


unless, for medical reasons, the other was more appropriate.
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Key inclusion criteria for the study eye were primary
recurrent subfoveal CNV secondary to AMD, with the t
CNV area (classic plus occult CNV) composing �50% of
total AMD lesion area; total AMD lesion size �12 disk a
(DA); and best-corrected VA of 20/40 to 20/320 (Sne
equivalent) measured per a standard testing protocol u
Early Treatment Diabetic Retinopathy Study (ETD
charts at a distance of 4 meters. Eyes with minimally classi
occult with no classic CNV were eligible only if they met
of three criteria for presumed disease progression: �1
increase in lesion size based on a fluorescein angiog
obtained �one month before day zero, inclusive, vs
obtained �six months before day zero, inclusive; or �
Snellen line (or equivalent) VA loss within the prior
months; or CNV-associated subretinal hemorrhage �
month before day zero. Eyes with predominantly (�50%
the lesion) classic CNV were not required to meet the crit
for presumed disease progression. Key exclusion criteria w
any prior treatment with verteporfin photodynamic ther
(PDT), external-beam radiation therapy, transpupillary t
motherapy, or subfoveal laser photocoagulation (or juxt
veal or extrafoveal laser photocoagulation �one mo
before day zero); permanent structural damage to the cen
fovea; or subretinal hemorrhage involving the fovea if
DA or �50% of the total lesion area. Patients were exclu
if either eye had been treated in a prior antiangiogenic d
trial, or if the nonstudy eye received PDT �seven days be
day zero.

Using a dynamic randomization algorithm, subjects w
randomly assigned 1:1:1 to receive 0.3 mg ranibizumab,
mg ranibizumab, or sham injections. Randomization
stratified by VA score at day zero (�54 letters [approxima
worse than 20/80] vs �55 letters [approximately 20/80
better], CNV type (minimally classic vs occult with no cla
vs predominantly classic CNV), and study center.

To achieve double-masking of treatment assignment
least two investigators participated at each study site:
“injecting” ophthalmologist unmasked to treatment
signment (ranibizumab vs sham) but masked to ran
zumab dose, and a masked “evaluating” ophthalmolo
for efficacy and safety assessments. All other study
personnel (other than those assisting with study treatm
administration), central reading center personnel, and
subjects were masked to treatment assignment.

The ranibizumab groups received their assigned dose
intravitreal injection every month for three doses (
zero, months one and two), followed by doses every th
months (months five, eight, 11, 14, 17, 20, and 2
Ranibizumab injection procedures have been descri
previously.1,2 For the sham-injected control group,
empty syringe without a needle was used, with pres
applied to the anesthetized and antiseptically prepared
at the site of a typical intravitreal injection. Pre-
postinjection procedures (described previously1,2) w
identical for all groups.
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ment group would follow the same injection schedule
Thus, during the 24-month study, a total of 10 ranibizuma
or sham injections were to be given, with six of the 1
during the first 12 months. After careful review of recen
clinical data, including 12-month data from the tw
pivotal phase III studies,1,2 the study protocol wa
amended on February 27, 2006 to allow control subject
who had completed the month-12 visit (the assessmen
timepoint for the primary efficacy analysis) to cross over t
0.5 mg ranibizumab for the remainder of the treatmen
period (subjects in the ranibizumab groups continued the
originally assigned dose of 0.3 or 0.5 mg). On August 21
2006, the protocol was again amended to increase assess
ments from quarterly to monthly after month 12, and t
switch subjects randomized to the 0.3 mg dose to the 0.
mg dose for the remainder of their study treatment. Also
because ranibizumab was by this time approved by the U.S
Food and Drug Administration (FDA), subjects wer
allowed to receive ranibizumab in the fellow eye as well a
the study eye. No subjects were unmasked to their origina
treatment assignment as a result of these protoco
amendments.

Assessments were performed at scheduled clinic visit
The first ranibizumab (0.3 or 0.5 mg) or sham treatmen
was administered on day zero. At subsequent injectio
visits, subjects underwent a preinjection safety evaluation
In addition to injection visits (day zero and months one
two, five, eight, 11, 14, 17, 20, and 23), clinic visits wer
scheduled at months three, 12, and 24. At each schedule
visit, subjects received a full ophthalmologic assessmen
including VA testing using ETDRS charts at a tes
distance of 4 meters, slit-lamp biomicroscopy, fundoscopy
and intraocular pressure (IOP) measurement. Fundus pho
tography and fluorescein angiography (FA) were done a
day zero and months three, five, eight, 12, and 24. Optica
coherence tomography (OCT) was done at selected stud
sites at day zero and months one, two, three, five, eight, 12
and 24. The primary efficacy endpoint was mean chang
from baseline to 12 months in VA score. The followin
key secondary VA endpoints were also assessed at 1
months: proportion of subjects losing �15 letters (�
lines) from baseline; proportion gaining �15 letters from
baseline; proportion with a Snellen equivalent of 20/200 o
worse (legal blindness � 20/200 or worse in both eyes
mean change from baseline in the near activities, distanc
activities, and vision-specific dependency NEI VFQ-2
subscales; and mean change from baseline in total area o
CNV and total area of leakage from CNV (based o
central reading center assessment). Prespecified explor
atory endpoints included the proportion of subjects wh
had lost �30 letters (�6 lines) from baseline VA at 1
months, the mean change from baseline at three month
and mean change from three months to 12 months.

