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Introduction: A critical unmet need exists for precision therapies for chronic kidney disease. GFB-887 is a

podocyte-targeting, small molecule inhibitor of transient receptor potential canonical-5 (TRPC5) designed

specifically to treat patients with glomerular kidney diseases characterized by an overactivation of the

TRPC5-Rac1 pathway. In a first-in-human study, GFB-887 was found to be safe and well tolerated, had a

pharmacokinetic (PK) profile allowing once-daily dosing, and dose dependently decreased urinary Rac1 in

healthy adults.

Methods: TRACTION-2 is a phase 2a, double-blind, placebo-controlled, multiple�ascending dose study of

GFB-887 in patients with focal segmental glomerulosclerosis (FSGS), treatment-resistant minimal change

disease (TR-MCD), or diabetic nephropathy (DN) (NCT04387448). Adult patients on stable

renin�angiotensin system blockade and/or immunosuppression with persistent proteinuria will be ran-

domized and dosed in 3 ascending dose levels to GFB-887 or placebo for 12 weeks. Cohorts may be

expanded or biomarker-enriched depending upon results of an adaptive interim analysis.

Results: The primary objective is to evaluate the effect of increasing doses of GFB-887 on proteinuria.

Safety and tolerability, quality of life, pharmacokinetic/pharmacodynamic profiles, and the potential as-

sociation of urinary Rac1 with efficacy will also be evaluated. The projected sample size has 80% power to

detect a treatment difference in proteinuria of 54% (FSGS/TR-MCD) or 44% (DN) compared to placebo.

Conclusion: TRACTION-2 will explore whether targeted blockade of the TRPC5-Rac1 pathway with GFB-

887 is an efficacious and safe treatment strategy for patients with FSGS, TR-MCD, and DN and the po-

tential value of urinary Rac1 as a predictive biomarker of treatment response.

Kidney Int Rep (2021) 6, 2575–2584; https://doi.org/10.1016/j.ekir.2021.07.006
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leading to proteinuria and are associated with a high
risk of end-stage kidney failure.1–6 Although current
therapies are effective at reducing proteinuria in some
patients, disease progression marked by persistent pro-
teinuria and decline in eGFR remains a significant unmet
medical need, requiring development of both novel and
targeted therapies in this area.7–9 Because underlying
mechanisms of podocyte injury and loss are being eluci-
dated,10 the development of targeted therapies that are
tailored to the specific underlying molecular pathways
2575
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CLINICAL RESEARCH L Walsh et al.: Phase 2 Study Design of GFB-887
of disease progression and characteristics of individual
patients is increasingly feasible.11,12 Using this precision
medicine approach has the potential to improve out-
comes while minimizing toxicity.13,14

The TRPC5-Rac1 (transient receptor potential ca-
nonical-5-Ras-related C3 botulinum toxin substrate 1)
pathway is central to the pathogenesis of podocyte
injury (Figure 1).15,16 Rac1 promotes cytoskeletal
remodeling and podocyte death through elevation of
reactive oxygen species. In addition, Rac1 activation
leads to the translocation of TRPC5, a Ca2þ-permeable
nonselective cationic channel, to the podocyte cell
membrane. The activation of TRPC5 leads to an eleva-
tion in cytoplasmic calcium, which further drives Rac1
activity in a feed-forward loop.17,18

The importance of maintaining homeostasis of the
TRPC5-Rac1 pathway is highlighted by rare forms of
FSGS characterized by excess Rac1 activation driven by
mutations in its regulators (e.g., ARHGAP24 and
ARHGDIA).19–22 In addition, significant increases in
Rac1 have been observed in podocytes of immuno-
stained kidney biopsy samples from patients with FSGS
and MCD compared to healthy kidneys, and recent data
indicate that urinary Rac1 levels are significantly
elevated in patients with FSGS and DN compared with
healthy controls.16,23 Activation of Rac1 in kidney
diseases, such as FSGS, is thought to occur specifically
in podocytes allowing the targeting of the TRPC5-Rac1
pathway in a cell-specific manner. Other activators of
Rac1 also include hyperglycemia, angiotensin II type 1
Figure 1. TRPC5-Rac1 pathway activation and podocyte injury.
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receptor, and epidermal growth factor receptor, which
would feed into the TRPC5-Rac1 feed-forward
loop.21,24 Thus, reducing Rac1 levels by inhibiting
TRPC5 has potential as a targeted treatment for podo-
cytopathies. In fact, inhibition of TRPC5 has been
shown to ameliorate proteinuria and to prevent podo-
cyte loss in animal models of FSGS without off-target
toxicities.15,25 The safety of inhibiting TRPC5 is
further supported by the lack of a significant pheno-
type in TRPC5 knock-out mice.26,27

