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INTRODUCTION

F
ocal segmental glomerulosclerosis (FSGS) combines
a heterogeneous group of different etiologies with

defined glomerular histopathology and accounts for
approximately 10% of nephrotic syndrome cases in
adults and 20% of cases in children in Europe.
Currently, there is no specific therapy available for
FSGS, with the majority of patients being treated with
systemic corticosteroids, calcineurin inhibitors and
renin-angiotensin-system inhibitors.1 Although some
patients respond to therapy, a significant proportion
remains unresponsive, ultimately requiring kidney
replacement therapy, resulting in a significant burden
to the individual patient as well as to the health care
system.

Drug repurposing represents an attractive possi-
bility to study approved drugs for new clinical in-
dications, especially in rare diseases. Utilizing a
network-based drug repurposing approach, a molec-
ular model of FSGS pathophysiology has previously
been generated and applied in a systems biology
workflow to conduct a computational screen for novel
compounds to treat FSGS.2 Recently, this approach
has identified the antiplatelet drug clopidogrel as a
novel repositioning candidate.3 Clopidogrel is known
to inhibit the P2Y12 subtype of ADP receptor, which
is important in activation of platelets, but also dem-
onstrates anticoagulant, anti-inflammatory, antioxi-
dant, immunosuppressive, and proautophagic effects
that could counterbalance dysregulated FSGS path-
ways (Supplementary Figure S1, Supplementary
Methods). Significant reduction of proteinuria and
improved renal histomorphology in the adriamycin
FSGS mouse model provided experimental validation
of the in silico prediction and suggests that clopidogrel
is a promising candidate for clinical testing in patients
with FSGS.3
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DISCUSSION

Here, we present ClopiD4FSGS as a single-arm multi-
center proof-of-concept phase 2 trial over 24 weeks,
with a planned interim analysis after the first 10 patients
(EudraCT Nr: 2022-003313-11) (Figure 1, Supplementary
Methods). Patients aged 18 to 75 years with primary or
genetic forms of FSGS will be enrolled (Supplementary
Tables S1 and S2). All patients will receive clopidogrel
75 mg daily. The primary end point of the study is
defined as the change of urinary protein-to-creatinine
ratio assessed through a 24-hour urine collection at
baseline compared to the measurement at 24 weeks. As
secondary end point, the proportion of patients who
achieved the FSGS partial remission end point, defined
as urinary protein-to-creatinine ratio <1.5 g/g and a
>40% reduction in urinary protein-to-creatinine ratio
from baseline will be assessed (Figure 2).

The ClopiD4FSGS trial primarily aims to generate suf-
ficient clinical evidence regarding the expected benefit-
to-risk ratio to justify allocation of appropriate re-
sources of pharmaceutical companies for further clinical
development. Drug repurposing allows for trial designs
that focus on proof of efficacy, because prior evidence
provides data regarding the side effect profile in other
indications: the safety profile of clopidogrel in its primary
indications has been assessed in multiple clinical trials,
also in patients with chronic kidney disease.4

Including patients with genetic and primary FSGS is
consistent with the original network-based analyses
Figure 1. ClopiD4FSGS trial overview. Patients enrolled in the ARREST N
patients will be recruited. After the recruitment of 10 patients (¼ cohort 1)
84 days after baseline visit). The futility assessment will be based on a se
segmental glomerulosclerosis partial remission end point, the study will b
patients will be completed, and the primary end point be tested in the fi
change of the urinary protein-to-creatinine ratio from baseline to week 2
defined as a urinary protein-to-creatinine ratio <1.5 and a >40% reductio
will be reported for each visit. Registry data will be continuously obtaine
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that identified clopidogrel to interfere with FSGS
development and progression via several signaling
cascades, mediated by its anticoagulant, anti-
inflammatory, antioxidant, immunosuppressive, and
proautophagic functions.3 Interestingly, recent exper-
imental and clinical data also suggest that the P2Y12
subtype of ADP receptor is a driver of renal fibrosis
and the use of clopidogrel might slow the decline of
estimated glomerular filtration rate in patients with
chronic kidney disease.5 The similarity of inclusion
(Supplementary Table S1) and exclusion criteria
(Supplementary Table S2) to the recent DUET trial will
also allow comparison of the results of our study with
this study, which includes a similar unselected popu-
lation with primary FSGS.6

The overall goal of any drug for treatment of FSGS
is the preservation of kidney function, being highly
relevant both for the patients affected and for the
healthcare system to reduce the enormous costs for
treating patients with end-stage kidney disease,
necessitating adequately powered long-term ran-
domized controlled trials. In the ClopiD4FSGS trial,
as standard in early FSGS trials, proteinuria will be
the short-term measure of treatment efficacy.6