Key safety assessments were the incidence and severit
of ocular and nonocular adverse events, changes in vita
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TABLE 1. Ranibizumab for Neovascular Age-Related Macular Degeneration: Subject Demographics and Baseline Study
Eye Characteristics

Characteristic

Sham

(n � 63)

Ranibizumab 0.3 mg

(n � 60)

Ranibizumab 0.5 mg

(n � 61)

Gender—no. (%)

Male 20 (31.7) 26 (43.3) 28 (45.9)

Female 43 (68.3) 34 (56.7) 33 (54.1)

Race—no. (%)

White 59 (93.7) 57 (95.0) 56 (91.8)

Other 4 (6.3) 3 (5.0) 5 (8.2)

Age—years

Mean (SD) 77.8 (7.1) 78.7 (6.3) 78.8 (7.9)

Range 59–92 60–93 54–94

Age group—no. (%)

50–64 years 4 (6.3) 1 (1.7) 4 (6.6)

65–74 years 12 (19.0) 12 (20.0) 12 (19.7)

75–84 years 36 (57.1) 37 (61.7) 31 (50.8)

�85 years 11 (17.5) 10 (16.7) 14 (23.0)

Prior therapy for AMD—no. (%)

Any 35 (55.6) 35 (58.3) 33 (54.1)

Laser photocoagulation 3 (4.8) 5 (8.3) 7 (11.5)

Medication* 1 (1.6) 1 (1.7) 3 (3.3)

Supplements 34 (54.0) 33 (55.0) 28 (45.9)

Years since first diagnosis of neovascular AMD†

Mean (SD) 0.3 (0.5) 0.7 (1.6) 0.7 (1.2)

Range 0.0–3.0 0.0–9.1 0.0–5.0

Visual acuity (letters with approximate Snellen equivalent)‡

Mean ( SD) 55.1 (13.9) 55.8 (12.2) 53.7 (15.5)

�54, 20/80—no. (%) 25 (39.7) 29 (48.3) 27 (44.3)

�55, 20/80—no. (%) 38 (60.3) 31 (51.7) 34 (55.7)

Visual acuity (approximate Snellen equivalent)‡—no. (%)

20/200 or worse 10 (15.9) 3 (5.0) 10 (16.4)

Better than 20/200 but worse than 20/40 42 (66.7) 49 (81.7) 36 (59.0)

20/40 or better 11 (17.5) 8 (13.3) 15 (24.6)

CNV lesion subtype—no. (%)

Occult with no classic 20 (31.7) 29 (48.3) 30 (49.2)

Minimally classic 29 (46.0) 22 (36.7) 18 (29.5)

Predominantly classic 14 (22.2) 8 (13.3) 13 (21.3)

Cannot classify 0 1 (1.7) 0

Total area of lesion§

Mean (SD) (DA) 4.24 (3.25) 4.38 (3.30) 4.01 (2.64)

Range (DA) 0.10–17.00 0.09–20.30 0.03–10.00

�4 DA—no. (%) 33 (52.4) 32 (54.2) 31 (50.8)

�4 DA—no. (%) 30 (47.6) 27 (45.8) 30 (49.2)

Total area of CNV (DA)§

Mean (SD) 3.56 (3.25) 3.80 (3.43) 3.29 (2.27)

Range 0.02–17.00 0.00–20.30 0.03–9.65

Leakage from CNV, plus RPE staining (DA)§

Mean (SD) 4.25 (3.55) 4.49 (3.58) 3.99 (2.61)

Range 0.20–19.00 0.00–22.50 0.50–9.70

AMD � age-related macular degeneration; CNV � choroidal neovascularization; DA � disk areas; RPE � retinal pigment epithelium;

SD � standard deviation.

*Triamcinolone acetonide in the sham and 0.3 mg ranibizumab groups; alteplase and a multiple vitamin / mineral formulation in the 0.5 mg

ranibizumab group.
†For this parameter, the numbers of subjects are as follows: sham, n � 62; 0.3 mg ranibizumab, n � 59; 0.5 mg ranibizumab, n � 61.
‡Measured using Early Treatment Diabetic Retinopathy Study (ETDRS) charts at a starting distance of 4 meters.
§For this parameter, the numbers of subjects are as follows: sham, n � 63; 0.3 mg ranibizumab, n � 59; 0.5 mg ranibizumab, n � 61.
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ranibizumab. Slit-lamp examination and indirect opht
moscopy were performed before each study inject
Grading scales for flare/cells and vitreous hemorrh
density (see Supplemental Tables B1 to B3 for grad
criteria) were used to grade intraocular inflammation
vitreous hemorrhage, assessed by slit-lamp examinat
IOP was measured using applanation tonometry before
60 � 10 minutes after each study treatment.

Safety analyses, performed using descriptive statis
and including all treated subjects, were based on
treatment actually received. Efficacy analyses used
intent-to-treat approach and included all subjects as rand
ized. Missing values were imputed using the last-observat
carried-forward method. All pairwise comparisons betw
the ranibizumab groups and the sham group used a statist
model including only two treatment groups (active vs c
trol) at a time. For the primary efficacy endpoint, a Hochb
Bonferroni adjustment5 was made for multiple treatm
comparisons of each ranibizumab dose group with the sh
group. For secondary efficacy endpoints, a Type I e
management plan was used to adjust for multiplicity
treatment comparisons and secondary endpoints. Un
otherwise noted, efficacy analyses were stratified by C
classification at baseline (minimally classic vs occult w
no classic vs predominantly classic CNV), as determi
by the central reading center, and by baseline VA (�5
�55 letters). For binary endpoints, stratified Cochran
tests were used for between-groups comparisons of prop
tions of subjects meeting the endpoint. Analysis of v
ance or analysis of covariance models were used to ana
continuous endpoints.

