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Abstract: Therapy for leptomeningeal metastases (LM) from non-small cell lung cancer
(NSCLC) is challenging, and conventional treatments have little impact on the disease course.
‘We report three cases that were definitively diagnosed as LM from NSCLC with a mutation of
epidermal growth factor receptor (EGFR) L858R. The systemic therapies of chemotherapy, local
radiotherapy, and early generation tyrosine kinase inhibitors (TKIs) were implemented but
ineffective. Three patients were treated with the third-generation TKI osimertinib at 80 mg
daily, despite their different detection levels of T790M in the cerebrospinal fluid (CSF) and
plasma, and achieved symptomatic remission, a decline of carcinoembryonic antigen (CEA)
levels, and stable lesions. After the progression of LM, osimertinib at 160 mg daily further
lengthened the quality of life and survival time of patients without any notable side effects during
treatment. Recent related studies and our cases indicate that osimertinib has a positive effect on
LM from EGFR-mutant NSCLC, regardless of T790M status.

Keywords: non-small cell lung cancer, leptomeningeal metastases, osimertinib, EGFR
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Introduction

Leptomeningeal metastases (LM) refer to the spread of cancerous cells to the
leptomeninges, arachnoid, cavum subarachnoidale, and other cerebrospinal fluid
compartments.! The morbidity of LM is approximately 3—5% among patients with
non-small cell Iung cancer (NSCLC) and is higher in patients with epidermal
growth factor receptor (EGFR) mutation when compared to those with EGFR
wildtype (9.4% vs 1.7%) according to the latest report.

The therapy of LM from NSCLC is challenging due to the obstruction of the blood
brain barrier (BBB) to early generation tyrosine kinase inhibitors (TKIs), which have a
ratio of cerebrospinal fluid (CSF) to blood concentration only approximately 1%.*°
Recently, third-generation TKI osimertinib (AZD9291) attracted extensive attention
owing to its remarkable central nervous system (CNS) permeability and reliable
antitumour activity.” Here, we report three cases that were confirmed to be LM from
EGFR mutation-positive NSCLC and benefited from osimertinib.

Materials And Methods

The sequencing technologies utilized for EGFR sequencing in tumor biopsies,

blood and CSF are the same across the three cases. The droplet digital polymerase
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chain reaction (ddPCR) is used to analyse EGFR mutation
of tumour tissue, and standard next-generation sequencing
(NGS) is adopted to analyse EGFR status of plasma
and CSF.

Case Reports

Case |

A 51-year-old Asian female non-smoker was diagnosed with
right upper lobe lung adenocarcinoma with multiple osseous
metastases in July 2015 after appearing with severe back pain.
EGFR testing revealed an exon 21 L858R point mutation and
c-Met overexpression. Treatment with gefitinib at 250 mg
daily was started in August 2015. Meanwhile, the patient
received palliative radiation of 30 Gy in 10 fractions from
T5-T7 spine. A positive clinical response was achieved after
treatment. However, multiple metastases were diagnosed in
October 2015 with the help of magnetic resonance imaging
(MRI) of the brain. In consideration of the overexpression of
c-Met, a combination treatment of gefitinib and crizotinib was
applied, and the disease stabilized for 5 months. Thereafter,
imaging studies suggested disease progression in the brain,
right lung and bone. Re-biopsy of the right upper lobe primary
lesion revealed mutations of both EGFR L858R and T790M.
The systemic therapy was changed to osimertinib at 80 mg
daily, and a course of cyber-knife radiotherapy was imple-
mented for the primary lesion in the right lung. The treatment
was tolerable for the patient and obtained stable clinical remis-
sion for 9 months. In December 2017, the patient started to

display severe headaches, weakness of the lower extremities,
neck ankyloses, and gradually aggravated back pain. Plasma
carcinoembryonic antigen (CEA) levels were markedly
increased, and MRI discovered LMs (Figures 1A and 2A),
which were further confirmed by positive CSF cytology. The
T790M mutation was absent in the CSF. To enhance the
efficacy, the dose of osimertinib was increased to 160 mg
daily. The clinical symptoms of headaches, neck ankyloses,
and back pain gradually alleviated. Her CEA level and MRI
findings remained stable (Figures 1B and 2B) for 8 months
without any notable side effects during treatment.
Unfortunately, she gradually became emaciated and died of

a severe lung infection in November 2018.

