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1. Zusammenfassung

Das Lungenkarzinom ist die haufigste Karzinomentitat in Bezug auf Inzidenz und Mortalitat
weltweit. Eine Zunahme der Inzidenz bei gleichbleibend schlechter Prognose unterstreicht
die Relevanz von Losungsansdtzen zur Verbesserung sowohl der Primarpravention, der
friihzeitigen Erkennung als auch der Diagnose des Lungenkarzinoms. Hinsichtlich Lungen
assoziierter Biomarker haben wir erst kirzlich erh6hte Heat Shock Protein-Serumwerte bei
Patienten mit einer manifesten chronisch obstruktiven Lungenerkrankung nachgewiesen.
Basierend auf diesen Kenntnissen erstellten wir die Hypothese, dass Heat Shock Proteine

auch beim Lungenkarzinom eine entscheidende Rolle spielen.

HSP27, phosphoHSP27 und HSP70 Serumwerte wurden in Patienten mit nicht-kleinzelligem
Lungenkarzinom (NSCLC) im Anfangsstadium (Stage I-ll, n=37) bzw. im fortgeschrittenen
Stadium (Stage IlI-IV, n=72), in gesunden Rauchern ohne klinische Zeichen eines
Lungenkarzinoms (n=24) und gesunden Nichtrauchern ohne klinische Zeichen eines

Lungenkarzinoms (n=33) bestimmt.

Gesamt HSP27 Serumwerte waren in beiden Gruppen (friihes und fortgeschrittenes
Stadium) mit nicht-kleinzelligem Lungenkarzinom im Vergleich zu beiden gesunden
Kontrollgruppen erhoht (Anfangsstadium: 3647 [Mittelwert] vs. 1648 bzw. 2346 pg/ml,
p<0.0001 bzw. p=0.0022; fortgeschrittenes Stadium: 5364 vs. 1648 bzw. 2346 pg/ml,
p<0.0001). Statistisch signifikante Unterschiede konnten desweiteren zwischen den beiden
Gruppen mit nicht-kleinzelligem Lungenkarzinom gefunden werden (p=0.0021).
Dementsprechend zeigten auch die Serumwerte des phosphorylierten HSP27 einen
signifikanten Anstieg zwischen den im Krankheitsverlauf wenig und weit fortgeschrittenen
NSCLC Patienten (315 [Median] vs. 447 pg/ml, p=0.0153). HSP70 Serumwerte waren erhoht
in Patienten mit wenig bzw. weit fortgeschrittenem Karzinom im Vergleich zu beiden
gesunden Kontrollgruppen (Anfangsstadium: 603 [Mittelwert] vs. 305 bzw. 321 pg/ml,
p=0.0028 bzw. p<0.0001; fortgeschrittenes Stadium: 798 [Mittelwert] kontra 305 bzw. 321
pg/ml, p<0.0001). Statistisch signifikante Unterschiede zwischen den beiden
Karzinomgruppen konnten keine festgestellt werden. In univariaten Regressions-Modellen

mit gesunden Probanden und Patienten mit nicht-kleinzelligem Lungenkarzinom zeigte das



HSP70 einen AUC (area under the curve)-Wert von 0.779 (p<0.0001), HSP27 einen AUC-Wert
von 0.870 (p<0.0001).

HSP27 Serumwerte sind signifikant erhoht in Patienten mit nicht-kleinzelligem
Lungenkarzinom, korrelieren mit den klinischen Krankheitsstadien und weisen somit auf ihre
potentielle Rolle als Biomarker zur Friherkennung von Patienten mit einem Nicht-
kleinzelligen Lungenkarzinom hin. Darliber hinaus proklamieren die gewonnenen Daten
einen moglichen Einsatz der HSP27 bzw. phosphoHSP27-Bestimmung zur Unterscheidung
der verschiedenen Krankheitsstadien, welche dadurch zu einer wichtigen Hilfe in der

Therapieentscheidung werden kdnnten.

1. Abstract

Lung cancer is the most common cancer in terms of mortality worldwide. An increase in lung
cancer at a remaining poor prognosis shows the importance of appropriate approaches to
primary prevention, early detection and diagnosis. In respect to lung associated biomarkers,
we have recently described that patients with manifest COPD evidence increased serum
levels of heat shock proteins (HSPs). Based on these data, we hypothesized that HSPs play a

pivotal role in lung cancer as well.

Serum levels of phospho-HSP27, total HSP27 and HSP70 in patients with non-small cell lung
cancer (NSCLC) diagnosed at an early (stage I-1l, n=37) or an advanced (stage IlI-IV, n=72)
stage, in healthy smoking volunteers without any clinical signs (n=24) and in healthy
volunteers without any smoking history or clinical signs (n=33) were determined by using

ELISA.

Serum levels of total HSP27 were elevated in patients with NSCLC diagnosed at an early or at
an advanced stage when compared with both healthy control groups (early: 3647 [mean] vs.
1648 or 2346 pg/ml, p<0.0001 or p=0.0022; advanced: 5364 vs. 1648 or 2346 pg/ml,
p<0.0001). Furthermore statistically significant differences were found between the early
and advanced stage NSCLC patients (p=0.0021). Correspondingly, serum levels of
phosphoHSP27 showed a significant increase between early and advanced stage NSCLC

patients (315 [median] vs. 447 pg/ml, p=0.0153). Serum levels of HSP70 were elevated in
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patients with NSCLC diagnosed at an early or at an advanced stage when compared with
both healthy control groups (early: 603 [mean] vs. 305 or 321 pg/ml, p=0.0028 or p<0.0001;
advanced: 798 [mean] vs. 305 or 321 pg/ml, p<0.0001). Statistically significant differences in
HSP70 serum levels between the two carcinoma groups could not be detected. In univariate
logistic regression models including healthy subjects and patients with NSCLC, HSP70 had an
area under the curve (AUC) of 0.779 (p<0.0001) and HSP27 showed an AUC of 0.870
(p<0.0001).

HSP 27 serum levels are significantly increased in patients with NSCLC and correlate with the
clinical stage of the disease suggesting HSP27 as a potential biomarker to identify patients
with early NSCLC. Moreover, these data propose serum HSP27 and phospho-HSP27
measurement as a possible tool in the discrimination between different NSCLC stages that

may provide a basis for therapy decision.



2. Introduction

2.1 Background

2.1.1 Lung Cancer

2.1.1.1. Mortality and Survival

Lung cancer is the most commonly diagnosed malignant disease in men and the fourth most
frequently malignancy in women worldwide. The incidence rate is estimated at 1.2 million,
the mortality-rate at 1.1 million cases per year worldwide. It is by far the most common
cancer of men and the second most malignant tumor of women after breast cancer in terms

of mortality , with the highest rates observed in Europe and North America [2].

The geographical distribution and the higher incidence in men closely reflect the history of

tobacco smoking.

In the United States smoking prevalence in men increased from 1920 to the end of the 30s,
plateaued until 1955 and then began to decline progressively. Lung cancer mortality showed
a similar progress: at first it slowly rose, then more rapidly until 1980, thereafter slowed and
peaked in 1990. The latency between the straight line increase in the two curves was
approximately thirty years and was confirmed by the same interval between the beginning

of decline in the two curves [3].

Similar curves for women show the same overall relationship except for later onset of

smoking prevalence and lung cancer death rates.
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Figure 2.1: Numbers of new cases (incidence) and deaths (mortality), by sex and site [2]



In Austria a comparable appearance can be observed. In 2007 a total of 2246 men (35.3 per

100 000) and 1184 women (14.7 per 100 000) died of this tumor. The lifelong risk of dying

from lung cancer is 3.7% in men and 1.6% in women. The development of age-standardized

death rates shows different patterns. In men, the mortality rate has decreased from 1987

.9 per up to .3 per 6. In contrast, in women the deat
(52.9 per 100 000) up to 2007 (35.3 per 100 000) by 33%. | i he death

rate increased from 1987 (10.2 per 100 000) up to 2007 (14.7 per 100 000) by half.

Luftréhre, Bronchien und Lunge (€33-C34) - Krebsmortalitét (Sterbefille pro Jahr), Osterreich ab 1983

absolute Zahlen

altersstandardisierte Raten')

kumulative Raten?)

