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ABSTRACT

BACKGROUND

Chronic obstructive pulmonary disea@@OPD) and lung cancer are two catastrophic disease
representing leading causes of morbidity and mibrtatoridwide.

Although the treatment has greatly improved botkedses continue to show increasing
frequency and above all an unpredictable prograssio

Several studies have firmly established a stricineation between COPD and lung cancer
highlighting also the importance of the inflammatoesponse as a risk factor for both diseases.
The inflammatory paradigm is undoubtedly one of thest fascinating theories to connect
COPD and lung cancer and it has acquired new irsg&futhe recent discoveries in the COPD
pathogenesis. Emerging evidence in this contextemaghasized the role of adaptive immune
responses, possibly with an autoimmune componeattauhe recognition of pulmonary self-

antigens modified by cigarette smoking and to tlélufe of mechanisms regulating

immunological tolerance. In this context, COPD-assed cancers might have specific
pathogenetic and morphological features, diffeerftom tumours arising in non-COPD

patients, due to the synergic effect of cigarattelse and chronic inflammation.

AIM OF THE RESEARCH

This research project focuses on the study of kangcer in patients with COPD compared to
smokers without COPD and never smoker patientsderao identify eventual distinct clinical,

morphological and molecular phenotypes.

MATERIALS AND METHODS

From 2010 to 2012, we prospectively enrolled pasiemith peripheral non small lung cancer
submitted to anatomical lung resection (lobectomipbectomy or pneumonectomy) associated
with systematic lymphadenectomy. Patients with regratirway cancer, secondary lung tumours
or previously submitted to inductive treatment wexeluded from the study.

According to respiratory functional tests and smgkhistory patients were then divided in 3
groups: COPD patients, smokers without COPD ancgmemoker subjects with normal lung



function (FEV1/FVC ratio >70%). Each patient undentv a full clinical and instrumental

assessment.

Morphological studies included detailed analysisgobwth pattern (according to the latest
revision of adenocarcinoma classification), cellolperation (Ki67/MIB1 expression),

parameters of intra-and peri-tumoral remodellingfl@mmation, fibrosis and necrosis) and
tumoural detection of interleukin-17 (IL-17) cytoki. Genetic analysis of EGFR and KRAS

mutations was also performed in all cases.

RESULTS

In the study period, 66 patients who met the inolWexclusion criteria were initially
enrolled:16 COPD, 32 smokers without COPD and M&@nsmokers.

As the selection criteria affected the predomirfasitologic profile with a clear predominance of
the adenocarcinoma histotype (63% in COPD patieft%p in smokers and 56% in never-
smokers), we performed our investigations only atigmnts with this histology to obtain results
not affected by different histotypes. Therefore shedy group was composed of 43 patients (10
COPD, 23 smokers and 10 never-smokers), whose deamographic and functional parameters
were comparable except for male/female ratio, &aaein never-smokers, and for lung function,
reduced in COPD patients, as expected.

Given the specific aim the comparison of differehical, morphological and molecular data
was mainly performed within the category of smokpagients (COPD patients and smokers
without COPD), while never smokers representedrobgtoup.

Froma clinical point of view the most important differences concern the numb@edpheral
blood basophils and standard uptake value of positemission tomography—computed
tomography (SUV of PET-CT). COPD patients showathaificant higher number of basophils
and lower SUV of PET-CT than smokers without COPD.

Concerning thehistological evaluation adenocarcinoma of COPD patients showed a more
frequent lepid pattern, less evident solid aspand lower MIB1/Ki67 index than
adenocarcinoma of smokers without COPD. A significaore extensive necrosis was found in
adenocarcinoma of COPD and smokers without COPDpeoed to never-smokers. Finally
although not statistically significant a strongefiT tissue expression was observed in COPD
cases compared to smokers without COPD.

As regardanolecular data the most interesting finding was a trend of lesgjdiency of KRAS
mutation in adenocarcinoma of COPD patients.



CONCLUSIONS

Adenocarcinoma in COPD patients presents clinicadlecular and morphological features of
lower aggressiveness (higher number of basophols, $UV of PET-CT, increased lepidic
component, reduced solid pattern, lower cell peddifion and less frequent K-RAS mutation)
compared to that of smokers without COPD.

Alternative mechanisms of carcinogenesis may belwed in the development/progression of
lung cancer in COPD patients. Given the importasfa@flammation in the pathogenesis of the
disease other mechanisms, such as IL-17 pathwainlymdriving inflammatory mediated
carcinogenesis might be crucial.

Additional knowledge of these mechanisms would beomsiderable help in the fight against
lung cancer especially concerning therapeutic etsges, providing a rational basis for the
development of targeted and more effective treatsnen






RIASSUNTO

INTRODUZIONE

La BPCO e il tumore polmonare sono due malattiastaifiche e rappresentano alcune tra le
principali cause di morbilita e mortalita in tuttenondo.

Sebbene il trattamento di queste patologie € noterte migliorato negli ultimi anni, esse
continuano a presentare una crescente incidenzapgmtttto un andamento clinico non
prevedibile a priori.

Lo stesso termine "tumore polmonare non a piccelelle (NSCLC)" comprende un gruppo di
malattie neoplastiche con caratteristiche clinielhmolecolari estremamente eterogenee.

Diversi studi hanno ormai fermamente stabilitotfatsa connessione tra la BPCO e il cancro del
polmone evidenziando anche l'importanza della s&panfiammatoria agli stimoli nocivi, in
particolare il fumo di sigaretta, come fattoreidchio fondamentale per entrambe le malattie. La
teoria inflammatoria € senza dubbio uno dei paradjgu affascinanti per collegare la BPCO e
il tumore polmonare e ha acquisito un nuovo impulalbe piu recenti scoperte nella patogenesi
della BPCO.

Infatti, sono emerse in questo campo evidenze itaptrche hanno sottolineato il ruolo
fondamentale di risposte immunitarie adattativehancon una componente autoimmune dovuta
sia al riconoscimento di auto-antigeni polmonardifioati dal fumo di sigaretta sia al fallimento
dei meccanismi che regolano la tolleranza immunoégin questo contesto, le neoplasie a
insorgenza in pazienti con BPCO, per effetto siwergdel fumo e di una specifica
inflammazione cronica, potrebbero possedere spheifi caratteristiche patogenetiche e

morfologiche, differenti da tumori di altre popalazi non affette da BPCO.

SCOPO DELLA RICERCA

Questo progetto di ricerca si concentra sullo studBl cancro del polmone nei pazienti con
BPCO comparandolo a due gruppi di controllo, cortipda fumatori sani e pazienti non
fumatori, al fine di individuare distinti fenotipneoplastici dal punto di vista bioumorale,

morfologico e molecolare.



MATERIALI E METODI

Dal 2010 al 2012, sono stati arruolati nello studeienti con NSCLC in sede periferica
sottoposti a resezione polmonare anatomica (lobeatobilobectomia o pneumonectomia)
associata a linfadenectomia sistematica. | pazeamtineoplasia a carico delle vie aeree centrali,
con tumore polmonare secondario o0 precedentemeoit®pssti a trattamento chemio-
radioterapico sono stati esclusi dal progetto. Quziente e stato sottoposto ad una completa
valutazione clinica e strumentale, che ha comprésst di funzionalitd polmonare polmonari (i
criteri GOLD sono stati utilizzati per identificare pazienti con BPCO), radiografia del
torace/TAC toracé/FDG PET-TC analisi del sangue.

| pazienti sono stati poi divisi in 3 gruppi in leaalle prove funzionali respiratorie e alla statia
fumo: pazienti con BPCO, soggetti fumatori e pazieon fumatori con funzione polmonare
normale (rapporto FEV1/FVC> 70%).

Lo studio istologico della neoplasia e stato carattato da: stadiazione pTNM, analisi
morfometrica del pattern di crescita (secondoitdtrevisione della classificazione del cancro
del polmone), proliferazione cellulare (mediantéutazione dell’'espressione di Ki67/MIB1), i
parametri di rimodellamento intra-e peri-tumoral@fi@mmazione, fibrosi, necrosi) e la
caratterizzazione del pattern citochinico di ILd. livello peri-e intra-tumorale.

Infine e stata eseguita I'analisi genetica delléaioni dei geni EGFR e KRAS.

RISULTATI

Nel periodo di studio sono stati inizialmente atatio66 pazienti che rispettavano i criteri di
inclusione/esclusione, di cui 16 BPCO, 32 fumatmnza BPCO e 18 non fumatori. Poiché i
criteri di selezione hanno profondamente condiziwnbprofilo istologico predominante, con
una netta prevalenza dell’istotipo adenocarcino&®¥4 nella BPCO, 71% nei fumatori e 56%
nei non fumatori), abbiamo deciso di condurre ladutazione neoplastica funzionale,
morfologica, molecolare solo nell’ istologia premaie.

Pertanto, il gruppo di studio é risultato compa#o43 pazienti (10 BPCO, 23 fumatori, 10 non
fumatori), che presentavano comparabili dati demogire funzionali ad eccezione del rapporto
maschio/ femmina, invertito nei non fumatori, pefunzione polmonare, ridotta nei pazienti con
BPCO. Dato I'obiettivo specifico, il confronto déifferenti dati clinici, morfologici e molecolari

e stato svolto prevalentemente all'interno deltag@ria dei soggetti fumatori (pazienti affetti da
BPCO e fumatori senza BPCO), mentre i pazienti storia negativa di fumo hanno

rappresentato il gruppo di controllo.



Da un punto di vista clinico, le piu rimarcabili differenze sono emerse a liwalel numero di
basofili nel sangue periferico e del valore di damd uptake value (SUV) all'indagine PET-TC.
Infatti i pazienti con BPCO hanno mostrato un nwregnificativamente superiore di basofili e
un SUV inferiore rispetto ai soggetti fumatori seriPCO.

Per quanto riguarda la valutazione istologica gli adenocarcinomi nei pazienti con BPCO
hanno presentato un aumento del pattern lepidmo ricduzione della componente solida e una
piu bassa espressione del Ki67/MIB1 rispetto aidnrdello stesso istotipo insorti in soggetti
fumatori senza BPCO. Si e evidenziata una maggiappresentazione della componente
necrotica negli adenocarcinomi dei pazienti fumatmn o senza BPCO, rispetto al gruppo dei
non fumatori. Infine un forte ma non significatimamento di IL-17 e stato osservata nei casi con
BPCO rispetto ai fumatori.

L’analisi molecolare ha permesso di osservare, come dato piu rilevamterend di ridotta
frequenza di mutazione di KRAS negli adenocarcinaii pazienti con BPCO rispetto alle

neoplasie del gruppo dei fumatori.

CONCLUSIONI

Gli adenocarcinomi correlati alla BPCO sono emegusgsentare caratteristiche cliniche,
morfologiche e molecolari di minore aggressivitaunf@nto del numero di basofili, ridotto
SUVmax alla PET-TC, aumento della componente lepididotti pattern solido e proliferazione
cellulare e meno frequente mutazione di K-RAS) eip alle neoplasie insorte in pazienti
fumatori senza BPCO. Vie alternative di carcinogengotrebbero essere coinvolte nello
sviluppo/progressione del tumore polmonare dei gudzicon BPCO. Data limportanza
dell'inflammazione nella patogenesi di questa rialgiolmonare, altri meccanismi, quale il
pathway di IL-17, potrebbero essere cruciali pesWuppo cancerogenetico principalmente
mediato dall'inflammazione. La conoscenza di questiccanismi potrebbe essere di notevole
aiuto nella lotta contro il tumore polmonare sojuthd per quanto riguarda nuove prospettive

terapeutiche, fornendo le basi per sviluppareanaginti mirati e con maggiore efficacia.






BACKGROUND

1.1. DEFINITION OF COPD

Chronic Obstructive Pulmonary Disease (COPD) isirdfammatory disorder of the lung,
characterized by airflow limitation (bronchial ohsition),that is not fully reversible [1].

The airflow limitation is usually progressive argldssociated with an abnormal inflammatory
response of the lung to noxious particles or gge@warily from cigarette smoking.

In the past COPD was known with different namesidalescribed a condition of “voluminous
lungs” in 1679. In 1769, Giovanni Morgagni reporte@d cases where the lungs were “turgid”
particularly from air. The first description andustration of the enlarged airspaces in
emphysema was provided by Ruysh in 1721. MattheMidB#lustrated an emphysematous lung
in 1789 and described the destructive charactéreotondition. In 1814 Badham used the word
“catarrh” to describe the cough and mucus hypeesecr of chronic bronchitis that was first
reported as a disabling disorder. He recognisedctivanic bronchitis was a disabling disorder.
René Laennec, the physician who invented the stetipe, used the term “emphysema (1837) to
describe lungs that did not collapse as usual lsecthey were full of air and the airways were
filled with mucus. In 1842, John Hutchinson invehtthe spirometer, which allowed the
measurement of vital capacity of the lungs. Howgliesr spirometer could only measure volume,
not airflow. Tiffeneau in 1947, and Gaensler in @%nd 1951, described the principles of
measuring airflow [2].

