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Abstract

Background: The canagliflozin and renal endpoints in diabetes with established nephropathy clinical evaluation (CREDENCE)
and dapagliflozin and prevention of adverse outcomes in chronic kidney disease (DAPA-CKD) trials have demonstrated
significant kidney benefits with sodium-glucose cotransporter-2 (SGLT2) inhibitors. SGLT2 inhibitors are now standard of
care for patients with diabetic kidney disease and have also been shown to be effective in those with albuminuric CKD with
or without diabetes.

Objective: We sought to determine how many patients in nephrology care in British Columbia, Canada, would have been
eligible for those trials, to compare rates of outcomes, and to estimate cost avoidance arising from widespread use of SGLT2
inhibitors in this cohort.

Study design: Retrospective cohort study.

Setting: British Columbia, Canada.

Participants: CKD patients followed in the Kidney Care Clinics in British Columbia.

Measurements: We compared the outcomes of kidney failure, sustained estimated glomerular filtration rate (eGFR)
<15 mL/min/1.73 m?, dialysis, transplant, death from any cause, and doubling of serum creatinine. We also compared the
composite outcome of kidney failure and doubling of serum creatinine.

Methods: The cohort was derived using a provincial database by combining the inclusion criteria of CREDENCE and DAPA-
CKD trials. We included adult patients aged =18 years, urine albumin to creatinine ratio (UACR) =20 mg/mmol, and eGFR
between 25 and 90 mL/min/1.73 m?, between April |, 2014 and March 31, 2017. The primary outcome was compared with
the outcomes experienced in the placebo arms of CREDENCE and DAPA-CKD. The composite outcome stratified by eGFR
categories were compared in the British Columbia cohort and the CREDENCE trial. Cost avoidance was estimated based
on the number needed to treat to prevent one instance of kidney failure.

Results: A total of 17.5% (3138/17 963) of patients were eligible, resulting in a cohort with a mean age of 69.7 years and 38%
women. The eGFR slope of the British Columbia cohort was —4.21 = 0.47 mL/min. The mean eGFR was 37.0 mL/min/1.73
m?, median UACR was 55.3 mg/mmol, and use of renin-angiotensin-aldosterone system inhibitors was 56.6%. The British
Columbia cohort experienced nearly double the outcomes of kidney failure, death from any cause, and doubling of serum
creatinine than the placebo arms of CREDENCE and DAPA-CKD. When stratified by eGFR, the British Columbia cohort
and the CREDENCE placebo arm had similar event rates for those with an eGFR <45 mL/min but there were still higher
rates of outcome in the greater than 45 mL/min eGFR groups in the British Columbia cohort. Treating the British Columbia
cohort with canagliflozin could lead to net cost avoidance of $2.31 million over 2.6 years.

Limitations: The database only captures those referred to the Kidney Care Clinics by nephrologists, which may lead to
selection bias of higher risk patients in the British Columbia cohort. The cost avoidance analysis was a limited high-level
analysis.

Conclusions: The British Columbia cohort represents a high-risk group in whom implementation of the use of SGLT2
inhibitors may well improve outcomes and reduce health care system costs.
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Abrégé

Contexte: Les essais cliniques CREDENCE et DAPA-CKD ont démontré que les inhibiteurs du cotransporteur sodium-
glucose-2 (SGLT2) présentent des avantages significatifs pour les reins. Les inhibiteurs du SGLT2 sont désormais la norme en
matiére de soins pour les patients atteints de néphropathie diabétique et se sont également avérés efficaces chez les patients
atteints d’une insuffisance rénale chronique (IRC) albuminurique avec ou sans diabéte.

Objectifs: Déterminer le nombre de patients suivis en néphrologie en Colombie-Britannique (Canada) qui auraient été
admissibles a ces essais, afin de comparer les résultats et estimer les co(its pouvant étre évités par une utilisation généralisée
des inhibiteurs du SGLT2 dans cette cohorte.

Type d’étude: Etude de cohorte rétrospective.

Cadre: Colombie-Britannique (Canada).

Sujets: Les patients atteints d’IRC suivis dans les cliniques de prévention rénale (Kidney Care Clinics) en Colombie-
Britannique.

Mesures: Nous avons comparé les résultats de l'insuffisance rénale terminale (baisse soutenue du taux de filtration
glomérulaire estimé [DFGe] 2 moins de 15 ml/min/1,73 m? dialyse, transplantation), les décés de toutes causes confondues
et le doublement de la concentration de créatinine sérique. Nous avons également comparé le critére composite de
Pinsuffisance rénale terminale et du doublement de la concentration de créatinine sérique.

