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Abstract
Epidermal growth factor receptor (EGFR) exon 20 mutations are seldom tested for in part because they are
less common than other EGFR driver mutations and are not associated with sensitivity to EGFR tyrosine
kinase inhibitors. We report two cases of lung adenocarcinoma with EGFR exon 20 mutations and a
presentation of diffuse, tiny, innumerable lung and brain nodules resembling miliary metastases. Clinicians
should be aware of this pattern of presentation in patients with primary resistance EGFR exon 20 mutations.
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Introduction
Exon 19 deletions and exon 21 mutations account for 90% of epidermal growth factor receptor (EGFR) driver
mutations and predict for treatment response with EGFR-tyrosine kinase inhibitors (TKI). Exon 20 point
mutations comprise only 4% of EGFR mutations and are associated with a reduced sensitivity to EGFR-TKIs
[1]. Here we present two patients with primary lung adenocarcinoma and baseline exon 20 primary
resistance mutations with diffuse, tiny, innumerable lung and brain nodules resembling a rare pattern of
miliary metastases.

Case Presentation
Case 1
A never-smoking 64-year-old male of Asian ethnicity presented with stage I disease. He was treated with a
left lower lobectomy (stage T1bN0M0). Pathology showed adenocarcinoma histology. Genetic analysis
reported no mutation in EGFR exon 19 or 21 using polymerase chain reaction and no anaplastic lymphoma
kinase (ALK) re-arrangement using fluorescence in-situ hybridization. He recurred 12 months later with
extensive mediastinal lymphadenopathy, a bone metastasis, and a left-sided malignant pleural effusion.
Cytology from his pleural fluid showed adenocarcinoma. Genetic analysis showed an EGFR exon 20 variant
(c.2313_2314insACG), which results in the insertion of one amino acid residue (p.Asn771_Pro772insThr),
and has been associated with reduced sensitivity to EGFR-TKIs [2]. None of the following variants were
observed: EGFR exon 19 or 21, v-raf murine sarcoma viral oncogene homolog B (BRAF), kirsten rat sarcoma
viral oncogene (KRAS), ALK, isocitrate dehydrogenase (IDH) 1/2, phosphatase and tensin homolog (PTEN),
or tumor protein p53 (TP53). The patient was started on cisplatin and pemetrexed followed by maintenance
pemetrexed. After 10 months, he developed tiny (2 mm in size), innumerable, diffusely located, bilateral
lung nodules on computed tomography (CT) imaging (Figure 1a). There was no predominance in any
particular lobe, and there was no dominant pulmonary mass. He received docetaxel (but had an infusion
reaction) and then nivolumab for four months with no response and further progression of nodules,
confirming that the nodules were disease-related rather than a specific drug-related interstitial disease. He
then received single-agent vinorelbine, which had a near-complete effect on the tiny diffuse lung
metastases. Another 12 months later, he developed numerous (>15 in number), small (3-6 mm in size),
diffusely located intracranial metastases, as identified on a head CT (Figure 1b). There was no significant
peritumoral edema and no dominant brain mass. His performance status was deteriorating at that time and
he declined whole brain radiotherapy (WBRT). The patient died 25.5 months from the date of metastatic
diagnosis from cancer progression.
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FIGURE 1: (a) Axial computed tomography (CT) images of the chest and
(b) CT images of the brain showing tiny, diffuse, nodular metastases

Case 2
A 47-year-old male of Asian ethnicity and a 17 pack-year history of smoking presented with metastatic
disease. Investigations showed a left upper lobe primary tumor (4.7 cm in diameter) with extensive thoracic
lymphadenopathy and multiple ring-enhancing brain metastases which measured up to 4.5 cm in diameter
predominantly in the right cerebral hemisphere. Pathology obtained from the lung mass showed
adenocarcinoma histology. Genetic analysis showed an EGFR exon 20 variant (c.2312_2314dup), which had
resulted in the insertion of one amino acid residual (p.Asn771_Pro772insHis), and was associated with
reduced sensitivity to EGFR-TKI [2]. None of the following variants were observed: EGFR exon 19 or 21,
BRAF, KRAS, ALK, IDH 1/2, PTEN, or TP53. He received WBRT which resulted in a near-complete response
in all brain lesions. At the completion of WBRT, re-evaluation with chest CT imaging showed small (8 mm in
size), innumerable, diffusely located, bilateral lung nodular metastases (Figure 2a). He received cisplatin and
pemetrexed with a partial response of the left lung primary and near-complete resolution of the miliary lung
metastases. At progression, he received docetaxel as second-line and nivolumab as third-line and erlotinib as
fourth-line therapy. At 15 months, he developed headaches. Magnetic resonance imaging (MRI) of the head
showed new tiny (3-8 mm in size), numerous (>25 in number), diffusely located, nodular brain metastases
with no significant peritumoral edema or dominant mass lesion (Figure 2b). He was treated with repeat
WBRT. The patient died 24 months from the time of initial diagnosis from cancer progression.

