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Purrost. To assess the effect of ruboxistaurin (RBX) on vision
loss through a prospectively defined combined analysis of two
phase 3 trials (MBDL and MBCU).

MerHoDps. Patients in both of these 3-year randomized,
placebo-controlled, double-masked trials had best-corrected
Early Treatment Diabetic Retinopathy Study (ETDRS) visual
acuity (VA) > 75 letters (~20/32 Snellen), ETDRS retinopathy
level 20 to 47D (MBDL) or 35B to 53E (MBCU), and no prior
panretinal or focal photocoagulation in at least one eye at
baseline. Patients received oral placebo (N = 508 total from
both studies) or RBX 32 mg/d (N = 520 total). Best-corrected
ETDRS VA was measured at 6-month intervals for 3 years
(MBDL) or for 18 to 48 months (MBCU). Sustained moderate
visual loss (SMVL) was defined as a 15-letter or more
reduction from baseline in VA sustained for a patient’s last 6
months of study participation.

Resurrs. In the combined studies (N = 1028 total), SMVL
occurred in 4.4% of placebo- versus 2.3% of RBX-treated
patients (P = 0.069). In patients with a minimum of 2 years of
follow-up (N = 825 total), there was less SMVL in the RBX
group (4.4% placebo versus 2.1% RBX, P = 0.045). Other VA-
related measures (mean VA, contrast sensitivity, Visual Func-
tioning Questionnaire 25 [VFQ-25]) either trended toward a
benefit for RBX or were also statistically significant in favor of
RBX. In contrast, diabetic macular edema (DME) morphology-
related measures (occurrence of significant center of macula
involvement, optical coherence tomography [OCT]-deter-
mined center of macula thickness, application of focal
photocoagulation) did not show a consistent trend in favor
of or against RBX.
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Concrusions. SMVL data in a prospectively defined combined
analysis from these two phase 3 trials suggest a magnitude of
effect of RBX on vision loss similar to that seen in two prior
studies (approximately 50% reduction above standard care).
However, event rates were low and statistical significance was
not achieved. (ClinicalTrials.gov numbers, NCT00133952,
NCT00090519.) (Invest Opbthalmol Vis Sci. 2013;54:1750-
1757) DOI:10.1167/i0vs.12-11055

n the United States, diabetic retinopathy (DR) is the leading

cause of new-onset blindness among adults aged 20 to 74
years.! The primary cause of vision loss in patients with DR is
diabetic macular edema (DME) involving the center of the
macula.? DME is a complication of DR characterized by retinal
thickening that is thought to arise principally from leaking
retinal capillaries. The molecular mechanisms by which
diabetes leads to DR (and subsequently to DME) include
possible roles for hyperglycemia-induced oxidative stress,
polyol pathway activation, production of advanced glycation
end products, and activation of the diacylglycerol-protein
kinase C (PKC) pathway.3->

Ruboxistaurin (RBX), an orally administered isoform-selec-
tive inhibitor of PKC B, has been shown to have a beneficial
effect in animal models of DR,°™ and has also been shown to
ameliorate diabetes-induced retinal hemodynamic abnormali-
ties in patients with diabetes.1?

Two prior 3-year randomized, double-masked, placebo-
controlled phase 3 trials (PKC-DRS and PKC-DRS2)!!:12
demonstrated an approximately 50% reduction in the occur-
rence of vision loss in patients treated with RBX, although one
of the trials (PKC-DRS) was not adequately powered to achieve
statistical significance.!!

Here we report the results of two additional randomized,
double-masked, placebo-controlled phase 3 trials of RBX in
patients with DME. Study MBDL was a 3-year trial in 731
patients with DME that was, in at least one eye, less severe
than that required to meet the definition of clinically
significant macular edema (CSME, see Table 1). Study MBCU
was an 18- to 48-month trial in 309 patients who had, in at
least one eye, CSME that did not involve or imminently
threaten the center of the macula. The initial aim of each
trial was to investigate the effect of RBX on DME
progression (as described in ‘“‘Patients and Methods”
below); but, following a request by the U.S. Food and Drug
Administration for additional vision loss efficacy data, the
protocols and/or statistical analysis plans were amended to
make the primary aim the investigation of the effect of RBX
on vision loss. In addition, both protocols were amended to
indicate that vision loss data were to be combined across
the two studies to maximize statistical power, given that
neither study was originally designed to test the effect of
RBX on vision loss.
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Taste 1.

