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Key Points

» Newly detected, moderately progressed CKD is associated with high clinical risks and health care costs.

* Most patients with moderately progressed CKD do not have diabetes and are at the same clinical risk as those with diabetes.
 Substantial inertia with kidney-protective treatment is observed when moderately progressed CKD is detected.

Abstract
Background Kidney-protective treatments (renin—angiotensin system inhibitors and sodium—glucose cotransporter-2
inhibitors [SGLT-2is]) can delay CKD progression, cardiovascular events, and death.

Methods This observational cohort study used electronic health records and claims data from Japan, Sweden, and the
United States to assess 1-year mortality /hospitalization event rates per 100 patient-years (PYs), cumulative hospital health
care costs per patient, and kidney-protective treatment use before/after SGLT-2i (dapagliflozin) approval for CKD (2021)
for patients with CKD stage 3-4 with/without type 2 diabetes (T2D).

Results Among 449,232 patients (across-country median age range 74-81 years), 79% did not have T2D. Prevalence ranges
for atherosclerotic cardiovascular disease and heart failure were 20%-36% and 17%-31%, respectively. Baseline kidney-
protective treatment (renin-angiotensin system inhibitor and/or SGLT-2i) use was limited, especially among patients
without T2D. Event rates were high for CKD (11.4—44.4/100 PYs) and heart failure (7.4-22.3/100 PYs). Up to 14.6% of
patients had died within 1 year. Hospital costs were higher for CKD and heart failure than for atherosclerotic cardio-
vascular disease. After incident CKD, kidney-protective treatment initiation was low (8%—20%) and discontinuation was
high (16%-27%), especially among patients without T2D.

Conclusions Incident CKD was associated with substantial morbidity, mortality, costs, and undertreatment, especially in
patients without T2D, who represented the majority of patients. This highlights an urgent need for early CKD detection and
better kidney-protective treatment use in moderate CKD.
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Introduction increase with an aging population.!= For decades, treat-
CKD is one of the most prevalent noncommunicable ment with renin-angiotensin system inhibitors (RASis)
diseases globally, putting a huge burden on health care has been the mainstay of CKD treatment, with clinical
systems. CKD is estimated to affect more than 850 million  trials showing kidney-protective effects and beneficial
people worldwide, and its prevalence is expected to cardiovascular risk reduction.>8
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More recently, clinical trials have shown that sodium-—
glucose cotransporter-2 inhibitors (SGLT-2is) reduce the
risk of CKD progression and cardiovascular events, regard-
less of diabetes status.” Diabetes remains a leading cause of
CKD in many countries; in the United States, more than
50% of patients with CKD have comorbid diabetes.!® Orig-
inally approved for use in type 2 diabetes (T2D), dapagli-
flozin was the first SGLT-2i approved for use in patients
with CKD both with and without T2D. Both SGLT-2is and
RASis are recommended as first-line CKD treatments in the
2023 Kidney Disease Improving Global Outcomes guide-
lines, regardless of diabetes status.!! Patients with CKD and
without T2D are generally perceived as lower risk than
those with T2D and may be less likely to be treated with
disease-modifying therapy. However, patients without T2D
may have other comorbidities, such as hypertension or
cardiovascular disease, that require treatment to manage
progression and the risk of adverse outcomes.'® Therefore,
it is important to understand how novel and established
kidney-protective treatments are used in real-world clinical
practice in patients both with and without T2D.

This OPTIMISE-CKD study used contemporary real-
world clinical data from well-established electronic health
records and claims data sources from Japan, Sweden, and
the United States. The aim was to describe the following: (1)
clinical outcomes and hospital health care costs after in-
cident CKD stage 3—4 to understand the urgency of prompt
risk management and (2) how kidney-protective treatments
(RASi and SGLT-2i) were used before and after the first
SGLT-2i (dapagliflozin) was approved for the treatment of
CKD.

Methods
Study Design

OPTIMISE-CKD is a multinational, observational, longi-
tudinal cohort study that uses data extracted from elec-
tronic health records and claims data sources. The current
analysis was performed using data from Japan, Sweden,
and the United States (Supplemental Figure 1 and Supple-
mental Methods). Data sources used in this project are
subject to ethical and privacy restrictions in each partici-
pating country (see Supplemental Methods for details).