The study sample size was based on the primary effic
endpoint. Calculations were based on a 1:1:1 random
tion ratio (0.3 mg vs 0.5 mg ranibizumab vs sham),
Student t test for comparing mean changes from base
to 12 months in VA (for each ranibizumab group vs sha
and the Hochberg–Bonferroni multiple comparison pro
dure at an overall � level of .05. The power of
Hochberg–Bonferroni multiple comparison procedure
evaluated using Monte Carlo simulations. The ta
sample size of 180 subjects provided 90% power in
intent-to-treat analysis to detect a nine-letter differe
between one or both ranibizumab dose groups and
sham group in mean change in VA at month 12, accord
to the Hochberg–Bonferroni criterion (assumptions ba
on results of the TAP6 and VIP7 trials and anticipa
proportions of each CNV type).

Prior PDT in the study eye was an exclusion criter
but subjects with predominantly classic CNV at st
entry or whose CNV was confirmed by the central read
center to have converted during the study from minim
classic or occult with no classic to predominantly cla
CNV could receive verteporfin PDT treatment in
study eye given according to the Visudyne prescrib
information8 (i.e., the physician should reevaluate

AMERICAN JOU242
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on FA, therapy should be repeated) and at the discretion o
the investigator per standard of care. Treatment of min
mally classic or occult with no classic CNV with PDT
not approved by the U.S. FDA, but was permitted in th
study if the investigator deemed PDT to be indicated an
the lesion met all of the following criteria: � 20-letter los
from baseline VA recorded at all study visits over
three-month period that included at least two study visit
total CNV lesion area �4 DA, and active CNV as define
in the inclusion criteria (Supplemental Table A). Subject
receiving PDT in the study eye could continue stud
treatment, but PDT could not be given less than 28 day
before or less than 21 days after a study injection. Also
PDT in the nonstudy eye could not be given less than fiv
days before or less than 21 days after a study injection. N
independent check was done to determine if investigator
followed the instructions regarding PDT administratio
that were provided in the study protocol, nor was th
clinical judgment of the investigator regarding suitabilit
of the subject for PDT questioned or independentl
verified.

Treatment of either eye with other anti-VEGF drugs wa
prohibited. When pegaptanib sodium (Macugen) was ap
proved by the U.S. FDA in January 2005, subjects wer
allowed to opt for treatment with this agent but were to b
discontinued from their randomized study treatment an
followed for the remainder of the study period.

RESULTS

BETWEEN SEPTEMBER 7, 2004 AND MARCH 16, 2005, 184 SUB

jects were enrolled at 43 investigative sites in the U.S. an
were randomly assigned to study treatment: 60 to 0.3 m
ranibizumab, 61 to 0.5 mg ranibizumab, and 63 to sham
injection. Subject disposition is summarized in Supple
mental Table C (available at AJO.com). Treatment com
pliance was good in the ranibizumab groups, with 85% o
more of subjects receiving each scheduled injection. In th
sham group, 27% of subjects permanently discontinue
treatment before month 12, most often because the sub
ject’s condition mandated another therapeutic interven
tion. A month-12 VA score was obtained from 97% o
each ranibizumab group and 86% of the sham group.

The treatment groups were well balanced overall fo
demographic and baseline ocular characteristics (Table 1
Each group was predominantly White and nearly two
thirds female, with a mean age of �78 years. The baselin
mean VA score was 53 to 56 letters (approximate Snelle
equivalent, 20/63 to 20/80) across groups. The first diag
nosis of neovascular AMD was within the prior year i
87% of subjects. Overall, 80% of subjects had either occu
with no classic or minimally classic CNV lesions, bu
occult with no classic CNV was more common in th
ranibizumab groups than in the sham group (nearly half v
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leakage from CNV plus RPE staining, on average, was
greater at months five and eight than that at month three
and also greater than that at month 12, which followed the
dose at month 11.

Key safety results through month 12 are summarized in
Table 3. There was no overall imbalance among the three
treatment groups in the proportions of subjects experienc-
ing these key ocular or nonocular adverse events. No cases
of endophthalmitis, serious uveitis, rhegmatogenous, or
other retinal detachment, retinal tear, vitreous hemor-
rhage, or lens damage (traumatic cataract) were reported.
Serious ocular hemorrhage of any type occurred in two
subjects in the sham group (1.6%; both retinal hemor-
rhages) and two subjects in the 0.3 ranibizumab group
(3.4%; one retinal hemorrhage and one reported as “eye
hemorrhage”). Serious macular edema was reported in two
subjects in the sham group (1.6%) and one subject in the
0.3 mg ranibizumab group (1.7%). Few subjects in any
group exhibited intraocular inflammation upon slit-lamp
examination, and no cases of 3	 or 4	 inflammation were
reported. Cataract event rates were similar across treat-
ment groups, reported in 6.5% of the sham, 5.1% of the 0.3
mg ranibizumab, and 6.6% of the 0.5 mg ranibizumab
groups.

TABLE 3. Ranibizumab for Neovascular Age-Related Macu

Sham Injection

Key serious ocular adverse events†—no. (%)

Endophthalmitis, uveitis, retinal detachment,

or lens damage 0

Ocular hemorrhage‡ 2 (3.2

Macular edema 2 (3.2

Most severe ocular inflammation, regardless of

cause (slit-lamp examination)†#—no. (%)

None 59 (95.

