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Purpose: To investigate whether vascular endothelial growth factor (VEGF)-
suppression durations contribute to our understanding of clinical trial outcomes
by simulating vitreous molar concentrations (C,,,) of intravitreal aflibercept (IVT-AFL)
and brolucizumab (IVT-BRO) using pharmacokinetic (PK) modeling.

Methods: A PK model simulated C,, after single-dose IVT-AFL, IVT-BRO, and
ranibizumab (IVT-RAN), and extrapolated intraocular VEGF-suppression thresholds and
durations. Vitreous PK after multidose regimens used in studies of IVT-AFL versus IVT-
BRO were simulated and compared with best-corrected visual acuity (BCVA) data.

Results: C,,, peaked higher (C2x) and decreased more quickly to the VEGF-suppression
threshold and minimum (C,;n,) levels with IVT-BRO than with IVT-AFL, consistent with
their molar doses calculated using molecular weights and vitreous half-lives (26 kDa and
115 kDa; 4.4-5.1 and 9.1-11 days, respectively). The mean VEGF suppression durations
were 71 days for IVT-AFL 2 mg and 51 (48-59) days for IVT-BRO 6 mg. Based on dosing in
OSPREY (matched dosing to week [w]32 for both agents; thereafter, IVT-AFL every eight
weeks [q8w] and IVT-BRO q12w for the last two doses [w32— w44 and w44—w56]), IVT-
BRO showed wider Cax-Ciin fluctuations than IVT-AFL. The IVT-BRO C,i, fell below the
VEGF-suppression threshold at timepoints near w56, when decreases in BCVA were also
observed. The IVT-AFL vitreous Cy, remained above the suppression threshold through
w56, where BCVA gains were maintained.

Conclusions: The PK-modeled mean VEGF-suppression duration for IVT-BRO was
substantially shorter than that published for IVT-AFL and may not be sufficient to effec-
tively suppress VEGF throughout q12w dosing.

Translational Relevance: The PK modeling suggests that more patients may be
maintained on >q12w dosing with IVT-AFL than with IVT-BRO.

ous levels recur when anti-VEGF drug concentra-

Introduction

Natural vascular endothelial growth factor (VEGF)
signaling is enhanced to a pathophysiological level in
patients with retinal and choroidal vascular permeabil-
ity and neovascular disorders.! In these patients, anti-
VEGF treatments attenuate excessive VEGF signal-
ing by preventing binding of VEGF to receptors.”*
Because VEGF is constantly synthesized, deleteri-
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tions decrease.” Therefore, to mitigate the treatment
burden associated with intravitreal dosing of anti-
VEGF agents, research has focused on identifying
agents with molecular features and pharmacokinetic
(PK) and pharmacodynamic (PD) properties that facil-
itate optimal dosing regimens (with reduced injec-
tion frequency and treatment burden) by maintaining
VEGF suppression and optimizing overall treatment
outcomes.®
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PK principles are important in optimizing dosing
regimens. In contrast with systemic routes of drug
delivery in which PK and PD have been compre-
hensively characterized, the challenges of obtaining
regular or frequent samples of vitreous or aqueous
ocular fluids have limited the number of studies that
evaluate intraocular (especially vitreous) PK. PK/PD
modeling integrates known pharmacology and kinet-
ics of drugs using the limited data available to improve
prediction of clinical response to intravitreal anti-
VEGF drugs. PK characteristics are also relevant
for achieving and maintaining target concentrations
within the posterior segment of the eye after intravit-
real injection and are driven by the molecular features
of the agents.

Intravitreal aflibercept (IVT-AFL) is a recombi-
nant fusion protein consisting of portions of human
VEGTF receptors 1 and 2 extracellular domains fused to
the fragment crystallizable (Fc) portion of the human
immunoglobulin G1 (IgG1l) antibody that binds
VEGF-A, VEGF-B, and placental growth factor.’
Intravitreal ranibizumab (IVT-RAN) is a humanized
monoclonal IgG1 kappa isotype antibody fragment
(Fab) that binds VEGF-A and lacks an Fc region.*
Intravitreal brolucizumab (IVT-BRO) is a humanized
monoclonal single-chain variable domain antibody
fragment (SCFv), which also lacks an Fc region and
binds VEGF-A.? The binding affinities for VEGF 5
are ranked IVT-AFL > IVT-BRO > IVT-RAN.”-8

Intravitreal anti-VEGF dosing produces vitreous
drug concentrations that far exceed VEGF levels
within the vitreous.>’ Thus initial PD effects are
driven by the duration of time the drug concentra-
tions remain above the minimum required to inhibit
VEGEF, that is, the minimum inhibitory concentra-
tion or “VEGF-suppression thresholds.” The VEGF-
suppression threshold itself is dependent on target
binding affinity, and the time above this thresh-
old or the “VEGF-suppression duration” in turn is
governed by initial concentration, elimination half-life,
and threshold level.'”

