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This agent’s mechanism of benefit in diabetic retinopathy appears to go beyond its effects
on lipid concentration or blood pressure, and this potential mechanism of action operates

even when glycemic control and blood pressure levels are within goal.

ABSTRACT icant relative reduction was seen of almost one-third in
PURPOSE the rate of first laser application for retinopathy after
The FIELD (Fenofibrate Intervention and Event an average treatment duration of 5 years with fenofi-
Lowering in Diabetes) study sought to investigate brate 200 mg/day.
whether long-term lipid-lowering therapy with fenofi- In this report, we detail the effects of fenofibrate
brate would reduce macro- and microvascular compli- administration on ophthalmic microvascular compli-
cations among patients with type 2 diabetes. We previ- cations and attempt to clarify some of the underlying
ously reported that in type 2 diabetes patients with pathologies being addressed among patients undergo-
adequate glycemic and blood pressure control, a signif- ing laser treatment.
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STATEMENT OF NEED

Diabetes is becoming more common in the United States, as well
as globally. Data from the Centers for Disease Control and Prevention
show that from 1994 to 2004, the prevalence of diabetes increased
by 80%. Type 2 diabetes accounts for 90% to 95% of all diagnosed
cases of diabetes.

Diabetes is a disease of complications. But landmark studies
such as the DCCT (Diabetes Control and Complication Trial) have
shown that achieving tight glycemic control can directly reduce
the risk of diabetic complications, especially diabetic microvascu-
lar complications. New screening tools and potential new treat-
ments also hold promise for making diabetic microvascular com-
plications such as retinopathy more manageable and less
inevitable.

In the largest placebo-controlled clinical outcomes study ever
conducted with a cholesterol-modifying medication in patients with
type 2 diabetes, FIELD confirms fenofibrate produces macrovascular
and microvascular benefits in diabetic patients without previous car-
diovascular disease.

TARGET AUDIENCE

This activity is designed for endocrinologists, diabetologists, oph-
thalmologists who treat patients with diabetic eye disease, and other
practitioners who focus on diabetes care.

LEARNING OBJECTIVES

Upon successfully completing this learning program, participants
should be able to:

- Describe primary strategies for diabetes management that
improve outcomes of diabetic retinopathy and its progression.

« Identify secondary interventions that improve outcomes of dia-
betic retinopathy and diabetic macular edema.

- Review the origins of pending vision loss in proliferative and non-
proliferative diabetic retinopathy.

- Cite the systemic factors that affect the severity of diabetic
retinopathy.

- Discuss the use of fenofibrate treatment to reduce diabetic eye
disease.

« Understand the results of the FIELD study, in which the data sug-
gest an important role of fenofibrate in preventing microvascular
complications of type 2 diabetes.

METHOD OF INSTRUCTION

Participants should read the learning objectives and continuing
medical education (CME) program in their entirety. After review-
ing the material, they must complete the self-assessment test,
which consists of a series of multiple-choice questions. To answer
these questions online and receive real-time results, please visit
www.dulaneyfoundation.org and click “Online Courses.” If you
are experiencing problems with the online test, please e-mail us at
support@dulaneyfoundation.org and explain the details of any
problems you encounter with the Web site. Alternatively, you can
fax your exam to us at +1 610 771 4443. Please note, in order to
receive your certificate and credit when faxing your test you must
include your full name as well as an e-mail address, as certificates
will be issued electronically. Upon completing the activity and
achieving a passing score of over 70% on the self-assessment test,
you may print out a CME credit letter awarding 7 AMA/PRA
Category 1 Credit.” The estimated time to complete this activity is
1 hour.
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METHODS

FIELD was a multinational, randomized, clinical
trial of 9,795 patients aged 50 to 75 years who had
type 2 diabetes. Included patients were randomized
to 200 mg/day fenofibrate (n=4,895) or placebo
(n=4,900). Upon each office visit, included patients
provided information regarding laser treatment for
diabetic retinopathy, a prespecified tertiary end-
point of the main study. Ophthalmologists who
were masked to treatment allocation determined
instances of laser treatment for macular edema, pro-
liferative retinopathy, or other diabetic eye disease.

An ophthalmology substudy included 1,012
patients who had standardized retinal fundus pho-
tographs taken and graded according to ETDRS
(Early Treatment Diabetic Retinopathy Study) crite-
ria to determine the cumulative incidence of diabet-
ic retinopathy and its component lesions. Analyses
in this trial were by intention to treat.