Méthodologie: La cohorte a été dérivée d’une base de données provinciale en combinant les critéres d’inclusion des essais
CREDENCE et DAPA-CKD. Ont été inclus les patients adultes répertoriés entre le ler avril 2014 et le 3|1 mars 2017 avec
un rapport albumine/créatinine urinaire (RACu) = 20 mg/mmol et un DFGe entre 25 et 90 ml/min/1,73 mZ Le critére de
jugement principal a été comparé aux résultats observés dans les groupes placebos des essais CREDENCE et DAPA-CKD.
Le critére composite, stratifié selon les catégories de DFGe, a été comparé dans la cohorte de la Colombie-Britannique et
I'essai CREDENCE. Les colts évités ont été estimés en fonction du nombre de traitements nécessaires pour prévenir un cas
d’insuffisance rénale terminale.

Résultats: Des 17 963 patients répertoriés, 3 138 (17,5 %) auraient été admissibles (38 % de femmes; d4ge moyen: 69,7 ans).
La pente du DFGe pour la cohorte de la Colombie-Britannique était de —4,21 = 0,47 ml/min. Dans cette méme cohorte,
le DFGe moyen s’établissait a 37,0 ml/min/I,73 m?, le RACu moyen a 55,3 mg/mmol et le taux d'utilisation des inhibiteurs
du systéme rénine-angiotensine-aldostérone a 56,6 %. La cohorte de la Colombie-Britannique a connu prés de deux fois
plus d’événements liés a linsuffisance rénale terminale, de décés de toutes causes confondues et de doublement de la
concentration de créatinine sérique que les groupes placebos des essais CREDENCE et DAPA-CKD. Aprés la stratification
selon le DFGe, la cohorte de la Colombie-Britannique et le groupe placebo de I'essai CREDENCE ont montré des taux
d’événements similaires pour les patients présentant un DFGe < 45 ml/min, mais la cohorte de la Colombie-Britannique a
montré des taux plus élevés d’événements dans les groupes avec un DFGe supérieur a 45 ml/min. Le traitement de la cohorte
de la Colombie-Britannique par la canagliflozine pourrait permettre d’éviter un co(t net de 2,31 M$ canadiens sur 2,6 ans.
Limites: La base de données ne contient que les patients orientés par des néphrologues vers les cliniques de prévention
rénale (Kidney Care Clinics), ce qui peut entrainer un biais favorisant la sélection des patients a risque élevé dans la cohorte
de la Colombie-Britannique. L’analyse des colits évités était une analyse de haut niveau limitée.

Conclusion: La cohorte de la Colombie-Britannique représente un groupe de patients a haut risque chez qui I'utilisation
des inhibiteurs du SGLT2 pourrait améliorer les résultats en matiére d’insuffisance rénale et permettre de réduire les coits
pour le systéme de santé.
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Introduction

More than 4 million Canadians suffer from chronic kidney
disease (CKD) and it is the 10th leading cause of death, cost-
ing the health care system approximately $40 billion each
year.'* Chronic kidney disease, especially kidney failure, is
also associated with poor quality of life and a markedly
increased risk of cardiovascular (CV) disease.>® Diabetes is
the leading cause of CKD in Canada and, as the prevalence
of diabetes rises in an aging population, the burden of CKD
is likely to grow.’

Sodium-glucose cotransporter-2 (SGLT2) inhibitors are
now standard of care for patients with diabetic kidney dis-
ease and have also been shown to be effective in those with
albuminuric CKD of any cause.® Two landmark randomized
controlled trials (RCTs) demonstrated kidney protective
effects of SGLT2 inhibitors.”!" The canagliflozin and renal
endpoints in diabetes with established nephropathy clinical
evaluation (CREDENCE) trial demonstrated that, compared
with placebo, canagliflozin reduced the risk of the composite
outcome of kidney failure, doubling of serum creatinine, or
kidney or CV-related death by 30% among patients with type
2 diabetes mellitus (T2DM) and albuminuric CKD.!'? The
dapagliflozin and prevention of adverse outcomes in CKD
(DAPA-CKD) trial found that dapagliflozin reduced the risk
of kidney failure, a decline of at least 50% in estimated glo-
merular filtration rate (¢GFR), or death from renal or CV
causes by 39% in patients with albuminuric CKD, with or
without diabetes.®

