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Abstract: The Ang/Tie2 pathway complements VEGF-mediated activity in retinal vascular 
diseases such as DME, AMD, and RVO by decreasing vascular integrity, increasing neo
vascularization, and increasing inflammatory signaling. Faricimab is a bispecific antibody 
that has been developed as an inhibitor of both VEGF and Ang2 that has shown positive 
results in phase I, II and III trials. Recent Year 1 data from phase III clinical trials 
YOSEMITE, RHINE, TENAYA, and LUCERNE have confirmed the efficacy, safety, dur
ability, and superiority of faricimab in patients with DME and nAMD. Faricimab, if 
approved, may significantly decrease treatment burden in patients with retinal vascular 
diseases to a greater extent than would current standard of care anti-VEGF injections. 
Keywords: Ang/Tie, faricimab, YOSEMITE, RHINE, TENAYA, LUCERNE

Introduction
Diabetic retinopathy (DR), diabetic macular edema (DME), and neovascular age- 
related macular degeneration (nAMD), are leading causes of ocular morbidity 
worldwide.1 With the increasing aging population and a rapidly growing prevalence 
of diabetes mellitus globally, the demand for treatment is expected to continuously 
rise. For example, prevalence of diabetes mellitus in the United States is predicted 
to increase by 165% through 2050 with ocular manifestations occurring in over 
60% of these patients.2,3

The common pathogenesis of these retinal vascular diseases involves increased 
production of vascular endothelial growth factor (VEGF), a pro-angiogenic mole
cule. The VEGF protein family is comprised of VEGF-A, VEGF-B, VEGF-C, and 
VEGF-D.4 VEGF-A is of high interest due to its pro-angiogenic effects and ability 
to increase vascular permeability.5,6 Current standard of care for nAMD and 
visually significant DME is intravitreal injection of VEGF inhibitors. Both FDA- 
approved and off-label anti-VEGF drugs are currently used although not all are 
approved for all indications: aflibercept (Eylea, FDA-approved), ranibizumab 
(Lucentis, FDA-approved), bevacizumab (Avastin, off-label), and brolucizumab 
(Beovu, not approved for DME, FDA-approved for neovascular AMD).

While anti-VEGF injections are generally quite effective in the management of 
these retinal conditions, they often require a high frequency of treatment, placing 
a heavy burden on patients, providers, and society. The need for constant clinic 
visits and injections has contributed to lapses in care, which may affect as many as 
46% of DME patients, attributable to reasons including long travel time to hospitals 
and dissatisfaction with benefits.7–9 These limitations highlight the crucial need to 
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identify novel treatment mechanisms of retinal disease that 
can improve efficacy and reduce injection frequency, 
thereby allowing for optimization of visual outcomes and 
reduction of treatment burden.

One complementary pathway that has been recently 
explored as a potential target for novel medications is the 
angiopoetin-Tie2 (Ang/Tie2) axis which helps regulate 
vascular permeability and inflammation. This review sum
marizes recent evidence regarding the function of angio
poietins and their role as a pharmacologic target in the 
angiopoietin-Tie2 cascade, with a focus on clinical trial 
data evaluating the agent faricimab in the management of 
retinal vascular diseases.

Materials and Methods
This review was performed with the primary objective of 
this study to summarize available literature regarding the 
Ang/Tie2 pathway, and outcomes of therapeutics designed 
to modulate this pathway for clinical benefit in patients 
with retinal vascular diseases. Preclinical studies, case 
reports, case series, observational studies, and randomized 
controlled trials were considered for inclusion.

The National Clinical Trial (NCT) database was quer
ied for the following terms: “(Diabetic Macular Edema) 
OR (Diabetic Retinopathy) OR (Age Related Macular 
Degeneration) alongside (Faricimab) OR (Angiopoietin), 
OR (Ang2) OR (Ang/Tie). PubMed was queried for the 
following terms:

(Age-Related Macular Degeneration) OR (exudative 
AMD) OR (neovascular AMD) OR (nonexudative AMD) 
OR (dry AMD) OR (diabetic macular edema) OR (dia
betic retinopathy)) AND ((Faricimab) OR (Ang2) OR 
(Angiopoietin) OR. (Ang/tie))) 

Additional articles were identified from a manual search of 
reference lists within included articles. The full text of 
each article was reviewed by MWR.

