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Introduction: The association of hemoglobin level at treatment initiation with renal and cardiovascular
outcomes in patients with anemia in nondialysis-dependent (NDD) chronic kidney disease (CKD) is
unclear.

Methods: This retrospective cohort study utilized 2 Japanese databases (Medical Data Vision Co. Ltd.,
Tokyo, Japan [MDV]; and Real World Data Co. Ltd, Kyoto, Japan [RWD]). Patients initiated on long-acting
erythropoiesis-stimulating agent (ESA) treatment were divided into early (hemoglobin levels =9.0 g/dl)
and delayed (<9.0 g/dl) treatment groups. The primary outcome was a renal composite (renal replacement
therapy, =50% estimated glomerular filtration rate [eGFR] reduction, eGFR <6.0 ml/min per 1.73 m?, and
all-cause mortality), and secondary outcomes were a cardiovascular composite (hospitalization by
ischemic heart disease, including myocardial infarction, hospitalization by stroke and heart failure, and
cardiovascular death) and components of the composite outcomes.

Results: After propensity score matching, 1472 (MDV) and 1264 (RWD) patients were evaluated. Delayed
treatment was not associated with a risk of the renal composite outcome (MDV: hazard ratio [HR]: 1.15, 95%
confidence interval [Cl]: 0.99-1.33; RWD: HR: 1.08, 95% Cl: 0.92-1.28). However, delayed treatment was
associated with higher risks of the cardiovascular composite outcome (MDV: HR: 1.47, 95% CI: 1.16-1.84;
RWD: HR: 1.34, 95% CI: 1.09-1.64), heart failure (MDV: HR: 1.50, 95% CI: 1.13-2.00; RWD: HR: 1.53, 95% CI:
1.20-1.96) and all-cause mortality (MDV: HR: 1.83, 95% CI: 1.32-2.54; RWD: HR: 1.64, 95% CI: 1.21-2.22).

Conclusion: Although the risk of renal events was not increased following delayed treatment of anemia in
patients with NDD-CKD, the risks of cardiovascular events and all-cause mortality were increased, sug-
gesting the importance of early intervention before hemoglobin falls below 9.0 g/dI.
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See Commentary on Page 1954 hemoglobin levels of 11.0 to 13.0 g/dl had a 29%

KD affects approximately 850 million people
worldwide and 13.3 to 14.8 million people be-
tween 2005 and 2015 in Japan.l'2 Anemia is common in
patients with CKD, and its prevalence increases with
CKD severity. * Patients with CKD and anemia have a
reduced quality of life and are at higher risk of car-
diovascular events.”® The standard treatment for ane-
mia in CKD is ESA therapy combined with iron
supplementation. Recently, hypoxia-inducible factor
prolyl hydroxylase inhibitors have been approved in
several countries, including Japan.” "'
A previous Japanese clinical trial found that patients
with anemia and NDD-CKD treated with ESAs to target
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reduction in the risk of renal composite events
compared with patients treated with lower target he-
moglobin levels of 9.0 to 11.0 g/d1."* The “Guideline for
Treatment of Anemia in CKD Patients” of the Japanese
Society for Dialysis Therapy recommends anemia
treatment to be started when hemoglobin decreases
to <11.0 g/dl and to maintain the hemoglobin level at
11.0 to 13.0 g/dl."” However, there are limited reports
comparing the prognosis of patients with different
hemoglobin levels at the start of ESA treatment. The
JET-STREAM study investigated the relationship be-
tween hemoglobin levels at the start of treatment for
anemia and renal outcomes and found that patients
with hemoglobin levels of 10.0 to 11.0 g/dl at the
initiation of epoetin beta treatment had a lower risk of
renal events than those with hemoglobin levels <9.0 g/
dl.'"* Thus, earlier treatment of anemia in patients with
short-acting ESAs may lead to improved renal
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outcomes. In recent years, long-acting ESAs (including
darbepoetin alfa and epoetin beta pegol/continuous
erythropoietin receptor activator) have been widely
prescribed for Japanese patients with anemia in NDD-
CKD."” To our knowledge, no previous study has
investigated the relationship between hemoglobin
levels at treatment initiation and renal outcomes of
patients treated with long-acting ESAs in Japanese
clinical practice.

Data from real-world clinical databases derived from
Diagnosis Procedure Combination codes, electronic
medical records, and health insurance claims are now
widely available for epidemiologic and outcome studies
of various medical conditions in Japan. This study
utilized 2 Japanese databases to clarify the renal and
cardiovascular outcomes of early versus delayed treat-
ment with long-acting ESAs in patients with NDD-
CKD, and explore the consistency of the results be-
tween the 2 databases.

