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Aims: The EMPA-REG OUTCOME trial demonstrated that the sodium-glucose
cotransporter-2 inhibitor (SGLT2) empagliflozin reduces the risk of cardiovascular (CV)
and kidney outcomes in patients with type 2 diabetes. We previously developed the
parameter response efficacy (PRE) score, which translates drug effects on multiple short-
term risk markers into a predicted long-term treatment effect on clinical outcomes. The
main objective of this study was to assess the accuracy of the PRE score in predicting the
efficacy of empagliflozin in reducing the risk of CV and kidney outcomes.

Methods: Short-term (baseline to 6-months) changes in glycated hemoglobin (HbA1c),
systolic blood pressure (SBP), urinary-albumin-creatinine-ratio (UACR), hemoglobin, body
weight, high-density-lipoprotein  (HDL) cholesterol, low-density-lipoprotein  (LDL)
cholesterol, uric acid, and potassium were determined among 7020 patients with type
2 diabetes and established CV disease in the EMPA-REG OUTCOME trial. The beta-
coefficients, derived from a Cox proportional hazards model in a pooled database
consisting of 6355 patients with type 2 diabetes, were applied to the short-term risk
markers in the EMPA-REG OUTCOME trial to predict the empagliflozin-induced impact on
CV (defined as a composite of non-fatal myocardial infarction, non-fatal stroke, or CV
death) and kidney (defined as a composite of doubling of serum creatinine or end-stage
kidney disease) outcomes.

Results: Empagliflozin compared to placebo reduced HbA1c (0.6%), SBP (4.2 mmHg),
UACR (13.0%), body weight (2.1 kg), uric acid (20.4 pmol/L), and increased hemoglobin
(6.6 g/L), LDL-cholesterol (0.1 mmol/L) and HDL-cholesterol (0.04 mmol/L) (all p<0.01).
Integrating these effects in the PRE score resulted in a predicted relative risk reduction
(RRR) for the CV outcome of 6.4% (95% CI 1.4-11.7), which was less than the observed
14.7% (95% Cl 1.3-26.4%) RRR. For the kidney outcome, the PRE score predicted a RRR
of 33.4% (95% CI 26.2-39.8); the observed RRR was 46.9% (95% Cl 26.8-61.5). In a
subgroup of 2,811 patients with UACR >30 mg/g at baseline, the PRE score predicted
RRR was 40.8% (95% Cl 31.2-49.1) vs. the observed RRR of 40.8% (95% Cl 12.4-60.0)
for the kidney outcome.

Frontiers in Pharmacology | www.frontiersin.org 1

January 2022 | Volume 12 | Article 786706


http://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2021.786706&domain=pdf&date_stamp=2022-01-25
https://www.frontiersin.org/articles/10.3389/fphar.2021.786706/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.786706/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.786706/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.786706/full
https://www.frontiersin.org/articles/10.3389/fphar.2021.786706/full
http://creativecommons.org/licenses/by/4.0/
mailto:h.j.lambers.heerspink@umcg.nl
https://doi.org/10.3389/fphar.2021.786706
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2021.786706

Tye et al.

Prediction of Empagliflozin Treatment Effects

Conclusions: Integrating multiple short-term risk marker changes in the PRE score
underestimated the effect of empaglifiozin on CV and kidney outcomes, suggesting
that the currently used risk markers do not fully capture the effect of empaglifiozin. In
patients with increased albuminuria, the PRE score adequately predicted the effect of
empaglifiozin on kidney outcomes.

Keywords: empagliflozin, diabetes, risk markers, cardiovascular outcomes, kidney outcomes

INTRODUCTION

Major cardiovascular (CV) outcomes trials of sodium-glucose
cotransporter-2  (SGLT2) inhibitors, developed as anti-
hyperglycemic drugs for the treatment of type 2 diabetes, have
consistently demonstrated that these drugs reduce the relative
risks of CV outcomes and slow the progression of kidney function
decline in patients with type 2 diabetes at high CV risk (McGuire
et al.,, 2021). The EMPA-REG OUTCOME trial was the first
published trial to demonstrate the benefit of an SGLT2 inhibitor,
empagliflozin, for CV and kidney protection (Barnett et al., 2014;
Zinman et al., 2015).

The efficacy of SGLT2 inhibitors in preventing CV outcomes
and delaying diabetic kidney disease progression is unlikely
explained by improvement in glycemic control alone. Head-to-
head comparison of the SGLT2 inhibitor canagliflozin with the
sulfonylurea derivative glimepiride showed that at equal glycemic
control, canagliflozin reduced the rate of kidney function decline
(Heerspink et al., 2017). In patients without diabetes, the SGLT2
inhibitor dapagliflozin did not reduce glycated hemoglobin
(HbA1lc) but significantly reduced the risk of CV events and
kidney failure (Persson et al., 2021).

Numerous studies have shown that SGLT2 inhibitors exert
additional effects beyond their effects on HbAlc. These effects
can contribute to long-term CV and kidney protection (van
Bommel et al., 2017; Vallon and Verma, 2021). For example,
SGLT?2 inhibitors reduce glomerular hyperfiltration, systolic and
diastolic blood pressure, improve tubular oxygen tension, and
reduce body weight, uric acid, and albuminuria (Heerspink et al.,
2016; Heerspink et al., 2019). Experimental and clinical studies
have shown anti-inflammatory and anti-fibrotic effects, reflected
by reductions in interleukin-6 and monocyte chemoattractant
protein-1, although such effects may be secondary to
improvement in glycemic control (Vallon et al.,, 2014; Tahara
et al., 2017; Mancini et al., 2018).

Since SGLT?2 inhibitors exert multiple effects on CV and
kidney risk markers, we hypothesized that integrating the
effects of empagliflozin on multiple CV or kidney risk factors
may be able to better predict the effect of empagliflozin on these
clinical outcomes than focusing on changes in a single risk
marker. We have previously developed a multivariable drug
efficacy prediction algorithm (i.e, the multiple Parameter
Response Efficacy (PRE) score) to predict long-term drug
effects on CV and kidney outcomes. Specifically, the PRE
score was used to predict the efficacy of angiotensin receptor
blockers, the endothelin receptor antagonist atrasentan, and the
glucagon-like peptide-1 receptor agonists exenatide and

liraglutide in patients with type 2 diabetes at high risk of CV
disease or with established chronic kidney disease (Smink et al.,
2014a; Schievink et al., 2015; Schievink et al., 2016; Idzerda et al.,
2020; Tye et al., 2021) The objective of this study was to assess the
accuracy of the PRE score in predicting the effect of the SGLT2
inhibitor empagliflozin on CV and kidney outcomes in patients
with established CV disease who participated in the EMPA-REG
OUTCOME trial. Secondly, we used the PRE score to
prospectively predict the composite kidney and CV death
outcome for the ongoing EMPA-KIDNEY trial.

