Vitreous Levels of Angiopoietin-1 and Angiopoietin-2
in Eyes With Retinopathy of Prematurity
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® PURPOSE: To determine the vitreous levels of angio-
poietin (Ang)-1 and Ang-2 in eyes with retinopathy of
prematurity (ROP), and to determine the correlation
between the 2 levels.

® DESIGN: Retrospective case-control study.

® METHODS: Forty-eight eyes with stage 4 ROP were
studied. Six eyes with congenital cataract were used as
controls. The ROP eyes were classified by the vascular
activity into highly (n = 22), moderately (n = 15), and
mildly (n = 11) vascular-active ROP. Eyes with highly
vascular-active ROP initially received 0.5 mg of intrav-
itreal bevacizumab (IVB) and underwent vitrectomy
within 1 week. The others underwent vitrectomy with-
out IVB. Vitreous samples were collected at the begin-
ning of vitrectomy, and the vitreous levels of Angs were
measured by enzyme-linked immunosorbent assay.

® RESULTS: The mean concentrations of Ang-1 and
Ang-2 were 201.9 and 7832.1 pg/mL in highly vascular-
active ROP eyes, 216.1 and 7731.2 pg/mL in moderately
vascular-active ROP eyes, 533.8 and 1685.9 pg/mL in
mildly vascular-active ROP eyes, and O and 41.5 pg/mL
in control eyes. The vitreous Ang-1 level was signifi-
cantly higher (P < .05) in highly, moderately, and mildly
vascular-active ROP eyes than in control eyes. The
vitreous Ang-2 level was significantly higher (P < .05)
in highly and moderately vascular-active ROP eyes than
in control eyes. There was a significant negative correla-
tion (r = —0.406; P = .040) between the Ang-1 and
Ang-2 levels in moderately and mildly vascular-active
ROP eyes.

® CONCLUSIONS: The balance of Ang-1 and Ang-2 in
the vitreous may be important in the pathogenesis of
ROP. (Am ] Ophthalmol 2011;151:353-357. © 2011
by Elsevier Inc. All rights reserved.)

ported as retrolental fibroplasia by Terry in 1942,
is a retinal vascular disorder that develops in eyes
with incomplete blood vessel development at birth. The
sprouting of new blood vessels, pathologic neovasculariza-
tion, induced by hypoxia is the crucial event in the
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pathology of ROP. In severe cases, the pathologic neovas-
cularization leads to fibrovascular proliferation, vitreoreti-
nal traction, and tractional retinal detachment, which
then leads to severe loss of vision. Various factors may be
involved in regulating the pathologic neovascularization,
and among them vascular endothelial growth factor
(VEGF) has been reported to be the dominant factor.>™”

The vitreous level of VEGF has been shown to be higher
in stage 4 ROP eyes than in control (congenital cataract)
eyes, and the VEGF level was correlated with the vascular
activity.”™ In addition, anti-VEGF therapy, for example,
intravitreal injection of bevacizumab, a humanized mono-
clonal antibody against VEGF, can reduce the angiogenic
activity in ROP eyes.®’

The angiopoietins (Angs) are growth factors that mod-
ulate the processes of not only physiological angiogenesis
but also pathologic neovascularization, particularly associ-
ated with VEGF.® Ang-1, Ang-2, Ang-3, and Ang-4 are
members of the Ang family.® Among them, Ang-1 and
Ang-2 are ligands of tyrosine kinase receptor TieZ and
have similar binding affinities for Tie2.%? Ang-1 is ex-
pressed by pericytes in vitro and in vivo.'® It induces
autophosphorylation of Tie2 and promotes remodeling,
maturation, and stabilization of blood vessels by recruiting
surrounding support cells and extracellular matrix.!"1*
Ang-2, on the other hand, is expressed by endothelial cells
in vivo and is an antagonist for the TieZ receptor by
inhibiting its autophosphorylation.”!>!® Ang-2 induces
endothelial destabilization and promotes angiogenesis in
the presence of VEGF, and destabilization by Ang-2 in the
absence of VEGF leads to the regression of fragile ves-
sels."*!7 The production of Ang-2 is upregulated by
hypoxia'® and VEGE.!&1?

The purpose of this study was to measure the vitreous
levels of Ang-1 and Ang-2 in ROP eyes and to compare
the levels to that in eyes with congenital cataracts. We
also determined the correlation between the Ang-1 and
Ang-2 levels in the vitreous.

METHODS

FORTY-EIGHT EYES OF 36 INFANTS (17 FEMALE AND 19 MALE
infants) with stage 4 ROP (4A, 36 eyes; 4B, 12 eyes) were
studied. The mean gestational age of the infants was 24.2
weeks (range, 22-26 weeks), and the mean birth weight
was 640 grams (range, 332-977 grams). All of the infants
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FIGURE 1. Fluorescein angiography in eyes with stage 4 retinopathy of prematurity (ROP). (Top left) Representative fluorescein
angiogram in an eye with highly vascular-active ROP. The angiogram shows dilation and tortuosity of the posterior retinal vessels
and marked fluorescein leakage from the neovascularization. (Top right) Representative fluorescein angiogram in an eye with
moderately vascular-active ROP. The angiogram shows dilation and tortuosity of the posterior retinal vessels and weak fluorescein
leakage from neovascularization. (Bottom left) Representative fluorescein angiogram in an eye with mildly vascular-active ROP.
The angiogram shows that the posterior retinal vessels are not dilated and tortuous and shows the mild fluorescein leakage from the

neovascularization.

underwent primary vitreous surgery at the Osaka Uni-
versity Hospital, Osaka, Japan from July 5, 2007 through
December 24, 2009. All of the eyes underwent indirect
photocoagulation of the avascular peripheral retina before
the vitrectomy.

Fundus examinations with a slit lamp and contact lens
(Volk Quad Pediatric Lens; Volk Optical Inc, Mentor,
Ohio, USA) were performed under general anesthesia.
During the examinations, fundus photographs and fluores-
cein angiograms were taken with a RetCam 120 digital
fundus camera (Massie Research Laboratories, Inc, Pleas-
anton, California, USA). The stage of the ROP was based
on the International Classification of Retinopathy of
Prematurity.”’ In addition, the stage 4 ROP eyes were
classified into 3 groups: highly vascular-active ROP, mod-
erately vascular-active ROP, and mildly vascular-active
ROP, as described (Figure 1).*° Eyes with highly vascu-
lar-active ROP initially received 0.5 mg of intravitreal
bevacizumab (IVB) and underwent vitrectomy 1 to 7 days
after the injection.” Vitrectomy was performed on moder-
ately and mildly vascular-active ROP eyes without IVB.

Six eyes of 5 infants with congenital cataract (3 female
and 2 male infants), whose ages ranged from 1 month to 4
years, were studied as controls. All of these infants were
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full-term babies and did not have any other ocular or
systemic complications.

Undiluted vitreous samples were collected from eyes
with ROP during 3-port closed vitrectomy with a 23-gauge
system before the infusion valve was opened. In the eyes
with congenital cataract, the 2-port limbal approach was
used. After lens aspiration, the aqueous humor in anterior
chamber was replaced by viscoelastic material. A posterior
continuous curvilinear capsulorrhexis was performed,*!
and undiluted vitreous samples were collected during the
anterior vitrectomy.

The vitreous samples were collected in sterile tubes,
which were then placed on dry ice and stored at —80°C
until the assay. For the protein assay, the vitreous samples
were thawed and centrifuged at 15 000 rpm for 10 minutes
at 4°C. The supernatants were used to determine the
vitreous levels of Ang-1 and Ang-2 by enzyme-linked
immunosorbent assay with kits for human anti-Ang-1 and
anti-Ang-2 (R & D Systems, Minneapolis, Minnesota,
USA). The minimum detectable levels of the tests were
3.45 pg/mlL for Ang-1 and 8.29 pg/mL for Ang-2. If the raw
data were less than the minimum detectable levels, they
were set to O for the statistical analyses. Each assay used 30
pL for Ang-1 and 25 pL for Ang-2 of the vitreous
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FIGURE 2. Vitreous level of angiopoietin-1 in eyes with
retinopathy of prematurity and congenital cataract. The hori-
zontal axis represents the sample type and the vertical axis
represents the vitreous level of angiopoietin-1. Statistical anal-
yses were performed by Kruskal-Wallis 1-way analysis of
variance, followed by Dunn’s method (*P < .05). ROP =
retinopathy of prematurity.
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FIGURE 3. Vitreous level of angiopoietin-2 in eyes with
retinopathy of prematurity and congenital cataract. The hori-
zontal axis represents the sample type and the vertical axis
represents the vitreous level of angiopoietin-2. Statistical anal-
yses were performed by Kruskal-Wallis 1-way analysis of
variance, followed by Dunn’s method (*P < .05). ROP =
retinopathy of prematurity.

sample/well, and the assay was performed twice. The
optical density was determined at 450 nm with an absorp-
tion spectrophotometer (ARVO,y; PerkinElmer Japan,
Kanagawa, Japan) with the correction wavelength set at
540 nm.