GFB-887 is a podocyte-targeting, small molecule
TRPC5 inhibitor designed specifically to treat patients
with kidney diseases characterized by an over-
activation of the TRPC5-Rac1 pathway. GFB-887 has
been shown, in both in vitro and in vivo models of
kidney disease, to prevent podocyte damage mediated
by activation of Rac1 signaling (Figure 1). Thus, GFB-
887�reduced albuminuria in a deoxycorticosterone
acetate (DOCA) salt-induced hypertensive rat model of
FSGS, a puromycin aminonucleoside injury rat model
of MCD, and a Zucker diabetic Sprague�Dawley
(ZDSD) rat model of DN.28 GFB-887 also reduced
pathogenic podocyte migration in an in vitro migration
assay and protected human induced pluripotent stem
cell�derived podocytes and kidney organoids from
cytoskeletal disruption after co-incubation with prot-
amine sulfate (PS), a known indirect activator of
TRPC5.29,30 Although TRPC5 is also expressed outside
the kidney, including in the brain, there were no
adverse findings observed during an extensive
Kidney International Reports (2021) 6, 2575–2584



Table 2. TRACTION-2 key inclusion criteria
Diagnosis Inclusion criteria

All
Patients

Men or women (18 to 75 years of age, of any race)

eGFR $30 mL/min/1.73 m2 at screening

Currently receiving an ACE inhibitor or ARB for at least the last
3 months before screening, with a stable dose for at least 4
weeks before screening (patients not receiving ACE inhibitors
or ARBs because of allergy or intolerance to ACE inhibitors or
ARBs are also eligible)

DN Diagnosis of type 2 diabetes with HbA1c level #11% at
screening

Average UACR $150 to 5000 mg/g during screening and
run-in visits

FSGS or TR-MCD Diagnosis based on either biopsy, as documented by pathology
report, or FSGS based on genetic testing

TR-MCD defined as incomplete resolution of proteinuria, defined
as persistent proteinuria (>1.0 g/24-h urine or >1.0 g/g
UPCR) following at least 8 weeks of corticosteroids or another
immunosuppressive therapy

Average UPCR $1.0 g/g during screening and run-in visits

Patients currently receiving corticosteroids or mycophenolate
mofetil must have been receiving the medication for at least the
last 3 months before screening, with a stable dose for at least
4 weeks before screening

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; DN, diabetic
nephropathy; eGFR, estimated glomerular filtration rate; FSGS, focal segmental glo-
merulosclerosis; TR-MCD, treatment-resistant minimal change disease; UACR, urinary
albumin-to-creatinine ratio; UPCR, urinary protein-to-creatinine ratio.

Table 3. TRACTION-2 key exclusion criteria
Diagnosis Exclusion criteria

All
Patients

Evidence of another kidney disease clinically or on biopsy

L Walsh et al.: Phase 2 Study Design of GFB-887 CLINICAL RESEARCH
preclinical evaluation of GFB-887, both in pharmaco-
logical and in toxicological evaluations.

We recently completed a first-in-human
single�ascending dose study of GFB-887 (5�900 mg)
dosed orally to 70 healthy participants (Study GFB-887-
101; Clinicaltrials.gov Identifier NCT03970122).31 GFB-
887 exhibited a favorable PK profile, and only mild
treatment-emergent adverse events (e.g., headache,
nausea) were reported. No dose-limiting toxicities or
clinically significant abnormalities in laboratory values,
vital signs, or electrocardiographic parameters were
observed. GFB-887 exhibited dose-dependent re-
ductions in urinary Rac1, providing evidence that GFB-
887 engages the low basal levels of TRPC5 in healthy
podocytes, inhibiting the TRPC5-Rac1 pathway. This
finding further suggests that urinary Rac1 could be
used as a response and/or pharmacodynamic biomarker
to guide treatment or dosing decisions.