FINDINGS
Laser treatment for diabetic eye disease was need-
ed more often in participants with poor glycemic or

blood pressure control than in those with good con-
trol of these factors. Laser treatment was also need-
ed more often in those patients with a greater bur-
den of clinical microvascular disease. The need for
treatment, however, was not affected by plasma
lipid concentrations. Patients assigned treatment
with fenofibrate required first laser treatment for all
retinopathy significantly less often than those in the
placebo group (164 [3.4%] fenofibrate-assigned
patients vs 238 [4.9%)] placebo-assigned patients).
The hazard ratio (HR) was 0.69, with a 95% confi-
dence interval (Cl), 0.56-0.84; P=.0002, and there
was an absolute risk reduction (RR) of 1.5%
(0.7%-2.3%).

In the ophthalmology substudy, the primary end-
point of a two-step progression of retinopathy grade
was not significantly different between the treat-
ment and the placebo groups overall (46 [9.6%]
patients assigned fenofibrate vs 57 [12.3%] assigned
placebo; P=.19) or in the cohort of patients who did
not have preexisting diabetic retinopathy (43
[11.4%] vs 43 [11.7%]; P=.87). Among patients with
preexisting retinopathy, however, significantly fewer

Photo courtesy of the National Eye Institute

Figure 1. Fundus photograph showing extensive scatter laser surgery for diabetic retinopathy.
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who were assigned fenofibrate had a two-step pro-
gression than did those in the placebo group (three
[3.1%] patients vs 14 [14.6%]; P=.004).

An additional, exploratory composite endpoint of
two-step progression of retinopathy grade, macular
edema, or laser treatments was significantly lower in
the fenofibrate group versus placebo-assigned
patients (HR 0.66, 95% Cl 0.47-0.94; P=.022).

CONCLUSION

Fenofibrate treatment among patients with type 2
diabetes reduced the need for laser treatment for
diabetic eye disease. The mechanism by which this
happens remains unclear, however, it does not
appear to be related to plasma lipid concentrations.

BACKGROUND

More than 135 million people worldwide are cur-
rently afflicted with diabetes, more than 18.2 million
in the United States alone. Diabetic retinopathy is
the most common microvascular complication of
diabetes, it is the leading cause of vision loss and
blindness in working age adults and causes 10,000

people to go blind every year."? This fact is made
even more sobering by statistics showing that type 2
diabetes prevalence is rapidly increasing worldwide.

Patients with diabetic retinopathy lose vision
mainly from central macular edema but also to
some extent from proliferative diabetic retinopathy.
Diabetic retinopathy is characterized by vasodilation
and hyperperfusion that leads to capillary loss and
ischemia. These patients experience protein and
fluid leakage from the damaged capillaries, which in
turn causes macular edema and the accumulation of
lipid and protein deposits or hard exudates. These
pathological changes are related to prolonged expo-
sure to the hyperglycemic state.>*

Clinical trials have shown that laser photocoagula-
tion for the treatment of leaking microaneurysms
can slow or prevent further vision loss in diabetic
retinopathy (Figures 1 and 2).2¢ But laser treatment
is often associated with visual field reduction and
ocular side effects,” so an alternative that could
potentially reduce the need for its use would be an
important advance in the management of diabetic
retinopathy.

Figure 2. Fundus photo showing focal laser surgery for diabetic retinopathy.
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Figure 3. Proliferative retinopathy, an advanced form of diabetic retinopathy, occurs

when abnormal new blood vessels and scar tissue form on the surface of the retina.

It is known that medical management of risk factors
associated with diabetic retinopathy helps to slow reti-
nal disease progression.®'° There is a clear association
between diabetic retinopathy and glycemia, diabetes
duration, hypertension, and microalbuminuria; howev-
er, control of these factors does not completely prevent
disease or progression.

Previous work has pointed to a link between lipid
levels, the development and severity of diabetic
retinopathy, the development and severity of prolif-
erative diabetic retinopathy, hard exudates, and
macular edema’?° (Figures 3 and 4). Although the
benefits of lipid-lowering therapy on the manage-
ment of diabetic retinopathy have not been well elu-
cidated thus far.2"?? It is clear that the potential for
benefit exists. Additionally, although statins have
proven unsuccessful for the prevention of diabetic
retinopathy,?® previous studies with peroxisome pro-
liferator-activated receptor (PPAR)-alpha agonists—
fibrates—have found beneficial effects.*?

