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Abstract
Background: In the phase II JO25567 study (JapicCTI-111390), erlotinib plus
bevacizumab demonstrated a significant clinical benefit in Japanese patients with epi-
dermal growth factor receptor mutation-positive (EGFR+) non-small cell lung cancer
(NSCLC). Here, we present an exploratory analysis investigating the impact of base-
line pleural/pericardial effusion (PPE) on patient outcomes.
Methods: Patients with stage IIIB/IV or postoperative recurrent EGFR+ NSCLC were
randomized 1:1 to receive erlotinib (150 mg/day) plus bevacizumab (15 mg/kg every
3 weeks) or erlotinib monotherapy. Progression-free survival (PFS), overall survival
(OS), objective response rate (ORR), and safety were evaluated according to the pres-
ence or absence of baseline PPE.
Results: The population comprised 152 patients, 66 with baseline PPE and 86 without.
Median PFS was longer with erlotinib plus bevacizumab than with erlotinib alone,
with (hazard ratio [HR] 0.45; 95% confidence interval [CI]: 0.25–0.82) or without
(HR 0.62; 95% CI: 0.37–1.04) baseline PPE. Median OS was also prolonged with
erlotinib plus bevacizumab relative to erlotinib regardless of the presence (HR 0.82;
95% CI: 0.46–1.47) or absence (HR 0.84; 95% CI: 0.46–1.55) of baseline PPE. ORR
was higher with erlotinib plus bevacizumab (70.0%) than with erlotinib (55.6%) in
patients with baseline PPE, but similar (68.9% vs. 70.7%) in patients without. Most
common grade ≥3 adverse events were hypertension and rash in the erlotinib plus
bevacizumab arm, and rash in the erlotinib arm, regardless of baseline PPE status.
Conclusions: Erlotinib plus bevacizumab may be a beneficial treatment strategy in
patients with EGFR+ NSCLC, especially for those with baseline PPE.
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INTRODUCTION

Activating epidermal growth factor receptor (EGFR+)
mutations are found in a substantial proportion of patients
with non-small cell lung cancer (NSCLC), accounting for
approximately 30% of cases among Asian patients and 10%

of cases among non-Asian patients.1 EGFR tyrosine kinase
inhibitors (TKIs) are the standard first-line therapy for
patients with advanced EGFR+ NSCLC.2–4 Erlotinib is an
orally active, potent EGFR TKI that demonstrated a survival
benefit over standard chemotherapy as first-line treatment
in phase III trials,5–7 and is approved for the treatment of
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patients with metastatic NSCLC harboring EGFR exon
19 deletions or exon 21 L858R substitutions.8 Several EGFR
TKIs have now been approved for the treatment of EGFR+
NSCLC.2,3 The third-generation EGFR TKI osimertinib was
approved for use in this setting based on results of the phase
III FLAURA trial.9,10

Despite the promising efficacy demonstrated by EGFR
TKI monotherapy, not all patients derive equal benefit.
Resistance and relapse remain major problems for patients
with EGFR+ NSCLC, as almost all patients develop acquired
resistance to erlotinib, gefitinib, or osimertinib treatment,
typically within 10–14 months;5,6,9,11–16 resistance mecha-
nisms include secondary EGFR mutations, MET gene ampli-
fication, and hepatocyte growth factor overexpression.17,18

Developing rational, synergistic therapeutic combinations
that address this unmet need, and improve outcomes for
patients with EGFR+ NSCLC who develop resistance, is
therefore a prominent goal in oncology research.