Key Eye-Related Inclusion Criteria
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MBDL

MBCU

DME study eye
Visual acuity (letters correct)
DME severity
DR severity (ETDRS level)
Prior PC

Fellow eye*
Visual acuity (letters correct)
DME severity
DR severity
Prior PC

>75

>500 pm from COM, no CSME

20 to 47D

None for DR or DME

Any
Any
<PDR
No PRP

>75

CSME, but >100 pm from COM
35B to 53E

None for DR or DME

Any
Any
<PDR
No PRP

COM, center of macula; CSME, defined as DME within 500 um of the center of the macula or DME > 1 disc area in size, part of which is within
1500 pm of the center of the macula; PC, photocoagulation.
* Criteria for inclusion as a DR study eye.

A Patients Entered
N=2184 Patients Not

I— Randomized®

Patients Randomized N=1453
N=731
I
[ |
Placebho RBX
N=360 N=371
Discontinued® Discontinued®
N=75 N=73
Protocol Completed Protocol Completed
N=285 N=298
B Patients Entered

N=709

Patients Not
f—— 1 Randomized?

Patients Randomized N=400
N=309

Placebo RBX
N=157 N=152

Discontinued®
N=28

Discontinued®
N=42

Protocol Completed
N=124

Protocol Completed
N=115

Ficure 1. Patient disposition in (A) Study MBDL and (B) Study MBCU. MBDL footnotes (A): “Reasons not randomized: protocol entry criteria not
met (1192 patients), patient decision (52 patients), physician decision (22 patients), sponsor decision (2 patients), unable to contact patient (8
patients), death (11 patients), unknown reason (166 patients). PReasons for discontinuation: adverse event (4 patients), death (9 patients), lost to
follow-up (29 patients), patient decision (29 patients), physician decision (3 patients), sponsor decision (1 patient). “Reasons for discontinuation:
adverse event (5 patients), death (9 patients), lost to follow-up (26 patients), patient decision (28 patients), physician decision (2 patients), sponsor
decision (3 patients). MBCU footnotes (B): “Reasons not randomized: protocol entry criteria not met (379 patients), patient decision (14 patients),
physician decision (2 patients), sponsor decision (1 patient), unable to contact patient (3 patients), unknown reason (7 patients). PReasons for
discontinuation: adverse event (1 patient), death (3 patients), lost to follow-up (9 patients), patient decision (20 patients), physician decision (4
patients), protocol entry criteria not met (4 patients), protocol violation (1 patient). “Reasons for discontinuation: adverse event (2 patients), death
(2 patients), lost to follow-up (14 patients), patient decision (4 patients), physician decision (3 patients), protocol entry criteria not met (1 patient),
protocol violation (1 patient), sponsor decision (1 patient).
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Tasie 2. Patient Characteristics at Baseline
MBDL MBCU

Treatment, No. of Patients PBO, N = 360 RBX, N = 371 PBO, N = 157 RBX, N = 152
Age, y, mean * SD 55 + 11 55 + 11 56 £+ 9 55 + 10
Sex, % male 62 63 58 57
Origin, % Caucasian 74 77 75 74
Diabetes type, % type 2 79 77 89 83
Diabetes duration, y, mean * SD 16 = 7 16 = 8 15+ 9 158
Insulin use, % 63 65 55 63
HbAlc, %, mean = SD 83+ 13 81 *+13 82*13 81*13
BMI, kg/m?, mean *= SD 30 £ 6 30 = 30 =5 31 =

PBO, placebo; RBX, ruboxistaurin 32 mg/d.

