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Introduction

Leptomeningeal metastasis (LM) occurs in up to 5% of cases 
with advanced non-small cell lung cancer (NSCLC) (1).  
The incidence of LM is higher in patients with epidermal 
growth factor receptor tyrosine kinase inhibitor (EGFR-
TKI)-targetable mutations as a result of the survival benefits 
gained via precise molecular targeted therapy (2). Despite 
the continuous development of traditional treatments, 
such as EGFR-TKIs, systemic chemotherapy, intrathecal 
chemotherapy and whole-brain radiotherapy (WBRT), the 
prognosis for patients with LM from NSCLC remains poor, 
and the collective median survival time is only 3–11 months 

(3,4). Most antineoplastic drugs cannot reach effective 
concentrations due to the blood brain barrier (BBB), which 
is the main limiting factor in curative treatment.

Intrathecal chemotherapy can overcome the BBB to 
directly deliver drugs into cerebrospinal fluid (CSF); thus, 
it is useful for efficient LM treatment (5). Compared with 
lumbar puncture (LP), Ommaya reservoirs are a more 
convenient and safer approach for implementing intrathecal 
chemotherapy. Pemetrexed is a multitargeting antifolate 
agent, and it has demonstrated antitumor activity against 
nonsquamous NSCLC (6). Here we report the first case of 
a patient with LM from EGFR mutation-positive NSCLC 
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who achieved both clinical and CSF cytological responses 
to intrathecal pemetrexed delivered via an Ommaya 
reservoir. We present the following case in accordance with 
the CARE reporting checklist (available at http://dx.doi.
org/10.21037/apm-19-521).

Case presentation

A 57-year-old Asian female nonsmoker was diagnosed with 
lung adenocarcinoma via positron emission tomography 
computed  tomography  (PET-CT)  in  Ju ly  2015 . 
Thoracoscopic resection of lung cancer was implemented, 
and EGFR testing revealed exon 19 deletion mutations. 

Gefitinib was applied in August 2015, and the patient 
obtained stable clinical remission for 28 months. In January 
2018, the patient showed symptoms of dizziness, headaches 
and epileptic seizures. Her plasma carcinoembryonic antigen 
(CEA) level was clearly elevated. LM was confirmed via 
magnetic resonance imaging (MRI) (Figure 1) and positive 
CSF cytology (Figure 2). Osimertinib was administered 
daily at 80 mg, which led to symptomatic remission and a 
decrease in the CEA level and of the lesion size (Figure 1).  
Six months later, she suffered severe headaches, neck 
stiffness and gradually aggravated lower limb fatigue. An 
additional CSF test detected a small number of malignant 
cells (Figure 2) and an EGFR exon 19 deletion and no 

Figure 1 Axial T1w +c craniocerebral MRI. (A) A baseline MRI showed a patch of inhomogeneous enhancement along the sulci (white 
arrow) in January 2018; (B) a repeat MRI in May 2018 showed a reduced lesion (white arrow); (C) a repeat MRI in October 2018 showed 
a reduced lesion (white arrow); (D,E,F) repeat MRIs showed a stable lesion in March, June and September 2019 (white arrows). MRI, 
magnetic resonance imaging.
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T790M mutation. Osimertinib (160 mg daily) was started in 
August 2018. Her CEA level remained stable, and a repeat 
MRI showed a shrunken lesion (Figure 1); however, there 
was no significant improvement in the LM symptoms. To 
further enhance the local control of LM, an intraventricular 
Ommaya reservoir (Medtronic Inc., Goleta, USA) was 
installed in November 2018. Pemetrexed and other adjuvant 
treatments were implemented on days 1 and 8 every 21 days  
via the Ommaya reservoir. She also continued to take  
160 mg of osimertinib daily. The specific procedure was 
as follows: after adequate partial scalp disinfection, a 24G 
scalp vein needle (Kindly Medical Instruments Co., Ltd., 
Shanghai, China) was inserted into the Ommaya reservoir, 
and 2–5 mL of CSF (1 mL/min) was extracted based on 
pressure. Next, 5 mg of dexamethasone (0.5 mL/min) and 
30 mg of pemetrexed dissolved in 1 mL (0.5 mL/min) were 
sequentially injected. Finally, depakine and antiemetics 
were intravenously administered to prevent epilepsy and 
to alleviate gastrointestinal reactions. This combined 
treatment ameliorated the neurological defects and led to 
improved CSF cytology (Figure 2) with no notable side 
effects. At recent follow-ups in March, June and September 
2019, MRI examinations revealed that the LM lesion had 
remained stable (Figure 1). The whole course of diagnosis 
and treatment was organized as a timeline (Figure 3).

Written informed consent was obtained from the patient 
for publication of this manuscript and any accompanying 
images.