Trace 2 (3.2

1	 0

2	 1 (1.6

3	 or 4	 0

Key nonocular adverse events—no. (%)

Nonocular hemorrhage 3 (4.8

Hypertension 5 (8.1

Arterial thromboemobolic events

Myocardial infarction 0

Cerebrovascular accident 0

Ischemic cardiomyopathy 1 (1.6

Death 0

Note: Multiple occurrences of the same event for a subject were

*One subject randomized to the 0.3 mg ranibizumab group withdr
†Ocular adverse events in study eye.
‡The two events in the Sham group and 1 of the events in the 0.3 m

in the 0.3 mg ranibizumab group was reported as “eye hemorrhage
§Includes one event (catheter-site hemorrhage) categorized as se
#For slit-lamp examination, the n � 62 for the Sham group.
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As in previous ranibizumab trials, and consistent with
travitreal injection of a small volume of fluid, changes in
P occurred transiently after injection and were generally

ild. Within one hour after injection, IOP was elevated
om the preinjection value. On average, postdose IOP was
levated from the predose value by approximately 1.9 mm
g to 2.3 mm Hg in the ranibizumab groups, compared
ith approximately 1.4 mm Hg in the sham-injection
roup. Most of the IOP elevations following the injection
ere less than 10 mm Hg.
Any postbaseline occurrence of IOP �30 mm Hg (pre-

r postinjection) was reported in one subject (1.7%) in the
.3 mg group, five subjects (8.2%) in the 0.5 mg group, and

one subject (1.7%) in the sham group; in only one
bject (in the 0.5 mg group; 1.6%) was this elevation
ported as a preinjection occurrence.
Assessment of serious or nonserious nonocular adverse

vents revealed no overall imbalance among groups. No
eaths occurred during the first year of treatment. Non-
cular adverse events known to be associated with systemic
EGF inhibition were of particular interest, and key

vents are summarized in Table 3. Hypertension in sub-
cts who were not hypertensive at baseline was reported as

n adverse event in 8.1% of sham-treated subjects, 6.8% of

egeneration: Summary of Safety During First 12 Months

3) Ranibizumab 0.3 mg (n � 59*) Ranibizumab 0.5 mg (n � 61)

0 0

2 (3.4) 0

1 (1.7) 0

55 (93.2) 59 (96.7)

1 (1.7) 1 (1.6)

2 (3.4) 0

1 (1.7) 1 (1.6)

0 0

2 (3.4) 4 (6.6)§

4 (6.8) 6 (9.8)

0 0

0 0

0 0

0 0

ed once in the overall incidence.

efore receiving any study treatment.

ibizumab group were reported as “retinal hemorrhage.” One event
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subjects at the 0.5 mg dose. Routinely measured syst
and diastolic blood pressures were very similar am
groups at baseline and at 12 months. No adverse even
proteinuria was reported during the first year in
treatment group. The rates of nonocular hemorrhage w
2.4% and 6.6% for the 0.3 mg and 0.5 mg ranibizum
groups, respectively, compared with 4.8% in the sh
group. Only one serious nonocular hemorrhage (hem
rhage at the site of an intravenous catheter in a subjec
the 0.5 mg ranibizumab group) was reported, and th
were no GI perforations. No arterial thromboemb
events classified using Antiplatelet Trialists’ Collaborat
(APTC) criteria (i.e., nonfatal myocardial infarction, n
fatal ischemic stroke, nonfatal hemorrhagic stroke,
death due to vascular or unknown cause)9 were reporte
any treatment group. The only serious or nonser
arterial thromboembolic event during the first year
ischemic cardiomyopathy in a sham-treated subject.

Immunoreactivity to ranibizumab was assessed at scre
ing and at month 12 or early termination. During scre
ing, one subject randomized to sham treatment te
positive, possibly due attributable to preexisting anti-
antibodies. No ranibizumab subjects tested positive be
study treatment, but two subjects in the 0.5 mg ran
zumab group tested positive at month 12. Neither of th
two subjects who received ranibizumab experienced
severe or serious adverse event during the study.

DISCUSSION

RESULTS OF THE PIER STUDY INDICATE THAT RANIBIZUM

administered on a schedule of monthly dosing for th
months followed by quarterly dosing provides signific
visual acuity benefit to patients with all angiograp
subtypes of CNV (i.e., minimally or predominantly cla
or occult with no classic component), with a low incide
of serious ocular and nonocular adverse events and
acceptable rate of nonserious adverse events. Both of
ranibizumab dose groups (0.3 mg and 0.5 mg) maintai
baseline VA on average at 12 months, and exhibite
clinically meaningful (at least three-line) benefit rela
to the sham-injected control group.

Approximately 90% of ranibizumab-treated subjects
fewer than 15 letters in VA, compared with approxima
50% of sham control subjects. In addition, at 12 mon
maintenance of visual acuity was accompanied, on a
age, by a significant reduction in vascular leakage (a m
than 2.8-DA mean reduction in leakage), reduced fov
retinal thickness, and inhibition of CNV lesion growth
the ranibizumab groups.