MATERIALS AND METHODS
Study Design and Population

The PRE score was used to estimate the effect of empagliflozin on
CV and kidney outcomes. The PRE score is a flexible algorithm
that is intended to be used to any population or drug by fitting the
beta coefficients in the underlying Cox proportional hazards
model to the appropriate set of risk markers in an
independent population. For this specific study, the
relationships between risk markers and CV, or kidney
outcomes were established at baseline in a background
population derived from the ALTITUDE, RENAAL and IDNT
trials, clinical trials conducted in patients with type 2 diabetes at
high risk of kidney events or with established CV disease
(Supplementary Table S1). This combined database consisted
of 6355 type 2 patients in whom 794 (12.5%) CV outcomes and
1129 (17.8%) kidney outcomes were recorded. The designs and
primary results of the individual trials have been previously
published (Brenner et al., 2001; Lewis et al., 2001; Parving
et al., 2012).

The estimated risk relationships were subsequently applied to
all patients from the EMPA-REG OUTCOME trial to assess the
accuracy of the PRE score. Since patients with elevated
albuminuria are at higher risk of CV and kidney outcomes
compared to patients in whom albuminuria is in the normal
range, we performed a subgroup analysis in patients with urinary-
albumin-creatinine-ratio (UACR) >30mg/g. The PRE score
predictions were compared to the observed CV and kidney
outcomes in the EMPA-REG OUTCOME trial. We also
predicted the effect of empagliflozin in the EMPA-KIDNEY
trial (NCT03594110), an ongoing clinical trial designed to
assess the effect of empagliflozin on kidney outcomes for
which the outcome of the trial is not yet known. To this end,
we selected patients from the EMPA-REG OUTCOME trial who
met the inclusion criteria of the EMPA-KIDNEY
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(NCT03594110) trial. We applied the PRE score to the subgroup
of patients to predict the effect of empagliflozin on the primary
endpoint in the EMPA-KIDNEY trial (Herrington et al., 2018).

Risk Markers Selection

Variables measured in the intention-to-treat population of the
EMPA-REG OUTCOME trial at baseline and after 6 months
which were previously identified as risk markers for CV and
kidney outcomes were used, i.e., glycated hemoglobin (HbAlc),
systolic blood pressure (SBP), UACR, hemoglobin, body weight,
high-density-lipoprotein ~ (HDL)  cholesterol, low-density-
lipoprotein (LDL) cholesterol, uric acid, and potassium (K).
The 6 month timepoint was chosen since all biomarkers were
measured at this timepoint.

Outcome Definition

In this study, the CV outcome was defined as a composite of non-
fatal myocardial infarction, non-fatal stroke, or cardiovascular
death. The kidney outcome was defined as the composite of a
confirmed doubling of serum creatinine (DSCR) or end-stage
kidney disease (ESKD). In exploratory analyses, we also predicted
the effect of empagliflozin on the composite heart failure
hospitalization or CV death outcome and the composite
kidney outcome of a sustained declined in estimated
glomerular filtration rate (eGFR) by 40%, or ESKD. For the
ongoing EMPA-KIDNEY trial, the primary outcome is defined
as a composite of a sustained 40% decline in eGFR from baseline,
ESKD, or kidney or CV death (Herrington et al., 2018).

Statistical Analysis

A Cox proportional hazards model was fitted to estimate the
coefficients associated with CV or kidney outcomes in the
background dataset. These regression coefficients were then
applied to the baseline and 6-months risk marker measurements
for patients in the EMPA-REG OUTCOME trial, to estimate the risk
for cardiorenal outcomes at both time })omts in both the placebo and
empagliflozin arms, h hy(t) eYP"*! where the event rate at
time t is a product of basehne hazard [h,(t)] and the sum of the linear
form of the estimated f3 coefficients and the respective risk maker
measurement(s) (X). The mean difference in the predicted risk in the
empagliflozin arm, adjusted for the mean difference in their
predicted risk in the placebo arm, represented the PRE score and
reflected an estimation of the expected CV or kidney relative risk
reduction (RRR) induced by empagliflozin treatment. To generate
95% confidence intervals (CI) on the predicted RRR, 100 sets of
coefficients were generated from independent normal distributions
based on the estimated regression coefficients and their standard
error from the Cox proportional hazards model.

Since the observed changes in the EMPA-REG OUTCOME
trial may differ from the actual risk marker changes in the EMPA-
KIDNEY trial, we conducted simulations using a simulated range
of empagliflozin induced responses on albuminuria, HbAlc, SBP,
and body weight. These risk markers were simulated because they
are important risk markers for the kidney and CV outcomes and
were reduced by empagliflozin treatment. Simulations were
performed by shifting the distribution of responses in these
risk markers. We selected different proportions of patients

Prediction of Empagliflozin Treatment Effects

with changes in these risk markers during empagliflozin
treatment where response was defined as a reduction more or
equal than the median risk marker changes from baseline.

To account for missing data, Multiple Imputations by
Chained-Equation (using the R package “MICE”, version
3.11.0) was performed on all variables that had missing values.
Imputations were performed by a predictive mean matching, a
semi-parametric approach which replaces missing values
according to a multivariable regression. (White et al., 2011).
Covariate distributions were checked visually to ensure
reasonably imputed values. Means and standard deviations are
provided for variables with a normal distribution. For UACR, we
used medians and interquartile ranges due to the skewed
distribution. A log-transformation of UACR was done for
entry in the Cox proportional hazards model. Categorical
variables are reported as frequencies and percentages. Two-
sided p-values <0.05 were considered statistically significant.
All statistical analyses were conducted with R version 4.1.1 (R
Project for Statistical Computing, http://www.r-project.org).

RESULTS

In the EMPA-REG OUTCOME trial, a total of 7020 patients were
randomly assigned to receive empagliflozin (N = 4687) or placebo
(N = 2333) and were included in the intention-to-treat population.
The EMPA-REG OUTCOME trial participants were characterized
by a high CV risk and generally low risk of complications due to
kidney disease. At baseline, the mean HbAlc was 8.1%, SBP was
135.4 mmHg, and all participants had a CV disease history. Mean
eGFR was 74.0 ml/min/1.73m* and 1819 (25.9%) participants had
an eGFR <60 ml/min/1.73m”. Median UACR was 17.7 mg/g, and
2811 (40.0%) patients had a UACR >30 mg/g. Demographic and
clinical characteristics of the patients were well balanced between
the treatment and placebo group (Table 1).

