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1 | INTRODUCTION

The sodium glucose co-transporter 2 (SGLT2), located in the proximal
tubule of the kidney, is an effective transporter system that is
responsible for reabsorption of glucose and sodium. Dapagliflozin is
an SGLT2 inhibitor that reversely inhibits the SGLT-2 transporter.

Aims: Albuminuria reduction is essential for renal and cardiovascular protection. We character-
ized the efficacy of dapagliflozin, a sodium-glucose co-transporter 2 inhibitor, on albuminuria.
Secondly, we assessed whether the albuminuria-lowering effect varies among patients, and
whether this variability in response is reproducible.

Material and methods: A double-blind, randomized, placebo controlled crossover trial was con-
ducted. Patients with type 2 diabetes and albumin:creatinine ratio > 100 mg/g on a stable dose
of an angiotensin-converting enzyme inhibitor (ACEi) or angiotensin receptor blocker (ARB)
were enrolled. Patients were assigned to 6-week treatment periods with dapagliflozin 10 mg/d
or placebo in random order, separated by 6-weeks wash-out periods. After the 2 treatment
periods, half of the patients were re-exposed for 6 weeks to dapagliflozin 10 mg/d. Primary
outcome was change in 24-hour urinary albumin excretion rate (24 h UAE). To assess repro-
ducibility in individual albuminuria response, responses from the first and second exposure to
dapagliflozin were correlated.

Results: A total of 33 patients (age, 61 years; female gender, 24.2%; median 24 h UAE,
470 mg/24 h) completed the study. Dapagliflozin, as compared to placebo, reduced 24 h UAE
by 36.2% (95% Cl, 22.9-47.2; P < .001). Systolic blood pressure fell by 5.2 mm Hg (95% ClI,
0.5-10.0) and eGFR by 5.3 (95% ClI, 2.7-8.0). All effects were reversible directly after treatment
discontinuation. In a subgroup of 15 patients who were exposed twice to dapagliflozin, 24 h
UAE responses showed a large variation among individuals: first exposure (range, —-76% to
+52%) and second exposure (-90% to +95%) and first and second individual response were sig-
nificantly correlated (r = 0.69 [95% Cl, 0.27-0.89]; P < .004).

Conclusion: Dapagliflozin significantly reduces albuminuria when given as adjunct to ACEi or
ARB. The albuminuria response to dapagliflozin markedly varies among patients. This variation
is not a random phenomenon, but is reproducible upon re-exposure. These data support perso-

nalized therapy approaches to optimize diabetic kidney disease.
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This leads to enhanced glucose and sodium excretion and reductions
in HbA1c, plasma volume, body weight and blood pressure.1 ™3
Post-hoc analyses from various clinical trials have suggested that
SGLT2-inhibitors decrease albuminuria.*~” Long-term renoprotective
effects have also been suggested, based on secondary outcomes from

large clinical trials.® Potential renoprotective effects are thought to
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involve various pathways including natriuretic and diuretic effects, as
well as restoration of tubulo-glomerular feedback and correction of
glomerular hyperfiltration.”° However, dedicated prospective rando-
mized trials characterizing the albuminuria-lowering and renoprotec-
tive effects of SGLT2-inhibitors are lacking.

Previous studies have shown that individual patients show wide
variability in albuminuria response to many drugs.*! As it is also

known that albuminuria fluctuates from day to day,'**?

the among
individual-drug response variability could reflect true variation in drug
response or random fluctuations in albuminuria. Prospective clinical
trials to address this issue are lacking.

We conducted a randomized controlled cross-over study to,
firstly, determine prospectively the albuminuria-lowering effects of
the SGLT2 inhibitor dapagliflozin. Secondly, we assessed among-
patient variability in albuminuria response during dapagliflozin, and
assessed whether the individual albuminuria response to dapagliflozin

is reproducible at second exposure.

2 | MATERIAL AND METHODS

2.1 | Trial design

We conducted a prospective, randomized, double-blind, placebo-
controlled cross-over clinical trial. The study was approved by the
Medical Ethics Committee of the University Medical Center Gro-
ningen, the Netherlands (METc 2014/111). The study was registered
with the Netherlands Trial Register (NTR 4439) and complied with
the Declaration of Helsinki and Good Clinical Practice Guidelines. All
patients provided written informed consent before any specific study
procedure commenced.

