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Abstract

Background: A combination of safety concerns and labeling changes impacted use of erythropoiesis-stimulating
agents (ESAs) in renal anemia. Data regarding contemporary utilization in pre-dialysis chronic kidney disease (CKD)
are lacking.

Methods: Electronic healthcare records and medical claims data of pre-dialysis CKD patients were aggregated from
a large US managed care provider (2011–13). ESA use patterns, characteristics, and outcomes of ESA-treated/untreated
patients were quantified.

Results: At baseline, 109/32,308 patients (0.3%) were ESA users. Treated patients were older, had more advanced CKD
(58.8% vs 5.4% with stage 4/5 vs 3) and greater prevalence of comorbid diabetes, hypertension, heart failure,
and peripheral vascular disease. An additional 266 patients initiated ESA: hemoglobin at initiation was 8–10 g/
dL in 193 of these and >10 g/dL in the remainder; 61.7% had stage 4/5 CKD; prevalence of cardiovascular
disease was high (50.8% heart failure; 25.2% prior myocardial infarction; 24.1% prior stroke). During follow-up,
rates of death and cardiovascular events were higher in baseline ESA users and ESA naives versus non-users.

Conclusions: ESA use in pre-dialysis CKD patients was exceedingly rare and directed disproportionately to older, sicker
patients; these patients had high rates of death and cardiovascular events. These data provide context for contemporary
use of ESA in pre-dialysis CKD.
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Background
In the years since the publication of the CREATE [1],
CHOIR [2], and TREAT [3] clinical studies, there has
been a substantial shift in anemia management for
patients with chronic kidney disease (CKD). These stud-
ies raised concerns regarding erythropoiesis-stimulating
agent (ESA) use, including risks of cardiovascular and
thrombotic events. The occurrence of these adverse
events was associated with ESA dosing practices targeting
higher thresholds for hematocrit and hemoglobin (Hb)
concentrations. Subsequently, the US Food and Drug
Administration-approved labels for ESAs were revised

with a Black Box Warning indicating increased risks of
cardiovascular events associated with Hb levels greater
than 11 g/dL [4]. Several reports have documented rapid
changes in treatment patterns of anemia for hemodialysis
patients with end-stage renal disease (ESRD) shortly after
these events: lower ESA doses, lower Hb levels, greater
intravenous iron use [5–9], and increased rates of patients
receiving red blood cell transfusions [5, 7].
Although these changes are well documented for ESRD

patients, there is a paucity of data describing ESA use
patterns among US patients with nondialysis-dependent
CKD. Data from two studies reported a decrease in ESA
use and Hb concentrations in pre-dialysis CKD from 2005
to 2011 [4, 10] but, to our knowledge, no study has char-
acterized the patterns of treatment in this population after
the 2011 ESA label revision. Generalizable data in this
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regard are important for understanding the current treat-
ment landscape and benchmarking normative clinical
practice. With emerging therapies for renal anemia on the
horizon, understanding patient characteristics and
expected patient outcomes are essential to designing clin-
ical trials. Untreated patients with qualifying degrees of
anemia and/or ESA-treated patients are likely to serve as
the source population for such trials. This descriptive ana-
lysis was conducted to inform in these respects using data
from a large, representative, real-world CKD population.
Because this was an observational study, it was not pos-
sible to assess causality between anemia treatments and
outcomes. Therefore, these analyses do not contain formal
statistical comparisons.

Methods
Data source and patients
We performed a retrospective observational study by
examining the database of a large managed care provider
that also serves as the insurer of 1.5 million members in
the United States. The database contains electronic
health records (EHR), medical, and pharmacy claims.
EHR data were used to identify patient characteristics,
comorbid illnesses, and laboratory values; claims pro-
vided visibility to medication utilization and health
events during follow-up.
Patients considered in the study were >18 years old;

had eGFR <60 ml/min/1.73m2; and had no prior diagno-
sis of ESRD, treatment with dialysis, or receipt of renal

transplant based on claims history. We excluded patients
with Hb <8 g/dL on most recent measurement (because
anemia of this severity due to CKD alone in patients not
on dialysis is unlikely) and those with active malignancy
except for common cutaneous cancers (defined as ICD-9
codes 140.x–208.x excluding 172.xx in the prior 2 years).
From this source population, we identified three study
cohorts based on ESA treatment history (Fig. 1):

� Baseline ESA nonusers: as of index date (01 April
2011), had been enrolled with the provider for
≥8 weeks without use of ESA during this period.