Bevacizumab is a recombinant humanized monoclonal
antibody that inhibits vascular endothelial growth factor
(VEGF); it is currently approved for use in combination
with carboplatin and paclitaxel for first-line treatment of
locally advanced, recurrent, or metastatic nonsquamous
NSCLC, as well as several other indications in patients with
solid tumors.19 The combination of erlotinib and
bevacizumab was investigated as a first-line treatment in
Japanese patients with stage IIIB/IV or recurrent EGFR+
NSCLC in the phase II JO25567 (JapicCTI-111390) study.20

In the primary analysis (data cutoff June 30, 2013), a clini-
cally meaningful and statistically significant improvement in
median progression-free survival (PFS) was seen in patients
treated with erlotinib plus bevacizumab (16.0 months; 95%
confidence interval [CI]: 13.9–18.1) compared with erlotinib
monotherapy (9.7 months; 95% CI: 5.7–11.1; hazard ratio
[HR] 0.54; 95% CI: 0.36–0.79; p = 0.0015).20

Among patients with NSCLC, a number of clinical fac-
tors have been associated with poorer survival, including
pleural/pericardial effusion (PPE).21,22 As VEGF, the main
target of bevacizumab, has been shown to be associated with
the formation of pleural effusion,23 it is important to under-
stand the efficacy and safety of erlotinib plus bevacizumab
in patients with EGFR+ NSCLC and PPE at baseline. Here,
we report exploratory subgroup analyses from the JO25567
study investigating the impact of baseline PPE on patient
outcomes.

METHODS

Study design

Full details of the study design have been previously publi-
shed.20 In brief, JO25567 was an open-label, multicenter,
randomized phase II study examining the addition of
bevacizumab to erlotinib as a first-line therapy in patients
with histologically and/or cytologically confirmed stage IIIB/
IV or postoperative, recurrent nonsquamous EGFR+ (either

exon 19 deletion or exon 21 L858R mutation) NSCLC.
Enrolled patients had an Eastern Cooperative Oncology
Group performance status (ECOG PS) of 0 or 1. Patients
with pleural effusion, ascites, or pericardial effusion requir-
ing treatment were excluded from this study, although
patients could be enrolled if at least 2 weeks had elapsed
since pleurodesis and continuous drainage at the time of
enrollment. Patients were randomized 1:1 to receive
erlotinib 150 mg once daily plus bevacizumab 15 mg/kg
every 3 weeks, or erlotinib 150 mg once daily, until disease
progression or unacceptable toxicity. Patients were enrolled
from 30 centers across Japan. The study was performed in
accordance with the Declaration of Helsinki and Good Clin-
ical Practice guidelines. The study protocol was reviewed
and approved by the institutional review boards of the par-
ticipating institutions, and written informed consent was
obtained from all patients. The study is registered with the
Japan Pharmaceutical Information Center, number
JapicCTI-111390.

Study endpoints

For this exploratory analysis, PFS, objective response rate
(ORR), disease control rate (DCR), overall survival (OS),
and safety were analyzed according to the presence or
absence of PPE as nontarget lesion at baseline by indepen-
dent review committee (IRC; blinded review).

Study assessments

In this exploratory analysis, tumor assessments were per-
formed by IRC according to Response Evaluation Criteria in
Solid Tumors (RECIST) v1.1. PFS was defined as the time
from randomization to the date of confirmed disease pro-
gression or death from any cause (within study period),
whichever occurred first. ORR was defined as the proportion
of patients achieving an objective response (complete
response [CR] or partial response [PR]), based on RECIST
v1.1; confirmed objective responses were those determined
on two consecutive occasions 28 days apart. Patients who
did not achieve a CR or PR and those without a post-
baseline tumor assessment were regarded as non-
responders. DCR was defined as the proportion of patients
with at least one post-baseline assessment as CR, PR, or sta-
ble disease (SD). OS was defined as the time from randomi-
zation to death from any cause. Adverse events (AEs) were
coded according to the Medical Dictionary for Regulatory
Activities (v14.0) preferred terms and tabulated by grade.

Statistical analysis

Median PFS and OS for each treatment arm were estimated
by the Kaplan–Meier method. Greenwood’s formula was
used to calculate 95% CIs for the median PFS and OS for
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each treatment. HRs were calculated by unstratified Cox
proportional hazard methodology. ORR and DCR were esti-
mated based on IRC assessments and 95% CIs were calcu-
lated using the Clopper–Pearson method. The date of data
cutoff was June 30, 2013 for PFS, ORR, and DCR; and
October 31, 2017 for OS.

