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Lung cancer

Lung cancer is the leading cause of cancer death worldwide. In 2008 the 
number of European lung cancer deaths was approximately 342,000 (19.9% of 
total cancer deaths), making it the most common cause of cancer mortality1. In 
the Netherlands the incidence was 10533 (6,725 males en 3,808 females) out of 
a total of 86,200 registered new cancer cases in 20072. According to the latest 
statistics the yearly number of lung cancer deaths has risen to approximately 
12,000 in the Netherlands and is expected to keep rising in the near future3. As 
was recognized in the early 1950s, lung cancer is strongly related to smoking4. 
About 85% of cases can be attributed to smoking. Previously a rare disease, 
lung cancer incidence increased when mechanically manufactured cigarettes 
became available5. Initially affecting mostly males, the proportion of female 
lung cancer patients has increased considerably after more women have started 
smoking in the 1960s and 70s6.

In many industrialized countries measures to reduce smoking have been 
implemented. Despite risk reduction due to smoking cessation, lung cancer 
will remain an important cause of death, since those who quit will continue to 
have an increased risk7, 8.

Histology, staging and therapeutic options
Treatment of lung cancer depends on tumour histology and staging. 

Primary lung cancer is categorised as either small-cell or non-small cell lung 
cancer. Around 85% of lung cancers are classified as non-small cell lung 
cancer, an umbrella term for different histological subtypes, predominantly 
adenocarcinoma and squamous cell carcinoma. Surgery is the treatment 
modality with the best chance of cure for non-small cell lung cancer, provided 
that the disease has not spread to other organs directly or via the blood or 
lymphatics. Currently, the most accurate indication of whether curative 
treatment by surgery is possible is provided by the TNM staging system, 
which takes into account tumour size and local spread as well as lymph nodes 
and tumour distant sites affected by metastasis9. Patients with early stage lung 
cancer who undergo surgery have a much longer median survival (119 months 
for pTNM stage 1A) than patients with later stages (like stage IIIB with 13 
months median survival). For patients with stage III and over (with at least 
dissemination of tumour to the mediastinal lymph nodes) surgery as primary 
therapy is not useful and other treatment options such as chemotherapy 
or radiotherapy (in some cases followed by surgery) may be preferred. 
Some patients with early stage disseminated disease benefit from adjuvant 
chemotherapy10. Clinical decision-making can be improved when tumour 
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biology is also accounted for in staging systems. Expression microarray studies 
of breast- 11 and lung tumours12 have yielded profiles of tumour samples that 
were independent predictors of outcome.

Carcinogenesis
 Lung cancer is thought to be the result of lung stem cells accumulating 

genetic and epigenetic changes that drive autonomous growth and a progressive 
loss of the ability to respond to growth inhibitory signals. Squamous cell 
carcinoma typically originates in the mucosa lining the central airways, after 
undergoing a sequence of premalignant histological changes; from squamous 
metaplasia through different grades of dysplasia and carcinoma in situ. 
Adenocarcinoma develops more peripherally in the pulmonary parenchyma; 
its putative precursor is atypical adenomatous hyperplasia (AAH). The natural 
history of these histological abnormalities seems unpredictable, as not all high 
grade premalignant lesions will progress to invasive disease and sometimes 
progression of low grade lesions may be rapid13. Since (epi)genetic changes 
drive the biologic behaviour of premalignant lesions, molecular markers, 
which reflect these changes could give a more accurate prediction of their 
progression to invasive cancer.

Reducing lung cancer mortality
The past decades great progress has been made in the understanding of lung 

cancer biology. Recently, targeted biological agents have been developed as 
well as tests that will predict their efficacy in individual patients14. Also, during 
the past decades conventional chemotherapy regimens have been fine-tuned. 
Even though survival figures and cure-rates have improved15, the prognosis for 
most patients is still dismal and considering the complex nature of the disease 
this is not likely to change in the short term. The proportion of European lung 
cancer patients that is cured is only about 8%15. This is mainly because in most 
patients symptoms arise after the tumour has spread to such an extent that 
they no longer qualify for curative local therapy. Ways to reduce lung cancer 
mortality include prevention and early detection. Omenn distinguished four 
types of prevention strategy: (a) reducing high-risk behaviour; (b) controlling 
chemical, physical, and microbial carcinogenic agents; (c) chemoprevention 
with hormones, micronutrients or pharmaceuticals; and (d) screening for and 
treating premalignant and early invasive lesions16. Screening high-risk subjects 
may lead detection of earlier stage tumours, which can still be cured by surgery.
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Chemoprevention

The term chemoprevention was coined by Sporn17 for a preventive 
treatment whereby subjects at risk use medication or dietary supplements that 
will interfere in the process of carcinogenesis and delay the moment before 
overt cancer arises. He distinguishes 3 categories of chemoprevention: primary 
chemoprevention in subjects at risk for cancer, secondary chemoprevention in 
subjects with premalignant lesions and tertiary chemoprevention in subjects 
who have been cured of cancer and are at risk of developing a second primary 
tumour.

