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Abstract
Non-small cell lung cancer (NSCLC) continues to be one of the major causes of cancer-related deaths worldwide, and brain
metastases are the major cause of death in NSCLC patients. With recent advances in understanding the underlying molecular
mechanism of NSCLC development and progression, mutations in epidermal growth factor receptor (EGFR) have been recognized
as a key predictor of therapeutic sensitivity to EGFR tyrosine kinase inhibitors (TKIs). Using EGFR-TKI alone or in combination
with standard treatments such as whole-brain radiotherapy and surgery has been an effective strategy for the management of brain
metastasis. Particularly, a newer generation of EGFR-TKIs, including osimertinib and AZD3759, has been developed. These new
EGFR-TKIs can cross the bloodebrain barrier and potentially treat EGFR-TKI resistance and improve prognosis. In this article,
current progress and outcomes of clinical trials on the use of EGFR-TKIs for treating NSCLC patients with brain metastasis will be
reviewed.
© 2017 Chinese Medical Association. Production and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Non-small cell lung cancer (NSCLC) is one of the
major causes of cancer-related deaths in the world. As
the disease has an insidious onset, many NSCLC pa-
tients were diagnosed during stage IIIeIV with lymph
node or distal metastases.1,2 Brain metastasis refers to
cancer cells spreading to the brain parenchyma,
meninges, cranial nerves, and intracranial vessels,
which leads to acute deterioration of the health status
and impairment of the quality of life of the patients. In
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NSCLC patients, approximately 25%e40% of patients
will eventually develop brain metastases, which usu-
ally occur 2 years after diagnosis of the primary
tumor.3 Even in non-metastatic primary NSCLC pa-
tients, approximately 9% will develop brain
metastases.4

Clinical studies have shown that after the occur-
rence of brain metastases in NSCLC patients, their
survival time will be significantly shortened,5 and if
no corresponding treatment is given, the median
survival period is 1e2 months.6 Epidermal growth
factor receptor (EGFR) mutations are believed to be
factors independent of age, physical status, and
extracranial disease; additionally, EGFR mutations
are an independent risk factor affecting the survival
time of NSCLC patients with brain metastases. When
compared to patients with wild-type EGFR, those
with EGFR mutations have a significantly longer
median survival time.7 However, another study
showed no statistical differences in the incidence of
brain metastases between patients with EGFR muta-
tions and wild-type EGFR , and the brain metastases
had no significant effect on the median survival
time.8

Currently, the treatment methods for NSCLC with
brain metastases mainly include surgery, radiotherapy
[such as whole-brain radiotherapy (WBRT) and ste-
reotactic radiosurgery (SRS)], and chemotherapy.
Surgical resection of brain metastases alone can
effectively alleviate tumor compression, but with
relatively higher postoperative local intracranial
recurrence rate. Qin et al9 analyzed that the mean
median survival time of the patients was 12.7 months
in surgery group and 14.85 months in SRS group,
respectively. The 1-, 2- and 5-year overall survival
(OS) rates of the patients were 59%, 33% and 19% in
surgery group, and 62%, 33% and 14% in SRS group,
respectively. WBRT or SRS can significantly increase
the survival time; however, patients cannot usually
tolerate the related complications and adverse re-
actions. Furthermore, the majority of chemotherapy
drugs cannot penetrate the bloodebrain barrier (BBB)
to enter into tumor tissues, which limits the therapeutic
outcomes of systemic chemotherapy in treating
NSCLC patients with brain metastases. Epidermal
growth factor receptor-tyrosine kinase inhibitors
(TKIs) have small molecules used in targeted therapy,
and a certain proportion can penetrate the BBB,
showing therapeutic effects in patients with NSCLC
brain metastases with EGFR mutations.10,11 Consid-
ering that NSCLC patients with EGFR-sensitive mu-
tations are more prone to brain metastases compared
with those with wild-type EGFR, TKI treatment for the
former should be a good option.12 This article de-
scribes the current treatment progress of TKI treatment
for NSCLC patients with brain metastases.

