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INTRODUCTION

Lung cancer is the leading cause of cancer death both in
Hungary and worldwide. At the time of lung cancer diagnosis
brain metastasis can be found in 10-25% of the patients, and its
incidence can increase up to 40-50% during the course of the
disease. In advanced stage non-small cell lung cancer
development of brain metastasis can be observed in 30-50% of
the patients, while in small cell lung cancer its incidence is 15%
at the time of diagnosis and can reach up to 50-60% at autopsies.

Patients with brain metastasis have poor prognosis; without
oncological treatment the survival after the diagnosis of brain
metastasis is about 1 month. This survival can be extended to
about 4-6 months with whole brain radiotherapy. With the
application  of  stereotaxic  radiotherapy or  surgical
metastasectomy the overall survival can be improved to 6-12
months and to 9-14 months, respectively. Brain metastasis
adversely affects the quality of life as well.

According to the literature, in lung cancer the risk of developing
brain metastasis is increased in younger patients, in case of
higher lymph node stage, in females, in non-squamous
histological subtype, and in the use of neoadjuvant
chemotherapy. Based on several survival studies, prognostic
indices have been established. According to their data, the
overall survival in case of brain metastasis is better in younger
patients, with good performance status, and in solitary brain
metastasis without extracranial tumor spread. In spite of these
studies, the prognosis of lung cancer patients with brain
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metastasis can’t be determined properly yet. According to the
literature there is hardly any data about the significance of the
primary tumor location (lobar and/or bronchial), and there is no
information about their influence on the development of brain
metastasis and overall survival.

Peritumoral edema in primary brain tumors has prognostic
value, however, in brain metastasis from lung cancer it was only
sporadically investigated. Similarly, the role of peritumoral
edema in survival has not been demonstrated yet.

In several studies higher lymph node status had an increased risk
of brain metastasis. Some investigators also noted some cases
with brain metastasis (sometimes even multiple metastases)
without lymph node spread. This phenomenon, however, was
not investigated in larger patient cohorts.

While significant number of data is available about histological
biomarkers as predictive or prognostic factors, there is only few
information about the changes in biomarker expression during
development of brain metastasis. In our previous study, we
examined the expression of several biomarkers of cell adhesion,
differentiation, proliferation, and apoptosis in lung cancer
patients using their primary tumor sample and the corresponding
brain metastasis tissue. In this study, however, histological
subtype analysis has not been performed.

In lung cancer with brain metastasis the correlation between
peritumoral edema and histological biomarkers has not been
widely studied.



The prognostic and/or predictive value of KRAS mutation in
lung cancer is intensively investigated, however, it is not fully
described. In colorectal carcinoma KRAS mutation incidence
was found to be increased in patients with multiple organ
metastases, however, no such data can be found in lung cancer.
The incidence and the prognostic value of KRAS mutation was
only sporadically studied in lung cancer with brain metastasis.

In summary, in my PhD thesis these scientific questions have
been investigated.



OBJECTIVES

1. Our aim was to investigate a large cohort of lung cancer
patients with brain metastasis. In this cohort we wanted to study
the relationship between histological subtypes or the location of
the primary tumor and brain metastasis development. We also
wanted to investigate the influence of these parameters on
overall survival and survival from the development of brain
metastasis.

2. Our main objective was to characterize lung cancers
metastasizing early and late into the brain. We wanted to study
the clinicopathological features of these tumors and their
metastasis, especially the relationship with peritumoral edema.

3. The prognostic value of the peritumoral edema in brain
metastasis from lung cancer has not been intensively
investigated so far. The aim was to determine its prognostic
significance in our large cohort of lung cancer patients with
brain metastasis.

