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Abstract: Small cell lung cancer (NSCLC) which comprises the majority of lung cancer has proven difficult to treat
due to poorly understood pathological mechanisms. Over expression of EGFR has been reported and implicated in
the pathogenesis of many human malignancies, including NSCLC. The aim of this study was to evaluate the
epidermal growth factor receptor in non small cell carcinoma of lung according to the grade of tumor and cellular
differentiation. In this retrospective study, 50 patients with primary lung carcinoma diagnosed as pathologic NSCLC
who underwent complete surgical resection with systematic lymph node dissection without adjuvant chemotherapy
were evaluated. Patient gender, age, tumor size, tumor location, surgical procedure, pathologic TNM stage, and
patient outcome were determined from the medical records. There were 40 males and 10 females with a mean age of
55.12 £ 10.14 years. Most patients (40 patients; 80%) had adenocarcinoma (ADC), whereas 8 patients (16%) had
squamous cell carcinoma (SCC), 2 patients (4%) had LCNECs. EGFR expression was not associated with age, sex,
smoking status, pathologic stage, or tumor or node status. Significant differences were associated with histologic
differentiation, with well-differentiated tumors expressing higher levels of EGFR than the poorly differentiated
tumors. A statistically significant difference in the EGFR expression was observed across the histological subtypes
(P< .001). We conclude that most of the NSCLC tumors have high EGFR expression, especially in the SCC
subtypes.
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1. Introduction found to contain components of both SCLC and

Non-small cell lung cancer (NSCLCs) is the NSCLC. In these cases, the tumors should be
most common type of lung cancer. About 85% of classified as combined small cell lung carcinoma and
lung cancers are non-small cell lung cancers. As a are treated like "pure" SCLC. Progress in lung cancer
class, NSCLCs are relatively insensitive to biology led to the development of small molecule
chemotherapy, compared to small cell carcinoma. inhibitors of target proteins involved in proliferation,
(Knetki-Wroblewska et al. 2012; Mekic-Abazovic et apoptosis, and angiogenesis.(Campbell et al. 2013;
al. 2012) When possible, they are primarily treated Minuti et al. 2013) The epidermal growth factor
by surgical resection with curative intent, although receptor (EGFR) superfamily, including the four
chemotherapy is increasingly being used both pre- distinct receptors EGFR/erbB-1, HER2/erbB-2,
operatively and post-operatively.(Lotti et al. 2013; HER3/erbB-3, and HER4/erbB-4, was identified
Goldberg et al. 2012) The most common types of early as a potential therapeutic target in solid tumors.
NSCLC are squamous cell carcinoma, large cell These receptors play an important role for tumor cell
carcinoma, and adenocarcinoma, but there are several survival and proliferation.(Cadranel et al. 2013;
other types that occur less frequently, and all types Umekawa et al. 2013) EGFR overexpression has also
can occur in unusual histologic variants and as mixed been demonstrated in premalignant bronchial
cell-type combinations.(Vazquez-Martin et al. 2013; epithelium, suggesting that EGFR plays an important
Mimeault and Batra 2013) Sometimes the phrase role in lung carcinogenesis. In lung carcinomas,
"non-small-cell lung cancer" is used generically, EGFR is more commonly overexpressed than
usually when a more specific diagnosis cannot be HER2/neu. (Wang et al. 2013; Hsiao et al. 2013) The
made. This is most often the case when a pathologist prognostic association of EGFR overexpression in
examines a small amount of malignant cells or tissue lung cancer, however, is a controversial issue.
in a cytology or biopsy specimen. Lung cancer in Several reports indicated that EGFR was associated
never-smokers is almost universally NSCLC, with a with a poor prognosis, whereas no prognostic
sizeable majority being adenocarcinoma. association was reported by other reports.(Liu et al.
(Mohebbipour et al. 2012; Minami et al. 2012) On 2013; Abi-Jaoudeh et al. 2013) The EGFR levels
relatively rare occasions, malignant lung tumors are were evaluated by immunohistochemistry (IHC) in
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most studies, but other methods also have been
reported. Different conclusions regarding prognostic
significance may reflect differences in detection
methods, reagents, assay cutoff points, and
population characteristics.(Goldust et al. 2012; Li et
al. 2012) This study aimed at evaluating the
epidermal growth factor receptor in non small cell
carcinoma of lung according to the grade of tumor
and cellular differentiation.