In general, RCTs are conducted in a controlled environ-
ment with restrictive eligibility criteria that may not be rep-
resentative of real-world CKD patients.'> The degree to
which the CREDENCE and DAPA-CKD study populations
(as defined by their inclusion and exclusion criteria) repre-
sent the patients with CKD seen by Canadian nephrologists
is unknown, yet this has important implications for patient
outcomes and health service costs. The primary aim of this
study was to identify the potential benefits and costs of
SGLT2 inhibitor use in real-world CKD patients. To achieve
this, we compared the CREDENCE and DAPA-CKD trial
cohorts with patients meeting trial eligibility criteria from a
contemporary cohort of CKD patients managed by nephrolo-
gists in British Columbia. We then estimated a high-level,
preliminary cost implication for health care funders arising
from the use of SGLT?2 inhibitors in this real-world cohort.

Methods
Study Population

This retrospective cohort study was performed using data
from the Patient Records and Outcome Management
Information System (PROMIS), a population-based registry
integrating laboratory and clinical data for all patients fol-
lowed by nephrologists in BC, Canada, in provincial Kidney

Care Clinics (KCC). In 2016, BC had a population of 4.6
million, 52% of whom resided in the Vancouver area.'* The
inclusion criteria for this cohort were derived combining eli-
gibility criteria from both the CREDENCE and DAPA-CKD
trials (Supplemental Table S1). The lower and upper range of
the eGFR cutoff was from DAPA-CKD and CREDENCE,
respectively, and the lower range of albuminuria cutoff was
from DAPA-CKD to accomplish the goal of creating the
most comprehensive cohort while maintaining similarity to
the clinical trial participants. We aimed to have a pragmatic
approach for the use of clinical trial data for all clinicians
who are likely to consider treating patients with SGLT2
inhibitors if they fit either study inclusion criteria.®!'> We
included adult patients (=18 years of age) with a urine albu-
min to creatinine ratio (UACR) =20 mg/mmol and an eGFR
between 25 and 90 mL/min/1.73 m? on cohort entry date
(index date). Patients with and without type 2 diabetes were
eligible.

The study cohort was assembled from all eligible
patients recorded in PROMIS at any point within the study
period (April 1, 2014, to March 31, 2017). This period of
2014 to 2017 was selected as evidence for SGLT2 inhibi-
tors were just emerging, which would minimalize the num-
ber of patients on an SGLT2 inhibitor, and setting the end
date of enrolment to 2017 allowed for 3 years of follow-up
time for those enrolled in 2017, permitting a similar median
follow-up time to the CREDENCE and DAPA-CKD
cohorts. Furthermore, BC public health insurance did not
provide access to SGLT?2 inhibitors until 2019, when empa-
gliflozin was added as a third line agent in the management
of diabetes.

The cohort consisted of prevalent patients (those entered
in PROMIS prior to April 1, 2014) who were included if they
had a UACR =20 mg/mmol in the prior 12 months and an
eGFR measure between 25 and 90 mL/min/1.73 m? within 3
months of the qualifying UACR. The date of study entry for
such patients was set as April 1, 2014. Of note, a proportion
of prevalent patients were found to have a change in eGFR
and/or UACR within 3 months of April 1, 2014, such that
they no longer met eligibility criteria. These patients were
not considered in the primary cohort but were included in a
sensitivity analysis. Incident patients were those who first
met the study criteria after April 1, 2014, for whom the date
of study entry was set to the first date at which all eligibility
criteria were met. Patients with history of renal transplant; a
diagnosis of autosomal dominant or autosomal recessive
polycystic kidney disease, lupus nephritis, or antineutrophil
cytoplasmic antibody; or type 1 diabetes were excluded. We
further restricted our analyses to those who did not receive
immunosuppressive therapy (ie, dispensed azathioprine,
cyclophosphamide, cyclosporine, mycophenolate mofetil,
mycophenolic sodium EC, prednisone, and tacrolimus)
within 6 months prior to the index date. This study was
approved by the research ethics board at the University of
British Columbia (H20-03986).
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Outcome

The primary outcome was a composite of the first occurrence
of kidney failure (€GFR <15 ml/min/1.73 m? demonstrated
by at least 2 measurements separated by at least 90 days,
chronic dialysis for =90 days or kidney transplantation), and
sustained doubling of serum creatinine (demonstrated by at
least 2 measurements separated by at least 30 days). As the
CKD patients in this study cohort did not receive SGLT2
inhibitors, the outcomes were compared with the outcomes
observed in the placebo arm of the RCTs. The composite out-
come in the BC cohort was compared as a primary outcome,
as well as the number of events stratified by eGFR categories
0f25-29, 30-44, 45-59, 60-90, and >90 mL/min/1.73 m? with
the CREDENCE trial only as outcomes by eGFR category
was not available for DAPA-CKD trial.'> We compared this
primary outcome with the composite outcome in the
CREDENCE trial for kidney failure, doubling of serum cre-
atinine, and renal death. In the placebo arm of the CREDENCE
trial, only five renal deaths were recorded in the placebo arm,
representing just 2.2% (5/224) of this composite outcome.'?
As such, we assumed that the effect of renal death on this
secondary composite outcome was negligible when compar-
ing with the BC cohort.