Discussion
Basic and Translational Science of the 
Ang/Tie2 Pathway
Key Signaling Components
While the VEGF pathway is involved in certain stages of 
angiogenesis including controlling vascular permeability, 
the Ang/Tie2 pathway is also involved in distinct and 
important stages of angiogenesis such as vessel remodel
ing and maturation.10 The Ang/Tie2 axis uses tyrosine 

kinase signaling and has key components including the 
Tie-1 and Tie-2 tyrosine kinase receptors with both intra 
and extracellular domains.11 Ang-1, Ang-2, and Ang-4 are 
all secreted ligands that bind to the Tie2 receptor.12 Tie-1 
does not directly bind to Ang proteins, but does assist in 
signal transduction by forming complexes with Tie2.13 

Following physiologic activation and ligand-receptor com
plex formation with constitutively secreted Ang-1 in 
homeostasis, Tie2 becomes phosphorylated, leading to 
downstream activation of cellular pathways AKT and 
ERK, which are involved in decreasing angiogenesis and 
vascular permeability, favoring vascular stability 
(Figure 1).10 Ang-1 and Ang-4 are known agonists of the 
Tie-2 receptor and are bound to Tie2 in the physiologic, 
homeostatic state.14,15 In pathophysiologic states, Ang-2 is 
highly secreted and more plentiful than Ang-1. By acting 
as a competitive inhibitor of Ang-1 and Ang-4 binding, 
Ang-2 functions as a negative regulator, which leads to 
dephosphorylation of Tie2.10,16,17 Furthermore, vascular 
endothelial tyrosine phosphatase (VE-PTP), is another 
negative regulator of Tie2 signaling. VE-PTP achieves 
this through dephosphorylation of Tie-2. Therefore, 
decreasing activity of both Ang-2 and VE-PTP could 
also potentially increase physiologic Tie-2 signaling; 
thus, both Ang-2 and VE-PTP are drug targets of 
interest.18–20

Tie2 and Inflammation
Increased presence of pro-inflammatory cytokines is 
another common feature in DR, AMD, and RVO.21–23 

Inflammatory stimuli trigger release of Ang-2 from 
Weibel-Palade bodies of endothelial cells, leading to the 
disruptive effects of abundant Ang-2. The subsequent 
dephosphorylation of the Tie-2 receptor leads to down
stream pro-inflammatory signaling that results in 
decreased vascular integrity.16 Physiologic Tie2 activation 
may also suppress NF-kB, reducing intracellular inflam
matory signaling, while enhancing the anti-inflammatory 
cascade of Tie2 signaling.24

Tie2 and Vascular Permeability
Multiple pathways downstream of Ang/Tie2 affect vascular 
permeability. Healthy vasculature and intact tight endothelial 
junctions are key to normal retinal physiology. Protein kinase 
B activated by physiologic Ang/Tie2 signaling has been 
shown to enhance endothelial cell survival, an essential com
ponent of vascular integrity.25,26 Activation of phosphatidyli
nositol 3-kinase pathway can enhance endothelial cell 
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migration.27 Physiologic Ang/Tie2 signaling has been shown 
to tighten endothelial cell junctions, through organization of 
vascular endothelial cell cadherin complexes.28 Ang/Tie2 sig
naling can also lead to downstream inactivation of transcrip
tion factor FOXO1, which decreases Ang-2 production, thus 
decreasing levels of this disruptive pathologic regulator.29

