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ABSTRACT 

Introduction. The DAPA-CKD study showed a protective effect of dapagliflozin on kidney function in chronic kidney 
disease ( CKD) patients with and without diabetes mellitus. Although dapagliflozin is expected to be effective also in CKD 

patients with autosomal dominant polycystic kidney disease ( ADPKD) , its efficacy and safety in this population remain 

unknown because ADPKD was an exclusion criterion in the DAPA-CKD study. Therefore, we evaluated the effects of 
dapagliflozin in CKD patients with ADPKD. 
Methods. We performed a retrospective observational study of seven patients with ADPKD treated with dapagliflozin at 
Toranomon Hospital, Tokyo, Japan. We analyzed changes in estimated glomerular filtration rate ( eGFR) slope and annual 
height-corrected total kidney volume before and after starting dapagliflozin treatment. 
Results. The median observation period after starting dapagliflozin was 20 months. Four patients received concomitant 
tolvaptan. The eGFR slope before and after initiation of dapagliflozin could be calculated in six patients and improved in 

all of them except the one who did not receive a renin-angiotensin system ( RAS) inhibitor. Annual height-corrected total 
kidney volume increased in all patients. Concurrent tolvaptan treatment had no effect. 
Conclusion. In CKD patients with ADPKD, dapagliflozin may increase kidney volume but may have a protective effect on 

kidney function when used concomitantly with RAS inhibitors. 
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KEY LEARNING POINTS 

What was known: 
Animal studies have shown that in ADPKD, SGLT2 inhibitors are expected to exert protective effects on the kidneys by reducing 
blood pressure, facilitating weight loss, and altering metabolism, cell signaling, and autophagy. However, some authors have 
expressed concerns about the increase in kidney volume due to increased antidiuretic hormone ( ADH) secretion and urine 
osmolality. 
This study adds: 
The eGFR slope before and after initiation of dapagliflozin could be calculated in six patients and improved in all of them except 
the one who did not receive a renin-angiotensin system ( RAS) inhibitor. Annual height-corrected total kidney volume increased 
in all patients. 
Potential impact: 
In humans with ADPKD, dapagliflozin may increase kidney volume but may have a protective effect on kidney function when 
used concomitantly with RAS inhibitors. 
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NTRODUCTION 

utosomal dominant polycystic kidney disease ( ADPKD) is the 
ost common inherited kidney disease and is present in ∼3.7% 

f dialysis patients ( ∼12500 patients) in Japan. Traditionally,
bout half of the patients with ADPKD were reported to develop 
nd-stage kidney disease by the age of 60, but findings indi- 
ate that since the introduction of tolvaptan in Japan in 2014 
s a treatment covered by public health insurance, on average 
atients are older before they reach end-stage kidney disease.
owever, some patients cannot be treated with tolvaptan be- 
ause of adverse effects of the diuresis of 4 to 5 l or more per
ay or because they develop liver dysfunction; therefore, new 

herapeutic agents are required. 
In 2020, the DAPA-CKD ( Dapagliflozin in Patients with 

hronic Kidney Disease) study demonstrated a protective ef- 
ect of the sodium-glucose cotransporter-2 ( SGLT2) inhibitor da- 
agliflozin on kidney function in chronic kidney disease ( CKD) 
atients with and without diabetes mellitus [1 ]. Subsequently, in 
023, the EMPA-KIDNEY ( Empagliflozin in Patients with Chronic 
idney Disease) trial showed a similar effect of empagliflozin,
nother SGLT2 inhibitor [2 ]. Therefore, the protective effect of 
GLT2 inhibitors on kidney function in CKD patients has at- 
racted attention. 

In Japan, public health insurance started to cover da- 
agliflozin for CKD patients, including patients with CKD asso- 
iated with ADPKD, in August 2021. However, the efficacy and 
afety of dapagliflozin in ADPKD is unclear because the clinical 
rials on dapagliflozin excluded patients with ADPKD, as well as 
hose with antineutrophil cytoplasmic antibody-associated vas- 
ulitis and other diseases that cause rapid progression of kidney 
ysfunction. 
In ADPKD, SGLT2 inhibitors are expected to exert protective 

ffects on the kidneys by reducing blood pressure, facilitating 
eight loss, and altering metabolism, cell signaling, and au- 
ophagy [3 ]. However, some authors have expressed concerns 
bout the increase in kidney volume due to increased ADH se- 
retion and urine osmolality in patients with ADPKD who take 
hese medications [4 ]. 

