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Background

& Autosomal Dominant

Polycystic Kidney Disease Characterized by:
® Progressive kidney cyst formation
® Increased total kidney volume (TKV)

® Most common inherited kidney disorder ® Declining kidney function > eventual
(Affects 1in 400-1,000 individuals worldwide) kidney failure

® Genetic basis: mutations in PKD1 and PKD2
genes

® 5-8% of ESRD cases

Causes significant ' , and healthcare costs
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Background

Current Therapy: Emerging Therapy:
TOLVAPTAN
® Reduce hyperfiltration, inflammation,

and fibrosis in CKD
® Rolein ADPKD remains unclear

® Slows TKV growth and preserves renal

function
® Limitations: polyuriq, liver toxicity, strict
eligibility criteria

of SGLT2
inhibitors in ADPKD
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Literature Search: Study Selection:

_ »
Fer@eDiieee = Cochrane . . °
sciencedirect Publffed (@) &y - Inclusion Criteria

gle Scholar
® Studies on SGLT2 inhibitors in ADPKD (human or animal)
® Outcomes: kidney function, TKV, cyst progression, safety

® literature search spanned until June 2025
® Key Search Terms*:

o Intervention terms: “SGLT2 inhibitor*,” “sodium-glucose ® Original research: RCTs, cohort studies, case series,
cotransporter 2 inhibitor*,” “dapagliflozin,” “empagliflozin,” preclinical studies
“canagliflozin,” “ertugliflozin,” “sotagliflozin,” “ipragliflozin,”
“tofogliflozin,” “gliflozin*” ° ° °
o Disease terms: “autosomal dominant polycystic kidney EXCIUSIon crlterla
disease,” “ADPKD,” “polycystic kidney disease,” “PKD,” “kidne . . .
cystic disease” poveY Y Y ® Reviews, commentaries, abstracts without full data

o Study design terms: “randomized controlled trial,” “clinical
trial,” “cohort study,” “observational study,” “case report,” “pilot
study,” “preclinical,” “animal study”

Boolean operators (AND/OR) and wildcards used

Studies without accessible full texts
Ongoing trials without published results
Studies not focused on ADPKD or SGLT2 inhibitors

® English-language
® Reference lists screened for additional
studies
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Data Extraction:

Study details: authors, year, country, design, sample size, follow-up
Population: demographics, diagnostic criteria, baseline eGFR
Intervention: SGLT2 type, dosage, duration, concomitant meds
Comparator: placebo, standard care, baseline

Outcomes: eGFR, TKV, cyst growth, adverse events, biomarkers
Measurement: MR|, CT, US, assays, histology

Key findings and conclusions

Quality Assessment:
Risk categorized as low, moderate, or high

® RCTs: Cochrane Risk of Bias Tool 2.0
® Observational studies: Newcastle-Ottawa Scale (NOS)
® Animal studies: SYRCLE’s Risk of Bias Tool
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Author(s),

year

Summary of Included Studies

Study Type

APCNxTSN 2025

Population
Follow Up Time

SGLT2i agent
Comparison

Measurement

Identification of studies via databases and registers Uchiyamaet | Open-label 27 ADPKD patients on | Dapagliflozin 10 mg eGFR (serum
) al., 2025 RCT, stable tolvaptan daily + Tolvaptan creatinine, CKD-
. crossover 6 months per phase | Tolvaptan only EPI), MRI for TKV
Ri d d ber i
% Records identified from: s;{é{:ﬂ{;g{?mm{& erore (Sheff|e|d TKV TOO|)
EE Databases (n = 95) Duplicate records removed
H Rl =22 Yoshimoto et | Retrospective | 7 ADPKD patients with | Dapagliflozin 10 mg eGFR (serum
- al., 2024 observational | CKD daily creatinine), MRI or
. Median 20 months Baseline (pre- ultrasound for htTKV
- l treatment)
Records screened ﬁ%gﬁ; ;;(;';GC?G based on Morioka et Retrospective | 20 ADPKD patients Dapagliflozin 10 mg eGFR, MRl or CT for
(n=73) (n = 58) al., 2023 single-arm daily htTKV
l case series Short-term (~3 Baseline measurement
months)
Reports sought for retrieval Reports not retrieved
2 (n=13) (n=0) Yuetal., Retrospective | 31,070 patients with SGLT2 inhibitors eGFR from
g l 2024 cohort (target | PKD and type 2 (various) electronic health
3 trial diabetes (2,640 records, ICD-10
Reports assessed for eligibility Reports excluded: emulation) matched SGLT2i vs. codes, CPT codes,
(n=15) No available data (n = 3) non-users) propensity score
Wi 1t =2 — f
WIEES Eﬁpci;"tii‘(”n = 2)) Not specified Non-users, matching
Wrong intervention (n = 1) antidiabetics (DPP-4i
Review (n = 2) !
GLP-1RA)
- v Kapooretal., | Preclinical PCK rat model of PKD | Dapagliflozin 10 Histology, kidney
3 Studies included in review 2015 animal study mg/kg/doy weight, urine
o (n=5) r :
= Reports of Included studies 6 weeks Vehicle control a!bumm,.
= (n=0) biochemical assays
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Quality Assessment of Included Studies

