
ORIGINAL RESEARCH
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Background: This study aimed to evaluate the efficacy and safety of intrathecal pemetrexed (IP) for treating patients
with leptomeningeal metastases (LM) from non-small-cell lung cancer (NSCLC) who progressed from epidermal growth
factor receptor (EGFR)-tyrosine kinase inhibitor (TKI) treatment in an expanded, prospective, single-arm, phase II clinical
study (ChiCTR1800016615).
Patients and methods: Patients with confirmed NSCLC-LMwho progressed from TKI received IP (50 mg, day 1/day 5 for 1
week, then every 3weeks for four cycles, and then oncemonthly) until disease progression or intolerance. Objectives were
to assess overall survival (OS), response rate, and safety. Measurable lesions were assessed by investigator according to
RECIST version 1.1. LM were assessed according to the Response Assessment in Neuro-Oncology (RANO) criteria.
Results: The study included 132 patients; 68% were female and median age was 52 years (31-74 years). The median OS
was 12 months (95% confidence interval 10.4-13.6 months), RANO-assessed response rate was 80.3% (106/132), and
the most common adverse event was myelosuppression (n ¼ 42; 31.8%), which reversed after symptomatic treatment.
The results of subgroup analysis showed that absence of brain parenchymal metastasis, good Eastern Cooperative
Oncology Group score, good response to IP treatment, negative cytology after treatment, and patients without
neck/back pain/difficult defecation had longer survival. Gender, age, previous intrathecal methotrexate/cytarabine,
and whole-brain radiotherapy had no significant influence on OS.
Conclusions: This study further showed that IP is an effective and safe treatment method for the EGFR-TKI-failed
NSCLC-LM, and should be recommended for these patients in clinical practice and guidelines.
Key words: non-small-cell lung cancer, leptomeningeal metastasis, epidermal growth factor receptor, intrathecal
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INTRODUCTION

Leptomeningeal metastases (LM) refer to the spread of
malignant tumor cells to the leptomeninges and cerebral
spinal fluid (CSF). The incidence rate of LM in non-small-cell
lung cancer (NSCLC) is 3%-5%, and the prognosis is very
poor.1,2 Recently, with the application of epidermal
growth factor receptor-tyrosine kinase inhibitor (EGFR-TKI),
extended survival, and the improved diagnostic techniques,
the incidence rate of LM is as high as 9.4% in EGFR-mutant
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NSCLC.3,4 Most patients develop LM during treatment
with EGFR-TKI; therefore, effective treatment is urgently
needed.5 Due to the presence of bloodebrain barrier,
intrathecal chemotherapy is an effective treatment option
for LM. Previously, the commonly used drugs for intrathecal
chemotherapy mainly included methotrexate (MTX), cyto-
sine arabinoside, and thiotepa, but their efficacy is very
low.1-4 We have completed a phase I/II clinical trial, which
determined that the recommended dose for intrathecal
pemetrexed (IP) was 50 mg and confirmed that IP is a safe
and effective treatment method for NSCLC-LM. The
response rate was 84.6% (22/26), and the median overall
survival (mOS) was 9 months [n ¼ 30, 95% confidence in-
terval (CI) 6.6-11.4 months].5 In addition, other researchers
have also reported the efficacy and safety of IP treatment,
but they are all clinical research studies with small sample
sizes (n ¼ 13-40).6-9 This study is an expanded, prospective,
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phase II clinical trial (ChiCTR1800016615), and the purpose
is to further evaluate the efficacy and safety of IP for the
treatment of NSCLC-LM.
PATIENTS AND METHODS

Study patients

This study was approved by the Ethics Committee of the
Second Affiliated Hospital of Harbin Medical University, and
all patients provided written informed consent before IP
treatment. The inclusion criteria were as follows: (i) patients
with probable or confirmed EGFR-mutant LM from NSCLC,
according to the European Society for Medical Oncology
(ESMO)eEuropean Association of Neuro-Oncology (EANO)
guidelines; (ii) age 18-75 years; (iii) EGFR-TKI therapy failed,
previously multiline therapy, including systemic chemo-
therapy, TKI treatment, intrathecal chemotherapy with MTX
and cytarabine, or whole-brain radiation therapy (WBRT);
(iv) adequate function of organs (absolute neutrophil count
�1.5 � 109/l, platelet count �100 � 109/l, hemoglobin
concentration �90 g/l, serum total bilirubin concentration
�1.5 mg/dl, serum transaminase concentration �2.5 times
the upper limit of normal, serum creatinine concentration
�1.5 times the upper limit of normal, indoor air SpO2

