodgkin's disease. J Natl
Cancer Inst. 1995 Oct 18;87(20):1530-7. doi: 10.1093/jnci/87.20.1530.

24.Qu YL, Liu J, Zhang LX, Wu CM, Chu AJ, Wen BL, Ma C, Yan XY, Zhang X,
Wang DM, Lv X, Hou SJ. Asthma and the risk of lung cancer: a meta-analysis.
Oncotarget. 2017 Feb 14;8(7):11614-11620. doi: 10.18632/oncotarget.14595.

41



25.Shiels MS, Pfeiffer RM, Gail MH, Hall HI, Li J, Chaturvedi AK, Bhatia K,
Uldrick TS, Yarchoan R, Goedert JJ, Engels EA. Cancer burden in the HIV-
infected population in the United States. J Natl Cancer Inst. 2011 May
4;103(9):753-62. doi: 10.1093/jnci/djr076.

26.Winstone TA, Man SFP, Hull M, Montaner JS, Sin DD. Epidemic of lung
cancer in patients with HIV infection. Chest. 2013 Feb 1;143(2):305-314. doi:
10.1378/chest.12-1699.

27.Morlat P, Roussillon C, Henard S, Salmon D, Bonnet F, Cacoub P, Georget A,
Aouba A, Rosenthal E, May T, Chauveau M, Diallo B, Costagliola D, Chene G;
ANRS EN20 Mortalité 2010 Study Group. Causes of death among HIV-
infected patients in France in 2010 (national survey): trends since 2000. AIDS.
2014 May 15;28(8):1181-91. doi: 10.1097/QAD.0000000000000222.

28.Sigel K, Wisnivesky J, Gordon K, Dubrow R, Justice A, Brown ST, Goulet J,
Butt AA, Crystal S, Rimland D, Rodriguez-Barradas M, Gibert C, Park LS,
Crothers K. HIV as an independent risk factor for incident lung cancer. AIDS.
2012 May 15;26(8):1017-25. doi: 10.1097/QAD.0b013e328352d1ad.

29.Shiels MS, Cole SR, Mehta SH, Kirk GD. Lung cancer incidence and mortality
among HIV-infected and HIV-uninfected injection drug users. J Acquir Immune
Defic Syndr. 2010 Dec;55(4):510-5. doi: 10.1097/QAIl.0b013e3181f53783.

30. Silverberg MJ, Lau B, Achenbach CJ, Jing Y, Althoff KN, D'Souza G, Engels
EA, Hessol NA, Brooks JT, Burchell AN, Gill MJ, Goedert JJ, Hogg R, Horberg
MA, Kirk GD, Kitahata MM, Korthuis PT, Mathews WC, Mayor A, Modur SP,
Napravnik S, Novak RM, Patel P, Rachlis AR, Sterling TR, Willig JH, Justice
AC, Moore RD, Dubrow R; North American AIDS Cohort Collaboration on
Research and Design of the International Epidemiologic Databases to
Evaluate AIDS. Cumulative Incidence of Cancer Among Persons With HIV in
North America: A Cohort Study. Ann Intern Med. 2015 Oct 6;163(7):507-18.
doi: 10.7326/M14-2768.

31.Hessol NA, Martinez-Maza O, Levine AM, Morris A, Margolick JB, Cohen MH,
Jacobson LP, Seaberg EC. Lung cancer incidence and survival among HIV-
infected and uninfected women and men. AIDS. 2015 Jun 19;29(10):1183-93.
doi: 10.1097/QAD.0000000000000690.

32.0st DE, Jim Yeung SC, Tanoue LT, Gould MK. Clinical and organizational
factors in the initial evaluation of patients with lung cancer: Diagnosis and

42



management of lung cancer, 3rd ed: American College of Chest Physicians
evidence-based clinical practice guidelines. Chest. 2013 May;143(5
Suppl):e121S-e141S. doi: 10.1378/chest.12-2352.

33.Kocher F, Hilbe W, Seeber A, Pircher A, Schmid T, Greil R, Auberger J,
Nevinny-Stickel M, Sterlacci W, Tzankov A, Jamnig H, Kohler K, Zabernigg A,
Frotscher J, Oberaigner W, Fiegl M. Longitudinal analysis of 2293 NSCLC
patients: a comprehensive study from the TYROL registry. Lung Cancer. 2015
FeDb;87(2):193-200. doi: 10.1016/j.lungcan.2014.12.006.

34.Kanaji N, Watanabe N, Kita N, Bandoh S, Tadokoro A, Ishii T, Dobashi H,
Matsunaga T. Paraneoplastic syndromes associated with lung cancer. World J
Clin Oncol. 2014 Aug 10;5(3):197-223. doi: 10.5306/wjco.v5.i3.197.

