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Treatment response to osimertinib in a patient with
leptomeningeal metastasis from lung adenocarcinoma
following failure of gefitinib and erlotinib: A case report
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Abstract. Epidermal growth factor receptor-tyrosine kinase
inhibitors (EGFR-TKIs) are effective in the treatment of
advanced non-small-cell lung cancer (NSCLC) with lepto-
meningeal metastases (LM); however, a proportion of the
patients with resistant tumors do not benefit from EGFR-TKI
treatment. In the present study the case of a female patient with
advanced lung adenocarcinoma harboring the EGFR L858R
mutation (encoded in exon 21) who developed intracranial
metastases following treatment with erlotinib after gefitinib
failure is reported. The patient achieved a partial response (PR)
after four cycles of chemotherapy with pemetrexed/cisplatin.
However, after 4 months, LM were detected. The patient
was treated with osimertinib, a third-generation EGFR-TKI,
but the LM continued to progress and the patient eventu-
ally succumbed to the disease (overall survival, 6 months).
Therefore, LM in patients without the EGFR T790M mutation
(encoded in exon 20) appear to be resistant to treatment with
the third-generation TKI osimertinib, which may be associated
with human epidermal growth factor receptor 2 amplification.
Further clinical trials are required to confirm our results.

Introduction

Lung cancer is the leading cause of cancer-related mortality
and NSCLC is responsible for ~85% of lung cancer cases
worldwide (1). Advanced NSCLC is associated with a higher
risk of leptomeningeal metastasis (LM) compared with other
tumors. Due to the limitations of the blood-brain barrier,
traditional cytotoxic drugs are not effective, and patients with
brain metastases form NSCLC have a poor prognosis, as their
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condition deteriorates rapidly due to the lack of standard and
effective treatments. Radiotherapy of LM requires a large
irradiation field, is associated with severe adverse reactions,
and generally has a poor prognosis. Previous studies have
demonstrated that epidermal growth factor receptor-tyrosine
kinase inhibitors (EGFR-TKIs) can improve the prognosis
of these patients (2,3). However, EGFR mutation-positive
patients eventually develop resistance to EGFR-TKIs, the most
frequent reason being a secondary EGFR T790M mutation
encoded in exon 20 (4).

Osimertinib, a third-generation EGFR-TKI, was recently
approved for use in NSCLC patients who have been previously
treated with EGFR-TKIs and/or chemotherapy and who harbor
the EGFR T790M mutation (5,6). Early results from a phase
I study (BLOOM) indicate that osimertinib is effective for
LM treatment, regardless of whether there is a T790M muta-
tion (7). We herein report the case of a patient with advanced
NSCLC with LM who was treated with osimertinib.

Case report

A 59-year-old woman was admitted to The First Affiliated
Hospital of Jinzhou Medical University (Jinzhou, China)
in December 2015, following detection of a mass in her
left lung on routine physical examination. The patient had
never been a smoker and had no other significant medical
history. A computed tomography (CT) scan revealed a mass
in the left lung and small nodules in the inferior lobe of the
right lung. The patient's carcinoembryonic antigen (CEA)
level was 422.0 ng/ml (normal range: 0.0-3.4 ng/ml) higher
than normal, and it significantly increased to 15854.2 ng/ml
when the patient's condition worsened (Fig. 1). The patient
was diagnosed with lung adenocarcinoma by fiberoptic
bronchoscopy and biopsy. Mutation analysis of EGFR in
adenocarcinoma cells revealed an L858R mutation in the
EGFR gene. A bone emission computerized tomography
scan revealed metastasis to the thoracic and lumbar verte-
brae. The patient was initiated on 250 mg of gefitinib orally
once a day in January 2016. After 1 month of treatment with
gefitinib, the lung tumor exhibited partial response (PR). In
April 2016, the mass in the left lung had increased in size as
detected during CT examination, and gefitinib was replaced
with erlotinib (150 mg/day). However, the patient developed
progressive disease on erlotinib.
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In September 2016, a new metastasis in the brain was
detected during brain magnetic resonance imaging (MRI)
examination (Fig. 2A). The patient was administered four
cycles of pemetrexed/cisplatin,and the cranial tumor exhibited
a PR that lasted for 5 months (Fig. 2B). However, in February
2017, the patient developed headache, dizziness and vomiting.
An MRI of the patients' spine revealed multiple metastases
to the spine (Fig. 3). Based on this finding and taking into
consideration the risks of lumbar puncture, the options were
discussed with the patient's family, and the family declined
both the lumbar puncture and cerebrospinal fluid examina-
tion. A brain MRI revealed linear high-signal intensities in
parts of the meninges, and linear hardening was observed
with enhanced scanning. Thus, LM was diagnosed (Fig. 4A).
Despite receiving a series of symptomatic supportive treat-
ments, the patient's symptoms of intracranial metastases
were not relieved. It was recommended to the patient's family
that the pulmonary lesions were biopsied for pathological
detection of gene mutations. The family members consid-
ered the patient's current symptoms and refused biopsy, but
agreed to genetic testing of a blood sample. In February
2017, The Beijing Genomics Institute was commissioned
to perform genetic testing on a blood sample. The EGFR
T790M mutation encoded in EGFR exon 20 was not detected
in this patient, but human epidermal growth factor receptor
2 (HER?2) amplification was detected instead. Treatment
with oral osimertinib was initiated at a dose of 80 mg per
day in February 2017. A brain MRI revealed that LM had
progressed, and the patient's symptoms worsened after
1 month of treatment with osimertinib (Fig. 4B). The dose
of the drug was increased to 160 mg per day. However, after
1 month of treatment, LM progressed again (Fig. 4C), and
the CEA level also increased from 8613.7 to 11239.9 ng/ml
(normal range: 0.0-3.4 ng/ml) during treatment with osimer-
tinib (Fig. 1). The patient's symptoms worsened, and the LM
continued to progress. Due to the deterioration of the perfor-
mance status (PS 4), the patient received supportive care and
succumbed to the disease 3 months following the worsening
of the meningeal metastasis symptoms.

