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Abstract  

Objective: To analyze the association between concentrations of plasma insulin-like growth factor binding protein-7 (IGFBP7) with 

renal and cardiac outcomes among participants with type 2 diabetes and high cardiovascular risk. 

Research Design and Methods: Associations between IGFBP7 levels and clinical outcomes were assessed among participants in the 

Canagliflozin Cardiovascular Assessment Study (CANVAS) with type 2 diabetes and high cardiovascular risk.  

Results: Among CANVAS participants, 3577 and 2898 had IGFBP7 measured at baseline and 1 year, respectively. Per log-unit 

higher concentration, baseline IGFBP7 was significantly associated with the composite renal endpoint of sustained 40% reduction in 

eGFR, need for renal replacement therapy, or renal death (hazard ratio [HR]=3.51; P<0.001), and the composite renal endpoint plus 

cardiovascular death (HR=4.90; P<0.001); other outcomes including development or progression of albuminuria were also predicted 

by baseline IGFBP7. Most outcomes were improved by canagliflozin regardless of baseline IGFBP7; however, those with baseline 

concentrations ≥96.5 ng/mL appeared to benefit most from canagliflozin relative to first progression of albuminuria compared to those 

with lower baseline IGFBP7 (HR=0.64 vs 0.95; Pinteraction =0.003). Canagliflozin did not lower IGFBP7 concentrations by 1 year; 

however, at 1 year, higher IGFBP7 concentrations more strongly predicted the composite renal endpoint (HR=15.7; P<0.001). Patients 

with rising IGFBP7 between baseline to 1 year had the highest number of composite renal events.  

Conclusions: Plasma IGFBP7 concentrations predicted renal and cardiac events among participants with type 2 diabetes and high 

cardiovascular risk. More data are needed regarding circulating IGFBP7 and progression of diabetic kidney disease and its 

complications.  
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Introduction  

Patients with type 2 diabetes have a heightened risk for development of glomerulosclerosis, tubulointerstitial fibrosis, proteinuria, and 

progressive reduction in estimated glomerular filtration rate (eGFR) (1). Diabetes is a leading cause of need for renal replacement 

therapy (RRT), and diabetic kidney disease is accompanied by substantial risk for cardiovascular events, such as death. An unmet 

need is an objective means by which to predict diabetic kidney disease onset or its progression. 

 In the recent Canagliflozin Cardiovascular Assessment Study (CANVAS) Program, among a population of patients with type 2 

diabetes and high cardiovascular risk who are at risk for development or progression of diabetic kidney disease, compared to placebo, 

treatment with the sodium glucose co-transporter 2 (SGLT2) inhibitor canagliflozin significantly reduced rates of progressive 

albuminuria (2, 3).  Furthermore, canagliflozin treatment reduced the frequency of the composite endpoint of sustained 40% reduction 

of eGFR, need for RRT, or death from cardio-renal causes (4-6). Effects of canagliflozin to improve renal outcomes and the composite 

of renal outcomes plus cardiovascular death were recently affirmed in the Canagliflozin and Renal Events in Diabetes with 

Established Nephropathy Clinical Evaluation (CREDENCE) trial (3). 

 Given the importance of diabetic kidney disease and therapies shown to mitigate its severity and associated complications, 

tools to predict its onset and progression would be desirable. Circulating biomarkers represent an attractive option for this application, 

given potential for detecting signals of disease that might not otherwise be recognized; however, most biomarkers reported to date 

have underperformed for predicting onset or progression of diabetic kidney disease and specific biomarkers identifying benefit of 

therapies to reduce onset or progression of diabetic kidney disease remain elusive. Insulin-like growth factor binding protein-7 
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(IGFBP7) is a 29 kDa protein secreted by numerous tissues of the body. It is a member of the senescence-associated secretory 

phenotype with pluripotent in vivo roles, notably including induction of G1/S cell cycle arrest (7). Prior work has linked urinary 

concentrations of IGFBP7 (measured together with tissue inhibitor of metalloproteinase-2) for prediction of acute kidney injury (8). 

Whether IGFBP7 measurement provides information in diabetic kidney disease is not known and its measurement in plasma for such 

evaluation has not been explored. Accordingly, circulating concentrations of IGFBP7 were measured among participants in the 

CANVAS trial. We hypothesized IGFBP7 concentrations would predict risk for kidney endpoints in the trial, and evaluated for 

presence of interaction between biomarker and effects of canagliflozin. 