Therefore, the FIELD study sought to assess
whether long-term lipid-lowering therapy with
fenofibrate could reduce macro- and microvascular
outcomes in patients with type 2 diabetes. In 2005,
we published our findings: In type 2 diabetes
patients with adequate glycemic and blood pressure
control, there was a significant relative reduction of
about one-third in the rate of first laser treatment

for retinopathy after an
average of 5 years’ treat-
ment of 200/mg day fenofi-
brate.*

STUDY DETAILS
INCLUSION AND
EXCLUSION CRITERIA

Included in FIELD were
patients aged 50 to 75 years
with type 2 diabetes and an
initial total cholesterol level
of 3.0 to 6.5 mmol/L and a
total cholesterol/HDL ratio
of 24.0, or a triglyceride
level of 1.0 to 5.0 mmol/L,
without requiring lipid-
modifying agents upon
entry into the study.
Excluded patients included
those with significant renal
impairment, chronic liver
disease, symptomatic gall-
bladder disease, or a cardiovascular event within the
3 months prior to study recruitment.3%3

TREATMENT, METHODS,
AND PROCEDURES

The 9,795 patients eligible for inclusion in FIELD
were randomized to micronized fenofibrate
200 mg/day or placebo. The scheduled study visits
occurred at 4- to 6-month intervals over 5 years in
conjunction with usual care by the patients’ health
care providers. We gathered baseline information
with regard to retinopathy history, however, retinal
photographs of the patients were not routinely taken
in the main study. Instances of and documentation

Because laser treatment remained up
to the discretion of the patients’
usual doctors, we believe that the
use in the trial reflected typical
clinical practice.

for laser photocoagulation treatment for diabetic
retinopathy were recorded at every visit. The occur-
rence of laser treatment for retinopathy was a pre-
specified tertiary endpoint of the main FIELD study. It
is important to note, however, that there were no
constraints with respect to the study protocol regard-
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ing the use of laser for diabetic retinopathy treat-
ment. Therefore, laser treatment remained up to the
discretion of the patients’ usual doctors. We believe
that, as such, laser use in FIELD reflected “real-world”
clinical practice.

Documentation of laser use was verified while inves-
tigators remained masked to the treatment groups. At
least two FIELD ophthalmologists ascertained the rea-
son for each laser treatment episode. New laser treat-
ments were recorded when the date of laser treatment
was at least 10 weeks after the previously reported
course of treatment. Treatment was classified as being
for macular edema or proliferative retinopathy without
macular involvement. Laser treatments identified as
being for the resolution of capsular opacity, iridotomy,
retinal breaks, or other nondiabetic eye conditions,
were excluded from the analysis.

OPHTHALMOLOGY SUBSTUDY
At 22 of the 63 FIELD sites, patients were asked to
participate in an ophthalmic study involving serial

retinal fundus photography. Those who were eligible
for inclusion had two-field color fundus photos of
both eyes that showed no evidence of proliferative
retinopathy, severe nonproliferative retinopathy,
clinically significant macular edema, or indication
for or evidence of a history of laser treatment at a
screening exam during the placebo run-in phase.

Status and severity of retinopathy were assessed
from two-field 45° color fundus photos at baseline, 2
years, 5 years, and at the end of the study as part of
FIELD follow-up. Investigators were looking for long-
term changes in diabetic retinopathy status and any
possible treatment effects. Grading was done by oph-
thalmologists according to ETDRS criteria.>*?

Retinal photos were taken of two fields in both
eyes in accordance with EURODIAB guidelines.
Macular edema was characterized by the presence
of the thickening of the retina. Clinically significant
macular edema was defined as having one of the fol-
lowing three criteria: (1) retinal thickening at or
within 500 pm of the center of the macula associat-

Figure 4. In background retinopathy, a slight deterioration in the small blood vessels of the retina, portions of the vessels
may swell and leak fluid into the surrounding retinal tissue.
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TABLE 1. BASELINE CHARACTERISTICS OF PARTICIPANTS REQUIRING OR NOT REQUIRING
LASER TREATMENT DURING THE STUDY

