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Background: Epidermal growth factor receptor (EGFR) mutations are associated with the response to EGFR inhibitors
in patients with non-small-cell lung cancer (NSCLC). We sought to investigate EGFR aberrations in patients with diverse
advanced cancers.
Patients and methods: Patients referred to the phase I clinic were evaluated for the presence of EGFR mutations
and response to therapy.
Results: EGFR aberrations were detected in 34 of 958 patients (3.5%). Though EGFR mutations were most frequent
in NSCLC (21 of 131, 16%), they were also present in a variety of other solid tumors (13 of 827 patients, 1.6%)
including adrenocortical (1/10 patients), skin (1/24), breast (1/55), carcinoid (1/8), cholangiocarcinoma (1/20), head and
neck (1/61), ovarian (1/84), parathyroid (1/1), salivary gland (1/20), renal (1/17), sarcoma (2/38), and thymic carcinomas
(1/7). Of the 13 EGFR aberration-positive non-NSCLC patients (median number of prior systemic therapies = 3), 6 had
treatment with an EGFR inhibitor. Two patients (diagnosis = parathyroid tumor and basal cell carcinoma) achieved
stable disease (SD), lasting 6 and 7 months, respectively.
Conclusion: We found EGFR aberrations in 1.6% of a large group of patients with diverse tumors other than NSCLC,
and treatment with an EGFR inhibitor could be associated with prolonged SD.
Key words: EGFR mutation, non-NSCLC, phase I trials, response, time-to-treatment failure

introduction
The emergence of a personalized medicine paradigm supports
the treatment of cancer according to an individual’s molecular
profile [1–5]. This treatment strategy is validated by recent
‘success stories’ in cancer: Bcr-Abl kinase inhibitors in BCR-
ABL-positive chronic myelogenous leukemia, Kit kinase
inhibitors in KIT mutation-positive gastrointestinal stromal
tumors, BRaf inhibitors in BRAF mutation-positive melanoma,
and an ALK tyrosine-kinase inhibitor in ALK-positive non-
small-cell lung cancer (NSCLC) [1–3, 6]. Targeting the specific
molecular characteristics of these subtypes results in increased
response rates [1–8].
The epidermal growth factor receptor (EGFR) signaling

pathway is activated in many different cancers [9, 10].
Activation may be mediated by mutations in four exons (18
through 21), which encode part of the tyrosine-kinase domain
and are clustered around the ATP-binding pocket of the

enzyme [10–13]. There is a broad literature on the efficacy of
EGFR inhibitors in lung cancer [12, 14–17], but less is known
about the presence and significance of EGFR mutations in
other solid tumors [18–29]. The success of treatment of EGFR
mutation-positive NSCLC with EGFR inhibitors prompted us
to investigate aberrations in this gene in a group of patients
with diverse advanced tumors.

patients and methods

patients
We reviewed the electronic records of 958 consecutive patients with
advanced solid tumors referred to the Department of Investigational
Cancer Therapeutics (Phase I Clinical Trials Program) at The University of
Texas MD Anderson Cancer Center beginning 1 January 2009 to determine
the EGFR mutation status in this patient population and their clinical
outcomes. The study and all treatments were conducted in accordance with
the guidelines of the MD Anderson Institutional Review Board.

tissue samples and mutation analyses
EGFR mutations were investigated in archival formalin-fixed, paraffin-
embedded tissue blocks or material from a fine needle aspiration biopsy
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obtained from diagnostic and/or therapeutic procedures. All histologies
were centrally reviewed at MD Anderson. EGFR mutation testing was done
in the Clinical Laboratory Improvement Amendment––a certified
molecular diagnostic laboratory within the Division of Pathology and
Laboratory Medicine at MD Anderson.

DNA was isolated from formalin-fixed, paraffin-embedded tissue by
using a QIAmp DNA Minikit (Qiagen Inc., Valencia, CA) according to the
manufacturer’s instructions. EGFR exons 18–21 sequence were analyzed in
both sense and antisense directions for the presence of mutations using
nested PCR followed by direct sequencing of the nested PCR amplicons.
The nested PCR was done using the primers and under annealing
conditions as described by Lynch et al. [11]. The nested PCR amplicons
were purified using the Qiagen QIAquick PCR purification kit, followed by
cycle-sequencing using the BigDye Terminator Kit v1.1 (ABI, Foster City,
CA) on an ABI Prism 3130 genetic analyzer, according to the
manufacturer’s instructions. Whenever possible, in addition to EGFR, we
tested for other mutations such as PIK3CA (codons 532–554 in exon 9 and
codons 1011–1062 in exon 20), KRAS (codons 12, 13, and 61), and TP53
(exons 4–9).