2. Material and Methods

In this descriptive-analytical study conducted
at We retrospectively analyzed clinical data from 50
patients with primary lung carcinoma diagnosed as
pathologic NSCLC who underwent complete surgical
resection with systematic lymph node dissection
without adjuvant chemotherapy at Sina hospital,
Tabriz from December 2011 to December 2012. This
study was approve by ethic committee of Tabriz
university of medical sciences. Written consent was
obtained from all the patients. We excluded patients
with limited surgical resection or incomplete
resection. The pathologic NSCLC consisted of 40
adenocarcinomas, 8 squamous cell carcinomas, and 2
LCNECs. Patient gender, age, tumor size, tumor
location, surgical procedure, pathologic TNM stage,
and patient outcome were determined from the
medical records. The sections for
immunohistochemical analysis were deparaffinized
through graded alcohols and xylene. Endogenous
peroxidase was quenched with 3% hydrogen
peroxide in methanol, and nonspecific binding was
blocked with normal goat serum. An antigen retrieval
method was used. In brief, the tissue sections were
immersed in diluted, concentrated antigen-retrieval
solution (BioGenex, San Ramon, CA, diluted 1:10)
and heated to 100°C in a microwave oven (BioRad
H2500 Microwave Processor) at 700 W (100%) for
10 minutes divided into two S5-minute cycles. After
heating, the slides were left in the solution to cool for
15 minutes and then were rinsed in phosphate-
buffered saline (PBS) (pH 7.4) for another 5 minutes.
The sections were incubated overnight at 4°C with
EGFR (1005) SC-03 polyclonal antibody (diluted
1:100; Santa Cruz Biotechonology, Inc, Santa Cruz,
CA), c-neu (Ab-3) OPI5 monoclonal antibody
(1:100; Oncogen Research Products, Cambridge,
MA), c-erbB-3 (RTJ.2) SC-415 monoclonal antibody
(1: 100), and c-erbB-4 (C-18) SC-283 polyclonal
antibody (1:100; Santa Cruz Biotechonology, Inc).
The immunoreactivity was detected by the
streptavidin-biotinperoxidase ~ complex  method
(MultiLink SuperSensitive 500 Detection System,
BioGenex). The chromogen was 3-33-diamino-
benzidine  (0.025%).  The  sections  were
counterstained with hematoxylin. Tumor cells with
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membranous and cytoplasmic  staining were
considered positive, and cells without any
immunostaining were considered negative. The slides
were reviewed independently by two pathologists
who had no knowledge of the clinical outcome. The
staining intensity of EGFR family members was
ranked into four grades as follow: Cytoplasmic or
without staining, Faint membrane, The whole
membrane but <30 and the whole membrane but
>30%.
Statistical Analysis

The Fisher exact test was used to compare
binomial proportions. The chi square test was used to
assess differences in gender, tumor site, and surgical
methods. The unpaired ¢ test was used to detect
significant differences between patients with LCNEC
and patients with other NSCLCs with respect to
patient age, smoking index, and tumor size. P<0.05
was regarded as statistically significant.

