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Background: Anemia is prevalent among patients with chronic kidney disease (CKD), yet current evidence indicates that treatment
may not adhere to Kidney Disease: Improving Global Outcomes (KDIGO) guidelines. We aimed to document the management of
patients with non-dialysis-dependent (NDD)-CKD receiving erythropoiesis-stimulating agent (ESA) therapy in Europe.

Methods: This retrospective, observational study extracted information from medical records in Germany, Spain, and the UK. Eligible
patients were adults with NDD-CKD stages 3b—5 who initiated ESA therapy for anemia between January and December 2015. Anemia was
defined as hemoglobin (Hb) <13.0 g/dL (males) or <12.0 g/dL (females). Data regarding ESA treatment, treatment response, concomitant
iron therapy and blood transfusions were extracted up to 24 months post-ESA initiation, and data on CKD progression until abstraction date.
Results: Eight hundred and forty-eight medical records were abstracted. Approximately 40% received no iron therapy prior to ESA
initiation. At ESA initiation, mean + standard deviation Hb level was 9.8 + 1.0 g/dL. Most patients received darbepoetin alfa, and
switching between ESAs was rare (8.5% of patients). Concomitant intravenous and oral iron therapy was prescribed for 36% and 42%
of patients, respectively, during initial ESA therapy. Mean Hb levels reached the target level (10-12 g/dL) within 3—6 months of ESA
initiation. Hb, transferrin saturation, and ferritin levels were infrequently monitored from 3 months post-ESA initiation. Rates of blood
transfusion, dialysis, and diagnosis of end-stage renal disease were 16.4%, 19.3%, and 24.6%, respectively. Rates of kidney transplant
and death were 4.8% and 8.8%, respectively.

Conclusion: Among ESA-treated patients, ESA initiation was in accordance with KDIGO guidelines, but subsequent monitoring of
Hb and iron deficiency were suboptimal.
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Plain Language Summary

Anemia is common among patients with chronic kidney disease (CKD); treatments include iron therapy and erythropoiesis-stimulating
agents (ESAs). Guidelines from the Kidney Disease: Improving Global Outcomes organization recommend the use of ESAs when
hemoglobin levels fall below 10 g/dL, to correct any iron deficiency before starting ESA treatment, and to test hemoglobin levels and
blood iron status at least every 3 months during ESA treatment. We reviewed 848 medical records from Germany, Spain, and the UK
to better understand current anemia treatment practices for adults with moderate-to-advanced CKD who were not on dialysis and were
receiving ESA therapy. We found that approximately one-fifth of all patients received dialysis, 16% had a blood transfusion, and 5%
received a kidney transplant. ESA treatment was started at an average hemoglobin level of 9.8 g/dL, and the target level (10-12 g/dL)
was reached within 3—6 months. However, 40% of patients received no iron therapy before starting ESAs, and hemoglobin levels and
iron status were not tested regularly after ESA initiation. Our findings from this sample of European patients highlight that although
guidelines for starting ESA treatment appear to be followed, the guidelines for regular subsequent testing may not always be adhered
to in clinical practice.
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Introduction

Anemia is a common complication of chronic kidney disease (CKD). Its prevalence in non-dialysis-dependent (NDD)
patients with CKD stages 3a—5 (estimated glomerular filtration rate [eGFR] <60 mL/min/1.73m? ') is 40-80%, increasing
with CKD stage.”> CKD progression is one of the most frequently identified risk factors for the development of
anemia.* ® Furthermore, anemia is associated with increased risk of major adverse cardiac events, all-cause and
cardiovascular mortality, hospitalization, and CKD progression.** Treatments for anemia include iron therapy and
erythropoiesis-stimulating agents (ESAs).”*

Iron deficiency is frequently observed in patients with NDD-CKD, affecting approximately half of this
population, and rates remain broadly constant across CKD stages.” Moreover, iron supplementation is vital to
ensure adequate iron stores for erythropoiesis and has been shown to improve response to ESA treatment.” Kidney
Disease: Improving Global Outcomes (KDIGO) guidelines recommend the correction of any iron deficiency in
patients with NDD-CKD anemia, prior to ESA initiation, and that ESAs only be initiated in patients with
hemoglobin (Hb) <10 g/dL.” It is also recommended that other potential causes of anemia, such as chronic
inflammation, be investigated before considering ESA therapy, and to evaluate iron status at least every 3 months
during ESA treatment.’