No Laser Treatment (n=9,393)  Laser Treatment (n=402) P Value
General Characteristics
Gender (male) 5,864 (62.4%) 274 (68.2%) 020
Ethnic origin (white) 8,728 (92.9%) 365 (90.8%) 106
Age at visit 1 (years) 62.3(69) 615 (6.7) 032
Diabetes duration (years) 50 (20-9.0) 12.0 (8.0-16.0) <.0001
BMI (kg/m2) 29.8 (268-335) 296 (27.0-334) 868
Waist—hip ratio 094 (0.88-098) 095 (0.91-1.00) <0001
Systolic blood pressure (mm Hg) 140.3 (15.3) 1449 (162) <0001
Diastolic blood pressure (mm Hg) 820 (85) 83.0(9.5) 024
Current smoker 892 (9.5%) 30 (7.5%) 71
Ex-smoker 4,747 (50.5%) 197 (49.0%) 547
Clinical history
Previous CVD 2,036 (21.7%) 95 (23.6%) 352
Myocardial infarction 466 (5.0%) 19 (4.7%) 832
Stroke 324 (34%) 23 (5.7%) 016
Angina 1,136 (12.1%) 51 (12.7%) 722
Peripheral vascular disease 670 (7.1%) 42 (10.4%) 012
Coronary revascularization (CABG or PTCA) 348 (3.7%) 15 (3.7%) 978
History of hypertension 5,329 (56.7%) 217 (54.0%) 275
Any microvascular disease 1,767 (18.8%) 258 (64.2%) <0001
Diabetic retinopathy 614 (6.5%) 200 (49.8%) <0001
Diabetic neuropathy 1,238 (13.2%) 157 (39.1%) <0001
Diabetic nephropathy 243 (2.6%) 36 (9.0%) <.0001
Laboratory data
Total cholesterol (mmol/L) 5.04 (0.70) 5.04 (0.69) 862
LDL cholesterol (mmol/L) 3.07 (0.65) 3.07 (0.68) 847
HDL cholesterol (mmol/L) 1.10 (0.26) 1.10 (0.27) 689
Triglyceride (mmol/L) 1.74 (134-2.33) 171 (1.33-2.27) 642
Fasting glucose (mmol/L) 84 (7.0-102) 11.0 (89-13.0) <.0001
A1C (%) 68% (61-77) 83% (7.2-94) <0007
Creatinine (umol/L) 776 (15.8) 773 (165) 720
Homocysteine (umol/L) 95 (8.0-115) 10.1 (83-124) 0001
Dyslipidemia 3569 (38.0%) 141 (35.1%) 237
Microalbuminuria 1,727 (18.4%) 123 (30.6%) <0001
Macroalbuminuria 257 (2.7%) 56 (13.9%) <.0001
Baseline cardiovascular medication
Antithrombotic 2,923 (31.1%) 145 (36.1%) 036
Aspirin 2,695 (28.7%) 134 (33.3%) 044
Antithrombotic (excluding aspirin) 292 (3.1%) 16 (4.0%) 327
Angiotensin-converting enzyme inhibitors 3,127 (33.3%) 154 (38.3%) 037
Angiotensin Il receptor antagonist 504 (5.4%) 18 (4.5%) 438
Beta-blocker 1,368 (14.6%) 54 (13.4%) 528
Calcium antagonist 1,813 (19.3%) 79 (19.7%) 0.862
Nitrate 525 (5.6%) 25 (6.2%) 591
Diuretic 1,424 (15.2%) 61 (152%) 994
Baseline blood-glucose-lowering medication
Diet alone 2,602 (28.1%) 6 (1.7%) 0001
Metformin alone 1,699 (18.1%) 22 (5.5%) <0001
Sulfonylurea alone 1,568 (16.7%) 43 (10.7%) 001
Metformin plus sulfonylurea 2,173 (23.1%) 147 (36.6%) <0001
Other oral agent 19 (02%) 0 (0.0%) 367
Metformin and/or sulfonylurea + other agent 155 (1.7%) 15 (3.7%) 002
Insulin alone 529 (5.6%) 78 (19.4%) 0001
Insulin plus oral agent 648 (6.9%) 91 (22.6%) <0001
Data are n (%) mean (SD), or median (IQR). BMI = body mass index; CABG = coronary artery bypass graft surgery;
PTCA = percutaneous transluminal coronary angioplasty. From Lancet. 2007,370:1687—1697.
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ed with macular edema; (2) hard exudates at or
within 500 pm of the center of the macula associat-
ed with macular edema; and (3) zones of retinal
thickening at least 1 disc area in size, any part of
which was within 1 disc diameter of the center of
the macula.®

Macular edema was considered to be absent, pres-
ent but not clinically significant (not involving the
foveal center), or present and clinically significant
(involving the foveal center). Additionally, hard exu-
dates were graded as absent or present, and when
present, were graded by comparison with modified
ETDRS (Figure 5).

OBJECTIVES AND STUDY QUESTIONS
The FIELD substudy’s main objective was to deter-
mine treatment effects on diabetic retinopathy pro-
gression. We defined this as at least a two-step
increase in ETDRS grade after 22 years’ follow-up for
all patients. In a further subclassification: (1) sec-
ondary—a two-step progression of existing
retinopathy in those with a baseline grade of 220
and (2) primary—a two-step progression of retin-
opathy in those with a baseline grade of <15.

A one-step progression, the occurrence or progres-
sion of macular edema, hard exudates, and the occur-
rence of laser treatment, vitrectomy, and cataract, and
deterioration of visual acuity by two lines (Snellen) were
all considered as secondary endpoints.

Development of new retinopathy was defined as
grade 220 in ETDRS after 22 years’ follow-up in
patients with grade <15 at baseline. We employed a
post hoc exploratory composite endpoint to reflect
the development of significant retinal pathology,
which included a two-step progression of retinopa-
thy grade, new macular edema, or laser treatment.

All statistical analyses were done on an intention-
to-treat basis. Cox proportional hazard analysis was
used to compute HRs and 95% Cl to assess the
effect of fenofibrate on the time to first laser treat-
ment event.

