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A novel drug response score more
accurately predicts renoprotective drug
effects than existing renal risk scores

Nienke M. A. Idzerda

Abstract

, Sok Cin Tye, Dick de Zeeuw and Hiddo J. L. Heerspink

Background: Risk factor-based equations are used to predict risk of kidney disease progression
in patients with type 2 diabetes order to guide treatment decisions. It is, however, unknown
whether these models can also be used to predict the effects of drugs on clinical outcomes.
Methods: The previously developed Parameter Response Efficacy (PRE) score, which
integrates multiple short-term drug effects, was first compared with the existing risk scores,
Kidney Failure Risk Equation (KFRE) and The Action in Diabetes and Vascular Disease:
Preterax and Diamicron Modified Release Controlled Evaluation [ADVANCE) renal risk score,
in its performance to predict end-stage renal disease (ESRD; KFRE) and doubling of serum
creatinine or ESRD (ADVANCE). Second, changes in the risk scores were compared after
6months’ treatment to predict the long-term effects of losartan on these renal outcomes in
patients with type 2 diabetes and chronic kidney disease.

Results: The KFRE, ADVANCE and PRE scores showed similarly good performance in
predicting renal risk. However, for prediction of the effect of losartan, the KFRE risk score
predicted a relative risk change in the occurrence of ESRD of 3.1% [95% confidence interval
(Cl) -5 to 12], whereas the observed risk change was -28.8% (95% CI -42.0 to -11.5). For the
composite endpoint of doubling of serum creatinine or ESRD, the ADVANCE score predicted
a risk change of -12.4% (95% Cl =17 to -7), which underestimated the observed risk change
-21.8% (95% Cl -34 to -6). The PRE score predicted renal risk changes that were close to the
observed risk changes with losartan treatment [-24.0% (95% CI -30 to -17) and -22.6% (95%
Cl -23 to -16]) for ESRD and the composite renal outcome, respectively].

Conclusion: A drug response score such as the PRE score may assist in improving clinical
decision making and implement precision medicine strategies.
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Introduction

Diabetic kidney disease (DKD) is a heterogeneous
disease involving various pathophysiological pro-
cesses and exhibiting different rates of progression of
the disease.! Renal risk scores consisting of multiple
risk markers have been developed to estimate the
risk of kidney failure for patients with chronic kidney
disease (CKD) or more specifically for patients with
DKD.23 These individual predictions can be used to
identify patients at high risk of disease in whom
intensification of treatment is required.

Patients with DKD not only show a large variation
in renal risk, but also show a large variation in drug
response. Although the existing renal risk scores
have been shown to predict the risk of kidney fail-
ure, it is unknown whether changes in these risk
scores can predict the long term renal protection of
an intervention. We previously developed and vali-
dated a drug response score [multiple Parameter
Response Efficacy (PRE) score] that translates the
short-term drug effects on multiple cardiorenal
risk factors into a predicted drug effect on
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long-term renal outcomes.*?® In this study we
compared the PRE score with existing risk scores
in their ability to predict renal risk and drug
response on long-term renal outcomes.

Research design and methods

Included risk scores

We searched the literature for risk scores which
were developed in patients with type 2 diabetes
and/or chronic kidney disease to predict clinically
relevant renal endpoints [end-stage renal disease
(ESRD), doubling of serum creatinine] and had
their risk equations and regression coefficients
published. We found a total of 10 risk scores, of
which two scores fulfilled our criteria and were
included in the analysis.2:3 The risk scores identi-
fied by the literature search are shown in
Supplemental Material Table 1 online. The Action
in Diabetes and Vascular Disease: Preterax and
Diamicron Modified Release Controlled Evaluation
(ADVANCE) risk engine was developed in
11,140 patients with type 2 diabetes to predict
the 5-year probability of major kidney-related
events (doubling of serum creatinine to
=200 umol/LL or ESRD).? Predictors included in
the ADVANCE risk engine are estimated glomer-
ular filtration rate (eGFR), retinopathy, sex, urine
albumin:urine creatinine ratio (UACR), systolic
blood pressure (SBP), waist circumference, gly-
cated hemoglobin and age at completion of for-
mal education. The other risk score was the
Kidney Failure Risk Equation (KFRE), which
was developed and validated in patients with
stage 3—5 CKD to predict the risk of ESRD.%%-11
We used the eight-variable KFRE that included
eGFR, age, sex, UACR, albumin, phosphate,
bicarbonate and calcium as predictors.

