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1 | BACKGROUND/CONTEXT

Diabetic retinopathy (DR) and chronic kidney disease (CKD) are two

major forms of microvascular complications in patients with type 1 dia-

betes and type 2 diabetes (T2D), with shared risk factors (such as poor

glycaemic control, smoking, hypertension and dyslipidaemia) and clini-

cal manifestations (microvascular lesions).1 The steroid hormone aldo-

sterone, which binds to mineralocorticoid receptors, promotes

vascular pathology in the retina relevant to the development of DR2;

antagonism of the retinal mineralocorticoid receptor–aldosterone sys-

tem may delay progression.3

Finerenone, a potent and selective, orally administered, non-

steroidal mineralocorticoid receptor antagonist (MRA), slowed pro-

gression of CKD and reduced the risk of cardiovascular outcomes ver-

sus placebo in patients with CKD and T2D in the FIDELIO-DKD

(NCT02540993; n = 5674) and FIGARO-DKD (NCT02545049;

n = 7352) randomized phase 3 trials.4,5 In total, 2657 (46.8%) patients

in FIDELIO-DKD and 2265 (30.8%) in FIGARO-DKD had DR at base-

line.6,7 No further details on DR were collected in these studies. How-

ever, data from participants who had routine ophthalmological

assessments during the study periods were utilized in ReFineDR

(NCT04477707) and DeFineDR (NCT04795726), two identical

hypothesis-generating studies, to explore the effect of finerenone on

progression of DR. Here, we report a pooled analysis of both studies

combined.

2 | METHODS

2.1 | Study design

The studies were approved by the relevant independent ethics com-

mittees and health authorities and were conducted in accordance with

the principles of the Declaration of Helsinki, as revised in 2008.

Details of the independent ethics committees can be found in the

FIDELIO-DKD and FIGARO-DKD protocols.4,5

Ophthalmological data from routine examinations were collected

retrospectively from patients with a medical history of DR who partic-

ipated in FIDELIO-DKD or FIGARO-DKD at selected centres (see the

supporting information). To minimize bias, participant inclusion was

masked to treatment assignment in FIDELIO-DKD/FIGARO-DKD.

Patient demographic data were derived from the existing FIDELIO-

DKD/FIGARO-DKD database.

In both studies, patients aged 18 years or older with T2D and

CKD, as defined by international guidelines, treated with optimized

renin–angiotensin system (RAS) blockade therapy, were included. Eli-

gible patients had a routine ophthalmological examination between

6 months prior and 1 month post-randomization showing treatment-

naïve non-proliferative DR (NPDR) in at least one eye, and at least

one subsequent routine ophthalmological examination (see the sup-

porting information). Standard grading for NPDR was used as per

international guidelines.8 Exclusion criteria were diabetic macular

oedema (DME), proliferative DR (PDR) or anterior segment

complications; any other retinal disease that could interfere with

study objectives (e.g. neovascular age-related macular degeneration

or retinal vein occlusion); and prior/planned ocular interventions (reti-

nal laser treatment, intravitreal injection or vitrectomy). All patients

provided signed informed consent to participate in ReFineDR/

DeFineDR.

2.2 | Outcomes

The primary endpoint was progression of NPDR as defined by the

occurrence of vision-threatening complications (VTCs), a composite

endpoint comprising development of anterior segment neovasculari-

zation, DME or progression to PDR, in at least one eye up to 2 years

after treatment initiation (day of randomization in FIDELIO-DKD/FIG-

ARO-DKD). Time to event analyses, including time to VTC after

2 years, and time to required ocular interventions (laser treatment,

intravitreal injection or vitrectomy) in at least one eye at any time,

were assessed post hoc. Time to VTC was also assessed in subgroups

of patients with an HbA1c of 58 mmol/mol or less (≤ 7.5%) and of

more than 58 mmol/mol (> 7.5%).

2.3 | Statistical analyses

The primary endpoint was assessed using a two-sided z-test for the

difference of two proportions (unpooled variances) using normal

approximation. Cumulative incidence probabilities with 95% CIs for

the time-to-event endpoints were computed using Kaplan–Meier

estimates.

3 | RESULTS

Of 376 potentially eligible patients, 132 did not meet the eligibility cri-

teria; therefore, 244 were included in ReFineDR/DeFineDR. Of these

244 patients, 134 had received at least one dose of finerenone and

110 had received placebo. In total, 216 patients (finerenone: n = 123,

placebo: n = 93) completed the treatment course in FIDELIO-DKD

and FIGARO-DKD.