STUDY FINDINGS AND RESULTS
The 9,795 patients in FIELD were randomized into
two groups, 4,895 of whom were assigned to fenofi-
brate and 4,900 assigned to matching placebo. A total
of 8.3% of patients (412 placebo; 402 treatment)
reported having a history of retinopathy before joining

the study. The remaining
91.7% reported no such
history of retinopathy.
The treatment and
placebo groups were
well matched in terms of
baseline characteristics.>
More than 99% of
patients who were alive
at study end were fol-
lowed up.

A total of 402
patients (4.1%) under-
went one or more laser
treatments for diabetic
retinopathy during fol-
low-up. Nearly half of
the patients who
required laser treat-
ment during the study
required several cours-
es. There was a dramat-
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Figure 5. ETDRS (Early Treatment of Diabetic Retinopathy Study) visual acuity chart.
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TABLE 2. STAGE OF DIABETIC RETINOPATHY (ETDRS GRADING) AT BASELINE OF THE WORSE EYE IN
PATIENTS NEEDING LASER TREATMENT IN THE OPHTHALMOLOGY SUBSTUDY

ETDRS Grading
Absent 10
Questionable 14 and 15
Minimal, nonproliferative 20
Mild, nonproliferative 35
Moderate, nonproliferative 43
Moderately severe, 47-99

nonproliferative, or worse

Tortal

ETDRS grade of retinopathy at baseline.

Lancet. 2007,370:1687-1697.

*Each percentage expresses the number of patients needing laser treatment as a proportion of the total number with that

"Fewer first instances of laser treatment in those allocated to fenofibrate than in those allocated to placebo, P=.0004. From

Placebo: Fenofibrate:
Number Needing Number Needing
Laser Treatment/Number Laser Treatment/Number
in Group (%)* in Group (%)*
1/357 (0.28%) 1/363 (0.28%)
1/40 (2.5%) 0/44 (0%)

3/52 (5.8%) 0/41 (0%)

4/26 (15.3%) 2/47 (43%)
10/21 (47.6%) 1/14 (7.1%)

4/4 (100%) 1/3 (33.3%)
23/500 (4.6%) 5/512" (1.0%)

laser treatment (Table 1).

Specifically, patients who received laser were more
likely to be male, had a 7-year longer duration of
diabetes, a slightly higher waist-to-hip ratio, close to
a 5 mm Hg higher average systolic blood pressure,
and were more likely to have had a stroke or a
peripheral vascular event when compared with
those patients who did not need laser treatment.
The patients who needed laser treatment were also
sicker; they were more likely to report prior
microvascular complications, such as retinopathy,
neuropathy, and nephropathy at baseline. Other
parameters of diabetes and metabolic control such
as fasting plasma glucose, A1C levels, homocysteine,
and measured levels of micro- or macroalbuminuria,
were worse in the patients who needed laser treat-
ment.

Perhaps surprisingly, however, no differences were
seen in baseline concentrations of lipids, including
total cholesterol, HDL, and calculated LDL.

RESULTS

Of the total 872 courses of laser in FIELD among
402 patients, most were determined to be for macu-
lar edema alone or macular edema in combination
with proliferative retinopathy (61% of first treat-

ments). The remaining treatments were for prolifera-
tive retinopathy with no macular involvement.
Baseline lipid levels were not different among these
groups.

The fenofibrate-assigned patients had a signifi-
cantly lower rate of requiring first laser treatment
for any retinopathy than did patients in the placebo
group (164 or 3.4% fenofibrate vs 238 or 4.9% place-
bo; HR 0.69; 95% Cl, 0.56-0.84; P=.0002), an absolute
RR of 1.5%. The relative RRs were similar for patients
requiring any first laser therapy for maculopathy or
for proliferative retinopathy. The size of the effect
remained almost unchanged when adjusted for
baseline characteristics that predicted the need for
laser treatment. Separation of the cumulative inci-
dence curves was observed at about 8 months into
treatment; the benefits were greater with time.

Fenofibrate’s relative effects appeared to be
greater in those without than with a history of
retinopathy, although this difference was not statis-
tically significant. Over a 5-year period, the risk of
needing a first laser treatment in patients assigned
placebo in FIELD was about 3% among patients with
no history of retinopathy and 27% in those with
such a history. Thus the absolute RR was much
greater among patients with a history of retinopa-
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thy. In other words, if treated with fenofibrate, there
would be 5.8 fewer first laser treatments per 100
patients (number needed to treat [NNT] 17) among
those with a history of the disease versus 1.1 fewer
in those without a history of the disease (NNT 90).