Jane Insgesamt | Manner | Frauen Insgesamit | Manner | Frauen Insgesamt | Manner Frauen
1983 3.167 2518 649 26,8 554 8.9 3.0 5,9 1,0
1984 3.330 2.584 746 284 57,3 101 3.1 6,1 1,0
1985 3.153 2461 692 266 541 9.2 28 5.7 0.9
1986 3.073 2418 655 263 53,3 9.1 29 5,6 1,0
1987 3.160 2420 740 26,8 52,9 10,2 29 5,6 1,1
1988 3.169 2.400 769 26,8 521 10,7 29 54 1,1
1989 3.133 2416 7 265 52,0 9.7 29 5,6 1,0
1990 3.179 2427 752 26,5 51,8 10,0 29 5,6 1.0
1991 3.278 2461 817 274 521 10,9 3.0 5.7 1,1
1992 3.181 2375 806 262 497 10,6 29 53 1,1
1993 3.306 2498 808 273 51,6 11,0 3.0 2,7 1.1
1994 3.193 2329 864 262 47,5 11,7 29 53 1,2
1995 3.156 2323 833 256 46,8 11,0 28 52 1,1
1996 3.241 2373 868 262 47,0 1,7 3,0 52 1,3
1997 3.264 2335 929 26,0 454 12,3 29 5,1 1,3
1998 3.323 2.399 924 262 45,9 12,3 3.0 5,1 1,3
1999 3.247 2.296 951 254 431 124 29 48 1,3
2000 3.269 2285 984 253 421 13.1 29 47 14
2001 3.195 2258 937 243 40,8 121 28 45 1,3
2002 3.419 2393 1.026 254 41,9 134 28 4.4 14
2003 3.332 2339 993 243 40,0 12,7 27 42 1,3
2004 3.388 2319 1.069 246 39,0 13,7 27 43 14
2005 3.348 2317 1.031 238 38,1 12,9 26 41 1,3
2006 3413 2.354 1.059 23,8 378 13.1 26 41 1.4
2007 3.430 2.246 1.184 237 35,3 4.7 26 3,7 1,6

Table 2.1: 1) in each case per 100.000 people / men / women; 2) mortality risk up to the age of 75 [4]

The analysis of mortality by age groups and birth cohorts shows a continuous decrease in

over 55 year old men, but an increase in younger birth cohorts. In these older age groups,

the decline of harmful substances in cigarettes and the trend toward ex-smokers had

positive impact. In younger cohorts, there is a rising trend. In women, lung cancer mortality

increased in all age groups with younger cohorts outstanding.



Bosartige Neubildungen der Lunge im Zeitverlauf
altersstandardisierte Raten auf 100.000 Personen
(WHO-Weltbevdlkerung, 2001)
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Figure 2.2 Malignant diseases of the lung in time response, Source: Statistic Austria

The prognosis of lung cancer has improved little in the last 20 years and a large proportion of
newly discovered cancer cases still takes a fatal course. The 5-year survival is currently 10%
in men and 14% in women [5], but heavily depends on the time of diagnosis. 5-year survival

rates of 29-43% in local stage face therefore survival rates of 11-16% in regional stage and 1-

2 % in distant stage [6].
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Figure 2.3: Length of relative survival by primary cancer site, all stages combined, SEER 1974 -1991 [6]

Table 4 Long-term survival” after lung cancer diagnosis. SEER 19741991

5-Year 10-Year 15-Year
C[;::egr Observed Relative Observed Relative andl{lon?l Observed Relative C(?ndn.mn:fl
survival rate % survival rate %  survival rate % survival rate % relative :urvwal survival rate % survival rate % relative survival
rate” % rate” %
White males
Total 10 12 5 9 61 3 7 70
Stage
Local 29 37 16 28 67 9 23 71
Regional 11 14 6 9 57 3 8 70
Distant 1 1 1 1 40 03 0.6 62!
Black males
Total 8 10 4 7 55 2 5 65
Stage
Local 25 31 13 21 58 7 17 72
Regional 9 11 5 7 51 2 5 617
Distant 1 1 1 1 61 0.13 0.29 25
White females
Total 14 16 9 12 63 6 10 73
Stage
Local 43 49 29 39 71 20 34 76
Regional 16 18 9 11 55 5 8 64
Distant 2 2 1 1 46 1 | 614
Black females
Total 12 13 7 9 57 4 7 714
Stage
Local 36 41 23 31 65 16 26 8o
Regional 14 15 7 9 49 3 5 S0
Distant 2 2 1 1 49 1 1 53

“ Based on follow-up through 1992,
P Restricted to 5-year survivors.

¢ Restricted to 10-year survivors.
?SE 5-10%.

°SE >10%.

Table 2.2: Long term survival after lung cancer diagnosis, SEER 1974-1991 [6]
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2.1.1.2. Etiology

The etiology of lung cancer can be divided into modifiable and unmodifiable risk factors. The
unmodifiable risks include gender and genetic predisposition. The modifiable factors include
exposure to tobacco smoke, environmental tobacco smoke, occupational lung carcinogens,

air pollution and airflow obstruction.

Unmodifiable Risk Factors

Gender

The male predominance of lung cancer is a result of the substantial smoking habits of males
compared to females [7]. When differences in smoking initiation, duration and intensity are
adjusted, male and female lung cancer rates are more comparable. Studies suggest that
women who have never smoked (25.3 per 100 000 person years) might be at increased risk
of lung cancer compared with men who have never smoked (20.3 per 100 000 person years)

and reveal an hazard ratio of 1.3 [8].

Whether men and women have different susceptibilities to the carcinogens in cigarette
smoke with respect to lung cancer remains the focus of considerable controversy, with
researchers debating the merits of the use of absolute risks (incidence or mortality rates in
smokers) or relative risks because of smoking to make this comparison [9-13]. Few studies
have presented both absolute risk and relative risk. Some, but not all, case-control and
cohort studies have suggested that smoking causes a significantly larger relative increase in

lung cancer risk in women than in men [12, 14-17].

Whereas findings from cohort studies generally show similar incidence and mortality rates in

men and women with comparable smoking histories [8-9, 18].

Genetic Predisposition

A genetic predisposition to lung cancer is suggested by the observation that between 10 and
15% of smokers develop lung cancer. Therefore, considerable investigative efforts have
explored genetic predisposing risk factors. Familial clustering of bronchogenic carcinoma
occurs. Comparison of patients with lung cancer to age-matched community controls
showed an odds ratio for lung cancer of 1.8 (95% Cl: 1.3-2.5) for those with at least one first-

degree relative with lung cancer [19-20].
-12 -



A genetic prevalence of lung cancer also applies to lifetime nonsmoking patients. After
controlling for confounding factors like second-hand smoke, several studies have concluded
that the risk of lung cancer in nonsmoking patients increases with the number of first-degree

relatives with cancer [20-22].

Modifiable Risk Factors

Smoking

Tobacco smoking is by far the most important risk factor for lung cancer. Evidence of the
harm done by smoking has been accumulating for around 200 years. It was first thought to
apply only to cancers of the lip and mouth but is now known to cause vascular disease and
lung cancer [23]. The supportive evidence for this association has been reviewed many times

by different scientific groups and institutions [24-28].

Cigarette smoke is an aerosol composed of volatile agents in the vapor phase and semi- and
nonvolatiles in the particulate phase [29]. 95% of the smoke of non filtered cigarettes is
composed of 400-500 individual compounds in the gas phase. The remaining 5% of cigarette
smoke is tar, which is composed of over 3.500 individual components in the particulate
phase. When tobacco burns, the residue that forms is the tar. Although tar contains many
known carcinogens, polynuclear aromatic hydrocarbons (PAH) and tobacco-specific N-

nitrosamines (TSNA) are believed to be the leading causes of lung cancer [29-30].

At the beginning of the twentieth century, when tobacco smoking was a rare habit, lung
cancer was uncommon. In his paper published in 1912, Adler reported that less than 0.5% of
patients with cancer who had an autopsy in major hospitals in the USA and western Europe,

had lung cancers [31].

The sudden increase in occurrence of this form of cancer started between the two world
wars; first in England, where cigarette smoking has come in vogue at about the turn of
century under King Edward VII. Because of automated mass production, smoking got

comparatively cheap and affordable for every citizen.

One of the first, who suspected a link between cigarette smoking and lung cancer was Lickint
in Germany [32]. With the beginning of modern epidemiology in the fifties this hypothesis

was first verified in large-scale studies [33-34]. By 1985, lung cancer was the most common

-13 -



malignant disease and about 85-90% of lung cancer cases were attributed to tobacco

smoking [35].

Epidemiological studies in the last decades have demonstrated a number of factors that

influence the disease risk of cigarette smoking:

= The risk of lung cancer increases with the duration of smoking, the number of

cigarettes smoked per day and the tar content [23, 36-37].

= The average smoker has a 15-fold increased risk of developing lung cancer. The risk
for heavy smokers is 20-40 times that of a non-smoker for developing lung cancer [1,

38].