35.IARC. WHO Classification of Tumours Editorial Board. Thoracic tumours. Lyon
(France): International Agency for Research on Cancer; 2021. (WHO
classification of tumours series, 5" ed.; vol. 5).

36.Prince SS, Bubendorf L. Tumoren der Lunge. In: Hofler G, Kreipe H, Moch H,
Agaimy A, Amann K, Baba A, Baretton G, Baumhoer D, Bode PK, Bode-
Lesniewska B, Bohle RM, Bornemann A, Brockmann M, Bruder E, Bubendorf
L, Cathomas G, Denkert C, Dombrowski F, Duba HC, Zimmermann DR,
editors. Pathologie. Munchen: Urban & Fischer, 2019. 6th ed., pp.512-519.

37.Travis WD, Brambilla E, Nicholson AG, Yatabe Y, Austin JHM, Beasley MB,
Chirieac LR, Dacic S, Duhig E, Flieder DB, Geisinger K, Hirsch FR, Ishikawa
Y, Kerr KM, Noguchi M, Pelosi G, Powell CA, Tsao MS, Wistuba I; WHO
Panel. The 2015 World Health Organization Classification of Lung Tumors:
Impact of Genetic, Clinical and Radiologic Advances Since the 2004
Classification. J Thorac Oncol. 2015 Sep;10(9):1243-1260. doi:
10.1097/JT0O.0000000000000630.

38.Kuhn E, Morbini P, Cancellieri A, Damiani S, Cavazza A, Comin CE.
Adenocarcinoma classification: patterns and prognosis. Pathologica. 2018
Mar;110(1):5-11.

39.Devesa SS, Shaw GL, Blot WJ. Changing patterns of lung cancer incidence by
histological type. Cancer Epidemiol Biomarkers Prev. 1991 Nov-Dec;1(1):29-
34.

40.Mukhopadhyay S, Katzenstein AL. Subclassification of non-small cell lung

carcinomas lacking morphologic differentiation on biopsy specimens: Utility of

43



an immunohistochemical panel containing TTF-1, napsin A, p63, and CK5/6.
Am J Surg Pathol. 2011 Jan;35(1):15-25. doi:
10.1097/PAS.0b013e3182036d05.

41.Tacha D, Yu C, Bremer R, Qi W, Haas T. A 6-antibody panel for the
classification of lung adenocarcinoma versus squamous cell carcinoma. Appl
Immunohistochem Mol Morphol. 2012 May;20(3):201-7. doi:
10.1097/PAl.0b013e31823d7f0e.

42.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;24(10):1348-59. doi:
10.1038/modpathol.2011.92.

43.Sabbula BR, Anjum F. Squamous Cell Lung Cancer. [Updated 2021 Jun 4]. In:
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 2021 [cited
2021, Jun 10]. Available from:
https://www.ncbi.nim.nih.gov/books/NBK564510/

44.Li C, Lu H. Adenosquamous carcinoma of the lung. Onco Targets Ther. 2018
Aug 14;11:4829-4835. doi: 10.2147/0TT.S5164574.

45.Kang SM, Kang HJ, Shin JH, Kim H, Shin DH, Kim SK, Kim JH, Chung KY,
Kim SK, Chang J. 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. doi:
10.1002/cncr.22413.

46.Lewis DR, Check DP, Caporaso NE, Travis WD, Devesa SS. US lung cancer
trends by histologic type. Cancer. 2014 Sep 15;120(18):2883-92. doi:
10.1002/cncr.28749.

47.Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger K, Yatabe Y,
Ishikawa Y, Wistuba |, Flieder DB, Franklin W, Gazdar A, Hasleton PS,
Henderson DW, Kerr KM, Nakatani Y, Petersen |, Roggli V, Thunnissen E,
Tsao M. 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 May;137(5):685-705. doi:
10.5858/arpa.2012-0264-RA.

44



48.Caplin ME, Baudin E, Ferolla P, Filosso P, Garcia-Yuste M, Lim E, Oberg K,
Pelosi G, Perren A, Rossi RE, Travis WD; ENETS consensus conference
participants. Pulmonary neuroendocrine (carcinoid) tumors: European
Neuroendocrine Tumor Society expert consensus and recommendations for
best practice for typical and atypical pulmonary carcinoids. Ann Oncol. 2015
Aug;26(8):1604-20. doi: 10.1093/annonc/mdv041.

49.Clinical Lung Cancer Genome Project (CLCGP); Network Genomic Medicine
(NGM). A genomics-based classification of human lung tumors. Sci Transl
Med. 2013 Oct 30;5(209):209ra153. doi: 10.1126/scitransImed.3006802.

