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Objective: Population pharmacokinetic modeling of pegaptanib was undertaken to determine
influence of renal function on apparent clearance.

Methods: In a randomized, double-masked multicenter trial, intravitreal pegaptanib (0.3, 1.0,
or 3.0 mg/eye) was administered in patients with diabetic macular edema every 6 weeks for
12-30 weeks. A one-compartment model with first-order absorption, distribution volume, and
clearance was used to characterize the pegaptanib plasma concentration—time profile.
Results: In 58 patients, increases in area under the concentration—time curve (AUC) to end
of the dosing interval (AUC
indicating minimal plasma accumulation. Sex and race did not have clinically significant effects

o) @nd maximum concentration with repeat doses were <6%,
on pegaptanib exposure. In the final model, the AUC extrapolated to infinite time and maximum
concentration increased by =50% in older patients (aged >68 years) relative to younger patients
due to decreases in creatinine clearance (CRCL), a significant predictor of clearance. Pegaptanib
clearance was reduced by 29% when CRCL decreased by 50%. The change in exposure with
CRCL (range, 0-190 mL/minute) was < 10-fold with 0.3-3.0 mg doses.

Conclusion: While pegaptanib clearance and AUC were significantly influenced by CRCL,
the predicted exposure in patients with renal insufficiency or renal failure shows no evidence
that a dose adjustment is warranted, given the tenfold margin of safety observed over the dose
range of 0.3-3.0 mg.

Keywords: clearance, diabetic macular edema, pegaptanib, population pharmacokinetics,
renal function

Introduction

Diabetic macular edema (DME) is an edematous thickening of the macular region of the
retina that is associated with reduction in visual acuity. DME frequently accompanies
diabetic retinopathy, which is a retinal angiopathy associated with type 1 and type 2
diabetes mellitus. Diabetic retinopathy is a leading cause of blindness in Western
societies,! and is expected to increase as the anticipated prevalence of diabetes rises
to 4.4% in 2030.?

There is substantial evidence implicating vascular endothelial growth factor (VEGF)
as a significant contributor to the increase in vascular permeability and angiopathy
observed in diabetic retinopathy and DME. One of the biological activities of VEGF
is to increase vascular permeability by specifically binding to receptors on vascular
endothelial cells.” Intravitreal (IVT) injections of VEGF, ,
involved in ocular angiopathies,*> causes blood—retinal barrier breakdown and microa-

the primary VEGF isoform

neurysm formation.® Further, retinal levels of VEGF,  rise within 1 week of the onset
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of DME and are temporally correlated with the blood—retinal
barrier breakdown observed in animal models of diabetic
retinopathy.” Blocking the actions of VEGF in these models
reduced the retinal vascular permeability and blood-retinal
barrier breakdown to levels observed in healthy, nondiabetic
animals. Finally, VEGF levels are reportedly elevated in the
retina® and aqueous humor? of patients with macular edema,
with a significant correlation between VEGF concentrations
and disease severity.

Together, these data support the use of anti-VEGF  _ ther-
apy for the treatment of patients with DME. One such agent
is pegaptanib sodium (Macugen®; Eyetech Inc, Palm Beach
Gardens, FL, USA), which is currently approved for the
treatment of neovascular, age-related macular degeneration
(AMD)," in which VEGF is known to play an important role.
Pegaptanib is a pegylated oligoribonucleotide (aptamer) that
binds with high specificity and affinity to VEGF
tering, and therefore preventing VEGF

165> SEQUES-

1¢s [Tom activating its
receptor.'? It is hypothesized that the action of pegaptanib as
a functional antagonist of VEGF . could play a significant
role in treating DME by suppressing VEGF-induced vascular
leakage and retinal edema.

Oligonucleotides are cleared from the body primarily
by renal elimination,''? with hepatic clearance (CL) acting
as a secondary pathway.'>!* Pegaptanib is believed to be
eliminated through similar processes. The renal elimination
pathway for oligonucleotides may be impaired in diabetic
patients, who suffer from a high incidence of renal insuffi-
ciency and end-stage renal failure."> Moreover, renal func-
tion declines steadily with age, independent of other disease
processes.'® Thus, the impairment of renal function in patients
with DME may increase systemic exposure to pegaptanib
following IVT administration, requiring an adjustment in
dose. Therefore, a population pharmacokinetic (PK) analysis
based on plasma samples was performed using data obtained
from diabetic patients treated for DME, in order to assess the
impact of renal function on CL and systemic exposure (area
under the concentration—time curve [AUC] and maximum
concentration [C__ 1) to pegaptanib.

