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IMPORTANCE Faricimab, the first bispecific antibody designed for intraocular use,
simultaneously and independently binds and neutralizes angiopoietin 2 (Ang-2) and vascular
endothelial growth factor A (VEGF-A).

OBJECTIVE To assess the efficacy and safety of different doses and regimens of faricimab vs
ranibizumab in patients with neovascular age-related macular degeneration (nAMD).

DESIGN, SETTING, AND PARTICIPANTS AVENUE was a 36-week, multiple-dose-regimen, active
comparator-controlled, double-masked, phase 2 randomized clinical study performed at 58
sites in the United States. Eligible participants were anti-VEGF treatment naive with choroidal
neovascularization secondary to nAMD and best-corrected visual acuity (BCVA) Early
Treatment Diabetic Retinopathy Study (ETDRS) letter score of 73 (Snellen equivalent, 20/40)
to 24 (Snellen equivalent, 20/320). Data were collected from August 11, 2015, to January 12,
2017, with the final patient visit completed September 26, 2017. Data were analyzed from
August 11, 2015, to October 4, 2019.

INTERVENTIONS Patients were randomized 3:2:2:2:3 to receive ranibizumab, 0.5 mg every 4
weeks (arm A [n = 68]); faricimab, 1.5 mg every 4 weeks (arm B [n = 47]); faricimab, 6.0 mg
every 4 weeks (arm C [n = 42]); faricimab, 6.0 mg every 4 weeks until week 12, then
faricimab, 6.0 mg every 8 weeks (arm D [n = 47]); and ranibizumab, 0.5 mg every 4 weeks
until week 8, then faricimab, 6.0 mg every 4 weeks (arm E [n = 69]).

MAIN OUTCOMES AND MEASURES Mean change in BCVA from baseline to week 36, proportion
of participants gaining at least 15 letters, BCVA of 20/40 or better or 20/200 or worse, and
ocular coherence tomographic outcomes in anti-VEGF treatment-naive participants (arms A,
B, C, D) and from weeks 12 to 36 in those with incomplete response (participants in arms A
and E with week 12 BCVA ETDRS letter score of =68 [Snellen equivalent, 20/50 or worse]).

RESULTS A total of 263 participants were included in the analysis (172 [65.4%] female; 258
[98.1%] white; mean [SD] age, 78.3 [8.7] years). At week 36, adjusted mean change in BCVA
vs ranibizumab was 1.6 (80% Cl, -1.6 to 4.7) letters for arm B (P = .52), -1.6 (80% Cl, -4.9 to
1.7) letters for arm C (P = .53), and -1.5 (80% Cl, 4.6 to 1.6) letters for arm D (P = .53). For
arm E, adjusted mean change from week 12 was -1.7 (80% Cl, -3.8 to 0.4) letters (P = .30).

CONCLUSIONS AND RELEVANCE AVENUE did not meet its primary end point of superiority of
faricimab over ranibizumab in BCVA at week 36. Although not superior to monthly
ranibizumab as given in this trial, overall visual and anatomical gains noted with faricimab
support pursuing phase 3 trials for a potential alternative to monthly anti-VEGF therapy.
Faricimab showed no new or unexpected safety signals.
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nti-vascular endothelial growth factor (anti-VEGF)

monotherapy has become the standard-of-care treat-

ment for patients with neovascular age-related macu-
lar degeneration (nAMD)."* However, in randomized clinical
trials (RCTs) evaluating anti-VEGF injections in nAMD, ap-
proximately 68% of patients do not achieve the threshold for
driving vision (best-corrected visual acuity [BCVA] of 20/40
Snellen equivalent) after 1 year of treatment.>™! In addition,
suboptimal dosing frequency in clinical practice is correlated
with loss of vision over time, with many patients not achiev-
ing and maintaining visual outcomes observed in clinical
trials.’?'” Increased doses of anti-VEGF treatments have not
shown increased benefits in efficacy or durability of re-
sponse in RCTs.®°!! This outcome may be because choroidal
neovascularization (CNV) and nAMD development are medi-
ated by multiple pathways, including those driven by angio-
genesis, inflammation, fibrosis, and others,'® and because se-
lective VEGF-A neutralization does not completely inhibit these
processes. Thus, novel, alternative, and multitarget thera-
pies that provide improved efficacy and extended durability
over anti-VEGF monotherapy in patients with nAMD are
needed.

