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Autosomal dominant polycystic kidney disease (ADPKD) is 
the leading genetic cause of kidney disease [1]. Tolvaptan, a 
vasopressin V2-receptor antagonist, is the only disease-mod-
ifying therapy available with proven efficacy in slowing dis-
ease progression. The anti-diabetic medication, metformin, 
has been theorised to be of potential benefit in ADPKD. 
Metformin activates 5 AMP-activated protein kinase, which 
negatively regulates the cystic fibrosis transmembrane con-
ductance regulator and the mammalian target of rapamy-
cin, both of which are implicated in the growth of cysts in 
ADPKD [2]. Two phase II trials [3, 4] have found metformin 
to be safe and tolerable in patients with ADPKD, with a non-
significant slowing of estimated glomerular filtration rate 
(eGFR) decline and total kidney volume expansion. A phase 
III trial is currently underway to further define metformin’s 
role in ADPKD [5]. Given the established role of tolvaptan 

and the potential role of metformin in the management of 
ADPKD, the safety and efficacy of combined therapy are 
also of interest.

Two phase III trials, Tolvaptan Efficacy and safety in 
Management of autosomal dominant Polycystic kidney dis-
ease and its Outcomes (TEMPO) 3:4 [6] and Replicating 
Evidence of Preserved Renal function: an Investigation of 
tolvaptan Safety and Efficacy in ADPKD (REPRISE) [7], 
established tolvaptan’s efficacy. The datasets of all subjects 
from these trials were pooled in this analysis and partici-
pants were assessed for eligibility for analysis on primary 
efficacy endpoints. Patients’ use of metformin and allocated 
treatment groups were used to create 4 groups for analy-
sis: tolvaptan only, placebo only, tolvaptan with metformin 
and placebo with metformin. Baseline characteristics were 
described using frequencies (n/%) for categorical variables 
and descriptive statistics (mean/SE) for continuous vari-
ables. Chi-squared tests and t-tests for association assessed 
whether distributions differed by treatment group. Subject-
level incidence of adverse events (n/%) were also compared.

Linear mixed models for repeated measures were con-
ducted to evaluate change in total kidney volume (%) from 
baseline to 12 and 36 months in the TEMPO 3:4 trial and 
annualized eGFR slope (mL/min/1.73m2 per year) from 
baseline to 4, 8 and 12 months in both trials. Due to vary-
ing eligibility criteria in each trial, analyses for eGFR slope 
were restricted to participants with stage 2 chronic kidney 
disease (CKD) or higher at baseline. Both models included 
fixed effects for visit (categorical), treatment group and 
a visit*treatment interaction term and random effects for 
repeated measures within subjects. Model-estimated least 
square means and 95% confidence intervals for each end-
point were calculated at each visit and compared between 
each pair of treatment groups, adjusted for multiple compari-
sons using Tukey’s Honest Significant Difference test. Anal-
yses were repeated with baseline CKD stage. R statistical 
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software v4.2.1 (R Core Team, Vienna, Austria, 2020) was 
used for the analyses.

The pooled dataset included 2488 subjects from the 
TEMPO 3:4 (n = 1157) and REPRISE (n = 1331) trials. 
Metformin use was observed in 28 participants and used 
to create 4 treatment groups for analysis: tolvaptan only 
(n = 1390), placebo only (n = 1070), tolvaptan with met-
formin (n = 18), placebo with metformin (n = 10). Baseline 
characteristics by treatment group are shown in Supplemen-
tary Table S1. At baseline, metformin users were older (47 
vs. 43.5 years), heavier (96 vs. 81 kg), had lower eGFR (49.6 
vs. 58 mL/min/1.73m2) and higher prevalence of cardiovas-
cular-related comorbidities, including diabetes mellitus (79 
vs. 1.5%) (p < 0.001).

Results from models of the change in eGFR are displayed 
in Fig. 1a. Baseline kidney function was measured at the end 
of the titration phase and excluded any observations after end 
of treatment to minimize the potential acute haemodynamic 
effects of tolvaptan. Participants receiving tolvaptan had a 
slightly slower decline in kidney function vs. placebo only 
(annualized eGFR slope – 3.2% [95%CI, – 4.1 to – 2.4%] 
vs. – 4.0%, [95%CI, – 5 to – 3.1%] p = 0.584). Participants 
receiving both tolvaptan and metformin did not experience a 
statistically significant difference in eGFR decline compared 
with the other groups (Supplemental Table S2). Results also 
did not differ by CKD stage at baseline (Fig. 1b, Supplemen-
tal Table S3).

Total kidney volume increased significantly from baseline 
to 36 months in all treatment groups in the TEMPO 3:4 trial, 
tolvaptan alone (3.2%, 95%CI, 2.7–3.7%), placebo (6.3%, 
95%CI, 5.7–7.0%), metformin with tolvaptan (7.5%, 95%CI, 
1.7% to 13.4%) and metformin with placebo (15.7%, 95%CI, 
2.6–28.8%). The only statistically significant difference 
was between tolvaptan only and placebo only, p =  < 0.001; 
(Fig. 1c). Results stratified by CKD stage showed no clear 
differences (Fig. 1d, Supplemental Table S3).

The most common adverse events experienced during the 
trials were polyuria (25.8% of overall participants), thirst 
(20.1%) and headache (14.5%). Adverse events and safety 
outcomes were comparable between metformin users and 
non-users (Supplemental Table S4). There were higher rates 
of urinary tract infection (20%) and lower rates of nausea 
(0%) in the metformin with placebo group (p-value 0.04), 
although this was the smallest participant group.

This preliminary  report analysed outcomes from the 
TEMPO3:4 and REPRISE trials in participants using met-
formin at baseline. Efficacy estimates showed no meaning-
ful difference between participants treated with metformin. 
Concomitant therapy showed no signal of harm and fur-
ther investigation of metformin combined with tolvaptan is 
warranted. The upcoming phase III trial of metformin for 
ADPKD will permit the inclusion of patients being treated 
with tolvaptan [5], and an active comparator trial comparing 
metformin to tolvaptan in ADPKD has been proposed [8].

Fig. 1   Change in estimated glomerular filtration rate and total kidney volume by treatment group and CKD stage
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Limitations of this study include the small sample size 
of metformin-treated participants, which restricts statistical 
power. Neither TEMPO3:4 nor REPRISE excluded partici-
pants with type 2 diabetes mellitus. Unsurprisingly, diabetes 
was identified as a comorbidity in 80% of metformin-treated 
participants, compared to just 1.5% of participants not on 
metformin, and may have confounded these results (Sup-
plementary Table S1). To create a unified data set in the 
models for eGFR slope, participants from the REPRISE 
population with stage 1 CKD were excluded, and TEMPO 
3:4 results were restricted to 12 months. This may explain 
why we observed non-significant differences in eGFR 
decline between tolvaptan- and placebo-treated participants, 
whereas statistically significant benefits were reported in the 
primary publications of these trials [6, 7].

Overall, these data suggest that metformin may be safe to 
use in conjunction with tolvaptan. Due to the low number 
of participants taking metformin, there are currently insuf-
ficient data to determine the impact of co-therapy on clinical 
outcomes. Upcoming trials may provide more insight.
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