In animal models, activation of Ang/Tie2 signaling has 
been shown to reduce pulmonary vascular edema, vascular 
stroke size, and renal edema.30–32 This animal data 
imply that this pathway could be relevant in human dis
ease states including DME and AMD, where restoring 
vascular integrity is essential. In porcine retinal endothelial 
cells, it has been found that in the presence of Ang-2, 
VEGF-A-induced vascular permeability increases three
fold, suggesting these pathways are complementary, or 
perhaps synergistic.33 In the vitreous fluid of diabetic 

human eyes, it has been shown that Ang-2 levels are 
markedly elevated compared to controls and correlate 
with biomarkers of poor prognosis.34,35 These findings 
are expected since environmental factors, such as hypoxia, 
oxidative stress, and hypertriglyceridemia, that are present 
in diabetic patients have been shown to increase levels of 
Ang-2.36–39 This imbalance in signaling in diabetic 
patients burdened with excessive Ang-2 implies that 
Ang-2 may be a key driver in decreasing vascular integrity 
in diabetic eyes. The combination of hyperglycemia, 
hypoxia, and increased inflammatory factors in diabetics 
may serve as an angiogenic switch leading to an increase 
in Ang2 secretion.

Tie2 and Neovascularization
Neovascularization is heavily involved in pathogenesis of 
retinovascular disorders. It was found that SNPs (single 

Figure 1 Ang/Tie2 axis: Ang2 competitively inhibits binding of Ang1 to Tie2 receptor. When bound to Ang1, Tie2 autophosphorylates and enhances vascular stability 
through PI3K, AKT, and ERK signaling. VE-PTP dephosphorylates Tie2. VEGF binding and autophosphorylation further leads to increased angiogenesis. Faricimab and BI 
836880 are bispecific antibodies containing domains for binding VEGF and Ang2. Nesvacumab is an antibody with binding domains for Ang2. AKB-9778 is an inhibitor of VE- 
PTP. Created withBioRender.com.
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nucleotide polymorphisms) in the gene that encode for 
angiopoietin-2 (ANGPT2) resulted in increased suscept
ibility for developing nAMD.40 Similar to the findings in 
diabetic human eyes, vitreous samples of human eyes with 
nAMD demonstrate elevation of Ang-2 in both disease 
states when compared to controls.41,42

Clinical Studies Targeting the Ang/Tie2 
Pathway
AKB-9778
Informed on the basic science work above, the Ang/Tie2 
pathway became an area of active investigation. One 
molecule involving Tie2 regulation was AKB-9778, devel
oped by Aerpio Pharmaceuticals. AKB-9778 is a small- 
molecule inhibitor of VE-PTP, which downstream results 
in increased Tie2 signaling and subsequent vascular stabi
lity. AKB-9778 is administered as a subcutaneous injec
tion, similar to diabetic patients currently administering 
insulin. It was most recently evaluated as an ocular ther
apeutic in the TIME-2b clinical trial, where 
Nonproliferative Diabetic Retinopathy (NPDR) subjects 
received it as a monotherapy to evaluate reductions in 
the number of patients with worsening Diabetic 
Retinopathy Severity Scale (DRSS) scores.

TIME-2b
TIME-2b trial was a Phase II trial, which tested the effi
cacy of AKB-9778 (an inhibitor of VE-PTP) in 167 
patients with NPDR. In this trial, patients were assigned 
to subcutaneous AKB-9778 15mg once daily (and one 
subcutaneous placebo daily), twice daily, or two subcuta
neous placebo treatments daily. This trial did not meet its 
primary endpoint, as the effect on the DRSS score was the 
same at 48 weeks as it was at 12 weeks and no improve
ments were seen. No reduction in the percentage of 
patients progressing to visually threatening diabetic retino
pathy was demonstrated. However, reduction in intraocu
lar pressure (IOP) and improvement to the urine albumin- 
to-creatinine ratio did demonstrate Tie2 activation, imply
ing that the AKB-9778 dose may need to be increased’ or 
combined with a ranibizumab injection for ocular 
efficacy.12,43 AKB-9778 is now being investigated for 
improvements in diabetic nephropathy.