Mathematical models are frequently used to
analyze, characterize, or study PK and PK/PD
relationships, and model-informed drug develop-
ment is increasingly becoming an integral part of drug
research.!! This report uses modeling and simulations
to investigate the vitreous PK of IVT-AFL, IVT-BRO,
and IVT-RAN to quantitatively evaluate the effects
of molar drug load, vitreous half-life, and binding
affinity on the durability of drug action. We compared
vitreous drug concentration-time profiles with aqueous
VEGF suppression times per drug and visual acuity
data from recent clinical trials with IVT-AFL and
IVT-BRO in patients with choroidal neovasculariza-
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tion secondary to age-related macular degeneration
(nAMD).

Model Development

A linear, one compartment model was used to
describe drug elimination from the vitreous. Molar
drug concentrations were calculated based on drug
dose. Molecular weight and parameter values used as
a basis for simulations are summarized from published
literature (Table 1).2-57:8:12-22 Initial vitreous molar
drug concentrations were based on a vitreous volume
of 4 mL and clinical doses of 2 mg for IVT-AFL, 6 mg
for IVT-BRO, and 0.5 mg for IVT-RAN. Flip-flop PK
relationships for each agent were assumed, consistent
with Hutton-Smith et al.> and Caruso et al.,>* with
aqueous ~ vitreous half-life for IVT-AFL and IVT-
RAN, and serum ~ vitreous half-life for IVT-BRO.

Macromolecules such as the anti-VEGF agents are
largely cleared from the vitreous through the aqueous,
then via the systemic circulation. “Flip-flop PK” means
that a drug exits the vitreous and thus enters the
aqueous (or the blood stream) at a slower rate than it
is eliminated from the aqueous (or the blood stream).
Under these conditions, the kinetics are dominated
by the slower process (i.e., exit from the vitreous
humor), which reveals the intravitreal elimination rate
as measured in the aqueous (for IVT-AFL and IVT-
RAN) or in the serum (for IVT-BRO). The resulting
intravitreal PK corresponds to first-order elimination
kinetics, which is completely characterized by the initial
drug concentration and drug half-life or elimination
rate constant. Multiple dose simulations were gener-
ated using the superposition principle.

The vitreous half-lives selected for use in the model
were 9.1 days for IVT-AFL, 5.1 days for IVT-BRO,
and 7.2 days for IVI-RAN based on the literature
(Table 2). Published data on aqueous VEGF-
suppression duration for IVT-AFL’ and IVT-RAN"’
were used to derive intraocular VEGF-suppression
thresholds for these agents by plotting VEGF-
suppression durations on the x-axis to graphically
identify the associated simulated vitreous molar
concentrations for each agent where the VEGEF-
suppression duration would cross the concentration—
time profile. The VEGF-suppression thresholds for
IVT-AFL and IVT-RAN provided the lower and upper
vitreous molar concentration thresholds, respectively,
between which the VEGF-suppression threshold for
IVT-BRO would lie. From this, a VEGF-suppression
duration range for IVT-BRO was derived on the basis
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Table 1. Parameter Value Overview
Parameter IVT-AFL IVT-BRO IVT-RAN
Labeled drug dose, mg 22 6° 0.5%
Molecular weight, kDa 1151819 26'81° 4818.19
Initial molar concentration in the vitreous, 4.348 x 10~ 5.770 x 107> 2.604 x 107
mol/L
VEGF,¢5 binding affinity (Kp), pM" 0.5’ 288 467
Serum half-life after IV administration in 5-72 0.24 (non-human primate ~0.5 (hon-human primate
humans, days 5.6 hours)?! 14-15.5 hours)™
0.09 (2 hours)®
Aqueous- and serum-derived estimates of 9-11"3 4.4-511215 5.8-916:20.22
vitreous half-life after IVT
administration, days
Representative vitreous half-life used in 9.1"3 5.1 7.2'6
the model, days
Aqueous VEGF suppression duration, days 71° 51 days (model estimate) 36"

IV, intravenous.