Collectively, these findings provided the rationale
for initiating TRACTION-2, the first-in-patient clinical
trial of GFB-887. Herein, we describe the study design
and methodology of this trial, including some study
design features that are novel for nephrology studies
(Table 1). TRACTION-2 will explore whether targeted
blockade of TRPC5-Rac1 pathway with GFB-887 is an
efficacious and safe treatment strategy that is well
tolerated by patients with FSGS, TR-MCD, and DN.
Given the mechanism of action of GFB-887 and data
supporting upregulation of the TRPC5-Rac1 pathway
in patients with FSGS and DN, this study will also
evaluate whether baseline urinary Rac1 levels predict
treatment response. Furthermore, we summarize the
use of an adaptive study design, which allows
for prospectively planned modifications to the protocol
on the basis of accumulating data from study
participants.32
Table 1. TRACTION-2 novel study design features
Study design feature Description

Adaptive design Depending upon the results of a preplanned interim analysis,
sample size can be increased and/or enriched for
populations more likely to respond to GFB-887 treatment
on the basis of baseline urinary Rac1 levels

Dose for Dose Levels 2 and 3 will be determined based upon
the pharmacokinetic determinations performed on an
ongoing basis

“Basket” design Enrollment of patient cohorts across various chronic kidney
disease etiologies (DN, FSGS/TR-MCD) to characterize the
effect of a single-targeted therapy (GFB-887) in multiple
disorders

Patient-focused Remote study conduct: Assessments at the patient’s home
using a home healthcare nurse or using telemedicine
options

Robust evaluation of quality of life scores, symptomatology,
and edema

DN, diabetic nephropathy; FSGS, focal segmental glomerulosclerosis; TR-MCD, treat-
ment-resistant minimal change disease.

Kidney International Reports (2021) 6, 2575–2584
MATERIALS AND METHODS

Study Participants and Sites

Patients of either sex, any race, and 18 to 75 years of
age with FSGS, TR-MCD, and DN are eligible to
participate in this trial. Inclusion and exclusion criteria
for all patients and those specific to diagnoses are
shown in Tables 2 and 3. Briefly, participants are
Uncontrolled BP (systolic BP >160 mm Hg or diastolic
BP >90 mm Hg)

BMI >45 kg/m2 for DN patients; >40 kg/m2 for FSGS/TR-MCD
patients

ALT and/or AST >2 � ULN at screening or a known history
of severe or chronic hepatobiliary disease

Women who are pregnant or are breastfeeding

Positive HIV test result or hepatitis B or C infection

Clinically significant cardiovascular disease

History of kidney transplantation

DN Current or past renal disease that requires immunosuppressive
therapy

FSGS or TR-MCD Currently receiving CNI therapy or history of CNI resistance

Systemic immunosuppressive or corticosteroid therapy for
non�kidney disease indications

Received rituximab or cyclophosphamide within 120 days of
screening

Received plasmapheresis within 84 days of screening

Biopsy consistent with collapsing FSGS

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass in-
dex; BP, blood pressure; CNI, calcineurin inhibitor; DN, diabetic nephropathy; FSGS,
focal segmental glomerulosclerosis; HIV, human immunodeficiency virus; TR-MCD,
treatment-resistant minimal change disease; ULN, upper limit of normal.

2577
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required to have an estimated glomerular filtration rate
(eGFR) $30 ml/min per 1.73 m2 and to have albumin-
uria/proteinuria (urine albumin-to-creatinine ratio
[UACR] $150 to 5000 mg/g for DN patients; urine
protein-to-creatinine ratio [UPCR] $1.0 g/g for FSGS or
TR-MCD patients) while receiving a stable dose of an
angiotensin-converting enzyme (ACE) inhibitor or
angiotensin receptor blocker (ARB), or, as indicated,
steroids or other anti-proteinuric agents (e.g., sodium
glucose co-transporter�2 [SGLT2]) inhibitors or blood
pressure�reducing agents for at least 4 weeks before
screening. Patients not receiving ACE inhibitors or
ARBs because of allergy or intolerance to ACE in-
hibitors or ARBs are still eligible. Persistent proteinuria
(>1.0 g/24-h urine or >1.0 g/g UPCR) following a
standard course of corticosteroids or another immuno-
suppressive therapy is required for participants to be
considered to have TR-MCD. A biopsy or genetic
testing is required to confirm a diagnosis of FSGS or
TR-MCD. In addition, participants on calcineurin in-
hibitor (CNI) treatment or who have a history of CNI
resistance are ineligible, given the shared pathway of
CNIs with TPRC5 inhibitors.33 Resistance is defined as
having a suboptimal antiproteinuric response to CNIs
(<40% proteinuria reduction) after at least an 8-week
course at therapeutic dose levels. Up to 125 patients
will be enrolled at an estimated 55 sites in the United
States (see Supplementary Material).

