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Abstract: PromarkerD is a biomarker-based blood test that predicts kidney function decline in people
with type 2 diabetes (T2D) who may otherwise be missed by current standard of care tests. This
study examined the association between canagliflozin and change in PromarkerD score (∆ score)
over a three-year period in T2D participants in the CANagliflozin cardioVascular Assessment Study
(CANVAS). PromarkerD scores were measured at baseline and Year 3 in 2008 participants with
preserved kidney function (baseline eGFR ≥60 mL/min/1.73 m2). Generalized estimating equations
were used to assess the effect of canagliflozin versus placebo on PromarkerD scores. At baseline, the
participants (mean age 62 years, 32% females) had a median PromarkerD score of 3.9%, with 67% of
participants categorized as low risk, 14% as moderate risk, and 19% as high risk for kidney function
decline. After accounting for the known acute drop in eGFR following canagliflozin initiation, there
was a significant treatment-by-time interaction (p < 0.001), whereby participants on canagliflozin
had decreased mean PromarkerD scores from baseline to Year 3 (∆ score: −1.0% [95% CI: −1.9%,
−0.1%]; p = 0.039), while the scores of those on placebo increased over the three-year period (∆ score:
6.4% [4.9%, 7.8%]; p < 0.001). When stratified into PromarkerD risk categories, participants with high
risk scores at baseline who were randomized to canagliflozin had significantly lower scores at Year
3 (∆ score: −5.6% [−8.6%, −2.5%]; p < 0.001), while those on placebo retained high scores (∆ score:
4.5% [0.3%, 8.8%]; p = 0.035). This post hoc analysis of data from CANVAS showed that canagliflozin
significantly lowered PromarkerD risk scores, with the effect greatest in those T2D participants who
were classified at study entry as at high risk of a subsequent decline in kidney function.

Keywords: type 2 diabetes; diabetic nephropathy; kidney decline; chronic kidney disease; biomarkers;
risk prediction; prognosis

1. Introduction

Over 500 million (10%) adults globally were estimated to have diabetes in 2021, with
a projected rise to over 780 million (12%) by 2045 [1]. The incidences of diabetes-related
complications associated with financial stress, significantly reduced quality of life, and
increased risk of death are also expected to rise [2]. One of these complications is end-stage
kidney disease (ESKD), which constitutes around 7% of total US Medicare expenditures
and has a mortality rate three times higher than that of cancer [3]. The primary cause of
ESRD in most developed countries is diabetes-related chronic kidney disease (DKD); this is
also the case in a growing number of developing countries, particularly those experiencing
rapid increases in diabetes prevalence [2].

The current standard of care (SoC) for monitoring chronic kidney disease (CKD) relies
primarily on serial measurement of the estimated glomerular filtration rate (eGFR) and
urinary albumin–creatinine ratio (uACR). These tests provide metrics of kidney function at
a specific point in time, offering limited insight into the trajectory ahead at an individual
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level due to both inter- and intra-patient variability [4,5]. To provide the best possible care
for people with diabetes, with or without symptoms of kidney disease, a more accurate
risk prediction tool for personalized preventative care is required.

PromarkerD is a validated, plasma-based biomarker test that can predict the onset
and progression of kidney function decline in people with type 2 diabetes (T2D) [6–8]. In
a recent study, PromarkerD was found to significantly outperform both eGFR and uACR
in predicting kidney decline in community-based participants with T2D, correctly identi-
fying 84% of participants with normal kidney function (eGFR ≥ 60 mL/min/1.73 m2 and
uACR < 30 mg/g) who progressed to CKD (eGFR < 60 mL/min/1.73 m2) in the next four
years, and who may otherwise have been missed [9]. In addition, PromarkerD classified
89% of participants known to be at risk of further kidney decline according to SoC, with
elevated uACR (≥30 mg/g) and/or kidney impairment (eGFR < 60 mL/min/1.73 m2) [9].
With new blood glucose-lowering therapies, such as sodium-glucose cotransporter-2 in-
hibitors (SGLT2i), emerging as strong candidates for renoprotection [10], there is a need for
identification of participants at highest risk of future CKD and, thus, likely to benefit the
most from early initiation of these therapies. PromarkerD may have clinical utility in this
respect.