Average < 10 Averzze 10-19 Awverage 20-29 Averaze = 30

Drration
€a o oR' (95% 1) ca Co oR' ©5% C) Ca Co  OR' (95% CT) ca G oR' (95% CT)

All :’.:enters (men)

Non-smokers 120 1953 100 120 193 100 120 1953 100 120 1953 100

<20 yrs 62 564 163 (1.18-226) 79 437 126 (1.66-30T) 55 220 287 (2.014.10) 8 27 486 (200-1130)

20-29 yrs 62 288 336 (241470) 312 505 813 (641-1032) 289 298 1159 (9.00-1493) 28 54 783 (462-1328)

30-39 yrs 177 340 786 (603-1024) 767 723 1430 (11531774 716 382 2437 (19.39-3063) 99 46 3161 (2042-4892)

40+ yrs 357 484 1306 (10.14-1681) 1558 902 2066 (23943675 1215 501 4486 (35.73-5632) 131 54 4640 (29.72-7246)
All centers (both genders)

Non-smokers 84 1246 14 84 1246 100 84 1246 100 34 1246 100

<20 yrs 50 441 165 (1.14-239) 74361 272 (1943381 51 201 325 (220-478) 8 27 500 (2.15-1166)

20-29 yrs 33 195 405 (276592) 276 383 957 (727-1259) 260 258 1274 (9.56-1698) 28 52 829 (4851417

30-39 ys 153 257 B85 (651-1202) 697 526 1791 (1391-2306) 639 288 2022 (2235-3820) 98 44 3341 (21.34-5231)

40+ yrs 281 334 1471 (10.81-2001) 1245 608 3675 (2841-4756) 905 360 50098 (38.65-6724) 130 53 4872 (30.78-7713)
All centers (women)

Non-smokers 467 1601 100 467 1601 100 467 1601 100 467 1601 100

<20 yrs 53 22 100 (0.72-139) 49 83 234 (159-346) 18 42 181 (1.06-345) 1 6 075 (009-645)

20-29 yrs 54 77 181 (191413 104 80 497 (356694 68 29 963 (597-1553) 11 2 3298 (6.82-15956)

30-39 yrs 51 84 251 (171-368) 153 70 865 (629-1150) 115 24 2148 (1342-3436) 16 3 2889 (8.14-10257)

40+ yrs 95 71 659 (457951 178 63 1157 (833-1607) 123 24 2048 (18054814) 18 3 3643 (10.28-129.08)
All centers (both genders)

Non-smokers 310 979 100 310 979 100 310 979 100 310 979 100

<20 yrs 42 142 109 (0.75-1861) 30 49 223 (135368) 8 15 226 (091-5.64) 0 4 1]

20-29 yrs 45 60 285 (185441 0 57 438 (291-653) 40 13 1142 (5.75-2249) 8 2 2659 (495-14199)

30-39 yrs 45 65 281 (1.83431) 121 56 822 (5.69-11.88) 76 16 1944 (10.86-3481) 10 1 6450 (7.87-52848)

40+ yrs 89 65 711 (4.81-1051) 151 51 1140 (787-1652) 90 19 2779 (15724914) 10 2 3602 (740-17537)

Table 2.3: Effect from duration of smoking by average number of cigarettes and by sex; Ca = Cases,
Co=Controls [38]

= Lung cancer risk is inversely related to the age of smoking initiation [30, 39].

= Smokers of pipes and cigars seem to be at lower risk than cigarette smokers, but
experience an increased risk of lung cancer as compared with non-smokers. This
difference can either reflect a lower carcinogenic potency of smoke from cigars and
pipes, as compared with cigarettes, or result from confounding by aspects of the
smoking habit, such as the average amount smoked, duration of consumption,
degree of inhalation, and age at start. Boffetta et al. [40] suggest with their
multicenter-study that the lower overall risk might be due to lower consumption of
tobacco in the former groups of smokers. The slopes of the dose-response relations
that were estimated for duration of use and for average and cumulative consumption

of cigars, cigarillos and pipe tobacco are comparable to those for cigarette smoking.

-14 -
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who continue [1].

Environmental Tobacco Smoke (ETS)

ETS consists of side-stream smoke and exhaled mainstream smoke. Side-stream smoke,
which is generated from the end of the cigarette, is unfiltered and contains nicotine in the
gaseous phase. Mainstream smoke is filtered and contains a particulate phase [41]. ETS is a
mixture of nearly 5000 chemical compounds, including 43 known human or animal
carcinogens [42]. It is not surprising that ETS causes the same diseases as active smoking, but

the risk is reduced in proportion to the dilution of the smoke in the environment.

The relation between passive exposure to smoke and lung cancer was first shown by
Hirayama at the beginning of the 1980s [43] and soon thereafter by two other groups [44-

45]. Subsequently, this association has been examined in more than 50 investigations.

Over the past 20 years, review groups have repeatedly and consistently concluded that

exposure to ETS causes lung cancer in never smokers.
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In 1997, Hackshaw and colleagues [46] carried out a comprehensive meta-analysis, which
included 39 published studies and estimated an excess risk of lung cancer for never smokers
married to smokers as 23% (95% Cl: 13-34%). Adjustment for potential bias and confounding
by diet did not alter the estimate. A subsequent IARC meta-analysis [47] including 46 studies
and 6.257 cases yielded similar results: 24% (95% Cl: 14-34%).

These calculations illustrate that exposure to ETS must be considered an important cause of
lung cancer death from a public health perspective. Exposure is involuntary and not subject

to control.

Occupational Exposure
Although cigarette smoking causes the majority of bronchogenic carcinomas, occupational

exposures account for between 3% and 17% of lung cancers.

Asbestos
Asbestos is a group of naturally occurring fibers used for centuries in the production of many
domestic products. Some examples include insulation, ceiling tiles, brake linings, floors,

textiles and fireproofing.

Asbestos has long been known to be a cause of lung cancer. In a prospective cohort study,
Hammond et al. [48] found a lung-cancer mortality ratio of 5.17 for nonsmoking asbestos
workers, 10.85 for smoking non exposed controls and 53.24 for asbestos workers who were
smokers. Although other studies may not support a relative risk of such magnitude, there
appears to be a synergistic effect between tobacco smoke and asbestos fibers. Four

comprehensive reviews document the relation between these two factors [49-52].

Radon
Radon, long established as a respiratory carcinogen, is not only of concern for underground
miners but for the population generally, as a ubiquitous contaminant of indoor air. Radon is

an inert gas, produced naturally from radium in the decay series of uranium.

Radon decays with a half-life of 3.82 days into a series of solid, short-lived radioisotopes that
collectively are referred to as radon daughters, progeny, or decay products. As the biologic
basis of respiratory carcinogenesis was analyzed and the lung dosimetry of radon and its
short-lived progeny were described, it was recognized that alpha-particle emissions from

inhaled radon progeny, not from radon itself, cause lung cancer [53]. Two of those decay
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products, polonium-218 and polonium-214, emit alpha particles, which are high-energy and
high-mass particles that cause DNA base mutations and chromosomal strand breaks. The
energy of these particles is invariant with concentration of radon progeny so that the
potential for passage of alpha particles to damage target cells is the same at high and low
concentrations. When the alpha emissions take place within the lung as inhaled and
deposited radon progeny decay, the DNA of cells lining the airways is damaged and lung

cancer may ultimately result.

Experimental studies have documented the occurrence of permanent damage to a cell from
just one hit by an alpha particle [53]. This experimental finding suggests that assuming a
linear non threshold relationship between exposure and risk at the levels found not only in
mines but indoors is biologically appropriate, supporting concern that indoor radon

represents a significant public health problem.

Radon was the first identified environmental cause of lung cancer. As early as the 1920s, the
elevated risk of lung cancer in miners in Eastern Europe working in mines with high levels of
radon had led to the hypothesis that radon was the causal agent. Approximately 20 different
subsequent epidemiological studies of miners, including 11 studies that provide quantitative
information on the exposure-response relationship, showed a strong association of radon
progeny exposure with lung cancer risk and that the increase in the relative risk (RR) is
approximately linear in exposure, as estimated by cumulative Working-Level Months [54-

56].

A recent concern is whether radon exposure might also cause lung cancer in the general
population. Beginning in the 1970s, there was a widespread recognition that radon is
present in indoor environments, including homes where people spend the majority of their
time. Case-control studies of radon and lung cancer risk in the general population were
carried out to quantify the risk as a basis for risk management. Numerous studies, most
involving measurement of radon in the current and previous residences, were initiated.
These studies have now been completed, the findings of individual studies reported and two

pooled analyses completed [57-58].

The risk of lung cancer increased by 8.4 (95% confidence interval 3.0% to 15.8%) per 100
Bg/m3 increase in measured radon (p=0.0007). In the absence of other causes of death, the

absolute risks of lung cancer by age 75 years at usual radon concentrations of 0, 100, and
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400 Bg/m3 would be about 0.4%, 0.5%, and 0.7%, respectively, for lifelong non-smokers,

and about 25 times greater (10%, 12%, and 16%) for cigarette smokers.

Airflow obstruction

The relationship between airflow obstruction and lung cancer was first described in 1986 by
Skillrud and colleagues [59]. Since then, a lot of authors argued that reduced lung function is
another important risk factor for lung cancer, but several epidemiological questions
remained unanswered: Since the individuals with reduced lung function frequently have a
significant smoking history, it was not certain whether the relationship between lung

function and lung cancer is real or simply confounded by the effects of smoking.

Wasswa-Kintu and coworkers addressed this question and conducted a systematic review
and meta-analysis of population based studies of the above mentioned relationship. Their
results show that a reduced forced expiratory volume in one second (FEV1) is strongly
associated with lung cancer. Although the relationship is severity dependent, even a
relatively modest reduction in airflow is a significant predictor of lung cancer. Furthermore,
reduced FEV1 is strongly associated with mortality in advanced non-small cell lung cancer

[60].

