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Abstract
Lung cancer metastasis is typically determined by histologic similarity between distant and primary lesions. Herein, we present a 70-year-old Japanese woman with an adenocarcinoma in her lung and a squamous cell carcinoma in her femur; both tumors had an identical epidermal growth factor receptor mutation, G719S. This indicated that both tumors had a common origin, despite their histologic dissimilarity. The tumor in the femur was thus identified genetically as a lung cancer metastasis. This case suggests that genetic analysis can determine whether a distant lesion is a lung cancer metastasis, particularly when the histology differs from that of the primary lesion.
© 2013 Baishideng. All rights reserved.  

Key words: Non-small cell lung cancer; adenocarcinoma; Squamous cell carcinoma; Epidermal growth factor receptor mutation; G719; Metastasis
Core tip: A tumor in the femur was identified genetically as a lung cancer metastasis. This case suggests that a matching epidermal growth factor receptor (EGFR) mutation in a distant lesion can validate a diagnosis of lung cancer metastasis, even if it differs histologically from the primary lesion. To the best of our knowledge, this is the first report showing the use of EGFR genetic analysis to identify a distant lesion as a lung cancer metastasis. In the era of molecularly-targeted treatments for non-small cell lung cancer, combined pathological diagnosis and genetic analysis could lead to more precise diagnoses and better understanding of histogenesis and more appropriate therapeutic selections.
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INTRODUCTION
Non-small cell lung cancer (NSCLC) can be classified into several histologic subtypes, including adenocarcinoma and squamous cell carcinoma. Rarely, two histologic subtypes exist within one tumor, such as adenosquamous carcinoma. Metastasis of NSCLC is typically clinically diagnosed based on symptoms, a physical examination, and imaging, such as X-rays and computed tomography (CT). For tissue samples obtained from distant lesions, the diagnosis of metastasis is typically determined by histologic similarity between the distant lesion and the primary lung lesion. Mutations of the epidermal growth factor receptor (EGFR) vary among histologic NSCLC subgroups, and among Asian patients, the incidence is approximately 40%–60% in adenocarcinoma and 3% in squamous cell carcinoma[1–6]. To the best of our knowledge, this is the first report showing the use of an EGFR genetic analysis to identify a distant lesion as a lung cancer metastasis.
CASE REPORT
A 70-year-old Japanese woman was admitted to our hospital in July 2012 for further evaluation of pain in her left femur, which had gradually progressed over 6 mo. She had never smoked, and had no past history of illness. A physical examination disclosed tenderness on her left femur. Lymphadenopathy and clubbing were not present. SpO2 was 97%. Her vesicular sound was normal, and no crackles were auscultated. A left femur X-ray showed an osteolytic lesion, suggestive of metastasis (Figure 1A). A chest X-ray showed a mass shadow in the left lung field; CT showed a 4-cm tumor in the left upper lobe, suggesting that the primary lesion was lung cancer (Figure 1B and C). Among tumor markers, carcinoembryonic antigen (CEA; 23.4 ng/mL; normal range: < 5.0 ng/mL), cytokeratin 19 fragment (CYFRA; 11.6 ng/mL; normal range: < 3.5 ng/mL), and squamous cell carcinoma antigen (SCC; 1.9 ng/mL; normal range: < 1.5 ng/mL) showed values consistent with NSCLC. Shortly after a diagnostic bronchoscopic examination was planned, the patient’s left femur fractured. Under general anesthesia, a biopsy was taken from under the osteosynthesis. The pathological findings included carcinoma, with single cell keratosis, tadpole cells, and intercellular bridges (Figure 2A and B). The cancer cells were positive for cytokeratin (CK) 5/6 and p63 (Figure 2C and D) and negative for thyroid transcription factor-1 (data not shown). Based on these findings, the tumor in the femur was diagnosed as a poorly differentiated squamous cell carcinoma; we observed no pathological findings that suggested adenocarcinoma.