RESULTS

Patients

Among the 152 patients with EGFR+ NSCLC who were
randomized to receive erlotinib plus bevacizumab (n = 75)
or erlotinib (n = 77), 66 had PPE at baseline and 86 did not.
Baseline patient demographics and clinical characteristics

were generally balanced between subgroups (Table 1). How-
ever, a slightly higher proportion of patients had PPE at
baseline in the erlotinib arm (46.8%) compared with the
erlotinib plus bevacizumab arm (40.0%). The number of
patients who had at least three affected organs was higher
among patients with PPE at baseline, but the percentages
were similar between treatment arms in this subgroup
(erlotinib, 86.1%; erlotinib plus bevacizumab, 86.7%;
Table 1).

Efficacy

Kaplan–Meier analysis showed that median PFS was numer-
ically longer with erlotinib plus bevacizumab compared with
erlotinib monotherapy, irrespective of the presence

T A B L E 1 Baseline demographics and clinical characteristics according to treatment arm and baseline PPE status

Characteristic, n (%)

Erlotinib plus bevacizumab Erlotinib Total

PPE (n = 30) No PPE (n = 45) PPE (n = 36) No PPE (n = 41) PPE (n = 66) No PPE (n = 86)

Age, years

<75 24 (80.0) 39 (86.7) 30 (83.3) 32 (78.0) 54 (81.8) 71 (82.6)

≥75 6 (20.0) 6 (13.3) 6 (16.7) 9 (22.0) 12 (18.2) 15 (17.4)

Median (range) 67.0 (40–83) 68.0 (38–81) 65.5 (36–81) 68.0 (36–84) 66.5 (36–83) 68.0 (36–84)

Sex

Male 12 (40.0) 18 (40.0) 10 (27.8) 16 (39.0) 22 (33.3) 34 (39.5)

Female 18 (60.0) 27 (60.0) 26 (72.2) 25 (61.0) 44 (66.7) 52 (60.5)

Smoking history

Nonsmoker 17 (56.7) 25 (55.6) 23 (63.9) 22 (53.7) 40 (60.6) 47 (54.7)

Other 13 (43.3) 20 (44.4) 13 (36.1) 19 (46.3) 26 (39.4) 39 (45.3)

ECOG PS

0 15 (50.0) 28 (62.2) 15 (41.7) 26 (63.4) 30 (45.5) 54 (62.8)

1 15 (50.0) 17 (37.8) 21 (58.3) 15 (36.6) 36 (54.5) 32 (37.2)

Clinical stage

IIIB — 1 (2.2) — — — 1 (1.2)

IV 28 (93.3) 32 (71.1) 34 (94.4) 28 (68.3) 62 (93.9) 60 (69.8)

Recurrent 2 (6.7) 12 (26.7) 2 (5.6) 13 (31.7) 4 (6.1) 25 (29.1)

EGFR mutation type

Exon 19 deletion 16 (53.3) 24 (53.3) 19 (52.8) 21 (51.2) 35 (53.0) 45 (52.3)

Exon 21 L858R mutation 14 (46.7) 21 (46.7) 17 (47.2) 20 (48.8) 31 (47.0) 41 (47.7)

SLD of target lesions

≥37.5 mm 20 (66.7) 19 (42.2) 19 (52.8) 18 (43.9) 39 (59.1) 37 (43.0)

<37.5 mm 10 (33.3) 26 (57.8) 17 (47.2) 23 (56.1) 27 (40.9) 49 (57.0)

Number of affected organs

≥3 26 (86.7) 15 (33.3) 31 (86.1) 14 (34.1) 57 (86.4) 29 (33.7)

<3 4 (13.3) 30 (66.7) 5 (13.9) 27 (65.9) 9 (13.6) 57 (66.3)

Histopathological classification

Adenocarcinoma 30 (100.0) 44 (97.8) 35 (97.2) 41 (100.0) 65 (98.5) 85 (98.8)

Large cell carcinoma — — 1 (2.8) — 1 (1.5) —

Other — 1 (2.2) — — — 1 (1.2)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; PPE, pleural/pericardial effusion; SLD, sum of longest diameter.