treatment and evaluation
Patients who received an EGFR inhibitor may have received erlotinib or
cetuximab, either alone or in combination with other drugs or each other
[30, 31]. The treatment efficacy was assessed from computed tomography
scans, magnetic resonance imaging and/or positron emission tomography
scan at baseline before treatment initiation and then every two cycles (6–8
weeks). All radiographs were read in the Department of Radiology at MD
Anderson and reviewed in the Department of Investigational Cancer
Therapeutics tumor measurement clinic. Responses were categorized as per
Response Evaluation Criteria in Solid Tumors (RECIST) 1.0 [32] criteria
and were reported as best response.

statistical analysis
Patient characteristics, including demographics, tumor type, EGFR
mutation status, and EGFR inhibitor use, were summarized using
frequencies and percentages.

results

patient characteristics
A total of 958 consecutive patients with advanced tumors were
analyzed for the presence of EGFR mutations. Thirteen of the
34 (38.2%) patients with EGFR mutations had advanced
cancers other than NSCLC. Of the 13 patients, 9 (69%) were
men and their median age was 57 years (range 41–75 years).
The median number of prior therapies was 3 (range 2–11).
Patient characteristics are summarized in Table 1.

EGFR aberrations
EGFR aberrations were detected in 34 of the 958 (3.5%)
patients. EGFR aberrations were present in 21 of the 131 (16%)
patients with NSCLC and in 13 of the 827 (1.6%) patients with
advanced cancers other than NSCLC (see Table 1). Five
patients had EGFR aberrations in exon 19; six, in exon 20; and
three, in exon 21 (Table 2). One patient had two aberrations
(exons 19 and 20). Of the 14 aberrations noted, there were two
deletions (both in exon 19) and 12 point mutations. Among
the aberrations, three were considered sensitive mutations,
three were resistant, and the others were unknown (Table 2).

Simultaneous mutations were noted in three patients
(Table 2). Twelve of the 13 EGFR-mutant patients with
advanced cancers other than NSCLC were tested for PIK3CA
proto-oncogene mutation and 1 of the 12 (8%) had
simultaneous PIK3CA and EGFR mutations (H1047R mutation

Table 1. Baseline characteristics of 13 EGFR mutation-positive patients
with tumors other than NSCLC

Age (years)
Median 57

Range 41–75
Gender, n (%)
Male 9 (69.2)
Female 4 (30.8)

Ethnicity, n (%)
Caucasian 12 (92.3)
Hispanic 1 (7.7)

Tumor type [n/patients tested; (%)]
Sarcoma 2/38 (5.3)
Ovarian 1/84 (1.2)
Head and neck: squamous cell 1/61 (1.6)
Breast 1/55 (1.8)
Skina 1/24 (4.2)
Salivary glandb 1/20 (5.0)
Cholangiocarcinoma 1/20 (5.0)
Renal 1/17 (5.9)
Adrenocortical 1/10 (10.0)
Carcinoid 1/8 (12.5)
Thymic 1/7 (14.3)
Parathyroid 1/1 (100.0)

EGFR mutation, n (%)
Sensitive mutation 2 (15.4)
Resistant mutation 2 (15.4)
Sensitivity is unclear 8 (61.5)
Two mutations 1 (7.7)

KRAS mutation, n (%)
Positive 0 (0)
Negative 12 (92.3)
Unknown 1 (7.7)

PIK3CA mutation, n (%)
Positive 1 (7.7)
Negative 11 (84.6)
Unknown 1 (7.7)

TP53 mutation, n (%)

Positive 2 (15.4)
Unknown 11 (84.6)

History of smoking, n (%)
Ex-smoker 4 (30.8)
Never 9 (69.2)

Number of prior therapies
Median 3
Range 2–11

EGFR, epidermal growth factor receptor; KRAS, V-Ki-ras2 Kirsten rat
sarcoma viral oncogene homolog; NSCLC, non-small-cell lung cancer;
PIK3CA, phosphatidylinositol-3-kinase, catalytic, alpha polypeptide; TP53,
tumor protein p53.
aSkin: EGFR mutation-positive patient had basal cell carcinoma of the skin.
bSalivary gland: EGFR mutation-positive patient had parotid carcinoma.
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Table 2. Characteristics of 13 patients with EGFR mutation-positive tumors other than NSCLC

Case
No.