This case report was approved by the Ethics Committees
of Jinzhou Medical University and written informed consent
was obtained from the patient regarding the publication of the
case details and associated images.

Discussion

Patients with advanced NSCLC and LM have a poor prognosis.
Our patient was a woman with advanced lung adenocarcinoma
who had no smoking history. The primary lesions harbored
exon-EGFR19 mutations. Based on genetic testing, the patient
was sensitive to EGFR-TKI treatment and the extracranial
conditions were briefly controlled. Erlotinib was used to replace
gefitinib as EGFR-TKI treatment following development of
gefitinib resistance and disease progression. However, brain
metastases occurred during gefitinib treatment with progression
of peripheral lesions. In addition to the standard whole-brain
radiotherapy, some studies have reported that EGFR-TKIs may
improve the prognosis of NSCLC patients. EGFR mutation is
an oncogenic driver mutation, and it has been demonstrated that
individual NSCLC patients with oncogenic drivers who receive
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Figure 1. Serum carcinoembryonic antigen (CEA) levels during the course of
the whole treatment. The patient's CEA value was higher than normal, and it
increased significantly when the patient's condition deteriorated.

a matched targeted agent exhibit improved prognosis, and treat-
ment with an EGFR-TKI is recommended as first-line therapy
for EGFR mutation-positive NSCLC patients (8). However, resis-
tance develops rapidly, the main reason for which is a secondary
T790M mutation within the ATP site of the receptor (9,10), with
a mutation probability of ~60%. A third-generation EGFR-TKI,
osimertinib, was recently found to be of clinical value for
NSCLC patients who develop a secondary EGFR T790M muta-
tion, which is the most frequent reason for resistance to first-line
treatment with EGFR-TKIs (4,5). Recently, the BLOOM trial
found osimertinib to be effective in patients with advanced
NSCLC who developed LM, regardless of the presence of a
T790M mutation (7).

EGFR T790M has been identified as the most common
mechanism underlying acquired resistance, while
MET amplification, HER2 amplification and small-cell
histological transformation occur less frequently. Although
EGFR T790M mutation encoded in EGFR exon 20 was
not detected in our patient, HER2 and MYC amplification,
lack of CDKN2A, TP53 exon 4 and 6, ATP1B1 exon 21,
and APC exon 5 mutations were detected. In fact, HER2
amplification may be a more common finding at the time
of resistance development (11). The HER2 copy number
appeared to be associated with gefitinib sensitivity in
EGFR-positive patients treated with gefitinib in North
America and Europe (12). The prognostic role of EGFR
in lung cancer is not well defined, but previous studies
have demonstrated that patients overexpressing EGFR and
HER?2 have a poor prognosis (13-15). Conversely, current
findings suggest that high copy numbers of the HER2 gene
increase sensitivity to gefitinib therapy (15). Preclinical
data have revealed that tumors overexpressing HER2 are
the most sensitive to gefitinib, possibly because this drug
induces sequestration of HER2 and HER3 receptors in an
inactive heterodimer configuration with the EGFR (16).
Conflicting results have also been reported regarding the
interaction between EGFR mutation and EGFR and HER?2
copy numbers (10,17-19).

The efficacy of EGFR-TKIs, such as gefitinib, erlotinib and
afatinib, in the treatment of NSCLC has been proven, particu-
larly in EGFR mutation-positive patients; however, resistance
develops rapidly. Osimertinib has exhibited good penetration
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Figure 2. Computed tomography scan showing the intracranial metastases. (A) Prior to treatment (September 19, 2016). (B) After treatment with four cycles of
chemotherapy with pemetrexed/cisplatin (December 15, 2016), the intracranial metastases (arrows) appeared smaller compared with 3 months earlier.

Figure 3. Brain magnetic resonance imaging (February 6, 2017) showing multiple bone lesions with osseous destruction and signal abnormalities in the

vertebrae and appendages, indicating multiple metastases to the spine.

Figure 4. Brain magnetic resonance imaging showing the leptomeningeal metastasis (LM). (A) Prior to treatment (February 6, 2017). (B) After 1 month of
treatment with osimertinib at a dose of 80 mg per day (April 22, 2017), LM had progressed and the patient's symptoms worsened. (C) After 1 month of treat-
ment with osimertinib at a dose of 160 mg per day (May 27, 2017), the patient's symptoms worsened and the LM progressed further. Arrows indicate the LM.

through the blood-brain barrier, delaying the development of
leptomeningeal carcinomatosis in EGFR mutation-positive
cases.

Unfortunately, our patient, who had lung adenocarci-
noma resistant to gefitinib and erlotinib treatment and was
negative for the EGFR T790M mutation, was not sensitive
to osimertinib. HER2 amplification may be the mechanism
underlying acquired resistance. Previous studies have reported
that patients overexpressing EGFR and HER?2 have a poor

prognosis. Conversely, current findings suggest that high copy
numbers of the HER2 gene increase sensitivity to gefitinib
therapy. Further studies are required to elucidate this associa-
tion and the role of HER?2 protein status among patients treated
with reversible EGFR-TKIs.
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