The aim of the present study was, therefore, to examine whether the SGLT2i canagliflozin
attenuated the PromarkerD risk score over a three-year follow-up period in participants
with type 2 diabetes from the multinational CANagliflozin cardioVascular Assessment
Study (CANVAS), a randomized placebo-controlled trial.

2. Materials and Methods
2.1. Participants

The present study was a post hoc analysis of data from the completed CANVAS
program, which was a randomized controlled trial of canagliflozin versus placebo in people
with type 2 diabetes at high risk for cardiovascular disease (ClinicalTrial.gov registration
number NCT01032629). Details of the CANVAS study design and inclusion/exclusion
criteria were previously reported [11]. A total of 2008 participants (n = 629 placebo arm,
n = 1379 canagliflozin arm) from the modified intention-to-treat CANVAS population with
preserved kidney function (baseline eGFR ≥ 60 mL/min/1.73 m2 with any uACR) and
plasma samples available for analysis were included in the present study [11]. Urinary ACR
was not used to classify the target population in this study. All demographic, biochemical,
and clinical data were obtained from the CANVAS trial visits at the time of randomization
(baseline visit) and at 156 weeks post-randomization (Year 3 visit). The key clinical variables
included age, serum HDL-cholesterol, eGFR, and uACR. The CKD EPI equation was used
for calculating eGFR [12].

2.2. PromarkerD Scores

PromarkerD scores were calculated at baseline and Year 3 using a previously de-
fined algorithm that combines protein biomarker concentrations (apolipoprotein A-IV
(apoA4), CD5 antigen-like (CD5L), such as insulin-like growth factor–binding protein 3
(IGFBP3)), with clinical data (age, serum HDL-cholesterol, eGFR) at each respective time
point [7]. Protein biomarkers were measured using archived plasma samples stored at
−80 ◦C via two antibody-based immunoassays, immunoaffinity mass spectrometry for
baseline biomarker concentrations, and the PromarkerD CaptSure™ enzyme-linked im-
munosorbent assay (ELISA) (TGR Biosciences (an Abcam company), Perth, Australia)
for Year 3 biomarker concentrations. Details of the immunoaffinity mass spectrometry
and ELISA assays were previously described, including the agreement between meth-
ods [13,14]. In this sub-study, PromarkerD scores were predicted probabilities of incident
CKD (eGFR < 60 mL/min/1.73 m2 during four years of follow-up in those above this
threshold at baseline), ranging from 0% to 100% and categorized as low, moderate or high
risk, as determined using pre-specified cut-offs at 10% and 20% for optimal sensitivity and
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specificity [7]. Participants with scores <10% were categorized as ‘low’ risk, 10% to <20%
as ‘moderate’ risk, and ≥20% as ‘high’ risk.

2.3. Statistical Analysis PromarkerD Scores

Baseline demographic and clinical characteristics are presented based on treatment
allocation. All data are summarized as proportions, mean ± standard deviation (SD),
geometric mean (SD range), or, in the case of variables which did not conform to a normal
or loge-normal distribution (ln), median and interquartile range [IQR]. For independent
samples, two-way comparisons for proportions were carried out via Chi-squared test,
for normally distributed variables via Student’s t-test, and for non-normally distributed
variables via Mann–Whitney U-test. Baseline PromarkerD scores were compared using
treatment arm using unadjusted scores, as these were measured prior to treatment initiation.
For the analysis of change in PromarkerD score, an adjustment to baseline values in
participants on canagliflozin was made to account for the known transient acute drop in
eGFR following treatment initiation. Adjusted PromarkerD scores were calculated using
the Week 6 eGFR value, rather than the baseline eGFR in participants randomized to
canagliflozin, keeping all other input variables from the baseline visit [15]. Generalized
estimating equations were used to assess the effect of canagliflozin versus placebo on
PromarkerD scores during the 3-year follow-up period, with effects also assessed via
baseline unadjusted PromarkerD risk categories. Statistical analyses were performed in
STATA (version 17.0; StataCorp. 2021) and SPSS Statistics Subscription (version 128.0.1.0
(142); SPSS Inc., Chicago, IL, USA). A two-tailed level of significance of p < 0.05 was used
throughout.