3. Results

We studied 50 NSCLC patients with an
average of 2.8 assessable tissue cores per patient.
There were 40 males and 10 females with a mean age
of 55.12 + 10.14 years (range, 32 to 88 years).
Smoking status was available for 40 patients. Most
patients (40 patients; 80%) had adenocarcinoma
(ADC), whereas 8 patients (16%) had squamous cell
carcinoma (SCC), 2 patients (4%) had LCNECs. The
majority of patients had poorly differentiated
histology (54%), pathologic stage I (56%), and
negative surgical margins (94%). The mean follow-
up was 32 months from surgery. At the last follow-
up, 15 patients had died of lung cancer and 35
patients were alive. EGFR expression was not
associated with age, sex, smoking status, pathologic
stage, or tumor or node status. Significant differences
were associated with histologic differentiation, with
well-differentiated tumors expressing higher levels of
EGFR than the poorly differentiated tumors. A
statistically significant difference in the EGFR
expression was observed across the histological
subtypes (P < .001). The EGFR expression was
highest in SCC and lower in ADC. The majority (32
patients; 64%) had either intermediate (score 201 to
300; 14 patients; 26%) or high levels (score 301 to
400; 18 patients; 36%) of EGFR expression.
Conversely, ADC and LCNECs had mostly negative
or low levels of expression (58% and 68%,
respectively). EGFR scoring was as follow:
Cytoplasmic or without staining: 36 ( 72%), Faint
membrane: 4 (8%), The whole membrane but <30%:
6 (12%) and the whole membrane but >30%: 4 (8%).

4. Discussions
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Epidermal growth factor receptor is a trans-
membrane glycoprotein  with an extracellular
epidermal growth factor binding domain and an
intracellular tyrosine kinase domain that regulates
signaling pathways to control cellular proliferation.
Epidermal growth factor receptor binding to its
ligand results in autophosphorylation by intrinsic
tyrosine/kinase activity, triggering several signal
transduction cascades. Constitutive or sustained
activation of these sequences of downstream targets
is thought to yield more aggressive tumor
phenotypes.(Kelly et al. 2012; Ahn et al. 2012)
Mutations in epidermal growth factor receptor have
been discovered in association with some lung
cancers. Lung adenocarcinomas with mutated
epidermal growth factor receptor have significant
responses to tyrosine kinase inhibitors, although for
unselected patients it does not appear to have a
survival benefit.(Hamada et al. 2012; Kim et al.
2012) However, in a subset of patients (non-smoking
Asian women with adenocarcinoma, particularly with
a bronchioloalveolar carcinoma), there appears to be
a significant survival advantage. In the United States,
about 15% of patients with non-small cell lung
cancer have mutations to the EGFR.(Rosen et al.
2012; Rosell et al. 2012) Some research studies have
shown that mutations to the EGFR may predict
whether certain types of drugs, called tyrosine kinase
inhibitors (TKIs), can help treat lung cancer.
(Ciuleanu et al. 2012; Wada et al. 2012) Drobniene et
al. demonstrated that EGFR testing helps to move
toward the goal of tailoring treatments for the patient.
They demonstrated that non-small cell lung cancer is
many different diseases.(Drobniene et al. 2011)
There is probably no more contentious or hotly
debated topic related to lung cancer therapy than the
question of how EGFR markers should be
incorporated into clinical decision making. EGFR
protein expression, EGFR gene copy number, and
mutation status have been explored most extensively,
and each may contribute information regarding which
patients are likely to benefit from treatment.(Kaira et
al. 2012; Ogasawara et al. 2011) Furthermore, EGFR
markers may have different prognostic and predictive
effects. Prognostic factors identify a better patient
outcome that is independent of treatment and are best
determined in untreated patients, whereas predictive
factors identify a better outcome from treatment.
(Murakami et al. 2012; Lee et al. 2012) This study
demonstrated that the majority of NSCLC tumors
exhibited either intermediate or high levels of EGFR
protein expression, and there was a significant
correlation between EGFR expression and histologic
subtypes, with the highest expression in SCC and the
lowest expression in ADC. Furthermore, the study
showed that EGFR protein expression was more
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prominent in well-differentiated than in the poorly
differentiated histology. The correlation between
increasing levels of EGFR protein expression and
increased gene copy number suggests that the
additive effect of gene copies is an important
mechanism for EGFR protein expression. We found a
similar result regarding the HER2/neu expression in
NSCLC patients. Preports utilizing Western blots or
IHC have indicated that mutant protein may be
present in approximately 15% of NSCLC
tumors.(Sangha et al. 2011; Zhou et al. 2011)
However, actual splice variant mRNA is not reported
in lung cancer cell lines and the relevance of mutant
or alternatively spliced EGFR mRNA remains to be
determined. We also sought to determine whether
EGFR gene or EGFR protein expression affected
survival. The literature contains conflicting data on
the relationship between EGFR expression and
survival in lung cancer. This variability may be due
to heterogeneity of study populations or lack of a
standardized assay for determining EGFR status.
(Kaira et al. 2011; Asami et al. 2011) After adjusting
for prognostic factors as age, sex, stage, and surgical
margins, patients with high gene copy numbers had a
tendency to experience shorter survival times,
suggesting that the survival was more associated with
the gene status than with the protein levels.