A total of 872 laser courses were given; 535 to 238
patients assigned placebo (4.9%) and 337 to 164
fenofibrate-assigned patients (3.4%). This translates
into a relative reduction with fenofibrate of 37%,
95% Cl, 19-51; P=.0003. There was a relative reduc-
tion in the need for laser treatment of 36% (95% Cl,
14-52; P=.003) among patients assigned fenofibrate
for any maculopathy and 38% (95% Cl, 11-57;
P=.009) for proliferative retinopathy.

SAFETY

Not much difference in the safety profile of fenofi-
brate and placebo was seen over the 5-year follow-
up. A small increase in the rare clinical events of
pancreatitis and pulmonary embolism was
observed,*® and increases in creatinine and homo-
cysteine were seen soon after active treatment
began, but these levels reversed over 6 to 8 weeks
following drug withdrawal.>

Figure 6. Diabetic macular edema.
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OPHTHALMOLOGY SUBSTUDY

Patients from 22 centers were recruited for the oph-
thalmology substudy (1,012 patients, 10.3% of the
study population). These patients matched the overall
cohort in terms of baseline characteristics. Of note,
these patients had a slightly lower rate of previous car-
diovascular disease and less of a history of retinopathy.
Of this subgroup, 850 (421 assigned placebo, 429
fenofibrate) were followed to the end of the study.

About 80% of the patients in the ophthalmology
substudy had no or questionable diabetic retinopa-
thy at baseline and a low risk for laser treatment. The
risk of needing laser therapy increased with increas-
ing baseline ETDRS retinopathy grades (Table 2).
There were 28 patients in the substudy who required
first laser treatment, most had minimal-to-moder-
ately severe nonproliferative diabetic retinopathy.
The status of drug treatments among the patients in
the substudy was either similar or greater in placebo-
assigned patients than in fenofibrate-assigned
patients by the study’s end.

Two-step progression of retinopathy grade—the
primary endpoint—was not significantly different
between the two groups; however, among patients




who had preexisting retinopathy, significantly fewer
patients assigned fenofibrate had a two-step pro-
gression than did those assigned placebo. By way of
contrast, the number of patients without preexisit-
ing retinopathy who had a two-step progression was
similar in the two groups. Therefore, the treatment
effect was significantly different within these two
subgroups.

DISCUSSION

We found that fenofibrate treatment—in addition
to established risk factor management—reduced the
need for first laser treatment for diabetic retinopa-
thy in type 2 diabetes patients. The reduction was
mainly found in a lower prevalence of macular
edema (Figure 6) as the underlying cause of diabetic
retinopathy in this study. There were reductions in
proliferative diabetic retinopathy treatment without
macular involvement as well. Further supporting
these findings are data from the ophthalmology
substudy in which we found less progression of pre-
exisiting retinopathy in patients treated with fenofi-
brate and a suggestion of less macular edema.

The frequency of the exploratory composite end-
point of progression, macular edema, or laser treat-
ment was about one-third lower among fenofibrate-
assigned patients versus the placebo group. Of partic-
ular note in the substudy, the benefit was largely seen
in patients with preexisiting retinopathy, and there
was not a significant drop in two-step progression of
retinopathy grade in patients without preexisting dis-
ease.

A somewhat greater reduction in the relative risk
of laser treatment was seen when all laser treatment
events were assessed, suggesting that there is a con-
tinuing benefit beyond the first laser treatment.
Perhaps the most striking result was how quickly
fenofibrate therapy showed a benefit, with a diver-
gence in the need for laser evident at about 8
months of treatment allocation. Although a reduc-
tion in the relative risk of laser treatment with
fenofibrate seemed to be more pronounced in
patients without a history of diabetic eye disease,
this might have been due to previously undiagnosed
retinopathy in many of the patients.

WHAT IS HAPPENING?

The mechanism by which fenofibrate achieved its
effects in this trial are unclear. Fenofibrate is a lipid-
modifying agent, and after 4 months of treatment
patients had total cholesterol reduced by 11%, LDL

by 12%, and triglycerides by 29%; HDL increased by
5%.3% This effect on lipids was attenuated over time,
however, and there was no clinically important dif-
ference in HDL at study completion between the
treatment and placebo groups.®

Although the requirement over a 5-year period for
laser treatment was strongly associated with higher
baseline fasting glucose and A1C, fenofibrate did not
improve these markers of diabetes control.® Feno-
fibrate did lower blood pressure, which is strongly
associated with laser treatment,* but probably not
enough to explain these findings. Also, consider that
the improvements occurred in more than 60% of
patients who were already receiving treatment with
angiotensin-converting enzyme inhibitors or
angiotensin Il antagonists.

The mechanism of action of
fenofibrate may be related to PPAR-
alpha agonists’ ability to inhibit
the vascular endothelial growth
factor pathway.

WHAT DOES IT MEAN?

Our findings suggest that the mechanism of bene-
fit of this agent in diabetic retinopathy goes beyond
its effects on lipid concentration or blood pressure,
and this potential mechanism of action operates
even when lipid levels are controlled effectively with
statin therapy and antihypertensive treatment is
working.

