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ARTICLE INFO ABSTRACT

Objective: To evaluate the influence of a first-generation epidermal growth factor receptor tyrosine kinase in-
hibitor (EGFR TKI) treatment on the clinical features of leptomeningeal metastasis (LM) progression and out-
come in advanced non-small cell lung cancer (NSCLC) patients.

Methods: We retrospectively evaluated advanced NSCLC patients receiving effective first-generation EGFR TKI
treatment (e.g., treatment > 6 months) at our institution between January 2008 and February 2014. Incidence,
time to progression, and treatment outcome of LM were examined.

Results: In our cohort, 29/420 patients (6.9%) developed LM. Among the patients harboring L858R or deletion
of exon 19 in EGFR, the incidence of LM was 10.7% (21/197) and 3.4% (7/203), respectively (P = 0.006). The
median time to LM progression was 16.5 months (95% confidence interval (CI), 11.9-20.8). The median overall
survival (OS) after LM diagnosis was 5.2 months (95% CI, 3.2-7.2). In a subgroup analysis, OS was improved in
patients with performance status (PS) < 2vs. PS > 2 (14.2 months vs. 2.3 months, respectively; P < 0.001). OS
was also improved among patients who received, rather than did not receive, anti-tumor treatment (6.0 months
vs. 1.9 months, respectively; P < 0.001) or whole brain radiotherapy (WBRT) (6.0 months vs. 3.9 months,
respectively; P = 0.038). Multivariate analysis indicated that WBRT is a good prognostic factor (P = 0.048),
whereas best support care (P = 0.033) and PS > 2 (P = 0.034) were poor prognostic factors.

Conclusion: A greater incidence of LM was observed in NSCLC patients harboring EGFR mutations after effective
EGFR TKI treatment. In particular, the primary mutation, L858R, potentially predicts a higher risk of LM
compared with deletion of exon 19. These results highlight the importance of determining mutation status when
evaluating the biological behavior of LM in NSCLC patients who positively respond to EGFR TKI treatment.
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1. Introduction

Therapeutic advances in non-small cell lung cancer (NSCLC) have
led to improvements in patient survival, especially in patients who
harbor sensitive mutations in the epidermal growth factor receptor
(EGFR) gene. Patients with these mutations have exhibited better dis-
ease control and prolonged survival when treated with tyrosine kinase
inhibitors (TKIs) such as gefitinib [1,2]. However, these improvements
in patient survival have been accompanied by an increased incidence of
leptomeningeal metastasis (LM) from NSCLC. LM is an adverse condi-
tion that contributes to poor survival [3].

LM is a severe complication of malignancies and occurs in

approximately 5% of patients with metastatic solid cancers [4]. The
relatively low ratio of LM from NSCLC presents limited opportunities to
conduct randomized controlled trials. Consequently, data regarding the
characteristics and therapeutic options for NSCLC patients with LM
have generally derived from retrospective studies or clinical trials with
small sample sizes. Moreover, there is no evidence to date to indicate
which intervention is preferred among options such as epidermal
growth factor receptor tyrosine kinase inhibitors (EGFR TKIs), systemic
chemotherapy, whole brain radiotherapy (WBRT), and intrathecal
chemotherapy. To identify the best treatment strategy, it is important to
understand the factors that affect LM from NSCLC. Considering the
prolonged patient survival that has been achieved with EGFR TKIs, we
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hypothesize that EGFR TKIs influence the clinical features and treat-
ment outcomes of LM in NSCLC. To test this hypothesis, we conducted
this retrospective study. We evaluated a large cohort of patients who
underwent treatment for > 6 months with a first-generation EGFR TKI
in order to assess the clinical features of LM progression and the out-
comes of different treatment regimens. These findings are anticipated to
provide valuable insight into the best therapeutic strategies for patients
with LM from NSCLC.

2. Patients and methods
2.1. Patients and data collection

Patients with advanced NSCLC who received first- or second-line
treatment with a first-generation EGFR TKI for more than six months at
our institution (Cancer Center, West China Hospital, Sichuan
University, Chengdu, China) between January 2008 and February 2014
were included in this study. Patients were defined as having LM if they
had cytological evidence of malignant cells in cerebrospinal fluid (CSF)
or had findings from a central nervous system neuroradiographic ex-
amination with gadolinium magnetic resonance imaging (MRI) and a
clinical examination that were consistent with LM. Typical MRI findings
included clear leptomeningeal enhancement in cerebral sulci, cerebellar
foliae, the spinal cord, cauda equina, or subependymal lining. In these
patients, newly developed LM was defined after response to a TKI with
or without pre-existing brain parenchyma lesions. Medical records and
imaging data were reviewed to obtain patient characteristics, patterns
of care, and patient outcome. This study was approved by the
Institutional Review Board of West China Hospital of Sichuan
University.

