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Abstract

Background: We investigated the risk factors for leptomeningeal carcinomatosis
(LMC) and compared clinical efficacies of various treatment modalities including
intrathecal (IT) chemotherapy in patients with lung adenocarcinoma harboring
epidermal growth factor receptor (EGFR) mutations.

Methods: Using clinical research data from the Asan Medical Center, we retro-
spectively analyzed data of patients diagnosed with LMC, confirmed via cerebro-
spinal fluid (CSF) analysis from January 2008 to December 2017.

Results: We identified 1189 patients with lung adenocarcinoma harboring EGFR
mutations. Among these, 9.8% had a median duration of 13.5 (interquartile range
[IQR] 6.8-23.6) months from the initial lung cancer diagnosis to LMC occur-
rence. Younger age (hazard ratio [HR] 1.043, P < 0.001), initial metastatic disease
(HR 3.768, P < 0.001), and metastasis to the brain (HR 8.682, P < 0.001) or lung
(HR 2.317, P = 0.004) were risk factors associated with LMC. Median survival
duration from LMC diagnosis was 3.8 (IQR 1.5-8.6) months. Eastern Coopera-
tive Oncology Group performance status score <2 (HR 0.505, P =0.007) and
insertion of Ommaya reservoir (HR 0.445, P = 0.005) were associated with longer
survival. EGFR-tyrosine kinase inhibitor (TKI) conferred survival benefits com-
pared to cytotoxic chemotherapy or best supportive care (HR 2.222, P = 0.018;
HR 5.638, P < 0.001, respectively). Although IT chemotherapy showed no sur-
vival benefit, it was associated with improved neurologic symptoms and signs
and CSF negative conversion.

Conclusions: Younger age, initial diagnosis of metastatic disease, and metastasis
to the brain or different lobes were associated with LMC in patients with EGFR-
mutant lung adenocarcinoma. Therapeutic interventions including EGFR-TKIs,
cytotoxic chemotherapy, or Ommaya reservoir, and good performance status
were related to favorable survival outcomes.

Key points

Age and disease status were associated with LMC in patients with EGFR-mutant
adenocarcinoma, and EGFR-TKI, Ommaya reservoir, and good performance sta-
tus were related to survival benefit.
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Introduction

Lung cancer is the leading cause of cancer-related mortality
worldwide, with a five-year survival rate of less than 20%."*
However, with the introduction of epidermal growth factor
receptor-tyrosine kinase inhibitor (EGFR-TKI) treatment,
lung cancer mortality has markedly improved in comparison
with that of cytotoxic chemotherapy.’™ In Korea, the inci-
dence and survival outcome of lung cancer has changed over
time in a manner similar to that of other countries.*®

Leptomeningeal carcinomatosis (LMC) is a devastating
complication of advanced lung cancer. Advances in treat-
ment have resulted in survival prolongation among
patients with lung cancer, but this has resulted in a
corresponding increase in the incidence of LMC.’ The inci-
dence of LMC among patients with non-small cell lung
cancer (NSCLC) has been previously reported to be 3%-
5%,"° and LMC more frequently occurs in patients with
EGFR mutations (in up to 20% of patients) than in
patients with EGFR wild type."" The main challenge in
treating LMC is poor penetration of chemotherapeutic
agents through the blood-brain barrier. Therefore, the
median survival of patients with LMC remains low, at only
three-six months."

To date, no standard therapeutic regimen for LMC has
been established and treatment outcomes have not been eval-
uated in patients with lung cancer because of its rarity and
heterogeneity.” In particular, in cases of adenocarcinoma there
are limited data on the effectiveness of EGFR-TKI and other
chemotherapeutic agents. In addition, the role is unknown of
the Ommaya reservoir which is an intraventricular catheter
used for intrathecal (IT) chemotherapy or for controlling
increased intracranial pressure (IICP). Taking this into con-
sideration, our study aimed to investigate the incidence and
risk factors for LMC and to compare the clinical efficacies of
various treatment modalities and clinical feasibility of the
Ommaya reservoir, focusing on patients with lung adenocar-
cinoma harboring EGFR mutations.