Theoretical foundation of TKI treatment for
NSCLC brain metastases

The BBB is composed of endothelial cells, astro-
cytes, pericytes, and multiple carrier proteins and is
one of the internal barriers participating in the innate
immunity of the body. The BBB can block pathogens
and other macromolecules from entering into the
brain tissues and ventricles from the bloodstream.13,14

It is generally believed that only lipophilic small
molecules (Mr < 400 Da) can penetrate the normal
BBB through diffusion and other transport mecha-
nisms. The majority of chemotherapeutic drugs are
hydrophilic macromolecules that cannot penetrate the
BBB without the carrier proteins. Furthermore, many
multiple drug-resistant efflux pumps exist on the
capillary surface of the BBB, such as P-glycoprotein
and multidrug-resistant-associated proteins, which
can further limit the entry of drugs into the brain
tissues.15

Drugs used in TKI-targeted therapy have charac-
teristically small molecules, such as gefitinib
(446.9 Da) and erlotinib (394 Da). Experiments with
the multidrug-resistant PC-6/PTX lung cancer cells
showed that gefitinib can directly interact with over-
expressed P-glycoprotein and inhibit its drug-efflux
function.16 Therefore, some proportion of TKIs can
penetrate the BBB. Clinical studies also found that the
BBB penetration rate of erlotinib in NSCLC patients
with brain metastases is (4.4 ± 3.2)%.17 With
increasing doses of TKIs used, their corresponding
concentrations in the cerebrospinal fluid (CSF) also
increase. Therefore, in patients with brain metastases
who do not respond to low concentrations of TKIs,
increasing drug concentrations can result in effective
disease control.18e21 In addition, experiments using
animal models also showed that when the integrity of
the BBB is disrupted, such as when the diameter of the
brain metastases is >0.25 mm, its permeability will
increase.22 Wang et al23 analyzed the CSF of 22
NSCLC patients treated with gefitinib and found that
its penetration rate was significantly higher in patients
with brain metastases than in patients without brain
metastases (1.5% vs. 0.9%, P ¼ 0.010). This shows
that the occurrence of brain metastases may affect the
structure of the BBB and increase drug permeability,
increasing the concentrations of TKIs in the CSF,
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thereby becoming more effective in preventing the
growth of intracranial tumors.

TKIs are enriched in tumor tissues.24 McKillop
et al25 found in mouse xenograft models that gefitinib
concentrations were mainly higher in tumor and skin
tissues and lower in the CSF and blood. Pharmacoki-
netic analysis of mouse models with lung cancer with
brain metastases showed that gefitinib concentrations
in the brain tissues were dose-dependent. Approxi-
mately 5 hours after administering gefitinib, an ab-
sorption peak was reached and the concentration in the
brain tissues was far higher than that in CSF (200 mg/
kg dose, area under curve (AUC)total brain/AUCtotal

blood ¼ 0.7; AUCCSF/AUCfree blood ¼ 0.18). This shows
that gefitinib has some specificity toward tumors, and
therefore, may inhibit the incidence of drug-related
adverse reactions. This may also further suggest the
possible mechanisms by which gefitinib may be an
effective treatment for NSCLC brain metastases.

TKI monotherapy in NSCLC brain metastases

First-generation EGFR-TKIs

First-generation EGFR-TKIs such as gefitinib,
erlotinib, and other monotherapies are mainly used to
treat asymptomatic NSCLC brain metastases and are
therapeutically effective.