2.2. Statistical analysis

Time to LM was defined from the start of TKI treatment to initial
documentation of LM progression. Overall survival (OS) after LM was
calculated from the time of LM diagnosis until death or last follow-up.
Statistical analyses of categorical variables were performed using
Pearson's chi-squared test or Fisher's exact test. A survival analysis was
performed according to the Kaplan-Meier method, with the log-rank
test applied to compare survival data. P-values less than 0.05 were
considered statistically significant. All statistical analyses were per-
formed with SPSS 20.0.

3. Results
3.1. Patient characteristics

A total of 420 patients with advanced NSCLC who received effective
TKI treatment as a first- or second-line therapy were included in this
study. Among these patients, 29 cases progressed to LM. Clinical
characteristics of the entire cohort are summarized in Table 1. All of the
patients reported neurological symptoms and signs. The most common
symptoms were headache (52%), cranial nerve signs (34%), nausea/
vomiting (24%), spinal symptoms (21%), seizure (17%), and ataxia
(14%). Five of six patients with pre-existing brain parenchymal me-
tastases received local therapy before, or concomitant with, gefitinib.
The treatments administered to treat LM are listed in Table 2.

3.2. Incidence and median time to LM

The total incidence of LM in our cohort was 6.9% (29/420). The 1-,
2-, and 3-year incidence rates were 2.4%, 5.2%, and 6.4%, respectively.
We also analyzed the proportion of patients in our cohort who harbored
common EGFR mutations (7.0%, 28/400). Patients carrying the L858R
mutation were more likely to develop LM than those with the deletion
of exon 19 (Dell9) (P = 0.006). The incidence of LM did not
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Table 1
Characteristics of patients with leptomeningeal metastases after the treat-
ment of EGFR-TKIL

Patient number (%)

Gender
Male 13 (44.8%)
Female 16 (55.2%)

Age (year, range 37-73)

<65 21 (72.4%)

= 65 8 (27.6%)
Histology

Adenocarcinoma 28 (96.6%)

Squamous carcinoma 1 (3.4%)

EGFR mutation
L858R mutations
Exon 19 deletions
Unknown

21 (72.4%)
7 (24.1%)
1 (3.4%)

Type of EGFT TKI
Gefitinib
Icotinib

27 (93.1%)
2 (6.9%)

Therapy line of EGFR TKI
First 18 (62.1%)
Second 11 (37.9%)

Treatment effect of EGFR-TKI

SD 11 (37.9%)

PR 18 (62.1%)
Previous brain metastasis

Yes 6 (20.7%)

No 23 (79.3%)
CSF examination

Positive 8 (27.6%)

Negative 7 (24.1%)

Unknown 14 (48.3%)

Time to dissemination
<2 years
= 2 years

22 (76%)
7 (24%)

EGFR TKI, epidermal growth factor receptor tyrosine kinase inhibitor; SD,
stable disease; PR, partial response.

Table 2
Treatments to LM.

Therapy Patients number (n = 29)

Mono-therapy
BSC
SC
WBRT
EGFR TKI

AN NN

Multiple-therapy
EGFR TKI + BSC
EGFR TKI + Gamma Knife
EGFR TKI + WBRT
EGFR TKI + SC
SC + WBRT
EGFR TKI + SC + WBRT

e

EGFR TKI

Continue gefitinib
Change to erlotinib
None

7
10
12

BSC, best supportive care; SC, systemic chemotherapy; WBRT, whole brain
radiotherapy; EGFR TKI, epidermal growth factor receptor tyrosine kinase in-
hibitor.

significantly differ among the other factors examined (Table 3).

The median time to LM was 16.5 months (95% confidence interval
(CD), 11.9-20.8). Between the first-line TKI group and the second-line
TKI group, there was no statistically significant difference in the median
time to LM (P = 0.277) [21.0 months (95% CI, 9.1-31.0) vs. 15.9



Y.-L. Wu et al.

