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Abstract

Introduction: KidneylntelX is a composite risk score, incor-
porating biomarkers and clinical variables for predicting pro-
gression of diabetic kidney disease (DKD). The utility of this
score in the context of sodium glucose co-transporter 2 in-
hibitors and how changes in the risk score associate with fu-
ture kidney outcomes are unknown. Methods: We measured
soluble tumor necrosis factor receptor (TNFR)-1, soluble
TNFR-2, and kidney injury molecule 1 on banked samples
from CANagliflozin cardioVascular Assessment Study (CAN-
VAS) trial participants with baseline DKD (estimated glomer-
ular filtration rate [eGFR] 30-59 mL/min/1.73 m?2 or urine al-
bumin-to-creatinine ratio [UACR] =30 mg/g) and generated
KidneylntelX risk scores at baseline and years 1, 3, and 6. We
assessed the association of baseline and changes in Kidney-
IntelX with subsequent DKD progression (composite out-
come of an eGFR decline of =5 mL/min/year [using the
6-week eGFR as the baseline in the canagliflozin group],

>40% sustained decline in the eGFR, or kidney failure). Re-
sults: We included 1,325 CANVAS participants with concur-
rent DKD and available baseline plasma samples (mean
eGFR 65 mL/min/1.73 m? and median UACR 56 mg/g). Dur-
ing a mean follow-up of 5.6 years, 131 participants (9.9%)
experienced the composite kidney outcome. Using risk cut-
offs from prior validation studies, KidneyIntelX stratified pa-
tients to low- (42%), intermediate- (44%), and high-risk (15%)
strata with cumulative incidence for the outcome of 3%,
11%, and 26% (risk ratio 8.4; 95% confidence interval [Cl]: 5.0,
14.2) for the high-risk versus low-risk groups. The differences
in eGFR slopes for canagliflozin versus placebo were 0.66,
1.52, and 2.16 mL/min/1.73 m? in low, intermediate, and
high KidneylntelX risk strata, respectively. KidneyIntelX risk
scores declined by 5.4% (95% Cl: —6.9, —3.9) in the cana-
gliflozin arm at year 1 versus an increase of 6.3% (95% CI: 3.8,
8.7) in the placebo arm (p < 0.001). Changes in the KidneylIn-
telX score at year 1 were associated with future risk of the
composite outcome (odds ratio per 10 unit decrease 0.80;
95% Cl: 0.77, 0.83; p < 0.001) after accounting for the treat-
ment arm, without evidence of effect modification by the
baseline KidneylntelX risk stratum or by the treatment arm.
Conclusions: KidneylntelX successfully risk-stratified a large
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multinational external cohort for progression of DKD, and
greater numerical differences in the eGFR slope for cana-
gliflozin versus placebo were observed in those with higher
baseline KidneylntelX scores. Canagliflozin treatment re-
duced KidneyIntelX risk scores over time and changes in the
KidneylIntelX score from baseline to 1 year associated with
future risk of DKD progression, independent of the baseline

risk score and treatment arm. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Diabetic kidney disease (DKD) affects 25-40% of in-
dividuals with type 2 diabetes. Diabetes is the leading
cause of end-stage kidney disease in the USA. However,
only a fraction of individuals with DKD will experience
progression to advanced stages of disease and end-stage
kidney disease. Better tools for risk stratification are
needed to identify those at highest risk of DKD progres-
sion. Several biomarkers that reflect the pathophysio-
logic processes implicated in disease progression, such
as inflammation and kidney tubular injury, have been
investigated and shown to be prognostic of future
events. Three of the most studied biomarkers that have
shown consistent association with future disease pro-
gression and provided independent information along
with standard clinical variables, such as the estimated
glomerular filtration rate (eGFR) or urine albumin-to-
creatinine ratio (UACR), are tumor necrosis factor re-
ceptor (TNFR) 1, TNFR-2, and kidney injury molecule
1 (KIM-1) [1-5].