Estimated Glomerular Filtration Rate Slope
Calculation

To compare the slopes between the BC cohort and the pla-
cebo arms of CREDENCE and DAPA-CKD, we followed
the methods described in the supplemental material for the
CREDENCE trial.'>!® We used a two-slope model with fixed
effects of baseline ¢eGFR, ¢GFR strata at baseline (25-30,
30-45, 45-60, and >60 mL/min/1.73 m?), continuous time
(in years), time spline (with 1 knot at 3 weeks), with interac-
tion terms of eGFR strata by time, eGFR strata by time
spline, and the random effects of intercept, time, and time
spline. The eGFR slope was estimated by restricted maxi-
mum likelihood. As patients from the BC cohort did not
receive any treatment, variables involving “treatment” were
not included in our model.

Cost Avoidance Analysis

Using the published data of event rates in the canagliflozin
and placebo arm stratified by eGFR categories (15-29, 30-44,
45-59, 60-90, and >90 mL/min/1.73 m?) in the CREDENCE
trial, we calculated the number needed to treat (NNT) values
in each of the eGFR categories.!>!” We calculated the NNTs
for the outcome of dialysis, transplantation, or renal death in
each eGFR category as the reciprocal of the difference in
event rates between the canagliflozin and placebo arms in the
CREDENCE study. Supplemental Table S4 provides the
event rates by eGFR category used to calculate the NNT, and
Supplemental Table S5 provides the estimated NNTs.

The cost avoidance analysis was conducted by calculating
the potential future costs minus the cost of the intervention.

The potential future cost was attributed to the cost of dialysis
initiation per patient, and the cost of intervention was the
cost of treating all participants in the BC cohort for 2.6 years
(the median follow-up of CREDENCE trial). We used the
NNT of dialysis, transplant, or renal death for this calcula-
tion as this reflects the number of dialysis starts in the trial
cohort. Although the cost of transplant in the first year is
more expensive, this was assumed to be the same cost as a
year of dialysis, for more conservative estimates.'® The renal
death was considered negligible in this calculation as abso-
lute number of renal deaths were low in the trial (2.2%).

To explore the possibility that canagliflozin may not be as
efficacious in the BC cohort as was demonstrated in the
CREDENCE trial, we calculated cost avoidance, assuming
canagliflozin was 20%, 30%, or 35% less effective in the BC
cohort.

Currently, the cost of an SGLT2 inhibitor in Canada is
approximately $2.92/day, which is $1,066/year.!” However,
costs can be mitigated by halving a higher dose pill of cana-
gliflozin to match similarly the dose given in the major trials,
thus reducing the cost to approximately $533/year. Dialysis
costs were estimated to be $87,000/patient/year in BC when
adjusted for inflation in 2021.2

Statistical Analysis

Descriptive statistics were used to characterize eGFR,
UACR, and serum creatinine. Continuous variables were
reported as mean (= SD) or median (interquartile range
[IQR]) as appropriate. Categorical variables were reported as
frequency (percentage).

The incidence rates of the primary and the secondary out-
comes were calculated per 100 and 1000 person-years of
follow-up, for overall study cohort and within each eGFR
category. We compared the number of outcomes between
this study cohort and the CREDENCE and DAPA-CKD tri-
als, and the primary outcome by eGFR categories between
the study cohort and the CREDENCE trial. The incident rate
per patient-year was compared with the clinical trial rates
under the assumption that both outcome events follow a
Poisson distribution. To test equivalency of the two rates, we
used the uniformly most powerful unbiased test where the
test statistic follows a binomial distribution.

We conducted a sensitivity analysis including patients
who were excluded from the primary analysis for not meet-
ing the UACR or eGFR criteria within 3 months after the
index date. All analyses were carried out using SAS Version
9.4 (SAS Institute, Cary, North Carolina).

Results

Cohort Derivation

The PROMIS database included 17963 patients, of whom
3138 (17.5%) met cohort entry criteria (Figure 1). In addi-
tion, 1533 patients who met study criteria in the 12 months
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Figure |. Cohort derivation.

