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INTRODUCTION

F
ocal segmental glomerulosclerosis (FSGS), a leading
glomerular cause of kidney failure, is a histological

pattern characterized by podocyte injury and deple-
tion.1 FSGS is found in 20–30% of adults with
nephrotic syndrome and up to 20% of patients
receiving dialysis.2,S1 FSGS can be broadly categorized
into 4 causative classifications: primary (idiopathic),
secondary (adaptive), familial (genetic), and of un-
known cause.1,3,S2 Depending on patient selection and
region, genetic variants have been reported in up to
14% of individuals with adult-onset FSGS.4,S3

Familial FSGS has been associated with gain-of-
function variants of the transient receptor potential
cation channel, subfamily C, member 6 (TRPC6) gene
(e.g., E897K, M132T, P112Q, and R895C),5,S1,S4–S8 with
the resulting overexpression and/or overactivity of
TRPC6 leading to podocyte injury.6,S4, S7 Specifically,
TRPC6-mediated increases in podocyte intracellular cal-
cium concentrations may result in cytoskeletal reorga-
nization in podocytes, detachment of podocyte foot
processes from the glomerular basement membrane,
podocyte loss and depletion, and disturbance of the
glomerular filtration barrier, resulting in proteinuria
(Figure 1).6,S4,S9,S10 Data are now accruing to suggest that
pharmacological inhibition of TRPC6 may reduce the
severity of chronic kidney disease and related FSGS.5,S11

BI 764198 is a novel, potent, selective oral TRPC6
inhibitor. In 4 phase 1 studies (NCT03854552,
NCT04102462, NCT04656288, and NCT04176536), BI
764198 was generally well tolerated at single and mul-
tiple rising doses administered once daily for up to
14 days. BI 764198 warrants further investigation to
determine whether it can prevent or attenuate podocyte
injury in patients with FSGS, and consequently reduce
proteinuria in the context of this glomerulopathy.

This paper describes the study design and rationale
for a phase 2 trial to investigate the potential effect of BI
764198, as a TRPC6 inhibitor, to lower proteinuria and
act as a renoprotective agent in patients with primary
FSGS or FSGS resulting from TRPC6 gene variants
(TRPC6 monogenic FSGS). The trial registration
numbers are as follows: EudraCT Number: 2020-000384-
23; and ClinicalTrials.gov identifier: NCT05213624.

TRIAL DESIGN

Study Design and Sites

This multicenter, multinational, randomized, double-
blind, parallel-group, placebo-controlled trial will
assess the efficacy, safety, tolerability, pharmacoki-
netics, and pharmacodynamics of multiple rising doses
of BI 764198 administered for 12 weeks in patients with
primary or TRPC6 monogenic FSGS (NCT05213624;
Figure 2). The trial will be conducted in approximately
60 sites across 11 countries.

Study Participants

Adults aged 18–75 years with biopsy-proven primary
or TRPC6 monogenic FSGS are eligible to be enrolled in
this study. Key inclusion and exclusion criteria are
provided in Table 1.

Treatment

Following completion of all screening procedures
(Supplementary Table S1), eligible patients will be
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Figure 1. Mechanism of action of TRPC6 overexpression/activity in podocytes. TRPC6 overexpression or increase in function can lead to
uncontrolled Ca2þ influx into podocytes. This induces cytoskeletal reorganization, detachment of podocyte foot processes from the glomerular
basement membrane, and podocyte depletion, resulting in proteinuria. Ca2þ, calcium; TRPC6, transient receptor potential cation channel,
subfamily C, member 6.
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randomized 1:1:1:1 to receive 1 of 3 doses of BI 764198
(low, medium, or high) or placebo daily over a 12-week
treatment period.

Study sites in selected countries will have the option
of integrating a decentralized clinical trial model, in
which investigators can recruit patients from where
they are licensed to practice. Decentralized study visits
from screening to follow-up can be conducted outside
of a dedicated healthcare or research facility. This will
enable patients to participate in the trial remotely and
complete the trial in their own homes or residences via
telemedicine and a smartphone device.
Endpoints and Assessments

The primary endpoint of the trial is the proportion of
patients reaching a $25% decrease in 24-hour urinary
protein:creatinine ratio from baseline at week 12. Sec-
ondary endpoints comprise change in 24-hour urinary
protein:creatinine ratio from baseline at weeks 12 and
13, change in 24-hour urinary protein excretion from
baseline at week 12, and steady-state trough BI 764198
concentration at weeks 4 and 12. Additional efficacy
endpoints comprise change in estimated glomerular
filtration rate from baseline (visit 2) at weeks 12 and 13;
Figure 2. Study design. Patients will be randomized to receive 1 of 3 doses
will enter a follow-up period at the end of the treatment period, with follow
Colored boxes represent the treatment period and arrows indicate visits w
end of treatment; W, week.
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change in urinary albumin:creatinine ratio from base-
line at weeks 4, 8, 12, and 13; and change in urinary
protein:creatinine ratio from spot urine over time
compared with baseline. The pharmacodynamics and
pharmacokinetics endpoints are provided in the
Supplementary Methods. Safety endpoints comprise
incidence of adverse events, serious adverse events,
and adverse events leading to treatment discontinua-
tion; vital signs; laboratory test results; 12-lead elec-
trocardiogram findings; and ophthalmological
assessments.

Randomization and Blinding

Patients will be randomized in blocks, stratified by the
use of corticosteroids, to double-blind treatment with
BI 764198 or placebo via interactive response technol-
ogy using a pseudorandom number generator, arranged
by the trial sponsor.

