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metastasis treated with first-line EGFR-TKIs
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Abstract

Objectives: To explore the rationale and value of consolidative cranial local therapy (CLT)

in epidermal growth factor receptor (EGFR]-mutant non-small cell lung cancer (NSCLC])
patients with brain metastases (BMs].

Methods: EGFR-mutant NSCLC patients with baseline BMs who received first-line EGFR-
tyrosine kinase inhibitors (TKIs) at two academic centers from May 2015 to June 2020 were
retrospectively enrolled. Patterns of tumor response and treatment failure were extensively
analyzed in order to explore the rationale of CLT. Cranial lesions with number <3 and largest
tumor size <3cm at baseline and best response to EGFR-TKIs were defined as oligo-BMs and
oligo-residual cranial disease (ORCD], respectively. To provide preliminary data supporting
CLT, survival outcomes were compared in patients with ORCD, stratified by CLT status.
Results: Of the 216 patients enrolled, 57.1% had oligo-BMs and 24.5% received first-line
osimertinib. At best response to the first-line EGFR-TKIs, intracranial complete response,
partial response, and stable disease occurred in 18.5, 31.9, and 44.4% of the whole population,
respectively. For patients without CLT (n=193), ORCD was observed in 78.1% of the 105
patients with baseline oligo-BMs and 10.2% of the 88 patients with baseline multiple-BMs.
With a median follow-up of 22.8 months, 107 patients had cranial first progressive disease
(PD); more than 60% developed their first PD solely from the residual tumor sites at best
response to EGFR-TKIs. Moreover, among patients with ORCD (n=108), patients who received
CLT (n=17) achieved significantly longer progression-free survival (13.4 versus 8.5 months,
p=0.001) and overall survival (58.9 versus 28.8 months, p=0.021) than those without CLT.
Meanwhile, CLT remained as an independent prognostic factor associated with improved
survival after Cox regression analyses.

Conclusions: Cranial progressive disease developed mostly at the residual cranial lesions

in EGFR-mutant NSCLC patients with baseline BMs who received first-line EGFR-TKIs.
Consolidative cranial local therapy targeting the oligo-residual cranial tumor lesions may
provide survival benefit, which warrants future validation.
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Introduction

Lung cancer, the leading cause of cancer-related
death worldwide, remains a great threat to public

health. As many as 50% of non-small cell lung
cancer (NSCLC) patients will develop brain
metastasis (BM) during the course of disease,!»?
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and the BM prevalence rates are reported even
greater for patients who harbor epidermal growth
factor receptor (EGFR)-sensitive mutations.2#
NSCLC patients with BM have poor prognosis
with a median survival of 3—-6 months.> EGFR-
tyrosine kinase inhibitors (TKIs), the recom-
mended initial treatment of patients with
advanced, recurrent, or metastatic EGFR-mutant
NSCLC patients,® make it possible to gain longer
survival.?” However, it seems that the existence of
blood—brain—barrier limits the efficacy of EGFR-
TKIs to the central nervous system metastasis.

Local therapies, including surgical resection,
whole brain radiotherapy (WBRT), and stereo-
tactic radiosurgery (SRS), have been extensively
investigated and have historically been consid-
ered as a cornerstone in the treatment of brain
metastases (BMs).8% And previous studies
showed EGFR-TKIs plus cranial local therapy
could result in longer survival in patients with
baseline BMs who receive EGFR-TKI treat-
ment.!%-13 However, conflicting results also
exist.1415 Recently, studies from our group!0!°
and Miyawaki ez al.1”7 found that intracranial radi-
otherapy combining with EGFR-TKIs could sig-
nificantly improve patient’s survival only among
those with limited BMs, but not in those with
extensive cranial lesions. However, the optimal
timing of adding local therapy for patients with
BM remains unknown.

Accumulating evidence has revealed the survival
benefits of extracranial consolidative local therapy
in metastatic EGFR-mutant NSCLC patients
with oligo-metastatic extracranial lesions.!8:19
However, studies investigating the clinical utility
of consolidative cranial local therapy (CLT) in
patients with oligo-residual BMs remain poorly
understood. We hypothesized that CLT may be
feasible and beneficial for patients with BMs for
the following reasons. Firstly, some patients with
baseline multiple-BMs that are not suitable for
the less neuro-toxic stereotactic radiosurgery/
radiotherapy (SRS/SRT) could eventually harbor
oligo-residual cranial disease (ORCD) after
EGFR-TKI treatment.!3 Therefore, there may be
more patients eligible for SRS/SRT at the time of
best response to EGFR-TKI than at the time of
disease diagnosis. Secondly, SRS/SRT targeting
smaller BMs using smaller target volumes could
possibly lead to less neuro-toxicities.!1,20,21
Herein, we performed a two-center retrospective
analysis of patients with EGFR-mutant NSCLC
who developed BMs and received EGFR-TKIs as

first-line therapy to evaluate the rationale and
clinical value of CLT, especially in patients with
ORCD.