4. In the pathologic WHO classification of lung cancer the
importance of distinguishing adenocarcinoma from squamous
cell lung cancer has been recently underlined. Accordingly, we



aimed to investigate the difference in biomarker expression in
these histologic subtypes of lung cancer. Next, we wanted to
study the expression of important biomarkers of cell adhesion,
differentiation, proliferation, DNA repair and apoptosis in
primary lung cancer tissues and their corresponding brain
metastasis. We also aimed to correlate the studied biomarkers
with the size of peritumoral brain edema.

5. Next, our objective was to investigate the KRAS mutation
status in lung adenocarcinoma patients with distant organ
metastasis, especially in tumors metastasizing to the brain. We
also wanted to examine the prognostic value of KRAS mutation
in lung cancer patient with brain metastasis.



PATIENTS AND METHODS
Patient cohorts

#1 cohort: We studied the clinicopathological data of 575
consecutive lung cancer patients with radiologically (by CT scan
or MRI) detected brain metastasis.

#2 cohort: We investigated the expression of 29 biomarkers of
cell adhesion, differentiation, proliferation, DNA repair and
apoptosis in tumors of 52 non-small cell lung cancer patients.
We studied the correlation between biomarker expression and
clinicopathological parameters, such as the extension of
peritumoral edema. In 26 patients the primary tumor and the
matching brain metastasis were also studied. 26 patients, who
had no evidence of brain metastasis during long term follow-up
period served as a control group.

#3 cohort: In our study, 500 consecutive stage IV lung
adenocarcinoma patients with known KRAS mutational status
were analyzed. In 84 cases the distant metastasis was found in
the brain.

Peritumoral edema

The thickness of peritumoral edema was measured on the
images of CT scans and/or MRI. Typically, the axial slice where
the enhancing tumor appeared largest was chosen for
peritumoral edema measurement. We created three categories:
1: no edema (0 mm), 2: moderate edema (1-10 mm), 3: severe
edema (>10 mm).



Tissue samples
Tissue microarray (TMA)

For further investigation we used formalin-fixed paraffin-
embedded tissue blocks of surgically resected primary lung
cancer and brain metastasis. Tissue cores were selected and
punched out from the relevant tumor fields of donor blocks.
With TMA method we embedded these samples in a recipient
block, which could incorporate 70 samples.

Immunohistochemistry

Important molecules of cell adhesion, differentiation,
proliferation, cell cycle regulation, and proteins of DNA
replication, repair and apoptosis were investigated by
immunohistochemistry. The immunostained sections were
scored semiquantitatively using a 4-scale system (0-3).

KRAS mutation analysis

KRAS mutations were identified by microcapillary-based
restriction fragment length analysis on formalin-fixed paraffin-
embedded tissue blocks or cytological samples.

Statistical analysis

For statistical analysis we used SPSS software. The differences
were considered statistically significant in case of p<0.05.



RESULTS
Clinicopathological patient cohort

According to our results, the frequency of the brain metastasis
was higher in lung adenocarcinoma and small cell lung cancer.
The risk of developing brain metastasis was higher in central
airway primary tumors, in case of female gender and in younger
patients (<50 years).

The peritumoral edema was primarily characteristic for
adenocarcinoma and squamous cell carcinoma, while in small
cell lung cancer the extension of edema was significantly
smaller (p<0.001 and p <0.001, respectively).

A positive correlation was observable between the size of brain
metastasis and the thickness of peritumoral edema (p<0.001,
r=0.330). Patients with wider peritumoral brain edema had
longer median survival after brain metastasectomy (p=0.007).

Peritumoral edema was thicker in supratentorial tumors
(p=0.019), in younger patients (<50 years) (p=0.042) and in
females (p=0.016). The time to brain metastasis was shorter in
case of central airway primary tumors (5.3 vs. 9.0 months,
p=0.035). Early metastasis was characteristic  for
adenocarcinoma (<0.001).

Out of 500 studied lung cancer patients with brain metastasis,
there was no evidence of lymph node metastasis in 135 patients.
These patients had mostly peripheral lung cancer (p<0.001) and



had longer time to brain metastasis and overall survival (both
p<0.001).