METHODS

Study Design

This retrospective cohort study evaluated Japanese
patients with anemia and NDD-CKD. Anonymized pa-
tient data were obtained from 2 databases: MDYV, which
includes inpatient and outpatient data, such as Diag-
nosis Procedure Combination data, from Japanese acute
care hospitals; and RWD, which is maintained by the
Health, Clinic, and Education Information Evaluation
Institute (Kyoto, Japan) and integrates medical records,
Diagnosis Procedure Combination data, and receipts.
The data extraction period was between April 2008 and
November 2021 (MDV database) and January 1985 and
January 2022 (RWD database), and the index date was
defined as the date of the first prescription of a long-
acting ESA (either darbepoetin alfa or continuous
erythropoietin receptor activator). The study period
comprised a 180-day look-back period and an obser-
vation period of up to 720 days from the index date.
Because this study utilized anonymized data from
existing databases, informed consent was not required.
The study was approved by the Ethics Review Com-
mittee of Mitsubishi Tanabe Pharma Corporation
(approval number: H-22-013).

Study Population

The study adopted a new user design, and outpatients
with anemia in NDD-CKD who were newly started on a
long-acting ESA were eligible. The key inclusion
criteria were patients aged =18 years with a first pre-
scription of darbepoetin alfa or continuous erythro-
poietin receptor activator between January 2011 and
December 2018; diagnosis of renal anemia in the same
month as the index date; hemoglobin measurements
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less than 11.0 g/dl in the 30 days before the index date
(day —29 to day 0); and eGFR of 6 to 60 ml/min per 1.73
m? in the 90 days before the index date. Renal anemia
was identified using the Japanese standardized disease
code “renal anemia” (2858001). Patients who had
received a dialysis procedure on or before the index
date or were hospitalized on the index date were
excluded. Further details of the inclusion and exclusion
criteria are provided in Supplementary Table S1.

Patients were divided into 2 groups for each
database according to their hemoglobin levels in the
30 days before the index date: the early treatment
group (hemoglobin levels of =9.0 g/dl) and the
delayed treatment group (hemoglobin levels of <9.0
g/dl). The cut-off value was decided based on the
results of the JET-STREAM study, which indicated
that patients with hemoglobin levels < 9.0 g/dl when
initiating short-acting ESA treatment had a higher
risk of renal events.'” In addition, a previous Japa-
nese retrospective database study revealed that the
mean hemoglobin level of patients at the start of ESA
(mostly long-acting) treatment was 9.1 g/dl."” The
disease codes used in this study and the patient
background characteristics collected are listed in
Supplementary Table S2. The presence of comorbid
hypertension, diabetes mellitus, and dyslipidemia
were determined from the prescribing information.
The presence or history of cardiovascular disease and
connective tissue disease were determined from the
diagnostic and procedural codes.

Study Outcomes

The primary outcome was a renal composite outcome
composed of renal replacement therapy (dialysis and
renal transplantation), a reduction of =50% in eGFR
from baseline and an eGFR of <6.0 ml/min per 1.73 m”
at 2 consecutive measurements, and all-cause mortal-
ity. The secondary outcomes were a cardiovascular
composite outcome composed of hospitalization for
ischemic heart disease, including myocardial infarc-
tion, stroke, and heart failure, and cardiovascular
death, as well as individual components of the renal
and cardiovascular composite outcomes. Regarding
renal events during the 2-year observation period, the
date closest to the index date was defined as the date
of the event. For cardiovascular events during the 2-
year observation period, the date of hospitalization
(for myocardial ischemia, myocardial infarction,
stroke, or heart failure) closest to the index date, or
the date of death from cardiovascular causes, was
defined as the date of the event. Additional explor-
atory outcomes included hemoglobin levels over time,
mean monthly ESA dose, and frequency of ESA
administration.

2057




CLINICAL RESEARCH

Sample Size and Statistical Analyses

This study did not have a predefined sample size
because this was a real-world database study and data
from all cases meeting the criteria were included in the
analysis.

The covariate background was adjusted using a
propensity score matching method with a 1:1 ratio of
patients in the early treatment group and the delayed
treatment group, and a caliper of 0.20. The covariates
included age, sex (biological sex as described in the
database records), baseline eGFR, baseline serum al-
bumin, hypertension (with renin-angiotensin system
inhibitor prescription), hypertension (with other
antihypertensive drug prescription), diabetes melli-
tus, dyslipidemia, history of cardiovascular disease,
history of rheumatic disease, and year of ESA treat-
ment initiation.