Study Populations and Study Periods

Patients aged 18 years or older were included if they
met the CKD definition at any time during the study
periods in each country (Figure 1 and Supplemental Table 1).
CKD was defined as having either two eGFR measurements
=60 ml/min per 1.73 m* taken =90 days apart or a first
eGFR =60 ml/min per 1.73 m? followed by a first CKD
diagnosis at any time, including chronic, acute, hyper-
tensive, diabetic, tubular, and glomerular renal disease
(Supplemental Table 2). Patients with CKD stage 5 (on
the basis of eGFR <15 ml/min per 1.73 m? or dialysis),
dialysis, and type 1 or gestational diabetes were excluded.
The overall study periods were January 1, 2016 to Decem-
ber 31, 2022 for Japan, January 1, 2016 to March 31, 2023
for Sweden, and January 1, 2016 to September 30, 2022 for
the United States (Figure 1). For Sweden, two data sources
were used to cover the entire study period (Supplemental
Methods).
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Cohorts

Two cohorts were created for each country to study
CKD during the periods before and after dapagliflozin
was approved for the treatment of CKD (Figure 1; dapa-
gliflozin approval dates: Japan, August 25, 2021; Sweden,
December 21, 2021; the United States, April 30, 2021). In
the preapproval cohort (2016-2021), patients were
indexed at the date of incident CKD and followed up
to the end of database, death, or loss to follow-up. In the
postapproval cohort (2021-2023), substantially fewer pa-
tients and shorter follow-ups were expected if the same
index were to be applied as for the preapproval cohort,
and hence, patients with CKD and without T2D were
indexed at the date of new initiation of kidney-protective
treatments (RASi or SGLT-2i). New initiation was defined
as first-ever use. For Sweden, a different data source was
used for the postapproval cohort because the preapproval
cohort data source did not cover the required period
(Supplemental Methods).

Patient Characteristics

For patients in both cohorts, characteristics were de-
scribed before index (date of incident CKD), including de-
mographics, comorbidities, and treatments (Supplemental
Tables 2 and 3). Use of treatments was based on at least one
filled prescription during the year before the index date
(Supplemental Table 4). Patients with T2D were defined as
those with recorded codes for glucose-lowering drugs and
without diagnosis codes for type 1 diabetes or gestational
diabetes. In Sweden, diagnosis codes were included for the
preapproval cohort. Patients without T2D were defined as
those without drug codes for glucose-lowering drugs and
without diagnosis codes for type 1 diabetes or gestational
diabetes (Supplemental Table 2).

Clinical Outcomes

The following clinical outcomes were described for each
patient in the preapproval cohort during the 12 months
after the index date (incident CKD): inpatient hospitali-
zations with any diagnosis of CKD (including diagnoses
of acute kidney failure, unspecified kidney failure, dia-
betic kidney disease, hypertensive CKD, dialysis, glomer-
ular diseases, renal tubulointerstitial disease, or other),
heart failure, myocardial infarction (MI), stroke, or
peripheral artery disease (PAD) (Supplemental Table 2);
all-cause hospitalization; and cardiovascular and all-
cause mortality. Inpatient hospitalizations with a primary
diagnosis of CKD, heart failure, MI, stroke, or PAD were
also assessed.

Hospital Health Care Costs

Within each country, charged costs for planned and un-
planned inpatient and outpatient hospital visits associated
with any of the following diagnoses were cumulatively
summed for up to 5 years after the index date (date of
incident CKD) for each patient in the preapproval
cohort?12-14: CKD, heart failure, MI, stroke, and PAD.
The preapproval cohort was used for this analysis owing
to the longer duration for which data were available. For
this analysis, multiple diagnoses could be registered for a
given hospitalization.
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O Inclusion criteria: adult patients with incident CKD stage 3 and 4

Cc[}: Exclusion criteria: type 1 diabetes and gestational diabetes, stage 5 CKD, dialysis

Preapproval cohort
Study period before dapagliflozin was
approved for CKD treatment

Postapproval cohort
Study period after dapagliflozin
was approved for CKD treatment

2017

2018 2019

Japan

Sweden

United States

2020

2021 2022 2023

. Identification of patients with incident CKD and follow-up period . Identification of new users of kidney-protective treatments and follow-up period

Figure 1. Cohorts and study periods. Index periods were January 1, 2016 to December 31, 2022 in Japan, January 1, 2016 to March 31, 2023
in Sweden, and January 1, 2016 to September 30, 2022 in the United States. Dapagliflozin was approved for CKD treatment in Japan on August
25, 2021, in Sweden on December 21, 2021, and in the United States on April 30, 2021. Q, quarter.

Kidney-Protective Treatment Utilization

To study the effect of an incident CKD diagnosis on
kidney-protective treatment use, RASi and/or SGLT-2i
treatment status was assessed in the 3 months before and
12 months after incident CKD in the preapproval cohort.
RASi/SGLT-2i treatment status during the 12 months after
incident CKD was also assessed in patients in this cohort
who were naive to RASi/SGLT-2i (defined as being
treatment-naive for 12 months before initiation) or who
were prevalent users of these treatments.