2.1.1.3. Techniques for the Diagnosis of Lung Cancer

Because of the lack of clinical symptoms, early detection of lung cancer is often a mere
accidental finding. Lung tumours can grow to large sizes in an asymptomatic patient because
the lung parenchyma lacks innervations for pain perception. Usually, a mass is not
discovered until it invades some other structure, such as blood vessels, a cough receptor, a
pleural pain receptor or a distant site. Accordingly, with the exception of solitary pulmonary
nodules seen incidentally in body-imaging (chest x-ray, spiral computed tomography), the
majority of patients with lung cancer present with symptoms and signs of the tumour.
Common symptoms are anorexia, weight loss, cough, haemoptysis, chest-wall or bone pain,
fever, hoarseness, shortness of breath and pleuritic pain. Physical findings include localized
wheezing, which indicates local bronchial obstruction and decreased breath sounds and
dullness over one portion of the lung, signifying effusion, tumour or collapse. Any or several
of these symptoms and signs stimulate a radiographic search for the cause. Usually a mass,

adenopathy, obstructive pneumonia or pleural effusion are seen on a chest X-ray or
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computed tomography (CT). The clinician must then match a reliable, relatively safe
diagnostic technique to the patient’s risk profile and tumour anatomy to obtain a
histological specimen. A staging procedure examining the involvement of lymph nodes, local

invasion and distant metastases completes the diagnostic evaluation.

The techniques available to confirm diagnosis and pathologically stage lung cancer are:

. Sputum Cytology: The role of sputum cytology in the diagnosis of the solitary
pulmonary nodule is controversial, because its use is limited to tumors that extend
into the airways and the yield is lower than that of bronchoscopy and needle
aspiration. Data of two randomized controlled trials are suggestive of a very modest

benefit of sputum cytology screening [61].

. Bronchoscopy Techniques: The results of fiberoptic bronchoscopy are somewhat
dependent on the nodule’s size, pathology, location and relationship to a bronchus.
Beside of defining the proximal extent of the tumor lymph node invasion can be
evaluated using transbronchial biopsy or transbronchial needle aspiration. Gasparini
et al. [62] compared those two techniques in a series of 1.027 solitary pulmonary
nodules and obtained and overall diagnostic yield for malignancy of 69% for
transbronchoscopic needle aspiration, 54% for transbronchial biopsy and 75% for
both combined. The advantages of the transbronchial approach are that it allows an
examination of the transbronchial anatomy, transbronchial biopsy and staging of
lymph nodes by transbronchial needle aspiration with a lower incidence of

complications.

. Bronchoalveolar lavage (BAL): Bronchoalveolar lavage is a useful diagnostic tool in
diffuse or disseminated lung malignancies that do not involve the bronchial
structures visible by endoscopy. It increases the sensitivity of fiberoptic
bronchoscopy by attempting to sample the distal bronchioles and the alveolar

surface [63].

. Percutaneous Needle Aspiration: In case of more peripheral lesions percutaneous
needle aspiration is more useful and safe. Computed tomography (CT) is the guidance
modality of choice and allows much more accuracy for percutaneous needle

aspiration.
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Video-Assisted Thoracic Surgery: Video-assisted thoracic surgery (VATS) replaces
thoracotomy as a diagnostic tool more and more. Full thoracotomy incision and
injury to the ribs are avoided. Beside the diagnostic aspect it also allows rapid
treatment of benign and malignant nodules at the same time. According to much
higher recurrence rates when tumors were removed by wedge resection compared
to lobectomy, if the diagnosis of malignancy is made by VATS, procedure is usually
converted to thoracotomy. The major role of VATS is to evaluate lesions not easily

reached by the bronchoscope or percutaneous needle aspiration.

Spiral Computerized Tomography (CT): A CT scan may be performed on the chest,
abdomen and / or brain to determine spread of lung cancer. The advantage of CT
scans is that they are more sensitive than standard chest X-rays and may identify

metastatic cancer in the liver, adrenal glands, the brain or the bones.

Positron Emission Tomography (PET) scanning: malignant nodules are more likely to
enhance after intravenous contrast during CT scanning and have an increased uptake
of 2-deoxy-2-[fluorine-18]fluoro-D-glucose (*®F-FDG). Sensitivity, specificity and
accuracy of '®F-FDG PET/CT for the depiction of malignant nodes are 85%, 84% and
84% [64]. Some benign processes, including several types of infectious lesions can
simulate cancer with this test. For this reason, biopsy is required to confirm the

diagnosis.

Pulmonary function tests: These tests determine lung capacity and respiratory
reserve. Knowing the lungs’ strength allows doctors to determine if the patient can

safely tolerate surgery or radiation treatment.

2.1.1.4 Screening Methods

Failing early clinical symptoms, early detection of lung cancer can be achieved only by

screening tests. Advances in imaging technologies currently nourish the hope of reducing

lung cancer mortality similar to what has been achieved for cancer of the breast, colon,

prostate and cervix. Spiral computed tomography and autofluorescence bronchoscopy can

detect lung cancer down to the submilimeter range and offer unprecedented sensitivity to

detect lung cancer, but are also associated with very low specificity [65-66]. Better selection

of individuals at highest risk of lung cancer using biomarkers in sputum or blood may
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improve their positive predictive values as well as reduce screening costs. Unfortunately,
lung cancer-screening programmes with biomarkers are presently in the research realm [67].
Multiple studies have proposed blood-based biomarkers as an attractive filter. Some lung-
specific serum tumour-markers, such as CEA, CA-125, CYFRA21-1, SCC, NSE, proGRP,
Chromogranine, and TPA have been evaluated in patients with NSCLC, as well as with small

cell lung cancer. Despite extensive studies, few have turned out to be useful in clinic [68-71].

2.1.1.5. Histopathology

This chapter describes the histopathologic classification and morphologic features of the
major types and variants of lung carcinoma. The pathologic diagnosis of lung cancer can be
established by examination of cytological or surgical pathology specimens and is based on
the tumors light microscopic features, as seen in routine hematoxylin and eosin-stained
sections. Immunohistochemistry and other special stains are usually not required for routine
diagnosis of classification, but may be helpful in certain situations (neuroendocrine tumors,
pleural involvement from primary epithelial mesothelioma).

The current World Health Organization (WHO) classification for lung carcinomas is presented
in Table 2.4. In contrast to the clinical trend of simplifying the classification for treatment
purposes the histopathologic classification of lung carcinomas continues to evolve. The
major histological subtypes of lung cancer include squamous cell carcinoma,
adenocarcinoma, SCLC and large cell carcinoma, but because mayor differences exist in the
therapeutic approach to patients with SCLC versus NSCLC, the major question often asked is
whether a lung cancer is a SCLC or a NSCLC. NSCLC comprise all types of lung cancer
(squamous cell carcinoma, adenocarcinoma, large cell carcinoma) except small cell lung
carcinoma (SCLC). The following description of the four main categories is based on the

textbooks “Cancer of the Lung” [72] and “Lung Cancer” [73].
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Table 2.4: The 1999 World Health Organization/International Association for the Study of Lung Cancer

Histological Classification of Lung and Pleural Tumours

1.  Epithelial Tumours
1.1. Benign
1.1.1. Papillomas
1.1.1.1. Squamous cell papilloma
1.1.1.2. Glandular papilloma
1.1.1.3. Mixed squamous cell and glandular papilloma
1.1.2. Adenomas
1.1.2.1. Alveolar adenoma
1.1.2.2. Papillary adenoma
1.1.2.3. Adenomas of salivary-gland type
1.1.2.4. Mucinous cystadenoma
1.1.2.5. Others
1.2. Preinvasive lesions
1.2.1. Squamous dysplasia / Carcinoma in situ
1.2.2. Atypical adenomatous hyperplasia
1.2.3. Diffuse idiopathic pulmonary neuroendocrine cell hyperplasia
1.3. Malignant
1.3.1. Squamous cell carcinoma
1.3.1.1. Papillary
1.3.1.2. Clearcell
1.3.1.3. Smallcell
1.3.1.4. Basaloid
1.3.2.  Small cell carcinoma
1.3.2.1. Combined small cell carcinoma
1.3.3. Adenocarcinoma
1.3.3.1. Acinar
1.3.3.2. Papillary
1.3.3.3. Bronchioalveolar carcinoma
1.3.3.3.1. Non-mucinous
1.3.3.3.2.  Mucinous
1.3.3.3.3.  Mixed mucinous and non-mucinous or intermediate cell type
1.3.3.4. Solid adenocarcinoma with mucin
1.3.3.5. Adenocarcinoma with mixed subtypes
1.3.3.6. Variants
1.3.3.6.1. Well-differentiated fetal adenocarcinoma
1.3.3.6.2. Mucinous (“colloid”) adenocarcinoma
1.3.3.6.3.  Mucinous cystadenocarcinoma
1.3.3.6.4. Signet-ring adenocarcinoma
1.3.3.6.5. Clear cell adenocarcinoma
1.3.4. Large cell carcinoma
1.3.4.1. Large cell neuroendocrine carcinoma
1.3.4.1.1. Combined large cell neuroendocrine carcinoma
1.3.4.2. Basaloid carcinoma
1.3.4.3. Lymphoepithelioma-like carcinoma
1.3.4.4. Clear cell carcinoma
1.3.4.5. Large cell carcinoma with rhabdoid phenotype
1.3.5. Adenosquamous carcinoma
1.3.6. Carcinomas with pleomorphic, sarcamatoid or sarcamatous elements
1.3.6.1. Carcinomas with spindle and / or giant cells
1.3.6.1.1. Pleomorphic carcinoma
1.3.6.1.2. Spindle cell carcinoma
1.3.6.1.3. Giantcell carcinoma
1.3.6.2. Carcinosarcoma
1.3.6.3. Pulmonary blastoma
1.3.6.4. Others
1.3.7. Carcinoid tumour
1.3.7.1. Typical carcinoid
1.3.7.2. Atypical carcinoid
1.3.8. Carcinomas of salivary-gland type
1.3.8.1. Mucoepidermoid carcinoma
1.3.8.2. Adenoid cystic carcinoma
1.3.8.3. Others
1.3.9. Unclassified carcinoma
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Squamous-Cell Carcinoma (SCC)

SCC accounts for approximately 30% of all lung cancers [74]. Two thirds of SCC are central,
involving large bronchi, but the incidence of peripheral SCC is increasing [75]. The tumor may
grow to a large mass and then cavitate. Most cavitating lung cancers are squamous cell
carcinomas. SCCs are commonly believed to arise from a progression of squamous
metaplasia or basal cell hyperplasia with atypia, through dysplasia, carcinoma in situ and

microinvasive carcinoma [76].