PATIENTS AND METHODS

For both studies, entry criteria included a diagnosis of type 1 or 2
diabetes, age > 18 years, hemoglobin Alc (HbAlc) < 11%, and blood
pressure < 160/90 (MBCU) or mean arterial pressure < 113 (MBDL).
Key eye-related inclusion criteria are summarized in Table 1. For the
purposes of assessing visual acuity, vision loss, and DR progression in
both studies, if the fellow eye had proliferative diabetic retinopathy
(PDR) or a history of panretinal photocoagulation (PRP) at baseline,
then only the eligible DME study eye was considered a “DR” study eye.
Otherwise, both eyes were considered DR study eyes (even if the
fellow eye had been previously treated with focal photocoagulation for
DME). These studies were originally intended to show an effect of RBX
on morphologic progression of DME using grading of Early Treatment
Diabetic Retinopathy Study (ETDRS) stereo fundus photographs to
determine center of macula involvement (for Study MBDL) and optical
coherence tomography (OCT) assessment of central macular thickness
(for Study MBCU), with one designated DME study eye of each patient
being used for the primary analyses. However, when a regulatory need
for more vision loss data with RBX arose, the studies were amended to
make vision loss in one or two DR study eyes the primary objective,
consistent with prior studies of the effects of RBX on vision loss.! 112 In
each study, more than 90% of patients had two DR study eyes.

With regard to the treatment of DME or DR during the study,
patients were allowed to receive focal photocoagulation (FPC) and/or
PRP in either eye postbaseline, at the discretion of the investigator.
Application of FPC was captured on a specific case report form. Both
trials started before intravitreal injections of steroids or anti-VEGF

Tasii 3. Eye Characteristics at Baseline

agents were approved for the treatment of DME, and application of
these treatments was not captured on a specific case report form.
However, their use was not prohibited in either study.

Both trials were multicenter, parallel, placebo-controlled, double-
masked, phase 3 clinical trials. Patients in the MBDL study were
randomized to placebo (N = 360) or 32 mg/d oral RBX (N = 371) and
were followed for 36 months. Recruitment began in March 2004, and
the last follow-up visit was in April 2010. Patients in the MBCU study
were randomly assigned to receive oral placebo (V= 157) or RBX 32
mg/d (N=152) and were followed for 18 to 48 months. The reason for
the wide range of follow-up durations in the MBCU study is that it was
originally designed as an 18-month DME progression study but was
amended to incorporate a longer follow-up duration in order to better
assess effects of RBX on vision loss. Prior to the amendment,
approximately one-third of patients had already completed the final
(18 month) study visit of the original protocol. Following the
amendment, the minimum duration of follow-up was 24 months, and
all active patients remained in the study until the final patient
randomized reached 24 months of follow-up. Recruitment began in
August 2005, and the last follow-up visit was in July 2011.

Best-corrected ETDRS visual acuity (VA) was measured at baseline
and at 6-month intervals throughout both studies. The endpoint of
sustained moderate visual loss (SMVL) has been described previously!3
and was defined as a 15-letter or more decrease from baseline in VA
that is sustained for a patient’s last 6 months of study participation. DR
severity was determined through central grading of ETDRS 7-standard
field stereoscopic photographs and was assessed at baseline and at

MBDL MBCU

Treatment, No. of Study Eyes

PBO, N = 696

RBX, N = 722 PBO, N = 304 RBX, N = 292

ETDRS VA, letters correct, mean * SD (Snellen equivalent)

DME, % of DR study eyes
None to <1/6 DA
>1/6 DA to >500 um from COM
CSME > 100 pm from COM
CSME < 100 pm from COM or questionably involving COM
CSME definitely involving COM

DR, % of DR study eyes
Mild to moderate NPDR (ETDRS 20-43)
Moderately severe NPDR (ETDRS 47)
Severe NPDR (ETDRS 53)
OCT center point thickness, um, mean * SD
OCT central subfield thickness, um, mean * SD

84 * 8 (20/20)

84 * 8 (20/20) 84 * 6 (20/20) 83 * 8 (20/25)