The analysis of primary lung cancer and corresponding
brain metastasis by immunohistochemistry

Our analysis for predicting brain metastasis showed that
increased collagen XVII (p=0.011) in adenocarcinoma,
increased caspase-9 (p=0.008), CD44v6 (p=0.031), and
decreased cellular apoptosis susceptibility protein (CAS)
(p=0.029) and Ki-67 (p=0.032) in squamous cell carcinoma
correlated significantly with brain metastasis development.

In primary squamous cell carcinoma increased [-catenin
(p=0.026) and E-cadherin (p=0.026), as well as decreased
caspase-9 (p=0.037) expression showed significant correlation
with the extension of peritumoral edema. In brain metastatic
squamous cell carcinoma tissues decreased CD44v6 (p=0.002)
expression was found in tumors with thicker peritumoral edema.

A significant positive correlation was found between smoking
and the expression of caspase-8 (p=0.045) and p16 (p=0.024) in
brain metastatic adenocarcinoma. In squamous cell carcinoma a
negative correlation was demonstrated in the non-metastasizing
group with caspase-3 (p=0.039) expression, and in brain
metastatic tumors with p27 (p=0.038) expression.
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KRAS mutation analysis in lung adenocarcinoma with brain
metastasis

According to our results the incidence of brain metastasis was
16.8% in the whole cohort (n=500). These patients were
significantly younger than the patients with lung metastasis
(p=0.009). In the whole cohort the incidence of KRAS mutation
was 28.6%. In patients with brain metastasis the KRAS
mutation occurrence was similar, 29% (p=0.898). The overall
survival of the brain metastatic patients with KRAS mutation
showed no difference from patients with KRAS wild type tumor
(p=0.504).
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CONCLUSIONS

1. In our study we found that the development of brain
metastasis is characteristic for adenocarcinoma and small cell
lung cancer. The risk of brain metastasis development is higher
in females, in younger (<50 years) males and in case of central
airway lung cancer. To the best of our knowledge this is the first
study on airway location of the primary tumor and brain
metastasis. We demonstrated that in case of central airway lung
cancer the tumors are biologically more aggressive, these tumors
have higher risk of brain metastasis development, therefore,
these patients need closer observation and follow-up.

Early brain metastasis was characteristic for adenocarcinoma.

2. We proved, that lung cancers with brain metastasis but
without lymph node spread, also known as “brain only” tumors,
are different entities from the other lung cancer subtypes,
because they have better prognosis. These tumors have mainly
peripheral location and have longer time to brain metastasis and
longer overall survival.

3. We first described the importance of peritumoral brain edema
in large cohort of lung cancer patients. Peritumoral edema was
characteristic for adenocarcinoma and squamous cell carcinoma,
while it was rare in case of small cell lung cancer. The extension
of edema correlated with the size and the location of brain
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metastasis. In our whole cohort the peritumoral edema had no
prognostic value, while in patients with brain metastasectomy
the edema was associated with better prognosis.

4. In our next study we analyzed the expression of biomarkers of
cell adhesion, proliferation and apoptosis in lung cancer. We
found remarkable differences between adenocarcinoma and
squamous cell carcinoma regarding protein expressions. In both
primary tumor tissues and brain metastatic tissues we described
important expression differences between these two histologic
subtypes. The importance of smoking and gender in the
biomarker expression could also be demonstrated. The
peritumoral edema in brain metastasis is a rarely studied factor
in lung cancer. We first described correlations between
peritumoral edema and certain biomarker expressions.

5. Finally, we investigated the KRAS mutation status in a
relatively homogenous cohort of lung adenocarcinoma patients
with distant metastasis. Regarding the incidence of KRAS
mutation, our results were in line with other studies and also
with the data of Hungarian lung cancer patients. Although the
development of brain metastasis itself is considered as a bad
prognostic factor, in our brain metastatic cohort the prognostic
role of KRAS mutation on survival was not proved.
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