The terms chronic bronchitis and emphysema werendlly defined at the CIBA guest
symposium of physicians in 1959. The term COPD firas used by William Briscoe in 1965
and has gradually overtaken other terms to becametine preferred name for this disease [3].
In 1977 Fletcher and Peto described COPD as anughise and hypersecretory chronic disorder

of the airways, strictly related to cigarette smpKe



The 1980 and 90s saw a surge in the use of meaficaiimanage the symptoms of COPD and
restore pulmonary function. A major push in COPDadion meant that smoking cessation and
clean air awareness became prime focuses of gelti@atment.

Today it is known that a healthy lifestyle can hpgople with COPD to manage and improve
their symptoms. Healthcare professionals stressntipertance of diet, nutrition, and physical
exercise as part of a COPD rehabilitation progr@wer the years, physicians have done much to

help understand the causes, diagnosis, and pragnefsCOPD.

1.2 EPIDEMIOLOGY

COPD is a major cause of morbidity and mortalityridwide, resulting in a significant
economic and social costs and growing [1].

It affects about 10% of the general population thhet prevalence in heavy smokers may reach
50%.

The epidemiology varies considerably between cosind between population groups within
the same nation and this difference may be relbtatd to different exposure and individual
susceptibility to risk factors and different metbahd criteria for diagnostic characterization.
The BOLD Study (Burden of Obstructive Lung Disealdd) a prevalence study conducted in

2007 on 9425 subjects in 12 different locationthefworld, reported the following data:

- Higher prevalence in males.

- Prevalence of disease progressively increageagi¢ in both males and females.

- Increased prevalence in parallel with the incegasthe number of pack-years (number

of cigarettes per day multiplied by years of smgkilivided by 20).
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- Substantial prevalence of COPD even in non-snsoKetr.3%.

Most of the epidemiological data collected in Wasteountries shows that the diagnosis of
COPD is found in less than 6% of the populatior,ibis reasonable to assume that the disease
still remains under-diagnosed.

On the one hand, the slow evolution of the nathistiory and lack of specificity of symptoms,
especially in the early stages, are the causeefléhay with which patients come to medical
attention. Secondly the population at risk is largggh absence of valid screening programs
[6,7].

Since the disease was responsible for 4% of tred tigaths, the WHO in 2001 placed this
disease In fifth place among the leading causeteath in industrialized countries and in sixth
place in the developing countries. It is expecteat the prevalence and impact of the disease
will increase in the coming decades, in paralléehwihe most exposure to recognized risk factors
and aging population. By 2020, according to the BC&tudy, it is estimated that COPD will

become the third leading cause of death in indalsted countries.

1.3 CLINICAL ASPECTS

1.3.1 LUNG SYMPTOMS

In the lungs, COPD is mainly characterized by thesence of progressive stress dyspnea that
can evolve to respiratory failure associated witfoaic bronchitis.

The obstruction of the small airways, responsibletfe loss of lung function, has a slow and
progressive development and typically occurs lategreas the contribution of this part of the
bronchial tree to expiratory flow is 10-15% of ttodal resistance [8]. Obstruction of the small
airways and increased lung compliance determine iramease of exhalation duration,
appearance of hyperinflation and increase in tlsgdual volume. In addition to increase the

functional dead space, hyperinflation causes #eflatg of the diaphragm, thereby affecting its

11



contractile efficiency, and reduces the movemehth® chest wall. This condition is clinically
manifested with stress dyspnea and limitation efeise tolerance [9].

The effort made by patients suffering from emphyaeataring exhalation, causes a pink colour
in their faces, hence the term commonly used terref them, “Pink Puffers” [10]. With the
progression of the disease, respiratory effortdases in association with expansion of the
residual volume and an increase in the musculak wexuired for each breath. The result is a
reduction in pulmonary and alveolar ventilationp@ssible for blood gas alterations such as
chronic hypoxemia (PaO2 <55 mmHg) and hyperca@@&C02> 45 mmHg) with a final result

of pulmonary acidosis more or less offset by thenton of bicarbonate in the kidney [11].

Chronic bronchitis

Clinical condition characterized by the presenceaigh and sputum production for at least
three months a year for two consecutive years. @ Bggiptoms may occur in the natural history
of COPD at different times and with varying sewerllypersecretion of mucus in the proximal

airways, responsible for chronic bronchitis, howed®es not correlate with the decline in lung
function (FEV) in patients with COPD [12].

Patients with advanced COPD that have primarilyoritr bronchitis rather than emphysema
were commonly referred to as “blue bloaters” duethte bluish colour of the skin and lips

(cyanosis) [9].
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CLINICAL

FEATURES OF PREDOMINANT CHRONIC BRONCHITIS
AND PREDOMINANT EMPHYSEMA®

Predominant Bronchitis

Predominant Emphysema

Grerteral appesrance

Age, years
Omset

Cyanosis

Sputum

Upper respiratory infections
Breath sounds

Mesomorphic, overweight,

dusky with suffused conjunc-

tivae, wirm extremeties
A-55

Cough

Marked

Copious

Common

Muoderately diminished

Thin, often emaciated; pursed-lip breathing:
anxious, prominent use of accessory musc-

les; normal or cool extrermities
AM.75

Dyspnea

Slight to none

Scanty

Dicasional

Markedly diminisied

Only during bout of respiratory infection
and terminally

Cor pulmonale and right Comman

heart falure
Small, pendulous heart; low, flat dia-
phieagm; areas of increased
radlolucency

Mormal diaphragm paosition;
cardiomegaly, lungs normal
or with increassd bronche-
vascular markings

Radiograph

Incapacitating breathlessness punctuated

bry life-threatening bouts of upper respina-
tory Infections; prolonged course, culmin:
ating in right heant failure and comia

Course Ambulatory but constantly
on verge of right-sided heart
failure and coma

TABLE 1.1 Clinical features of the principal COPD giterns, from Travis WD et al., atlas of nontumour
pathology “Non-neoplastic disorders of the lowersgratory tract” (8).

Pulmonary Hypertension

The inefficient alveolar ventilation is associatedth a reduction of vascular bed in the
parenchyma which is on the base of hypoxic vasddotisn. Even the destruction of alveolar
septa in emphysema contributes to reduce the eaterd the pulmonary capillary. An
endothelial dysfunction is also present in pulmgnassels, which correlates with the airways
inflammation. The structural changes in the pulmmgrarterioles occur progressively such as
hypertrophy of the intima and in the second platcée tunica muscularis, and determine the
persistent increase in resistance in the pulmomacyocirculation [13].

These alterations lead to the development of puémohypertension, which may appear in the
advanced stages of COPD (FEV <25% predicted), ansl iesponsible for right ventricular

hypertrophy and, ultimately, for cor pulmonaris.

Exacerbations

Exacerbations have a significant impact on morpjdiisease progression, disability and socio-
medical costs [14]. Bacterial or viral infectiorsffen overlapping with other factors such as
environmental pollutants are the principal causexaicerbation. From a clinical point of view,

exacerbations may lead to an increased cough, ehangputum characteristics, that becomes
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more abundant and/or purulent, appearance of wigézvhistling expiratory and worsening of
dyspnea.
During the course of the disease, the frequencysandrity of exacerbations tends to increase,

resulting in accelerated decline in lung function.

1.3.2 COMORBIDITY AND SYSTEMIC INVOLVEMENT

Comorbidities contribute to the overall severity individual patients (Global Initiative for
Chronic Obstructive Lung Disease, Revision 2011). [Moreover, COPD also produces
significant systemic consequences mainly due taéwelopment of the systemic inflammation.
Cardiovascular disease

These are mainly acute cardiovascular events dwshterosclerosis: endothelial dysfunction,
that occurs in the pulmonary vessels, becomes gssiyely a systemic condition, along with the
spread of the inflammatory reaction. CRP (C-reacfirotein) is a key marker of systemic
inflammatory response and the serum level correlatth the risk of acute cardiovascular events
(CAD), such as myocardial infarction, unstable aagiand others. In COPD, CRP levels
correlate with the severity of bronchial obstrantiie, with the decline of FEV) and the risk of
cardiac and pulmonary complications [15,16].

Metabolic syndrome

It is a complex disorder and an emerging clini¢elenge, recognised clinically by the findings
of abdominal obesity, elevated triglycerides, abgenic dyslipidaemia, elevated blood pressure,
high blood glucose and/or insulin resistance, farcl the relative risk is increased (RR = 1.8)
especially in women [17]. Patients with COPD ofteave one or more component of the
metabolic syndrome and osteoporosis (70% of pafiemhich are, at least in part, independent

from treatment with steroids and/or the decreassmipal activity.
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COPD patients have an increased risk of fractugepgcially at vertebral level, and it has a
direct effect on lung function with reduced vitapacity (estimated a loss of 7% for each

vertebral fracture) [18].
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FIGURE 1.1 The central role of inflammation in conrbidity is associated with COPD. Inflammation appsao
play a central role in the pathogenesis of COPD aather conditions that are increasingly being reauged as
systemic inflammatory diseases. As part of the cficoinflammatory process, tumour necrosis factor NF)-a
receptor polymorphisms are associated with incrashseverity of disease, possibly due to enhanced -BENF
effects. Also, C-reactive protein (CRP) levels dam increased directly by TNF-a and other cytokinédevated
CRP and fibrinogen may be crucial in the pathogeie®f cardiovascular disease. Reactive oxygen sp&ci
released as a result of COPD may enhance the liketid of a patient developing cardiovascular diseadiabetes
and osteoporosis. IL: interleukin;?: unknown; +veositive. From Fabbri LM et al, Eur Respir J 2008.8).

1.4 DIAGNOSIS

1.4.1 HISTORY AND PHYSICAL EXAMINATION

The symptoms of chronic bronchitis (worsening dyspncough and sputum production) may
precede by many years the development of airflostrabtion.

This pattern offers a unique opportunity to idgnsmokers and other patients at risk for COPD,
and to intervene when the disease is not yet arntegalth problem. In the presence of such
symptoms and signs, a complete anamnestic evatuatiould be obtained, including familiar

history, presence of comorbidities and other respiy diseases.
15



Particular interest must be reserved to risk facexposure, especially cigarette smoking, other

environmental factors and genetic predispositiowarnking.

1.4.2 SPIROMETRY

This is the most reproducible and objective measawailable of airflow limitation. The
spirometry should be performed after adequate @bdaronchodilator with short duration of
action, that reduce the variability of the testv#lue of FEV / FVC < 0.70 after bronchodilator

allows confirmation of persistent airway obstruntio
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Figure 1.2 Graph of the curve spirometric flow / kone. In advanced stages of COPD, there is a marked
reduction in FEV, FVC and maximal expiratory flown general. The curve flow / volume in the expiratophase
flattens out. Even the inspiratory flow undergoegeduction but less pronounced than that expiratdfy9].

1.4.3 EVALUATION OF GRAVITY DISEASE

The new GOLD guidelines (Revision 2011) [1] unded the diagnostic, therapeutic and
prognostic importance of a more comprehensive sssa# of disease severity, through the
integration of anamnestic and clinical data witir@petry. In previous documents the severity
of COPD was defined only on the basis of the degreairway obstruction, assessed by

spirometry in terms of value compared with the tegoal VEMS:
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- GOLD 1: Mild, FEV> 80% predicted
- GOLD 2: Moderate, 50% <FEV <80% predicted
- GOLD 3: Severe, 30% <FEV <50% predicted

- GOLD 4: Very Severe, FEV <30% predicted FEV.

One very important aspect is that only a minorityhe smoking population (approximately 20%
of the total) experience the rapid decline in ldagction that leads to severe (GOLD-III) and

very severe (GOLD-1V) COPD.

smokers who do
not develop COPD
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Fig. 1.3. The natural history of the FEV1 declineimen followed by Fletcher and coll. (3) is showrthvthe
GOLD severity stage superimposed as dotted horaolities. Modified from Curtis JL et al., Proc Am Horac
Soc 2007 (20).

According to the new guidelines, the two parameteesassociated with other indices of disease
severity, in order to quantify the risk of subsagueecline in lung function and mortality with
greater predictive value. These indices are theerggvof symptoms and the risk of
exacerbations.