� Baseline ESA users: as of index date (01 April 2011),
were enrolled with the provider and had received
ESA within the prior 6 weeks, and did not have Hb
>12.5 g/dL (to exclude potential influence of patients
who were being treated off label).

� ESA naives: between 01 April 2011 and 30 June
2013 had been enrolled in with the provider for
≥90 days without ESA treatment and subsequently
received ESA (index date). It is important to note
that ESA naives may have been included in other
groups at baseline. However, in describing the
source population, such patients were not double
counted.

We tracked the longitudinal trends of anemia and
anemia treatment from index date until death, health
plan disenrollment, or study end (31 December 2013).

Fig. 1 Study CONSORT Diagram. The study patient population was derived from the database of a large health care provider in United States
(US). The source population with chronic kidney disease (CKD) was derived by excluding patients who had estimated glomerular filtration rates
(eGFR) greater than 60 ml/min/1.73 m2, were diagnosed with end-stage renal disease (ESRD), had received renal transplants, had a recent hemoglobin
(Hb) measure less than 8 g/dL, or had a diagnosis of cancer (with the exception of skin cancer). The remaining patients were then stratified into study
cohorts based on recent Hb measurements and use of erythropoiesis-stimulating agents (ESA)
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We examined Hb, ESA use, and iron storage indices
over time, and prescribed intravenous and oral iron use
and dose. For some analyses, we stratified cohorts
according to baseline Hb values with thresholds based
on ESA product labeling:

� ≤10 versus >10 g/dL for baseline non-users and ESA
naives in whom the implied decision is whether to
initiate ESA.

� ≤11 versus >11 g/dL among baseline ESA users in
whom the implied decision is to continue or
discontinue ESA.

We also added a “transitional” category to capture
subjects who were just above the Hb target (0.5 g/dL),
because most insurance companies do not reimburse for
ESA when Hb >10 g/dL. Another category was added to
capture subjects who were targeted with higher Hb
levels.

Outcomes
Clinical outcomes considered were cardiovascular events
[myocardial infarction (MI), stroke, and hospitalization
for congestive heart failure (CHF)] and death. We also
considered the major adverse cardiovascular events
(MACE) composite outcome, including MI, stroke, and
death, and MACE+ which additionally included
hospitalization for CHF. Details on outcome definitions
and analytic methods are provided in the Additional
files.
MI was defined by an inpatient or emergency depart-

ment claim with a primary ICD-9 code of 410.x. Stroke
was defined from inpatient or emergency department
claims with primary ICD-9 code 431, 433.x and 434.x.
CHF was defined from inpatient claims with primary
diagnosis codes 276.6, 276.69, 401.x1 404.x1, 404.x3,
425.xx and 428.xx. Death was determined from health
records.

Analytic methods
Demographics, comorbidities, laboratory values, and treat-
ment patterns of patients were characterized at baseline
within Hb strata. For time-varying descriptors, the value
measured on or immediately preceding index date was
considered. Data are presented as means, standard devia-
tions, medians, interquartile ranges, frequencies and pro-
portions as dictated by data type. During follow-up, ESA
and iron doses were considered as monthly averages;
laboratory values (Hb, ferritin, and percent saturated
transferrin [%TSAT]) were considered as the last value
measured in each calendar quarter. All ESA doses were
converted and expressed in equivalents of epoetin alfa.
Event rates were calculated as the total number of patients
who experienced the event over cumulative time at-risk.

Exact 95% confidence intervals were determined for Pois-
son estimated rates. Time-to-event analyses were con-
ducted using Kaplan-Meier methods.