These existing risk scores were compared with the
PRE score. The PRE score was developed in a
pooled population of the DIAMETRIC database,
which is a large individual patient database of
clinical trials involving patients with type 2 diabe-
tes and CKD. To create the PRE score we used
from the DIAMETRIC database the individual
patient data from the IDNT, SUN-Macro and
ALTITUDE trials (N=5454).12-14 These clinical
trials included patients with type 2 diabetes at
high renal and cardiovascular risk. Predictors
used in the PRE score were UACR, SBP, hemo-
globin, glycated hemoglobin, uric acid, total cho-
lesterol, body mass index and potassium.

Additional details about the studies that were
used to develop the ADVANCE, KFRE and PRE
scores are summarized in Supplemental Table 2.
The details of the scores and data used to develop
the scores have been published previously.2-3:8

The existing risk scores were first compared with
the PRE score in their performance to predict the
occurrence of renal events, and second, to predict
the long-term effects of the angiotensin receptor
blocker (ARB) losartan on renal outcomes in sub-
jects with type 2 diabetes and CKD who partici-
pated in the RENAAL trial. The detailed study
design and outcomes of this trial have been previ-
ously published.!5

Outcomes

The composite endpoint of doubling of serum
creatinine to =200 umol/LL or ESRD, defined by
the need for long-term dialysis or renal transplan-
tation, was used to assess the predictive perfor-
mance of the ADVANCE renal risk engine since
the score was developed for this specific endpoint.
Similarly, the outcome of ESRD was used for
predictions by KFRE since the KFRE was devel-
oped and validated to predict this endpoint. Since
the individual patient data were available to
develop the PRE score, predictions by the PRE
score were performed for both renal endpoints.

Statistical analysis

We first compared the PRE score with the
ADVANCE and KFRE scores to assess their
model performances in predicting renal risk.
Model performance was examined by calibration
and discrimination. To assess calibration, we
compared the observed wersus predicted risk of
renal outcomes for each quintile of predicted risk and
determined the magnitude of the deviation using the
Greenwood-Nam-D’Agostino (GND) 2 statistic.!6
The survival function applied to the risk score
coefficients was recalibrated on the baseline haz-
ard observed in RENAAL. Receiver operating
characteristic curves and C-statistics were com-
puted to assess discrimination.

We subsequently compared the PRE score with
the existing risk scores in their ability to predict
the renoprotective effects of the ARB losartan.
The regression coefficients that were calculated
for the PRE score and those reported for the
KFRE and ADVANCE risk engine were applied
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to the baseline and 6-month risk marker measure-
ments of patients in RENAAL to estimate risk of
renal outcomes at both time points, as previously
described.>7# The mean difference in the pre-
dicted risk in the ARB arm was adjusted for the
mean difference in the predicted risk in the pla-
cebo arm to calculate the expected renal risk
reduction conferred by ARB treatment.

The regression coefficients of each of the predic-
tors included in the PRE score may vary depend-
ing on the characteristics of the background
population the coefficients are derived from. We
therefore performed an additional analysis to
assess the consistency of the regression coefficients
in various subgroups of the background popula-
tion. If the regression coefficients are similar
regardless of the characteristics of the population
it would improve the generalizability and applica-
bility of the score to various different populations.
To this end, regression coefficients in subgroups
varying by UACR, eGFR, SBP, age, gender,
smoker and cardiovascular history were com-
pared. In addition, the performance of the PRE
score to predict the effect of losartan on renal out-
come was compared according to the characteris-
tics of the background population. The regression
coefficients used to calculate the PRE score for the
composite endpoint and the ESRD endpoint are
described in Supplemental Appendix 1 and
Supplemental Appendix 2, respectively.

The observed drug-induced reduction in risk of
renal endpoints was calculated using a Cox propor-
tional hazards model with ARB treatment as explan-
atory variable. Two-sided p-values <0.05 indicated
statistical significance. All statistical analyses were
conducted with R version 3.4.0 (R Project for
Statistical Computing, http://www.r-project.org).