Methods
Ethics

The investigation contributing to this population PK analysis
was conducted in accordance with the rules, regulations, and
ethical practices laid out in the Helsinki Declarations and
local legal and regulatory bodies pertinent to the conduct of
trials in new therapeutics. All study protocols were reviewed
and approved by the Institutional Review Boards of the

study centers involved. Moreover, all patients or their legal
representative provided written informed consent prior to
their enrollment in these studies.

Study design

EOP1005 was a randomized, double-masked, sham injection-
controlled, dose-finding, multicenter trial conducted using
a parallel-group design. Patients were randomized to receive
one of three doses of pegaptanib (0.3 mg, 1.0 mg, or 3.0
mg) or sham control injections (n=44, 44, 42, and 42,
respectively). The sham-control group had an empty syringe
with no needle applied to the eye, which was pressed to
simulate an injection. Patients received a minimum of three
IVT pegaptanib injections or sham-control applications at
weeks 0, 6, and 12. Additional injections were permitted at
weeks 18, 24, and 30 at the discretion of the investigator,
for a possible maximum of six IVT pegaptanib or sham
administrations.

In study EOP1005, the pegaptanib arms were compared
with the sham arm to evaluate efficacy. The primary effi-
cacy endpoint was the change in retinal thickness between
baseline and week 36 as measured in the central subfield by
optical coherence tomography. The key secondary efficacy
endpoint was the change in best-corrected visual acuity
between baseline and study week 36. The resulting clinical
efficacy of pegaptanib in the treatment of DME has been
previously published.!”

PK sampling and drug concentration

assays
Serial blood samples for the determination of pegaptanib
concentrations were collected after the first and third pegap-
tanib or sham injections at predose, 4 hours, 24 hours, and
1, 3, and 6 weeks postdose (detailed nominal schedule are
presented in Table S1). All plasma samples were kept frozen
(at —20°C) after preparation and until shipment. A good
laboratory-practice-validated, dual hybridization assay was
used to determine plasma pegaptanib concentrations (PPD
Development, Richmond, VA, USA). The assay maintained
a lower limit of quantification (LLOQ) of 0.5 ng/mL.

PK modeling

The parameters of the non-linear, mixed-effect models were
estimated using NONMEM® version VII (ICON Develop-
ment Solutions, Dublin, Ireland).'* SAS 9.1.3 (Service Pack
4 XP_PRO platform; SAS Institute, Cary, NC, USA) and
S-Plus 7.0 (TIBCO Software Inc, Palo Alto, CA, USA)
were used to process the data and to perform simulations.'
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Graphical analysis of the data or model output was performed
using S-Plus. Concentration data below LLOQ (BLQ) were
incorporated by formally specifying the likelihood and
treating these data as censored observations (M3 method in
NONMEM).202!

A one-compartment model with first-order absorption was
used to describe the pegaptanib plasma concentration—time
profiles. A two-compartment model did not improve predic-
tion, and only minimal information on a second compartment
was available from the dataset. The structural base model
was parameterized using the apparent steady-state volume
(V), CL, and acceleration constant (Ka), which described
the transfer of pegaptanib from the ocular compartment to
systemic circulation.

Flip-flop kinetics were assumed in the model, based
on preclinical studies indicating that the terminal half-life
(T, 2) of pegaptanib is shorter following intravenous rather
than IVT administration.”> To maintain flip-flop kinetics,
population parameters were not constrained. Preclinical
studies estimated the bioavailability of pegaptanib after [IVT
administration to be 70%—-100%. The ratio of Ka and the
elimination rate constant

K, =CL/V (1)

estimates were greater than an order of magnitude, indicating
that appropriate starting values would converge to proper
estimates. Diagnostic plots were qualitatively inspected to
evaluate the quality of the fit. Random effect models were
constructed, with the random effect for interindividual vari-
ability applied to CL, V, and Ka, and random effects for
inter-occasion variability applied to Ka.

A full model was constructed by adding a targeted set of
covariates (Equations 2—4) to the base model because of the
relatively small number of subjects (N=58) enrolled. Clinical
judgment was used to determine which covariates were tested
for their influence on specific PK parameters.

The parameter equations for the full model were:

- o[ SREL, “(wr "
O "o 85

4

AGE,
exp(6, X SEX,)| — =+ exp(M) (2

&

AGE
Ka, = exp(6,) ?’ exp(6, X SEX ) exp(n/) “)

All the covariate effects were added and estimated simultane-
ously to establish a full PK model, which was subjected to
Wald’s approximation method (WAM).»