Although quarterly ranibizumab therapy during mon
three to 12 maintained baseline VA, this regimen
associated on average with a 4.5-letter decline in
maximal VA benefit achieved with monthly induct

RANIBIZUMAB FORVOL. 145, NO. 2
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panied, on average, with an increase in vascular leakage o
fluorescein angiography and increases in mean retina
thickness once the quarterly dosing regimen began. Th
overall increase in mean retinal thickness and increase i
leakage suggests that at least some of the subjects neede
ranibizumab injections more frequently to control th
neovascular leakage. Further subgroup analysis, particularl
of individual OCT responses, may support this initia
impression. Unfortunately, there are no data available a
months four, six, seven, nine, and 10 to allow assessmen
of duration of action of ranibizumab in individual subject
and the temporal association with retinal thickness. It
possible that the return of retinal edema in at least som
subjects contributed to the decline in VA, on average
between months three and 12, in contrast to the patient
in the two pivotal ranibizumab trials.1,2 Also, in the presen
study there was no benefit demonstrated in the percentag
improving by at least 15 letters, whereas in the two pivota
trials a significant improvement was observed. Finally, ther
were no statistically significant differences between th
ranibizumab groups and the sham group in the NEI VFQ-2
subscales, although this may have been attributable to th
smaller sample size than in the pivotal studies. Considere
together, we conclude that although this regimen provide
clinically meaningful and statistically significant benefit t
patients, the outcomes were not as strong as those observe
with monthly dosing of ranibizumab, suggesting that som
patients may require dosing on a more frequent schedule suc
as that used in the MARINA and ANCHOR studies.1,2 It
possible that OCT-guided administration of ranibizuma
retreatment, as was used with favorable results in a recentl
reported small, uncontrolled study,10 may allow greater ind
vidualization of ranibizumab dosing intervals, and meri
further study.

The overall safety profile of ranibizumab in the PIER
study was consistent with that seen during the first year o
the MARINA and ANCHOR studies, and indicates tha
repeated intravitreal injection of ranibizumab is generall
well tolerated. Rates of specific ocular and nonocula
adverse events that have a hypothesized or documente
relationship to ranibizumab, based on either the route o
administration (e.g., endophthalmitis) or mechanism o
action (e.g., ocular and nonocular hemorrhages; arterio
thromboembolic events), were very low or absent in th
present study, and intraocular inflammation was infrequen
and never above a grade of 2	.

In conclusion, ranibizumab administered monthly for thre
months and then quarterly provided VA benefit to patien
with neovascular AMD and was well tolerated. Howeve
observations from the MARINA and ANCHOR trials sug
gest that the PIER regimen of dosing every three months afte
three monthly doses provides less benefit in VA on averag
than continued monthly dosing. Monthly dosing may b
necessary in some patients to achieve maximal treatmen
benefit from ranibizumab.

D: PIER STUDY YEAR 1 24
Samsung Bioepis Exhibit 1004 
Page 9

msung et al. v. Regeneron     IPR2023-00884 
harmaceuticals, Inc.    Exhibit 2094     Page 9 



THIS STUDY WAS SUPPORTED BY GENENTECH, INC, SOUTH SAN FRANCISCO, CALIFORNIA, AND NOVARTIS PHARMA AG,
Basel, Switzerland. Dr Regillo received consulting fees, lecture fees, and grant support from Genentech, Novartis, and OSI/Eyetech. Dr Brown received
consulting fees from Genentech, Eyetech/Pfizer, Novartis, and Alcon; lecture fees from Genentech and Eyetech/Pfizer; grant support from Genentech,
Alcon, Allergan, Acuity, and Eyetech/Pfizer; and holds Pfizer stock. Dr Abraham received consulting fees from Genentech, QLT/Novartis, Alcon, and
Eyetech. Dr Yue is a Genentech employee and Drs Ianchuley, Schneider, and Shams are Genentech employees and stockholders. Involved in conception
and design (D.B., P.A., H.Y., T.I., S.S.); analysis and interpretation (C.R., D.B., H.Y., T.I., S.S., N.S.); writing the article (C.R., D.B., P.A., H.Y., T.I.,
S.S., N.S.); critical revision of the article (C.R., D.B., P.A., H.Y., T.I., S.S., N.S.), final approval of the article (C.R., D.B., P.A., H.Y., T.I., S.S., N.S.);
data collection (P.A., H.Y., T.I., N.S.); statistical expertise (H.Y.); literature search (T.I.); and administrative, technical, or logistic support (H.Y.). The
Institutional Review Board for each study site approved the study protocol. All subjects provided written informed consent for their participation. All
sites were compliant with the U.S. Health Insurance Portability and Accountability Act of 1996. This study is registered at ClinicalTrials.gov (ID No.
NCT00090623). The PIER Study Group list is available at AJO.com.

We thank Peter K. Kaiser, MD, Cole Eye Institute, Cleveland, Ohio and William F. Mieler, MD, Department of Ophthalmology, University of
Chicago, Chicago, Illinois for assistance in data interpretation and writing of the article, and Darcy Fay, BS, Cynthia Porter, BSN, MBA, and Manpreet
Sodhi, BS, Genentech, Inc, Clinical Operations, South San Francisco, California for execution of the study protocol. Genentech provided administrative
oversight during conduct of the study, analyzed the data, and provided writing assistance in preparation of the article.
REFERENCES one-year results of two randomized clinical trials—TAP

1

1. Rosenfeld PJ, Brown DM, Heier JS, et al. Ranibizumab for
neovascular age-related macular degeneration. N Engl J Med
2006;355:1419–1431.