Results

Model performance at baseline

A total of 263 (34.5%) patients in the placebo arm
experienced the composite renal outcome in the
RENAAL trial during a median follow-up of
3.4 years. The observed versus predicted probabil-
ity for the composite renal outcome of doubling of
serum creatinine to =200 umol/LL or ESRD and
for the separate ESRD endpoint in RENAAL at
median follow-up are shown in Supplemental
Figure 1. Observed and predicted risks over quin-
tiles of predicted risks of the doubling of serum

creatinine or ESRD endpoint significantly differed
for the ADVANCE score (y? statistic 124.5,
p<0.01), indicating inadequate calibration. The
observed and predicted risks were fairly similar for
the PRE score (y? statistic 8.8, p=0.07). A total of
194 (25.5%) placebo-treated patients progressed
to ESRD in the RENAAL trial. Observed and pre-
dicted risks over quintiles of predicted risk of the
ESRD endpoint based on the KFRE and the PRE
scores were similar and represented good calibra-
tion (GND 2 statistic 4.7, p=0.32 and y? statistic
8.9, P=0.06, respectively).

The ADVANCE score showed good discrimina-
tion for the composite renal outcome (C-statistic
0.79) but was outperformed by the PRE score
(C-statistic 0.82; p for difference 0.02). The
KFRE and the PRE score showed similar dis-
crimination for the ESRD endpoint (C-statistic
0.83 and 0.81, p for difference 0.24; Supplemental
Figure 2).

Observed and predicted effects of ARB

treatment on renal outcomes

In the RENAAL trial, 226 (30.1%) patients in the
losartan arm and 263 (34.5%) in the placebo arm
reached the composite renal endpoint, resulting
in a relative risk reduction of —21.8% (95% con-
fidence interval (CI) —34% to —6%, p=0.01).
The predicted risk change for this endpoint based
on the ADVANCE risk score was —12.4% (95%
CI —=17% to —7%), whereas the PRE score pre-
dicted a renal risk reduction of —22.6% (95% CI
—23 to —16), close to the actual observed relative
risk reduction [Figure 1(A)].

A total of 147 (19.6%) in the losartan group and
194 (25.5%) patients in the placebo group in the
RENAAL trial progressed to ESRD, relative risk
reduction (—28.8%; 95% CI —42.0% to —11.5%;
p»=0.002 compared with placebo). The predicted
risk change for ESRD by the KFRE was 3.1%
(95% CI —5% to 12%). The PRE score predicted
arisk change of =24.0% [95% CI —30% to —17%,
Figure 1(B)], again close to the actual observed
relative risk reduction.

To assess the impact of the characteristics of the
population on the regression coefficients included
in the PRE score and predictive performance of
the PRE score we performed various subgroup
analyses. These analyses revealed that regression
coefficients were remarkably stable regardless of
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Figure 1. Observed and predicted drug-induced changes in risk of the composite endpoint of doubling of serum
creatinine to =200 umol/L or ESRD (A) and the ESRD endpoint (B] in the RENAAL dataset. Predictions based on
The Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified Release Controlled Evaluation
(ADVANCE] risk score are presented for only the composite renal endpoint since the ADVANCE risk score

was developed using this specific endpoint. Predictions based on the KFRE are presented for only the ESRD
endpoint since the KFRE was developed to predict ESRD events. PRE predictions are shown for both endpoints.
ESRD, end-stage renal disease; ADVANCE, The Action in Diabetes and Vascular Disease: Preterax and Diamicron Modified
Release Controlled Evaluation; KFRE, Kidney Failure Risk Equation; PRE, Parameter Response Efficacy.

the characteristics of the background population
used to develop the PRE score (Supplemental
Figure 3). As a result, the PRE score predicted
that renal risk reduction in the RENAAL trial was
consistent independent of the characteristics of
the background population (Figure 2).

Conclusion

In this study we compared two existing risk pre-
diction scores, the ADVANCE score and the
KFRE, with the PRE score in predicting renal
risk and in predicting the renoprotective effect of
treatment with losartan in patients with type 2
diabetes and CKD. The three scores showed gen-
erally equal good performance to predict renal
risk. However, therapy response predictions using
the ADVANCE score and KFRE score markedly
underestimated the actual observed renoprotec-
tive effect of losartan, whereas renoprotective
drug efficacy estimates based on the PRE score
were similar to those actually observed.