Continuous data were summarized using mean and
SD, and categorical data were summarized by number
and percentage. Standardized differences were calcu-
lated between the early and delayed treatment groups.
Patients with complete data sets, including baseline
hemoglobin, serum creatinine, and albumin measure-
ments, were included in the analysis, and data impu-
tation was not applied.

The nonincidence of first renal composite outcome
and all-cause mortality was calculated using the Kaplan-
Meier method. A log-rank test was used to compare the
early and delayed treatment groups. Kaplan-Meier cu-
mulative incidence curves were generated as 1 minus
the Kaplan-Meier estimate. HRs and 95% CIs were
calculated using the Cox proportional hazards model.
For the other outcomes, the incidences were analyzed
using cumulative incidence curves treating all-cause
mortality as a competing risk, and the intergroup dif-
ference was tested using Gray’s test. HRs and 95% CIs
for the delayed treatment group versus the early treat-
ment group were calculated using the Fine-Gray sub-
distribution hazard model. Cardiovascular outcomes
were analyzed in the same manner as the renal out-
comes, taking the competing risk into account. The
competing risk for the cardiovascular composite
outcome and cardiovascular death was death due to
causes other than cardiovascular death, and the
competing risk for the other components of the cardio-
vascular composite outcome was all-cause mortality.
Sensitivity analyses were performed with hemoglobin
cut-off values of 8.5 g/dl and 9.5 g/dl. For the explor-
atory outcomes, hemoglobin measurements at the index
date were used as the baseline values, and mean values
were calculated each month for the first 2 months and
every 2 months thereafter regardless of the presence or
absence of an event. For patients who received blood
transfusions, the last measurement day was set as the
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day before the blood transfusion. Hemoglobin values
were not imputed for patients with missing hemoglobin
measurements, and the hemoglobin data for these pa-
tients were not used in group calculations for the
respective time point. The mean monthly ESA dose (lig/
mo) and frequency of ESA dose (number of pre-
scriptions/mo) were calculated from the total dose and
total number of prescriptions of long-acting ESAs dur-
ing the observation period, respectively. For patients
who switched to another ESA after the index date, the
analysis was performed using data up to the day before
the switch. A subgroup analysis was performed on pa-
tient data stratified by background characteristics, and
HRs and 95% CIs for the delayed treatment group
versus the early treatment group were calculated.

All statistical analyses had a 2-sided significance
level of 5% and were conducted using R version 4.2.2
and RStudio 2022.07.2+576 (R Foundation for Statis-
tical Computing, Vienna, Austria).'®

RESULTS

Patients

After propensity score matching, 1472 patients in the
MDYV database and 1264 patients in the RWD database
were evaluated (Figure la and b). The reasons for
exclusion are listed in Figure 1 and Supplementary
Table S3. The baseline characteristics of patients in
the early treatment and delayed treatment groups are
shown in Table 1. The standardized difference for all
covariates used for propensity matching was <O0.1,
indicating a good balance between the groups. The
patient backgrounds of the eligible population before
propensity score matching are presented in
Supplementary Table S4, and density plots of the
propensity score distribution before and after matching
are shown in Supplementary Figure SI.

Renal Outcomes
The renal composite outcomes are shown in Figure 2.
The Kaplan-Meier cumulative incidence curves of the
renal composite outcomes had no notable differences
between the early and delayed treatment groups for
both the MDV (P = 0.070) and RWD (P = 0.337) data
sets (Figure 2a and b). The HRs were 1.15 (95% CI:
0.99-1.33) and 1.08 (95% CI: 0.92-1.28) in the MDV
and RWD data sets (Figure 2c and d), respectively.
Regarding the components of the renal composite
outcome (Figure 2c and d and Supplementary
Figure S2A-D), the risk for all-cause mortality was
significantly increased in the delayed treatment group
compared with the early treatment group for both the
MDV (HR: 1.83 [95% CI: 1.32—2.54]) and RWD data sets
(HR: 1.64 [95% CI: 1.21-2.22]). The risks for the other
renal components were not significantly different.

