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abstract

PURPOSE In this phase I study (BLOOM), osimertinib, a third-generation epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor (TKI), was evaluated in patients with leptomeningeal metastases (LMs) from
EGFR-mutated (EGFRm) advanced non–small-cell lung cancer (NSCLC) whose disease had progressed on
previous EGFR-TKI therapy.
PATIENTS AND METHODS Patients with cytologically conﬁrmed LM received osimertinib 160 mg once daily.
Objectives were to assess conﬁrmed objective response rate (ORR), duration of response (DoR), progressionfree survival (PFS), overall survival (OS), pharmacokinetics (PK), and safety. Additional efﬁcacy evaluations
included changes from baseline in CSF cytology and neurologic examination. Measurable lesions were assessed
by investigator according to RECIST version 1.1. LMs were assessed by neuroradiologic blinded central independent review (BICR) according to Response Assessment in Neuro-Oncology LM radiologic criteria and by
investigator.
RESULTS Forty-one patients were enrolled. LM ORR and DoR by neuroradiologic BICR were 62% (95% CI, 45%
to 78%) and 15.2 months (95% CI, 7.5 to 17.5 months), respectively. Overall, ORR by investigator was 41%
(95% CI, 26% to 58%), and median DoR was 8.3 months (95% CI, 5.6 to 16.5 months). Median investigatorassessed PFS was 8.6 months (95% CI, 5.4 to 13.7 months) with 78% maturity; median OS was 11.0 months
(95% CI, 8.0 to 18.0 months) with 68% maturity. CSF tumor cell clearance was conﬁrmed in 11 (28%; 95% CI,
15% to 44%) of 40 patients. Neurologic function was improved in 12 (57%) of 21 patients with an abnormal
assessment at baseline. The adverse event and PK proﬁles were consistent with previous reports for osimertinib.
CONCLUSION Osimertinib showed meaningful therapeutic efﬁcacy in the CNS and a manageable safety proﬁle at
160 mg once daily in patients with EGFRm NSCLC and LM.
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INTRODUCTION
Leptomeningeal metastases (LMs), the spread of tumor cells into the leptomeninges and CSF, occurs in
approximately 3%-4% of patients with advanced
non–small-cell lung cancer (NSCLC).1,2 The incidence
of LM rises to approximately 9% in epidermal growth
factor receptor-mutated (EGFRm) NSCLC.2,3 Survival
for patients with NSCLC and LM is dismal, with
a median overall survival (OS) of 3-10 months from
diagnosis.2,4,5
Several therapeutic options, including whole-brain
radiotherapy (WBRT) and intrathecal chemotherapy,
have been applied to manage LM. However, WBRT
has limited antitumor activity, 6-8 and intrathecal

