1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Clin Lung Cancer. Author manuscript; available in PMC 2016 August 27.

-, HHS Public Access
«

Published in final edited form as:
Clin Lung Cancer. 2013 July ; 14(4): 452-456. doi:10.1016/j.cllc.2013.01.005.

Concurrent Molecular Alterations in Tumors with Germ Line
Epidermal Growth Factor Receptor T790M Mutations

Anish Thomasl, Ligiang Xi2, Corey A. Carter3, Arun Rajanl, Sean Khozinl, Eva Szabo?,
Phillip A. Dennisl, Giuseppe Giacconel, and Mark Raffeld?

IMedical Oncology Branch, National Cancer Institute, Bethesda, MD
2Laboratory of Pathology, National Cancer Institute, Bethesda, MD
SWalter Reed National Military Medical Center, Bethesda, MD

4Division of Cancer Prevention, National Cancer Institute, Bethesda, MD

Keywords

Concurrent mutations; Familial lung cancer; Germline EGFR mutations; KRAS mutation; Lung
cancer prevention

Introduction

Data from epidemiologic and genome-wide association studies support the role of inherited
predisposition in lung carcinogenesis, even after adjustment for age, sex, and smoking
habits.12 Because lung cancer is most often diagnosed at advanced stages when there are no
curative therapies, there is a critical need to identify patients who are at inherited risk.
Identification of such patients is especially important because screening tests have been
shown to reduce death from lung cancer in high-risk individuals.3 Germline epidermal
growth factor receptor (EGFR) T790M is a rare mutation, which is associated with familial
lung cancer; only 10 cases have thus far been reported, usually in association with
concurrent somatic gain-of-function £GFR mutations.*=9 We describe 2 contrasting
presentations of germline EGFR T790M mutation, including a previously undescribed
patient with a concurrent KRAS mutation, and discuss the potential pathogenesis of lung
cancer in these patients.
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Materials and Methods

In the course of clinical molecular profiling of patients with lung cancer in the Thoracic
Oncology Clinic, Center for Cancer Research, National Cancer Institute, we identified 2
patients with germline T790M mutations. Screening for EGFR and KRAS mutations was
performed on all patients using pyrosequencing (PyroMark Q24, Qiagen, Valencia, CA) to
detect the most common point mutations, and capillary gene electrophoresis was used to
detect small deletions/insertions. Our assay covers EGFR point mutations involving exon 18
(codon 719), exon 20 (codon 790), and exon 21 (codons 858, 861, and 863); insertions
involving exon 20; and deletions involving exon 19. For KRAS, all potential mutations
involving codons 12, 13 and 61 are assessed. Paraffin-embedded tumors were
macrodissected to ensure that the tumor percentage was at least 20% for all assays. For cases
in which germline mutations were suspected, normal adjacent lung was macrodissected and
analyzed, and peripheral blood mononuclear cells were obtained to confirm the tissue
results.

Case Report

Casel

Case 2

A 70-year-old white woman with a 60-pack-year smoking history presented with metastatic
lung adenocarcinoma. Seventeen years before presentation she underwent right upper
lobectomy for stage IA disease, and 2 years ago underwent right pneumonectomy followed
by adjuvant chemotherapy for recurrent disease. Her family history was notable for her
father who was a smoker and died of lung cancer in his 60s. The patient’s younger brother
was also a smoker and had throat cancer at age 62 years. Pathologic examination of
pneumonectomy specimens showed moderately differentiated adenocarcinoma with
bronchoalveolar differentiation (Figure 1A). Pyrosequencing detected an EGFR exon 20
T790M mutation in a 1:1 ratio with the wild-type allele and a KRAS G13C mutation (Figure
1C), but no gain-of-function mutations were identified. Because it is unusual to have T790M
mutations in the absence of exposure to EGFR tyrosine kinase inhibitor (TKI) or gain-of-
function mutations, the possibility of germline £EGFR T790M mutation was assessed. We
found EGFR T790M with identical allelic frequency in microdissected normal lung,
peripheral blood mononuclear cells, and tumor, indicating a germline mutation (Figure 1B—
E). A KRAS G13C mutation was found only in the tumor. The patient achieved a minimal
response to pemetrexed and sirolimus as part of a phase I trial and remained in the study for
more than a year.