This study is being conducted in accordance with
consensus ethical principles derived from international
guidelines including the Declaration of Helsinki and
Council for International Organizations of Medical Sci-
ences International Ethical Guidelines, applicable Inter-
national Council for Harmonisation (ICH) Good Clinical
Practice (GCP) Guidelines, and applicable laws and reg-
ulations. An Institutional Review Board/Ethics Commit-
tee reviewed and approved the protocol and other
relevant documents before study initiation. All partici-
Figure 2. TRACTION-2 study design and schedule of key assessments. EC
pharmacokinetics; PRO, patient-reported outcome; UACR, urine albumin-t
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pants will be required to provide written informed con-
sent after the details of the study are fully explained to
them. The study is sponsored by Goldfinch Bio, Inc.

Study Design and Treatment

This is amulticenter, Phase 2a, randomized, double-blind,
placebo-controlled clinical trial to evaluate the safety,
tolerability, and PK and PD profiles of multiple ascending
doses ofGFB-887 in patientswith FSGS, TR-MCD, andDN
(Clinicaltrials.gov Identifier NCT04387448). The total
study duration is planned to be up to 26 weeks and will
consist of the following studyperiods: a 4-week screening
period after informed consent is obtained; a 2-week run-in
period before study drug administration, to confirm that
UACR and UPCR levels continue to meet eligibility
criteria; a 12-week period in which patients will receive
either GFB-887 or placebo; and an 8-weekwashout period
to evaluate durability in treatment response after the end
of study treatment (Figure 2).

Before any patient was enrolled in the study, several
measures were put into place to mitigate potential dis-
ruptions in study activities due to the ongoing COVID-
19 global pandemic. These measures included the
following: allowing patients to electronically sign the
informed consent form and to receive study treatment
supply at home; alternative methods to conduct study
visits, including assessments at the patient’s home using
a home healthcare nurse, via telephone, or using other
telemedicine options; and use of a symptom-directed
physical examination for visits conducted via home
nursing or telemedicine. Each study site completed a
sponsor-prepared COVID-19 checklist to assess their
readiness for implementation of these measures.

Dose Escalation

During the double-blind treatment period, patients will
be randomized and dosed in 3 ascending dose levels to
either GFB-887 or placebo (Figure 3). In Dose Level 1, a
G, electrocardiogram; eGFR, estimated glomerular filtration rate; PK,
o-creatinine ratio; UPCR, urine protein-to-creatinine ratio.

Kidney International Reports (2021) 6, 2575–2584
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Figure 3. Multiple ascending doses and adaptive study features of TRACTION-2. Up to 125 patients with DN, FSGS, or TR-MCDwill be randomized in 3
ascendingdose levels toeitherGFB-887 or placebo (6:2 [active: placebo] forDoseLevel 1; and 2:1 for FSGS/TR-MCDand 1:1 forDN forDoseLevels 2 and
3). Dose Level 1 will include 8 patients with any of the 3 diseases under study. Dose Levels 2 and 3 will include 24 DN patients and 15 FSGS/TR-MCD
patients. An adaptive interim efficacy analysis will allow for enrollment of additional patients depending on which “zones” the results fall into:
“favorable efficacy zone,” the trial will be completed as initially planned with no sample size increase or population enrichment; “promising efficacy
zone,” the total sample size may be increased; “enrichment zone,” the population may be enriched by restricting the future enrollment to the sub-
population identified by urinary Rac1. If the results of the adaptive interim analysis do not fall into any of these zones, then the trial will be completed as
initially planned, with no sample size increase or population enrichment. DN, diabetic nephropathy; FSGS, focal segmental glomerulosclerosis; PK,
pharmacokinetics; TR-MCD, treatment-resistant minimal change disease; uRac1, urinary Ras-related C3 botulinum toxin substrate 1.