Short-Term Changes in Risk Markers

The changes in short-term risk markers for the total population
and individuals with UACR >30mg/g in the EMPA-REG
OUTCOME trial are presented. Empagliflozin compared to
placebo significantly reduced HbAlc (0.6%), SBP (4.2 mmHg),
UACR (13.0%), body weight (2.1kg), uric acid (20.4 umol/L)
after 6 months of treatment, and increased hemoglobin (6.6 g/L),
HDL-cholesterol (0.04 mmol/L), and LDL-cholesterol
(0.1 mmol/L) (Figure 1). The direction and magnitude of the
effect of empagliflozin in patients with UACR >30 mg/g
(Figure 2) was generally similar as compared to the overall
population. However, there was one exception. The reduction
in UACR was more pronounced particularly in the empagliflozin
group although in the placebo group UACR was also decreased
possibly reflecting a regression to the mean.

Observed and PRE Score Predicted

Treatment Effect
During 3.1years of follow-up, 772 (11.0%) composite CV
outcomes, 150 (2.1%) composite kidney outcomes and 489
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TABLE 1 | Baseline characteristics of patients included in the background population and the EMPA-REG OUTCOME trial.

Characteristic Background

population (N = 6355)

Age (years) 61.0 (9.0
Female, N (%) 2128 (33.5)
Race, N (%)
Caucasian 3529 (55.5)
Black 569 (9.0)
Asian 1527 (24.0)
Others 730 (11.5)
eGFR (ml/min/1.73m?) 49.8 (23.3)
Glycated hemoglobin (%) 8.1 (1.7)
Systolic BP (mmHg) 144.8 (20.0)
UACR (mg/g) 276.9 (54.5, 1193.9)
Weight (kg) 83.4 (19.8)
Hemoglobin (g/L) 128 (18.7)

HDL-cholesterol (mmol/L)
LDL-cholesterol (mmol/L)
Uric acid (umol/L)
Potassium (mmol/L)

2(0.4)
1(1.3)
404 6 (105.7)
6 (0.5)

EMPA-REG OUTCOME trial total population (N = 7020)
Placebo (N = 2333) Treatment (N = 4687)

63.2 (8.9) 63.1 (8.6)
653 (28.0) 1351 (28.9)
1678 (71.9) 3403 (72.6)
120 (5.1) 237 (5.1)
511 (21.9) 1006 (21.4)
24 (1.0) 10.9)
73.8 21.1) 742( 1.6)
8.1(0.8) 1(0.9)
135.8 (17.2) 135.3 (16.9)
17.7 (7.1, 74.9) 17.7. (7.1, 71.6)
86.6 (19.1) 86.2 (18.9)
137.2 (14.8) 137.3 (14.7)
1(0.3) 1.2 (0.3)
2.2 (0.9) 2.2 (0.9)
359.0 (99.5) 356.0 (98.0)
4.6 (0.5) 4.5 (0.5)

For numerical variables which are normally distributed, data is presented as mean (SD). For UACR, with a skewed distribution, median (IQR) is presented. Categorical variables are
presented as frequency (%). BP, blood pressure; UACR, urinary-albumin-creatinine-ratio; HDL, high-density-lipoprotein; LDL, low-density-lipoprotein. Estimated glomerular filtration rate
(eGFR) was estimated according to the Modification of Diet in Renal Disease (MDRD) formula as per the EMPA-REG OUTCOME trial protocol.

HbAlc (%)  Systolic BP (mmHg) UACR (%) Hemoglobin (g/L)
0.00 0 10 L 0.0 7
61

2| -0.5
-0.20

2 0 4 61
-0.40 -3 o 15

-10+

4 2.0

-0.60 07
Rk
ok Hokok

ratio; HDL, high-density-lipoprotein; LDL, low-density-lipoprotein.

Weight (kg)

FIGURE 1| Mean changes in risk markers from baseline to 6-months in the total population of the EMPA-REG OUTCOME trial (N = 7020). Changes are presented
as mean with 95% confidence interval, for the placebo and empagliflozin group. HbA1c, glycated hemoglobin; BP, blood pressure; UACR, urinary-aloumin-creatinine-

HDL-cholesterol ~ LDL-cholesterol Uric acid (umol/L)  Potassium (mmol/L)
(mmol/L) (mmol/L)
— 0.15 . 0.15 |
i18 » 5
0.101 0.10 0 0.10
0.05 ok 0.05 5 0.05
-10
0.00 J 0.00 0.00 —%!
-15
-0.051 -0.05 -0.05 4
-20
-0.101 -0.10 e -0.10 4
I:l Placebo
Empagliflozin
*P<0.05, **p<0.01, ***P<0.001

(7.0%) heart failure hospitalizations or CV deaths were recorded
in the EMPA-REG OUTCOME trial. The observed RRR of
empagliflozin on the composite CV outcome was 14.7% (95%
CI 1.3-26.4) and the RRR for the composite kidney outcome was
46.9% (95% CI 26.8-61.5). The prediction of the treatment effect
of empagliflozin based on single risk markers underestimated the
overall treatment effect for the CV and kidney outcomes. For

example, based on the observed placebo-corrected change in
HbAlc alone, it was estimated that empagliflozin would
reduce the risk of the composite CV outcome by 2.2% (95%
CI 0.2-4.4) and the kidney outcome by 1.9% (95% CI 0.9-4.3).
Based on the change in albuminuria alone, the predicted effect of
empagliflozin on the CV outcome was 2.3% (95% CI 0.8-4.4) and
17.8% (95% CI 12.0-24.1) for the kidney outcome. Integrating
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HbAlc (%) Systolic BP (mmHg) UACR (%) Hemoglobin (g/L) Weight (kg) HDL-cholesterol LDL-cholesterol  Uric acid (umol/L) Potassium (mmol/L)
(mmol/L) (mmol/L)
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FIGURE 2 | Mean changes in risk markers from baseline to 6-months in the population with UACR >30 mg/g of the EMPA-REG OUTCOME trial (N = 2811).
Changes are presented as mean with 95% confidence intervals, for the placebo and empagliflozin group. HbA1c, glycated hemoglobin; BP, blood pressure; UACR,
urinary-albumin-creatinine-ratio; HDL, high-density-lipoprotein; LDL, low-density-lipoprotein.