Animal studies on dapagliflozin have reported varying re- 
ults. For example, in Han: SPRD rats, dapagliflozin improved 
idney function and albuminuria but had no effect on cyst 
ize [5 ]. On the other hand, in PCK rats, dapagliflozin wors- 
ned kidney function and albuminuria—possibly because of 
yperfiltration—and increased the size of kidney cysts [6 ]. Fur- 
hermore, translation of findings from animal experiments to 
umans is challenging. 
One clinical study evaluated the effects of dapagliflozin in 
KD patients with ADPKD and found that it may have exacer- 
ated the decline in kidney function and further increased kid- 
ey volume; however, the observation period was short, averag- 
ng 108 days, and it is possible that the effect of the initial dip
as still present [7 ]. Therefore, the present study examined how 

apagliflozin treatment affects kidney function and volume in 
DPKD patients over a longer period. 

ATERIALS AND METHODS 

atients 

his retrospective study included seven patients with ADPKD 

reated with dapagliflozin between January 2014 and May 2023 
t Toranomon Hospital, Tokyo, Japan. Eligibility criteria included 
 diagnosis of ADPKD according to the modified Pei–Ravine cri- 
eria from the protocol of the REPRISE ( Replicating Evidence of 
reserved Kidney Function: An Investigation of Tolvaptan Safety 
nd Efficacy in ADPKD) trial [8 , 9 , 10 ]. 

The study was performed in accordance with the Declaration 
f Helsinki and was approved by the research ethics committees 
f Toranomon Hospital. The requirement for informed consent 
as waived because of the retrospective nature of the study. 

idney function 

GFR was calculated with the Japanese eGFR equation [11 ]. The 
nnual change in eGFR before and after dapagliflozin adminis- 
ration ( � eGFR slope) was defined as the difference between 
he annual change in eGFR before initiation of dapagliflozin 
reatment ( pre-eGFR slope) and the annual change in eGFR 
fter initiation of treatment ( post-eGFR slope) , i.e. post-eGFR 
lope—pre-eGFR slope. The eGFR slope was calculated using 
he least-squares methods, assuming that the eGFR trajectory 
s linear. Considering the assumption that there is an initial 
ip, the slope was not calculated within 7 weeks after starting 
r stopping tolvaptan and 15 weeks after starting dapagliflozin 
 Supplementarymethods) . Missing data were defined as those in 
hich eGFR could not be continuously measured for > 6 months 
efore and after the introduction of dapagliflozin. 

nitial dip 

f eGFR decreased within 9 weeks after starting dapagliflozin 
reatment, the initial dip was quantified as the percentage 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad186#supplementary-data
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Table 1: Clinical characteristics of CKD patients with ADPKD starting 
treatment with dapagliflozin. 

Patient 

Sex F F M M M M M 

Age 65 52 67 51 37 54 44 
Hypertension + + + + + + + 

Diabetes mellitus − − − − − − −
RAS inhibitor − + + + + + + 

Tolvaptan + + + − + − −
DAPA ( mg/day) 10 5 10 5* 5 10 10 
DAPA dosing period, months 22 13 22 21 20 17 14 
eGFR ( ml/min/1.73 m2 ) 22.6 21.8 26.9 44.8 38.5 43.1 23.3 
Urinary protein ( g/gCre) 00.16 00.13 00.25 00.04 NA 00.4 00.29 
htTKV ( ml/m) 517 637 2402 509 2320 1680 1444

Cre, creatinine; DAPA, dapagliflozin; eGFR, estimated glomerular filtration rate; 
F, female; htTKV, height-adjusted TKV; M, male; NA, not available; RAS, renin- 
angiotensin system inhibitors 
* In this patient, the dose was increased to 10 mg/day 14 months after initiation 
of dapagliflozin treatment. 
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ecrease from the eGFR when starting dapagliflozin to the low-
st eGFR within this 9-week period. 

