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Abstract

Background Autosomal dominant polycystic kidney disease (ADPKD) is the fourth most common reason for com-
mencement of dialysis globally. There is an urgent need for treatments to slow the loss of kidney function and prevent
complications in people with ADPKD. A growing body of evidence suggests metformin may have a therapeutic role

in slowing cyst progression in ADPKD.

Methods IMPEDE-PKD is a prospective, multicentre, international, double-blind, randomized controlled trial of met-
formin versus placebo in adults with ADPKD. From November 2022, a total of 1174 participants will be targeted

for recruitment globally, from participating kidney units in Australia, the UK, New Zealand, India, Hong Kong, South-
East Asia and Europe. Following a 10-week run-in phase of extended-release metformin up-titrated to a maximum
dose of 2000 mg, participants will be randomized 1:1 to receive either metformin or placebo and followed for 2 years.
The primary outcome will be the rate of kidney function decline measured as a change in the estimated glomerular
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ment option that is widely available and affordable.

filtration rate. Secondary outcomes include other clinical markers for ADPKD progression (albuminuria, development
of kidney failure), mortality, health-related QOL, pain, medication side effects, tolerability and cost-effectiveness.

Discussion If proven effective, metformin would positively impact the well-being of people with ADPKD as a treat-

Trial registration ClinicalTrials gov NCT04939935. Registered on 25 June 2021.
Keywords Autosomal dominant polycystic kidney disease, Metformin, Clinical trial
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Introduction

Background and rationale {6a}

Autosomal dominant polycystic kidney disease (ADPKD)
has an estimated prevalence of 1 in 1000 in the general
population [1]. The condition is characterized by expo-
nential cyst growth that damages and distorts normal
kidney tissue, culminating in enlarged painful kidneys
and progressive chronic kidney disease (CKD) [2]. The
only disease-modifying therapy currently available for
ADPKD is tolvaptan, a vasopressin receptor antagonist.
However, its widespread use is limited by side effects,
high cost and restricted availability [3]. New condition-
specific therapies to slow the rate of cyst growth and
the progression of kidney function decline are crucial
for improving patient outcomes and reducing health-
care spending. Metformin is an oral glucose-lowering
agent prescribed to 150 million people globally for Type
2 diabetes mellitus (T2DM) [4], with a growing body of
preliminarily evidence suggesting it may be beneficial in
patients with ADPKD ([5].

Cyst growth is dependent on the proliferation of cyst-
lining epithelial cells and the secretion of fluid into the
cyst lumen [6]. Metformin activates AMP-activated pro-
tein kinase (AMPK), which inactivates the molecular
target of rapamycin pathways, thereby inhibiting cell pro-
liferation and impairing cyst growth and expansion [7,
8]. Additionally, the secretion of fluid into the cyst lumen
is mediated through cystic fibrosis transmembrane con-
ductance regulator (CFTR) channels in the membrane of
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epithelial cells. AMPK negatively regulates CFTR chan-
nels, which in turn decreases fluid secretion. Thus, as an
activator of AMPK, metformin has a potential therapeu-
tic role in slowing cyst growth rate in ADPKD through
these two mechanisms [9].

Given its extensive use in the T2DM population, met-
formin has a well-established safety and tolerability pro-
file. It is associated with self-limiting gastrointestinal
disturbances (diarrhoea, nausea and vomiting) in 20-30%
of recipients [10]. These can be managed by utilizing
extended release (XR) preparations of metformin and
slow up-titration to target dose [10]. Vitamin B12 defi-
ciency occurs in around 6% of patients due to reduced
gastric absorption [11]. However, this can be supple-
mented. There is also infrequent association with lactic
acidosis (<10 per 100,000 patient-years) [12]. As met-
formin is primarily excreted unchanged through active
tubular secretion in the kidneys, drug dosage needs to be
reduced as kidney function declines.

Initial studies have evaluated the safety and toler-
ability of metformin in people with ADPKD [13-18].
The Trial of Administration of MEtformin to tame PKD
(TAME-PKD) study (NCT02656017) was a phase II,
double-blind, randomized placebo-controlled trial of
immediate-release metformin up to 1000 mg twice daily
[17]. Ninety-seven participants aged 18—60 years with
an estimated glomerular filtration rate (eGFR)>50 mL/
min/1.73 m? were recruited and randomized 1:1 to either
metformin or placebo. After 2 years of follow-up, 40
metformin and 42 placebo participants remained in the
study. Two participants withdrew from the metformin
group due to adverse events, and one from the placebo
group. However, 43% of participants in the metformin
arm reduced the dose due to inability to tolerate the full
dose. Metformin was evaluated as safe and tolerable, and
there was a numerically smaller decline in eGFR; how-
ever, this trial was underpowered to detect significance
[17]. In a second double-blind, randomized feasibility
study led by the University of Colorado (NCT02903511),
51 participants with ADPKD and an eGFR between
50 and 80 mL/min/1.73 m? were recruited and rand-
omized to immediate-release metformin or placebo, up
to 1000 mg twice daily [18]. Among the participants in
the metformin group who completed the study, only 50%
received the full prescribed dose because of intolerable
gastrointestinal side effects, but 82% tolerated more than
half of the prescribed dose (median dose of all partici-
pants was 1500 mg per day). Changes in height-adjusted
total kidney volume (htTKV) and eGFR were not sta-
tistically significantly different between the groups, but
the decline in eGFR was smaller in the metformin group
despite participants in this group having more severe dis-
ease [18].
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Current experimental evidence suggests that met-
formin may slow the rate of cyst growth and kidney func-
tion decline in ADPKD. Despite the scientific rationale
for its potential therapeutic role in ADPKD, the question
of its efficacy requires the conduct of an adequately pow-
ered randomized controlled trial. This publication pro-
vides details of the protocol for the Implementation of
Metformin Therapy to Ease Decline of Kidney Function
in Polycystic Kidney Disease (IMPEDE-PKD) trial, which
is a global, double-blinded, randomized controlled trial
of metformin XR compared with placebo for 2 years in
people with ADPKD, aged between 18 and 70 years, with
an eGFR between 38 and 90 ml/min/1.73 m?, and risk
factors for a decline in kidney function.