Statistical Analysis

A total of 60 patients are planned to be randomized, 15
per study arm, because this is sufficient to detect dif-
ferences between the treatment groups and placebo, with
respect to the primary endpoint. The primary endpoint
will be analyzed by descriptive statistics. In addition, an
of BI 764198 (low, medium, or high) or placebo for 12 weeks. Patients
-up visits at days 7 (week 13) and 30 (EoS) after the end of treatment.
here endpoint measurements will be taken. EoS, end of study; EoT,
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Table 1. Key inclusion and exclusion criteria
Inclusion Criteria

All patients - Male and female patients aged 18–75 years with
signed and dated informed consent

- Biopsy-proven primary FSGS or documented TRPC6
gene mutation causing FSGS

- Mean UPCR $1000 mg/g
- BMI #40 kg/m2

Corticosteroid therapy - Stable dose for $4 weeks (if applicable)

ACEi/ARB/finerenone/ASI/
SGLT2i treatment

- Stable dose for $4 weeks prior to screening, with no
plan to change dose

Exclusion criteria

Diagnosis - Known monogenic FSGS (except TRPC6) or clinical/
histological evidence of secondary FSGS

- Documented Alport syndrome, nail patella syndrome,
diabetic nephropathy, IgA nephropathy, lupus
nephritis, monoclonal gammopathy

- Genitourinary malformations with vesicoureteral reflux
or kidney dysplasia

- History of organ transplantation or planned trans-
plantation during the study

- Uncontrolled hypertension (mean resting systolic
blood pressure >160 mm Hg)

- QTc intervals >450 ms in men or >470 ms in women
- History of congenital long QT syndrome, previous
drug-induced QT prolongation, or other risk factors for
torsade de pointes

- Graded cataracts
- History of gastrointestinal surgery or disorders that
could interfere with trial mediation absorption

- History of relevant allergy or hypersensitivity according
to the investigator’s clinical judgment

Concomitant therapy - Calcineurin inhibitors

- Cytotoxic agents (cyclophosphamide, chlorambucil)
or CD20 monoclonal antibodies (e.g., rituximab)
within five half-lives before screening

- Metformin, dofetilide, dabigatran, or digoxin within 5
half-lives before screening

- Strong inhibitors or inducers of CYP3A within 1 week
or 5 half-lives before screening

Safety laboratory findings - eGFR <30 ml/min/1.73 m2

- ALT/AST >3 � ULN at screening

ACEi, angiotensin-converting enzyme inhibitor; ALT, alanine aminotransferase; ARB,
angiotensin receptor blocker; ASI, aldosterone synthase inhibitor; AST, aspartate
aminotransferase; BMI, body mass index; eGFR, estimated glomerular filtration rate;
FSGS, focal segmental glomerulosclerosis; IgA, immunoglobulin A; SGLT2i, sodium-
glucose cotransporter-2 inhibitor; TRPC6, transient receptor potential cation channel,
subfamily C, member 6; ULN, upper limit of normal; UPCR, urinary protein:creatinine
ratio.
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analysis of variancemodel for the change from baseline at
week 12 will be used to assess the differences across
treatment groups. Further methodological detail is pro-
vided in the Supplementary Methods.

DISCUSSION

Current treatments for FSGS are generally non-specific
and focus on the reduction of blood pressure and pro-
teinuria.7 Through its unique mechanism of action as a
selective inhibitor of TRPC6, BI 764198 is expected to
improve podocyte function and survival in patients
with proteinuric glomerular diseases, such as FSGS. This
trial in adults with primary or TRPC6 monogenic FSGS
2824
aims to show proof of clinical concept for BI 764198 and
establish TRPC6 inhibition as a potential mechanism to
reduce excessive proteinuria in patients. This would
support further evaluation in phase 3 development. In
addition, data on the reduction of proteinuria/albu-
minuria and stabilization of estimated glomerular
filtration rate from the current study in FSGS could
provide a basis for the investigation of BI 764198 and
TRPC6 inhibition in other proteinuric diseases.

Several US study centers of the present clinical trial are
part of the Nephrotic Syndrome Study Network
(NEPTUNE) observational cohort study, a research con-
sortium of physicians at 26 sites in North America, that
partners with the patient advocacy group, NephCure
Kidney International and the Halpin Foundation.8 Par-
ticipants in the NEPTUNE cohort study are offered the
opportunity to join NEPTUNE Match (NCT04571658), in
which research data are used to match individual patients
to clinical trials based on biomarker assessment.8

Considering that the current phase 2 trial is a
NEPTUNE Match trial, patients with a TRPC6 aligned
biomarker profile will be provided a trial matching report
to help inform their decision regarding trial participa-
tion. The current study will therefore help generate
innovative data to support precision-medicine ap-
proaches for the care of patients with FSGS and inform
strategies to target patient populations in future trials of
BI 764198 in FSGS and other proteinuric diseases.

Patient-centric approaches, such as the decentralized
clinical trial model in this trial, offer potential benefits
to patient recruitment and retention by making it easier
for individuals to participate. Allowing investigators to
recruit participants from where they are licensed to
practice reduces geographical barriers to enrollment,
and conducting remote visits minimizes the cost and
time commitments required from participants and care
providers. Overall, this may increase the number of
potential participants, which is particularly important
in rare diseases, such as FSGS.9,S12

The small sample size and short treatment duration are
limiting factors for any conclusive assessment of poten-
tial benefits and risks of BI 764198 in patients with
primary or TRPC6monogenic FSGS. However, data from
this trial will provide insight into the short-term anti-
proteinuric activity of BI 764198 and provide supportive
evidence for phase 3 development of the compound.
Recruitment for the study began on March 10, 2022, and
the study is estimated to complete in 2025.
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