Why did the PRE score seem to perform better in
predicting the effect of losartan than existing risk

scores? While the ADVANCE risk score and the
KFRE are based on baseline demographic and/or
disease characteristics, of which some are not
influenced by treatment (e.g. age or gender), the
PRE score incorporates risk markers that change
during drug intervention (e.g. blood pressure or
hemoglobin). Interestingly, the different choice of
parameters in the three scores had only modest
influence on the performance to predict renal
risk. It should also be noted that the PRE score
was developed using clinical trial data which
enhances internal validity given careful registra-
tion and adjudication of clinical endpoints.!? In
contrast, most risk scores, like KFRE, are devel-
oped in observational studies with less stringent
outcome recording and adjudication.

Developing drug response tools in patients with
type 2 diabetes is an area of active ongoing research.
A recent study proposed five clusters of individuals
with different rates of diabetes progression and risk
of complications. The authors suggested that this
subclassification might help to tailor early treat-
ment to patients who would benefit most.!® A sub-
sequent analysis assessing the clinical utility of this
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Figure 2. Observed (blue bar) and PRE score predicted effect (red bar) of losartan on the composite endpoint of doubling of

serum creatinine or end-stage renal disease. The gray bars show the PRE score predicted effect according to various subgroups

of the background population to develop the PRE score. The consistency of the PRE score predicted effect across these subgroups
indicates that the characteristics of the background population do not modify the PRE score predictions. The numbers in brackets
indicate the number of participants in the background population used to develop the PRE score.

UACR, urinary albumin creatinine ratio; eGFR, estimated glomerular filtration rate; PRE, Parameter Response Efficacy; SBP, systolic blood pressure;

CV, cardiovascular.

cluster-based strategy indicated that for predicting
response to glucose lowering drugs, models incor-
porating simple clinical features outperformed the
cluster approach.!’® However, the performance of
all models, both clusters and clinical features, to
predict response to glucose lowering drugs was
low.!° Hence, these studies show that clinical fea-
tures measured before drug exposure are insuffi-
cient to accurately and precisely predict drug
response. Alternative strategies should thus be
explored such as using the observed change in clini-
cal features during the first weeks or months of
therapy to predict a drug’s efficacy to reduce the
risk of long-term clinical outcomes. We showed
that the PRE score, by integrating changes in risk
markers after a short period of treatment, can be
utilized to predict long-term drug response, provid-
ing a promising alternative to predictions based on
clinical features before drug exposure.*3

This study should be interpreted with the follow-
ing limitations in mind. We note that the

ADVANCE score included the presence of retin-
opathy and the age at which formal education was
completed as predictors for renal outcomes. These
data were not available in the RENAAL study,
which may have resulted in an underestimation of
the performance to predict renal events, although
it is unlikely that drug response estimations by the
ADVANCE risk score were influenced since these
features do not change over a short-term period.
We compared the performance of the three risk
scores to predict the effect in a single trial with a
specific drug, losartan. Other studies demonstrated
that the PRE score accurately predicts the effect of
other drugs such as a glucagon like peptide recep-
tor agonist, sodium glucose co-transporter 2 inhib-
itor and endothelin receptor antagonist.>-20-22 The
risk scores compared in the present study were
derived from different populations. The
ADVANCE score was developed in a cohort of
patients with type 2 diabetes at high cardiovascular
risk, the KFRE was developed in a cohort of
patients with severe kidney disease while the PRE
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score was developed in a broad population of
patients with type 2 diabetes at early and advanced
stage of disease. These differences should be taken
into account when interpreting the findings and
conclusions of our study. This study demonstrated
that the PRE score adequately predicted response
to ARB therapy. Further prospective studies are
needed to assess whether a PRE score guided ther-
apy approach compared with standard of care
improves long-term clinical outcomes.

In conclusion, this study showed that the PRE-
score, a composite score of multiple short-term
drug effects, provided a more accurate prediction
of long-term effects of ARBs on renal outcomes
than existing risk scores, while it showed similar
performance on estimating renal risk. This
response score may aid in personalizing treatment
in patients with type 2 diabetes to guide therapy
towards more favorable outcomes.
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