Evidence to date suggests that management of patients with anemia of NDD-CKD is suboptimal. Results from the
CKDopps study showed that among NDD-CKD patients with Hb <10 g/dL, 34% in France and 30% in Germany did not
receive either iron or ESA treatment in the 3 months following Hb measurement.’ In a follow-up analysis of CKDopps,
only 28% of patients with Hb <10 g/dL in Brazil, Germany, and the USA received ESA treatment within 12 months."°
Another study in Italy found that 40% of ESA-eligible patients did not receive ESA treatment.'' To gain further clarity,
we aimed to document real-world treatment and management of patients with NDD-CKD stages 3b—5 who received ESA
therapy in Germany, Spain, and the UK. Given the differences between countries in reimbursement policies, which make
evaluation of combined data difficult, this study presents data per country.
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Methods
Ethics

All procedures were performed in accordance with the ethical standards of the relevant institutional review boards (IRBs)
and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. RTI International’s IRB
(Research Triangle Park, North Carolina) determined that this study met all criteria for exemption from ethical
considerations (IRB ID: STUDY00020563). In Germany and Spain, the study protocol and its amendments were
approved by the Arztekammer des Saarlandes (ID: 132/19) and the Hospital Universitario Puerta de Hierro
Majadahonda (ID: AST-ESA-2019-01), respectively. Under UK Health Research Authority guidelines,'? this study
was not considered to be research and was thus exempt from National Health Service Research Ethics Committee review.

Informed consent was not sought due to the nature of the study: all retrieved data were anonymous and were collected
as part of routine diagnosis and treatment. Medical professionals abstracting the data were healthcare professionals
(HCPs) who had legitimate access to the medical records, and the review had no effect on patient care.

Study Design and Participants
This was a non-interventional, retrospective cohort study of medical records in Germany, Spain, and the UK.
A customized data collection form was completed by HCPs using patient medical records.

Participating HCPs were nephrologists, consultants, associate specialists, and specialist nurses who were eligible if
they had 3—30 years of experience, were treating at least 10 patients per year for CKD-related anemia, and were actively
involved in decision making for the management of these patients. A convenience sampling approach was used to recruit
HCPs. For patient selection, a quasi-random method was applied by asking HCPs to select records for patients whose last
name began with a randomly generated letter, to reduce the chance of bias.

Eligible patients were adults (>18 years) with CKD stages 3b—5,' who initiated ESA treatment for anemia between
January 01, 2015 and December 31, 2015 (inclusive). Patients had to have received treatment for CKD continuously in
the same clinic following their initial diagnosis, to maximize the probability of a complete data record. Anemia was
defined as a record of Hb concentration <13.0 g/dL in males and <12.0 g/dL in females. Patients were excluded if they
had received dialysis, a transplant of any kind prior to or upon initiation of ESA treatment, a diagnosis of end-stage renal
disease (ESRD), or had participated in an interventional clinical trial upon initiation of or during ESA treatment. The date
of first ESA initiation following anemia diagnosis was designated as the index date (Supplementary Figure 1). Absolute

iron deficiency was defined as serum ferritin <100 ng/mL and transferrin saturation (TSAT) <20%."?

Data Extraction and Statistical Analyses

Sociodemographic characteristics and clinical history at the time of ESA initiation were collected. ESA treatment
patterns; concomitant intravenous (IV) and oral iron therapy; clinical indicators of response to treatment (Hb level,
C-reactive protein [CRP] level, ferritin level, TSAT, and eGFR); and blood transfusions were extracted from the index
date until the earliest of the following: 24 months after initiation, the last available medical record, dialysis, ESRD
diagnosis, kidney transplant, or death (Supplementary Figure 1). For clinical indicators of response to treatment,

physicians were asked to provide the number of measurements from ESA initiation and the dates of each measurement;
dates were then aligned according to time since ESA initiation. Data on the incidence of dialysis, ESRD, kidney
transplant, and death were collected from ESA initiation until the date of medical record abstraction (Supplementary
Figure 1). Methoxy polyethylene glycol-epoetin beta (MPG-EPO; Mircera®) treatment patterns were analyzed separately
to those of other darbepoetin alfa due to differences in treatment schedules; the exception was the analysis of the
association of patient characteristics or ESA type/dose with time to dialysis or time to ESRD (see below), in which MPG-
EPO was grouped with darbepoetin alfa due to the small sample size of the MPG-EPO-treated patient group.