Statistical analyses were performed using SPSS software
(Sigma Stat; Systat Software, Inc, San Jose, California,
USA). Data are presented as the means and ranges.
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FIGURE 4. Correlation between angiopoietin-1 and -2 levels
in the vitreous of eyes with retinopathy of prematurity (ROP).
The horizontal and vertical axes represent the vitreous levels of
angiopoietin-1 and -2 in moderately and mildly vascular-active
ROP eyes, respectively. Statistical analyses were performed by
Pearson product moment correlation (r = —0.406, P = .040).

Kruskal-Wallis 1-way analysis of variance (ANOVA) on
ranks was used to compare the vitreous concentrations of
Ang-land Ang-2 among the groups, followed by Dunn’s
method to detect significant difference between 2 groups.
The correlation between the Ang-1 and Ang-2 levels was
determined by the Pearson product moment correlation. A
P value less than .05 was considered to be statistically
significant.

RESULTS

AMONG THE EYES WITH STAGE 4 ROP, 22 EYES WERE CLAS-
sified as highly vascular-active ROP, 15 eyes as moderately
vascular-active ROP, and 11 eyes as mildly vascular-active
ROP. The mean vitreous level of Ang-1 was 201.9 pg/mL
(range, O to 461.7 pg/mL) in the highly vascular-active
ROP eyes, 216.1 pg/mL (range, 8.5 to 637.0 pg/mL) in the
moderately vascular-active ROP eyes, 533.8 pg/mL (range,
218.9 to 1044.9 pg/mL) in the mildly vascular-active ROP
eyes, and O pg/mL (range, O to O pg/mL) in the control
eyes. The vitreous levels of Ang-1 were significantly
different (P < .001) among the 4 groups. The levels of
Ang-1 in the highly, moderately, and mildly vascular-
active ROP eyes were significantly (P < .05) higher than
that in the control eyes (Figure 2).

The vitreous levels of Ang-2 were significantly different
(P < .001) among the 4 groups. The mean vitreous level
of Ang-2 in the highly vascular-active ROP eyes that had
received IVB was 7832.1 pg/mL (range, 1136.6 to 21 078.1
pg/mL). The mean vitreous level of Ang-2 was 7731.2
pg/mL (range, 599.5 to 17 956.0 pg/mL) in the moderately
vascular-active ROP eyes, 1685.9 pg/mL (range, 231.0 to
5055.1 pg/mL) in the mildly vascular-active ROP eyes, and
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41.5 pg/mL (range, 0 to 125.5 pg/mL) in the control eyes.
The levels of Ang-2 in the highly and moderately vascular-
active ROP eyes were significantly (P < .05) higher than
that in control eyes (Figure 3).

Because the vitreous level of Ang-2 in highly vascular-
active ROP eyes could be affected by the IVB,'®'? the
correlation of the vitreous levels between Ang-1 and
Ang-2 was analyzed only in the moderately and mildly
vascular-active ROP eyes. The analysis showed a signifi-
cant negative correlation (r = —0.406; P = .040) between
the Ang-1 and Ang-2 levels in the vitreous of these ROP
eyes (Figure 4).

DISCUSSION

THE MAJOR FINDINGS IN THIS STUDY ARE: FIRST, THE VIT-
reous level of Ang-1 was significantly higher in the highly,
moderately, and mildly vascular-active ROP eyes than in
control eyes. Second, the vitreous Ang-2 level was signif-
icantly higher in the highly and moderately vascular-active
ROP eyes than in control eyes. And third, there was a
significant negative correlation between the Ang-1 and
Ang-2 levels in the vitreous fluid of the moderately and
mildly vascular-active ROP eyes.

Ang-1 was first described in 1996 to be a ligand for the
TieZ receptor.12 In vivo experiments on transgenic mice
that overexpressed Ang-1?? or of recombinant adenovi-
ruses expressing Ang-1?> showed that Ang-1 induced the
development of blood vessels that were not leaky and
vessels that did not leak when exposed to inflammatory
agents. Mice lacking Ang-1 had angiogenic deficits similar to
those seen in mice lacking Tie2. These findings indicated
that Ang-1 was a primary physiologic ligand for Tie2, and
that it played a critical role in in vivo angiogenic activity."’
Ang-1 has also been demonstrated in diabetic rats where it
prevents and reverses diabetic retinal vascular changes, such
as blood-retinal barrier breakdown, in both new and estab-
lished diabetes.”* We found that the vitreous level of Ang-1
was significantly higher in the highly, moderately, and mildly
vascular-active ROP eyes than that in the control eyes.
Taking these results together, Ang-1 may contribute to the
antipermeability and stabilization of new blood vessels in
ROP eyes with any increased degree of vascular activity.

Ang-2 was first described in 1997 as a naturally occur-
ring antagonist against Ang-1 and Tie2.® Transgenic mice
overexpressing Ang-2 had disruptions in the formation of
embryonic blood vessels.” Ang-2 also caused pericyte
dropout in normal retinas.”’ The inhibition of Ang-2 by an
intravitreal injection of sTie2-Fc reduced retinal neovas-
cularization in murine oxygen-induced retinopathy (OIR),
a commonly used mouse model of ROP.'® The vitreous

level of Ang-2 has been shown to be higher in eyes with
proliferative diabetic retinopathy than that in eyes without
proliferative diabetic retinopathy, and the level increased
as the vascular activity increased.?® We found that the
level of Ang-2 was significantly higher in the highly and
moderately vascular-active ROP eyes than that of control
eyes. Taken together, Ang-2 may contribute to vascular
plasticity and angiogenesis in ROP eyes.

We also found that the vitreous levels of Ang-1 and
Ang-2 were significantly negatively correlated in the
moderately and mildly vascular-active ROP eyes. These
results indicated that the balance of positive and negative
regulation by both Ang-1 and Ang-2 may be crucial to
angiogenic events in ROP.

We did not determine the vitreous level of VEGF. How-
ever, we have measured the vitreous level of VEGF in stage 4
ROP eyes*® and found that the level in highly vascular-active
ROP eyes that had received 0.5 mg of [VB was not signifi-
cantly different from that of control (congenital cataract)
eyes.* This suggested that a dose of 0.5 mg IVB may be
enough to inhibit the activity of VEGF in ROP eyes. On the
other hand, although the IVB led to reduced neovascular
activity in most cases of ROP, we have never had a complete
resolution of leakage after IVB.” The reason for this discrep-
ancy between the VEGF and neovascular activity has not
been determined. One possibility is that a molecule (eg,
Ang-2) other than VEGF may play a significant role in the
vascular activity in ROP eyes.

The origins of vitreous Ang-1 and Ang-2 were also
not determined. Because the serum concentrations of
the Angs were not measured, we cannot eliminate the
possibility of leakage of the Angs from blood into the
vitreous cavity. However, the vitreous Angs are more
likely derived from the eye. One of the reasons for this is that
the production of Ang-2 has been demonstrated to be
upregulated by hypoxia and VEGF,'® which is similar to
the condition in ROP eyes. In fact, we have investigated the
comprehensive gene expression changes in murine OIR, and
demonstrated that the mRNA level of Ang-2 is upregu-
lated at the time when the extraretinal neovascularization
is the most prominent.?’ These results suggested that the
Angs may be produced in ROP eyes in response to the
clinical conditions. Further studies are needed to deter-
mine the origin of Angs in the vitreous.

In summary, the results of this study showed that the
vitreous levels of Ang-1 and Ang-2 in stage 4 ROP eyes
were significantly higher than those of control eyes. The
levels of Ang-1 and Ang-2 showed a significant negative
correlation. These results indicate that the balance of
positive and negative regulation by both Ang-1 and
Ang-2 may be important to the pathology of ROP.
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Serum Concentrations of Bevacizumab (Avastin) and
Vascular Endothelial Growth Factor in Infants With
Retinopathy of Prematurity

TATSUHIKO SATO, KAZUKO WADA, HITOMI ARAHORI, NORIYUKI KUNO, KENJI IMOTO,
CHIHARU IWAHASHI-SHIMA, AND SHUN]JI KUSAKA

® PURPOSE: To determine the serum concentrations of bev-
acizumab and vascular endothelial growth factor (VEGF) in
infants with retinopathy of prematurity (ROP) who re-
ceived intravitreal bevacizumab; and to determine whether
the changes in the serum concentration of bevacizumab
were significantly correlated with the serum concentration
of VEGEF after intravitreal bevacizumab.