Score [ Risk

Level

Key Strengths

Key
Limitations

APCN><TSN 2025

F\lsk of bias domains

D5

| overal |

> I —[— |
% Uchiyama et al., 2025 . @ . . . @

Judgement

Bias arising from the randomization process

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

= Some concems

® Lo

Bias due 1o deviations from intended interventicns |

Uchiyama et RCT, open-label | Cochrane Moderate to Randomized, Open-label, Bias due to missing outcome data [N
al. (2025) crossover ROB 2.0 low risk crossover short follow-up Bias inmezsuementof e cuicome  [—
design Bias in selection ;L:. rﬁpﬁrv:d‘n:u\r ]
riskof bias | \
Yoshimoto et | Observational Newcastle- | High quality Large sample, Observational e e = % =
al. (2024) cohort Ottawa (8/9) confounder design
Scale control
Moriokaetal. | Short-term Newcastle- | Moderate Objective Small sample, Observational Studies
. B . . Risk of bias
(2023) observational gggc;;vo quality (6/9) imaging gfoczj%ntrol S R S| |
Yu etal. *® ©) el ©
Yuetal. Retrospective Newcastle- Moderate- Large dataset, Retrospective, N
(2024) observational Ottawa high quality adjusted info bias risk 3 vosimoostal @ ® ® ®
Scale (8/9) analysis — ® ® ® o)
Kapoor et al. Preclinical SYRCLE's Moderate- Mechanistic Lack of D2 Gommivabilty J”.dw"‘m
. . . . . . . . High
(2015) animal study RoB high risk insights blinding, o Oueome -Gl
limited socor [ | @«
translatability Comparabilty
Outcome

Overall
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Study (Year)

Design [ Sample
Size

Intervention

Follow-up
Duration

in Included Studies

Kidney Function
Ooutcome (eGFR)

APCNxTSN 2025

Kidney Function and Kidney Volume Outcomes

Kidney Volume Outcome
(TKV [ htTKV)

Statistical
Significance

Open-label RCT eGFR_cr-cysslope |TKV % change: -0.44 = Significant
Uchiyama et al chcj)ssover 27 Dapagliflozin 10 mg | 6 months per improved from 4.91% (dapaglifiozin + improvementin
(202%') | AorkD matents on |+ TFc)le% . 9 ik P -5.65 + 9,57 to 2.57 # | tolvaptan) vs 5.04 + both eGFR and
tolva t(F])n P P 7.88 mL/min/1.73 8.09% (tolvaptan alone) | TKV growth (P <
P m2/year (P = 0.002) | (P =0.01) 0.05)
?rr?ﬂr?osvlce)g?rom htTKV increased ~4.5% Kidney volume
. Retrospective e . P per year; consistent increase
Yoshimoto et al. . Dapagliflozin (likely | Median 20 approx. -2.7 to -1.9 i . .
observational, 7 . . increase across all consistent; eGFR
(2024) . 10 mg daily) months mL/min/1.73 : .
ADPKD patients patients (p-volue not improvement
mz/year (no formal
reported) observed
p-value)
Retrospective Transient eGFR Significant
Morioka et al. sin Ie—parm 20 Dapagliflozin 10 mg ~3 months decrease from 47.9 | htTKV increased from 599 R{ BRI /g
(2023) ADEKD Oti'ents daily to 40.8 mL/min/1.73 |to 617 mL/m (P =0.002) [CHXelaeh LY
P m? (P < 0.001) volume increase
Retrospective Lower risk of dialysis sianificant
cohort, 31,070 PKD SGLT2 inhibitors Not specified initiation (HR 0.657; re?iuction in
Yu et al. (2024) + T2DM patients (various) (recleorld) 95% C1 0.497-0.868), | Not reported adverse kidne
(2,640 SGLT2i AKI (HR 0.896; 95% e ripen og)
users) Cl10.823-0.975) ;
. s Significant
Kapoor et al. Preclinical PCK rat e Increqsed . Kidney weight .lncreosed adverse effects
Dapagliflozin 6 weeks albuminuria (P < ~15% (P < 0.05); cyst )
(2015) model ) ) on kidney
0.05); no eGFR data | volume increased
pathology
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Study (Year)