Tumor type Histology EGFR aberration
(exon)

EGFR mutation sensitive/
resistant [10, 12, 39]

Concomitant mutations EGFR therapy Best response by
RECIST

TTF
(months)

1 Adrenocortical Adrenal cortical carcinoma Deletion in exon 19 Sensitive PIK3CA: no
KRAS: no
TP53: H214Y (exon 6)

– – –

2 Breast Infiltrating ductal carcinoma G857E (exon 21) Sensitive PIK3CA: not done

KRAS: no
TP53: not done

– – –

3 Parathyroid Parathyroid carcinoma G796S (exon 20) Sensitivity is unclear PIK3CA: no
KRAS: no
TP53: not done

Erlotinib SD 6

4 Carcinoid Carcinoid tumor A859T (exon 21) Possibly resistant PIK3CA:H1047R (exon 20)
KRAS: no
TP53: not done

– – –

5 Cholangiocarcinoma Moderately differentiated
cholangiocarcinoma

E804K (exon 20) Sensitivity is unclear PIK3CA: no
KRAS: no
TP53: not done

– – –

6 Salivary gland Poorly differentiated carcinoma
of parotid gland

D770N (exon 20) Resistant PIK3CA: no
KRAS: no
TP53: not done

Erlotinib, cetuximab, and
bevacizumab

PD 1

7 Epiglottis Poorly differentiated squamous
cell carcinoma

H835L (exon 21) Sensitivity is unclear PIK3CA: no
KRAS: no
TP53: V157F (exon 5)

Cetuximab, carboplatin,
and paclitaxel

SD 3

8 Ovarian High-grade papillary serous
carcinoma

T751I (exon 19) Sensitivity is unclear PIK3CA: no
KRAS: no
TP53: not done

Erlotinib, cetuximab, and
bevacizumab

PD 4

9 Renal Undifferentiated
adenocarcinoma

H773Y (exon 20);
deletion in exon 19

Possibly resistant; sensitive PIK3CA: no
KRAS: not done
TP53: not done

– – –

10 Thymic High-grade thymic carcinoma T785I (exon 20) Sensitivity is unclear PIK3CA: no
KRAS: no
TP53: Not done

– – –

11 Sarcoma Unclassified sarcoma V769M (exon 20) Sensitivity is unclear PIK3CA: no
KRAS: no
TP53: not done

– – –

12 Sarcoma Unclassified spindle cell sarcoma T751I (exon 19) Sensitivity is unclear PIK3CA: no
KRAS: no
TP53: not done

Erlotinib PD 2

13 Skin Basal cell carcinoma P741S (exon 19) Sensitivity is unclear PIK3CA: no
KRAS: no

TP53: not done

Cetuximab, carboplatin,
paclitaxel;

cetuximab, and
sirolimus

SD; SD 7; 2

EGFR, epidermal growth factor receptor; KRAS, V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog; NSCLC, non-small-cell lung cancer; PD, progressive disease; PIK3CA, phosphatidylinositol-3-kinase,
catalytic, alpha polypeptide; RECIST, Response Evaluation Criteria in Solid Tumors; SD, stable disease; TTF, time-to-treatment failure; TP53, tumor protein p53.
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in exon 20 of the PIK3CA gene in addition to the A859T
EGFR mutation in exon 21). Similarly, 12 of the 13 patients
were tested for KRAS mutations and all were wild-type. Two of
the 13 patients were assessed for TP53 mutation and both
(100%) had simultaneous TP53 and EGFR mutations (one
patient with H214Y mutation in exon 6 and the other with
V157F mutation in exon 5 of the TP 53 gene in addition to the
EGFR mutation).

response in six EGFR mutation-positive patients
treated with EGFR inhibitors
Of the 13 EGFR aberration-positive patients with non-NSCLC,
6 have been treated with an EGFR inhibitor. No patient
achieved a partial or complete response. However, two of the
six patients attained prolonged stable disease (SD). One patient
with parathyroid cancer and a mutation of unknown sensitivity
(G796S mutation in exon 20) achieved SD for 6 months with
erlotinib (EGFR kinase inhibitor) therapy. Another patient
with basal cell carcinoma and a mutation of unknown
significance (P741S in exon 19) attained SD for 7 months after
treatment with cetuximab (EGFR antibody) along with
carboplatin and paclitaxel (Taxol). The contribution of the
chemotherapy versus cetuximab to the prolonged SD is
unclear.