chemotherapy is associated with signiﬁcant toxicity and complications.9 More recently, EGFR tyrosine kinase inhibitors (TKIs) have shown potential as a
treatment option for patients with EGFRm NSCLC and
LM; however, results are difﬁcult to interpret because
most studies to date have been retrospective,1,2,4,10
and limited data exist from prospective studies.11 In
2017, the Response Assessment in Neuro-Oncology
LM (RANO-LM) working group developed a proposal
for evaluating responses in patients with LM.12
However, the RANO-LM criteria have not yet been
validated, and standardization currently is lacking
with respect to LM response criteria (clinical, neuroimaging, and CSF analysis).12,13
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Osimertinib, a third-generation, irreversible, EGFR-TKI, is
an approved treatment option (80 mg once daily) for patients with EGFRm advanced NSCLC and for patients with
T790M-positive NSCLC after disease progression on EGFRTKIs.14,15 Although osimertinib is a substrate for the permeability glycoprotein and breast cancer resistance protein
efﬂux transporters, in vitro data have shown that unlike
other EGFR-TKIs, the permeability of osimertinib is sufﬁcient to overcome this efﬂux.16 Preclinical evidence in
nonhuman primates shows that osimertinib has greater
penetration of the blood-brain barrier and higher brain
exposure compared with other EGFR-TKIs.16,17 In a positron emission tomography (PET) study of healthy human
volunteers, a single microdose of [11C]osimertinib demonstrated rapid and widespread distribution in the brain.18
From this phase I study, we report the antitumor efﬁcacy,
pharmacokinetics (PK), and safety of osimertinib 160 mg
once daily in patients with EGFRm NSCLC and LM whose
disease had progressed on previous EGFR-TKI therapy.
The higher 160 mg dose was chosen for this study because
limited data with regard to exposure versus response were
available at the time of study initiation, treatment of patients
with LM has been challenging with other EGFR-TKIs, and
early preclinical data16,19 suggest that a higher exposure of
osimertinib may increase CNS tumor shrinkage.
PATIENTS AND METHODS
Study Design and Patients
The BLOOM study (ClinincalTrials.gov identiﬁer:
NCT02228369) was a 2-part, phase I, open-label, multicenter study in patients with EGFRm NSCLC. Part A, which
comprised a dose-escalation and dose-expansion phase,
investigated the primary study outcome: the safety and
tolerability of AZD3759 in patients with EGFRm NSCLC, the
results of which have been published.20 Part B, reported
here, assessed osimertinib 160 mg once daily (without
a dose-escalation phase) in patients with EGFRm NSCLC
and LM whose disease had progressed on EGFR-TKI
therapy. Objectives included antitumor efﬁcacy, OS,
neurologic status, the PK of osimertinib and its metabolites in blood and CSF, EGFRm copy number in CSF, and
safety.
Patients were enrolled sequentially into 2 cohorts: unselected and T790M positive (see the Data Supplement,
online only, for details). Key inclusion criteria were
$ 18 years of age with a histologically or cytologically
conﬁrmed diagnosis of NSCLC and exon 19 deletions or
L858R mutations, conﬁrmed LM diagnosis by positive CSF
cytology (up to 28 days before ﬁrst dosing), $ 1 LM site that
could be assessed repeatedly by magnetic resonance
imaging (MRI), progression on EGFR-TKI therapy, and
WHO/Eastern Cooperative Oncology Group (ECOG) performance status of 0-2. For additional inclusion and exclusion criteria and ethical conduct of the study, see the
Data Supplement.

Treatment and Assessments
Osimertinib 160 mg was administered orally once daily to
all patients until disease progression or unmanageable
drug-related toxicity. Patients were permitted to continue
study treatment beyond disease progression, as deﬁned by
RECIST version 1.1 (RECIST 1.1), as long as they were
considered by the investigator to be deriving clinical beneﬁt
and tolerating treatment.
Before the ﬁrst dosing of osimertinib, plasma and CSF
samples were obtained from patients for assessment of
EGFR mutations. EGFR mutation status was determined
retrospectively at central and local laboratories using
droplet digital polymerase chain reaction.21 Radiologic
assessments were performed at baseline and every
6 weeks 6 1 week until progression or patient withdrawal.
Required scans included computed tomography or MRI of
the chest and abdomen and MRI of the brain and spine.
Non-CNS lesions and measurable CNS lesions were
assessed by investigator according to modiﬁed RECIST 1.1.
Investigators assessed LM response using their institutional
standard (most often RECIST 1.1); however, a quantitative
measurement of LM cannot be accurately performed using
RECIST. Therefore, LMs were also assessed by neuroradiologic blinded central independent review (BICR), either in parallel or retrospectively with other reviews,
according to RANO-LM working group criteria (see Data
Supplement).12 For CSF response assessment (100% CSF
clearance of tumor cells), CSF was taken at baseline, day 22,
and every 6 weeks 6 1 week until progression; responses
were conﬁrmed at least 4 weeks after initial CSF clearance.
Patients underwent a detailed neurologic examination by
investigator to document neurologic status at baseline and
every 21 days until discontinuation (Data Supplement).
Safety was assessed by investigator throughout the study.
Adverse events (AEs) were classiﬁed according to the
Medical Dictionary for Regulatory Activities version 20.0
and graded using Common Terminology Criteria for Adverse Events (CTCAE), version 4.0. For patients who discontinued treatment for reasons other than disease
progression, RECIST 1.1 assessments and/or CSF cytology
assessments were performed by investigator every 6 weeks
until disease progression. Survival was evaluated every
6 weeks after discontinuation of study treatment. Details of
PK sample collection and analysis are provided in the Data
Supplement.
Statistical Procedure
A sample size of up to approximately 40 patients was
determined to provide an 80% chance of observing at least
1 incidence of a safety signal that occurs in 4% of patients
in the target population. In addition, on the basis of 20
efﬁcacy responses out of 40, the 2-sided 80% CI for the true
objective response rate (ORR) would be 39% to 61%.
Details of end point deﬁnitions and analysis sets are provided in the Data Supplement.
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Estimated time-to-event end points (progression-free survival [PFS], duration of response [DoR], and OS) and associated 95% CIs were calculated using the Kaplan-Meier
method. ORR 95% CIs were calculated using the ClopperPearson method. Data obtained up until progression, or last
evaluation in the absence of progression, were included in
the ORR assessment. No formal statistical analyses were
conducted on the safety and PK data; these were summarized using appropriate descriptive statistics.