Sodium glucose co-transporter 2 inhibitors (SGLT21i)
have demonstrated a consistent ability to reduce DKD
progression [6-9]. In a post hoc analysis of the CANa-
gliflozin cardioVascular Assessment Study (CANVAS),
Sen et al. [10] demonstrated that baseline values of
TNFR-1, TNFR-2, and KIM-1 were associated with kid-
ney outcomes and that canagliflozin reduced the concen-
tration of these 3 biomarkers compared to the placebo
and that early changes in TNFR-1 and TNFR-2 were in-
dependently associated with subsequent kidney events.
However, the integration of information from 3 different
biomarkers into clinical practice is challenging. Kidney-
IntelX, a new bioprognostic test, incorporates inputs
from 3 biomarkers (TNFR-1, TNFR-2, and KIM-1) along
with 7 standard clinical variables and provides a discrete
continuous risk score (5-100) that is further divided into
3 categorical groups of low, intermediate, or high risk
[11].

22 Am J Nephrol 2022;53:21-31
DOI: 10.1159/000519920

This article seeks to build upon the previous findings
from validation studies of KidneyIntelX. Specifically, our
goals were as follows: (1) to demonstrate that baseline
KidneyIntelX assessment in the intended-use population
provides accurate risk stratification for kidney outcomes
in an independent, internationally recruited randomiza-
tion control trial cohort (those with type 2 diabetes and
DKD stages 1-3); (2) to assess the impact of canagliflozin
versus placebo in patients within risk strata of KidneyIn-
telX risk; (3) to assess the impact of SGLT2i treatment on
changes in longitudinal KidneyIntelX risk scores over
time; and (4) to determine the added value of early longi-
tudinal changes in KidneyIntelX for forecasting subse-
quent kidney outcomes (i.e., progressive DKD).

Methods

Patients and the Study Design

The CANVAS Program consisted of 2 multicenter, double-
blinded, placebo-controlled, randomized trials (CANVAS and
CANVAS-R) done to assess the effect of canagliflozin on primarily
cardiovascular events, kidney function, and safety outcomes in pa-
tients with type 2 diabetes who had a history of cardiovascular dis-
ease or multiple cardiovascular risk markers as previously described
[12]. Blood and urine samples for exploratory biomarker research
were only available from the CANVAS trial and have been used for
the current study. The CANVAS trial enrolled 4,330 participants
from 24 countries. Participants were randomly assigned using a
central Web-based response system in a 1:1:1 ratio for treatment
with canagliflozin 100 mg, canagliflozin 300 mg, or a matching pla-
cebo. Participants assigned to treatment with canagliflozin or the
placebo were followed for a median of 6.1 years. All participants,
care providers, trial staff, and outcome assessors were blinded to
treatment allocation for the duration of the study. All participants
provided written informed consent with a separate and optional
informed consent for the collection of additional blood or urine
samples for biomarker analysis. The CANVAS trial was conducted
according to the principles of the Declaration of Helsinki and was
registered with ClinicalTrials.gov (NCT01032629). The CANVAS
trial was approved by an Ethics Committee at each participating
site, and all participants provided written informed consent.

KidneyIntelX Test

The KidneyIntelX test predicts risk of the composite outcome of
progressive decline in kidney function in individuals with type 2 dia-
betes and concurrent DKD within 5 years (i.e., eGFR 230-59.9 mL/
min/1.73 m? [G3a and G3b] or those with an eGFR =60 mL/min/1.73
m? with an UACR >30 mg/g). KidneyIntelX was evaluated in the sub-
group of the CANVAS population that met the criteria for prevalent
DKD at the time of enrollment. The KidneyIntelX test measures plas-
ma TNFR-1, TNFR-2, and KIM-1 and combines these biomarker re-
sults with select clinical features using machine learning to predict any
of the following as a composite event: (A) rapid kidney function de-
cline (RKFD; eGFR decline of >5 mL/min/year), (B) a sustained 40%
decline of the eGFR, or (C) kidney failure defined as an eGFR <15 mL/
min/1.73 m? or need for dialysis or kidney transplantation [11].

Lam et al.
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Biomarker Assessment

Blood samples for biomarker determinations were obtained at
baseline, 52, 156, and 312 weeks after randomization. Plasma
TNFR-1, TNFR-2, and KIM-1 were measured using a high-per-
formance electrochemiluminescence immunoassay on the Meso-
scale SECTOR § 600 instrument in the Renalytix Al laboratory in
New York, NY, USA. All biomarkers were measured between Au-
gust 2019 and December 2019. Overall, intra-assay coefficients of
variation were all <3.3%, and inter-assay coefficients of variation
were <6.5% for all 3 biomarkers (online suppl. Table. 1; for all on-
linesuppl. material,seewww.karger.com/doi/10.1159/000519920).
All assays were performed by personnel blinded to clinical out-
comes.