L Walsh et al.: Phase 2 Study Design of GFB-887 CLINICAL RESEARCH
mixed population of 8 patients with FSGS/TR-MCD or
DN will be randomized to receive GFB-887 or placebo
in a 6:2 ratio in a single cohort. Dose Levels 2 and 3 will
each enroll up to 15 FSGS/TR-MCD patients (random-
ized 2 [GFB-887]:1 [placebo]) and 24 DN patients (ran-
domized 1 [GFB-887]:1 [placebo]) in separate cohorts. In
Dose Levels 2 and 3, randomization for FSGS/TR-MCD
will be covariate-balanced for baseline UPCR (<3 g/
g, $3 g/g), prior use of CNI (yes/no), and presence of 2
apolipoprotein L1 gene (APOL1) risk variants.
Randomization for DN patients will be covariate-
Table 4. TRACTION-2 efficacy endpoints

Primary efficacy endpoint Percentage change from baseline in UACR or UPCR in
patients with DN and FSGS/TR-MCD, respectively

Secondary efficacy endpoints Proportions of FSGS/TR-MCD patients achieving a
modified partial remission, defined as a UPCR
<1.5 g/g and a 40% reduction from baseline at the
end of treatment

Proportions of FSGS/TR-MCD patients achieving a
complete remission, defined as UPCR <0.3 g/g
at the end of treatment

Percentage change from baseline in 24-hour urine
protein/albumin excretion

Proportion of responders, defined as patients with at
least 30%, 40%, and 50% reductions in UACR/
UPCR from baseline

Proportion of FSGS/TR-MCD patients achieving
modified partial remission, complete remission,
or a 40% reduction in UPCR from baseline

Exploratory efficacy endpoints Change from baseline in HRQoL scores

Change from baseline in Nephrotic Syndrome
Edema�Clinician Rating Scale

DN, diabetic nephropathy; eGFR, estimated glomerular filtration rate; FSGS, focal
segmental glomerulosclerosis; HRQoL, health-related quality of life; TR-MCD, treatment-
resistant minimal change disease; UACR, urinary albumin-to-creatinine ratio; UPCR,
urinary protein-to-creatinine ratio.
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balanced for baseline UACR (<300 mg/g, $300 mg/g)
and concurrent use of an SGLT2 inhibitor.

Endpoints and Assessments

Efficacy endpoints are presented in Table 4, and the
schedule of assessments is shown in Figure 2. The pri-
mary endpoint is the percentage change from baseline to
the end of the treatment period in UPCR in patients with
FSGS/TR-MCD or UACR in patients with DN. Key sec-
ondary efficacy endpoints include the following: (i)
proportions of FSGS/TR-MCD patients achieving a
modified partial remission, defined as a UPCR <1.5 g/g
and a 40% reduction from baseline at the end of treat-
ment; and (ii) proportions of FSGS/TR-MCD patients
achieving a complete remission, defined as UPCR <0.3
g/g at the end of treatment.34 The association between
efficacy and baseline urinary Rac1 measurements, as
well as on-treatment changes in urinary Rac1 levels, will
be investigated as exploratory endpoints.

To better evaluate the impact of GFB-887 on quality
of life, patients and clinicians will be asked to complete
health-related quality of life (HRQoL) questionnaires
during the study. The FSGS/MCD PRO will be used for
measurement of patient-reported outcomes (PROs) for
patients with FSGS and TR-MCD.35 The Quality of Life
Disease Impact Scale–7 item scale (QDIS-7),36 Quality of
Life General Survey (QGEN),37 and Patient Global Im-
pressions of Change and Severity (PGI-C, PGI-S)38 will
be used for measurement of CKD-specific and generic
PROs for all patients. The clinician-reported outcome
(ClinRO) Nephrotic Syndrome Edema�Clinician Rating
Scale assessment will be used for standardized mea-
surement of edema in patients with FSGS/TR-MCD.39
2579
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TRACTION-2 will also characterize the PK profile of
GFB-887 at all dose levels. Full plasma PK profiles will be
determined after the first and last study doses, with
additional collections at various times over the course of
the study. Urine collections will also be performed to
evaluate GFB-887 excretion. These plasma and urine
samples may also be used for future biomarker analyses
to study the mechanism of action of GFB-887. A mo-
lecular genetics report including the results of a Clinical
Laboratory Improvement Amendment (CLIA) certified
laboratory analysis of APOL1 and other genes associated
with FSGS will be returned to the investigator. Geno-
typing will also be performed as an exploratory
endpoint to further characterize the genetic signature of
the patient population and the response to GFB-887,
which will not be returned to the investigator.

The safety and tolerability of GFB-887 will be
assessed via the incidence and severity of AEs, and the
incidence of clinically significant changes in 12-lead
electrocardiographic parameters, vital signs, physical
examinations, and laboratory parameters. Adverse
events will be coded using the Medical Dictionary for
Regulatory Activities (MedDRA). The safety of GFB-887
will be assessed at regular intervals by both a blinded
and an unblinded data review team (DRT). The un-
blinded team will be independent from the operational
study team and include external nephrology experts
and supported by an independent statistical team.