discussion
The identification of molecular aberrations and the selection of
therapy to ‘match’ these aberrations are gaining momentum as
a treatment approach, even in the clinical trials setting [33–35].
There is now a wealth of data that suggest that EGFR
mutations are associated with the response in NSCLC [12, 14–
17, 36]. Less is known about these mutations in other patient
groups.
EGFR mutations increase the kinase activity of EGFR,

leading to upregulated activation of downstream survival
pathways [37, 38]. The presence of EGFR mutations in solid
tumors other than lung cancer is uncommon, <5% across
disease types. In our study, EGFR aberrations in exons 19–21
were present in 34 of 958 (3.5%) consecutive patients with
advanced cancers. Though the incidence of EGFR mutations
was higher in patients with NSCLC (16%, 21 of 131 patients),
they were also found in 13 patients (1.6%; 13 out of 827
patients) with a variety of other tumor types including 2
patients with sarcoma, and 1 each with parathyroid, thymic,
carcinoid, adrenocortical, renal, parotid/salivary gland,
cholangiocarcinoma, skin, breast, squamous cell of head and
neck, and ovarian cancers (Table 1). These results are
consistent with previous reports that have documented these
mutations across a range of disease types including [39]
peritoneum (18%), prostate (7%), gastric (6%), central nervous
system (6%), adrenocortical (5%), ovary (4%), thyroid (4%),
salivary gland (4%), eye (3%), breast (2%), head and neck
(2%), urinary tract (2%), bone (1%), renal (1%), colorectal
(1%), esophageal (1%), skin (1%), soft tissue (1%), and thymic
carcinomas (1%). Though it is possible that EGFR germline
mutations may exist among these patients with non-NSCLC,
none have previously been reported in the literature. EGFR

germline mutations have been reported as occurring rarely in
patients with NSCLC [40, 41]. It is also conceivable that other
techniques such as the reverse transcription-PCR (RT-PCR)
method in RNA might detect additional mutations.
In our study, out of the six EGFR mutation-positive patients

with advanced, heavily pretreated cancer other than NSCLC
who were given an EGFR inhibitor, one patient with
parathyroid cancer achieved SD for 6 months on erlotinib
alone; another patient with basal cell cancer attained SD for 7
months on cetuximab combined with chemotherapy. In the
latter patient, the contribution of the EGFR inhibitor versus
the chemotherapy to the prolonged SD is not clear.
In conclusion, we demonstrated the presence of an EGFR

aberration in many different types of solid tumors. With the
shifting paradigm of individualized cancer treatment, the
identification of molecular aberrations and their sensitivity to a
targeted therapy will be critical. This is challenging since many
aberrations are found in only a small subset of patients, as seen
with EGFR aberrations in the current study. Therefore, the
multi-gene assay technology will be needed to characterize
patient tumors. One of our patients achieved prolonged SD on
an EGFR inhibitor alone despite having failed two prior
systemic treatments. Anecdotal responses to EGFR inhibitors
have also been reported in EGFR mutation-positive patients
with ovarian and pancreatic cancers as well [19, 22]. These
results suggest that the role of EGFR mutations and EGFR
inhibitors should be investigated more thoroughly in patients
who have cancers other than NSCLC.

funding
The authors have no financial disclosures.

disclosure
The authors have declared no conflicts of interest.

references
1. Flaherty KT, Puzanov I, Kim KB et al. Inhibition of mutated, activated BRAF in

metastatic melanoma. N Engl J Med 2010; 363(9): 809–819.
2. Shaw AT, Yeap BY, Solomon BJ et al. Effect of crizotinib on overall survival in

patients with advanced non-small-cell lung cancer harbouring ALK gene
rearrangement: a retrospective analysis. Lancet Oncol 2011; 12(11):
1004–1012.

3. Demetri GD, von Mehren M, Blanke CD et al. Efficacy and safety of imatinib
mesylate in advanced gastrointestinal stromal tumors. N Engl J Med 2002; 347
(7): 472–480.

4. Braiteh F, Kurzrock R. Uncommon tumors and exceptional therapies: paradox or
paradigm? Mol Cancer Ther 2007; 6(4): 1175–1179.

5. Janku F, Tsimberidou AM, Garrido-Laguna I et al. PIK3CA mutations in patients
with advanced cancers treated with PI3K/AKT/mTOR axis inhibitors. Mol Cancer
Ther 2011; 10(3): 558–565.