“A drug with a smaller dissociation constant (Kp) has a higher binding affinity for the ligand.

fUnless otherwise specified.

of the VEGF-suppression threshold, initial concentra-
tion and half-life. Additionally, the model incorporated
a weighting factor using binding affinity (specifically,
the equilibrium dissociation constants [Kp]) for each
agent to assess a most likely estimate of IVT-BRO
VEGF-suppression threshold and to further charac-
terize and compare the associated VEGF-suppression
thresholds and durations of IVT-AFL and IVT-RAN
with IVT-BRO:

VEGF — Suppression Threshold_yr_gro
= (AR * VEGF — Suppression ThI’eShOld_IVT_RAN
+VEGF — Suppression Threshold_iyr_arr)/ (1 + AR)

where the aspect ratio in the model (AR) = (Kp 1vr-BrO
—Kp vr-arL)/(Kp 1vr-ran — Kp_1v1-BrO)-

MATLAB (MathWorks Inc, Natick, MA, USA)
was used for simulation and graphical analysis. PK/PD
comparisons of vitreous molar drug concentrations
and VEGF-suppression durations were examined for
single doses of IVT-AFL, IVT-BRO, and IVT-RAN,
and for multiple doses of IVT-AFL and IVT-BRO
according to the dosing schedules used in OSPREY,*
HAWK, and HARRIER,?® and also for an example
dosing schedule in which IVT-AFL dosing was
matched to that of IVT-BRO.

Clinical Study Data

OSPREY was a phase 2 trial of 89 treatment-naive
patients with nAMD randomized 1:1 to receive IVT-
BRO 6 mg or IVT-AFL 2 mg (Supplementary Fig.).?

Both groups received three initial monthly doses and
were then treated every eight weeks (q8w) up to and
including week 32. Patients in the IVT-AFL group
continued treatment q8w after week 32 (at weeks 40
and 48). Patients in the IVT-BRO group were treated at
week 44, thus providing two cycles at 12-weekly inter-
vals (q12w; from weeks 32 to 44, then weeks 44 to 56).

HAWK and HARRIER were similarly designed
phase 3 trials of 1817 patients with nAMD random-
ized 1:1:1 to IVT-BRO 3 mg, IVT-BRO 6 mg, or IVT-
AFL 2 mg (HAWK), or 1:1 to IVT-BRO 6 mg or IVT-
AFL 2 mg (HARRIER).?® Both groups received three
initial monthly doses; thereafter patients in the IVT-
AFL group received treatment q8w to week 96 (Supple-
mentary Fig.). Patients in the IVT-BRO group received
treatment q12w to week 96, adjusted to q8w if disease
activity was present.

Visual acuity data from the OSPREY trial”® were
overlaid on the modeled multidose vitreous molar
concentration versus time profile of each respective
drug to elaborate on PK/PD versus clinical response
relationships.

Single-Dose PK Simulations After Intravitreal
Dosing
A linear, one-compartment model was used to

describe drug elimination from the vitreous humor of
the eye, without target-mediated drug deposition (that
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e |\/T-AFL (2 mg) molar vitreal concentration
----- IVT-AFLK,
IVT-RAN (0.5 mg) molar vitreal concentration
IVT-RAN K,
s [\/T-BRO (6 mg) molar vitreal concentration

----- IVT-BRO K,

Molar Vitreal Concentration, mol/L
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A IVT-AFL VEGF suppression duration
= = IVT-AFL VEGF suppression threshold
IVT-RAN VEGF suppression duration
IVT-RAN VEGF suppression threshold
v IVT-BRO VEGF suppression duration
= - > IVT-BRO VEGF suppression threshold

Figure1.