Discussion

Currently, there is no any consensus or standard guidelines 
for the treatment of LM associated with advanced  

NSCLC (3). Targeted therapy combined with local 
treatment comprise the most common therapeutic approach 
for patients with EGFR mutations. Radiotherapy can be 
effective for isolated lesions in the brain, whereas whole-
brain and craniospinal radiotherapy are inefficacious for LM 
diffuse lesions, and these approaches are controversial due 
to the severe marrow suppression and increased mortality 
that can result (7).

By being able to cross the BBB, intrathecal chemotherapy 
has great advantages in clearing small leptomeningeal 
nodular deposits and individual tumor cells floating in  
CSF (8). The administration route mainly includes Ommaya 
reservoirs and LP, and the former has the following 
benefits (9-11). First, this operation is more convenient 
and safer and reduces patients’ pain and the incidence 
of infections due to repeated LP. Second, clinicians can 
drain CSF via the Ommaya reservoir anytime depending 
on the CSF pressure to readily alleviate the symptoms of 
intracranial hypertension. The collected CSF can be used 
to measure drug concentrations and tumor markers, direct 
the drug dosage, and assess efficacy and prognosis. Finally, 
chemotherapeutic drugs are directly injected into the 
cerebral ventricle via the Ommaya reservoir, after which 
they are slowly released and uniformly distributed as CSF 
circulates through the brain and spinal cord and drains (12). 
The local drug concentration can reach 10 times higher 
than that attainable via LP (5), which ensures more robust 
antitumor activity and improved survival (13). Therefore, 
Ommaya reservoirs are the preferred manner of intrathecal 
chemotherapy.

Currently, Ommaya reservoirs have been successfully 
used in the treatment of LM from multiple malignant 
tumors (14-18). Methotrexate is the most commonly chosen 

Figure 2 CSF smear (hematoxylin and eosin staining, ×100). (A) A baseline CSF smear showed tumor cells in January 2018; (B) a repeat 
CSF smear found reduced tumor cells in October 2018; (C) a repeat CSF smear found no tumor cells in March 2019. CSF, cerebrospinal 
fluid.
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and relatively effective medication; however, it is now rarely 
used in clinical practice due to its clear toxicity and limited 
survival benefits (5). Pemetrexed has shown significant 
antitumor activity against NSCLC without notable adverse 
effects (6). Some studies have demonstrated that pemetrexed 
cannot efficiently control CNS metastases due to its poor 
BBB permeability (18,19). Intrathecally administered 
pemetrexed has been proven to be safe, and this approach 
can achieve higher and more stable concentrations in 
the CNS (20,21). Thus, intrathecal chemotherapy with 
pemetrexed was administered via an Ommaya reservoir after 
full consultation with the patient and after obtaining written 
informed consent. This new approach was well tolerated 
and showed notably efficacy against LM.

Regarding the optimal dose and administration mode 

of intrathecal chemotherapy, no consensus has yet been 
reached. Based on related animal trials and the standard 
use of intravenous administration (20,21), 30 mg of 
pemetrexed was given on days 1 and 8 every 3 weeks. The 
drug concentrations in CSF were measured before and after 
treatment. As shown in Figure 4, the pemetrexed level was 
clearly higher than that attained via intravenous delivery at 
this or a higher dosage (22), which further confirmed the 
validity of this therapeutic approach. However, this patient 
refused to try a higher therapeutic dose, so more cases 
and further studies are required to elucidate the optimum 
pemetrexed dose.

The complication rate of intraventricular reservoirs 
is low (23). No complications related to the Ommaya 
capsule (e.g., infection, tube misalignment and clogging, 
intracranial hematoma or CSF fistula) were found in this 
case. After the intrathecal treatment, the patient presented 
with a mild headache, nausea and vomiting, which were 
thought to be related to the changes in the CSF volume and 
gastrointestinal reactions to pemetrexed.

In addition to local intensive therapy, systemic antitumor 
treatment is also indispensable for LM treatment. The 
third-generation TKI osimertinib has attracted wide 
attention because of its standout CNS permeability and 
reliable antitumor activity (24), and it is the preferred 
choice for patients with LM from EGFR-mutant NSCLC 
(2,25). The case reported here was diagnosed LM at the 
standard dose (80 mg/day) of osimertinib; however, 160 mg 
daily osimertinib further prolonged her survival. This effect 
is probably because the higher osimertinib dose leads to a 
higher local concentration in the CNS. As a consequence, 
when osimertinib does not effectively control EGFR-
mutated LM, a therapeutic approach consisting of local 

Figure 3 The timeline of diagnosis and treatment of the patient. LM, leptomeningeal metastasis.

Figure 4 CSF and serum pemetrexed concentration-time curves 
following intrathecal administration at a dose of 30 mg. CSF, 
cerebrospinal fluid.
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therapy and higher osimertinib doses is worth considering.
In summary, intrathecal pemetrexed via an Ommaya 

reservoir had a positive effect on LM from NSCLC. 
Additional clinical cases and further prospective studies 
are needed to assess the safety, effectiveness and the ideal 
combination of treatments.
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