Note. KCC = kidney care clinics; PROMIS = Patient Records and Outcome Management Information System.

prior to April 1, 2014, but who did not have a UACR =20
mg/mmol and/or eGFR 25 to 90 mL/min/1.73 m? within 3
months of this date were identified for inclusion in a sensitiv-
ity analysis.

Table 1 presents the overall characteristics of the study
cohort in comparison with the placebo arm ofthe CREDENCE
and DAPA-CKD trials. On average, the BC cohort was older
with a mean age of 69.7 (+13.5) years, and 38% were women.
Approximately, 56.2% were white, and 8.3% were Asian. The
majority cohort had a diagnosis of diabetes (65%) and hyper-
tension (86%). Around half of the cohort (57%) were on an
angiotensin-converting enzyme (ACE) inhibitor or angioten-
sin II receptor blocker (ARB). The median duration of fol-
low-up for the BC cohort was 4.1 years (range = 3.0-5.3).
The mean eGFR was 37 mL/min compared with 56 and 43
mL/min in CREDENCE and DAPA-CKD trials, respectively.
The median UACR in the BC cohort was 55.3 mg/mmol
(range = 29.7-135.4) in comparison with 105.2 and 105.5

mg/mmol in CREDENCE and DAPA-CKD, respectively.
Over half of the cohort (65.9%) had UACR 30 to 300 mg/
mmol, and 8.9% of the cohort had a UACR =300 mg/mmol.

Observations of the Distribution of Patients
by eGFR Category Between the BC Cohort,
CREDENCE, and DAPA-CKD

Table 2 presents the proportion of CKD patients in each of
the eGFR categories observed in the BC cohort, CREDENCE,
and DAPA-CKD trials. There is a higher proportion of
patients with lower eGFR in the BC cohort, with around
80.7% with an eGFR less than 45 mL/min, with 28.9% hav-
ing an eGFR <30 mL/min. In contrast, the CREDENCE trial
had 4% of participants with eGFR <30 mL/min, (those who
at the time of screening had an eGFR >30 mL/min and at
randomization fell to below <30 mL/min) and the DAPA-
CKD cohort had 15.4% of participants.
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Table 1. Demographic and Clinical Characteristics of the BC Cohort at Index Date.

BC cohort CREDENCE?'? DAPA-CKD®

All patients N = 3138 N = 2199 N = 2152
Age in years 69.7 £ 135 632 9.2 61.9 = 12.1
Women—no. (%) 1193 (38.0) 732 (33.3) 716 (33.3)
Race—no. (%)°

White 1762 (56.2) 1444 (65.7) 1166 (54.2)

Asian 261 (8.3) 452 (20.6) 718 (33.4)

South Asian 307 (9.8) — —

Other 808 (25.8) — —
Comorbidities—no. (%)¢

Diabetes 2032 (64.8) 2199 (100) 1451 (67.4)

Hypertension 2693 (85.8) 2129 (96.8) —

Congestive heart failure 460 (14.7) — 233 (10.8)

Myocardial infarction 428 (13.6) 660 (30.0)¢ —

Cerebrovascular accident 316 (10.1) 358 (16.3)¢ —
Medications (at index date)—no. (%)

ACE inhibitor or ARB 1776 (56.6) 2194 (99.8)¢ 2107 (97.9)

Mineralocorticoid receptor antagonist 124 (4.0) — —

Calcium channel blocker 1396 (44.5) — —

Beta blocker 1193 (38.0) 887 (40.3)¢ —

Statins 1632 (52.0) 1498 (68.1)¢ 1399 (65.0)
Creatinine—pmol/L, median (IQR) 156 (130-184) — —
eGFR—mL/min/1.73 m? 370 = 11.8 56.0 £ 18.3 43.0* 124
UACR—mg/mmol (IQR) 55.3 105.2 105.5

(29.7-135.4) (53.5-211.1) (54.5-211.1)

UACR category—no. (%)

3-29.9 793 (25.3)

30-300 2067 (65.9)

>300 278 (8.9)

Note. Plus-minus values are means = SD. BC = denotes British Columbia; CREDENCE = canagliflozin and renal endpoints in diabetes with established
nephropathy clinical evaluation; DAPA-CKD = dapagliflozin and prevention of adverse outcomes in chronic kidney disease; ACE = inhibitor angiotensin-
converting enzyme inhibitor; ARB = angiotensin Il receptor blockers; IQR = interquartile range; eGFR = estimated glomerular filtration rate; ACR =
urine albumin to creatinine ratio.

