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Abstract

Objectives:Osimertinib has exhibited promising central nervous system (CNS) efficacy in Epidermal growth factor receptor
(EGFR)-mutated advanced non-small-cell lung cancer (NSCLC) patients. In real-world clinical practice, patients would turn to
plasma genotyping or take osimertinib blindly after CNS progression on previous tyrosine kinase inhibitors (TKIs). However,
the efficacy of osimertinib in those patients according to their T790M mutational status has not been explored.

Materials and methods: Twenty-five patients who received osimertinib due to intracranial progressions with stable ex-
tracranial diseases after early-generation EGFR-TKI treatment were collected from 1032 EGFR-mutated NSCLC. Plasma
samples were analyzed for EGFR mutations using next-generation sequencing (NGS) or polymerase chain reaction (PCR).

Results:Among the 25 patients, 17 patients took plasma genotyping before osimertinib treatment with 8 patients EGFR T790M
mutation-positive and the rest started osimertinib blindly. The median progression-free survival (PFS) was 8.0 months (95%
confidence interval [CI]: 6.12-9.94) and median intracranial PFS (iPFS) was 14.4 months (95% CI: 7.27-21.59) for the total
population. No statistical difference was found in PFS and iPFS among patients with different EGFR T790M mutational statuses.
Intracranial disease control rate (DCR) was 100.0% for 14 patients with evaluable intracranial lesions despite different T790M
mutational statuses. DCR for extracranial lesions and overall lesions were 100.0%, 66.7%, and 87.5% for patients with T790M,
no T790M, and unknown T790M mutational status, respectively.

Conclusion: For EGFR-mutated NSCLC patients with only intracranial progressions after previous TKI treatments, osi-
mertinib is a promising treatment option regardless of T790M mutational status from plasma genotyping.
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Introduction

Epidermal growth factor receptor (EGFR)-mutated non-small-cell
lung cancer (NSCLC) patients have a much higher risk of devel-
oping central nervous system (CNS) metastases.1 As the survival of
EGFR-mutated NSCLC is prolonged by EGFR tyrosine kinase
inhibitor (TKI), patients have an increased incidence to develop the
CNS metastases because CNS is a sanctuary site for tumor cells
owing to the presence of the blood-brain barrier. For CNS me-
tastases, the median overall survival (OS) is approximately 12
months for EGFR-mutated NSCLC patients with brain metastases
(BM) and is about 9 months for EGFR-mutated NSCLC patients
with leptomeningeal metastases (LM).2,3 Existing therapies, such as
whole-brain radiation therapy (WBRT) and stereotactic radiosurgery
(SRS), can bring neurologic side effects and delay the start of
systemic therapy.4,5

Osimertinib is a third-generation, irreversible EGFR-TKI
which has been approved for patients with EGFR-mutated ad-
vanced NSCLC and patients with T790M-positive NSCLC after
disease progression on first/second-generation EGFR TKIs.
Osimertinib has demonstrated better CNS penetration than ge-
fitinib, rociletinib (CO-1686), or afatinib, as evidenced by a
preclinical study of brain distribution.6 The clinical trial has
demonstrated that osimertinib has superior CNS efficacy than
platinum-pemetrexed in T790M-positive advanced NSCLC.7

Pooled analyses of two phase-II studies, AURA extension,
and AURA2 demonstrated promising efficacy of osimertinib in
measurable CNS lesions with EGFRT790M, of which the CNS
ORR and disease control rate (DCR) were 54% and 92%, re-
spectively.8 The BLOOM study showed meaningful therapeutic
efficacy of osimertinib in EGFR-mutated NSCLC patients with
LM and revealed amedian overall survival (OS) of 11.0months.9

EGFR-mutated NSCLC patients with oligo-progression
after previous TKI treatment may have their new lesions
treated but continue on their TKI, according to the guidelines.10

However, when patients have no obvious CNS symptoms,
adding local treatment such as operation and radiotherapy will
instead seriously affect patients’ quality of life. Therefore, most
patients tend to re-biopsy to identify the potential intracranial
resistance mechanisms and take next-generation TKI. Since
tumor tissue genotyping is technically difficult for CNS lesions
and cerebrospinal fluid (CSF) is unsuitable for many patients’
physical condition, in real-world clinical practice, most patients
who have intracranial oligo-progressions turn to plasma gen-
otyping or take the osimertinib blindly. Nevertheless, there is no
clinical evidence supporting this medical practice. In this real-
world study, we try to explore the efficacy of osimertinib ac-
cording to the T790M mutational status from plasma geno-
typing in this special clinical situation.

Methods

Study Population

One thousand and thirty-two EGFR-mutated NSCLC patients
who received osimertinib treatment were retrospectively

collected between Jan 1, 2018, and Dec 30, 2020, in Sun Yat-
sen University Cancer Center. Thirty-one patients who started
osimertinib due to intracranial progressions with stable ex-
tracranial diseases after previous TKI were further identified.
Six patients were lost to follow-up and 25 patients were finally
enrolled for analysis in this study (Figure1).