Methods

Study patients

From January 2008 to December 2017, clinical data of
patients with an initial diagnosis of metastatic or recurrent
lung adenocarcinoma were extracted using ABLE (Asan
Biomedical Research Environment), the deidentified clini-
cal research data warehouse of Asan Medical Center, a
2700 bed tertiary referral hospital in Seoul, South
Korea."”»' Among these patients, those with EGFR muta-
tions were screened. Patients were selected who were clini-
cally or radiologically suspected of having LMC and where
the results of cerebrospinal fluid (CSF) analysis were
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available. We then included patients with confirmed CSF
malignancy. We excluded the following patients: (i) those
younger than 18 years; (ii) those receiving immuno-
oncology therapy; and (iii) those who had received IT
chemotherapy for less than one month. To evaluate the
efficacy of IT chemotherapy, only patients treated with
methotrexate were included in the analysis.

The study protocol was approved by the institutional
review board of Asan Medical Center (IRB No. 2017-0017),
which waived the requirement for informed consent because
of the retrospective nature of the analysis.

Risk factors for LMC

We collected data regarding the exons with EGFR muta-
tions and metastatic lesions to evaluate the risk factors for
LMC. EGFR mutation was confirmed by nested polymer-
ase chain reaction (PCR) amplification of the individual
exons 18, 19, 20, and 21. Metastatic lesions were catego-
rized as follows: brain, bone, liver, lung, pleura, and adre-
nal gland.

Treatment modalities and outcome
measures

The treatment modalities consisted of EGFR-TKIs, cyto-
toxic chemotherapy, IT chemotherapy, and best supportive
care. We further subdivided patients who received EGFR-
TKIs to those treated with first-generation (gefitinib,
erlotinib) and third-generation (osimertinib) EGFR-TKIs.
IT chemotherapy was administered in combination with
other anticancer treatments or independently.

Overall survival (OS) was defined as duration from the
time of LMC diagnosis to any cause of death. Neurologic
outcome measures included two categories: (i) symptom
improvement and (ii) cytologic conversion. Neurologic
symptoms included headache, signs of cauda equina, dizzi-
ness, seizure, altered mentality, and memory impairment.
We evaluated the proportion of patients with improvement
of neurologic symptoms, according to those with an
Ommaya reservoir and those treated with IT chemother-
apy. Negative conversion of CSF cytology was defined as
no evidence of malignant cells or atypical cells in a follow-
up CSF study after treatment initiation.

Statistical analysis

The primary endpoint was OS for each treatment modality,
including EGFR-TKIs, cytotoxic chemotherapy, and best
supportive care. Secondary endpoints were neurologic out-
comes of IT chemotherapy and the Ommaya reservoir.
The Student’s t-test was used for continuous variables and
the %* or Fisher’s exact test for categorical variables. All
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Table 1 Baseline characteristics of 1189 patients with lung adenocarcinoma treated with epidermal growth factor receptor-tyrosine kinase inhibitors

(EGFR-TKIs)
Characteristics Total (n = 1189) LMC (n =117) No LMC (n = 1072) P-value
Age (years) 60.0 (53.0-69.0) 56.0 (48.5-63.0) 61.0 (53.0-69.0) <0.001
Sex 0.746
Male 441 (37.1%) 45 (38.5%) 396 (36.9%)
Female 748 (62.9%) 72 (61.5%) 676 (63.1%)
Disease status <0.001
Initially metastatic 500 (46.1%) 78 (71.6%) 422 (43.2%)
Recurrent 405 (49.8%) 31(28.4%) 554 (56.8%)
Site of metastasis
Pleura 257 (22.1%) 29 (24.8%) 228 (21.8%) 0.872
Bone 316 (27.2%) 58 (49.6%) 258 (24.7%) <0.001
Brain 410 (34.5%) 88 (75.2%) 322 (30.0%) <0.001
Lung 114 (9.8%) 26 (22.2%) 88 (8.4%) <0.001
Liver 58 (5.0%) 14 (12.0%) 44 (4.2%) <0.001
Adrenal 33 (2.8%) 7 (6.0%) 26 (2.5%) 0.031
EGFR mutation (exon) 0.218
19 560 (52.2%) 64 (54.7%) 560 (52.2%)
21 459 (38.6%) 46 (39.3%) 413 (38.5%)
18 27 (2.3%) 4 (3.4%) 23 (2.1%)
20 11 (0.9%) 2(1.7%) 9 (0.8%)
Double mutation
19, 21 3(0.3%) 1(0.9%) 2 (0.2%)
18, 21 2 (0.2%) 0(0.0%) 2 (0.2%)
19, 20 6 (0.5%) 0(0.0%) 6 (0.6%)
20, 21 2 (0.2%) 0(0.0%) 2 (0.2%)