TABLE 1. Patient Demographic and Baseline Characteristics
Characteristic

Patients, No. (%)

No. of patients

41

Median age, years (range)

59 (44-75)

Sex
Male

12 (29)

Female

29 (71)

Race
Asian

RESULTS

41 (100)

Country

Patients

South Korea

Between April 2015 and October 2017, 41 patients were
enrolled sequentially and treated with osimertinib 160 mg
once daily (Fig 1). Patients were enrolled at 5 sites in South
Korea and 1 site in Taiwan. All patients were Asian; most
were female (71%) with a WHO/ECOG performance status
of 2 (51%; Table 1; for EGFR mutations status, see Data
Supplement). Patient demographics and characteristics by
cohort (unselected cohort, n = 21; T790M-positive cohort,
n = 20) are shown in the Data Supplement. Twenty-nine
patients (71%) had coexisting brain metastases, and 20
(49%) had prior radiotherapy to the brain, with 15 (37%)
having received WBRT. Duration and timing of prior radiotherapy for individual patients are listed in the Data
Supplement. At data cutoff (October 15, 2017), 7 patients

Taiwan

Patients enrolled
(N = 85)

Excluded
Screening failure*

40 (98)
1 (2)
2

Median BMI, kg/m (range)
Smoking status
Never

30 (73)

Current

1 (2)

Former

10 (24)

Prior brain radiotherapy
Whole brain
Other
Prior intrathecal chemotherapy

15 (37)
5 (12)
18 (44)

Prior EGFR-TKI therapy
Geﬁtinib

31 (76)

Erlotinib

7 (17)

Afatinib

2 (5)

Dacomitinib

1 (2)

Prior cytotoxic chemotherapy*

(n = 44)

23 (15-28)

35 (85)

First line

20 (49)

Second line

22 (54)

Not applicable

16 (39)

WHO/ECOG performance status
Patients treated
(n = 41)
Unselected cohort
(n = 21)
T790M-positive cohort (n = 20)

0

1 (2)

1

19 (46)

2

21 (51)

Histology type
Discontinued treatment (n = 34)
Adverse event
(n = 6)
Progressive disease
(n = 13)
Lost to follow-up
(n = 1)
Patient withdrew
(n = 10)
Other
(n = 4)

Ongoing treatment at
data cutoff
(n = 7)

FIG 1. Patient disposition. (*)Reasons for screening failure
included T790M status negative or not assessed (n = 30),
negative CSF cytology (n = 1), screening failure as a result of
other inclusion/exclusion criteria (n = 10), consent withdrawn
(n = 1), and death (n = 2).