It is a malignant epithelial tumor with the microscopic morphological characteristics of
squamous epithelium or epidermis. Exfoliated cells in sputum and local symptoms are more
common than in other types and these tumors have earlier symptoms and a lower stage at
presentation. Squamous differentiation is recognized by the presence of intracellular
bridging, squamous pearl formation and keratinization of tumor cells. The cut surface is

gray-white or yellowish and is often dry and flaky, reflecting the degree of keratinization.

Secondary changes associated with bronchial obstruction and infections are common in the

tumor, as well as in the surrounding lung.

The histological subtypes of squamous cell carcinoma include papillary, clear cell, small cell

and basaloid variants [77].

Adenocarcinoma

Adenocarcinomas account for nearly 40% of all lung cancers and is hence the predominant

histological subtype of lung carcinoma in many countries [78].

It is a malignant epithelial neoplasm with glandular differentiation or production of epithelial
mucin by the tumor cells. Although subtypes of adenocarcinoma recognized by the WHO
include acinar, papillary, bronchioloalveolar, solid with mucous formation and mixed
adenocarcinoma, this diverse group usually show considerable histological overlap and
varies widely in the degree of differentiation. Hence, most are adenocarcinoma with mixed

subtypes.

The cut surface is gray-white, with frequent hemorrhage and necrosis, anthracotic pigment

and often a central scar.
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The concept of scar carcinoma was proposed for those lung cancers associated with dense
fibrotic scars. Although scars can be found in association with any histological type of lung

cancer, most of these tumors are adenocarcinomas [79].
Bronchioloalveolar Carcinoma (BAC)

BAC is usually separated from the rest of the group because of its distinctive gross and
microscopic morphology as well as its clinical presentation and more indolent course. It is
recognized on the basis of its histological pattern, which consists of uniform columnar cells
growing in a single file, the so called lepidic or “picket fence” arrangement, over the surfaces
of intact alveoli. The new WHO definition of BAC requires exclusion of stromal, vascular and

pleural invasion.

Small Cell Carcinoma (SCLC)

SCLC accounts for 20% of all lung cancers. They are typically situated in a peribronchial
location with infiltration of the bronchial submucosa and peribronchial tissue. Approximately
two-thirds present a perihilar mass. Bronchial obstruction is usually caused by
circumferential compression. The cut surface is usually white-tan, soft, friable and shows

extensive necrosis.

By light microscopy, SCLC consists of tumor cell characterized by small size, around fusiform
shape, scant cytoplasm, finely granular nuclear chromatin and absent or inconspicuous

nucleoli.

When a component of NSCLC is identified in an otherwise typical SCLC, the tumor is
classified as combined small-cell carcinoma. Combined SCLC does not differ clinically or in

survival from pure SCLC.

Large Cell Carcinoma (LCC)

LCC has declined in number relative to the rising incidence of adenocarcinoma, falling to
under 10% [80]. LCC is a poorly differentiated carcinoma that does not have features of
squamous cell carcinoma, adenocarcinoma or SCLC. Thus it is a diagnosis of exclusion and a
spectrum of morphology is encompassed by this histological subtype. Histologically, most
tumors consist of large cells with abundant cytoplasm and large nuclei with prominent

nucleoli and/or vesicular nuclei [77].
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They usually form large, well demarcated masses that may be centrally or more often
peripherally located, are soft and grayish-white with anthracotic pigment and show
extensive hemorrhage, necrosis and cavitations. Acute and chronic inflammation is seen to
some extent in most tumors and granulomatous and eosinophilic infiltrates have also been

described.

Several variants are described in the WHO/IASCL histological classification of lung cancer,
including large cell neuroendocrine carcinoma (LCNEC), basaloid carcinoma, lympho-
epithelial-like carcinoma, clear cell carcinoma and large cell carcinoma with rhabdoid

phenotype.

LCNEC is defined by tumor cell configuration like an LCC, light microscopic features
commonly associated with neuroendocrine tumors, a high mitotic rate, frequent necrosis
and neuroendocrine features by immunohistochemistry or electron microscopy. Virtually all
patients are cigarette smokers and most have a great number of pack years. LCNEC is a very

aggressive malignancy with a very dismal prognosis.

2.1.1.6. Molecular Pathology

It has been shown that multiple genetic changes are found in clinically evident lung cancers
and involve several dominant oncogenes as well as known and recessive oncogenes (tumor
suppressor genes) [81-82]. Many growth factors or regulatory peptides and their receptors
are overexpressed by cancer cells and adjacent normal-appearing cells in the lung and thus

provide a series of autocrine and paracrine growth stimulatory loops in this neoplasm.

Studies of large numbers of lung cancers have demonstrated different patterns of molecular
alterations between the two major groups of lung carcinomas (SCLC vs. NSCLC) and among

the two major histological types of NSCLC.
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Table 2.5: Molecular differences between non-small cell lung cancer (NSCLC) and small
cell lung cancer (SCLC) [81-87]

Molecular abnormalities SCLC NSCLC
Oncogenes
EGFR TK domain mutations No 10-40%
EGFR gain copy number No 25-50%
HER2 mutations Not studied 4%
HER2 gain copy number No 10%
RAS mutations <1% 15-20%
MYC amplification 18-31% 8—-20%
NKX2-1 (TITF-1) amplification Not studied 14%
BCL-2 ICH 75 -95% 10-35%
Tumor suppressor genes
TP53 abnormalities

LOH 90% 65%

Mutation 75% 50%

p53 IHC 40-70% 40-60%
RB abnormalities

LOH 67% 31%

rb abnormalities (IHC) 90% 15-30%
P16 abnormalities

LOH 53% 66%

Mutation <1% 10-40%

pl6 IHC 0-10% 30-70%
LKB1 Mutation or deletion Not studied 26%
PTEN/MMACI loci LOH 91% 41%
TSG101 abnormal transcripts 100% 0%
DMBT1 abnormal expression 100% 43%
3p LOH various regions >90% >80%
8p21-23 LOH 80-90% 80-100%

Other specific LOH regions
Promoter hypermethylation
RASSF1 gene
RARB gene

1923, 9922-32, 10p15, 13934

>90%
72%

13911, Xq22.1

40%
41%

LOH loss of heterozygosity; IHC immunohistochemistry; % percent of tumors that have the

abnormality
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2.1.1.7. Staging

A stage is a formal classification that signifies the extent of the cancer, where it is located, if

or where it has spread and whether it is affecting the functions of another organ.

The generally admitted staging of lung cancer acts in accordance with the seventh edition
(2009) of the TNM classification system of the International Association for the Study of Lung

Cancer (IASCL) and determines the type of treatment recommended [88].

The stage of both small cell lung and non-small cell lung cancer is described by a number:
zero (0) through four (IV). In general, a lower number of stage is associated with a better
outcome, attributing the fact a complete surgical resection can only be achieved in stages |

and Il.