Objectives {7}

The primary objective of IMPEDE-PKD is to evaluate the
long-term efficacy of metformin therapy in slowing the
rate of kidney function decline in subjects with ADPKD,
measured as the change in eGFR (using Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equa-
tion) compared to placebo at 2 years from randomization.

Trial design {8}

IMPEDE-PKD is a phase III, international, prospective,
blinded, parallel-group, superiority, randomized con-
trolled trial, in which 1174 adults will be targeted for
randomization in a 1:1 ratio to metformin or placebo and
followed up for 2 years. An outline of the trial design can
be seen in Fig. 1.

Methods: participants, interventions and outcomes
Study setting {9}

A total of 1174 adults with ADPKD will be targeted for
recruitment from participating kidney units in Aus-
tralia, New Zealand, the UK, India, Europe, Hong Kong
and South-East Asia.

Eligibility criteria {10}

Inclusion criteria: To be eligible to participate in this
trial, participants must satisfy ALL of these inclusion
criteria:

1. Able to provide informed consent

2. Aged 18-70 years

3. Diagnosis of ADPKD based on radiological + genetic
criteria as per the Kidney Health Australia Caring
for Australians and New Zealanders with Kidney
Impairment (KHA-CARI) Guidelines [19]
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Patient Population
Sample Size = 1174 ADPKD Patients

eGFR 238mL/min/1.73m?2 and <90mL/min/1.73m?
Aged 18-70yrs
At risk of active disease progression

Active Run-In

Titration to Metformin 2000mg daily
or maximum tolerated dose >1000mg daily
(500mg for eGFR <45mL/min/1.73m?)

Randomisation

Minimisation variables: Tolvaptan Use, Study Centre, CKD
Stage, Sex, Hypertension and starting dose of medication

Metformin Placebo

Blinded Treatment Follow-up

Primary Outcome: Change in eGFR (CKD-EPI)
Secondary Outcomes include:

e Annualised slope of eGFR

e Composite of reduction from baseline e GFR of >30%,
kidney failure, all-cause mortality

Proteinuria

Health-related quality of life

ADPKD-related pain

Gastrointestinal symptoms

Safety outcomes

Health care utilisation and cost
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Fig. 1 IMPEDE-PKD study schema. ADPKD, autosomal dominant kidney disease; CKD, chronic kidney disease; CKD-EPI, Chronic Kidney Disease

Epidemiology Collaboration; eGFR, estimated glomerular filtration rate

4. eGFR >38 mL/min/1.73m? and <90 mL/min/1.73 m> + Bilateral kidney length >16.5 cm
(eGFR measured within the previous 6 months will « Total kidney volume (TKV) >750mL or htTKV >600
be used for initial screening, and the current eGFR mL/m?
measured in the baseline blood test after receiving + Mayo class IC/D/E or Pro-PKD score >6
informed consent will determine eligibility to enrol)
5. Have either a or b: OR
b) Evidence of active ADPKD progression defined by
one of the following
a) One or more risk factors of ADPKD progression

from the following:

+ Decline in eGFR > 5 mL/min/1.73m? in one year
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« Decline in eGFR > 3 mL/min/1.73m? per year over
five years or more

+ Increase in htTKV/TKV of> 5 % per year on at least
2 measurements in the past year, excluding any ini-
tial eGFR effect over the initial 3 months of tolvaptan
commencement (if applicable)

6. For people on tolvaptan therapy, treatment must
have been in place for at least six months with stable dos-
age for at least three months.

Exclusion criteria
Participants will be excluded if they have any of the fol-
lowing exclusion criteria:

1. Diabetes mellitus (as per American Diabetes Asso-
ciation definition), or other systemic conditions that
may cause CKD independent of PKD (excluding
hypertension)

2. Uncontrolled hypertension (systolic blood pressure
>160 mmHg and/or diastolic blood pressure >100
mmHg after a period of rest)

3. Clinically significant heart failure, including but not
limited to New York Heart Association Class III or
Y%

4. Any contraindication to metformin including abnor-
mal liver function tests or untreated vitamin B12
deficiency

5. Currently taking metformin

6. Pregnancy or breastfeeding or planning to get preg-
nant in the next three years

7. Comorbidities with contraindication for metformin
use or potential to contaminate trial outcomes, spe-
cifically active cancer, history of other solid organ
transplantations, active chronic obstructive pulmo-
nary disease, inflammatory bowel disease, and stoma

8. Non-polycystic liver disease, including but not lim-
ited to: a.) Liver enzymes (alanine transaminase,
aspartate transaminase, or total bilirubin) >2 times
the upper limit of normal, except when a diagnosis of
Gilbert Syndrome exists and/or, b.) Child-Pugh clas-
sification score >5