The WAM procedure identified a subset of parsimoni-
ous PK models constructed using combinations of the eight
covariates in the full model. WAM was used to approximate
Schwarz’s Bayesian criterion (SBC) and to rank all the mod-
els relative to the maximum SBC. The top 15 ranked models
were fitted using NONMEM to calculate the likelihood
function-based SBC estimates, with the final parsimonious
model selected on the basis of the maximum NONMEM-
based SBC.

The distributions of the percentages of BLQ concentra-
tions were compared with those observed in the actual data.
Geometric means of the simulated data greater than LLOQ
(0.5 ng/mL) were computed for each replicate trial by time
windows. The distributions of these conditional geometric
means were compared with the geometric means of non-BLQ
data, which were computed using the same time window. A
predictive check was also performed to evaluate the quality
of the model fit. Data were simulated using the final model
in NONMEM for 500 replicate trials that were similar in
design to the EOP1005 trial in terms of dosing, sampling
times, and covariates. The distributions of the percentages
of BLQ concentrations were compared with those observed
in the actual data. The comparisons were reported for ad hoc
time windows because of the sparse sampling times. Geo-
metric means of the simulated data greater than the LLOQ
were also computed for each replicate trial by time windows.
The distributions of these conditional geometric means were
compared with the geometric means of non-BLQ data, which
were computed using the same time window.

The final model was used to predict estimates of standard
noncompartmental analysis (NCA)-type parameters. The
empirical Bayes’ predictions of the random effects, NP, were
used to generate individual predictions of the compartmental
PK parameters. These predictions were entered into the fol-
lowing equations to generate NCA parameter predictions for
a single injection of 0.3 mg pegaptanib (Equations 5-7),

_1,000x0.3mg

(r) =
AUC(O—inf)fp CcL»

In(Ke'”) ~In Ka»

weT, ’ vy 3) )
V;’ = exp(%) ? exp(alo X SEX,) exp(n[ ) maxil’) Ke_(P) —Ka_(P)
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1,000x0.3mgx Ka'» by the selection of CRCL as a predictive covariate for CL
== . x[exp(—KaFl’) xT ) . . . T
max(?) ( Ke» — Kaﬁﬂ)) i max(?) during covariate model development. This selection indicates
l I a “significant” relationship between CL and CRCL.
—exp(-Ke” xT_ )] (6)
Results
T 2 _24xIn(2) ) A total of 550 observations of pegaptanib plasma concen-
M Ka'» trations from 58 patients supported the development of the

where AUC , -is AUC from time 0 to infinity, T __ is the
time at which the maximum concentration was predicted for
a single dose, C _is the maximum concentration predicted
for a single dose, and T, z reflects the terminal elimination
half-life. These NCA parameter predictions were log-trans-
formed to calculate geometric mean and percent coefficient
of variation by covariate groups.

Finally, pegaptanib CL at clearance (CRCL) <30 mL/
minute was predicted using a simplified power model:

CRCL

o,
CLi:equ( n j exp(n() (8)

which predicts CL, to be 0 when CRCL, =0; and a linear model:

CL =[ exp(8)+SLPx(CRCL, =80) |exp(n()  (9)

For both models, exp(6,) represents the typical individual
prediction of CL at CRCL, =80 mL/minute (mean of all dose
groups rounded to nearest 10). The slope parameter (SLP)
for CRCL was parameterized as:

SLP = () exp(-exp(8) (10)

which allows 6, (relating the changes in CRCL to changes
in CL) to range from —oo to o while constraining SLP >0.
Asaresult, CL, >0. Maintaining a feasible prediction of CL,
over this range is important, because a smoothed parametric
bootstrap procedure was used to generate confidence intervals
(CIs). For this procedure, the sampling distribution of the
parameter estimates was assumed to be multivariate normal
with a covariance matrix equal to the covariance matrix of
the estimates, which in turn is derived from the Hessian
matrix (R matrix in NONMEM). Parameters were sampled
from this distribution and plugged into the model to yield
typical individual predictions per replicate sampled. The 5th
and 95th percentiles of the distributions were computed and
plotted as the 90% CI. The restriction of SLP >0 is supported

population PK models. The number of patients and a sum-
mary of covariates are displayed by dose group in Table 1.
Because ~26% of the data were BLQ (Table S2), a component
for censoring was added to the likelihood function in order
to appropriately incorporate these data into the model. The
0.3 mg pegaptanib treatment group had the largest number
of BLQ observations (47%) compared with the other arms
(<19%). Race effects are included in Table 1 for complete-
ness, but were not considered in the covariate analysis

