Sustained moderate
visual loss as a
predictive end point
for visual loss in
non-proliferative
diabetic retinopathy

Abstract

Purpose In PKC-DRS2, the efficacy of the
oral PKC-p inhibitor, ruboxistaurin 32 mg/day,
was measured by the primary end point of
sustained moderate visual loss (SMVL: a >15
letter decrease from baseline on the ETDRS
(Early Treatment Diabetic Retinopathy Study)
chart sustained at least for the last 6 months of
study participation). We now evaluate whether
SMVL is more accurate than moderate visual
loss (MVL: a single occurrence of a decrease
from baseline of >15 ETDRS letters) for
predicting future visual loss.

Methods Study eyes with moderately severe
to very-severe non-proliferative diabetic
retinopathy, best-corrected visual acuity of at
least 45 letters on the ETDRS chart (~ Snellen
20/125), and no prior pan retinal photocoagu-
lation were evaluated in 506 patients (869 eyes)
who completed 36 months of treatment.
Results Sixty-five percentage (26/40) of study
eyes with the onset of SMVL within 24 months
of enrolment still had SMVL at study completion
(36 months). In comparison, only 24% (30/126)
with MVL within 24 months had SMVL at study
completion. Analyses based on data from 6, 12,
and 18 months of treatment were similar.
Conclusions SMVL is a more predictable
measure of subsequent visual loss than is a
single time point measure of MVL.
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Introduction

Diabetic retinopathy (DR) affects nearly 40%
of patients with diabetes.! Patients with
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non-proliferative DR (NPDR) are at increased
risk for visual loss, which can lead to severe
morbidity and loss of independence.” The
current options for treating and preventing DR
include blood glucose, blood pressure, and lipid
control, pan retinal photocoagulation (PRP) for
high-risk proliferative DR (PDR), focal or grid
photocoagulation for eyes with clinically
significant macular oedema (CSME), and
vitrectomy for severe PDR or vitreous
haemorrhage. Although the effectiveness of
these treatments has been documented in
randomized, controlled clinical trials,>® DR
remains the leading cause of blindness in the
working-age population of the United States
and developed nations.'*"

Medical treatments aimed at the prevention
of retinopathy progression in the early stages of
the disease are being studied in an attempt to
further reduce the risk of visual loss.> Given
limited early symptoms, the substantial risks
associated with advanced retinopathy, and the
development of new pharmacotherapeutic
strategies to treat DR, rigorous, early end points,
predictive of future visual loss, would be of
tremendous value in clinical evaluation of new
therapies.

In the PKC-DRS2 trial, the efficacy of
ruboxistaurin (RBX) 32 mg/day, an oral PKC-f
inhibitor, compared with placebo was measured
by using an end point based on sustained
moderate visual loss (SMVL) for the last 6
months of study participation (ie, 30-36
months). SMVL was defined as a loss of >15
letters on the ETDRS (Early Treatment Diabetic
Retinopathy Study) chart sustained for 6
months. We now perform additional analyses to
evaluate the durability of SMVL at multiple
early time points as a measure to predict the
visual loss after 3 years. We also compare the
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relative predictive value of SMVL and MVL in this
regard, and determine how various severities of visual
loss present during the study were predictive of visual
loss after 3 years.

Materials and methods

The study design of the PKC-DRS?2 trial has been
previously published in detail."® Briefly, the PKC-DRS2
trial was a 36-month, multicenter, randomized, double-
masked, placebo-controlled phase 3 study. Patients were
randomized to placebo (n =340) or once daily RBX 32 mg
(n =345). Major inclusion criteria were moderately severe
to very-severe NPDR (ETDRS retinopathy score of >47A
and <53E), no prior PRP in a study eye, and the best-
corrected visual acuity of at least 45 ETDRS letters
(approximately 20/125 on the Snellen eye chart). The
primary end point of the study was SMVL for the last 6
months of study participation (30-36 months) in at least
one study eye in an intent-to-treat population. The PKC-
DRS2 trial strictly adhered to the principles of the
Declaration of Helsinki statement and the guidelines on
good clinical practice, and was approved by the
Institutional Review Boards of all study sites. Written
informed consent was obtained from all patients. We
certify that all applicable institutional and governmental
regulations concerning the ethical use of human
volunteers were followed in this research.