Case 2

A 60-year-old Asian female non-smoker presented with a
dry cough in April 2009. Chest computed tomography
(CT) suggested left lower lobe lung cancer. The clinical
stage was pT3NOMO IIB according to the postsurgical
pathology. Adjuvant chemotherapy with docetaxel and
oxaliplatin was applied for 6 cycles. The disease was
controlled for 6 years until May 2015, when the patient
showed symptoms of dizziness, headache, nausea, and
dysuria. Based on MRI and positive CSF cytology, she
was diagnosed with LM. The EGFR test showed a point
mutation of exon 21 L858R. Gefitinib treatment was
adopted, which stabilized the disease for 1 year. In May
2016, the symptoms of headache and nausea returned and

Figure | Sagittal T1-weighted (T Iw) spinal MRI.

Notes: (A) Baseline MRI showed ribbon-like enhancement of the spinal pia mater (red arrow) and the multiple osseous destruction sites (white arrow). (B) Repeat MRI
after 4 months of treatment, showed reduced enhancement of the spinal pia mater (red arrow) and stable osseous destruction sites (white arrow).
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Figure 2 Axial Tlw C+ craniocerebral MRI.

Notes: (A) Baseline MRI showed three patches of enhancement along the sulci (white arrows). (B) After 4 months of treatment, MRI showed reduced enhancement of all

lesions (white arrows).

were confirmed by MRI to be a result of the progression of
LM. Plasma EGFR L858R and T790M mutation testing
produced positive results. Osimertinib at 80 mg daily was
implemented as a second-line treatment, which led to
symptomatic remission and a decline in CEA levels. In
September 2017, the patient presented with epileptic sei-
zures and urinary retention. MRI revealed the enhance-
ment of the cerebrospinal membrane. Osimertinib was
increased to 160 mg daily and maintained the remission
for 6 months. Although the CEA level decreased, the
patient became lethargic and mute and passed away in
March 2018.

Case 3

A 56-year-old Asian female was diagnosed with right
upper lobe lung cancer by CT scan and positron emission

tomography CT (PET-CT). Thoracoscopic resection of the
lung cancer was carried out, the pathological examination
displayed pleural metastasis, and the presence of the
EGFR L858R mutation was confirmed. Gefitinib was
started in August 2015. In December 2017, she presented
with hemifacial spasms and short-term aphasia. Although
the CSF cytology was negative, LM was suspected based
on PET-CT and MRI (Figure 3A). Plasma EGFR L858R
mutation testing produced positive results, while the test
for T790M was negative. Osimertinib at 80 mg daily was
administered, which decreased the CEA levels, alleviated
neurological signs and symptoms, and reduced the lesion
size (Figure 3B). Five months after beginning the osimer-
tinib treatment, she presented neck stiffness and lower
limb fatigue. The EGFR test of the CSF demonstrated
L858R but without a T790M mutation. Osimertinib at

Figure 3 Axial Tlw C+ craniocerebral MRI.

Notes: (A) Baseline MRI showed a patch of inhomogeneous enhancement along the sulci (white arrow). (B) MRI after a 3-month interval showed a shrunken lesion (white

arrow). (C) Repeat MRI in May 2019 showed a reduced lesion (white arrow).
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160 mg daily was started in May 2018, which resulted in
stable clinical improvement. At the last follow-up in May
2019, a repeat MRI revealed a shrunken lesion of LM
(Figure 3C).

Discussion

LM development from NSCLC is normally accompanied
by poor prognosis, with a median overall survival time of
8.7 months if relying on conventional treatments.”* When
lung cancer patients show symptoms of headaches, nausea
and vomiting, dysuria, fatigue, mental abnormalities, epi-
leptic seizures and other symptoms, clinicians should be
vigilant of the occurrence of LM. The diagnosis of LM is
mainly dependent on the clinical manifestations, cytologic
examinations of CSF, and imaging examinations. The spe-
cificity of LM diagnosis can reach 75-85% by CSF ana-
lysis, which is widely recognized as the gold standard and
is advised to be repeated twice on account of its low
sensitivity.® Heteromorphic cells and EGFR-mutated deox-
yribonucleic acid (DNA) were discovered in the first and
second cases presented here, except for the third case.
However, LM was deduced to exist in the third case
based on the typical symptoms and MRI, which was
verified by the significant treatment effect.

