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Abstract:

Lung cancer is the leading cause of cancer related mortality all over the world. The development of molecular
pathology methods has become increasingly important in the prediction of chemotherapy sensitivity and mutation
analysis to identify driver mutations as important targets of new therapeutic agents. These agents give an
opportunity to provide a new standard of care. Therefore testing EGFR, KRAS mutations and ALK rearrangements
in patients with advanced lung adenocarcinoma should be incorporated into routine clinical practice. Bone is the
most frequent type of distant metastases in case of Non-Small Cell Lung Cancer (NSCLC). During the disease this
is developing 30-40%. Because of the short survival (6 months) the treatment possibilities were not in the aim of
scope. After the changes of treatment guidelines — first the platinum based chemotherapy, later the step of EGFR
TK inhibitors therapy — the Overall Survival (OS) became more longer. The relevant clinical studies concluded that:
bone metastases and Skeletal Related Events (SRE) are more frequently observed in men, heavy smokers and
without treatment of EGFR TK inhibitors. In our retrospective study we collected 224 most relevant clinical data
patient with lung adenocarcinoma. We investigated the correlations between the EGFR, KRAS mutations status and
the prevalence of bone metastases and survival. We have found that EGFR and KRAS mutation status are both
predictive factors for the treatment efficacy and are prognostic factors for the disease progression but these are not
predictors of the presence of bone metastases. The presence of bone metastases is an independent prognostic

marker what correlates with the poor performance and worse Quality of Life (QL).

Keywords: Non-small cell lung cancer (NSCLC); Adenocarcinoma;
Targeted therapies; Signal transduction pathway; Tyrosine kinase
inhibitors; Monoclonal antibodies; EGFR mutation; KRAS; EML-4
ALK.

Abbreviations:

NSCLC: Non-Small Cell Lung Cancer; EGFR: Epidermal Growth
Factor Receptor; VEGFR: Vascular Endothelial Growth Factor
Receptor; ALK: Anaplastic Lymphoma Kinase; TKI: Tyrosine Kinase
Inhibitor; PFS: Progression Free Survival; OS: Overall Survival; ORR:
Overall Response Rate; QOL: Quality Of Life; SRE: Skeletal Related
Events.

Introduction

Lung cancer is the leading cause of cancer related mortality all over
the world, and a number of developments have indicated future
clinical benefit recently. The development of molecular pathology
methods has become increasingly important in the prediction of
chemotherapy sensitivity and mutation analysis to identify driver
mutations as important targets of new therapeutic agents. The most
significant changes in the treatment of NSCLC revealed in new
pathologic classification [1] and in the introduction of molecularly
targeted therapies, which include monoclonal antibodies and small
molecule tyrosine kinase inhibitors. The side effects of these agents are
generally better tolerated than those of conventional chemotherapy
and show higher efficacy. The most important factor follows: histology

subtypes, gene mutation status, patients’ selection, drug toxicities and
occurence of drug resistance. In the advanced disease, the hope of cure
is less than 3% but improvements in survival have been clearly
achieved. Some years ago the median lung cancer survival rate was
10-12 months [2-4], now in case of available specific molecular targets,
a significant increase in median survival rates to 24-36 months has
been achieved [5-7]. These agents give an opportunity to provide a
new standard of care. Therefore testing EGFR mutations and ALK
rearrangements in patients with advanced lung adenocarcinoma
should be incorporated into routine clinical practice [8-10].

Bone is the most frequent type of distant metastases in case of Non-
Small Cell Lung Cancer (NSCLC). During the disease this is
developing in 30-40%. The most important features are: pain in bones,
Skeletal Related Events (SRE), compression of neural roots, and
hypercalcemia. Because of the short survival (6 months) the treatment
possibilities were not in the aim of scope [11,12]. After the changes of
treatment guidelines - first the platinum based chemotherapy, later
with the introdiction of EGFR TK inhibitors therapy - the Overall
Survival (OS) has become more longer. There are different imaging
methods to identify bone lesions: X-Ray, bone scintigraphy, CT, MRI,
PET/CT and of course biopsy from detected bone. The relevant
clinical studies concluded that: bone metastases and (SRE) are
frequently observed in men, heavy smokers, with non-
adenocarcinoma histology and without treatment of EGFR TK
inhibitors. In the absence of EGFR mutations and treatment without
of EGFR TK inhibitors the prevalence of SRE is significant higher
(P=0.02) therefore it is a predictive factor [13]. To compare the
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treatment effectively within patients with lung adenocarcinoma they
used in one arm cytotoxic chemotherapy and in other arm EGFR TK
inhibitors especially for those patients who are EGFR mutation
positive. The investigators detected a relatively new phenomena and
correlations in the pathophysiology of bone involvement within EGFR
mutation positive patients. In those patients who were treated with
cytotoxic chemotherapy because of advanced lung cancer the ratio of
SRE was much higher than in those who were treated by EGFR TK
inhibitors. The theory behind this phenomena is that: loss of bone
density is related with cytotoxic chemotherapy [13,14]. Another new
observation in clinical studies is that within the EGFR mutation
positive patients the incidence of osteoblastic bone lesion is much
higher than the osteocytes bone metastases. The osteblastic type of
bone metastases were observed rarely in NSCLC before this study but
nowadays the prevalence of osteoblastic metastases is more frequent
mostly in lung adenocarcinoma [15,16].