Angiopoietin-1(Ang-1) and angiopoietin-2 (Ang-2) play key
roles in the homeostasis of the vascular compartment.!® An-
giopoietin-1, constitutively expressed in pericytes, induces
phosphorylation of transmembrane receptor tyrosine kinase
with immunoglobulinlike domains-2 (Tie2) located on reti-
nal endothelial cells and stabilizes the mature vasculature by
promoting recruitment of pericytes and smooth muscle
cells.’®22 Angiopoietin-1 can also block nuclear factor-xB
through Tie2 activation, counteracting inflammatory reac-
tions induced by tumor necrosis factor.?*>2* Angiopoietin-2 lev-
els are elevated in the vitreous of patients with retinal vascu-
lar diseases, including nAMD, diabetic retinopathy, and retinal
vein occlusion.?32>26 Angiopoietin-2 competes for Tie2 bind-
ing with Ang-1, inhibiting phosphorylation of Tie2 and thereby
destabilizing the endothelial cell layer, making it more respon-
sive to VEGF and other proangiogenic factors!®-2>27 and block-
ing the protective anti-inflammatory function of Ang-1. Neu-
tralization of Ang-2 may have the potential to normalize
pathologic ocular vasculature through restored Ang-1/Tie2 ac-
tivation and reduce levels of inflammatory drivers, leading to
a disease-modifying effect compared with anti-VEGF mono-
therapy alone.

Faricimab, a novel humanized bispecific immunoglobu-
lin G monoclonal antibody engineered using a unique tech-
nology for engineering bispecific antibodies (CrossMAb; Roche)
for intraocular use, simultaneously and independently binds
and neutralizes Ang-2 and VEGF-A. The fragment crystalliz-
able (Fc) domain of faricimab was optimized to eliminate bind-
ing interaction with neonatal Fc and Fcy receptors, thereby de-
creasing systemic half-life of the antibody and reducing its
inflammatory potential, respectively.??2® Preclinical experi-
ments in nonhuman primate laser-induced CNV models, as well
as phase 1 results of a favorable safety profile and evidence
of BCVA and anatomical improvement, supported further
evaluation of faricimab.?°-22-2930 Faricimab was evaluated in
nAMD (AVENUE and STAIRWAY) and diabetic macular edema
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Key Points

Question What is the mean change in visual acuity in
faricimab-treated participants with neovascular age-related
macular degeneration across different treatment regimens
compared with monthly ranibizumab through 36 weeks?

Findings In this phase 2 randomized clinical trial, participants
treated with faricimab every 4 or 8 weeks had a mean change in
visual acuity that was neither superior nor inferior to that of
participants receiving monthly ranibizumab. Faricimab showed no
new or unexpected safety signals.

Meaning These findings support pursuing faricimab in phase 3
trials as a potential alternative to monthly anti-vascular
endothelial growth factor therapy.

(BOULEVARD) phase 2 RCTs. In BOULEVARD,?! faricimab
demonstrated statistically significant improvement in BCVA
with extended durability compared with ranibizumab.
STAIRWAY?323* demonstrated that faricimab at 16- and 12-
week dosing intervals resulted in maintenance of vision and
anatomical improvements comparable with ranibizumab ev-
ery 4 weeks at week 52. Herein, we describe the results of
AVENUE, a phase 2, prospective RCT assessing safety and ef-
ficacy of different doses and regimens of faricimab compared
with ranibizumab in patients with nAMD.

Methods

AVENUE was a 36-week, multicenter, active comparator-
controlled, parallel-group, phase 2 RCT that took place at 58
sites in the United States. A copy of the study protocol is found
in Supplement 1. The institutional review boards of the par-
ticipating sites approved the study, and all participants pro-
vided written informed consent. Accounting for the long
investigation schedule, study participants received a sti-
pend per visit completed, an extra stipend if they consented
to optional aqueous humor sampling, and reimbursed
travel-related expenses. The study protocol and payment
schedule were approved by the institutional review boards
of the participating sites before the start of the study
(Supplement 1). The study was conducted in accordance
with the principles of the Declaration of Helsinki®>> and
Good Clinical Practice®® and in compliance with applicable
US Food and Drug Administration regulations and appli-
cable local, state, and federal laws. This study followed the
Consolidated Standards of Reporting Trials (CONSORT)
reporting guideline.