All patients had been histologically confirmed NSCLC and
activating EGFR mutations. Positive intracranial progressions
and stable extracranial diseases after previous TKI treatment
were confirmed by brain magnetic resonance imaging (MRI)
and extracranial computed tomography (CT), respectively.
Plasma samples were collected and analyzed for EGFR
mutations using next-generation sequencing (NGS) or poly-
merase chain reaction (PCR). Patient data were collected
through digital medical records. We have de-identified all
patient detail. All included patients from our institute provided
signed informed consent. The study was approved by Sun Yat-
sen University Cancer Center Institutional Review Board.

Follow-up

To analyze clinical outcomes, progression-free survival (PFS)
was measured and defined as the time interval from the start of
the osimertinib treatment until progressive disease (PD) or
death from any other causes, whichever occurs first; intra-
cranial PFS (iPFS) was defined as the time from osimertinib
treatment until intracranial progression. Disease response to
treatment and tumor shrinkage was assessed according to
Response Evaluation Criteria in Solid Tumor (RECIST) cri-
teria (version 1.1). DCR was defined as the occurrence of
complete response (CR), partial response (PR), or stable
disease (SD).

Statistical Analysis

Survival analysis was performed using the Kaplan-Meier
method with log-rank P values and 95% confidence

Figure 1. Patient flow of the study design.
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interval (CI) reported. All statistical tests were two-sided; P
value <.05 was deemed statistically significant. Univariate
analysis was performed using interactive Cox proportional
hazard regression. SPSS version 26.0 (SPSS, Chicago, IL)
was used for statistical analyses and R software (version R
3.5.1) for making graphs.

Results

Patient Characteristics

Among the 25 patients, 17 patients received gefitinib (68.0%),
5 patients received erlotinib (20.0%); 2 patients received both
(4.0%), and only 1 patient received icotinib (8.0%) before
taking osimertinib. After developing intracranial progressions,
17 patients chose to take plasma genotyping before osi-
mertinib treatment with 8 patients EGFR T790M mutation-
positive and 9 patients EGFR T790M mutation-negative; the
other 8 patients started on osimertinib directly with unknown
T790M mutational status (supplementary methods). The
median age of patients for this analysis was 54 (range: 37-75)
years. Approximately two-thirds of the patients were female
(64.0%) and never-smokers (76.0%). Except for one patient
who was adenosquamous lung cancer, all patients were ad-
enocarcinoma. Primarily, 10 patients (40.0%) and 14 patients
(56.0%) harbored the EGFR exon 19 deletion and exon 21
L858 R substitution, respectively, only 1 patient (4.0%) had
both mutations. Patients receiving osimertinib as the second-,
third-, or > third-line treatment were 16 (64.0%), 7 (28.0%),
and 2 (8.0%), respectively. Only 7 patients (28.0%) received
brain radiotherapy before or at the same time with osimertinib
treatment. Baseline characteristics of the study population are
shown in Table 1. The associations between clinical factors
and PFS were presented in Supplemental Table 1.

Clinical Outcomes

At data cutoff (Jun 5, 2021), 3 (12.0%) patients were still
receiving osimertinib, and the median PFS for the total
population was 8.0 months (95% CI:6.12-9.94) (Figure 2A).
Intracranial progressions were observed in 15 patients
(60.0%), and the median iPFS was 14.4 months (95% CI:7.27-
21.59) (Figure 2C). The median PFS was 7.5 months (95% CI:
4.80-10.15), 8.0 months (95% CI: 2.98-13.09), and 7.3
months (95% CI: 4.67-9.93) for patients with T790M, no
T790M, and unknown T790M mutational status, respectively.
The median iPFS was 14.4 months (95% CI: 2.58-26.29), 12.4
months (95% CI: 3.84-20.97), and 14.7 months (95% CI:
6.45-22.95) for patients with T790M, no T790M, and un-
known T790M mutational status, respectively. We found no
difference in both PFS (P=.922) and iPFS (P=.767) according
to T790M mutational status (Figure 2B and D). For the 18
patients who received osimertinib without radiotherapy, the
median PFS and median iPFS were 8.0 months (95% CI: 5.95-
10.11) (Supplemental Figure 3A) and 12.4 months (95% CI:

5.90-18.90), respectively (Supplemental Figure 3C). The
median PFS was 7.5 months (95% CI: 6.00-8.93), 12.4
months (95% CI: 3.44-21.36), and 7.3 months (95% CI: 4.95-
9.65) for patients with T790M, no T790M, and unknown
T790M mutational status, respectively. The median iPFS was
8.8 months (95% CI: 1.76-15.91), 17.9 months (95% CI: 9.72-
26.14), and 7.3 months (95% CI: 4.95-9.65) for patients with
T790M, no T790M, and unknown T790M mutational status,
respectively. No statistical difference in both PFS (P=.593)
and iPFS (P=.482) for the population without radiotherapy
according to T790M mutational status was found
(Supplemental Figure 3B and D). Taking the basic EGFR
mutational status into consideration, after excluding the pa-
tient with both 19del mutation and L858R mutation, we found
that patients harboring EGFR 19del had a longer PFS and
iPFS than patients harboring EGRF L858R mutation (median
PFS: 12.4 months [95% CI:2.24-22.57] vs. 6.8 months [95%
CI: 5.46-8.14], P=.042; median iPFS: 17.9 months [95% CI:
10.49-25.37] vs. 8.0 months [95% CI: 5.63-10.43], P=.011)
(Supplemental Figures 1A and 2A). No statistical difference in
PFS and iPFS was found between patients who had received
radiotherapy and those who had not (median PFS: 6.6 months
[95% CI: 5.88-7.26] vs. 8.0 months [95% CI: 5.95-10.11],
P=.723; median iPFS: 22.1 months [95% CI: 9.00-35.26] vs.
12.4 months [95% CI: 5.90-18.90], P=.760) (Supplemental
Figure 1B and 2B).