50.Fernandez-Cuesta L, Peifer M, Lu X, Sun R, Ozreti¢ L, Seidal D, Zander T,
Leenders F, George J, Muller C, Dahmen [, Pinther B, Bosco G, Konrad K,
Altmuller J, Nurnberg P, Achter V, Lang U, Schneider PM, Bogus M,
Soltermann A, Brustugun OT, Helland A, Solberg S, Lund-Iversen M, Ansén S,
Stoelben E, Wright GM, Russell P, Wainer Z, Solomon B, Field JK, Hyde R,
Davies MP, Heukamp LC, Petersen |, Perner S, Lovly C, Cappuzzo F, Travis
WD, Wolf J, Vingron M, Brambilla E, Haas SA, Buettner R, Thomas RK.
Frequent mutations in chromatin-remodelling genes in pulmonary carcinoids.
Nat Commun. 2014 Mar 27;5:3518. doi: 10.1038/ncomms4518.

51.Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland
RK, Meyer L, Gress DM, Byrd DR, Winchester DP. The Eighth Edition AJCC
Cancer Staging Manual: Continuing to build a bridge from a population-based
to a more "personalized" approach to cancer staging. CA Cancer J Clin. 2017
Mar;67(2):93-99. doi: 10.3322/caac.21388.

52.AJCC: Brierley JD, Gospodarowicz MK, Wittekind C. TNM Classification of
Malignant Tumours 8th ed. Hoboken: Wiley; 2017.

53.Park HS, Lee S, Haam S, Lee GD. Effect of formalin fixation and tumour size
in small-sized non-small-cell lung cancer: a prospective, single-centre study.
Histopathology. 2017 Sep;71(3):437-445. doi: 10.1111/his.13237.

54. AWMF online. S3-Leitlinie: Pravention, Diagnostik, Therapie und Nachsorge
des Lungenkarzinoms. [Internet] Berlin: AWMF online; 2018 [cited 2021, Jun
25] Available from: https://www.awmf.org/uploads/tx_szleitlinien/020-
0070L_I_S3_Lungenkarzinom_2018-03.pdf.

55.Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura H, Eberhardt
WE, Nicholson AG, Groome P, Mitchell A, Bolejack V; International

45



Association for the Study of Lung Cancer Staging and Prognostic Factors
Committee, Advisory Boards, and Participating Institutions; International
Association for the Study of Lung Cancer Staging and Prognostic Factors
Committee Advisory Boards and Participating Institutions. The IASLC Lung
Cancer Staging Project: Proposals for Revision of the TNM Stage Groupings
in the Forthcoming (Eighth) Edition of the TNM Classification for Lung Cancer.
J Thorac Oncol. 2016 Jan;11(1):39-51. doi: 10.1016/j.jth0.2015.09.009.

56.Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA Cancer J Clin.

2017 Jan;67(1):7-30. doi: 10.3322/caac.21387.

57.Travis WD, Brambilla E, Burke AP, Marx A, Nicholson AG. Introduction to The

2015 World Health Organization Classification of Tumors of the Lung, Pleura,
Thymus, and Heart. J Thorac Oncol. 2015 Sep;10(9):1240-1242. doi:
10.1097/JT0O.0000000000000663.

58.Yatabe Y, Dacic S, Borczuk AC, Warth A, Russell PA, Lantuejoul S, Beasley

MB, Thunnissen E, Pelosi G, Rekhtman N, Bubendorf L, Mino-Kenudson M,
Yoshida A, Geisinger KR, Noguchi M, Chirieac LR, Bolting J, Chung JH, Chou
TY, Chen G, Poleri C, Lopez-Rios F, Papotti M, Sholl LM, Roden AC, Travis
WD, Hirsch FR, Kerr KM, Tsao MS, Nicholson AG, Wistuba |, Moreira AL.
Best Practices Recommendations for Diagnostic Immunohistochemistry in
Lung Cancer. J Thorac Oncol. 2019 Mar;14(3):377-407. doi:
10.1016/}.jtho.2018.12.005.

59.Vincent MD, Kuruvilla MS, Leighl NB, Kamel-Reid S. Biomarkers that currently

affect clinical practice: EGFR, ALK, MET, KRAS. Curr Oncol. 2012
Jun;19(Suppl 1):S33-44. doi: 10.3747/c0.19.1149.

60.Gurda GT, Zhang L, Wang Y, Chen L, Geddes S, Cho WC, Askin F,

61.