2.2 | Study population

Patients aged between 18 and 75 years with a first morning void
albumin:creatinine ratio (Uacr) 2 100 mg/g and <3500 mg/g, eGFR 2
45 mL/min/1.73 m?, HbAlc between 55 and 100 mmol/mol (7.2%
and 11.3%) and who were receiving stable doses of angiotensin-con-
verting-enzyme inhibitors (ACEi) or Angiotensin Receptor Blockers
(ARB) for more than 4 weeks were recruited from the outpatient
clinic of the Department of Internal Medicine Ziekenhuis-Groep
Twente, Almelo/Hengelo, the Netherlands. Key exclusion criteria
were systolic/diastolic blood pressure >180/110 mm Hg, a cardiovas-
cular event during the past 6 months and current use of pioglitazone,
GLP-1 analogues, DDP-IV-inhibitors or SGLT-2 inhibitors.

2.3 | Intervention and randomization

Patients were randomly allocated to 1 of the 2 treatment orders gen-
erated by an independent pharmacist using a computer software tool
prior to the inclusion of the first patient. The study employed a
double-blind design. There was no difference in appearance between
medications for each sequence/treatment group. In each phase, med-
ication for each treatment group was supplied in identical bottles that
were labelled appropriately to maintain blindness. All study personnel

and patients remained blinded to the sequence allocation.

2.4 | Procedures

The study consisted of a screening visit and a run-in period of
4 weeks for those subjects who were not receiving a stable dose of
ACEi or ARB or of glucose-lowering medication. Eligible patients then
proceeded to the randomization visit. The study comprised 3 consecu-
tive cross-over treatment periods of 6 weeks each, in which patients
were treated with dapagliflozin 10 mg per day or placebo, with wash-
out periods of 6 weeks in between. Accordingly, 15 randomly
selected patients were exposed to dapagliflozin 10 mg per day during
2 treatment periods. Study medication was dispensed at the begin-
ning of each treatment period. Patients were instructed to take the
tablet in the morning. All efforts were done to keep the use and dos-

age of all concomitant medication stable during follow-up.

2.5 | Measurements

Patients collected 24-hour urine samples at the beginning and end of
each treatment period to assess urinary albumin concentration. In
addition, 3 consecutive first morning void urine samples were col-
lected at the beginning and end of each treatment period to deter-
mine the urinary albumin to creatinine ratio. Blood samples were
taken in fasting condition at the beginning and end of each treatment
to assess glucose, HbA1c and lipid profile. eGFR was calculated from
the MDRD equation using serum creatinine concentration measured
at the beginning and end of each treatment period.?® Systolic and
diastolic blood pressure was recorded as the mean of 3 consecutive
blood-pressure readings. Blood-pressure measurements were per-
formed with a calibrated sphygmomanometer in a seated position
after at least 10 minutes of rest, with a time interval of 2 minutes

between readings.

2.6 | Endpoints

The primary endpoint was the percentage change in 24-hour urinary
albumin excretion (24 h UAE). Secondary endpoints included correla-
tion between the 24 h UAE response to dapagliflozin during the first
and second treatment period. Additional secondary endpoints
included change from baseline in first morning void Uacg of 3 consec-
utive first morning void urine samples, plasma glucose, HbAlc, body
weight, systolic blood pressure and eGFR. Data on reported adverse
events and serious adverse events were collected during the trial.

A sample size of 32 patients completing the protocol was esti-
mated to provide 80% power to detect a 25% reduction in 24 h UAE
between the dapagliflozin and placebo groups, assuming a standard
deviation of 0.7 in log transformed 24 h UAE. To account for poten-
tial loss to follow-up, we enrolled 34 patients. Efficacy analyses were
conducted on the modified intention-to-treat population, comprising
all individuals who completed the study. The primary analysis was a
mixed effects repeated measures analysis. The model included
sequence, period, treatment and subject as factors and baseline 24 h
UAE as a covariate. Albuminuria was log transformed before entering
data in the repeated measures model. The between-group geometric
mean change in 24 h UAE was derived by 100 x (exp[least square
mean change] - 1), and the same transformation was applied to the