Adenocarcinoma

41 (100)

Overall disease classiﬁcation
Metastatic disease at any site

25 (61)

Metastatic† and locally advanced disease

16 (39)

Coexisting measurable CNS lesions‡

29 (71)

Coexisting non-CNS lesions

38 (93)

Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative
Oncology Group; EGFR-TKI, epidermal growth factor receptor tyrosine
kinase inhibitor.
*Patients with multiple administrations of a single treatment within
a modality can have . 1 treatment status.
†Patient has any metastatic site of disease.
‡Coexisting brain and leptomeningeal metastases.
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were still receiving osimertinib (Fig 1). Median total treatment duration was 8.6 months (range, 0.1-29.7 months;
Data Supplement).
Efﬁcacy
Tumor response. Conﬁrmed LM ORR (excluding 4 patients
without available BICR data) was observed in 23 (62%) of
37 by BICR (95% CI, 45% to 78%) and in 11 (27%) of 41
by investigator (95% CI, 14% to 43%). Twelve patients had
LM complete response (CR), and 11 had LM partial response (PR) by BICR; 1 patient had LM CR, and 10 had PR
by investigator. There was a higher proportion of stable
disease by investigator (61%) than by BICR (32%). Median
LM DoR was 15.2 months by BICR (95% CI, 7.5 to 17.5
months) and 18.9 months by investigator (95% CI,
7.6 months to not calculable). Details of LM ORR in patients
with and without prior brain radiotherapy are provided in
the Data Supplement. The conﬁrmed CNS ORR was 58%
(7 of 12; 95% CI, 28% to 85%). The conﬁrmed overall ORR
was 41% (17 of 41; 95% CI, 26% to 58%; Table 2). The LM
and overall disease control rates were 78% and 73%,
respectively. For efﬁcacy end points by cohort, see the Data
Supplement. CNS tumor shrinkage was observed in
8 (73%) of 11 evaluable patients with measurable CNS
lesions and postbaseline RECIST target lesion assessment
scans, with a mean reduction of 39% (Data Supplement).

Non-CNS tumor shrinkage was observed in 26 (84%) of 31
evaluable patients, with a mean reduction of 36% (Data
Supplement). Conﬁrmed CSF clearance was observed in
11 (28%) of 40 evaluable patients (95% CI, 15% to 44%)
during treatment.
Neurologic function. Baseline neurologic assessments
were normal in 20 patients (49%), mildly abnormal in 14
(34%), moderately abnormal in 6 (15%), and severely
abnormal in 1 (2%). Improved neurologic function was
observed in 12 (57%) of the 21 patients who had an abnormal assessment at baseline (Fig 2). Twenty-two patients
(54%) did not progress or worsen during treatment. Only
2 patients (5%) experienced regression of their neurologic functions. After treatment, information for 5 patients
(12%) was missing (Data Supplement). Results of neurologic assessment by cohort are shown in the Data
Supplement.
PFS and OS. At data cutoff, 32 (78%) of 41 patients
had progressed or died (Data Supplement). Median
investigator-assessed PFS was 8.6 months (95% CI, 5.4 to
13.7 months; Fig 3A). At 12 months, 42% (95% CI, 27% to
57%) of patients were progression free. Of the 23 LM responders by BICR, site of ﬁrst progression was most
commonly non-CNS (n = 5; 22%), followed by CNS (n = 2;
9%) and LM progression (n = 2; 9%). A similar trend was

TABLE 2. Response to Treatment
Response, No. (%)
LM by
BICRa

Measure
No. of patients

37

LM by
Investigatora
41

CNS by
Investigatorb
12

Non-CNS
by Investigatorc
38

Overalld by
Investigatore
41

Best objective response
Complete responsef

12 (32)

f

1 (2)

0 (0)

0 (0)

0 (0)

Partial response

11 (30)

10 (24)

7 (58)

17 (45)

17 (42)

Stable disease $ 6 weeks

12 (32)

25 (61)

3 (25)

14 (37)

17 (42)

Progression

1 (3)

3 (7)

1 (8)

6 (16)

6 (15)

Not evaluable

1 (3)

2 (5)

1 (8)

1 (3)

1 (2)

ORR,f,g % (95% CI)

62 (45 to 78)

27 (14 to 43)

58 (28 to 85)

45 (29 to 62)

41 (26 to 58)

DCR at 12 weeks, No. (%; 95% CI)

35 (95; 82 to 99)

32 (78; 62 to 89)

10 (83; 52 to 98)

27 (71; 54 to 85)

30 (73; 57 to 86)

8.3 (5.6 to NC)

8.3 (5.6 to 16.5)

Median DoR,h months (95% CI)

15.2 (7.5 to 17.5)