Study Population

AVENUE included treatment-naive patients 50 years or older
with subfoveal CNV secondary tonAMD and BCVA Early Treat-
ment Diabetic Retinopathy Study (ETDRS) letter score of 68
(Snellen equivalent, 20/50) to 24 (Snellen equivalent, 20/
320) on day 1. Eligibility was determined by the central read-
ing center (Digital Angiography Reading Center, Great Neck,
NY). Initially, retinal angiomatous proliferation or polypoidal
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Table 1. Baseline Participant Demographics and Ocular Characteristics

Treatment?®
Characteristic ArmA(n=68) ArmB(n=46) ArmC(n=39) ArmD(n=46) ArmE (n=64)
Age, mean (SD), y 76.4 (8.9) 78.2 (8.9) 78.0(9.1) 80.0(8.0) 79.2(8.3)
Female 39(57.4) 32(69.6) 27 (69.2) 34(73.9) 40 (62.5)
White 66 (97.1) 45 (97.8) 39 (100) 44 (95.7) 64 (100)
BCVA, mean (SD), ETDRS letter 55.2 (12.7) 56.7 (11.1) 56.2(12.2) 56.3 (11.5) 55.7 (11.6)
score Abbreviations: BCVA, best-corrected
BCVA ETDRS letter sgore visual acuity; CNV, choroidal
(Snellen equivalent) neovascularization; CST, central
<54 (20/80) 22 (32.8) 20 (43.5) 15 (38.5) 21 (45.7) 26 (40.6) subfield thickness; ETDRS, Early
254 (20/80) 45 (67.2) 26 (56.5) 24.(61.5) 25 (54.3) 38(59.4) Treatment Diabetic Retinopathy

CST, mean (SD), pm
CNV lesion type©

437.8(122.4) 446.2(116.3)

Classic and occult 26 (38.8) 19 (42.2) 12 (30.8)
Classic 8(11.9) 6(13.3) 7(17.9)
Occult 33(49.3) 20 (44.4) 20(51.3)
Area of CNV, mean (SD), mm?® 7.3 (3.8) 6.7 (4.1) 7.4(4.7)
LLD categories, quartiles
1 (<18 Letters) 20(29.4) 8(17.4) 8(20.5)
2 (18-25 Letters) 14 (20.6) 16 (34.8) 10 (25.6)
3 (26-34 Letters) 22 (32.4) 9(19.6) 6(15.4)
4 (235 Letters) 11 (16.2) 13 (28.3) 15 (38.5)
Missing 0 0 0

481.4 (151.6)

Study; LLD, low-luminescence deficit.
464.4 (110.6) 445.5 (124.0)

@ Unless otherwise indicated, data are
expressed as number (percentage)

20 (44.4) 21(32.8) of participants. Arm A includes
6(13.3) 10 (15.6) ranibizumab, 0.5 mg every 4 weeks;
arm B, faricimab, 1.5 mg every 4
19(42.2) 33(51.6) weeks; arm C, faricimab, 6.0 mg
7.5(4.4) 7.1(3.8) every 4 weeks; arm D, faricimab,
6.0 mg every 4 weeks to week 12,
followed by every 8 weeks; and arm
8(17.4) 12 (18.8) E, ranibizumab, 0.5 mg every 4
8(17.4) 20(31.3) weeks to week 8, followed by
9(19.6) 19(29.7) faricimab, 6.0 mg every 4 weeks.
b .
20 (43.5) 13 (20.3) Includes 67 participants for arm A.
c .
122 0 Includes 67 participants for arm A,

45 for arm B, and 45 for arm D.

choroidal vasculopathy identified by indocyanine green an-
giography were excluded. Per protocol amendment in Febru-
ary 2016, patients with BCVA ETDRS letter score of 73 (Snel-
len equivalent, 20/40) to 24 (Snellen equivalent, 20/320) at
baseline, juxtafoveal CNV with a subfoveal component due
to disease activity on spectral-domain optical coherence
tomography (SD-OCT), and retinal angiomatous prolifera-
tion or polypoidal choroidal vasculopathy also were
included. The proportion of participants with BCVA ETDRS
letter score of 73 to 69 (approximate Snellen equivalent,
20/40) on day 1 was capped to 40% of the planned sample
size (eTable 1in Supplement 2).

All participants underwent examinations according to the
assessment schedule. Ocular assessments and imaging at
screening and day 1 visits included BCVA, low-luminance vi-
sual acuity, SD-OCT, fundus autofluorescence, fundus pho-
tography (plus infrared reflectance), fundus fluorescein angi-
ography, indocyanine green angiography, and intraocular
pressure. The difference in BCVA and low-luminance visual
acuity at baseline, defined as low-luminescence deficit, was
divided into quartiles as has been described previously in the
literature3”-38 (Table 1).