95% confidence limits. For secondary end point analyses, we used
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the same repeated measures model that was used for the primary
analysis, with the exception that baseline 24 h UAE was removed as
covariate and the analyses were adjusted for the baseline parameter
of interest. Comparisons of changes in 24 h UAE between the first
and second exposure to dapagliflozin were performed using Deming
linear regression, which accounts for errors in observation in both the
x-value and y-value. A Fisher's ' transformation was performed to
calculate the 95% confidence interval of the correlation. Exposing
15 patients twice to dapagliflozin provided 80% power to detect a
correlation between first and second exposure of 0.65. All statistical
analyses were performed with SAS software version 8.2 (SAS Insti-
tute, Inc., Cary, NC, USA). All statistical tests were 2-sided, with a sta-

tistical significance level of 5%.

3 | RESULTS

Between September 2014 and February 2016, 46 patients were
screened, of whom 34 were randomized. One patient was hospita-
lized during the study; this patient discontinued study medication and
was excluded from the primary analysis (Figure 1). Baseline demo-
graphics and clinical and biochemical characteristics of the 33 patients
comprising the efficacy population are shown in Table 1. Adherence
to study medication was excellent, with 97.5% (standard deviation
5.0) of all doses being taken. Adherence was more than 90% in all
patients.

31 |

Patients had a geometric mean 24 h UAE of 470 (95% ClI, 334-
662) mg/24 h at baseline, which was reduced to 331 (95% Cl, 303-
362) mg/24 h after 6 weeks of treatment with dapagliflozin. During

Effects on albuminuria

6 weeks of treatment with placebo, albuminuria increased to
519 mg/g (95% Cl, 475-567). Accordingly, the repeated measures
model

showed that dapaglifiozin, as compared to placebo,

46 patients screened

12 screen failures
8 laboratory values out of range
1 proteinuria as result of urinary tract
infection
1 pregnancy wish
1 investigator’s judgment
1 death between screening and
randomization

34 enrolled and randomly assigned

1 discontinued due to unplanned
hospitalization

33 completed the study and
included in primary analysis

FIGURE 1 Trial profile

TABLE 1 Baseline characteristics
Characteristic Total (N=33)
Age (years) 61(9)
Sex (female/male) (n) 8/25
Caucasian (n, %) 30 (91)
Smoking status (n, %) 9 (27.3)
HbA1c (mmol/mol) 57 (9.5)
Diabetes duration (years) 10 (7)
Systolic blood pressure 142 (15)
Diastolic blood pressure 77 (5.9)
Weight (kg) 96 (22)
BMI (kg/m?) 31 (5.5)
Estimated GFR (mL/min/1.73 m?) 72 (21)
Cardiovascular disease history (n, %)? 10 (30.3)
UAER (mg/24 h) 470 [191-997]
Uacr* (mg/mmol) 31 [13-68]
Medication
Metformin, n (%) 30 (90.9)
Sulfonylurea, n (%) 9 (27.3)
Insulin, n (%) 21 (63.6)
Antihypertensive medication, n (%) 33 (100)
ACEi 16 (48.5)
ARB 16 (48.5)
B-blocker 16 (48.5)
Ca - channel blockers 14 (42.4)
Diuretics 26 (78.8)

Data are given as mean (SD) and *geometric mean (25th to 75th
percentile).

@ Cardiovascular disease history defined as history of coronary artery dis-
ease or peripheral vascular disease.

significantly decreased albuminuria by 36.2% (95% Cl, 22.9-47.2)
[Figure 2A] P < .001). The individual albuminuria response to dapagli-
flozin varied markedly among individuals (range, -84% to +94%). Dur-
ing dapagliflozin treatment vs placebo, 84% and 65% of patients,
respectively, achieved a 20% and 230% reduction in 24 h UAE (both
P < .01). Dapagliflozin decreased first morning void Uacr by 29.7%
(95% ClI, 16.8%-40.7%) (Figure 2B) as compared to placebo
(P < .001). Six weeks after discontinuation of the dapagliflozin treat-
ment period, the change in 24 h UAE from baseline was 0.5% (95%
Cl, -20.4 to 26.8), indicating that the anti-albuminuric response was
completely reversible 6 weeks after discontinuation of dapagliflozin.