9. History of dialysis

Who will take informed consent? {26a}

Participant consent forms will be approved by the Inde-
pendent Ethics Committee (IEC) at each participating
jurisdiction prior to the trial beginning at that jurisdic-
tion. Trained research staff will introduce and discuss
the trial in detail with participants, using the approved
Participant Information Sheet and Consent Form

Page 5 of 17

(Supplementary 1). After discussing the trial, the partici-
pant, accompanying person, or legal representative will
be given ample time to enquire about the trial and decide
whether to participate before providing written informed
consent. Participant consent must be obtained prior to
the initiation of any trial procedures, including further
screening to confirm eligibility from blood and urine
tests. Participants will not start the run-in phase until a
signed consent form is filed.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}
Participants in specific countries (Australia) will be asked
to provide additional consent for the collection of buc-
cal swab samples for potential further genetic testing and
analysis. Participants can decline genetic testing on the
consent form and still participate in the main trial.

Interventions

Explanation for the choice of comparators {6b}
Participants in the control group will receive matched
identical placebo. A placebo-controlled trial was selected
to rigorously evaluate the efficacy, safety and tolerability
of metformin. The use of placebo as a comparator will
increase the likelihood of detecting a treatment effect
with a smaller sample size, thereby increasing research
efficiency. The current justification for the use of a pla-
cebo comparator fulfils the criteria set out by the Decla-
ration of Helsinki.

Intervention description {11a}

Because of the relatively high rate of gastrointestinal
intolerance to immediate release metformin reported in
pilot trials [17, 18] we chose treatment with a better tol-
erated extended release (XR) formulation of metformin
[20].

At week 0 of the 12-week active run-in, all participants
will start at the lowest dosage of metformin XR 500 mg
tablets daily (taken with evening meal). This will be
up-titrated every 4 weeks according to tolerability and
kidney function. For participants with eGFR>45 mL/
min/1.73 m?, the initial dose will be 2x500 mg up to a
maximum of 2000 mg a day. Participants with eGFR
values between38 and 44 mL/min/1.73 m? will start at
500 mg daily up to a maximum of 1000 mg per day. The
metformin XR dose deemed to be tolerated by a partici-
pant during the week 10 phone visit will be the partici-
pant’s starting dosage for the trial phase. An overview
of dose titration during the run-in phase is provided in
Fig. 2.

The metformin prescribed during the run-in phase
will be stopped by all participants at week 10 followed
by a 2-week wash-out period. At the conclusion of the
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Fig. 2 Study medication active run-in titration overview

run-in phase (during the week 12 visit), participants
will be randomly allocated to receive either metformin
or matched placebo. Both those randomized to met-
formin and placebo will receive new tablets. Metformin
and placebo will be provided in the same size 500 mg
tablets; thus, participants will be taking between 1 and
4 tablets daily based on the dose tolerated and eGFR.

Baseline assessments for the trial phase will be con-
ducted at the week 12 visit, which will also serve as
month 0 of the trial phase.

Criteria for discontinuing or modifying allocated
interventions {11b}
Medication tolerability will be adjudicated at each
study visit by site investigators asking participants
how they are tolerating the current dose and if they
are experiencing any gastrointestinal side effects. If the
dose is not tolerated, adjustments will occur in decre-
ments of 500 mg. If a participant’s eGFR falls within the
range of 30-44 mL/min/1.73 m?, the maximal dose will
be reduced to 1000 mg/day.

The study medication may be temporarily or perma-
nently discontinued if any of the following are present:
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1000mg
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[

000mg
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INTOLERANT

TOLERATED

DOSE FOR RANDOMISED TREATMENT PHASE

1000me

« A serious adverse reaction thought likely due to the
study medication

*Requirement to prescribe study-prohibited medi-
cation or medication with known interactions with
metformin (for example, cimetidine)

« Clinical indication for metformin (for example, a
new diagnosis of T2DM)

« Inability to tolerate minimum dosage of study medi-
cation

« eGFR<30 mL/min/1.73 m? (as per FDA and TGA
guidelines) for a minimum of two measurements in
the same week

« Pregnancy or condition (as per treating clinician’s
discretion) where continuation of the study medica-
tion is not considered in the participant’s best inter-
ests

» Uncontrolled hypertension as defined by systolic
blood pressure>160 mmHg or diastolic blood pres-
sure > 100 mmHg after a period of rest, or

« Requested by the participant or their treating physi-
cian.

If participants are unable to maintain adequate fluid
intake (e.g. due to gastrointestinal upset or dehydration),
they will be advised to withhold study medication as met-
formin may have reduced clearance in this situation and
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therefore increased risk of adverse effects. A local guide-
line on the management of acute illness and prevention
of acute kidney injury, such as the Kidney Health Aus-
tralia (KHA) Sick Day Plan [21], may also be followed.

Study medication may be temporarily stopped for up
to 12 weeks. If a participant is to recommence the study
drug, the treating physician may elect to either resume
the participant at the previously tolerated medication
dosage or recommence up-titration as outlined above.

If the study medication is permanently discontinued,
the participant will remain in the trial until the final study
visit, except where the participant withdraws their con-
sent to participate in the study.