�90%, and proteinuria �1þ). Exclusion criteria were as
follows: (i) human immunodeficiency virus-positive pa-
tients; (ii) history of severe pemetrexed allergies; (iii) severe
infection or severe comorbidities, such as bleeding peptic
ulcer, ileus, heart failure, renal failure, or poorly controlled
diabetes; (iv) failure to observe test requirements; and (v)
pregnancy.
Treatment methods and response evaluation

All eligible patients received IP twice a week for 1 week (day
1 and day 5) as induction treatment, followed by once every
3 weeks as consolidation therapy for four cycles, and then
once monthly as maintenance therapy, until progressive
disease was observed or intolerance or adverse events (AEs)
developed. All patients received supplemental folic acid
(400 mg, once daily, orally) and vitamin B12 (1 mg, intra-
muscular injection 1-2 weeks before the first dose of
pemetrexed and repeated every 9 weeks) during the entire
treatment period to avoid the side-effects of pemetrexed.
Pemetrexed was administered by intrathecal injection by
means of lumbar puncture or Ommaya reservoir. Peme-
trexed lyophilized powder (200 mg) was dissolved in 0.9%
sodium chloride solution (10 ml). Then, 2.5 ml was added to
0.9% sodium chloride solution to prepare 5 ml mixed so-
lutions, and 5 ml was injected intrathecally each time.
Dexamethasone (5 mg, 1 ml) was administered by intra-
thecal injection combined with pemetrexed during each IP
to reduce the incidence of chemical myelitis. At the same
time, systematic therapeutic strategy was continued (not
changed, at least in the first 21 days of IP, mostly treated
with third-generation EGFR-TKI). If grade 3 or above
treatment-related AEs occurred, the dose of IP or systemic
therapy was reduced as appropriate.
2 https://doi.org/10.1016/j.esmoop.2024.102384
The main evaluating indices included OS, response rate,
and AEs. OS was calculated from the time of start of IP
therapy to the endpoint. LM response was evaluated using
the Response Assessment in Neuro-Oncology (RANO)
criteria: (i) standardized neurological examination, (ii) CSF
cytology, and (iii) enhanced brain axonal magnetic reso-
nance imaging (MRI) for radiological assessment.10 The
assessment consists of three levels: response, stable, and
progression. Clinical evaluation was carried out weekly from
the start of treatment until 4 weeks after the full treatment
cycle. Standardized neurological examination was carried
out before each IP. Whole-brain spinal cord-enhanced MRI
was carried out every 6 weeks (before IP). CSF was collected
for cytology before each IP. AEs were assessed using the
Common Terminology Criteria for Adverse Events (CTCAE
version 4.0). The basic clinical characteristics of NSCLC-LM
patients were noted, including sex, age, time from NSCLC
to LM diagnosis, gene test results, Eastern Cooperative
Oncology Group (ECOG) score, clinical presentation, and
previous treatment regimens.
Statistical analysis

SPSS 24.0 software (IBM Corporation, Armonk, NY) and R
Studio 4.2.2 (Posit, Boston, MA) were used to analyze the
data. To consider IP as a promising treatment strategy, we
planned to detect an improvement in response rate from
60% (based on previous study11) to 80% with w90% power
using the Pearson chi-square test at a one-sided significance
level of 0.20. The planned sample size was 114 patients;
assuming a 20% exclusion rate, 146 patients were screened.
OS and survival curves were analyzed using the Kaplane
Meier method, and comparisons of survival were carried
out using the log-rank test and CIs were calculated at the
95% confidence level. All statistical analyses were two-
sided, with P < 0.05 indicating statistical significance.
RESULTS

Patient characteristics

Between 3 December 2019 and 16 May 2022, a total of 132
patients were included, as detailed in Figure 1 and Table 1.
There were 68% female patients and the median age was 52
years (31-74 years). The median time from diagnosis of
NSCLC to development of LM was 26 months (0-156
months). ECOG scores of 3-4 accounted for 64%. There were
73% of patients with brain parenchymal metastases. All
patients had confirmed EGFR mutations and had received
TKI treatment, and most had common mutations. There
were 92% of patients with symptoms of intracranial hy-
pertension, such as headache, nausea, and vomiting, 30% of
patients with consciousness disturbances or epilepsy, 51%
of patients with walking difficulty, 64% of patients with
optic, auditory, or facial nerve involvement, and 11% of
patients with neck pain, back pain, or defecation difficulty.
There were 56% of patients with LM as assessed by
enhanced MRI, 80% of patients with positive CSF cytology
for the first time, and 10% of patients with positive CSF
Volume 9 - Issue 4 - 2024
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Patients enrolled (n = 146)