3.2 | Effects on eGFR, HbA1c, blood pressure and
body weight

Baseline eGFR was 72 mL/min/1.73 m2. eGFR fell during dapagliflo-
zin treatment by 4.8 mL/min/1.73 m? (95% Cl, -6.7 to -3.0) and
increased by 0.9 mL/min/1.73 m? (95% Cl, -1.5 to 3.3) during pla-
cebo treatment (P < .001 vs dapaglifiozin) (Figure 2F). Change in
eGFR 6 weeks after discontinuation of dapagliflozin was -1.3 mL/
min/1.73 m? (95% Cl, -4.6 to +1.5), indicating that eGFR returned to
baseline values. After 6 weeks of dapagliflozin treatment, changes in
HbA1c and SBP relative to placebo were -2.5 mmol/mol (95% ClI,
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FIGURE 2 A, Primary endpoint: percentage change in 24-hour urinary albumin excretion rate from baseline. B to F, Secondary endpoints: B,
percentage change in first morning void albumin:creatinine ratio from baseline; C, change in systolic blood pressure; D, change in body weight;
E, change in HbA1c; F, change in eGFR

-4.7 to -0.3; P =.026) and -5.2 mm Hg (95% Cl, -10.0 to -0.5;
P = .032), respectively (Figure 2C and E). The corresponding change
in body weight was -0.4 kg (95% CI, -1.0 to 0.1; P =.095;

Figure 2D).

3.3 | Albuminuria response after re-exposure

To assess whether the individual response to dapagliflozin is repro-

ducible upon re-exposure we exposed 15 patients twice to 6 weeks

of dapagliflozin 10 mg. Baseline characteristics of these 15 patients
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are shown online in Table S1. In this subgroup, the change in 24 h
UAE during the first exposure was -41% (range, -76 to +52) and dur-
ing the second exposure was -27% (range -90 to +95; P = .18 vs
first period) (Figure 3). A statistically significant correlation was
observed in the UAER response during the first and second exposure
(r=0.69; [95% Cl, 0.27-0.89] P = .004), indicating that 48% of the
among-individual variance in UAER response during the second expo-
sure could be explained by the first exposure (Figure 3). Adjustment
of changes in 24-hour sodium, potassium and phosphate excretion
(as proxies for changes in dietary intake) between the first and sec-
ond treatments increased the explained variance (R?) of the 24 h
UAE response during the second exposure to 69%. One patient used
a non-steroidal anti-inflammatory drug during the first treatment
period. Excluding this patient from the analysis did not change the
result. Significant correlations in response between the first and sec-
ond exposure were also observed for systolic blood pressure
(r = 0.67; R? = 0.45 [95% Cl, 0.24-0.88]; P = .006).

3.4 | Predictors of individual albuminuria response

Various baseline parameters were analysed to assess if these predict
the individual response to dapagliflozin. The placebo-corrected reduc-
tion in 24 h UAE was consistent in patients with microalbuminuria,
46.3% (95% Cl, 26.4-60.8), and macroalbuminuria, 29.9% (11.4-44.6;
P for interaction = .173). Similarly, 24 h UAE response was consistent
in patients with eGFR < 60 mL/min/1.73 m?, 36.6% (15.1-52.6), and
260 mL/min/1.73 m?, 36.0% (17.9-50.1; P for interaction = .961).
The albuminuria response also was not determined by baseline age,
gender, HbA1c, systolic blood pressure or 24-h sodium or potassium
excretion. The change in systolic blood pressure, HbAlc and fasting
plasma glucose did not correlate with the change in 24 h UAE during
dapagliflozin treatment, except for the change in eGFR which showed
a modest association with the change in 24 h UAE (r = 0.34; P = .06).

3.5 | Safety

Overall, dapagliflozin was well tolerated. Three patients experienced

a urinary tract infection during dapagliflozin treatment vs 1 patient

during placebo treatment. Hypoglycaemia was reported by 2 patients
during dapagliflozin treatment. Both patients also used insulin. None
of the adverse events led to drug discontinuation. Serious adverse
events occurred in 4 patients. Two of these events occurred during
dapagliflozin treatment (1 fracture and 1 hospitalization because of
general malaise) and 2 events occurred during placebo treatment
(1 fracture and 1 hospitalization because of fever and diarrhea). None
of these events was thought by the treating physician to be related
to study medication.