Randomization

Study participants were randomized 3:2:2:2:3 to ranibi-
zumab, 0.5 mg every 4 weeks (arm A); faricimab, 1.5 mg ev-
ery 4 weeks (arm B); faricimab, 6.0 mg every 4 weeks (arm C);
faricimab, 6.0 mg every 4 weeks until week 12, followed by
faricimab, 6.0 mg every 8 weeks (arm D); and ranibizumab,
0.5 mg every 4 weeks until week 8, followed by faricimab,
6.0 mg every 4 weeks (Figure 1 and Figure 2). Randomization
stratification factors were BCVA ETDRS letter score of 68 or less
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vs more than 68 (Snellen equivalent, 20/50) and presence or
absence of retinal angiomatous proliferation and/or polypoi-
dal choroidal vasculopathy. All analyses were performed sepa-
rately for all anti-VEGF treatment-naive participants in arms
A, B, C,and D (group 1) and for selected participants in arms A
and E (group 2) predefined as those with incomplete re-
sponse to anti-VEGF treatment, with a BCVA ETDRS letter
score of 68 or less (Snellen equivalent, 20/50 or worse) at week
12, for whom a new baseline was set at week 12.

Study Treatment and Assessments

Participants received a 50-pL intravitreal injection of far-
icimab or ranibizumab into the study eye or sham adminis-
tration according to their randomization schedule to week 32.
Only 1 eye was selected as the study eye; if both eyes met
eligibility criteria, the eye with worse BCVA was defined as the
study eye.

Sham injections were administered to maintain double
masking in arm D throughout the fixed every-8-weeks regi-
men period at weeks 16, 24, and 32 (Figure 2). Treatment ad-
ministration and clinical and safety evaluation of study par-
ticipants were conducted by 2 independent investigators to
prevent treatment unmasking.

Outcome Measures
In group 1, the primary efficacy outcome measure was mean
change in BCVA from baseline to week 36. In group 2, the pri-
mary efficacy outcome was mean change in BCVA from weeks
12 to 36.

Key secondary outcome measures at week 36 included the
proportion of participants gaining at least 15 ETDRS letters, pro-
portion of participants with BCVA of 20/40 or better or with
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Figure 1. AVENUE Study Participant Disposition

507 Assessed for eligibility

-

273 Randomized?

JT 234 Excluded owing to screening failure

0.5 mg Q4W (arm A)
67 Received intervention
as assigned
1 Withdrawal from study
after randomization

68 Randomized to ranibizumab,

47 Randomized to faricimab,
1.5 mg every 4 wk (arm B)
47 Received intervention
as assigned
1 Excluded from all
analyses owing to
GCP noncompliance

42 Randomized to faricimab,
6.0 mg every 4 wk (arm C)
42 Received intervention
as assigned
3 Excluded from all
analyses owing to
GCP noncompliance

l

l

47 Randomized to faricimab,
6.0 mg every 4 wk/every
8 wk (arm D)
47 Received intervention
as assigned
1 Excluded from all
analyses owing to
GCP noncompliance

69 Randomized to ranibizumab,
0.5 mg every 4 wk/faricimab,
6.0 mg every 4 wk (arm E)
69 Received intervention

as assigned

5 Excluded from all
analyses owing to
GCP noncompliance

|

|

4 Discontinued study before
36 wk (5.9%)
1 Withdrawal by patient
(1.5%)
2 Physician decision (2.9%)
1 Adverse event (1.5%)

|

6 Discontinued study before
36 wk (13.0%)
3 Withdrawal by patient
(6.5%)
3 Adverse event (6.5%)

3 Discontinued study before
36 wk (7.7%)
1 Withdrawal by patient
(2.6%)
1 Lost to follow-up (2.6%)
1 Physician decision (2.6%)

2 Discontinued study before
36 wk (4.3%)
2 Withdrawal by patient
(4.3%)

6 Discontinued study before
36 wk (9.4%)
5 Adverse event (7.8%)
1 Death (1.6%)

|

67 Included in analysis
1 Excluded from analysis
owing to withdrawal

46 Included in analysis
1 Excluded from all analyses
owing to GCP nonadherence

39 Included in analysis
3 Excluded from all analyses
owing to GCP nonadherence

46 Included in analysis
1 Excluded from all analyses
owing to GCP nonadherence

64 Included in analysis
5 Excluded from all analyses
owing to GCP nonadherence

after randomization

Patient disposition (CONSORT flow diagram).