Kidney International Reports (2024) 9, 2056-2066
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a MDV

Index date? between 2011 and 2018 and diagnosis
of renal anemia with ESA prescription record
during the first month of the index date:

n= 102051

Excluded (n =99 596):

«  Short-acting ESAs prior to the index date (n = 6219)

*  Age <18 years on index date (n = 156)

«  Missing hematology and blood chemistry data (n = 86 887)

«  Baseline hemoglobin levels >11.0 g/dl (n = 452)

»  Baseline eGFR <6.0 or >60 ml/min/1.73 m2 (n = 994)

« <1 hospital record 2181 days prior to the index date (n = 2555)
« <2 hospital visits during look-back period® (n = 457)

« Dialysis before or on index date (n = 335)

« Blood transfusion on index date or day after index date (n =72)
«  Cancer diagnosis before or on index date (n = 889)

*  Hospitalized on index date (n = 558)

*  No records available during 900 days after the index date (n = 22)

Baseline hemoglobin measurements:
« <9.0 g/dl (n=783)
« 29.0 g/dl (n=1672)

Propensity Score Matching

Analyzed in this study®:
¢ <9.0 g/dl (n=736)
« 29.0 g/dl (n =736)

b RwD

Index date? between 2011 and 2018 and diagnosis
of renal anemia with ESA prescription record
during the first month of the index date:

n = 8529

Excluded (n = 6596):

- Short-acting ESAs prior to the index date (n = 727)
Age <18 years on index date (n = 25)
Missing hematology and blood chemistry data (n = 944)
Baseline hemoglobin levels >11.0 g/dl (n = 417)
Baseline eGFR <6.0 or >60 ml/min/1.73 m? (n = 570)
<1 hospital record >181 days prior to the indexdate (  n = 1843)
<2 hospital visits during look -back period® (n = 393)
Dialysis before or on index date (n = 190)
Blood transfusion on index date or day after index date (n = 77)
Cancer diagnosis before or on index date (n = 837)
Hospitalized on index date (n = 565)
No records available during 900 days after the index date (n = 8)

Baseline hemoglobin measurements:
+ <9.0g/dl (n=701)
+ 29.09/dl(n=1232)

Propensity Score Matching

Analyzed in this study®:
. <9.0 g/dl (n=632)
« 29.0g/dl (n=632)

Figure 1. Patient disposition. (a) MDV database and (b) RWD database.

#Defined as the first date of darbepoetin alfa or CERA prescription.

180 days before the index date.

CAfter 1:1 propensity score matching.

CERA, continuous erythropoietin receptor activator; eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent; MDV,
Medical Data Vision Co. Ltd. database; RWD, Real World Data Co. Ltd. database.
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Table 1. Patient baseline characteristics

K Kawai et al.: Early vs. Delayed Treatment Outcomes of CKD Anemia

MDV
Early treatment Delayed treatment
Characteristics (n = 736) (n = 736)
Age, yr 73.8 +12.8 74.1 £13.2
Sex, female 337 (45.8) 326 (44.3)
Baseline hemoglobin, g/dI 97 +£05 83 +06
Baseline eGFR, mi/min per 1.73 m? 189 + 9.6 18.9 + 10.1
<15 300 (40.8) 329 (44.7)
16 fo <30 331 (45.0) 294 (39.9)
30 fo <45 93 (12.6) 102 (13.9)
45 fo <60 12 (1.6) 11 (1.5)
Baseline albumin, g/dl 35 +06 35+£05
Comorbidities”
Hypertension (with RASI) 436 (69.2) 447 (60.7)
Hypertension (without RASi) 598 (81.3) 596 (81.0)
Diabetes mellitus 268 (36.4) 273 (37.1)
Dyslipidemia 305 (41.4) 302 (41.0)
Medical history”
Cardiovascular disease 477 (64.8) 485 (65.9)
Connective tissue disease 64 (8.7) 66 (9.0)
Year of long-acting ESA initiation
2011 28 (3.8) 31 (4.2)
2012 51 (6.9) 64 (8.7)
2013 59 (8.0) 56 (7.6)
2014 98 (13.3) 85 (11.5)
2015 120 (16.3) 111 (15.1)
2016 115 (15.6) 122 (16.6)
2017 133 (18.1) 128 (17.4)
2018 132 (17.9) 139 (18.9)
Darbepoetin alfa 342 (46.5) 428 (58.2)
CERA 394 (53.5) 308 (41.8)

RWD
Standardized Early treatment Delayed treatment Standardized

difference (n = 632) (n = 632) difference
0.023 747 £10.2 74.8 +10.8 0.008
0.030 298 (47.2) 296 (46.8) 0.006
NA 9.8 + 0.5 8.1 +08 NA