Data are reported as n (%) or median (interquartile range [IQR]). EGFR, epidermal growth factor receptor; LMC, leptomeningeal carcinomatosis.

tests of significance were two-sided; P-values <0.05 were
considered statistically significant. Independent variables
were selected on the basis of their statistical significance in
the univariate analysis, and the criterion for inclusion of a
variable in the multivariate analysis was significance level
<0.1. All analyses were performed using IBM SPSS soft-
ware, version 20.0 (IBM Corp., Armonk, NY, USA).

Patient characteristics

Among the 1189 patients with lung adenocarcinoma har-
boring EGFR mutations during the study period, 117 with
cytologically confirmed LMC were identified. The median

Table 2 Risk factors for leptomeningeal carcinomatosis (LMC)

age (interquartile range, IQR) was 56.0 (48.5-63.0) years.
The study population included 37.1% male and 62.9%
female patients. Among all patients, 46.1% presented with
distant metastasis at the initial diagnosis. The most com-
mon metastatic site was the brain (34.5%), and simulta-
neous brain parenchymal metastasis was identified in
75.2% of patients with LMC. The clinicopathologic charac-
teristics of the patients are shown in Table 1.

Results

The median time from the date of initial diagnosis with
lung cancer to the occurrence of LMC was 13.5 months

Univariate analysis

Multivariate analysis

Risk factors Total (n = 1189) LMC (n =117) No LMC (n = 1072) P-value HR (95% Cl) P-value
Age (years) 60.6 +10.8 56.1 +£10.3 61.14+10.8 <0.001 0.958 (0.938-0.979) <0.001
Initially metastatic disease 500 (46.1%) 78 (71.6%) 422 (43.2%) <0.001 3.768 (2.272-6.249) <0.001
Bone metastasis 316 (27.2%) 58 (49.6%) 258 (24.7%) <0.001 1.232 (0.757-2.005) 0.402
Brain metastasis 410 (34.5%) 88 (75.2%) 322 (30.0%) <0.001 8.682 (5.209-14.472) <0.001
Lung metastasis 114 (9.8%) 26 (22.2%) 88 (8.4%) <0.001 2.317 (1.311-4.096) 0.004
Liver metastasis 58 (5.0%) 14 (12.0%) 44 (4.2%) <0.001 1.578 (0.719-3.463) 0.256
Adrenal metastasis 33 (2.8%) 7 (6.0%) 26 (2.5%) 0.031 1.162 (0.411-3.287) 0.777

Data are reported as n (%) or mean =+ standard deviation. Cl, confidence interval; HR, hazard ratio; LMC, leptomeningeal carcinomatosis.
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Table 3 Baseline characteristics of 117 patients with leptomeningeal carcinomatosis (LMC) from lung adenocarcinoma according to treatment