RASi and Dapagliflozin Dose Utilization and Persistence
RAS:i persistence was assessed during the 12 months after
index in patients with and without T2D in the preapproval
cohort and in patients without T2D in the postapproval
cohort. RASis were represented by several different types
(11 ACE is and six angiotensin receptor blockers). Using the
highest dose (HD) available in each country according to
registered drug prescription doses, each RASi was catego-
rized into three dose levels: low (<50% of the HD available),
intermediate (50%—99% of the HD available), and high (100%
of the HD available). This was performed separately within
each country because the HD available for each RASi type
varied across countries (Supplemental Table 5).
Dapagliflozin persistence was assessed during the
12 months after index in patients without T2D during
the period after its approval for CKD in each country
(postapproval cohort). Dapagliflozin persistence was
assessed in patients without T2D to ensure that patients
received dapagliflozin for the treatment of CKD and not
for the T2D indication. Dapagliflozin treatment initiation
was defined as the first-recorded dapagliflozin 10-mg
prescription. Unlike RASis, which do not have a target
dose for the treatment of CKD, dapagliflozin has a
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guideline-recommended target dose of 10 mg across all
countries.!® It may also be used at a dose of 5 mg. Hence,
dapagliflozin was categorized into two dose levels: target
dose (10 mg; the approved dose for CKD treatment) and
intermediate dose (5 mg).

For both RASis and dapagliflozin, the duration of each
filled prescription was calculated based on the number of
days covered by the number of pills contained in the box
and the prescribed dose.'#16-18 Once a patient had used all
the pills from a given prescription, the patient was con-
sidered to have discontinued treatment until a new pre-
scription was filled.'*'® Hence, persistence is based on the
proportion of patients on treatment at a given time point
and is affected by both poor adherence and deliberate
discontinuation.

Statistical Analysis

Continuous variables were reported using medians and
interquartile ranges. Categorical variables were reported as
absolute frequencies (%). Proportions of patients using
RASis or SGLT-2is after index were calculated as the actual
number of patients with a prescription for these treatments
covering each day divided by the total number of patients
still in the database on that day. All analyses of event rates
are descriptive, and no formal between-group comparisons
were made. One-year event rates were calculated as events/
100 patient-years (PYs) on the basis of time to first event.

The average costs related to each of the diagnoses were
summarized as the arithmetic mean for each month, and the
cumulative cost was the sum of the mean values from
month 1 to the month of interest. For a patient to be in-
cluded in the cost calculation for a given month, the follow-
up period for the patient must cover the whole month (e.g.,
calculation of the costs for month 1 included only patients
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with at least 1 month of follow-up). Costs were extracted
from data containing actual hospital visit costs, as charged
by the health care provider, and included all first and
repeated events associated with the targeted diagnoses
(CKD, heart failure, MI, stroke, and PAD) during the
follow-up. Overall costs for the hospital visit are reported;
disease-specific costs are not reported. Both primary and
secondary diagnoses were counted, and more than one of
the targeted diagnoses may have contributed to the total
cost of an individual hospital visit (i.e., there may have
been multiple reasons recorded for a given hospitaliza-
tion). Each diagnosis was analyzed independently from
other diagnoses, and the hospital health care costs of two
diagnoses could not be added to generate a combined cost.
The results are presented separately for each country.
There was no standardization or formal comparison made
between countries.

A separate analysis of dapagliflozin uptake after its
approval in each country was performed as follows. A
separate CKD cohort was defined for each day from Jan-
uary 1, 2020, to the data extraction date. Patients were
included if they had a CKD diagnosis before or at the date
of dapagliflozin approval for CKD in each country. In the
United States and Japan, patients also needed at least 6
months of available data before the date of interest. The
proportion of these patients using dapagliflozin on a given
date was calculated, where a patient was assumed to be
using dapagliflozin if there was a dispense date before or
at the date of interest, with a duration that lasted beyond
that date.

Results
Baseline Characteristics (Preapproval Cohort)

In the preapproval cohort, in total, 449,232 patients with
incident CKD stage 3—-4 were identified in Japan (75,965
patients), Sweden (76,133 patients), and the United States
(297,134 patients) (Table 1). Most patients did not have
T2D (82%, 77%, and 78% non-T2D, in Japan, Sweden, and
the United States, respectively). Across the three countries,
the median age in the total population ranged from 74 to
81 years; the median age of patients with T2D was slightly
lower than that of patients without T2D. There was some
variation in the prevalence of heart failure and atheroscle-
rotic cardiovascular disease (ASCVD) between the coun-
tries; in the total population, the prevalence of heart failure
ranged from 17% to 31% and the prevalence of ASCVD
ranged from 20% to 36%. The proportion of patients in the
total population taking antihypertensive treatments (thi-
azides, RASi, and/or calcium channel blockers) at baseline
in Japan, Sweden, and the United States was 31%, 68%,
and 62%, respectively. In all countries, patients without
T2D, who represented the majority of patients, were less
treated with baseline kidney-protective, cardiovascular-
protective, and antihypertensive treatments than those
with T2D. For use of glucose-lowering treatments, see
Supplemental Figure 2.