3. Results
3.1. Baseline Participant Characteristics

The baseline clinical and demographic characteristics of the 2008 participants in the
present CANVAS sub-study are presented in Table 1. The participants had a mean ± SD age
of 61.7 ± 7.4 years, 32% were females, and their median [IQR] diabetes duration was 12.0
[8.0–17.0] years. In terms of kidney function, the mean eGFR was 82.3 ± 15.6 mL/min/1.73 m2

and the median uACR was 11.1 [6.3–30.9] mg/g. All participants at baseline had preserved
kidney function (eGFR ≥ 60 mL/min/1.73 m2), with 21.4% being microalbuminuric (uACR
30–300 mg/g) and 4.2% being macroalbuminuric (uACR > 300 mg/g). The unadjusted
median [IQR] PromarkerD score was 3.9% [0.7–14.5%], with 67% of participants categorized
as low risk, 14% as moderate risk, and 19% as high risk for incident CKD. There was no
statistically significant difference in participant characteristics or PromarkerD test scores
via treatment allocation at baseline.

3.2. Effect of Canagliflozin on Change in PromarkerD Score

Adjusted baseline PromarkerD scores were calculated in participants on canagliflozin
using the Week 6 eGFR value instead of the baseline value. As a result, 33 participants were
excluded from subsequent analysis due to missing data. There was no significant difference
in demographic or clinical characteristics between subjects excluded (n = 33) and included
in the final analysis (n = 1975). As a result of the adjustment, a significant difference in mean
baseline PromarkerD scores by treatment arm was observed, with higher scores found in
participants on canagliflozin compared to those on placebo (18.1% [95% CI: 16.9%, 19.3%]
versus 9.6% [8.6%, 10.6%]; p < 0.001). This difference is a result of the known acute drop
in eGFR following canagliflozin initiation, which causes PromarkerD scores to increase
artificially. There was no significant difference in PromarkerD scores between treatment
arms at Year 3 (p = 0.29).
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Table 1. Baseline demographic and clinical characteristics of 2008 CANVAS participants used for
PromarkerD analysis via treatment arm.

Characteristic PBO CANA Total

Number of samples (%) 629 (31.3%) 1379 (68.7%) 2008
Age (years) 61.3 ± 7.2 61.8 ± 7.4 61.7 ± 7.4
Female sex, n (%) 200 (31.8) 432 (31.3) 632 (31.5)
BMI (kg/m2) 32.2 ± 5.7 32.5 ± 6.1 32.4 ± 5.9
Diabetes duration (years) * 12.0 [8.0–16.6] 12.1 [8.0–17.1] 12.0 [8.0–17.0]
Fasting plasma glucose (mmol/L) * 9.0 [7.5–10.9] 9.1 [7.6–11.0] 9.1 [7.6–10.9]
HbA1c (%) * 8.0 [7.5–8.8] 8.0 [7.5–8.7] 8.0 [7.5–8.7]
Serum total cholesterol (mmol/L) 4.3 ± 1.2 4.3 ± 1.1 4.3 ± 1.1
Serum HDL-cholesterol (mmol/L) 1.21 ± 0.31 1.19 ± 0.32 1.20 ± 0.32
Serum triglycerides (mmol/L) † 1.7 (1.0–2.8) 1.7 (1.0–2.8) 1.7 (1.0–2.8)
Systolic blood pressure (mmHg) 136 ± 16 136 ± 15 136 ± 15
Diastolic blood pressure (mmHg) 78 ± 9 78 ± 9 78 ± 9
Diuretic use, n (%) 281 (44.7) 593 (43.0) 874 (43.5)
History of heart failure, n (%) 81 (12.9) 157 (11.4) 238 (11.9)
Urine albumin to creatinine ratio
(mg/g) * 10.9 [6.3–32.1] 11.1 [6.3–30.0] 11.1 [6.3–30.9]

eGFR (mL/min/1.73 m2) 82.2 ± 16.0 82.4 ± 15.5 82.3 ± 15.6
PromarkerD score (%) *,¥ 3.7 [0.7–14.3] 3.7 [0.7–14.3] 3.9 [0.7–14.5]
PromarkerD risk category, n (%) ¥