Conclusion

We conclude that most of the NSCLC tumors
have high EGFR expression, especially in the SCC
subtypes. There was a correlation between increased
EGFR gene copy number per cell and protein
expression, but a complex interaction between gene
and protein levels seems to occur. Increased
understanding about molecular  characteristics
coupled with more comprehensive data on the EGFR
cognate ligands EGF and transforming growth factor
alpha, and the heterodimerization partners HER-2,
HER-3, and HER-4, may provide a better prognostic
indicator of response to therapy with EGFR
inhibitors.

Corresponding Author:

Dr. Ashraf Fakhrjou

Hematology and Oncology research center, Tabriz
University of Medical Sciences, Tabriz, Iran

A Fakhr-ir@yahoo.com

References

1. Abi-Jaoudeh, N., Duffy, A. G., Greten, T. F., Kohn, E.
C., Clark, T. W, and Wood, B. J. (2013).
"Personalized oncology in interventional radiology." J
Vasc. Interv. Radiol., 24(8), 1083-1092.

2. Ahn, M. J,, Yang, J. C., Liang, J., Kang, J. H., Xiu,
Q., Chen, Y. M., Blair, J. M., Peng, G., Linn, C., and
Orlando, M. (2012). "Randomized phase II trial of



Journal of American Science 2013;9(11)

http://www.jofamericanscience.org

10.

11.

first-line  treatment with  pemetrexed-cisplatin,
followed sequentially by gefitinib or pemetrexed, in
East Asian, never-smoker patients with advanced non-
small cell lung cancer." Lung Cancer, 77(2), 346-352.
Asami, K., Koizumi, T., Hirai, K., Ameshima, S.,
Tsukadaira, A., Morozumi, N., Morikawa, A., Atagi,
S., and Kawahara, M. (2011). "Gefitinib as first-line
treatment in elderly epidermal growth factor receptor-
mutated patients with advanced lung adenocarcinoma:
results of a Nagano Lung Cancer Research Group
study." Clin. Lung Cancer, 12(6), 387-392.

Cadranel, J., Ruppert, A. M., Beau-Faller, M., and
Wislez, M. (2013). "Therapeutic strategy for advanced
EGFR mutant non-small-cell lung carcinoma." Crit.
Rev. Oncol. Hematol..

Campbell, T. M., Main, M. J., and Fitzgerald, E. M.
(2013). "Functional expression of the voltage-gated
sodium channel, Navl.7, underlies epidermal growth
factor-mediated invasion in human [R1.S1] non-small
cell lung cancer cells." J Cell Sci.

Ciuleanu, T., Stelmakh, L., Cicenas, S., Miliauskas,
S., Grigorescu, A. C., Hillenbach, C., Johannsdottir,
H. K., Klughammer, B., and Gonzalez, E. E. (2012).
"Efficacy and safety of erlotinib versus chemotherapy
in second-line treatment of patients with advanced,
non-small-cell lung cancer with poor prognosis
(TITAN): a randomised multicentre, open-label, phase
3 study." Lancet. Oncol., 13(3), 300-308.

Drobniene, M., Ciceniene, A., Zelviene, T. P.,
Grigiene, R., Lachej, N., Steponaviciene, L., and
Aleknavicius, E. (2011). "Targeted therapy in patients
with non-small cell lung cancer previously treated
with chemotherapy." Medicina (Kaunas. ), 47(9), 520-
525.