2194 HOSOMI ET AL.



(HR 0.45; 95% CI: 0.25–0.82) or absence (HR 0.62; 95% CI:
0.37–1.04) of PPE at baseline (Figure 1(a),(b)); in patients
with baseline PPE, median PFS was 15.4 months (95% CI:
11.1–18.1) versus 5.7 months (95% CI: 4.2–8.4; Figure 1(a))
and in patients without baseline PPE, median PFS was
16.4 months (95% CI: 13.4–20.9) versus 11.1 months (95%
CI: 9.7–18.0; Figure 1(b)), respectively.

Median OS was also numerically longer in patients who
received erlotinib plus bevacizumab than erlotinib mon-
otherapy, regardless of the presence (HR 0.82; 95% CI: 0.46–
1.47) or absence (HR 0.84; 95% CI: 0.46–1.55) of PPE at
baseline (Figure 2(a),(b)). Among patients with baseline
PPE, median OS was 35.3 months (95% CI: 25.1–47.0) in

patients treated with erlotinib plus bevacizumab (20/30
patients had events, all disease progression) and 30.1 months
(95% CI: 17.9–48.7) in patients treated with erlotinib mon-
otherapy (27/36 patients had events: 26 disease progression,
1 other; Figure 2(a)). Among patients without baseline PPE,
median OS was 67.9 months (95% CI: 36.6–not estimable)
in patients treated with erlotinib plus bevacizumab (20/45
patients had events: 19 disease progression, 1 other) and
60.8 months (95% CI: 44.2–73.4) in patients treated with
erlotinib (22/41 patients had events: 21 disease progression,
1 other; Figure 2(b)).

ORR was determined according to treatment arm and
PPE status at baseline (Table 2). In patients with baseline
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F I G U R E 1 Kaplan–Meier analysis of progression-free survival (PFS) according to treatment arm. (a) Patients with baseline pleural/pericardial effusion
(PPE). (b) Patients without baseline PPE per independent review committee assessment
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F I G U R E 2 Kaplan–Meier analysis of overall survival (OS) according to treatment arm. (a) Patients with baseline pleural/pericardial effusion (PPE).
(b) Patients without baseline PPE

T A B L E 2 Patient response by treatment arm and baseline PPE status per independent review committee assessment

Response, n (%); 95% CI

Erlotinib plus bevacizumab Erlotinib

PPE (n = 30) No PPE (n = 45) PPE (n = 36) No PPE (n = 41)

ORR 21 (70.0); 50.6–85.3 31 (68.9); 53.4–81.8 20 (55.6); 38.1–72.1 29 (70.7); 54.5–83.9

CR 0 (0); 0.0–11.6 3 (6.7); 1.4–18.3 0 (0); 0.0–9.7 1 (2.4); 0.1–12.9

PR 21 (70.0); 50.6–85.3 28 (62.2); 46.5–76.2 20 (55.6); 38.1–72.1 28 (68.3); 51.9–81.9

SD 9 (30.0); 14.7–49.4 13 (28.9); 16.4–44.3 11 (30.6); 16.3–48.1 8 (19.5); 8.8–34.9

PD 0 (0); 0.0–11.6 0 (0); 0.0–7.9 3 (8.3); 1.8–22.5 3 (7.3); 1.5–19.9

Missing 0 (0) 1 (2.2) 2 (5.6) 1 (2.4)