Table 3
The incidence of LM in patients harbored common (19-del and L858R) EGFR
mutations.

Characteristics Non-LM (n = 372) LM (n = 28) P
Age (year)
<65 289(78%) 20(71%) 0.446
= 65 83(22%) 8(29%)
Gender
Male 156(42%) 12(43%) 0.924
Female 216(58%) 16(57%)
EGFR mutations
L858R 176(47%) 21(75%) 0.006
19-del 196(53%) 7(25%)
Previous brain metastasis 0.427
Yes 102(27%) 6(21%)
No 269(73%) 22(79%)
EGFR-TKI therapy
First-line 275(74%) 18(64%) 0.329
Second-line 97(26%) 10(36%)
Histology
Adenocarcinoma 342(92%) 27(96%) 0.368
Non-adenocarcinoma 30(8%) 1(4%)

EGFR TKI, epidermal growth factor receptor tyrosine kinase inhibitor.

months (95% CI, 13.2-19.8)]. There was also no difference in the
median time to LM between patients carrying the L858R mutation or
Del19. Furthermore, the median time to LM did not significantly differ
according to patient age, performance status (PS), or based on the
presence or absence of previous brain metastasis events.

3.3. Survival and prognosis after LM diagnosis

The median OS after LM diagnosis was 5.2 months (95% CI,
3.2-7.2) (Fig. 1). The patients who received best support care (BSC;
which included intravenous administration of mannitol, glycerol fruc-
tose, and cortisol) vs. anti-tumor treatment had a median OS after LM
diagnosis that was significantly shorter (1.9 months vs. 6.0 months,
respectively; P < 0.001) (Fig. 2a). In contrast, the survival time of the
patients who received WBRT was significantly longer than those who
did not undergo WBRT (6.0 months vs. 3.9 months, respectively;
P = 0.038) (Fig. 2b). There was also a significant difference between
the patients with PS < 2 and PS > 2 (14.2 months vs. 2.3 months,
respectively; P < 0.001) (Fig. 2c). For seven (24%) of the latter pa-
tients, treatment with gefitinib was continued after their LM diagnosis,
while ten (35%) patients received erlotinib after their LM diagnosis. As
shown in Fig. 2d, there were no differences in survival between the
patients who stopped taking gefitinib and those who did not (5.2
months vs. 4.2 months, respectively; P = 0.330). Similarly, the median
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Fig. 1. Overall survival of patients in our cohort from diagnosis of LM to death.
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OS after LM did not differ between the patients who continued erlotinib
treatment vs. those who did not in our subset analysis (5.3 months vs.
4.0 months, respectively; P = 0.941). There was also no difference in
median OS after LM between the patients with and without preexisting
brain metastasis in our subset analysis (5.3 months vs. 4.0 months, re-
spectively; P = 0.230).

In our multivariate analysis, BSC treatment alone and PS > 2 were
identified as poor prognostic factors for extended treatment after LM,
and the corresponding adjusted hazard ratio (HR) values for these
factors were 1.9 (95% CI, 1.1-3.4; P = 0.033) and 4.8 (95% CI,
1.1-20.4; P = 0.034), respectively. In contrast, WBRT was identified as
a good prognostic factor (P = 0.048) (Table 4).

4. Discussion

To the best of our knowledge, this is the first and largest study to
report clinical features of LM in a cohort of advanced NSCLC patients
after effective EGFR TKI treatment (e.g., treatment for > 6 months). In
previous studies, the patients examined were either diagnosed with LM
or NSCLC [5-16]. Furthermore, none of these studies required the pa-
tients examined to be treated for > 6 months with a first-generation
EGFR TKI.

The incidence of LM among our patients who received effective
EGRF TKI treatment was 6.9% (29/420). After excluding patients who
did not carry common EGFR mutations, the incidence of LM in patients
carrying an EGFR mutant was 7.0% (28/400). Both of these incidence
rates are higher than those previously reported for unselected NSCLC
patients (3.4-3.8%) [12,15]. Our data also indicate that the incidence
of LM was higher in the patients carrying an EGFR mutant after effec-
tive EGFR TKI treatment. We hypothesize that this result represents an
aspect of prolonged survival due to treatment with an EGFR TKI. The
incidence of LM in NSCLC patients carrying an EGFR mutant has pre-
viously been reported to range from 9.0 to 9.4% [12,16]. This range is
higher than the incidence reported in the present study (7.0%). Possible
reasons for this inconsistency include the subtype of the EGFR mutant
being carried, the efficiency of the EGFR TKI treatment, and the types
and sequence of treatment administered [12,16].