Goldberg, S. B., Supko, J. G. Neal, J. W,
Muzikansky, A., Digumarthy, S., Fidias, P., Temel, J.
S., Heist, R. S., Shaw, A. T., McCarthy, P. O., Lynch,
T. J., Sharma, S., Settleman, J. E., and Sequist, L. V.
(2012). "A phase 1 study of erlotinib and
hydroxychloroquine in advanced non-small-cell lung
cancer." J Thorac Oncol., 7(10), 1602-1608.

Goldust, M., Rezaee, E., and Hemayat, S. (2012).
"Treatment of scabies: Comparison of permethrin 5%
versus ivermectin." J Dermatol., 39(6), 545-547.
Hamada, A., Sasaki, J., Saeki, S., Iwamoto, N., Inaba,
M., Ushijima, S., Urata, M., Kishi, H., Fujii, S,
Semba, H., Kashiwabara, K., Tsubata, Y., Kai, Y.,
Isobe, T., Kohrogi, H., and Saito, H. (2012).
"Association of ABCB1 polymorphisms with erlotinib
pharmacokinetics and toxicity in Japanese patients
with non-small-cell lung cancer."
Pharmacogenomics., 13(5), 615-624.

Hsiao, S. H., Chung, C. L., Lee, C. M., Chen, W. Y.,
Chou, Y. T., Wu, Z. H., Chen, Y. C,, and Lin, S. E.
(2013). "Suitability of Computed Tomography-
Guided Biopsy Specimens for Subtyping and
Genotyping of Non-Small-Cell Lung Cancer." Clin.
Lung Cancer.

12. Kaira, K., Nakagawa, K., Ohde, Y., Okumura, T.,

Takahashi, T., Murakami, H., Endo, M., Kondo, H.,
Nakajima, T., and Yamamoto, N. (2012).
"Depolarized MUCI expression is closely associated

75

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

with hypoxic markers and poor outcome in resected
non-small cell lung cancer." Int. J Surg Pathol., 20(3),
223-232.

Kaira, K., Ohde, Y., Endo, M., Nakagawa, K.,
Okumura, T., Takahashi, T., Murakami, H., Tsuya,
A., Nakamura, Y., Naito, T., Kondo, H., Nakajima, T.,
and Yamamoto, N. (2011). "Expression of 4F2hc
(CD98) in pulmonary neuroendocrine tumors." Oncol.
Rep., 26(4), 931-937.

Kelly, K., Azzoli, C. G., Zatloukal, P., Albert, L,
Jiang, P. Y., Bodkin, D., Pereira, J. R., Juhasz, E.,
Tannotti, N. O., Weems, G., Koutsoukos, T., and Patel,
J. D. (2012). "Randomized phase 2b study of
pralatrexate versus erlotinib in patients with stage
IIIB/IV non-small-cell lung cancer (NSCLC) after
failure of prior platinum-based therapy." J Thorac
Oncol., 7(6), 1041-1048.

Kim, S. H.,, Kim, J. M., Shin, M. H., Kim, C. W.,
Huang, S. M., Kang, D. W., Suh, K. S., Y4i, E. S., and
Kim, K. H. (2012). "Correlation of epithelial-
mesenchymal transition markers with
clinicopathologic parameters in adenocarcinomas and
squamous cell carcinoma of the lung" Histol.
Histopathol., 27(5), 581-591.

Knetki-Wroblewska, M., Kowalski, D. M., Zajda, K.,
Pluzanski, A., Badurak, P., Janowicz-Zebrowska, A.,
Jaskiewicz, P., and Krzakowski, M. (2012).
"[Gefitinib in patients with advanced non-small-cell
lung cancer]." Pneumonol. Alergol. Pol., 80(5), 439-
449,

Lee, K., Yun, S. T., Yun, C. O., Ahn, B. Y., and Jo, E.
C. (2012). "S100A2 promoter-driven conditionally
replicative adenovirus targets non-small-cell lung
carcinoma." Gene. Ther., 19(10), 967-977.