In the current post hoc analyses, pooled results (placebo
and RBX combined data) were examined to determine
whether SMVL (during the study) or MVL (during the
study) that began within 6, 12, 18, and 24 months of
study participation was a more rigorous end point for the
prediction of visual loss after 3 years of study partici-
pation (SMVL at the end of the study). Only study eyes
from the completer cohort of patients were analysed. An
eye was included in the completer cohort, if the patients
completed 3 years (36 months) of the treatment phase
with either RBX or placebo. Data were analysed in terms

of the proportion of eyes instead of patients. Treatment
effect was not analysed, but data from patients receiving
placebo were analysed separately to demonstrate
whether or not treatment might have had an effect on the
pooled results.

Analyses were cumulative and eyes were categorized
into temporal categories (ie, within 6, 12, 18, or 24 months
of baseline) based on the onset time of the visual loss
during the study. For example, an eye with a single time
point MVL that occurred by month 6 was considered to
have ‘"MVL' and was counted in each of the temporal
categories. An eye with sustained visual loss (for either 3
or 6 months) that began before or at month 6 was
considered to have sustained visual loss in the ‘within 6
months” and all subsequent temporal categories. An eye
with loss that began at month 24 was counted only in the
within 24-month temporal category.

The analyses based on the degree of visual loss (ie, =5,
>10, or >15 letter loss) were inclusive of categories of
more visual loss. For example, an eye that had a loss of
>15 letters would also be counted in the >5 and >10
letter loss categories.

Results

In all, 685 patients were randomized into the PKC-DRS2
trial. Of these 685 patients, 506 patients (869 study
eyes, 430 placebo, and 439 RBX 32 mg) completed the
36-month treatment phase and were included in the
completer cohort.

SMVL vs MVL

Sixty-five percent (26/40) of the study eyes that had
SMVL that began within 24 months of study
participation also had SMVL at the 3-year study
completion (Figure 1, Table 1). In comparison, only 24%
(30/126) of study eyes with MVL (during the study) that
began within 24 months had SMVL at the end of the
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Figure 1 Proportion of eyes with SMVL (during the study) or MVL (during the study). Proportion of eyes as predictive end points at
the end of the study, by the time period within which the visual loss first occurred.
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Table 1 Proportion of study eyes developing SMVL after 3 years of study participation by categories of visual loss experienced

during the study

Visual loss category

Time category®

(during the study)
Within 6 months

Within 12 months

Within 18 months Within 24 months

MVL 23% (7/31)
CI: 8-37%
6-month sustained visual loss’
15-letter loss (ie, SMVL) 67% (4/6)
CI: 29-104%
10-letter loss 41% (9/22)
CI: 20-61%
5-letter loss 24% (20/83)
CI: 15-33%
3-month sustained visual loss"
15-letter loss (ie, 3-month MVL) 44% (4/9)
CI: 12-77%
10-letter loss 35% (10/29)
CI: 17-52%
5-letter loss 18% (20/113)
CI: 11-25%

23% (16/70)
CI: 13-33%

26% (27/105)
CI: 17-34%

24% (30/126)
CIL: 16-31%

67% (10/15) 66% (21/32) 65% (26/40)

CI: 43-91% CI: 49-82% CI: 50-80%
44% (21/48) 40% (27/68) 32% (30/94)
CI: 30-58% CI: 28-51% CI: 22-41%
20% (26/130) 17% (29/170) 16% (32/207)
CI: 13-27% CI: 11-23% CI: 11-20%

50% (11/22) 55% (24/44) 47% (29/62)

CI: 29-71% CI: 40-69% CI: 34-59%
34% (22/65) 29% (27/93) 24% (30/124)
CI: 22-45% CI: 20-38% CI: 17-32%
16% (27/172) 13% (29/223) 12% (32/267)
CI: 10-21% CI: 9-17% CI: 8-16%

Abbreviations: CI= confidence interval (lower and higher bound of 95% CI); MVL = moderate visual loss; SMVL = sustained moderate visual loss

(for 6 months of study participation).