4 | DISCUSSION

In this prospective randomized controlled trial, the albuminuria-
lowering effect of the SGLT2 inhibitor dapagliflozin was assessed in
patients with type 2 diabetes and residual albuminuria. Dapagliflozin
10 mg/d lowered 24-hour urinary albumin excretion by 36%, on
average, with a large variation among individuals. The individual
albuminuria-lowering response was reproducible when patients
were re-exposed to dapagliflozin 10 mg/d, supporting the notion
that the individual anti-albuminuric response is a true response to
dapaglifiozin and can be adequately quantified in a clinical trial
setting.

Previous post-hoc analyses of clinical trials have indicated that
SGLT2 inhibitors appear to decrease albuminuria. All these trials
were designed primarily to assess effects of SGLT2 inhibitors on
HbA1c or blood pressure.*”” To the best of our knowledge this is
the first dedicated prospective randomized controlled trial that
demonstrates and confirms the albuminuria-lowering efficacy of
the SGLT2 inhibitor dapagliflozin. In this trial both 24-hour urine
samples and 3 consecutive first morning void urine samples were
collected to characterize precisely the albuminuria-lowering effect
of dapagliflozin, whereas previous trials used only single random
urine samples, a less precise measure to assess albuminuria-
lowering effects.!? The magnitude of the albuminuria-lowering
effect was similar to that previously described in post-hoc analyses.

For example, in patients with type 2 diabetes and micro- or
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FIGURE 3 A, Change in 24-hour urinary albumin excretion over time during dapagliflozin and placebo treatment among 15 patients who
received dapagliflozin during 2 treatment periods; B, individual changes in albuminuria during dapaglifiozin and placebo treatment; C, correlation
between changes in albuminuria during the first and second dapagliflozin treatment periods
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macroalbuminuria, dapagliflozin and empagliflozin decreased
the albumin:creatinine ratio by approximately 30%.*¢ Similar
magnitudes of effect were reported with canagliflozin in a sub-
group of patients with type 2 diabetes and micro- or
macroalbuminuria.'*

A large among-individual variability in changes in 24 h UAE was
observed after exposure to dapagliflozin for 6 weeks. The finding
that the individual response at re-exposure was reproducible for the
individual indicates that the large among-patient heterogeneity in
albuminuria response is a true pharmacological variation in response
to dapagliflozin and can be adequately quantified in a clinical trial
setting. A recent study with the glucagon-like peptide-1 agonist lira-
glutide also showed that the individual drug response is reproduci-
ble after second exposure, although this study was not designed
primarily to address this topic.>®> Given that the change in albuminu-
ria is a strong predictor of changes in future risk of renal and cardio-
vascular disease, these data suggest that some patients benefit
significantly while others, with no reduction in albuminuria, compris-
ing approximately 20% to 30% of the population, are less likely to
benefit. We explored several physical and biochemical parameters
as predictors of response but could not identify any. Future analyses
are required to identify biomarkers of response to dapagliflozin to
tailor and optimize therapy.

We had not expected that the individual 24 h UAE response to
dapagliflozin at second exposure would completely reproduce the
first dapagliflozin response as it is known that the biological day-to-
day variation in albuminuria is high.12 In addition, many factors,
which could be different during the first and second periods, may
have influenced reproducibility in response to dapagliflozin, includ-
ing variation in dietary patterns, differences in disease activity or
changes in concomitant medication. Indeed, when we adjusted the
analyses for differences in sodium, potassium and phosphate excre-
tion, as proxy for differences in dietary intake, the albuminuria cor-
relation between first and second exposure increased. This suggests
that, despite the careful provision of dietary advice, changes in die-
tary patterns have influenced reproducibility in response. We also
explored changes in concomitant medication during the first and
second dapagliflozin periods as a potential explanation for the
incomplete correlation, but these were markedly stable throughout
the study.