Microvascular ischemia with vascular leakage is
the hallmark of diabetic retinopathy, however macu-
lar edema is the most frequent cause of visual loss.>4
The mechanism of action of fenofibrate, although
not yet totally elucidated, may be related to PPAR-
alpha agonists’ ability to inhibit the vascular
endothelial growth factor (VEGF) pathway, which is
crucial to the cascade of events including angiogen-
esis, inflammation, and cell migration,* all of which
have a potential role in diabetic retinopathy.

Fenofibrate has been shown to regulate retinal
endothelial cell survival and prevent apoptopic cell
death.® It is also known to stimulate expression of
VEGF mRNA in the retina via the AMP-activated
protein kinase signal transduction pathway. Early on
in the development of diabetic retinopathy, VEGF
expression may be increased to help stabilize the
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QUALITY OF LIFE AND DIABETIC EYE DISEASE

Visual impairment has been shown to adversely affect the health-related quality of life (HRQOL) in people with
diabetic retinopathy." In fact, research has shown that patients with diabetic retinopathy report a higher incidence
of visual problems than those with age-related macular degeneration, cataracts, cytomegalovirus retinitis, and low
vision from any cause. Wuslin et al® evaluated the psychological effects of diabetic retinopathy and its resulting visual
impairment and found that there were moderate correlations between visual acuity and worsening psychological
symptoms, in a cohort of patients with proliferative diabetic retinopathy. Another study by Bernbaum et al” found
that, compared with diabetic retinopathy patients who had stable visual impairment, those with fluctuating visual
impairment experienced greater emotional distress and depression.

Coyne et al® conducted exploratory qualitative research to evaluate the symptom experience of diabetic
retinopathy, its impact on activites of daily living and HRQOL, as well as the applicability of two vision-specific ques-
tionnaires (Visual Function 14-ltem Scale [VF-14] and the National Eye Institute-Visual Function Questionnaire 25
[NEI-VFQ-25]).The investigators conducted four focus groups, each with 15 participants who were adults with type
1 or 2 diabetes and mild, moderate, or severe nonproliferative diabetic retinopathy or proliferative diabetic retinopa-
thy. The participants described a range of symptoms and impact, specifically, difficulty driving and trouble reading
were noted with all levels of severity. Patients who were suffering from proliferative diabetic retinopathy and
decreased visual acuity said that they had stopped taking part in many important aspects of their lives, such as
work, reading, and sports. Additionally, among those with more severe diabetic eye disease, even caring for their dia-
betes was severely affected (eg, exercising, reading nutritional labels, preparing insulin injections, and glucose testing).

The participants also expressed that the loss of independence, especially because of mobility issues and
increased fear of accidents had a profound impact on their social activities.

Coyne and colleagues concluded that the loss of independence and mobility associated with decreased visual
functioning and visual loss were major concerns. Moderate, severe nonproliferative diabetic retinopathy, and prolifer-
ative diabetic retinopathy associated with visual impairment have a significant impact on HRQOL, particularly in the
areas of independence, mobility, leisure, and self-care activities.

In Coyne’s report, they also said that diabetic retinopathy patients differ from other patients with ophthalmolog-
ical conditions that cause visual impairment because they have an underlying chronic condition of which diabetic
retinopathy is a complication.

“Diabetes, independent of diabetic retinopathy, has been shown to have a negative impact on HRQOL,” and the
addition of diabetic retinopathy with its negative consequences may exacerbate this effect, resulting in further
HRQOL decrements,” they wrote. “Certainly, controlling diabetes is more challenging for some diabetic retinopathy
patients due to the inability to read labels, exercise, test glucose levels, or even administer insulin. This additional
challenge complicates maintaining adequate glycemic control, which can further impair vision and also increase the
likelihood of suffering from other diabetic complications. Interestingly, almost half of the participants were able to
correlate visual changes with glucose levels, as evidenced by comments such as, ‘I knew that when my vision started

"

to get distorted, my sugar was too high, and ‘I know when I'm lax, and my blood sugar is elevated, | get blurriness!