Ethics and compliance
We used pre-existing, de-identified data. According to
45 CFR part 46 from the United States Department of
Health and Human Services this study was exempt from
institutional review board approval. We adhered to the
Declaration of Helsinki; informed consent was not
required. The study was deemed exempt by an Institu-
tional Review Board (Quorum IRB, Seattle, WA).

Results
Baseline patient characteristics
Table 1 shows baseline characteristics of the source
population and the three cohorts, stratified by Hb
values. As of 01 April 2011, there were 35,509 qualifying
patients. Of these, 32,199 and 109 qualified for the base-
line ESA nonuser and baseline ESA user cohorts, re-
spectively (cross-sectional ESA use prevalence 0.3%). An
additional 2935 patients did not qualify for either the
baseline ESA user or non-user cohort. Between 01 April
2011 and 30 June 2013, a total of 266 patients met cri-
teria for the ESA naives cohort.
Compared to ESA nonusers, baseline ESA users were

on average older, and more likely to have macroalbumi-
nuria, diabetes, hypertension, CHF, coronary artery dis-
ease, and peripheral vascular disease (Table 1). Baseline
ESA users had higher serum ferritin and TSAT, lower
mean eGFR (28.6 vs 47.9 mL/min/1.73m2) and, corres-
pondingly, more advanced CKD (50.5% vs 5.1% in stage
4 and 8.3% vs 0.3% in stage 5). Among baseline ESA
users, the majority (72.5%) had Hb <11 g/dL; whereas
among baseline nonusers, the majority (95.2%) had base-
line Hb >10.5 g/dL.
Mean Hb at initiation was 9.7 g/dL for ESA naives.

The majority (193; 72.6%) had Hb 8–10 g/dL; the
remainder had Hb >10 g/dL. Median ferritin at initiation
was 224 ng/ml, mean TSAT was 26.6% and mean eGFR at
initiation was 27.6 ml/min/1.73m2. Prevalence of diabetes
(65%), heart failure (50.8%), prior MI (25.2%), prior stroke
(24.1%) and peripheral vascular disease (45.1%) were high
at the time of initiation. Severity of CKD (50 and 11.3%
had stage 4 and 5 CKD, respectively) and anemia (72.5%
had Hb 8–10 g/dL) and prevalence of cardiovascular
comorbidities were disproportionate to the source popula-
tion overall.

Longitudinal trends of anemia and anemia treatment in
CKD patients
Among baseline ESA users, mean Hb was stable for the
1-year period before and after index date (Fig. 2a and
Additional file 1: Table S1). There was gradual
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discontinuation of ESA such that approximately half of
patients discontinued by months 9–10 (Fig. 2b). Mean
ESA dose was stable between 20,000 and 30,000 IU per
month (Fig. 2c). Iron indices fluctuated over time without
a clear trend (Fig. 2d&e).
Among ESA naives, mean Hb gradually decreased in

the time leading up to initiation, reaching nadir at 9.6 g/
dL in months − 1 to − 2 (Fig. 2a). Hb increased in the
peri-initiation period, peaking at 10.7 g/dL 1–2 months
post-initiation, followed by a gradual decrease to
approximately 10 g/dL over the remainder of follow-up.
Among ESA naives, the duration of therapy was short
and approximately half of patients discontinued by
months 3–4 post-initiation (Fig. 2b). Mean ESA dose at
initiation was high (52,163 IU per month) but dropped
precipitously, plateauing between 20,000 and 30,000 IU
per month 1–2 months later (Fig. 2c). TSAT fell in the
year leading up to ESA initiation and rose for the

remainder of follow-up. Mean ferritin increased grad-
ually in the 2-year period surrounding ESA initiation,
with marked interspersed undulations (Fig. 2d&e).