Patient characteristics and outcomes were described for the total population, for each country, by inflammation and
diabetes status, and by ESA dose group. Inflammation status was determined by a patient’s documented CRP data from ESA
initiation up to 24 months after initiation: consistently inflamed (CRP consistently recorded at >5 mg/L), never inflamed (CRP
consistently recorded at <5 mg/L), or fluctuating inflammation (CRP levels varied between <5 mg/L and >5 mg/L across
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testing occasions). For the purposes of this study, target Hb level was defined as 10—12 g/dL. Subgroup allocation by ESA dose
level was dependent on reported weekly dosing levels throughout the study period. ESA weekly dose groups were defined as
follows: Group 1, <5000 international units (IU) short-acting/<5000 IU darbepoetin alfa/<1800 IU MPG-EPO; Group 2,
>5000 to <8000 IU short-acting/>5000 to <8000 IU darbepoetin alfa/>1800 to <3000 IU MPG-EPO; Group 3, >8000 to
<16,000 IU short-acting/>8000 to <16,000 IU darbepoetin alfa/>3000 to <5400 IU MPG-EPO; Group 4, >16,000 IU short-
acting>16,000 IU darbepoetin alfa/>5400 IU MPG-EPO. Patients included in the dosing range subgroups remained within that
dosing range for the duration of the study period; patients who transitioned between dose groups during the study period were
categorized into “increasing dosing transition” or “decreasing dosing transition” groups, as appropriate, for analysis.

Data were summarized descriptively. Cox proportional hazards regression models were used to estimate time to dialysis and
time to ESRD (separately), with selected patient demographics, patient baseline characteristics, and ESA treatment type/dose
included as predictors (Supplementary Table 1). For the Cox analysis, patients receiving stable ESA doses were included in three

dose groupings: Group 1, Group 2, and Groups 3+4 combined (see above); due to sample size, Groups 3 and 4 were combined
into one group and patients in the transitioning dose groups were not included. The significance of interactions was assessed
using the Wald test, and p values <0.05 were considered significant. No imputation methods were applied to missing data.

Results

Patient Characteristics

A total of 848 medical records were abstracted: 211 from Germany, 430 from Spain, and 207 from the UK. On average,
patients had had CKD-related anemia for over 5 years (Table 1). Patients in the overall cohort were approximately evenly
distributed between inflammation subgroups (Table 1). Prior to ESA initiation, 39.9% of patients had received no iron
therapy—this proportion was numerically higher in Spain compared with Germany and the UK (Table 1). The mean
length of time between anemia diagnosis and ESA initiation was over 8 months, and the mean Hb level at ESA initiation
was 9.8 g/dL (range 5-13 g/dL) (Table 1).

At baseline, 162 (19.1%) patients had absolute iron deficiency (Germany n=31 [14.7%], Spain n=98 [22.8%], and UK
n=33 [15.9%]). Of these patients, five had unknown or no documented treatment for NDD-CKD-related anemia prior to
ESA therapy (Germany n=3 [9.7%], Spain n=1 [1.0%], and UK n=1 [3.0%]), and 57 (35.2%) received no iron therapy
prior to ESA therapy (Germany n=3 [9.7%], Spain n=41 [41.8%], and UK n=13 [39.4%)]).

ESA Treatment
During their initial ESA treatment, most patients (67.0%) received darbepoetin alfa; 23.7% and 9.3% received short-
acting ESAs and MPG-EPO, respectively (Supplementary Figure 2). This pattern was similar between countries. The

majority of patients received their ESA treatment via subcutaneous administration and at home (Table 2). Most patients
(776/848, 91.5%) received just one ESA agent continuously from initiation until either treatment discontinuation or the
end of the observation period (Table 2; Supplementary Figure 2). Approximately one-third of patients discontinued ESA

treatment within 2 years of initiation (Table 2). The primary reason for discontinuation or treatment switch was
attainment of Hb target levels.