modality
Characteristics Total (n =117) EGFR-TKI (n = 62) Cytotoxic CTx (n = 19) Supportive care (n = 36) P-value
Age (years) 56.0 (48.5-63.0) 56.0 (50.0-62.0) 56.0 (44.0-61.0) 57.0 (47.3-66.0) 0.611
Sex 0.474
Male 45 (38.5%) 25 (40.3%) 5(26.3%) 15 (41.7%)
Female 72 (61.5%) 37 (59.7%) 14 (73.7%) 21 (58.3%)
Smoking history 0.614
Current or ex-smoker 42 (35.9%) 22 (35.5%) 5(26.3%) 15 (41.7%)
Never 75 (64.1%) 40 (64.5%) 14 (73.7%) 21 (58.3%)
Disease status 0.003
Initially metastatic 78 (71.6%) 37 (60.7%) 13 (76.5%) 28 (90.3%)
Recurrent 31(28.4%) 24 (39.3%) 4(23.5%) 3(9.7%)
Brain metastasis with LMS 88 (75.9%) 50 (82.0%) 14 (73.7%) 24 (66.7%) 0.087
Systemic disease status 0.001
Stable 54 (79.4%) 48 (88.9%) 3(37.5%) 3(50.0%)
Progressive 14 (20.6%) 6 (11.1%) 5 (62.5%) 3 (50.0%)
ECOG PS 0.072
<2 81 (69.2%) 48 (77.4%) 11 (57.9%) 22 (61.1%)
>2 36 (30.8%) 14 (22.6%) 8 (42.1%) 14 (38.9%)
Time interval to LMC (months) 13.5(6.8-23.6) 9.4 (0.4-23.8) 14.8 (8.6-21.2) 15.0 (9.6-26.6) 0.486
Presenting symptoms
Headache 60 (51.7%) 35 (57.4%) 11 (57.9%) 14 (38.9%)
Cauda equina 14 (12.1%) 4 (6.6%) 5(26.3%) 5(13.9%)
Dizziness 16 (13.8%) 10 (16.4%) 0 (0.0%) 6 (16.7%)
Altered mentality 15(12.9%) 6 (9.8%) 1(5.3%) 8(22.2%)
Seizure 7 (6.0%) 5(8.2%) 2 (10.5%) 0(0.0%)
Memory impairment 2(1.7%) 1(1.6%) 0 (0.0%) 1(2.8%)
Combined RTx
Whole brain 25 (21.4%) 15 (24.2%) 3(15.8%) 7 (19.4%) 0.536
GKRS 23 (19.7%) 11 (17.7%) 3(15.8%) 9 (25.0%) 0.417
Ommaya reservoir 67 (57.3%) 41 (66.1%) 9 (47.4%) 17 (47.2%) 0.056
IT chemotherapy 35 (29.9%) 23 (37.1%) 2 (10.5%) 10 (27.8%) 0.237

Data are reported as n (%) or median (interquartile range [IQR]). CTx, chemotherapy; ECOG PS, Eastern Cooperative Oncology Group performance
status; EGFR, epidermal growth factor receptor; GKRS, Gamma Knife radiosurgery; IT, intrathecal; LMC, leptomeningeal carcinomatosis; RTx, radio-
therapy; TKI, tyrosine kinase inhibitor.

(IQR 6.8-23.6 months). In univariate analysis, younger
age, initially metastatic disease and metastasis to the brain,

bone, liver, lung, or adrenal glands were associated with
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Figure 1 Kaplan-Meier curve according to treatment modality: EGFR-
TKls versus cytotoxic chemotherapy versus supportive care. EGFR-TKIs,
epidermal growth factor receptor tyrosine kinase inhibitors.
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static disease, and metastasis to the brain or lung remained
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Figure 2 Kaplan-Meier curve according to treatment modality. First-
generation EGFR-TKIs versus third-generation EGFR-TKIs versus cyto-
toxic chemotherapy versus supportive care. EGFR-TKIs, epidermal
growth factor receptor tyrosine kinase inhibitors.

439



LMC from lung cancer

B.S. Kwon et al.

Table 4 Risk factors for death after diagnosis of leptomeningeal carcinomatosis (LMC)

Univariate analysis

Multivariate analysis

Characteristics HR 95% ClI P-value HR 95% Cl P-value
Sex (F/M) 0.826 0.533-1.281 0.393 —
Age 1.014 0.991-1.037 0.238 —
Smoking 1.146 0.730-1.798 0.553 —
Recurrent disease 0.586 0.345-0.996 0.048 0.719 0.400-1.291 0.269
ITC 0.692 0.422-1.134 0.144 1.144 0.615-2.128 0.671
ICP controlled 0.919 0.467-1.809 0.807 —
CSF negative conversion 0.664 0.367-1.201 0.176 —
ECOG PS >2 1.669 1.065-2.616 0.026 1.979 1.200-3.263 0.007
Treatment modalities
EGFR-TKI 1 — <0.001 1 <0.001
Cytotoxic chemotherapy 2.553 1.401-4.653 0.002 2.222 1.146-4.308 0.018
Best supportive care 5.471 3.269-9.157 <0.001 5.638 3.153-10.080 <0.001
Ommaya reservoir 0.531 0.346-0.815 0.004 0.445 0.255-0.779 0.005