The severity of symptoms is determined on the bafsiwo questionnaires:

- the MMRC (british modified Medical Research Coillnguestionnaire, that assesses the degree
of dyspnea and correlates with the risk of fututality.

- The CAT (COPD Assessment Test), that provideseasure of the deterioration of health

status in COPD through 8 questions.
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The risk of subsequent exacerbations is basedehistory of similar events recently treated.

The combination of the different parameters leads$efine four groups of COPD patients:

- Group A: low risk, mild symptoms
- Group B: low risk, severe symptoms
- Group C: high risk, mild symptoms

- Group D: high risk, severe symptoms
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Figure 1.4 . Graph integrated for the assessmentisfease severity according to the guidelines GOLD
2011 (1).

We have to note that patients in GOLD stages 3edaarincreased risk of hospitalization or
death, even in the absence of frequent exacergatir this reason it is reasonable to include

these patients in the groups at "high risk".

1.4.4 ADDITIONAL INVESTIGATIONS

They are useful for diagnostic and especially fatrgmt follow-up and they include:

1) Radiological investigations (Rx chest in two jpobions, CT scan), in particular for the
diagnosis of emphysema and evaluation of its dhstion in the lung.

The radiologic features of emphysema are hypetioflaand hyperlucency of the lung fields,
destruction of lung parenchyma, flattening of haaptiragms, horizontal ribs and presence of

bubbles.
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Figure 1.5 Chest x-ray in two projections that hitihts the above described features of pulmonarypdiysema.

2) Measurement of CO diffusion.

3) Pulse oximetry and blood gas analysis.

4) Screening for alphal-AT deficiency

5) The exercise test (6-minute walking test)

6) Mixed indices, such as the BODE index, rangnognfO to 10 [21], in which we evaluate the
prognostic impact of global factors both pulmonang extrapulmonary. The BODE index is an
indicator of mortality risk in patients with COPDdhfor this reason it is particularly important
for the decision of inclusion on the waiting list fung transplantation [21].In fact, subjects with
a high BODE index (score of 7 t010) show a mostakite of 80% at 5 years, with a median
survival of about 3 years, so they should be evatlitor lung transplantation. Patients with a
BODE score of 5 to 6 would likely not derive a sual benefit from transplantation but may be

candidates for early referral.

[} 1 2 3
FEV,% pred 265 5084 3642 <35
ENAWD ) 2350 250-240 150-242 =149
MMRC 01 2 3 4
B (kg.m™) Ed] =21

Total BODE Index score = 0 to 10 units

(FEW1% pred = predicted amount 35 a percentage of the forced expiratory lung welume in one second; GMWD = six minute walking
distance: MMRC = modified medical research council dyspnea scale; BM! = body mass index]

Table 1.2 Parameters for the calculation of the B@Dndex. BODE index is obtain through the sum of gh
scores of the 4 parameters evaluated.
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1.5 MORPHOLOGICAL ASPECTS

The airflow limitation in COPD is a consequencetioé functional framework pathological
characteristic of the disease, which is mainly cosegul of two aspects: the small airway
remodeling and pulmonary emphysema [1].

Chronic bronchitis is characterized by hyperenswelling, and oedema of the mucous
membranes, frequently accompanied by excessivenougito mucopurulent secretions layering
the epithelial surfaces and chronic inflammation hadtology. Sometimes, heavy casts of
secretions and pus fill the bronchi and bronchiofdthough the numbers of goblet cells slightly
increase, the major pathological changes conceritbnchial glands, both in size and mucous
production. The increased glandular volume candsessed by the ratio of the thickness of the
mucous gland layer to the wall between the epilineland the cartilage (Reid index).

The Reid index (normally 0.4) is increased in clicdoronchitis, usually in proportion to the
severity and duration of the disease. The bron@pdhelium may exhibit squamous metaplasia
and dysplasia. There is marked narrowing of braslebi caused by goblet cell metaplasia,
mucus plugging, inflammation, and fibrosis. In thest severe cases, there may be obliteration
of lumen due to fibrosis (bronchiolitis obliterand)s it was previously mentioned, these
bronchiolar changes probably contribute to therolotive features in bronchitis patients.

The American Thoracic Society defines emphysenia asndition of the lung characterized by
abnormal, permanent enlargement of the airspasta thh the terminal bronchiole, accompanied
by destruction of their walls” [22]. Fibrosis mag bbsent or subtle and mild. There are several
types of emphysema according to its anatomic digtion within the lobule.

1. Proximal acinar (centrilobular, centriacinagmphysema is characterized by distension and
destruction mainly limited to the respiratory brbiodes, with relatively less change peripherally
in the acinus. This pattern results from scarrimgl #ocal dilatation of the bronchioles and
adjacent alveoli, which lead to an enlarged airgpac “microbulla” in the center of the

secondary lung lobule. The central or proximal pavf the acini, formed by respiratory
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bronchioles, are affected, whereas distal alve@ispared. It is strongly associated with long-
term cigarette smoking and predominantly involves apper and posterior portions of the lung
(Figure 1.6a-c).

2. Panacinar (panlobularemphysema is characterised by diffuse, bilaterag imvolvement in
which the alveolar ducts as well as respiratorynbhioles are enlarged, causing uniform
destruction of the alveolar tissue. This patterle$s common than proximal acinar emphysema
and comprises several conditions including famiéarphysema associated wiili-antitrypsin
deficiency (AAT) (Figure 1.6b-d). Another key disttion between the two phenotypes of
emphysema which has recently emerged is the inflaiom characteristics [23]. Proximal
acinar emphysema presents more numerous T-CD4utropgils, macrophages, but not T-CD8
+ nor eosinophils. Furthermore we have an infilraby mast cells, which is predominant in the
smooth muscle of the airways and in the alveoldr aval correlates with the degree of bronchial

reactivity [23].

Fig. 1.6 On the left side macroscopic view (a) ahdtology (c) of centrilobular emphysema. On thaht side
macroscopic view (b) and histology (d) of panaciranphysema.
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3. Other forms includdistal acinar (paraseptalgmphysema, which affects the periphery of the
acinus, most often in the upper lobes beneath ltneg and théregular emphysema refers to

airspace enlargement and lung destruction assdaiatk a pulmonary scar.

1.6 PATHOGENESIS OF THE DISEASE

1.6.1 AETIOLOGY
Risk factors
Risk factors for COPD include both genetic factargl environmental exposures; the disease

seems to arise from an interaction between thegéypes of factors.

- GENETIC FACTORS: the genetic factor that is bestuwioented is a severe hereditary
deficiency of alpha-1-antitrypsin, a prototype odfein inhibitors of serine proteases.

This serpin has a major role in inactivating nepitib elastase and other proteases to
maintain protease/anti-protease balance [24]. Remudn anti-elastase defence (which
might happen with severe deficiency of AAT) canawdfurably tip the elastase/anti-elastase
balance unfavourably towards accelerated lung bi@ak. In addition, AAT has important
anti-inflammatory properties and this genetic defauld be responsible for the abnormal
inflammatory response observed in COPD lungs.

The published COPD genetic association studies faumgsed on other candidate genes,
identified by linkage analysis [25Variations in candidate genes, which are usualky @u
single-nucleotide polymorphisms (SNPs), have beggestigated to detect association with
COPD susceptibility.

Candidate genes involved in protease/anti-protdedance, oxidative stress, xenobiotic

metabolism of toxins, and inflammatory or immunep@nses have been explored in this

22



field. The candidate genes listed in the followtaple (Table 1.4) resulted from targeted

investigations based on linkage studies or pathsiplogic hypotheses [26].

Table 1—COPD Candidate Genes in Which Emphysema Has Been Investigated

Participants. No.

(Emphysema
Genes Funetional Class Variants Analysis) Evidence for Emphysema Association
Matrix Metalloprotease: type IV 1s 3018242 45 case patients/65 T allele associated with higher emphysema
metalloproteinase and V collagenase (C-1562 T) control subjects scores (Minematsu et al''/2001)
9 (MMP 9) 84 case patients’83 T allele associated with apical predominant
contral subjects emphysema among patients with
emphysema (Ito 005)
Microsomal epoxide  Xenobiotic metabolism: rs 1051740 94 case patients’ C allele results in “slow” enzyme, associated with
hydrolase first-pass metabolism/ (T'113 C) 203 control COPD and emphysema (Smith and
(EPHXI) detoxification of highly subjects Harrison*1997)
Teactive species Ts 2234020 252 case patients G allele results in “fast” enzyme, associated with
(A139G) reduced risk for apical predominant disease
(DeMea et al**/2007)
Heme oxygenase | Antioxidant: against heme-  No. of (GT)* 101 case patients/  Long repeats (designated L-allele) putatively less
(HMOX1) and non-heme-mediated repeats at 57 100 control inducible when exposed to oxidative stress:
oxidant damage end subjects presence of Lallele associated with

emphysema among case patients

(Yamada et al*/2000)

Clutathione Xenohiotic metabolism: rs 1605 282 case patients A allele (Ile) associated with COPD and with
S-transferase P1 conjugates hydrophobic/ A 105 G) apical emphysema distribution
(GST P1) electrophilic compounds (DeMeo et al*¥2007)

Vitamin D bindmg ~ Immune response: in IF allele 85 case patients Presence of 1F allele associated with increased
protein (CC) addition to binding severity of emphysema (Ito et al'’/2004)

vitamin D

Bo-Adrenergic Bo-Adrenergic receptor s 1042713 111 case patients G allele associated with airway diameter/percent
receptor (A16G) wall area but not associated with emphysema
(ADRB2) in a Korean population (Kim*%2009}

TNF-a (TNF) Proinflammatory eytokine rs 1800629 84 case patients A allele putatively increases transeription; trend

G —308 A) (p = 0.09) toward increased emphysema
scores in a Japanese population (Sakao et al'”/
2002

424 case patients  Multiple SNPs tagging TNF showed no
correlation to presence of emphysema in
AIATD patients from the United Kingdom
(Wood et al*/2008)

Transforming Autocrine peptide involved 70 case patients’0 A haplotype block of eight SNPs was marginally
growth factor-B, in proliferation/apoptasis contral subjects associated with emphysema phenotype in
(TGFBI) and differentiation Japanese subjects; however, no individual SNP

showed a significant association (Tto et al*¥
2008)

Transforming Clycoprotein receptor for 527 probands/640  Genetic linkage analysis in families of
growth factor-B transforming growth siblings (ICCN) emphysema predominant early-onset COPD
receptor-3 factor-B 389 case probands led to increased evidence for linkage
(TCFBR3) patients/472 on chromosome I near TCFBR3: two intronic

control subjects SNPs (rs2296621 and rs2291477) were
(NETT-NAS) associated with the presence and severity of

COPD, with a trend toward increased
emphysema in some of the studied
populations (Hersh*¥/2000)

NAS = Normative Aging Study: NETT = National Emphysema Treatment Trial,

TABLE 1.3 Candidate genes, besides AAT, with regied associations to COPD, emphysema or related
traits. From Wan ES et al., Chest 2009 (26).

- EXPOSURE TO ENVIRONMENTAL POLLUTION:

a) Active / passive / in utero cigarette smoking
This is the main risk factor for COPD. However, radt smokers develop clinically
significant COPD, which suggests that other cofisctost-related or not, may modify each
individual risk. “Susceptible” smokers show a deeliin lung function (FEV) of different
degree, but generally progressive and stronger I(§@ar or more) than not susceptible
smokers and non-smokers (30ml/year). In additiomplers have a higher prevalence of
respiratory symptoms and a higher mortality rasoeisited with COPD [4].
The smoke damage is cumulative and it dependstensity and duration of exposure. The

injury is due to an increase oxidative stress, ltieguin airway epithelial cell damage and
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activation of pro-inflammatory signals, responsifde recruitment of innate immunity cells
and the perpetuation of tissue aggression [27,28].

b) Occupational dusts and chemicals.

Occupational exposures include organic and inoogdnsts and chemical agents and fumes.
A statement published by the American Thoracic &gciconcluded that occupational
exposures account for 10 to 20% of either symptomfinctional impairment consistent
with COPD [29].

c) Indoor and outdoor air pollution.

There is evidence that indoor pollution from bugliomass fuels for cooking and heating
is an important cause of COPD in many developingnties [30,31], but the exact

pathogenetic mechanisms have not yet been eludidate

Other recognized risk factors are:

- Altered growth and development of respiratory syste low weight birth is associated
with reduced values of lung function indices (FEM) adulthood, implying a state of
incomplete development of the respiratory syste®j.[B addition, numerous studies have
demonstrated the effect of pediatric recurrentirapry infections on the risk of subsequent
decline of FEV.