Materials and methods

Patients

The baseline characteristics and clinical outcomes
of EGFR-mutant NSCLC patients with baseline
BMs, who received first-line EGFR-TKIs treat-
ment, including first-generation EGFR-TKIs and
osimertinib, at two academic centers from May
2015 to June 2020 were retrospectively collected.
Patients diagnosed with BMs while receiving
first-line EGFR-TKIs treatment were included in
this study. Of note, only patients with measurable
cranial disease and adequate regular radiographic
follow-up were included. Patients who received
intracranial local therapy prior to or within
4weeks of EGFR-TKIs initiation were excluded.
Patients’ clinical data at the time of disease diag-
nosis, including gender, age, smoking status,
Karnofsky Performance Status, EGFR mutation
status, intracranial tumor size and number, and
EGFR-TKI treatment were retrospectively col-
lected from electronic medical records. The
Graded Prognostic Assessment (GPA) score??
was assigned to each patient. The flowchart for
patient selection is shown in Figure 1.

Treatment and follow-up

EGFR-TKIs were administered with standard
dosage (osimertinib 80mg once daily, gefitinib
250 mg once daily, or erlotinib 150 mg once daily)
as sole systemic therapy in all patients. Patients
were divided into two groups based on whether
they received CLT; CLT was defined as consoli-
dative cranial local therapy, including surgical
resection, SRS/SRT, and WBRT, performed at
least 4weeks after the initiation of EGFR-TKIs,
and disease was clinically confirmed to respond to
EGFR-TKIs. In general, BMs were confirmed
based on brain magnetic resonance imaging
(MRI, T1-weighted with gadolinium contrast) or
contrast-enhanced computed tomographic (CT)
imaging, positron emission tomography (PET)-—
CT of the brain in combination with correspond-
ing clinical signs and/or symptoms.2! Pathologic
confirmation could only be obtained in a small
percentage of patients. And CT of the chest and
upper abdomen and bone scintigraphy were per-
formed at the same time. PET/CT was not man-
datory. Radiographic follow-up was generally
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NSCLC patients with baseline
brain metastasis (BM), treated
with EGFR-TKIs as first-line
therapy from May 2015 to
June 2020 at two institutions
(n=438)

Excluded:

EGFR-mutant NSCLC
patients with baseline
BM (n=386)

EGFR mutations unknown (n=43)
Secondary primary tumors(n=9)

Excluded:
Patients without measurable intracranial
disease(n=62)

216 eligible patients with or
without consolidative cranial
local therapy (CLT) enrolled in
this study

Patients receiving cranial local therapy
before or within 4 weeks of TKIs
initiation (n=50)

Without routine follow-up(n=58)

[ >4 weeks of EGFR-

Patients achieved
oligo-residual cranial
disease (n=108)

)

r 1
91 patients
without CLT

Figure 1. Patients’ selection flowchart.

performed regularly 4 weeks after EGFR-TKI ini-
tiation and every 8—12weeks thereafter.

Definition and response assessment

of BM status

Oligo-BMs and ORCD were defined as cranial
tumor lesions with a number of <3 and largest
tumor size of <3 cm, assessed at baseline and best
response to EGFR-TKIs, respectively. And cra-
nial lesions with number >3 and/or tumor size
>3 cm, which were evaluated at baseline and best
response to EGFR-TKIs, were designated as
multiple-BMs and multiple-residual cranial dis-
ease, respectively. Treatment and response with
respect to both extracranial and intracranial
tumor lesions was assessed according to the
response evaluation criteria in solid tumors
(RECIST) 1.1 and AURA3 clinical trial as
described previously,?> including complete
response (CR), partial response (PR), stable dis-
ease (SD), and progressive disease (PD).