Methods 

Patients 

The study design, participant characteristics, and main results from the CANVAS Program have been previously published  (2-6, 9, 

10). The CANVAS Program was an integrated analysis of 2 similarly designed and conducted trials, CANVAS and CANVAS-Renal 

(CANVAS-R). Data from this analysis are solely from the CANVAS trial (see Supplemental Materials for a list of sites and 

investigators). Participants were individuals with type 2 diabetes (glycated hemoglobin [HbA1c] level ≥7.0% and ≤10.5%) and high 

risk for cardiovascular events. The patients were either ≥30 years of age with a history of symptomatic atherosclerotic cardiovascular 

disease or ≥50 years of age with ≥2 risk factors for cardiovascular disease. Participants were required to have an eGFR >30 

mL/min/1.73 m2. CANVAS participants were randomized (1:1:1) to canagliflozin 100 or 300 mg or placebo. All major cardiovascular 

events, kidney outcomes, and deaths were adjudicated by endpoint adjudication committees. 
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 Figure 1 is a study flow diagram outlining participants in the present study. Samples for biomarker measurement in this post 

hoc analysis were collected from patients enrolled in the CANVAS trial who consented for the collection of samples for exploratory 

biomarker research. Approval was obtained from institutional review boards and independent ethics committees for each participating 

center.  

 Plasma samples were collected at baseline and year 1 and stored at –80°C. IGFBP7 was measured using a preclinical research-

use only assay on an automated platform blinded to the treatment arm and visit information (Roche Diagnostics, Penzberg, Germany). 

The detection method for IGFBP7 was a sandwich immunoassay developed on the Elecsys® platform for electrochemiluminescence 

detection (Roche Diagnostics, Penzberg, Germany). Mouse monoclonal antibodies were generated and screened for specific detection 

of IGFBP7. Precision within-run coefficient of variation for IGFBP7 was 2%, the limit of detection was 0.01 ng/mL. 

Outcomes 

For the purposes of this analysis, we evaluated predictive ability of IGFBP7 concentrations at baseline and 1 year for key renal 

outcomes of the CANVAS Program; the statistical analysis plan was assembled prior to IGFBP7 measurement and analyses were 

performed according to intention to treat. The primary outcome measure of interest was the renal composite endpoint from CANVAS, 

comprising a 40% reduction in eGFR sustained for ≥2 consecutive measures, the need for RRT (dialysis or transplantation), or death 

from renal causes (defined as death with a proximate renal cause). Additional outcomes included progression to macroalbuminuria 

(among those without macroalbuminuria at baseline) and a composite progression of albuminuria (defined as more than a 30% 

increase in albuminuria and a change from either normoalbuminuria to microalbuminuria or macroalbuminuria, or from 
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microalbuminuria to macroalbuminuria). Lastly, given that the primary endpoint of the CREDENCE trial was a comparable composite 

renal endpoint plus cardiovascular death (3), this endpoint was included in the present analysis. 

 

Statistical Analysis 

Several questions were examined in this post hoc analysis: effects of canagliflozin on IGFBP7 concentrations from baseline to 1 year, 

associations between baseline IGFBP7 and outcomes, associations between IGFBP7 at 1 year and outcomes, and association between 

IGFBP7 categorical change at 1 year and outcomes. In each outcome analysis, canagliflozin treatment effect as a function of IGFBP7 

status was examined. 

 To address non-normality, IGFBP7 values were log-transformed prior to analysis. Clinical demographic data and 

cardiovascular and renal outcomes data, including off-treatment events, were merged with IGFBP7 results. Given the similar 

treatment effect from both canagliflozin treatment regimens (100 and 300 mg daily), data from patients receiving either of the 2 doses 

were combined in this analysis. To estimate the treatment effect on IGFBP7 concentrations at 1 year, a base linear model was 

constructed for log-transformed biomarker levels at 1 year by selecting important baseline covariates in patients randomized to 

placebo in the main study based on Bayesian information criterion. The candidate covariates at baseline included age, eGFR, BMI, 

systolic blood pressure, HbA1c, duration of diabetes, urine albumin:creatinine ratio (UACR), history of heart failure, and history of 

diuretic treatment. The treatment term (canagliflozin vs placebo) was then added to a base model to test the treatment effect on 



 

9 
 

IGFBP7 concentrations at 1 year. The geometric mean ratio and 95% CI were estimated for canagliflozin compared with placebo, and 

the nominal P value was also reported.  