Because squamous cell lung cancer in never-smokers is relatively rare, a transbronchial tumor biopsy was also performed. The pathologic findings showed poorly differentiated adenocarcinoma including glandular formation (Figure 3A). These cancer cells were positive for D-periodic acid–Schiff, suggesting mucin production (Figure 3B), and negative for CK5/6 and p63 (Figure 3C and D). No findings suggestive of squamous cell carcinoma were observed in the lung biopsy sample. Therefore, the pathologic diagnosis of the lung tumor was completely different from that of the femur. No primary lesions other than the lesion found in the lung were detected in any other part of her body.
We analyzed the EGFR mutation status in tumor samples from the lung and the femur as described previously[4]. Briefly, RNA was extracted from cell samples, and cDNA was synthesized. Reverse transcriptase-polymerase chain reaction (PCR) for EGFR was performed, and the PCR products were sequenced. The G719S mutation in exon 18 was detected in both samples (Figure 4). This mutation was not detected in circulating white blood cells (data not shown). Based on this genetic analysis, we determined that the lung and femur tumors had the same origin. She was thus diagnosed as having lung cancer with metastasis to the femur (cT2aN2M1b, stage IV). Chemotherapy with carboplatin (area under the curve 5, day 1) and docetaxel (60 mg/m2, day 1) was administered, and the fractured left femur was irradiated (total 30 Gy). After four cycles of chemotherapy, the primary lesion markedly regressed, and all tumor markers, including CEA, CYFRA, and SCC, decreased to within the normal ranges. She exhibited a partial response to chemotherapy.
DISCUSSION
In general, EGFR mutations have been reported to be almost exclusively found in carcinomas of the lung, although they are observed with a low frequency in other solid tumors[7]. In the present case, (1) primary lung cancer did exist; and (2) the EGFR mutation G719S was identified in both the primary and distant lesions, despite their different histology, adenocarcinoma and squamous cell carcinoma, respectively. This finding proved that these histologically different tumors had the same origin, facilitating a diagnosis of lung cancer and its metastasis.
Adenosquamous carcinoma has components of both adenocarcinoma and squamous cell carcinoma in one tumor and is a rare NSCLC subtype detected in 0.4%–4% of lung cancers[8,9]. A study of Korean patients found EGFR mutations in 11 (44%) of 25 adenosquamous carcinomas[9], which is in agreement with their frequency in Asian patients with adenocarcinoma[1-4,6]. Interestingly, in all 11 adenosquamous carcinomas, when the two tissue types were manually microdissected from each tumor, the adenocarcinoma and squamous cell carcinoma components had the same EGFR mutation[9]. This finding indicates that adenosquamous carcinoma components are more likely to originate from common monoclonal progenitor cells than from a polyclonal pathway[9].
In the present case, the lung biopsy sample showed adenocarcinoma with no squamous cell carcinoma. However, the lung tumor might have contained a squamous cell component because the tissue sample obtained by bronchoscopy was a small part of the total tumor. Possible lung tumor histology includes adenocarcinoma, adenosquamous carcinoma, and adenocarcinoma with squamous differentiation. However, the femur tumor was a squamous cell carcinoma with no adenocarcinoma component. The most likely course is that a squamous cell component of the lung tumor spread to the femur; alternatively, this specific bone environment might favor squamous cell differentiation from undifferentiated progenitor cells. Regarding the mechanisms of histological differentiation, some interesting studies have been reported. Lung adenocarcinoma phenotypes have been reproduced by introducing an active form of PIK3CA, cyclin-D1, or a dominant-negative form of liver kinase B1 in combination with genetic alterations including human telomerase overexpression, inactivation of the pRB and p53 pathways, and KRAS activation[10]. p63 regulates cell proliferation and differentiation[11] and is a well-known marker of squamous differentiation[12]. Although the actual factors involved in squamous and adenomatous differentiation in the current case are unknown, these molecular mechanisms may have been involved.
Currently, the clinical diagnosis of lung cancer metastasis is typically based on symptoms, a physical examination, and imaging such as X-ray and CT; pathologists’ assessments of tissue samples are fundamental to this process, as they can confirm histological similarities between distant and primary lesions, using, for example, immunostains specific to tissue types. However, a distant tumor with a histology that differs from the primary lesion can be difficult to diagnose as a metastasis. In the present case, the presence of an identical EGFR mutation facilitated the identification of a distant lesion as a metastasis, despite its completely different histology. 