Excluded (n = 14)
Screening failurea

Patients treated with intrathecal pemetrexed (n = 132)
Twice per week (d1, 5) for 1 week,

then once per 3 weeks (total, four cycles),  

then once monthly

Ongoing treatment at
data cut-off (n = 36)

Discontinued treatment (n = 96)
Progressive disease/death (n = 77)

Adverse event (n = 1)

Lost to follow-up (n = 7)

Other (n = 11)

Figure 1. Flow diagram.
aReasons for screening failure: epidermal growth factor receptor (EGFR) status
negative or not assessed (n ¼ 1), screening failure as results of other inclusion/
exclusion criteria (n ¼ 13). d, day.

Table 1. Clinical characteristics

Characteristic n (%)

Sex, male 42 (32)
Sex, female 90 (68)
Age at diagnosis, years, mean (range) 52 (31-74)
Time from NSCLC diagnosis to LM, months (range) 26 (0-156)
ECOG score at admission
0-2 47 (36)
3-4 85 (64)

Brain metastasis
With 96 (73)
Without 36 (27)

Brain radiotherapy before LM
Local 35 (27)
Whole 19 (14)
Without 80 (61)

Cytotoxic chemotherapy before LM
With 95 (72)
Without 37 (28)

EGFR-TKI therapy before IP
First generation 96 (73)
Second generation 29 (22)
Third generation 111 (84)

Clinical manifestation
Headache, nausea, or vomiting 122 (92)
Disorders of consciousness or epilepsy 39 (30)
Walking instability 67 (51)
Optic, auditory, or facial nerve involvement 85 (64)
Neck pain, back pain, or defecation difficulty 14 (11)

Gene mutation detection
EGFR 19 mutation 46 (35)
EGFR 21 mutation 64 (48)
EGFR 18 mutation 9 (7)
EGFR 20 mutation 6 (5)
Others 7 (5)

The modality of LM diagnosis
MRIþ/cytologyþ 61 (46)
MRI�/cytologyþ 58 (44)
MRIþ/cytology� 13 (10)

ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor re-
ceptor; IP, intrathecal pemetrexed; LM, leptomeningeal metastases; MRI, magnetic
resonance imaging; NSCLC, non-small-cell lung cancer; TKI, tyrosine kinase inhibitor.
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cytology for the second time. All patients had failed TKI
treatment, of which 73% of patients had received a first-
generation TKI, 22% of patients had received a second-
generation TKI, and 84% had received a third-generation
TKI. Seventy-two percent of patients had received sys-
temic chemotherapy, 11% had received intrathecal MTX and
cytarabine, 39% had undergone brain radiotherapy, and
14% had received WBRT. A total of 51 (39%) patients had
concurrent gene testing of CSF and plasma, and EGFR mu-
tation was highly concordant between NSCLC tissue and
CSF. A much higher positive detection rate of mutant gene
was found in the CSF than in the plasma (90% versus 48%).
The T790M mutation of EGFR was detected in the plasma of
five patients, but not in the CSF, and this mutation was
detected in the CSF of another three patients, but not in
these patients’ plasma.
Efficacy evaluation

The median follow-up time was 18 months and the inverse
KaplaneMeier method was used for patients who were
evaluated for efficacy until 30 September 2022. Patients
received IP for an average of six times. At the end of the
study, 73 (55.3%) patients died, 52 (39.4%) patients sur-
vived, and 7 (5.3%) patients were lost to follow-up. Overall,
patients had an mOS of 12.0 months (95% CI 10.4-13.6
months) (Figure 2A). In the subgroup survival analysis, mOS
was 11 months in patients with brain parenchymal metas-
tases compared with 18 months in patients without brain
parenchymal metastases (P ¼ 0.033) (Figure 2B). Patients
with good ECOG scores had better mOS than those with
poor ECOG scores (0-2 versus 3-4: 16.0 versus 10.0 months,
P ¼ 0.025) (Figure 2C). The mOS was 15 months in patients
with response for IP treatment compared with 4 months in
patients without IP response (P ¼ 0.033) (Figure 2D). CSF
cytological transformation to negative was associated with
longer survival than no CSF cytological transformed nega-
tivity (mOS 16.0 versus 4.0 months, P < 0.001) (Figure 2E).
Volume 9 - Issue 4 - 2024
The survival time of patients with and without neck pain,
back pain, or defecation difficulty was different and the
difference was statistically significant (mOS 9 versus 12
months, P ¼ 0.0187) (Figure 2F). There were no significant
differences in OS with respect to different EGFR mutations
(exon 19 versus 21), intrathecal MTX/cytarabine treatment
history (yes versus no), WBRT (yes versus no), contrast-
enhanced MRI (positive versus negative), and intrathecal
methods (Ommaya versus lumbar puncture).