Table | Summary of covariate data

Pegaptanib dosage Total
0.3 mg 1.0 mg 3.0mg N=58
n=20 n=23 n=15
Discrete, n (%)
Race
Asian 1 (1.72) 1 (1.72) 0 (0.00) 2 (3.45)
Black 3(5.17) 3 (5.17) 2 (3.45) 8 (13.79)
Hispanic 1 (1.72) 1 (1.72) 2 (3.45) 4 (6.90)
White 15 (25.86) 18 (31.03) I1(18.97) 44 (75.86)
Total 20 (34.48) 23 (39.66) I5(25.86) 58 (100.00)
Sex
Female 11 (18.97) 16 (27.59) 5 (8.62) 32 (55.17)
Male 9 (15.52) 7 (12.07) 10 (17.24) 26 (44.83)
Total 20 (3448) 23 (39.66) I5(25.86) 58 (100.00)
Continuous
Age, years
Mean 60.75 62.83 61.27 61.71
Median 60.50 64.00 62.00 61.50
SD 11.80 12.74 10.05 1.6l
Minimum 44.00 27.00 42.00 27.00
Maximum  89.00 81.00 76.00 89.00
CRCL, mL/min
Mean 85.12 66.38 85.09 77.68
Median 77.10 64.31 73.27 70.48
SD 39.77 25.78 29.03 32.80
Minimum 36.07 29.94 46.18 29.94
Maximum 189.54 123.49 135.96 189.54
Weight, kg
Mean 83.46 85.33 92.63 86.58
Median 84.45 83.50 90.30 85.15
SD 19.77 14.24 24.46 19.21
Minimum 47.20 59.50 51.10 47.20
Maximum 123.50 109.40 129.40 129.40

Notes: All covariates summary measures are from baseline/screening (prior to
treatment) values.

Abbreviations: N, total number of patients; n, number of patients in subgroup;
SD, standard deviation; CRCL, creatinine clearance based on the Crockroft-Gault
formula; min, minute.
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because the majority of patients were white (n=44 of 58).
The 1.0 mg treatment group appeared to have lower CRCL
values than the other treatment groups, but the body-weight
distribution for this group was comparable to the other
groups. The age distribution and number of males to females
also appeared to be similar across treatment groups.

A one-compartment model with first-order absorption
adequately characterized the pegaptanib concentration—time
profile following IVT administration, and was used as the
base model. The WAM? algorithm was applied to the full
model, and resulted in a model with a CRCL effect on CL and
sex effect on Ka. This model was selected as the final model
because it maximized the Wald-based* (-32.379 vs —33.012
for next-best model) and NONMEM-based!” (-31.300
vs —31.746 for next-best model) SBCs. The observed con-
centrations and model predictions as determined using the
final model for the first and third doses of pegaptanib 0.3 mg,
1.0 mg, and 3.0 mg per eye administered every 6 weeks are
presented in Figure S1. The increase in AUC from time 0 to
end of the dosing interval (AUC  )and C___from the firstto
third dose was <6%, consistent with minimal accumulation
of pegaptanib with repeat dosing. Predictions of these param-
eters at steady state, based on a fixed inter-dosing interval of
6 weeks, also suggested minimal pegaptanib accumulation.

The NCA parameters were calculated using the final
model; the results for a normalized prediction to the 0.3 mg
dose of pegaptanib are displayed in Table 2. Using these
normalized predictions, it was found that the sex had small
(<20%) numerical effectson AUC , ,C_,orT, z. Although
males had a higher C__ than females, they displayed lower

max’

plasma concentrations during the terminal phase (Figure 1).
In contrast, the covariates age, weight, and CRCL showed
larger numerical changes in AUC. Given the observed age
distribution, older patients (aged >68 years) had a 63%
higher AUC relative to younger patients (aged =57 years).
For the observed weight range in this study, patients
with lower weight (=79 kg) had a 49% higher AUC than
those with higher weight (>93 kg). Given the observed
CRCL distribution for the study, patients with a CRCL
of =63 mL/minute had a 61% higher AUC than patients with
a CRCL of >86 mL/minute. Age had the greatest influence
on C_, causing a 50% increase in patients aged >68 years
relative to those aged =57 years. This increase in C_ _most
likely reflects the age-related decline in CRCL superimposed
upon any diabetic nephropathy.!>1¢

All CRCL values in patients participating in this study
varied from 30 to 190 mL/minute (median 70.5 mL/minute).
The temporal changes in pegaptanib exposure for patients