Correlations between the EGFR TK
remodeling:

inhibitors and bone

a: Direct inhibition of tumor growth - especially for EGFR mutant
carcinomas inhibits proliferation and induce apoptosis.

b: Regulation of release of pro-osteoclastogenic factors by
mesenchymal stem cells.

¢: An EGFR inhibitor, gefitinib inhibits ability of human bone
marrow stromal cells to induce osteoclast differentiation. Induction of
osteoblast differentiation from mesenchymal stem cells, EGFR
signaling prevents differentiation of mesenchymas stem cells into
osteoblast, therefore EGFR TKI treatment might favour osteoblast
formation [15].

d: Secretion reduction of pro-angiogenic factors by both tumor and
mesenchymal stem cells: EGFR blockade effects on secretion of
angiogenic growth factors in carcinoma cells [17].

The presence of osteoblastic metastases or the evolution to
osteoblastosis from previous osteolytic metastases should always be
noted since it might represent and important predictive factor of
response to EGFR TKI treatment. It is known that, the carcinogenesis
of non-smokers is different from the heavy smokers and this fact helps
us to choose the best treatment for the patients. Lung cancer is a
complex heterogenous tumor type. The special molecular pathology
signs on one hand are predictive markers for the treatment efficacy
and in other hand prognostic markers for the disease progression. In
this analysis we have tried to find some correlation between the
mutation status (EGFR, KRAS) of lung adenocarcinoma and the
appearance of bone metastases.

The Scientific Background of Our Hypothesis

At the time of the diagnosis more than 60% of lung cancer is
advanced disease (Stage: III/B-IV). The most frequent metastases are
contralateral lung, liver and bone metastases. The ratio of these
metastases is between 30-60% [12]. The clinical experience shows that
after the appearance of bone metastases the tumor progression
becomes rapidly faster, the survival time decreases faster in lung
adenocarcinoma, compared with the hormonal sensitive breast and
prostate cancers. The similar treatment possibility for bone metastases
shows higher effectively and gives longer survival. The presence of
driver mutations in the lung cancer disease progression is detected.
After the choice of EGFR TKI based on EGFR mutation status, there is
much longer survival time for the patients suffering from advanced

lung adenocarcinoma. The EGFR mutation status is a predictive
marker for the efficacy of treatment, and is a prognostic marker also
for the disease progression [17].

Aims of this retrospective analysis

I. In this 3 years retrospective study we have analyzed the frequency
of the EGFR, KRAS mutation status related to smoking.

II. We have investigated the correlations between the EGFR, KRAS
mutation status and the appearance of bone metastases. We have
wondered whether this new correlation has a predictive or prognostic
value.

III. Quality of Life and survival time after the cytotoxic
chemotherapy as well as after the EGFR TKI therapy.
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Figure 1: Mutations ratio at lung adenocarcinoma

Adenocarcinoma is classified with various number of driver
mutations (Figure 1). The mutations are mutually exclusive, except for
those in PIK3CA [18].

Treatment Possibilities in Lung Adenocarcinoma

Cytotoxic chemoterapy: According to the NCCN and ESMO
guidelines the first line therapy for the advanced Stage III/B- IV
disease is the platinum based (cis/carbo) chemotherapy combined with
other second or third generation cytotoxic drugs (paclitaxel, docetaxel,
gemcitabin, vinorelbin, pemetrexed). When the therapy result is Stable
Disease SD we can continue the treatment as a maintenance therapy
giving the patients longer survival time [2,3].

Targeted therapy: The so called “driver mutations” indicate a
special signal sign in the nucleus, causing the faster proliferation and
survival of tumor cells. The goal of combined targeted therapy is to
prevent or deley the treatment resistency. These results are coming
with the additive and synergistic effects influencing the angiogenesis,
apoptosis, tumorgenesis and also the tumor growth.

The EGEFR signal transduction pathway: EGFR mutations are more
common in NSCLC tumors in women, Asians and never smokers.
Approximately 10-15% of all NSCLCs Caucasians and 20-30% of all
NSCLCs East-Asian harbour EGFR mutations with the prevalence
increasing to 50% or more in never smokers with NSCLC. The more
frequent mutations are at the gen 18-21 exon. The three types of
mutations are the exon 19 deletion, exon 20 insertions and exon
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18-21-es mutation. The most common mutations are exon 19 and
exon 21- mutations. The meta-analysis showed a therapeutic response
over 70% in cases of EGFR mutation of adenocarcinoma (exon 19, 21
mutations). EGFR mutation is therefore a significant predictive factor
in cases where EGFR TK inhibitors are used. There is a key role of
KRAS mutations in the EGFR signal. KRAS mutation is detected in
25-35% within the TKI treatment resistant patients. KRAS mutation is
more frequent in smokers. This mutation is found 17%- in Afro-
American patients and 26% -in Caucasians patients [19]. Although the
KRAS mutation is a bad prognostic factor but not independent
predictor of treatment result of EGFR TKI. Up to now the EGFR
mutation status is the only one significant predictor of EGFR TKI
treatment [20].