Chemoprevention in lung cancer
So far no chemopreventive agents have been identified that are effective in 

preventing lung cancer development in humans. A number of substances have 
been tested in clinical trials18. The most investigated potentially chemopreventive 
substances are retinoids, which are chemically related to vitamin A. 
Epidemiological data suggested that subjects with a diet high in vitamin A 
had a reduced risk of lung cancer19, 20. When combinations of α-tocopherol, 
retinol and beta-carotene supplements were tested in clinical trials this could 
not be confirmed21-23. In fact retinoids were associated with an increase in lung 
cancer cases in two large trials21, 22, especially in current smokers24. Among 
substances currently under investigation for chemopreventive activity because 
of promising results in in-vitro or animal studies are deguelin25, myo-inositol, 
the PI3K inhibitor PX-866, tyrosine kinase inhibitors and glucocorticoids. 
Since this thesis contains a study on the effect of inhaled glucocorticoids on 
lung cancer precursors, the next paragraphs will focus on this subject.

Glucocorticoids in animal studies
 Non-steroidal anti-inflammatory drugs (NSAIDs) have a growth-retardant 

effect in colorectal carcinoma26. Another class of anti-inflammatory drugs, 
glucocorticoids, reduce the occurrence of mouse skin tumours27. Wattenberg et 
al. have performed a series of experiments on lung cancer chemoprevention by 
glucocorticoids in inbred strain A/J mice28, which are predisposed to develop 
pulmonary adenomas and adenocarcinomas29. This susceptibility is caused 
by a polymorphism in PAS1 (Pulmonary adenoma susceptibility 1). PAS1, 
which is located on chromosome 6 and contains the mouse KRAS homologue, 
was found by linkage analysis of crossbred strains produced by crossing 
strain A/J mice with a cancer resistant strain. The precise mechanism of the 
increased susceptibility is as yet unknown30. The experiments of Wattenberg 
et al. and others consistently show a chemopreventive effect of inhaled and 
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dietary glucocorticoids (Budesonide and Dexamethasone) in animals that were 
exposed to cigarette smoke or received intraperitoneal injections with tobacco 
smoke carcinogens28.

Mechanism of chemopreventive effect
Dexamethasone inhibits growth of lung cancer cell lines whereby the 

classical MAPK pathway (phosphorylation of MEK and ERK) is affected31. 
Several attempts have been made to elucidate the mechanism of the 
chemopreventive effect of inhaled corticosteroids in the murine model. 

One possibility that was investigated is that corticosteroids exert their 
chemopreventive effect by affecting DNA methylation. DNA methylation 
is an important transcription control mechanism32. In methylated DNA a 
methyl group has replaced the hydrogen on the 5’ carbon atom of a cytosine 
molecule. Cytosines prone to methylation are located adjacent to a guanine; 
they are part of a CpG dinucleotide (5’-CpG-3’). In mammalian DNA most 
CpGs are clustered into CpG ‘islands’ in the regulatory region of important 
genes. Methylation prevents transcription directly by interfering with 
transcriptional proteins and indirectly through binding of methyl-CpG-binding 
domain proteins which modify chromatin structure. In cancer, alterations in 
DNA methylation include general DNA hypomethylation and gene-specific 
hypermethylation. In one study, general DNA hypomethylation was reduced 
by budesonide treatment33. After treatment, remethylation of the IGF-2 and 
c-myc marker genes, was associated with decreased expression.  Subsequent 
experiments showed that treatment with budesonide as well as treatment with 
tagretin (an RxR agonist) had similar effects on tumour methylation status and 
that both increased the mRNA expression of 18S and decreased the expression 
of caspase 3, cyclin B2, cyclin E1, iNOS and survivin34. The authors concluded 
that budesonide indeed affects methylation and tried to find a mechanism for 
this effect. A study published in 2007 revealed an increase in activity of a high 
molecular weight CpG specific endonuclease in vinyl carbamate induced lung 
tumours of strain A/J mice35. The activity of this endonuclease was reduced 
both in tumour tissue and normal lung tissue of mice treated with budesonide.