< 0.001 210+ 104 209+ 113 0.008
0.080 212 (33.5) 241 (38.1) 0.096
0.102 302 (47.8) 268 (42.4) 0.108
0.036 99 (15.7) 97 (15.3) 0.009
0.011 19 (3.0) 26 (4.1) 0.060
0.005 34 +£06 34 +£05 0.011
0.031 320 (50.6) 327 (61.7) 0.022
0.007 495 (78.3) 489 (77.4) 0.023
0.014 209 (33.1) 210 (33.2) 0.003
0.008 221 (35.0) 225 (35.6) 0.013
0.023 471 (74.5) 466 (73.7) 0.018
0.010 46 (7.3) 50 (7.9) 0.024
0.021 16 (2.5) 20 (3.2) 0.038
0.066 30 (4.7) 43 (6.8) 0.088
0.015 53 (8.4) 44 (7.0) 0.054
0.054 62 (9.8) 63 (10.0) 0.005
0.034 92 (14.6) 83 (13.1) 0.041
0.026 98 (15.5) 106 (16.8) 0.034
0.018 126 (19.9) 125 (19.8) 0.004
0.025 165 (24.5) 148 (23.4) 0.026
0.236 335 (63.0) 344 (54.4) 0.029
0.236 297 (47.0) 288 (45.6) 0.029

CERA, continuous erythropoietin receptor activator; eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent; MDV, Medical Data Vision Co. Ltd. database; NA,
not applicable; RAS, renin-angiotensin system inhibitor; RWD, Real World Data Co. Ltd. database.

2Presence of comorbid hypertension, diabetes mellitus and dyslipidemia was determined from prescribing information.

PPast medical history of cardiovascular disease and connective tissue disease was determined from disease codes.

Data are shown as n (%) or mean + SD.

The early treatment group had hemoglobin levels of =9.0 to 11.0 g/dl, and the delayed treatment group had hemoglobin levels of <9.0 g/dI.

Cardiovascular Outcomes

The cardiovascular composite outcomes are shown by
cumulative incidence curves in Figure 3. There were
significant differences between the early and delayed
treatment group curves for the cardiovascular com-
posite outcomes in both the MDV (P = 0.001) and RWD
data sets (P = 0.006) (Figure 3a and b). The risk for the
cardiovascular composite outcome was significantly
increased in the delayed treatment group compared
with the early treatment group in both the MDV (HR:
1.47 [95% CI: 1.16-1.84]) and RWD data sets (HR: 1.34
[95% CI: 1.09-1.64]) (Figure 3c and d).

Regarding the components of the cardiovascular
composite outcome (Figure 3c and d, and
Supplementary Figure S3A-D), the risks for heart
failure were significantly higher in the delayed treat-
ment group in both the MDV data set (HR: 1.50 [95%
CIL: 1.13-2.00]) and the RWD data set (HR: 1.53 [95%
CL: 1.20-1.96]). The history of heart failure and hos-
pitalization due to heart failure within 3 months before
the index date were not included in the covariates for
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propensity score matching; however, the standardized
difference was below the criterion value of 0.1 in both
cases, indicating no significant bias between the groups
(Supplementary Table S5). The risk for cardiovascular
death was significantly increased in the delayed treat-
ment group (HR: 2.00 [95% CI: 1.25-3.18]) only in the
MDV data set. The risks for the other cardiovascular
components were not significantly different.

Sensitivity Analyses

In the sensitivity analysis, when a hemoglobin cut-off
of 8.5 g/dl was applied, the HRs for the renal com-
posite outcome were 1.33 (95% CI: 1.09-1.62) and 1.28
(95% CI: 1.04-1.58) for the MDV and RWD data sets,
respectively (Supplementary Figure S4A). The HRs for
all-cause mortality were 2.55 (1.69-3.85) and 2.87
(1.94-4.24) for the MDV and RWD data sets, respec-
tively. However, the HRs for the other renal outcome
components (renal replacement therapy, eGFR =50%
reduction, and eGFR <6.0 ml/min per 1.73 m?) were
not statistically significant except for the eGFR =50%

Kidney International Reports (2024) 9, 2056-2066
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a MDV
1.004 = Early treatment
—— Delayed treatment
Log-rank test: P = 0.070
)
S 0.754
()
o
(3]
£
2 0.504
=
=]
§ 0.254
0.001