Assessment of urinary protein-to-creatinine ratio
in timed urine specimen is also performed as a
routine parameter in the ARREST NEPHROSIS reg-
istry, because changes in this continuous clinical
index are classically considered as informative for
kidney function prognosis.
EPHROSIS registry are screened for eligibility. A total of up to 22
, an interim analysis for early futility will be performed after visit 2 (¼
condary parameter only. If no more than 1 patient reaches the focal
e stopped for early futility. Otherwise, recruitment of the remaining
nal analysis of 22 patients. The primary outcome is the percentage
4. Focal segmental glomerulosclerosis partial remission end point is
n in urinary protein-to-creatinine ratio compared to baseline, which
d during and following the ClopiD4FSGS trial.
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Figure 2. ClopiD4FSGS study design. The baseline visit will be conducted 7 weeks after the screening assessment (¼ baseline period), followed
by 24-week treatment period with 75 mg clopidogrel daily (¼ active study period). UPCR as assessed by 24-hour-urine collections will be
assessed at baseline and at each study visit. The primary end point is defined as the percent proteinuria change from baseline to visit 4 (week
24). Individual patient trajectories will be reported. The secondary end point is the proportion of patients who achieve the FPRE after visit 4
(week 24). As tertiary end points, core outcomes as defined by the “Standardized Outcomes in Nephrology” (SONG) initiative will be assessed,
including PROM for life participation. Patients are recruited from the ARREST-NEPHROSIS registry (green triangle, green box), registry data will
be continuously obtained during and following the ClopiD4FSGS trial. IMP, investigational medicinal product; PROM, patient reported outcome
measures; UPCR, urinary protein-to-creatinine ratio.
FPRE is defined as UPCR <1.5 and a >40% reduction in UPCR.
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Because of the single-arm design, clopidogrel will be
added to each patient’s standard of care. Allowing other
forms of treatment, such as immunosuppression and
antiproteinuric drugs (including renin-angiotensin-
system inhibitors as well as sodium-glucose cotrans-
porter-2 inhibitors) ensures that effective therapies will
not be withheld from patients included in ClopiD4FSGS.
Single-arm studies of “add on” therapies facilitate
recruitment and are therefore considered as a preferable
design in early trials of rare diseases with a small number
of eligible patients in whom no effective standard of care
exists.7 The low likelihood of spontaneous improvement
in patients with FSGS under standard treatment formed
another important rationale for our single-arm trial
design with a predefined futility threshold.6,8 The
interim analysis will lead to early detection of futility;
therefore, the number of patients exposed to an inef-
fective drug should be minimized. This analysis allows
us to quickly assess the potential of clopidogrel to ach-
ieve comparable effects as observed with sparsentan
(¼ FSGS partial remission end point in about 30% of
treated patients).6 If this predefined threshold is not
likely to be reached (¼ no more than one of the first 10
patients achieves FSGS partial remission end point), the
study will be terminated early. The interim futility
assessment will be based on the secondary (surrogate)
parameter and no formal hypothesis testing for the pri-
mary end point will be performed. Taken together, these
measures should increase acceptability of the participa-
tion in this trial. This approach is consistent with other
480
studies previously conducted in rare diseases, such as
early oncology trials.

Patient registries are another critical tool to facilitate
timely recruitment of a sufficient sample size for clin-
ical research in rare diseases. As an international
example, the Nephrotic Syndrome Study Network
project assesses genotype-phenotype correlations,
clinical management and long-term outcomes, search-
ing for novel genetic entities, diagnostic and prognostic
biomarkers for glomerular diseases in patients who
have been enrolled in 33 study sites in North America
and is supposed to facilitate the initiation of clinical
trials (www.neptune-study.org). The ARREST-
NEPHROSIS registry set out to achieve similar goals
in Austria, and should also facilitate the recruitment of
patients for ClopiD4FSGS (NCT06162546). Importantly,
continuous collection of patient data in this academic
registry will allow independent traceability of the
course of disease in these patients after the discontin-
uation of the study medication. Thus, effects during
the active phase of the study can be tested for
reversibility after discontinuation of the study medi-
cation over an extended period.
CONCLUSION

In conclusion, the ClopiD4FSGS trial will apply inno-
vative elements in the design of a proof-of-concept
study in order to effectively collect evidence about
whether a repositioned drug should undergo further
Kidney International Reports (2024) 9, 478–481
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clinical development in a rare kidney disease. First, the
repositioning approach per se will allow a focus on
efficacy, due to the known side effect profile of the
drug in its original indication, and thus allow use of a
single arm design. Second, population and outcome
selection are adapted to recent studies resulting in a
low likelihood of spontaneous remission that should
allow assessment of threshold crossing as a cost-
effective way to estimate therapeutic benefit.8 Third,
single-arm study design (with the omission of a placebo
arm), timely futility decision through interim analysis
with the intention of avoiding unnecessary exposure
and networking with a nationwide registry study are
measures to increase acceptability of both patients and
investigators, thereby allowing improved recruitment
rates. Findings from this proof-of-concept study may
further support the development and evaluation of
clopidogrel for the treatment of FSGS; and may also
serve as a template for feasible early clinical develop-
ment to evaluate the potential of repositioned drugs in
rare kidney diseases.
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