18.9 (7.6 to NC)

11.0 (3.8 to NC)

Abbreviations: BICR, blinded independent central review; DCR, disease control rate; DoR, duration of response; LM, leptomeningeal
metastasis; NC, not calculable; ORR, objective response rate.
a
Evaluable for LM response analysis set.
b
Evaluable for measurable CNS response analysis set.
c
Evaluable for non-CNS response analysis set.
d
Overall response is derived by combining the CNS and non-CNS lesion time point responses.
e
Evaluable for response analysis set.
f
Response required conﬁrmation after 4 weeks. For LM, response was deﬁned as at least 1 conﬁrmed response of CR or responding (as
assessed by investigator or BICR).
g
ORR was deﬁned as the percentage of patients who had at least 1 conﬁrmed complete or partial response before any evidence of progression
(as deﬁned by RECIST version 1.1 or modiﬁed RECIST).
h
DoR was deﬁned as the time from the ﬁrst documented response (complete or partial response) that was subsequently conﬁrmed, until
documented progression, or death in the absence of disease progression.
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100

PK

Baseline*

The PK analysis set included 35 patients who had reportable
concentrations on day 22 (see Data Supplement for PK
parameters). Plasma concentrations of osimertinib and its
active metabolites (AZ5104 and AZ7550) reached steady
state by day 15 and had a relatively ﬂat PK proﬁle with limited
ﬂuctuation in the peak-to-trough steady-state drug concentration in plasma ratio, which suggests that steady-state
concentrations were maintained across the dosing interval
(Data Supplement). This is similar to previous reports of the
PK of osimertinib 80 mg.22 AZ5104 and AZ7550 were observed at steady state at approximately 10% of the exposure
of osimertinib in plasma and approximately 9% (AZ5104)
and 7% (AZ7550) of osimertinib exposure in CSF. The CSFto-free plasma ratio for osimertinib was approximately 16%.

Best neurological assessment on treatment†

Patients (%)

80
66

60

49

40

34
17

20

15
5

2

0
Mildly
abnormal

Normal

Moderately
abnormal

0

Severely
abnormal

Neurological Assessment
FIG 2. Neurologic assessment. The best neurologic assessment relative to baseline in the safety analysis set is shown. All patients had
baseline assessments; 5 (12%) of 41 patients had no postbaseline
neurologic assessments. (*) Baseline is deﬁned as the last result
obtained before the start of study treatment. (†) Best overall neurologic
assessment is the maximum improvement from baseline or the minimum worsening from baseline in the absence of an improvement
recorded at 2 consecutive visits where better or equal values were
recorded.

Safety

observed in LM nonresponders, with 6 patients (43%)
experiencing progression in non-CNS regions, 3 (21%) in
the CNS, and 3 (21%) LM (Data Supplement). Fifteen LM
responders (65%) and 6 LM nonresponders (43%) did not
experience progression. With a median follow-up of 9.9
months, 28 patients (68%) died. Median OS was
11.0 months (95% CI, 8.0 to 18.0 months; Fig 3B), and the
12-month survival rate was 48% (95% CI, 32% to 63%).
Longer exposure and OS were observed in patients who
responded according to the RANO-LM criteria compared
with nonresponders, particularly in the unselected cohort
(Data Supplement). PFS and OS by cohort are shown in the
Data Supplement.

A

The safety data in this study indicate that osimertinib 160 mg
was generally well tolerated, with a tolerability proﬁle consistent with the known proﬁle of osimertinib and the characteristics of the disease under investigation.23-25 All patients
had at least 1 AE, 27 patients (66%) had an AE grade $ 3,
and 10 (24%) had AEs possibly causally related to osimertinib
as judged by the investigator. AEs that led to discontinuation
were reported in 9 patients (22%; Data Supplement), and 5
patients (12%) had AEs that led to dose reduction. Serious
AEs were reported in 21 patients (51%; Data Supplement).
The most commonly reported AEs are listed in Table 3. There
was 1 event of pneumonitis (grade 4) that was possibly
causally related to osimertinib according to the investigator.
Seven AEs (17%) were fatal, none of which were considered
by the investigator to be causally related to the study drug. No
AEs of QT interval prolongation, cardiomyopathy, or decreased ejection fraction were reported during the study, and
the observed QT interval prolongation effects were as expected for treatment with osimertinib and for this patient