At baseline, 68.7% (92/134) and 71.8% (79/110) of patients in

the finerenone and placebo groups had mild/moderate NPDR, and

3.0% (4/134) and 10.0% (11/110) had severe NPDR, respectively

(Table S1). Fewer patients in the finerenone group had a urinary

albumin-creatinine ratio of 33.9 mg/mmol or higher (≥ 300 mg/g)

(56.0% [75/134] vs. 68.2% [75/110]) and diabetes duration of

20 years or longer (24.6% [33/134] vs. 38.2% [42/110]). Mean base-

line HbA1c was similar between the two groups (finerenone:

66.7 mmol/mol [8.25%]; placebo: 65.9 mmol/mol [8.18%]).

By 2 years, 3.7% (5/134) and 6.4% (7/110) of patients in the

finerenone and placebo groups had experienced a VTC in at least one

eye (difference �0.026 [95% CI �0.082, 0.029]) (Figure 1). The num-

ber of VTCs increased beyond 2 years, with Kaplan–Meier-estimated
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cumulative incidence probabilities favouring finerenone increased at

30 months (difference �0.109 [95% CI �0.202, �0.016]) and

36 months (difference �0.118 [95% CI �0.229, �0.007]). The numer-

ical benefits of finerenone were consistent for time to DME or pro-

gression to PDR, and in the subgroups of patients with a baseline

HbA1c of 58 mmol/mol or less (≤ 7.5%) and of more than 58 mmol/

mol (> 7.5%) (Table S2), although 95% CIs for the differences at most

timepoints included zero. In addition, the numerical benefits of finere-

none versus placebo for time to VTC and time to required ocular

intervention were generally consistent by baseline severity of NDPR

and duration of T2D (Tables S3 and S4), although some 95% CIs for

the differences included zero.

Fewer patients in the finerenone group versus the placebo group

had required ocular interventions (four [3.0%] vs. 17 [15.5%]), with

cumulative incidence probabilities favouring finerenone at 24, 30 and

36 months (Figure 2).

4 | CONCLUSIONS

This was a hypothesis-generating analysis suggesting a potential ben-

efit of finerenone in the delay of progression of NPDR, independent

of baseline HbA1c. Potential benefits of finerenone were also

observed in the prevention of required ocular interventions.

While the analysis provides a higher level of evidence compared

with standard cohort studies, the set-up resulted in some limitations;

because of a lack of randomization and stratification, an imbalance in

some baseline characteristics was observed. In particular, the higher

proportion of patients with severe NPDR at baseline in the placebo

group compared with the finerenone group may have led to more fre-

quent follow-up in this group, impacting time-to-event analyses. In

addition, lower-than-expected recruitment and a lack of data availabil-

ity impacted data collection. Consequently, the overall number of

VTCs was small, limiting power to detect between-group differences.

F IGURE 1 Time to vision-threatening complication (Kaplan–Meier analysis)

F IGURE 2 Cumulative incidence probability of a required ocular intervention
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Additionally, most participants were at an early stage of disease at

baseline and were on optimized RAS therapy, which may also have

limited event rates. Longer term observation may be required to

detect significant differences in disease progression in this population.

Furthermore, as eye examinations were not predefined as an outcome

measure, the studies relied on routine ophthalmological examinations,

which may have affected data quality and certainly affected quantity.

Current ocular treatments for DR, such as laser photocoagulation,

intravitreal injection of antivascular endothelial growth factor agents

or corticosteroids and vitreoretinal surgery, are invasive to the eye

and generally only applicable upon progression of disease. Manage-

ment of NPDR is typically limited to control of blood glucose, or other

related factors such as blood pressure and dyslipidaemia. To date, the

only oral therapies for which a potential effect on progression or inci-

dence of DR has been shown are RAS blockers, including enalapril,

losartan and candesartan.9,10 Although steroidal MRAs were effective

in delaying central serous chorioretinopathy in small clinical studies,11

and antagonized the mineralocorticoid receptor in preclinical studies,3

this is the first analysis to assess a nonsteroidal MRA for delaying the

progression of NPDR. Notably, the potential benefits of finerenone

versus placebo observed in the current studies were in addition to

optimized RAS therapy, which was received by all enrolled patients.

In conclusion, the potential benefit of finerenone observed in this

analysis was consistent across outcomes. As this analysis was explor-

atory and hypothesis-generating in nature, definitive conclusions can-

not be drawn. However, these findings suggest that randomized

studies with adequate power to detect a potential benefit of finere-

none in delaying NPDR progression should be considered, particularly

given the lack of alternative options for oral treatment of DR.
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