The mean ESA dose varied between countries (Table 2). During initial ESA therapy, 312 patients (36.8%) had a dose
reduction, and 306 (36.1%) had a dose increase (patients could experience both an increase and a reduction) (Table 2).
Inflammation level tended to be associated with ESA dose; however, the range of doses recorded was wide for all ESA
types and inflammation subgroups (Table 3). Duration of ESA treatment also appeared similar across inflammation
subgroups (mean 38.7—42.4 months) (Table 3).

Concomitant Iron Therapy

During initial ESA therapy, concomitant IV iron therapy was prescribed for 35.6% of the study population and was more
common in the UK than in Germany or Spain (Figure 1A). The overall proportion of patients receiving concomitant oral
iron therapy was 41.7% but was much lower in the UK compared with Germany or Spain; UK patients were notably
more likely to receive IV rather than oral iron (Figure 1A). In the 162 patients with absolute iron deficiency, concomitant
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Table | Patient Sociodemographic and Clinical Characteristics
All (N = 848) | Germany (N = 211) | Spain (N = 430) | UK (N = 207)
Male, n (%) 491 (57.9) 134 (63.5) 232 (54.0) 125 (60.4)
Age, years, mean + SD 66.3 + 15.7 624 + 15.0 69.2 + 154 64.1 £ 15.8
BMI, kg/m?, mean £ SD 269 £ 4.5 26.6 £ 4.6 26.8 £ 4.1 273 +£50
White ethnicity, n (%) 766 (90.3) 195 (92.4) 417 (97.0) 154 (74.4)
Primary practice setting®, n (%)
Academic or teaching hospital 596 (70.3) 80 (37.9) 347 (80.7) 169 (81.6)
Public hospital 258 (30.4) 27 (12.8) 126 (29.3) 105 (50.7)
Private hospital 13 (1.5) 4(1.9) 9 (2.1) 0
Voluntary charitable hospital 6 (0.7) 6 (2.8) 0 0
Public office-based facility 56 (6.6) 0 56 (13.0) 0
Private office-based practice 130 (15.3) 116 (55.0) 14 (3.3) 0
Dialysis center 9 (I.1) 8 (3.8) 1 (0.2) 0
Inflammation subgroup®
No inflammation 188 (22.2) 67 (31.8) 87 (20.2) 34 (16.4)
Fluctuating inflammation 225 (26.5) 57 (27.0) 117 (27.2) 51 (24.6)
Consistent inflammation 211 (24.9) 50 (23.7) 91 (21.2) 70 (33.8)
Missing® 224 (26.4) 37 (17.5) 135 (31.4) 52 (25.1)
CCI category score at baseline
Mild (1-2) 41 (4.8) 11 (5.2) 18 (4.2) 12 (5.8)
Moderate (3-4) 146 (17.2) 39 (18.5) 60 (14.0) 47 (22.7)
Severe (25) 661 (77.9) 161 (76.3) 352 (81.9) 148 (71.5)
Diabetes, n (%) 322 (38.0) 67 (31.8) 176 (40.9) 79 (38.2)
Hypertension, n (%) 625 (73.7) 164 (77.7) 341 (79.3) 120 (58.0)
Cancer, n (%) 75 (8.8) 11 (5.2) 49 (11.4) 15 (7.2)
Years since CKD diagnosis, mean + SD 79 +43 84 +50 79 +42 73 +36
Years since NDD-CKD-related anemia diagnosis, mean + SD 52+ 1.6 5113 52+1.8 5114
CKD stage at NDD-CKD-related anemia diagnosis
3b 343 (40.4) 99 (46.9) 186 (43.3) 58 (28.0)
4 445 (52.5) 95 (45.0) 224 (52.1) 126 (60.9)
5 60 (7.1) 17 (8.1) 20 (4.7) 23 (11.1)
Prior treatment for NDD-CKD-related anemia
Oral iron therapy 332 (39.2) 102 (48.3) 179 (41.6) 51 (24.6)
IV iron therapy 206 (24.3) 37 (17.5) 57 (13.3) 112 (54.1)
(Continued)
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Table 1 (Continued).