2 Ten participants were removed from the analysis due to Good Clinical Practice (GCP) violations at a single site.

Figure 2. AVENUE Study Design

@® Ranibizumab, 0.5mg O Sham
Faricimab, 1.5 mg O Primary
® Faricimab, 6.0 mg end point
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Arm A included ranibizumab, 0.5 mg every 4 weeks; arm B, faricimab, 1.5 mg
every 4 weeks; arm C, faricimab, 6.0 mg every 4 weeks; arm D, faricimab,
6.0 mg every 4 weeks to week 12, followed by every 8 weeks; and arm E,
ranibizumab, 0.5 mg every 4 weeks to week 8, followed by faricimab, 6.0 mg
every 4 weeks.

BCVA of 20/200 or worse, change in mean central subfield
thickness (CST) as measured by SD-OCT, and change in total
area and leakage of CNV as measured by fundus fluorescein
angiography. Safety outcome measures included incidence and
severity of ocular and nonocular adverse events.

Statistical Analysis

Data were analyzed from August 11, 2015, to October 4, 2019.
All randomized participants were included in the efficacy
analysis except for 10 participants, excluded due to Good Clini-
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cal Practice violations at a single site after randomization. The
primary efficacy analysis was performed using a mixed model
for repeated measurements, which included the categorical co-
variates of treatment group, visit, and visit-by-treatment group
interaction; randomization stratification factors (BCVA<68
vs >68 ETDRS letter score [Snellen equivalent, 20/50] and
presence or absence of retinal angiomatous proliferation or pol-
ypoidal choroidal vasculopathy); and the continuous covari-
ate of baseline BCVA.

For group 1, sample size was based on the primary effi-
cacy outcome of mean change in BCVA from baseline to week
36. Each faricimab cohort in group 1 (arms B, C, and D) was com-
pared with control arm A. Assuming an SD of 13.5 letters for
BCVA change from baseline, the sample size provided approxi-
mately 80% power to detect a true difference of 5.9 letters at
the 2-sided a level of 20%. The minimum detectable differ-
ence was approximately 3.5 letters. The minimum detectable
difference was computed based on the standard normal ap-
proximation, and for this trial was the difference at which its
80% 2-sided CIlower limit was above O. For group 2, the sample
size was based on the primary efficacy outcome of mean change
in BCVA from week 12 to week 36 between arms A and E. As-
suming an SD of 9.7 letters, the sample size provided approxi-
mately 80% power to detect a true difference of 4.8 letters at
the 2-sided a level of 20%. The minimum detectable differ-
ence was approximately 2.8 letters. In both populations, the
primary statistical test aimed to test the null hypothesis of no
difference between the faricimab and ranibizumab arms.

For all secondary end points measured on a continuous
scale, the same mixed model for repeated measurements used
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for change from baseline BCVA was used. For each continuous
secondary end point, a baseline of that end point was used as a
continuous covariate in the model instead of a continuous co-
variate of baseline BCVA. Binary end points were analyzed using
generalized estimating equations with categorical covariates of
treatment group, visit, and visit-by-treatment group interac-
tion as risk factors.

The safety analysis population was the safety-evaluable
population, which included all participants who received at
least 1 dose of the study drug, whether prematurely with-
drawn from the study or not. There was no formal correction
for multiple testing.

. |
Results

Study Participants/Enrollment

A total of 507 patients were screened for inclusion in
AVENUE. Of these, 234 patients were not included owing to
screening failure; not meeting ocular criteria was the most
common reason for exclusion (36 of 234 [15.4%]) (Figure 1).
AVENUE enrolled 273 anti-VEGF treatment-naive partici-
pants from August 11, 2015, to January 12, 2017. The last pa-
tient visit was completed September 26, 2017. Of the 263
participantsincluded in the analysis, 172 were female (65.4%),
91 were male (34.6%), 258 were white (98.1%), and the mean
(SD) age was 78.3 (8.7) years.

Enrolled participants were randomized to arms A (n = 68),
B(n=47),C(n=42),D(n=47),and E (n = 69). Good Clinical
Practice violations of data falsification and misconduct by a
study coordinator at a single site were identified during rou-
tine monitoring, followed up by an audit, and reported to the
institutional review board and US Food and Drug Administra-
tion. The 10 participants from this site were excluded from
analyses (including for safety-evaluable population) and did
not demonstrate additional BCVA benefit or new safety sig-
nals compared with ranibizumab, 0.5 mg every 4 weeks.

Atotal of 244 of 263 randomized participants (92.8%) com-
pleted the week 36 visit and were assessed for efficacy and
safety. Twenty-one participants discontinued the study dur-
ing the treatment period (4 inarm A, 6 in arm B, 3in arm C, 2
inarm D, and 6 in arm E).