 In order to estimate the association between the clinical outcome endpoints and IGFBP7 levels, a base model was also 

constructed for each endpoint from the same candidate covariates described above (plus treatment) using Cox proportional hazards 

model; proportion of hazards were checked and verified. IGFBP7 concentrations at baseline and 1 year were subsequently added to 

explore the association between outcome endpoints and IGFBP7 concentrations. The hazard ratio (HR) for a 2.72 [=exp(1)]–fold 

increase in IGFBP7, 95% CI, and nominal P value were also reported. Model C-index and change in C-index with addition of IGFBP7 

results to the model were calculated. 

 To provide a clinical context to results from IGFBP7 between treatment arms, IGFBP7 concentrations dichotomized at median 

baseline value of 96.5 ng/mL or examined across quartiles and the interaction of these values with treatment were added into the base 

model described previously.  

 All statistics were performed using R version 3.6.1, with 2-sided P values <0.05 considered significant. 

Results 

Of the 4330 participants enrolled in the CANVAS trial, plasma samples were collected and analyzed for NT-proBNP in 3577 

participants at baseline and 2898 participants at 1 year (Figure 1).  The baseline characteristics for participants with biomarker 

samples were balanced between those assigned to canagliflozin and placebo and were generally consistent with the overall CANVAS 

trial population (Table 1). On average, the study participants with biomarker samples were 62.5 ± 7.8 years of age, were more likely 
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to be male and white, and had type 2 diabetes for an average of 13.5 ± 7.4 years. Overall, those in this analysis had a baseline eGFR of 

77.5 ± 18.5 mL/min/1.73 m2 and UACR of 9.5 ± 36.6 mg/g. 

Effects of Canagliflozin on IGFBP7 Concentrations 

Baseline geometric mean concentrations of IGFBP7 were similar between those allocated to receive canagliflozin (97.6 ng/mL) or 

placebo (96.7 ng/mL). During follow up, a slight increase in IGFBP7 concentrations were seen in both treatment arms; geometric 

mean concentrations were again similar between those receiving canagliflozin versus placebo (99.0 vs 98.9 ng/mL).  In models 

adjusted for log-transformed baseline IGFBP7, age, HbA1c, eGFR, UACR, and treatment assignment, the treatment effect of 

canagliflozin versus placebo at 1 year was not significant (β = –0.0044 [–0.0201, 0.0113]; P = 0.58). Findings were similar in 

sensitivity analyses with more parsimonious models. Supplemental Table 1 details baseline and 1-year IGFBP7 concentrations by 

UACR status at baseline. This demonstrates substantially higher concentrations of IGFBP7 in those with micro- and 

macroalbuminuria at baseline and 1 year compared to those with normoalbuminuria. Treatment effect of canagliflozin on IGFBP7 by 

1 year remained nonsignificant in those with microalbuminuria (ratio of mean IGFBP7 change canagliflozin/placebo = 0.98; P = 

0.27); in those with macroalbuminuria at baseline (n = 162), ratio of mean IGFBP7 change (canagliflozin/placebo) by 1 year did not 

achieve statistical significance (0.89; P = 0.11). 

Baseline IGFBP7 Concentration and Outcomes 

 Table 2 details association between baseline log-transformed IGFBP7 concentrations and outcomes of interest for this analysis 

among the 3577 study participants with samples for analysis in the CANVAS study. In adjusted analyses, higher concentrations of the 
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biomarker were associated with risk for the composite renal endpoint (HR, 3.51; 95% CI, 1.66-7.42; P <0.001), the composite renal 

endpoint plus CV death (HR, 4.90; 95% CI, 3.16-7.60; P <0.001), plus the composite renal endpoint plus progression to 

macroalbuminuria (HR, 3.80; 95% CI, 1.54-4.07; P <0.001). Higher baseline IGFBP7 also predicted individual endpoints such as 

progression to macroalbuminuria, 40% decline in eGFR and the composite of first progression of albuminuria. As well, addition of 

IGFBP7 to the best models for predicting each outcome generally increased the C-index for most outcomes, though these increases 

were small. Supplemental Table 2 details the same analyses with baseline treatment forced into the model; this demonstrates 

attenuation of the HR magnitude, but nearly all remained significant. Supplemental Table 3 lists outcomes relative to the 

dichotomized baseline IGFBP7 concentration of 96.5 ng/mL. Larger reductions in risk were consistently seen in those with higher 

IGFBP7 but most outcomes did not demonstrate an interaction baseline IGFBP7 and treatment effect. One possible exception was the 

fact those with higher IGFBP7 concentrations appeared to specifically benefit from canagliflozin treatment with respect to the 

endpoint of first progression of micro- or macroalbuminuria where possible interaction between baseline IGFBP7 and canagliflozin 

effects was observed. For example, those with a baseline IGFBP7 ≥96.5 ng/mL demonstrated greater impact of canagliflozin versus 

placebo on first progression of albuminuria (44.7% vs 35.7%; HR, 0.64) than in those with lower IGFBP7 concentrations who showed 

similar rates of subsequent first progression of albuminuria whether randomized to placebo or canagliflozin (30.9% vs 32.2%; HR, 

0.95; Pinteraction = 0.003). Examined across quartiles of IGFBP7, larger effects of canagliflozin vs placebo were confirmed above the 

median split (Figure 2; Pinteraction = 0.03). 