Outcomes

The inputs for the kidney endpoint incorporated the eGFR val-
ues and adjudicated kidney outcomes as utilized in prior analyses
of CANVAS [13-15]. The composite kidney outcome for this post
hoc analysis was defined as above and, as per previous studies, used
to validate KidneyIntelX performance [16, 17]. In CANVAS, eGFR
measurements were available at baseline, at 6 weeks, and annually.
Given the known hemodynamic effects of the SGLT2i on acute
changes in the eGFR, the eGFR value at 6 weeks was used as the
anchor/baseline to define RKFD and 40% decline in eGFR ele-
ments of the composite for participants in the canagliflozin arm
[13-15]. If the eGFR value met 240% decline from baseline only
on the last eGFR obtained in the CANVAS protocol, then the event
was adjudicated by a blinded adjudication committee to determine
qualification as a valid event [13-15]. eGFR slopes were deter-
mined by linear mixed models.

Statistical Analyses

Continuous baseline variables with normal distributions were
reported as means with standard deviations. Variables with skewed
distributions were reported as median values with interquartile
ranges. Categorical variables were reported as percentages.

KidneylIntelX risk scores were calculated (blinded to the out-
come) on the 1,325 participants in both placebo and canagliflozin
arms of CANVAS with DKD. KidneyIntelX includes baseline
TNFR-1, TNFR-2, and KIM-1 levels; TNFR-2/TNFR-1 ratio;
KIM-1/TNFR-1 ratio; eGFR; UACR; HbA1c; systolic blood pres-
sure; liver function tests (aspartate aminotransferase); platelets;
and serum calcium. Each participant was assigned a score propor-
tional to the probability of experiencing the composite endpoint
based on a continuous KidneyIntelX score between 5 and 100. As
per the recent validation study, the KidneyIntelX categorical risk
groups were as follows: low risk (score of 5-45), intermediate risk
(score of 50-85), and high risk (score of >85-100) [11]. We deter-
mined the proportion of participants experiencing the composite
kidney event within the categorical risk strata and used logistic
regression to determine the relative odds of the endpoint for high
versus low risk and intermediate risk score strata.

To provide context for clinical utility of the KidneyIntelX test,
the proportion of participants who experienced the composite kid-
ney outcome by KidneylntelX risk strata were compared to the
proportion as classified by their Kidney Disease Improving Global
Outcomes (KDIGO) risk strata based on baseline eGFR and UACR
values [6]. The odds ratios for high versus low KidneyIntelX risk
groups were compared to KDIGO very high risk versus moderate
risk using the p value test for heterogeneity in a random-effects

KidneylIntelX Utility in Longitudinal
Therapy with SGLT2i

weighted model. We also assessed the net reclassification index for
KidneylIntelX risk strata versus KDIGO risk strata in those who did
and did not ultimately experience the events.

We also explored the observed treatment effect of canagliflozin
versus placebo on kidney outcomes determined categorically
(composite kidney outcome) and continuously via mixed linear
models to assess the effects on the chronic eGFR slope, using the
6-week eGFR in the canagliflozin arm to account for the acute he-
modynamic effects of SGLT2i.

The effect of canagliflozin versus placebo on KidneyIntelX risk
scores over time was assessed by calculating the difference of
change in KidneyIntelX between treatment arms using repeated
measures ANOVA models. Associations between the 1-year
change in KidneylIntelX risk scores from baseline and the compos-
ite kidney outcome were assessed using logistic regression with a
landmark approach. All kidney endpoints that occurred in the first
year were excluded from the analysis. The models were adjusted
for the treatment arm and, given the marked difference in the ab-
solute incidence of the composite kidney outcome by baseline risk,
were assessed and stratified by the baseline KidneyIntelX risk cat-
egory. An interaction term incorporating the baseline KidneyIn-
telX risk stratum with randomized treatment assignment was also
assessed for effect modification. Finally, we examined the propor-
tion of participants who remained in the same risk strata at base-
line to 1 year versus those who changed risk strata over time (over-
all and stratified by the treatment arm) to assess how recategoriza-
tion of risk was associated with future kidney events. All analyses
were performed in R version 3.5.1.