?Demographic and clinical characteristics of the participants in the placebo arms.

®Race or ethnic group was reported by the patients. |3.1% of the cohort did not have a defined or an unknown race.

‘Hypertension is the combination of hypertension diagnosis and receiving medication for hypertension. Patients with diabetes are defined as those with
renal diagnosis, comorbidity condition, use of glucose lowering drugs/insulin, or with either glycated hemoglobin (Al1C) =7% and/or fasting glucose
(fasting blood sugar [FBS]) =7 mmol/L.

9From the CREDENCE trial supplemental appendix.

Table 2. Proportion of Patients by eGFR Category.®'?

Proportion of patients in each of the eGFR categories

eGFR categories BC cohort CREDENCE placebo arm DAPA-CKD placebo arm
eGFR<I5 0% <0.1% 0%
eGFR 15-29.9 28.9% 4.0% 15.4%
eGFR 30-44.9 51.8% 27.1% 42.7%
eGFR 45-59.9 13.6% 28.9% 31.7%
eGFR 60-90 5.7% 35.0% 10.2%
eGFR >90 0% 4.8% 0%

Note. eGFR = estimated glomerular filtration rate; BC = denotes British Columbia; CREDENCE = canagliflozin and renal endpoints in diabetes with
established nephropathy clinical evaluation; DAPA-CKD = dapagliflozin and prevention of adverse outcomes in chronic kidney disease.



Yi et al

Table 3. Comparison of eGFR Slopes (mL/min/1.73 m?) in the BC Cohort and the Placebo Arms of CREDENCE and DAPA-CKD.%'?

BC Cohort

CREDENCE DAPA-CKD

eGFR slope -421 = 047

-471 = 0.15 -3.79 = 0.11

Note. eGFR = estimated glomerular filtration rate; BC = denotes British Columbia; CREDENCE = canagliflozin and renal endpoints in diabetes with
established nephropathy clinical evaluation; DAPA-CKD = dapagliflozin and prevention of adverse outcomes in chronic kidney disease.

Table 4. Comparison of Outcomes Between BC Cohort and Placebo Arms of CREDENCE.'?

Outcome BC cohort CREDENCE placebo arm P value
Kidney failure 61.0 294 < .00l
Kidney transplant + Dialysis 12.4 17.7 .008
eGFR <15 mL/min 48.5 222 < .00l
Death from any cause 73.6 35.0 < .00l
Doubling serum creatinine 72.8 338 < .00l

Note. Outcome event rates in per 1000 patient-years. BC = denotes British Columbia; eGFR = estimated glomerular filtration rate; CREDENCE =
canagliflozin and renal endpoints in diabetes with established nephropathy clinical evaluation.

Table 5. Comparison of Outcomes Between BC Cohort and Placebo Arm of DAPA-CKD.®

Outcome BC cohort DAPA-CKD placebo arm P value
Kidney failure 6.1 38 < .00l
Kidney transplant + Dialysis 1.2 24 < .00l
eGFR <15 mL/min 4.9 28 < .00l
Death from any cause 73 3.1 < .00l
Doubling serum creatinine 73 — —

Decline in eGFR of =50% —

4.8 —

Note. Outcome event rates in per 100 patient-years. BC = denotes British Columbia; DAPA-CKD = dapagliflozin and prevention of adverse outcomes in

chronic kidney disease; eGFR = estimated glomerular filtration rate.

Comparison of the eGFR Slope Between the BC
Cohort, CREDENCE, and DAPA-CKD

The eGFR slope for the BC Cohort was —4.21 * 0.47 mL/
min, while the eGFR slope for the placebo arms of
CREDENCE and DAPA-CKD were —4.71 = 0.15 and -3.79
#+ 0.11 mL/min, respectively, as demonstrated in Table 3.512

Comparison of the Outcomes Experienced
Between the BC Cohort, CREDENCE,
and DAPA-CKD

The BC cohort experienced significantly higher rates of out-
comes than the placebo arms of the RCTs as demonstrated in
Tables 4 and 5. The BC Cohort experienced significantly
higher number of kidney failure events than both
CREDENCE and DAPA-CKD placebo arms. However, this
outcome was heavily weighted with nearly double the num-
ber of sustained eGFR less than 15 mL/min in the BC cohort.
The placebo arms of the clinical trials experienced higher
rates of the composite outcome of kidney transplant and
dialysis starts at 17.7 events per 1000 patient-years and 2.4
events per 100 patient-years in the CREDENCE and

DAPA-CKD trials, respectively, compared with 12.4 events
per 1000 patient years and 1.2 events per 100 patient years
in the BC cohort.