In 2003, Villano et al26 reported the first case of
successful treatment using gefitinib. After treating with
routine doses of gefitinib for 5 months, the size of brain
metastasis was significantly decreased. Hotta et al27

conducted a retrospective analysis of 57 NSCLC pa-
tients who underwent gefitinib treatment and found
that in 14 patients with brain metastases, 1 had com-
plete response, 5 had partial response, and 8 had stable
condition. In 2009, Kim et al28 reported the therapeutic
efficacy of gefitinib or erlotinib monotherapy as the
first-line therapy. In this study, 23 NSCLC patients
with asymptomatic brain metastases were treated with
gefitinib or erlotinib, and results showed that the partial
systemic response rate was 69.6%, 13.0% had stable
condition, and 17.4% had progressive disease. Intra-
cranial tumor responses were observed in 17 patients
(73.9%). The median progression-free survival (PFS)
and OS time of the patients were 7.1 and 18.8 months,
respectively.

Clinical research data show that the therapeutic
efficacy of first-generation EGFR-TKIs is higher in
NSCLC patients with brain metastases who have
EGFR-sensitive mutations. In analyzing multiple case
reports, these patients who were treated with gefitinib
(250 mg/day) obtained complete responses within
1e5 months.29,30 Results of a phase II clinical trial
also found that compared with patients with wild-type
EGFR, these patients had higher response rates after
treating with gefitinib or erlotinib. Park et al10 con-
ducted a study on 23 NSCLC patients with brain
metastases who had exon 19 or 21 EGFR mutations as
study subjects. A prospective analysis revealed that
the partial response rate of patients to gefitinib or
erlotinib monotherapy was 82%, and 11% of patients
had stable condition, while only 7% had progressive
disease. The median PFS and OS of the patients were
6.6 and 15.9 months, respectively. Porta et al11 con-
ducted a retrospective analysis of 69 NSCLC patients
with brain metastases who had undergone erlotinib
treatment; 17 of them had EGFR exon 19 or 21 mu-
tation. The objective response rate was 82.4%, median
time to progression was 11.7 months, and median OS
was 12.9 months. In 52 patients with unknown EGFR
status or wild-type EGFR, the objective response rate
was 0, median time to progression was 5.8 months,
and median OS was 3.1 months. A prospective phase
III clinical trial conducted in Japan obtained similar
results: NSCLC patients with brain metastases who
had EGFR mutations showed an overall response rate
of 87.8% to gefitinib monotherapy; 9.8% of patients
had stable condition and 2.4% had progressive dis-
ease. This study also found that patients with EGFR
exon 19 deletion or exon 21 L858R mutation had
different prognosis status. Among these patients, the
median PFS (17.5 vs. 10.2 months) and OS (30.3 vs.
19.8 months) in patients with exon 19 mutation were
significantly longer than in patients with exon 21
mutation.31 However, another study found that the
disease control rates in patients with exon 19 deletion
and exon 21 L858R mutations were 88.89% (32/36)
and 89.74% (35/39), respectively, and the median PFS
was 10.4 and 8.6 months, respectively, but these dif-
ferences were not statistically significant.32

The CSF penetration rate and concentrations of
erlotinib are higher than that of gefitinib; however,
current research data showed no differences in the
prognosis of the two drugs. The results of a study by
Togashi et al33 showed that CSF penetration rates of
gefitinib and erlotinib were (1.13 ± 0.36) % and
(2.77 ± 0.45) %, respectively, and CSF concentrations
were (3.7 ± 1.9) ng/ml and (28.7 ± 16.8) ng/ml,
respectively. The CSF penetration rate and concen-
trations of erlotinib were significantly higher than
those of gefitinib; however, the difference in central
nervous system response rates between the two groups
of NSCLC patients with brain metastases who were
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positive for EGFR mutations was insignificant (1/3 vs.
4/7). Similarly, Zhang et al32 conducted a retrospec-
tive study comparing the therapeutic efficacy of
gefitinib and erlotinib in treating NSCLC patients
with brain metastases who were positive for EGFR
mutations. The results of the study showed that among
the 39 patients treated with gefitinib, the disease
control rate was 89.74% (35/39; 6 had complete re-
sponses, 12 partial responses, 17 stable condition),
and the median PFS was 9.5 months. Among the 42
patients treated with erlotinib, the disease control rate
was 90.48% (38/42; 4 had complete responses, 15
partial responses, and 19 stable condition), and the
median PFS was 9.0 months. Differences between the
two drugs in treating NSCLC patients with brain
metastases who had EGFR mutations were insignifi-
cant. This may be due to the fact that gefitinib has
significantly higher concentrations in the brain tissues
than in the CSF. Considering that gefitinib is more
tolerable than erlotinib, it is therefore the recom-
mended treatment for NSCLC patients with brain
metastases who have EGFR mutations.3