Gabrielson E, Li QK. Utility of five commonly used immunohistochemical
markers TTF-1, Napsin A, CK7, CK5/6 and P63 in primary and metastatic
adenocarcinoma and squamous cell carcinoma of the lung: a retrospective
study of 246 fine needle aspiration cases. Clin Transl Med. 2015 Apr 21;4:16.
doi: 10.1186/s40169-015-0057-2.

Chuman Y, Bergman A, Ueno T, Saito S, Sakaguchi K, Alaiya AA, Franzén B,
Bergman T, Arnott D, Auer G, Appella E, Jornvall H, Linder S. Napsin A, a

member of the aspartic protease family, is abundantly expressed in normal

46



lung and kidney tissue and is expressed in lung adenocarcinomas. FEBS Lett.
1999 Nov 26;462(1-2):129-34. doi: 10.1016/s0014-5793(99)01493-3.

62.Stoll LM, Johnson MW, Gabrielson E, Askin F, Clark DP, Li QK. The utility of
napsin-A in the identification of primary and metastatic lung adenocarcinoma
among cytologically poorly differentiated carcinomas. Cancer Cytopathol. 2010
Dec 25;118(6):441-9. doi: 10.1002/cncy.20108.

63.Bishop JA, Sharma R, lllei PB. Napsin A and thyroid transcription factor-1
expression in carcinomas of the lung, breast, pancreas, colon, kidney, thyroid,
and malignant mesothelioma. Hum Pathol. 2010 Jan;41(1):20-5. doi:
10.1016/j.humpath.2009.06.014.

64.Duma N, Santana-Davila R, Molina JR. Non-Small Cell Lung Cancer:
Epidemiology, Screening, Diagnosis, and Treatment. Mayo Clin Proc. 2019
Aug;94(8):1623-1640. doi: 10.1016/j.mayocp.2019.01.013.

65.Khullar OV, Liu Y, Gillespie T, Higgins KA, Ramalingam S, Lipscomb J,
Fernandez FG. Survival After Sublobar Resection versus Lobectomy for
Clinical Stage IA Lung Cancer: An Analysis from the National Cancer Data
Base. J Thorac Oncol. 2015 Nov;10(11):1625-33. doi:
10.1097/JT0O.0000000000000664.

66.Billmeier SE, Ayanian JZ, Zaslavsky AM, Nerenz DR, Jaklitsch MT, Rogers
SO. Predictors and outcomes of limited resection for early-stage non-small cell
lung cancer. J Natl Cancer Inst. 2011 Nov 2;103(21):1621-9. doi:
10.1093/jnci/djr387.

67.Gilligan D, Nicolson M, Smith I, Groen H, Dalesio O, Goldstraw P, Hatton M,
Hopwood P, Manegold C, Schramel F, Smit H, van Meerbeeck J, Nankivell M,
Parmar M, Pugh C, Stephens R. Preoperative chemotherapy in patients with
resectable non-small cell lung cancer: results of the MRC LU22/NVALT
2/EORTC 08012 multicentre randomised trial and update of systematic review.
Lancet. 2007 Jun 9;369(9577):1929-37. doi: 10.1016/S0140-6736(07)60714-
4.

68.Felip E, Rosell R, Maestre JA, Rodriguez-Paniagua JM, Moran T, Astudillo J,
Alonso G, Borro JM, Gonzalez-Larriba JL, Torres A, Camps C, Guijarro R, Isla
D, Aguild6 R, Alberola V, Padilla J, Sanchez-Palencia A, Sanchez JJ,
Hermosilla E, Massuti B; Spanish Lung Cancer Group. Preoperative
chemotherapy plus surgery versus surgery plus adjuvant chemotherapy

47



versus surgery alone in early-stage non-small-cell lung cancer. J Clin Oncol.
2010 Jul 1;28(19):3138-45. doi: 10.1200/JC0O.2009.27.6204.

69.Pignon JP, Tribodet H, Scagliotti GV, Douillard JY, Shepherd FA, Stephens

RJ, Dunant A, Torri V, Rosell R, Seymour L, Spiro SG, Rolland E, Fossati R,
Aubert D, Ding K, Waller D, Le Chevalier T; LACE Collaborative Group. Lung
adjuvant cisplatin evaluation: a pooled analysis by the LACE Collaborative
Group. J Clin Oncol. 2008 Jul 20;26(21):3552-9. doi:
10.1200/JC0.2007.13.9030.

70.Dogan S, Shen R, Ang DC, Johnson ML, D'Angelo SP, Paik PK, Brzostowski

71.