Results

Study Population

Of the 1,396 participants in the CANVAS trial with
prevalent DKD, 1,325 had available blood samples at
baseline, and 1,019 had samples available at baseline and
at 1 year (shown in online suppl. Fig. 1). The mean age of
the full study population was 64 years, where 32% were
female, the mean eGFR was 65 mL/min/1.73 m?, and the
median UACR was 56 mg/g (shown in Table 1). For the
analysis of the association between 1-year changes in Kid-
neylntelX and the subsequent kidney outcome, 3 of the
1,016 participants were excluded since they experienced
the time-to-event kidney outcome events (40% sustained
decline in the eGFR or kidney failure) before year 1, leav-
ing 1,013 available for the longitudinal analyses. Weights
for the relative importance of features in the KidneyIn-
telX risk score are presented in online supplementary Fig-
ure 2.

Association between the Baseline KidneyIntelX Risk

Score and the Composite Kidney Outcome

During a mean follow-up of 6.2 (5.8-7.3) years, 131
(9.9%) of the 1,325 participants with baseline DKD ex-
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Table 1. Baseline characteristics of CANVAS
participants with DKD and with baseline

Clinical characteristics at enrollment (n = 1,325)

samples analyzed Age, median (Q1-Q3), years 64 (58-70)
Female, n (%) 444 (31.8)
Race, n (%)

White 1,127 (81.3)
African-American 37 (2.6)
Other 232(16.6)
CVD history, n (%) 873 (62.5)
History of heart failure, n (%) 228 (16.3)
Systolic BP, median (Q1-Q3), mm Hg 138 (129-149)
Follow-up time, median (Q1-Q3), months 74 (70-78)
Laboratory characteristics
Baseline eGFR, median (Q1-Q3), mL/min/1.73 m? 65 (54-82)
eGFR strata, n (%), mL/min/1.73 m?
30-44.9 138 (9.8)
45-59.9 466 (33.3)
60-89.9 576 (41.2)
>90 216 (15.4)
Baseline UACR, median (Q1-Q3), mg/g 56 (25-159)
UACR <30 mg/g, n (%) 373 (26.7)
UACR 30-299 mg/g, n (%) 809 (57.9)
UACR =300 mg/g, n (%) 210 (15)
Baseline HbA1¢c, median (Q1-Q3), % 8.2 (7.5-8.9)

Plasma biomarkers, median (Q1-Q3), pg/mL

TNFR-1
TNFR-2
KIM-1

3,010 (2,461-3,748)
11,320 (9,030-14,077)
149 (98-249)

Cumulative incidence of events, n (%)

eGFR slope =5 mL/min/1.73 m?/year
Sustained 40% decline in the eGFR or kidney failure

Composite endpoint

82(5.9)
95 (6.8)
134 (9.6)

CANVAS, CANagliflozin cardioVascular Assessment Study; DKD, diabetic kidney disease;
Q, quartile; CVD, cardiovascular disease; BP, blood pressure; eGFR, estimated glomerular
filtration rate; UACR, urine albumin-to-creatinine ratio; TNFR-1, tumor necrosis factor
receptor 1; TNFR-2, tumor necrosis factor receptor 2; KIM-1, kidney injury molecule 1.

perienced the composite kidney outcome. Using risk
cutoffs from prior validation studies, the cumulative in-
cidence of the composite kidney outcomes increased as
KidneylIntelX risk scores increased (shown in Fig. 1). In
terms of the KidneyIntelX risk strata, 41.7% of partici-
pants were classified as low risk, 43.8% were classified
as intermediate risk, and 14.6% were classified as high
risk. The corresponding incidence of the composite
outcome was 3.1%, 10.9%, and 26.4% for low, interme-
diate, and high risk, respectively, with an overall risk
ratio of 8.4 (95% confidence interval [CI]: 5.0, 14.2) for
the high-risk versus low-risk groups. In the cana-
gliflozin arm, the corresponding incidence was 3.6%,
9.5%, and 23.0%, respectively, yielding a risk ratio of 6.0
(95% CI: 3.2, 11.3) for the high-risk versus low-risk