Figure 2 demonstrates the composite outcome of kid-
ney failure and doubling of serum creatinine. A total of
979 events of kidney failure and doubling of serum creati-
nine (31.2%) occurred, for 79.5 events per 1000 person-
years. The kidney event rates of kidney failure and
doubling of serum creatinine were similar in the BC and
CREDENCE cohorts for those with eGFR <45 mL/min.
However, there were still higher rates of outcome in the
45 =eGFR <60, and 60 =eGFR <90 groups, 53.5 versus
40.8 per 1000 person-years and 35.4 versus 18.5 per 1000
person-years, in the BC cohort and CREDENCE cohort,
respectively.

Sensitivity Analysis

Sensitivity analysis was performed including the 1,533
patients who did not have a UACR =20 mg/mmol and an
eGFR 25 to 90 mL/min/1.73 m? within 3 months after the
index date. There were no significant changes in the distri-
bution of patients in the eGFR group in the BC cohort as
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Figure 2. Composite outcome of kidney failure and doubling of serum creatinine.
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Note. BC = denotes British Columbia; CREDENCE = canagliflozin and renal endpoints in diabetes with established nephropathy clinical evaluation.

demonstrated in Supplemental Table S2. The percentage
does not add up to 100% due to missing eGFR values within
the time frame of the analysis. The composite of kidney
failure and doubling of serum creatinine had 1629 events
and 87.5 events per 1000 person-years. The sensitivity
analysis demonstrated higher event rates in comparison
with the primary analysis. The outcomes stratified by eGFR
categories are demonstrated in Supplemental Table S3.

Cost Avoidance Analysis

Figure 3 demonstrates the costs associated with treating the
cohort, and potential cost avoidance if canagliflozin was
assumed to be equally effective, or 20%, 30%, or 35% less
effective in the BC cohort in comparison with CREDENCE
trial. The cost of treating CKD patients in BC cohort with an
SGLT2 inhibitor for 2.6 years was approximately $4.35 mil-
lion, and to recuperate this investment, at least 50 dialysis
starts needed to be prevented. When assuming canagliflozin is
equally efficacious in the BC cohort, we estimate this will
result in approximately 77 fewer dialysis starts, translating to
a net cost avoidance of $2.31 million. If canagliflozin is 20%
less effective in the BC cohort, the net cost avoidance from
preventing dialysis starts may range around $0.98 million.
Even when assuming 35% less efficacy in our BC cohort, this
may not accrue additional health care costs but, by avoiding 50
patients commencing dialysis, would still provide net benefit.

Discussion

This is the first study that assessed the applicability of the
RCT inclusion criteria in a population-based cohort being

cared for by nephrologists in a universal health care system,
demonstrating that 17.5% of patients met criteria for enrol-
ment. The BC cohort experienced greater number of kidney
outcomes than both placebo arms of CREDENCE and
DAPA-CKD trials.®!>!317 When stratified by eGFR, the BC
cohort experienced similar rates of kidney outcomes relative
to the placebo arms in the eGFR <45 mL/min group, but
higher event rates when eGFR =45 mL/min to the placebo
arm of the CREDENCE trial. A hypothetical cost avoidance
calculation was performed, using conservative estimates,
which exhibited potential for cost avoidance when simply
considering prevention of initiation of dialysis after treating
the CKD patients with an SGLT2 inhibitor.

As a selective group of patients with an elevated baseline
risk for CKD deemed to require multidisciplinary care by a
nephrologist, those with relatively high or normal eGFR in the
BC cohort may not necessarily demonstrate similar progression
as the general population. Although the BC cohort at baseline
was older, had lower average eGFR, and only around two thirds
on an ACE inhibitor or ARB, there were similar rates of kidney
failure and doubling of serum creatinine observed with the
eGFR <45 mL/min groups. This could potentially be explained
by the higher level of albuminuria in the CREDENCE cohort, as
this has been associated with more rapid decline in kidney func-
tion, regardless of baseline eGFR.?! The eGFR slopes between
the BC cohort and the two trials were comparable, but the BC
cohort experienced far greater number of event rates in sus-
tained eGFR <15 mL/min and doubling of serum creatinine,
which may be explained due to the lower average eGFR in the
BC cohort. The use of ACE inhibitors or ARBs in the BC cohort
is concordant with other reports in CKD populations.?
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Cost of treating BC cohort with
SGLT2 inhibitor for 2.6 years

= 4.35 million
(3138 x 533 x 2.6)
Y
N
Dialysis starts prevented = Number of dialysis, transplant,
BC cohort/NNT or renal death prevented
J
A 4 A Y A
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0

Figure 3. Hypothetical cost avoidance analysis by treating everyone in the BC Cohort with an SGLT?2 inhibitor.
Note. BC = denotes British Columbia; SGLT2 = sodium-glucose cotransporter-2; NNT = number needed to treat.