FIGURE 2: (a) Axial computed tomography (CT) images of the chest and
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(b) axial magnetic resonance imaging (MRI) of the brain showing tiny,
diffuse, nodular metastases

Discussion
We present two cases of tiny, innumerable, diffuse lung and brain metastases in patients with lung cancer
and exon 20 mutations. This presentation of miliary metastases is uncommon [3]. In both cases, the
mutation was present at baseline (germinal mutation or somatically mutated subclone) rather than acquired
secondary to EGFR-TKI resistance. To our knowledge, this is the first case report of miliary brain and miliary
lung metastases seen together in EGFR exon 20 mutant lung adenocarcinoma. 

Driver mutations in exon 19 and 21 comprise the majority of EGFR mutations and are more frequently
tested for because of their therapeutic significance. Laack et al. described a miliary pattern of pulmonary
metastases in five patients with lung adenocarcinoma and exon 19 deletions [4]. A similar pattern of miliary
metastases in the brain in patients with exon 19 deletions was reported by Sekine et al [5]. Wu et al.
examined patients presenting with miliary pulmonary carcinomatosis and found higher rates of
adenocarcinoma with EGFR (exon 18-21) mutations, and suggested that EGFR-TKI may be the treatment of
choice for non-small cell carcinoma patients with a miliary pattern of disease [6]. Finally, a recent
population-based study showed an increased incidence of miliary lung and brain metastases in patients with
lung cancer carrying an EGFR exon 19 or 21 mutation [7].

Lung adenocarcinoma with exon 20 mutations may predispose to the same miliary pattern but are not
associated with sensitivity to EGFR-TKI. Our literature search found two cases of distinct exon 20 point
mutations and the same pattern of presentation. Schaller et al. reported a case of miliary lung metastases in
a patient with a baseline T790M (exon 20) mutation [8]. Ruppert et al. reported a case of miliary brain
metastases in a patient with a different exon 20 deletion (c.2297_2305dupTGGCCAGCG) [3]. Interestingly,
Falk et al. reported a case of miliary brain and pulmonary metastases in a patient with lung adenocarcinoma
and an echinoderm microtubule-associated protein-like 4 (EML4)-ALK translocation [9].

Miliary metastases could be a pattern of metastatic behavior associated with more than a few driver
mutations. Since not all EGFR mutations confer sensitivity to EGFR-TKI therapy, not all patients with a
miliary presentation may respond to EGFR-TKIs. In patients with miliary metastases and the absence of an
EGFR exon 19 or 21 mutation, analysis of less common driver mutations should be considered. An
underlying driver mutation may be present which may have therapeutic significance. For instance, patients
with an EGFR exon 20 T790M mutation may have a better response with osimertinib over first- or second-
generation EGFR-TKIs [10].

Conclusions
There is growing literature associating distinct driver mutations with miliary metastases. Clinicians should
beware of this pattern of presentation in patients with EGFR exon 20 mutations because they are resistant to
EGFR-TKIs.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Massarelli E, Johnson FM, Erickson HS, Wistuba II, Papadimitrakopoulou V: Uncommon epidermal growth

factor receptor mutations in non-small cell lung cancer and their mechanisms of EGFR tyrosine kinase
inhibitors sensitivity and resistance. Lung Cancer. 2013, 80:235-241. 10.1016/j.lungcan.2013.01.018

2. Yasuda H, Park E, Yun CH, et al.: Structural, biochemical, and clinical characterization of epidermal growth
factor receptor (EGFR) exon 20 insertion mutations in lung cancer. Sci Transl Med. 2013, 5:216ra177.
10.1126/scitranslmed.3007205