Sixty-three participants reported at least 1 major protocol
deviation, the most common being study treatment visits fall-
ing outside the 7-day window and noncompliance with ad-
verse event reporting requirements. Protocol deviations were
not considered to meaningfully change the safety and effi-
cacy findings.

Anti-VEGF Treatment-Naive Participants (Group 1)

Primary Efficacy End Point

In the treatment-naive population, mean BCVA increased from
baseline at week 36 in all treatment arms. Adjusted mean
change from baseline at week 36 was 1.6 (80% CI, -1.6 to 4.7)
letters for arm B (P = .52), -1.6 (80% CI, —4.9 to 1.7) letters
for arm C (P = .53), and -1.5 (80% CI, -4.6 to 1.6) letters for
arm D (P = .53). For arm E, adjusted mean change from week
12 was -1.7 (80% CI, -3.8 to 0.4) letters (P = .30) (Figure 3A
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and eTable 2 in Supplement 2). The difference in ETDRS let-
ters between any of the faricimab arms and the 0.5-mg
ranibizumab arm was at least 0.24 for all comparisons
(eTable 3 in Supplement 2).

Secondary End Points

All faricimab groups had visual and anatomical improve-
ments (CST, CNV area, and leakage) similar to the monthly ra-
nibizumab group at week 36 (eTable 2 in Supplement 2). Alarge
and rapid reduction in CST was noted as early as week 4 that
was maintained to week 36. Adjusted mean change from base-
linein CST to week 36 in treatment-naive participants is shown
in eFigure A in Supplement 2.

Anti-VEGF Incomplete Response (Group 2)

Primary Efficacy End Point

Thirty-seven of 68 participants (54.4%) in arm A and 38 of 64
(59.4%) in arm E achieved a BCVA ETDRS letter score of 68 or
less (Snellen equivalent, 20/50 or worse) and were catego-
rized as having an incomplete response to anti-VEGF at week
12. Mean BCVA ETDRS letter score at week 12 baseline was 54.5
(Snellen equivalent, 20/80) (80% CI, 68-23 [Snellen equiva-
lent, 20/50-20/320]) in arm A and 56.2 (Snellen equivalent, 20/
80) (80% CI, 68-29 [Snellen equivalent, 20/50-20/200]) in arm
E. Adjusted mean change in BCVA in arm E was 0.04 (80% CI,
-2.3 to 2.4) compared with 1.7 (80% CI, -0.7 to 4.1) in arm A
from the week 12 baseline to week 36 as shown in Figure 3B
and eTable 4 in Supplement 2 (P = .30 vsranibizumab, 0.5 mg
every 4 weeks).

Secondary End Points

Mean CST at week 12 baseline was 283.9 (80% CI, 179.0-
452.0) ym in arm A and 300.9 (80% CI, 209.0-590.0) ym in
arm E. Adjusted mean change from week 12 baseline in CST
to week 36 and other key secondary outcomes in incomplete
responses to anti-VEGF are shown in eFigure B and eTable 5
in Supplement 2.

Safety Outcomes

The safety analysis included all participants who received at
least 1 dose of study drug (prematurely withdrawn from study
or not). One patient in arm A was withdrawn from the study
after being randomized, did not receive study medication, and
was not included in the safety-evaluable population (n = 262).
Exclusion of the 10 participants from the study due to Good
Clinical Practice violations at a single site had no effect on safety
signal detection or conclusions regarding safety profile. 0f 262
participants, 214 (81.7%) experienced at least 1 adverse event
during the study, with incidence and types of adverse events
similar across treatment arms. Ocular and systemic safety find-
ings for faricimab observed in AVENUE were comparable with
the safety profile of intravitreal anti-VEGF monotherapy with
ranibizumab (Table 2).3° Five participants experienced 6 ocu-
lar serious adverse events; only a retinal hemorrhage event in
arm B was reported as related to study treatment. Endoph-
thalmitis in arms B and E (during ranibizumab treatment) was
considered related to the intravitreal injection procedure.
Thirty-three participants experienced 42 systemic serious
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Figure 3. Best-Corrected Visual Acuity (BCVA) Change at Week 36
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Group 1(A) was assessed for change in mean BCVA from baseline and includes
all participants treatment naive for anti-vascular endothelial growth factor
(anti-VEGF) receiving ranibizumab, 0.5 mg every 4 weeks (arm A), faricimab,
1.5 mg every 4 weeks (arm B), faricimab, 6.0 mg every 4 weeks (arm C), and
faricimab, 6.0 mg every 4 weeks to week 12 followed by every 8 weeks (arm D).
Group 2 (B) was assessed for change in mean BCVA from week 12 baseline
among participants with incomplete response to anti-VEGF treatment in arm