Yao et al. performed expression microarray experiments on tumour 
tissue from A/J mice treated with benzo[a]pyrene alone or benzo[a]pyrene 
and budesonide. The difference between the resulting profiles suggests that 
budesonide exerts its effect of chemoprevention through growth arrest via 
Mad2/3 and through apoptosis via Bim/Blk and by inference caspase-8/9.36
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Studies in human subjects
A cohort study in COPD patients has provided evidence of a chemopreventive 

effect of corticosteroids in humans 37. However, the validity of these results 
has been questioned because of methodological flaws in the study38. Other 
studies on the effect of inhaled corticosteroids on outcome in COPD patients 
have not shown a relationship between use of corticosteroids and lung cancer 
risk39, 40. Evaluation of potential chemopreventive agents is possible initially 
using trials without an invasive tumour end-point. Such a shortcut would be 
to determine their effect on surrogate end-point markers, signs associated with 
carcinogenesis. Any substance showing efficacy in surrogate end-point marker 
trials would still have to be tested in a regular trial but turnover of promising 
substances would be increased this way. Pereira et al. found that budesonide 
restored the p21 and p27 protein level in mouse lung tumours back to the level 
found in normal lung tissue41. Treatment also significantly reduced the PCNA 
labelling index (an indicator of DNA synthesis) of tumour and normal tissue 
including the mucosa lining the airways.  The authors concluded that cell 
proliferation markers in bronchial tissue (obtained by bronchoscopy) could be 
surrogate end-point markers in clinical trials in human subjects. 

Behavioural aspects of chemoprevention
Besides efficacy of chemopreventive agents also behavioural aspects 

should be considered. When a chemopreventive agent has been developed, 
will individuals with a high risk of contracting lung cancer be willing to use it? 
Tamoxifen has been known to decrease breast cancer risk for a long time but 
very few women use it for primary prevention. This may be partly due to fear 
of side effects, which can be serious. One study showed that after exposing 
high-risk women to a tailored decision aid, which enabled an informed 
decision by giving both their chance of breast cancer and side effects, most 
were reluctant to take tamoxifen to prevent breast cancer42. Moreover, when 
individuals with a high risk of contracting lung cancer can be convinced to use 
a chemopreventive agent, will this not give them a false sense of security and 
thus increase high-risk behaviour? All these aspects deserve attention when 
considering lung cancer chemoprevention.
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Early detection using physical or molecular 
properties of (pre)malignancy

Imaging
Screening programs have proven to be an effective way of reducing 

morbidity and mortality as a result of cervical- and breast cancer43, 44. Screening 
could be used to detect lung tumours in an early stage when curative surgical- or 
even local bronchoscopic treatment is feasible. In order to reduce the number of 
false-positives and increase efficiency only high-risk populations (i.e. smokers 
or patients who have previously been treated for lung cancer or head and neck 
cancer) should be screened. So far no screening method for lung cancer has 
been proven to affect outcome. Sputum cytology in combination with chest 
X-rays has previously been proposed as a non-invasive screening test for lung 
cancer. However, several large trials have shown that this approach either does 
not reduce lung cancer mortality 45 or has at best only a modest impact46. An 
excess of lung cancer cases in the screened intervention group of the Mayo 
lung study indicates there may be overdiagnosis as a result of the screening 
program47. Overdiagnosis occurs when screening detects lesions that, if left 
untreated, would not cause the patients death because of a low growth-rate and 
propensity to metastasise. Overdiagnosis will lead to unnecessary diagnostic 
and surgical procedures with associated morbidity and anxiety in the patients 
involved. A recent study has indicated that the excess of lung cancer cases in 
the screened subjects of the Mayo lung study may (in part) be due to post-
randomization self selection of volunteers48. Recently, more sensitive chest CT 
scans for lung cancer screening have shown promising results in a large non-
controlled trial49. The greater sensitivity provided by CT images may come at 
the price of decreased specificity as well as overdiagnosis. Another problem 
with CT screening is that peripheral lesions, in the lung parenchyma are easily 
detected, but central lesions are more problematic50. Definitive proof of the 
efficacy of CT screening for lung cancer awaits several ongoing randomized 
controlled trials51, 52. Early results of the NELSON study have recently been 
published53.

Autofluorescence bronchoscopy
In contrast with cervical-cancer screening tests, obtaining cytological or 

histological material from the airways using bronchoscopy is labour intensive, 
expensive, associated with patient discomfort and has a relatively high risk 
of complications. Although not suitable for population-based screening, 
bronchoscopic examination may, however, be a useful tool in a selected group 



15

of high-risk subjects. One problem with this technique is that premalignant 
lesions can be inconspicuous. A more sensitive method of detection has 
been developed that makes use of autofluorescence of bronchial mucosal 
tissue, which occurs when it is excited by light of a specific wavelength. 
Abnormal mucosa has a different autofluorescence pattern which makes 
it easier to recognise locations with aberrant epithelium and select these 
locations for sampling. This may be a viable method for screening of high risk  
individuals54, 55.