® DESIGN: Case series.

e METHODS: Eleven infants (4 girls and 7 boys) with
ROP were studied. They received 0.25 mg or 0.5 mg of
intravitreal bevacizumab to either 1 eye (unilateral cases)
or both eyes (bilateral cases) with vascularly active ROP.
Serum samples were collected before and 1 day, 1 week,
and 2 weeks after the intravitreal bevacizumab. The
serum concentrations of bevacizumab and VEGF were
measured by enzyme-linked immunosorbent assay, and
the correlation in the serum levels between the 2 was
determined.

e RESULTS: The serum concentration of bevacizumab
before and 1 day, 1week, and 2 weeks after a total of 0.5
mg of intravitreal bevacizumab was O ng/mL, 195 =+ 324
ng/mL, 946 * 680 ng/ml, and 1214 %= 351 ng/ml,
respectively. The serum bevacizumab level before and 1
day and 1 week after a total 1.0 mg of intravitreal
bevacizumab was O ng/mL, 248 * 174 ng/mL, and 548 =
89 ng/ml, respectively. The serum concentration of
VEGEF before and 1 day, 1 week, and 2 weeks after a total
of 0.5 mg intravitreal bevacizumab was 1628 %= 929
pg/mL, 427 + 140 pg/mL, 246 = 110 pg/mL, and 269 =
157 pg/mL, respectively. There was a significant negative
correlation (r = —0.575, P = .0125) between the serum
concentration of bevacizumab and VEGF when a total of
0.25 mg or 0.5 mg of bevacizumab was injected.

® CONCLUSIONS: These results indicate that bevaci-
zumab can escape from the eye into the systemic circu-
lation and reduce the serum level of VEGF in infants
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with ROP. Continued extensive evaluations of infants
are warranted for possible effects after intravitreal bev-
acizumab in ROP patients. (Am J Ophthalmol 2011;
xx:xxx. © 2011 by Elsevier Inc. All rights reserved.)

ing cause of infant blindness, especially in devel-

oped countries. Retinal photocoagulation of the
peripheral avascular retina is commonly used to treat eyes
with ROP without retinal detachment, and scleral buck-
ling or vitrectomy is used in ROP eyes with retinal
detachment. Recently, early vitrectomy has been used to
treat eyes with ROP to obtain favorable functional and
structural outcomes.! However, some of the ROP eyes
have high vascular activity, and vitrectomy in these eyes
usually results in poor surgical outcomes.”

For such cases with high vascular activity, we have
performed vitrectomy combined with a preoperative intra-
vitreal injection of an antibody against vascular endothe-
lial growth factor (VEGF).” VEGF is the main growth
factor responsible for angiogenesis and is considered to be
the primary angiogenic factor that mediates retinal neo-
vascularization in eyes with ROP.* Studies of patients with
stage 4 ROP showed that the vitreous concentration of
VEGF in eyes with vascularly active ROP was significantly
higher than in eyes with vascularly inactive ROP,”" and
anti-VEGF therapy has been shown to be effective in
reducing the angiogenic activity in eyes with ROP.>%?

Bevacizumab (Avastin; Genentech Inc, South San
Francisco, California, USA) is a recombinant humanized
monoclonal antibody that is directed against all isoforms of
VEGF. Many studies have reported on the effectiveness of
intravitreal bevacizumab on neovascular disorders, for
example, age-related macular degeneration,'® proliferative
diabetic retinopathy,'! neovascular glaucoma,'? and
ROP.>%? In addition, the results of a randomized clinical
trial that compared intravitreal bevacizumab as mono-
therapy with laser therapy in the treatment of ROP have
been published.!® As intravitreal bevacizumab was shown
to be of significant benefit compared to laser therapy in
zone | stage 3+ ROP, the use of intravitreal bevacizumab
in the treatment of ROP is likely to be more common in
the near future. However, there are also studies that have
reported that intravitreal bevacizumab had adverse sys-
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TABLE 1. Demographics of Infants with Retinopathy of Prematurity

Postmenstrual Age at Body Weight at Time of Intravitreal

Intravitreal Gestational Body Weight Intravitreal Intravitreal Bevacizumab to
Patient Sex Eye/Stage Bevacizumab (mg) Age (Weeks) at Birth (g) Bevacizumab (Weeks) Bevacizumab (g) Vitrectomy (Days)
1 Male Right/5 — 24 753 — 1820 Not applicable
Left/4A 0.5 36 2
2 Male Right/4B —_ 23 611 — 2490 1
Left/4A 0.5 39 1
3 Female Right/4A 0.5 23 492 37 1354 3
Left/4A 0.5 37 Not applicable
4 Male Right/5 0.5 24 332 38 1384 2
Left/4A 0.5 38 2
5 Male Right/4A 0.5 23 686 41 2098 2
Left/3 0.5 41 Not applicable
6 Female Right/3 0.5 26 826 33 1214 Not applicable
Left/3 0.5 33 Not applicable
7 Female Right/3 0.25 25 768 41 2600 Not applicable
Left/4B — — 0
8 Male Right/3 0.25 27 454 51 2151 Not applicable
Left/3 0.25 51 Not applicable
2] Male Right/3 0.25 26 828 35 1476 Not applicable
Left/3 0.25 35 Not applicable
10 Female Right/3 0.25 23 472 38 940 6
Left/5 0.25 38 6
11 Male Right/3 0.25 27 1042 32 1398 Not applicable
Left/3 0.25 32 Not applicable
temic effects.!*!® These adverse effects (for example, 2000
systemic thrombotic events and hypertension) are similar £
to the ones reported after intravenous administration of | _
bevacizumab for cancer treatments. Although no systemic | & 1s00 -
adverse event has been reported after intravitreal bevaci- g
zumab in eyes with ROP,*®%13 the serum concentration of | &
bevacizumab after intravitreal bevacizumab has not been S 1000 - //
determined. o '
Thus, the purpose of this study was to determine the % i
serum concentrations of bevacizumab and VEGF in ROP § 500 2
infants who received intravitreal bevacizumab. £
g 1
0 I .
METHODS pre 1 day 1wk 2 wks

THE FUNDUS OF INFANTS WITH ROP WAS EXAMINED WITH
a slit lamp and contact lens (Volk Quad Pediatric Lens;
Volk Optical Inc, Mentor, Ohio, USA) under general
anesthesia. During the examinations, fundus photographs
and fluorescein angiograms were taken with a RetCam 120
digital fundus camera (Clarity Medical Systems, Inc, Pleas-
anton, California, USA). The stage of the ROP was based
on the International Classification of Retinopathy of
Prematurity.'® The ROP eyes were also classified into 3
groups according to the vascular activity: highly vascular-
active ROP, moderately vascular-active ROP, and mildly
vascular-active ROP.!” The eyes with highly vascular-
active ROP initially received 0.25 mg or 0.5 mg of
intravitreal bevacizumab and underwent 23-gauge pars
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Time Course before and after Intravitreal Bevacizumab
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o Total 1.0 mg of Intravitreal Bevacizumab

FIGURE 1. Time course of serum level of bevacizumab in
infants with retinopathy of prematurity who received intravit-
real bevacizumab. The abscissa represents the time before and
after intravitreal bevacizumab and the ordinate represents the
serum level of bevacizumab.

plicata vitrectomy without cannula system. The surgery
was performed within 1 week after the injection when
considered to be necessary.’

MONTH 2011



TABLE 2. Serum Levels of Bevacizumab (Avastin) and Vascular Endothelial Growth Factor in Infants With' Retinopathy of Prematurity

Serum Level of Bevacizumab (ng/ml.)

Serum Level of Vascular Endothelial Growth Factor (pg/mL)

Total Dosage of 1 Day After 1 Week After 2 Weeks After 1 Day After 1 Week After 2 Weel
Intravitreal Before Intravitreal Intravitreal Intravitreal Intravitreal Before Intravitreal Intravitreal Intravitreal Intray

Eye/Stage Bevacizumab {mg) Bevacizumab Bevacizumab Bevacizumab Bevacizumab Bevacizumab Bevacizumab Bevacizumab Bevac
Right/5 0.5 0 23 NA NA NA NA NA N
Left/4A
Right/4B 0.5 0 31 81 NA NA NA NA N
Left/4A '
Right/4A 1.0 0 206 665 NA NA NA NA N
Left/4A
Right/5 1.0 0 396 513 NA NA NA NA N
Left/4A
Right/4A 1.0 0 19 560 NA NA NA NA N
Left/3
Right/3 1.0 0 372 453 NA NA NA NA N
Left/3
Right/3 0.25 0 11 113 NA 418 303 301 N
Left/4B
Right/3 0.5 0 33 1204 NA 603 227 106 N
Left/3
Right/3 0.5 0 36 610 844 1140 515 208 1
Left/3
Right/3 0.5 0 841 1905 1255 2110 433 331 4
Left/5
Right/3 0.5 0 209 928 1542 2660 533 337 2.
Left/3

2 serum levels of bevacizumab and vascular endothelial growth factor in the blank cells could be not measured because of the limited sample volumes.