EB, Riely GJ, Kris MG, Zakowski MF, Ladanyi M. Molecular epidemiology of
EGFR and KRAS mutations in 3,026 lung adenocarcinomas: higher
susceptibility of women to smoking-related KRAS-mutant cancers. Clin Cancer
Res. 2012 Nov 15;18(22):6169-77. doi: 10.1158/1078-0432.CCR-11-3265.
Sequist LV, Yang JC, Yamamoto N, O'Byrne K, Hirsh V, Mok T, Geater SL,
Orlov S, Tsai CM, Boyer M, Su WC, Bennouna J, Kato T, Gorbunova V, Lee
KH, Shah R, Massey D, Zazulina V, Shahidi M, Schuler M. Phase Il study of
afatinib or cisplatin plus pemetrexed in patients with metastatic lung
adenocarcinoma with  EGFR mutations. J Clin Oncol. 2013 Sep
20;31(27):3327-34. doi: 10.1200/JC0.2012.44.2806.

72.Mitsudomi T, Morita S, Yatabe Y, Negoro S, Okamoto |, Tsurutani J, Seto T,

Satouchi M, Tada H, Hirashima T, Asami K, Katakami N, Takada M, Yoshioka
H, Shibata K, Kudoh S, Shimizu E, Saito H, Toyooka S, Nakagawa K,
Fukuoka M; West Japan Oncology Group. 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 Feb;11(2):121-8. doi:
10.1016/S1470-2045(09)70364-X.

73.Rosell R, Carcereny E, Gervais R, Vergnenegre A, Massuti B, Felip E,

Palmero R, Garcia-Gomez R, Pallares C, Sanchez JM, Porta R, Cobo M,
Garrido P, Longo F, Moran T, Insa A, De Marinis F, Corre R, Bover |, llliano A,
Dansin E, de Castro J, Milella M, Reguart N, Altavilla G, Jimenez U, Provencio
M, Moreno MA, Terrasa J, Mufoz-Langa J, Valdivia J, Isla D, Domine M,
Molinier O, Mazieres J, Baize N, Garcia-Campelo R, Robinet G, Rodriguez-
Abreu D, Lopez-Vivanco G, Gebbia V, Ferrera-Delgado L, Bombaron P,

48



Bernabe R, Bearz A, Artal A, Cortesi E, Rolfo C, Sanchez-Ronco M,
Drozdowskyj A, Queralt C, de Aguirre |, Ramirez JL, Sanchez JJ, Molina MA,
Taron M, Paz-Ares L; Spanish Lung Cancer Group in collaboration with
Groupe Frangais de Pneumo-Cancérologie and Associazione Italiana
Oncologia Toracica. 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 Mar;13(3):239-46. doi: 10.1016/S1470-
2045(11)70393-X.

74.Shaw AT, Yeap BY, Solomon BJ, Riely GJ, Gainor J, Engelman JA, Shapiro
Gl, Costa DB, Ou SH, Butaney M, Salgia R, Maki RG, Varella-Garcia M,
Doebele RC, Bang YJ, Kulig K, Selaru P, Tang Y, Wilner KD, Kwak EL, Clark
JW, lafrate AJ, Camidge DR. 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 Oct;12(11):1004-
12. doi: 10.1016/S1470-2045(11)70232-7.

75.Shaw AT, Gandhi L, Gadgeel S, Riely GJ, Cetnar J, West H, Camidge DR,
Socinski MA, Chiappori A, Mekhail T, Chao BH, Borghaei H, Gold KA, Zeaiter
A, Bordogna W, Balas B, Puig O, Henschel V, Ou SI; study investigators.
Alectinib in ALK-positive, crizotinib-resistant, non-small-cell lung cancer: a
single-group, multicentre, phase 2 trial. Lancet Oncol. 2016 Feb;17(2):234-
242. doi: 10.1016/S1470-2045(15)00488-X.

76.Shaw AT, Kim TM, Crind L, Gridelli C, Kiura K, Liu G, Novello S, Bearz A,
Gautschi O, Mok T, Nishio M, Scagliotti G, Spigel DR, Deudon S, Zheng C,
Pantano S, Urban P, Massacesi C, Viraswami-Appanna K, Felip E. Ceritinib
versus chemotherapy in patients with ALK-rearranged non-small-cell lung
cancer previously given chemotherapy and crizotinib (ASCEND-5): a
randomised, controlled, open-label, phase 3 trial. Lancet Oncol. 2017
Jul;18(7):874-886. doi: 10.1016/S1470-2045(17)30339-X.