EGFR mutation and the Drug resistance: Approximately 30 % of
patients still do not experience disease responses despite harboring
EGFR mutant disease, and less than 5% experience a complete
response. Most driver mutations are present in resistant tumors.
Furthermore, EGFR mutations, ALK gene rearrangements, and KRAS
mutations rarely coexist in treatment-naive NSCLC tumors. Acquired
resistance to EGFR TKIs in the metastatic setting is inevitable. The
average PFS is 10-16 months. The drug resistance remains a major
clinical problem in the daily practice.

The mechanisms of primary and secondary resistance to EGFR
TKIs should be separated [21].

Patients and Methods

Study group

In our study, between 01.Jan.2008-31% Dec, 2010, we have collected
and retrospectively analyzed 224 lung adenocarcinomas patient’s data.
The ratio of patients was the following: 113 patients were from the
Faculty of Medicine, Department of Pulmonology, Pecs, and 111
patients were from the National Institute of Oncology, Budapest.

In this study for the homogenous patient population we have
collected only the advanced Stage IIIB/IV patient’s data who suffered
from lung adenocarcinoma. The closing date of survival time was:
31.Dec.2013 (Figure 2).

Statistical analysis

The differences between the groups were analyzed using Chi-Square
test. The survival analysis were performed using the Kaplan-Meier
method. Overall survival was determined as the time period from
initial diagnosis to the time of death. The comparison between survival
functions for different strata was assessed with the long-rank test.
Statistical significance was confirmed when p values were <0.05. The
statistical analysis was performed using IBM SPSS method (version
20.0).

The list of collected clinical parameters:
- Age, Gender

- Smoking habit

- Time of diagnosis

- Type of Biopsy

- EGFR status

- KRAS status

- Stage (IIIB/IV)

- Metastases

- Treatment of Bone Metastases

- Treatment possibilities (1% line, 2nd Jipe, 31d line)
- Concomittant disease

- Survival

Results of the Analyzed Data:

Histogram
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Figure 2: Demographic data.

The ratio of 224 patients was: 108 (48%) women and 116 (52%)
men. The overall age: 60, 54 year (41-85). These data confirmed that
the previous dominance of men suffering from lung cancer has
decreased and the prevalence of women is increasing rapidly,
especially in younger ages. The cause of this change might be the
spread of smoking habits with “light” cigarettes.

Biopsy: At that time of diagnosis in case of 83 patients (37%)
cytology was done, and in case of another 141 patients (62%)
histological biopsy was done. For the best results of molecular
pathology diagnosis histological biopsy is the recommended option.

Smoking habits: out of 224 patients 156 (70%) patients were
smokers. Most of men were heavy smokers: from 116 men 87 (75%)
were smokers, and the rest 29 men (25%) were never smokers. From
the analyzed 108 women 69 (64%) were smokers and 39 (36%) never
smoked. These data are supporting the strong well-known correlation
between the smoking habit and the incidence of lung cancer. We all
know that smoking is increasing not only the risk of COPD but is the
first risk factor in cases of all types of lung cancer. From the results of
molecular pathology research it is clear that smoking is playing a very
important role in developing KRAS mutations at early stage of
carcinogenesis with absolutely different signal pathway than in non-
smokers.

Ratio of Mutation status: During this period we used the EGFR TKI
treatment possibilities only for those patients who are representing
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KRAS wild type (without any mutation). This is the real reason why
during this period the majority of molecular pathology methods
identified KRAS mutation status. We also have to mention that during
this period the EGFR TKI treatment was used only in 2" and or 34
line, after the chemotherapy. The examination of EGFR 19 and 21
mutations were done in 117 patients (52%) out of 224 patients. In case
of 56 patients (25%) mutations were detected and in case of 61 patients
(27%) wilde type (Wt) was detected. In Hungary we can use EGFR
TKI inhibitor, especially erlotinib in the case of 2" line treatment of
EGFR Wt. Dominantly KRAS examination was done in case of 187
patients (84%) out of 224 patients. KRAS mutation was detected in
case of 104 patients (55%), they were not eligible for the EGFR -TKI
treatment and only 83 patients (44%)- were eligible for the treatment
with EGFR TKI ( KRAS Wt).