Time, days

Vitreous PK simulations, VEGF-suppression thresholds, and VEGF-suppression durations for single-dose IVT-AFL, IVT-BRO, and IVT-

RAN. Thick solid lines are vitreous molar concentrations based on representative half-lives and translate into representative VEGF-suppression
thresholds (horizontal thick dashed lines) and VEGF-suppression durations (vertical thick dashed lines). Kp values are shown as thick dotted lines.

is, excluding PK of the drug-ligand complex). Result-
ing vitreous PK corresponded to first-order elimination
kinetics, which were completely characterized by initial
drug concentrations and drug half-life or elimination
rate constant, yielding an exponential decay (Fig. 1).

As shown on the semilogarithmic scale, vitreous
molar concentrations after IVT-BRO peaked (Cpnax)
higher and decreased more quickly to trough (Cp;,)
compared with IVT-AFL, consistent with their relative
molar doses and representative vitreous half-lives of
5.1 and 9.1 days, respectively, estimated using serum
PK for IVT-BRO and aqueous PK for IVT-AFL. On
the basis of the model, it was estimated that vitreous
molar concentrations of IVT-BRO and IVT-AFL were
approximately equal by day 43 after a single intravit-
real dose, and thereafter IVT-BRO levels were lower.
The vitreous molar concentrations after IVT-RAN
were lower than those of IVT-AFL throughout the
90-day simulation period and were higher than those
of IVT-BRO after day 78. Vitreous molar concentra-
tions of IVT-AFL were sufficient to effectively suppress
VEGF through day 71 (compared with 36 days for
IVT-RAN); however, the molar concentration of IVT-
BRO is, on average, no longer sufficient to effectively
suppress VEGF beyond day 51.

Because ranges of half-lives are published in the
literature, model parameters were modified accord-
ingly (Fig. 2). Retaining the same VEGF-suppression
durations, the model shows the effects of using the
upper and lower limits of the half-lives for IVT-AFL
(Fig. 2A) and IVT-RAN (Fig. 2C) on the vitreous
molar concentrations and, consequently, the VEGF-
suppression thresholds. For IVT-BRO, the model
shows the effect of modifying the VEGF-suppression
threshold point estimate toward that of IVI-RAN
(upper boundary) or IVT-AFL (lower boundary). The
representative VEGF-suppression duration estimated
for IVT-BRO was 51 days. The minimum of the
estimated range of the IVT-BRO VEGF-suppression
duration, in which adequate drug concentrations
higher than the suppression threshold are maintained,
was calculated to be 48 days, and the maximum
suppression duration was estimated to be 59 days with
the 5.1 days vitreous half-life parameter in the model
(Fig. 2B). Assuming shorter (corresponding to the half-
life reported in the label) versus longer half-life inter-
vals ranging from 4.4 to 5.1 for IVT-BRO and there-
fore higher versus lower suppression thresholds, the
estimated suppression duration range was 37 to 59
days. Weighting factors based on ratios of binding



translational vision science & technology

VEGF Suppression Duration of IVT Anti-VEGF Drugs

TVST | April 2021 | Vol. 10 | No. 4 | Article9 | 7

4
A 10 3 s |\/T-AFL (2 mg) molar vitreal concentration
—— IVT-AFL (2 mg) molar vitreal concentration (range)
sumun [VI-AFLK,
A IVT-AFL VEGF suppression duration
10 -6 - -< IVT-AFL VEGF suppression threshold
3 — | IVT-AFL VEGF suppression threshold (range)
=
3 G T e
E -8
.5 10 -
=
g I
=
8 |
c
3 1
-10
% 10 g
£ 1
g
5 |
= I
10 -2 ]
T T T T T T A T 1
0 10 20 30 40 50 60 70 80 90
Time, days
B -4
10 E| s |V/T-BRO (6 mg) molar vitreal concentration
IVT-BRO (6 mg) molar vitreal concentration (range)
===== IVT-BROK,
v IVT-BRO VEGF suppression duration
10 - N </ IVT-BRO VEGF suppression duration (range)
~~ /' IVT-BRO VEGF suppression duration (range restricted)
| Lf/
3 >
E» 8 IB/
5 10 o
=
2
c
@
o
c
3
-10 ~
g 107 5 ~
o ~~
£ = fesssesssasscssssssssscssesssausannnnnsnsoeEa et . s sa s nannannnennannnns
>
.
Kt
o
=
-12
10 E
VA ea. A4
T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90
Time, days
4
C 10 3 IVT-RAN (0.5 mg) molar vitreal concentration
IVT-RAN (0.5 mg) molar vitreal concentration (range)
IVT-RAN K,
IVT-RAN VEGF suppression duration
107 ] IVT-RAN VEGF suppression threshold
IVT-RAN VEGF suppression duration (range)
)
=
o
E -8
5 10 4
®
=
c
[0}
(3]
c
3
-10
% 10 4
£
>
g
o
=
10 -2 ]
T T T T T T T T 1
0 10 20 30 40 50 60 70 80 920
Time, days