Table 2.5: TNM staging system of the IASCL Lung Cancer Staging Project (7th edition) proposal for 2009 [88]

T —Primary Tumor

TX Primary tumor cannot be assessed or tumor proven by the presence of malignant
cells in sputum or bronchial washings but not visualized by imaging or bronchoscopy

TO No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor 3 cm or less in greatest dimension, surrounded by lung or visceral pleura,
without bronchoscopic evidence of invasion more proximal than the lobar bronchus

Tla | T<2cm

Tlb |2cm<T<3cm

T2 Tumor with any of the following features of size or extent:

= More than 3 cmin greatest dimension

= |[nvolves main bronchus, 2 cm or more distal to the carina

® |nvades visceral pleura

= Associated with atelectasis or obstructive pneumonitis that extends to the hilar
region but does not involve the entire lung

T2a | 3cm<T<5cm

T2b | 5cm<T<7cm

T3 Tumor is larger than 7 cm;

or invades any of the following structures: chest wall (including superior sulcus
tumors), diaphragm, mediastinal pleura, parietal pericardium;

or tumor in the main bronchus less than 2 cm distal to the carina, but without
involvement of the carina;

or associated atelectasis or obstructive pneumonitis of the entire lung

or additional nodule(s) in the same lobe of the primary tumor

T4 | Tumor of any size that invades any of the following: mediastinum, heart, great
vessels, trachea, esophagus, vertebral body, carina, separate tumor nodule(s) in
another ipsilateral lobe
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N — Regional Lymph Nodes

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Metastasis in ispilateral peribronchial and / or ipsilateral hilar lymph nodes and
intrapulmonary nodes, including involvement by direct extension

N2 Metastasis in ipsilateral mediastinal and / or subcarinal lymph node(s)

N3 Metastasis in contralateral mediastinal, contralateral hilar, ipsilateral or contralateral
scalene or supraclavicular lymph node(s)

M - Distant Metastasis

MX Distant metastasis cannot be assessed

MO No distant metastasis

M1la | Separated tumor nodule(s) in the contralateral lung; tumor with pleural nodules or
malignant pleural (or pericardial) effusion

M1b | Distant metastasis

G — Histopathologic Grading

GX Grade of differentiation cannot be assessed

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

G4 Undifferentiated

Stage Grouping

Occult Carcinoma TX NO MO
Stage 0 Tis NO MO
Stage IA T1la, Tlb NO MO
Stage IB T2a NO MO
Stage IIA T1a, Tlb, T2a N1 MO
T2b NO
Stage IIB T2b N1 MO
T3 NO MO
Stage IlIA T3 N1 MO
T1-3 N2 MO
T4 NO-1 MO
Stage IllIB T4 N2 MO
Any T N3 MO
Stage IV Any T Any N M1
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2.1.1.8. Treatment of Non Small Cell Lung Cancer (NSCLC)

Lung cancer treatment is based on the type and stage of tumor, and the patient's general
medical condition. Treatment options include surgery, radiation, chemotherapy or a

combination of these treatments.

Surgery

Surgical resection remains the single most consistent and successful option for cure for
patients diagnosed as having lung cancer. For this option to be feasible the cancer must be
completely resectable and the patient must be able to tolerate the proposed surgical
intervention. It is the principle form of treatment for patients with stage | or stage Il NSCLC
and may be recommended for patients with very limited stage IlIA disease. If the resected
margins are found to be close to or involved with the tumour during surgery, additional

treatment in form of radiotherapy is recommended [89].

Surgery for lung cancer can be performed via several accesses and procedures:
thoracoscopy, median sternoscopy mediastinoscopy, video assisted thoracic surgery (VATS),
wedge resection, segmentectomy, lobectomy, sleeve resection, pneumonectomy. Which
procedure is being chosen depends on the site and extent of the cancer, as well as the
patients’ constitution. Randomized controlled trials showed an increased long-term survival
and decreased local recurrence in patients undergoing lobectomy compared with those

undergoing limited resections (i.e. wedge resection or segmentectomy) [90].

Minimal-access surgical procedures are expanding the applicability of surgical resection to
patients of marginal operability by providing a less invasive method with a similar long-term

survival rate [91].

A complete resection (R0O) has to be achieved in any case for potential cure.

Radiotherapy

Radiotherapy is used for the treatment of NSCLC in various ways. In unresectable disease, it
is the primary modality and is often given with chemotherapy. In the postoperative setting,
it is used as an adjuvant treatment to reduce the rate of tumor regrowth. Radiotherapy is

also frequently used for the palliation of advanced and metastatic lung cancer.
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Chemotherapy

Adjuvant Chemotherapy is generally indicated for patients with resected stages IIA through
A NSCLC because of the high risk of relapse. Two meta-analysis using updated data on
patients from 52 respectively 34 randomized clinical trials compared surgery plus adjuvant
chemotherapy versus surgery alone. It showed a benefit of adding chemotherapy after
surgery with an absolute increase in survival of 4% after 5 years (from 60% to 64%).
Additionally, a benefit of adding chemotherapy to surgery plus radiotherapy could be shown
[92-93].

Since a very large proportion of patients with lung cancer presents with locally advanced or
metastatic disease at the time of diagnosis, chemotherapy is beneficial for palliation for
those patients. Many phase 3 studies have shown the superiority of systemic chemotherapy

over best supportive care in patients with locally advanced and metastatic lung cancer.

Treatment according to stage:

. Stage | and Il: Treatment for these stages is typically surgical removal. If surgery is not
an option, radiation therapy with or without chemotherapy is often recommended

[94-95].

. Stage IllA: Patients with stage IlIA represent a relatively heterogeneous group, which
lies between the generally resectable stage | and Il tumors and unresectable stage IIIB
patients. Surgical removal of the tumor is probably only reasonable in patients with an
occult single-station mediastinal node metastasis that is recognized at thoracotomy
and when a complete resection of the nodes and primary tumor is technically possible.
In patients with unresectable, bulky N2 Disease a combination of radiotherapy and

chemotherapy should be administered [96].

. Stage llIB: Generally, patients in this stage receive chest radiation treatment combined
with chemotherapy. Surgery may be indicated only for very carefully selected TANOMO

patients [97].

. Stage IV: Cancers in this stage are not treated with surgery. Chemotherapy is the main
treatment option for stage IV disease. Radiation therapy may be recommended as well

and targeted to areas that cause pain or other problems [98].
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2.1.2. Heat Shock Proteins and Lung Cancer

Heat shock proteins (HSPs) belong to a highly conserved protein family and normally act as
intracellular molecular chaperones which maintain protein homeostasis. When cells are
exposed to stressful conditions, HSP synthesis gets massively triggered in order to fold heat-
denatured proteins and block caspase-dependent apoptosis, permitting repair and thwarting
death [99]. However, HSPs can also be released into the circulation, where they are able to
interact with the immune system in a number of contexts. HSPs can act as proinflammatory
mediators and lead to cytokine transcription and release. Through their ability to bind
antigenic peptides during antigen procession, they can further act as stimulants of the
adaptive immune response. Thus, anti-inflammatory and immunosuppressive patterns of
HSPs are also described, depending on the biological microenvironment [100-102]. Especially
HSP70, either as serum protein or cellular component, has been studied extensively in

various inflammatory diseases [103-105].

There is growing evidence in literature that the expression of HSPs is increased in various
human cancers. For example, HSP27 was found to be strongly expressed in breast cancer
[106], hepatomas and well differentiated hepatocellular carcinomas [107], brain tumours
[108] and prostatic carcinoma [109]. The increased transcription of HSPs in tumour cells is
due to loss of p53 function and to higher expression of the proto-oncogenes HER2 and c-Myc
and is crucial to tumorigenisis [110]. HSP 27 and 70 are highly cytoprotective proteins and
their folding properties might be co-opted during malignant progression when the HSPs
become expressed at high level to facilitate tumour cell growth and survival [111]. An
essential role in the emerging malignant cell is supposed and might permit it to evade both
fast (PCD) and slow (senescence) pathways of cell inactivation. Consistent with this theory,

increased expression of both HSPs is correlated with resistance to chemotherapy [112].

However, a growing list of contradictory data is emerging regarding expression patterns of
HSPs in lung cancer tissues and serum/plasma samples of lung cancer patients. Michils and
coworkers [113] evaluated the quantitative expression of low molecular weight (ubiquitin
and HSP27) and high molecular weight (HSP60 and HSP70) HSPs in tumour- and healthy lung
tissue. They concluded that HSP60 and HSP70, but not HSP27 expression, was increased in
cell lysates of NSCLC tissue. In line with this conclusion is a publication authored by Huang et

al [114]. They have studied 60 NSCLC cancer patients and were able to demonstrate that
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clinicopathological features of NSCLC correlated with tissue expression of HSP70, but not
with the expression of HSP27. No statistical significance was observed in histological types

and gender with respect to both HSP70 and HSP27 expression.

In contrast, Malusecka et al [115] reported that cytoplasmic immunostaining for HSP27 was
positive in a high amount (70%) of samples obtained from patients with NSCLC. They further
found a positive correlation between expression levels of HSP27 and HSP70, and a
correlation between Ki-67 proliferation index and nuclear HSP70 staining. Another
publication from these authors describes a significant survival advantage in patients
overexpressing HSP27 in NSCLC tissue. Furthermore, a significantly decreased survival was
observed in those patients that were HSP70 tissue negative [116]. Several years before,
Volm and coworkers [117] described a wide range of HSP70 levels in human NSCLCs
processed for immunostaining, possibly reflecting different biological stressors. Moreover,
they found a strong correlation between the number of daily smoked cigarettes and HSP70
expression in NSCLC tissue. 75% of tumours from smoking patients showed high HSP70
expression, whereas only 57% of non-smokers presented with high HSP70 expression in the
tumour samples [118]. The first attempt to investigate the relationship between serum
HSP70 levels and lung cancer was by Susuki K et al [119]. They detected a significant
association between elevated serum HSP70 levels and increased lung cancer risk among
Japanese males. However, no association between lung cancer risk and HSP70 levels in
female subjects could be found. A recent study investigated the expression of HSP27 and
HSP70 in coal-mine workers [120]. This group investigated the association between plasma
levels of HSP27/70 in coal-mine dust exposed miners with or without lung cancer and in
healthy controls. Interestingly, those miners exposed to coal dust without cancer evidenced

a significant increment of plasma HSP27 as compared to control groups.
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2.1.3. Chronic obstructive pulmonary (COPD) disease
and Lung Cancer

Although chronic obstructive pulmonary disease (COPD) is long known to be associated with
lung cancer risk [59], it is not yet known which aspects of this risk can be attributed to shared
genetic susceptibility and/or activation of the same pathways. Cross sectional studies have
evidenced that the prevalence of COPD is 40-70% among those diagnosed with lung cancer

[121-123].