One-year IGFBP7 Concentration and Outcomes 
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 For the 2898 study participants with a baseline and 1-year sample, we then examined predictive ability of log-transformed 

IGFBP7 to predict outcomes (Table 2). Associations between log-transformed IGFBP7 at 1 year and risk for endpoints were 

consistent with baseline predictive ability for some endpoints and even stronger than the baseline values for others. For example, 

higher IGFBP7 concentrations at 1 year predicted the composite renal endpoint substantially more strongly than the baseline value 

(HR = 15.7; 95% CI = 7.68-32.0; P <0.001; plotted HRs across 1-year IGFBP7 concentrations are detailed in Supplemental Figure 

1). Much of this reflected ability of higher IGFBP7 concentrations at 1 year to very strongly predict subsequent 40% reduction in 

eGFR (HR = 14.8; 95% CI = 7.2-30.6; P <0.001). Addition of log-transformed IGFBP7 concentrations increased the C-index for best 

models to predict each outcome. Supplemental Table 4 demonstrates outcomes relative to the dichotomized IGFBP7 concentrations 

at 1 year, once again demonstrating substantial predictive ability of 1-year IGFBP7 to prognosticate subsequent cardio-renal 

outcomes. No interaction term was detected between 1-year IGFBP7 concentrations and treatment allocation relative to subsequent 

events but the absolute reductions in outcomes associated with canagliflozin treatment were greater in those with higher IGFBP7 

concentrations. 

IGFBP7 Categorical Analysis From Baseline to 1 Year 

Given importance of both baseline and 1-year IGFBP7 concentrations, we then examined rates of the composite renal endpoint 

relative to baseline-to-1 year change in IGFBP7, relative to the dichotomous cut-point of 96.5 ng/mL. We further divided patients 

relative to treatment with placebo versus canagliflozin. As shown in Supplemental Figure 2, rates of the renal composite endpoint 

were particularly highest in those with elevated IGFBP7 concentrations at baseline and 1 year, where the impact of canagliflozin 
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treatment was most obvious. Notably, those starting the trial with elevated values but with lower concentrations at 1 year had 

outcomes similar to those with low concentrations at both time points, while those with rising concentrations had worse outcomes than 

would have been predicted by the baseline sample alone. 

Discussion 

In this post hoc analysis of patients with available blood samples in CANVAS, baseline concentrations of IGFBP7 were strongly 

prognostic for a wide range of kidney endpoints notably predicting progression of chronic kidney disease, albuminuria, and composite 

endpoints, including major renal outcomes. In addition, IGFBP7 concentrations also independently predicted the renal composite 

endpoint plus cardiovascular death (the primary endpoint of the recent CREDENCE trial). An elevated baseline IGFBP7 also appeared 

to specifically identify those likely to benefit from canagliflozin relative to first progression of albuminuria; however, this observation 

should be approached with caution given the non-prespecified nature of the analysis. While baseline concentrations of the biomarker 

were prognostic, in some circumstances a second IGFBP7 measurement at 1 year added potentially even stronger predictive value, 

particularly for subsequent decline in eGFR. Lastly, those patients with elevated IGFBP7 at baseline or 1 year seemed to have the 

worst outcomes and possibly greatest absolute gains from being treated with canagliflozin compared to placebo. As far as we are 

aware, these data are the first to link circulating IGFBP7 concentrations to major kidney endpoints in patients with type 2 diabetes. 

 IGFBP7 is a member of a large family of insulin growth factor binding peptides with pluripotent effects in vivo. Among the 

identified roles of IGFBP7 is participation in the senescence associated secretory phenotype (7), wherein cell cycle arrest is induced in 

damaged tissue; this process is associated with tissue aging, cell death, and fibrosis. Recent work regarding IGFBP7 has mainly 



 

14 
 

focused on the biomarker in patients with heart failure (11-16), where concentrations of IGFBP7 are higher in those with more severe 

disease and are associated with structural abnormalities of the heart (15, 16). Though urinary IGFBP7 has been associated with acute 

kidney injury (8), no data exist regarding the role of urine or circulating IGFBP7 to predict chronic kidney outcomes in patients with 

type 2 diabetes. Our results are thus highly novel and considerably extend results for blood-based measurement of IGFBP7 for renal 

and cardio-renal outcomes. 