Strategies to improve adherence to interventions {11c}
Face-to-face or remote adherence reminder sessions will
be conducted by site staff when the initial study medica-
tion dispensing occurs and at each dispensing visit there-
after. Sessions will include:

» The importance of following study guidelines for
adherence to study medication as directed

« Instructions on taking study medication includ-
ing dose timing (particularly that the study product
should be taken with the evening meal), storage and
what to do in the event of a missed dose

+ Notification of the need to return any unused
study medication at each study visit to preserve the
integrity of the research

» Reinforcement that the study medication may be
metformin or placebo

» Importance of calling the clinic if experiencing
problems possibly related to study product, includ-
ing symptoms and lost pills.

Participants will also be asked about any difficulties
they are experiencing taking their study medication
and will be given the opportunity to ask questions.

Adherence to study medications will be monitored
by tablet count at the end of the run-in phase and at
each 6-monthly study visit. Participants will return any
unused tablets but will not be advised that pill counting
is being conducted or used as an adherence measure.

Relevant concomitant care permitted or prohibited

during the trial {11d}

All participants will receive their usual CKD manage-
ment as per the standard of care and local, national and
international practice guidelines. This includes, but is
not limited to, the management of anaemia, oedema,
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bone mineral disorder, cardiovascular risk factors/dis-
ease and dialysis access/transplant planning.

Blood pressure will be optimized for all participants
prior to randomization. The run-in period will target
a blood pressure of<140/90 mmHg, with either up-
titration of current medications or the introduction of
further anti-hypertensives. This is based on the results
of the HALT-PKD trials [22], which demonstrated the
beneficial effect of blood pressure control in patients
with ADPKD. Newly diagnosed hypertension should
be treated with renin—angiotensin—aldosterone sys-
tem (RAAS) blockers in the first instance unless there
is a contraindication. The decision regarding individual
blood pressure targets and the choice of anti-hyperten-
sives will be at the discretion of the local treating phy-
sician, in line with relevant local and/or international
guidelines.

Participants on tolvaptan will be eligible for the study
providing therapy has been on a long-term stable dose,
as tolvaptan results in an acute GFR decline [23]. Par-
ticipants will only be eligible if they have been on the
medication for at least 6 months, with a stable dose of
tolvaptan for the previous 3 months. During the study,
sites will be strongly encouraged to maintain the cur-
rent dosage of tolvaptan, although participants may start,
stop, or change dosage. Tolvaptan dose will be recorded
over time. Study participants will be stratified by tolvap-
tan use at randomization.

Provisions for post-trial care {30}

Throughout the trial, participants will maintain usual
care under their primary physician. After the trial’s com-
pletion, this standard of care will be recommended to
continue.

Outcomes {12}

The primary outcome measure is the change in eGFR
at 2 years from randomization. eGFR will be estimated
using the CKD-EPI equation from the serum creatinine
concentration collected throughout the study and ana-
lysed in local accredited laboratories [24]. Sensitivity
analyses will employ the Modification of Diet in Renal
Disease (MDRD) equation and cystatin C-based eGFR
assessed in a central laboratory.

Secondary outcome measures are:

a) Annualized slope of eGFR

b) A composite outcome comprising a reduction from
baseline eGFR of >30%, kidney failure (defined as an
eGFR < 15 mL/min/1.73 m?) and all-cause mortality

¢) Reduction from baseline eGFR of >30%
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d) Kidney failure (defined as an eGFR<15 mlL/
min/1.73 m.2)

e) All-cause mortality

f) The proportion of participants requiring a dosage
adjustment or the introduction of a new anti-hyper-
tensive agent during the treatment period

g) Urine albumin:creatinine ratio

h) Albuminuria (urine albumin:creatinine ratio) cat-
egory (Al1<3.39 mg/mmol, A2 3.39-33.9 mg/mmol,
A3>33.9 mh/mmol) and as a continuous variable

i) Health-related quality of life (QOL) scores measured
using EuroQual 5 Dimensions 5 Levels (EQ-5D-5L)
questionnaire [25]

j) ADPKD-related pain measured using the ADPKD-
PDS [26]

k) Gastrointestinal symptoms measured using the Gas-
trointestinal Symptom Rating Scale (GSRS) [27]

1) Incidence rates of gastrointestinal symptoms, lactic
acidosis, deranged liver function tests, hypoglycae-
mia, anaemia and vitamin B12 deficiency

m)Healthcare utilization (hospital admissions, non-
admitted episodes of primary and specialist care and
prescribed medications)

n) Incremental costs and health outcomes (quality-
adjusted life year (QALY) and clinically important
difference in the primary outcome) of metformin
therapy compared to placebo

Exploratory outcome measures will be the change
in body weight and body mass index measured using
height and weight measures at baseline and 2 years,
and duration of interventional product usage. Other
exploratory outcome measures may be formulated and
proposed, but will only be incorporated with the agree-
ment of the Global Steering Committee (GSC) and
upon ethical approval, and then applied with partici-
pant consent.

Participant timeline {13}

All participants will be followed up at their respective
site according to the schedule in Table 1. There are a total
of 13 study visits (telephone, in person or remote). The
week 12 visit will mark the end of the run-in phase and
month 0 of the trial phase.

Sample size {14}

The study has been powered to detect a 20% reduction
in eGFR slope due to metformin, assuming a slope of
6.9 mL/min/1.73 m? (over 2 years; standard deviation 12;
correlation 0.8) on placebo due to metformin [3, 28, 29],
with 80% power at the 5% significance level. Allowing for
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a 10% loss to follow-up and adjustments for 5% drop-in
and 5% drop-out rate, 1174 participants will be recruited.