6. Druker BJ, Talpaz M, Resta DJ et al. Efficacy and safety of a specific inhibitor of
the BCR-ABL tyrosine kinase in chronic myeloid leukemia. N Engl J Med 2001;
344(14): 1031–1037.

7. Garrido-Laguna I, Hidalgo M, Kurzrock R. The inverted pyramid of biomarker-
driven trials. Nat Rev Clin Oncol 2011; 8(9): 562–566.

8. Stewart DJ, Kurzrock R. Cancer: the road to Amiens. J Clin Oncol 2009; 27(3):
328–333.

Annals of Oncology original articles

Volume 24 | No. 3 | March 2013 doi:10.1093/annonc/mds524 | 



9. Chintala L, Kurzrock R. Epidermal growth factor receptor mutation and diverse
tumors: case report and concise literature review. Mol Oncol 2010; 4(4):
306–308.

10. Sharma SV, Bell DW, Settleman J et al. Epidermal growth factor receptor
mutations in lung cancer. Nat Rev Cancer 2007; 7(3): 169–181.

11. Lynch TJ, Bell DW, Sordella R et al. Activating mutations in the epidermal growth
factor receptor underlying responsiveness of non-small-cell lung cancer to
gefitinib. N Engl J Med 2004; 350(21): 2129–2139.

12. Riely GJ, Pao W, Pham D et al. Clinical course of patients with non-small-cell
lung cancer and epidermal growth factor receptor exon 19 and exon 21
mutations treated with gefitinib or erlotinib. Clin Cancer Res 2006; 12(3 Pt 1):
839–844.

13. Kosaka T, Yatabe Y, Endoh H et al. Mutations of the epidermal growth factor
receptor gene in lung cancer: biological and clinical implications. Cancer Res
2004; 64(24): 8919–8923.

14. Mitsudomi T, Kosaka T, Endoh H et al. Mutations of the epidermal growth factor
receptor gene predict prolonged survival after gefitinib treatment in patients with
non-small-cell lung cancer with postoperative recurrence. J Clin Oncol 2005; 23
(11): 2513–2520.

15. Jackman DM, Yeap BY, Sequist LV et al. Exon 19 deletion mutations of
epidermal growth factor receptor are associated with prolonged survival in non-
small cell lung cancer patients treated with gefitinib or erlotinib. Clin Cancer Res
2006; 12(13): 3908–3914.

16. Janku F, Garrido-Laguna I, Petruzelka LB et al. Novel therapeutic targets in non-
small cell lung cancer. J Thorac Oncol 2011; 6(9): 1601–1612.

17. Okamoto I, Araki J, Suto R et al. EGFR mutation in gefitinib-responsive small-cell
lung cancer. Ann Oncol 2006; 17(6): 1028–1029.

18. Gwak GY, Yoon JH, Shin CM et al. Detection of response-predicting mutations in
the kinase domain of the epidermal growth factor receptor gene in
cholangiocarcinomas. J Cancer Res Clin Oncol 2005; 131(10): 649–652.

19. Schilder RJ, Sill MW, Chen X et al. Phase II study of gefitinib in patients with
relapsed or persistent ovarian or primary peritoneal carcinoma and evaluation of
epidermal growth factor receptor mutations and immunohistochemical expression:
a Gynecologic Oncology Group Study. Clin Cancer Res 2005; 11(15): 5539–5548.

20. Barber TD, Vogelstein B, Kinzler KW et al. Somatic mutations of EGFR in
colorectal cancers and glioblastomas. N Engl J Med 2004; 351(27): 2883.

21. Lee JW, Soung YH, Kim SY et al. Somatic mutations of EGFR gene in squamous
cell carcinoma of the head and neck. Clin Cancer Res 2005; 11(8):
2879–2882.

22. Kwak EL, Jankowski J, Thayer SP et al. Epidermal growth factor receptor kinase
domain mutations in esophageal and pancreatic adenocarcinomas. Clin Cancer
Res 2006; 12(14 Pt 1): 4283–4287.

23. Cho KS, Lee JS, Cho NH et al. Gene amplification and mutation analysis of
epidermal growth factor receptor in hormone refractory prostate cancer. Prostate
2008; 68(8): 803–808.

24. Dahse R, Kosmehl H. Detection of drug-sensitizing EGFR exon 19 deletion
mutations in salivary gland carcinoma. Br J Cancer 2008; 99(1): 90–92.