A and those receiving ranibizumab, 0.5 mg every 4 weeks to week 8, followed
by faricimab, 6.0 mg every 4 weeks (arm E). Data are expressed as least squares
means from linear model analysis of study eye BCVA change with categorical
covariates of treatment group, visit, and visit-by-treatment group interaction;
randomization stratification factors; and the continuous covariate of baseline
BCVA. Error bars represent 80% Cl. ETDRS indicates Early Treatment Diabetic
Retinopathy Study.

adverse events; none were considered related to study treat-
ment. Four events were defined by the Anti-Platelet Trialists’
Collaboration; none were causally related to study treatment.
Of the 262 safety-evaluable participants, 11 experienced 6
ocular and 5 nonocular adverse events leading to study drug
withdrawal. Nonserious ocular and systemic adverse events are
summarized in eTables 6 and 7 in Supplement 2.

|
Discussion

The 36-week results of AVENUE demonstrated no statisti-
cally significant differences in BCVA and in secondary func-
tional or anatomical outcomes between any of the faricimab
treatment arms and the monthly ranibizumab control arm at
week 12 or week 36. Response of nAMD to anti-VEGF therapy
is heterogeneous, dependent on baseline vision and anatomi-
cal characteristics. Although not statistically significant, BCVA
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outcomes in the armsreceiving faricimab, 6.0 mg every 4 and
every 8 weeks were slightly lower than in the arms receiving
faricimab, 1.5 mg every 4 weeks and ranibizumab. A larger low-
luminescence deficit at baseline has been suggested to be a
clinically significant risk factor for photoreceptor loss and
poorer BCVA response to anti-VEGF treatment in participants
with nAMD, irrespective of baseline vision.>® In AVENUE, a
larger proportion of participants in the arms receiving far-
icimab, 6.0 mg every 4 and 8 weeks had baseline low-
luminescence deficit values in the fourth quartile vs partici-
pants in the arms receiving ranibizumab and faricimab, 1.5 mg
every 4 weeks, suggesting that greater photoreceptor loss in
these cohorts may have limited their potential for vision
improvement.

The overall visual gains observed in the 5 arms of
AVENUE are in line with data from recent trials with newer anti-
VEGF agents.*?*! A larger proportion of participants had a
BCVA ETDRS letter score of at least 54 (Snellen equivalent, 20/
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Table 2. Ocular and Systemic Adverse Events

Treatment, No. (%) of participants®

Adverse effect ArmA (n = 67) Arm B (n = 46) Arm C (n = 39) Arm D (n = 46) ArmE (n = 64)
Ocular (study eye) 28(41.8) 21(45.7) 21(53.8) 27 (58.7) 28 (43.8)
Serious ocular (study eye)® 0 3(6.5) 0 0 2(3.1)
Systemic 37 (55.2) 37 (80.4) 23(59.0) 30(65.2) 43 (67.2)
Serious systemic® 9(13.4) 7(15.2) 7(17.9) 4(8.7) 6(9.4)
Intraocular inflammation? 3(4.5) 3(6.5) 2(5.1) 0 2(3.1)
Endophthalmitis 0 1(2.2) 0 0 1(1.6)
Vitreous hemorrhage 2 (3.0) 1(2.2) 0 1(2.2) 0
Hypertension 2 (3.0) 1(2.2) 2(5.1) 3(6.5) 3(4.7)
APTC events

Nonfatal myocardial infarction 0 0 1(2.6) 0 0

Nonfatal stroke 0 0 0 1(2.2) 1(1.6)

Vascular or cardiac death or deathof 0 0 0 0 1(1.6)

unknown cause

Combined 0 0 1(2.6) 1(2.2) 2(3.1)
Any other death 0 0 0 0 0
I0P increased 0 3(6.5) 0 0 1(1.6)

Abbreviations: APTC, Anti-Platelet Trialists' Collaboration; IOP, intraocular death); life threatening (ie, in the view of the investigator, places the

pressure.

2 Arm A includes ranibizumab, 0.5 mg every 4 weeks; arm B, faricimab, 1.5 mg
every 4 weeks; arm C, faricimab, 6.0 mg every 4 weeks; arm D, faricimab,
6.0 mg every 4 weeks to week 12, followed by every 8 weeks; and arm E,
ranibizumab, 0.5 mg every 4 weeks to week 8, followed by faricimab, 6.0 mg
every 4 weeks. Multiple occurrences of the same event in 1individual counted
only once.

