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IMPORTANCE Bevacizumab treatment beyond progression has been investigated in breast
and metastatic colorectal cancers. Avastin in All Lines Lung (AvaALL) is the first randomized
phase 3 study of bevacizumab across multiple lines of treatment beyond progression in
non–small cell lung cancer (NSCLC).

OBJECTIVE To assess the efficacy and safety of continuous bevacizumab treatment beyond
first progression in NSCLC.

DESIGN, SETTING, AND PARTICIPANTS AvaALL was a randomized, open-label, phase 3b trial,
conducted from 2011 to 2015 in 123 centers worldwide. Patients with nonsquamous NSCLC
previously treated with first-line bevacizumab plus platinum-doublet chemotherapy and at
least 2 cycles of bevacizumab maintenance were randomized (1:1) at first progression to
receive bevacizumab plus standard of care (SOC) or SOC alone.

INTERVENTIONS Patients received bevacizumab (7.5 or 15 mg/kg intravenously every 21 days)
and/or investigator’s choice of SOC. For subsequent lines, patients treated with bevacizumab
received SOC with or without bevacizumab; the SOC arm received SOC only.

MAIN OUTCOMES AND MEASURES The primary outcome was overall survival (OS). Secondary
outcomes included progression-free survival from first to second (PFS2) and third
progression (PFS3), time to second (TTP2) and third progression (TTP3), and safety.

RESULTS Between June 2011 and January 2015, 485 patients (median age, 63.0 years [range,
26-84 years]; 293 [60.4%] male) were randomized. Median OS was not significantly longer
with bevacizumab plus SOC vs SOC alone: 11.9 (90% CI, 10.2-13.7) vs 10.2 (90% CI, 8.6-11.9)
months (hazard ratio [HR], 0.84; 90% CI, 0.71-1.00; P = .104). Median PFS2 was numerically
longer with bevacizumab plus SOC vs SOC alone: 5.5 (90% CI, 4.2-5.7) vs 4.0 (90% CI,
3.4-4.3) months (HR, 0.83; 90% CI, 0.70-0.98; P = .06). Median PFS3 appeared longer with
bevacizumab plus SOC vs SOC alone: 4.0 (90% CI, 2.9-4.5) vs 2.6 (90% CI, 2.3-2.9) months
(HR, 0.63; 90% CI, 0.49-0.83), as did TTP2 and TTP3. Grade 3/4 adverse events were more
frequent with bevacizumab plus SOC (186 [76.5%]) vs SOC alone (140 [60.3%]). No new
safety signals were observed.

CONCLUSIONS AND RELEVANCE The primary end point was not met; however, OS was
underpowered according to initial statistical assumptions. Continued therapy beyond first
progression led to improved PFS3 (but not PFS2), TTP2, and TTP3. Although a result with
P = .06 for PFS2 would conventionally be considered significant at a specified 2-sided α
of .10, in the absence of adjustments for multiplicity, this result could be a chance finding.
No new safety signals were identified with bevacizumab treatment beyond progression.
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R etrospective analyses suggested a survival benefit of
bevacizumab continuation after induction therapy in
advanced non–small cell lung cancer (NSCLC).1,2 The

randomized, phase 2 West Japan Oncology Group (WJOG)
5910L trial in advanced nonsquamous NSCLC demonstrated
a modest progression-free survival (PFS) benefit and a
nonsignificant finding of improved overall survival (OS) with
bevacizumab beyond progression.3 The Avastin Registry:
Investigation of Effectiveness and Safety (ARIES) observa-
tional analysis suggested that cumulative bevacizumab use
after progression prolonged OS in patients with metastatic
colorectal cancer.4 These data were confirmed in a phase 3,
open-label trial (ML18147).5 The phase 3 TANIA breast cancer
study also showed improved PFS with continued bevaci-
zumab plus chemotherapy vs chemotherapy alone.6

The open-label, randomized phase 3b Avastin in All Lines
Lung (AvaALL) study assessed the efficacy and safety of
bevacizumab beyond first progression in advanced NSCLC
following bevacizumab maintenance therapy.

Methods
Study Design
AvaALL investigated standard-of-care (SOC) chemo-
therapy with or without bevacizumab beyond first progres-
sion in patients with advanced, nonsquamous NSCLC. The
study was undertaken in accordance with the principles of the
Declaration of Helsinki and Good Clinical Practice Guide-
lines; written informed consent was obtained from all pa-
tients. The study was approved by local institutional review
boards at each study site (protocol available in Supplement 1).

At first progression, patients were randomized 1:1 to re-
ceive second-line investigator’s choice of SOC with or with-
out bevacizumab (7.5 or 15 mg/kg every 21 days). At second and
third progression, patients receiving bevacizumab received SOC
with or without bevacizumab; the SOC arm received SOC only.
Beyond third progression, bevacizumab was continued at the
investigator’s discretion, in the absence of unacceptable toxic
effects or consent withdrawal. The same dose of bevaci-
zumab (investigator’s choice) was continued throughout all
lines of treatment.