Concomitant Diseases: Treatment possibilities are not only due to
the Stage and the hystologial types but the performance status and
other concomitants diseases. In this study we have collected clinical
data of the most important and most frequent chronic diseases like:
Ischemic Heart Disease, Diabetes mellitus, Hypertension and COPD.
Out of 224 patients only in case of 154 patients (69%) were other
diseases documented, in case of the remaining 70 patients (31%) there
were no information on any concomittant disease. Hypertension was
the most frequent concomitant disease (in case of 54 patients both
women and men). The second most frequent disease was COPD it was
documented in case of 50 patients. The third one was Ischemic Heart
Disease and was documented in case of 34 patients (15%). Diabetes
mellitus was found in case of 16 patients.

Treatment possibilities

First line therapies: During this period the everyday practice was the
use of cytotoxic drugs for Stage IIIB/IV patients as following:
bevacizumab+paclitaxel (42), gemcitabin+cisplatin (68), gemcitabin
+carboplatin (26), paclitaxel+carboplatin (21), pemetrexed+cisplatin
(31), docetaxel+ cisplatin (23), gemcitabin (13). The first line therapy
was used for all 224 patients, in case of 116 men and 108 women. From
this result we have concluded that, all 224 patients were in good
general condition, ECOG: 0-2.

Second line therapies: The second line therapy was used for 85
patients (38%), in case of 36 men and 49 women. It is very important
message that for the second line therapy less than 40% of all patients
were eligible. Behind this reason there are different things: disease
progression, death, decrease of performance status (ECOG 22), and
sometimes the patients decisions. As I mentioned before during this
period we could use EGFR TKI erlotinib in second line, and only for
those patients who were KRAS wilde type for 38 patients (17%). The
second more frequent therapy was pemetrexed. Docetaxel monoterapy
was used in case of 10 patients and paclitaxel+ carboplatin treatment
was used in case of 3 patients.

Third line therapies: The patient number is low, as only 18% of
patients were eligible. The reasons are similar like in case of second
line was: disease progression, death, decrease of performance status
(ECOG 22), and sometimes the patients decisions. From the treated 41
patients more were women (23), and less 18 were men. In this group
19 patients were treated with erlotinib, and 14 patients with
pemetrexed and for more than 8 patients docetaxel was the therapeutic
choice.

Distant Metastases: Lung cancer symptoms are very poor this is the
one of reasons why more than 60% of lung cancer have distant

metastases at the time of diagnosis. From the analysed total 224
patients in case of 174 patients (78%) distant metastases were verified.
Most of patients, 72 (42%) had at least one bone lesion detected, in
case of 42 patients (24%) brain metastases and in case of 28 patients
(16%) liver metastases were found. Both brain and bone metastases
were verified in case of 32 patients. When the brain metastasis appears
we can use complex oncotherapy but the death is coming so fast. The
progression time of bone metastases is much longer but the
appearance of strong pain and SRE decrease the Quality of Life (Table
1).

Location of Metastases N=174 %
Liver 28/174 16
Bone 72/174 42
Brain 42/174 24
Bone+Brain 32/174 18

Table 1: Location of metastases in all 224 patients. Prevalence of
Metastases within all 224 patients.

Ratio of Bone metastases within EGFR mutant patients: Bone
lesions are detected by Bone Scintigraphy-75%, Computer Tomograph
(CT) : 23%, X-Ray: 2%. We could realize in case of 174 patients distant
metastases out of 224 patients. Bone metastases are the most frequent
42% followed by brain metastases as: 24%. Syncron bone and brain
metastases were verified as 18-%. Liver metastases were less only 16%
were detected. Quality of life decreased rapidly with the prevalence of
bone metastases because of strong bone pain as well as with life-
threatening SRE. There are complex oncotherapy possibilities what we
can use step by step. Giving Bisphosphonate to the patient to turn back
the bone remodeling is the most frequent therapeutic process; this was
used at 36%. Radiotherapy is very important because not only
stabilises the bone structure but decrease the bone pain. This method
was used at 20%. Best Supportive Care (BSC) therapy was done for
32% of the patients. Considering the EGFR mutation status is a well-
known prognostic and predictive factor in case of lung
adenocarcinoma as well we have tried try to find some correlations
between the prevalence of bone metastases and EGFR mutations
status. From the 72 patients with verified bone metastases we could
detect EGFR mutation in case of 38 patients, and in other 34 patients
EGFR mutation was not detected. Surprisingly the ratio was similar
within those patients who have not suffered from bone metastases. In
this group, from 152 patients the ratio was: 78 patients were EGFR
mutant, and 74 patients were wild type (Table 2)

I. Statement: We can conclude that there is no significant
correlation between appearance of bone metastases and EGFR
mutation status. (p=0.59).