According to RANO criteria, 80.3% (106/132) of patients
were assessed as response (OS 4.0-51.0 months, median
15.0 months), 14.4% (19/132) of patients were stable (OS
2.0-8.0 months, median 4.0 months), and progression was
seen in 5.3% (7/132) of patients (OS 1.5-3.0 months, me-
dian 3.0 months) (Table 2).
Safety and toxicity

In this study, AEs included elevated transaminases, nausea,
vomiting, myelosuppression, neurotoxicity, and leukoence-
phalopathy (Table 3). Most AEs were mild (grade 1-2). Two
patients had grade 3 limb pain and one patient had grade 3
https://doi.org/10.1016/j.esmoop.2024.102384 3
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Figure 2. OS of all patients with NSCLC-LM and subgroup analysis. (A) The OS of all the patients. (B) Subgroup analysis for patients with and without brain
parenchymal metastases. (C) Subgroup analysis for patients with good and bad ECOG scores. (D) Subgroup analysis for patients with and without clinical response for
IP treatment. (E) With and without CSF cytological transformation to negative subgroup. (F) With and without neck pain, back pain, or defecation difficulty subgroup.
BM, brain parenchymal metastasis; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; NBM, no brain parenchymal metastasis; OS, overall survival.
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headache. Two patients developed mucositis. Nausea and
vomiting were observed in 7 and 11 patients, respectively.
The most common AE was myelosuppression (n ¼ 42;
31.8%); grade 3 or greater myelosuppression was observed
in 12 (9%) patients, which reversed after administration of
supportive care.
4 https://doi.org/10.1016/j.esmoop.2024.102384
DISCUSSION

This study shows that IP is an effective and safe treatment
method for EGFR-mutant NSCLC-LM with a median survival
of 12 months and a response rate of 80.3% (106/132), as
assessed by RANO criteria. To our knowledge, this is the
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Table 2. Clinical response rate and the patients’ survival

Response n (%) OS (months) Median OS (months)

Response 106 (80.3) 4.0-51.0 15.0
Stable 19 (14.4) 2.0-8.0 4.0
Progression 7 (5.3) 1.5-3.0 3.0

OS, overall survival.

Table 3. Adverse events

Toxicity, n (%) Grade 1 Grade 2 Grade 3 Grade 4

Myelosuppression 17 (12.9) 13 (9.8) 6 (4.5) 6 (4.5)
Nausea 6 (4.5) 1 (0.8) 0 0
Vomiting 9 (6.8) 2 (1.5) 0 0
ALT/AST 0 2 (1.5) 1 (0.8) 0
Neurotoxicity
Limb 3 (2.3) 2 (1.5) 2 (1.5) 0
Back pain 4 (3.0) 1 (0.8) 0 0
Paralysis 2 (1.5) 2 (1.5) 0 0
Headache 0 5 (3.8) 1 (0.8) 0

Mucositis 0 1 (0.8) 1 (0.8) 0
Leukoencephalopathy 10 (7.6) 0 0 0
Acute cerebral meningitis 0 0 0 0