- Sex historically COPD hits the males, as they arearexposed to cigarette smoke. The
incidence and prevalence of the disease in womgroising, with the increase in smoking
in recent decades [33].

- Age and ageingepidemiological studies show that prevalence iemghct of the disease
increased with age [5]. Nevertheless, it is unclelaether aging is itself a risk factor for the
disease or whether this association is an expresgioumulative and prolonged exposure to

traditional risk factors.



- Respiratory And Systemic Infectiomgberculosis is a risk factor for the developmeint
COPD. On the other hand it is seen that HIV infactaccelerates the onset of emphysema
smoke-related [34].

- Socio-Economic Statu§here is a strong evidence of an inverse relatign between
socioeconomic status and the risk of developing BA#ut the factors responsible for this
association are not clear [35].

- Asma A longitudinal study (Tucson Epidemiological Syudf Airway Obstructive
Disease) has shown that adults with asthma havR & R2 to develop COPD than non-
asthmatics, adjusted for smoking status [36].

- Chronic Bronchitis the study of Fletcher and colleagues showeddhainic bronchitis
was not associated with decline in lung functioh Bubsequent studies, however, have re-
evaluated the role of mucus hypersecretion in gdie of FEV and the existence of an
increased risk of developing COPD in young aduli®wmoke and who are suffering from

chronic bronchitis [36].

1.6.2 PATHOGENETIC MECHANISM

Despite advances in care to date there are nopiesrevhich halt or reverse the progressive and
accelerated decline in lung function of this coiodit Better means of preventing and treating
COPD are urgently needed and a better understamditige pathological bases is a necessary
requirement.

The discovery of the AAT deficiency in the 60s tedhe hypothesis that an imbalance between
proteases and antiproteases in the lung couldebeathse of lung damage in all COPD patients
[37]. Smoking induces an increased number of nphtl® and macrophages in the lung and the
release of proteolytic enzymes from these celle fidleased proteases, not fully inhibited by
antiproteases, lead to proteolysis of lung conmectissue (more specifically of elastin) and

emphysema. However, the pathogenetic view of COR® dxpanded significantly from what

was understood in past decades. Moving beyondripmal protease/antiprotease hypothesis, T-
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lymphocytes have been identified as a key compowoérthe inflammatory response, thus
introducing the concept that adaptive immunity rbaycentrally involved in the pathogenesis of
the disease [38]. Indeed, recent studies have woimgly shown that emphysema can be
produced in experimental models, not only by mahaijan of proteolitic pathways, but also
targeting CD8 T-cell responses [39]. Distinctivemome features, such as lymphoid follicles
rich in B and T cells are found in lung tissue afipnts with COPD, at least in the severe stages
of the disease [40]. Altered T and B cell resporses also seen in the peripheral blood of
patients with COPD, indicating that immunologickéeation extends beyond the lung.

Despite the well documented presence of inflammaitioCOPD, it is unclear what steps are
involved in the genesis and progression of theadis. The new concept emerging from the most
recent observations, to which substantial contidlouivas gives by our group, is that persistence
of the immune activation in COPD could be due toaatbimmune reaction secondary to the
lung damage triggered by cigarette smoking (Fig) M1]. Cigarette smoking can damage the
epithelium and the products of epithelial cell nyjucan stimulate the innate immune response,

acting as ligands for Toll like receptors (TLRgpecially TLR-4 and TLR-2.

Extracellular
Smoke matrix injury

TLR TLR

Danger
signals g

Interleukin-8
Interleukin-18
TNF-a Innate immune Apoptosis Immature
GM-CSF response Phagosomes dendritic cell
MCP-1
ICAM-1 " Necrosis
. Epithelial cells HSP
Endothelial cells

Tissue
injury

Elastin
Fig. 1.7.Initial Response to Cigarette Smoke — Step 1
Cigarette smoke injures epithelial cells, whichesde “danger signals” that act as ligands for tbke
receptors (TLRs) in the epithelium. These actioiggér the production of chemokines and cytokines,
which results in an innate inflammation. Producteni the inflammatory cells may injure the
extracellular matrix, leading to the release of Tliflands and consequent TLR activation, which will
promote further inflammation, tissue injury, anca throduction of antigenic substances. This chain of
events may cause dendritic cells to mature andategto local lymph organs, where, if the conditions
are favorable, T-cell activation may result, wittogression of the disease. If the innate inflamorain
step 1 is minimized or controlled, the inflammatieill not progress to adaptive immunity, and the
disease may be arrested. These processes areltgpsmokers who have neither COPD nor Gold stage
1. GM-CSF denotes granulocyte—macrophage colomyuftiting factor, HSP heat-shock protein, ICAM-
1 intercellular adhesion molecule 1, MCP-1 monocgtemoattractant protein 1, and TNF tumor
necrosis factor.
From Cosio MG et al., N Engl J Med 2009 (41).
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Fig. 1.7.Proliferation of T Cells — Step 2

When step 1 is successful, mature dendritic celigrate to local lymphatic organs, whereupon
stimulation by toll-like receptors (TLRs) leadghe expression of CD80-CD86 and cytokines, creating
propitious milieu for T cell antigen presentationdaproliferation into effector CD4+ type 1 helpdr(l)

T cells and cytolytic CD8+ T cells. Interleukinggcreted by the dendritic cells, favors the proiuncof
effector T cells by overcoming the signals fronutatpry T (Treg) cells. Upon activation, effectocélls
express tissue- specific chemokine receptors. Iramegulation or tolerance mechanisms will determine
at this stage the degree of proliferation of T-adfiectors, homing, and eventually, disease sgvekit
absence of tolerance is associated with Gold stage stage 4, moderate tolerance with Gold stage 2,
and full tolerance with Gold stage 1. MHC denoteganhistocompatibility complex.

From Cosio MG et al., N Engl J Med 2009 (41).

The subsequent activation of alveolar macrophages$ reutrophils, with their array of
proteolytic enzymes, further damage the lung tisiseupting the extracellular matrix and the
resulting breakdown products, such as hyaluronadeb&yclan, can also ligate TLR- and TLR-
4. In support of this proposed pathway is the fagdn mice that lung inflammation induced by
cigarette smoke depends on TLR-4 and MyD88, antadgpotein that stimulates KB [42].
These processes would result in release of norrmatiyestered autoantigens (proteins and DNA
that may undergo modifications) which the adaptmenune system can recognize as foreign

antigens triggering an immune reaction (Fig. 1.8).
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Fig. 1.8.The Adaptive Immune Reaction — Step 3

Inflammation (autoimmune) develops in the lung,s@iimg of CD4+ type 1 helper (Thl) T cells,
cytolytic CD8+ T cells, and IgG-producing B celRegulatory T cells (Treg) and CD8+ T cells could
modulate the severity of the adaptive immune inflation. The resulting immune inflammation, induced
by CD4+ Thl T cells and consisting of activatedatenimmune cells producing oxidative stress and
proteinases, along with cytolytic CD8+ T cells aBdcells, leads to cellular necrosis and apoptosis,
immune and complement deposition, tissue injuri witway remodelling, and emphysema, as well as
the release of additional antigenic material, whigdrpetuates the process. In step 3, the full autuine
process has developed, producing the most sevesas# (Gold stage 3 and stage 4). NO denotes nitric
oxide, and ROS reactive oxygen species.

From Cosio MG et al., N Engl J Med 2009 (41).

In this context some important cytokine may be Imgd to disease development and
progression.

One of these is interleukin-32 (IL-32), which rateay be of potential interest. IL-32 is a pro-
inflammatory cytokine, which is upregulated in aotmune diseases such as rheumatoid
arthritis [43] and Chron’s disease [44]. The cytakihas important functions in innate and
adaptive immune responses. It synergizes with N@Rd. NOD2 ligands to stimulate I3land
IL-6 release in a caspase-1l-dependent manner.ifftaste3 (PR3) is a specific 1L-32 binding
protein which cleaves the cytokine to enhance dSvity. Interestingly, AAT is the main
inhibitor of PR3 [45]. There is evidence that viséimuli (influenza A or double-stranded RNA
[poly(IC)] + IFN-y) may trigger 1L-32 expression and that cigaretteoke can potentiate the

lung responses caused by these stimuli.
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Of interest, we recently reported an increasedesgion of IL-32 in lung tissue of patients with
COPD, where it was co-localized with TNFa and datezl with the degree of airflow
obstruction, suggesting that IL-32 could be a pidad#p useful biomarker to evaluate the

progression of the disease [46].

1.7 LUNG CANCER

Lung cancer is currently the leading cause of cadeath in the world with a 5-year survival of
about 15%, despite the use of increasingly aggreskerapies [47]. Currently, lung cancer has a
maximum incidence between 55 and 65 years andrésigonsible for 32% of total deaths for
cancer in men and 25% in women [47]. This high aliiyt closely linked to the characteristics
of the tumor and to the delay in diagnosis of thgease which presents a rather low percentage
of patients (approximately 20%) with early stageasa.

The World Health Organization has included in tlesvrclassification of lung cancer 4 main
histological types [48]; however, under therapeatid prognostic purposes the most useful and
widespread differentiation of lung cancer involve® major groups, defined as small cell lung
carcinoma (SCLC) and non-small cell lung cancer@NS).

Small cell lung cancer is a extremely malignant adgnwith a very high mortality rate and
molecular pathogenic pattern completely differeabf NSCLC.

The NSCLC category can be divided in different disgical types, among which the most
important are the squamous cell carcinoma anddbeacarcinoma.

The adenocarcinoma classification was recently sesli [49] with the abolition of the
bronchioloalveolar carcinoma and mixed subtype adarcinoma. By contrary, invasive
adenocarcinomas are classified by predominant rpatiter using comprehensive histologic
subtyping with lepidic, acinar, papillary, and siotiatterns.

Adenocarcinoma incidence is increased in the l@stdecades, in parallel with the decrease in

the incidence of squamous form [47]. In Europeythecount for 30% of bronchopulmonary
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carcinomas while in North America they already e most common histological type (about
50%). The increased incidence is probably relaedhe use of filter cigarettes and the
consequent reduction in the size of the particalaied increase of nitrates. It has also been
described the association with pre-existing lungrscaused by eg tuberculosis or pulmonary
infarcts.

Worldwide, tobacco smoking is associated with mafr®0% of cases of lung cancer [47] . In
more developed countries, the incidence and mtyrtedies are generally declining, reflecting
previous trends in smoking prevalence. Howeveless developed countries lung cancer rates
are predicted to continue to increase due to erdésbacco use [50] . There is a clear role for
genetics since only 15% of lifetime smokers devélmy cancer and 10% of lung cancers occur
in never-smokers especially in women [51] and iref\s women in particular [52] .

One important hypothesis in these categories oémiatis the presence of a genetic background
that can predispose to lung cancer in the absdredernal environmental pollutants [52].

In this field the two most important recognized ogenes in tumour developing and growing are
EGFR e KRAS.

Epidermal growth factor receptor (EGFR or ErbB-4 )aityrosine kinase receptor belonging to
the ErbB family; it is widely expressed in NSCL{80% of NSCLC) and plays a significant
role in carcinogenesis through improper activabbEGFR Tirosin-Kinase (TK) domaine which
results in increased malignant cell survival, geséition, invasion and metastasis. The TK
activity of EGFR may be dysregulated by variousag@nic mechanisms, including the presence
of harbored mutations in the TK domain of EGFR E83- Overall, the frequency of EGFR
mutations is 5—20%, depending on the populaticndiet [56].

RAS is one of the important molecules in the dovwesh of EGFR signaling pathway. Wild-
type forms of ras proteins have GTPase activity thiedt activation is strictly dependent on the
bond with alternative forms of GDP (inactive) or BTactive), allowing tight control of signal
transduction [57]. These proteins acquire oncogamiction through point mutations at codons

12, 13, or 61 of exon 2 that abolish the GTPasetion giving therefore a constitutionally active
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conformation and deregulating thereby cell proéifem. For these reasons mutaRasgenes,
especiallyK-ras, observed among 20~30% NSCLC patients, have begiicated in the
pathogenesis and prognosis of lung cancer [58].

In 1991 Slebos and after ten years Ahrendt fourat #iras mutations are found almost
exclusively in patients with lung adenocarcinomal amoking history. In addition, Feng
reported that exposure to this carcinogen indudtesations at the codon 12 of K-ras in the
human bronchial epithelium, suggesting a directemalar mechanism of smoking in human
lung carcinogenesisMoreover NSCLC patients withK-ras mutations are associated with
unfavorable prognosis [59].