Statistical Analysis
Sample Size and Analysis of the Primary Efficacy

Endpoint

The sample size calculation is based on the primary
endpoint, the percentage change from baseline in UPCR
and UACR to the end of the treatment period in pa-
tients with FSGS/TR-MCD and DN, respectively, in
cohorts at Dose Level 2 and higher. The sample size is
based on the predicted efficacy of GFB-887 using
cyclosporine as an analogue. Although not completely
characterized, cyclosporine exerts a significant anti-
proteinuric effect of at least 50%.40,41 The sample size
is considered sufficient to establish proof-of-concept
for GFB-887 given the early phase of development.
On the basis of previous studies with comparable
populations, the SD of the change from baseline in the
log-transformed primary efficacy scales for both treat-
ment groups is assumed to be 0.8.42�44 As such, under
these assumptions, 30 FSGS/TR-MCD patients (with 20
active and 10 placebo) and 48 DN patients (with 24
active and 24 placebo) will provide 80% power to
detect a treatment difference of 54% and 44% versus
placebo on the change from baseline to the end of
treatment measured on the log-transformed primary
efficacy scale, respectively, at a 1-sided significance
2580
level of 0.05. If, however, the predicted efficacy is
observed to be lower at an interim analysis, the adap-
tive nature of the study allows for an increase in the
sample size based on the conditional power (see
Adaptive Interim Analysis below).

The change from baseline to endpoint in the log-
transformed UPCR (FSGS/TR-MCD) and UACR (DN)
will be analyzed using an analysis of covariance model,
which includes treatment groups (GFB-887 vs. placebo)
as a fixed factor and baseline log-transformed UPCR/
UACR as a covariate. Anti�log-transformed values of
the least squares (LS) means and 90% confidence in-
tervals (CIs) will be calculated. In addition to the above,
a Bayesian analytic approach may be used to derive
posterior probabilities of statistically and clinically
relevant differences between GFB-887 and placebo.

Analysis of Secondary Efficacy Endpoints

Secondary efficacy endpoints of percentage of patients
achieving response or remission based on UACR and
UPCR will be analyzed using a c2 test or
Cochran�Mantel�Haenszel c2 test stratified by the
prespecified stratification factors as appropriate.
Change in 24-hour urine protein/albumin excretion
compared with baseline will be analyzed using the
same statistical method as for the primary endpoint.

Pharmacokinetic Analysis

Individual and summary plasma concentration versus
time profiles will be plotted using linear and semi-
logarithmic scales for each treatment. The PK parame-
ters for GFB-887 will be calculated using non-
compartmental methods and presented using
descriptive statistics (mean, SD, minimum, median,
maximum, coefficient of variation, and geometric mean)
where applicable. Dose proportionality of GFB-887 area
under the plasma concentration�time curve (AUC) and
observed Cmin and Cmax will be evaluated using
descriptive statistics and visual inspection of the scat-
ter plots of these parameters versus treatment.

Interim PK analyses will be conducted to assist in
defining the doses for Dose Levels 2 and 3. Available PK
datawill befitted to amodel, and themodelwill beused to
predict the dose needed to attain target concentrations for
the 2 groups. Those doses will be recommended to a
blinded data review team for implementation prior to the
start of enrollment of those groups.

Exploratory Analysis of Rac1

Pharmacodynamic (PD) measurements will be summa-
rized by treatment group and collection time. Urinary
Rac1 measures from predosing to each postdosing time
point will be analyzed using a mixed-effects repeated-
measures model. In addition, the area under the urinary
Kidney International Reports (2021) 6, 2575–2584
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Rac1 concentration�time curve will be compared be-
tween treatment groups and placebo graphically or using
statistical tests, such as analysis of covariance or multi-
variate regression.