Days
Number at risk

Early treatment 736 692 639 576 507 467 414 385 354 324 302 270 259
Delayed treatment 736 655 568 513 447 403 365 326 300 279 262 241 226

c

0 60 120 180 240 300 360 420 480 540 600 660 720

CLINICAL RESEARCH

b RWD
1.004 = Early treatment
—— Delayed treatment
Log-rank test: P = 0.337
Q
S 0.754
()
p=d
()
£
9 0.504
T
=]
§ 0.25+4
0.004

0 60 120 180 240 300 360 420 480 540 600 660 720
Days
Number at risk

Early treatment 632 589 535 490 447 410 375 351 337 313 289 273 265
Delayed treatment 632 582 531 489 433 398 365 335 306 287 264 244 220

MDV Early treatment Delayed treatment
(n=736) (n=736) Hazard ratio
Number % Number % (95% Cl) P value
Renal composite outcome 350 476 358 486 1.15 (0.99-1.33) 0.07 ——
Renal replacement therapy 163 221 165 22.4 1.08 (0.87-1.34) 0.50 —Hi—
eGFR 250% reduction 205 279 185 251 0.95 (0.78-1.16) 0.60 ——
eGFR <6.0 ml/min/1.73m? 216 293 203 276 1.00 (0.83-1.22) 0.97 —a—
All-cause mortality 57 7.7 97 13.2 1.83 (1.32-2.54) <0.001 —a—
r T T 1
0.25 1 4.0
d RWD Early treatment Delayed treatment
(n=632) (n=632) Hazard ratio
Number % Number % (95% Cl) Pvalue
Renal composite outcome 281 445 294 465 1.08 (0.92-1.28) 0.34 —i—
Renal replacement therapy 126 19.9 113 17.9 0.92 (0.71-1.18) 0.51 ——
eGFR 250% reduction 162 25.6 130 206 0.80 (0.63-1.01) 0.06 ——
eGFR <6.0 ml/min/1.73m? 142 225 121 19.1 0.87 (0.68-1.10) 0.24 ——
All-cause mortality 69 10.9 106  16.8 1.64 (1.21-2.22) 0.001 —a—
r T T 1
0.25 1 4.0

Figure 2. Renal outcomes and all-cause mortality in patients treated with ESAs. (a) Kaplan-Meier cumulative incidence curves of the
renal composite outcome from the MDV database; (b) Kaplan-Meier cumulative incidence curves of the renal composite outcome
from the RWD database; (c) incidence of renal events from the MDV database; and (d) incidence of renal events from the RWD
database in propensity score-matched patients. The early treatment group had baseline hemoglobin levels of =9.0 to 11.0 g/dl and

the delayed treatment group had baseline hemoglobin levels of <9.0 g/dl. ClI,

confidence interval; eGFR, estimated glomerular

filtration rate; ESA, erythropoiesis-stimulating agent; MDV, Medical Data Vision Co. Ltd. database; RWD, Real World Data Co. Ltd.

database.

reduction in the RWD data set. At cut-off values of 8.5
and 9.5 g/dl, the delayed treatment group had a
significantly higher HR for the cardiovascular com-
posite outcome compared with the early treatment
group for both data sets (Supplementary Figure S4B).

Exploratory Outcomes: Hemoglobin
Measurements, ESA Dose, and Frequency of
ESA Administration

Hemoglobin measurements over time are shown in
Figure 4. The mean differences between the groups at
the start of ESA treatment were 1.49 g/dl and 1.62 g/dl
for the MDV and RWD data sets, respectively; these
differences gradually decreased to 0.30 g/dl (MDV)

Kidney International Reports (2024) 9, 2056-2066

and 0.31 g/dl (RWD) at the end of the observation
period. ESA dose and frequency are tabulated in
Table 2. There was a trend toward higher doses of ESA
administration in the delayed treatment group in both
data sets.

Subgroup Analyses

When patients were stratified by background charac-
teristics such as age, sex, baseline eGFR, and baseline
albumin, no significant interaction in common with the
databases was identified between the subgroups in renal
(Supplementary Figure S5A and B) or cardiovascular
(Supplementary Figure S5C and D) composite outcomes.
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a b
MDV RWD
1.004 —— Early treatment 1.004 —— Early treatment
—— Delayed treatment —— Delayed treatment
Gray’s test: P =0.001 Gray'’s test: P =0.006

8 0.75- 8 0.75-
(5] (5]
o o
o o
£ £
.029 0.504 .g 0.504
kS kS
> =]
g 0.254 g 0.254
(&) . a3 .