Changes in metabolic parameters including HbAlc, fasting
plasma glucose and body weight were not the primary focus of this
study. In particular, in line with the duration of the active treatment
period, there was only a modest, but statistically significant, reduc-
tion in HbA1c. Interestingly, despite the small reduction in HbA1lc, a
large reduction in albuminuria was present, indicating that reduction
in albuminuria is independent of glycaemic control. This finding is in
accordance with a previous post-hoc analysis from a large rando-
mized controlled trial demonstrating that long-term effects of the
SGLT2 inhibitor canagliflozin on renal function are independent of
its glycaemic effects.'*

What could be the mechanism of the albuminuria-lowering
effect? As observed in the current study, previous trials have shown
acute but modest decline in eGFR within 3 to 6 weeks of treatment

initiation. The acute decline in eGFR is followed by a period of

stable renal function, and is reversible after drug discontinuation.
This pattern is reminiscent of ACEi and ARBs and suggests a reduc-
tion in glomerular pressure and renal hyperfiltration which is associ-
ated with long-term renoprotection.'® Such a mechanism could also
explain the reduction in albuminuria independent of changes in met-
abolic control, and the association we found between changes in
eGFR and 24 h UAE during dapaglifiozin. The difference between
SGLT2 inhibitors and ACEls or ARBs is that the reduction in intra-
glomerular pressure induced by ACEIs and ARBs is mediated
through efferent vasodilation, whereas SGLT2 inhibitors are thought
to induce afferent vasoconstriction.'® The hypothesis that SGLT2
inhibition reduces intraglomerular pressure is supported by data in
patients with type 1 diabetes, demonstrating that the SGLT2 inhibi-
tor empagliflozin reduces calculated glomerular pressure and affer-
ent arterial tone.'”

An alternative mechanism that may contribute to the
albuminuria-lowering effects may be related to decreases in circu-
lating volume and natriuretic effects. Dapagliflozin has been shown
to decrease plasma volume and to increase hematocrit to an extent
similar to that of hydrochlorothiazide.®> Previous studies have
shown that optimizing extracellular volume through dietary sodium
restriction or diuretic use decreases albuminuria, allegedly through
potentiating the effects of ACEls or ARBs.'® As patients in the cur-
rent study were already receiving ACEls and ARBs, a sustained
reduction in effective circulating volume induced by dapagliflozin
may have potentiated ACEls and ARBs effects. In support of this
proposed mechanism is the finding from the EMPAREG trial
demonstrating that the renoprotective effects of the SGLT2 inhibi-
tor empagliflozin tended to be larger among patients already using
ACEIs or ARBs.®

Finally, it may be possible that SGLT2 inhibitors influence pro-
inflammatory pathways. Inflammatory pathways are often activated
in patients with diabetic nephropathy and may initiate and sustain
disease progression.’? Experimental studies have reported that
SGLT2 inhibitors reduce markers of inflammation.2%2? Further studies
are required to characterize the anti-inflammatory properties of
SGLT2 inhibitors.

This study has limitations. First, the study used a surrogate out-
come measure as primary outcome and additional studies are
required to characterize the renoprotective effects of dapagliflozin
on hard renal end points. In addition, the study follow-up period
was only 6 weeks. Whether reductions in 24 h UAE persist over
longer time periods could not be investigated. A post-hoc analysis
from the EMPAREG trial suggested that the SGLT2i empagliflozin
instantaneously reduces albuminuria and the effect persisted
throughout the 4-year follow-up period.?? That trial also reported
that empagliflozin reduces renal risk, but the number of hard renal
end points was small. The renoprotective effects of SGLT2 inhibi-
tors in patients with type 2 diabetes will be definitively tested in the
CREDENCE trial (Clinical Trials.gov identifier NCT02065791). Sec-
ondly, we used dapagliflozin at 10 mg per day, which is the dose
used clinically. This dose is selected, however, based on dose-
response studies using HbAlc as the primary efficacy parameter.
Whether the dose-response curve for albuminuria is similar to that

of HbA1c is unknown. In addition, whether patients not responding
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to dapagliflozin 10 mg/d would respond to a higher dose was not
assessed. Finally, despite strict dietary advice, not all patients
adhered to a stable dietary pattern, which has probably led to an
underestimation of reproducibility in individual responses during the
2 exposure periods to dapagliflozin.

In conclusion, dapagliflozin therapy markedly reduces 24-hour
urinary albumin excretion in patients with type 2 diabetes with
micro- or macroalbuminuria who are already undergoing ACEi or ARB
therapy. The reduction in albuminuria, however, varies to a significant
degree among individual patients. Although albuminuria fluctuates
within an individual over time, the variation in albuminuria response
to dapagliflozin is reproducible upon re-exposure. These data support
implementation of personalized medicine approaches in clinical prac-
tice to optimally tailor therapy and maximize diabetic kidney
disease care.
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