As regards the response rate, 14/25 patients had evaluable
intracranial lesions and 11/25 had intracranial lesions <1 cm
which were unevaluable. Of the 14 patients with evaluable
intracranial lesions, intracranial DCR were all 100.0% for
patients with T790M, no T790M, and unknown T790M
mutational status, with 2 patients with no T790M and 2 pa-
tients with unknown T790M reached PR. Among the 11
patients with unevaluable intracranial lesions, 9/11 (81.8%) of
them experienced a reduction of their brain lesions and the rest
had a stable brain lesion. No statistical difference in PFS and
iPFS was found between patients with evaluable intracranial
lesions and those with unevaluable intracranial lesions (me-
dian PFS: 8.0 months [95% CI: 5.15-10.91] vs. 7.5 months
[95%CI: 5.28-9.66], P=.557; median iPFS: 14.7 months [95%
CI: 5.51-23.89] vs. 8.8 months [95% CI: 1.02-16.64], P=.530)
(Supplemental Figure 4A and 4B). DCR for extracranial le-
sions and overall lesions were 100.0%, 66.7%, and 87.5% for
patients with T790M, no T790M, and unknown T790M
mutational status, respectively (P=.165) (Table 2). All patients
reported no obvious adverse reactions during the treatment of
osimertinib.

Genetic Examination After Progression on Osimertinib

Events of progression (regardless of intracranially or ex-
tracranially) were observed in 22/25 (88.0%) patients with 13
patients experiencing intracranial progressions, 7 patients
experiencing extracranial progressions, and 2 patients expe-
riencing both intracranial and extracranial progressions
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(Supplemental Table 2). Of the 22 patients who progressed
upon osimertinib, 9 patients were further analyzed for po-
tential resistance mechanisms by NGS (Supplemental Table
3). All of the 9 patients were found to be T790M negative
regardless of their T790Mmutational status before osimertinib
treatment. EGFR-related resistance mechanisms were iden-
tified: one patient was found harboring EGFR G724S; one
patient was found harboring PTEN E299*; and two patients
were found harboring EGFR amplification. Possible EGFR-
independent resistant mechanisms were also spotted in other
patients, including FGF amplification, KRAS amplification,
and MYC amplification.

Cases With Different T790M Mutational Statuses
Reached Intracranial PR

Three patients with different T790M mutational statuses before
osimertinib treatment were retrospectively included to evaluate
the antitumor activity and safety of osimertinib. Representative
MRI brain scans from the three patients are taken at baseline
and after the administration of osimertinib (Figure 3).

T790M positive: a 62-year-old Chinese female never-
smoker was diagnosed with advanced EGFR L858R-

positive NSCLC in April 2014. Gefitinib was chosen as
first-line therapy (from April 2014 to April 2017). A com-
bination of intravenous carboplatin, pemetrexed, and bev-
acizumab was administered as second-line treatment (May
2017 to July 2018). Therapy was interrupted as the patient
rapidly progressed in August 2018, with metastatic lesions in
the CNS. Following plasma genotyping revealed an EGFR
T790M mutation. The patient started osimertinib (80 mg QD)
in September 2018. The brain lesions diminished significantly
following the treatment with osimertinib (Figure 3A).

T790M negative: a non-smoking, 62-year-old Chinese
woman was diagnosed with advanced EGFR 19del-positive
NSCLC in August 2018. The patient progressed after first-line
gefitinib therapy (from August 2018 to November 2019), with
a brain MRI showing enlarged brain lesions. The patient
started to take osimertinib (80 mg QD) in November 2019
despite the negative T790M mutation of plasma genotyping.
Subsequent brain MRI revealed an obvious shrinkage of initial
brain lesions (Figure 3B).

Unknown T790M: a 56-year-old Chinese male smoker was
diagnosed with advanced EGFR L858R-positive NSCLC in
November 2018. The patient started taking gefitinib in De-
cember 2018 until MRI revealed brain progression in

Table 1. Patient Demographic and Baseline Characteristics.

Characteristics
EGFR T790M
Positive No (%)

EGFR T790M
Negative No (%)

EGFR T790M
Blind No (%) Total No (%)

No. Of patients 8 9 8 25
Median age, years (range) 47.5 (34-56) 55 (42-75) 56.5 (38-69) 54 (34-75)
Sex

Female 7 (87.5) 6 (66.7) 3 (37.5) 16 (64.0)
Male 1 (12.5) 3 (33.3) 5 (62.5) 9 (36.0)

Histology
Adenocarcinoma 7 (87.5) 9 (100) 8 (100) 24 (96.0)
Adenosquamous carcinoma 1 (12.5) 0 0 1 (4.0)

Smoking status
Never 8 (100) 7 (77.8) 4 (50.0) 19 (76.0)
Former 0 2 (22.2) 4 (50.0) 6 (24.0)