Low 421 (66.9) 919 (66.6) 1340 (66.7)
Moderate 99 (15.7) 188 (13.6) 287 (14.3)

High 109 (17.3) 272 (19.7) 381 (19.0)
All values are mean ± SD (standard deviation) unless labeled otherwise; * Median (IQR—interquartile range);
† Geometric Mean (SD range); ¥ Baseline PromarkerD scores in this table are unadjusted as measured prior to
treatment initiation. Abbreviations: PBO, placebo; CANA, canagliflozin; BMI, body mass index; eGFR, estimated
glomerular filtration rate based on CKD Epidemiology Collaboration equation.

Across all 1975 participants, those on canagliflozin had significantly decreased mean
PromarkerD scores from baseline to Year 3 (∆ score: −1.0% [95% CI: −1.9%, −0.1%];
p = 0.039), while those on placebo increased over the three-year period (∆ score: 6.4% [4.9%,
7.8%]; p < 0.001) (Table 2 and Figure 1). The mean change from baseline to Year 3 in Promark-
erD scores between participants on placebo compared to canagliflozin was also significant
(p < 0.001). The effect of canagliflozin on PromarkerD scores was greatest for participants
classified in the high-risk category, where scores decreased by 5.6% (95% CI: −8.6%, −2.5%),
while scores in those on placebo increased by 4.5% (0.3%, 8.8%). Canagliflozin was also as-
sociated with decreased PromarkerD scores for those in the moderate-risk category (∆ score:
−2.7% [−6.1%, 0.8%]), although this did not reach statistical significance. PromarkerD
scores remained stable for participants in the low-risk category on canagliflozin (∆ score:
0.7% [−0.1%, 1.5%]) (Table 2 and Figure 2).

Table 2. Change in PromarkerD scores during follow-up in 1975 participants from CANVAS trial.

Differences in the Means *

N Mean 95% CI ∆ PromarkerD 95% CI p-Value

All Participants (n = 1975)

Placebo
Baseline 629 9.6 8.6, 10.6 ref
Year 3 629 16.0 14.3, 17.7 6.4 4.9, 7.8 <0.001

Canagliflozin
Baseline 1346 18.1 16.9, 19.3 ref
Year 3 1346 17.1 15.9, 18.3 −1.0 −1.9, −0.1 0.039
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Table 2. Cont.

Differences in the Means *

N Mean 95% CI ∆ PromarkerD 95% CI p-Value

PromarkerD High-Risk (n = 377)

Placebo
Baseline 109 33.2 31.2, 35.2 ref
Year 3 109 37.7 33.4, 42.1 4.5 0.3, 8.8 0.035

Canagliflozin
Baseline 268 48.5 45.8, 51.1 ref
Year 3 268 42.9 39.6, 46.2 −5.6 −8.6, −2.5 <0.001

PromarkerD Moderate-Risk (n = 281)

Placebo
Baseline 99 14.2 13.7, 14.8 ref
Year 3 99 21.8 17.4, 26.3 7.6 3.2, 12.0 <0.001

Canagliflozin
Baseline 182 27.6 25.1, 30.1 ref
Year 3 182 24.9 21.9, 28.0 −2.7 −6.1, 0.8 0.14

PromarkerD Low-Risk (n = 1317)

Placebo
Baseline 421 2.4 2.2, 2.7 ref
Year 3 421 9.0 7.4, 10.6 6.5 5.0, 8.1 <0.001

Canagliflozin
Baseline 896 7.1 6.4, 7.9 ref
Year 3 896 7.8 7.0, 8.7 0.7 −0.1, 1.5 0.091

* Estimation from GEE models for repeated measures assuming a log-normal distribution and an interaction term
between time period and treatment and estimation of robust standard errors.
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4. Discussion