Blood samples were collected before and 1 day, 1 week,
and 2 weeks after the intravitreal bevacizumab. This
schedule was based on the data from animal experiments
demonstrating that the maximum blood level of bevaci-
zumab is achieved about 1 to 2 weeks after the intravitreal
bevacizumab.'®° The blood samples were collected in
sterile tubes by an anesthesiologist or a neonatologist and
centrifuged at 5000 rpm for 10 minutes until a clear
separation between serum and the cell components was
seen. The serum was transferred to sterile tubes and stored
at —80 C until the assay.

The serum concentration of bevacizumab was measured
with an enzyme-linked immunosorbent assay (ELISA) kit
(Protein Detector ELISA Kit; Kirkegaard & Perry Labora-
tories, Inc, Gaithersburg, Maryland, USA), according to
the manufacturer’s protocol and also according to an
earlier report with slight modifications.?! Briefly, microwell
plates (Immuno 96 MicroCell solid plates; Nunc, Roskilde,
Denmark) were coated with recombinant human VEGF, 45
(PeproTech, Rocky Hill, New Jersey, USA) at a concen-
tration of 1.0 pg/mL for 1 hour at room temperature (100
pl/well). After blocking the wells to reduce nonspecific
binding, 100 pL of each sample and different concentra-
tions of the standard were added to the plates. A standard
curve was prepared with bevacizumab ranging from 1
ng/mL to 5000 ng/mL. The bound bevacizumab was made
visible with 0.1 pg/mL of horseradish peroxidase—goat
anti-human IgG (H+L) conjugate prepared by the ELISA
kit. The optical density was determined at 405 nm with an
absorption spectrophotometer (ARVO,y; PerkinElmer Ja-
pan, Kanagawa, Japan). The background absorbance was
subtracted from all values. This assay measures the free
bevacizumab, and all measurements were performed twice
according to the manufacturer’s recommendation.

The serum concentration of VEGF was measured with
an ELISA kit for human anti-VEGF (R & D Systems,
Minneapolis, Minnesota, USA) according to the manufac-
turer’s protocol. The anti-VEGF kit can detect the 121 and
165 isoforms of VEGF. The minimum detectable level of
the test was 9.0 pg/mL for VEGF. The optical density was
determined at 450 nm with the absorption spectrophotom-
eter with the correction wavelength set at 540 nm. The
assay was also performed in duplicate.

Statistical analyses were performed using the SPSS
software (Sigma Stat; Systat Software, Inc, San Jose,
California, USA). Data are presented as the means and
standard deviations. If the data were normally and equally
distributed, 1-way repeated-measures analysis of variance
was used to compare 3 or more matched groups, followed
by the Holm-Sidak method to detect significant differences
between each set of data. If the data were not normally or
equally distributed, Friedman repeated-measures analysis of
variance on ranks was performed to compare 3 or more
matched groups, followed by Dunn’s method to detect
significant differences between each set of data. The
significance of differences between 2 groups was deter-

4 AMERICAN JOURNAL OF OPHTHALMOLOGY

3000

_ Py ny N
o 523 Lol o
[ [ [l <
o o <o o
1 5 s

Serum Leve! of VEGF {pg/ml)

500 - E\H

9 : r v
pre 1 day 1wk 2 wks

Time Course before and after Intravitreal Bevacizumab

% —e— Total 0.5 mg of Intravitreal Bevacizumab §

FIGURE 2. Time course of serum level of vascular endothelial
growth factor (VEGF) in infants with retinopathy of prematu-
rity who received a total of 0.5 mg of intravitreal bevacizumab.
The abscissa represents the time before and after intravitreal
bevacizumab and the ordinate represents the serum level of

VEGF.

mined by t tests if the data were normally and equally
distributed and by the Mann-Whitney rank sum test if not
normally distributed. The correlation between 2 parame-
ters was determined by the Spearman rank order correla-
tion because the residuals were not normally distributed
with constant variance. A P value less than .05 was
considered to be statistically significant.

RESULTS

ELEVEN INFANTS (4 GIRLS AND 7 BOYS) WITH HIGHLY VAS-
cular-active ROP were studied. The demographics of the
patients are summarized in Table 1. Three patients re-
ceived intravitreal bevacizumab in 1 eye and the other 8
received intravitreal bevacizumab in both eyes. The mean
gestational age of the infants was 25 weeks (range, 23-27
weeks), and the mean body weight at birth was 660 grams
(range, 332-1042 grams). All of the infants had received
laser photocoagulation of the peripheral avascular retina
before the intravitreal bevacizumab. The mean postmen-
strual age of the infants at the time of intravitreal bevaci-
zumab was 38 weeks (range, 32-51 weeks), and the mean
body weight at the time of the intravitreal bevacizumab
was 1720 grams (range, 940-2600 grams). In Patients 6, 8,
9, and 11 with stage 3 ROP, vitrectomy was not performed
after the intravitreal bevacizumab because of the reduction of
vascular activities. In the remaining patients, vitrectomy was
performed O to 6 days after the intravitreal bevacizamab.
The average serum levels of bevacizumab before and 1
day, 1 week, and 2 weeks after a total of 0.5 mg of
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FIGURE 3. Correlation between bevacizumab and vascular
endothelial growth factor (VEGF) levels in the serum of
patients with retinopathy of prematurity (ROP). The abscissa
represents the serum levels of bevacizumab and the ordinate
represents the VEGF level in ROP infants. Statistical analyses

were performed by Spearman rank order correlation (r =
—-0.575, P = .0125).

intravitreal bevacizumab were O ng/mL, 195 = 324 ng/mlL,
946 + 680 ng/mL, and 1214 * 351 ng/mL, respectively
(Figure 1, Table 2). In Patients 2, 8, 9, 10, and 11, the
serum bevacizumab levels were significantly different (P =
.008) before and 1 day and 1week after the intravitreal
bevacizumab, and the serum bevacizumab level at 1 week
after the intravitreal bevacizumab was significantly higher
(P < .05) than that before the intravitreal bevacizumab.

The average serum bevacizumab levels before and 1 day
and 1 week after a total of 1.0 mg of intravitreal bevaci-
zumab were 0 ng/mL, 248 *= 174 ng/mL, and 548 * 89
ng/mL, respectively (Figure 1, Table 2). In Patients 3
through 6, the serum bevacizumab levels were significantly
different (P = .005) before and 1 day and 1 week after the
intravitreal bevacizumab. The serum bevacizumab level at
1 week after the intravitreal bevacizumab was significantly
higher (P < .05) than that before the intravitreal bevaci-
zumab. The differences in the serum bevacizumab levels
after a total of 0.5 mg and 1.0 mg of intravitreal bevaci-
zumab were not significant at any time points.

The average serum concentrations of VEGF before and
1 day, 1 week, and 2 weeks after a total of 0.5 mg of
intravitreal bevacizumab were 1628 * 929 pg/mlL, 427 *
140 pg/mL, 246 * 110 pg/mL, and 269 = 157 pg/mlL,
respectively (Figure 2, Table 2). The serum VEGEF level in
Patients 1 through 6 could not be measured because the
volumes of the samples collected were too small. In
Patients 8 through 11, who received a total of 0.5 mg of
intravitreal bevacizumab, the serum VEGF levels were
significantly different (P = .005) before and 1 day and 1
week after the intravitreal bevacizumab. The serum VEGF
level at 1 week after the intravitreal bevacizumab was

VoL. xx, NO. x

significantly lower (P < .05) than that before the intrav-
itreal bevacizumab.

The correlation of serum levels of bevacizumab and
VEGF was investigated in Patients 7 through 11, who
received a total of 0.25 mg or 0.5 mg of intravitreal
bevacizumab. The results showed that there was a signifi-
cant negative correlation between the 2 levels (r =

—0.575, P = .0125; Figure 3).

DISCUSSION

OUR RESULTS SHOWED THAT THE SERUM BEVACIZUMAB
level was significantly higher at 1 week after than before
the intravitreal bevacizumab in the ROP infants who
received a total of 0.5 mg or 1.0 mg of intravitreal
bevacizumab. In addition, the serum VEGF level was
significantly lower at 1 week after than before the intrav-
itreal bevacizumab in the ROP infants who underwent a
total of 0.5 mg of intravitreal bevacizumab. Our results
showed that there was a significant negative correlation
between the serum levels of bevacizumab and VEGF in the
ROP infants who received a total of 0.25 mg or 0.5 mg of
intravitreal bevacizumab.

With regard to the serum bevacizumab level, animal
experiments showed that the blood level of bevacizumab
peaked at about 1 to 2 weeks after intravitreal bevaci-
zumab.’®%% In our patients, the serum level of bevaci-
zumab was significantly increased 1 week after the
intravitreal bevacizumab after a total of 0.5 mg or 1.0 mg
of intravitreal bevacizumab, and the highest serum
level of bevacizumab was achieved 2 weeks after the
intravitreal bevacizumab after a total of 0.5 mg of intrav-
itreal bevacizumab.