Initial EGFR mutation
EGFR 19del 3 (37.5) 4 (44.4) 3 (37.5) 10 (40.0)
EGFR L858R 5 (62.5) 5 (55.6) 4 (50.0) 14 (56.0)
EGFR 19del+L858R 0 0 1 (12.5) 1 (4.0)

Osimertinib line
2nd 4 (50.0) 7 (77.7) 5 (62.5) 16 (64.0)
3rd 3 (37.5) 2 (22.2) 2 (25.0) 7 (28.0)
>3rd 1 (12.5) 0 1 (12.5) 2 (8.0)

EGFR-TKIs prior to osimertinib
Gefitinib 8 (100) 5 (55.6) 4 (50.0) 17 (68.0)
Erlotinib 0 3 (33.3) 2 (25.0) 5 (20.0)
Icotinib 0 0 1 (12.5) 1 (4.0)
Gefitinib; Erlotinib 0 1 (11.1) 1 (12.5) 2 (8.0)

Previous radiation therapy
No 7 (87.5) 7 (77.8) 4 (50.0) 18 (72.0)
Yes 1 (12.5) 2 (22.2) 4 (50.0) 7 (28.0)
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November 2019. The patients chose to take osimertinib di-
rectly (80 mg QD) in December 2019, without taking any
genetic testing. Brain MRI after 3 months revealed an obvious
shrinkage of primary brain lesions (Figure 3C).

Discussion

In our study, we report that EGFR-mutated NSCLC patients
with only intracranial progressions after previous TKI treat-
ments can benefit from osimertinib treatment regardless of
T790M mutational status from plasma genotyping. With
predictive biomarkers emerging in lung cancer patients, bi-
opsy at progression becomes a necessity for guiding the
subsequent treatments. In real-world clinical practice, patients
who had intracranial progressions with stable extracranial
lesions after first-/second-generation TKIs treatment tend to
perform plasma genotyping or take osimertinib blindly. But
the efficacy of osimertinib in those patients according to their
T790M mutational status from plasma genotyping has not
been explored.

In this real-world study, 25 EGFR-mutated advanced
NSCLC patients started osimertinib treatment due to intra-
cranial oligo-progressions after previous EGFR TKI treatment.
Among them, 1/3 patients chose to take osimertinib directly
without taking any genetic examination and 2/3 patients un-
derwent plasma genotyping. Among patients taking plasma
genotyping, 50% of these patients were positive for EGFR
T790M mutation, a proportion similar to previous reports.11

At data cutoff (Jun 5, 2021), 21/25 (84%) patients with
brain progressions achieved systemic disease control. 14/14

(100.0%) patients with evaluable brain lesions achieved in-
tracranial disease control. Among patients with unevaluable
brain lesions, 9/11 (81.8%) of them experienced a reduction of
their brain lesions. The median PFS for the total population
was 8.0 months, and the median iPFS was 14.4 months. Our
data confirmed the intracranial efficacy and manageable safety
profile of osimertinib in real-world practice, with the CNS
DCR and median PFS consistent with previous reports about
the CNS efficacy of osimertinib for EGFR-mutated NSCLC
after previous TKI treatment12,13 and no obvious adverse
reactions reported.

We found no difference in both PFS and iPFS according to
EGFR T790M mutational status in our patients, even after
excluding the seven patients who received radiotherapy in
combination with osimertinib treatment considering that ra-
diotherapy may interfere with the efficacy of osimertinib
(supplementary figure 3). Notably, patients without T790M
mutation and patients with unknown T790Mmutational status
also reached a CNS DCR of 100.0%, and the systemic DCR
was 66.7% and 87.5%, respectively. It has been reported that
osimertinib showed good efficacy in pretreated EGFRm
NSCLC patients with LM regardless of their T790M
status.14,15 In our study, osimertinib displayed optimal effi-
cacy in pretreated patients with BM irrespective of their
T790M mutational status from plasma genotyping. Two ex-
planations should be considered. For one thing, the single
plasma genotyping may not be able to capture the real mu-
tational status due to the low T790M mutation abundance in
the liquid sample and the inherent tumor heterogeneity. Hata A
et al reported that, for patients who were re-biopsied after

Figure 2. Kaplan-Meier curves of PFS for (A) total populations and (B) according to T790M mutational status; iPFS for (C) total populations
and (D) according to T790M mutational status. CI, confidence interval; PFS, progression-free survival.
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progression on previous TKI, only 17% were T790M positive
within CNS metastases, while 41% in systemic lesions.16

Another possible explanation is that the intact blood-brain
barrier inhibits the penetration of first-/second-generation
EGFR-TKIs into the CSF, resulting in the control of extra-
cranial disease but intracranial progression. And osimertinib,
which has a greater CNS penetration ability, brought the in-
tracranial progressive lesions under control again.6 Therefore,
no matter whether patients have developed T790M mutation
or not, the superior CNS efficacy of osimertinib can provide

benefit for patients with intracranial progressions in that sit-
uation. Apart from T790M mutation, the intracranial pro-
gressions could be attributed to mechanisms such as other
EGFR second-point mutations, alternative pathway activa-
tion, or histological and phenotypic transformation.17 The fact
that we did not spot any resistance mechanism by plasma
genotyping yet spotted the initial sensitizing mutations in our
T790M-negative patients (supplementary methods) makes the
insufficient intracranial concentration of previous TKIs a more
plausible explanation. The observed efficacy of osimertinib

Table 2. Best Response for Osimertinib Treatment.

