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Abstract

Background. Erlotinib combined with whole-brain radiotherapy (WBRT) demonstrated a favorable objective re-
sponse rate in a phase Il single-arm trial of non-small cell lung cancer (NSCLC) patients with brain metastases.
We assessed whether concurrent erlotinib with WBRT is safe and benefits patients in a phase lll, randomized trial.
Methods. NSCLC patients with two or more brain metastases were enrolled and randomly assigned (1:1) to WBRT
(n = 115) or WBRT combined with erlotinib arms (n = 109). The primary endpoint was intracranial progression-free
survival (iPFS) and cognitive function (CF) was assessed by the Mini-Mental State Examination (MMSE).

Results. A total of 224 patients from 10 centers across China were randomized to treatments. Median follow-up
was 11.2 months. Median iPFS for WBRT concurrent erlotinib was 11.2 months vs 9.2 months for WBRT-alone
(P = .601). Median PFS and overall survival (OS) of combination group were 5.3 vs 4.0 months (P = .825) and
12.9 vs 10.0 months (P = .545), respectively, compared with WBRT-alone. In EGFR-mutant patients, iPFS (14.6 vs
12.8 months; P = .164), PFS (8.8 vs 6.4 months; P =.702), and OS (175 vs 16.9 months; P = .221) were not signif-
icantly improved in combination group over WBRT-alone. Moreover, there were no significant differences in pa-
tients experiencing MMSE score change between the treatments.

Conclusion. Concurrent erlotinib with WBRT didn’t improve iPFS and excessive CF detriment either in the intent-to-treat
(ITT) population or in EGFR-mutant patients compared with WBRT-alone, suggesting that while safe for patients already
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taking the drug, there is no justification for adding concurrent EGFR-TKI with WBRT for the treatment of brain

metastases.

Trial registration: Clinical trials.gov identifier: NCT01887795

Concurrent erlotinib with whole-brain radiotherapy (WBRT) didn’t improve
intracranial progression-free survival or overall survival for NSCLC patients

with BM.

. Concurrent erlotinib with WBRT is safe for non-small cell lung cancer patients
with BM.

. Combination of WBRT with concurrent erlotinib was well tolerated with no

unexpected neurotoxicity.

Importance of the Study

Brain metastasis (BM) is a leading cause of death in
patients with non—small cell lung cancer (NSCLC).
As the two most effective strategies available, com-
bination of both EGFR-TKIs and whole-brain radia-
tion therapy (WBRT) might be expected to improve
the control of multiple brain metastases. This is the
first prospective controlled phase Ill trial evaluating

Brain metastasis (BM) is a leading cause of death in patients
with non-small cell lung cancer (NSCLC), the most common
cause of cancer death." Approximately, 10%-40% of un-
treated metastatic NSCLC patients are diagnosed with brain
metastases at some point in their disease course?? and is
associated with a poor prognosis.*

Therapeutic modalities for BM include whole-brain ra-
diation therapy (WBRT), stereotactic radiosurgery (SRS),
surgery, chemotherapy, tyrosine kinase inhibitors (TKIs),
or a combination of these therapies.® Historically, the prog-
nosis of NSCLC patients with BMs has been poor, however,
median survival time is improving at 3.0-46.8 months with
new therapies.? WBRT remains standard-of-care treat-
ments for NSCLC patients with multiple BMs. Surgery and
SRS are suitable for selected patients with a more limited
number of BMs.® However, the local control rate is still un-
satisfactory when treated with WBRT-alone,” which poses
challenges for clinical practice.

EGFR is a novel therapeutic target in NSCLC, and EGFR-
TKls are the standard-of-care first-line systemic treat-
ment for EGFR-mutant patients,®® and is found in 20% of
Caucasian and more than 60% of Asian patients, usually
in nonsmokers.'®" EGFR-mutant patients with BMs can
benefit from especially newer generation EGFR-TKIs, such
as gefitinib and erlotinib,'? and a randomized, open-label,
multicentre, phase Il clinical study showed that EGFR-
TKls were superior to WBRT and concurrent or sequential
chemotherapy.'®

EGFR can be induced by radiotherapy and cause radio-
therapy resistance''> and WBRT may have a synergistic

efficacy and safety of WBRT concurrent erlotinib for
NSCLC patients with brain metastases from solid tu-
mors. We found that concurrent erlotinib with WBRT
didn’t improve intracranial progression-free survival
or overall survival for NSCLC patients with BM, but
the combination therapy was well tolerated with no
unexpected neurotoxicity.