Molecular markers
Another approach for lung cancer screening involves molecular markers. 

Changes in DNA are associated with lung carcinogenesis and detection of 
these changes in blood, sputum or bronchial biopsies could be used to identify 
subjects at risk of lung cancer. High-risk subjects, having been identified 
through screening using a panel of molecular markers could be subjected to 
periodic surveillance using autofluorescence bronchoscopy and/or CT scans. 
A similar approach has already proven to be effective in cervical cancer 
screening programs, where HPV DNA detection is related to a high risk of 
cervical cancer44, 56. Any identified early stage tumours could be treated by 
surgery and intraluminal tumours with limited invasive depth may even be 
cured by local bronchoscopic treatment (in case of localized central disease)57.

Two candidate early detection markers studied in this thesis are methylation 
analysis of a tumour suppressor gene promoter and expression of telomerase.

Methylation
Epigenetic changes occur early on in carcinogenesis and are probably 

what distinguishes stem cells (from which cancer arises) from somatic cells58. 
Examples of genes that have been intensively studied for methylation in 
NSCLC samples are p16 and RASSF1A (involved in cell cycle regulation), 
APC (which inhibits β-catenin), RARβ-2 (involved in growth regulation), 
DAPK (apoptosis) and MGMT (DNA repair)59. CADM1 (formerly named 
TSLC1 for tumour suppressor in lung cancer 1) is a putative tumour suppressor 
first identified in lung cancer, which is involved in cell adhesion and often 
silenced by methylation in tumours. Panels of methylation markers may be 
used for early detection and promising results have been reported for this 
approach60.
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hTERT expression
Telomeres are structures capping the ends of the chromosomes, which are 

composed of a repetitive DNA sequence and protect the chromosomes from end-
fusions. Because the DNA replication machinery cannot reproduce the terminal 
ends of the lagging strand, the telomeres shorten with each cell division. When 
a critical length has been reached, cells go into a state of senescence. This 
limits the number of divisions of somatic cells. Stem cells need to replicate 
more often and have an enzyme called telomerase, which adds a new telomeric 
repeat sequence at the end of the chromosomes, thus preventing senescence. 
Telomerase is also present in about 90% of cancers. Increase of telomerase 
activity and hTERT expression are found in premalignant lesions61-63 and are 
associated with subsequent occurrence of (in situ) carcinoma64. Telomere 
length in combination with certain single nucleotide polymorphisms (SNPs) 
in a gene coding for a telomere maintenance protein is associated with lung 
cancer65. The hTERT gene encodes the catalytic subunit of telomerase. Since 
hTERT is the rate-limiting factor of telomerase, expression of hTERT can be 
used as a surrogate marker of telomerase activity66. 

Studies of tumour hTERT level/telomerase activity as a prognostic marker 
in lung cancer have yielded conflicting results; most studies found a correlation 
between high tumour hTERT/ telomerase and disease recurrence, whereas 
others found no effect or even the opposite.
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Outline of the thesis

The aim of this thesis is to investigate potential methods for reducing lung 
cancer mortality; i.e., chemoprevention and early detection. We examined 
the effect of a potential chemopreventive pharmaceutical agent in a placebo-
controlled trial and assessed the impact of participating in the trial on high-
risk behaviour of the subjects. Also, candidate markers for early lung cancer 
detection or prognosis were investigated using various tissue specimens.

 Chapters 2 and 3 describe results of a placebo-controlled trial of an inhaled 
corticosteroid in smokers using histology and molecular markers of bronchial 
biopsies and CT-detected lesions as intermediate end-points. Chapter 4 
examines behavioural aspects of the same study.

In a study described in Chapter 5 we evaluated the numeric colour 
fluorescence ratio (R/G ratio), a recent addition to the Onco-LIFE 
autofluorescence bronchoscopy system, which aims to aid diagnosis and 
applicability of the system in a clinical setting. We determined what R/G ratio 
should be used as cut-off by correlating the R/G score of suspicious locations 
with the histology of the subsequently taken biopsies of this area. 

In chapter 6 we investigated methylation of three sites of the CADM1 gene 
promoter in tumour and normal tissue of lung cancer patients and controls. 
Methylation of at least two of these sites was previously found to be associated 
with reduced protein expression and high-grade cervical lesions67. The current 
investigation was undertaken to find out whether CADM1 methylation analysis 
could be a potential early detection marker for lung cancer as well.

In Chapter 7 we investigated, as part of an international collaboration, 
the correlation between hTERT mRNA levels in tumour and tumour distant 
normal tissue and disease-free survival in patients who underwent surgery for 
primary lung cancer.
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