I:] Placebo

7
/A Empagliflozin

*P<0.05, **p<0.01, ***P<0.001

changes in multiple short-term risk markers using the PRE
score resulted in a predicted RRR for the CV outcome of 6.4%
(95% CI 1.4-11.7) and for the kidney outcome of 33.4% (95%
CI 26.2-39.7) (Figure 3). The predicted and observed RRR
for the heart failure or CV death outcome and for the
composite kidney outcome defined as 40% eGFR decline or
end-stage kidney disease are reported in Supplementary
Figure S1. The PRE score underestimated the effects of
empagliflozin on both of the outcomes in the exploratory
analyses.

In the subgroup of patients with UACR >30 mg/g, the mean
HbAlc was 8.2% and SBP 140.0 mmHg at baseline. The mean
eGFR was 70.2 ml/min/1.73m? and there were 964 (34.3%)
patients who had an eGFR <60 ml/min/1.73m” The median
UACR at baseline was 106.1 mg/g (Supplementary Table S2).
The observed RRR for the composite kidney outcome in patients
with UACR >30 mg/g was 40.8% (95% CI 12.4-60.0) and the PRE
score predicted the same RRR of 40.8% (95% CI 31.2-49.1). The
PRE score underestimated the observed treatment effect of
empagliflozin in patients with baseline UACR <30 mg/g
(Figure 2).

Prediction of the EMPA-KIDNEY Outcomes
There were 1222 (17.4%) patients from the EMPA-REG
OUTCOME trial who met the inclusion criteria of the
EMPA-KIDNEY trial. In this subgroup, the mean age was
65.8 years, mean eGFR was 52.9 ml/min/1.73m> and median
UACR was 360 mg/g (Supplementary Table S3). The baseline
characteristics of these individuals were well balanced between
the placebo and empagliflozin group. Empagliflozin reduced
HbA1lc (0.4%), SBP (4.5 mmHg), UACR (41.5%), body weight
(2.0kg), uric acid (16.5umol/L), and increased hemoglobin
(6.0 g/L) (Figure 4).

Using the PRE score, we estimated that empagliflozin, as
compared to placebo, will lead to a RRR of 25.3% (95% CI
14.5-35.4) for the composite kidney or CV death outcome in
the EMPA-KIDNEY trial (Figure 5). The simulation analyses
revealed that the effect of empagliflozin was predominantly
dependent on changes in UACR such that with larger effects
of empagliflozin on UACR, the effect on kidney outcomes were
markedly more pronounced. To achieve a RRR in the EMPA-
KIDNEY trial outcomes by 25.3%, at least a 22.0% reduction in
UACR will be needed (Figure 6).

DISCUSSION

In this study, we integrated multiple effects of the SGLT2
inhibitor empagliflozin on cardiorenal risk markers in a
response efficacy score to predict the effect of empagliflozin on
CV and kidney outcomes in the EMPA-REG OUTCOME trial. In
the overall population, the PRE score underestimated the effect of
empagliflozin on CV and kidney outcomes. However, in the
subgroup analyses among individuals with UACR >30 mg/g, the
PRE score accurately predicted the kidney outcome which was
similar to the observed RRR achieved with empagliflozin.

The underestimation of the PRE score prediction suggests that
the underlying mechanisms for CV and kidney protection are not
fully captured by the clinical markers included in the current PRE
score. The mechanism of action of SGLT2 inhibitors is complex
and multifactorial and it is plausible that the set of readily
available clinical markers cannot capture the multiple
mechanistic pathways targeted by SGLT2 inhibitors
(Heerspink et al., 2019; Sen and Heerspink, 2021). Indeed,
studies have shown that SGLT2 inhibitors improve tubular
oxygen tension, promote erythropoiesis through hypoxia-
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Changes in risk marker at 6-month

Predicted risk change (%)

1
22(-44,-02)
2 0.
04(29,39)
03(-05,12)
07(-23.01)
0.7(0.1,1.8)
07(-23,07)
03 (0.0, 1.3)
6.4 (117, -1.4)
147 (264,13

A Composite CV outcome inthe total population Placebo  Treatment
HbAlc (%) 0.1 06
Systolic BP (mmHg) -0.2 42
UACR (%) 51 13.0
Hemoglobin (2/L) -0.1 66
Weight (kg) 03 59
HDL-cholesterol (mmol/L) 0.0 0.0
LDL-cholesterol (mmol/L) 0.1 0.1
Uric acid (umol/L) 18 204
Potassium (mmol/L) 0.0 0.0
PRE score
Observed

B Composite CV outcome in the population with UACR > 30mg/g
HbAlc (%)

Systolic BP (mmHg) -0.1 -0.6
UACR (%) -14 57
Hemoglobin (g/L) 312 -49.1
Weight (kg) 0.5 6.1
HDL-cholesterol (mmol/L) -0.1 -1.9
LDL-cholesterol (mmol/L) 0.0 0.0
Uric acid (umol/'L) 0.0 0.1
Potassium (mmol/L) 18 -9.6
PRE score 0.0 0.0

Observed

03(-05,13)
0.5(-2.0,0.1)
0.8(0.0,2.3)
04(-15,05)
03(-03,1.9)
7.1 (-12.6,-0.6)
-18.6 (-33.6,-0.2)

2

C Doubling of serum creatinine or ESKD in the total population
HbAlc (%)

0.1 -0.6
Systolic BP (mmHg) 02 42
UACR (%) 51 -13.0
Hemoglobin (g/L) 0.1 6.6
Weight (kg) 03 21
HDL-choelsterol (mmol/'L) 0.0 00
LDL-cholesterol (mmol'L) 0.1 0.1
Uric acid (umol’L) 18 -204
Potassium (mmol/'L) 0.0 0.0
PRE score
Observed

2.4 (4.5, 0.

0.0 (-0.5,0.7)
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FIGURE 3 | Predicted risk change for (A) the composite cardiovascular (CV) outcome consisting of non-fatal myocardial infarction, non-fatal stroke, or
cardiovascular death in the total population; (B) the composite CV outcome in patients with UACR >30 mg/g; (C) the composite kidney outcome (doubling of serum
creatinine or end-stage kidney disease) in the total population; and (D) the composite kidney outcome in patients with UACR >30 mg/g, (E) the composite CV outcome
in patients with UACR <30 mg/g; (F) the composite kidney outcome in patients with UACR <30 mg/g based upon single and the multiple risk marker changes using

the PRE score. Bars indicate the mean percentage reduction in the relative risk with 95% confidence intervals, following empaglifiozin treatment. HbA1c, glycated
hemoglobin; BP, blood pressure; UACR, urinary-albumin-creatinine-ratio; HDL, high-density-lipoprotein; LDL, low-density-lipoprotein; PRE score, Parameter Response
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inducible factors, and improve cardiac metabolism and
bioenergetics amongst others (Heerspink et al, 2016; Cowie
and Fisher, 2020; Packer, 2021). Addition of biomarkers that
specifically reflect these mechanistic pathways could improve
efficacy prediction and could possibly be wused as
pharmacodynamic response biomarkers for SGLT2 inhibitors
(Heerspink et al., 2019; Sen et al., 2021).