19 19 17 16
62 61 10 9

12 10 43 45

3 3 19 17

4 4 10 14
61 64 52 50

39 35 42 47
<1 1 6 3
ND ND 189 = 50 191 + 64
ND ND 213 = 33 214 *= 31

ND, not determined.
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A 2 Yr Min
Overall y 6 P=0.045
E 1 O Placebo
6 = 4
= N=385
P=0.069 =
= 27 B RBX 32 mg
g 4 O Placebo = o N=397
= N=477
«n DL+ CU2YR
=
s, ] B RBX 32mg | 3 YrMin
.~ N=481 6-
J P=0.095
= 4- O Placebo
0 - N=318
s
MBDL + MBCU S 27 B RBX 32 mg
B N=334
0_
DL+ CU3YR
B
6 6 -
P=0.081 P=0.724
5 5 -
5' 4 O Placebo S' 4 - O Placebo
5 N=331 = N=146
< 3 4 £ 3 -
i o B RBX 32 mg i 2 1 W RBX 32 mg
= 4 N=342 = 4 N=138
0 0
MBDL MBCU
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Ficure 2. Primary outcome—sustained moderate visual loss (SMVL). Percent of placebo (blue bars)- and RBX (red bars)-treated patients who
experienced SMVL in (A) the studies combined (left graph: all patients; top right: only patients with 2 or more years of follow-up; bottom right: only
patients with 3 or more years of follow-up) and (B) MBDL (/eft) and MBCU (right) studies individually. Number of patients shown is the number in

each group with postbaseline efficacy evaluations.

TaBLE 4. Secondary Analyses

MBDL MBCU
PBO RBX PBO RBX
Treatment, No. of Patients,” No. of Study Eyes* 360P 696E 371P 722E P Value 148P 286E 149P 286GE P Value
Focal photocoagulation, % patients 12 21 0.001 24 17 0.203
DR progression, % patients 13 12 0.475 18 9 0.006
DME COM involvement, % patients 20 21 0.526 27 27 0.971
VA 3-line gain in eyes with VA 20/40 or worse at baseline,
n with event/N qualifying points, (%) 1/33 3) 7/43 (16) 0.071 0/9 (0 2/19 (A1) >0.999
VFQ-25, overall score change from baseline —-14 +0.2 0.009 ND ND ND

P, patients; E, eyes.
* Numbers represent those with postbaseline measurements.
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Placebo
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300 -
250 -
T 200 -
=
o
o 150 A
s
3
= 100 -
50 -
0 T T
0 10 20
n
Placebo 286 261 233 238 237
RBX 286 265 259 244 242

30 40 50
Months
132 87 68 50 37
134 80 64 46 44

Ficure 3. Mean central subfield thickness (CST) for DR study eyes by visit in the MBCU study. The number of patients () with available CST data at

each time point is shown at the bottom of the figure.

endpoint of both studies. DME severity in Study MBDL was determined
through central grading of ETDRS 3-field stereoscopic photographs and
was assessed at baseline and every 6 months through the endpoint
visit. DME severity in Study MBCU was determined through central
grading of ETDRS 7-standard field stereoscopic photographs at baseline
to determine study eligibility. Retinal thickness as determined by OCT
was also assessed at MBCU baseline and every 6 months through the
endpoint visit. Contrast sensitivity was assessed using the Pelli-Robson
chart.'®

At each study visit, patients were queried regarding adverse events.
Treatment-emergent adverse events were defined as those that were
not present prior to initiation of the study drug, or those that were
present prior to initiation of the study drug but worsened either in
intensity or in frequency following exposure to the study drug. Serious
adverse events were defined as those that resulted in death,
hospitalization, life-threatening consequences, severe or permanent
disability, or cancer or were significant, in the opinion of the
investigator, for any other reason.

Placebo and RBX groups were compared using y? or Fisher’s exact
test for categorical analyses including SMVL, application of FPC,
progression of DR, and progression of DME. For the endpoint of SMVL
only, a combined study analysis using a Cochran-Mantel-Haenszel 2
test was performed that included study as a stratifying variable. For
continuous variables with multiple visit determinations (including VA,
contrast sensitivity, and OCT-determined central macular thickness), a
mixed model repeated measures (MMRM) analysis was performed. For
the Visual Functioning Questionnaire 25 (VFQ-25), an analysis of
covariance (ANCOVA) was performed on baseline to endpoint change
in composite score.