Bone and Brain Metastases appearance within KRAS mutant
patients: Carcinogenesis of lung cancer has a long pathway. During
this process lots of genetics and epigenetics abnormalities are
accumulated in the normal lung tissue, which leads to the malignant
disease. KRAS mutations are one of the most important and very early
mutation which correlates with smoking habits [20]. The other very
important signal transduction pathway is the activation of EGFR
mutations. Those patients who are heavy smokers the KRAS mutation
status is very high and they will not respond for EGFR TK inhibitors
therapy. This analysis is based on these correlations. In this study,
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from 72 patients who were suffering from bone metastases in case of
44 patients KRAS mutation (62%) was detected and in case of 28
patients (38%) there were no mutations (Wt). In case of those 85
patients (56%) who have no verified bone metastases there were no
KRAS mutations detected. In this study we have found syncron bone
and brain metastases in case of 32 patients. Duplex metastases were
documented at 60% in case of 19 patients and they were verified as
KRAS mutant patients, opposite the 40% who were KRAS Wilde type.
The prevalence of duplex metastases decreased rapidly the Quality of
life and Survival time also.

II. Statement: The results of this analysis showed that there is a
higher ratio, (60%) of bone metastases within patients where KRAS
mutation was detected. These patients are mostly heavy smokers, and
they are not eligible for EGFR TK inhibitors therapy according to
Hungarian Health Insurance rules.

In other hand, ratio of bone metastases was lower within non-
smokers (40%) and mostly (56%) for those patients who are not
representing KRAS mutation, so they were KRAS wild type. According
to the Hungarian Health Insurance Rules these patients are eligible for
the treatment with EGFR TK inhibitors. In the scientific literature a
complex therapeutically effect is mentioned. In this case the targeted
agents, like EGFR TK inhibitors are influencing the bone remodeling
system, changing the osteolytic metastases into osteoblastic metastases,
and there is a pain killer effect as well (Table 3)

EGFR Bone Metastases: Yes Bone Metastases: No
72/224 (32%) 152/224 (68%)

Mutant 38 (52%) 78 (51%)

Wild Type 34 (48%) 74 (49%)

Table 2: The ratio of Bone metastases according to EGFR mutation
status. Prevalence of Bone Metastases according to EGFR status.

KRAS Never Smokers Bone Metastases

N=187/224 (83%) N=68/224 (30%) N=32(14%)

Mutant: 83/187 (44%) 7/68 (10%) 19 (60%)

Wild type: 104/187 (56%) 61/68 (90%) 13(40%)

Table 3: Correlations between KRAS mutation status, smoking and
bone metastases

Survival analysis: The survival results of the three years analysis
which was done from 01.Jan.2008 to 31.Dec. 2010 are the following.
Closing time of survival data collection was at 31.12.2013. Survival
times were calculated using Kaplan-Meier method. At that time from
the total of 224 patients only 42 patients (18%) were alive, most of the
patients - 182 patients (82%) have died. The gender ratio of between
42 survivors was: 24 women and 18 men. Out of 182 patients who had
died, 98 patients (54%) were man and 84 patients (46%) were women.
The therapeutic decision making KRAS mutation status was the
following: From those patient who had died, 60 % detected KRAS
mutation, so they were not treated by EGFR TK inhibitors. The rest of
patients who had died 40% where KRAS wild type. From the 42
survivors 31 patients were KRAS mutant and 71 (58%) were wild type.
In this study according to the Hungarian Health Insurance Policy we
could use erlotinib only for 2nd and 3rd lines, for KRAS Wt patients.

The smokers were not eligible for this EGFR TK inhibitor therapy
because of higher presence of KRAS mutation. Cytotoxic
chemotherapy was given to all these patients as a 1st line therapy, so
there is some overlap in these two types of therapy. Chemotherapy was
given for 167 patients because of KRAS mutant status they were not
eligible for EGFR TKI therapy. In conclusion we have realized that the
EGFR TKI treatment possibilities give longer life for the selected
populations. This is clear that these good results are coming from the
very strict eligible criteria (For 2" and 3" line, for ECOG 0-2
patients).

III. Statement: Those patients lived longer who were never smokers,
who were KRAS wild type and who were treated with EGFR TK
inhibitors. Good performance status (ECOG 0-2) which was a
selection criterion by Hungarian Health Insurance has a great
influence on these results.

Results

In this study we have retrospectively analyzed clinical data of 224
patients. From this group 57 patients received EGFR TK inhibitor
treatment as 2nd and 3rd lines therapies. The treatment choice was
based on the erlotinib label and the Hungarian Health Insurance rules.

1. These data validated the fact that ratio of EGFR mutation is
decreasing within heavy smokers and the ratio of KRAS mutant
patients is higher because of smoking. In our data more than 70% of
patients were smokers.

2. The presence of bone metastases at that time of diagnosis
suggests a faster disease progression. In this case to start the targeted
EGFT TK inhibitor treatment and the complex oncotherapy is mostly
recommended. In this retrospective analysis we used common
diagnostic process to recognize bone metastases. (X-Ray, bone
sctintigraphy, CT, MRI).