B
1.0

1.0

Median OS, 11.0 months (95% CI, 8.0 to 18.0 months)

0.8

OS (probability)

PFS (probability)

Median PFS, 8.6 months (95% CI, 5.4 to 13.7 months)

0.6
0.4
0.2

0

3

6

9

12

15

18

21

24

27

0.8
0.6
0.4
0.2

30

0

3

6

9

Time (months)
No. at risk:

41

30

25

18

13

9

4

12

15

18

21

24

27

30

5

1

1

0

Time (months)
1

1

1

0

No. at risk:

41

34

31

23

15

12

8

FIG 3. Investigator-assessed (A) progression-free survival (PFS) and (B) overall survival (OS). Evaluable for response set. Censored data are indicated by
tick marks, and 95% CIs are shown. For the PFS analysis, patients who had not progressed or died at the time of analysis were censored at the time of their
last evaluable RECIST assessment. For the OS analysis, any patients not known to have died at the time of analysis were censored at the last recorded date
the patient was known to be alive.
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TABLE 3. All-Causality Adverse Events (N= 41)
No. (%)
Adverse Event

Any Grade

Grade 1

Grade 2

Grade ‡ 3

Any

41 (100)

4 (10)

10 (24)

27 (66)

Rash and acnes*

24 (59)

16 (39)

7 (17)

1 (2)

Diarrhea

23 (56)

14 (34)

7 (17)

2 (5)

Nausea

15 (37)

14 (34)

0 (0)

1 (2)

Dry skin*

13 (32)

11 (27)

2 (5)

0 (0)

Paronychia*

12 (29)

8 (20)

4 (10)

0 (0)

Decreased appetite

10 (24)

5 (12)

4 (10)

1 (2)

Dizziness

10 (24)

9 (22)

1 (2)

0 (0)

Headache

10 (24)

8 (20)

2 (5)

0 (0)

Vomiting

9 (22)

5 (12)

4 (10)

0 (0)

Anemia

8 (20)

2 (5)

4 (10)

2 (5)

Pruritus

8 (20)

8 (20)

0 (0)

0 (0)

Constipation

7 (14)

5 (12)

2 (5)

0 (0)

Alanine aminotransferase increased

6 (15)

5 (12)

1 (2)

0 (0)

Asthenia

6 (15)

2 (5)

4 (10)

0 (0)

Fatigue

6 (15)

4 (10)

1 (2)

1 (2)

Nail disorder

6 (15)

5 (12)

1 (2)

0 (0)

Aspartate aminotransferase increased

5 (12)

5 (12)

0 (0)

0 (0)

Hypokalemia

5 (12)

2 (5)

2 (5)

1 (2)

Stomatitis

5 (12)

4 (10)

0 (0)

1 (2)

Cough

4 (10)

3 (7)

1 (2)

0 (0)

Deafness

4 (10)

3 (7)

1 (2)

0 (0)

Insomnia

4 (10)

3 (7)

1 (2)

0 (0)

Pneumonia

4 (10)

0 (0)

2 (5)

2 (5)

Pneumonia aspiration

4 (10)

0 (0)

0 (0)

4 (10)

Pyrexia

4 (10)

2 (5)

2 (5)

0 (0)

NOTE. Adverse events reported in $ 10% of patients overall treated with osimertinib (safety analysis set). Each patient has only been
represented with the maximum reported CTCAE (version 4.0) grade for each preferred term. Patients with adverse events were sorted by most
common adverse event of any grade and then alphabetically. Includes adverse events with an onset date on or after the date of ﬁrst dose and up to
and including 28 days after the date of last dose of study medication.
*This category represents a grouped term for the event. If a patient had multiple preferred term–level events within a speciﬁc grouped term
adverse event, then the maximum grade across those events was counted.