Sample Size/
Population

Intervention

Follow-up
Duration

Common Adverse
Events (AEs)

Serious AEs [
Discontinuations

APCNxTSN 2025

Safety and Adverse Events in Included Studies

Statistical Notes

Transient eGFR dip; No sianificant
Uchiyama et al. 27 ADPKD patients | Dapagliflozin 10 6 months per | urinary tract o s'g
. . . None difference vs.
(2025) on tolvaptan mg + Tolvaptan phase infections in 2
: : control (P > 0.05)
patients (7.4%)
No formal
Yoshimoto et al. . Dapagliflozin Median 20 Mild genital infection statistical testing
(2024) 7 ADPKD patients (likely 10 mg) months in 1 patient (14.3%) None due to small
sample size
. . Transient polyuria .
'é%gg;m etal. 20 ADPKD patients aopqgllfI02|n 10 ~3 months and thirstin 3 None :leo zerzleodus AEs
9 patients (15%) P
Lower AKI
. . . incidence (HR
Yu etal. (2024) 2/640 SGLT2i users | SCLT2 inhibitors Not specified E;;ZC;%C;SS?SOC:IGbGUC None reported 0.896; P = 0.01);
: with PKD + T2DM | (various) P ) P mortality reduced
severe hypoglycemia (HR 0.840; P =
Kapoor et al Increased N/A (animal Significant
(20':5) : PCK rat model Dapagliflozin 6 weeks albuminuria study) adverse renal
Y effects (P < 0.05)
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Principal Findings

Kidney Function Outcomes

® SGLT2inhibitors (esp. dapaglifiozin) show
renoprotection in ADPKD - Slower eGFR decline in RCTs
and observational studies

® Transient eGFR dip after initiation = hemodynamic, not
harmful

.
Consistent with broader CKD data »>

® Mechanisms: hemodynamic + anti-inflammmatory,
mitochondrial, autophagy support 23

® Clinical implication: slowing eGFR decline delays ESRD
& dialysis/transplant 3

® Preserved function improves BP control - | CV risk 4°

® Prevents complications: anemiag, electrolyte
imbalance, bone-mineral disorders 3
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Kidney Volume Outcomes

Functional benefit # consistent effect on kidney

volume

® Dapagliflozin + tolvaptan: attenuated TKV growth

® Other studies: 1 htTKV despite stable/ improved
function

¥

(predictor of progression), not drug effect
Function preserved via nephron protection despite cyst
growth 678

Variability due to:
® Different designs and follow-up period
® Imaging (MRI gold standard vs ultrasound)

Spiazzi et al. (2025). Clin J Am Soc Nephrol. 5.
Dharia et al. (2023). Annu Rev Med 6.
Chebib & Torres (2016). Am J Kidney Dis. 7
Chapman et al. (2015). Kidney Int. 8.

Torres et al. (2007). Lancet

Heerspink et al. (2016). Kidney Int.

Muller et al. (2025). Nephrol Dial Transplant
Morioka et al. (2023). Kidney Int Rep.
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Principal Findings

Mechanistics Insights Safety Profile
® ADPKD pathophysiology: impaired signaling, Generally well tolerated, but there are ADPKD-
autophagy, mitochondrial dysfunction, inflammation 2 specific risks:
® SGLT2i mechanisms: | intraglomerular pressure ®  Genitourinary &cyst infections (due to glucosuria) "¢
! i i i 11,12
improve BP, glucose, weight 34 ® Volume depletion & AKI risk, esp. with tolvaptan

® Electrolyte changes (1 Mg, K, phosphate;

® Preclinical data mixed: hypernatremia risk) 12

O SGLT2i alone may 1 cyst growth ®
O Dual SGLT1/2inhibition may | cyst growth 2 . .

t from ongoing

RCTs
Evidence gap:

Dedicated ADPKD RCTs are still ongoing

Chebib & Torres (2016). Am J Kidney Dis. 8. Dave et al. (2024). J Am Coll Cardiol.

Geng et al. (2003). Kidney Int. 9. Arshad et al. (2024). Drug Res (Stuttg).

Heerspink et al. (2016). Kidney Int. 10 Lavalle-Gonzdlez et al. (2013). Diabetes Obes Metab.
Neuen et al. (2019). Lancet Diabetes Endocrinol. 11 Uchiyama et al. (2025). Kidney Int Rep.