SGLT?2 inhibitors were initially developed as oral glucose
lowering drugs and approved by the regulatory agencies based
on their HbAlc lowering effects (U.S. Food and Drug
Administration, 2016). However, our analyses demonstrated
that the reduction in HbAlc induced by empagliflozin largely
underestimated the protective effect on CV and kidney
outcomes. These results are in line with the
results from other trials with SGLT2 inhibitors. In the

EMPEROR-Reduced and EMPEROR-Preserved trials,
empagliflozin  reduced the risk of heart failure
hospitalizations or CV death in heart failure patients with
reduced or preserved ejection fraction regardless of diabetes
status (Anker et al., 2021a; Anker et al., 2021b). Similarly, the
benefits of dapagliflozin on clinical outcomes in patients with
heart failure or chronic kidney disease were present
independent of diabetes status (McMurray et al, 2019
Heerspink et al., 2020). Finally, in a head-to-head trial with
glimepiride, the SGLT2 inhibitor canagliflozin slowed the
decline in eGFR at equal glycemic control (Heerspink et al.,
2017). Taken together, these findings suggest that the
cardiorenal effect of SGLT2 inhibitors are not related to
HbAlc changes alone and indicate the involvement of other
non-glycemic pathways (Tuttle et al., 2021).
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FIGURE 4 | Mean changes in risk markers from baseline to 6-months in the subset of the EMPA-REG OUTCOME trial according to the EMPA-KIDNEY trial
inclusion criteria (N = 1222). Changes are presented as mean with 95% confidence intervals, for the placebo and empagliflozin group. HbA1c, glycated hemoglobin;
UACR, urinary-albumin-creatinine-ratio; BP, blood pressure; HDL, high-density-lipoprotein; LDL, low-density-lipoprotein.
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Albuminuria was a strong predictor of the effect of
empagliflozin on kidney protective effects. Previous studies
with the PRE score have also shown that the reduction in
albuminuria was a strong contributor to the kidney protective
effect of angiotensin receptor blockers, endothelin receptor
antagonists and the SGLT2 inhibitor dapagliflozin (Smink
et al., 2014b; Schievink et al., 2016; Idzerda et al., 2019).

Interestingly, we showed that the effect of empagliflozin on
kidney outcomes appeared to vary by baseline albuminuria.
Among individuals with higher degree of albuminuria, the
effect of empagliflozin was more pronounced and this effect
was adequately predicted by the PRE score. Similar results
have been observed in the CANVAS trial where the mediating
effects of UACR were found to be significantly higher among

low-density-lipoprotein; PRE score, Parameter Response Efficacy score.

Changes in risk marker at 6-month : Predicted
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FIGURE 5 | Predicted risk change for the composite kidney or cardiovascular death outcomes in the ongoing EMPA-KIDNEY trial based on single risk marker
changes as well as the PRE score. The estimation of risk change was performed in a subset of the EMPA-REG OUTCOME trial population fulfiling the EMPA-KIDNEY
trial inclusion criteria (N = 1222). HbA1c, glycated hemoglobin; BP, blood pressure; UACR, urinary-albumin-creatinine-ratio; HDL, high-density-lipoprotein; LDL,
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FIGURE 6 | Simulated risk marker changes and the effect on the composite kidney and cardiovascular death outcomes for the prospective EMPA-KIDNEY trial
based on the selected EMPA-REG OUTCOME trial population. The shaded area indicates the 95% confidence intervals for the simulated risk marker changes. Risk
prediction was estimated from short-term risk marker changes in the EMPA-KIDNEY population (N = 1222) chosen from the EMPA-REG OUTCOME trial, and simulated
values for UACR, systolic blood pressure, HbA1c, and body weight. The red dot indicates the PRE score predicted risk change in the EMPA-KIDNEY trial without
enrichment with responders. The blue dots represent changes observed in the different proportion of responders and non-responders for each risk marker. HoA1c,
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patients with baseline UACR >30 mg/g, as compared to those
with baseline UACR <30 mg/g (42 vs. 7%), and this suggests that
the mechanism of SGLT2 inhibitors to protect the kidney may
vary across patient subgroups (Li et al., 2020a). The early increase
in hemoglobin was another important predictor of the benefit of
empagliflozin. This finding is consistent with previous mediation
analyses demonstrating that the change in hemoglobin explains a
substantial proportion of the benefit of SGLT2 inhibitors on
kidney and heart failure outcomes (Inzucchi et al., 2018; Li et al.,
2020a; Li et al, 2020b). An increase in hemoglobin can be
explained by the contraction in plasma volume as a result of
SGLT?2 inhibitor induced natriuresis and diuresis, but it can also
reflect effects on hematopoiesis since SGLT2 inhibitors enhance
erythropoietin production (Lambers Heerspink et al., 2013).
The EMPA-KIDNEY trial is the first dedicated kidney
outcome trial with empagliflozin. The trial enrolled patients
with chronic kidney disease with and without diabetes across a

wide spectrum of eGFR and albuminuria values (Herrington
et al, 2018). We estimated using the observed biomarker
changes that empagliflozin will reduce the primary kidney
outcome in EMPA-KIDNEY by 25%. We note, however, that
these predictions are conditional on the actual population
enrolled in the EMPA-KIDNEY trial and the actual observed
risk marker changes. Our simulation analyses showed that if the
effects of empagliflozin on UACR in the EMPA-KIDNEY
population are larger than those observed in the EMPA-REG
OUTCOME trial it may possibly result in a larger RRR of the
primary kidney outcome. The ongoing EMPA-KIDNEY trial will
soon deliver the answer whether our prediction of the treatment
effect of empagliflozin was accurate.

There are several limitations in this study. First, the selection of
parameters in the PRE score depends on the availability of the risk
markers in the trial dataset. Second, the majority of the patients
included in the EMPA-REG OUTCOME trial had mild to moderate
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chronic kidney disease and only few patients met the entry criteria
for the EMPA-KIDNEY trial. As a result, the prediction of the
EMPA-KIDNEY endpoint is based on a limited sample size and low
precision. Furthermore, we note that the EMPA-KIDNEY trial
enrolled patients with and without diabetes and our predictions
only apply to diabetes patients since patients without diabetes were
not included in the background population nor the EMPA-REG
OUTCOME trial. Nevertheless, given the consistent effects of
SGLT2 inhibitors in patients with and without diabetes this
should not affect our findings (Wheeler et al., 2021).