Recruitment {15}

Participants will be recruited from kidney units that
provide a comprehensive kidney specialist service in
Australia, the UK, New Zealand, India, Hong Kong,
South-East Asia and Europe. Pre-screening will take
place at the local recruiting centres, where trained
research team members will review the history of cen-
tre patients with a diagnosis of ADPKD. Patients who
appear to fulfil the inclusion criteria for the study will be
approached during their clinic appointments or by mail
through a trial invitation letter.

The trial will also be advertised to the ADPKD com-
munity through patient-accessible websites, social media
and presentations at patient information days. A Con-
sumer advisory board will be consulted and provide
input on recruitment strategies. Potential participants
will undergo telephone pre-screening by members of the
research team at their local recruiting centre, who may
(with permission of the potential participant) contact
their primary care physician and local hospital if further
medical information is required to evaluate eligibility.

Potential participants who meet the eligibility criteria
will be provided with a participant information sheet and
the opportunity to discuss the trial and ask any questions
they may have with the research team. They will then
receive a follow-up phone call to determine if they would
like to participate.

Assignment of interventions: allocation

Sequence generation {16a}

Eligible participants will be randomly allocated to either
metformin or placebo in a 1:1 ratio at the end of the run-
in phase. Randomization will be performed using Sealed
Envelope (https://www.sealedenvelope.com/), a secure
password-encrypted randomization web-based plat-
form. The adaptive allocation algorithm will minimize
imbalance across treatment groups in the following vari-
ables: use of tolvaptan, CKD stage (stage 2 vs. stage 3),
sex, presence/absence of hypertension, study centre and
starting dosage of medication as determined at week 10
of the run-in phase.

Concealment mechanism {16b}
When a participant is randomized, the system will release
a medication pack number.

Implementation {16c}
An unblinded statistician will generate and upload into
the randomization system a list of treatments and their
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medication pack numbers. The unblinded list will not be
accessible to site staff or other trial personnel who will
remain blinded.

Assignment of interventions: blinding

Who will be blinded {17a}

Study participants, treating physicians and other care
providers, outcome assessors, study investigators and
study operation staff (monitors, database managers and
blinded statistician) will all be masked to treatment allo-
cation. An unblinded statistician will review treatment
allocations to ensure balance across treatment arms
and an independent data and safety monitoring board
(DSMB) will review unblinded statistical reports during
the trial. Table 2 summarizes the trial’s blinding.

Procedure for unblinding if needed {17b}

Unblinding is not permitted during the trial except in
the event of a serious adverse event related to the study
medication. The Coordinating Principal Investigator
or delegate will be the main contact for sites to discuss
any request for unblinding and will remain blinded. If
unblinding is deemed necessary, the time, date and rea-
son will be recorded, and the site investigator will be
informed of the allocated treatment via the Randomi-
zation platform. Only the minimum number of persons
necessary to provide appropriate care for the participant
will be made aware of the treatment allocation. The par-
ticipant will remain in the study and, where possible,
continue their allocated study treatment.

Data collection and management

Plans for assessment and collection of outcomes {18a}
Participant samples will be locally collected with sub-
sequent laboratory testing and analysis performed in
clinically accredited local laboratories. This will include
haematology (full blood count), biochemistry (including
liver function tests, serum creatinine and eGFR (CKD-
EPI)) and urine tests (albumin:creatinine ratio).

Local laboratories used by participating kidney units
must be able to provide documented proof of relevant
accreditation. Other participating international centres
must provide evidence from the equivalent local labora-
tory accreditation body.

Central laboratory sample collection is optional and
will be used for cystatin C to supplement eGFR calcu-
lations. This will only be conducted at sites with both
sample processing capacity and available storage facility;
samples will be centrifuged and stored at—80 °C until
tested in a central laboratory.

Participants will also be assessed for a range of clini-
cal outcomes using various study instruments and
tools, including hypertension status (blood pressure
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and current anti-hypertensives), participant QOL (EQ-
5D-5L) [25], pain assessment (ADPKD-PDS) [30],
gastrointestinal symptoms (GSRS) [27], metabolic syn-
drome (National Cholesterol Education Program Adult
Treatment Panel III [NCEP ATP III] criteria) [31], hos-
pitalizations, non-admitted health care utilization and
prescribed medicines. Table 1 outlines the schedule of
participant assessments.

Plans to promote participant retention and complete
follow-up {18b}
Patient input has been sought during the development of
the trial protocol through the inclusion of national and
international consumer representatives in the investiga-
tor team and GSC. There will be ongoing consumer and
community engagement via the PKD Australia and PKD
international consumer networks. Based on this con-
sumer input, in-clinic study visits have been minimized.
Analyses will be conducted using an intention-to-treat
principle. If the study medication is permanently dis-
continued, the participant will remain in the trial and
be followed until the final study visit (except where the
participant withdraws consent). Where practical, partici-
pants will be asked to complete a final study visit; if this
is not possible, every effort will be made to collect data
current at the time of cessation. If a participant with-
draws their consent to participate, all existing data will be
retained in the trial database and no data will be collected
past the point of withdrawal.