An in vitro experiment using human umbilical vein
endothelial cells demonstrated that about 500 ng/mL of
bevacizumab was able to completely block the VEGF
activities.”” Our results showed that the average serum
level of bevacizumab exceeded 500 ng/mL at 1 week after
the intravitreal bevacizumab in ROP infants who received
a total of 0.5 mg or 1.0 mg of intravitreal bevacizumab.
These results account for the decreased serum levels of
VEGEF after intravitreal bevacizumab in ROP infants. The
results of an in vivo experiment (interview form for
bevacizumab, Chugai Oncology, Tokyo, Japan; available
only in Japanese) showed that a once-weekly intravenous
injection of 2 mg/kg of bevacizumab in young macaque
monkeys did not induce any obvious side effects 26 weeks
after the beginning of the injections. The in vivo experi-
ment demonstrated that the bevacizumab concentration in
the serum 1 week after 1 intravenous injection of 2 mg/kg
bevacizumab was over 10 wg/mL, which is much higher
than the maximum serum level of bevacizumab in our
study. Fortunately, the patients in our study did not show
any systemic adverse events as far as our neonatologists
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(K.W. and H.A.) could determine. However, a careful
long-term study is necessary.

Qur results also showed that the VEGEF level signifi-
cantly decreased 1 week after intravitreal bevacizumab,
and the VEGF level was significantly correlated negatively
with the serum bevacizumab level. These results suggest
that bevacizumab escapes from the vitreous into the
systemic circulation and reduces the VEGF concentrations
in ROP infants after the intravitreal bevacizumab.

Data regarding the safe range of VEGF serum concen-
trations in premature infants with ROP have not been
reported, although the systemic levels of VEGF in infants
with or without ROP have been investigated.?>"** Villegas-
Becerril and associates®® reported that at 4 to 6 weeks after
birth, the mean serum VEGF concentration in premature
babies with ROP was 708 pg/mL, which was significantly
higher than the 511 pg/mL in premature babies without
ROP. Pieh and associates*® reported that the median
plasma level of VEGF in ROP infants was 904 pg/mL at 32
weeks and 344 pg/mL at 36 weeks of postmenstrual age,
and that in infants without ROP was 658 pg/mL at 32
weeks and 437 pg/mL at 36 weeks of postmenstrual age.
The differences in the VEGF levels between ROP and
non-ROP infants at both 32 and 36 weeks were not
significant.**

The average serum VEGF level before the intravitreal
bevacizumab in our ROP infants (Patients 7 through 11),
whose average gestational age was 26.0 weeks, was 1386
pg/mL at an average postmenstrual age of 39.8 weeks. After
the intravitreal bevacizumab, the average serum VEGF
level was comparable to those of the 2 reports®>** for both
ROP and non-ROP infants. Thus, the intravitreal bevaci-
zumab did not induce an extreme inhibition of VEGF
activities in ROP infants, although the serum VEGEF level
was significantly reduced 1 week after the 0.5 mg of
intravitreal bevacizumab in ROP infants. Further studies

are needed to determine the safe range of VEGF in ROP
infants in order to establish the appropriate dose of
intravitreal bevacizumab in ROP infants.

There are some limitations in this study. The number of
patients was limited mainly because of the small number of
infants with severe ROP. The number of blood samples at
various time points was also limited because of the tech-
nical difficulties in obtaining blood samples from low-birth
weight infants. These limitations made the statistical
analyses difficult, and there is a possibility that the serum
bevacizumab level may reach its maximal point more than
2 weeks after the intravitreal bevacizumab. Another limi-
tation is that all of the infants had received laser photo-
coagulation to the peripheral avascular retina before the
intravitreal bevacizumab. The laser photocoagulation may
break down the retinal barrier.”> Thus, although bevaci-
zumab is a large molecule so that it has difficulty in
escaping from the eye,® there is a possibility that the
retinal photocoagulation led to the higher systemic levels
of bevacizumab. In addition, the eyes with preoperative
intravitreal bevacizumab received vitrectomy in Patients 1,
2, 3, 4, 5, and 10. Thus, the possible role of vitrectomy
should be determined by either allowing the systemic
diffusion of bevacizumab by opening the eye or decreasing
it by washing out the intravitreal bevacizumab.

In conclusion, the serum levels of bevacizumab and
VEGF were determined in vascularly active ROP infants
who received intravitreal bevacizumab. The results suggest
that bevacizumab escapes from the vitreous into systemic
circulation and could suppress the VEGF concentration in
infants with ROP after intravitreal bevacizumab. Although
no systemic adverse events were observed in our patients,
continued extensive evaluation of infants is warranted for
possible effects after intravitreal bevacizumab in ROP
patients.
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ABSTRACT.

Purpose: To evaluate the long-term efficacy and safety of ranibizumab administered
pro re nata (PRN) in Japanese patients with choroidal neovascularization secondary to
age-related macular degeneration during the extension phase of the EXTEND-I study.

Methods: EXTEND-I, an open-label, multicenter, Phase 1/11 study comprised: a single-
injection (Group A); a multiple-injection (Groups A and B; the latter consisted of patients
who did not participate in the single-injection phase); and an extension phase. In the
extension phase, a PRN regimen of ranibizumab (0.3 or 0.5 mg) guided by monthly best-
corrected visual acuity (BCVA) score and other ophthalmic examinations was employed.
The efficacy variables included the mean BCVA change from Month 12 to the last visit in
Group B. Safety was assessed in all patients.

Results: In the extension phase, efficacy was assessed only in Group B patients. The
number of ranibizumab injections per year in the 0.3 and 0.5 mg Group B patients was
4.19 and 4.27, respectively. The mean BCVA change (SD) from Month 12 to the last visit
was —3.6 (14.82) letters for 0.3 mg (n = 28) and —2.2 (7.92) letters for 0.5 mg groups
(n = 33) in Group B. Conjunctival haemorrhage and nasopharyngitis were the most com-
monly reported adverse events. Of the 13 serious adverse events reported, cerebral infarc-
tion (two incidences) was suspected to be study-drug related.

Conclusions: Pro re nata regimen of ranibizumab guided by monthly BCVA and other
ophthalmic examinations appears effective in sustaining the BCVA gained with 12
monthly injections while reducing the number of injections during the extension phase.
Ranibizumab was well tolerated during the extension phase.

Key words: age-related macular degeneration — best-corrected visual acuity score — efficacy —
individualized flexible interval regimen ~ Japanese patients — PRN — ranibizumab - safety —
subfoveal choroidal neovascularization
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Introduction

Age-related  macular  degeneration
(AMD) i1s a leading cause of vision
loss in the elderly population. Of the
two types of AMD, the wet form
caused by choroidal neovasculariza-
tion (CNV) is mainly responsible for
AMD-related vision loss (Bressler
2004). According to the Hisayama
study (prospective cohort study in
Japan), the prevalence of neovascular
AMD in residents aged 50 years or
older was 0.67% in 1998, which was
lower than that observed in the Cau-
casians (Oshima et al. 2001). How-
ever, another recent study (The
Funagata study) in Japanese residents
aged 35 years or older suggested that
the prevalence of neovascular AMD
in Japanese men was similar to that
seen in the Caucasian men (Kawasaki
et al. 2008).

Current evidence points to the role
of vascular endothelial growth factor
(VEGF) in CNV proliferation, and
hence agents that block its activity are
considered as a suitable therapeutic
intervention in the management of
this form of AMD (Ferrara et al
2006; Waisbourd et al. 2007). Rani-
bizumab (Lucentis®; Novartis Pharma
AG, Basel, Switzerland and Genentech
Inc, South San Francisco, CA, USA)