Table 2 Non-compartmental analysis parameter predictions for the final model scaled to 0.3 mg pegaptanib

n AUC__ ,ngh/mL C,_ .. (single dose), ng/mL T,... (single dose), h T,z,d
Mean Med %CV Mean Med %CV Mean Med %CV Mean Med %CV

Sex
Female 322 1,586 1,757 50.0 43 4.7 44.6 91.5 103.0 473 7.1 72 10.2
Male 26 1,635 1,561 234 5.0 5.2 24.6 8l.4 92.4 31.2 6.5 6.4 14.3
Race
White 44 1,567 1,686 43.8 4.5 4.7 387 85.3 92.7 41.5 6.9 6.9 13.0
Black 8 1,843 1,961 27.1 5.6 6.1 28.9 85.9 94.3 37.2 6.4 6.1 12.0
Hispanic 4 1,609 1,707 253 3.8 3.5 39.7 123.0 115.4 40.8 7.5 7.6 10.8
Asian 2 1,635 1,635 5.0 53 53 2.2 65.9 65.9 24.4 6.6 6.6 14.1
Age,y
=57 21 1,279 1,509 52.1 3.6 3.8 47.9 84.4 92.7 45.4 6.9 6.6 12.0
57-68 21 1,708 1,710 22.3 5.1 49 22.9 82.7 834 39.4 6.6 6.6 12.3
>68 16 2,004 1,969 22.5 5.4 53 19.9 96.1 99.0 375 7.1 7.3 14.5
Weight, kg
=79 20 1,960 2,010 23.2 55 5.4 23.2 93.0 94.7 339 6.8 6.6 12.4
79-93 19 1,553 1,657 40.1 4.6 5.1 39.0 782 80.7 50.5 6.8 72 14.8
>93 19 1,351 1,418 46.1 3.8 3.9 40.3 89.6 95.3 37.1 6.9 6.7 12.1
CRCL (mL/min)
=63 20 1,951 1,989 25.9 5.5 5.9 26.1 91.8 97.5 314 6.8 6.6 13.0
63-86 19 1,605 1,744 40.8 4.5 4.8 37.2 87.4 93.7 55.1 6.9 72 14.9
>86 19 1,314 1,509 43.0 3.9 43 40.4 81.3 91.7 34.1 6.8 6.7 11.4
Total 58 1,608 1,727 40.0 4.6 4.8 375 86.8 92.7 41.0 6.8 6.7 12.9
Sim total* 1,592 1,590 45.2 4.5 4.5 40.8 85.0 86.7 51.1 6.8 6.8 19.7

Note: *Simulation considered 100,000 virtual subjects.

Abbreviations: n, number of patients in subgroup; AUCMM, area under the concentration—time curve from time 0 to infinity; h, hour; C

maximum concentration; T

‘max’ max’

time at maximum concentration; T, z, terminal half-life; d, days; Med, median; CV, coefficient of variation; y, years; CRCL, creatinine clearance; min, minute; Sim, simulation.
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Figure | Influence of sex on plasma pegaptanib levels over time.
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Notes: (A) Patients treated with a single dose of 0.3 mg pegaptanib/eye had a rate of 47% below the lower limit of quantification (BLQ), and therefore, these data were
not pooled by dose-normalization. (B) Patients in the 1.0 mg and 3.0 mg pegaptanib/eye cohorts had similar rates of BLQ readings (17% and 8%, respectively), and were
pooled by dose-normalizing, allowing for greater statistical power. This provided evidence that males treated with either 1.0 mg or 3.0 mg pegaptanib had a higher maximum
concentration (C__ ), but lower plasma concentrations during the terminal phase and thus, a faster terminal elimination rate than females.

Abbreviations: F, females; h, hour; Geo, geometric; M, males; PRED, prediction.

stratified into CRCL groups above and below the median
value indicated that plasma pegaptanib concentrations
showed a trend toward higher concentrations in patients
with lower CRCL values (Figure 2) in the groups receiving
pegaptanib 1.0 mg and 3.0 mg doses per eye. The predicted
CL values ranged from 0.124 to 0.305 over the observed
range of CRCL values (Table 1). The changes in CL are
less than proportional to changes in CRCL, as indicated by
the ratio of 2.46 for CL compared with 6 for CRCL over
the range of both variables. These results also apply for the
predicted AUC , , whose values ranged from 2,419 to 983
ng-hour/mL over the same series of CRcl values (Figure S2).
The AUC for patients with CRCL of 30—40 mL/minute was
predicted to be less than twofold higher than in patients
with CRCL of 80 mL/minute. The relationship between
the pegaptanib CL/AUC and the CRCL predicted by the
final model for a typical individual (random effect set to 0)
is shown in Figure 3. The ratio of CL/AUC for CRCL of
30-190 mL/minute to the CL/AUC predicted for a patient
with a CRCL of 80 mL/minute ranges from 0.62 to 1.53.