A 58-year-old white woman with a 3-pack-year smoking history was evaluated in view of a
family history of lung cancer (Figure 2A). The patient’s mother (Figure 2A, 1-2), a never-
smoker, was known to have had lung nodules since her 70s and had biopsy-proven
bronchioalveolar carcinoma. The patient’s younger brother (Figure 2A, 11-2), a never-
smoker, was diagnosed with invasive lung adenocarcinoma at age 45 years and died 2 years
later. The patient’s youngest brother (Figure 2A, 11-3) was a never-smoker who had bilateral
lung nodules of uncertain cause, which were being followed radiographically. Two of the
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patient’s children (Figure 2A, 111-1 and 111-4) had normal pulmonary imaging studies. The
patient underwent chest computed tomography, which showed bilateral ground-glass
opacities and nodules (Figure 2B). Pathologic examination of specimens from multiple
wedge resections of the right lung showed invasive moderately differentiated
adenocarcinoma, predominantly of acinar morphologic type, with focal papillary and
bronchoalveolar patterns (Figure 2C). Corresponding pyrograms showed a tumor-derived
EGFR exon 21 L858R mutation and a germline EGFR T790M mutation (Figure 2D). Given
the indolent nature of her disease, the patient was followed radiographically and continues to
have stable disease 15 months after initial diagnosis.

Discussion

We describe 2 cases of a rare germline mutation, EGFR T790M, that is associated with
familial lung cancer. In patient 1, a germline EGFR T790M mutation was found
concurrently with a KRAS mutation in the absence of a gain-of-function £EGFR mutation, a
presentation that has not been described previously.

EGFR T790M mutations occur in exon 20, which encodes part of the kinase domain and
results in an amino acid substitution at position 790 from threonine to methionine. Somatic
EGFRTT790M is known to occur as a “second-site mutation” in more than 50% of patients
in whom acquired resistance to EGFR TKI develops.10:11

Germline EGFR T790M mutations are rare. Bell et al reported a family with multiple cases
of lung cancer associated with germline transmission of the £GFR T790M mutation.* After
the initial description, only a limited number of additional cases have been identified from
cohorts of never-smokers, lung cancer family probands, or patients with bronchoalveolar
carcinoma or lung adenocarcinoma, or those with a pretreatment £GFR T790M mutation.>2
Table 1 shows the clinical and molecular characteristics of previously reported cases with
germline EGFR T790M mutations.*>79 Based on available data, germline EGFR T790M
mutations are commonly associated with a family history of lung cancer and the presence of
somatic gain-of-function £GFR kinase domain mutations (commonly exon 19 deletions or
exon 21 L858R point mutations), a presentation exemplified by patient 2. Although EGFR
T790M mutations have been reported in small fractions of tumor cells with concurrent
KRAS mutations using highly sensitive mutation detection technology,? to our knowledge
concurrent KRAS and £GFR germline T790M mutations (patient 1), have not been
described previously.

The precise mechanisms of EGFR germline T790M-mediated predisposition to lung cancer
are unknown. In human bronchial epithelial cell lines, overexpression of EGFR T790M
confers increased phosphorylation of tyrosine residues and is associated with a proliferative
advantage over wild-type £GFR.° In global phosphoproteomic analyses, the analogous
substitution to T790M in bcr-abl, T3151, substantially increases kinase activity.1314
Genetically engineered mice that express an £EGFR T790M transgene develop lung tumors
in the absence of additional gain-of-function EGFR kinase domain mutations, albeit with
decreased incidence and longer latency than animals expressing £EGFR L858R/T790M or
even EGFR L858R alone.13 Although no additional EGFR kinase domain mutations were
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documented in the tumors of these EGFR T790M transgenic mice, the possibility that other
cooperating oncogenes were present cannot be excluded.

Available data suggest a synergistic effect between EGFR T790M and other gain-of-function
EGFR kinase domain mutations resulting in significantly enhanced catalytic
phosphorylating activity of EGFR kinase.1® Because of its relatively weak oncogenic
activity, additional mutations in EGFR or possibly other genes may be needed in addition to
EGFRT790M to induce lung tumorigenesis,13 which was likely the case in patient 2 who
had concurrent EGFR L858R and germline EGFRT790M. In patient 1, the extensive
tobacco exposure suggests that mutant KRAS, rather than EGFR T790M, is the primary
driver mutation. In this case, although we cannot exclude that EGFR T790M may be
contributing to carcinogenesis by concurrent activation of the EGFR signaling pathway, it
may simply be a passenger mutation.®

The clinical implications of germline EGFR T90M mutation are currently unknown.
Unanswered questions include the risk conferred by such mutations, the patterns of familial
involvement, clinical course, and benefits of screening asymptomatic individuals harboring
the mutations. The main impediment to better understanding the clinical implications of this
mutation is the limited number of families that are known to be affected. Germline testing of
patients who are found to have somatic EGFR T790M mutation before treatment with EGFR
TKIs could enhance the rate of detection of germline EGFR T790M mutations.® Future
studies should assess whether radiographic surveillance, lifestyle modification, or
chemoprevention could decrease the risk of death from lung cancer in healthy individuals
with germline EGFR T790M mutations.