Clinical Outcomes (Preapproval Cohort)

Risks of hospitalization with any diagnosis of CKD
and/or heart failure were higher than for hospitalization
with any diagnosis of ASCVD (MI, stroke, and PAD)

OPTIMISE-CKD: Burden and Treatment, Tangri et al.

across all countries (Figure 2, A-C). Similar rankings
were also observed for hospitalizations with primary
diagnoses of the five diseases (Supplemental Figure 3).
All-cause hospitalization event rates were 93.5, 74.4, and
25.7 events/100 PYs in Japan, Sweden, and the United
States, respectively (Supplemental Table 6). All-cause in-
and out-of-hospital mortality was 14.6 events/100 PYs
(data available for Sweden only). In-hospital mortality
was 14.1, 8.7, and 6.5 events/100 PYs in Japan, Sweden,
and the United States, respectively. Generally, fatal and
nonfatal risks were either slightly higher or similar in
patients without T2D versus with T2D.

Hospital Health Care Costs (Preapproval Cohort)

Costs for CKD and/or heart failure hospitalizations
after incident CKD were higher than those for ASCVD
events across all countries (Figure 2, D-F). Hospitalization
costs for patients with T2D were slightly higher than those
for patients without T2D in all countries (Supplemental
Figure 4).

Kidney-Protective Treatment Use (Preapproval Cohort)

In the preapproval cohort, use of kidney-protective treat-
ments (RASis and SGLT-2is) at index (date of incident CKD)
was lower in patients without T2D (18%—48%) compared
with those with T2D (43%-73%), and little change in use
was observed in the 12 months after incident CKD in all
countries (Figure 3). New initiation of kidney-protective
treatments among patients naive to RASis and SGLT-2is
in the preapproval cohort was 8%-20% at 12 months after
incident CKD stage 3—4 (Supplemental Figure 5, A-C).
Discontinuation among prevalent users was 16%—27%
(Supplemental Figure 5, D-F).

Among patients initiated on RASis, persistence varied
across countries: 33% of patients in Japan, 73% in Swe-
den, and 62% in the United States remained on treatment
at 12 months after incident CKD (Figure 4, A-C). Of
those patients remaining on RASi treatment, the major-
ity were treated with low (45%-61%) or intermediate doses
(30%—-49%); high dose use was low (6%-19%) (Figure 4, D-F).

Dapagliflozin and RASi Dose Utilization (Postapproval
Cohort, Without T2D)

There were 115,443 patients in the postapproval cohort
(Japan, 48,909; Sweden, 7168; United States, 59,366). Full
baseline data for patients in the postapproval cohort are
presented in Supplemental Table 7.

Patients who were newly initiated on RASi in the pre-
and postapproval cohorts had similar patterns of RASi
persistence (Figure 5, A-C versus Figure 4, D-F) and
dose utilization (Figure 4, A-C versus Supplemental
Figure 6, A-C). Among patients in the postapproval co-
hort newly initiated on RASi, 79%, 25%, and 40% of
patients in Japan, Sweden, and the United States, respec-
tively, were not on RASi treatment 12 months after ini-
tiation (Supplemental Figure 6, A-C). Of those remaining
on treatment, 5%, 7%, and 16% of patients in Japan,
Sweden, and the United States, respectively, were treated
with high doses (Figure 5, A-C).