Figure 2. Vitreous PK simulation uncertainty showing impact on VEGF-suppression thresholds and durations for single-dose (A) IVT-AFL,
(B) IVT-BRO, and (C) IVT-RAN. Thick solid lines are vitreous molar concentrations based on representative half-lives and translate into represen-
tative VEGF-suppression thresholds (thick horizontal dashed lines) as depicted in Figure 1. Shaded areas framed by thin solid lines are based on
reported half-life time ranges and, with given VEGF-suppression durations, translate into ranges for estimated VEGF-suppression thresholds.
Resulting range estimates for IVT-BRO in light green shades result from ranges and dark green shades from point estimates for IVT-AFL and

IVT-RAN.
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affinities of the drugs had a negligible contribution
to the VEGF suppression duration estimates in the
model.

Multiple-dose PK Simulations After
Intravitreal Dosing

Multiple dosing simulations based on the OSPREY
posology showed wider fluctuation between vitreous
molar Cp,x and C, for IVI-BRO than with IVT-
AFL (Fig. 3A). With IVT-AFL administered q8w after
three initial monthly doses, vitreous molar concentra-
tions were maintained above the VEGF-suppression
threshold to week 56, and gains/improvements in visual
acuity were maintained (Fig. 3B). With IVT-BRO, C,;,
was below the intraocular VEGF-suppression thresh-
old during the q12w phase from week 40 onward to
week 56, and a decrease in best-corrected visual acuity
(BCVA) gains was observed (Fig. 3C).

Figure 3D shows simulations of vitreous molar
concentrations after a modified dosing schedule to
allow for matched dosing of IVT-AFL and IVT-BRO
ql2w after week 32 based on the VEGF-suppression
duration of 71 days for IVT-AFL and 51 days for IVT-
BRO. The modeling also incorporated the very minor
accumulation applicable in the multiple-dose setting.
During the matched ql2w dosing scenario for both
agents, the molar vitreous concentrations of IVT-BRO
fell below the respective VEGF-suppression threshold
for more than two times longer than those for IVT-
AFL (Fig. 3D).

Similarly, simulations based on the
HAWK/HARRIER dosing schedule showed that IVT-
BRO vitreous molar concentrations rapidly fell below
the effective VEGF-suppression threshold and below
IVT-AFL molar concentrations once the q12w dosing
schedule was initiated after week 16 (Fig. 4). With
IVT-AFL, vitreous molar concentrations remained
above the VEGF-suppression threshold throughout
the study to week 96. In HAWK/HARRIER, only
39% to 45% of the total study population who received
IVT-BRO were maintained at a q12w dosing regimen
through week 96, because patients who experienced a
five or more letter decrease in BCVA were switched to
g8w dosing.

Current treatment strategies for anti-VEGF agents
include dosing at fixed intervals, treat-and-extend
(T&E), or pro re nata (as needed; PRN), which
were evaluated in clinical trials including ANCHOR
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and MARINA (g4w dosing), PRONTO (PRN), and
HARBOR for IVT-RAN (PRN compared with gq4w
dosing); VIEW 1 and VIEW 2 for IVT-AFL (q8w
dosing in year 1; capped ql12w PRN in year 2); and
HAWK and HARRIER for IVT-BRO (q12w dosing).®
Because PRN dosing can lead to undertreatment in
clinical practice, T&E dosing has become a popular
treatment strategy to reduce the treatment burden
associated with fixed dosing. For IVT-AFL, T&E
dosing was evaluated during the first and second years
of treatment in ARIES and ALTAIR (after three initial
monthly doses).?’-® The obvious challenge of extend-
ing the treatment interval is ensuring that intraocular
(i.e., vitreous) molar concentrations of the anti-VEGF
agent are sufficient to reduce excessive VEGF recep-
tor signaling by preventing binding of VEGF ligands
to the VEGF receptors. Because previous studies have
investigated the aqueous VEGF-suppression durations
for IVT-AFL>?° and IVT-RAN,!”? but not IVT-
BRO, our analysis explored this using well-established
PK/PD modeling principles.