Data management {19}

IMPEDE-PKD study data will be captured and stored
electronically using Research Electronic Data Capture
(REDCap) software [32, 33]. Site study staff are responsi-
ble for data entry and randomization. The sponsor’s Data
Management team manages the REDCap accounts where
access is only provided to site study staff who signed in
the delegation log. A site user manual, quick-reference
guides and training are provided to all REDCap users.
Individual account access is secured by multi-factor
authentication. To promote data quality, data screening
is performed regularly to identify data errors. Real-time
edit and range checks are implemented in the database.
The survey questionnaires—EuroQol 5 Dimensions 5
Levels (EQ-5D-5L), Gastrointestinal Symptom Rating
Scale (GSRS) and ADPKD-Pain and Discomfort Scale
(ADPKD-PDS)—are collected on paper, and site study
staff enter the response data into REDCap. The original
paper form is retained in a source document folder on
site and may be subject to monitoring to verify data entry
accuracy. Investigators are required to maintain all study
documentation, including consent documents, ethics
committee approvals and correspondence, for a period
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Table 2 Summary of trial blinding
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Group/individual blinded

Information withheld

Method of blinding

Person assigning participants to groups
Participants

Care providers

Data collectors and managers
Outcome assessors

Statisticians

Data and Safety Monitoring Board

Not applicable

Allocated treatment
Allocated treatment
Allocated treatment
Allocated treatment
Allocated treatment
Not applicable

Not applicable

Placebo control

Not told of group assignment
Not told of group assignment
Not told of group assignment
Not told of group assignment
Not applicable

of 15 years after the closure of the trial or according to
relevant national regulations. Thereafter, documents will
be shredded and then disposed of, and computer records
will be erased. During the EDC data lock, the data are
stored in the secure University of Queensland Research
Data Manager platform.

Confidentiality {27}

Participants’ records and the data generated by the study
will be stored confidentially in line with the recommen-
dations of the competent authority and the relevant pri-
vacy legislation(s). Any information that may identify a
participant will be excluded from data presented in the
public arena. All study-related information will be stored
securely at the study site. All participant information will
be stored in locked filing cabinets in areas with limited
access. All laboratory specimens, reports, data collection
processes and administrative forms will be identified by a
coded identification (ID) number only. All local databases
will be secured with password-protected access systems.
Forms, lists, logbooks, appointment books and any other
listings that link participant ID numbers to other identi-
fying information will be stored in a separate, locked file
in an area with limited access.

Plans for collection, laboratory evaluation and storage

of biological specimens for genetic or molecular analysis

in this trial/future use {33}

An exploratory sub-study of genetic/genomic analysis is
proposed for Australia. If participants consent to addi-
tional analysis, samples will be extracted and frozen at
the central lab (Pathology Queensland) for future testing.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

A Statistical Analysis Plan will detail the estimands (e.g.
analysis strategy, handling of missing data and intercur-
rent events) for all outcomes. The primary outcome,

change in eGFR, will be analysed using a linear mixed-
effects regression model, with the main result being the
treatment effect estimate at the final study visit. Sec-
ondary and exploratory outcomes with continuous data
measured over time (blood pressure, pain intensity/
frequency, QOL, weight change) will be analysed using
the same method. Repeatedly measured categorical out-
comes will be analysed using appropriate generalized lin-
ear mixed-effects models. Secondary outcomes measured
on a single occasion will be analysed by an appropriate
regression model (linear, binary logistic, ordinal logistic,
or Cox regression).

Interim analyses {21b}

The protocol specifies three interim analyses, when
approximately 25, 50 and 75% of the planned number of
participants have completed follow-up. The analyses will
use non-binding O’Brien-Fleming boundaries set to con-
trol the overall type I error rate at 0.05. The interim anal-
yses will be completed by the unblinded trial statistician.
The DSMB will review the reports with the authority to
recommend early termination of the trial due to harm or
futility.

Methods for additional analyses (e.g. subgroup analyses)
{20b}

Potential differences in the effect of treatment on the
primary outcome will be assessed for the following sub-
groups: age (groups), CKD stage (groups), hypertension
(groups), PKDI1/2 genotype (groups), htTKV (groups),
use of RAAS blockade (RAAS blockade vs. no RAAS
blockade), sex (male, female), racial origin (groups), BMI
(groups), tolvaptan usage (groups) and presence of meta-
bolic syndrome (no, yes). Subgroup effects will be deter-
mined by tests for interaction between the treatment and
subgroup variables.

Health economic analysis
In Australia, the cost to the government for outpatient
level non-admitted healthcare will be collected by data
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Fig. 3 IMPEDE-PKD clinical trial governance schematic. AKTN, Australasian Kidney Trials Network; AUS, Australia; NZ, New Zealan; UK, United

Kingdom

linkage to the Pharmaceutical Benefits Scheme and
Medicare Benefits Scheme. The data linkage period for
each participant will be from the date of consent to the
end of study follow-up period.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
The impact of missing data on the primary analy-
sis is expected to be limited due to (1) randomization
requires all covariates and the primary outcome variable
to be non-missing at randomization, (2) missing data
are monitored regularly and also for DSMB meetings/
interim analyses and (3) missing values do not need to
be imputed as the primary analysis (mixed-effect regres-
sion) does not require participants to have observations
at each timepoint. The main reason for missing follow-
up data will be due to intercurrent events (protocol
deviations, censoring, competing events). The pattern
of missing data is expected to be informatively missing
(not-at-random) due to intercurrent events such as with-
drawal and death. Estimands, specified for each analysis
in the Statistical Analysis Plan, will detail the strategies
of handling missing data. The primary analysis will follow
the ‘treatment policy’ strategy where intercurrent events
are treated as irrelevant for the definition of the treat-
ment effect, while secondary analyses will explore other
strategies (using e.g. multiple imputation and tipping-
point analysis).

