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Abstract
The epidermal growth factor receptor (EGFR) exon-19 deletion is the 

most common EGFR mutation occur-ring in more than 40% of lung cancer 
patients. Exon-19 deletion is frequently detected in adenocarcinomas but 
is rare in the germline. Additionally, the occurrence of homozygous and 
heterozygous mutations in met-achronic cancers is uncommon. We present 
a 53-year-old female non-smoker diagnosed with two primary cancers; 
invasive ductal carcinoma and lung adenocarcinoma. A family history of 
breast and lung cancer was present in her sister and father, respectively. 
To determine the most appropriate treatment, EGFR gene sequencing 
was performed from the patient’s lung tissue sample and a peripheral 
blood sample was taken to identify the presence of EGFR mutation in 
the patient’s germ line. Loss-of-heterozygosity was discovered between 
the blood and tissue samples, with the extremely rare occurrence of a 
homozygous EGFR exon-19 deletion within the tumour sample.
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Introduction
Epidermal growth factor receptor (EGFR) is a member of the ErbB 

family of receptor tyrosine kinas-es. Exon-19 deletions are the most common 
mutations in EGFR, which contribute to oncogenesis. Mutations in the EGFR 
coding gene are frequently reported in lung cancers and are correlated with 
sensitivity to inhibition of EGFR tyrosine kinase (erlotinib and gefitinib) [1,2]. 
Additionally, exon-19 deletion of EGFR in non-small cell lung cancer patients 
is linked to an unusual pattern of metastasis [3]. It is well established that 
these mutations are heterozygous in the primary tumour site and identification 
of a disease-causing mutation with the homozygous form is rare [4]. The 
occurrence of synchronous lung and breast cancers is infrequent, with even 
fewer studies reporting simultaneous lung and breast primary tumours [5,6]. 
Data about gene mutations that would cause one to two synchronous primary 
cancers is scarce [7]. We report the presence of a germline EGFR mutation in 
a 53-year-old female non-smoker with a positive family history of breast and 
lung cancer. Based on our case and the literature reviewed, we recommend 
testing germline EGFR in patients presenting with two synchronous tumours.

Case Presentation, Methods, and Results 
53-year-old post-menopausal female presented with progressive dyspnea

and back pain. She reported no alcohol intake, tobacco, or oral contraceptive 
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pill use. Figure 1A illustrates the patient’s pedigree. The 
pro-band (patient IV.1) was the oldest of four children. The 
patient’s sister and father died from breast and lung cancer at 
the age of 34 and 55, respectively.

On examination, the patient was cachectic, tachypneic (24 
respirations/min) with an oxygen saturation 96% in ambient 
room air. There was a soft, non-tender, freely mobile mass 
in the upper outer quadrant of her right breast. No nipple or 
areolar discharge was detected. Supraclavicular and axillary 
lymph nodes were impalpable. An irregular hypoechoic soft 
tissue density mass measuring 2.5 × 3.5 × 3 cm was noted in 

the right breast on the mammographic exam. A whole-body 
bone scan showed numerous bone metastasis. Histopathology 
of the biopsied right upper lobe mass (Figure 1C and 1D) 
showed features compatible with primary pulmonary 
lung adenocarcinoma (TTF-1 and Napsin A). Fine-needle 
aspiration of the right breast mass (figure 1E) showed invasive 
ductal carcinoma (grade II). Thus, a diagnosis of synchronous 
dual primary cancers of the lung and breast were made. Based 
on clinical manifestations and the positive family history of 
cancer, a hereditary form of cancer was considered. DNA 
extracted from the patients peripheral blood underwent Sanger 
sequencing and revealed a heterozygous in-frame mutation 
in exon-19 of EGFR: NM_005228.5: c.2237_2251del15, 
p.Glu746_Thr751delinsAla (Figure 1B).