Interestingly, we found that patients harboring EGFR L858R were
more likely to experience LM than those harboring Dell19 (10.7% vs.
3.4%, respectively; P = 0.006). In a previous study in which 5387
consecutive patients with lung cancer were screened at a single in-
stitution, the incidence of patients with LM who harbored L858R was
11.0% (56/511, P = 0.336) compared to 9.2% for Dell9 (53/576,
P = 0.336) [12]. However, 28/109 of those patients harboring L858R
or Dell9 never received EGFR TKI treatment. Considering that the in-
cidence of LM in unselected NSCLC patients has been reported to range
from 3.4 to 3.8% [12,15], the present results appear to indicate that
effective first-generation EGFR TKI treatment can increase the in-
cidence of LM in patients harboring a L858R mutation.

When Ke et al. examined a cohort of patients exhibiting acquired
resistance to an EGFR TKI, the prevalence of the T790 M mutation was
found to be significantly higher in the Dell9 subgroup than in the
L858R subgroup (50.4% vs. 36.5%, respectively; P = 0.043) [17]. The
prevalence of the T790 M mutation may also be low in NSCLC patients
with LM who are responsive to EGFR TKI treatment because those pa-
tients are at a higher risk of harboring the primary mutation, L858R. In
a study conducted by Fan et al., eight of eleven patients developed LM
during treatment with a first-generation EGFR-TKI [18], and it was not
reported if the treatment was effective. When CSF samples from these
11 patients with LM were examined, eight patients were found to carry
the EGFR L858R mutation. In addition, 1 patient had Del19, 2 patients
carried both L858R and Dell9, and 1 patient carried the T790 M mu-
tation. However, the T790 M mutation was not detected in any of the
CSF samples. Jiang et al. also examined 14 patients with LM who were
carrying EGFR mutants (9 with L858R, 5 with Del19) [19]. All of these
patients were also treated with a first-generation EGFR TKI, and it was
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Fig. 2. Comparison of Kaplan-Meier survival curves after LM diagnosis. The patient subgroups compared include BSC and anti-tumor treatment groups (a), groups
with and without WBRT (b), groups with PS < 2 vs. PS > 2 (c), and groups with gefitinib treatment continued or discontinued (d).

Table 4
The prognosis factors of LM.

Variables Univariate analysis Multivariate analysis
HR (95% CI) P HR (95% CI) P

L858R(+) 1.1 (0.3-4.2) 0.842

=65 years old 1.3(0.5-3.4) 0.543

BSC 2.7 (1.5-4.6) 0.001 1.9 (1.1-3.4) 0.033
WBRT 0.6 (0.3-0.9) 0.048

Pre-existing BM 3.7 (1.4-11.0) 0.003 1.6 (0.4-5.8) 0.467
Stop EGFR-TKI 1.5 (0.6-4.1) 0.337 2.0 (0.7-6.0) 0.211
PS>2 6.2 (2.1-18.5) 0.001 4.8 (1.1-20.4) 0.034

BSC, best supportive care; WBRT, whole brain radiotherapy; BM, brain me-
tastasis; EGFR TKI, epidermal growth factor receptor tyrosine kinase inhibitor;
PS, performance status; HR: hazard ratio, CI: confidence interval.

not indicated if the treatment was effective. Furthermore, T790 M was
only detected in one patient with Del19 (1/14, 7.1%). More recently, Li
et al. reported the results of CSF liquid biopsies that were performed for
26 patients with LM [20]. Eighteen of these patients (4 with L858R, 14
with Del19) received first-generation EGFR TKI treatment and pro-
gressed to LM during their treatment. These authors also did not report
if the treatment was effective. However, five of these 18 patients
(27.8%) had T790 M detected in their CSF samples. Since these studies
only included patients diagnosed with LM [18-20], they do not re-
present populations of NSCLC patients with LM. Despite this difference,
their data still suggest an increased prevalence of T790 M in association
with Dell9. Moreover, this tendency supports our hypothesis that the
prevalence of detecting T790M in the CSF of LM patients harboring
L858R after effective EGFR TKI treatment is low. However, it remains
for the latter hypothesis to be tested in future studies.