TaBLe 5. Adverse Events

Both studies were conducted in accordance with the principles of
the Declaration of Helsinki. An institutional review or ethics board
approved study conduct at each center, and investigators obtained
written informed consent before conducting any study-related
procedure.

RESULTS

Altogether, 1040 patients were randomized, and 822 patients
completed their assigned protocol (see Figs. 1A, 1B). Patient
characteristics were well matched between the placebo and
RBX treatment groups for both studies (Table 2). In addition,
patient characteristics across the two studies were very similar
in terms of age, sex, origin, diabetes type, duration of diabetes,
insulin use, HbAlc, and body mass index (BMI). VA and DR
severity were also similar between the two studies. As
expected on the basis of differences in eligibility criteria,
DME tended to be less severe in MBCU. In both studies,
inclusion of fellow eyes that were not required to meet all
eligibility requirements broadened the range of DME severity
(eyes with no or less than 1/6 optic disc area [DA] of edema
approaching 20% in each study, eyes with CSME approaching
20% in MBDL, and eyes with CSME within 100 pum of the center
of the macula approximately 30% in MBCU) (Table 3). There
were no notable differences between treatment groups in
either study. Patient disposition was similar across the two
studies with overall discontinuation rates in the range of 20% to
30% (Figs. 1A, 1B). There were somewhat more discontinua-
tions from the placebo group than from the RBX group in

MBDL MBCU
Treatment, No. of Patients PBO, N = 360 RBX, N = 371 PBO, N = 148 RBX, N = 149
>1 TEAE, n (%) 307 (85.3) 311 (83.8) 118 (77.1) 120 (80.5)
>1 SAE, 1 (%) 81 (22.5) 87 (23.5) 31 (20.3) 36 (24.2)
>1 TEAE leading to study discontinuation, 72 (%) 4 (1.D 5 (1.3) 4 (2.6) 2(1.3)
Deaths, 1 (%) 9 (2.5) 9 (2.4 3 (2.0) 2(1.3)

TEAE, treatment-emergent adverse event; SAE, serious adverse event.
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Study MBCU, with the reason for the majority of the
discontinuations reported as “patient decision” (Fig. 1B).
Deaths and discontinuations due to adverse events were
similar across the two treatment groups and studies (Fig. 1,
footnotes).

In the combined analysis across the two studies, SMVL was
observed in 4.4% of 477 patients assigned to placebo versus
2.3% of 481 assigned to RBX (P = 0.069, Fig. 2A). Additional
prospectively specified analyses on the combined SMVL data
included only patients with 2 or more years (or 3 or more
years) of follow-up to minimize the influence of patients with
short follow-up. Similar treatment effects (i.e., RBX versus
placebo) were observed in these populations. For the 2-year
minimum follow-up group, SMVL was observed in 4.9% of 385
patients assigned to placebo versus 2.3% of 397 assigned to
RBX (P = 0.045, Fig. 2A); for the 3-year minimum follow-up
group, SMVL was observed in 4.4% of 318 patients assigned to
placebo versus 2.1% of 334 assigned to RBX (P = 0.095, Fig.
2A). SMVL results for each study individually were similar to
those observed in the combined analysis (Fig. 2B).

Additional analyses were performed within each study
individually and are shown in Table 4.

For the MBDL study MMRM analyses of VA, the estimated
mean treatment difference in VA was +0.6 letters (confidence
interval [CI], —0.01, +1.25, P=0.055) in the direction favoring
RBX. For contrast sensitivity, the estimated mean treatment
difference in number of letters read correctly was +0.3 letters
(CI, —0.03, +0.68, P = 0.072) in the direction favoring RBX
(data not shown).

For the MBCU study MMRM analyses of VA, the estimated
mean treatment difference in VA was 42.3 letters (CI, 0.3,
+4.4, P = 0.024) in the direction favoring RBX. For contrast
sensitivity, the estimated mean treatment difference in number
of letters read correctly was +0.5 letters (CI, —0.6, +1.6, P =
0.344) in the direction favoring RBX (data not shown).