24 Am J Nephrol 2022;53:21-31
DOI: 10.1159/000519920

groups. In the placebo arm, the corresponding inci-
dence was 2.1%, 13.3%, and 32.4%, yielding a risk ratio
of 15.6 (95% CI: 5.6, 43.6; shown in Table 2; Fig. 2). By
way of illustration for how KidneyIntelX can be incor-
porated into clinical practice, we compared the risk cat-
egorization to the KDIGO categorization based on the
eGFR and UACR, which stratified 69%, 23%, and 8% of
the DKD population into “moderately increased risk,”
“high risk,” and “very high risk,” with event rates of 7%,
17%, and 18% (relative risk [RR] 0f 2.5 [95% CI: 1.8, 3.6]
overall for “very high risk” vs. “moderately increased
risk”; 2.3 [95% CI: 1.3, 4.2] in the canagliflozin arm; and
3.4 [95% CI: 1.5, 7.5] in the placebo arm). The net re-
classification index (continuous) for KidneyIntelX risk
strata versus KDIGO risk strata was 0.342 overall, 0.227
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Table 2. Associations of baseline KidneylntelX and KDIGO risk strata with the composite kidney outcome

Baselinerisk  Risk category Incidence and risk ratio for composite kidney outcome
overall canagliflozin placebo
cumulative risk ratio® cumulative risk ratio® cumulative risk ratio?
incidence, n (%) (95% Cl) incidence, n (%) (95% Cl) incidence, n (%) (95% Cl)
KidneylntelX  Low risk 17/552 (3.1) Ref 13/342 (3.8) Ref 4/193 (2.1) Ref
Intermediate risk  63/580 (10.9) 3.5(2.1,5.9) 30/377 (9.5) 2.1(1.1,3.9) 27/203 (13.3) 6.4 (2.3,18.0)
High risk 51/193 (26.4) 8.4(5.0,14.2)  28/122(22.9) 6.0(3.2,11.3) 23/71(32.4) 15.6 (5.6, 43.6)
KDIGO Moderate risk 61/914 (6.7) Ref 42/590 (7.1) Ref 19/324 (5.8) Ref
High risk 51/303 (16.8) 2.5(1.8,3.6) 23/195(12.0) 1.7(1.0,2.7) 28/108 (25.9) 4.4(2.6,7.6)
Very high risk 19/108 (17.6) 2.6(1.6,4.2) 12/73 (16.4) 23(1.3,4.2) 7/35(20.0) 34(1.5,7.5)

KDIGO, Kidney Disease Improving Global Outcomes; Cl, confidence interval. 2 The risk ratio for intermediate risk or high risk versus low risk.

(95% CI):
45 —

40 -
35
30
25

20

Cumulative incidence (%)

Group avg:

® | ow risk 3%
(1%, 5%)

A High risk 26%
(17%, 35%)

o——T—1—+%

Fig. 1. Cumulative incidence of the com-
posite kidney outcome by continuous Kid-
neyIntelX risk scores. CI, confidence inter-
val.

T T T T T T T T T T T T T T T

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

KidneylntelX risk score

® = 4 Cumulative incidence = Cumulative incidence (trend)

for those who developed the composite outcome, and
0.115 in those who did not experience the composite
outcome.

Effect of Canagliflozin on Kidney Outcomes

(Composite Outcome and eGER Slope) by Baseline

KidneyIntelX Risk Strata

Inall participants with baseline biomarkers (n =1,325),
the composite kidney outcome occurred less frequently
in the canagliflozin group (8.9%) compared to the place-
bo group (11.6%; RR for canagliflozin vs. placebo 0.70

KidneylIntelX Utility in Longitudinal
Therapy with SGLT2i

[95% CI: 0.49, 0.99]). In the KidneyIntelX low-risk stra-
tum, the RR for the kidney outcome was 1.65 (95% CI:
0.54, 5.08) for canagliflozin versus placebo; in the Kidney-
IntelX intermediate-risk stratum, the RR was 0.59 (95%
CI: 0.36, 0.98); and in the KidneyIntelX high-risk stra-
tum, the RR was 0.67 (95% CI: 0.38, 1.18; p for heteroge-
neity = 0.17; shown in online suppl. Fig. 3). In the high-
risk KidneyIntelX stratum, 31.4% experienced the com-
posite kidney outcome in the placebo arm and 23.5% in
the canagliflozin arm (absolute risk reduction for cana-
gliflozin of 7.9%).