Adaptive Interim Analysis

For eachdisease type (FSGS/TR-MCDandDN), the trial has
1 prespecified adaptive interim analysis that will be per-
formed by the unblinded data review team to optionally
increase the sample size and/or to enrich the study pop-
ulation by restricting subsequent enrollment to a sub-
population identified as more likely to respond to
treatment (Figure 3). The decision to adaptively increase
the sample size or to enrich for a certain threshold of
baseline urinary Rac1 patients will be based on the eval-
uation of the conditional power for demonstrating the
significant treatment effect at the planned number of pa-
tients using a 1-sided significance level of a ¼ 0.05. In
general, conditional power is defined as the probability
that, conditional on the current value of the test statistic
and given a true effect size, the trial will achieve a statis-
tically significant result at the final analysis. Pre-defined
“zones” for this interim analysis are defined as shown in
Figure 3. If the results of the adaptive interim analysis fall
into the “favorable efficacy zone,” then they will be
considered favorable for the full population, and the trial
will be completed as initially planned with no sample size
increase or population enrichment. If the results fall into
the “promising efficacy zone,” then they will be consid-
eredpromising for the full population, and the total sample
size may be increased. In this case, the sample size will be
increased to ensure a pre-defined conditional power that
can be achieved in the second stage of the trial. The actual
decision rules regarding the boundaries that define the
promising zone and the target conditional power are kept
blinded until the end of the study. As a hypothetical
example, if, in the FSGS population, an interim placebo-
adjusted effect size of 35% is observed on UPCR, and if
this corresponds to a conditional power of 60% (assumed
to be in the promising zone), additional patients will be
enrolled to boost the power for the remainder of the study.
This increases the likelihood of observing a statistically
significant result in the presence of a clinicallymeaningful
effect that may be lower than initially planned. If the re-
sults fall into the “enrichment zone,” then the population
may be enriched by restricting the future enrollment to
the subpopulation identified by urinary Rac1 and a
possible sample size increase in this enrichedpopulation to
achieve a certain conditional power, similar to the hypo-
thetical example above. If the results do not fall into any of
these zones, then the trial will be completed as initially
planned, with no sample size increase or population
enrichment. For all decisions related to adaptive sample
size re-estimation/enrichment, the results of the safety
Kidney International Reports (2021) 6, 2575–2584
analyses to date may additionally be used to influence
subsequent allocation of patients.
DISCUSSION

Currently, there are no therapies approved by the
United States Food and Drug Administration (FDA) for
FSGS and TR-MCD, nor are there approved therapies
for proteinuric kidney diseases that specifically target
the podocyte, a primary component of the glomerular
filtration barrier. Novel precision medicine�based
strategies that protect the podocytes are therefore
needed to advance therapeutic development for these
progressive kidney diseases. Toward this aim, GFB-887,
a subtype-selective and potent small molecule inhibitor
of the TRPC5 ion channel, is being investigated as a
targeted disease-modifying therapy for patients with
podocytopathies. In this report, we describe the design
of TRACTION-2, a first-in-patient, randomized, double-
blind, placebo-controlled, dose-escalating clinical trial of
GFB-887. TRACTION-2 was designed to achieve proof of
concept as efficiently and safely as possible to develop a
targeted therapy in this area of high unmet clinical
need. Our primary objectives are to explore whether
targeted blockade of the TRPC5-Rac1 pathway with
GFB-887 is an efficacious and safe treatment strategy for
patients with podocytopathies and whether proteinuria
response rates are enhanced in patients with elevated
Rac1 levels. This may inform the design of future GFB-
887 studies by identifying a population most likely to be
responsive to TRPC5 inhibition.

Activation of either calcineurin or TRPC5 in podocytes
is sufficient to cause synaptopodin degradation, podocyte
dysfunction, and proteinuria. In fact, calcineurin inhi-
bition with cyclosporin or tacrolimus serves as an
analogue to the potential efficacy of GFB-887 given their
activity on the TRPC5-Rac1 pathway.33 The use of CNIs
has been shown to achieve significant reductions in pro-
teinuria in patients with steroid-resistant FSGS, which is
independent of their immunosuppressive effects.40,41,45

However, the off-target nephrotoxicity of CNIs limits
their long-termuse.46 The safety of TRPC5 inhibition, and
of GFB-887 in particular, has been established in pre-
clinical models and does not recapitulate the toxicities
associated with calcineurin inhibition. Given that TRPC5
and calcineurin are components of the TRPC5-Rac1
pathway, patients who have demonstrated CNI resistance
or are currently being treatedwith CNI are not eligible for
TRACTION-2 but will be studied in future trials. Resis-
tance to CNIsmay indicate the activation of an alternative
pathological pathway, highlighting the need for alterna-
tive treatments for patients with FSGS.