Icotinib is a highly selective EGFR-TKI and the first
new anti-cancer small molecule drug for targeted ther-
apy that had completely independent intellectual
property rights in China. Icotinib shows similar chem-
ical structure, molecular effector mechanisms, and
therapeutic efficacy as gefitinib and erlotinib, but is
safer and more suitable in treating late-stage NSCLC
patients.34 In 2016, the World Conference on Lung
Cancer reported a comparative study of icotinib or
whole-brain irradiation (WBI) to treat late-stage
NSCLC patients with brain metastases who have
EGFR mutations.35 This study enrolled a total of 176
NSCLC patients. Among these patients, 16.5% had
symptomatic brain metastases. The patients were ran-
domized into a WBIþ chemotherapy group (n¼ 91) or
icotinib group (n ¼ 85). Compared with
WBI þ chemotherapy, icotinib significantly improved
the median intracranial PFS [hazard ratio (HR)¼ 0.56],
which were 4.8 and 10.0 months, respectively. Icotinib
also showed better PFS compared with
WBI þ chemotherapy, which was 6.8 vs. 3.4 months.
However, no significant difference in OS between the
two groups (18.0 vs. 20.5 months) was observed.
Compared with WBI þ chemotherapy, the intracranial
objective response rate of icotinib significantly
improved, which was 40.9% and 67.1%, respectively.
The overall response rates were 11.1% and 55.0%,
respectively. With regard to safety, the incidence of
Grade �3 adverse events assessed by the investigator
was 8.2% (n ¼ 7), while that of the
WBI þ chemotherapy group was 26.2% (n ¼ 28). The
commonly observed adverse events in the icotinib
group were elevated liver transaminase and rashes,
while that of the WBI þ chemotherapy group was he-
matologic toxicity. These results suggest that icotinib
can be a treatment option for late-stage NSCLC patients
with accompanying brain metastases who have EGFR
mutations.

Second-generation EGFR-TKIs

Generally, NSCLC patients who show therapeutic
effectiveness with first-generation EGFR-TKIs will
develop secondary drug resistance after 9e12 months.
The T790M mutation is the major mechanism that
causes drug resistance to first-generation EGFR-TKIs.
Second-generation EGFR-TKIs such as afatinib are
effective against the T790M drug-resistant mutation
and in treating NSCLC patients with brain metastases.
Hoffknecht et al36 conducted a study on late-stage
NSCLC patients who experienced treatment failure
with gefitinib or erlotinib and were given afatinib. In
100 patients with accompanying brain metastases, the
median time to treatment failure was 3.6 months, and
differences between patients with and without brain
metastases were insignificant. In 31 patients with
evaluable therapeutic efficacy, the disease control rate
was 81% (25/31, no patient had a complete response,
13 partial responses, and 12 stable condition). There-
fore, the majority of NSCLC patients with brain me-
tastases who experienced treatment failure with first-
generation EGFR-TKIs can benefit from afatinib
treatment.