Conclusion

We report 2 cases of germline EGFR T790M mutations: a previously undescribed
presentation with concurrent KRAS mutation and a more typical presentation with a
concurrent somatic EGFR exon 21 L858R mutation. In the first case, EGFR T790M may be
a passenger mutation or it may be contributing to carcinogenesis by concurrent activation of
the EGFR signaling pathway. Regardless, the assessment of tumors in patients with germline
EGFR T790M mutations should not be limited to the classic £GFR-activating mutations and
should include other somatic mutations associated with lung cancer, including KRAS.
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Clinical Practice Points

Germline epidermal growth factor receptor (EGFR) T790M is a rare
mutation associated with familial lung cancer. Among the limited
number of cases reported to date, germline EGFR T790M has been
associated only with somatic gain-of-function EGFR mutations.

We report 2 presentations of germline EGFR T790M mutations,
including a unigue case with a previously undescribed associated
KRAS mutation, and a second more typical presentation with a
concurrent somatic EGFR exon 21 L858R mutation.

Although the major oncogenic pathway to lung cancer in patients with
T790M germline mutations appears to be activation of £EGFR through
secondary somatic mutations, these patients may also be at risk for the
development of tumors through mutational activation of other
oncogenes such as KRAS, and screening of tumors that occur in these
families should not be limited to EGFR-activating mutations.
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Figure 1.

(A and B) Histopathologic sections (patient 1) showing moderately differentiated
adenocarcinoma with bronchoalveolar differentiation and microdissected normal lung. (C)
Pyrograms from adenocarcinoma showing KRAS G13C mutation and £GFR exon 20
T790M mutation. (D) Pyrograms from adjacent normal lung sample showing wild-type
KRAS sequence and £EGFR exon 20 T790M mutation, indicating that the KRAS mutation is
somatic, whereas the EGFR T790M mutation is occurring in the germline. (E) Pyrogram
from peripheral blood showing the £EGFR exon 20 T790M mutation, confirming its germline
origin. (F) Pyrogram from a placental control demonstrating the wild-type (WT) T790
sequence for comparison with the mutant sequences present. The thick red arrows indicate
new signals in the pyrograms caused by the presence of the mutant allele, and the thin red
arrows indicate relative changes (up or down) in signals in the pyrograms caused by the
presence of mutant alleles.

Abbreviations: ex = exon; PB = peripheral blood.
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Figure 2.

(A) Pedigree of family (case 2) with multiple cases of lung adenocarcinoma. (B) Computed
tomographic scan of chest at diagnosis, which showed right middle lobe nodule measuring
1.6 cm (bold arrow) and bilateral ground-glass opacities (arrows). (C) Pathologic
examination showed predominantly acinar moderately differentiated adenocarcinoma, with
focal papillary and bronchoalveolar patterns. (D) Pyrograms showing somatic EGFR exon
21 L858R mutation, wild-type EGFR exon 21 L858 control (WT Cont.) for comparison, and
EGFR T790M mutations present in tumor and peripheral blood (PB), indicating its germline
origin. The thick red arrows indicate new signals in the pyrograms caused by the presence of
the mutant allele, whereas the thin red arrows indicate relative changes (up or down) in
signals in the pyrograms caused by the presence of mutant alleles.
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Table 1
Characteristics of Previously Reported £EGFR Germline T790M Cases

Variable | n (%)
Number of Patients | 10
Age (Y)
Median (range) 64 (44-73)
Sex |
Male | 30
Female | 4 (40)
Not reported | 3(30)
Ethnicity |
European | 5 (50)
Asian-Indian | 1(10)
Not reported | 4 (40)
Smoking History |
Never-smoker | 7(70)
Former/current-smoker | 2 (20)
Not reported | 1(10)
Stage |
| | 1(10)
I | o0
1] | 1(10)
v | 700
Not reported | 1(10)
Histologic Type |
Adenocarcinoma | 8 (80)
Bronchoalveolar carcinoma | 1(10)
Poorly differentiated carcinoma | 1(10)
|

Concurrent Somatic EGFR Gain-of-Function Mutation
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Variable | n (%)
Yes | 8 (83)
L858R | 2 (33)

Exon 19 del | 3(25)

Different mutations in different lesions | 2(17)
G719A | 1)
No |
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