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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largest prospective study of IP therapy for NSCLC-LM to
date. As the majority of NSCLC-LM patients had poor per-
formance status, this trial did not preclude patients with
ECOG scores of 3-4, which accounted for 64% (85/132).
There were more female patients (68%) in our study and
this is probably due to more female NSCLC patients with
EGFR mutations. Most patients (84%) developed LM during
third-generation EGFR-TKI treatment, and neurological
symptoms and signs subsided after IP treatment. Therefore,
our study shows that IP has good efficacy in NSCLC-LM
patients who have failed third-generation TKI therapy. The
BLOOM study showed an objective response rate of 41%
and an mOS of 11.0 months in patients with EGFR-mutant
NSCLC-LM treated with a double dose of osimertinib (160
mg).11 Unlike the BLOOM study, which included patients
with an ECOG score of 0-2, 64% of patients in this study had
an ECOG score of 3-4 and were allowed to receive multiple
lines of therapy. Geng et al.’s retrospective study, which
included 34 patients, showed a 76.5% response rate with IP
for NSCLC-LM and an mOS of 20 months.6 However, Geng
et al.’s study calculated OS from the time of LM diagnosis,
and the OS calculated from IP therapy was 3.5 months
(mentioned in the discussion). In addition to EGFR muta-
tions, anaplastic lymphoma kinase (ALK) mutations were
also present in Geng et al.’s study, and treatment history of
patients was different from our study. Therefore, the com-
parisons between different studies should be done paying
careful attention to these differences.Whether double-dose
osimertinib combined with IP for the treatment of NSCLC-
LM has good efficacy and tolerability of side-effects is
worthy of further study.

In our subgroup analysis, OS benefit was significant in
patients with no brain parenchymal metastasis, good
physical status (ECOG 0-2 score), effective IP therapy, and
negative CSF cytology after treatment (P < 0.05); this was
consistent with our previous study.5 In addition, subgroup
analysis showed that patients with symptoms of neck pain,
back pain, or difficulty in defecation had shorter OS than
those without these symptoms; this may be due to the
presence of spinal metastases and poorer physical perfor-
mance (ECOG scores of 3-4 in 13 of 14 patients). There was
no significant difference in OS with or without prior intra-
thecal MTX/cytosine arabinoside therapy and no significant
increase in AEs after IP therapy (P ¼ 0.205). This suggests
that IP has a good antitumor effect even after MTX/cytosine
arabinoside resistance. There was no significant difference
in OS with or without WBRT treatment, which was related
to the insufficient irradiation range, low dose, and extensive
adverse reaction. In this study, nine patients were treated
Volume 9 - Issue 4 - 2024
with IP by Ommaya reservoir. There was no significant dif-
ference in survival time between the two groups (P ¼
0.066). This is at odds with Montes de Oca Delgado et al.’s
report, which included 10 patients with Ommaya reservoir
and 30 patients with lumbar puncture treated with intra-
thecal chemotherapy, and the results showed that intra-
thecal chemotherapy by Ommaya conferred greater survival
benefit.12 The reasons for this inconsistency may be related
to the differences in basic characteristics of enrolled pa-
tients, differences in treatment methods, and the limited
number of patients. Therefore, we believe that the benefits
of IP via Ommaya reservoir need to be confirmed by further
studies. Twenty patients received PCR and 112 patients
received next-generation sequencing (NGS) on the initial
testing of EGFR mutations. Only NGS was carried out for
patients at the time of LM with CSF. Most common co-
mutations include TP53 mutation (31/51) and EGFR copy
number variation (CNV) (17/51) in patients who received
NGS test with CSF. There were no significant differences in
OS with respect to TP53 mutations or not [mOS for TP53þ
versus TP53� 12 months (95% CI 4.8-19.2 months) versus
15 months (95% CI 10.0-20.0 months), P ¼ 0.468]. The mOS
was 10 months (95% CI 7.8-12.1 months) in patients with
EGFR CNV compared with 31 months (95% CI 9.6-52.3
months) in patients without (P ¼ 0.041, Supplementary
Figure S1, available at https://doi.org/10.1016/j.esmoop.
2024.102384).

According to ESMOeEANO guidelines, LM can be
confirmed by finding tumor cells or suspicious tumor cells in
CSF, whereas patients with overt neuroimaging and typical
clinical symptoms are diagnosed with probable LM.13 The
guidelines recommend that patients with confirmed and
probable LM should participate in clinical trials or receive
tumor-specific therapy. In the past, a positive CSF cytopa-
thology rate of 50% was detected using the test tube in the
lumbar puncture package in our hospital; in our study, CSF
(10 ml) was isolated and immediately stored in a methanol-
containing cell-fixing solution (TIB, Tepper Bioscience, Bei-
jing, China); a positive CSF cytopathology rate of 80% was
detected.14 A previous study has reported that CSF cell-free
DNA (cfDNA) detection was helpful in the diagnosis of LM.15