effect on EGFR-TKIs by disrupting the blood-brain barrier
(BBB)."®7 Therefore, it can be hypothesized that combina-
tion of both EGFR-TKIs and WBRT will improve the control
of BMs treated with WBRT."® A previous phase Il single-arm
clinical trial showed a favorable objective response rate
(ORR) for WBRT with concurrent erlotinib.' Another phase
Il study showed that compared with WBRT monotherapy,
combination of erlotinib and WBRT significantly improves
intracranial ORR (54.84% vs 95.65%, P = .001), and pro-
longed local progression-free survival (LPFS), progression-
free survival (PFS), and overall survival (OS) in patients
with multiple brain metastases of lung adenocarcinoma.?®
However, no randomized controlled phase lll trial com-
paring WBRT with concurrent EGFR-TKIs with WBRT-alone
in NSCLC patients with multiple BMs has been performed
to date, despite increasing interest in exploring local ther-
apeutic measures combined with EGFR-TKIs. We therefore
undertook the ENTER (The Efficacy and Toxicity of Erlotinib
concurrent with WBRT), a phase lll trial to better assess the
benefits and safety of adding concurrent erlotinib to WBRT
in brain-metastatic NSCLC.

I
Methods

Study Design

This was a phase lll, multicenter, randomized, open-label trial
undertaken in 10 centers in China (ClinicalTrials.gov identifier:
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NCTO01887795). Patients were randomly assigned in a 1:1 ratio
to the WBRT-plus concurrent erlotinib or WBRT-alone arms
using central permuted block randomization. Patients and in-
vestigators were not blinded to the treatment assignment.The
study was approved by the institutional review boards at all
sites and conformed to the Declaration of Helsinki guidelines.
Written informed consent was obtained from all patients.

Patients

Patients were eligible if they were >18 years old, had
histologically confirmed stage IV or recurrent NSCLC, and
multiple metastatic lesions (two or more)?! in the brain (one
or more lesions of >10 mm in diameter) by contrast-enhanced
magnetic resonance imaging (MRI), Karnofsky performance
status score of 70 or better, baseline graded prognostic as-
sessment (GPA) score between 0.5 and 3.5 with adequate
organ function,?? and a life expectancy of at least 3 months.
Patients were excluded if they had previously received any
brain radiotherapy, had previous or concomitant malignan-
cies at other sites or any other neurocognitive dysfunction
diseases, a history or presence of poorly controlled systemic
diseases, or if any antitumor drug or other investigational
drug had been administered within 4 weeks of randomization.

Treatment

Patients received either WBRT (40 Gy in 20 fractions) plus
concurrent oral erlotinib at a dose of 150 mg per day (in-
duction erlotinib for 6 days then concurrently with WBRT)
or WBRT-alone until unacceptable adverse events (AEs) oc-
curred. Reduction or interruption of dosing of erlotinib was
permitted due to AEs. Erlotinib dose could be initially re-
duced to 100 mg/day and then to 50 mg/day.

Subsequent Systemic Treatments and
Assessments

After the protocol-specified treatment, subsequent systemic
treatment was standard first-line treatment.?® In EGFR wild-
type subgroup, cisplatin-based chemotherapy combined
with pemetrexed or paclitaxel were subsequent treatments
for adenocarcinoma and squamous carcinoma, respec-
tively. EGFR-mutant patients received continued erlotinib.
Therefore, this trial design enabled a parallel investigation
of WBRT with concurrent erlotinib compared with WBRT
with sequential erlotinib in an EGFR-mutant subgroup.
Patients were assessed 1 month after WBRT treatment
and then every 8 weeks by contrast-enhanced MRI for in-
tracranial evaluation and contrast-enhanced computed to-
mography (CT) or positron emission tomography (PET)-CT
for extracranial lesions according to RECIST 1.1.2* New intra-
cranial metastases were defined as new intracranial lesions
with a diameter of more than 5 mm in the horizontal plane.

Evaluation of Cognitive Function

Once the patient entered the clinical trial, his/her cognitive
function (CF) was evaluated using the Mini-Mental State
Examination (MMSE)%® every 2 months, and the analyzed
time points in this study included baseline and months 1,

3,5,7,9, 11, and 13 after WBRT. Following previous reports,
an MMSE score of 26 or lower was the cutoff for impaired
function. Significant MMSE score decline was defined as
a decrease of >3 points; significant gain was defined as an
increase of >3 points; no change was defined as any MMSE
score change <3 points.?6?” All MMSE score changes
were a comparison of baseline MMSE score. The dynamic
changes in the MMSE were collected as part of the patient
clinical evaluation at each study follow-up date.

End Points

The primary end point was intracranial progression-free
survival (iPFS), defined as time from randomization to either
intracranial disease progression or death from any cause,
whichever occurred first. Secondary end points included
PFS, OS, ORR, disease control rate (DCR), safety, and AEs.