We previously reported the significance of detecting an EGFR mutation in the cerebrospinal fluid of a patient with carcinomatous meningitis, whose primary lung lesion was not approached because of his poor performance status; detection of an EGFR mutation contributed to the diagnosis of lung cancer and facilitated the determination of an appropriate therapeutic protocol[13]. We found several previous reports showing the usefulness of p53 analysis in primary and metastatic lesions. In one study, a p53 mutation analysis determined that the ovarian tumor was a metastasis from the sigmoid colon[14]. Similarly, an identical p53 mutation confirmed that a neck nodal metastasis originated from oral squamous cell carcinoma that had been treated over five years prior[15]. The present case supports the use of genetic analysis in diagnosing distant lesions and suggests that it could be expanded to include mutations other than those in EGFR and p53, such as anaplastic lymphoma kinase[16], ret proto-oncogene[17,18], and c-ros oncogene 1, receptor tyrosine kinase[18]. Moreover, genetic analyses could help determine the origin of tumors of so-called unknown origin.
A short deletion in exon 19 and L858R in exon 21 are two major EGFR mutations that constitute approximately 80% of total EGFR mutations[3]. A mutation on codon G719 is an uncommon EGFR mutation that was detected only in 15 (2.4%) of 627 cases with EGFR mutations[3]. This amino acid substitution mutation includes G719A, G719C, G719D, and G719S, the last of which was detected in the present case. The efficacy of EGFR-tyrosine kinase inhibitor (TKI) treatment for tumors with G719 mutations was previously evaluated, and the response rate was 50% (4 of 8 cases without complex mutations)[3]. Although few cases were evaluated, progressive disease was observed in 3 cases (38%), suggesting a relatively lower effectiveness of EGFR-TKIs[3].
The frequency of EGFR mutations in squamous cell carcinoma is reportedly approximately 3%, which is much lower compared to adenocarcinoma or adenosquamous carcinoma[5]. Therefore, pulmonologists might wonder whether testing for an EGFR mutation found in only 3% of samples is cost-effective. In this regard, smoking history could be considered. The frequency of EGFR mutations is lower in smokers than in never-smokers (approximately 14% vs 60%)[19]. However, in one study of 87 patients with squamous cell carcinoma, all 3 patients with EGFR mutations were smokers[5]. We have been analyzed EGFR mutation status in all squamous cell carcinomas as well as adenocarcinomas.
In conclusion, a matching EGFR mutation in a distant lesion can validate a diagnosis of lung cancer metastasis, even if it differs histologically from the primary lesion. In the era of molecularly-targeted treatments for NSCLC, a combined pathological diagnosis and genetic analysis could lead to more appropriate therapeutic selections, more precise diagnoses, and a better understanding of histogenesis.
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Figure 1 Images of the patient on admission. A: An X-ray of the left femur showed an osteolytic change (arrow); B: Chest X-ray showed a tumor shadow; C: Chest computed tomography showed a 4-cm tumor, which was considered to be the primary lesion.
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Figure 2 Histology of squamous cell carcinoma in the femur tumor. A: Single cell keratosis (arrows); tadpole cells (arrowhead; HE staining × 40); B: Intercellular bridges (arrows; HE staining × 40); C: Cytokeratin 5/6 immunostaining (× 4) (monoclonal mouse anti-human cytokeratin 5/6 antibody from clone D5/16 B4; DakoCytomation, Copenhagen, Denmark); D: p63 immunostaining (× 4) (Monoclonal mouse anti-human p63 antibody from Clone 4A4; Nichirei Biosciences Inc., Tokyo, Japan).
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Figure 3 Histology of adenocarcinoma in the lung tumor. A: Glandular formations (arrows; HE staining × 40); B: D-periodic acid–Schiff suggests mucin production (arrows; × 40); C: Cytokeratin 5/6 immunostaining (× 4); D: p63 immunostaining (× 4).
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Figure 4 Sequencing of epidermal growth factor receptor showing G719S in both the lung and femur samples. A: Tumor of the lung; B: Tumor of the femur. Nucleotides: Green; A: Black; G: Blue; C: Red.
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