2. Brown DM, Kaiser PK, Michels M, et al. Ranibizumab versus
verteporfin for neovascular age-related macular degenera-
tion. N Engl J Med 2006;355:1432–1444.

3. Heier JS, Antoszyk AN, Pavan PR, et al. Ranibizumab for
treatment of neovascular age-related macular degeneration: a
phase I/II multicenter, controlled, multidose study. Ophthal-
mology 2006;113:633–642.

4. Rosenfeld PJ, Heier JS, Hantsbarger G, Shams N. Tolerabil-
ity and efficacy of multiple escalating doses of ranibizumab
(Lucentis) for neovascular age-related macular degeneration.
Ophthalmology 2006;113:623–632.

5. Hochberg Y. A sharper Bonferroni procedure for multiple
tests of significance. Biometrika 1988;75:800–802.

6. Photodynamic therapy of subfoveal choroidal neovascular-
ization in age-related macular degeneration with verteporfin:
AMERICAN JOURNAL OF O248

Sa
Regeneron Ph
report 1. Treatment of age-related macular degeneration
with Photodynamic Therapy (TAP) Study Group. Arch
Ophthalmol 1999;117:1329–1345.

7. Photodynamic therapy of subfoveal choroidal neovascular-
ization in pathologic myopia with verteporfin. 1-year results
of a randomized clinical trial—VIP Report No. 1. Ophthal-
mology 2001;108:841–52.

8. Visudyne [package insert]. East Hanover, New Jersey: No-
vartis Pharmaceuticals Corp; 2005.

9. Collaborative overview of randomized trials of antiplatelet
therapy—I: Prevention of death, myocardial infarction, and
stroke by prolonged antiplatelet therapy in various categories
of patients. Antiplatelet Trialists’ Collaboration. BMJ 1994;
308:81–106.

0. Fung AE, Lalwani GA, Rosenfeld PJ, et al. An optical
coherence tomography-guided, variable dosing regimen with
intravitreal ranibizumab (Lucentis) for neovascular age-re-
lated macular degeneration. Am J Ophthalmol 2007;143:
566–583.
PHTHALMOLOGY FEBRUARY 2008

Samsung Bioepis Exhibit 1004 
Page 10

msung et al. v. Regeneron     IPR2023-00884 
armaceuticals, Inc.    Exhibit 2094     Page 10 



THE PIER STUDY GROUP

● THE FOLLOWING PRINCIPAL INVESTIGATORS WERE MEMBERS OF THE PIER STUDY GROUP: P. Abraham, Black
Hills Regional Eye Institute, Rapid City, SD; G. Barile, Dept of Ophthalmology, Columbia University, New York,
NY; I. Batlle, Retina Associates, New Orleans, LA; D. Boyer, Retina-Vitreous Associates, Beverly Hills, CA; R.
Bradford, Dean McGee Eye Institute, Oklahoma City, OK; S. Breaud, Vitreoretinal Institute, Baton Rouge, LA; D.
Brinton, East Bay Retina Consultants, Oakland, CA; D. M. Brown, Vitreoretinal Consultants, Houston, TX; J. S.
Bryan, Associated Retinal Consultants, Ltd, Phoenix, AZ; J. Corwin, Miramar Eye Specialists, Ventura, CA; F.
Davidorf, Retinal Consultants, Dublin, OH; A. Dessouki, Retinal Diagnostic Center, Campbell, CA; R. Dreyer,
Northwest Retina, P.C., Portland, OR; H. Engel, Montefiore Medical Center, Bronx, NY; T. Essman, St John’s
Clinic, Springfield, MO; P. M. Falcone, Connecticut Retina Consultants, Bridgeport, CT; J. Fan, Loma Linda
University, Loma Linda, CA; B. Foster, New England Retina Consultants, West Springfield, MA; T. Ghuman,
National Ophthalmic Research Institute at Retina Consultants of Southwest Florida, Fort Myers, FL; B. Godley,
Retina Specialists, Desoto, TX; R. Goodart, Rocky Mountain Retina Consultants, Salt Lake City, UT; A. Gupta,
Pocono Eye Associates, East Stroudsburg, PA; M. Hammer, Retina Associates of Florida, P.A., Tampa, FL; C. A.
Harper III, Austin Retina Associates, Austin, TX; R. Kwun, Retina Associates of Utah, Salt Lake City, UT; C.
Leong, Bay Area Retina Associates, Walnut Creek, CA; T. Lorenzen, Tampa Eye Clinic, Tampa, FL; T. Meredith,
University of North Carolina, Chapel Hill, NC; M. Michels, Retina Care Specialists, Palm Beach Gardens, FL; G.
Mincey, Carolina Eye Associates, Southern Pines, NC; K. Olsen, Retina Vitreous Consultants, Pittsburgh, PA; J. A.
Parchue, Ophthalmology Associates, Fort Worth, TX; S. Ramasamy, Andersen Eye Associates, Saginaw, MI; C. D.
Regillo, Retina Service, Wills Eye Hospital, Philadelphia, PA; P. Richmond, Central Florida Retina, Orlando, FL;
W. S. Rodden, Retina and Vitreous Center of Southern Oregon, Ashland, OR; J. Rubio, Retina Associates of South
Texas, P.A., San Antonio, TX; T. Schneiderman, Retina Center Northwest, Silverdale, WA; T. Tezel, University
of Louisville, Louisville, KY; K. Wald, Retina Associates of New York, New York, NY; H. Woodcome, Retina
Consultants, Providence, RI.
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SUPPLEMENTAL TABLE A. Eligibility Criteria for PIER Study

Inclusion Criteria
● Age 50 years or older.