EGFR Mutation Analyses

EGFR status was tested in DNA extracted from formalin-
fixed paraffin-embedded primary cancer tissue samples
using a commercially available kit approved by the China
Food and Drug Administration (ADx EGFR Mutations
Detection kit; Amoy Diagnostics, Xiamen, China), as previ-
ously described.?®

Statistical Analysis

We predicted patients randomly assigned to the WBRT-plus
concurrent erlotinib arm and WBRT-alone arm to have a
median iPFS of 10.0 months?® and 6.0 months,?°30 respec-
tively, with a hazard ratio (HR) of 0.6, based on previous
studies. We calculated the sample size with a two-sided
significance level of 0.05 and 90% statistical power using a
two-sample log-rank test. Assuming 10% of patients would
be ineligible or unassessable, we calculated a total recruit-
ment target of 206 patients; 103 patients for each arm. With
the investigators blinded to the size of each block to re-
duce selection bias, we calculated that this current study
required a total sample size of 224 patients. iPFS was es-
timated from randomization to either intracranial disease
progression or death using the Kaplan-Meier method. PFS
and OS were calculated using the same method as iPFS.
The Cox proportional hazard model was used to test for dif-
ferences in iPFS, PFS, and OS between the two arms and
to determine HRs and confidence intervals (Cls). All testing
was performed at the 0.05 significance level.

The safety population comprised all patients in the
WBRT-alone and with concurrent erlotinib arms who had
begun radiotherapy and had at least one post-baseline
safety assessment. AEs were assessed according to
National Cancer Institute Common Terminology Criteria
for AEs, version 4.02. The AE rates were compared using
Fisher’s exact test and incidences of adverse effects were
compared by y? test. With MMSE score as a continuous
variable, average MMSE score over time was analyzed
using a linear mixed-effects model, with intercept and co-
efficients of time as random effects and treatment as fixed
effects. The significance threshold was a P-value <.05.
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Results
Patients

Between August 7, 2013 and November 25, 2016, 267 pa-
tients were screened from 10 centers across China, and
224 were randomly assigned to the treatment arms as
the intent-to-treat (ITT) population, including 115 patients
in the WBRT-alone arm and 109 patients in the WBRT with
concurrent erlotinib arm (CONSORT diagram shown in
Figure 1). In the WBRT with concurrent erlotinib arm, 2
patients withdrew informed consent before treatments
were initiated, and another was excluded for ineligibility
(a solitary BM). In the WBRT-alone arm, 1 patient with-
drew informed consent before treatment. Thus, a total of
220 patients were included in the treatment and safety
analyses (106 patients in the WBRT with concurrent
erlotinib arm and 114 patients in the WBRT-alone arm).

The study population was balanced at baseline (Table 1).
Follow-up was conducted between August 7, 2013 and
August 31, 2017. Median follow-up was 11.2 months (in-
terquartile range [IQR], 4.6-18.2). The clinical data cutoff
point was either at intracranial disease progression or
death from any cause, whichever occurred first. The full
trial protocol is available in Supplementary Material 1.

Efficacy

Median iPFS in the ITT population was 11.2 months (95%
Cl: 7.2-13.7) in the WBRT with concurrent erlotinib arm vs
9.1 months (95% CI: 6.4-10.9) for WBRT-alone. The Kaplan-
Meier curve for iPFS in the ITT population by treatment
arms is depicted in Figure 2A. There was no statistically
significant difference between the two treatment arms
(HR, 0.916; 95% Cl: 0.688-1.220; P =.549). An iPFS benefit in
favor of WBRT with concurrent erlotinib was observed in a

224 Patients randomly assigned

\ 4

115 Patients assigned to WBRT

1 Patient excluded
1 Withdrew consent

v

114 Patients started treatment
51 EGFR-mutant patients
Received WBRT and sequential
Erlotinib
63 EGFR-negative patients
Received WBRT and sequential
chemotheraphy