Am J Nephrol 2022;53:21-31 25
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Relative risk for the kidney outcome
Participants with an event (n/N) P
Low risk Highest risk RR(95% Cl)  heterogeneity
Overall <0.001
KidneyintelX  17/552 50/193 e 84 (5.0,14.2)
KDIGO 61/914 19/108 o 25(1.8,36)
Placebo <0.01
KidneyintelX ~ 4/193 2371 | & * 156 (5.6,43.6)
KDIGO 19/324 7/35 —o— 34(1.5,7.5)
Canagliflozin <0.05
KidneyintelX  13/342 28122 —— 6.0(3.2,11.3)
KDIGO 42/590 12173 HO— 23(1.3,42)
I T T T 1
1 5 10 15 20
RR g

Fig. 2. Absolute and RR for kidney outcomes by KidneyIntelX versus KDIGO. p value test for heterogeneity be-
tween the RR for KidneyIntelX versus KDIGO by the overall population and placebo and canagliflozin arms in-
dividually. RR, relative risk; CI, confidence interval; KDIGO, Kidney Disease Improving Global Outcomes.

We also examined the effect of canagliflozin versus
placebo on chronic eGFR slopes by KidneyIntelX strata
(shown in Fig. 3). The difference in the eGFR slope for
canagliflozin versus placebo by KidneylntelX risk strata
was 0.66 mL/min/1.73 m?2 in low risk, 1.52 mL/min/1.73
m?in intermediate risk, and 2.16 mL/min/1.73 m? in high
risk (p for interaction = 0.15). The difference in the eGFR
slope for canagliflozin versus placebo in the high-risk
KidneylntelX stratum (2.16 mL/min/1.73 m?) was of
greater magnitude than the effect of canagliflozin versus
placebo in the highest risk KDIGO stratum (1.31 mL/
min/1.73 m? p < 0.001; shown in Fig. 3).

Effect of Canagliflozin on KidneyIntelX Risk Scores

over Time

Among the 1,013 participants with baseline and year 1
samples available, the continuous KidneyIntelX risk score
increased from baseline to year 1 in the placebo group by
6.2% (95% CI: 3.8, 8.6) and decreased by 5.4% (95% CI:
—-6.9, —3.9) in those randomized to canagliflozin (p <
0.001). This effect of canagliflozin on the KidneyIntelX
risk score persisted over time until the end of the follow-
up (shown in Fig. 4).

Associations between Changes in KidneyIntelX and

Outcomes

We examined the association of the change in Kidney-
IntelX from baseline to year 1 with the composite kidney
outcome among the 1,013 participants with available

26 Am J Nephrol 2022;53:21-31
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samples and no event prior to year 1. Overall, stratified by
the baseline KidneyIntelX score and adjusted for the
treatment arm, each 10% reduction in KidneyIntelX risk
was associated with a 20% lower risk of experiencing the
composite kidney outcome (adjusted odds ratio per 10%
reduction of 0.80 [95% CI: 0.77, 0.83]; p < 0.001). Al-
though the median changes in KidneyIntelX varied mark-
edly by baseline risk strata (shown in Fig. 5), there was no
evidence of interaction for the association between the
change in KidneyIntelX and the risk for the outcomes
(each 10% reduction in KidneyIntelX was associated with
an 18%, 21%, and 18% reduction in the risk for the out-
come by low, intermediate, and high baseline KidneyIn-
telX risk strata, respectively). In addition, there was no
effect modification on the association between changes
and outcomes by the treatment arm (piyteraction = 0.59).
Cumulative incidence and the RR for movement from
categories of KidneyIntelX risk from baseline to the fol-
low-up are shown in online supplementary Figure 4.