is a humanized monoclonal antibody
fragment that inhibits active forms of
VEGF-A, the main factor responsible
for CNV proliferation and vascular
permeability (Ferrara et al. 2006,
2007). Benefits of ranibizumab treat-
ment in improving best-corrected
visual acuity (BCVA) have been
shown in the Caucasian population
(Brown et al. 2006, 2009; Rosenfeld
et al. 2006; Mitchell etal. 2010).
Ranibizumab is currently approved in
the United States, European Union,
Japan and several other countries.
EXTEND-I was the first study in Jap-
anese patients that showed the safety
and efficacy of monthly ranibizumab
treatment (12-month results) during
multiple-injection phase in terms of
BCVA gain, reduction in total area of
leakage from CNV plus retinal pig-
ment epithelium staining and foveal
retinal thickness, which were consis-
tent with the pivotal studies per-
formed in the Caucasian population
(Tano & Ohji 2010). After the patients
had completed the 12-month multiple-
injection phase, all patients who
provided written consent and were
eligible based on the inclusion and
exclusion criteria of the extension
phase had the opportunity to continue
to receive the ‘individualized flexible
interval regimen’ [namely, pro re nata
(PRN), as needed] until the approval
of ranibizumab in Japan. This also
provided a means to assess its long-
term safety and efficacy. The PRN
regimen was expected to maintain the
improved visual acuity (VA) with less
frequent injections in the extension
phase. Current treatment guidelines in
Europe recommend three initial
monthly dosing followed by a mainte-
nance phase, wherein the ranibizumab
administration is decided based on
monthly BCVA observation (Holz
et al. 2010; Mitchell et al. 2010). This
recommendation is based mainly on
the results of the ranibizumab pivotal
randomized phase III studies, namely
MARINA (Rosenfeld et al. 2006) and
ANCHOR (Brown et al. 2006) with
monthly ranibizumab treatment. In
these studies, the improvement of the
BCVA score had stabilized (almost
reached a plateau) by Month 3, and
further increase in BCVA was mini-
mal during the subsequent monthly
treatments. On the other hand, in
another pivotal randomized Phase
IIIb study, PIER, quarterly treat-

ment regimen could not maintain the
improvement in BCVA score that was
obtained by the three initial monthly
injections (Regillo et al. 2008). How-
ever, there were also patients who
maintained their gain in BCVA score
during the quarterly regimen.

The extension phase of this study
was initiated, therefore, to investigate
whether ranibizumab administered
PRN based on monthly BCVA scores
and other ophthalmic examinations at
two consecutive visits could maintain
the improvement in BCVA scores.
The reduction in dosing frequency
was expected to reduce the risk of
adverse events (AEs) associated with
the intravitreal injection procedure in
the elderly population as well as to
address the difficulties in treating
AMD through monthly injection of
ranibizumab in a clinical setting.

Based on the 6-month interim
results of the extension phase with
PRN regimen as well as the 6- and
12-month interim analyses of monthly
multiple-injection phase of this study,
and the results of pivotal studies
in the Caucasian population, rani-
bizumab was approved in Japan in

January 2009. This paper presents the
final data on long-term efficacy (in
terms of BCVA) and safety of rani-
bizumab with PRN regimen from
whole period of the extension phase
of EXTEND-IL.

Methodology

Study design

EXTEND-I was an open-label, multi-
centre, Phase I/II study comprising
three phases: a single-injection phase,
a multiple-injection phase and an
extension phase (Fig. 1). The single-
injection phase (Group A) was
designed to sequentially evaluate the
safety of intravitreal injections of 0.3
and 0.5 mg ranibizumab (six patients
treated with each dose). The patients
who successfully completed the sin-
gle-dose phase (i.e., did not experi-
ence a Grade-3 targeted AE) could
enter a multiple-injection  phase
wherein they received the same dose
for an additional 11 months. The
12-month  multiple-injection  phase
(Groups A and B; the latter con-
sisted of patients who did not partic-

n=8

1 2 pationts

Single-injection phase*  Muitiple-injection ph Extension phase™
Dose 4 weeks ; 12 months 12-35 months
(no. of s
patients) 2 weeks 11 months
? AAhhA A
 03mg (RREERRRERR

i

-

e
e
e
e
g
i
F—-
i
—

+
i

RRERRR RN

Need of administration was
judged at each monthly visit
(PRN regimen) until approval

EERRNERERE

Fig. 1. EXTEND-I treatment schedule. *Upon completion of the single-dose phase, patients in
Group A were eligible to enter the multiple-injection phase, which began 24 weeks after the
final visit of the single-injection phase. Multiple injections did not begin until both doses were
shown to be well tolerated in all cohorts. **Upon completion of the multiple dose phase, based
on prespecified inclusion/exclusion criteria, patients could enter the extension phase. For the
extension phase, treatment as per pro re nata regimen; dose same as core phase; retreatment at
the monthly visit if loss of >35 letters in best-corrected visual acuity (BCVA) on two consecu-
tive visits (except unscheduled visits), considering other ophthalmic examinations, such as slit-
lamp examination, ophthalmoscopy, fundus photography, fluorescein angiography and optical
coherence tomography, the investigator decided whether ranibizumab treatment would be per-
formed. Similarly, if the BCVA score decreased on two consecutive visits (except unscheduled
visits) by <5 letters using ETDRS-like visual acuity chart, a decision was taken whether treat-
ment could be withheld. In any case, other ophthalmic examinations were taken into consider-
ation. For the extension phase, the number of patients for Group A was 3 in the 0.3 mg group
and 6 in the 0.5 mg group; the number of patients for Group B was 28 in the 0.3 mg group

and 33 in the 0.5 mg group.
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ipate in the single-injection phase)
evaluated the safety and efficacy of
both doses administered as monthly
intravitreal injections in two parallel
groups of 0.3 mg dose and 0.5 mg
dose (Tano & Ohji 2010). The multi-
ple-injection phase was followed by
an extension phase in which the
ranibizumab (0.3 or 0.5 mg) adminis-
tration was on a PRN basis, but
assessments were carried out on a
monthly basis. If the BCVA score
decreased at two consecutive visits
(except unscheduled visits) by >5 let-
ters, considering other ophthalmic
examinations, such as slit-lamp exam-
ination and ophthalmoscopy for
safety, fundus photography, fluores-
cein angiography and optical coher-
ence tomography for efficacy, the
investigator decided whether rani-
bizumab treatment would be adminis-
tered although no specific retreatment
criteria were provided for fundus
photography, fluorescein angiography
and optical coherence tomography
and were at the discretion of the
investigators. Similarly, if the BCVA
score decreased at two consecutive
visits (except unscheduled visits) by
<5 letters, in conjunction with other
ophthalmic examinations, a decision
was taken whether the treatment
could be withheld.

This study was conducted in accor-
dance with the Declaration of Hel-
sinki, International Conference on
Harmonization Good Clinical Practice
(GCP) guidelines and Japanese GCP.
The study was approved by Institu-
tional Review Boards at each study
centre. All patients provided written
informed consent before participating
in the study and the extension. The
trial is registered with clinicaltrials.gov
(NCT00275821).

Inclusion and exclusion criteria

All patients with subfoveal CNV sec-
ondary to AMD who completed the
multiple-injection phase in either of
the ranibizumab groups (Groups A or
B), provided written consent and met
all of the inclusion criteria set at the
beginning of the study (Tano & Ohji
2010) were eligible to enrol in the
extension phase. Patients were allowed
to participate in the extension phase
regardless of the time elapsed between
the exit visit of the multiple-injection

phase and the participation in the
extension phase.

Patients were excluded from the
extension phase if they had received
any anti-angiogenic drugs (bev-
acizumab, pegaptanib, ranibizumab,
anecortave acetate, corticosteroids or
protein kinase C inhibitors) or partici-
pated in any other clinical study of an
investigational drug during the period
from the exit visit of the multiple-
injection phase to participation in the
extension phase. However, as the
extension phase was not started on
the day of the exit visit from the mul-
tiple-injection phase, photodynamic
therapy with verteporfin was allowed
for the study eye during the transition
period.

Efficacy assessments

The efficacy variables of the extension
phase included mean change from
Month 12 in BCVA score of the study
eye using ETRDS chart (at a starting
distance of 2 m) at the last visit of the
extension phase for Group B patients
only. Group A patients were not
included as they were not assessed for
efficacy, but only for safety through-
out the study. The other efficacy vari-
ables included the proportion of
patients at the last visit with a BCVA
score loss <15 letters, and =30 letters,
or a BCVA score gain of >15 letters

in the study eye. Proportion of
patients with BCVA <34 letters,
approximate Snellen equivalent of

20/200 or worse, were also evaluated
(ETDRS charts at a starting distance
of 2 m). In the extension phase, col-
our fundus photography, fluorescein
angiography and optical coherence
tomography were performed in accor-
dance with the routine procedures
specified at each study site.

Safety assessments

All safety evaluations were based on
the enrolled population (Groups A
and B) of the extension phase. Safety
assessments consisted of recording the
frequency of the treatment collecting
all AEs, serious adverse events
(SAEs), with their severity, and rela-
tionship to study drug. It also
included monitoring of haematology,
serum chemistry, urinalysis and regu-
lar assessments of vital signs. Grade 3
targeted AEs (Tano & Ohji 2010),

intraocular inflammation, myocardial
infarction and stroke and AEs poten-
tially related to systemic VEGF inhi-
bition were analysed separately.
Serum samples for the evaluation
of immunoreactivity to ranibizumab
(antiranibizumab  antibodies) were
obtained from patients prior to study
administration at Month 23 and the
last visit for Group A patients, and
Month 24 and the last visit for Group
B patients. At the last visit as well as
at early termination, the assessments
were performed if at least 6 months
had passed since the previous mea-
surement, on or after Month 11 for
Group A patients and Month 12 for
Group B patients. The last measure-
ment in the multiple-injection phase
of the study was performed at Month
11 for Group A and Month 12 for
Group B.