Plans to give access to the full protocol, participant level
data and statistical code {31¢}

Data sets will be made available to researchers within
the IMPEDE-PKD study for analysis of sub-studies and
country-specific outcomes after the primary manuscript
has been accepted for publication.

For researchers outside the IMPEDE-PKD study,
individual participant data will be made available upon
request to a Data Access Committee; a review board set
up to assess proposals based on sound science, benefit-
risk balancing and research team expertise.

Oversight and monitoring

Composition of the coordinating centre and trial steering
committee {5d}

An overview of the clinical trial governance structure is
provided in Fig. 3. The Australasian Kidney Trials Net-
work (AKTN) will be the Central Coordinating Centre
in the initial phase of the trial and will be responsible
for convening and reporting to the GSC. The AKTN
will also be responsible for developing and maintaining
charters for the GSC and DSMB.

The GSC will be responsible for the oversight of the
study, including study design; collection, management,
analysis and interpretation of data; writing of the final
study report; and the decision to submit the report for
publication. The GSC will have ultimate authority over
these activities.
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Each region will have a Trial Management Commit-
tee (TMC) led by the Regional Chief Investigator, which
will report to the GSC and the Central Coordination
Centre. The TMCs will have responsibility for the deliv-
ery of the trial in their region and are answerable to
the GSC. Each region will have a Regional Coordinat-
ing Centre consisting of the Regional Coordinator and
Project Lead for that region. The Regional Coordinating
Centre will be responsible for managing and supporting
the activities of the TMC and regional trial activities.

Consumer involvement

The AKTN Scientific Committee includes two con-
sumer members with lived experience of ADPKD who
were responsible for reviewing the initial proposal for
this trial and providing feedback that was critical for
protocol development. The abovementioned GSC also
includes two consumer members to ensure continued
consumer oversight of the trial while the New Zealand
Coordinating Centre has appointed a consumer Associ-
ate Investigator to provide this critical input.

GSC and additional consumer feedback has been
sought on participant-facing materials, including those
used for recruitment (a trial summary and infographic
and AKTN website promotion) and obtaining informed
consent. Consumer involvement has also extended
to promotion of the trial, via interviews with Austral-
ian national news media and the various social media
channels utilized by the consumer support society
PKD Australia. These consumer-led and oriented ave-
nues will also be utilized for the dissemination of trial
results.

Composition of the data monitoring committee, its role
and reporting structure {21a}

A global DSMB with four members will be constituted and
managed by the central coordination centre and operate in
accordance with the IMPEDE-PKD DSMB Charter. Mem-
bers will have no financial or scientific conflicts of interest
with the IMPEDE-PKD trial. The DSMB Chairperson will
be a clinician with extensive clinical trials and DSMB expe-
rience. The statistician will be an experienced clinical trials
statistician with extensive DSMB experience. Two addi-
tional members will be nephrologists with clinical trials
and DSMB experience.

An unblinded statistician will prepare unblinded statis-
tical reports for meetings of the DSMB. The DSMB will
review results from accumulating outcome data with a
remit to recommend stopping the trial early for efficacy if,
in the opinion of members, this is warranted by the totality
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of evidence. The DSMB will make recommendations to the
GSC Chairperson while maintaining trial confidentiality;
the GSC will retain sole decision-making responsibility for
modifications to or early stopping of the trial.

Adverse event reporting and harms {22}

Observation and collection of treatment-related adverse
events will begin from the time of the first dose of study
treatment until the participant’s final study visit. Adverse
events will be managed as per usual local clinical care prac-
tice. For adverse drug reactions, events that the site inves-
tigator rates as possibly related to the study medication
will be recorded. Specific adverse events of interest related
to the study interventional product (metformin) will be
recorded, including lactic acidosis and hypoglycaemia. All
serious adverse events will be recorded whether related to
study medication or not. Further, all adverse events will be
collected systematically, coded according to structured lan-
guage (Medical Dictionary for Regulatory Activities (Med-
DRA)) and will be reported in resulting trial publications.

Frequency and plans for auditing trial conduct {23}

For the purpose of data validation, the principal investiga-
tors will permit a member of the central coordinating cen-
tre or its designee to inspect the source data and compare
them with the case report forms. Pre-study audits, interim
audits and post-study audits may be performed. Notifi-
cation of these audits will be sent to all investigators in
advance.

Plans for communicating important protocol amendments
to relevant parties (e.g. trial participants, ethical
committees) {25}

Any modifications to the protocol, including changes of
study objectives, study design, participant population,
sample sizes, study procedures, or significant adminis-
trative aspects, will require a formal amendment to the
protocol. Such amendment will be agreed upon by GSC
and approved by the IEC prior to implementation and
notified to the health authorities in accordance with
local regulations. Changes such as these will be actively
communicated through channels such as patient part-
ners in steering committees.

Dissemination plans {31a; 31b}
At the conclusion of the study, the GSC will approve
publication and dissemination of results to partici-
pants, Principal Investigators and other study staff via a
variety of media including a newsletter, peer-reviewed
journals, conference presentations and websites.
Authorship will be as per the publication policy
(AKTN SOP 1.05, V2.0, 2019) of the trial sponsor, the
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Eligibility - Who is selected to participate in the trial?
5

Primary analysis - To what extent are all
data included?

Primary outcome - How
relevantis it to
participants?

Follow-up - How closely are
participants followed-up?

Flexibility - What measures are in place to make
sure participants adhere to the intervention?

Recruitment - How are participants
recruited into the trial?