The AUC in patients with a low CRCL was predicted to be
less than twofold higher than in patients with a CRCL of
80 mL/minute. Although no patients were available with a
CRCL <30 mL/minute, predictions of the systemic expo-
sure to pegaptanib were simulated (Figure 4). The empirical
Bayes’ predictions were nearly indistinguishable for the two
models, as were the typical individual predictions over the
range of observed CRCL (30—190 mL/minute). The 90% CI
for the power model was larger, and generally contains the
prediction and 90% CI for the linear model. The two mod-
els started to diverge at CRCL <30 mL/minute (Figure 4),
but the difference in the CL prediction was only 0.0349 L/
hour at a CRCL of 10 mL/minute (CL 0.107 L/hour for the
linear model and 0.0722 L/hour for the power model). The
predicted ratio of AUC ata CRCL of 10 mL/minute by model
was 1.484, which indicates that the power model predicts a
48% higher AUC relative to the linear model (for a CRCL
of 10 mL/minute). Since the study did not include data on
patients with CRCL<30, predictions in this range should
viewed with caution and in light of the variability associated
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A 0.3 mg pegaptanib B 1.0 mg and 3.0 mg pegaptanib
PRED (base model) PRED (base model)
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Figure 2 Influence of the covariate creatinine clearance (CRCL) on plasma pegaptanib levels over time.

Notes: Data from patients were stratified based on CRCL values >70.5 mL/min or =70.5 mL/min, which was the median CRCL value for this study. (A) Patients treated
with a single dose of 0.3 mg pegaptanib/eye had a rate of 47% below the lower limit of quantification (BLQ), and therefore, these data were not pooled by dose normalization.
(B) Patients in the 1.0 mg and 3.0 mg pegaptanib/eye cohorts had similar rates of BLQ readings (17% and 8%, respectively), and were pooled by dose normalizing, allowing
for greater statistical power. This provided evidence that patients with a CRCL =70.5 mL/min had higher maximum concentration values and higher plasma concentrations
than those with CRCL >70.5 mL/min.

Abbreviations: h, hour; Geo, geometric; min, minute; PRED, prediction.
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Figure 3 (A) Influence of creatinine clearance (CRCL) on the predicted pegaptanib exposure for a typical individual. The predictions are based on the final model, with
1 set to O for a typical individual. (B) The ratio of clearance (CL) for a 0.3 mg dose to the CL predicted for a patient with a CRCL of 80 mL/min. The ratio of area under
the concentration—time curve (AUC) for a 0.3 mg dose to the AUC predicted for a patient with a CRCL of 80 mL/min is also shown. The 90% confidence intervals (Cls) are
displayed as dashed lines in both panels. These were computed by sampling parameter estimates from a multivariate normal distribution (n=10,000) with a covariance matrix
equal to the covariance matrix of the estimates from the full working model to avoid overly narrow Cl ranges.

Abbreviations: AUC__ , area under the concentration—time curve from time 0 to infinity; h, hour; min, minute; vs, versus.
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Figure 4 Clearance (CL) and area under the concentration—time curve (AUC) at creatinine clearance (CRCL) <30 mL/min predicted using two models.

Notes: (A) In order to gain insights into the systemic exposure to pegaptanib in patients with severe renal insufficiency or renal failure, two models (a linear model and a
simplified non-linear power model) were used to predict CL and AUC at CRCL <30 mL/min. Note that the 90% Cls for both models overlap over virtually the entire range
of CRCL. (B) Closer examination of the CL and AUC at CRCL <30 mL/min. The non-linear power model predicts a rapid decline in pegaptanib CL and divergence from the
linear model prediction at CRCL <I5 mL/min. In contrast, the linear model predicts residual pegaptanib clearance would occur at CRCL <15 mL/min, consistent with the

presence of secondary, non-renal elimination pathways for pegaptanib.

Abbreviations: AUCMH‘, area under the concentration—time curve from time 0 to infinity; Cl, confidence interval; h, hour; inf, infinity; IPRED, individual prediction; min,

minute; PRED, prediction.

with those predictions. Also, this analysis does not directly
provide information about any type of non-renal CL.
Although CRCL had a significant effect on C_
(Table 2), this effect was similar in both sexes (Figure S3).
The C

max

ranged from 2.9 to 5.9 ng/mL in females and 3.5 to
6.9 ng/mL in males. The range of C__ values varied less than
twofold over the range of CRCL observed, suggesting that
sex-based differences in C__ , while they may be numerically
different, are probably not clinically meaningful. A summary
of the influence of all the investigated intrinsic covariates is
provided in Figure 5. In most cases, the effect of the intrinsic
covariate on either AUC or C__is not significantly different
from the reference values, as indicated by the overlap of the
90% CI with the dotted vertical line at 1.0 in Figure 5.