otal kidney volume 

otal kidney volume ( TKV) was estimated from computed to- 
ography scans or magnetic resonance images by volume mea- 
urement software ( Synapse Vincent, Fujifilm, Japan) . TKV di- 
ided by height ( m) was used as the height-adjusted TKV 

 htTKV) . The change in the annual increase in htTKV before
nd after the start of dapagliflozin treatment ( �% �htTKV/y) 
as calculated from the difference in the annual htTKV in-
rease before starting dapagliflozin treatment ( pre-% �htTKV/y) 
nd afterwards ( post-% �htTKV/y) , i.e. as post-% �htTKV/y − pre- 
 �htTKV/y. Data were not included if the total measurement 
eriod of hTKV was shorter than 6 months before and after da-
agliflozin’s introduction ( Supplementary methods) . 

tatistical analysis 

omparisons of �eGFR slopes and �% �htTKV values before and
fter initiation of dapagliflozin treatment were performed by 
ilcoxon signed rank test. For all analyses, a P value of < 0.05
as taken to indicate statistical significance. All analyses were 
erformed with STATA® SE version 18.0 ( StataCorp, College Sta- 
ion, TX, USA) . 
able 2: Annual change in estimated glomerular filtration rate before a
lomerular filtration rate after introduction of dapagliflozin. 

atient 
eGFR 

( ml/min/1.73 m2 ) 
Pre-eGFR slope 

( ml/min/1.73 m2 /year) 
Post-

( ml/min

 22.6 −1.1 
 21.8 −1.9 
 26.9 NA 

 44.8 −2.6 
 38.5 −3.3 
 43.1 −3.0 
 23.3 −2.9 

re-eGFR slope, annual change in eGFR before dapagliflozin initiation; post-eGFR slop

lope − pre-eGFR slope 
ESULTS 

linical and laboratory characteristics 

 summary of the background and clinical data of all patients is
resented in Table 1 . The seven patients comprised five men and
wo women, and the median observation period after initiation
f dapagliflozin treatment was 20 months. Four patients were
reated with tolvaptan. All patients were diabetes-free and were
ypertensive. At the start of dapagliflozin treatment, all mea-
urements of urinary protein were less than 0.5 g/gCre in six pa-
ients, and one patient had a negative qualitative urinary pro-
ein test, although quantitative data were not available. At the
tart of dapagliflozin, the median eGFR was 26.9 ml/min/1.73 m2 

 interquartile range, 22.6–43.1 ml/min/1.73 m2 ) , and the median
tTKV, 1444 ml/m ( interquartile range, 517 −2320 ml/m) . 

nitial dip 

mong the seven patients, five had an initial dip and two did
ot. Of the five patients with an initial dip, the dip exceeded 10%
n three and was 4.87% in one. 

hange in eGFR slope ( �eGFR slope) 

he eGFR slope before and after dapagliflozin treatment could
e calculated in six patients and improved in five of them af-
er the start of dapagliflozin treatment ( Table 2 ; Fig. 1 ; P = 0.12) .
e calculated the eGFR slope from the median ( interquartile

ange) number of creatinine measurements before and after 
apagliflozin administration, i.e. 27 ( 14.5–58.25) and 12.5 ( 8.25–
6.75) , respectively. 

The eGFR slope worsened in only one patient, and this
as the only patient who was not taking RAS inhibitor. When
his patient was excluded from the analysis, the eGFR slope
howed significant improvement after the start of dapagliflozin
 Supplementary Figure; P = 0.04) . Furthermor e, a positi v e corr e-
ation ( correlation coefficient, 0.66) was found between the ini- 
ial eGFR and the �eGFR slope, indicating that a higher initial
GFR corresponded to a more pronounced improvement in the
GFR slope. 