 Prior data are limited regarding the meaning of IGFBP7 concentration in type 2 diabetes, though an association between 

circulating IGFBP7 concentrations and insulin resistance has been reported (17). Notably, using proteomic screening, Watanabe and 

colleagues reported induction of IGFBP7 in an in vitro model of tubulointerstitial damage following exposure to transforming growth 

factor β1 (a key mediator of diabetic kidney disease) (18). In immunohistochemical analyses, IGFBP7 was found to be localized in 

tubular cell cytoplasm and its knock-down was associated with less cellular death. Furthermore, in the report by Watanabe, elevated 

urinary IGFBP7 concentrations were found in clinical samples from type 2 diabetes patients with proteinuria. As tubular injury is a 

critical determinant of development and manifestation of diabetic kidney disease, it is tempting to speculate whether circulating 

IGFBP7 concentrations in CANVAS patients reflect risk for tubular fibrosis and proteinuria. More studies are planned; our data 

suggest circulating IGFBP7 concentrations are promising as an early marker of renal tubular cell fibrosis and predictor of progressive 

kidney dysfunction with proteinuria among patients with type 2 diabetes. 

 In the CANVAS Program, canagliflozin reduced rates of major cardiac and renal events compared to placebo (2, 3). In the 

present analysis, we found consistent relative benefit of canagliflozin regardless of IGFBP7 concentration, such that with most 
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endpoints, no interaction between the drug and biomarker was present; however, among those with elevated IGFBP7 concentrations, 

rates of each complication studied were substantially higher, so absolute reductions in risk associated with canagliflozin were greater 

in such patients. Notably, interaction between IGFBP7 and benefit from canagliflozin was found relative to first progression of 

albuminuria; this finding is curious given aforementioned links between IGFBP7 and tubulointerstitial fibrosis. Lastly, patients with 

elevated IGFBP7 at both baseline and 1 year had the highest rates of worsening eGFR, and in these patients, reduction of events in 

those taking canagliflozin was particularly noteworthy. Prospective studies would be needed to confirm any potential role of IGFBP7 

measurement to identify those at risk for diabetic kidney disease most likely to benefit from treatment with SGLT2 inhibitors. 

 This study is limited in that it was a retrospective post hoc study performed only in patients from the CANVAS study with 

available samples. While consistent across numerous kidney endpoints, these results are therefore hypothesis-generating and need 

confirmation.  This is particularly so for the results suggesting an interaction between baseline IGFBP7 concentrations and subsequent 

benefits from canagliflozin on progression of albuminuria; this finding may be the result of chance and requires validation. Further 

analyses of IGFBP7 concentrations in patients suffering from established diabetic kidney disease are planned and these results will be 

useful to prepare the analytic approach. Potential for incomplete adjustment for confounding variables is another limitation, 

particularly as certain variables such as eGFR and albuminuria have substantial variation across measurements. Lastly, multiple 

comparisons were made without adjustment for multiplicity, although for a post hoc exploratory analysis such as this the need for such 

correction is debated. 
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 In conclusion, among patients randomized to treatment with canagliflozin or placebo in CANVAS, elevated or rising 

concentrations of the tissue senescence biomarker IGFBP7 were associated strongly with subsequent risk for a wide range of renal 

complications and composite of renal events and cardiovascular death. An elevated baseline IGFBP7 appeared to associate with 

specific benefit from canagliflozin treatment with regards to reduction of albuminuria progression. Development and progression of 

kidney disease is a pivotal moment in the course of type 2 diabetes, but a major obstacle to preventing or treating diabetic kidney 

disease is a lack of reliable tools for its prognostication. The results of this study extend basic science data regarding IGFBP7 in 

diabetic kidney disease, and suggest a potential clinical role for blood measurement of IGFBP7 to predict diabetic kidney disease 

complications and possibly for selecting its treatment. Further studies of IGFBP7 in patients with diabetic kidney disease are planned. 
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Table 1. Baseline Characteristics of CANVAS Study Participants With Samples Available for IGFBP7 Analysis  

Characteristic* 

Canagliflozin 

(n = 2384) 

Placebo 

(n = 1193) 

Age, years 62.8 (7.9) 62.5 (7.8) 

Female, n (%) 789 (33) 395 (33) 

Race, n (%)   

White 1941 (81) 968 (81) 

Asian 233 (10) 121 (10) 