3. Ruppert AM, Stankoff B, Lavole A, Gounant V, Milleron B, Seilhean D: Miliary brain metastases in lung
cancer. J Clin Oncol. 2010, 28:e714-6. 10.1200/JCO.2009.27.0140

4. Laack E, Simon R, Regier M, et al.: Miliary never-smoking adenocarcinoma of the lung: strong association
with epidermal growth factor receptor exon 19 deletion. J Thorac Oncol. 2011, 6:199-202.
10.1097/JTO.0b013e3181fb7cf1

5. Sekine A, Kato T, Hagiwara E, et al.: Metastatic brain tumors from non-small cell lung cancer with EGFR

2018 Hsu et al. Cureus 10(10): e3533. DOI 10.7759/cureus.3533 3 of 4

https://dx.doi.org/10.1016/j.lungcan.2013.01.018
https://dx.doi.org/10.1016/j.lungcan.2013.01.018
https://dx.doi.org/10.1126/scitranslmed.3007205
https://dx.doi.org/10.1126/scitranslmed.3007205
https://dx.doi.org/10.1200/JCO.2009.27.0140
https://dx.doi.org/10.1200/JCO.2009.27.0140
https://dx.doi.org/10.1097/JTO.0b013e3181fb7cf1
https://dx.doi.org/10.1097/JTO.0b013e3181fb7cf1
https://dx.doi.org/10.1016/j.lungcan.2011.12.017


mutations: distinguishing influence of exon 19 deletion on radiographic features. Lung Cancer. 2012, 77:64-
9. 10.1016/j.lungcan.2011.12.017

6. Wu SG, Hu FC, Chang YL, et al.: Frequent EGFR mutations in nonsmall cell lung cancer presenting with
miliary intrapulmonary carcinomatosis. Eur Respir J. 2013, 41:417-24. 10.1183/09031936.00006912

7. Hsu F, Nichol A, Toriumi T, DeCaluwe A: Miliary metastases are associated with epidermal growth factor
receptor mutations in non-small cell lung cancer: a population-based study. Acta Oncologica. 2017,
56:1175-1180. 10.1080/0284186X.2017.1328128

8. Schaller A, Beau-Faller M, Mennecier B, Renaud-Picard B, Weingertner N, Massard G, Quoix E: Lung
adenocarcinoma with pulmonary miliary metastases and complex somatic heterozygous EGFR mutation.
Case Rep Oncol. 2014, 7:769-73. 10.1159/000369526

9. Falk AT, Poudenx M, Otto J, Ghalloussi H, Barrière J: Adenocarcinoma of the lung with miliary brain and
pulmonary metastases with echinoderm microtubule-associated protein like 4-anaplastic lymphoma kinase
translocation treated with crizotinib: a case report. Lung Cancer. 2012, 78:282-4.
10.1016/j.lungcan.2012.08.015

10. Mok TS, Wu Y-L, Ahn M-J, et al.: Osimertinib or platinum-pemetrexed in EGFR T790M-positive lung cancer .
N Engl J Med. 2017, 376:629-640. 10.1056/NEJMoa1612674

2018 Hsu et al. Cureus 10(10): e3533. DOI 10.7759/cureus.3533 4 of 4

https://dx.doi.org/10.1016/j.lungcan.2011.12.017
https://dx.doi.org/10.1183/09031936.00006912
https://dx.doi.org/10.1183/09031936.00006912
https://dx.doi.org/10.1080/0284186X.2017.1328128
https://dx.doi.org/10.1080/0284186X.2017.1328128
https://dx.doi.org/10.1159/000369526
https://dx.doi.org/10.1159/000369526
https://dx.doi.org/10.1016/j.lungcan.2012.08.015
https://dx.doi.org/10.1016/j.lungcan.2012.08.015
https://dx.doi.org/10.1056/NEJMoa1612674
https://dx.doi.org/10.1056/NEJMoa1612674

	Adenocarcinoma of the Lung with Miliary Metastases and Primary Resistance Exon 20 Mutations
	Abstract
	Introduction
	Case Presentation
	Case 1
	FIGURE 1: (a) Axial computed tomography (CT) images of the chest and (b) CT images of the brain showing tiny, diffuse, nodular metastases

	Case 2
	FIGURE 2: (a) Axial computed tomography (CT) images of the chest and (b) axial magnetic resonance imaging (MRI) of the brain showing tiny, diffuse, nodular metastases


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