®Five participants experienced 6 ocular serious adverse events (1 case each of
keratic precipitates, endophthalmitis, and retinal hemorrhage with reduced
visual acuity in the same participant in arm B and 1 case each of worsening
glaucoma and endophthalmitis in arm E).

€ Includes the following adverse events: fatal (ie, actually causes or leads to

participant at immediate risk of death; not including any adverse event that,
had it occurred in a more severe form or was allowed to continue, might have
caused death); requires or prolongs inpatient hospitalization; results in
persistent or significant disability/incapacity (ie, substantial disruption of the
participant’s ability to conduct normal life functions); congenital
anomaly/birth defect in a neonate/infant born to a mother exposed to study
treatment; or significant medical event in the investigator's judgment (eg, may
jeopardize the participant or may require medical/surgical intervention to
prevent 1of the outcomes listed above).

9 Defined as all adverse events that are potentially indicative of intraocular
inflammation as reported by the investigator, including flares and cells in the
anterior chamber of any severity.

80) at baseline in AVENUE (54.3%-67.2%) vs HARBOR
(50.9%-54.2%).° Both AVENUE and the recently published
phase 3 trial of brolucizumab in nAMD#*! had a larger propor-
tion of study eyes with occult CNV lesions (42.2%-51.6% and
57.7%, respectively) compared with HARBOR® and VIEW 1and
2,% which had less than 40% of randomized participants with
occult CNV lesions. Participants presenting earlier in the oc-
cult course of CNV and with good baseline BCVA may have in-
herently limited room for improvement in BCVA.

There was no difference in the reduction of CST, CNV le-
sion area, and leakage between monthly ranibizumab and far-
icimab treatment arms. Fluctuations in CST observed in the
arm receiving faricimab, 6.0 mg every 8 weeks did not nega-
tively affect visual acuity. Fundus fluorescein angiography and
CST are vascular permeability assessments widely used in RCTs
of nAMD as biomarkers of response to anti-VEGF therapy.®°:4!
Because biomarkers of additional effects of Ang-2 neutraliza-
tion on vascular stabilization and inflammation are yet to be
identified, sustained efficacy could be the closest proxy. Vi-
sual gains in the group receiving faricimab every 8 weeks (6.1
letters) in AVENUE are comparable with those achieved in the
recent phase 2 study comparing brolucizumab with afliber-
cept every 8 weeks in nAMD at week 40 (6.2 vs 5.7 letters).*°©
The benefit of treatment with faricimab every 8 weeks also was

jamaophthalmology.com

Downloaded From: https://jamanetwor k.com/ on 08/04/2020

evident in multiple relevant end points, including the propor-
tion of participants gaining vision, reduction in visual acuity
loss, and anatomical improvements in CNV lesions and CST,
supporting the potential of simultaneous Ang-2 and VEGF-A
neutralization to reduce treatment frequency.

In participants with incomplete response (group 2), fur-
ther improvements in BCVA and CST were not observed in par-
ticipants switched to faricimab, 6.0 mg, after week 12. Anti-
inflammatory, antipermeability, and antiangiogenic effects
with faricimab also could result in a variety of other disease-
modifying tissue responses besides vascular and neovascu-
lar complex stabilization, such as neuroprotection, and may
limit late sequelae of nAMD such as fibrosis and atrophy. How-
ever, these benefits may only be evident with long-term
Studies.19-23’26’32’33’42

Treatment with faricimab was well tolerated, with low
rates of ocular adverse events and serious adverse events,
similar to ranibizumab across treatment arms. Two notable
ocular serious adverse events were 1 case of endophthalmitis,
attributed to the intravitreal injection procedure (and which
responded well to antibiotics), and 1 case of granulomatous
keratic precipitates (the participant was subsequently diag-
nosed with tuberculosis). The safety profile of faricimab
was comparable across all trials (phase 1 and the phase 2
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AVENUE, STAIRWAY, and BOULEVARD studies, which
together evaluated approximately 600 participants).30-33

Limitations

A limitation of AVENUE is that the small number of partici-
pants per cohort only allows detection of large differences in
outcomes, because the study was not designed to demon-
strate noninferiority of faricimab relative to ranibizumab. The
short 36-week duration further limits information on long-
term visual potential owing to the combined benefits on vas-
cular permeability, angiogenesis, inflammation, fibrosis, and

neuronal loss.
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