l TKI treatment

17 patients
with CLT

Statistics analysis

The initial patterns of cranial treatment failure
were assessed using regular brain MRI scans in
this study. Brain MRI was reviewed by two inde-
pendent experienced radiologists to determine
whether the progressive disease was derived from
preexisted tumor lesions or newly arising lesions,
or both. Cranial disease progression occurred only
from residual tumor lesions at the best response to
EGFR-TKIs and was defined as original site pro-
gressive disease (OPD). Cranial disease progres-
sion occurring solely from newly emergent tumor
lesions that did not exist at the best response to
EGFR-TKIs (which may exist at baseline before
EGFR-TKI initiation but disappeared after
EGFR-TKIs) was defined as new site progressive
disease (NPD). Cranial disease developed at both
sites and was named as original-new progressive
disease (ONPD). Overall survival (OS) was calcu-
lated from the date of diagnosis of advanced
NSCLC to death from any cause or the day of last
follow-up. Progression-free survival (PFS) was
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calculated from the date of diagnosis of advanced
NSCLC to initial disease progression or death
result from any cause, or censored at the day of
last follow-up. The Kaplan-Meier method was
used to calculate the survival curve; and log-rank
test was used to compare the survival differences.
A Cox proportional hazards regression model was
conducted to figure out prognostic factors associ-
ated with OS and PFS of patients with ORCD.
Two-sided p value less than 0.05 was considered
as statistical significance.

Results

Patient characteristics

Of the 216 patients included in this study, 44%
had oligo-BMs and 56% had multiple-BMs at
baseline. EGFR 19del mutation and L858R
mutation were detected in 52.3 and 38.4% of the
patients, respectively. There were respective 75.5
and 24.5% of the patients who received first-gen-
eration EGFR-TKIs and osimertinib as their
first-line treatment. Patient characteristics and
treatment details for the whole population are
shown in Table 1.

Patterns of intracranial tumor treatment

and response

In the whole cohort, the median PFS of patients
who received first-generation EGFR-TKIs and
osimertinib were 8.5 (95% CI: 7.7-9.3 months)
and 11.4 (95% CI: 6.8-16.0months) months,
respectively. Meanwhile, the median time to best
cranial response was 3.0 months, at which no one
had extracranial progressive disease, and 40
(18.5%), 69 (31.9%), and 96 (44.4%) patients
achieved intracranial CR (iCR), intracranial PR
(iPR), and intracranial SD (iSD), respectively, in
the whole population (z=216). No significant
difference of the rates of iCR, iPR, and iSD was
observed between patients receiving first-genera-
tion EGFR-TKIs and osimertinib (p=0.74). Of
the 193 patients without CLT, 88 (45.6%)
patients had baseline multiple-BMs and 105
(54.4%) patients had baseline oligo-BMs. Among
the patients with baseline multiple-BMs and
without CLT, 18 (20.5%) patients achieved iCR
and 9 (10.2%) patients achieved ORCD. For the
patients with baseline oligo-BMs and without
CLT, 22 (21.0%) patients achieved iCR and 82
(78.1%) remained with oligo-BMs. Details of
tumor response patterns in the entire population
as well as in patients without CLT are shown in

Table 1. Characteristics and treatment details in the
whole population.

Characteristics N=216 %
Age

<60 90 41.7

=60 126 58.3
Gender

Women 138 63.9

Men 78 36.1
GPA

<2 100 46.3

=2 116 53.7
KPS

<70 30 13.9

=70 186 86.1
Smoking

No 174 80.6

Yes 21 9.7

Unknown 21 9.7
EGFR mutation

19del 13 52.3

L858R 83 38.4

Others 20 9.3
Baseline oligo-BM

No 121 56.0

Yes 95 44.0
TKI generations

1st 163 75.5

3rd 58 24.5

BM, brain metastasis; GPA, Graded Prognostic
Assessment; KPS, Karnofsky Performance Status; TKils,
tyrosine kinase inhibitors.

Figure 2 and Supplemental Table S3. Correlations
between clinicopathological parameters, includ-
ing age, gender, GPA, EGFR-TKIs, smoking sta-
tus, size and number of baseline BMs, and
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u multiple-BMs

90.0% A

78.0%

80.0% A

69.3%

70.0% A

60.0% A

50.0% A

40.0% A

30.0% A

20.0% A

10.0% 1

0.0% 1

ORCD
non-CCLT group

uoligo-BMs

80.2%

68.4%

ORCD

whole population

Figure 2. Treatment-response patterns. Patterns of treatment and response of patients in the whole
population and in the non-CLT group. Blue bars indicate patients with baseline multiple-BMs, and gray bars

indicate patients with baseline oligo-BMs.

BMs, brain metastases; CR, complete response; MRCD, multiple-residual cranial disease; ORCD, oligo-residual cranial

disease.

baseline oligo-BM status, were analyzed. We
found that baseline BM status (oligo-BM wversus
multiple-BM) was associated with the develop-
ment of ORCD (p<0.001), among patients with-
out CLT.