The mentioned exon of the EGFR gene was wild-type in
the proband’s mother and brother (cases III.2 and IV.2); case 
IV.4 was unavailable for a blood test. The detected mutation
in the proband is present in the normal database of genetic
variants in Gnomad (https://gnomad.broadinstitute.org) and
Ensemble (https://www.ensembl.org) in heterozygous and
homozygous forms. Sequencing of lung tissue revealed
the same EGFR mutation, but in a homozygous state. It is
plausible that the existence of a hereditary form of cancer is
due to germline heterozygous EGFR mutation with ex-tensive 
phenotypic heterogeneity in the family. The management of
adenocarcinoma of the lung in this patient included palliative
chemotherapy with 150 mg per day of erlotinib. After nine
months of treatment, she developed metastases to the brain,
and palliative whole brain radiotherapy was the given.
The patients unfortunately died 13 months after first being
diagnosed with her primary cancer. Progression-free survival
was nine months.

Discussion 
EGFR mutations not only promote lung adenocarcinoma 

but also are linked to the sensitivity to erlotinib and gefitinib. 
These mutations, when occurring in the kinase domain of 
EGFR, affect the molecular structure of this receptor, lead to 
abnormal activation of EGFR, and influence the downstream 
kinases, and cause anti-apoptotic and/or proliferation 
signaling [8]. EGFR exon-19 deletion, specifically, is reported 
to be responsible for the sensitivity of lung cancer to gefitinib 
[9]. It is demonstrated that exon-19 deletion (both germline 
and somatic mutations) elevates the autophosphorylation 
of EGFR, activates AKT and STAT pathways, and 
consequently promotes cell survival. In-silico analysis 
revealed that exon-19 deletion can shift the inactive form of 
EGFR to its active form [10]. This mutation can be detected 
in a homozygous or heterozygous manner [11,12]. Despite 
the ongoing research on this field, underlying two different 
cancers with different source of mutations is not frequently 
observed. Similarly, Moran et. al. and Hu et al. have reported 
simultaneous occurrence of EGFR-mutant lung cancer and 

Figure 1:  A: Family pedigree: Proband IV/I diagnosed with breast 
and lung cancer: died at the age of 53, IV/3 sister died from breast 
Ca at the age of 35. Father III/I: Died from Lung cancer at the age 
of 55.

B: Sequence and chromatogram of the peripheral blood patient 
genome, wild-type genome, and tumour genome in the patient. 
Double curves manifest the result of Sanger’s sequencing for two 
genes.

The top lane shows a heterozygous deletion within the peripheral 
blood sample. The bottom lane highlights the homozygous EGFR 
mutation within the tumour.

C: Spiral CT scan of thorax without IV contrast: Right apical mass 
with pleural tag measuring approximately 41 mm, tiny nodular 
infiltrations surrounding the mass, a lytic rib lesion with necrosis, 
lytic lesions in the sternum and possibly within the vertebrae.

D & E: Primary pulmonary lung adenocarcinoma H&E: Cores of 
neoplastic tissue composed of atypical cells with vesicular nuclei

F: Invasive ductal carcinoma of breast H&E.
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breast cancer [5,6]. Additionally, Lu et al. have reported 
the coexistence of both germline and somatic mutations in 
patients with lung cancer [13]. Herein, we reported a 53-year-
old female who was diagnosed with dual primary cancers of 
lung and breast at the same time. Due to the family history 
of cancer, a hereditary form of cancer was considered. A 
heterozygous mutation in exon-19 of EGFR (NM_005228.5: 
c.2237_2251del15, p.Glu746_Thr751delinsAla) of blood
sample-extracted DNA was identified in the patient. On
the other hand, lung carcinoma tissue sequencing detected
the same mutation was detected but in a homozygous state.
Additionally, as studies have demonstrated that mutations in
the EGFR gene are associated with the incidence of breast
cancer, we contemplate that the mentioned mutation caused
not only NSCLC adenocarcinoma but also breast cancer
simultaneously [14]. Accordingly, we suggest that all the
patients diagnosed with NSCLC adenocarcinoma that harbor
EGFR mutation, should be tested for breast cancer. Further,
we suggest other studies to evaluate the effect of this mutation
on the incidence of breast cancer in-vitro.
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