DCR 30 (100); 88.4–100.0 44 (97.8); 88.2–99.9 31 (86.1); 70.5–95.3 37 (90.2); 76.9–97.3

Abbreviations: CI, confidence interval; CR, complete response; DCR, disease control rate; ORR, objective response rate; PD, progressive disease; PPE, pleural/pericardial effusion;
PR, partial response; SD, stable disease.
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PPE, ORR was numerically higher in patients receiving
erlotinib plus bevacizumab (70.0%; 95% CI: 50.6–85.3) com-
pared with those receiving erlotinib monotherapy (55.6%;
95% CI: 38.1–72.1). By contrast, in patients without baseline
PPE, ORR was similar in patients treated with erlotinib plus
bevacizumab (68.9%; 95% CI: 53.4–81.8) or erlotinib mon-
otherapy (70.7%; 95% CI: 54.5–83.9). DCR was higher in
patients who received erlotinib plus bevacizumab than in
patients who received erlotinib monotherapy, regardless of
the presence or absence of PPE at baseline; in patients with
PPE at baseline, DCR was 100% (95% CI: 88.4–100.0) versus
86.1% (95% CI: 70.5–95.3) and in patients without PPE at
baseline, DCR was 97.8% (95% CI: 88.2–99.9) versus 90.2%
(95% CI: 76.9–97.3), respectively. Fewer patients experi-
enced worsening of their PPE while receiving erlotinib plus
bevacizumab (16.7%) compared with those patients who
received erlotinib monotherapy (30.6%; Table 3). However,
the proportion of patients who developed PPE during treat-
ment did not differ between the treatment arms (1.3%;
Table 3).

Safety

In patients with baseline PPE, grade ≥3 AEs occurred in
90.0% of patients (n = 27) treated with erlotinib plus
bevacizumab compared with 47.2% of patients (n = 17)
treated with erlotinib alone (Table 4). In patients without
baseline PPE, grade≥3 AEs occurred in 91.1% of patients
(n = 41) receiving erlotinib plus bevacizumab and 58.5% of
patients (n = 24) receiving erlotinib monotherapy (Table 4).
The most common grade ≥3 AEs were hypertension and

rash in the erlotinib plus bevacizumab arm, and rash and
liver function disorder or abnormal hepatic function in the
erlotinib arm, regardless of PPE status at baseline (Table 4).

DISCUSSION

The combination of erlotinib plus bevacizumab demon-
strated clinical benefit in Japanese patients with stage IIIB/
IV or postoperative, recurrent EGFR+ NSCLC in the phase
II JO25567 study,20 with a median PFS of 16.0 months for
erlotinib plus bevacizumab and 9.7 months for erlotinib
monotherapy (HR 0.54; 95% CI: 0.36–0.79, p = 0.0015).20

Follow-up survival analyses showed that median OS was
similar between the erlotinib plus bevacizumab and erlotinib
monotherapy treatment arms (47.0 vs 47.4 months, respec-
tively; HR 0.81; 95% CI: 0.53–1.23).24 The exploratory ana-
lyses from JO25567 reported here demonstrate that,
consistent with the primary analysis,20 erlotinib plus
bevacizumab shows clinical benefit in terms of PFS com-
pared with erlotinib monotherapy across all patient sub-
groups defined according to baseline characteristics and, in
particular, in patients with baseline PPE. However, patients
with pleural effusion, ascites, or peripheral effusion requir-
ing treatment were excluded from this study, which should
be noted.

Few studies have investigated the efficacy and safety of
targeted therapy in patients with EGFR+ NSCLC and PPE
at baseline. However, a combined analysis of data from
JO22903, a single-arm study of erlotinib monotherapy for
EGFR+ NSCLC (JapicCTI-101085), and JO25567 found
that treatment with erlotinib monotherapy resulted in a
shorter median PFS in patients with baseline PPE compared
with patients without baseline PPE (8.0 vs. 15.3 months,
respectively; HR 0.38; 95% CI: 0.25–0.58).25 In the random-
ized, open-label, phase III NEJ026 study, erlotinib plus
bevacizumab also demonstrated improved PFS versus
erlotinib monotherapy (median 16.9 vs. 13.3 months,
respectively; HR 0.61; 95% CI: 0.42–0.88), with numerically
longer median PFS observed in both patients with baseline
PPE (16.9 vs. 12.6 months; HR 0.58; 95% CI: 0.34–1.02) and
without baseline PPE (16.6 vs. 14.2 months; HR 0.67; 95%

T A B L E 3 Pattern of PPE progression according to treatment arm

Progression pattern, n (%) Erlotinib plus bevacizumab Erlotinib

Worsening of baseline PPEa 5 (16.7) 11 (30.6)

Newly developed PPEb 1 (1.3) 1 (1.3)

Abbreviations: PPE, pleural/pericardial effusion.
aDenominator is the number of patients with PPE at baseline.
bDenominator is the total number of patients.