25. Kotoula V, Sozopoulos E, Litsiou H et al. Mutational analysis of the BRAF, RAS
and EGFR genes in human adrenocortical carcinomas. Endocr Relat Cancer
2009; 16(2): 565–572.

26. Longatto-Filho A, Pinheiro C, Martinho O et al. Molecular characterization of
EGFR, PDGFRA and VEGFR2 in cervical adenosquamous carcinoma. BMC
Cancer 2009; 9: 212.

27. Murugan AK, Dong J, Xie J et al. Uncommon GNAQ, MMP8, AKT3, EGFR, and
PIK3R1 mutations in thyroid cancers. Endocr Pathol 2011; 22(2): 97–102.

28. Teng YH, Tan WJ, Thike AA et al. Mutations in the epidermal growth factor
receptor (EGFR) gene in triple negative breast cancer: possible implications for
targeted therapy. Breast Cancer Res 2011; 13(2): R35.

29. Uribe P, Gonzalez S. Epidermal growth factor receptor (EGFR) and squamous cell
carcinoma of the skin: molecular bases for EGFR-targeted therapy. Pathol Res
Pract 2011; 207(6): 337–342.

30. Falchook GS, Wheler JJ, Naing A et al. A phase I study of bevacizumab in
combination with sunitinib, sorafenib, and erlotinib plus cetuximab, and
trastuzumab plus lapatinib. J Clin Oncol 2010; 28(15s Suppl.) (Abstr 2512).

31. Fok J, Kurzrock R, Tsimberidou AM et al. An umbrella protocol for histology-
independent, phase I modular study based on EGFR mutation status: using
erlotinib alone or in combination with cetuximab, bortezomib, or dasatinib to
overcome resistance. J Clin Oncol 2011; 29(Suppl.) (Abstr 2536).

32. Therasse P, Arbuck SG, Eisenhauer EA et al. New guidelines to evaluate the
response to treatment in solid tumors. European Organization for Research and
Treatment of Cancer, National Cancer Institute of the United States, National
Cancer Institute of Canada. J Natl Cancer Inst 2000; 92(3): 205–216.

33. Tsimberidou AM, Iskander NG, Hong DS et al. Personalized medicine in a phase
I clinical trials program: The MD Anderson Cancer Center Initiative. J Clin Oncol
2011; 29(Suppl.) (Abstr CRA2500).

34. Chen RW, Gopal AK, Smith SE et al. Results from a pivotal phase II study of
brentuximab vedotin (SGN-35) in patients with relapsed or refractory Hodgkin
lymphoma (HL). J Clin Oncol 2011; 29(Suppl.) (Abstr 8031).

35. Younes A, Bartlett NL, Leonard JP et al. Brentuximab vedotin (SGN-35)
for relapsed CD30-positive lymphomas. N Engl J Med 2010; 363(19):
1812–1821.

36. Janku F, Stewart DJ, Kurzrock R. Targeted therapy in non-small-cell lung
cancer––is it becoming a reality? Nat Rev Clin Oncol 2010; 7(7): 401–414.

37. Sordella R, Bell DW, Haber DA et al. Gefitinib-sensitizing EGFR mutations in lung
cancer activate anti-apoptotic pathways. Science 2004; 305(5687):
1163–1167.

38. Jiang J, Greulich H, Janne PA et al. Epidermal growth factor-independent
transformation of Ba/F3 cells with cancer-derived epidermal growth factor
receptor mutants induces gefitinib-sensitive cell cycle progression. Cancer Res
2005; 65(19): 8968–8974.

39. Bamford S, Dawson E, Forbes S et al. The COSMIC (catalogue of somatic
mutations in cancer) database and website. Br J Cancer 2004; 91(2): 355–
358.

40. Centeno I, Blay P, Santamaria I et al. Germ-line mutations in epidermal growth
factor receptor (EGFR) are rare but may contribute to oncogenesis: a novel germ-
line mutation in EGFR detected in a patient with lung adenocarcinoma. BMC
Cancer 2011; 11: 172.

41. Ikeda K, Nomori H, Mori T et al. Novel germline mutation: EGFR V843I in patient
with multiple lung adenocarcinomas and family members with lung cancer. Ann
Thorac Surg 2008; 85(4): 1430–1432.

original articles Annals of Oncology

 | Wheler et al. Volume 24 | No. 3 | March 2013



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /JPXEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /JPXEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