Patients newly initiated on dapagliflozin showed varying
levels of dapagliflozin persistence; 40%, 19%, and 49% of
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Table 1. Baseline characteristics
Japan Sweden The United States
Variable
Non-T2D T2D Total Non-T2D T2D Total Non-T2D 12D Total
Patients, n (%) 62,113 (82) 13,852 (18) 75,965 (100) 58,455 (77) 17,678 (23) 76,133 (100) 232,545 (78) 64,589 (22) 297,134 (100)
Age, yr, median (IQR) 82.0 (74.0-87.0)  78.0 (71.0-84.0)  81.0 (73.0-87.0)  78.3 (71.4-85.2)  76.5 (70.6-82.6)  77.8 (71.2-84.6)  75.0 (69.0-82.0)  72.0 (67.0-78.0)  74.0 (69.0-81.0)
Male, 1 (%) 32,633 (53) 8437 (61) 41,070 (54) 26,897 (46) 9527 (54) 36,424 (48) 83,917 (36) 25,888 (40) 109,805 (37)
BMI, kg/m?, median (IQR) 221 (19.4-24.8) 231 (205-26.0) 223 (19.6-25.0) 254 (22.5-28.7)  28.0 (24.7-31.8)  26.0 (23.0-29.6)  27.5 (24.1-31.6)  30.1 (26.3-34.8)  28.1 (24.5-32.4)
25.0 to <30 kg/m?, 1 (%) 8476 (19) 2739 (24) 11,215 (20) 9894 (34.0) 3699 (37.5) 13,593 (34.9) 20,226 (35) 5549 (32) 25,775 (34)
=30.0 kg/m>, 1 (%) 1795 (4) 878 (8) 2673 (5) 5530 (19.0) 3481 (35.3) 9011 (23.1) 19,573 (34) 8782 (51) 28,355 (38)
Comorbidities
ASCVD, 1 (%) 11,039 (18) 3823 (28) 14,862 (20) 18,248 (31) 6685 (38) 24,933 (33) 84,569 (36) 23,007 (36) 107,576 (36)
Muyocardial infarction 3552 (6) 1515 (11) 5067 (7) 8388 (14) 3399 (19) 11,787 (15) 18,537 (8) 5848 (9) 24,385 (8)
Stroke 6189 (10) 1825 (13) 8014 (11) 10,054 (17) 3417 (19) 13,471 (18) 52,046 (22) 13,020 (20) 65,066 (22)
Peripheral artery disease 2446 (4) 1059 (8) 3505 (5) 2996 (5) 1309 (7) 4305 (6) 42,136 (18) 11,576 (18) 53,712 (18)
Atrial fibrillation/flutter, 1 (%) 10,210 (16) 2365 (17) 12,575 (17) 16,934 (29) 4573 (26) 21,507 (28) 40,147 (17) 8471 (13) 48,618 (16)
Heart failure, n (%) 18,693 (30) 5003 (36) 23,696 (31) 14,149 (24) 4103 (23) 18,252 (24) 38,412 (17) 11,266 (17) 49,678 (17)
CKD diagnosis, 1 (%) 23,355 (38) 4080 (29) 27,435 (36) 8560 (15) 2609 (15) 11,169 (15) 98,649 (42) 27,255 (42) 125,904 (42)
Cancer, n (%) 15,607 (25) 3781 (27) 19,388 (26) 20,253 (35) 5470 (31) 25,723 (34) 94,019 (40) 19,171 (30) 113,190 (38)
Laboratory measurements®
Systolic BP, mm Hg, median (IQR) N/A N/A N/A 136 (120-150) 135 (122-150) 136 (120-150) 129 (120-140) 130 (120-140) 130 (120-140)
=140 mm Hg, n (%) N/A N/A N/A 15,919 (47) 5338 (46) 21,257 (46) 4537 (26) 1446 (29) 5983 (27)
Diastolic BP, mm Hg, median (IQR) N/A N/A N/A 78 (70-85) 75 (68-80) 76 (70-84) N/A N/A N/A
=80 mm Hg, n (%) N/A N/A N/A 15,975 (47) 4736 (41) 20,711 (45) N/A N/A N/A
Hemoglobin, g/dl, median (IQR) 115 (10.0-13.0)  11.6 (10.1-13.1) ~ 11.5(10.1-13.0)  13.2 (11.9-14.3)  13.0 (11.8-14.1)  13.1 (11.9-14.3)  13.2 (12.1-14.3)  12.8 (11.7-13.9)  13.2 (12.0-14.2)
Hematocrit, %, median (IQR) 35 (31-39) 35 (31-40) 35 (31-39) 40.0 (36.0-43.0)  39.0 (35.0-42.0)  40.0 (36.0-43.0) 40 (37-43) 39 (36-42) 40 (37-43)
Sodium, mmol/L, median (IQR) 141 (138-142) 140 (138-142) 140 (138-142) 140 (138-142) 139 (137-141) 140 (137-142) 141 (139-142) 140 (138-142) 140 (139-142)
Potassium, mmol/L, median (IQR) 43 (4.0-4.7) 44 (4.1-4.8) 44 (4.0-47) 42 (3.9-4.4) 42 (3.9-4.5) 4.2 (3.9-4.5) 44 (4.1-4.7) 45 (4.2-4.8) 44 (4.1-47)
>5.5 mmol/L, n (%) 5722 (9) 2271 (17) 7993 (11) 2503 (4.4) 1162 (6.7) 3665 (4.9) 11,232 (5) 4883 (8) 16,115 (5)
Magnesium, mmol/L, median (IQR) 2.1 (1.9-2.3) 2.1 (1.9-2.3) 2.1 (1.9-2.3) N/A N/A N/A 2.0 (1.9-2.2) 1.9 (1.7-2.1) 2.0 (1.8-2.2)
Calcium, mmol/L, median (IQR) 8.9 (8.5-9.3) 8.9 (8.4-9.3) 8.9 (8.5-9.3) N/A N/A N/A 9.5 (9.2-9.8) 9.6 (9.3-9.9) 9.5 (9.2-9.8)
HbA1c, mmol/mol (IFCC), median 40 (37-44) 51 (44-60) 42 (38-49) 38.0 (36.0-41.0)  50.0 (44.0-59.0)  42.0 (37.0-49.0) 40 (37-43) 51 (44-61) 42 (38-49)
(IQR)
HbA1lc, % (DCCT), median (IQR) 5.8 (5.5-6.2) 6.8 (6.2-7.6) 6.0 (5.6-6.6) 5.6 (5.4-5.9) 6.7 (6.2-7.5) 6.0 (5.5-6.6) 5.8 (5.5-6.1) 6.8 (6.2-7.7) 6.0 (5.6-6.6)
eGFR, ml/min per 1.73 m? median (IQR) 49 (37-56) 51 (40-57) 49 (37-56) 53 (45-57) 52 (44-57) 53 (45-57) 53 (47-57) 53 (46-57) 53 (47-57)
45-59 (stage 3a), n (%) 37,072 (60) 9026 (65) 46,098 (61) 43,501 (74) 13,020 (74) 56,521 (74) 187,499 (81) 50,660 (78) 238,159 (80)
3044 (stage 3b), n (%) 15,636 (25) 3131 (23) 18,767 (25) 10,889 (19) 3496 (20) 14,385 (19) 38,475 (17) 11,890 (18) 50,365 (17)
15-29 (stage 4), n (%) 9405 (15) 1695 (12) 11,100 (15) 4065 (7) 1162 (7) 5227 (7) 6571 (3) 2039 (3) 8610 (3)
Creatinine, mg/dl, median (IQR) 1.3 (1.0-1.5) 1.3 (1.1-1.5) 1.3 (1.0-1.5) 1.2 (1.0-1.4) 1.2 (1.1-1.4) 1.2 (1.0-1.4) 1.2 (1.1-1.4) 1.3 (1.1-1.4) 1.2 (1.1-1.4)
Serum albumin, g/dl, median (IQR) 3.6 (3.0-4.0) 3.6 (3.0-4.0) 3.6 (3.0-4.0) N/A N/A N/A N/A N/A N/A
UACR, mg/g, median (IQR) N/A N/A N/A 13.3 (4.4-48.7) 15.9 (5.3-58.4) 14.2 (4.9-53.1) 8.3 (3.3-23.0) 12.4 (5.0-40.0) 10.0 (4.0-29.2)
With UACR measurement, n (%) N/A N/A N/A 8173 (14) 6159 (35) 14,332 (19) 35,529 (15) 28,304 (44) 63,833 (21)
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Table 1. (Continued)