77.Shaw AT, Ou SH, Bang YJ, Camidge DR, Solomon BJ, Salgia R, Riely GJ,
Varella-Garcia M, Shapiro Gl, Costa DB, Doebele RC, Le LP, Zheng Z, Tan
W, Stephenson P, Shreeve SM, Tye LM, Christensen JG, Wilner KD, Clark
JW, lafrate AJ. Crizotinib in ROS1-rearranged non-small-cell lung cancer. N
Engl J Med. 2014 Nov 20;371(21):1963-71. doi: 10.1056/NEJM0a1406766.

49



78.Shi Y, Li J, Zhang S, Wang M, Yang S, Li N, Wu G, Liu W, Liao G, Cai K,
Chen L, Zheng M, Yu P, Wang X, Liu Y, Guo Q, Nie L, Liu J, Han X. Molecular
Epidemiology of EGFR Mutations in Asian Patients with Advanced Non-Small-
Cell Lung Cancer of Adenocarcinoma Histology - Mainland China Subset
Analysis of the PIONEER study. PLoS One. 2015 Nov 23;10(11):e0143515.
doi: 10.1371/journal.pone.0143515.

79.Arbour KC, Riely GJ. Systemic Therapy for Locally Advanced and Metastatic
Non-Small Cell Lung Cancer: A Review. JAMA. 2019 Aug 27;322(8):764-774.
doi: 10.1001/jama.2019.11058.

80.Kroemer G, Galluzzi L, Kepp O, Zitvogel L. Immunogenic cell death in cancer
therapy. Annu Rev Immunol. 2013;31:51-72. doi: 10.1146/annurev-immunol-
032712-100008.

81.Evan GI, Vousden KH. Proliferation, cell cycle and apoptosis in cancer.
Nature. 2001 May 17;411(6835):342-8. doi: 10.1038/35077213.

82.Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy.
Nat Rev Cancer. 2012 Mar 22;12(4):252-64. doi: 10.1038/nrc3239.

83.Ruiz-Cordero R, Devine WP. Targeted Therapy and Checkpoint
Immunotherapy in Lung Cancer. Surg Pathol Clin. 2020 Mar;13(1):17-33. doi:
10.1016/j.path.2019.11.002.

84.Hirsch FR, McElhinny A, Stanforth D, Ranger-Moore J, Jansson M, Kulangara
K, Richardson W, Towne P, Hanks D, Vennapusa B, Mistry A, Kalamegham
R, Averbuch S, Novotny J, Rubin E, Emancipator K, McCaffery |, Williams JA,
Walker J, Longshore J, Tsao MS, Kerr KM. PD-L1 Immunohistochemistry
Assays for Lung Cancer: Results from Phase 1 of the Blueprint PD-L1 IHC
Assay Comparison Project. J Thorac Oncol. 2017 Feb;12(2):208-222. doi:
10.1016/j.jtho.2016.11.2228.

85.Kim H, Chung JH. PD-L1 Testing in Non-small Cell Lung Cancer: Past,
Present, and Future. J Pathol Transl Med. 2019 Jul;53(4):199-206. doi:
10.4132/jptm.2019.04.24.

86.Tsao MS, Kerr KM, Kockx M, Beasley MB, Borczuk AC, Botling J, Bubendorf
L, Chirieac L, Chen G, Chou TY, Chung JH, Dacic S, Lantuejoul S, Mino-
Kenudson M, Moreira AL, Nicholson AG, Noguchi M, Pelosi G, Poleri C,
Russell PA, Sauter J, Thunnissen E, Wistuba |, Yu H, Wynes MW, Pintilie M,
Yatabe Y, Hirsch FR. PD-L1 Immunohistochemistry Comparability Study in

50



Real-Life Clinical Samples: Results of Blueprint Phase 2 Project. J Thorac
Oncol. 2018 Sep;13(9):1302-1311. doi: 10.1016/j.jtho.2018.05.013.

87.Cooper WA, Russell PA, Cherian M, Duhig EE, Godbolt D, Jessup PJ, Khoo
C, Leslie C, Mahar A, Moffat DF, Sivasubramaniam V, Faure C, Reznichenko
A, Grattan A, Fox SB. Intra- and Interobserver Reproducibility Assessment of
PD-L1 Biomarker in Non-Small Cell Lung Cancer. Clin Cancer Res. 2017 Aug
15;23(16):4569-4577. doi: 10.1158/1078-0432.CCR-17-0151.

88.Kravtsov O, Hartley CP, Sheinin Y, Hunt BC, Felix JC, Giorgadze T. Utility of
PD-L1 testing on non-small cell lung cancer cytology specimens: An
institutional experience with interobserver variability analysis. Ann Diagn
Pathol. 2020 Oct;48:151602. doi: 10.1016/j.anndiagpath.2020.151602.