Discussion

We have previously demonstrated that KidneyIntelX
is prognostic for kidney disease progression in patients
with type 2 diabetes and early-stage DKD in cohorts of
patients recruited from outpatient settings into electron-
ic health record-linked biobanks. This study further vali-
dates KidneylIntelX in the subgroup of corresponding
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Fig. 3. Absolute effect of canagliflozin ver-
sus placebo on the eGFR slope by Kidney-
IntelX (a) and KDIGO risk strata (b).
eGFR, estimated glomerular filtration rate;
CI, confidence interval; KDIGO, Kidney
Disease Improving Global Outcomes.

Fig. 4. Changes in KidneyIntelX over time
in canagliflozin versus placebo-treated par-
ticipants.
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participants in a multinational clinical trial (CANVAS).
The clinical trial design provided the framework to dem-
onstrate a potential role of KidneyIntelX risk stratifica-
tion and response to a novel therapeutic. First, the effects
of the SGLT2i canagliflozin on the chronic eGFR slope
were numerically greater in magnitude in participants
who scored as high risk by KidneyIntelX at enrollment.
Second, canagliflozin decreased KidneyIntelX risk scores
over time compared to an increase in the placebo, and this
improvement in prognosis was maintained over the fol-
low-up period. Finally, changes in KidneyIntelX at 1 year
were associated with subsequent kidney outcomes, inde-
pendent of baseline KidneyIntelX scores or treatment
with canagliflozin. In sum, these data suggest that Kid-
neylIntelX has clinical utility not only as a prognostic tool
but also for longitudinal risk monitoring that may impact
on DKD treatment.

Previous studies of KidneyIntelX demonstrated robust
risk stratification in a population of patients from 2 med-
ical centers (Mount Sinai and the University of Pennsyl-
vania) in the USA with type 2 diabetes and eGFR 230 mL/
min or eGFR >60 mL/min with albuminuria [11]. In this
prior study by Chan et al. [11], the composite kidney
event of RKFD, 40% sustained decline in eGFR, or kidney
failure occurring in 21% of the population (compared to
only 9.9% in the DKD subcohort in CANVAS) was ascer-
tained through linkage with the electronic health record.
None of the patients were treated with the SGLT?2i at co-
hort inception. Some key characteristics were compara-
ble between the prior study population and the CANVAS
cohort, including the median age (64 years in CANVAS

28 Am J Nephrol 2022;53:21-31
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vs. 63 years in Chan et al. [11]) and median UACR (56
mg/g in CANVAS vs. 61 mg/g in Chan et al. [11]). How-
ever, there were many notable differences, including a
higher median eGFR (65 mL/min/1.73 m? in CANVAS
vs. 54 mL/min/1.73 m? in Chan et al. [11]), a higher pro-
portion of Caucasians in CANVAS (81% vs. 33% in Chan
etal. [11]), and higher HbAlcin CANVAS (8.2% vs. 6.9%
in Chan et al. [11]). All patients in CANVAS had the
UACR measured at baseline compared to only 62% in the
prior study by Chan et al. [11] (which required imputa-
tion of the UACR in the 38% with a missing UACR). Fi-
nally, the processes of care, even in the placebo arm of
CANVAS, likely afforded more attention to care than in
the observational cohort studied by Chan et al. [11]. De-
spite the potential differences in the cohorts, covariate
structure, and data density, the feature weights for Kid-
neylntelX that were trained, tested, and validated in the
study by Chan et al. [11] were directly applied to CAN-
VAS population with DKD, which yielded very similar
performance, including the association with progression
for those scoring high risk versus low risk on KidneyIn-
telX. In the study by Chan et al. [11], KidneyIntelX scored
46% of the population as low risk as compared to 42% in
CANVAS. The gradient of risk between the high-risk and
low-risk KidneyIntelX strata was 6-fold greater in Chan
etal. [11] and was 8-fold greater in the CANVAS popula-
tion. The gradient of risk for high versus low KidneyIn-
telX risk strata was greater than the gradient of risk for
KDIGO very high-risk versus moderate-risk strata (2.5-
fold greater in Chan et al. [11] and CANVAS). In all, the
analyses described above validate that the KidneyIntelX
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risk score is generalizable to broad populations as repre-
sented by this external cohort.