1. Mangione CM, Lee PP, Pitts J, Gutierrez P, Berry S, Hays RD. Psychometric properties of the National Eye Institute Visual Function Questionnaire (NEI-VFQ). Arch
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3. Klein R, Moss SE, Klein BEK, Guiterrez P, Mangione CM. The NEI-VFQ-25 in people with long term type 1 diabetes mellitus. The Wisconsin Epidemiologic Study of Diabetic
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4. Musch DG, Farjo AA, Meyer RF, Waldo MN, Janz NK. Assessment of health-related quality of life after corneal transplantation. Am J Ophthalmol. 1997;124:1-8.
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112:329-335.
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8. Coyne KS, Margolis MK Kennedy-Martin T, et al. The impact of diabetic retinopathy: perspectives from patient focus groups. Family Practice. 2004;21:447—453.
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endothelial vascular bed.?” Because fenofibrate has

also been shown to improve endothelial-dependent
vascular reactivity,* fenofibrate may prevent the
need for laser treatment in diabetic retinopathy by
inhibiting apoptosis of retinal endothelial cells, pre-
venting cell migration, and reducing inflammation.
Inflammation may play a role in diabetic retinopa-
thy. For example, the concentration of the RANTES
cytokine is elevated among patients with severe
nonproliferative diabetic retinopathy, compared
with those who have less severe disease.*®
Fenofibrate was shown to lower intercellular
adhesion molecule 1 (ICAM-1), which is upregulated
in diabetic retinopathy.3®3°
Proinflammatory cytokines interleukin-1 beta and
tumor necrosis factor-alpha are probably elevated in
the serum and the vitreous of patients with diabetic
retinopathy when compared with healthy patients.*
Fenofibrate has been shown to reduce these markers
as well as others of endothelial dysfunction.!
Additionally, fenofibrate may also have a protec-
tive effect on the progression of diabetic retinopa-
thy by inhibiting oxidative stress.

Fenofibrate may also have a protective
effect on the progression of of diabetic
retinopathy by inhibiting
oxidative stress.

SUMMARY AND
RECOMMENDATIONS

Fenofibrate treatment in the FIELD study demon-
strated a clear reduction in the need for laser treat-
ment, as well as a possible reduction in the develop-
ment of macular edema, among patients with type 2
diabetes. It is important to note how critical these
findings are in the context of the global burden of
type 2 diabetes worldwide.*? (See accompanying
sidebar, Quality of Life and Diabetic Eye Disease.)The
described data also come on the heels of disap-
pointing results with other medical treatments for
diabetic retinopathy management 334346

We believe that fenofibrate may have antiapop-
totic, antiinflammatory, and antioxidative effects
and might also improve vascular reactivity, thus
attenuating diabetic retinopathy and lessening the
need for laser treatment. Continued investigation of
FIELD patients with respect to oxidative stress and

vascular inflammation will assist in answering these
questions more completely.

CONCLUSION

Fenofibrate’s benefit was substantial in the FIELD
study regarding the need for laser treatment for
retinopathy in patients with type 2 diabetes. These
benefits are likely to be additive to those gained
from tight glucose and blood pressure control in the
management of type 2 diabetes, and the benefits
emerge rapidly after the onset of therapy. Because of
its benefits in retinal disease, fenofibrate should be
considered in the management of diabetic eye dis-
ease. W

Conni B. Koury, consulting editor for Retina Today, provid-
ed editorial assistance for this supplement.
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CME QUESTIONS

1. In the FIELD study, laser treatment for diabetic eye
disease was needed more often in participants with
poor glycemic control or blood pressure control than
in those with good control of these factors.

(a) True

(b) False

2. The primary endpoint in the ophthalmology sub-

study was

(a) a two-step progression of retinopathy grade

(b) a composite of two-step progression of retinopathy
grade, macular edema, or laser treatments

(c) aone-step progression in retinopathy grade

(d) new macular edema

3. Which of the following is NOT TRUE with regard

to FIELD patients who received laser treatment?

(a) they were more likely to be male

(b) they had diabetes for fewer than 7 years

(c) they had a higher waist-to-hip ratio

(d) they were more likely to report microvascular
complications

4. The effects of fenofibrate in the FIELD study can
be directly attributed to an improvement in lipid
profile.

(@) True

(b) False

5. What percentage of patients in the ophthalmology
substudy were at low risk for laser treatment?

(a) 50%

(b) 25%

(c) 80%

(d) 75%

6. Fenofibrate treatment in FIELD was associated
with

(a) less need for laser treatment of diabetic eye disease
(b) less macular edema

(c) less diabetic retinopathy progression

(d) all of the above

7. Fenofibrate did not improve markers of diabetic
control.

(a) True

(b) False

8. Which of the following were discussed in terms of

the pathophysiology of diabetic eye disease?

(a) microvascular ischemia is the hallmark of diabetic
retinopathy

(b) macular edema is associated with visual loss

(c) VEGF expression is increased

(d) fenofibrate may reduce inflammation

(e) all of the above

9. Fenofibrate has been shown to reduce markers of
endothelial dysfunction

(a) True

(b) False

10. FIELD investigators concluded:

(a) fenofibrate should be considered in the
management of diabetic eye disease

(b) fenofibrate’s effects are additive with those from
tight glucose and blood pressure control

(c) the benefit of fenofibrate was seen rapidly after
treatment

(d) all of the above
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