Newer-generation EGFR-TKIs

Osimertinib
Osimertinib (Tagrisso) is an irreversible inhibitor

against EGFRs and is clearly effective in treating pa-
tients with T790M drug-resistant mutations. Previous
clinical studies showed that osimertinib can effectively
penetrate the BBB of the mouse and cynomolgus
monkey as compared with gefitinib, afatinib, and other
EGFR-TKIs.37 The concentration of osimertinib in
mouse brain tissues is 5e25 times as high as that in the
plasma, with the same levels of active AZ5104
metabolite. Treatment with 5 mg$kg�1$d�1 of osi-
mertinib significantly inhibits the growth of brain tu-
mors.38 These results show that osimertinib can
potentially treat NSCLC brain metastases. Reichegger
et al39 reported a NSCLC patient with brain metastases
who experienced treatment failure with radiotherapy
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and surgery and was positive for the EGFR T790M
mutation. After treating the patient with osimertinib,
the intracranial lesions rapidly responded. The results
of a phase I clinical trial showed that when 20e240 mg
of osimertinib was given to patients with EGFR-
sensitive and EGFR T790M drug-resistant mutations,
the overall response and disease-control rates were
64% and 96%, respectively. The major adverse re-
actions included diarrhea (30%), rashes (24%), and
nausea (17%). The majority of adverse reactions were
Common Terminology Criteria Adverse Events
(CTCAE) Grade 1, and 16% of patients showed Grade
3/4 adverse reactions without dose-dependent
toxicity.40 The pooled phase II study of AURA and
AURA 2 enrolled 411 EGFR-positive NSCLC patients;
39% of them had brain metastases. The results of the
study revealed that the systemic response rate of all
enrolled patients treated with osimertinib was 61%.
The overall systemic response rate in patients with
brain metastases was 56.0%.41

Vall�ee et al42 conducted a study on a late-stage
NSCLC patient who was given AZD9291 after the
treatment failure with cisplatin-pemetrexed or gefitinib.
The results of the study revealed that CT scan and
clinical evaluation confirmed a stable disease after 5
months of treatment with AZD9291. Mok et al43 re-
ported the therapeutic efficacy of osimertinib as the
first-line therapy. In this study, 144 patients with
T790M-positive advanced NSCLC (those with CNS
metastases) were enrolled, and the results showed that
the median duration of PFS was longer among patients
receiving osimertinib than among those receiving
platinum therapy plus pemetrexed [8.5 months vs. 4.2
months; HR, 0.32; 95% confidence interval (CI), 0.21
to 0.49].

AZD3759
AZD3579 is an EGFR inhibitor designed to effec-

tively penetrate the BBB to treat brain metastases.
AZD3579 has high passive permeability (29.5 �
10�6 cm/sec) and can effectively penetrate the BBB.44

In animal tumor models, AZD3579 was found to block
tumor progression and increase the survival rate. In
four NSCLC patients with brain metastases treated
with 50/100 mg of AZD3579 twice a day, one had
partial response and one had stable condition. Their
CSF concentrations were 7.7 nmol/L and 6 nmol/L,
respectively.

In 2017, the results of a phase I clinical trial on the
latest use of AZD3579 to treat NSCLC brain metas-
tases and leptomeningeal metastases were reported.45
A total of 67 patients were enrolled and 29 to the
dose-escalation phase and 38 to the dose-expansion
phase. In the dose-escalation phase, of 21 patients
with brain metastases, 11 (52%) had tumor shrinkage,
with 3 (14%) showing confirmed partial responses. In
the dose-expansion phase, of 18 patients with brain
metastases who had never been treated with EGFR-
TKIs, about 15 (83%) of patients had a confirmed
objective responses, and 16 (89%) had confirmed
diseases control. These results suggest that AZD3579
is clearly effective in treating NSCLC patients with
brain metastases. Currently, phase II studies on pa-
tients with brain and leptomeningeal metastases are
still ongoing.