Kapoor et al. (2015). PLoS One 12 Yu et al. (2024). ScienceDirect

Yoshimoto et al. (2024). Clin Kidney J. 13.  KDIGO (2025). Kidney Int.

Morioka et al. (2023). Kidney Int Rep.
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SGLT2 inhibitors in ADPKD

SGLT2 inhibitors in ADPKD

| Potential beneficial effects
effects in ADPKD through:

| in ADPKD through:

|
L | | |

£z [T -
(Increased | Increased | Induction of | Other mechanisms
natriuresis ' glycosuria ’
| e e s

[Potential disease-specific negative}

AT @ 7
TNatnuresn; TGlucosuria
and glycosuria

| mild ketosis postulated to improve

kidney function
N s s D s g B | L
Tubulo- (iBP TUrinary output | | Glycemic ‘ Moderate | | [Cystogenesis? | | |Hypoxia Osmotic diuresis/ | TCyst
glomerular lUrinary control weight loss |Proinflammatory ECV contraction infections?
feedback supersaturation cytokines (IL6)
ST v R
lOxidative stress
| TMitochondrial efficiency
/773[ P /471[7 /Aili A h.
| Intraglomerular | | lJUACR | | !Kidney stone | |Cystogenesis? | Reduction of /TVasopressin
pressure formation? Linterstitial fibrosis? L release
reduction
!

Roman-Ulrich Muller, Dominique Guerrot, Michel Chonchol, Roland Schmitt, Kiyotaka Uchiyama, Ron T Gansevoort, Emilie
Cornec-Le Gall, SGLT2 inhibition for patients with ADPKD - closing the evidence gap, Nephrology Dialysis Transplantation,

2025;, gfaf06], https://doi.org/10.1093/ndt/gfaf061
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https://doi.org/10.1093/ndt/gfaf061

Clinical Recommendations

® Individualize use; prefered in trial settings or
with strong indications'!

® Monitor eGFR + kidney volume
(standardized imaging)'2

® Monitor for infections & volume status early
in treatment 34

® Hydration & electrolyte monitoring essential
(esp. with tolvaptan) 5

® Consider added benefits: BP, weight,
metabolic effects ©
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Research Priorities

Long-term, large RCTs on kidney function and
cyst growth 4

Mechanistic studies: vasopressin signaling,
cyst metabolism, hemodynamics '/

Safety of combination therapy with tolvaptan 2
Biomarker development for integrated
monitoring &

Link the Future Kidney Health with GIVE TaiNEX 2, Taipei, Taiwan
ene, )

inest



APCNxTSN 2025

Strength and Limitation

Strength: Limitation:
® Focused specifically on ADPKD ® Limited evidence base (ADPKD excluded
® Integrated mechanistic + clinical insights from major trials)
® Includes emerging evidence & ongoing trials ® Heterogeneous study designs & short follow-
(EMPA-PKD, DAPA-PKD, STOP-PKD) ups
® Balanced discussion of conflicting findings ® Publication bias possible

® Practical clinical and research implications

Limited data on combo with tolvaptan
® Different imaging & biomarkers reduce
comparability
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- promising for kidney function
preservation in ADPKD

Impact on Cyst Growth-> Uncertain/Conflicting

Safety-> generally tolerable, but ADPKD-specific risks exist

Use cautiously, preferably in trials or selected patients

-

Further RCTs critical for definitive guidance

23"Asian Pacific Congress of Nephrology . o105 _ pecember 7. 2025

Link the Future Kidney Health with GIVE TaiNEX 2, Taipei, Taiwan
ene, Imi tabol est!



APCNxTSN 2025
Su pplementa 82l Ongoing Research on SGLT2 Inhibitors in ADPKD

« DAPA-ADPKD Trial (NCT04680780)
A randomized controlled trial assessing dapagliflozin’s impact on eGFR and kidney volume
over 2 years.

«  EMPA-KIDNEY Substudy in ADPKD (NCT03594110)
A substudy evaluating empagliflozin’s effects on kidney function and cyst progression in
ADPKD.

« Preclinical Studies
Animal research exploring how SGLT2 inhibitors affect cyst metabolism, vasopressin
signaling, and kidney hemodynamics.

« Combination Therapy Trials
Early-phase studies investigating safety and efficacy of SGLT2 inhibitors combined with
tolvaptan or RAS inhibitors.

e Metabolic Intervention Studies
Trials comparing SGLT2 inhibitors with dietary approaches like ketogenic or time-restricted
diets targeting ADPKD metabolism.
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