Concerning lung cancer treatment, surgery actuapresents the cornerstone of therapy for
NSCLC even if global resectability still rangesrfrdlO to 25% [60]. With strict pre-operative
selection criteria, the healing rate in patientdargoing complete resection for NSCLC in early
stage (I-1l) ranges between 40 and 70% [61]. Howeseen in these cases, the possibility of
loco-regional and/or distance recurrences is nouatommon event, representing the main
factor affecting long-term survival.

For this reason, the use of integrated approach#s agljuvant regimen of chemo- and / or
radiotherapy has been recently introduced everaily stages in order to reduce this risk [62].
These integrated approaches have enabled a furbeyase in 5 year overall survival, but
according to most authors, new therapeutic protobated on traditional chemotherapy does not
seem to offer further opportunities for improvemehtesults [63].

In addition to their carcinogenic activity, EGFRdaKRAS have emerged as two of the most
relevant targets for cancer treatment.

Gefitinib and erlotinib are small-molecule revelsiliyrosine kinase inhibitors (TKIs) that
selectively target EGFR. The presence of somatitatioms in the tyrosine kinase domain of
EGFR (exon 18-21) involving the ATP-binding pocket oktheceptor was shown to represent

the most important predictive marker [53-55]. Hoede patients, the response rate to gefitinib
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and erlotinib is approximately 75%, suggesting tthteise mutations, at least in part, drive
malignant transformation [56,64].

In contrast, somatic mutations in exon 2 (codonl2p-of KRAS have been associated with
primary resistance to EGFR inhibitorEGFR and KRAS mutations seem to be mutually
exclusive, which is consistent with the idea thiditecent alterations of the same pathway are
involved in lung carcinogenesis [65].

Regarding lung cancer long-term results, TNM stggaystem [66], is currently the most
important and accurate prognostic instrument. Hamev still presents significant difficulties in
predicting the effectively outcome of individualtigats. Some authors has recently proposed the
use of PET-CT scan, and in particular the maximtemdard uptake value (SUVmax), as new
tool to predict tumor biologic aggressiveness [&7ils therefore understandable how a greater
knowledge of molecular and histological cancer pitygmes associated to patient characteristics,

able to predict individual outcomes and treatmaatiherefore desirable.

1.8 COPD AND LUNG CANCER

It is becoming increasingly evident that COPD amthlcancer are strictly related.

Indeed COPD has recently established as imporisintactor for developing lung cancer, even
independently from the effects of smoking. Indgetas been shown that the risk of lung cancer
is increased in smokers with COPD up to 6-fold cared to smokers with comparable cigarette
exposure, but without COPD [68,69]. It has alsonbsbown that the presence of COPD
increased lung cancer mortality even among nonsragke].

In addition, lung cancer is also a leading causaafbidity and mortality in patients with COPD
as 33% of patients died of lung cancer over a ¥é&-follow-up [71]. Furthermore 50-70% of
patients diagnosed with lung cancer have spirometridence of COPD [72]]. As a practical
consequence of the epidemiological associationsdeet COPD and lung cancer, an important
guestion is whether the relationship between luargcer and COPD is subtype specific. A small
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case — control study [73] showed that airflow alotion is primarily a risk factor for squamous
cell lung cancer (odds ratio = 3.49, 95% CI = 1t6318.5;P = .006), whereas symptoms of
chronic bronchitis without COPD is a risk factaskrgreater than fourfold) for adenocarcinoma
of the lung. In a subset analysis, having concartaonchitic symptoms and COPD was
associated with a more than threefold increasédfoissquamous cell carcinoma. Despite these
striking epidemiological associations, the mechasidy which COPD can be linked to lung

cancer are poorly understood.

1.8.1 Risk factors

Primarily, the main risk factor for the onset oftibaliseases is cigarette smoking, but they
probably also share a common familial component emdronmental risk factors other than
smoking. This supposition is reinforced by the filiet only a fraction of smokers (around 15%)
will develop lung cancer and/or COPD in their life¢ [1,74] which suggests a different
individual susceptibility to the risk of lung cama@nd/or COPD or time of disease onset.

Some common elements in the pathogenesis of COBMuag cancer include oxidants, familiar
and genetic predisposition (p53, Rb, K-ras), p&stidind endopeptidases (bombesin-like),
dysregulation of growth factor expression and amathgrs inflammation.

While the mechanism of cigarette smoking damag€@PD has been previously treated, for
lung carcinogenesis, the action is probably rel&ddNA mutations induction.

Carcinogenesis is a complex process characterigdidebaccumulation of multiple independent
genetic alterations, often involving overexpressidroncogenes and loss of tumour suppressor
genes. These genetic alterations disrupt the norewulation of cell signalling pathways,
essential for the control of cell growth, differieiion and apoptosis [75]. The observation of
familial aggregation of emphysema dates back miome 200 years, and studies conducted 30
years ago reveal a familial aggregation of lungceanassociated with COPD that is not

explained byal-antitrypsin genotype or smoking history [76,7Familial aggregation is well
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documented for multiple cancers, although it hasnbdifficult to separate the contributions of
genetic differences and environmental exposurésemevelopment of lung cancer.

A number of linkage studies [78] have investigatethes involved in both lung function and
COPD and candidate susceptibility genes involve@@PD and lung cancer. These studies have
led to the identification of markers on chromoso6te for lung cancer and abnormal lung
function and on chromosome 12 for lung cancer, CO#IMd lung function, as well as numerous
other candidate susceptibility genes involved iroxiéication, immune regulation, matrix
remodeling, DNA repair, cellular proliferation, atumor suppression [78]. Among the genetic
connections between COPD and lung cancer, it iscpéarly interesting to note that both the Z
and the S alleles of thel-antitrypsin gene are more common in patients Witlg cancer
compared with the general population, as is a pofpmism in the neutrophil elastase gene
[79,80], suggesting that an imbalance between oghilr elastase and 1-antitrypsin may
contribute to the development of both COPD and lcengcer [81].

The role of epigenetic modifications in the comnpathogenesis of COPD and lung cancer also
deserves attention.

Although there is growing evidence implicating DN#ethylation, histone deacetylation, and
protein phosphorylation in lung cancer pathogeng@2s83], this knowledge is only now being
applied to COPD, alone or when associated with kanger [84].

It is plausible that several candidate risk gernes @athways identified by lung cancer studies
may be shared by these two diseases and coulditatagbotential targets for the newly
developed drugs (eg, demethylating agents andnastieacetylase — inhibiting agents) that
modify epigenetic alterations.

The inflammatory paradigm is undoubtedly one of thest fascinating theories to connect
COPD and lung cancer and it has acquired new insg@futhe recent discoveries in the COPD

pathogenesis.
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1.8.2 The inflammatory theory

As described above, COPD is characterized by tlenaglation of macrophages, CD4+ and
CD8+ T cells, dendritic cells, B cells and neutridghparticularly in smaller airways and lung
parenchyma, and the severity of COPD is assocwmitd the degree of infiltration by these
inflammatory cells [1].

Moreover, chronic inflammation may play a signifitaole in the pathogenesis of lung cancer as
a tumour promoter. A causal relation between infteation and cancer was initially proposed by
Galen and later by Virchow [85], who noticed théliration of leucocytes in malignant tissues
and suggested that cancers arise at regions ofmichioflammation. The hypothesized
carcinogenetic mechanism in COPD patients statdscibarette smoke initially creates a direct
parenchimal damages that up-regulates the cytokireeiiction, such as interleukin (IL)-1b, and
the Th-1 cytokines, which can promote the inflanonatresponse through typical COPD T-
lymphocytes and finally resulting in an overprodoctof cytokines, such as IL-6, IL-8, and IL-
10. Some of the latter mediators can inhibit apsigtanterfere with cellular repair, and promote
angiogenesis. All in all, chronic inflammation mpiay a pathogenic role in lung cancer by
amplifying the initial mutagenic damage and enhagdioth tumour growth and metastasis. IL-
8, for example, has been shown to be pro-oncogenich as releasing BCL-2, but also
suppresses oncogenes, such as p53, hence minimgiogtosis while inducing cell
transformation. In addition, among mechanisms tagtlate the progression or suppression of
tumor growth, the role of cellular senescence isobeng increasing appreciated. Cellular
senescence permanently arrests cell growth inegssi risk for malignant transformation,
particularly those that experience prolonged infleation, such as the airways and the lung
parenchyma in smokers with COPD. On the other haedgscent cells undergo profound
modifications which can have deleterious effectstloa tissue microenvinronment. The most
significant of these alterations is the acquisitiddra senescence-associated secretory phenotype
(SASP) that promotes the secretion of several flammmatory cytokines (particularly IL-6 and

IL-8), growth factors and metalloproteinases, whiolld eventually promote tumor progression
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and invasiveness. Of note, senescent cells havealiligy to influence the populations of
macrophages and lymphocytes infiltrating nascembots, shifting the balance from cell
populations associated with tumor suppression (Mtrophages, Thl T-lymphocytes) to those
that instead promote tumor progression (M2 macrgebaTh2 and T regulatory lymphocytes).
The mechanism of perpetuation of damage typic&@©PD could also explain in these patients
the risk of lung cancer irrespective of active smgK70]. In fact, after quitting smoking, lung
cancer risk remains increased in patients with COaBugh this risk is superior in those who
continue to smoke [70]. The close connection betw@OPD, inflammation, and lung cancer is
even more apparent in light of recent findings tpaint to a possible relationship between
inhaled corticosteroids and reduced lung canckrimi€OPD patients [86,87].

Complementary to this is the observation that timdence of lung cancer is associated with
specific stages of COPD severity. Lung cancer sgagd as the cause of death in 33% of
patients with mild-to-moderate COPD with a decrdase patients with more severe disease
[88,89].

According to this data, in our experience we did abserved cases of lung malignancy in
patients with end-stage COPD candidates to lungspiantation, differently from other end-
stage chronic inflammatory diseases such as sdser@] sarcoidosis and especially pulmonary
fibrosis.

For these reasons our research group has propgsati@yenetic hypothesis that, in agreement
with recent autoimmune theory, attributes to theupar inflammatory phenotype of COPD
advanced stages a protective and surveillanceagaast neoplastic development.

As previously reported, the T regulatory cells #mel associated cytokine pattern play a strategic
role in the interaction between COPD and lung caradthough a complete understanding of the
process is still far away.

In this field, the analysis of TH17 cells and thd 7 cytokine could really represent the link

between these two important diseases.
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1.8.3 Pathway axys IL17- R23

Th17 cells are a critical component of the adapiimenune response and have also been
implicated in chronic inflammatory diseases andomuinune diseases [90], although their
primary function appears to be the clearance dfiquans that are not adequately handled by
Thl and Th2 cells, especially extracellular baeate@nd fungi [91]. The cytokine
microenvironment influences the differentiation mdive T cells into Th17 cells. The Th17
lineage depends on the presence of TGF-bl and Hoénd in elevated concentrations
particularly in chronic obstructive pulmonary disedCOPD) [92].

In effect, an increase in Th1l7 cells was obsermeplaiients with COPD compared with current
smokers without COPD and healthy subjects. HumdtvTdells differ from other cell subsets in
their potency to induce proinflammatory cytokinegs Ibronchial epithelial cells, airway
fibroblasts and smooth muscle cells and abovehal secrete the cytokine 1L-17 [93], which
plays an important proinflammatory role in COPD.

The IL-17 family comprises of six members (IL-17A#) [94] and five receptors (IL-17RA-
17RE) [95].

IL-17RA is the largest member of the IL-17R famdynd at least four ligands are mediated
through this subunit [96].

The expression of IL-17RA is up-regulated by cyt@ld such as IL-15 (produced by a range of
non-T-cells, including macrophages and IL- 21 [@r] CD8+ T-cells, and so may play an
important role in COPD.

IL-23 plays a key role in the maintaining and exgiag the Th17 cell lineage over time to
release IL-17 [98] and is secreted from APCs sigctiemdritic cells. IL23 is released in response
to inflammatory signals and therefore is continpakpressed in chronic inflammation.

IL-17 induces epithelial cells to produce antirolwal peptides (such as b defensins) and
numerous chemokines, such as TNF-a, IL-1b, IL-6,-G8&F, granulocyte colony-stimulating

factor and IL-8 [99]. All these findings clearly ditate that IL-17 is able to generate an
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intriguing crosstalk between the adaptive and mnatmune systems, regulating an efficient
immune response (Fig. 1.10) [100].
Many studies found an increased production of I-&3pecially IL-17A in COPD patients

although its involvement in the development of @O® poorly understood [101].