Nesvacumab
Nesvacumab, developed by Regeneron, is an immunoglo
bulin that selectively binds Ang2 with high affinity, thus 
preventing Ang2/Tie2 receptor binding and complex 

formation. Nesvacumab is administered through intravi
treal injection and is given in combination with 
aflibercept.44 In a Phase I dose escalation trial, 20 patients 
with AMD or DME were divided into the following arms 
(2 patients with AMD and 2 with DME per arm: 0.5mg 
nesvacumab + 2mg aflibercept, 1mg nesvacumab + 2mg 
aflibercept, 3mg nesvacumab + 2mg aflibercept, 6mg nes
vacumab + 2mg aflibercept, or 6mg nesvacumab alone. 
Visual and anatomic improvements were noted in all 
doses, prompting further phase II investigation through 
the ONYX and RUBY trials.45

ONYX and RUBY
The ONYX and RUBY trials were two randomized, dou
ble masked, controlled phase II studies of nesvacumab and 
aflibercept coformulation in patients with nAMD and 
DME, respectively. In these trials, patients were divided 
into three arms: 3mg nesvacumab + 2mg aflibercept, 6mg 
nesvacumab + 2mg aflibercept, or 2mg aflibercept. 
Patients were dosed every four weeks (Q4W) for 12 
weeks. Primary endpoints for the study were changes in 
best corrected visual acuity (BCVA) from weeks 12 and 
36. No significant differences were noted in BCVA or 
central subfield thickness (CST) for either study. 
However, in the higher dose formulation of the Ruby 
trial (6mg nesvacumab + 2mg aflibercept), a significant 
proportion of patients had a ≥ 2-step improvement in the 
DRSS score from baseline to week 12, compared to afli
bercept-alone patients. Due to these findings, nesvacumab 
did not warrant phase III investigation.46,47

Faricimab
Faricimab, developed by Roche, was a biologic treatment 
developed to target both VEGF and Ang2. Faricimab is 
a bispecific antibody that binds both VEGF-A and Ang2 
without inhibition of Ang1.48–50 Through inhibition of 
both ligands, it was thought that faricimab could result in 
improved retinal outcomes and decreased treatment fre
quency in patients with DME, nAMD, and RVO.

The first Phase I clinical trial for faricimab was con
ducted in 12 nAMD patients. Patients were placed in 
0.5mg, 1.5mg, 3mg and 6mg dose-escalating arms. 
Furthermore, 6 patients were also given three treatments 
of 3mg and 6mg faricimab over an 8-week interval. It was 
found that faricimab exhibited a favorable safety profile 
with evidence of improvements in BCVA and disease state 
as seen on OCT imaging, with no dose-limiting toxicities 
in any group.51 Following this success, two Phase II 
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studies were conducted to study the efficacy and safety of 
faricimab in nAMD (AVENUE & STAIRWAY), and one 
trial in DME (BOULEVARD). These studies compared the 
efficacy of these treatments to standard-of-care ranibizu
mab, an anti-VEGF therapy.

AVENUE
This Phase II, randomized, comparator-controlled, dou
ble-masked, 273-patient trial evaluated the safety, effi
cacy, and dosing of faricimab in treatment-naïve patients 
with nAMD. This 36-week study divided patients 
3:2:2:2:3 into five arms. The first arm was a group of 
control patients who were given ranibizumab 0.5mg 
Q4W. Arms involving faricimab treatments were 1.5mg 
Q4W, 6mg Q4W, and 6mg every 8 weeks (Q8W). One 
final group was also given 0.5mg ranibizumab Q4W for 8 
weeks, followed by faricimab 6mg Q4W. The primary 
endpoint for this trial evaluated mean change in BCVA 
from baseline to Week 36, with secondary endpoints 
evaluating anatomic parameters and safety signals. All 
groups in this trial demonstrated improvement in BCVA 
and reduction in CST. Although faricimab did not meet 
its primary endpoint of superiority to Q4W ranibizumab 
at week 36, the agent was not significantly inferior to 
ranibizumab with respect to changes in BCVA. Visual 
and anatomical improvements were demonstrated in far
icimab arms, while no signs of safety concerns were 
noted.52