\ 4

114 Patients included in intention-to-treat
analysis

114 Patients included in safety analysis

Fig. 1

v

109 Patients assigned to WBRT + concurrent
Erlotinib

3 Patient excluded
2 Withdrew consent
1 Failed eligibility

v

106 Patients started treatment

58 EGFR-mutant
Received WBRT plus concurrent
Erlotinib and Erlotinib maintanence

48 EGFR-negative patients
Received WBRT plus concurrent
Erlotinib and sequential
chemotheraphy

\ 4

106 Patients included in intention-to-treat
analysis
107 Patients included in safety analysis

CONSORT diagram. This flowchart demonstrates trial profile recruitment and inclusion of patients in the study.
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Table 1. Baseline Characteristics for the Intention-to-Treat Study Population 8 E
VELEL] ] WBRT + erlotinib s ?
(n=106) 8
n (%)
Sex
Male 63 (59.4) 69 (60.5) .869
Female 43 (40.6) 45 (39.5)
Age at random assignment, y
Median 55.5 56.0 .746
Range 26-70 27-70
Smoking status
Never 62 (58.5) 65 (57.0) 717
Current 14(13.2) 12 (10.5)
Former 30 (28.3) 37 (32.5)
Pathological examination
Adenocarcinoma 102 (96.2) 103 (90.4) .07
Squamous carcinoma 4(3.8) 6 (5.3)
Adenosquamous carcinoma 0(0) 3(2.6)
Others 0(0) 2(1.8)
Neurological symptoms
Present 63 (59.4) 74 (64.9) .236
Absent 43 (40.6) 40 (35.1)
EGFR status
Mutant 58 (54.7) 51 (44.7) .001
Negative 48 (45.3) 63 (55.3)
Brain metastases, no.
<3 53 (50.0) 48 (42.1) .24
>3 53 (50.0) 66 (57.9)
Extracranial metastases
Present 59 (55.7) 67 (58.8) .641
Absent 47 (44.3) 47 (41.2)
Karnofsky performance status score
70 19 (17.9) 23(20.2) 409
80 62 (58.5) 63 (55.3)
90 25 (23.6) 26 (22.8)
100 0(0) 2(1.7)
GPA
0.5 11 (10.4) 13 (11.4) .573
1 20(18.9) 23(20.2)
1.5 24 (22.6) 28 (24.5)
2 29 (27.4) 23(20.2)
2.5 13(12.2) 13 (11.4)
3 6(5.7) 13(11.4)
35 3(2.8) 1(0.9)

Abbreviations: WBRT, whole-brain radiotherapy; EGFR, epithelial growth factor receptor; GPA, graded prognostic assessment.

subgroup of patients younger than 65 years. However, the The median PFS of concurrent erlotinib compared with
iPFS improvement was not statistically significant across =~ WBRT-alone was 5.3 months vs 4.0 months, respectively.
other subgroups, including gender, BM number, GPA, There was no statistically significant difference in PFS be-
pathological type, smoking status, and so on (eFigure 1in  tween the two treatment arms (HR, 0.969; 95% Cl: 0.735-
Supplementary Material 2). 1.277; P=.825) (Figure 2B).
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A Intracranial PFS of ITT population

1.00 N Events Median(mo,95%Cl)
-+ WBRT
—+ WBRT + Erlotinib

114 102
106 93

9.1(6.4,10.9)
11.2(7.2,13.7)

0.25

Intracranial PFS, %
o
(&)
o

0.00
0 10 20 30 40
No. at risk Time, mo
WBRT 114 50 13 4 0
WBRT + Erlotinib 106 54 15 7 2

C OS of ITT population

1.00 N Events Median(mo,95%Cl)
’ -+ WBRT 114 97 10.0(7.3,12.9)
-~ WBRT + Erlotinib 106 86  12.9(7.9,15.3)
HR (95%Cl) 0.913(0.680,1.226); P=.545
0.75 (95%Cl) ( )

Overall survival, %
o
(&)
o

©
N
a

0.00
0 10 20 30 40 50
No. at risk Time, mo
WBRT 114 57 22 7 1 0
WBRT + Erlotinib 106 58 22 10 2 0

HR (95%Cl) 0.916(0.688,1.220); P=.549

B PFSof ITT population

1.00 N Events Median(mo,95%Cl)
-+ WBRT 114 106  4.0(3.0,5.0)
-~ WBRT + Erlotinib 106 102  5.3(3.9,7.6)
HR (95%Cl) 0.969(0.735,1.277); P=.825
0.75
B
i 0.50
o
0.25
0.00
0 10 20 30 40
. Time, mo
No. at risk
WBRT 114 24 7 2 0
WBRT + Erlotinib 106 33 3 0 0

Fig.2 Kaplan-Meier survival curves for (A) intracranial progression-free survival (iPFS), (B) progression-free survival (PFS), and (C) overall sur-
vival (0S) in the intent-to-treat (ITT) study population. (A) Median iPFS in the ITT population was 11.2 months (95% Cl: 7.2-13.7) in the WBRT with
concurrent erlotinib arm vs 9.1 months (95% Cl: 6.4-10.9) for WBRT-alone. (B) Median PFS of concurrent erlotinib compared with WBRT-alone was
5.3 months vs 4.0 months, respectively. There was no statistically significant difference in PFS between the two treatment arms (HR, 0.969; 95%
Cl: 0.735-1.277; P=.825). (C) Median 0S was 12.9 vs 10.0 months for WBRT with concurrent erlotinib and WBRT-alone, respectively. There was no
statistically significant difference in 0S between the two treatment arms (HR, 0.913; 95% ClI: 0.680-1.226; P = .545). Cl, confidence interval; WBRT,

whole-brain radiotherapy; HR, hazard ratio.