MRI scan was positive in 56% (74/132) of all patients in this
https://doi.org/10.1016/j.esmoop.2024.102384 5
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study, including 13 patients with enhanced MRI suggestive
of LM and with LM-associated neurological symptoms but
negative CSF cytology. Ten of these patients had CSF genetic
testing, nine (90%) had EGFR mutations in their CSF
consistent with the primary tumor, and one patient had no
EGFR mutations in his CSF, who had remission of symptoms
after IP therapy. A total of 51 patients (48 had a history of
receiving third-generation EGFR-TKI) underwent plasma and
CSF genetic testing in this study. The T790M mutation was
found in the plasma of five patients, but not in the corre-
sponding CSF samples. T790M mutation was detected in the
CSF of three patients, but not in the corresponding plasma.
These results are consistent with previous reports that
T790M is relatively rare in central nervous system lesions
compared to extracranial sites, possibly because the pres-
ence of the bloodebrain barrier results in lower levels of
first-generation EGFR-TKIs in the CSF.16 Intracranial tumor
cells are less affected by TKI and do not readily acquire
secondary T790M mutations; hence, LM may occur before
TKI treatment failure rather than progress after TKI treat-
ment failure. The findings in this study also support the use
of CSF cfDNA as an adjunct method for the diagnosis of LM,
an aspect which needs further study.

RANO criteria were used in this analysis to evaluate ef-
ficacy.10 The response rate in this trial was 80.3% (106/132),
which was higher than that in patients who received
intrathecal MTX, cytarabine, and thiotepa.17 Compared with
the results of our previous phase I/II clinical trial,5 the
response rate was almost the same (80.3% versus 84.6%),
but the median survival was higher in this study (12 versus
9 months). This may be due to differences in ECOG scores,
percentage of brain parenchymal metastases, and assess-
ment criteria used in the two studies.

Myelosuppression, elevation of transaminases, nausea,
vomiting, and neurotoxicity were common AEs in IP-treated
patients. Consistent with our previous study,5 the most
common AE was myelosuppression rather than neurotox-
icity; the incidence of myelosuppression was largely
consistent with previous studies and was mostly grade 1-2.
Neurotoxicity mainly included headache, back pain, limb
pain, and transient limb weakness, but these improved after
symptomatic treatment. Leukoencephalopathy in the brain
was observed in 10 patients in this study, which was not
observed in previous studies, possibly because of relatively
few patients in those studies.5,6,8 We could not confirm that
leukoencephalopathy is caused by intrathecal chemo-
therapy, because leukoencephalopathy can also be caused
by LM, parenchymal metastases, and WBRT. Liver damage
was observed in three patients in this study, which was not
observed in our previous study5; this may be related to the
small sample size in previous study and the different com-
bination of systemic therapies administered to the patients
in our study.

This study, however, has some limitations. Firstly, this
study included NSCLC-LM patients with EGFR mutations,
which were currently the most common in our clinical work.
However, we also detected ALK-positive, wild-type NSCLC-
LM and small-cell lung cancer-LM, and the effect of IP
6 https://doi.org/10.1016/j.esmoop.2024.102384
therapy in these patients needs further study. Secondly, this
study included patients with diverse pre-treatment pro-
tocols and combined systemic treatment with IP, which
might have influenced the evaluation of the effect of IP
treatment. However, these were also some characteristics
of NSCLC-LM patients, which mostly occurred after multi-
line treatment. The number of patients included in the trial
would have been significantly affected by stringent re-
strictions on prior and concurrent treatment. Thirdly, neu-
roimaging studies of LM are generally not good at assessing
LM in the absence of massive, nodular disease, and it is
difficult to define a measurable target lesion even under
ideal conditions. The false negativity rate of CSF cytology
also influences the evaluation of treatment effect; this may
have led to some errors in the evaluation of IP treatment
effect on LM. However, the RANO criteria used in this study
are currently a better method for evaluating LM. In addi-
tion, the frequency and interval of IP treatment for LM need
to be further refined. Despite these potential limitations,
our results provide strong evidence for this promising
treatment strategy and can potentially change the standard
of care for a difficult-to-treat patient population.

CONCLUSIONS

The median survival of patients with NSCLC-LM who had
failed EGFR-TKI and were treated with IP in this study was
12 months, with a response rate of 80.3% and manageable
adverse effects. Our study further confirmed that IP is an
effective and safe treatment for EGFR-TKI-failed NSCLC-LM
patients, and has potential application in clinical practice,
and should be recommended for these patients in clinical
practice and guidelines.
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