0.00 0.00

0 60 120 180 240 300 360 420 480 540 600 660 720 0 60 120 180 240 300 360 420 480 540 600 660 720

Days Days

Number at risk Number at risk
632 587 552 519 493 470 444 420 400 376 359 342 321

632 559 508 468 432 408 378 359 337 319 302 284 253

736 706 670 629 599 570 537 506 489 466 439 414 392
736 666 611 572 529 500 469 442 419 399 385 365 337
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Figure 3. Cardiovascular outcomes in patients treated with ESAs. (a) Two-year cumulative incidence curves of the cardiovascular composite
outcome from the MDV database; (b) 2-year cumulative incidence curves of the cardiovascular composite outcome from the RWD database; (c)
incidence of cardiovascular events from the MDV database; and (d) incidence of cardiovascular events from the RWD database in propensity
score-matched patients. The early treatment group had baseline hemoglobin levels of =9.0 to 11.0 g/dl and the delayed treatment group had
baseline hemoglobin levels of <9.0 g/dl. Cl, confidence interval; ESA, erythropoiesis-stimulating agent; MDV, Medical Data Vision Co. Ltd.
database; MI, myocardial infarction; RWD, Real World Data Co. Ltd. database.

DISCUSSION

In this retrospective cohort study using 2 Japanese
databases, we evaluated the renal and cardiovascular
outcomes of early versus delayed treatment with
long-acting ESAs in patients with anemia and NDD-
CKD in Japan. Our analysis showed that delayed
ESA treatment (initial hemoglobin levels <9.0 g/dl)
was not associated with worse renal outcomes
compared with early ESA treatment (initial hemo-
globin levels =9.0 g/dl). However, there was a
significantly increased risk of all-cause mortality and
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cardiovascular events in patients who received
delayed ESA treatment.

In clinical practice, treatment for anemia in CKD can
be delayed for a variety of reasons. However, assessing
the outcomes of delaying renal anemia treatment
through prospective trials is not practical because of
ethical considerations. Therefore, we compared the
renal and cardiovascular outcomes of early versus
delayed treatment using real-world databases. The 2
databases revealed generally consistent results, sug-
gesting that our findings are robust and widely appli-
cable to clinical practice in Japan.
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Figure 4. Hemoglobin measurements over time in patients treated with ESAs. (a) Data from the MDV database and (b) data from the RWD
database. Symbols indicate the mean value; error bars show SD. BL, baseline; ESA, erythropoiesis-stimulating agent; MDV, Medical Data Vision
Co. Ltd. database; RWD, Real World Data Co. Ltd. database.

Delayed ESA treatment was not associated with a risk difference in hemoglobin levels may have been necessary
in the renal composite outcome and component events, to identify a difference in renal event risk. Other obser-
such as renal replacement therapy, reduction in vational studies focusing on patients who achieved he-
eGFR =50%, or eGFR <6.0 ml/min per 1.73 mz, unlike moglobin levels of 11 g/dl after 3 months of long-acting
the previous JET-STREAM study.'* A possible explana- ESA treatment revealed a reduced risk of renal events.' "'
tion may be that the differences in hemoglobin levels Therefore, although the connection was not clearly
between groups at the start of treatment were relatively identified in the current study, future investigations
small (~ 1.5 g/dl), whereas the previous study reported a regarding the relationship between anemia treatment and
difference of 2.1 g/dl between the groups.'* Furthermore, renal outcomes are warranted. Consistent with previous
an increased risk of renal events was identified in the reports ' that severe anemia is a risk factor for mortality
group with initial hemoglobin levels <9 g/dl versus the in CKD and end-stage renal disease, delayed treatment for
10 to <11 g/dl group when the 9 to <10 g/dl group was anemia was associated with a significantly increased risk
excluded, which may be one of the reasons the increased of all-cause mortality in this study. A previous observa-
risk was clearly identified."* Therefore, a larger mean tional cohort study revealed that higher hemoglobin

Table 2. Erythropoiesis-stimulating agent dose and frequency

MDV RWD

Types of ESA Early Delayed Early Delayed
Darbepoetin alfa

n 342 428 335 344

Dose, pg/mo 39.87 £ 32.21 53.90 + 58.45 4591 + 4267 58.55 + 53.59

Dose frequency/mo 0.75 + 0.51 0.88 + 0.70 0.60 + 0.39 0.66 + 0.47
CERA

n 394 308 297 288

Dose, pg/mo 49.89 + 45.86 57.15 + 43.05 60.24 + 95.21 88.91 + 169.47

Dose frequency/mo 0.72 £ 0.47 0.75 + 0.51 0.75 + 0.62 0.85 + 0.84

CERA, continuous erythropoietin receptor activator; ESA, erythropoiesis-stimulating agent; MDV, Medical Data Vision Co. Ltd. database; RWD, Real World Data Co. Ltd. database.
Data are shown as n or mean + SD.