Black 55 (2) 31 (3) 

eGFR, mL/min/1.73 m2 77.2 (18.7) 76.8 (19.0) 

Body mass index, kg/m2 32.7 (6.1) 32.6 (6.2) 

SBP, mmHg 136.4 (15.9) 137.2 (15.8) 

HbA1c, % 8.2 (0.9) 8.2 (0.9) 

HbA1c, mmol/mol 66 (9.8) 66 (9.8) 

Diabetes duration, y 13.6 (7.5) 13.4 (7.5) 

Urine albumin:creatinine ratio, mg/g 9.1 (35.7) 11.3 (40.4) 

History of HF, n (%) 296 (12) 170 (13) 

Diuretic use, n (%) 1109 (47) 552 (46) 

Sulphonylurea use, n (%)  1043 (44) 521 (44) 

GLP-1 use, n (%) 60 (3) 26 (2) 

Statin use, n (%) 1787 (75) 866 (73) 

Insulin use, n (%) 1258 (53) 621 (52) 
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Metformin use, n (%) 1737 (73) 858 (72) 

RAAS inhibitor use, n (%) 1950 (82) 977 (82) 

Beta blocker use, n (%) 1210 (51) 605 (51) 

 

IGFBP7, insulin-like growth factor binding protein-7; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure; HF, 

heart failure; SD, standard deviation; GLP, glucagon-like peptide; RAAS, renin-angiotensin-aldosterone system. 

*Data are mean (SD) unless otherwise indicated. Table 2. Log-transformed IGFBP7 at Baseline and 1 Year Relative to Subsequent 

Outcomes in the CANVAS Study 

     

   Baseline IGFBP7   

Events 

HRadj 

(95% 

CI)* 

P 

C-index 

with 

Clinical 

covariates 

only 

C-index 

with 

baseline 

IGFBP7 

only 

C-index with 

both 

(improvement 

from clinical 

covariates only) 

HRadj 

(95% 

CI)* 

P 

C-index 

with 

Baseline 

and 1-year 

IGFBP7  

C-index 

(improvement 

from clinical 

covariates and 

baseline IGFBP7) 

Sustained decline in 

eGFR by 40%† 

2.27 

(1.05, 

4.93) 

0.038 0.73 0.69 0.73 (0) 

14.8 

(7.2, 

30.6) 

<0.001 0.77 0.79 (+0.04) 

Progression to 

macroalbuminuria 

2.50 

(1.54, 

4.07) 

<0.001 0.81 0.63 0.81 (0) 

3.80 

(1.80, 

7.80) 

<0.001 0.66 0.81 (0.01) 

First progression of 

albuminuria 

1.80 

(1.36, 

2.38) 

<0.001 0.56 0.56 0.58 (+0.01) 

1.76 

(1.16, 

2.65) 

0.007 0.56 0.57 (+0.01) 

Cardiovascular death 

6.55 

(3.93, 

10.9) 

<0.001 0.66 0.67 0.69 (+0.03) 

2.69 

(0.86, 

8.35) 

0.09 0.65 0.68 (0) 
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Renal composite‡ 

3.51 

(1.66, 

7.42) 

0.001 0.73 0.70 0.74 (+0.01) 

15.7 

(7.68, 

32.0) 

<0.001 0.77 0.80 (+0.04) 

Renal composite 

plus cardiovascular 

death 

4.90 

(3.16, 

7.60) 

<0.001 0.67 0.67 0.70 (+0.03) 

6.90 

(4.10, 

11.7) 

<0.001 0.68 0.71 (+0.01) 

Renal composite 

plus progression to 

macroalbuminuria  

3.80 

(2.50, 

4.07) 

<0.001 0.63 0.64 0.66 (+0.03) 

7.40 

(4.50, 

12.2) 

<0.001 0.68 0.69 (+0.02) 

 

IGFBP7, insulin-like growth factor binding protein-7; eGFR, estimated glomerular filtration rate; HRadj, adjusted hazard ratio. 

*Covariates for adjustment were selected using the Bayesian information criterion in patients randomized to placebo in the main study 

along with baseline IGFBP7 and treatment allocation. Improvement in the C-index was change above a base model of covariates 

excluding biomarker concentrations.  
†40% decrease in eGFR was sustained for ≥2 consecutive measures.  
‡The renal composite endpoint from CANVAS comprised a 40% decrease in eGFR (sustained for ≥2 consecutive measures), the need 

for renal replacement therapy (dialysis or transplantation), or renal death.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

24 
 

 

 

 

 

 

 

 

 

 

Figure Legends 

 

Figure 1. Study flow for CANVAS IGFBP7 analysis. IGFBP7, insulin-like growth factor binding protein-7. 