3. We have investigated the survival times of patients treated with
cytotoxic chemotherapy during bone metastases. These data are
confirming the hypothesis that treatment results with EGFR TK
inhibitors for selected patients (EGFR mutant or KRAS wild type)
gives survival benefit in that case of developed bone metastases [22].
There are different reasons: On one hand, according to the Hungarian
Health Insurance Rules EGFR TK Inhibitors treatment is allowed only
for good performance patients (ECOG: 0-2) therefore the survival
chance is longer. The result of this study has confirmed that. On the
other hand these good results are coming from not only as result of
signal transduction blockade pathways in nucleus, but also from the
new recognition that EGFR TK inhibitors are able to change osteolytic
metastases into osteoblastic metastases. They are decreasing the risk of
SRE and increasing the Quality of Life. As a result of all this inhibition
of tumor progression has become more effective. Our data verify that
the bone metastases are not independent predictive markers of EGFR
TKI treatment, but very strong prognostic factor of disease
progression (Figure 3).

In our retrospective study we were not able to differentiate the
osteolytic or osteoblastic metastases because there were no clinical data
on it. From this study we are not able to confirm the osteoblastic
change during EGFR TK inhibitor treatment. There are more EGFR
TK inhibitors available from the time of this analysis (afatinib,
erlotinib, gefitinib). Nowaday we can use them in Ist line setting.
There are more treatment choices for the metastatic bone lesions. First
recommedntation is bisphosphonat treatment (parenteral or per os).
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The penetration of hydroxy-apatit into the bone mineral compound
makes the bone stronger. New treatment option is the RANK ligand
decoy - denosumab (Xgeva). Denosumab inhibits the contact of

osteoclast with the bone surface. Thinking about these results lead to
some open questions.

Treatment + with or
without bone
metastasis

Chemotherapy, without
bone metastasis

Chemotherapy, with
bone metastasis

Tarceva, without bone
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Figure 3: Survival time in weeks.
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Discussion

In this retrospective study we have investigated the correlations
between the EGFR, KRAS mutations status and prevalence of bone
metastases and survival. We have found that EGFR and KRAS
mutation status are both predictive factors for the treatment efficacy
and are prognostic factors for the disease progression, but these are
not predictors of the presence of bone metastases. The presence of
bone metastases is an independent prognostic marker which correlates
with the poor performance and worse Quality of Life (QL).

After this analysis there are lots of changes in Hungarian rules of
using EGFR TK inhibitors. Nowadays we can use these special targeted
agents for 1st line setting also, and both gefitinib and erlotinib are
available in the daily practice for EGFR mutated patients. We are
waiting the 2nd generation’s EGFR TK inhibitor afatinib as well.
Moreover, there is a new compound for treatment possibilities for
bone metastases, the Rank linand decoy denosumab.

These are the reasons why we have concluded that: Suggested to
compare the ratio of SRE without EGFR TK inhibitors and ratio of
SRE during cytotoxic chemotherapy as based on scientific literature
this is considered as a predictive factor.

Further investigations are recommended to compare the bone
metastases and the pain killers need during EGFR TKI therapy.

Smoking is not only the most important risk factor of lung cancer
but an independent risk factor of SRE also. The osteoblastic metastases
are more frequent in EGFR mutation positive lung adenocarcinoma,
therefore it is suggested to be investigated within the EGFR mutant
patients what is the result of denosumab +EGFR TKIs combination
and how does it correlate with SRE and survival times.

The result of this study has showed that the mutation status of
EGFR and KRAS is influencing the treatment possibilities but is not
predictive for the appearance of bone metastases and independent
prognostic factors of disease progression. Based on the scientific
literature, sometimes the mutation status has changed in the lung
adenocarcinoma (trend from osteolytic change to osteoblastic
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metastases) and it gives longer survival chance. In this retrospective
study we were not able to investigate it and additional study is
recommended.

There was a big improvement in the treatment possibilities for lung
cancer because more and more information is detected from the
tumor biology background. More and more “drivers” mutations are
verified, and the biggest problem is the early detection of mutation
status and the ability to find the eligible patients especially in case of
rare 1-7% mutations.

In the future more and more clinical research is needed to help the
patients to find the best solution and therefore to have longer survival.

References

1. Travis WD, Brambilla E, Noguchi M, Nicholson AG, Geisinger KR, et al.
(2011). International Association for the Study of Lung Cancer /
American Thoracic Society / European Respiratory Society International
multidisciplinary classification of lung adenocarcinoma. ] Thoracic
Oncol 6:2244-2285.

2. Schiller JH, Harrington D, Belani CP, Langer C, Sandler A, et al. (2002)
Comparison of four chemotherapy regimens for advanced non-small-cell
lung cancer. N Engl ] Med 346: 92-98.

3.  NSCLC Meta-Analyses Collaborative Group (2008) Chemotherapy in
addition to supportive care improves survival in advanced non-small-cell
lung cancer: a systematic review and meta-analysis of individual patient
data from 16 randomized controlled trials. ] Clin Oncol 26: 4617-4625.

4. Azolli CG, Baker S Jr, Temin S, Pao W, Aliff T, Brahmer ] (2009):
American Society of Clinical Oncology Clinical Practice Guideline
update on chemotherapy for stage IV non-small-cell lung cancer. ] Clin
Oncol 36:6251-6266.