Best Response
EGFR T790M

Positive
EGFR T790M
Negative

EGFR T790M
Blind Total

Evaluable intracerebral lesions
No. of patients 4 5 5 14
PR 0 2 2 4
SD 4 3 3 10
PD 0 0 0 0
DCR 100% 100% 100% 100%

Unevaluable intracerebral lesions
No. of patients 4 4 3 11
reduction 4 3 2 9
Stable 0 1 1 2

Extracerebral lesions
No. of patients 8 9 8 25
PR 1 1 0 2
SD 7 5 7 19
PD 0 3 1 4
DCR 100.0% 66.7% 87.5% 84.0%

Overall lesions
No. of patients 8 9 8 25
PR 0 2 0 2
SD 8 4 7 19
PD 0 3 1 4
DCR 100.0% 66.7% 87.5% 84.0%

Figure 3. Magnetic resonance imaging brain scans before and after treatment with osimertinib in three patients with partial response. (A) The
intracranial response of osimertinib in the patient with T790M; (B) intracranial response of osimertinib in the patient with no T790M; (C)
intracranial response of osimertinib in the patient with unknown T790M status.
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among our patients can further validate our speculation. The
median iPFS was longer than median PFS might partly owing
to the increase in censored cases who developed extracranial
progressions. Or, more likely, the CNS lesions may have been
underexposed to previous EGFR TKIs compared with ex-
tracranial lesions, resulting in higher response and a longer
median iPFS than median PFS. The consistency of clinical
outcomes among our patients demonstrated that osimertinib is
applicable in such situation irrespective of T790M mutational
status from plasma genotyping.

In our study, a patient was found to harbor FGF3/4/9
amplification and KRAS amplification through plasma gen-
otyping after progression on osimertinib. Considering that
these mutations had not been spotted in the patient before
osimertinib treatment, we thought of the secondary FGF
amplification and KRAS amplification, both of which have
been proved to be potential resistance mechanisms of
osimertinib,18-21 as the potential causes leading to the pro-
gression of the patient. Thus, despite that osimertinib is ef-
fective for patients with intracranial oligo-progressions when
the resistance mechanism of previous TKI treatment remains
unclear, genetic testing is still recommended for patients for it
can monitor potential resistance mechanisms dynamically.

Several studies exhibited heterogeneity between CNS
metastases and extracranial lesions.16,22 Maria Colombino
et al23 demonstrated genetic heterogeneity by comparing
sequencing of 20 melanomas and paired BM, with some
samples harboring BRAF mutations only in the primary and
others harboring NRAS mutations only in the BM. Interest-
ingly, one of our patients who started osimertinib treatment
without T790M experienced a deterioration of lung lesions
while her brain lesion was well-controlled. Subsequent NGS
revealed the mutation of EGFR G724S, a potential resistance
mechanism of both first-generation TKI and osimertinib.24,25

The inconsistent responses of intracranial and extracranial
lesions in our cases seemingly indicated that the resistance
mechanisms were different inside and outside the central
nervous system. Signaling networks between the tumor and its
metastatic niche may impose differing selective pressures at
different metastatic sites, leading to divergent genomic evo-
lution. The CNS, by virtue of its relative isolation compared
with other metastatic sites, might be the ideal site for divergent
evolution.26

There is a limited study comparing the sensitivity of plasma
genotyping and CSF genotyping for the mutational profile of
CNS lesions. A retrospective study demonstrated that median
iPFS and median overall PFS were longer in patients with
T790M-positive CSF genotyping than patients with T790M-
negative CSF while T790M status in plasma was not asso-
ciated with response to osimertinib.27 A study by Li YS et al
revealed that CSF is better in reflecting intracranial mutational
conditions and could reveal the unique genetic profiles of CNS
lesions.28 It seems that CSF genotyping can better reflect
mutational profiles of intracranial lesions than plasma geno-
typing. However, it is worth noting that all the patients

mentioned in the above study had leptomeningeal metastases
while our patients were all diagnosed with brain metastases
and progressions. A study revealed that the mutation detection
rate of CSF circulating tumor DNA (ctDNA) was significantly
lower than that from extracranial tissue and plasma for lung
cancer patients with brain metastases, which indicated that
CSF genotyping is of limited significance in patients with
brain parenchymal progressions.29 Nevertheless, CSF geno-
typing has its unique value in clarifying the mechanism of
intracranial drug resistance. If conditions permit, both plasma
genotyping and CSF genotyping should be performed.

Our study did not reveal any factors that can significantly
affect the efficacy of osimertinib for NSCLC patients with
intracranial oligo-progressions after previous TKIs treatment.
It has been reported that in both CSF genotyping and ex-
tracranial genotyping, EGFR 19del was associated with better
osimertinib response than EGFR L858R.27,30,31 Our study
also showed a statistically significant longer PFS trend for
patients with EGFR 19del than EGFR L858R mutation.
Although the differential efficacy between 19del and L858R
is observed with both first-/second- and third-generation
EGFR-TKIs, the recent RELAY study revealed a similar
high efficacy of combination therapy with erlotinib plus
ramucirumab in patients with L858R and patients with
19del.32 A consistent PFS benefit between 19del and L858R
groups has also been reported in patients receiving erlotinib
and bevacizumab,33 suggesting that the addition of an an-
tiangiogenic agent appears to abrogate the worse outcomes
observed in L858 R patients compared with 19del patients
when treated with EGFR-TKI monotherapy and the com-
bination regimen would be more suitable for patients with
L858R mutation.