Patterns of treatment failure

With a median follow-up of 22.8 months (range:
1.1-78.9 months), the median time to intracranial
treatment failure for first-generation EGFR-TKIs
and osimertinib was 15.7 (95% CI: 13.2—
18.1months) and 34.7 (95% CIL. 10.0-
59.4months) months, respectively. A total of 107
patients experienced intracranial PD: 69 (64.5%)
patients had OPD and 25 (23.4%) patients devel-
oped NPD. Among the 93 patients without CLT
who experienced intracranial PD, 59 (63.5%)
patients had OPD and 23 (24.7%) patients devel-
oped NPD. Moreover, among the 46 patients who
achieved ORCD without CLT and experienced
intracranial PD, 29 (63.0%) patients had OPD
and 11 (23.9%) patients developed NPD. Detailed
data about patterns of treatment failure were sum-
marized in Figure 3 and Supplemental Table S3;
and more than 60% of patients developed OPD
regardless of the BM status at the best response to
EGFR-TKIs, highlighting the potential role of
CLT targeting residual intracranial tumor lesions
at the best response to EGFR-TKIs.

Clinical value of CLT for patients with ORCD

At the best response to EGFR-TKIs, 108 patients
achieved ORCD, including 17 (15.7%) patients
receiving CLT and 91 (84.3%) patients without
CLT. Baseline characteristics of patients with or
without CLT were generally balanced
(Supplemental Table S1). In terms of patients
with CLT, 15 (88.2%) patients received SRS,
while WBRT and neurosurgery were performed
in each patient, respectively. By the time of data
cut-off, 8 (53.3%) of the 15 patients who received
consolidative SRS had developed their initial
intracranial PD, of which 6 (75.0%) patients
developed oligo-progressive intracranial disease
which was still eligible for salvage SRS/SRT.

By now, 94 (43.5%) patients had died. Among the
108 patients with ORCD, the median PFS and
OS were 8.5months (95% CI: 7.4-9.6 months)
and 36.7months (95% CI: 29.3-44.2months),
respectively. Patients with CLT achieved signifi-
cantly longer PFS (13.4 versus 8.5 months; hazard
ratio (HR) =0.51, 95% CI: 0.34-0.76; p=0.001)
and OS (58.9 versus 28.8 months, HR=0.42, 95%
CI: 0.25-0.70, p=0.021) than those without CLT
(Figure 4). Univariate analysis showed that EGFR
L858R (HR=0.35, 95% CI: 0.14-0.89, p=0.03)
and CLT (HR=0.36, 95% CI. 0.15-0.88,
p=0.03) were associated with better OS; GPA =2
(HR=1.76, 95% CI: 1.09-2.83, »p=0.02) and
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(a)
Original sites PD Both
13(12.1%
69(64.5%) { % New sites PD
25(23.4%)
(b)
Original sites PD Both
11(11.8%) .
59(63.5%) New sites PD
23(24.7%)
(c)
Original sites PD Both
29(63.0%) 6(13.1%) New sites PD

11(23.9%)

Figure 3. Failure patterns. Patterns of intracranial
disease failure of patients (a) in the whole population,
(b) non-CLT cohort, and (c) patients with oligo-
residual cranial disease in the non-CLT population.
Failure patterns were defined as original sites
progressive disease (PDJ], new sites PD, and both.

CLT (HR=0.29, 95% CI: 0.13-0.64, p=0.002)
were associated with better PFS. Multivariate
analysis revealed that CLT remained as an inde-
pendent prognostic factor for improved PFS
(HR=0.31, 95% CI: 0.14-0.68, p=0.004) and
OS (HR=0.37, 95% CI: 0.15-0.93, p»p=0.03)
(Supplemental Table S2).

Discussion

To the best of our knowledge, this is the first
study investigating the rationale and clinical value
of consolidative cranial local therapy in first-line
EGFR-TKI treated NSCLC patients who had
BMs at baseline. It showed that a considerable

percentage of patients developed ORCD after
first-line EGFR-TKI treatment; and the majority
of patients with ORCD suffered cranial progres-
sive disease at the residual cranial lesions, high-
lighting the potential role of CLT targeting the
oligo-residual cranial lesions. In addition, as a
proof-of-concept study, we found that CLT sig-
nificantly improved patient’s survival among
those who achieved ORCD, which warrants
future validation in prospective studies with larger
sample sizes.