To conclude, the PRE score underestimated the treatment
effect of empagliflozin on CV and kidney outcomes in patients
with type 2 diabetes and established CV disease. Whether the
addition of novel biomarkers, which capture mechanistic
pathways targeted by empagliflozin, to the PRE score improves
treatment effect predictions requires further study.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethics committee at each participating site. All
trials included in this study were conducted according to the
principles of the Declaration of Helsinki and were registered in
clinicaltrials. gov (RENAAL:NCT00308347, IDNT:NCT00317915,
ALTITUDE:NCT00549757, EMPA-REG OUTCOME:

REFERENCES

Anker, S. D., Butler, J., Filippatos, G., Khan, M. S., Marx, N., Lam, C. S. P, et al.
(2021). Effect of Empagliflozin on Cardiovascular and Renal Outcomes in
Patients with Heart Failure by Baseline Diabetes Status: Results from the
EMPEROR-Reduced ~ Trial.  Circulation 143, 337-349. doi:10.1161/
CIRCULATIONAHA.120.051824

Anker, S. D., Butler, J., Filippatos, G., Ferreira, J. P., Bocchi, E., Bohm, M., et al.
(2021). Empagliflozin in Heart Failure with a Preserved Ejection Fraction. N.
Engl. J. Med. 385, 1451-1461. doi:10.1056/NEJM0a2107038

Barnett, A. H., Mithal, A., Manassie, J., Jones, R., Rattunde, H., Woerle, H. J., et al.
(2014). Efficacy and Safety of Empagliflozin Added to Existing Antidiabetes
Treatment in Patients with Type 2 Diabetes and Chronic Kidney Disease: a
Randomised, Double-Blind, Placebo-Controlled Trial. Lancet Diabetes
Endocrinol. 2, 369-384. doi:10.1016/52213-8587(13)70208-0

Brenner, B. M., Cooper, M. E., de Zeeuw, D., Keane, W. F., Mitch, W. E., Parving,
H. H,, et al. (2001). Effects of Losartan on Renal and Cardiovascular Outcomes
in Patients with Type 2 Diabetes and Nephropathy. N. Engl. J. Med. 345,
861-869. doi:10.1056/NEJMo0a011161

Cowie, M. R, and Fisher, M. (2020). SGLT2 Inhibitors: Mechanisms of
Cardiovascular Benefit beyond Glycaemic Control. Nat. Rev. Cardiol. 17,
761-772. doi:10.1038/s41569-020-0406-8

Heerspink, H. J., Perkins, B. A., Fitchett, D. H., Husain, M., and Cherney, D. Z.
(2016). Sodium Glucose Cotransporter 2 Inhibitors in the Treatment of

Diabetes  Mellitus: ~ Cardiovascular and Kidney Effects, Potential

Prediction of Empagliflozin Treatment Effects

NCT01131676). The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

HH and ST made contributions to the conception and design of
the study. ST made the initial analyses and wrote the first draft of
the manuscript. SdV, CW, and PD contributed to the discussion
and reviewed/edited the manuscript.

FUNDING

This study was conducted in the context of the BEAt-DKD, DC-ren
(Grant No 848011, 2020) and PROMINENT projects. The BEAt-DKD
project has received funding from the Innovative Medicines Initiative
(IMI) 2 Joint Undertaking under grant agreement 115974. This joint
undertaking receives support from the European Union’s Horizon
2020 research and innovation programme and the European
Federation of Pharmaceutical Industries and Associations. The
PROMINENT project has received funding from the European
Union’s Horizon 2020 research and innovation programme under
the Marie Sklodowska-Curie grant agreement No 754425. HH is
supported by Vidi grant from the Netherlands Organisation for
Scientific Research (917.15.306).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2021.786706/
full#supplementary-material

Mechanisms, and Clinical Applications. Circulation 134, 752-772.
doi:10.1161/CIRCULATIONAHA.116.021887

Heerspink, H. J., Desai, M., Jardine, M., Balis, D., Meininger, G., and Perkovic, V.
(2017). Canagliflozin Slows Progression of Renal Function Decline
Independently of Glycemic Effects. J. Am. Soc. Nephrol. 28, 368-375.
doi:10.1681/ASN.2016030278

Heerspink, H. J. L., Perco, P., Mulder, S., Leierer, J., Hansen, M. K., Heinzel, A.,
et al. (2019). Canagliflozin Reduces Inflammation and Fibrosis Biomarkers: a
Potential Mechanism of Action for Beneficial Effects of SGLT2 Inhibitors in
Diabetic Kidney Disease. Diabetologia 62, 1154-1166. d0i:10.1007/s00125-019-
4859-4

Heerspink, H. J. L., Stefdnsson, B. V., Correa-Rotter, R., Chertow, G. M., Greene, T.,
Hou, F. F,, et al. (2020). Dapagliflozin in Patients with Chronic Kidney Disease.
N. Engl. J. Med. 383, 1436-1446. doi:10.1056/NEJM0a2024816

Herrington, W. G,, Preiss, D., Haynes, R., von Eynatten, M., Staplin, N., Hauske, S.
J., et al. (2018). The Potential for Improving Cardio-Renal Outcomes by
Sodium-Glucose Co-transporter-2 Inhibition in People with Chronic Kidney
Disease: a Rationale for the EMPA-KIDNEY Study. Clin. Kidney J. 11, 749-761.
doi:10.1093/ckj/sfy090

Idzerda, N. M. A,, Stefansson, B. V., Pena, M. ], Sjostrom, D. C., Wheeler, D. C,,
and Heerspink, H. J. L. (2019). Prediction of the Effect of Dapagliflozin on
Kidney and Heart Failure Outcomes Based on Short-Term Changes in
Multiple Risk Markers. Nephrol. Dial. Transpl. 35, 1570-1576.
doi:10.1093/ndt/gfz064

Idzerda, N. M. A, Clegg, L. E., Hernandez, A. F,, Bakris, G., Penland, R. C., Boulton,
D. W, et al. (2020). Prediction and Validation of Exenatide Risk Marker Effects

Frontiers in Pharmacology | www.frontiersin.org

January 2022 | Volume 12 | Article 786706


https://www.frontiersin.org/articles/10.3389/fphar.2021.786706/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2021.786706/full#supplementary-material
https://doi.org/10.1161/CIRCULATIONAHA.120.051824
https://doi.org/10.1161/CIRCULATIONAHA.120.051824
https://doi.org/10.1056/NEJMoa2107038
https://doi.org/10.1016/S2213-8587(13)70208-0
https://doi.org/10.1056/NEJMoa011161
https://doi.org/10.1038/s41569-020-0406-8
https://doi.org/10.1161/CIRCULATIONAHA.116.021887
https://doi.org/10.1681/ASN.2016030278
https://doi.org/10.1007/s00125-019-4859-4
https://doi.org/10.1007/s00125-019-4859-4
https://doi.org/10.1056/NEJMoa2024816
https://doi.org/10.1093/ckj/sfy090
https://doi.org/10.1093/ndt/gfz064
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Tye et al.