Several mechanisms have been proposed to explain the link between lung cancer and COPD.
Both diseases share tobacco smoking as the most important etiologic factor. Smoke contains
high concentrations of reactive oxygen species together with thousands of particles that are
potentially carcinogenic and may induce a chronic inflammatory state in lung tissue.
However, it remains unclear why there are different responses with some individuals having
the hallmarks of cancer (uncontrolled cell proliferation, lack of cellular apoptosis, tissue
invasion and angiogenesis), others the hallmarks of COPD (increased apoptosis, matrix
degeneration, ineffective tissue repair, inflammation and lack of angiogenesis), while the
majority remains disease free [124]. Petty hypothesized in an editorial [125] that COPD and
lung cancer could have common origins based on the same inflammatory disease process.
Since transactivation of inflammation related genes appear in both COPD and lung cancer
and these events occur to some extent in all smokers, genetic predisposition seems to play a
pivotal role. These interindividual differences in activation of genes that control genomic
integrity and those that control tissue injury may distinguish between lung cancer, COPD or

disease-freeness.

Intuitively, these hypotheses pertain to airflow obstruction and emphysema, two

overlapping manifestations of chronic lung disease related to cigarette smoking.

COPD is characterized by a largely irreversible obstruction of the small airways due to
aberrant inflammatory response and airway remodeling [126]. Chronic bronchitis and lung
emphysema are pathologic characteristics of COPD and both conditions result from
progressive inflammatory destruction of the lung parenchyma. Recently, COPD was accepted
as a disease entity featuring immunological alterations seen in autoimmune disease. These

reports demonstrated alterations in CD8+ and CD4+ T cells as a part of the adaptive immune

-33-



system [127-132]. We have recently demonstrated that levels of systemic CD4+CD28null T
cells, a cell population described in various rheumatologic diseases, were increased in COPD
patients and correlated with severity of COPD GOLD (Global Initiative for Obstructive Lung
Disease) classification [133]. Moreover, we were able to evidence that manifest COPD is
associated with increased systemic release of apoptosis-specific proteins as markers for
increased cellular turnover as compared to controls [134]. Remarkably, increased serum
levels of heat shock protein (HSP) 27 and HSP70 evidenced a high sensitivity and specificity
as diagnostic marker for manifest COPD [103]. In a further attempt, we were able to show
that increased levels of HSP27 positively correlate with the presence of air trapping and

emphysema in subjectively healthy smokers with normal lung function [135].

Recently, CT-based screening programs have clearly shown that emphysema and chronic

airway inflammation are associated with the risk of lung cancer [136-137].

2.2. Hypothesis

Based on the obvious relationship between COPD pathogenesis and lung cancer
immunology, we hypothesized that HSP27 and HSP70 levels are increased in patients with
manifest NSCLC. To test this hypothesis, peripheral blood HSP27 and HSP70 levels of early
(IA-11B) and advanced (IlIA-1V) stage NSCLC patients were compared to those of age-, sex-,

and smoking status-matched controls by ELISA.
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3. Materials and Methods

Study Subjects

The study protocol has been approved by the Ethics Committee of the Medical University of
Vienna, Austria (EC-No.: 449/2008). Informed and written consent was obtained from each
subject included in the study and all clinical and laboratory tests were performed in
accordance with the Declaration of Helsinki and the guidelines for Good Clinical Practice of

the Medical University of Vienna.

A total number of 166 NSCLC patients and healthy controls were included in this case control
study. Healthy smoking volunteers without any clinical signs of cancer (n=24), healthy
volunteers without any smoking history or any clinical signs of cancer (n=33), patients with
NSCLC diagnosed at an early stage (n=37) and patients with carcinoma diagnosed at an
advanced stage (n=72) were evaluated in four study groups. Diagnosis of NSCLC was
confirmed through histological specimens in all cases. The cases were staged according to
operative and pathologic findings based on seventh edition of the TNM staging system
(2009) of the International Association for the Study of Lung Cancer (IASCL) [88]. Patients
with adenocarcinoma (AC), squamous cell carcinoma (SCC), non small cell lung cancer not
otherwise specified (NSCLC-NOS) and large cell carcinoma (n=1) were included in this study.

Characteristics of the study subjects are depicted in Table 8.1.

After informed and written consent, all study subjects were asked to answer a questionnaire
(Figure 8.1) regarding their smoking habits, and pulmonary function parameters (forced vital
capacity [FVC], forced expiratory volume in one second [FEV1], and FEV1/FVC ratio) were
obtained by spirometry. Blood samples were collected at the time of first admission to the
Department of Thoracic Surgery, serum was obtained after centrifugation and aliquots were
stored at -80°C until further testing. Exclusion criteria were any other known malignant or

inflammatory diseases, autoimmune diseases and alphal-antitrypsin deficiency.
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Quantification of serum HSP27

Serum levels of HSP27 were determined using adapted enzyme-linked immunosorbent assay
(ELISA) kits (R&D Systems, Minneapolis, MN, USA). Ninety-six well microtitration plates were
coated overnight at room temperature with a capture antibody against human HSP27 at a
concentration of 1ug/ml. Plates were then washed and blocked with block buffer for 2
hours. Following another washing step, samples and standard protein in different
concentrations were added to the wells. After a washing step, a biotin-labeled antibody was
added to each well and incubated for 2 hours. After another washing step, horseradish-
peroxidase-conjugate (HRP) was applied for 20 minutes. Wells were washed, and color
reaction was achieved using tetramethylbenzidine (TMB) (Sigma-Aldrich Corp, St. Louis, MO,
USA) and the reaction was stopped by an acid stop solution. Color development was then
monitored using a Wallac Multilabel Counter 1420 (PerkinElmer, Waltham, MA, USA). The
optical density (OD) values obtained at 450 nm were compared to the standard curve
calculated from OD values of standards with known concentrations of antigen. Specificity
was demonstrated by the manufacturer by Western blot analysis of the protein bound by

the capture antibody supplied in the kit. HSP70 cross reactivity was 0.23%.

Quantification of serum phospho-HSP27 (S78/582)

Serum levels of phosphor-HSP27 were determined using adapted enzyme-linked
immunosorbent assay (ELISA) kits (R&D Systems, Minneapolis, MN, USA). Ninety-six well
microtitration plates were coated overnight at room temperature with a capture antibody
against human HSP27 at a concentration of 2ug/ml. Plates were then washed and blocked
with block buffer for 2 hours. Following another washing step, samples and standard protein
in different concentrations were added to the wells. After a washing step, a biotin-labeled
antibody was added to each well and incubated for 2 hours. After another washing step,
horseradish-peroxidase-conjugate (HRP) was applied for 20 minutes. Wells were washed,
and color reaction was achieved using tetramethylbenzidine (TMB) (Sigma-Aldrich Corp, St.
Louis, MO, USA) and the reaction was stopped by an acid stop solution. Color development
was then monitored using a Wallac Multilabel Counter 1420 (PerkinElmer, Waltham, MA,
USA). The optical density (OD) values obtained at 450 nm were compared to the standard

curve calculated from OD values of standards with known concentrations of antigen.
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Quantification of serum HSP70

Serum levels of HSP70 were determined using adapted ELISA kits (R&D Systems,
Minneapolis, MN, USA). Ninety-six well microtitration plates were coated overnight with a
capture antibody against human HSP70 at a concentration of 2ug/ml. Plates were then
washed and blocked with block buffer for 2 hours. Following another washing step, samples
and standard protein in different concentrations were added to the well. After a washing
step, a biotin-labeled antibody was added to each well and incubated for 2 hours. After
another washing step, horseradish-peroxidase-conjugate was applied for 20 minutes. Wells
were washed, and color reaction was achieved using TMB (Sigma-Aldrich Corp, St. Louis,
MO, USA) and the reaction was stopped by an acid stop solution. Color development was
then monitored using a Wallac Multilabel Counter 1420 (PerkinElmer, Waltham, MA, USA).
The OD values obtained at 450 nm were compared to the standard curve calculated from OD

values of standards with known concentrations of antigen.