T A B L E 4 Grade ≥3 adverse events occurring in >5% of patients according to treatment arm and baseline PPE status

Adverse event, n (%)

Erlotinib plus bevacizumab Erlotinib

PPE (n = 30) No PPE (n = 45) PPE (n = 36) No PPE (n = 41)

Total 27 (90.0) 41 (91.1) 17 (47.2) 24 (58.5)

Hypertension 18 (60.0) 26 (57.8) 3 (8.3) 5 (12.2)

Rash 5 (16.7) 14 (31.1) 8 (22.2) 7 (17.1)

Liver function disorder or abnormal hepatic function 3 (10.0) 3 (6.7) 5 (13.9) 9 (22.0)

Proteinuria 3 (10.0) 2 (4.4) — —

Paronychia 2 (6.7) — 1 (2.8) 2 (4.9)

Periodontal disease 2 (6.7) — — —

Abbreviations: PPE, pleural/pericardial effusion.
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CI: 0.41–1.10).26 The findings presented here add to these
results, demonstrating that median PFS was longer in
patients with EGFR+ NSCLC who received erlotinib plus
bevacizumab compared with erlotinib monotherapy, regard-
less of PPE status at baseline. In addition to the PFS benefit
observed with combination therapy, fewer patients experi-
enced worsening of their PPE during treatment with
erlotinib plus bevacizumab compared with erlotinib mon-
otherapy. It is worth noting that these findings are based on
a Japanese study population and may not be indicative of
the global population. The small populations within each
subgroup and the exploratory nature of the analyses should
also be noted.

The safety profile of erlotinib plus bevacizumab demon-
strated in this study was consistent with previous literature,
with no new safety signals identified.20,25–27 These cumula-
tive data suggest that the combination of erlotinib plus
bevacizumab could be a beneficial treatment strategy in
patients with EGFR+ NSCLC, regardless of baseline PPE.

Several other treatment strategies for EGFR+ NSCLC
are currently under investigation to overcome the ongoing
challenge of acquired resistance to first-line treatment with
EGFR TKIs. The combinations of gefitinib plus platinum
chemotherapy and erlotinib plus ramucirumab have demon-
strated promising efficacy in patients with EGFR+
NSCLC.28,29 In addition, combinations with second- and
third-generation EGFR TKIs are now being evaluated in the
first-line setting. The dual EGFR TKI combination of
osimertinib plus gefitinib is being investigated for first-line
treatment of EGFR+ NSCLC.30 Furthermore, the combina-
tion of an EGFR TKI and VEGF inhibitor is being assessed
in the phase II WJOG9717L study, which will investigate the
combination of osimertinib plus bevacizumab,31 and in the
TORG1833 study, which will evaluate the combination of
osimertinib plus ramucirumab.32 The triple combination of
osimertinib, pemetrexed, and platinum-based chemotherapy
is being investigated in the phase III trial FLAURA233 and
the phase II OPAL trial.34 Although the optimal strategy for
patients with EGFR+ NSCLC with PPE is currently unclear,
it is possible that the combined use of EGFR and VEGF
inhibitors may achieve further improvement in efficacy out-
comes in this setting. As such, the efficacy of osimertinib
and bevacizumab in patients with EGFR+ NSCLC and PPE
is currently being investigated.35

In conclusion, the phase II JO25567 study of erlotinib
plus bevacizumab demonstrated clinical benefit in Japanese
patients with stage IIIB/IV or postoperative, recurrent
EGFR+ NSCLC. The data reported here add to the existing
literature supporting the use of the combination of erlotinib
plus bevacizumab as a beneficial treatment strategy in
patients with EGFR+ NSCLC, in particular for those with
baseline PPE.
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