The early treatment group had hemoglobin levels of =9.0-11.0 g/dl, and the delayed treatment group had hemoglobin levels of <9.0 g/dl. ESA dose and frequency were evaluated from
the first administration on the index date over the follow-up window (180-day follow-up after the observation period) until last hospital visit, the day before blood transfusion (up to 720
days from the index date), or death. ESA administration data after switching ESA type (darbepoetin alfa to CERA or vice versa) were not included.
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levels (10 or 11 g/dl) at ESA treatment initiation were
associated with improved survival compared with the
entire study cohort of patients with CKD and those who
did not receive any treatment.”’ Moreover, the study
showed that the 3-year survival rate decreased as hemo-
globin levels at ESA initiation decreased from 11.0 to 9.0
g/dl, which also suggests the importance of early inter-
vention for anemia. When analyzing the current data
with a hemoglobin cut-off of 8.5 g/dl in the sensitivity
analysis, the risk of all-cause mortality was numerically
increased, indicating that the severity of anemia at the
start of ESA treatment may be linked to an elevated risk of
death from any cause.

We observed an increased risk of cardiovascular
composite outcome and heart failure in the delayed
treatment group across both databases. This is consis-
tent with previous studies that have reported that
anemia is a risk factor for heart failure.””** The oxygen
shortage caused by renal anemia exacerbates left ven-
tricular hypertrophy and subsequent progression of
heart failure, leading to a worse prognosis.””** This
mechanism may also have contributed to the increased
risk of heart failure and cardiovascular death in the
delayed treatment group in the present study.
Conversely, the risks of stroke and ischemic heart
disease, including myocardial infarction, were not
increased in the delayed treatment group. Japanese
patients with CKD have been reported to have a lower
cardiovascular burden compared with Western pa-
tients with CKD.?’ Therefore, the changes in the risk of
stroke and ischemic heart disease including myocardial
infarction associated with hemoglobin levels at the start
of ESA treatment may be difficult to evaluate because
these events are less likely to occur in Japanese patients
with CKD.

Our study provides new insights into clinical practice
regarding hemoglobin levels at the start of long-acting
ESA treatment and outcomes in patients with anemia
in NDD-CKD, for which there has been little evidence to
date. Furthermore, we have highlighted the potential
risks associated with delayed ESA treatment of anemia.
Previous Japanese and international observational
studies have reported that the proportion of patients
with anemia who receive ESA treatment is low, even
among patients with hemoglobin levels below the
guideline range.””® We have previously reported that
the mean hemoglobin level at ESA treatment initiation
in patients with anemia and NDD-CKD was 9.1 g/dl,"’
which is below the Japanese guideline’s recommenda-
tion, suggesting that an evidence—practice gap exists in
anemia treatment. Combined with the findings of the
present study, earlier intervention than current practice
for anemia in NDD-CKD may be desirable to avoid car-
diovascular events and mortality in these patients.
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The results of this study should be interpreted in
light of several limitations. The assignment of di-
agnoses based on health insurance claims data may
have resulted in the inclusion of inaccurate data.”” In
this study, patients were classified into early and
delayed groups based on hemoglobin levels just before
the start of ESA treatment. Although serial hemoglobin
measurements were not used to categorize patients,
only a few patients in the delayed group had rapid
anemia progression defined as a decrease in hemoglobin
levels >2.0 g/dl over 30 days (data not shown). We
were unable to adjust for some confounding factors,
such as transferrin saturation’’ and C-reactive protein’'
levels, because of an insufficient number of cases with
these data. Unmeasured confounding factors and the
lack of information on the severity of comorbidities
may also have resulted in a bias between the groups.
Furthermore, patients who transferred to another fa-
cility could not be identified in these databases, and
thus the number of events may be underestimated.

In conclusion, delayed treatment of anemia in Jap-
anese patients with NDD-CKD was not associated with
a risk of renal events; however, it was associated with
risks of cardiovascular events and all-cause mortality,
highlighting the importance of early intervention
before hemoglobin values fall below 9.0 g/dl.
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