All of the data discussed above are consistent with the possibility
that the biological behavior of LM may differ compared with progres-
sion at other sites, especially in patients who receive effective EGFR TKI
treatment. It remains unclear which factors may contribute to these
differences, and therefore, additional studies are needed. To identify

specific factors that mediate an association between LM and effective
EGFR TKI treatment, a better understanding of the mechanism in-
volved, as well as precision medicine in this specific population, are
needed.

The median time to LM reported for the current cohort is longer
than the median times reported by other groups (16.5 months vs.
13.3-13.6 months, respectively) [12,16]. It is possible that the ad-
ministration of an EGFR TKI prior to the development of LM in the
present study may have contributed to the prolonged time to LM.
However, the median OS still varies between the present study and
other studies, thereby suggesting that many factors affect OS. Our
present results reveal that PS is an important prognostic factor, and this
is consistent with the results of other studies [5-16]. Our results also
reveal that WBRT can prolong OS, whereas EGFR TKI and systemic
chemotherapy do not. However, the sample size of our LM cohort was
small. In our previously published pooled analysis, intrathecal che-
motherapy was identified as an effective treatment option for NSCLC
patients with LM [13]. Thus, a standardized treatment regimen remains
to be established for NSCLC with LM. The potential for regimens to be
tailored according to the genetic profiles of patients also remains to be
confirmed [21]. Cheng et al. recently proposed specific diagnostic and
treatment guidelines for the management of LM in NSCLC patients
carrying EGFR mutations or rearrangements of ALK [21]. According to
these guidelines, performing a CSF liquid biopsy is not required.
Moreover, they recommend that in the absence of a T790 M mutation,
or when mutation status cannot be confirmed, a high concentration of
osimertinib, a high dose of erlotinib, or an administration of newer
generation TKIs with high penetration in CSF should be considered for
patients harboring primary sensitive EGFR mutations (e.g., L858R or
Del19). However, the present results suggest that the biological beha-
vior of LM may differ compared with progression at other sites. Fur-
thermore, it is possible that specific mutations other than primary
sensitive mutations may affect the biological features of LM and influ-
ence the effectiveness of targeted therapies. Therefore, we consider CSF
liquid biopsy to be a necessary step before administering a targeted or
non-targeted therapy. The information obtained may provide insight
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into the biological features of LM patients and could also influence
treatment decisions.

Two of our 29 LM patients received an EGFR TKI as well as systemic
chemotherapy (one patient continued with gefitinib, while the other
patient switched to erlotinib). Based on the results of a randomized,
phase 3 multicenter IMPRESS study [22,23], physicians have been
warned against continuing treatment with first-generation EGFR TKIs
beyond radiologic disease progression when chemotherapy is initiated.
In fact, the detriment was statistically significant in patients with
T790 M mutation-positive plasma samples (HR, 1.49; 95% CI,
1.02-2.21). In contrast, statistical significance was not reached for
T790 M mutation-negative patients (HR, 1.15; 95% CI, 0.68-1.94) [23].
Since these results were published after the period during which our
patients were treated, we did not know which therapy program was
preferable. However, based on the present results and those of other
studies, we still consider that CSF liquid biopsy should be performed
before treatment decisions are made. Furthermore, while the IMPRESS
study confirmed the influence of an acquired T790 M mutation on the
administration of a first-generation EGFR TKI for unselected disease
progression in NSCLC patients, we would advocate that a small mole-
cule-based therapy could be identified based on the results of a CSF
liquid biopsy. Moreover, the latter would be a more precise and pre-
ferred treatment approach compared with systemic chemotherapy in
LM patients. However, this recommendation remains to be confirmed in
a clinical trial.

In conclusion, we observed an increased incidence of LM in NSCLC
patients carrying a mutation in EGFR after they underwent effective
EGFR TKI treatment. Interestingly, patients harboring a L858R muta-
tion in EGFR were more likely to develop LM than patients with dele-
tions of EGFR exon 19. These data indicate that LM may exhibit dif-
ferent biological behaviors compared with metastasis progression at
other sites, especially in patients undergoing effective EGFR TKI treat-
ment. However, additional studies are needed to confirm these phe-
nomena, to identify relevant mechanisms, and to identify the best
treatment strategies for specific patient populations. Currently, CSF li-
quid biopsy represents a valuable tool for investigating possible disease
mechanisms and for providing guidance regarding treatment decisions.
However, a more efficient and feasible protocol for performing CSF li-
quid biopsies is also needed.
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