For the MBCU study, MMRM analyses of OCT parameters
(center point thickness and center subfield thickness [CST])
did not reveal any consistent differences between treatment
groups (data not shown). The mean OCT CST values for DR
study eyes at each time point are shown in Figure 3.

An analysis of the safety of RBX on a combined safety
database of >1400 RBX-treated patients and a similar number
of placebo-treated patients has been reported previously.'?
There were no new safety findings from Studies MBDL and
MBCU that changed any of the previous conclusions. Table 5
provides a high-level overview of the percentage of patients
who died or who experienced serious adverse events or
nonserious treatment-emergent adverse events in each of the
two studies.

Di1scussION

Although the approximately 50% reduction of SMVL in the RBX
group observed in the overall combined analysis (Fig. 2A), from
4.4% (21/477) in placebo to 2.3% (11/487) in RBX (P = 0.069),
did not reach statistical significance, this reduction was
consistent with those observed in similar analyses in previous
trials of RBX, most notably in the PKC-DRS2,'? in which the
9.1% (31/340) 3-year rate of SMVL in the placebo group was
reduced to 5.5% (19/345) with RBX treatment (P = 0.034). In
that trial, baseline DR and DME severity were greater and VA
was more impaired than in the trials reported here (moderately
severe or severe nonproliferative diabetic retinopathy [NPDR]
in 91% vs. 42% of eyes, DME definitely involving the center of
the macula in 31% vs. 6%, and mean VA 77 vs. 84 letters,
respectively). The 9.1% placebo event rate in that trial
compared to the 4.4% rate reported here was likely due, at

Ruboxistaurin Combined Analysis 1755

least in part, to these differences in disease severity,
particularly the 5-fold lower frequency of center-involved
DME. Additionally, the lower event rates reported here may
be a reflection of increasing use of intravitreal injections of
corticosteroids and anti-VEGF agents in recent years. The fact
that the use of these treatments was not specifically captured
in both trials is a limitation of these studies. A further limitation
is the rate of patient discontinuation in both studies (20%-30%
over 2-3 years), although the rate of discontinuation was not
higher in the RBX group than in the placebo group.

In previous trials of RBX, the most common probable cause of
SMVL was considered to be DME involving the center of the
macula (74% of eyes had progression to center involvement
based upon grading of fundus photographs).? A similar analysis
was not performed on the cases of vision loss in Studies MBDL
and MBCU, but the similarities in patient populations between
these trials and the previous ones make it highly likely that the
vision loss in the currently reported trials was primarily due to
DME. RBX has been shown to slow progression of DME from
earlier stages to involvement of the center, although risk
reductions appeared to be smaller than those for prevention of
SMVL (approximately 20% and 40%, respectively).'?1¢ This
difference suggests that the beneficial VA effect of RBX may
involve more than reduction of retinal thickening, such as a
neuroprotective effect on retinal tissue, and that blocking the
PKC B pathway alone may not be sufficient to completely inhibit
the development/progression of DME. An analysis of the
relationship between duration of severe DME and change in
VA over a 3-year period also suggests that RBX may provide some
protection from the vision-damaging effect of long periods of
central retinal thickening.!> In contrast to its effects on DME, and
unlike the effects of anti-VEGF agents,!” RBX does not appear to
influence progression of DR in the populations studied.!!-'216
These differences suggest that the beneficial VA effects of RBX
may involve mechanisms distinct from those of anti-VEGF agents.
Testing of combined treatment of center-involved DME with a
selective PKC f inhibitor with a favorable safety profile and an
intravitreal anti-VEGF agent might be worthy of consideration.

In conclusion, two recently completed randomized clinical
trials designed to determine the effects of RBX on slowing the
development of DME and its attendant visual loss gave results
consistent with those of previous trials, although they failed to
meet their primary outcome measure. These trials demonstrat-
ed that RBX reduces the relative risk of SMVL from DME by
40% to 50%, with a lesser benefit on morphologic severity. The
greater benefit on functional vision change over structural
change may indicate a neuroprotective effect of RBX.
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Tornambe, Poway, CA; Max Johnson, Fargo, ND; Kenneth Sall,
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Moreno, Valladolid. United Kingdom: Phillip Hykin, London;
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