89.Chang S, Park HK, Choi YL, Jang SJ. Interobserver Reproducibility of PD-L1
Biomarker in Non-small Cell Lung Cancer: A Multi-Institutional Study by 27
Pathologists. J Pathol Transl Med. 2019 Nov;53(6):347-353. doi:
10.4132/jptm.2019.09.29.

90.Nicholson AG, Sauter JL, Nowak AK, Kindler HL, Gill RR, Remy-Jardin M,
Armato SG 3rd, Fernandez-Cuesta L, Bueno R, Alcala N, Foll M, Pass H,
Attanoos R, Baas P, Beasley MB, Brcic L, Butnor KJ, Chirieac LR, Churg A,
Courtiol P, Dacic S, De Perrot M, Frauenfelder T, Gibbs A, Hirsch FR,
Hiroshima K, Husain A, Klebe S, Lantuejoul S, Moreira A, Opitz |, Perol M,
Roden A, Roggli V, Scherpereel A, Tirode F, Tazelaar H, Travis WD, Tsao
MS, van Schil P, Vignaud JM, Weynand B, Lang-Lazdunski L, Cree |, Rusch
VW, Girard N, Galateau-Salle F. EURACAN/IASLC Proposals for Updating the
Histologic Classification of Pleural Mesothelioma: Towards a More
Multidisciplinary Approach. J Thorac Oncol. 2020 Jan;15(1):29-49. doi:
10.1016/}.jtho.2019.08.2506.

91.Lanphear BP, Buncher CR. Latent period for malignant mesothelioma of
occupational origin. J Occup Med. 1992 Jul;34(7):718-21.

92.Bibby AC, Tsim S, Kanellakis N, Ball H, Talbot DC, Blyth KG, Maskell NA,
Psallidas I. Malignant pleural mesothelioma: an update on investigation,
diagnosis and treatment. Eur Respir Rev. 2016 Dec;25(142):472-486. doi:
10.1183/16000617.0063-2016.

93. Galateau Salle F, Le Stang N, Nicholson AG, Pissaloux D, Churg A, Klebe S,
Roggli VL, Tazelaar HD, Vignaud JM, Attanoos R, Beasley MB, Begueret H,

51



Capron F, Chirieac L, Copin MC, Dacic S, Danel C, Foulet-Roge A, Gibbs A,
Giusiano-Courcambeck S, Hiroshima K, Hofman V, Husain AN, Kerr K,
Marchevsky A, Nabeshima K, Picquenot JM, Rouquette I, Sagan C, Sauter JL,
Thivolet F, Travis WD, Tsao MS, Weynand B, Damiola F, Scherpereel A,
Pairon JC, Lantuejoul S, Rusch V, Girard N. New Insights on Diagnostic
Reproducibility of Biphasic Mesotheliomas: A Multi-Institutional Evaluation by
the International Mesothelioma Panel From the MESOPATH Reference
Center. J Thorac Oncaol. 2018 Aug;13(8):1189-1203. doi:
10.1016/j.jtho.2018.04.023.

94.Husain AN, Colby TV, Ordofiez NG, Allen TC, Attanoos RL, Beasley MB,
Butnor KJ, Chirieac LR, Churg AM, Dacic S, Galateau-Sallé F, Gibbs A, Gown
AM, Krausz T, Litzky LA, Marchevsky A, Nicholson AG, Roggli VL, Sharma
AK, Travis WD, Walts AE, Wick MR. Guidelines for Pathologic Diagnosis of
Malignant Mesothelioma 2017 Update of the Consensus Statement From the
International Mesothelioma Interest Group. Arch Pathol Lab Med. 2018
Jan;142(1):89-108. doi: 10.5858/arpa.2017-0124-RA.

95.Carbone M, Yang H, Pass HI, Krausz T, Testa JR, Gaudino G. BAP1 and
cancer. Nat Rev Cancer. 2013 Mar;13(3):153-9. doi: 10.1038/nrc3459.

96. Sheffield BS, Hwang HC, Lee AF, Thompson K, Rodriguez S, Tse CH, Gown
AM, Churg A. BAP1 immunohistochemistry and p16 FISH to separate benign
from malignant mesothelial proliferations. Am J Surg Pathol. 2015
Jul;39(7):977-82. doi: 10.1097/PAS.0000000000000394.

97.Calabrd L, Morra A, Giannarelli D, Amato G, D'Incecco A, Covre A, Lewis A,
Rebelatto MC, Danielli R, Altomonte M, Di Giacomo AM, Maio M.
Tremelimumab combined with durvalumab in patients with mesothelioma
(NIBIT-MESO-1): an open-label, non-randomised, phase 2 study. Lancet Respir
Med. 2018 Jun;6(6):451-460. doi: 10.1016/S2213-2600(18)30151-6.