population.24,25 No patients experienced elevated alanine
aminotransferase, aspartate aminotransferase, or bilirubin,
and no potential Hy’s law cases were reported.
DISCUSSION
In the BLOOM study, osimertinib demonstrated a clinically
meaningful beneﬁt across all efﬁcacy end points tested in
patients with EGFRm NSCLC and cytologically conﬁrmed
LM who had progressed on EGFR-TKIs. To our knowledge,
this is the largest prospective study to test the effects of an
EGFR-TKI in patients with EGFRm NSCLC and LM.
Osimertinib showed clinically meaningful LM ORR by both
investigator and BICR assessment; however, LM ORR was
lower by investigator (27%) than by BICR (62%). Fewer

patients had CRs by investigator than by BICR (2% v 32%),
and more patients had stable disease by investigator than
by BICR (61% v 32%). These discrepancies may be due to
different specialists with different levels of expertise who
assessed scans using different radiologic criteria (Data
Supplement). The data showed no positive effect of prior
brain radiotherapy on LM response to osimertinib. LM ORR
was 55% in patients who received prior brain radiotherapy
compared with 57% in patients who did not receive prior
brain radiotherapy.
Conﬁrmed CSF response was observed in 28% of patients
during treatment; however, our deﬁnition of CSF response
(complete CSF clearance of tumor cells, in line with previous
deﬁnitions)12 was stringent and did not capture patients who
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may have had a PR. Because 100% CSF clearance is
seldom achieved; recent studies have deﬁned partial CSF
response as a $ 50% reduction in CSF tumor cells.5
The clinical beneﬁt of osimertinib was also shown by improvements in neurologic performance. Given that most
neurologic deﬁcits caused by LMs are considered irreversible,12 the improvement in neurologic status with osimertinib
(57%) is encouraging. Of note, 49% of patients had a normal
neurologic examination status at baseline, despite cytologically positive LM. While abnormal neurologic symptoms are
usually one of the ﬁrst indicators of leptomeningeal involvement,9 neurologic symptoms related to LM, such as
headache or vomiting, were not recorded in this study. Given
the lack of standardized radiologic and neurologic response
assessment criteria for the evaluation of LM, further prospective studies using standardized criteria, such as those
proposed by the RANO-LM working group, are needed. In
this study, patients with a response (as assessed by the
RANO-LM criteria) had improved OS compared with
nonresponders, which supports the validity of using these
criteria in this study.
After the initiation of the BLOOM study, encouraging
clinical activity with osimertinib 80 mg once daily in the CNS
has been reported, including in patients with radiologicallydetected LMs.23,26-30 In a retrospective analysis of 22 EGFRTKI–pretreated patients with T790M mutation–positive
advanced NSCLC and radiologically-detected LMs treated
with osimertinib 80 mg once daily across the AURA program (AURA, AURA2, AURA17, and AURA3; ClinicalTrials.gov identiﬁers: NCT01802632, NCT02094261,
NCT02442349, and NCT02151981, respectively), a 55%
LM ORR according to RANO-LM radiologic criteria, a median LM PFS of 11.1 months, and a median OS of
18.8 months were reported.31 In the phase III FLAURA
(ClinicalTrials.gov identiﬁer: NCT02296125) study of
EGFR-TKI–naı̈ve patients with EGFRm advanced NSCLC
(exon 19 deletion/L858R), 4 of 5 patients with
radiologically-detected LM treated with osimertinib 80 mg
once daily had a complete radiologic LM response.32
Moreover, a prospective pilot study (n = 13)33 and small
retrospective study (n = 20)34 have reported efﬁcacy with
osimertinib 80 mg in patients with pretreated EGFRm
NSCLC and LM, which suggests that the 80-mg dose may
have similar efﬁcacy to the 160-mg dose. Of note, the
AURA phase I study compared varying doses (20-240
mg) of osimertinib and showed no increase in efﬁcacy
at 160 mg compared with 80 mg, with a higher frequency
of AEs at higher doses and no maximum tolerated dose
(up to 240 mg).35,36 Additional prospective studies to
evaluate osimertinib 80 mg in the treatment of LM are
warranted.
Most studies of EGFR-TKIs for patients with EGFRm NSCLC
and LM have been retrospective,1,2,4,10 with limited data
from prospective studies.11 In a phase II prospective study
that tested the effects of erlotinib to treat patients with