Discussion
Although other mechanisms, including hepatic and splenic
uptake, play secondary roles in elimination, oligonucleotides,

such as pegaptanib, a VEGF, _-sequestering aptamer, are

165
eliminated primarily by renal CL. Pegaptanib was previ-
ously approved for the treatment of neovascular AMD!® and
is being investigated for the treatment of DME. Unlike the
AMD population, which presents with age-dependent decre-
ments in renal function, the DME population can manifest
renal insufficiency due both to age and diabetic nephropathy.
The impact of renal function and other covariates (eg, sex)
on the systemic exposure to pegaptanib in diabetic patients
may require an adjustment in pegaptanib dosing. Therefore,
a population PK study was performed using data from a
clinical investigation of pegaptanib PK in patients with
diabetic retinopathy and DME to determine the influence of

CRCL, as an index of renal function, and other covariates
on pegaptanib CL following IVT administration.

As previously observed in the population PK study in
AMD patients,* a single-compartmental model incorporat-
ing CL, V, and Ka adequately characterized the pegaptanib
concentration—time profile following IVT administration in
diabetic patients. The limited number of patients (N=58)
enrolled in the current study and the relatively large percent-
age of samples that were BLQ (particularly in the cohort
receiving the 0.3 mg dose) required the use of a censored
likelihood component to incorporate all of the data into the
model, which was then normalized to the 0.3 mg dose of
pegaptanib. Although sex was included in the final model
as a statistically significant effect on absorption, the model-
predicted NCA parameters showed that influence of sex on
systemic pegaptanib exposure was small (decreases of 21%
inC__ and 5% in AUC among males and females) and not
likely to be clinically significant (for C__or AUC). However,
age and body weight, which significantly influence CRCL,
impacted systemic exposure to pegaptanib. The covariate
search process indicated that these influences were primar-
ily due to change in CRCL, which is associated with renal
function.

CRCL significantly influenced AUC_, .and C_ , with
an approximately twofold change in these parameters over
the observed range of CRCL. However, the change in CL
that this represents is expected to result in substantially
less than the tenfold increase in systemic exposure (AUC)
observed after administration of the well-tolerated 3.0-mg
dose of pegaptanib. This was true not only when based on
the data obtained from direct observation in patients with
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Covariate Reference Parameter
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Figure 5 Forest plot summarizing the influence of diabetic macular edema on the systemic exposure to pegaptanib.

Notes: The mean + 90% ClI of ratios of the area under the concentration-time curve (AUC; black circle) and maximum concentration (C__;white circle) for the various
covariates relative to the reference values for these pharmacokinetic parameters are shown. As an example, if the AUC for a patient with a body weight =60 kg was the
same as that for the reference population of 60-70 kg, the value indicated on the chart would be I.

Abbreviations: Cl, confidence interval; CRCL, creatinine clearance; F, female; M, male; min, minute; y, years.

moderate renal insufficiency (CRCL 30 mL/minute), but
was also predicted for individuals suffering from renal
failure (CRCL <15 mL/minute). Within the context of the
safety profile of pegaptanib in patients with DME, we con-
servatively estimated that adjustments to pegaptanib dosing
should not be required, even in patients with severe renal
insufficiency or renal failure.

The PK of pegaptanib in patients with DME is qualita-
tively similar to that observed in those with AMD,* where the
ratio of CL for the lowest and highest CRCL values was 2.3-
fold. In that population, age as opposed to sex was a predictor
of Ka. Nonetheless, these covariates and those affecting CL
were not considered to be clinically meaningful relative to the
safety margin established for the 0.3 mg/eye regimen in the
current study. In most cases, the effect of the intrinsic covari-
ate on either AUC or C__is not significantly different from
the reference values and, in all cases, the change in systemic

exposure is less than that observed following administration
of the well-tolerated 3.0 mg dose of pegaptanib (reference
ratio =10, data not shown). It is concluded that the results of
this population PK analysis of pegaptanib in patients with
DME are similar to those observed in AMD patients in that
they do not warrant an adjustment of the pegaptanib dose
in patients with renal insufficiency, nor do they indicate an
alternative to dosing every 6 weeks.