Among the 220 patients recruited to this trial, a total of
183 had died at the time of clinical data cutoff; 86 in the
WBRT with concurrent erlotinib arm and 97 in the WBRT-
alone arm. Median OS was 12.9 vs 10.0 months for WBRT
with concurrent erlotinib and WBRT-alone, respectively.
There was no statistically significant difference in OS be-
tween the two treatment arms (HR, 0.913; 95% Cl: 0.680-
1.226; P=.545) (Figure 2C).

In the subgroup of 109 EGFR-mutant patients, iPFS was
not significantly longer in those who received WBRT with
concurrent erlotinib than in those treated with WBRT-alone
followed by sequential erlotinib (14.6 [95%: CI 11.8-17.7] vs
12.8 [95% CI: 7.9-14.9] months; HR, 0.743; 95% Cl: 0.489-
1.129; P = .164) (eFigure 3A in Supplementary Material
2). Similar results were found in both PFS (8.8 [95%: CI

5.9-11.4] vs 6.4 [95% Cl: 3.6-9.5] months; HR, 0.926; 95%
Cl: 0.623-1.375; P = .702) and OS (17.5 [95%: Cl 14.3-22.9]
vs 16.9 [95% CI: 11.7-19.5] months; HR, 0.762; 95% ClI:
0.493-1.178; P =.221) (eFigure 3B and C in Supplementary
Material 2). The iPFS benefit of WBRT with concurrent
erlotinib was observed in the subgroup with four or more
BMs. However, no significance was observed in between
two arms in other subgroups (eFigure 2 in Supplementary
Material 2).

Safety

The safety population included all patients who received
at least one dose of either erlotinib (107 patients) or
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WBRT-alone (114 patients). During treatment, 99.1% of pa-
tients treated with WBRT-plus concurrent erlotinib experi-
enced at least one drug-related AE compared with 97.4%
of those treated with WBRT-alone; drug-related AEs of any
grade in the two arms were 73.8% and 38.6%, respectively.
Significance differences were observed between the two
arms for acneiform rash, dry skin, increased aspartate
aminotransferase (AST)/alanine aminotransferase (ALT),
increased bilirubin, paresthesia, and cough.

Drug-related acneiform rash was the most frequently re-
ported AE and was more common in the WBRT with con-
current erlotinib arm than in the WBRT-alone arm at any
grade (59.8% vs 27.2%, respectively) and at grades 3 or
higher (11.2% vs 1.7%, respectively), with a statistically sig-
nificant risk difference. Incidence of dry skin of any grade
was 22.4% in the WBRT with concurrent erlotinib arm, and
8.8% in the WBRT-alone arm; however, there was a similar
incidence of grade 3 or higher (0.9% vs 0.0%) AEs for both
groups. For increased AST/ALT and increased bilirubin,
incidence of any grade was higher in the WBRT-plus con-
current erlotinib arm than in the WBRT-alone arm (9.3% vs
2.6%, and 13.1% vs 5.3%, respectively), while grade 3 or
higher AEs occurred at similar rates. Incidence of cough at
any grade was 60.7% in the WBRT with concurrent erlotinib
arm and 43.0% in the WBRT-alone arm, but there was a
similar occurrence of grade 3 or higher AEs (5.6% in the
WBRT with concurrent erlotinib arm vs 5.3% in the WBRT-
alone arm, respectively). Grade 3 or higher AEs of any type
are summarized inTable 2.

In the WBRT with concurrent erlotinib arm, the erlotinib
dose had to be reduced in 3 patients (2.8%) because of
drug-related AEs, while 4 patients discontinued erlotinib
(one due to a drug-related AE). Two patients experienced
erlotinib delay, of which one was because of drug-related
AEs. WBRT delay occurred in 1 patient but was not due to
WBRT-related AEs, while 3 patients discontinued WBRT, of
which 1 was due to WBRT-related AEs. In the WBRT-alone
arm, 4 patients discontinued WBRT but only 1 was due to
WBRT-related AEs. In summary, 9 patients (8.5%) in the
WBRT with concurrent erlotinib arm experienced dose
modifications of erlotinib or WBRT; 7 patients (6.6%) were
due to treatment-related AEs. Four patients (3.5%) in the
WBRT-alone arm experienced modification of WBRT, but
only 1 was due to WBRT-related AEs. The interventions
in both arms were safe and well tolerated (eTable 1 in
Supplementary Material 2).

Two patients in the WBRT with concurrent erlotinib arm
died from cerebral hernia, while 1 patient in the WBRT-
alone arm received subsequent thoracic radiotherapy and
died from radiation pneumonitis.