5. Paz-Ares L, de Marinis F, Dediu M, Thomas M, Pujol JL, et al. (2012)
Maintenance therapy with pemetrexed plus best supportive care versus
placebo plus best supportive care after induction therapy with
pemetrexed plus cisplatin for advanced non-squamous non-small-cell
lung cancer (PARAMOUNT): a double-blind, phase 3, randomised
controlled trial. Lancet Oncol 13: 247-255.

6. Luis Paz-Ares, PPARAMOUNT (2012) : Final overall survival (OS) result
of the phase III study of maintenance pemetrexed (pem) plus best
supportive care ( BSC) versus placebo (plb) plus BSC immediatly
following induction treatment with pem plus cisplatin (cis) for advanced
nonsquamosus ( NS) non-small cell lung cancer (NSCLC). J Clin Oncol
30.

7. Gazdar AF (2009) Activating and resistance mutations of EGFR in non-
small-cell lung cancer: role in clinical response to EGFR tyrosine kinase
inhibitors. Oncogene 28 Suppl 1: S24-31.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Fukuoka M, Wu Y (2011) Biomarker Analyses and Final Overall Survival
results From a Phase III, randomised, Open an label, First-line Study of
Gefitinib versus carboplatin/Paclitaxel in Clinically Selected Patients
With Advanced Non-Small-Cell Lung cancer in Asia ( IPASS). J Clin
Oncol 29:2866-2874.

Cappuzzo F, Ciuleanu T, Stelmakh L, Cicenas S, Szczésna A, et al. (2010)
Erlotinib as maintenance treatment in advanced non-small-cell lung
cancer: a multicentre, randomised, placebo-controlled phase 3 study.
Lancet Oncol 11: 521-529.

Gadgeel SM, Bepler G (2011) Crizotinib: an anaplastic lymphoma kinase
inhibitor. Future Oncol 7: 947-953.

Alice Tsang S, Ranee Mehra (2013): Clinical activity of the ALK inhibitor
LDK378 in advanced, ALK-positive NSCLC. J Clin Oncol 31.

Delea TE, McKiernan J, Brandman J, Edelsberg ], Sung J, et al. (2006)
Impact of skeletal complications on total medical care costs among
patients with bone metastases of lung cancer. ] Thorac Oncol 1: 571-576.
Sun JM, Ahn JS, Lee S, Kim JA, Lee J, et al. (2011) Predictors of skeletal-
related events in non-small cell lung cancer patients with bone
metastases. Lung Cancer 71: 89-93.

Lu X, Wang Q, Hu G, Van Poznak C, Fleisher M, et al. (2009) ADAMTS1
and MMP1 proteolytically engage EGF-like ligands in an osteolytic
signaling cascade for bone metastasis. Genes Dev 23: 1882-1894.
Normanno N, De Luca, Aldinucci D, Maiello MR, Mancino M, et al
(2005). Gefitinib inhibits the ability of human bone marrow stromal cells
to induce osteoclast differentiation: implications for the pathogenesis and
treatment of bone metastasis. Endocr Relat Cancer 12:471-482.

Nagata M, Kudoh S, Mitsuoka S, Suzumura T, Umekawa K, et al. (2013)
Skeletal-related events in advanced lung adenocarcinoma patients
evaluated EGFR mutations. Osaka City Med J 59: 45-52.

Bae HM, Lee SH, Kim TM, Kim DW, Yang SC, et al (2012). Prognostic
factor for non-small cell lung cancer with bone metastases at the time of
diagnosis. Letters to the Editor, Lung Cancer 78:167-170.

Oxnard GR, Binder A, Jinne PA (2013) New targetable oncogenes in
non-small-cell lung cancer. J Clin Oncol 31: 1097-1104.

Reinersman JM, Johnson ML, Riely GJ, Chitale DA, Nicastri AD, et al.
(2011) Frequency of EGFR and KRAS mutations in lung
adenocarcinomas in African Americans. ] Thorac Oncol 6: 28-31.
Roberts PJ, Stinchcombe TE (2013) KRAS mutation: should we test for it,
and does it matter? J Clin Oncol 31: 1112-1121.

Ohashi K, Maruvka YE, Michor F, Pao W (2013) Epidermal growth
factor receptor tyrosine kinase inhibitor-resistant disease. J Clin Oncol
31:1070-1080.

Cserepes M, Ostoros G, Lohinai Z, Raso E, Barbai T, et al. (2014)
Subtype-specific KRAS mutations in advanced lung adenocarcinoma: a
retrospective  study of patients treated with platinum-based
chemotherapy. Eur J Cancer 50: 1819-1828.