In the current study, an analysis of pegaptanib PK in a
population of patients with DME was performed using a
single-compartment model. Predicted parameters from this
model indicated that pegaptanib did not accumulate in the
plasma after multiple doses, and that the covariates race
and sex had no clinically significant impact on the PK of
pegaptanib. While pegaptanib CL and AUC were signifi-
cantly influenced by CRCL, the increase in these parameters
was such that it can be concluded that no dose adjustment
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is warranted for patients with severe renal insufficiency or
renal failure, given the tenfold margin of safety observed over
the dose range of 0.3-3.0 mg. While diabetic patients have
an increased risk of vascular accidents, including stroke and
myocardial infarcts, the potential for adverse effects follow-
ing IVT administration of pegaptanib is minimized relative
to pan-VEGF-A blockers due to its low systemic exposure
and selective blocking of VEGF  .**
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Supplementary materials

Table S1 Nominal schedule of plasma sampling for pharmacokinetic analysis

Schedule for the first dose

Schedule for the third dose

Predose

412 hours (day 0)
2444 hours (day 0)
Week 143 days
Week 3£3 days

Week 6 (just prior to second dose)

Predose (week 12 prior to dosing)
412 hours postdose (week 12)

2414 hours (week 12)

Week |3£3 days
Week 15£3 days
Week 18 (just prior to fourth dose)

Table S2 Number of patients, observations, BLQs, and exclusions

Sample type Pegaptanib dose group Total
0.3 mg 1.0 mg 3.0 mg
Patients n 20 23 15 58
Row, % 345 39.7 25.9 100
Observations
>BLQ No. of PK samples 102 173 131 406
% 18.4 31.2 23.6 732
Row, % 25.1 42.6 323 -
Col, % 52.6 80.8 89.1 -
=BLQ No. of PK samples 92 40 12 144
% 16.6 7.2 22 26.0
Row, % 63.9 27.8 83 -
Col, % 474 18.7 82 -
Excluded® No. of PK samples 0 | 4 5
% 0.00 0.18 0.72 0.90
Row, % 0.00 20.0 80.0 -
Col, % 0.00 0.47 2.72 -
Total No. of PK samples 194 214 147 555
% 35.0 39.6 26.5 100
Note: *Excluded from the analysis.
Abbreviations: BLQ, below the lower limit of quantification; No., number; PK, pharmacokinetic; Col, column.
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Figure S1 Time course of the observed and predicated plasma pegaptanib concentrations.
Notes: Data presented from samples obtained after the first and third doses, respectively, of pegaptanib (a and d) 0.3 mg, (b and e) 1.0 mg, and (c and f) 3.0 mg, per eye.
Gray circles represent concentrations below the lower limit of quantification (BLQ); gray squares represent concentrations equal to or less than BLQ. Model predications

plotted here determined using the final model assuming a fixed dosing interval of 6 weeks. The median and IPREDmed were calculated by time-interval bins. For visual clarity,
only statistics with more than five observations are plotted.

Abbreviations: F, females; h, hours; IPREDmed, median of individual PRED prediction; M, males; PRED, prediction.
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Figure S2 Final model predictions of clearance divided by AUC vs creatinine clearance (CRCL) normalized to the 0.3 mg dose of pegaptanib: (CL/AUC) vs CRCL.

Notes: The plot was composed of dose-normalized data to increase the sample size and improve estimate precision. Model (Est =0.49) is the power parameter from the
final model, least squares (LS) regressions were performed for Log® vs Log™*, and the estimate of the slope coefficient is LSFit (Est =0.494). The P-value for the t-test of
the LS regression coefficient against the null value of 0 is LSFit (P<0.0001). A smoother is also provided. These analyses were performed using S-Plus (TIBCO Software, Palo
Alto, CA, USA).

Abbreviations: AUC, area under the concentration—time curve; AUC,, - AUC from time 0 to infinity; CL, clearance; Est, estimated slope; h, hour; min, minute; LSFit, least
squares regression fit; log®, log of clearance; log™*®, log of creatinine clearance; vs, versus.
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Figure S3 The influence of sex on the relationship between the predicted maximum concentration (C_ ) of pegaptanib and creatinine clearance (CRCL).

Notes: CRCL was previously found to influence clearance and thus, C

‘max’

the influence of CRCL on the predicted C

after a single, 0-3 mg dose of pegaptanib in (A) females

‘max

and (B) males. The dashed line represents the 90% CI. The ratios of C__for CRCL 30 and 190 mL/min are predicted to be twofold in both females and males.

Abbreviations: Cl, confidence interval; min, minute.
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