Previous studies demonstrated that higher PromarkerD scores are significantly pre-
dictive of incident CKD in the next four years in community-based and clinical trial
participants with type 2 diabetes [7,8]. Moreover, moderate- and high-risk PromarkerD
scores are increasingly prognostic for outcomes, allowing a more informed approach to
management of those at highest risk of developing CKD. In the present study, canagliflozin
significantly decreased mean PromarkerD scores compared to placebo over three years,
with the effect greatest for those classified using PromarkerD as at high risk of a subsequent
decline in kidney function at the outset. In contrast, PromarkerD scores for participants
on placebo significantly increased during the three years. It follows that a decrease in
PromarkerD scores is associated with a lower risk of future CKD, as well as longer term
beneficial kidney and cardiovascular disease outcomes.

It is well established that canagliflozin induces a reversible acute drop in eGFR follow-
ing treatment initiation, followed by stabilization of longer-term eGFR trajectories [16,17].
As eGFR is a key component of calculation of the PromarkerD score, any analysis of change
in scores post-treatment would be problematic unless this initial drop in eGFR is taken
into consideration. As suggested in prior studies, the first on-treatment eGFR (Week 6) can
be used as the baseline value to account for this initial drop [15]. This initial fall in eGFR,
together with normal decline in eGFR with the increasing age of participants over time,
was expected to result in increased PromarkerD scores. To further investigate this premise,
the change in each individual component of the score was assessed over the three-year
period to rule out the possibility that increases in scores were due only to changes in clinical
factors, while confirming that the PromarkerD biomarkers were also changing. These
analyses showed that biomarker changes did contribute to changes in risk scores. The
significant decrease in PromarkerD scores in participants on canagliflozin suggests that
treatment may affect one or more of the pathophysiological pathways captured using the
individual biomarkers. Indeed, there is a growing body of evidence to support the utility
of these biomarkers in the prediction of CKD progression [18–21].

Despite the contemporary recommended focus on tight glycaemic, lipid, and blood
pressure control, a significant number of people with type 2 diabetes still develop kidney
disease, which, in turn, is associated with an increased risk of cardiovascular events. It
is imperative that CKD progression is reduced in type 2 diabetes: PromarkerD allows
earlier identification of those at highest risk of adverse outcomes. Tests such as PromarkerD
would support cost-effective individualised treatment. In addition, serial PromarkerD
testing seems useful as a way of monitoring the individual patient response to management
changes. A recent survey of 400 physicians evaluated the importance of PromarkerD for
clinical decision making [22]. This survey showed that, compared with no PromarkerD
availability, a high-risk PromarkerD result was significantly associated with increased
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renal risk factor monitoring, SGLT2i prescription, and lisinopril dose, while a low-risk
PromarkerD result was significantly associated with decreased risk factor monitoring and
reduced SGLT2i prescription [22].

The major strengths of the present study are its longitudinal design and inclusion
of over 1900 well-characterized people with type 2 diabetes from the CANVAS program.
CANVAS is a large multi-center clinical trial of canagliflozin, with plasma stored at each
trial visit for additional testing. This approach allowed PromarkerD scores to be measured
before and after therapy initiation, and over a time horizon relevant to people with type
2 diabetes and clinicians managing diabetes and DKD risk. The present study also had
limitations. The prognostic utility of change in PromarkerD scores for predicting future
kidney outcomes was not considered; the effect of other clinical and therapeutic changes on
PromarkerD scores over time was also excluded from the study’s scope. The generalizability
of the results to other racial and ethnic groups is limited as the participants were mostly
Caucasian (82%).

The present post hoc analysis of data from the CANVAS program provides the first
evidence that the SGLT2i canagliflozin can attenuate PromarkerD diabetic kidney disease
risk prediction scores over a three-year period. This study extends previous work that
showed the prognostic utility of PromarkerD for predicting kidney outcomes in type 2
diabetes, and confirms that the test identifies individuals at highest risk who would benefit
the most from early intervention, as demonstrated via improvement in PromarkerD scores
and the associated kidney risk profiles.
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