on Progression of Renal Disease: Insights from EXSCEL. Diabetes Obes. Metab.
22, 798-806. doi:10.1111/dom.13958

Inzucchi, S. E., Zinman, B., Fitchett, D., Wanner, C., Ferrannini, E., Schumacher,
M., et al. (2018). How Does Empagliflozin Reduce Cardiovascular Mortality?
Insights from a Mediation Analysis of the EMPA-REG OUTCOME Trial.
Diabetes Care 41, 356-363. doi:10.2337/dc17-1096

Lambers Heerspink, H. J., de Zeeuw, D., Wie, L., Leslie, B., and List, J. (2013).
Dapagliflozin a Glucose-Regulating Drug with Diuretic Properties in Subjects
with Type 2 Diabetes. Diabetes Obes. Metab. 15, 853-862. doi:10.1111/
dom.12127

Lewis, E. J., Hunsicker, L. G., Clarke, W. R,, Berl, T., Pohl, M. A., Lewis, J. B., et al.
(2001). Renoprotective Effect of the Angiotensin-Receptor Antagonist
Irbesartan in Patients with Nephropathy Due to Type 2 Diabetes. N. Engl.
J. Med. 345, 851-860. doi:10.1056/NEJMo0a011303

Li, J., Neal, B., Perkovic, V., de Zeeuw, D., Neuen, B. L., Arnott, C., et al. (2020).
Mediators of the Effects of Canagliflozin on Kidney protection in Patients with
Type 2 Diabetes. Kidney Int. 98, 769-777. doi:10.1016/j.kint.2020.04.051

Li, J., Woodward, M., Perkovic, V., Figtree, G. A., Heerspink, H. J. L., Mahaffey, K.
W, et al. (2020). Mediators of the Effects of Canagliflozin on Heart Failure in
Patients with Type 2 Diabetes. JACC Heart Fail. 8, 57-66. doi:10.1016/
j.jchf.2019.08.004

Mancini, S.J., Boyd, D., Katwan, O. J., Strembitska, A., Almabrouk, T. A., Kennedy,
S., et al. (2018). Canagliflozin Inhibits Interleukin-1B-Stimulated Cytokine and
Chemokine Secretion in Vascular Endothelial Cells by AMP-Activated Protein
Kinase-dependent and -independent Mechanisms. Sci. Rep. 8, 5276.
doi:10.1038/s41598-018-23420-4

McGuire, D. K., Shih, W. J., Cosentino, F., Charbonnel, B., Cherney, D. Z. I,
Dagogo-Jack, S., et al. (2021). Association of SGLT2 Inhibitors with
Cardiovascular and Kidney Outcomes in Patients with Type 2 Diabetes: A
Meta-Analysis. JAMA Cardiol. 6, 148-158. doi:10.1001/jamacardio.2020.4511

McMurray, J. J. V., Solomon, S. D., Inzucchi, S. E., Keber, L., Kosiborod, M. N.,
Martinez, F. A, et al. (2019). Dapagliflozin in Patients with Heart Failure and
Reduced Ejection Fraction. N. Engl. ]. Med. 381, 1995-2008. doi:10.1056/
NEJMoal911303

Packer, M. (2021). Mechanisms Leading to Differential Hypoxia-Inducible Factor
Signaling in the Diabetic Kidney: Modulation by SGLT2 Inhibitors and
Hypoxia Mimetics. Am. J. Kidney Dis. 77, 280-286. doi:10.1053/
j.ajkd.2020.04.016

Parving, H. H., Brenner, B. M., McMurray, J. J., de Zeeuw, D., Haffner, S. M.,
Solomon, S. D., et al. (2012). Cardiorenal End Points in a Trial of Aliskiren for
Type 2 Diabetes. N. Engl. J. Med. 367, 2204-2213. doi:10.1056/NEJMo0a1208799

Persson, F., Rossing, P., Vart, P., Chertow, G. M., Hou, F. F., Jongs, N., et al. (2021).
Efficacy and Safety of Dapagliflozin by Baseline Glycemic Status: A Prespecified
Analysis from the DAPA-CKD Trial. Dia. Care 44, 1894-1897. doi:10.2337/
dc21-0300

Schievink, B., de Zeeuw, D., Parving, H. H., Rossing, P., and Lambers Heerspink, H.
J. (2015). The Renal Protective Effect of Angiotensin Receptor Blockers
Depends on Intra-individual Response Variation in Multiple Risk Markers.
Br. J. Clin. Pharmacol. 80, 678-686. doi:10.1111/bcp.12655

Schievink, B., de Zeeuw, D., Smink, P. A., Andress, D., Brennan, J. J., Coll, B., et al.
(2016). Prediction of the Effect of Atrasentan on Renal and Heart Failure
Outcomes Based on Short-Term Changes in Multiple Risk Markers. Eur.
J. Prev. Cardiol. 23, 758-768. doi:10.1177/2047487315598709

Sen, T., and Heerspink, H. J. L. (2021). A Kidney Perspective on the Mechanism of
Action of Sodium Glucose Co-transporter 2 Inhibitors. Cell Metab. 33,
732-739. doi:10.1016/j.cmet.2021.02.016

Sen, T., Li, J., Neuen, B. L., Neal, B., Arnott, C., Parikh, C. R,, et al. (2021). Effects of
the SGLT2 Inhibitor Canagliflozin on Plasma Biomarkers TNFR-1, TNFR-2
and KIM-1 in the CANVAS Trial. Diabetologia 64, 2147-2158. doi:10.1007/
s00125-021-05512-5

Smink, P. A., Hoekman, J., Grobbee, D. E., Eijkemans, M. J., Parving, H. H,,
Persson, F., et al. (2014). A Prediction of the Renal and Cardiovascular Efficacy
of Aliskiren in ALTITUDE Using Short-Term Changes in Multiple Risk
Markers. Eur. J. Prev. Cardiol. 21, 434-441. doi:10.1177/2047487313481754

Smink, P. A., Miao, Y., Eijkemans, M. J., Bakker, S. J., Raz, L, Parving, H. H,, et al.
(2014). The Importance of Short-Term Off-Target Effects in Estimating the