Cl, confidence interval; CSF, cerebrospinal fluid; EGFR, epidermal growth factor receptor; ECOG PS, Eastern Cooperative Oncology Group perfor-
mance status; F/M, female/male; HR, hazard ratio; ICP, intracranial pressure; ITC, intrathecal chemotherapy; TKI, tyrosine kinase inhibitor.

as risk factors related to LMC in multivariate analysis: haz-
ard ratio (HR) 0958 (95% confidence interval
[CI] 0.938-0.979), P <0.001; HR 3.768 (95% CI
2.272-6.249), P < 0.001; HR 8.682 (95% CI 5.209-14.472),
P <0.001; HR 2317 (95% CI 1.311-4.096), P =0.004,
respectively (Table 2).

Survival outcomes according to treatment
modality

The median survival time from the date of LMC documenta-
tion was 3.8 months (IQR 1.5-8.6 months). The baseline
characteristics of the three groups, according to treatment
mortality, are shown in Table 3. In the subgroup analysis of
these groups, the median survival time was significantly lon-
ger in patients treated with EGFR-TKIs (7.1 months, IQR
3.3-11.4 months), followed by those treated with cytotoxic
chemotherapy (3.1 months, IQR 1.3-7.9 months) and with
best supportive care (1.2 months, IQR 0.7-3.2 months)
(Fig 1). The survival of patients treated with third-generation
EGFR-TKIs was significantly longer than the other treatment
groups (Fig 2). In multivariate analysis, Eastern Cooperative
Oncology Group (ECOG) performance status score of two or
less, treatment with EGFR-TKIs, and insertion of an
Ommaya reservoir were significantly associated with favorable
outcomes in terms of OS (Table 4).

Neurologic outcomes of IT chemotherapy
and Ommaya reservoir

The median number of cycles of IT chemotherapy was
eight (IQR 5.0-11.0). The most common initial presenting
symptom was headache (51.7%), followed by dizziness
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(13.8%), altered mentality (12.9%), and cauda equina
(12.1%). IT chemotherapy was related to improvement of
neurologic symptoms as well as CSF negative conversion
(P =0.013, 0.004, respectively; see Appendix Table Al);
these findings were also observed in the analysis of patients
with an Ommaya reservoir (P = 0.002, 0.013, respectively;
see Appendix Table Al).

Discussion

To the best of our knowledge, this is the first study to
investigate the risk factors and predictive outcomes of
patients with stage 4 lung adenocarcinoma harboring
EGFR mutations. The most important finding was that
EGFR-TKI treatment showed good efficacy that was supe-
rior to cytotoxic chemotherapy. In particular, third-
generation EGFR-TKIs conferred survival benefits as com-
pared with other treatments. The second important finding
was that IT chemotherapy could relieve neurologic symp-
toms and was associated with CSF negative conversion,
although it did not affect survival in patients with LMC. Of
note, an Ommaya reservoir was an independent positive
prognostic factor and had a similar effect on neurologic
outcomes as that of IT chemotherapy. The third notable
finding in this study was that brain parenchymal metastasis
was revealed as the most significant factor related to LMC.

Pharmacokinetic and pharmacodynamic data have
shown that only 2%-13% of concentrations are detected in
CSF compared with plasma when first- or second-
generation EGFR-TKIs are administered in a standard
dose."” Several studies have reported higher concentrations
in the CSF of erlotinib than those of gefitinib, regardless of
the dose.”™'® In addition, third-generation EGFR-TKIs,