Setting - Where is the trial
being done?

Organisation - What expertise
and resources are needed to
deliver the intervention?

Flexibility - How should the intervention be
delivered?

Fig. 4 IMPEDE-PKD Pragmatic Explanatory Continuum Indicator Summary Wheel

Australasian Kidney Trials Network at The Univer-
sity of Queensland. Enacted by the Global Trial Steer-
ing Committee via the IMPEDE-PKD Publication Plan
(V1.0, 2024), this policy will be incorporated into juris-
dictional agreements with the trial sponsor and accord
with institutional, journal and International Committee
of Medical Journal Editor requirements.

Discussion
There is currently a requirement for more disease-spe-
cific interventions that reduce the progression of kidney
function decline and improve symptoms and long-term
outcomes for patients with ADPKD. IMPEDE-PKD aims
to evaluate whether metformin slows the rate of kidney
disease progression in ADPKD. Several experimental and
limited clinical studies support a potential benefit of met-
formin for reducing cyst growth and slowing the decline
in kidney function in patients with ADPKD [9, 17, 18]. In
addition, metformin has a decades-long record of safety
in the treatment of T2DM, making it attractive as a long-
term treatment for a disease that develops over decades.
While metformin has a well-established safety profile,
gastrointestinal disturbances are one of the few dose-
limiting side effects that can be minimized through
slow titration and administration with food. The design

of IMPEDE-PKD titrates metformin dose for all par-
ticipants during the 12-week run-in phase to minimize
dropouts and utilize extended-release preparations of
metformin.

The overall extent of the trial’s pragmatic or explana-
tory nature has been assessed using the PRagmatic
Explanatory Continuum Indicator Summary version 2
(PRECIS-2) tool [34] (Fig. 4). The trial’s pre-established
methods to improve and monitor participant adher-
ence, and the number of planned follow-up visits, dif-
fer from what a patient may experience in usual care.
These methods are considered more explanatory than
pragmatic in the domains of flexibility of delivery, flexi-
bility of adherence and follow-up. Given the trial design
allows for inclusion of participants on tolvaptan ther-
apy, where other ADPKD studies have excluded this
population, the study’s eligibility criteria are considered
pragmatic. The trial’s primary outcome of change in
eGFR is relevant to patients with ADPKD and is con-
sidered very pragmatic [35].

Two randomized controlled trials evaluating the
safety and tolerability of metformin in ADPKD have
been published, TAME-PKD [17] and Brosnahan et al.
[18]. These studies both reported that metformin
was safe and tolerable in patients with ADPKD and
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reported numerically smaller average declines in eGFR
in metformin-treated participants. Given the small
sample sizes, these differences in eGFR decline were
not significant; however, they offer promising positive
initial results. The question of efficacy has been left
open, and IMPEDE-PKD aims to evaluate metformin’s
efficacy with a larger phase III trial.

Additional attempts to find efficacious therapies to
address the current paucity of options to slow ADPKD
progression have been challenging. Of note, STAGED-
PKD was a two-stage RCT of venglustat that began
in 2018 and was halted as it met futility criteria [36].
The FALCON study of bardoxolone methyl in partici-
pants with ADPKD was terminated in May 2023 [37].
Furthermore, PREVENT-ADPKD evaluated prescribed
water intake over 3 years and found that the interven-
tion did not slow the increase in htTKV [38].

Tolvaptan remains the only disease-modifying ther-
apy that has demonstrated beneficial effects in patients
with ADPKD. Tolvaptan was first registered in Japan
in 2014, later being registered in America, Europe
and Australia for patients with rapidly progressing
ADPKD. Participants on tolvaptan are eligible to enrol
in IMPEDE-PKD, though they will need to be stabi-
lized on therapy before commencement of the trial
Initial stratification of participants by tolvaptan use
may help to address the question of whether concur-
rent metformin and tolvaptan is superior to metformin
monotherapy.

Based on pilot and experimental data, metformin war-
rants evaluation as an effective, safe and affordable ther-
apy to slow the progression of kidney function decline in
ADPKD, possibly either alone or in addition to tolvaptan
therapy. Given the current lack of options for slowing
ADPKD progression, this would be a welcome addition
to treatment regimens.

Trial status

The current protocol version, 3.2, was approved in April
2024. Participant recruitment is currently underway in
Australia and New Zealand and is expected to commence
in other international jurisdictions throughout 2025.
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ADPKD Autosomal dominant polycystic kidney disease
ADPKD-PDS  ADPKD-Pain and Discomfort Scale

AMPK AMP-activated protein kinase

CFTR Cystic fibrosis transmembrane conductance regulator

CKD Chronic kidney disease

CKD-EPI Chronic Kidney Disease—Epidemiology Collaboration
DSMB Data and Safety Monitoring Board

eGFR Estimated glomerular filtration rate

EQ-5D-5L EuroQual 5 Dimensions 5 Levels

FDA Food and Drug Administration
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GSC Global Steering Committee

GSRS Gastrointestinal Symptom Rating Scale

htTKV Height-adjusted total kidney volume

IEC Independent Ethics Committee

KHA Kidney Health Australia

MDRD Modification of Diet in Renal Disease

NYHA New York Heart Association Functional Classification

QALY Quiality-adjusted life year

PRECIS-2 PRagmatic Explanatory Continuum Indicator Summary version
2

RCT Randomized controlled trial

REDCap Research Electronic Data Capture
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TKV Total kidney volume

T™C Trial Management Committee
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