The patients with LM are recommended to be grouped
according to graded prognostic assessment (GPA), includ-
ing Karnofsky performance status (KPS), age, and the
degree of intracranial and extracranial metastasis.” For
the group with low GPA scores, the main purposes of
treatment are to relieve neurological symptoms, improve
the quality of life, and extend the maximum overall survi-
val time. For the group with high scores and relatively
good prognoses, more aggressive treatments are recom-
mended, generally including chemotherapy, radiotherapy,
immunotherapy and molecular targeted therapy. Systemic
chemotherapy is a prior consideration for patients with
NSCLC with no targetable mutations.” Intrathecal che-
motherapy, especially with methotrexate, has a notable
effect in the treatment of LM,'° but it should be executed
prudently to avoid conspicuous neurological toxicity and
infection. Radiotherapy could effectively control limited
lesions in the brain; however, there is no valid evidence
that whole brain and craniospinal radiotherapy are effec-
tive for diffuse LM, which may lead to severe marrow
suppression and increase mortality.'® In the area of immu-
notherapy, extraordinary strides have been made, most
notably with the programmed death-1 (PD-1)/PD-ligand
1 antibodies, which prove to be potent for many kinds of

tumour. However, only a few relevant cases have been
reported, and no major breakthroughs have been made in
the therapy of LM.'"!2

Generations of EGFR-TKIs have varying degrees of
efficacy in treating LM from EGFR-mutant NSCLC, and
one of the most commonly used is osimertinib. In the five
TKIs that are recommended prior to first-line systemic
therapy (osimertinib, erlotinib, afatinib, gefitinib, dacomiti-
nib), osimertinib is the preferred choice due to its outstand-
ing antineoplastic efficacy.'*> Moreover, osimertinib is
confirmed to have a several-fold higher permeability com-
pared to some other EGFR-TKIs.” These advantages
demonstrate the vital role of osimertinib in controlling LM.

Regarding the dose of osimertinib, several studies and
cases indicate that remarkable efficacy can be achieved by
using osimertinib at 80 mg daily.'"*"'” At the same time,
high-dose osimertinib has also been proven to be very
effective by the BLOOM study. Twenty-one patients with
CNS-positive LM from EGFR-mutant NSCLC were
selected for the study. After treatment, 7 of the patients
had radiological improvement, 5 showed improvement in
neurological function, and 2 had confirmed CSF cytology
clearance.'® All of the cases we reported gained remark-
able clinical improvement at the standard dose, and after
the disease progressed, osimertinib at 160 mg daily further
prolonged the survival of the patients without increasing
the occurrence of toxicity. It could be that high-dose
osimertinib ensures a high local concentration in the
CNS and has marked anti-tumour effects. Further studies
are required to elucidate the optimal dose of osimertinib.

The dissimilar detection of the T790M mutation in the
CNS and extra-CNS sites also deserves special attention,
as in case 1 in this paper, who had a T790M mutation in
all plasma and lung tissue except the CNS. The circulating
tumour DNA in CSF can express gene mutations of central
LM more accurately than plasma can.'” Some studies
suggest that patients who are resistant to gefitinib have a
lower T790M mutation rate in cerebrospinal fluid com-
pared to in extracranial lesions.’®*' Taken together, it
appears that the low CNS permeability gives rise to the
lower acquired T790M mutation in CNS.

Recently, in a prospective study of patients with NSCLC
after the loss of prior TKI therapy, the patients with T790M
mutations in both CNS and extra-CNS lesions showed an
excellent response, and the patients with a T790M mutation
only in the extra-CNS site rendered the disease stable.'* In
addition, some cases report and phase 1 of the BLOOM
study showed that osimertinib could be very effective
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despite T790M status.'®?*** Most recently, Haiying Cheng
and Roman Perez-Soler recommend osimertinib as the best
choice for EGFR T790M-positive LM patients. When
T790M is negative, osimertinib is also an important

choice.?*

Conclusion

In summary, osimertinib has a positive effect on LM from
EGFR-mutant NSCLC regardless of T790M status.
Furthermore, when standard-dose osimertinib (80 mg

daily) is ineffective, high-dose osimertinib (160 mg

daily) can further prolong progression-free survival. The

optimal dose and the ideal combination of other treatments

need more clinical cases and further prospective studies to

be determined.
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