STAIRWAY
The STAIRWAY study was a 76-patient, double-masked, 
randomized, comparator-controlled, Phase II trial to eval
uate the safety, efficacy, and dosing of faricimab in treat
ment-naïve patients with nAMD. This study also explored 
the extended faricimab dosing compared with monthly 
dosing in this patient population. Patients were rando
mized 1:1:1 to either ranibizumab 0.5mg Q4W as 
a control, faricimab 6mg every 12 weeks (Q12W), or 
faricimab 6mg every 16 weeks (Q16W). The primary end
point for this trial evaluated mean change in BCVA from 
baseline to Week 40, while secondary endpoints again 
evaluated changes in anatomic parameters, the percentage 
of patients maintaining extended dosing intervals, and 
safety signals. After 52 weeks of treatment, Q12W and 
Q16W faricimab groups demonstrated comparable results 
to ranibizumab with respect to BCVA and CST. Patients in 
the Q16W arm who demonstrated disease activity 12 
weeks after the four loading doses were continued at 

a Q12W dosing interval, rather than extended up to 
Q16W dosing. However, 65% of the patients in both 
faricimab groups showed no disease activity at week 24. 
Over 52 weeks, BCVA improvements were as follows: 
Q16W faricimab (+11.4 letters), Q12W faricimab (+10.1 
letters) and Q4W ranibizumab (+9.6 letters). All three 
groups showed comparable CST reductions and no safety 
signals were observed. This study demonstrated that far
icimab was not only efficacious but also has the potential 
to reduce treatment frequency in this patient population as 
results in the extended treatment regimens were compar
able to a monthly dose of ranibizumab.53

BOULEVARD
The BOULEVARD study was another comparator- 
controlled, double-masked Phase II randomized clinical 
trial with 229 patients that studied faricimab in treatment 
of center-involving DME, with both treatment-naïve 
patients and patients previously treated with anti-VEGF 
injections, over a 36-week period. Treatment-naïve 
patients were randomized 1:1:1 into three arms, where 
the control arm received ranibizumab 0.3mg Q4W while 
the faricimab groups were given either 1.5 mg or 6.0 mg 
dosed Q4W. Previously treated patients were randomized 
1:1 in either ranibizumab 0.3 mg Q4W and faricimab 
6.0 mg Q4W. All subjects received intravitreal injections 
Q4 weeks through week 20. This was followed by an off- 
treatment period, which could last up to week 36, the final 
study visit. The primary endpoint for this trial evaluated 
the mean change in BCVA from baseline to Week 24, 
while secondary endpoints included evaluation of ana
tomic parameters and safety signals. This study met its 
primary endpoint at 24 weeks, where the 6.0 mg dose of 
faricimab arm had statistically significant improvements in 
BCVA when compared to other treatment groups. Patients 
in the faricimab group were also noted to experience 
reductions in CST, and DRSS score improvement com
pared to ranibizumab.54

Due to success of the AVENUE, STAIRWAY, and 
BOULEVARD trials, faricimab was identified as 
a candidate warranting further investigation. Global 
Phase III studies were initiated to evaluate long-term 
safety, durability, and efficacy of faricimab for treatment 
of AMD and DME. In these trials, aflibercept was used as 
standard of care treatment, after it was shown to increase 
likelihood of visual improvement in patients with 
DME.55
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TENAYA and LUCERNE
TENAYA and LUCERNE trials were two identical global, 
randomized, double masked, active-comparator Phase III 
trials that evaluated the safety and efficacy of faricimab 
compared to aflibercept in patients with nAMD. The 
TENAYA trial studied 671 patients with nAMD while 
the LUCERNE trial enrolled 658 patients. The 6mg far
icimab arms started with an initial four Q4W loading 
doses, followed by dosing intervals up to Q16W, which 
can be dropped down to Q12W or Q8W after disease 
activity assessments done at pre-specified timepoints. The 
control arm was aflibercept at Q8W. Sham injections were 
also administered at study appointments to maintain mask
ing between arms.