 

Figure 2. Reduction of first progression of micro- or macroalbuminuria as a function of treatment assignment (canagliflozin or 

placebo) across baseline IGFBP7 concentrations. Specific benefit from canagliflozin versus placebo appeared present in those patients 

with higher IGFBP7 values (interaction P value = 0.03). IGFBP7, insulin-like growth factor binding protein-7. 

 



 

25 
 

Figure 1. Study flow for CANVAS IGFBP7 analysis. 

 

 

IGFBP7, insulin-like growth factor binding protein-7.  
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Figure 2. Reduction of first progression of micro- or macroalbuminuria as a function of 

treatment assignment (canagliflozin or placebo) across baseline IGFBP7 concentrations. 

Compared to the first quartile, specific benefit from canagliflozin versus placebo appeared 

present in those patients with higher IGFBP7 values (interaction P value = 0.03).  

 

IGFBP7, insulin-like growth factor binding protein-7. 
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Tandberg, Leidulv Solnoer, Per Anton Sirnes; Poland: Tadeusz Derezinski, Malgorzata Arciszewska, 
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Supplemental Table 1. Effects of Canagliflozin on IGFBP7 Concentrations Over Time as a Function of Albuminuria Status 
 

N 

Geometric mean 

IGFBP7 at baseline 

Geometric mean 

IGFBP7 at 1 Year 

Mean 

fold change 

Ratio of mean fold change 

(canagliflozin/placebo) P* 

All patients 

Placebo 930 95.1 99.0 1.04 0.98 0.11 

Canagliflozin 1968 97.0 99.1 1.02 

Albumin/creatinine ratio <30 mg/g (normal) 

Placebo 676 92.9 95.9 1.03 0.99 0.53 

Canagliflozin 1423 93.1 95.3 1.02 

Albumin/creatinine ratio 30-300 mg/g (microalbuminuria) 

Placebo 188 99.4 103.6 1.04 0.98 0.27 

Canagliflozin 437 105.4 107.2 1.02 

Albumin/creatinine ratio >300 mg/g (macroalbuminuria) 

Placebo 63 106.0 121.5 1.15 0.89 0.11 

Canagliflozin 99 121.6 124.0 1.02 

IGFBP7, insulin-like growth factor binding protein-7. 

*Nominal P value on treatment effect on mean IGFBP7 fold-change from baseline. 
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Supplemental Table 2. Log-transformed IGFBP7 at Baseline and 1 Year Relative to Subsequent Outcomes in the CANVAS Study 

after adjusting for baseline medication. 

      Per log-unit increase of IGFBP7 

    Baseline IGFBP7   1-year IGFBP7 

Events 

HRadj 

(95% 

CI)* 

P 

C-index 

with 

Clinical 

covariates 

only 

C-index 

with 

baseline 

IGFBP7 

only 

C-index with 

both 

(improvement 

from clinical 

covariates 

only) 

HRadj 

(95% 

CI)* 

P 

C-index 

with 

Baseline 

and 1-

year 

IGFBP7  

C-index 

(improvement from clinical 

covariates and baseline 

IGFBP7) 

Sustained decline 

in eGFR by 40%† 

1.66 

(0.79, 

3.51) 

0.18 0.72 0.69 0.73 (+0.01) 

13.6 

(6.5, 

28.5) 

<0.001 0.78 0.80 (+0.05) 

Progression to 

macroalbuminuria 

2.09 

(1.24, 

3.53) 

0.008 0.81 0.63 0.81 (0) 

3.41 

(1.60, 

7.26) 

0.002 0.67 0.81 (0) 

First progression 

of albuminuria 

1.66 

(1.25, 

2.21) 

<0.001 0.58 0.56 0.59 (+0.01) 

1.68 

(1.11, 

2.55) 

0.015 0.58 0.59 (0) 

Cardiovascular 

death 

4.67 

(2.71, 

8.06) 

<0.001 0.69 0.67 0.70 (+0.01) 

2.20 

(0.70, 

6.85) 

0.18 0.67 0.70 (0) 

Renal composite‡ 

2.54 

(1.15, 

5.60) 

0.021 0.72 0.70 0.74 (+0.02) 

14.3 

(6.90, 

29.7) 

<0.001 0.78 0.81 (+0.04) 
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Renal composite 

plus 

cardiovascular 

death 

3.58 

(2.24, 

5.70) 

<0.001 0.69 0.67 0.71 (+0.02) 

5.87 

(3.38, 

10.2) 

<0.001 0.69 0.72 (+0.01) 

Renal composite 

plus progression 

to 

macroalbuminuria 

3.23 

(2.08, 

5.02) 

<0.001 0.65 0.64 0.67 (+0.02) 

6.94 

(4.15, 

11.6) 

<0.001 0.69 0.70 (+0.02) 

 

IGFBP7, insulin-like growth factor binding protein-7; eGFR, estimated glomerular filtration rate; HRadj, adjusted hazard ratio. 