Objectives
The primary objective was OS beyond first progression of con-
tinuous bevacizumab therapy vs SOC. Secondary objectives in-
cluded PFS from randomization at first progression to second
(PFS2) and third progression (PFS3), time to progression (TTP)
from randomization at first progression to second (TTP2) and
third progression (TTP3) (eFigure 1 in Supplement 2), and safety.

Patients
Inclusion criteria were as follows: nonsquamous NSCLC pro-
gressing following first-line bevacizumab (4-6 cycles) plus plati-
num-doublet chemotherapy, and at least 2 cycles of bevaci-
zumab maintenance monotherapy prior to first progression;
more than 2 consecutive cycles of bevacizumab between end
of first-line and first day of second-line treatment; at least 1

measurable lesion (Response Evaluation Criteria In Solid
Tumors, version 1.1); and Eastern Cooperative Oncology Group
performance status (ECOG PS) of 0 to 2. Patients with asymp-
tomatic treated brain metastases were eligible if treatment was
completed at least 28 days before randomization.

Exclusion criteria were as follows: mixed non–small cell
and small cell tumors or mixed adenosquamous carcinomas
with predominant squamous component; epidermal growth
factor receptor mutation-positive disease; grade at least 2
hemoptysis 3 months or less before randomization; tumor
invading a major blood vessel on imaging; radiotherapy 28 days
or less before randomization.

Statistical Analyses
Approximately 416 OS events were required to achieve 80%
power for the stratified log-rank test at a 1-sided 5% signifi-

Figure 1. Patient Disposition
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ITT indicates intent to treat; SOC, standard of care.

Key Points
Question Is there a benefit of continuing bevacizumab treatment
beyond disease progression in patients with non–small cell lung
cancer (NSCLC)?

Findings In this randomized clinical trial of 485 patients with
advanced, nonsquamous NSCLC, the primary end point was not
met; median overall survival was not significantly different
between groups. No new safety signals were identified with
bevacizumab treatment beyond disease progression.

Meaning Continued bevacizumab treatment beyond disease
progression did not demonstrate survival benefit.
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cance level (overall 10% 2-sided, P < .10) for the final OS analy-
sis (500 randomized patients); this would detect a difference
between median OS of 10 months (SOC) vs 12.8 months (beva-
cizumab) (corresponding hazard ratio [HR], 0.78). Allowing for
a 2% dropout rate, 250 patients per arm were planned.

Overall survival was defined as time from randomization
at first progression to date of death. Progression-free survival
was defined as time from randomization until progression or
death, and TTP as time from randomization until objective tu-
mor progression; neither were adjusted for multiple testing.
Progression-free survival, TTP, and OS were calculated using
Kaplan-Meier methodology and between-treatment differ-
ences tested by stratified log-rank test (10% significance level).
Hazard ratios and 90% confidence intervals were estimated
on a stratified Cox model. Adverse events (AEs) were graded
using National Cancer Institute Common Terminology Crite-
ria for Adverse Events, version 4.0.

Results
Patients
Between June 2011 and January 2015, 485 patients were ran-
domized (bevacizumab, n = 245; SOC, n = 240), of whom 475
received treatment (bevacizumab, n = 243; SOC, n = 232)
(Figure 1). Baseline characteristics were balanced (eTable 1 in
Supplement 2).

Efficacy
The final cutoff date was June 24, 2016. The primary analysis
was conducted 60 months after first patient enrollment (pre-
specified in the protocol); the database closed with 387 OS
events. Median OS (Figure 2) was numerically longer with beva-
cizumab plus SOC vs SOC but was not statistically significant
(11.9 [90% CI, 10.2-13.7] vs 10.2 [90% CI, 8.6-11.9] months;
stratified HR, 0.84; 90% CI, 0.71-1.00; P = .104). Subgroup

analyses showed similar results (eFigure 2 in Supplement 2),
except in never smokers or patients older than 75 years.