NSCLC and LM (n = 17), ORR was 35%, and median time
to LM progression and OS were 2.7 and 4.0 months, respectively.37 A prospective study of afatinib (n = 11) reported an ORR of 27%, and median PFS and OS were 2.0
and 3.8 months, respectively.38 High-dose or pulsatile
dosing has been reported as an attempt to increase EGFRTKI concentrations in the CNS. In a phase I prospective
study, median neurologic PFS and OS with high-dose
geﬁtinib (750-1,000 mg) were reported as 2.3 and 3.5
months, respectively (n = 7).39 Several case studies have
reported successful treatment of LM with high-dose pulsatile administration of erlotinib40; however, a retrospective
study of patients with LM refractory to standard-dose EGFRTKIs found no difference in median OS between patients
treated with high-dose erlotinib (n = 12) and those treated with
standard-dose EGFR-TKIs (n = 23; 6.2 v 5.9 months, respectively); median time to CNS progression was 2.3
months.41 Given the very limited PFS and OS data in patients
with LM treated with EGFR-TKIs, the median PFS and OS
results (8.6 and 11.0 months, respectively) observed in this
study are promising. These data, however, should be interpreted with caution because of study limitations, including the
small number of patients enrolled, of whom 40 were from
South Korea, and the heterogeneity of prior anticancer
treatments, including intrathecal and systemic chemotherapy
and radiotherapy to the brain. However, these are all prior
anticancer therapies that are expected in this patient setting,
and exclusion of patients who received such therapies would
greatly affect patient recruitment in any LM study.
Analysis of response by cohort showed that patients in the
unselected cohort had higher response rates and numerically
longer DoR, PFS, and OS than patients in the T790M-positive
cohort. Patients in the unselected cohort, unlike those in the
T790M-positive cohort, were required to have stable non-CNS
disease, which is likely to have contributed to this observation.
In addition, more patients in the unselected cohort received
prior WBRT, a recommended therapeutic approach for patients with LM with good risk status, and had a WHO/ECOG
performance status of 0-1 compared with patients in the
T790M-positive cohort, which suggests that these patients
may have had a better good-risk status or prognosis.
Because not all patients in the unselected cohort had
conﬁrmed T790M, the high response rate in this cohort
suggests CNS progression as a frequent failure site for
EGFR-TKIs and osimertinib activity in the CNS regardless
of T790M mutation status.
The ﬂat PK proﬁle of osimertinib 160 mg was in line with
previous osimertinib PK studies.22,36 Furthermore, the
CSF concentration of osimertinib and its metabolites indicated good penetration into the CNS, consistent with
results from a PET study in healthy volunteers that showed
that [11C]osimertinib distributed rapidly to all regions of
the brain.18
As expected and consistent with safety ﬁndings from the
160-mg dose group in the AURA phase I study,36 the
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incidence and severity of AEs were higher than reported for
the 80-mg dose. However, no new safety concerns were
identiﬁed, and overall, safety ﬁndings with the 160-mg dose
were consistent with the known proﬁle of osimertinib and the
characteristics of the disease under study. Treatment discontinuation was reported in 9 patients (22%), with dose
reductions reported in 5 patients (12%) and interruptions
reported in 24 (59%). In patients who received 160 mg
osimertinib who required a dose reduction, the dose was
reduced to 80 mg, which is the currently approved osimertinib
dose. However, in consideration of the severity of LM and that
51% of patients had a WHO/ECOG performance status of 2,
these incidences would be considered acceptable. The actual
median treatment exposure (8.1 months; range, 0.1-29.6
months), which excluded treatment interruptions, was similar
to the intended treatment exposure, with a mean relative dose
intensity of 94% (standard deviation, 11%), which indicates
that toxicity was manageable through dose interruptions
without a need for treatment discontinuation. Furthermore,
previous studies of exposure-response to osimertinib have

shown that while exposure affects the safety proﬁle, it has
a minimal impact on efﬁcacy.35 Indeed, as noted previously
here, the ORR and OS outcomes in BLOOM are encouraging
compared with historical published data.
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