Anti inflammataory Pro inflammatory

Macrophage

i hr:‘#.-
R,
8

L6 “““--.ﬁ. {i?;:?;b
CRCRL

Neutrophil

117, IL-21 :
iL-22 /

Epithelial

TN\

Regulation in smokers, Immuno-suppression in Chronic inflammation in |
who do not progress to ‘ COPD, due to a possible a range of airway
COPD. | ‘ dysfunction or low number diseases.
| of Tregs.

Fig. 1.10. Schematic representation of the balancetween Treg-cells and Th17 cells in COPD. The tyfe
immune response activated relies on the cytokineimnment and the individual's immune system, leadito

varied clinical outcomes. In some situations, thezan be a switch of lineage from Treg-cells to ThIGF-g and

IL-6 are crucial in the transition between lineagésrom Lane N. (102).

In recent years, Th17 cells and IL-17A have beso alssociated with various human tumors,
including NSCLC [103-105]. In particular the numloé Th17 cells detected in tumors has been
shown to positively correlate with microvessel dnsas well as it was observed that high
levels of IL-17A expression in tumor cell lines proted angiogenesis, limphangiogenesis and
cell proliferation [106]. The action of IL-17 seemissely related to induction of VEGF. In fact,
Li [107] has shown that the elevated expressionthe$ growth factor in supernatant of
adenocarcinoma cell lines were IL-17a concentradigpendent. In addition he found higher
serum levels of IL-17a in patients with lung adearctnoma compared to healthy controls and
higher positive expressions of IL-17a, IL-17Ra &I5F in lung adenocarcinoma lesion tissues
than pericancerous normal tissues.

Liu [108] has recently proposed a new potential mecsm of lung carcinogenesis for IL-17
through the formation of an M2-macrophage—dominamtor microenvironment in non—small-
cell lung cancer. Based on the finding that lungnau tissues expressed significantly higher
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levels of IL-17 and prostaglandin E2 (PGE2) thamnrad lung tissues, he speculated on the
possibility that IL-17 served as a chemoattractantecruit macrophages into the lung tumors
while PGE2 induced differentiation of M2 macrophsige

Based on these fundamental premises, lung canseciated with COPD seems to possess
specific pathogenetic and morphological featurdgréntly from cancers resulting from simple
smoke damage.

Therefore, a better understanding of these phenstgpuld lead to important consequences of

great relevance in therapy and care of patienesttl by COPD and lung cancer.
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2. AIM OF THE RESEARCH

This research project focuses on the study of karcer in patients with COPD compared to
control groups, composed by healthy smokers andsnwoking patients in order to identify

eventual distinct biohumoral, morphological and ecolar phenotypes.
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3. MATERIALS AND METHODS

3.1 STUDY POPULATION

From January 2010 to December 2012 we prospecteraiglled in the study patients submitted
to anatomical surgical resection for non small kel cancer (NSCLC) in the Thoracic Surgery
Unit of Padua and Strasbourg.

Inclusion criteria were the follows:

- Patients undergoing major resections (lobectompr@umonectomy) associated with
hilar-mediastinal lymphadenectomy; this decisionswaotivated from the need to have
sufficient non neoplastic lung parenchyma to stindyperi-neoplastic tissue remodeling.

- Patients with peripheral lung nodule.

- Patients with suspected or known primary NSCLC.

Exclusion criteria were the follows:

- Patients with inflammatory lesion or with metastagulmonary cancer.

- Patients with NSCLC involving central airways inder to avoid distortions of lung
architecture or presence of local and/or systenflammatory reactions.

- Patients with chest wall involvement.

- Patients previously treated by chemo and / or tiadidherapy.

- Past history of asthma or allergic rhinitis andtaawpper respiratory tract infections.

- For COPD patients, presence of exacerbations dtmgnghonth preceding surgery.

All patients included in the research project wergjected full clinical/lbiohumoral and

functional analysis.
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Clinical study

For each subject a detailed medical history withigalar attention to respiratory symptoms,
smoking history, concomitant medications and condlitibs was collected.

Venous blood samples, preserved in Ethylene Diafmeteaacetic acid, were sent to the central
laboratory to evaluate the levels of erythrocytdimentation rate and C-reactive protein as
known systemic inflammation signs.

All subjects underwent pulmonary function testd=1B) that were performed and evaluated by
an expert pneumologist following the most recendlglines [109].

Briefly, the following parameters will be measuredgtal capacity (CV), inspiratory capacity
(IC), forced vital capacity (FVC), forced expiragorolume in the first second (FEV1), FEV1 to
FVC ratio (FEV1/FVC), functional residual capadiBRC), residual volume (RV) and total lung
capacity (TLC). To assess the reversibility of #wvay obstruction in subjects with a baseline
FEV1/FVC <70 %, measurements will be repeated Iftutes after the inhalation of 4Q@ of
salbutamol. The diffusing capacity for carbon-madex(DLCO) will be assessed using the
single breath technique.

Arterial haemogasanalysis was performed to invastigas exchange (oxygen partial pressure-
Pa02, carbon dioxide partial pressure-PaCO2 anadglebin saturation-SHb).

A complete radiological assessment, including ckesty, Chest and Abdomen CT scan was
performed in every patients both for oncological a@search reasons.

In addition patients routinely underweffEDG PET-CT scan with measurement of primary lung
tumor maximal standard uptake value (SUVmax), th&@UV on the highest image pixel in the
parenchymal tumor regions.

In all patients bronchoscopic examination with lmtoralveolar lavage (BAL) was carried out.
BAL, blood and fresh cancer tissue were preservedfrozen tissue bank for future
immunohistochemical and molecular studies.

The collection and preservation of biological mialerfor frozen bank followed the guidelines

of Regione Veneto and Azienda Ospedaliera di Padova
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Patients enrolled in the study were then divided groups according to respiratory functional
tests and smoking histor€OPD patients smoker patients without COPDandnever-smoker
subjects (with normal lung function).

COPD subjects were identified by the presence adfiairflow limitation (forced expiratory
volume in the first second (FEV1) to forced vitapacity (FVC) ratio < 70%). They will be
subsequently staged on the basis of FEV1 valuesimisating smokers with severe COPD

(FEV1<50% predicted) from those with mild/modera®@PD (FEV1>50% predicted).

3.2 SURGICAL PROCEDURE AND LUNG SAMPLING

As previously reported, every patient underwent aaratomical resection associated with
systematic limphadenectomy.

Immediately after the surgical procedure, sampiesfthe nodule and at least three from non-
tumour subpleuric area (2 &rwere preserved in RNAlaférand then stored in liquid nitrogen
for molecular studies. The rest of lung parenchymzs sent to the Pathological Anatomy
Laboratory and perfused using 4% formaldehyde xoadhial tree with constant pressure of 25

cm of water (Fig. 3.1).
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Fig. 3.1. Intra-operative view of a lobe specimefftem resection with bronchial incannulation to
perform selective perfusion using 4% formaldehydghaconstant pressure of 25 cm of water.

The lung was then taken in a large container ah&din for at least 24 hours. This method of
lobe perfusion allowed to obtain adequate lung $esnfor microscopic and morphometric
diagnosis, avoiding on the one hand emphysema stieaion due to alveolar hyperdistensions
and from the other areas of parenchymal atelect&sr samples were taken both from
neoplastic areas and non neoplastic sites. Aftérydtation, samples will be embedded in
paraffin and serial sections were cut for histatagji immunohistochemical and molecular

studies.

3.3 HISTOLOGICAL ANALYSIS

All histological and immunoistochemical parametevere blindly evaluated by the same

pathologist (FC)

46



3.3.1 Pathological diagnosis

Tissue sections were stained with haematoxylin andin and Masson’s stains. Histo-
pathological evaluation of the tumor were done byeapert Pathologist according to the latest
revision of lung cancer classification [48]: in feular, in case of adenocarcinoma, a precise
quantification of the different histological pattetepidic, acinar, papillary and solid) percentage
was done [49].

pTNM staging was conducted in accordance with theedition of 2009 [66].

3.3.2 Morphological evaluations

In all neoplastic lesions were evaluated and gtiadtithe following parameters:

- Inflammation, necrosis and fibrosis were quantifiegg an expert pathologist in

peritumour and intratumour areas and the amount exgsessed both semiquantitatively
using a score system from 0 to 3 (no positivitynfld, 1; moderate, 2; strong, 3) both as
percentage of extension:1l: <30% of neoplastic arthgoplastic areas; 2: from 30 to 60%

and 3>60%.

- Fourum-thick sections were cut and processed for immistathemical analysis of ki-
67. Briefly after dewaxing and hydration, sectiovere incubated in citrate buffer 5 mM at
pH 6.0 in a microwave oven for 30 min for antigeztrieval. Afterwards, sections were
treated with blocking serum (Ultratech HRP Kit, Immnotech, Beckman Coulter, USA) and
incubated for 60 min with the primary monoclonatilaody anti-ki-67 (MIB-1, Immunotech,
Marseille, France) at a concentration of 1:50. iBastwere subsequently incubated with a
secondary biotinylated antibody for 10 min and theith streptavidin-biotin complex
conjugated to horseradish peroxidase for 10 mitrgtéich HRP Kit, Immunotech, Beckman
Coulter, USA). Immunoreactivity was visualized wittiaminobenzidine (DAB, Dako,
Glostrup, Denmark). Finally, the sections were terstained with Mayer’'s hematoxylin.

Negative controls for nonspecific binding were @ssed omitting the primary antibodies and

4/



revealed no signal. Ki-67 positivity was evaluateg using an assisted computerized
morphometric analysis counting at least 100 cellthe most representative areas. Data were
expressed as number of positive cells/total calint@6 and ki-67 quantification represented

the ki-67 labeling index.

3.3.3 Characterization of the peri-and intra-tumbr17 cytokine pattern

For immunohistochemistry, deparaffinized sectioresenreated with 3% hydrogen peroxide in
phosphate-buffered saline (PBS) for 10 minutesiacubated for 30 minutes at 90°C for antigen
retrieval. Next, the specimens were individuallycubated for 12 hours at 4°C with the
polyclonal antibody diluted in 2% bovine serum aftm before use anti-IL-17 (1:100)
(AbCAM). The sections were washed and incubateth Wie streptavidinperoxidase conjugate
(Dako) for 30 minutes.

The slides were washed with HRP labeled polymeri-rabbit (Dako) for 30" and
immunoreactivity was visualized with 3-3’-diaminaizedine (Dako). Negative controls for
nonspecific binding were processed omitting thenpriy antibody and revealed no signal. The
sections were counterstained with hematoxylin.

Data were expressed using a combined score fraimrgg intensity ( graded with score 1: mild,

score 2: moderate, and score 3: strong ) and pegeof positive cells.

3.4 GENETIC ANALYSES

All paraffin-embedded samples were evaluated bwthghogist in order to assess the tumour
tissue quality and quantity. Molecular analysis wadormed when the tumour tissue comprised
more than 50% of the entire sample. DNA was ex@datsing a QIAmp DNA kit (Qiagen,

Milan, Italy), according to the manufacturer’s mstions. Agarose gel electrophoresis was used

to control its quality and quantification was pen®@d by spectrophotometry.
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A total of 100 ng of genomic DNA was used for pognaise chain reaction (PCR) to amplify
exons 18, 19, 20, 21 &GFRgene and exon 2 ¢<fRASgene by using primers, sequences and
amplification conditions according to previous s$ésd(8, 17). PCR products were purified using
a pre-sequencing kit (Amersham Biosciences, Lit@dalfont Buckinghamshire, UK).
Subsequently, they were sequenced with both forveard reverse primers using BigDye
Terminator v1.1. Cycle Sequencing Kit (Applied Bistems, Foster City, CA, USA).
Automated sequencing was carried out using an ABBORI DNA sequence (Applied

Biosystems).

3.5 ELECTRONIC DATABASE

A multidisciplinary electronic database (Excel, kisoft Office Professional 2007) was built
following the privacy rules.The database contaifisttee clinical, radiological, functional,
pathological and molecular data and was used &bisstal analysis.

The database did not include any personal ideatitio label and was held in secure password
protected storage under the responsibility of timét Qoordinators (Prof. Rea, Prof. Saetta and
Prof. Calabrese) in accordance with the requiremehthe Health Information.