Median OS did not differ according to bevacizumab dose
of 7.5 mg/kg plus SOC (11.4 vs 10.2 months SOC alone; strati-
fied HR, 0.86; 90% CI, 0.69-1.07) or 15 mg/kg plus SOC (12.6
vs 10.2 months SOC alone; stratified HR, 0.84; 90% CI, 0.68-
1.04). Median PFS2 was numerically longer with bevaci-
zumab plus SOC vs SOC alone (5.5 [90% CI, 4.2-5.7] vs 4.0 [90%
CI, 3.4-4.3] months; stratified HR, 0.83; 90% CI, 0.70-0.98;
P = .06) (eFigure 3A in Supplement 2). Subgroup analysis
showed similar findings (eFigure 3B in Supplement 2), except
patients with ECOG PS 2 or never smokers. Median PFS3 was
longer with bevacizumab vs SOC (4.0 [90% CI, 2.9-4.5] vs 2.6

Figure 2. Kaplan-Meier Plot of Overall Survival (OS) in the Intent-to-Treat Population
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Table. Adverse Events of Special Interest (AESIs) With Preferred Term
Reported for at Least 1% of Patients Overall (Safety Population)

System Organ Class
and Preferred Term

No. (%)
Bevacizumab
Plus SOC
(n = 243)

SOC
Alone
(n = 232)

Any AESI 118 (48.6) 63 (27.2)

Arterial and venous
thromboembolic events

26 (10.7) 21 (9.1)

Vascular disorders 12 (4.9) 14 (6.0)

Venous thrombosis 3 (1.2) 3 (1.3)

Deep vein thrombosis 3 (1.2) 2 (0.9)

Respiratory, thoracic, and
mediastinal disorders

12 (4.9) 9 (3.9)

Pulmonary embolism 11 (4.5) 9 (3.9)

Hypertension 55 (22.6) 28 (12.1)

Vascular disorders 54 (22.2) 28 (12.1)

Hypertension 53 (21.8) 25 (10.8)

Proteinuria 51 (21.0) 24 (10.3)

Renal and urinary disorders 51 (21.0) 24 (10.3)

Proteinuria 51 (21.0) 23 (9.9)

Abbreviation: SOC, standard of care.

Bevacizumab Plus Standard-of-Care Treatment After Progression in Advanced Non–Small Cell Lung Cancer Brief Report Research

jamaoncology.com (Reprinted) JAMA Oncology Published online August 30, 2018 E3

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by a Western University User  on 09/09/2018

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.3486&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.3486
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.3486&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.3486
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.3486&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.3486
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.3486&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.3486
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.3486


[90% CI, 2.3-2.9] months; HR, 0.63; 90% CI, 0.49-0.83) (eFig-
ure 4 in Supplement 2), as were TTP2 and TTP3 (eFigure 5 and
eFigure 6 in Supplement 2).

Safety
Treatment exposure is reported in eTable 2 in Supplement 2.
No new safety signals were identified. Adverse events of
special interest (Table) and grade 3/4 AEs (eTable 3 in
Supplement 2) were more frequent with bevacizumab plus
SOC vs SOC alone (118 [48.6%] vs 63 [27.2%] and 186 [76.5%]
vs 140 [60.3%], respectively). Sixteen bevacizumab-treated
patients (6.6%) and 12 SOC-treated patients (5.2%) experi-
enced grade 5 treatment-related AEs (eTable 4 and eTable 5
in Supplement 2).

Discussion
AvaALL is the first randomized phase 3 study to analyze beva-
cizumab across multiple lines of treatment beyond progres-
sion in NSCLC. The protocol-specified OS end point was
not met. However, there was a nonsignificant finding of im-
proved median OS in the bevacizumab vs the SOC arm. As a
result of recruitment challenges, the analysis was performed
after 60 months, at 387 OS events, and was therefore under-
powered. Time to PFS2 was numerically longer with bevaci-
zumab plus SOC vs SOC alone, although no formal testing was
performed. These results align with WJOG 5910L, which was
also underpowered as a result of enrollment issues.3 Both TTP2
and TTP3 were significantly longer with bevacizumab plus SOC

vs SOC alone. However, no multiplicity adjustment was
performed; therefore, these findings should be interpreted
with caution.

Survival data in most subgroups were similar to the over-
all population, except for never smokers, patients older than 75
years, or those with ECOG PS 2. Similar results were reported
for never smokers in WJOG 5910L.3 Never smokers have dis-
tinct molecular tumor profiles vs smokers,7,8 which may affect
treatment response. Furthermore, patients older than 75 years
and those with a higher ECOG PS may be more susceptible to
AEs. Low patient numbers in these subgroups prevent defini-
tive conclusions from being drawn. No unexpected AEs were
reported, with more grade at least 3 AEs in the bevacizumab vs
the SOC arm, consistent with previous studies.3,5

Since AvaALL began accrual, major changes have
occurred to second-line SOC. Checkpoint inhibitors
have been approved for locally advanced or metastatic
NSCLC after disease progression on platinum-doublet
chemotherapy.9 These have displaced pemetrexed and
docetaxel from second line, while erlotinib is no longer
approved in this setting.10,11 Recent trials have thus rendered
the control arm of AvaALL outmoded.

Conclusions
A substantial benefit of bevacizumab therapy beyond progres-
sion in patients with NSCLC was not shown, but some
improvements in efficacy were observed. No new safety
signals were identified.
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