Japan Sweden The United States
Variable
Non-T2D T2D Total Non-T2D T2D Total Non-T2D 12D Total
Kidney-protective treatment, n (%)

RASi 15,597 (25) 7916 (57) 23,513 (31) 31,671 (54) 13,174 (75) 44,845 (59) 109,189 (47) 52,426 (81) 161,615 (54)
SGLT-2i 310 (<1) 1671 (12) 1981 (3) 12 (<1) 632 (4) 644 (1) 431 (<1) 4403 (7) 4834 (2)
Antihypertensive treatment,” 1 (%) 15,715 (25) 7954 (57) 23,669 (31) 37,442 (64) 14,454 (82) 51,896 (68) 128,464 (55) 55,812 (86) 184,276 (62)

ASCVD treatment, n (%)
Low-dose aspirin 6150 (10) 3423 (25) 9573 (13) 15,593 (27) 6530 (37) 22,123 (29) 48,360 (21) 18,101 (28) 66,461 (22)
Statins 8799 (14) 5618 (41) 14,417 (19) 19,209 (33) 10,910 (62) 30,119 (40) 97,800 (42) 49,275 (76) 147,075 (49)

Clinical and demographic characteristics of patients with incident CKD in Japan, Sweden, and the United States (preapproval cohort, N=449,232, 2016-2021). ASCVD, atherosclerotic cardiovascular disease; BMI, body
mass index; DCCT, Diabetes Control and Complications Trial; HbAlc, glycated hemoglobin; IFCC, International Federation of Clinical Chemistry and Laboratory Medicine; IQR, interquartile range; N/A, not available
or not applicable; RASi, renin-angiotensin system inhibitor; SGLT-2i, sodium—glucose cotransporter-2 inhibitor; T2D, type 2 diabetes; UACR, urine albumin-to-creatinine ratio.

“Laboratory measurements represent the last registered value in the year before incident CKD.

"Thiazides (low-ceiling diuretics), RASis, or calcium channel blockers (vasoactive/dihydropyridines).
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Figure 2. Hospitalization risks and costs after incident CKD in 449,232 patients during the period before SGLT-2i approval for CKD
(2016-2021). (A—C) One-year event rates (events/100 PYs) for hospitalizations with any diagnosis of heart failure, CKD, MI, stroke, or PAD.
(D-F) Average cumulative hospital health care costs per patient for hospitalizations associated with CKD, heart failure, M, stroke, or PAD,
reported in USD and local currency. *Conversion rates from January 1, 2019 were used (1 JPY=0.0091 USD; 1 SEK=0.1127 USD); currency
was converted simply by applying conversion rates, without considering differences in purchasing power. HF, heart failure; JPY, Japanese yen;
MI, myocardial infarction; PAD, peripheral artery disease; PYs, patient years; SEK, Swedish krona; SGLT-2i, sodium-glucose cotransporter-2
inhibitor; USD, US dollars.