Cognitive Function

In brief, 220 patients were randomly assigned, 114 to the
WBRT-alone arm and 106 to the WBRT with concurrent
erlotinib arm. Baseline MMSE score was collected for 219
(99.5%) of 220 randomly assigned patients, and these pa-
tients made up the population for the primary analysis.
There were no significant differences in compliance rates
between arms at any evaluation time point (eTables 2 and 3
in Supplementary Material 2). Categorical change in MMSE

score by treatment arm was summarized in Table 3 and
eTable 4 in Supplementary Material 2. MMSE decline was a
rare event in either of the randomized arms as well, with the
overwhelming majority of patients experiencing no change
in MMSE score over time. There was no significant differ-
ence in the ITT proportion or in EGFR-mutant patients ex-
periencing MMSE score gain, no change, or decline at any
of the key evaluation time points between treatment arms.
To assess differences between the two treatment groups
over time, multivariable linear mixed-effects model was
used and the results were listed inTable 4. There was no dif-
ference in MMSE score change over time for both randomly
assigned arms (P = .861). The interventions in both arms
were well tolerated without excessive CF detriment.

Discussion

To our knowledge, this is the largest reported phase llI
randomized clinical trial in which WBRT with concurrent
erlotinib was compared with WBRT-alone in NSCLC pa-
tients with multiple BMs. The previous phase Il trial re-
ported a favorable ORR and survival time with WBRT-plus
concurrent erlotinib compared with historical controls of
WBRT-alone in NSCLC patients with BMs."® However, that
study was a single-arm non-randomized study with a small
patient population, and it was probably subject to a neg-
ative selection bias. Another randomized phase Il study
showed no statistically significant improvement in neu-
rological PFS or OS in unselected patients treated with
concurrent erlotinib and WBRT followed by maintenance
erlotinib compared to placebo.’ An analysis of these
studies revealed that the major reasons for this discrep-
ancy were the variegated EGFR mutation rate and selection
of patients for treatment. The ENTER study was the first
phase lll randomized clinical trial in which WBRT with con-
current erlotinib was compared with WBRT-alone in NSCLC
patients with multiple BMs. In this trial, we optimized our
maintenance strategies, cisplatin-based chemotherapy
combined with pemetrexed or paclitaxel were used for
EGFR wild-type subgroup. Our iPFS analysis showed no
significant superiority between the WBRT with concurrent
erlotinib group and the WBRT-alone group in both the ITT
population and the EGFR-mutant subgroup. There were
also no statistically significant differences between the two
treatment arms with respect to PFS or OS in the ITT popu-
lation.The efficacy was basically consistent with the conse-
quence of Lee et al.,3! but our results preferably overcome
the participants’ bias caused by extremely low frequency
of EGFR mutations.

The trial design enabled a parallel investigation of WBRT
with concurrent erlotinib compared with WBRT with se-
quential erlotinib in an EGFR-mutant subgroup. Actually,
optimal management of an EGFR-mutated NSCLC with
BMs is an evolving paradigm.3%33 EGFR-TKIs are a pow-
erful and broadly effective therapeutic strategy for BMs,
even more so than WBRT'3; therefore, recent studies have
focused on the multimodal approach of WBRT and EGFR-
TKls in EGFR-mutant NSCLC patients. A pooled retrospec-
tive clinical research demonstrated that radiation followed
by administration of an EGFR-TKI resulted in longer OS
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Table2. Selected Grade 3-5 Drug-Related Adverse Event (AE) Summary

Drug-related AE WBRT + erlotinib (n 7)

Grade 3-5 (%)

Any (%)

Constitutional symptoms

Fatigue 59 (55.1) 2(1.9)
Weight loss 14 (13.1) 0(0)
Dermatology
Alopecia 53 (49.5) 2 (1.9)
Acneiform rash 64 (59.8) 12 (11.2)
Dry skin 24 (22.4) 1(0.9)
Pruritis 33(30.8) 2(1.9)
Hand-foot syndrome 3(2.8) 0(0)
Gastrointestinal
Anorexia 68 (63.6) 1(0.9)
Flatulence 10 (9.3) 0(0)
Diarrhea 20 (18.7) 0(0)
Nausea 45 (42.1) 4(3.7)
Vomiting 35 (32.7) 5(4.7)
Altered taste 3(2.8) 0(0)
Dehydration 1(0.9) 0(0)
Hepatobiliary
Increased AST/ALT 10 (9.3) 1(0.9)
Increased bilirubin 14 (13.1) 0(0)
Neurologic
Headache 56 (52.3) 5 (4.6)
Dizziness 70 (65.4) 4(3.7)
Epileptic seizure 2(1.9) 0(0)
Paresthesia 10 (9.3) 0 (0)
Pulmonary
Cough 65 (60.7) 6 (5.6)
Dyspnea 15 (14.0) 2(1.9)
Pleural effusion 20 (18.7) 7 (6.5)
WBRT-related
Radiation dermatitis 2 (1.9) 0(0)
Epileptic seizure 4(3.7) 0(0)
Paresthesia 17 (15.9) 1(0.1)
Hydrocephalus 6 (5.6) 1(0.9)
Others 3(2.8) 0(0)