Prediction of Empagliflozin Treatment Effects

Long-Term Renal and Cardiovascular protection of Angiotensin Receptor
Blockers. Clin. Pharmacol. Ther. 95, 208-215. doi:10.1038/clpt.2013.191

Tahara, A., Takasu, T., Yokono, M., Imamura, M., and Kurosaki, E. (2017).
Characterization and Comparison of SGLT2 Inhibitors: Part 3. Effects on
Diabetic Complications in Type 2 Diabetic Mice. Eur. . Pharmacol. 809,
163-171. doi:10.1016/j.ejphar.2017.05.019

Tuttle, K. R., Brosius, F. C., 3rd, Cavender, M. A., Fioretto, P., Fowler, K. J,,
Heerspink, H. J. L., et al. (2021). SGLT2 Inhibition for CKD and Cardiovascular
Disease in Type 2 Diabetes: Report of a Scientific Workshop Sponsored by the
National Kidney Foundation. Diabetes 70, 1-16. doi:10.2337/dbi20-0040

Tye, S. C., de Vries, S. T., Mann, J. F. E., Schechter, M., Mosenzon, O., Denig, P.,
et al. (2021). Prediction of the Effects of Liraglutide on Kidney and
Cardiovascular Outcomes Based on Short- Term Changes in Multiple Risk
Markers. Submitted.

U.S. Food and Drug Administration (2016). JARDIANCE (Empagliflozin) Tablets,
for Oral Use: Highlights of Prescribing Information. Available at: https://www.
accessdata.fda.gov/drugsatfda_docs/label/2016/204629s008IbL.pdf  (Accessed
December 19).

Vallon, V., and Verma, S. (2021). Effects of SGLT2 Inhibitors on Kidney and
Cardiovascular Function. Annu. Rev. Physiol. 83, 503-528. doi:10.1146/
annurev-physiol-031620-095920

Vallon, V., Gerasimova, M., Rose, M. A., Masuda, T, Satriano, J., Mayoux, E., et al.
(2014). SGLT2 Inhibitor Empagliflozin Reduces Renal Growth and
Albuminuria in Proportion to Hyperglycemia and Prevents Glomerular
Hyperfiltration in Diabetic Akita Mice. Am. J. Physiol. Ren. Physiol 306,
F194-F204. doi:10.1152/ajprenal.00520.2013

van Bommel, E. J., Muskiet, M. H., Tonneijck, L., Kramer, M. H., Nieuwdorp, M.,
and van Raalte, D. H. (2017). SGLT2 Inhibition in the Diabetic Kidney-From
Mechanisms to Clinical Outcome. Clin. J. Am. Soc. Nephrol. 12, 700-710.
doi:10.2215/CJN.06080616

Wheeler, D. C,, Stefdnsson, B. V., Jongs, N., Chertow, G. M., Greene, T., Hou, F. F.,
et al. (2021). Effects of Dapagliflozin on Major Adverse Kidney and
Cardiovascular Events in Patients with Diabetic and Non-diabetic Chronic
Kidney Disease: a Prespecified Analysis from the DAPA-CKD Trial. Lancet
Diabetes Endocrinol. 9, 22-31. doi:10.1016/S2213-8587(20)30369-7

White, I. R., Royston, P., and Wood, A. M. (2011). Multiple Imputation Using
Chained Equations: Issues and Guidance for Practice. Stat. Med. 30, 377-399.
d0i:10.1002/sim.4067

Zinman, B., Wanner, C., Lachin, J. M., Fitchett, D., Bluhmki, E., Hantel, S., et al.
(2015). Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2
Diabetes. N. Engl. J. Med. 373, 2117-2128. doi:10.1056/NEJMoa1504720

Conflict of Interest: CW has received honoraria for consultancy and lecturing
from AstraZeneca, Bayer, BI, GlaxoSmithKline, Eli Lilly and Company, Merck
Sharp & Dome, Mundipharma, Sanofi Genzyme, and Takeda. HH is a consultant
for AbbVie, Astellas, AstraZeneca, Boehringer Ingelheim, Fresenius, Gilead,
Janssen, Merck, Mitsubishi Tanabe and MundiPharma and has a policy that all
honoraria are paid to his employer.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Tye, de Vries, Wanner, Denig and Heerspink. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pharmacology | www.frontiersin.org

10

January 2022 | Volume 12 | Article 786706


https://doi.org/10.1111/dom.13958
https://doi.org/10.2337/dc17-1096
https://doi.org/10.1111/dom.12127
https://doi.org/10.1111/dom.12127
https://doi.org/10.1056/NEJMoa011303
https://doi.org/10.1016/j.kint.2020.04.051
https://doi.org/10.1016/j.jchf.2019.08.004
https://doi.org/10.1016/j.jchf.2019.08.004
https://doi.org/10.1038/s41598-018-23420-4
https://doi.org/10.1001/jamacardio.2020.4511
https://doi.org/10.1056/NEJMoa1911303
https://doi.org/10.1056/NEJMoa1911303
https://doi.org/10.1053/j.ajkd.2020.04.016
https://doi.org/10.1053/j.ajkd.2020.04.016
https://doi.org/10.1056/NEJMoa1208799
https://doi.org/10.2337/dc21-0300
https://doi.org/10.2337/dc21-0300
https://doi.org/10.1111/bcp.12655
https://doi.org/10.1177/2047487315598709
https://doi.org/10.1016/j.cmet.2021.02.016
https://doi.org/10.1007/s00125-021-05512-5
https://doi.org/10.1007/s00125-021-05512-5
https://doi.org/10.1177/2047487313481754
https://doi.org/10.1038/clpt.2013.191
https://doi.org/10.1016/j.ejphar.2017.05.019
https://doi.org/10.2337/dbi20-0040
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/204629s008lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2016/204629s008lbl.pdf
https://doi.org/10.1146/annurev-physiol-031620-095920
https://doi.org/10.1146/annurev-physiol-031620-095920
https://doi.org/10.1152/ajprenal.00520.2013
https://doi.org/10.2215/CJN.06080616
https://doi.org/10.1016/S2213-8587(20)30369-7
https://doi.org/10.1002/sim.4067
https://doi.org/10.1056/NEJMoa1504720
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Prediction of the Effects of Empagliflozin on Cardiovascular and Kidney Outcomes Based on Short-Term Changes in Multiple Ri ...
	Introduction
	Materials and Methods
	Study Design and Population
	Risk Markers Selection
	Outcome Definition
	Statistical Analysis

	Results
	Short-Term Changes in Risk Markers
	Observed and PRE Score Predicted Treatment Effect
	Prediction of the EMPA-KIDNEY Outcomes

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