patients in Japan, Sweden, and the United States, respec- on treatment, 97%-99% were treated with the 10 mg target
tively, were not on dapagliflozin treatment 12 months after =~ dose recommended for CKD, and very few patients received
initiation (Supplemental Figure 6, D-F). Of those remaining the 5 mg (intermediate) dose (Figure 5, D-F).
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Figure 3. Kidney-protective treatment use after incident CKD in 449,232 patients during the period before SGLT-2i approval for CKD
(2016-2021). Proportion of patients taking a RASi and/or SGLT-2i in the 3 months before and 12 months after incident CKD in patients (A-C)
without T2D and (D-F) with T2D. RASi, renin-angiotensin system inhibitor; T2D, type 2 diabetes.
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OPTIMISE-CKD: Burden and Treatment, Tangri et al.
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Figure 4. RASi persistence and dose utilization in 449,232 patients during the period before SGLT-2i approval for CKD (2016-2021). (A-C)
RASi persistence and (D-F) dose use in patients with incident CKD after new RASi initiation. HD, highest dose.

Dapagliflozin 10 mg uptake was low in the total pop-
ulation of patients with diagnosed CKD (3,690,290 pa-
tients; Japan, 1,210,675; Sweden, 193,302; United States,
2,286,313), especially among patients without T2D (Sup-
plemental Figure 7). Overall, 1.4%, 5.1%, and 1.3% of
patients were taking dapagliflozin 10 mg at the last
available observation date (more than 12 months after
approval) in Japan, Sweden, and the United States, re-
spectively. Equivalent values for patients without T2D
were 1.0%, 3.5%, and 0.3%, respectively.
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Discussion

In this large, contemporary study of patients with
newly detected CKD stage 3—4 in Japan, Sweden, and
the United States, we found that 79% of patients did not
have T2D. Patients without T2D were less often treated
with kidney- and cardiovascular-protective treatments at
baseline than those with T2D. Even when disease-
modifying therapies (RASi and/or SGLT-2i) were started,
submaximal dosing and high discontinuation rates were
common across all countries 1 year after initiation. Taken
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Figure 5. RASi and dapagliflozin dose utilization in 115,443 patients during the period after first SGLT-2i (dapagliflozin) approval for CKD
(2021-2023). Proportion of patients with CKD and without T2D taking different doses of (A-C) RASi and (D—F) dapagliflozin after new RASi or

dapagliflozin initiation.
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together, these findings highlight the important morbid-
ity and mortality burden of CKD and the need for timely
initiation and maintenance of kidney-protective treatments.

Underutilization of Kidney-Protective Treatment

Treatment with a RASi and/or SGLT-2i provides
many benefits to patients with CKD, including reducing
albuminuria and proteinuria, delaying CKD progres-
sion, and preventing renal and cardiovascular events
and death.””? The results of this study indicate sub-
stantial treatment inertia, that is, little increase in the
use of kidney-protective treatments during the year
after incident CKD stage 3—4 across all countries (Figure
3). The reasons for this treatment inertia might include
low clinical awareness of CKD, underdiagnosis, and
lack of knowledge concerning the benefits of RASi treat-
ment in this patient population.!® The observed low 1-
year initiation rates and substantial discontinuation
rates of kidney-protective treatments were similar to
results from a recent US study (l-year initiation
17.8%, discontinuation 56.0%) of patients with incident
CKD that included only patients with T2D.2° The seri-
ousness of discontinuation has been highlighted in a
recent study that showed that stopping RASi treatment
in CKD was associated with an increased risk of death
and major cardiovascular events.?!.22

The underutilization of preventive treatments observed
in this study was especially pronounced in patients with-
out T2D, who made up the majority of patients. This is
despite these patients having similar risks of severe mor-
bidity and mortality to patients with T2D. This may be
partly because of the perceived lower risk of patients
without T2D, the lower recommended follow-up fre-
quency compared with patients with T2D, and differences
in adherence to treatment recommendations and struc-
tured follow-up visits.

The low rate of RASi use in Japan may partly be
explained by the fact that RASis are only indicated for
hypertension in this country. In addition, Japanese CKD
guidelines recommend caution when using RASis in elderly
patients, and broader antihypertensive treatment strategies
are applied in this country.?3

The extensive use of low/intermediate RASi doses in
this study is similar to what has previously been reported
for the treatment of heart failure.'®2* RASis lack a target
dose in the treatment of CKD, in contrast with heart failure
for which RASi target doses exist. The effects of low/
intermediate versus high RASi dose use in the treatment of
CKD (and heart failure) are not fully understood and
might affect the resulting risk control. Low RASi persis-
tence and use of low /intermediate doses may be explained
by initial eGFR decline, patients being older, or increased
risk or perceived risk of side effects such as hyperkalemia,
or hypotensive episodes.