WBRT (n = 114)

Any (%) Grade 3-5 (%)
63 (55.3) 3(2.6) .9853 1.0000
15 (13.2) 0(0) .9870 -
63 (55.3) 2(1.7) .3939 1.0000
31(27.2) 2(1.7) <.0001 .0039
10 (8.8) 0(0) .0049 .48422
24 (21.1) 0(0) .0965 .23332
1(0.9) 0(0) .5695 -
65 (57.0) 3(2.6) 3214 .6593
8(7.0) 0(0) 5271 -
11 (9.6) 1(0.9) .0531 1.00002
45 (39.5) 3(2.6) .6962 .9321
37 (32.5) 3(2.6) .9679 .6515
1(0.9) 0(0) .5695 -
0(0.0) 0(0) 48422 -
3(2.6) 0(0) .0340 48422
6 (5.3) 0(0) .0428 -
61 (53.5) 7 (6.1) .8615 .6304
75 (65.8) 9(7.9) .9540 .1894
0(0.0) 0(0) .23332 -
0(0.0) 0(0) .0026 -
49 (43.0) 6 (5.3) .0083 .9101
17 (14.9) 3(2.6) .8504 1.0000
21 (18.4) 3(2.6) .9588 .2828
4(3.5) 0(0) 7373 -
3(2.6) 1(0.9) 19321 1.00002
17 (14.9) 2(1.7) .8408 1.0000
11 (9.6) 0(0) .2598 .48422
1(0.9) 1(0.9) .5695 1.00002

@Analyzed using Fisher's exact test; others were analyzed using chi-square test or continuity-adjusted chi-square test.
Abbreviations: WBRT, whole-brain radiotherapy; AST, aspartate transaminase; ALT, alanine transaminase.

than upfront EGFR-TKI with deferral of radiotherapy in
patients with EGFR-mutant NSCLC,3* but this study was
not randomized and had failed to use intracranial pro-
gression as the optimal primary endpoint. Additionally,
we further explored the outcomes and toxicity of WBRT-
plus concurrent and vs sequential erlotinib. There was no
significance of iPFS, PFS, or OS was observed between
the two arms in the subgroup of EGFR-mutant patients,
which indicated WBRT with concurrent erlotinib may not

superior to sequential erlotinib. The cause of treatment
failure in patients with mutant EGFR tumors may due to
the dose-related effect of WBRT on BBB for penetration of
EGFR-TKIs. Currently, studies have reported that the cere-
brospinal fluid penetration of gefitinib is enhanced after
30-40 Gy of radiation.?® Thus, the doses used for WBRT
may be inadequate or the effects of TKlIs on BMs may not
be significant until WBRT is almost complete. Furthermore,
erlotinib has the best cerebrospinal fluid penetration of the
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Table3. Categorical Change in MMSE Score by Treatment Arm in the Intent-to-Treat (ITT) Study Population

WBRT + erlotinib

MMSE score change?

No.

1 mo n=90

Decline 13 14.4

No change 74 82.2

Gain 3 3.3
3 mo n =66

Decline 9 13.6

No change 54 81.8

Gain 3 4.5
5 mo n=>51

Decline 7 13.7

No change a1 80.4

Gain 3 5.9
7 mo n =47

Decline 8 17.0

No change 35 74.5

Gain 4 8.5
9 mo n=34

Decline 6 17.6

No change 26 76.5

Gain 2 5.9
11 mo n=28

Decline 8 28.6

No change 18 64.3

Gain 2 71
13 mo n=23

Decline 4 17.4

No change 18 78.3

Gain 1 4.3

Note. Percentages may not sum to 100% because of rounding.

WBRT

\[o}

n =99 .579
20 20.2

76 76.8

3 3.0

n =68 .691
13 19.1

52 76.5

3 4.4

m = 55 495
12 22.6

38 717

3 5.7

n=41 .246
13 31.7

26 63.4

2 4.9

n=25 .626
7 28.0

17 68.0

1 4.0

n=20 .872
7 35.0

12 60.0

1 5.0

n=13 913
2 15.4

10 76.9

1 77

Abbreviations: MMSE, Folstein Mini-Mental State Examination; WBRT, whole-brain radiotherapy.
3AMMSE decline, >3-point decline; MMSE gain, >3-point gain; MMSE no change, <3-point change.