There are several limitations to our study. The single-
center, retrospective design, and small sample size limit its
competence to illustrate the efficacy of osimertinib in this
special clinical situation. Additionally, because of the rela-
tively short follow-up time, median OS was not reached.
Considering that osimertinib has been approved as first-line
therapy for EGFR-mutated NSCLC patients, this study is of
more instructive significance for clinicians in developing
countries where economic development is limited and osi-
mertinib is temporarily out of reach. But this is still the first
study to explore the efficacy of osimertinib according to the
T790M mutational status from plasma genotyping for EGFR-
mutated advanced NSCLC patients with intracranial oligo-
progressions after previous TKI treatment in a real-world
setting.

Conclusion

In conclusion, for EGFR-mutated advanced NSCLC patients
who progressed on previous TKI with progressive intracranial
lesions and stable extracranial diseases, osimertinib can be an
effective treatment option regardless of T790M mutational
status from plasma genotyping.

Liao et al. 7



Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This work
was supported by the National Natural Science Foundation Project of
China (grant numbers 81972556, 81772476, 81872499). The agency
has no roles in study design, data collection and analysis, and
manuscript preparation.

Ethical Approval

The study was approved by Sun Yat-sen University Cancer Center
Institutional Review Board (Approval number: B2021-348-01).

Informed Consent

Written informed consent was obtained from the patients for their
anonymized information to be published in this article.

Statement of Human and Animal Rights

All procedures in this study were conducted in accordance with the
Sun Yat-sen University Cancer Center Institutional Review Board
approved protocols (Approval number: B2021-348-01).

ORCID iD

Jun Liao, MD  https://orcid.org/0000-0002-2017-5065

Supplemental Material

Supplemental material for this article is available online.

References

1. Hsu F, De Caluwe A, Anderson D, Nichol A, Toriumi T, Ho C.
EGFR mutation status on brain metastases from non-small cell
lung cancer. Lung Cancer. 2016;96:101-107. doi:10.1016/j.
lungcan.2016.04.004

2. Nadler E, Pavilack M, Espirito J, Baidoo B, Fernandes A. Out-
comes among patients with EGFR-mutant metastatic NSCLC with
and without Brain Metastases. Conference Abstract. J Thorac
Oncol. 2018;13(10):S383. doi:10.1016/j.jtho.2018.08.380

3. Li YS, Jiang BY, Yang JJ, et al. Leptomeningeal metastases in
patients with NSCLC with EGFR mutations. Article. J Thorac
Oncol. 2016;11(11):1962-1969. doi:10.1016/j.jtho.2016.06.029

4. Garsa A, Jang JK, Baxi S, et al. AHRQ Comparative Effec-
tiveness Reviews. Radiation Therapy For Brain Metastases.
Agency for Healthcare Research and Quality (US); 2021.

5. Peters S, Bexelius C, Munk V, Leighl N. The impact of brain
metastasis on quality of life, resource utilization and survival in
patients with non-small-cell lung cancer. Cancer Treat Rev.
2016;45:139-162. doi:10.1016/j.ctrv.2016.03.009

6. Ballard P, Yates JW, Yang Z, et al. Preclinical Comparison of
Osimertinib with Other EGFR-TKIs in EGFR-Mutant NSCLC

Brain Metastases Models, and Early Evidence of Clinical Brain
Metastases Activity. Clin Cancer Res. 2016;22(20):5130-5140.
doi:10.1158/1078-0432.Ccr-16-0399

7. Wu YL, Ahn MJ, Garassino MC, et al. CNS Efficacy of Osi-
mertinib in Patients With T790M-Positive Advanced Non-
Small-Cell Lung Cancer: Data From a Randomized Phase III
Trial (AURA3). J Clin Oncol. 2018;36(26):2702-2709. doi:10.
1200/jco.2018.77.9363

8. Goss G, Tsai CM, Shepherd FA, et al. CNS response to osi-
mertinib in patients with T790M-positive advanced NSCLC:
pooled data from two phase II trials. Ann Oncol. 2018;29(3):
687-693. doi:10.1093/annonc/mdx820

9. Yang JCH, Kim SW, Kim DW, et al. Osimertinib in patients with
epidermal growth factor receptor mutation-positive non-small-
cell lung cancer and leptomeningeal metastases: the BLOOM
study. J Clin Oncol. Feb 2020;38(6):538-547. doi:10.1200/jco.
19.00457

10. Lilenbaum RA, Horn LA. Management of EGFR mutation-
positive non-small cell lung cancer. Conference Paper. JNCCN
Journal of the National Comprehensive Cancer Network. 2016;
14:672-674. doi:10.6004/jnccn.2016.0189

11. Yu HA, Arcila ME, Rekhtman N, et al. Analysis of tumor
specimens at the time of acquired resistance to EGFR-TKI
therapy in 155 patients with EGFR-mutant lung cancers. Clin
Cancer Res. 2013;19(8):2240-2247. doi:10.1158/1078-0432.
Ccr-12-2246