The study, conforming to the Declaration of Helginkwas approved by our local ethic

committee and patients signed an informed consent

3.6 STATISTICAL ANALYSIS

All cases were coded and the measurements were witaeit knowledge of clinical data.
Normality of distribution for quantitative varialsleavas assessed by means of Shapiro-Wilcox
statistics. Non normal variables were log-transiedmGroup data were expressed as mean and

SEM, or as median and IQR when appropriate. To esenmeans from two different groups we
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used the unpaired 2-tail Student’s t test or ong-mmalysis of variance (ANOVA) for normal
data; for non-normal data Mann-Whitney’s U tesKauskall-Wallis test were performed.
Categorical data were analyzed by the chi-squate te

Statistical analysis was performed using SAA diatik software version 9.1 (SAS institute,

Carry, NC, USA). P values lower than 0.05 were mared statistically significant.
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RESULTS

4.1 POPULATION CHARACTERISTICS

In the study period (January 2010 — December 2@42)atients were initially enrolled for the
research, of which 66 have met the selection @ites in 8 cases a histological diagnosis of
secondary malignancy wésund.

According clinical/functional inclusion criteria éhthree study groups included: 16 COPD
patients, 32 smokers without COPD and 18 never snsok

The most important clinical data of the three goaye listed in table 4.1.

COPD Smokers Never Smokers p

(16) (32) (18)
Age (years) 727 68 £ 9.6 64 £ 12 NS
Sex (M/F) 13/3 25/7 6/127@ 0.002
BMI (Kg/mZ) 274 274 274 NS
Smoke Pack-year 46 (IQR 33-5%) 35 (IQR 15-48) 0 .08D
FEV1 (% of predict) 71 + 14% 93 +19 114 +19 <0.001
FEV1/VC (%) 58 + 9*# 75+7 81+6 <0.001
FEV1/FVC (%) 62 + 10%# 81+6 85+8 <0.001
FVC (% of predict) 91+18 90 + 17 111 + 17°@ <0.001
RV (% of predict) 122 + 18 106 + 18 106 + 19 0.015
RV/TLC (%) 113+ 17 109 + 16 102 £ 15 NS
Pa0O2 (mmHg) 72+7 757 74+7 NS
PaCO2 (mmHQg) 39+3 38+3 37+3 NS
WBC (x 10.9/L) 8.1+3.2 7.7+2.3 75+2 NS
RBC (x 10.12/L) 48+0.5 45+0.6 46+0.7 NS
Basophil cell (x 10.9/L)| 0.04 (IQR 0.03- 0.02 (IQR 0.02- | 0.02 (IQR 0.02-0.03) 0.002

0.06 0.04)
ESR (mm/h) 28 +14 33+20 38 £ 27 NS
CRP (mg/L) 5.9 (IQR 3-10.1) 3.5 (IQR 2.9-17.8) 3 (IQR 2.9-14.7) NS
Adenocarcinoma 73 61 56 NS
histology (%)

* COPD vs Smokers p < 0.05,
# COPD vs Never smokers p < 0.05,
@ Smokers vs Never smokers p < 0.05

Table 4.1. Main demographic, clinical and functiohgatients characteristics. Data are expressed as
mean and SEM, except Smoking pack-year, Basophll eenount and CRP reported as median and

IQR.
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The three study groups presented homogeneous dapiagicharacteristics (age, height, weight,
BMI) except for sex, with a significant greater pootion of women in the never-smoker group.
Regarding smoking history, COPD and smoker patieete comparable.

Concerning PFTs, as expected, COPD group evideacsdtistically reduction in most of the
respiratory functional parameters (FEV1%, FEV1/VEEV1/FVC, PEF%, TLC%, RV%,
FRC%) even if the Motley index (RV/TLC), sign oflmonary hyperinflation from emphysema,
did not differ in the three populations. ConversélvC% was higher111+1®6) in never
smoker patients compared to smokers without CORR1{%, p<0.001pnd COPD patient®1

+ 18%, p= 0.003)According to GOLD staging for COPD patients, wpared 3 stage | and 7
stage Il. Blood tests analyses did not show sigguifi changes even for systemic inflammatory
markers; the only altered value is an increaseentgntage of basophil cells in COPD patients
compared to smokers. The choice to include in theysonly patients with peripheral lung
cancer has undoubtedly led to a selection biagctafig the predominant histologic profile.
Indeed, in all the three populations there is arcjgedominance of the glandular form, with
percentages ranging from 63% in the COPD groug,1t86 in the smokers and 56% in never-
smokers (p = ns). In order to obtain results ntegcaéd by different histotypes, we decided to
analyze tumor functional, molecular and morpholagiassessment only in the prevalent
histology, adenocarcinoma. Therefore, the studyufaion was composed of 43 patients, of
which 10 COPD patients, 23 smokers without COPD Hhahon-smokers. As shown in Table
4.2, the main demographic and functional parame#discted those of the previous population,
not showing significant differences among the 3ugsexcept for the male/female ratio, which
result reversed in never smokers and for lung fanctreduced in COPD patients. Even in this
case, FVC% was highet15+126) in never smoker patients compared to smoke3s1(%,

p=0.001)and COPDY1 + 19%, p= 0.003).
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COPD Smokers Never smokers P
(10) (23) (10)
Age (years) 717 6817 68+9 NS
Sex (M/F) 8/2 19/5 37 W@ 0.02
BMI (Kg/mZ) 27 +4 27 +4 28+4 NS
Smoke Pack-year 47 + 29 39+32 0 0.001
. #
FEV1 (% of predict) 71 + 15* 95+ 19 119+13 <0.001
FEV1/VC (%) 58 + 8*# 74+8 803 <0.001
FEV1/FVC (%) 60 + 10 807 87 +10 <0.001
- @
FVC (% of predict) 91+19 93 + 17 115 + 1 0.003
RV (% of predict) 193 + 17*# 107 £ 19 102 + 20 0.059
RVITLC (%) 114 +19 108 + 18 98 + 14 NS
Pa02 (mmHg) 7516 617 7417 NS
PaCO2 (mmHg) 40+ 3 39+2 37+3 NS
WBC (x 10.9/L) 7.3+25 7.7+27 78126 NS
RBC (x 10.12/L) 47+0.5 45+0.6 46+0.6 NS
Basophil cell (x A nes | 0.02 (IQR 0.02-| 0.02 (IQR 0.02-0.03) 0.048
10.9/1) 0.03 (IQR .03-0.06) 0.03)
ESR (mm/h) 27.6 £14 329+21 33+34 NS
CRP (mg/L) 6.4 (IQR 4.1-9.9) 3.4 (IQR 2.9 3 (IQR 2.9-3.4) NS
6.3)
SUV max 5.83+3.91 9.46 +5.77 7.31+4.96 NS

* COPD vs Smokers p < 0.05,
# COPD vs Never smokers p < 0.05,
@ Smokers vs Never smokers p < 0.05

Table 4.2. Main demographic, clinical and functiohapatients characteristics in patients with
adenocarcinoma histology. Data are expressed as maad SEM, except Basophil cell amount and
CRP reported as median and IQR.

The analysis of tumor functional assessment thrdli§PG PET-CT scan did not evidence
significant differences in the three populationshwialues of mean SUVmax in COPD patients,
smokers and never smokers group of 5.83 + 3.985,95.77 and 7.31 £ 4.96, respectively.

Although not statistical significant, a strong tleof increase in the SUV max in smoker-related

tumours compared to COPD-related cancers (9.4 & s 5.83 £ 3.91, p=0.08) was observed.
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4.2 HISTOLOGIC EVALUATION

According to WHO guidelines, a diagnosis of adencioama histology was found in all
patients. In one case of never smokers group anti@l well-differentiated stage |
neuroendocrine tumor was observed in tissue spacime

The maximal lung tumour diameter was measured hedntean values for each group was
3.11+1.3 cm (COPD patients), 3.2+0.1 cm (smokens) &1+1.1 cm (never smokers), without
statistical difference.

Pathological staging of all patients was reportadtable 4.3 and revealed a comparable
stratification between the groups with a majorityarly stages (p=n.s.).

Stage IlIA was due to mediastinal nodal involvemerdt evidenced at pre-operative
investigation, except in one never smoker patibat wvas staged T4 for an ipsilateral lung
nodule. The smoker patient without COPD with stAgenderwent to left upper lobectomy for

two lung metastasis of a previous resected adeciocana.

COPD Smokers Never smokers
Stage IA 4 (40%) 5 (22%) 4 (40%)
Stage IB 3 (30%) 10 (43%) 1 (10%)
Stage I1A 1 (10%) 2 (9%) 3 (30%)
Stage IIB 1 (10%) 2 (9%) 0
Stage IlIA 1 (10%) 3 (13%) 2 (20%)
Stage 11IB 0 0 0
Stage IV 0 1 (4%) 0

Table 4.3. Stage distribution in study populationtiout significant differences in distribution.

The evaluation of the histological analysis wasoregdl in Table 4.4,
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COPD Smokers Never Smokers P
Lepidic pattern (%) 25 (IQR 10-30) 0 (IQR 0-10) 25 (IQR 0-30) 0.01
Mucinous Lepidic Pattern 0+0 414 010 NS
(%)
Acinary pattern (%) 44+22 44+32 49+26 NS
Papillary pattern (%) 0 (IQR 0-0) 0 (IQR 0-13) 15 (IQR 10-20) NS
Solid pattern (%) 10 (IQR 0-20) 20 (IQR 6-70) 0 (IQR 0-0) 0.045
Ki67/MIB1 (%) 30+30 50+25 24+18 0.013
Necrotic remodelling 18+23 2023 244 NS
Inflammatory remodeling 28+22 30£22 3320 NS
Fibrotic remodelling 24+20 28+22 28418 NS

Tab 4.4. Main histological results in three studypulations. Data are expressed as mean and SEM,
except lepidic, papillary and solid pattern repattas median and IQR.

We can observed a significant increase of the iepgidttern (Fig. 4.1) percentage in COPD
patients and never smokers tumours compared t&e@5% (IQR 10-30%) vs 25% (IQR O-

30%) vs 0% (IQR 0-10%), respectively, p=0.01).

The mucinous lepidic variant was found only in serskbut no differences were observed with

the other groups (0+0% vs 4+14 vs 0x0, respectjyeiNS).

i
e
i
i
=

Fig. 4.1. Lepidic pattern of invasive adenocarcinoit tumor cells, type Il pneumocytes and Clara
cells, grow along the surface alveolar walls.
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At the same time, an increase of the solid compbftgg. 4.2) in smokers compared with other
groups (20% (IQR 6-70%) vs 10% (IQR 0-20%) in COpddients vs 0% (IQR 0-0%) in never

smokers, p=0.045) was present.

Fig. 4.2.Solid pattern of invasive adenocarcinomasheets of tumor cells with abundant cytoplasm
and mostly vesicular nuclei with several conspicuss nucleoli.

No differences were observed for the intermediaé®logical components, the acinar (44+22%,
44+32%, 49+26% for COPD patients, smokers and nswakers, respectively) and papillary
pattern, including also micropapillary variant (J#@R 0-0%), 0% (IQR 0-13%) and 15% (IQR

10-20%) for COPD patients, smokers and never smspkespectively) (Fig. 4.3).
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Fig. 4.3. Different lepidic, mucinous lepidic, acar, papillary and solid pattern distribution in théhree
study groups.

Quantification of Ki67/MIB1 (Fig. 4.4) showed anghier replication tendency in smoker cases
without COPD compared to COPD patients and neveokems (50+25% vs 30+30% vs

24+18%, respectively, p=0.013) and was reportdeign4.5.
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Fig. 4.4. Ki67/MIB1 expression in a smoker (A) ama COPD case (B).
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Fig. 4.5. Cell replication assessment by Ki67/MIBYaluation showed significan increase in smoker
group compared to COPD patients and never smokers.

Finally, quantification of peri and intratumoralnmedeling (Fig. 4.6) brought to an increase in
the necrotic component in the group of smokers 2204) and COPD (18+23%), compared to
never-smoker cases (2+4%, p= 0.03 and p=0.05, cteply). By contrary, there were no

differences concerning the assessment of inflanomat28+22%, 30+22% and 33+20%) and

fibrotic remodeling (24+20%, 28+22% and 28+18).
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Fig. 4.6. Intra and peri-tumoral remodeling in théhree groups.
4.3 GENETIC ANALYSES

The mutation analysis of EGFR and K-RAS genes wafopmed in all adenocarcinomas.
Concerning EGFR, no differences were found betw&enthree groups, although a trend of
increased presence of this genetic alteration weserged in non-smokers patients (40%),
compared to COPD patients (10%) and smokers (10%).

Analysing KRAS, as expected, we report a trendnofdased mutation in smokers compared
than never smokers (47% vs 10%, p=0.09). At theestainme, a trend of difference was present
even comparing the group of smokers to that of COMi» had a smoking similar history (47%
vs 30%, p=NS). Assuming that this trend could bdenced, increasing the number of cases, we
included in this analysis a retrospective seried38 patients with a previous KRAS genetic
evaluation, which PFTs and smoking history wereensed in order to classify each case in the

right group. We then looked at the new populatioapprting a significance higher percentage
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of KRAS mutations in smoker patients without CORnpared to COPD patients and to never

smokers (39% vs 15% vs 11%, p< 0.001, Fig. 4.4).
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Fig. 4.7. K-RAS mutation prevalence in a combinegtnospective and prospective population.