first-generation TKIs,%® and clinical central nervous system
(CNS) responses to erlotinib alone are routinely observed,
which demonstrates that erlotinib can penetrate across
BBB even without the help of radiation. Thus, this may
explain why additional benefit was not observed for the
addition of concurrent erlotinib to WBRT in this study com-
pared to that of WBRT with sequential erlotinib.
Drug-related AEs in the WBRT-plus erlotinib arm were
similar to those in the WBRT-alone arm, except for a slightly
higher occurrence of acneiform rash and dry skin in the
WBRT-plus concurrent erlotinib arm. No patient was with-
drawn or received reduced erlotinib dose due to adverse
reactions. RTOG 0320, another phase lll study involved
the evaluation of efficacy and toxicity about erlotinib as-
sociated with WBRT + SRS was closed because of accrual
limitations. Possible explanations for the relatively large
difference in AEs between two trials may be related to the

combination of SRS used in this trial or nonstandard sub-
sequent treatments for patient with wild-type EGFRs.%’
For neurocognitive function, although debate continues
as to whether neurocognitive function is accurately as-
sessed with the MMSE, compared with the Hopkins Verbal
Learning Test-Revised for example, we chose to use the
MMSE on the basis of findings from Aoyama and col-
leagues.?®® According to the MMSE scores, no significant
difference was recorded between the arms for the change
during the 13 months of follow-up, but the average MMSE
scores showed differences that were in favor of the com-
bination group. Patients who had a baseline MMSE score
<27 were numerically more likely to experience significant
MMSE score gain than decline, suggesting that at least
some of the baseline deficits in CF caused by the tumor
itself can be reversed with effective therapy. Although pa-
tient numbers and MMSE compliance did fall over time,
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Table 4.

Mutant Subgroup

Parameter (reference level) Estimate

ITT population
Intercept -0.67
WBRT + erlotinib 0
WBRT -0.56
Time, mo -0.02

EGFR-mutant subgroup
Intercept 1.00
WBRT + erlotinib 0
WBRT -0.36
Time, mo -0.16

Multivariable Linear Mixed-Effects Model for MMSE Score Change Over Time in both Intent-to-Treat (ITT) Study Population and EGFR-

SE P-value 95% CI

0.83 421 -2.30to0 0.96
0 - -

0.32 .080 -1.20 to 0.07
0.09 .861 -0.19t0 0.16
0.97 .305 -0.91 t0 2.91
0 - -

0.38 .343 -1.10 t0 0.38
0.10 21 -0.3510 0.04

Abbreviations: MMSE, Folstein Mini-Mental State Examination; WBRT, whole-brain radiotherapy; ITT, Intent-to-Treat; EGFR, epithelial growth

factor receptor.

there was no indication that more intensive therapy was
associated with higher rates of CF decline at any key eval-
uation time point. Thus, it appears to be safe to continue
the erlotinib in EGFR-mutant patients receiving brain ra-
diation during their course of therapy, and the combi-
nation therapy did not rouse excessive CF detriment.
Similar to other study, the combination of WBRT with con-
current erlotinib was well tolerated with no unexpected
neurotoxicity.

Although the results of this multi-institutional study are
potentially practice changing, there are several limitations
in this study. First, previous literature to predict the sample
size was limited, and we were forced to use two previous
single-arm studies to power this trial. Second, the median
iPFS from the previous literature were quite different from
that found in this trial, which influenced the accuracy of
sample size calculations inevitably and this trial may have
been underpowered to detect a true difference. Third, the
presence of two or more metastatic lesions in the brain was
set as an eligibility criterion in our study.?’ However, brain
radiation technology has improved since then and SRS is
often preferred for patients with up to four or more BMs.%°
Although the subgroup analysis in our study suggested
that WBRT-plus erlotinib was superior to WBRT-alone for
EGFR-mutant patients with more than four BMs, the enroll-
ment of patients with less than four metastatic lesions may
bias the results. Fourth, the comparison between WBRT
with concurrent erlotinib and sequential erlotinib was not
pre-specified, the subset analysis of EGFR-mutant patients
in this study was not a pre-planned question in a prospec-
tive randomized controlled trial. Fifth, the use of EGFR-
TKI has changed significantly since this trial was begun,
currently, osimertinib is approved for use as initial treat-
ment (first-line therapy) for patients with a new diagnosis
of EGFR-mutated lung cancer with BM.*4! This usage
of newly EGFR-TKI would presumably lead to outcomes
that are different from those for the patients in this trial.
Furthermore, patients and investigators were not blinded
to the treatment group, thus introducing the potential for

bias. In addition, the study involved only Chinese patients
and thus the representativeness of the study may be lim-
ited in Western populations.

Conclusions

This multi-institutional trial failed to find an effect of con-
current erlotinib with WBRT in either the ITT population
or in EGFR-mutant NSCLC patients compared with WBRT-
alone. WBRT with concurrent erlotinib did not significantly
improve the iPFS over the WBRT-alone arm in the EGFR-
mutant subgroup, nor was the PFS or OS improved. Both
interventions were safe and well tolerated.
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Supplementary material is available at

Neuro-Oncology online.
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