Because all anti-VEGF agents are administered
in molar concentrations many-fold higher than the
target VEGF concentrations in the eye, all initially
inhibit VEGF completely.” However, because vitre-
ous half-lives of macromolecules (or biologicals) are
generally proportional to their molecular masses (IVT-
AFL > IVT-RAN > IVT-BRO), a larger anti-VEGF
drug would have a longer elimination half-life. These
attributes of IVT-AFL coupled with a higher VEGF
binding affinity would be expected to yield a longer
VEGF-suppression duration.

Published data on VEGF-suppression durations
for IVT-AFL>? and IVT-RAN!"? allow the calcu-
lation of VEGF-suppression thresholds for these
agents. Using these thresholds and reported values for
binding affinity, the current model was used to calcu-
late a representative VEGF-suppression duration for
IVT-BRO. Although reported dissociation constants
are orders of magnitude smaller for IVT-AFL than
for IVT-RAN and IVT-BRO, the calculated VEGEF-
suppression thresholds are relatively close, indicat-
ing that in vitro binding affinity differences may not
quantitatively translate directly into in vivo inhibi-
tion. This is likely because of differences in physical—
chemical conditions and target turnover. However, the
rank order for IVT-AFL and IVT-RAN is consis-
tent for the binding affinities of the agents and their
VEGF-suppression thresholds, providing the rationale
for the binding-affinity weighting that was used to
derive representative values for the IVT-BRO VEGEF-
suppression threshold.

There are some inherent limitations in our model,
and where possible we have attempted to minimize their
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Figure 3. Vitreous PK simulations based on OSPREY dosing and (A,B) VEGF-suppression thresholds for IVT-AFL and (A,C) IVT-BRO, and (B,C)
showing changes in BCVA and (D) vitreous PK simulations and VEGF-suppression thresholds based on IVT-AFL and IVT-BRO-matched q12w
dosing after week 32. Thick solid lines are vitreous molar concentrations based on representative half-lives and translate into representative
VEGF-suppression thresholds (thick horizontal dashed lines). BCVA data are shown as dotted lines.

impact. Indeed, any shortcomings in the published PK
parameter estimates used (such as missing initial, inter-
mediate, or terminal phase samples) will be propa-
gated to the PK parameter estimates. Caruso et al.*

performed a model-based meta-analysis to determine
consensus values for the intraocular half-lives of IVT-
AFL, IgG antibodies, Fab fragments, and IVT-BRO.
Consistent with this, in our model, intravitreal drug
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Figure 4. Vitreous PK simulations based on HAWK and HARRIER dosing and VEGF-suppression thresholds for IVT-AFL and brolucizumab.
Thick solid lines are vitreous molar concentrations based on representative half-lives and translate into representative VEGF-suppression

thresholds (thick horizontal dashed lines).

half-lives have been estimated from serum/plasma and
aqueous sampling. Although the true relationship
between PK in the vitreous, aqueous, and serum has
not been fully characterized, we can use a concept
called “flip-flop” kinetics to support the selection
of published drug half-life parameters used in the
model.?*?* Our model also assumes serum A vitreous
half-life for IVT-BRO and aqueous ~ vitreous half-
life for IVT-AFL because these have been proposed as
valid surrogates on the basis of this principle.”*

Target-mediated drug  disposition is  the
phenomenon in which a drug binds with high affinity
to its pharmacological target (in this case the VEGF
ligand) to such an extent that this affects its PK
characteristics. It is a saturable clearance mechanism
for biologics, but here the current one-compartment
model excluded target-mediated disposition and clear-
ance effects because these are usually not relevant
when the concentration of the drug is higher than
the concentration of the target. These factors only
play a role when drug concentrations approach that
of the target. Our subsequent comparisons with the
reported clinical effects of the anti-VEGF agents
further support the appropriateness of our approach,
despite its simplicity.