The challenge in extrapolating clinical trial findings to clin-
ical practice is twofold: the eligibility criteria are often restric-
tive, and significant differences remain in the baseline
characteristics between the trial cohort and a population-based
cohort even when the inclusion criteria are met. Combining
the two inclusion criteria from CREDENCE and DAPA-CKD
trials to establish the most inclusive cohort, the derived BC
cohort was in keeping with other studies assessing generaliz-
ability of SGLT?2 inhibitor CV outcome trials to a population

database.>?’ The inherent differences between trial cohorts

versus population cohorts derived by those meeting eligibility
criteria is well established, demonstrating that inclusion crite-
ria may be insufficient for identification of individuals who
may derive similar benefits exhibited in the trial.?®

The cost avoidance analysis demonstrated that for an
investment of $4.35 million over 2.6 years, the reduction in
dialysis starts could result in a potential for cost savings of
approximately $2.31 million (assuming SGLT2 inhibitors
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exhibit similar efficacy as demonstrated in CREDENCE).
Canagliflozin has demonstrated consistent benefits over a
range of kidney function and CV risk profiles.'>* However,
to construct the most conservative estimates of cost savings,
we explored different efficacy thresholds. We found that even
if canagliflozin is 35% less efficacious, it will not cost addi-
tional health care dollars spent. Possible further cost savings
may incur from avoiding other outcomes, such as preventing
hospitalizations for heart failure, which we did not have data
to explore. This attempts to quantify the impact in a universal
health care system with a single government payer, where
savings in one area (avoidance of dialysis cost) can offset the
investment in a different area (treating non-dialysis CKD
patients with SGLT2 inhibitors). These data may provide ref-
erence in determining specific group of patients to target for
treatment, such as the eGFR <45 mL/min group, where there
is a high risk for disease progression and complications, and
focus management where the treatment is demonstrated to be
the most effective. Similar “theoretical” analyses examining
delay in time to dialysis in those treated with canagliflozin
and resultant cost savings of the CREDENCE trial have pre-
sented comparable significant health care reductions.*

The strength of this study includes the use of referred
CKD population-level health database of patients in a real
life, nephrology practice network in BC to accurately calcu-
late specific outcomes of interests to compare directly with
event rates experienced in the trials. An important limitation
of this study is that the PROMIS database, although a large
sample size of around 18 000 patients, only captures patients
who have been referred to the KCC and it does not consider
patients managed in the private nephrologist offices, or those
not referred. This may have led to a selection bias in the
development of a more high-risk cohort. In addition, the
medication list used for this analysis is derived at the time the
patient enters the cohort, and thus medications changed or
started during the follow-up years, such as increasing num-
ber of prescriptions for RAS blockade, will not be captured.
Nonetheless, this represents real-world treatment of CKD
patients, and it is not likely that the addition of higher use of
RAS blockade would substantially change the outcomes of
interest. This preliminary cost analysis highlights the scope
of potential benefits that could accrue with more widespread
adoption of SGLT2 inhibitors; however, it is limited by esti-
mating only use of SGLT?2 inhibitors for 2.6 years and esti-
mates of costs of treating kidney failure for a single year. We
attributed the cost of preventing kidney failure (ie, eGFR
<15 mL/min) equal to the cost of starting dialysis, although
patients may reach the definition of kidney failure but may
not necessarily start dialysis until later. Moreover, additional
benefits of SGLT2 inhibitor use, such as reductions in CV
disease, reduced use of other diabetes treatments, lower hos-
pitalization costs, and the improvements in quality of life
that may accrue have not been considered.’! Comprehensive
modeling is required to better define the cost implications of
SGLT?2 inhibitor use, with this study emphasizing the poten-
tial for substantial gains.

In conclusion, the BC CKD cohort is a high-risk group of
patients in whom implementation of the use of SGLT2
inhibitors may well improve outcomes and reduce health care
system costs. Efforts to increase utilization of these agents
should consider concentrating on this cohort. The cost-effec-
tiveness in primary care settings requires further study.
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