Statistical analysis

The patient population included all
enrolled patients in the extension
phase. This population was used for
all analyses in Groups A and B. All
efficacy data presented were for
observed cases without the last obser-
vation carried forward method.

Descriptive statistics of the number
of injections, duration of exposure
and reason of injection were presented
for the enrolled population. The dura-
tion of treatment varied for each
patient in the extension phase. To
reduce a possible bias because of the
patients who discontinued early with-
out injection, the number of injections
per year was calculated as 365.25 x
sum of total number of injections in
the group/duration of the PRN regi-
men for the respective group. The
number of injections per year was cal-
culated for the respective group and
not per patient. Duration of the PRN
regimen was the date of the last
potential treatment visit minus the
date of Month 11 visit (the last treat-
ment visit of multiple-injection phase)
plus 1.

All efficacy analyses were based on
the study eye. Descriptive statistics
(mean, median, standard deviation,
standard error, minimum and maxi-
mum) of the change from baseline
(the single-injection phase of Group A
and the multiple-injection phase of
Group B), Month 11 and Month 12
in Group B were performed by treat-




ment and visit. The 95% confidence
intervals based on ¢-distributions and
p-values based on paired r-tests were
determined for the change from base-
line. Exact 95% confidence intervals
were calculated for the proportion of
patients -with the specified response
rates.

patients in the 0.3 mg dose group
withdrew from the study, as their con-
dition did not further require the
study drug. In Group B, 22 patients
in the 0.3 mg dose group and 21
patients in the 0.5 mg dose groups
were not discontinued in the extension
phase. Six patients in the 0.3 mg dose
group and 12 patients in the 0.5 mg

thought to be related to the study
drug.

The mean duration of treatment
(standard deviation, SD) during the
extension phase was 1.70 (0.35) years
in the 0.3 mg group and 1.93 (0.09)
years in the 0.5 mg dose group in
Group A (Table1). In Group B
patients, the mean duration of treat-

Results dose group withdrew from the exten- ment was 1.45 (0.33) years and 1.36
sion study. The maximum number of (0.39) years in the 0.3 and 0.5 mg
. patients discontinued as they did not dose groups, respectively.
Patients

Overall, 70 patients at 11 sites partici-
pated in the extension phase from 20
March 2007 to 20 January 2009: 9 in
Group A (3 and 6 in the 0.3 and
0.5 mg dose groups, respectively) and
61 in Group B (28 and 33 in the 0.3
and 0.5 mg dose groups, respectively)
as shown in Table 1. In Group A, a
total of seven patients were not dis-
continued in the extension phase. Two

require the study drug because of
improvement in VA (n = 9, two in
the 0.3 mg dose group and seven in
the 0.5 mg dose group); other reasons
being AEs (n = 4, two in each dose
group), withdrawal of consent (n = 4,
one in the 0.3 mg dose group and
three in the 0.5 mg dose group) and
protocol violation (n = 1, one in the
0.3 mg dose group). None of the AEs
leading to study discontinuation was

Table 1. Patient disposition in the extension phase.

The baseline demographic and ocu-
lar characteristics of enrolled patients
at the start of the extension phase are
given in Table 2. The mean (SD)
BCVA score of the study eye at the
start of the extension phase was 59.1
(11.69) letters and 59.8 (15.07) letters
in the 0.3 and 0.5 mg dose groups
of Group B, respectively. Overall,
approximate Snellen equivalent VA of
almost all patients was better than
20/200 except for two patients in the
0.5 mg dose group.

Of the 61 patients in Group B,
approximately 90% (25/28 and 27/33
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Group A Group A Group B Group B ¢
Ranibizumab  Ranibizumab  Ranibizumab  Ranibizumab in the 0.3 mg and the 0.5mg dose
Disposition/patients studied 0.3 mg 0.5 mg 0.3 mg 0.5 mg groups, respectively, Table 3) com-
pleted Month 24 from the baseline
P "‘gz‘:;jli’c’l %) 3 (100.0) 6 (100.0) 25 (100.0) 33 (1000) of the multiple-injection phase of
Not discontinued 1(33.3) 6 (100.0) 22 (78.6) 21 (63.6) the study, i.e., these patients received
Discontinued 2 (66.7) 0 (0.0) 6 (21.4) 12 (36.4) treatment of ranibizumab with PRN
Main cause of discontinuation for 12 months in the extension phase.
Adverse event (s) 0 (0.0) 0 (0.0) 2(7.1) 2 (6.1) The duration of treatment of each
Patient’s condition does 2 (66.7) 0 (0.0) 2(7.1) 7(21.2) patient in the extension phase varied
not requires study drug with respect to the study entry and the
g 1‘?.t°°t°] Yti}‘]’(liaﬁou t gzgg; ggggi } 88 (3)?9)(1); longest was 35 months from baseline

atient wi rew consen . . . . - —_

Mean duration, years, of 1.70 (0.35) 1.93 (0.09) 1.45 (0.33) 1.36 (0.39) for the 0.3 mg dose group (2 = 1). For

the 0.5 mg dose group, the longest was

the extension phase (SD . .
P (8D) 34 months (n = 1), as shown in Fig. 2.

Table 2. Baseline demographics of enrolled patients and ocular characteristics (study eye) at the start of the extension phase.

Group A Group A Group B Group B
Ranibizumab Ranibizumab Ranibizumab Ranibizumab
0.3 mg 0.5 mg 0.3 mg 0.5 mg
Characteristic Category/statistic N =23 N=6 N = 28 N =33
Gender — n (%) Male 3 (100.0) 5(83.3) 19 (67.9) 28 (84.8)
Female 0 (0.0) 1(16.7) 9(32.1) 5(15.2)
Age, years Mean (SD) 68.0 (10.15) 72.0 (4.82) 69.8 (8.72) 70.2 (7.83)
Race (%) Asian 3 (100.0) 6 (100.0) 28 (100.0) 33 (100.0)
Best-corrected visual acuity score Mean (SD) 72.0 (4.58) 58.5 (15.66) 59.1 (11.69) 59.8 (15.07)
Range 68-77 42-71 39-80 36-85
Approximate Snellen equivalent n (%) Median 40.0 70.0 71.5 63.0
20/200 or worse 0 (0.0) 0 (0.0) 0 (0.0) 2 (6.1)
Better than 20/200 but 1(33.3) 3 (50.0) 20 (71.4) 20 (60.6)
worse than 20/40
20/40 or better 2 (66.7) 3 (50.0) 8 (28.6) 11 (33.3)
Intraocular pressure (mmHg) Mean (SD) 13.3 (1.53) 14.2 (3.06) 13.5(2.92) 13.7 (3.09)
Range 12-15 9-18 8-20 9-23

Data of ocular characteristics are based on Month 11 visit in Group A and Month 12 visit in Group B.
N = number of enrolled patients, n = number of patients.
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Table 3. Summary of patient exposure to
ranibizumab for 12 months (from Month 12
to Month 24) in the extension phase (Group
B, enrolied patients).

Cumulative  Ranibizumab  Ranibizumab
number of 0.3 mg 0.5 mg
injections (N = 28) (N = 33)
Month 24
n 25 27
Mean (SD) 4.1 3.9
4.12) (4.63)
Range 0-13 0-13
0 7 9
1-2 3 8
3-6 9 2
7-9 2 3
10-12 3 4
13 1 1
Number of 4.19 4.27
injections
per Year

The number of injections per year is calcu-
lated as: 365.25 x total number of injec-
tions/duration of the pro re nata (PRN)
regimen.

Number of injections per year is calculated
for total group, not per patient.

Duration of the PRN regimen: date of last
potential treatment visit ~ date of Month 11
visit + 1.

N = number of enrolled patients, » = num-
ber of patients.

The exposure to ranibizumab in the
extension phase of Group B is shown
in Table 3. At Month 24, the patients
had been treated with the PRN regi-
men for 12 months in the extension
phase, and hence the maximum
achievable number of injections by
this visit was 13. The injection fre-
quency of ranibizumab for individual
patient varied from 0 to 13 times for
this 12 months in the extension phase.
The estimated number of injections
per year in the extension phase was
4.19 and 4.27 in the 0.3 and 0.5 mg
dose groups in Group B, respectively.