● Active primary or recurrent subfoveal lesions with choroidal neovascularization (CNV) secondary to age-related macular degeneration

(AMD) in the study eye. “Active” was defined as meeting any of the following criteria: 1) exhibiting a �10% increase in lesion size, as

determined by comparing a fluorescein angiogram performed within one month preceding day zero, inclusive, with a fluorescein

angiogram performed within six months preceding day zero, inclusive; or 2) resulting in a visual acuity loss of �1 Snellen line (or

equivalent) and occurring at any time within the prior six months; or 3) subretinal hemorrhage associated with CNV within one month

preceding day zero; or 4) �50% of the CNV lesion area was composed of classic CNV.

● Lesions with or without a classic CNV component are permissible.

● The total area of CNV (including both classic and occult components) encompassed within the lesion must be 50% or more of the

total lesion area.

● The total lesion area must be 12 disk areas or less in size.

● Best-corrected visual acuity, using Early Treatment of Diabetic Retinopathy Study (ETDRS) charts, of 20/40 to 20/320 (Snellen

equivalent) in the study eye.

Exclusion Criteria
● Prior treatment with verteporfin photodynamic therapy, external-beam radiation therapy, or transpupillary thermotherapy in the study eye.

● Treatment with verteporfin photodynamic therapy in the nonstudy eye less than seven days preceding day zero.

● Previous participation in a clinical trial (for either eye) involving antiangiogenic drugs (pegaptanib, ranibizumab, anecortave acetate,

protein kinase C inhibitors, etc.)

● Previous intravitreal drug delivery (e.g., intravitreal corticosteroid injection or device implantation) in the study eye.

● Previous subfoveal focal laser photocoagulation in the study eye.

● Laser photocoagulation (juxtafoveal or extrafoveal) in the study eye within one month preceding day zero.

● History of vitrectomy surgery in the study eye.

● History of submacular surgery or other surgical intervention for AMD in the study eye.

● Previous participation in any studies of investigational drugs within one month preceding day zero (excluding vitamins and minerals).

● Concurrent use of a systemic anti-VEGF agent, including treatment with intravitreal or intravenous bevacizumab.

● Subretinal hemorrhage in the study eye that involves the center of the fovea, if the size of the hemorrhage is either 50% or more of the

total lesion area or one or more disk areas in size.

● Fibrosis or atrophy involving the center of the fovea in the study eye.

● CNV in either eye due to other causes, such as ocular histoplasmosis, trauma, or pathologic myopia.

● Retinal pigment epithelial tear involving the macula in the study eye.

● Any concurrent intraocular condition in the study eye (e.g., cataract or diabetic retinopathy) that, in the opinion of the investigator,

could either (a) require medical or surgical intervention during the 24-month study period to prevent or treat visual loss that might

result from that condition, or (b) if allowed to progress untreated, could likely contribute to loss of at least two Snellen equivalent lines

of best-corrected visual acuity over the 24-month study period.

● Active intraocular inflammation (grade trace or above) in the study eye.

● Current vitreous hemorrhage in the study eye.

● History of rhegmatogenous retinal detachment or macular hole (stage 3 or 4) in the study eye.

● History of idiopathic or autoimmune-associated uveitis in either eye.

● Infectious conjunctivitis, keratitis, scleritis, or endophthalmitis in either eye.

● Aphakia or absence of the posterior capsule in the study eye. Previous violation of the posterior capsule in the study eye was also a

reason for exclusion unless it resulted from yttrium aluminum garnet (YAG) posterior capsulotomy in association with prior posterior

chamber intraocular lens implantation.

● Spherical equivalent of the refractive error in the study eye demonstrating more than �8 diopters of myopia. For patients who underwent

prior refractive or cataract surgery in the study eye, the preoperative refractive error in the study eye could no exceed �8 diopters of myopia.

● Intraocular surgery (including cataract surgery) in the study eye within two months preceding day zero.

● Uncontrolled glaucoma in the study eye (defined as intraocular pressure of 30 mm Hg or more despite treatment with antiglaucoma

medications.

● History of glaucoma filtering surgery in the study eye.

● History of corneal transplant in the study eye.

● Premenopausal women not using adequate contraception.

● History of other disease, metabolic dysfunction, physical examination finding, or clinical laboratory finding giving reasonable suspicion

of a disease or condition that contraindicates the use of an investigational drug or that might affect interpretation of the results of the

study or render the subject at high risk for treatment complications.

● Current treatment for active systemic infection.

● History of allergy to fluorescein that is not amenable to treatment.

● Inability to obtain fundus photographs or fluorescein angiogram of sufficient quality to be analyzed and graded by the central reading center.

● Inability to comply with study or follow-up procedures.
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SUPPLEMENTAL TABLE B-1. Criteria for Serious (Sight-Threatening) Ocular Adverse Events*

● Adverse event causes a decrease in visual acuity of �30 letters (compared with the last assessment of visual acuity prior to the most

recent treatment) for more than one hour.

● Adverse event causes a decrease in visual acuity to the level of light perception or worse lasting more than one hour

postinjection/sham procedure.

● Adverse event requires surgical intervention (e.g., conventional surgery, vitreous tap or biopsy with intravitreal injection of anti-

infectives, or laser or retinal cryopexy with gas) to prevent permanent loss of sight.