*Eyes were categorized into time categories based on the onset date of the MVL or SMVL during the study. Analyses were cumulative and an eye could
have been counted in more than one category, for example, eyes in which a loss occurred during the first 6 months of follow-up were included in the

6-month and all subsequent time categories.

study. Analyses based on the data from eyes with an
onset beginning within 6, 12, and 18 months postbaseline
were similar.

The Kendall Tau correlation between SMVL during
study participation and SMVL at study completion
increased over the duration of study participation. The
correlations between SMVL (during the study) that
began within 12, 18, and 24 months of study participation
and SMVL at the 3-year study completion were 0.34, 0.54,
and 0.79, respectively. These correlations were stronger
than the correlations for MVL (during the study). The
corresponding correlations between MVL (during the
study) that began within 12, 18, and 24 months of study
participation and SMVL (at the end of the study) were
0.28, 0.41, and 0.41, respectively.

SMVL (during the study) was also more predictive of
SMVL (at the end of the study) when compared with
MVL (during the study) as a predictive measure of MVL
(at end of study). For example, only 34% (36/105) of eyes
that had MVL (during the study) by 18 months had MVL
(at the end of the study). In comparison, 66% (21/32) of
eyes with the onset of SMVL (during the study) by 18
months of the study had SMVL (at the end of the study,
Figure 1).

The duration of time that MVL (during the study)
needs to be sustained to predict future visual loss was
further analysed by considering an SMVL of 15 letters or

more for >3 months of study participation (ie, 3-month
MVL). As shown in Figure 1 and Table 1, a 3-month
MVL (during the study) was not as predictive as
SMVL (during the study), although the 3-month MVL
was more predictive than a single time point MVL
during the study. The proportions of eyes with SMVL,
3-month MVL, or single time point MVL during the
study that began within 24 months of study participation
that had SMVL (at the end of the study) were 65%
(26/40), 47% (29/62), and 24% (30/126), respectively.
This trend remained consistent for analyses that
considered 6, 12, and 18 months of study

participation.

Severity of visual loss

As shown in Figure 2a and Table 1, a linear trend was
seen when the relationship between the severity of
sustained visual loss during study participation and
SMVL (at the end of the study) was explored. For
example, SMVL (at the end of the study) was most
strongly predicted by a 6-month sustained visual loss of
15 letters or more (SMVL during the study) compared
to a 6-month sustained visual loss of >10 or =5 letters.
The linear trend was consistent with the sustained visual
loss within 6, 18, and 24 months of treatment. In addition,
the same trend was observed for a 3-month sustained
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Figure 2 Proportion of eyes that had sustained >15, >10, and >5 ETDRS letter loss and had SMVL at the end of the study.
Proportion of eyes with (a) 6-month and (b) 3-month sustained ETDRS letter loss. Both figures refer to the time period within which

the visual loss first occurred.
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Figure 3 Proportion of eyes that had at least a 6-month sustained >15, >10, and >5 ETDRS letter loss. These eyes had the same
severity of visual loss sustained for 6 months at the end of the study, by the time period within which visual loss first occurred.

visual loss, although 3 months of visual loss was less
predictive of future visual loss than 6 months (see
Figure 2a vs Figure 2b).

The ability of the 6-month sustained visual loss of
=5, 210, or >15 letters during study participation to
predict the same visual loss outcome at the end of the
3-year study was also studied (Figure 3). More than
50% of study eyes with sustained visual loss within 6,
12, 18, and 24 months of study participation had
sustained visual loss of the same severity at the end
of the 3-year study.

Placebo patients

To investigate the possibility of RBX treatment effects on
the pooled data analyses, analyses were completed in the
subset of 430 study eyes of placebo-treated patients
(Table 2). The same trends seen in the pooled data set
were also seen in the analyses based on the placebo-
treated eyes only (see Table 1 vs Table 2). On the basis
of the study eyes of placebo-treated patients, the ability
of SMVL (during the study) to predict SMVL (at the end
of the study) was also more then 2 times higher than
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Table 2 Proportion of study eyes of placebo-treated patients developing SMVL by categories of visual loss experienced during study
participation

Visual loss category Time category®

(during the study)

Within 6 months Within 12 months Within 18 months Within 24 months

MVL 35% (6/17) 29% (10/35) 33% (18/54) 31% (20/65)
6-month sustained visual loss®
15-letter loss (ie, SMVL)