Statistical Methods

Statistical analysis was performed using SPSS software (SPSS Inc., Chicago, IL, USA) and
GraphPad Prism5 (GraphPad Software, La Jolla, CA, USA) was used for data visualization.
Data are given as mean + standard deviation (SD) or median and interquartile range (IQR) if
data were not Gaussian distributed. To determine Gaussian distribution, Shapiro-Wilk test
was used. Pair-wise comparisons between groups were performed using Student’s T test.
Either one-way ANOVA or, if data were not Gaussian distributed, Kruskal-Wallis tests were
used to determine statistical significance between more than two study groups. Categorical
variables were compared using chi2 test. Univariate logistic regression models were
calculated for both HSP27 and HSP70. Receiver operating characteristics (ROC) curves with
area under the curve (AUC) were plotted to demonstrate sensitivity and specificity of the

evaluated serum proteins. P-values<0.05 were considered statistically significant.
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4. Results

4.1. Heat Shock Protein 27

Serum levels of HSP27 were 1648777 pg/ml in healthy non smoking controls, 2346+1080
pg/ml in healthy smoking controls, 3647+1613 pg/ml in patients with NSCLC diagnosed at an
early stage, and 536412679 pg/ml in patients with NSCLC diagnosed at an advanced stage.
Statistically significant differences were found between all four groups (healthy vs. early
stage, healthy vs. advanced stage, and early vs. advanced stage: in each case p<0.001) (Fig.

4.1). Detailed results (IASCL stages | to IV) of HSP27 serum levels are given in Table 8.2.

4.2. Phospho Heat Shock Protein 27 (S78/582)

Serum levels of pHSP27 were 315 [median] (Q1=172, Q3=527) pg/ml in patients with NSCLC
diagnosed at an early stage and 447 [median] (Q1=229, Q3=1733) pg/ml in patients with
NSCLC diagnosed at an advanced stage. Statistically significant differences were found

between the two groups (early vs. advanced stage: p=0.015) (Fig.4.2).

4.3. Heat Shock Protein 70

Mean serum levels of HSP70 were 305+212 pg/ml in healthy non smoking controls, 321+316
pg/ml in healthy smoking patients, 603+386 pg/ml in patients with NSCLC diagnosed at an
early stage, and 793545 pg/ml in patients with NSCLC diagnosed at an advanced stage.
Statistically significant differences were found between healthy non smoking controls and
patients with NSCLC diagnosed at an early or advanced stage (p=0.0028 and p<0.0001
respectively), between healthy smoking controls and patients diagnosed at an early or
advanced stage (p=0.006 and p<0.0001 respectively), but not between the two groups with
NSCLC (Fig.4.3). Detailed results (IASCL stages | to IV) of HSP70 serum levels are depicted in
Table 8.2.

-38 -



4.4. Regression Models

In univariate logistic regression models including healthy volunteers and patients with
NSCLC, HSP70 had an area under the curve (AUC) in the receiver operating characteristic
(ROC) curve of 0.779 (0.707-0.851 95% confidence interval; p<0.0001), phospho HSP27 an
AUC of 0.682 (0.580-0.783 95% confidence interval; p=0.002) and HSP27 showed an AUC of
0.870(0.817-0.923 95% confidence interval; p<0.0001) (Fig.4.4).

-39 -



*kk

12000 - sk

*kk

10000+ | |

*kk

8000 l |

*%

6000- .

Hsp 27
pg/mi

4000 :

2000+

e i

| |
N-S S la-llb Illa-IV

Figure 4.1: HSP27 levels are significantly elevated in patients with NSCLC diagnosed at an early (IA-1IB) or at an
advanced stage (llIA-IV) when compared with either healthy control groups (**p<0.01, *** p<0.001). Between
early and advanced stage NSCLC patients (***p<0.001). N-S, health never-smokers; S, healthy smokers.
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Figure 4.2: Serum levels of pHSP27 were only evaluated in early and advanced stage NSCLC patients (*p<0.05).
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Figure 4.3: Serum levels of HSP70 are elevated in patients with NSCLC diagnosed at an early or at an advanced
stage when compared with either healthy control groups, (** p<0.01, *** p<0.001). However, there is no
statistically significant difference between the two NSCLC patient groups.

1.0
0.8
Py
'S 0.6+
et
p
o 0.4-
(7))
0.2-]
0.0 I i | | |
Q‘G Q‘} Q‘b‘ Q(o Q?} ’\G

1 - Specificity

Figure 4.4: ROC curve indicating sensitivity and specificity of HSP27 (AUC= 0.870), pHSP27 (AUC=0.682) and
HSP70 (AUC=0.779) in the diagnosis of NSCLC
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5. Discussion

In the present study, we detected that serum HSP27 and HSP70 levels were significantly
increased in a population of NSCLC patients as compared to our sample of community based
controls. In addition, serum levels of HSP27 were significantly indicative for presence of early
versus advanced NSCLC. We further discovered in this group analysis that impaired lung
function parameters were significantly correlated with early and advanced stage NSCLC. This
finding corroborates recently published studies that tied CT verified lung pathology with

impaired lung function parameters [121-123].

Concluding our results, we were able to show significantly elevated serum HSP27 and serum
HSP70 levels in NSCLC patients compared with healthy controls. HSP27 serum levels showed
a stage-dependent increase with 2- and 3-fold higher levels in early (IA — IIB) versus
advanced stage (llIA — IV) carcinoma patients. These data indicate that augmented spillage of
this stress protein into the systemic circulation occurs during disease progression,
presumably caused by a continuous activation of the immune system. Further, HSP27
showed an excellent sensitivity and specificity in a regression model to distinguish between
healthy subjects and NSCLC patients. With an overall area under the curve of 0.870, HSP27 is

prone to serve as a possible diagnostic marker for NSCLC progression.
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7. Abbreviations

AC
AUC
BAC
BAL
COPD
cT
ELISA
ETS
FEV!
FVC
GOLD
HRP
HSP
IASCL
IQR
LcC
LCNEC
NSCLC
NSCLC-NOS
oD
PAH
PCD
PET
PNA
ROC
RR
scc
SCLC
SD
TSNA
uicc
VATS
WHO

adenocarcinoma

area under the curve
bronchioloalveolar carcinoma
bronchoalveolar lavage

chronic obstructive disease

computed tomography

enzyme linked immunosorbent assay
environmental tobacco smoke

forced expiratory volume in one second
forced vital capacity

global initiative for obstructive lung disease
horseradish peroxidase conjugate

heat shock protein

international association for the study of lung cancer
interquartile range

large cell lung cancer

large cell neuroendocrine carcinoma
non small cell lung cancer

non small cell lung cancer — not otherwise specified
optical density

polynuclear aromatic hydrocarbons
programmed cell death

positron emission tomography
percutaneous needle aspiration
receiver operating characteristics
relative risk

squamous cell carcinoma

small cell lung cancer

standard deviation

tobacco specific N-nitrosamines

union for international cancer control
video assisted thoracic surgery

world health organization
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8. Supplements

Datenerhebungsbogen

Pat. Nr.

Geburtsdatum: U000 arTd Geschlecht: mll ow [
BMI : aaa Mikotinanamnese: ||| PackYears
Aufnahmedaturm: LTI

Aufnahmegrund:

Kormaorbidititen:

Vorhandene Kopien:

| Patientenzuweisung
| MRT
0 Spirometrie
| Labor

| Histologisch-/zytologischer Befund

Histologie:
NSCLC
Adenckarzinom
Plattenepithelkarzinom
agroBzellig anaplastisches Karzinom
SCLC
kleinzelliges Karzinom
Karzinoid
Mischform:
Andere:

Patient aufgeklért am OO0

Serurn abgenomrmen am UOOO000 ven

Réntgen Thorax
cT
Blutgase

Klinische Stadiensinteilung

Figure 8.1: Questionnaire
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Table 8.1

healthy NSCLC
advanced total P
non-smokers smokers early stage
stage
n 33 24 37 72 166 -
M/F % 48.5/51.5 37.5/62.5 59.5/40.5 56.9/43.1 53.0/47.0 n.s.
Age (years) 55.8+7.8 56.3+7.0 59.9+6.2 57.8+6.9 576+7.1 n.s.
Smoking History %
Current/Ex 0 100 73.0 63.9 58.4
Never 100 0 13.5 7.0 25.9 -
No details 0 0 13.5 29.1 15.7
Lung Function
FVC(L) 3.73+0.98 3.562+0.85 3.50+0.81 3.18+0.91 3.44+093 ns.
FEV1(L) 2.96 £0.73 2.71+0.67 246 +0.74 2.12+0.75 248+0.82  ***
FEV1% 99.4+95 92.1 +13.9 79.2 +20.8 71.3+225 82.2+21.8 ok
FEV1/VC 0.80 £ 0.06 0.77 £ 0.06 0.70£0.11 0.66 £ 0.13 0.72+0.12 ok
Histological Classification
AC - - 24 52 76 n.s.
SCC - - 11 15 26 n.s.
NSCLCNOS - - 1 5 6 -
others - - 1 0 1 -
Table 8.2
stage healthy
non- [ty f. Ib lla b llla lllb v P
smokers
smokers
n 33 24 10 15 3 9 16 6 50
median|1482 2242 3452 3198 2689 U377 4023 4339 5558 0.0001.
HSP27| IOR 1136— |1787— |1823— [2469- |2258- [|3105- [|3025- [3371- [2854- '
2071 3009 4347 4206 4074 5626 7355 8620 8125
median|285 244 643 517 1014 616 452 825 719
HSP70 282— 318- 132 0.0001
IQR 166—345 |82-456 [129-847 |246-806 |[58—-1748 [344-791 1147 1796 1105

Detailed results of HSP27 and HSP70 serum levels in NSCLC patients (IASCL stages | to IV) and in healthy
controls. P-values were determined using Kruskal-Wallis test.
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