] Carcinog Mutagen
ISSN:2157-2518 JCM, an open access journal

Volume 5 « Issue 5 « 1000184


http://www.ncbi.nlm.nih.gov/pubmed/21252716
http://www.ncbi.nlm.nih.gov/pubmed/21252716
http://www.ncbi.nlm.nih.gov/pubmed/21252716
http://www.ncbi.nlm.nih.gov/pubmed/21252716
http://www.ncbi.nlm.nih.gov/pubmed/21252716
http://www.ncbi.nlm.nih.gov/pubmed/11784875
http://www.ncbi.nlm.nih.gov/pubmed/11784875
http://www.ncbi.nlm.nih.gov/pubmed/11784875
http://www.ncbi.nlm.nih.gov/pubmed/18678835
http://www.ncbi.nlm.nih.gov/pubmed/18678835
http://www.ncbi.nlm.nih.gov/pubmed/18678835
http://www.ncbi.nlm.nih.gov/pubmed/18678835
http://www.ncbi.nlm.nih.gov/pubmed/19917871
http://www.ncbi.nlm.nih.gov/pubmed/19917871
http://www.ncbi.nlm.nih.gov/pubmed/19917871
http://www.ncbi.nlm.nih.gov/pubmed/19917871
http://www.ncbi.nlm.nih.gov/pubmed/22341744
http://www.ncbi.nlm.nih.gov/pubmed/22341744
http://www.ncbi.nlm.nih.gov/pubmed/22341744
http://www.ncbi.nlm.nih.gov/pubmed/22341744
http://www.ncbi.nlm.nih.gov/pubmed/22341744
http://www.ncbi.nlm.nih.gov/pubmed/22341744
http://www.ncbi.nlm.nih.gov/pubmed/19680293
http://www.ncbi.nlm.nih.gov/pubmed/19680293
http://www.ncbi.nlm.nih.gov/pubmed/19680293
http://www.ncbi.nlm.nih.gov/pubmed/20493771
http://www.ncbi.nlm.nih.gov/pubmed/20493771
http://www.ncbi.nlm.nih.gov/pubmed/20493771
http://www.ncbi.nlm.nih.gov/pubmed/20493771
http://www.ncbi.nlm.nih.gov/pubmed/21823889
http://www.ncbi.nlm.nih.gov/pubmed/21823889
http://meetinglibrary.asco.org/content/111102-132
http://meetinglibrary.asco.org/content/111102-132
http://www.ncbi.nlm.nih.gov/pubmed/17409919
http://www.ncbi.nlm.nih.gov/pubmed/17409919
http://www.ncbi.nlm.nih.gov/pubmed/17409919
http://www.ncbi.nlm.nih.gov/pubmed/20598769
http://www.ncbi.nlm.nih.gov/pubmed/20598769
http://www.ncbi.nlm.nih.gov/pubmed/20598769
http://www.ncbi.nlm.nih.gov/pubmed/19608765
http://www.ncbi.nlm.nih.gov/pubmed/19608765
http://www.ncbi.nlm.nih.gov/pubmed/19608765
http://www.ncbi.nlm.nih.gov/pubmed/15947117
http://www.ncbi.nlm.nih.gov/pubmed/15947117
http://www.ncbi.nlm.nih.gov/pubmed/15947117
http://www.ncbi.nlm.nih.gov/pubmed/15947117
http://www.ncbi.nlm.nih.gov/pubmed/23909080
http://www.ncbi.nlm.nih.gov/pubmed/23909080
http://www.ncbi.nlm.nih.gov/pubmed/23909080
http://www.ncbi.nlm.nih.gov/pubmed/22672969
http://www.ncbi.nlm.nih.gov/pubmed/22672969
http://www.ncbi.nlm.nih.gov/pubmed/22672969
http://www.ncbi.nlm.nih.gov/pubmed/23401445
http://www.ncbi.nlm.nih.gov/pubmed/23401445
http://www.ncbi.nlm.nih.gov/pubmed/21107288
http://www.ncbi.nlm.nih.gov/pubmed/21107288
http://www.ncbi.nlm.nih.gov/pubmed/21107288
http://www.ncbi.nlm.nih.gov/pubmed/23401440
http://www.ncbi.nlm.nih.gov/pubmed/23401440
http://www.ncbi.nlm.nih.gov/pubmed/23401451
http://www.ncbi.nlm.nih.gov/pubmed/23401451
http://www.ncbi.nlm.nih.gov/pubmed/23401451
http://www.ncbi.nlm.nih.gov/pubmed/24768329
http://www.ncbi.nlm.nih.gov/pubmed/24768329
http://www.ncbi.nlm.nih.gov/pubmed/24768329
http://www.ncbi.nlm.nih.gov/pubmed/24768329

	Contents
	The EGFR and KRAS Mutation Status and Correlations with the Prevalence of Bone Metastases - The Results of Three Year Retrospective Analysis
	Abstract:
	Keywords:
	Abbreviations:
	Introduction
	The Scientific Background of Our Hypothesis
	Aims of this retrospective analysis

	Treatment Possibilities in Lung Adenocarcinoma
	Patients and Methods
	Study group
	Statistical analysis

	Results of the Analyzed Data:
	Treatment possibilities

	Results
	Discussion
	References