98.0Okada M, Kijima T, Aoe K, Kato T, Fujimoto N, Nakagawa K, Takeda Y, Hida T,
Kanai K, Imamura F, Oizumi S, Takahashi T, Takenoyama M, Tanaka H, Hirano
J, Namba Y, Ohe Y. Clinical Efficacy and Safety of Nivolumab: Results of a
Multicenter, Open-label, Single-arm, Japanese Phase Il study in Malignant
Pleural Mesothelioma (MERIT). Clin Cancer Res. 2019 Sep 15;25(18):5485-
5492. doi: 10.1158/1078-0432.CCR-19-0103.

52



99. Quispel-Janssen J, van der Noort V, de Vries JF, Zimmerman M, Lalezari F,
Thunnissen E, Monkhorst K, Schouten R, Schunselaar L, Disselhorst M, Klomp
H, Hartemink K, Burgers S, Buikhuisen W, Baas P. Programmed Death 1
Blockade With Nivolumab in Patients With Recurrent Malignant Pleural
Mesothelioma. J Thorac Oncol. 2018 Oct;13(10):1569-1576.  doi:
10.1016/.jtho.2018.05.038.

100.de Gooijer CJ, Borm FJ, Scherpereel A, Baas P. Immunotherapy in Malignant
Pleural Mesothelioma. Front Oncol. 2020 Feb 21;10:187. doi:
10.3389/fonc.2020.00187.

101.Landis JR, Koch GG. The measurement of observer agreement for categorical
data. Biometrics. 1977 Mar;33(1):159-74.

102.Fdérsch S, Klauschen F, Hufnagl P, Roth W. Artificial Intelligence in Pathology.
Dtsch Arztebl Int. 2021 Mar 26;118(12):194-204. doi:
10.3238/arztebl.m2021.0011.

103.Ehteshami Bejnordi B, Veta M, Johannes van Diest P, van Ginneken B,
Karssemeijer N, Litens G, van der Laak JAWM; the CAMELYON16
Consortium, Hermsen M, Manson QF, Balkenhol M, Geessink O, Stathonikos
N, van Dijk MC, Bult P, Beca F, Beck AH, Wang D, Khosla A, Gargeya R,
Irshad H, Zhong A, Dou Q, Li Q, Chen H, Lin HJ, Heng PA, Hal® C, Bruni E,
Wong Q, Halici U, Oner MU, Cetin-Atalay R, Berseth M, Khvatkov V,
Vylegzhanin A, Kraus O, Shaban M, Rajpoot N, Awan R, Sirinukunwattana K,
Qaiser T, Tsang YW, Tellez D, Annuscheit J, Hufnagl P, Valkonen M, Kartasalo
K, Latonen L, Ruusuvuori P, Liimatainen K, Albargouni S, Mungal B, George A,
Demirci S, Navab N, Watanabe S, Seno S, Takenaka Y, Matsuda H, Ahmady
Phoulady H, Kovalev V, Kalinovsky A, Liauchuk V, Bueno G, Fernandez-
Carrobles MM, Serrano |, Deniz O, Racoceanu D, Venancio R. Diagnostic
Assessment of Deep Learning Algorithms for Detection of Lymph Node
Metastases in Women With Breast Cancer. JAMA. 2017 Dec 12;318(22):2199-
2210. doi: 10.1001/jama.2017.14585.

104. Steiner DF, MacDonald R, Liu Y, Truszkowski P, Hipp JD, Gammage C, Thng
F, Peng L, Stumpe MC. Impact of Deep Learning Assistance on the
Histopathologic Review of Lymph Nodes for Metastatic Breast Cancer. Am J
Surg Pathol. 2018 Dec;42(12):1636-1646. doi:
10.1097/PAS.0000000000001151.

53



105. Campanella G, Hanna MG, Geneslaw L, Miraflor A, Werneck Krauss Silva V,
Busam KJ, Brogi E, Reuter VE, Klimstra DS, Fuchs TJ. Clinical-grade
computational pathology using weakly supervised deep learning on whole slide
images. Nat Med. 2019 Aug;25(8):1301-1309. doi: 10.1038/s41591-019-0508-1.

106.Hameed BMZ, S Dhavileswarapu AVL, Raza SZ, Karimi H, Khanuja HS,
Shetty DK, Ibrahim S, Shah MJ, Naik N, Paul R, Rai BP, Somani BK. Artificial
Intelligence and Its Impact on Urological Diseases and Management: A
Comprehensive Review of the Literature. J Clin Med. 2021 Apr 26;10(9):1864.
doi: 10.3390/jcm10091864.

54