● Adverse event is associated with severe intraocular inflammation (i.e., 4 	 anterior chamber cell/flare or 4 	 vitritis).

● In the opinion of the investigator, adverse event may require medical intervention to prevent permanent loss of sight.

*An adverse event meeting any one of these five criteria was considered serious.
SUPPLEMENTAL TABLE B-2. Grading Scales for Flare/Cells*

Flare
0 No protein is visible in the anterior chamber when viewed by an experienced observer using slit-lamp

biomicroscopy; a small, bright, focal slit-beam of white light; and high magnification.

Trace Trace amount of protein detectable in the anterior chamber. This protein is visible only with careful

scrutiny by an experienced observer using slit-lamp biomicroscopy; a small, bright, focal slit-beam

of white light; and high magnification.

1	 Mild amount of protein detectable in the anterior chamber. The presence of protein in the anterior

chamber is immediately apparent to an experienced observer using slit-lamp biomicroscopy and

high magnification, but such protein is detected only with careful observation with the naked eye

and a small, bright, focal slit-beam of white light.

2–

3	

Moderate amount of protein detectable in the anterior chamber. These grades are similar to 1	 but

the opacity would be readily visible to the naked eye of an observer using any source of a focused

beam of white light. This is a continuum of moderate opacification, with 2	 being less apparent

than 3	.

4	 A large (severe) amount of protein is detectable in the anterior chamber. Similar to 3	, but the

density of the protein approaches that of the lens. Additionally, frank fibrin deposition is frequently

seen in acute circumstances. It needs to be noted that because fibrin may persist for a period of

time after partial or complete restoration of the blood–aqueous barrier, it is possible to have

resorbing fibrin present with lower numeric assignations for flare (e.g., 1	 flare with fibrin).

Cells
0 No cells are seen in any optical section when a large slit-lamp beam is swept across the anterior

chamber.

Trace Rare (1–3) cells are observed when the slit-lamp beam is swept across the anterior chamber. When

the instrument is held stationary, not every optical section contains circulating cells.

1	 3–10 cells/optical section are seen when the slit-beam of light sweeps across the anterior chamber.

When the instrument is held stationary, every optical section contains circulating cells.

2	 10–25 cells are seen when the slit-beam of light sweeps across the anterior chamber. When the

instrument is held stationary, every optical section contains circulating cells.

3	 25–50 cells are seen when the slit-beam of light sweeps across the anterior chamber. When the

instrument is held stationary, every optical section contains circulating cells. Keratic precipitates or

cellular deposits on the anterior lens capsule may be present.

4	 More than 50 cells are seen when the slit-beam of light sweeps across the anterior chamber. When

the instrument is held stationary, every optical section contains cells, or hypopyon is noted. As for

fibrin deposition, hypopyon may persist for some period of time after the active exudation of cells

into the anterior chamber has diminished or ceased entirely, making it possible to have 1	

circulating cells in the anterior chamber with a resolving hypopyon.

*Modified from Hogan MH, Kimura SJ, Thygeson P. Signs and symptoms of uveitis. I. Anterior uveitis. Am J Ophthalmol 1959;47:155.
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SUPPLEMENTAL TABLE B-3. Grading Scale for Vitreous
Cells*†

Cells in

Retroilluminated Field Description Grade

0–1 Clear 0

2–20 Few opacities Trace

21–50 Scattered opacities 1

51–100 Moderate opacities 2

101–250 Many opacities 3

�251 Dense opacities 4

*Using a Hruby lens.
†Nussenblatt RB, Whitcup SM, Palestine AG. Uveitis: funda-

mentals and clinical practice. 2nd rev. ed. New York, New York:

Mosby, 1996:64.
SUPPLEMENTAL TABLE C. Subject Disposition

Status/Reason for Discontinuation

Sham

(n � 63)

Ranibizumab

0.3 mg

(n � 60)

0.5 mg

(n � 61)

Received study drug 62 (98.4%) 59 (98.3%) 61 (100.0%)

Completed month 12* 54 (85.7%) 59 (98.3%) 58 (95.1%)

Discontinued from study on or prior to month 12 8 (12.7%) 1 (1.7%) 2 (3.3%)

Subject’s decision 5 (7.9%) 0 2 (3.3%)

Subject noncompliance 1 (1.6%) 1 (1.7%) 0

Subject’s condition mandated other therapeutic intervention 2 (3.2%) 0 0

Discontinued treatment prior to month 12† 17 (27.0%) 4 (6.7%) 4 (6.6%)

Adverse event 2 (3.2%) 0 0

Subject’s decision 5 (7.9%) 2 (3.3%) 2 (3.3%)

Physician’s decision 1 (1.6%) 0 1 (1.6%)

Subject’s condition mandated other therapeutic intervention 9 (14.3%) 2 (3.3%) 1 (1.6%)

Analysis population

Randomized subjects (intent-to-treat efficacy analysis) 63 (100%) 60 (100.0%) 61 (100%)

Randomized subjects in the OCT subset 42 (66.7%) 39 (65.0%) 42 (68.9%)

Safety evaluable subjects 62 (98.4%) 59 (98.3%) 61 (100%)

OCT � optical coherence tomography.

*Defined as having a visual acuity score in the study eye at month 12. Data from subjects who missed the month 12 visit but stayed in the

study for the second year were not counted as completed. Hence, the number of subjects who completed and the number who discontinued

do not necessarily add to the total number of subjects recruited.
†Some subjects remained in the study after treatment discontinuation.
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