Rates of cardiovascular events and death
Among baseline ESA nonusers, rates of MACE, MACE
+, death, MI, stroke, and hospitalization for CHF exacer-
bation were 8.8, 12.0, 3.8, 3.8, 4.2, and 6.9 per 100
patient-years, respectively (Table 2). Among the subset
of nonusers with Hb 8–10 g/dL, the corresponding rates
were much higher: 21.0, 31.0, 12.0, 7.6, 8.7, and 20.0 per
100 patient years. For all outcomes, there was an Hb
concentration-dependent trend of higher rates at lower
Hb levels.
Among baseline ESA users, rates of MACE, MACE+,

death, MI, stroke and hospitalization for CHF exacerba-
tion were 20.0, 36.0, 13.0, 9.1, 3.6, and 28.0 per 100
patient-years respectively (Table 2). Rates were higher

Fig. 2 Longitudinal anemia measures and ESA use among baseline ESA users and ESA naives. Mean monthly hemoglobin (Hb) before and after
index date (vertical dashed line) are shown in (a). Percentage of patients treated with ESA in each cohort is presented in (b) and the mean monthly
ESA dose among users is shown in (c). Percent saturated transferrin (TSAT) (d) and serum ferritin (e) were measured to assess iron storage
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among patients with lower (8–11 g/dL) versus higher
(11.1–12.5 g/dL) baseline Hb, with the exception of CHF
for which rates were no different.
Among ESA naives, rates of MACE, MACE+, death,

MI, stroke and hospitalization for CHF exacerbation
were 26.0, 44.0, 12.0, 12.0, 8.5, and 33.0 per 100
patient-years respectively (Table 2). Among naives with
baseline Hb 8–10 g/dL, corresponding rates were 26.0,
45.0, 14.0, 15.0, 7.1, and 35.0 per 100 patient-years. Rates
were higher among patients with lower (8–10 g/dL) ver-
sus higher (>10 g/dL) baseline Hb, with the exception of
stroke, for which rates were higher for patients initiating
ESA at higher versus lower Hb (12 vs 7.1 per 100
patient-years). However, differences in event rates by Hb
category were less pronounced in ESA naives versus
non-users.
Time-to-event curves for MACE and death are pre-

sented for all three cohorts in Additional file 2: Figure S1.
We also examined rates of MACE and death in rela-

tion to the presence and number of cardiovascular risk
factors at baseline (Table 3). Among baseline ESA nonu-
sers, rates of MACE during follow up were incremen-
tally greater for patients with 0, 1, 2, and 3+ risk factors
(ranging from 1.8 to 17.0 events per 100 patient-years); a
similar pattern was seen for death (ranging 0.36 to 6.9
per 100 patient-years). Among baseline ESA users, there
were few patients with zero risk factors. For patients
with 1, 2, or 3+ cardiovascular risk factors at baseline,
there was a dose-dependent increased risk of MACE
(range 2.8 to 33.0 events per 100 patient-years) and
death (range 2.8 to 22.0 events per 100 patient-years).
ESA naives showed a similar pattern: MACE rates were
incrementally greater as the number of risk factors
increased from 1 to 2 to 3+ (1.8 to 17.0 events per 100
patient-years) as did rates of death (5.1 to 16 deaths per
100 patient-years).

Discussion
In this study, we characterized anemia management and
outcomes in a contemporary population of pre-dialysis
stage 3–5 CKD patients. Among these patients, ESA
treatment was rare: 109 out of 35,509 (0.3%) of all
patients were being treated with ESA at baseline and
only 266 began therapy from 2011 to 2013. There were
761 patients with baseline Hb 8–10 g/dL who were not
on ESA therapy, even though treatment would not be
inconsistent with product labeling: this is nearly seven
times as many patients as were being treated with ESA
overall. Among patients with stage 3, 4, and 5 CKD,
0.15, 3.3, and 9.2%, respectively, were receiving ESA at
the start of the observation period in this study. Taken
in context of previous studies, these results demonstrate
that ESA use in pre-dialysis CKD is becoming increas-
ingly conservative. From 2005 to 2009, ESA use dropped

from 60 to 46% of all non-dialysis patients with CKD
stages 1–5 [4]. ESA treatment rates continued to decline,
dropping from 17. 1 to 10.6% and 34.3 to 26.6% in
patients with stage 3 and 4 CKD, respectively from 2009
to 2011 [10].
Although it is not possible to rigorously identify in-