TRACTION-2 includes several notable design fea-
tures, including the selection of an at-risk patient
2581
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population, the use of disease-specific patient reported
outcome tools, and novel adaptive elements. The study
population includes patients who remain at high risk
for disease progression given that patients have resid-
ual albuminuria/proteinuria despite background ther-
apy of stable RAS blockade. In addition, the
TRACTION-2 study will include separate cohorts of
patients with FSGS, TR-MCD, and DN, thus using a
“basket” trial design approach to efficiently charac-
terize the effect of GFB-887 across multiple CKD etiol-
ogies. Approximately half of those patients with
untreated primary FSGS will develop kidney failure
over 5 to 8 years.47 In addition, MCD is considered a
related podocytopathy to FSGS, and, although the
majority of patients with MCD respond to an initial
course of corticosteroids, many adults with MCD are
resistant to treatment. Although not fully elucidated,
the prognosis of patients with TR-MCD is similar to
that of patients with FSGS, and their categorization
likely reflects limitations in establishing a diagnosis of
FSGS on the basis of a kidney biopsy rather than un-
derlying biological differences.48,49 Finally, DN ac-
counts for nearly half of all patients with CKD, and the
prevalence is rising globally as a consequence of the
diabetes and obesity epidemic.5

TRACTION-2 is designed to provide early humandata
on the short-term effect of increasing doses of GFB-887
on UPCR/UACR levels. These objective surrogate end-
points are known to predict long-term kidney function
and survival.50 In addition to the biochemical evaluation
of efficacy, the study will evaluate HRQoL during
treatment with GFB-887 compared with placebo using
several different patient-reported and clinician-reported
outcomes. First, the FSGS/MCD PRO is a measure
designed to support a comprehensive assessment of
symptoms and symptom impact in adults with FSGS or
TR-MCD.35 Second, the QDIS is a 1-minute HRQoL
impact measure with the breadth of widely used func-
tional health andwell-being surveys.36 Third, the QGEN
survey will measure the following 8 functional health
and well-being domains: physical, role (physical or
emotional or social) functioning, pain, vitality, general
health, and emotional well-being.37 Fourth, the PGI
assessment will be self-administered to evaluate severity
(PGI-S) of current kidney disease and change (PGI-C)
from baseline in severity of kidney disease.38 Finally, the
edema ClinROwill be used to assess edema, a debilitating
symptom in patients with FSGS/TR-MCD.39 This tool
was developed based upon clinician input to enable
standardized assessment of edema in clinical and
research contexts.

In line with recent progress made in the design of
kidney disease trials to ensure that the right patients
are selected for treatment,51–53 the TRACTION-2
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study will also use an adaptive study design to
ensure that the sample size and study population are
guided by emerging efficacy, pharmacodynamics, and
safety data. TRACTION-2 will adaptively enroll
additional patients if the results of an interim condi-
tional power analysis indicate promising efficacy, or
will enrich the study population with Rac1-positive
patients, as they may be more likely to respond
favorably to treatment. This approach is supported by
the FDA for the design of clinical trials intended to
support the effectiveness and safety of drugs.32

Some potential limitations of this study must also be
taken into consideration. First, although the sample
sizes selected for each dose cohort are considered suf-
ficient to evaluate the objectives of the study, larger
prospective clinical trials of longer duration will be
needed to evaluate the impact of GFB-887 on eGFR and
other clinically relevant outcomes. Second, even
though Rac1 is considered a key driver of podocyte
injury in FSGS/TR-MCD and DN, the heterogeneity of
these diseases may limit the ability to detect a treatment
effect. Finally, although an adaptive study design is
thought to bring forward efficiencies, it can be more
challenging to construct, conduct, and analyze.32

The inhibition of TRPC5 is a novel therapeutic
approach for proteinuric kidney diseases, supported by
promising preclinical data. GFB-887 is the first TRPC5
inhibitor for kidney disease in clinical trials and is the
first agent in general to target the podocyte, with the
potential to provide long-term kidney protection.
TRACTION-2 will explore whether targeted blockade of
the TRPC5-Rac1 pathway with GFB-887 may be an effi-
cacious and safe treatment strategy for patients with
FSGS, TR-MCD, and DN, and will assess whether base-
line urinary Rac1 levels are a useful biomarker to predict
response. The information obtained from this phase 2
trial will inform subsequent clinical trial development:
namely, whether enrichment of future studies with pa-
tients who are most likely to be responsive to GFB-887 is
feasible and is likely to improve outcomes. This inno-
vative trial designwill be applicable for the evaluation of
other precision medicines for kidney diseases.
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