Li, J., Qu, L., Wei, X., Gao, H., Wang, W., Qin, H.,
Tang, C., Guo, W., Wang, H., and Liu, X. (2012).
"[Clinical observation of EGFR-TKI as a first-line
therapy on advanced non-small cell lung cancer]."
Zhongguo. Fei. Ai. Za. Zhi., 15(5), 299-304.

Liu, X., Lu, Y., Zhu, G., Lei, Y., Zheng, L., Qin, H.,
Tang, C., Ellison, G., McCormack, R., and Ji, Q.
(2013). "The diagnostic accuracy of pleural effusion
and plasma samples versus tumour tissue for detection
of EGFR mutation in patients with advanced non-
small cell lung cancer: comparison of methodologies."
J Clin. Pathol..

Lotti, T., Goldust, M., and Rezace, E. (2013).
"Treatment of seborrheic dermatitis, Comparison of
sertaconazole 2 % cream vs. ketoconazole 2% cream."
J Dermatolog. Treat..

. Mekic-Abazovic, A., Beculic, H., Dervisevic, S., and

Imsirovic, B. (2012). "Analysis of chemotherapy and
molecular therapy efficiency in advanced or
metastatic non-small cell lung cancer." Med. Arh.,
66(4), 262-264.

Mimeault, M., and Batra, S. K. (2013). "Altered gene
products involved in the malignant reprogramming of
cancer stem/progenitor cells and multitargeted
therapies." Mol. Aspects. Med..

Minami, S., Kijima, T., Takahashi, R., Kida, H.,
Nakatani, T., Hamaguchi, M., Takeuchi, Y.,
Nagatomo, 1., Yamamoto, S., Tachibana, 1., Komuta,



Journal of American Science 2013;9(11)

http://www.jofamericanscience.org

24.

25.

26.

27.

28.

K., and Kawase, I (2012). "Combination
chemotherapy with intermittent erlotinib and
pemetrexed for pretreated patients with advanced non-
small cell lung cancer: a phase I dose-finding study."
BMC. Cancer, 12, 296.

Minuti, G., D'Incecco, A., and Cappuzzo, F. (2013).
"Targeted therapy for NSCLC with driver mutations."
Expert. Opin. Biol. Ther..

Mohebbipour, A., Saleh, P., Goldust, M., Amirnia,
M., Zadeh, Y. J., Mohamadi, R. M., and Rezaee, E.
(2012). "Treatment of scabies: comparison of
ivermectin ~ vs. lindane lotion 1%." Acta
Dermatovenerol. Croat., 20(4), 251-255.

Murakami, H., Tamura, T., Takahashi, T., Nokihara,
H., Naito, T., Nakamura, Y., Nishio, K., Seki, Y.,
Sarashina, A., Shahidi, M., and Yamamoto, N. (2012).
"Phase I study of continuous afatinib (BIBW 2992) in
patients with advanced non-small cell lung cancer
after prior chemotherapy/erlotinib/gefitinib (LUX-
Lung 4)." Cancer Chemother. Pharmacol., 69(4),
891-899.

Ogasawara, T., Kasamatsu, N., Umezawa, H.,
Takeuchi, T., Naito, Y., and Hashizume, 1. (2011).
"[Retrospective analysis of pemetrexed plus cisplatin
chemotherapy for elderly advanced non-small-cell
lung cancer]." Gan. To. Kagaku. Ryoho., 38(11),
1813-1816.