We acknowledge that the uncertainty regarding a
specific half-life estimation propagates to the respective
VEGF-suppression thresholds. Because the VEGF-

suppression threshold and duration for IVT-BRO have
been estimated from the VEGF-suppression threshold
for IVT-AFL and IVT-RAN, any uncertainty contin-
ues into the estimation of these parameters for IVT-
BRO. The modeling shows the effects of this uncer-
tainty using the lower and upper limits of the IVT-BRO
VEGF-suppression threshold on the estimated VEGF-
suppression duration. Additionally, the half-lives are
average values for the studies and, at a patient level,
half-lives will vary between individuals leading to a
potentially wide range of half-life values and VEGF-
suppression durations within a patient population.
Future analyses modeling the proportion of patients
with different VEGF suppression durations would also
be of value.

The molecular weight of IVT-BRO results in the
shortest half-life of the three anti-VEGF agents;
however, the high initial drug concentration partially
compensates for the faster elimination. In the current
model, using the half-life for IVT-BRO reported in
the prescribing information (4.4 days)?® rather than the
5.1 days from the medical literature, the correspond-
ing time point at which the IVT-BRO molar vitre-
ous concentrations decreased to levels approximately
equal to those of IVT-AFL changed from approxi-
mately 43 days to approximately 32 days. Accordingly,
the estimated VEGF-suppression durations for IVT-
BRO also decreased from an average of 51 days to
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Table 3. Trials of IVT-AFL or IVT-BRO Reporting Patients Achieving q12w Dosing at Two Years

Proportion (%) of
Patients With
Treatment Interval

Proportion (%) of
Patients With
Treatment Interval

~2 Year nAMD Extended to >q12 Extended to >q16
Phase 3 Trials Treatment Arm Dose Regimens Weeks Weeks
HAWK" 6 mg IVT-BRO q12w fixed; failures 454 Not reported
drop to q8w fixed
through 96 weeks
2 mg IVT-AFL g8w fixed without Not studied Not studied
option to extend
HARRIER" 6 mg IVT-BRO q12w fixed; failures 386 Not reported
drop to q8w fixed
through 96 weeks
2 mg IVT-AFL g8w fixed without Not studied Not studied
option to extend
VIEW 1/27 IVT-AFL g4w g4w fixed in year 1 53.9 Not reported
then capped PRN
through year 2
IVT-AFL q8w 8w fixed in Year 1 47.9 Not reported
then capped PRN
through year 2
ALTAIR? IVT-AFL 2w T&E  T&E with extensions by 56.9 41.5
2-weekly intervals
IVT-AFL g4w T&E  T&E with extensions by 60.2 46.3
4-weekly intervals
ARIES® IVT-AFL early T&RE  T&E early (within first 47.2 30.2
year)
IVT-AFL late T&E  T&E late (after first year) 51.9 26.9

"HAWK/HARRIER?25: Patients in the IVT-BRO 6 mg arm received 3 initial monthly doses, then IVT-BRO 6 mg q8w through
week 16, then q12w for those meeting prespecified criteria, with others remaining on q8w dosing; patients meeting disease
activity criteria in the 12w arm dropped to q8w. Patients in the IVT-AFL arms in these trials received fixed g8w 2 mg dosing
with no option for extension. HARRIER included a 3 mg IVT-BRO dose group; this is not in scope for this analysis and is not
included.

TVIEW3C: Patients received IVT-RAN 0.5 mg g4w or IVT-AFL 2 mg g4w or IVT-AFL 2 mg q8w after three initial monthly doses
for the first year, with capped PRN after year 1 through year 2. VIEW included a 0.5 mg IVT-AFL dose group; this is not in scope
for this analysis and is not included.

IALTAIR?: Patients received IVT-AFL 2 mg as three initial monthly doses followed by q8w. From week 16, patients meeting
criteria extended intervals by either 2-week or 4-week adjustments.

SARIES?: Patients received IVT-AFL 2 mg as three initial monthly doses followed by q8w. Patients in the early T&E arm could
extend IVT-AFL 2 mg treatment intervals by 2-week extensions from week 16. Patients in the late T&E arm received IVT-AFL
2 mg g8w through week 52, with intervals thereafter extended by two-week adjustments.

44 days. This shows that the elimination half-life of
respective molecules contributes largely towards the
potential durability profile of each agent.