Although EGFR-TKIs have been shown to be
effective for patients with advanced EGFR-
mutant NSCLC and BMs, the dynamic changes
of cranial tumor lesions and patterns of cranial
tumor response are largely unknown. In our
study, the majority (78.1%) of patients with base-
line oligo-BM and 10.2% of patients with base-
line multiple-BMs who received first-line
EGFR-TKIs alone achieved ORCD, indicating
that a clinically relevant percentage (about 30—
50%) of patients could develop ORCD with the
treatment of first-line EGFR-TXKI, since the prev-
alence of baseline oligo-BMs generally ranged
from 40 to 60% in the previous studies.!0:16,21,24
Future studies are urgently needed to examine
the exact frequency of baseline oligo-BMs in met-
astatic EGFR-mutant NSCLC patients and to
comprehensively investigate the spatial temporal
changes of cranial tumor lesions after first-line
EGFR-TKIs with larger sample size.

The majority of cranial PD originated solely from
the residual cranial tumor lesions in our study,
both in patients treated with osimertinib and first-
generation EGFR-TKIs, which generally collabo-
rated with other studies and provided preliminary
rationale for CLT. Previous studies found that
about 59-76.9% of BM initially developed from
the original sites in untreated EGFR-mutant
NSCLC patients with BMs who received osimer-
tinib or first-generation EGFR-TKIs.!%16 In this
study, about 60% of patients, regardless of the
status of residual cranial tumors, experienced
intracranial OPD. Miyawaki ez al.!7 also reported
that most disease progression developed from
residual lesions after EGFR-TKIs treatment.
Mechanically, it was found that spatially and tem-
porally separated BM sites were genetically
homogenous, whereas great genetic heterogeneity
was identified between BM and primary tumors
or extracranial metastatic lesions.!?25:26 These
findings indicate that the initial few BMs might
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Figure 4. Survival outcomes of patients with oligo-residual cranial disease in the consolidative cranial local
therapy (CLT) cohort and non-CLT cohort. Patients in the CLT could obtain greater overall survival (a) and

progression-free survival (b).

serve as the ‘seeds’ for potential disseminated
BMs and recurrence. Moreover, drug resistance
develops largely as a result of the regrowth of
TKI-resistant clones that often arise within the
sites of persistent disease.?”-28 Therefore, preemp-
tive local therapy targeting the residual cranial
disease may significantly delay the disease pro-
gression in the brain, and our previous studies
have found that upfront cranial radiotherapy
could significantly reduce the risk of intracranial
PD for first-line EGFR-TKI treated NSCLC
with BMs.10:16

Consolidative local therapy has a crucial role in
the treatment of advanced NSCLC patients.
Numerous studies reported that the benefit of
extracranial consolidative local therapy in patients
with limited metastatic NSCLC patients.19:29-31
In the present study, CLT was shown to signifi-
cantly prolong patient’s survival among those
who reached ORCD; and it remained as an inde-
pendent prognostic factor associated with
improved survival, which provided proof-of-con-
cept evidence supporting the clinical utility of
CLT,  especially consolidative = SRS/SRT.
Meanwhile, by the time of data-cutoff, only 2
(25%) of the 8 patients who received consolida-
tive SRS and experienced initial intracranial PD,
developed multiple intracranial progression dis-
eases. Salvage SRS when patients experienced
intracranial PD may be still suitable for the other
75% of patients who received consolidative SRS.
Since numerical studies have found that SRS/

SRT is the superior choice as a safer and more
effective treatment for NSCLC patients with lim-
ited BMs,21:3233 the above findings provide
another supportive argument for CLT.

The study also has some limitations. First, selection
bias existed due to the retrospective nature of the
analysis, thus the survival benefit of CL'T was just
hypothesis-generating, which should be interpreted
with caution and needed to be tested in randomized
clinical trials. Second, information about treatment-
related toxicities as well as salvage therapies were
not gathered in our study. The safety profiles of
intracranial SRS/SRT in combination with EGFR-
TKIs needs to be further clarified. Furthermore, the
safety and efficacy of cranial local therapy to more
than 3 BMs in EGFR-mutant NSCLC patients are
currently under investigations and prospective tri-
als, such as NCT05378633, NCT04905550, and
NCT03497767, are ongoing. Hence, further inves-
tigations examining the feasibility and clinical value
of CLT in patients with more than three cranial
residual tumor lesions are warranted.

In conclusion, the majority of EGFR-mutant
NSCLC patients who had BMs and received
EGFR-TKIs as first-line treatment would develop
cranial progressive disease at the residual cranial
lesions, indicating the potential value of consoli-
dative cranial local therapy. Moreover, consolida-
tive craniallocal therapy targeting the oligo-residual
cranial tumor lesions may provide survival benefit,
which warranted future validation.
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