Analyzing the whole population of 46 cases, wenfbdihat the presence of KRAS mutations
was associated to an higher value of Ki67/MIB1 (6Q0@%R 30-70%) vs 25% (IQR 10-45%),

p=0.04) and higher solid pattern percentage (2R (R0-75%) vs 5% (IQR 0-20%), p=0.02)
compared to wild-type form. In addition a negatirend was observed between K-RAS
mutation and lepidic pattern percentage (0% (IQB0%) vs 15% (IQR 0-30%), p=0.125 in

KRAS mutated and wild-type form, respectively, Hg).
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Fig. 4.8. Association of KRAs mutation with cell pbcation (Ki67/MIB1) and type of growth pattern
(lepidic and solid).

4.4 CHARACTERIZATION OF THE PERI-AND INTRA-TUMORTLCYTOKINE PATTERN

Preliminary analysis of IL-17 expression perforniethe groups of COPD patients and smokers
without smokers showed a marked cytoplasmic iafilbn both in lymohomonocyte and
neoplastic cells. Although not significant a strenglL-17 expression was observed in COPD
cases compared to smokers without COPD (253 + 5056s+ 109, p=NS, Fig. 4.9 and Fig.

4.10).
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5. DISCUSSION

Lung cancer is the most prevalent tumour worldwathel a common cause of cancer-related
death [47]. Evidence now demonstrates that pathedbgubtype classification of “non small-
cell lung cancer” (NSCLC), a heterogeneous groupliséases, is central in selecting optimal
treatment [110,111]. However, even if surgical andologic treatments have greatly improved
in recent years overall based on better patholbgaoa molecular diagnosis, lung cancer
continues to present increasing frequency, poog-term results and an unpredictable disease
progression.

The co-presence of other diseases in individualiep&st may strongly influence the
carcinogenetic process, making it not only dependerihe classical risk factors. In this context,
the relationship that exists between COPD and kartcer is undoubtedly important. Several
epidemiological studies have now firmly establislied connection between the two diseases
highlighting howCOPD is by far the greatest risk factor for lung@a amongst smokers [68].
Skillrud et al first assessed the risk of lung @nao patient with COPD compared to a matched
case-control study and estimated that the cumelgbrobability of developing lung cancer
within 10 years was 8.8% for those with COPD andf@fpatients with normal function [112].
This indicates that ~1% of patients with COPD depdling cancer each year, while only 0.2%
of patients with normal function develop lung canffeve-fold increased risk of lung cancer).
Several cross-sectional studies, together with mtécepublished prospective studies show
smokers with COPD (or reduced FEV1) have up to &-fold increased risk of lung cancer
when compared with smokers with normal function.

Furthermore 50-70% of patients diagnosed with lcgagcer have spirometric evidence of COPD

[113].
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While the main risk factor for the onset of botlsadises is represented by cigarette smoke
exposure, they also share a common genetic preiipowhich justifies the incidence of these
diseases in only a fraction of smokers [74].

This increased risk of lung cancer among smoketis @OPD is probably due to activation of
common signaling pathways for both diseases byctabamoke as well as by smoking-induced
chronic inflammation which is a risk factor for hotliseases. A causal relation between
inflammation and cancer has already been propogedaien and later by Virchow [85], who
observed inflammatory cell infiltration in maligratissues and suggested that cancers arise at
regions of chronic inflammation. The longer thelanimation persists, the higher the risk of
associated carcinogenesis [114].

The importance of this inflammatory response hasnty been highlighted, inviting a broader
look at the possible involvement of the immune eysin the pathogenetic events of COPD.
Emerging evidences in this context have emphadizedole of adaptive immune responses,
possibly with an autoimmune component due to tlegeition of pulmonary self-antigens
modified by cigarette smoking and to the failure roéchanisms regulating immunological
tolerance [41]. Thus it is not surprising that CORD associated with increased risk of
developing lung cancer due to the synergic effécigarette smoke and chronic inflammation.
The histologic subtype more frequently associatath vemoker COPD is squamous cell
carcinoma however no other specific clinical, maiplgical and/or molecular details have been
described in lung cancer associated with COPD.

In our research study we speculated that lung cadeeeloped in COPD patients has a different
clinical/morphological/molecular phenotype compatedling cancer of smokers without COPD
and never smoker subjects. The comparison waslynparformed within the category of
smoking patients: COPD versus smokers without COMID, the main objective to assess the
impact of COPD on the tumor phenotype. Never sno@re an important control group in our
research study even if it should be noted that tusarising in thi category of patients have

peculiar genetic substrates and mechanisms. Théenfs of EGFR mutation balanced by the
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low KRAS—mutation frequency in never-smoking casesolled in the project is proof of these
characteristics.

The decision to perform the analysis only in adancioomas was surely influenced by the high
percentage of this histologic type determined leygélection bias of inclusion/exclusion criteria
and by the need to obtain results not affected iffgrdnt histotypes. However, this choice
reflects the epidemiology trend of lung cancer watenocarcinoma incidence that has now
surpassed that of squamous cell carcinomas in $mtbs, possibly due to changes in cigarette
smoke composition and/or inhalation [115].

A fundamental point of our prospective study isresented by the fact that the study population
included COPD and well matched smoker patientsoumitlCOPD both for age, sex and smoking
history, well known factors which may influence ¢uoarcinogenesis. Among PFTs, excluding
those specific for COPD (FEV1%, FEV1/VC, FEV1/FVREF%, TLC%, RV%, FRC%), an
approximately equal decrease of FVC percentagatienqts with a smoking history (smokers or
COPD) was observed. Functional impairment in theegents may be the spirometric expression
of parenchymal damage caused by smoke exposurk.régard to biohumoral, and in particular
to inflammatory indices, except for basophils, viek mbt observe significant difference between
COPD and smoker patients. The raised number ofdblmsophils in COPD patients could
reflect an anti-tumour immune response to circata@ntigen. There are only few papers that
focus on the significance of an increased numbdrasbphils and cancer and even fewer for
lung cancer. Basophils mediators are reportedttract eosinophils in the site of nematode
infestation and arm them for more potent killingtbé nematodes [116]. It is possible that the
link between the numbers of circulating basophild aosinophils in lung cancer patients lies in
a similar interaction in relation to the tumoumca eosinophil infiltration of the tumours was
associated with both blood eosinophilia and beftegnosis [117].

Tumour functional assessment was evaluated thrOtghG PET-scan which has been imposed
as a strategic diagnostic and staging tool for luagcer.'®FDG PET-scan has recently been

proposed as a prognostic examination in partidhl@ugh the SUV index since it seems closely
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related to tumour biological aggressiveness [128].important meta-analysis performed by
Berghmans et al [67] in 2008 took into considerati@ studies including 1474 patients with
different stages of NSCLC. They reported that irsfildies a high SUV was identified as a poor
prognostic factor for survival although two studfesnd no significant correlation; in addition
they estimated an overall combined hazard risk (i#R)the 13 reports of 2.27. Nair et al.
recently published a clinical study where they gnadl the biologic basis for the use of FDG as a
biomarker, founding that four of eight single gersssociated with FDG uptake (LYG6E,
RNF149, MCM6, and FAP) were also associated witkigal [119]. A lower SUV was detected
in our COPD lung cancer. This is likely due to asleroliferative index of this neoplasia
compared to lung cancer of smokers without COPDiffei2nt works in the literature have
reported a significant relation between tumour ifgmtion detected by MIB1/Ki67 and SUV,
highlightening the significant value of FDG as additional prognostic instrument [120]. The
histological analysis of neoplastic patterns asdedi in our study groups revealed interesting
data, emphasising significant differences.

From a morphological point of view adenocarcinomigC@®PD patients showed less frequent
solid and more frequent lepidic pattern and lowea87Kproliferation. The more extensive
necrosis present both in COPD patients and smek#rdung cancer seems to be the expression
of direct smoking cellular damage. All these aspegbuld characterize this form as a less
aggressive neoplastic phenotype. Regarding lepalitern, the mucinous variant was found only
in the smokers and analysed separately for the tgpalic cases. Indeed the new classification
of adenocarcinoma [49] has now divided the mucirfous the nonmucinous form, as multiple
studies [121-123] indicated that tumours formerlgssified as mucinous BAC have major
clinical, radiologic, pathologic, and genetic drfaces from the tumours formerly classified as
nonmucinous BAC. In particular, these tumours showery strong correlation with KRAS
mutation, whereas nonmucinous adenocarcinomas are likely to show EGFR mutation and
only occasionally KRAS mutation [124]. In additiaimne neoplasms formerly termed mucinous

BAC and now classified as invasive mucinous ademawama, has been recognized to have
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invasive components in the majority of cases [12&84ding to a different clinical prognosis
compared to nonmucinous variants.

Concerning the molecular data the finding of lesxjdent K-RAS mutation in lung COPD
patients was remarkable. This finding reinforclee toncept that tumour related to COPD
presented different biological behaviour. The iotpaf KRAS alterations on prognosis has
already been studied in lung cancer and two difiteneeta-analyses suggested an association of
KRAS with poorer survival [126-127].

Our group in 2010 [128] also confirmed the impattkéiRAS mutations on prognosis in a
clinically selected group of advanced adenocarcamnmighlighting the role of KRAG&s an
independent prognostic marker.

The analysis of the pathway axis of IL 17 seemset@n important link between COPD and lung
cancer providing a possible pathogenetic substoatboth diseases. In our study we observed
the increased cytokine expression in lung canc€Q@®PD cases.

A key role for this cytokine has already been ensg® in the context of autoimmune diseases
[129], and more recently in COPD patients, whersgéms to support the maintenance of
chronic inflammation [99].

New evidences of this axis in the neoplastic figldve been reported remarking its crucial role
also in lung [130]. The relationship between IL-Bhd cancer, whether beneficial or
antagonistic, continues to be a controversial is§he majority of studies reported an important
influence of this cytokine on the induction of amggnesis favoring vascular endothelial growth
factor—-VEGF-secretion and on neoplastic cell growfh07] through the alteration of
immunosurveillance component [108].

There are still no evidence in the literature thedcribe the presence and the role of this cytokine
in adenocarcinoma associated to COPD. In our sty small number of subjects certainly
influenced the observed results and probably tble dé a significant difference. However, what

seems to emerge is that the IL-17 pathway, recelahyonstrated to be involved in the complex
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immunological background of COPD, could play a kel in cancer development/progression
of patients with COPD compared to smokers with@QPD.

In conclusion the scenario that emerged from osearech study is the presence in COPD
patients of a different cancer to that of matchegec smokers without COPD. Clinical,
biohumoral, morphological and molecular findings@®PD lung cancer showed stigmata of
lower aggressiveness and invasiveness lung caheaopy/pe.

It might be speculated that alternative mechanishgsarcinogenesis are involved in the
development/progression of COPD related lung cari&een the importance of inflammation in
the pathogenesis of COPD the involvement of ottahways, such as IL-17, mainly driving
inflammatory mediated carcinogenesis could be susge

The main limitation of our research is represefgthe low number of patients especially in the
COPD group. Moreover the absence of COPD advarteggs does not allow assessment of the
presence of any differences in inflammatory andofestic phenotype within the GOLD staging.
Finally, the short follow-up of these patients, silering also the early disease stages included

in the study, does not allow us to perform any sahanalysis.

Future research

The availability of large amount of materials prdpetored in a dedicated tissue archive will be
able to expand the knowledge of neoplastic phemstgssociated with study populations.

In this field, the characterization of mmunophempatyinflammatory cell infiltration both in
peritumoral inflammatory infiltrate and in distaerteas with particular attention to lymphocytic,
macrophagic and cytokine patterns will be of gregdortance.

The presence of liquid samples as blood and BAIL aldo lead to the research for possible
peripheral biomarkers of disease that can provigéiptive and prognostic information related
to the neoplastic process. Finally, the analysisneflium-term results of survival and local or
distant recurrence could support the preliminamaadotained in this study proposing a different

lung cancer phenotype in COPD patients which shgwaf less aggressiveness.
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New knowledge of mechanisms at the basis of CORD tancer would be of considerable help
in the fight against lung cancer both for individeed follow-up and for therapeutic
perspectives, providing a rationale basis to devétwgeted and more effective treatments to
prevent or, at least, slow down cancer evolutionti{@flammatory immunomodulatory or

biological therapies).
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