While the data from several large randomized con-
trolled trials of SGLT2i are suggestive of relative benefit
of SGLT2i treatment across levels of baseline risk and
phenotypes of CKD and cardiovascular disease, clinical
uptake of SGLT2i has been slow in the underlying patient
populations for whom they are indicated [18]. We dem-
onstrated that patients with high KidneyIntelX scores at
baseline did derive a slightly greater absolute benefit in
terms of kidney function decline over time. While deci-
sions to prescribe medications for DKD are complex and
are dependent not only on patient-related factors but also
on monetary constraints, pending future data on re-
sponse to therapy by KidneylIntelX risk stratum, there
may be the potential to use the KidneyIntelX test as an aid
to improve resource utilization and drive more complex
medication regimen decisions that align with current
consensus guidelines in those that are at higher risk of
progression, including titration of RAAS inhibitors to
maximally tolerated doses along with recently approved
drugs such as SGLT2is and mineralocorticoid receptor
antagonists (e.g., finerenone). Clinician and patient
awareness of DKD as well as the underlying risk of pro-
gression provided by the KidneyIntelX test may synergize
to increase initial acceptance and initiation of new thera-
pies, and in addition, the salutary benefits on the Kidney-
IntelX risk score may also serve as a positive reinforce-
ment tool to continue compliance with treatment.

Previous studies have demonstrated that canagliflozin
reduces plasma TNFR-1, and the changes in TNFR-1 are
associated with subsequent eGFR decline [19]. Prior work
within the overall CANVAS population [10] demonstrat-
ed that canagliflozin reduced the 3 plasma biomarkers
that are incorporated into KidneyIntelX compared to the
placebo, although the association with future kidney out-
comes was quantitatively stronger for changes in plasma
TNFR-1 and TNFR-2 despite larger treatment-induced
changes in plasma KIM-1 [10]. Clinical implementation
of the 3 biomarkers, which represent different patho-
physiologic domains (inflammation via the TNFRs and
kidney injury via KIM-1) and have orthogonal relation-
ships with traditional kidney metrics [10] as response to
biomarkers is quite complex. KidneyIntelX, as a single
composite risk score, changed meaningfully in cana-
gliflozin-treated CANVAS participants, and each per-
centage change in KidneyIntelX predicted risk was asso-
ciated with future kidney outcomes. While the baseline
risk provided by KidneyIntelX was the major prognostic
feature of future risk, we were able to demonstrate that

KidneylIntelX Utility in Longitudinal
Therapy with SGLT2i

transition from a low-risk score at baseline was associated
with approximately a 3-fold increase in risk of future out-
comes, and transition from a high-risk score at baseline
was associated with a 40% lower risk of future outcomes.
These initial findings demonstrate the potential benefit of
longitudinal KidneyIntelX risk scoring. More data will be
generated via ongoing prospective studies of KidneyIn-
telX within observational and clinical trial frameworks.

There are several limitations that need to be consid-
ered. First, the findings presented herein are post hoc ob-
servational analyses of a randomized controlled trial that
cannot be used to infer causality. Second, while the prog-
nostic scoring by KidneyIntelX represents external vali-
dation of previous findings [16], the findings of the dy-
namic changes in KidneyIntelX have not been shown pre-
viously and thus need further validation outside of the
CANVAS cohort population. Third, although CANVAS
was a very large randomized controlled trial of >4,000
participants, the proportion with DKD at baseline with
available banked samples totaled only 1,325, and the ana-
Iytic dataset for the dynamic changes was approximately
1,000; thus, some of the findings were limited by a lack of
more robust statistical power. Studies in larger popula-
tions will help to improve the precision of the point esti-
mates and CIs by each KidneyIntelX risk stratum and
their associated changes over time. Finally, while other
analyses have demonstrated that KidneyIntelX deploy-
ment can result in significant cost savings [20], the degree
of cost savings in a population managed with high base-
line use of the SGLT2i is yet to be determined.

In conclusion, KidneyIntelX successfully risk-strati-
tied a large multinational external cohort for risk of pro-
gression of DKD, with larger differences in the eGFR
slope for canagliflozin versus placebo in those with high-
er versus lower baseline KidneylntelX scores, as well as
compared to KDIGO risk strata. Canagliflozin treatment
reduced KidneyIntelX risk scores over time and changes
in the KidneyIntelX score from baseline to 1 year pre-
dicted future risk of DKD progression. Repeat testing of
KidneyIntelX has prognostic and likely clinical utility.
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