dividual Hb management goals, it is interesting that
of the baseline ESA users, 72.4% had baseline Hb
concentrations between 8 and 11 g/dL. Moreover,
>75% of ESA naives had Hb concentrations <10 g/dL.
After initiation, there was marked discontinuation in
ESA use and decrease in mean dose among those
remaining on drug such that mean Hb plateaued in
the low 10’s g/dL. These data are consistent with the
premise that in general, when ESAs were used, ther-
apy was in line with product labeling: initiation for
Hb <10 g/dL and titration to Hb no greater than
11 g/dL. Of note, the achieved Hb of just above 10 g/
dL is lower than had been reported for patients in
2005–2009 [4].
These data also indicate that ESA treatment in

pre-dialysis CKD is directed toward sicker patients.
Compared to ESA nonusers, both the baseline ESA users
and naives were older with more advanced CKD. Nearly
two-thirds of patients initiating ESA therapy (61.3%) did
so at stage 4/5. Notably, compared to nonusers, baseline
ESA users and naives had greater baseline prevalence of
cardiovascular risk factors. The most remarkable was
CHF, which was prevalent in 22.4% of ESA nonusers and
45.9 and 50.8% of baseline ESA users and naives,
respectively. Rates of prior MI and stroke were also
higher among baseline ESA users and naives versus ESA
nonusers.
Not surprisingly then, rates of cardiovascular events

and mortality during follow-up were substantially higher
among the baseline ESA users and ESA naives relative
to baseline nonusers for most outcomes. Within each
ESA group, outcomes were worse among patients with
lower versus higher baseline Hb. These observations
may be explained in part by the fact that patients with
greater illness tend to be routed toward ESA treatment
and also have lower Hb. This hypothesis is supported by
our baseline characterization of the patients across
cohorts and suggests that severe anemia is a marker of
poor prognosis in pre-dialysis CKD. Our analyses dem-
onstrated that the presence of cardiovascular risk factors
was incrementally associated with greater MACE and
death rates in all patients, a finding that is reflected in
both the outcome rates and baseline demographics of
the study groups.
The purpose of this study was to present data to

set clinical expectations and inform design of ran-
domized trials enrolling patients in the US. With re-
gard to trial design, our population of baseline ESA
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nonusers—particularly the subset of with baseline Hb
8–10 g/dL— should be a good benchmark of ex-
pected event rates in the control group for placebo
controlled randomized trials of anemia therapies in
pre-dialysis CKD. Likewise, our population of ESA na-
ives should be a good benchmark of expected event

rates in the ESA comparator arm of randomized trials
of anemia therapies. Our population of baseline ESA
users should be representative of expected event rates
in the ESA comparator arm of a trial in which pa-
tients are randomized to either continue to receive
ESA or switch to an alternate anemia therapy.

Table 3 Rates for MACE and death based on prevalence of cardiovascular risk factors

Risk Factors 0 factor Any factor 1 factor 2 factors ≥ 3 factors

Baseline ESA Nonusers

(N = 2226) (N = 29,973) (N = 10,537) (N = 9334) (N = 10,102)

MACE

Event n 92 6205 1192 1679 3334

Pt-year 5181 66,036 24,811 21,209 20,016

Mean follow-up years 2.33 2.20 2.35 2.27 1.98

Rate per 100 pt-year (95% CI)a 1.78 (1.45, 2.18) 9.40 (9.17, 9.63) 4.80 (4.54, 5.08) 7.92 (7.55, 8.30) 16.66 (16.10, 17.23)

Death

Event n 19 2880 511 781 1588

Pt-year 5277 71,519 25,855 22,590 23,073

Mean follow-up years 2.37 2.39 2.45 2.42 2.28

Rate per 100 pt-year (95% CI)a 0.36 (0.23, 0.56) 4.03 (3.88, 4.18) 1.98 (1.81, 2.16) 3.46 (3.22, 3.71) 6.88 (6.55, 7.23)

Baseline ESA Users

(N = 1) (N = 108) (N = 17) (N = 29) (N = 62)

MACE

Event n 0 36 1 6 29

Pt-year 1.1 182 36 58 88

Mean follow-up years 1.05 1.69 2.12 2.00 1.42

Rate per 100 pt-year (95% CI)a NA 19.75 (14.25, 27.38) 2.78 (0.39, 19.70) 10.35 (4.65, 23.03) 32.87 (22.84, 47.30)