Postapproval Use of Kidney-Protective Treatments

RAS:i use changed little over time (little up-titration), and
we did not observe substantial differences in dose use or
discontinuation rates between the periods before and after
dapagliflozin was approved for CKD. Most patients who
remained on dapagliflozin 12 months after initiation main-
tained the 10 mg target dose.
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The lowest rate of dapagliflozin persistence was in the
United States. In contrast to Japan and Sweden, patients in
the United States pay for their health care insurance and,
depending on the insurance program, many also fully or
partially pay for additional treatments. Patients in Japan
and Sweden may also have to co-pay for treatment. How-
ever, in Sweden, an annual limit is applied to this co-
payment, hence there are few/no financial consequences
for the patient. This might explain the highest rate of
dapagliflozin persistence in Sweden, where all drug treat-
ment costs are covered by the public insurance system.
These findings suggest that the effect of patient costs on
access to treatment is an important modifiable factor in
improving the use of these treatments. It is also important to
note that treatment use was low in all countries after
approval in this population, a finding similar to changes
observed after heart failure indications.

Mortality and Hospitalization Events and Costs

We noted that mortality in our study was higher in
these patients with incident CKD stage 3-4 compared
with 2.4 million patients with prevalent CKD in the
CaReMe study, a contemporary study of patients with
CKD stage 1-5 across 11 countries in Europe and Canada
(including Sweden), in which 6%—9% of patients had died
within a year.! However, the patients in that study were
slightly younger than in this study, and approximately a
quarter had milder CKD (stage 1 or 2).! Interestingly,
across all countries, fatal and nonfatal risks were either
slightly higher or similar in patients without T2D versus
with T2D, contrary to the general perception of risk
among these populations. Differences between patients
with and without T2D may be explained partly by the
slightly higher median age of patients without T2D ver-
sus with T2D. However, other factors could also explain
the similar risks, for example, the fact that patients with-
out T2D had fewer risk-lowering treatments and/or that
the patients were selected after newly detected CKD.
Nevertheless, this supports an increased awareness of
risk in patients without T2D with newly detected CKD
stage 3—4. Hospitalization rates and costs for cardiorenal
complications (heart failure or CKD) were higher than for
ASCVD across all countries and regardless of T2D status.
This pattern is consistent with results from the CaReMe
CKD study and contemporary studies of patients with
heart failure and diabetes.}12-1424 A recent study also
showed that patients with nondiabetic CKD are at high
risk of serious adverse clinical outcomes, including wors-
ening of CKD stage and hospitalization for heart fail-
ure.?® In combination with the results of the present study
this study highlights that most patients with CKD, who
do not have T2D, have medical needs that are currently
not being met.

Strengths and Limitations

Strengths of this study include the large size of the
contemporaneous patient population, the multinational
compilation of real-world health care data of total popula-
tions, and the consistency of the findings across the three
countries, despite differences in demographics, treatment
guidelines, and health care systems. Other strengths are the
validity of the CKD definition used,?**” the availability of a



wide variety of patient clinical characteristics, and the
availability of total hospital health care costs.

Limitations of this study include the limited generaliz-
ability to other countries with different health care systems
or guidelines for the treatment of CKD and the limited
follow-up available for patients in the postapproval cohort.

The Japan data set is limited to data from hospital
settings only and therefore likely contains more patients
with more advanced disease progression/comorbidities
than the Sweden and United States databases in which
patients were additionally identified in general practice.
As Japan and the United States lack nationwide death
registries, full coverage data for all-cause mortality (both
inside and outside of hospital) were available only for
Sweden. Given that Swedish patients had lower and
higher all-cause hospitalization risks compared with Japan
and the United States, respectively, the observed country-
specific overall risk profiles might suggest that total death
risks are higher in Japan and lower in the United States
compared with Sweden. This is further supported by the
in-hospital death risk being higher in Japan and lower in
the United States than in Sweden.

Reasons for prescriptions were not recorded; hence, pa-
tients may have received kidney-protective treatments for
indications other than CKD (e.g., RASis for hypertension).
Doses used during follow-up may have been under-/over-
estimated if any dose changes were not adequately recor-
ded. Patients who were defined as having discontinued
treatment were allowed to restart treatment during the 12
months of follow-up. Hence, our analysis may have over-
estimated discontinuation and underestimated target/high
dose achievement for these treatments.

In conclusion, in Japan, Sweden, and the United States,
most patients with incident CKD stage 3—4 did not have
T2D. After incident CKD stage 3-4, adverse outcomes
were common, mainly driven by hospitalizations for
CKD and heart failure and death, regardless of T2D status.
A large proportion of patients were not receiving
guideline-recommended treatment with RASis and/or
SGLT-2is, especially those without T2D, highlighting a
need for improved risk management and treatment initi-
ation in this high-risk group of patients. Although dapa-
gliflozin uptake was low/slow after its approval for CKD,
patients treated with dapagliflozin had a high likelihood
of maintaining the 10 mg target dose. Overall, these results
highlight an urgent need for early CKD detection and
better kidney-protective treatment use to improve patient
outcomes, regardless of T2D status.
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