Efficacy

The mean change (SD) from Month
12 in BCVA score of the study eye to
the last visit in the extension phase
was —3.6 (14.82) letters in the 0.3 mg
group and —2.2 (7.92) letters in the
0.5 mg group of Group B using the
PRN regimen (Table 4). Furthermore,
the mean change (SD) from baseline
in BCVA score of the study eye to the
last visit in the extension phase was
7.5 (19.12) letters in the 0.3 mg group
and 7.7 (13.02) letters in the 0.5 mg

n
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Fig. 2. Mean change from Month 12 (the start of Extension phase) in best-corrected visual acu-
ity score (£ SE) of study eye by visit during extension phase (Group B patients).

group (p = 0.0475 for the 0.3 mg
dose group and p = 0.0019 for the
0.5 mg dose group) (Table 4). Overall,
the improvement in BCVA score at
Month 12 by monthly ranibizumab
injection was sustained throughout the
extension phase with the PRN regi-
men (Fig. 2).

Table 5 shows the proportion of
patients with respect to VA outcome at
the last visit in the extension phase.
The proportion of patients who lost
<15 letters from baseline in BCVA in
the study eye was 85.7% (24/28) and
97.0% (32/33) in the 0.3 and 0.5 mg
dose groups, respectively. Nine patients
each in the 0.3 mg (32.1%) and 0.5 mg
(27.3%) dose groups gained >15 letters
from the baseline. One patient each in
the 0.3 mg (3.6%) and 0.5 mg (3.0%)
dose groups lost 230 letters from the
baseline. The proportion of patients
with approximate Snellen equivalent of
20/200 or worse was 14.3% (4/28) and
6.1% (2/33) in the 0.3 and 0.5 mg
groups, respectively.

The mean time to first retreatment
in the extension phase since Month 11
of the multiple-injection phase (when
the last monthly injection was done)
in Group B was 218.5 days (range:
29-512 days) for the 0.3 mg group
and 255.6 days (range: 29-571 days)
for the 0.5 mg group.

Safety

In Group A patient population
(n = 9), two of three (66.7%) patients
in the 0.3 mg dose group and three of
six (50.0%) patients in the 0.5 mg

dose group experienced at least one
ocular AE in the study eye during the
extension phase. In Group B, 20 of 28
(71.4%) patients in the 0.3 mg dose
group and 18 of 33 (54.5%) patients
in the 0.5 mg dose group experienced
at least one ocular AE in the study
eye during the extension phase. The
most common ocular AE in the study
eye in Group B was conjunctival
haemorrhage. Other frequent ocular
AEs included retinal haemorrhage,
retinal  detachment and increased
intraocular pressure (Table 6). Two
patients in the 0.3 mg dose group of
Group B experienced Grade 3 tar-
geted AEs (intraocular inflammation,
reduced VA, increased intraocular
pressure, vitreous haemorrhage, reti-
nal tear or detachment, and retinal
haemorrhage). One patient experi-
enced retinal detachment, retinal
haemorrhage and vitreous haemor-
rhage in the study eye, and the other
patient experienced retinal haemor-
rhage in the fellow eye.

One patient in the 0.3 mg dose
group of Group B experienced iritis in
the study eye among the ocular AEs
defined under the group of intraocular
inflammation (iritis, iridocyclitis, vitritis,
uveitis, hypopyon and anterior cham-
ber inflammation). Two kinds of ocu-
lar AEs in six patients of Group B
were suspected to be study-drug
related: increased intraocular pressure
(two patients in the 0.3 mg dose
group and three patients in the 0.5 mg
dose group) and retinal haemorrhage
(one patient in the 0.5mg dose
group).




Table 4. Mean change from baseline in best-corrected visual acuity score of the study eye at

the last visit in the extension phase (Group B,

enrolled patients).

Ranibizumab Ranibizumab

0.3 mg 0.5 mg

Visual acuity (letters) N =28 N =133
Baseline

Mean (SD) 47.9 (12.59) 50.0 (10.38)
Month 12 (start of extension phase)

Mean (SD) 59.1 (11.69) 59.8 (15.07)
Last visit

Mean (SD) 55.4 (17.14) 57.6 (15.36)
Change from baseline

Mean (SD) 7.5 (19.12) 7.7 (13.02)

95% CI of the mean*® 0.1, 149 3.0, 123

p-value’ 0.0475 0.0019
Change from Month 12

Mean (SD) -3.6 (14.82) -2.2 (7.92)

95% CI of the mean* -94,2.1 -5.0, 0.6

p-value 0.2042 0.1186

Observed values are presented. Patients must have values at both Month 12 and last visit to be
included. Baseline value is defined as the last available measurement prior to the first injection
in the multiple-injection phase of the study. End of study differed between the patients and this
was more evident from Month 30. Month 35 was the longest analysis point.

N = number of enrolled patients.
* Derived from r-distribution.
T Derived from paired z-test.

Nonocular AEs were observed in
four patients (44.4%) in Group A (two
each in the 0.3 and 0.5 mg dose
groups), 19 patients (67.9%) in the
0.3 mg group and 24 patients (72.7%)
in the 0.5 mg group in Group B. Naso-
pharyngitis was the most common AE
in Group B patients (Table 6).

Adverse events potentially related
to systemic VEGF inhibition were
observed in four patients (14.3%) and
two patients (6.1%) in the 0.3 and
0.5 mg dose groups of Group B,
respectively. One patient in each dose
group experienced cerebral infarction;
three patients (0.3 mg dose group)
and one patient (0.5 mg dose group)
experienced hypertension. In Group
A, AEs potentially related to systemic
VEGF inhibition were observed in
two patients in the 0.3 mg dose group
(blood pressure increased and haemat-
uria in one patient and hypertension
in another patient).

Nonocular AFEs suspected to be
related to study drug were cerebral
infarction, dementia and hypertension
(one patient each) in 0.3 mg group,
cerebral infarction and malaise (one
patient each) in 0.5 mg dose group.

There were no deaths during the
extension phase. Serious adverse
events were reported for one of three
(33.3%) patients in the 0.3 mg dose

group and one of six (16.7%) patients
in the 0.5 mg dose group in Group A,
four patients (14.3%) in the 0.3 mg
dose group and seven patients
(21.2%) in the 0.5 mg dose group of
Group B. Summary of ocular and
nonocular SAEs is shown in Table 7.
Of the SAEs, cerebral infarction (one
patient each in the 0.3 and 0.5 mg
dose groups of Group B) was sus-
pected to be related to study drug and
resolved with medical treatment in
both patients. Four patients (two
patients each from both dose groups)
in Group B discontinued from the
study because of SAEs. These SAEs
that led to discontinuation were, how-
ever, not suspected to be study-drug
related.

During the extension phase, immu-
noreactivity to ranibizumab (anti-
ranibizumab  antibodies) was not
detected in patients of Group A; how-
ever, it was detected in two patients in
the 0.3 mg dose group and one
patient in the 0.5 mg dose group of
Group B in the extension phase. In
one patient in the 0.3 mg dose group,
immunoreactivity to ranibizumab was
detected at Month 12 (for the first
time) and at study completion visit,
but not at Month 24. In another
patient in the 0.3 mg dose group,
immunoreactivity to ranibizumab was

detected at Month 24 (for the first
time) and at study completion visit. In
the 0.5 mg dose group, immunoreac-
tivity to ranibizumab was detected in
one patient at Month 12 (for the first
time), Month 24 and at study comple-
tion visit. Of the three patients, AEs
were reported in two patients. One
patient in the 0.3 mg dose group expe-
rienced mild iritis as ocular AE and
moderate glaucomatocyclitic crises as
ocular SAE in the study eye as well as
mild back injury and fall as nonocular
AE. Iritis, back injury and fall were
resolved without treatment and glauc-
omatocyclitic crises were resolved with
medical treatment. One patient in the
0.5 mg dose group experienced both
of conjunctival hyperaemia and intra-
ocular pressure increased in the study
eye, and both events were mild and
resolved without treatment. All these
events, except for intraocular pressure
increased, were not suspected to be
study-drug related.

Discussion

EXTEND-I was the first study with
ranibizumab in Japanese patients with
primary or recurrent subfoveal CNV
secondary to AMD. The 6-month
results indicated that monthly rani-
bizumab treatment significantly
improved BCVA scores at Month 6
compared with baseline; the mean
change (SD) observed was of +8.1
(12.65) letters and +9.0 (9.62) letters
in BCVA score in the 0.3 and 0.5 mg
dose  groups, respectively. The
improved BCVA scores at Month 6
were maintained until Month 12 by
monthly treatment; the mean change
(SD) observed was of +9.5 (12.79)
letters and +10.5 (11.14) letters in
BCVA score in the 0.3 and 0.5 mg
dose groups, respectively. Monthly
intravitreal injections of ranibizumab
were shown to be safe and well toler-
ated over 12 months in Japanese
patient population (Tano & Ohji
2010).

In the extension phase, the efficacy
and safety of individualized flexible
interval regimen (PRN regimen) of ra-
nibizumab was assessed. In other
words, the study consecutively investi-
gated 12 monthly injections in the
multiple-injection phase followed by
the extension phase with PRN regi-
men guided by monthly BCVA score
and by other ophthalmic examina-
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