10-letter loss

5-letter loss

68% (13/19)
43% (17/40)
22% (19/87)

64% (16/25)
36% (20/56)
21% (22/105)

60% (3/5)
47% (7/15)
32% (12/37)

60% (6/10)
46% (12/26)
27% (17/64)

3-month visual loss®
15-letter loss (ie, 3-month MVL)
10-letter loss
5-letter loss

43% (3/7)
42% (8/19)
22% (12/54)

50% (7/14)
38% (13/34)
20% (18/90)

57% (16/28)
33% (17/51)
16% (19/119)

51% (19/37)
29% (20/68)
16% (22/142)

Abbreviations: MVL = moderate visual loss; SMVL = sustained moderate visual loss for 6 months of study participation.
*Eyes were categorized into time categories based on the onset date of the MVL or SMVL. Analyses were cumulative and an eye could have been counted

in more than one category.

Analyses are cumulative. An eye could have been counted in more than one category.

MVL (during the study). Sixty-four percent (16/25)

of study eyes of placebo-treated patients with SMVL
(during the study) that began within 24 months of study
participation had SMVL (at the end of the study)
compared with 31% (20/65) of study eyes with MVL
(during the study) within 24 months. In addition, SMVL
(during the study) was more predictive of future visual
loss than 3-month MVL in eyes of placebo-treated
patients.

Discussion

MVL, as a standard measure of visual loss, was
established by the ETDRS group and was defined as a
doubling of the visual angle.® This equates to an
approximate loss of 15 letters on the ETDRS visual acuity
chart. This is considered a clinically significant change of
vision, eg, if a patient starts at 20/20 (6/6 or 1.0) vision
and his/her vision deteriorates by 15 letters (or 3-lines),
then the patient’s visual acuity will end up at 20/40
(6/12 or 0.5). At this vision stage, the patient will not be
able to legally drive without restrictions in most countries.'*

In the randomized studies involving DR patients, the
commonly accepted standard for a visual outcome end
point is MVL. However, it is known that vision in
patients that attain a 15-letter loss on the ETDRS chart
can fluctuate over time for various metabolic and non-
metabolic reasons. Even a small fluctuation can easily
result in inclusion or exclusion for a specific definite
categorical cutoff point, such as a 15-letter loss mark.
These changes expose the visual standard of MVL to
visit-by-visit variability.

In designing the PKC-DRS2 trial, the end point of
SMVL (at the end of the study) was chosen in an attempt

to have a more rigorous and yet clinically meaningful
end point. The end point of SMVL required MVL to be
sustained for 6 months at the end of the 3-year study,
similar to the concept of sustained DR progression
utilized in the DCCT trial.'* Given that MVL may be
transient, the end point of SMVL was hypothesized to be
a more predictive long-term end point of visual loss.
MVL sustained for 6 months at any time during the
study (SMVL during the study) is a better predictor of
sustained 6-month MVL at 3 years (SMVL at the end

of the study) than isolated occurrences of MVL alone
(Figure 1). SMVL, occurring as early as 12 months, is
predictive of SMVL at 3 years (Figure 1). MVL sustained
for 3 months compared to 6 months is a less robust
predictor of SMVL at 3 years (Figure 1).

A 6-month sustained 15-letter loss (ie, SMVL) is a
stronger risk factor than a 6-month sustained 10-letter
loss, which in turn is stronger than a 6-month sustained
5-letter loss in predicting eventual visual loss at 3 years
(Figure 2a). The corresponding 3-month sustained 15, 10,
and 5-letter losses are not as predictive of eventual visual
loss as the 6-month sustained equivalents (Figure 2b). It
is also interesting to note that a 6-month sustained 5-
letter loss has approximately the same predictive value
as a single time point MVL for eventual SMVL at 3 years.
This is particularly evident for the earlier time points
studied (Table 1).

In conclusion, clinical trials in DR may be reasonably
designed to employ an end point of SMVL at an earlier
time point than the current standard MVL at 3 years.
SMVL (ie, MVL sustained for 6 months) appears to
reduce the variability inherent in the measure of MVL
alone and provides for a more reliable prediction of
future sustained MVL. Thus, SMVL may be considered
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an appropriate end point for certain clinical trials
involving visual acuity in patients with DR.
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