There was no significant difference in �eGFR slope between
atients with and without tolvaptan. 

hange in % �htTKV/y( �% �htTKV/y) 

he annual change in htTKV ( % �htTKV/y) from before to after
he start of dapagliflozin treatment could be calculated in five
atients and increased in all of them ( Table 3 ; Fig. 2 ; P = 0.04) .
nd after dapagliflozin administration and initial dip in estimated 

eGFR slope 
/1.73 m2 /year) 

�eGFR slope 
( ml/min/1.73 m2 /year) 

Initial dip in 
eGFR ( %) 

−2.3 −1.2 22.7 
−0.6 1.3 12.2 
−0.1 NA 12.9 
−0.8 1.8 19.6 
−1.9 1.4 0 
−1.9 1.1 0 
−2.8 0.1 4.9 

e, annual change in eGFR after dapagliflozin initiation; �eGFR slope, post-eGFR 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad186#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfad186#supplementary-data
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Figure 1: ( a) Imaged figure of TKV trajectory drawn from the median. ( b) Box plot 
of change in the slope of the estimated glomerular filtration rate before and after 

the start of dapagliflozin treatment. 
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Table 3: Annual percentage increase and change before and after 
dapagliflozin administration in height-adjusted TKV. 

Patient 
htTKV 
( ml/m) 

Pre- 
% �htTKV/y 

( %) 

Post- 
% �htTKV/y 

( %) 
�% �htTKV/y 

( %) 

1 517 0.9 11.0 10.1 
2 637 13.0 NA NA 

3 2402 −7.5 19.3 26.8 
4 509 4.6 8.2 3.6 
5 2320 1.0 NA NA 

6 1680 −0.8 15.0 15.8 
7 1444 10.9 23.6 12.7 

Pre-% �htTKV, percentage increase in height-adjusted TKV per year before da- 

pagliflozin initiation; post-% �htTKV, percentage increase in height-adjusted 
TKV per year after dapagliflozin initiation; �% �htTKV, post-% �htTKV − pre- 
% �htTKV 
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urthermore, a strong positive correlation ( correlation coeffi- 
ient, 0.94) was observed between htTKV at treatment onset 
nd �% �htTKV/y, indicating that a greater initial htTKV corre- 
ponded to a more pronounced rate of enlargement. There was 
o significant difference in �htTKV/y between patients with and 
ithout tolvaptan. 

yst infections 

o patient had a cyst infection during the observation period. 

ISCUSSION 

o our knowledge, this is the first time that the effects of da- 
agliflozin in several ADPKD patients have been evaluated in a 
tudy with an observation period of > 1 year. The comparison of 
he eGFR slope before and after the start of dapagliflozin treat- 
ent in the six patients for whom the slope could be calculated 

ound that it improved in all patients except the one who was 
ot taking an RAS inhibitor, and in all five patients for whom 

 �htTKV/y could be calculated, % �htTKV/y showed an increas- 
ng trend. 

Two case reports have described the use of dapagliflozin in 
atients with ADPKD, and the findings of the reports were con- 
istent with our study, i.e. one showed an improvement in the 
GFR slope [12 ], and the other showed an increase in kidney vol- 
me [13 ]. 
In ADPKD patients with significant kidney volumes, the pro- 
ression of kidney function decline is usually rapid [14 ]. How- 
ver, in the present study, dapagliflozin suppressed kidney func- 
ion decline even though it contributed to increased kidney vol- 
me. 
Dapagliflozin contributes to kidney protection by decreas- 

ng intraglomerular pressure through restoration of tubulo- 
lomerular feedback, and the initial dip reflects this mechanism 

15 , 16 , 17 ]. In the present study, dapagliflozin treatment has pro- 
ective effect of on kidney function in all patients except one 
ho did not receive an RAS inhibitor. Since dapagliflozin caused 
n initial dip in some patients, it is considered that ADPKD pa- 
ients may also benefit from the protective effects on kidney 
unction associated with the correction of hyperfiltration. 