Despite the acknowledged limitations, our model-
ing approach is consistent with those of other groups.
Relative to IVT-RAN VEGF suppression activity after
30 days, Stewart and Rosenfeld' calculated that similar

VEGEF suppression activity would occur with IVT-
AFL 0.5, 1.15, 2, and 4 mg after 73, 79, 83, and 87
days, respectively. Fauser et al.” measured VEGF-A
levels in 27 patients with nAMD, collecting a total of
132 aqueous humor specimens before and after IVT-
AFL administration, and established that the mean
VEGF-suppression duration below the lower limit of
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VEGF quantification (<4 pg/mL) was >71 (£18) days.
In a separate study of 89 patients with nAMD, the
extended VEGF-suppression duration with IVT-AFL
versus [VT-RAN translated into a twofold decrease
in clinical activity of choroidal neovascularization as
measured using spectral domain optical coherence
tomography.”’ Muether et al.!” measured VEGF in the
aqueous humor of 38 patients with nAMD treated
with IVT-RAN and estimated the VEGF-suppression
duration to be 36 days.

In the current analysis, the OSPREY trial, a head-
to-head comparison of IVT-BRO and IVT-AFL, was
used to examine simulated vitreous molar drug concen-
trations with BCVA data.”® With IVT-AFL q8w
after three initial monthly doses, the vitreous molar
drug concentrations remained above the calculated
VEGF-suppression threshold throughout the study
and gains in BCVA were maintained to week 48.%
IVT-BRO molar drug concentrations were calculated
to fall slightly below the estimated VEGF-suppression
threshold toward the end of each q8w dosing period.
When the IVT-BRO dosing was extended to ql2w,
molar drug concentrations dropped further below the
estimated VEGF-suppression threshold, where they
remained for longer periods of time. These prolonged
drops may have been clinically relevant because the
overall BCVA gains decreased when the IVT-BRO
concentrations remained below the VEGF-suppression
threshold during the ql2w extensions. The prescrib-
ing recommendation for IVT-BRO is 6 mg monthly
for the first three doses, followed by one dose of 6
mg every eight to 12 weeks (~56-84 days).? Given the
potential loss of effective VEGF suppression with IVT-
BRO after day 48 to 59 or even as early as 37 days
as determined by our model, caution might be recom-
mended before extending dosing intervals beyond these
timeframes.

It is not possible to perform a similar comparison
of PK levels and functional outcomes using published
data from HAWK and HARRIER because of the
study designs. In both trials, IVT-AFL was injected
with fixed q8w intervals but IVT-BRO was injected
g8w or ql12w depending on functional and anatomic
measures of disease activity.’® The available ql2w-
only BCVA data do not reflect the total population
because poor responders were removed from the q12w
dosing groups in the pivotal trials.”® Relevant large-
scale studies where q12w or longer treatment intervals
were reported up to two years for IVT-AFL or IVT-
BRO are shown in Table 3. The proportion of patients
maintaining q12w dosing with IVT-BRO after the three
initial monthly doses in HAWK and HARRIER was
56% and 50% through week 48, and 45% and 39%
through week 96, respectively.>?® In comparison, by

TVST | April 2021 | Vol. 10 | No.4 | Article9 | 12

week 96 of the pivotal VIEW trials, 48% to 54% of
patients treated with IVT-AFL were maintained on
ql2w dosing.’® In the ALTAIR and ARIES trials,
by the end of year 2 (weeks 96 and 104, respec-
tively), ~47% to 60% of patients were treated with
>12-week IVT-AFL treatment intervals and ~27% to
46% were treated every 16 weeks.”’ These data suggest
that on average, higher proportions of subjects would
be treated with ql2w or longer intervals with IVT-
AFL than with IVT-BRO. This assessment is based
on indirect comparisons of the agents with different
dosing regimens per agent.

Overall, the VEGF-suppression durations after
single intravitreal doses can be ranked as IVT-AFL
(71 days)® > IVT-BRO (approximately 51 days [model
derived]) > IVT-RAN (36 days),'” which is consistent
with the molecular characteristics of the anti-VEGF
agents and their associated vitreous PK after intra-
vitreal injection. The PK/PD modeling indicates that
this behavior is preserved for multiple-dosing scenarios
and provides a possible rationale for the differences in
functional outcomes observed in clinical trials of IVT-
AFL and IVT-BRO, and in the proportion of patients
who can successfully be maintained on a q12w dosing
schedule.
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