12. Xing P, Mu Y, Hao X, Wang Y, Li J. Data from real world to
evaluate the efficacy of osimertinib in non-small cell lung cancer
patients with central nervous system metastasis. Article. Clin
Transl Oncol. 2019;21(10):1424-1431. doi:10.1007/s12094-
019-02071-5

13. Mu Y, Xing P, Hao X, Wang Y, Li J. Real-world data of osi-
mertinib in patients with pretreated non-small cell lung cancer:
A retrospective study. Article. Cancer Manag Res. 2019;11:
9243-9251. doi:10.2147/CMAR.S221434

14. Xu H, Chen H, Kong J, et al. Osimertinib for the treatment of
epidermal growth factor receptor-mutated non-small cell lung cancer
patients with leptomeningeal metastases and different T790M status.
Ann Transl Med. 2021;9(11):937. doi:10.21037/atm-21-1249

15. Hu X, Chen W, Li X, et al. Clinical efficacy analysis of Osi-
mertinib treatment for a patient with leptomeningeal metastasis
of EGFR+ non-small cell lung cancer without the T790M
mutation. Ann Palliat Med. 2019;8(5):525-531. doi:10.21037/
apm.2019.10.13

16. Hata A, Katakami N, Yoshioka H, et al. Rebiopsy of non-small
cell lung cancer patients with acquired resistance to epidermal
growth factor receptor-tyrosine kinase inhibitor: Comparison
between T790M mutation-positive and mutation-negative
populations. Cancer. 2013;119(24):4325-4332. doi:10.1002/
cncr.28364

17. Wu SG, Shih JY. Management of acquired resistance to EGFR
TKI-targeted therapy in advanced non-small cell lung cancer.
Mol Cancer. 2018;17(1):38. doi:10.1186/s12943-018-0777-1

18. Yin Y, Betsuyaku T, Garbow JR, Miao J, Govindan R, Ornitz
DM. Rapid induction of lung adenocarcinoma by fibroblast

8 Cancer Control

https://orcid.org/0000-0002-2017-5065
https://orcid.org/0000-0002-2017-5065
https://doi.org/10.1016/j.lungcan.2016.04.004
https://doi.org/10.1016/j.lungcan.2016.04.004
https://doi.org/10.1016/j.jtho.2018.08.380
https://doi.org/10.1016/j.jtho.2016.06.029
https://doi.org/10.1016/j.ctrv.2016.03.009
https://doi.org/10.1158/1078-0432.Ccr-16-0399
https://doi.org/10.1200/jco.2018.77.9363
https://doi.org/10.1200/jco.2018.77.9363
https://doi.org/10.1093/annonc/mdx820
https://doi.org/10.1200/jco.19.00457
https://doi.org/10.1200/jco.19.00457
https://doi.org/10.6004/jnccn.2016.0189
https://doi.org/10.1158/1078-0432.Ccr-12-2246
https://doi.org/10.1158/1078-0432.Ccr-12-2246
https://doi.org/10.1007/s12094-019-02071-5
https://doi.org/10.1007/s12094-019-02071-5
https://doi.org/10.2147/CMAR.S221434
https://doi.org/10.21037/atm-21-1249
https://doi.org/10.21037/apm.2019.10.13
https://doi.org/10.21037/apm.2019.10.13
https://doi.org/10.1002/cncr.28364
https://doi.org/10.1002/cncr.28364
https://doi.org/10.1186/s12943-018-0777-1


growth factor 9 signaling through FGF receptor 3. Cancer Res.
2013;73(18):5730-5741. doi:10.1158/0008-5472.Can-13-0495

19. Oxnard GR, Hu Y, Mileham KF, et al. Assessment of Resistance
Mechanisms and Clinical Implications in Patients With EGFR
T790M-Positive Lung Cancer and Acquired Resistance to
Osimertinib. JAMA Oncol. 2018;4(11):1527-1534. doi:10.
1001/jamaoncol.2018.2969

20. Semrad TJ, MacK PC. Fibroblast growth factor signaling in
nonsmall-cell lung cancer. Review. Clin Lung Cancer. 2012;
13(2):90-95. doi:10.1016/j.cllc.2011.08.001

21. Yamaoka T, Motoi O, Kishino Y, Kusumoto S, Tsurutani J,
Ohmori T. KRAS amplification mediates resistance to osi-
mertinib in acquired afatinib-resistant NSCLC harboring exon
19 deletion/T790M in EGFR. Conference Abstract. Cancer Res.
2019;79(13). doi:10.1158/15387445.SABCS182113

22. Sasaki S, Yoshioka Y, Ko R, et al. Diagnostic significance of
cerebrospinal fluid EGFR mutation analysis for leptomeningeal
metastasis in non-small-cell lung cancer patients harboring an
active EGFR mutation following gefitinib therapy failure. Respir
Investig. 2016;54(1):14-19. doi:10.1016/j.resinv.2015.07.001

23. Colombino M, Capone M, Lissia A, et al. BRAF/NRAS mu-
tation frequencies among primary tumors and metastases in
patients with melanoma. J Clin Oncol. 2012;30(20):2522-2529.
doi:10.1200/jco.2011.41.2452