As mentioned before, the eGFR slope worsened with da- 
agliflozin treatment only in the patient who was not treated 
ith an RAS inhibitor. The DAPA-CKD study was designed to 
valuate the efficacy of dapagliflozin in combination with RAS 
nhibitors [1 ], so almost all patients in both the dapagliflozin and 
he control groups were treated with RAS inhibitors; because of 
he paucity of data, protective effect of dapagliflozin on kidney 
unction in the absence of concomitant RAS inhibitors is not 
pparent. In ADPKD patients with concomitant hypertension,
he RAS system is often considered to be hyperactive [18 ], and 
he decrease in fluid volume associated with dapagliflozin treat- 
ent may cause further activation of the RAS system, leading to 

he progression of kidney function decline. 
In all patients, the annual change in kidney volume increased 

ith dapagliflozin use. In general, kidney volume enlargement 
nd kidney function decline are believed to progress con- 
urrently in patients with ADPKD, so the deviation from this 
onventional notion is a significant finding of the present study.
n experiments with wild-type mice, empagliflozin was re- 
orted to increase kidney weight, and dilatation of the proximal 
ubular S3 segment and collecting ducts was observed [19 ].
lucose reabsorption via the SGLT1 cotransporter in the S3 
egment was shown to increase when SGLT2 inhibitors were 
dministered [20 ]. Cystic enlargement in ADPKD is due to 
ncreased glucose uptake [21 , 22 ], so increased glucose uptake 
n the S3 segment after administration of dapagliflozin may be 
esponsible for the increase in cyst size after treatment initia- 
ion. As for the dilation of the collecting ducts, previous research 
bserved elevated serum vasopressin and increased expres- 
ion of aquaporin-2 ( Aqp-2) and Aqp-3 with empagliflozin,
uggesting that cell proliferation and increased cystic fluid 
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Figure 2: ( a) Imaged figure of TKV trajectory drawn from the median. ( b) Box plot 
of the slope of the annual change in height-adjusted TKV before and after the 
start of dapagliflozin treatment % �htTKV/y, annual change in height-adjusted 
TKV; DAPA, dapagliflozin. 
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ecretion via cyclic adenosine monophosphate proliferation 
ay be responsible for cystic enlargement [19 ]. In addition, the
tudy compared the expression of hypoxia-inducible factor-1 
lpha ( HIF-1 α) throughout the tubules with that in controls and 
onfirmed that expression was increased almost exclusively in 
he collecting duct cells [19 ]. In another study, anoctamin1 and
2Y2R were upregulated in mice overexpressing HIF-1 α, and 
he increased cystic fluid secretion mediated by these proteins 
as suggested to contribute to cystic enlargement [23 ]. As
escribed previously, in ADPKD dapagliflozin causes activation 
f the V2 receptor signaling pathway and overexpression of 
IF-1 α, which may lead to cyst enlargement in the collecting
uct. Although tolvaptan suppresses cyst enlargement via 
2 receptor antagonism, in the present study cyst enlarge- 
ent was also observed in patients receiving concomitant 

olvaptan. 
Dapagliflozin has a protective effect on the kidney in that

t decreases intraglomerular hyperfiltration, and the benefit for 
idney function may be greater than the negative effect of in-
reasing kidney volume. This overall protective effect on the kid-
ey may explain why the eGFR slope improved in the present
tudy despite the increase in kidney volume. However, it remains
o be determined whether the protective effect on the kidney is
aintained with longer-term use of dapagliflozin. 
The current study has some limitations. First, it was a single-

enter, retrospective study with a small sample size and no con-
rol group, which may limit the generalizability of the data be-
ause ADPKD is influenced by genetic and environmental factors
nd therefore has a highly heterogeneous course. Second, it may
ave a selection bias because we included only patients treated
ith dapagliflozin. Third, the measurement period of htTKV is
ot standardized, so comparing annual growth rates may not be
ccurate. 

Despite these limitations, our finding that dapagliflozin may
mprove kidney function but also promote kidney enlargement
s of interest and should be further examined in a large, prospec-
ive, multicenter study. 

In conclusion, dapagliflozin treatment of CKD patients with
DPKD may be effective in preventing kidney function decline
n patients with concomitant use of RAS inhibitors. On the
ther hand, it may increase kidney volume, with a tendency to-
ard a greater increase in patients with larger kidney volumes.
apagliflozin should be introduced with care in patients with
DPKD, and patients should be closely monitored. 

UPPLEMENTARY DATA 

upplementary data are available at Clinical Kidney Journal online 
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