Using TKIs combined with chemoradiotherapy in
treating NSCLC brain metastases

Currently, the majority of researchers believed that
local radiotherapy or WBRT will result in increased
permeability of the BBB,46e49 and TKIs are known to
decrease the resistance of wild-type EGFR NSCLC
cells to radiotherapy and increase the sensitivity of
EGFR-mutant cells to radiotherapy.50 Gow et al51

conducted a study on 63 lung adenocarcinoma pa-
tients with brain metastases who had undergone
WBRT and found that EGFR mutations [odds ratio
(OR) ¼ 4.46, P ¼ 0.029] and use of TKIs (OR ¼ 3.8,
P ¼ 0.034) are independent factors affecting WBRT
response rates, which were higher in patients with
EGFR mutations than those with wild-type EGFR
(54% vs. 24%, P ¼ 0.045). Patients who simulta-
neously used EGFR-TKI had a higher WBRT response
rates than those who did not (67% vs. 39%, P ¼ 0.038).
A retrospective study on 282 NSCLC patients with
brain metastases showed that patients who used com-
bined TKI treatment (n ¼ 104) had a significantly
longer OS (31.9 vs. 17 months, P < 0.0001) and PFS
for intracranial disease (19.8 vs. 12 months,
P < 0.0001) than those who had undergone conven-
tional treatment (WBRT, SRS, or surgery, or a com-
bination of these) (n ¼ 178) alone.52 Therefore, many
researchers believed that radiotherapy and TKI therapy
have a synergistic effect on the cell lines with EGFR
mutations and proposed that the two treatments can be
used as a combined treatment for NSCLC patients with
brain metastases who have EGFR mutations.53,54

Currently, many clinical studies combined the use of
erlotinib and radiotherapy. Results of a phase II clinical
trial showed that when EGFR status is not considered,
40 patients who had undergone WBRTand erlotinib had
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a median survival time of 11.8 months. Among the 17
patients with known EGFR status, consisting of 8 with
wild-type EGFR and 9 with EGFR mutations, the me-
dian survival time was 9.3 and 19.1 months, respec-
tively.55 In another phase II clinical trial on 54 NSCLC
patients with brain metastases, the WBRT and erlotinib
group (n ¼ 23, 11 with EGFR mutations) had longer
PFS and OS compared with the WBRT group (n ¼ 31,
EGFR status unknown).56 However, in a phase III
clinical trial comparing erlotinib and temozolomide
combined with WBRT and SRS against WBRT and
SRS alone, the survival time of patients in the combi-
nation therapy group was shorter. In addition, Grades
3e5 toxicity induced by the combined treatment was
more severe.57 In another study on 80 NSCLC patients
with brain metastases (wild-type EGFR), PFS and OS
were unimproved in the group treated with WBRT and
erlotinib when compared with the group treated with
WBRT and placebo.58

In a phase II clinical trial on a Chinese population, 21
NSCLC patients with brain metastases had undergone
WBRT and gefitinib treatment. It was found that four
(19%) patients had complete responses, 13 (62%) had
partial responses, 3 had stable condition, and only 1 had
progressive disease. The PFS and OS were 10 and 13
months, respectively.59 Zeng et al60 conducted a retro-
spective study including 90 NSCLC patients with brain
metastases. Among these patients, 45 were given gefi-
tinib (250 mg/d) and 45 gefitinib in combination with
WBRT (40 Gy/20 f/4 w), with a median interval of 15
days between gefitinib treatment andWBRT. The results
showed significant differences in the objective response
rate of brain metastases (64.4% vs. 26.7%, P < 0.001),
disease control rate (71.1% vs. 42.2%, P ¼ 0.006), me-
dian time to progression of brain metastases (10.6 vs. 6.6
months, P < 0.001), and OS (23.4 vs. 14.8 months,
P ¼ 0.002) between the combination treatment and the
gefitinib monotherapy groups. A few studies also
showed that NSCLC patients with brain metastases who
underwent radiotherapy in combination with TKI had
poor treatment outcomes and did not significantly affect
the prognosis of the patients. In a phase II clinical trial,
59 NSCLC patients with brain metastases were ran-
domized to WBRT and gefitinib group or WBRT and
temozolomide group. Results showed that even though
patients had good tolerability toward gefitinib, the me-
dian survival time of the two groups were 6.3 and 4.9
months, respectively.61 Byeon et al62 conducted a
retrospective study and found no significant differences
in intracranial PFS (16.6 vs. 21.0 months, P ¼ 0.492),
extracranial PFS (12.9 vs. 15.0 months, P ¼ 0.770) and
3-year survival rates (71.9 vs. 68.2%, P ¼ 0.675), when
radiotherapy was used with EGFR-TKIs in treating
NSCLC patients with brain metastases compared
with radiotherapy alone. However, results of a meta-
analysis study on radiotherapy with TKIs in treating
NSCLC patients with brain metastases found that
those who underwent combination treatment had better
response rates [risk ratio (RR) ¼ 1.48, 95% CI:
1.12e1.96, P ¼ 0.005] and disease control rates
(RR ¼ 1.29, 95% CI: 1.02e1.60, P ¼ 0.035) compared
with those treated with radiotherapy alone. Patients in
the former group also experienced benefits in time to
central nervous systemprogression (HR¼ 0.56, 95%CI:
0.33e0.80, P< 0.001) andmedian OS (HR¼ 0.58, 95%
CI: 0.42e0.74, P < 0.001).63