*Covariates for adjustment were selected using the Bayesian information criterion in patients randomized to placebo in the main study 

along with baseline IGFBP7 and treatment allocation. Baseline medications adjusted for include baseline use of diuretic, 

sulphonylurea, GLP-1 receptor agonists, statins, insulin, metformin, RAAS inhibitors, and beta blocker. Improvement in the C-index 

was change above a base model of covariates excluding biomarker concentrations.  
†40% decrease in eGFR was sustained for ≥2 consecutive measures.  
‡The renal composite endpoint from CANVAS comprised a 40% decrease in eGFR (sustained for ≥2 consecutive measures), the need 

for renal replacement therapy (dialysis or transplantation), or renal death. 
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Supplemental Table 3: Dichotomous Baseline IGFBP7 and Subsequent Outcomes in the CANVAS Study. The median concentration 

of 96.5 ng/mL was used. 

 Baseline IGFBP7 ≥96.5 ng/mL 

Event HRadj (95% CI) P  Pinteraction 

Sustained reduction of eGFR by 40%* 2.49 (1.41, 4.39) 0.002 0.39 

Progression to macroalbuminuria 1.79 (1.25, 2.58) 0.002 0.24 

First progression of albuminuria 1.70 (1.39, 2.07) <0.001 0.002 

Cardiovascular death 2.09 (1.33, 3.30) 0.002 0.58 

Renal composite† 2.80 (1.60, 4.89) <0.001 0.25 

Renal composite plus cardiovascular death 2.30 (1.61, 3.30) <0.001 0.17 

Renal composite plus progression to macroalbuminuria  2.15 (1.58, 2.94) <0.001 0.42 

IGFBP7, insulin-like growth factor binding protein-7; eGFR, estimated glomerular filtration rate. 

*40% decrease in eGFR was sustained for ≥2 consecutive measures. 
†The renal composite endpoint from CANVAS comprised a 40% decrease in eGFR (sustained for ≥2 consecutive measures), the need 

for renal replacement therapy (dialysis or transplantation), or renal death.  
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Supplemental Table 4. Dichotomous 1-year IGFBP7 and Subsequent Outcomes in the CANVAS Study. Optimal Cut-off at Baseline 

for Predicting Risk was ≥110.3 ng/mL 

 1-year IGFBP7 ≥110.3 ng/mL 

Event HRadj (95% CI) P Pinteraction 

Sustained reduction of eGFR by 40%* 2.86 (1.45, 5.62) 0.002 0.87 

Progression to macroalbuminuria 2.19 (1.37, 3.52) 0.001 0.63 

First progression of albuminuria 1.39 (1.08, 1.79) 0.01 0.29 

Cardiovascular death 0.94 (0.51, 1.72) 0.84 0.91 

Renal composite† 2.91 (1.48, 5.72) 0.002 0.60 

Renal composite plus cardiovascular death 1.66 (1.04, 2.63) 0.03 0.60 

Renal composite plus progression to macroalbuminuria  2.31 (1.54, 3.46) <0.001 0.98 

IGFBP7, insulin-like growth factor binding protein-7; eGFR, estimated glomerular filtration rate. 

*40% decrease in eGFR was sustained for ≥2 consecutive measures.  
†The renal composite endpoint from CANVAS comprised a 40% decrease in eGFR (sustained for ≥2 consecutive measures), the need 

for renal replacement therapy (dialysis or transplantation), or renal death.  
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Supplemental Figure 1. HR for renal composite endpoint of the CANVAS study as a function of the IGFBP7 concentrations at 1 year 

in the study.  

 

HR, hazard ratio; IGFBP7, insulin-like growth factor binding protein-7. 
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Supplemental Figure 2. Rates of the renal composite endpoint by end of study as a function of baseline IGFBP7 and treatment 

allocation. Those study participants with IGFBP7 concentrations above 96.5 ng/mL at baseline and 1 year had the highest risk for the 

renal composite endpoint. Among these patients, treatment allocation to canagliflozin was associated with the largest reduction of this 

outcome measure.  

 

IGFBP7, insulin-like growth factor binding protein-7. 

 