Rosell, R., Carcereny, E., Gervais, R., Vergnenegre,
A., Massuti, B., Felip, E., Palmero, R., Garcia-Gomez,
R., Pallares, C., Sanchez, J. M., Porta, R., Cobo, M.,
Garrido, P., Longo, F., Moran, T., Insa, A., De, M. F.,
Corre, R., Bover, I, Illiano, A., Dansin, E., de, C. J.,
Milella, M., Reguart, N., Altavilla, G., Jimenez, U.,
Provencio, M., Moreno, M. A., Terrasa, J., Munoz-
Langa, J., Valdivia, J., Isla, D., Domine, M., Molinier,
O., Mazieres, J., Baize, N., Garcia-Campelo, R.,
Robinet, G., Rodriguez-Abreu, D., Lopez-Vivanco,
G., Gebbia, V., Ferrera-Delgado, L., Bombaron, P.,
Bernabe, R., Bearz, A., Artal, A., Cortesi, E., Rolfo,
C., Sanchez-Ronco, M., Drozdowskyj, A., Queralt, C.,
de, A., I, Ramirez, J. L., Sanchez, J. J., Molina, M. A.,
Taron, M., and Paz-Ares, L. (2012). "Erlotinib versus
standard chemotherapy as first-line treatment for
European patients with advanced EGFR mutation-
positive non-small-cell lung cancer (EURTAC): a
multicentre, open-label, randomised phase 3 trial."
Lancet. Oncol., 13(3), 239-246.

9/25/2013

76

29.

30.

31.

32.

33.

34.

35.

Rosen, A. C., Wu, S., Damse, A., Sherman, E., and
Lacouture, M. E. (2012). "Risk of rash in cancer
patients treated with vandetanib: systematic review
and meta-analysis." J Clin. Endocrinol. Metab., 97(4),
1125-1133.

Sangha, R., Davies, A. M., Lara, P. N., Jr., Mack, P.
C., Beckett, L. A., Hesketh, P. J., Lau, D, Li, T.,
Perkins, N., and Gandara, D. R. (2011). "Intercalated
erlotinib-docetaxel dosing schedules designed to
achieve pharmacodynamic separation: results of a
phase 1l trial." J Thorac Oncol., 6(12), 2112-2119.
Umekawa, K., Kimura, T., Kudoh, S., Suzumura, T.,
Nagata, M., Mitsuoka, S., Matsuura, K., Oka, T.,
Yoshimura, N., Kira, Y., and Hirata, K. (2013).
"Reaction of plasma adiponectin level in non-small
cell lung cancer patients treated with EGFR-TKIs."
Osaka City. Med. J, 59(1), 53-60.

Vazquez-Martin, A., Cufi, S., Oliveras-Ferraros, C.,
Torres-Garcia, V. Z., Corominas-Faja, B., Cuyas, E.,
Bonavia, R., Visa, J., Martin-Castillo, B., Barrajon-
Catalan, E., Micol, V., Bosch-Barrera, J., and
Menendez, J. A. (2013). "IGF-1R/epithelial-to-
mesenchymal transition (EMT) crosstalk suppresses
the erlotinib-sensitizing effect of EGFR exon 19
deletion mutations." Sci Rep., 3, 2560.

Wada, M., Yamamoto, M., Ryuge, S., Nagashima, Y.,
Hayashi, N., Maki, S., Otani, S., Katono, K.,
Takakura, A., Yanaihara, T., Igawa, S., Yokoba, M.,
Mitsufuji, H., Kubota, M., Katagiri, M., and Masuda,
N. (2012). "Phase II study of S-1 monotherapy in
patients with previously treated, advanced non-small-
cell lung cancer." Cancer Chemother. Pharmacol.,
69(4), 1005-1011.

Wang, Y., Bao, W., Shi, H., Jiang, C., and Zhang, Y.
(2013). "Epidermal growth factor receptor exon 20
mutation increased in post-chemotherapy patients
with non-small cell lung cancer detected with patients'
blood samples." Transl. Oncol., 6(4), 504-510.

Zhou, C., Wu, Y. L., Chen, G., Feng, J., Liu, X. Q.,
Wang, C., Zhang, S., Wang, J., Zhou, S., Ren, S., Lu,
S., Zhang, L., Hu, C., Hu, C,, Luo, Y., Chen, L., Ye,
M., Huang, J., Zhi, X, Zhang, Y., Xiu, Q., Ma, J.,
Zhang, L., and You, C. (2011). "Erlotinib versus
chemotherapy as first-line treatment for patients with
advanced EGFR mutation-positive non-small-cell
lung cancer (OPTIMAL, CTONG-0802): a
multicentre, open-label, randomised, phase 3 study."
Lancet. Oncol., 12(8), 735-742.