Death

Event n 0 26 1 2 23

Pt-year 1.1 201 36 60 106

Mean follow-up years 1.05 1.87 2.12 2.06 1.70

Rate per 100 pt-year (95% CI)a NA 12.91 (8.79, 18.96) 2.78 (0.39, 19.70) 3.34 (0.84, 13.37) 21.78 (14.47, 32.78)

ESA Naives

(N = 5) (N = 261) (N = 30) (N = 68) (N = 163)

MACE

Event n 0 77 3 19 55

Pt-year 3.9 294 39 84 171

Mean follow-up years 0.78 1.13 1.29 1.24 1.05

Rate per 100 pt-year (95% CI)a NA 26.16 (20.93, 32.71) 7.73 (2.49, 23.97) 22.52 (14.36, 35.30) 32.14 (24.67, 41.86)

Death

Event n 0 42 2 9 31

Pt-year 3.9 333 30 97 197

Mean follow-up years 0.78 1.27 1.30 1.43 1.20

Rate per 100 pt-year (95% CI)a NA 12.62 (9.33, 17.08) 5.11 (1.28, 20.45) 9.28 (4.83, 17.84) 15.76 (11.08, 22.41)

Abbreviations: CI confidence interval, eGFR estimated glomerular filtration rate, ESA erythropoiesis-stimulating agent, Hb hemoglobin, MACEmajor adverse cardiovascular
events, n event count, pt patient, yr year. aEvent rates 95% confidence intervals are based on exact Poisson estimates. In the case that an exact Poisson regression failed,
normal approximation was used

Stirnadel-Farrant et al. BMC Nephrology  (2018) 19:135 Page 9 of 11



Furthermore, our data can be used to guide expect-
ation about how trial eligibility criteria vis-à-vis car-
diovascular risk factors influence expected event rates.
It is worth making explicit that this study was not

designed to assess causal effects of ESA use and/or
anemia severity on clinical outcomes in the
pre-dialysis CKD population. We therefore advise that
no causal interpretation be applied to findings.
Because our purpose was entirely descriptive, we
present event rates and indication of their precision,
but purposefully did not conduct formal comparative
statistics, nor did we attempt any statistical adjust-
ment. This caveat notwithstanding, there is one
observation that bears mention: among ESA naives,
rates of all outcomes were higher among patients
who initiated at lower versus higher Hb levels with
the notable exception of stroke. Rates of stroke were
higher among patients who initiated ESA with Hb
>10 versus <10 g/dL. This observation is not incon-
sistent with previously reported findings that aggres-
sive Hb targets for ESA treatment are associated with
increased stroke risk [3, 4, 11]. Although we are un-
able to determine that there is a causal effect of ESA
use and higher cardiovascular risk, the utilization of
ESA is linked with higher mortality and morbidity.
Thus, our findings suggest that there is an increasing
trend in current ESA use practice in more careful
consideration when and in whom to start ESA (e.g.
lower dosage, later introduction of ESAs in
non-dialysis CKD population).
There are several limitations to this study. We

intentionally excluded patients with cancer as it is likely
that anemia management in CKD patients with active
malignancies is fundamentally different than among
those who are cancer-free [12]; no attempts should be
made to generalize our findings to patients with active
non-cutaneous malignancies. Although we examined
data on iron to the degree possible, IV iron was rarely
administered as was prescription oral iron. It may be as-
sumed—particularly considering upward trends in TSAT
among ESA naives—that the majority of patients who
took iron did so over-the-counter, which precluded our
ability to make empiric observations. Finally, our study
assessed patients in the United States and care must be
taken in extrapolating these findings to other
geographies.

Conclusion
The present analyses demonstrated that from 2011 to
2013, very few patients with pre-dialysis CKD were treated
with ESAs for anemia. Those treated with ESAs were
older, sicker, and at more advanced stages of CKD. Rates
of cardiovascular events and death were greater among
ESA-treated patients and those with lower Hb levels.
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