Treatment options after a failed brain metastasis
therapy

NSCLC patients with brain metastases may also
experience extracranial metastases during TKI treat-
ment, and brain metastases that were effectively
controlled may progress again; therefore, these two
scenarios can be considered as failure of TKI treat-
ment. Current research indicates that the major causes
of TKI treatment failure in brain metastases are as
follows: low concentrations of TKIs in the CSF,
resulting in inability to elicit its therapeutic effects, and
development of TKI drug resistance.

After a failed treatment, Jackman et al64 used large
doses of gefitinib on a NSCLC patient with brain
metastases to increase gefitinib concentrations in the
brain tissues. The gefitinib dose was increased from
500 mg/d to 750 mg/d and then to 1000 mg/d over a
period of 10 weeks. The carcinomatous meningitis
improved both radiographically and cytologically.
However, the gefitinib dose was decreased to 500 mg
due to somnolence and rising hepatic transaminases.
Two months later, cytology from a repeat lumbar
puncture documented recurrent leptomeningeal me-
tastases and the gefitinib dosage was then increased to
1250 mg daily for 2 weeks. Despite these changes, the
patient's condition continued to deteriorate. Grommes
et al21 retrospectively studied patients with EGFR
mutant lung cancer treated with pulsatile erlotinib for
CNS metastases that developed or worsened following
prior therapy with an EGFR-TKI at standard dosing.
Erlotinib was administered as monotherapy to all pa-
tients at a median dose of 1500 mg once per week. Best
CNS radiographic response was partial in 67% (6/9,
including 2 with isolated leptomeningeal metastases),
stable disease in 11% (1/9), and progressive disease in
22% (2/9). Median time to CNS progression was 2.7
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months and median OS was 12 months. Shukuya
et al65 reported 17 NSCLC patients who developed
isolated brain metastases after obtaining benefits from
EGFR-TKI treatment. They subsequently terminated
TKI treatment and treated these patients with WBRTor
SRS; TKI treatment was continued after the radio-
therapy. Results showed that overall response and
disease control rates were 41% and 76%, respectively.
The median PFS, extracranial PFS and the median OS
were 80, 171, and 403 days, respectively. Therefore,
they believed that this method is more effective in
treating patients with isolated metastatic lesions.

Conclusion and future prospects

With the emergence of EGFR-TKIs, the survival
rate of NSCLC patients with brain metastases has
improved considerably, especially of those with EGFR
mutations. The new-generation EGFR-TKIs such as
osimertinib can better overcome the limitations of the
BBB to targeted macromolecular drugs and are there-
fore highly effective in treating intracranial tumors.
The therapeutic efficacy of these drugs on patients with
the T790M drug-resistant mutation is clear. In addition,
the combination of EGFR-TKI and brain radiotherapy
may be one of the strategies with the greatest potential
in treating intracranial metastases in NSCLC patients.
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