24. Oztan A, Fischer S, Schrock AB, et al. Emergence of EGFR
G724S mutation in EGFR-mutant lung adenocarcinoma post
progression on osimertinib. Lung Cancer. 2017;111:84-87. doi:
10.1016/j.lungcan.2017.07.002

25. Li J, Wang Z, Groen HJM, et al. Uncommon EGFR G724S
mutations arise in non-small-cell lung cancer patients with
acquired resistance to first-generation EGFR-TKIs. Lung
Cancer. 2018;118:173-175. doi:10.1016/j.lungcan.2018.02.016

26. Dagogo-Jack I, Carter SL, Brastianos PK. Brain Metastasis:
Clinical Implications of Branched Evolution. Trends Cancer.
2016;2(7):332-337. doi:10.1016/j.trecan.2016.06.005

27. Zheng MM, Li YS, Tu HY, et al. Genotyping of Cerebrospinal
Fluid Associated With Osimertinib Response and Resistance for
Leptomeningeal Metastases in EGFR-Mutated NSCLC. J Thorac
Oncol. 2021;16(2):250-258. doi:10.1016/j.jtho.2020.10.008

28. Li YS, Jiang BY, Yang JJ, et al. Unique genetic profiles from
cerebrospinal fluid cell-free DNA in leptomeningeal metastases
of EGFR-mutant non-small-cell lung cancer: a new medium of
liquid biopsy. Ann Oncol. 2018;29(4):945-952. doi:10.1093/
annonc/mdy009

29. Li M, Li D, Hou X, et al. Utilizing phenotypic characteristics of
metastatic brain tumors to predict the probability of circulating
tumor DNA detection from cerebrospinal fluid. Conference
Abstract. J Clin Oncol. 2020;38(15)doi:10.1200/JCO.2020.38.
15_suppl.2507

30. Ramalingam SS, Vansteenkiste J, Planchard D, et al. Overall
Survival with Osimertinib in Untreated, EGFR-Mutated Ad-
vanced NSCLC. N Engl J Med. 2020;382(1):41-50. doi:10.
1056/NEJMoa1913662

31. Goss G, Tsai CM, Shepherd FA, et al. Osimertinib for pretreated
EGFRThr790Met-positive advanced non-small-cell lung cancer
(AURA2): a multicentre, open-label, single-arm, phase 2 study.
Lancet Oncol. Dec 2016;17(12):1643-1652. doi:10.1016/
s1470-2045(16)30508-3

32. Nakagawa K, Garon EB, Seto T, et al. Ramucirumab plus
erlotinib in patients with untreated, EGFR-mutated, ad-
vanced non-small-cell lung cancer (RELAY): a rando-
mised, double-blind, placebo-controlled, phase 3 trial.
Lancet Oncol. Dec 2019;20(12):1655-1669. doi:10.1016/
s1470-2045(19)30634-5

33. Saito H, Fukuhara T, Furuya N, et al. Erlotinib plus bevacizumab
versus erlotinib alone in patients with EGFR-positive advanced
non-squamous non-small-cell lung cancer (NEJ026): interim
analysis of an open-label, randomised, multicentre, phase 3 trial.
Lancet Oncol. 2019;20(5):625-635. doi:10.1016/s1470-
2045(19)30035-x

Liao et al. 9

https://doi.org/10.1158/0008-5472.Can-13-0495
https://doi.org/10.1001/jamaoncol.2018.2969
https://doi.org/10.1001/jamaoncol.2018.2969
https://doi.org/10.1016/j.cllc.2011.08.001
https://doi.org/10.1158/15387445.SABCS182113
https://doi.org/10.1016/j.resinv.2015.07.001
https://doi.org/10.1200/jco.2011.41.2452
https://doi.org/10.1016/j.lungcan.2017.07.002
https://doi.org/10.1016/j.lungcan.2018.02.016
https://doi.org/10.1016/j.trecan.2016.06.005
https://doi.org/10.1016/j.jtho.2020.10.008
https://doi.org/10.1093/annonc/mdy009
https://doi.org/10.1093/annonc/mdy009
https://doi.org/10.1200/JCO.2020.38.15_suppl.2507
https://doi.org/10.1200/JCO.2020.38.15_suppl.2507
https://doi.org/10.1056/NEJMoa1913662
https://doi.org/10.1056/NEJMoa1913662
https://doi.org/10.1016/s1470-2045(16)30508-3
https://doi.org/10.1016/s1470-2045(16)30508-3
https://doi.org/10.1016/s1470-2045(19)30634-5
https://doi.org/10.1016/s1470-2045(19)30634-5
https://doi.org/10.1016/s1470-2045(19)30035-x
https://doi.org/10.1016/s1470-2045(19)30035-x

	Epidermal growth factor receptor-Mutated Non-small-cell Lung Cancer with Intracranial Progressions and Stable Extracranial  ...
	Introduction
	Methods
	Study Population
	Follow-up
	Statistical Analysis

	Results
	Patient Characteristics
	Clinical Outcomes
	Genetic Examination After Progression on Osimertinib
	Cases With Different T790M Mutational Statuses Reached Intracranial PR

	Discussion
	Conclusion
	Declaration of Conflicting Interests
	Funding
	Ethical Approval
	Informed Consent
	Statement of Human and Animal Rights
	ORCID iD
	Supplemental Material
	References