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd
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which can reach therapeutic concentrations in the CSF, are
associated with a survival benefit.'” In the current study,
the effect of EGFR-TKIs on prolongation of survival was
significantly better than that of cytotoxic chemotherapy or
best supportive care, despite administration of a standard
dose of EGFR-TKIs. Moreover, in subgroup analysis of
EGFR-TKIs, there was no significant difference in
OS between erlotinib and gefitinib (8.7 months [95%
CI 5.0-12.3 months] vs. 8.5 months [95% CI
5.1-11.9 months], P = 0.608; data not shown). This sur-
vival benefit was observed in patients with ECOG PS <2
and controlled extracranial disease, consistent with previ-
ous studies."®° Moreover, of 62 patients treated with
EGFR-TKIs, 11 (17.7%) received third-generation EGFR-
TKIs, and the survival outcomes in these patients were sig-
nificantly longer than with other treatments, including
first-generation EGFR-TKIs and cytotoxic chemotherapy.
These findings support the efficacy of third-generation
EGFR-TKIs in patients with LMC, which is in line with
previously published data.”"** Approval of third-generation
EGFR-TKIs as a first-line chemotherapeutic regimen in
EGFR-mutant adenocarcinoma will confer a further sur-
vival benefit in patients with LMC from NSCLC.

There are limited data on risk factors for LMC. In the
current study, data of approximately 1200 patients were
analyzed to determine factors associated with LMC. In our
study, brain metastasis was the most important predictive
factor of LMC. Approximately 35% of patients with LMC
were simultaneously diagnosed with brain metastasis,
which is a smaller proportion than that in a study by Li
and colleagues.”® A possible explanation for this discrep-
ancy is that LMC was diagnosed using a CSF cytologic test
in our study, but the previous study defined LMC with
confirmation using a cytologic test or magnetic resonance
imaging (MRI). A notable finding is that metastasis to a
different lobe of the lung was also revealed as an indepen-
dent factor for LMC. Apart from the above findings, youn-
ger age and presenting with initially distant metastatic
disease rather than recurrent lung cancer were related to
the development of LMC. Given that false-negative results
occur in 20%-30% of MRI studies,' our finding suggests
that patients who have these risk factors might benefit
from CSF analysis.

In a pooled analysis performed by Wu et al. IT chemo-
therapy was linked to longer survival duration than with
multiple interventions.'”> However, the optimal protocol of
IT chemotherapy has not yet been established.” Other fea-
sible options in treating LMC include whole brain radio-
therapy (WBRT) and gamma knife radiosurgery (GKRS).
In the current study, IT chemotherapy was regarded as
adjunctive treatment, along with WBRT or GKRS.
Although there were no consistent effects of IT chemother-
apy, WBRT, or GKRS*** survival benefits of these

Thoracic Cancer 11 (2020) 436-442
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adjunctive therapies were not observed in our analysis.
However, interestingly, the Ommaya reservoir showed a
prognostic effect on survival. Considering the study by
Gwak and colleagues,”® who stated that uncontrolled ICP
was related to an unfavorable outcome in patients with
NSCLC, controlling ICP with an Ommaya reservoir might
affect patient survival. However, there was limited available
information on the opening CSF pressure due to the retro-
spective nature of the current study.

There were several limitations in our study. First, this
study was conducted in a single center using a retrospec-
tive design. LMC is a rare complication of lung cancer and
has low prevalence; however, our study included a rela-
tively large number of patients, thereby providing firm
clinical evidence of treatment for LMC. Second, we arbi-
trarily set the cutoff value for IT chemotherapy as
one month or more, but there was a lack of related evi-
dence. Third, although most patients were examined in a
follow-up CSF study, only eight patients who underwent
subsequent CSF examination met the Response Assessment
in Neuro-Oncology criteria, which is maintenance of cyto-
logic conversion for four weeks.”” Fourth, according to a
report by Shigeki et al., detection of the EGFR T790M
mutation in the CSF is related to the response to third-
generation EGFR-TKIs**; however, molecular analysis of
CSF was not performed in our study.

In conclusion, younger age, initially metastatic disease,
and metastasis to the brain or another lobe of the lung
were associated with LMC in patients with lung adenocar-
cinoma harboring EGFR mutation. Treating these patients
with EGFR-TKI or cytotoxic chemotherapy, insertion of an
Ommaya reservoir, and good performance status showed
favorable survival outcomes. Moreover, IT chemotherapy
and the Ommaya reservoir were significantly associated
with improved neurologic outcome, including symptoms
and signs, and with CSF negative conversion.
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