The primary endpoint of these two studies was mean 
BCVA change from baseline at Week 48 as an average of 
Weeks 40, 44, and 48. New data for both trials was 
released in Q1 of 2021, showing positive results for far
icimab. In the Year 1 TENAYA trial results, average visual 
gains were +5.8 letters in faricimab groups and +5.1 letters 
in aflibercept group. In the Year 1 LUCERNE trial results, 
average visual gains were +6.6 letters in both experimental 
and control groups. In faricimab treated patients, 80% of 
the patients were able to be given doses at Q12W intervals 
or longer. Faricimab-treated patients being dosed Q16W 
also experienced similar reductions in CST compared to 
aflibercept-treated patients. The TENAYA and LUCERNE 
trial results suggest that faricimab could reduce treatment 
frequency and improve visual outcomes in patients with 
nAMD.58,59

YOSEMITE and RHINE
YOSEMITE and RHINE trials were two identical global, 
randomized, double masked, active-comparator Phase III 
trials that evaluated the safety and efficacy of faricimab 
compared to aflibercept in patients with DME. The 
YOSEMITE trial studied 940 subjects, while the 
RHINE trial enrolled 951 subjects. Both treatment- 
naïve and previously treated patients were randomized 
1:1:1 into three treatment arms: faricimab 6mg at perso
nalized dosing intervals up to Q16W, faricimab 6 mg 
Q12W, or aflibercept Q8W. Subjects in the personalized 
dosing interval arm could have their treatment interval 
shortened based on disease activity assessments. Sham 
injections were also administered at study appointments 
where no injection was scheduled to maintain masking 
between arms. The primary endpoint of this study was 
mean change in BCVA at 52 weeks. In the Year 1 

YOSEMITE trial results, the average vision gains were 
+11.6, +10.7, and +10.9 letters in the faricimab personal 
dosing interval, Q8W faricimab arm, and aflibercept arm 
respectively. In the Year 1 RHINE trial results, the aver
age vision gains were +10.8, +11.8, and +10.3 letters in 
the faricimab personal dosing interval, Q8W faricimab 
arm, and aflibercept arm, respectively.

Secondary endpoints also found that out of patients in 
the faricimab personalized dosing interval arm in both 
trials, 70% achieved dosing intervals of 3 months or 
longer, suggesting that treatment frequency in faricimab 
can be extended longer than current standard-of-care treat
ment regimens. Furthermore, patients who were given 
faricimab at intervals of up to 4 months also experienced 
greater reductions in CST when compared to aflibercept at 
two-month dosing intervals. YOSEMITE and RHINE 
results suggest that faricimab could reduce treatment fre
quency and improving visual outcomes as compared to 
current standard-of-care therapy.56,57 The value of a more 
efficacious agent is especially paramount for DME 
patients, who often suffer from longer lapses of care than 
their nAMD or RVO counterparts.

BI 836880
BI 836880, is a new bispecific nanobody developed by 
Boehringer Ingelheim, which has domains for binding 
VEGF and Ang2 in a similar manner to faricimab, along 
with an albumin-binding domain for half-life extension. BI 
836880 is administered via intravitreal injection. An open- 
label, non-randomized, Phase I study is currently underway to 
evaluate the safety and tolerability of this agent. This study 
will contain a single rising dose segment, followed by 
a multiple rising dose segment. Primary endpoints focus on 
safety and tolerability, and will include the number of patients 
with dose limiting events and drug-related adverse effects. 
This study is expected to reach completion by March 2022.60

Conclusion
The Ang/Tie2 axis complements VEGF-mediated activity 
in retinovascular diseases such as DME, AMD, and RVO 
by decreasing vascular integrity, increasing neovasculari
zation, and increasing inflammatory signaling. Faricimab 
has been developed as an inhibitor of both VEGF and 
Ang2. Recent Year 1 data from Phase III clinical trials 
suggest that faricimab is safe, efficacious, and may hold 
potential to reduce treatment burden in patients with 
nAMD and DME. Further data from these studies will 
need to be collected and analyzed in order to determine 
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if faricimab is superior to standard of care anti-VEGF 
medication in the real-world management of these 
conditions.
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