All (N = 848) | Germany (N = 211) | Spain (N = 430) | UK (N = 207)

No iron therapy 338 (39.9) 70 (33.2) 196 (45.6) 72 (34.8)

Blood transfusion 3 (0.4) I (0.5) 2 (0.5) 0

Folic acid 7 (0.8) 5(24) 2 (0.5) 0

Vitamin B12 3 (0.4) 2 (0.9) 1 (0.2) 0

Unknown 43 (5.1) 18 (8.5) 21 (4.9) 4 (1.9)
Months between anemia diagnosis and ESA initiation

Mean + SD 84+ 192 84+ 144 9.6 +21.6 84+ |68

Median (Q1-Q3) 2.4 (0-84) 3.6 (1.2-84) 2.4 (0-84) 2.4 (1.2-84)
Hb level, g/dL, at ESA initiation

N 774 202 378 194

Mean + SD 98 % 1.0 94+ 1.0 100+ 1.0 9708

Missing, n (%) 74 (8.7) 9 (4.3) 52 (12.1) 13 (6.3)
eGFR, mL/min/1.73m? at ESA initiation

n 715 160 365 190

Mean * SD 280+ 104 29.3 102 275+ 9.1 28.1 £ 126

Missing, n (%) 133 (15.7) 51 (24.2) 65 (I5.1) 17 (8.2)

Notes: “The electronic data collection form allowed selection of multiple options for primary practice, and the total percentage may thus be greater than 100. "Assessed
using all CRP measurements noted during the 24-month observation period following ESA initiation: no inflammation (CRP consistently recorded at <5 mg/L), fluctuating
inflammation (CRP levels varied between <5 mg/L and 25 mg/L across testing occasions), or consistent inflammation (CRP consistently recorded at 25 mg/L). “No CRP
measurements noted during the 24-month observation period following ESA initiation.

Abbreviations: BMI, body mass index; CCI, Charlson comorbidity index; CKD, chronic kidney disease; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate;
ESA, erythropoiesis-stimulating agent; Hb, hemoglobin; IV, intravenous; NDD, non-dialysis dependent; Q, quartile; SD, standard deviation.

iron therapy during initial ESA therapy was prescribed to 81 (50.0%) patients, with the highest proportional prescriptions
in the UK (n=23, 69.7%), compared with Germany (n=18, 58.1%) and Spain (n=40, 40.8%).

The highest ESA dose group was associated with lower usage of concomitant iron therapy than the other ESA dose
groups (Figure 1B). The proportion of patients receiving concomitant IV or oral iron therapy did not differ significantly
between inflammation subgroups (Figure 1C). Notably, the proportion of patients receiving concomitant iron therapy
decreased from initial to subsequent ESA therapy courses (Figure 1D). However, few patients (n=72) had more than one
ESA therapy course (Supplementary Figure 2), and the number of patients with information available also decreased over

this period.

Response to Treatment and Clinical Outcomes
Hemoglobin Levels
Mean Hb levels reached the target level of 10—12 g/dL within 3—6 months of ESA initiation (Table 4). Within 24 months
of ESA initiation, 86.7% (735/848) of patients achieved the Hb target level; this percentage was broadly similar across
ESA types and across countries (Figure 2). However, the proportion of patients with available Hb measurements declined
following ESA initiation: after 3 months, only 64.7% (545/843) of patients had a documented Hb measurement, and this
proportion continued to decline over the observation period (Table 4).

Among patients who achieved the target Hb levels, approximately three-quarters (74.6%; 548/735) had a documented
Hb measurement indicating maintenance of their Hb levels 6 months after target achievement, and less than half (49.4%,
363/735) after 12 months. Many of these patients had no documented Hb levels, and the proportion of missing data
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Table 2 ESA Treatment Course

All N=848 Germany N=211 Spain N=430 UK N=207
ESA therapy duration in months, mean + SD 412+ 182 429 £ 17.0 402 £ 185 41.6 £ 189
Weekly dose, IU
Short-acting ESAs
Mean + SD 5176.0 + 7026.4 6124.2 + 4104.8 4752.1 + 8812.5 4856.1 + 3927.7
Median (Q1-Q3) 3237.5 (2333.3-6000.0) 4892.7 (3000.0-8500.0) 2923.6 (1850.0-5012.5) 3000.0 (2366.7-6750.0)
Darbepoetin alfa
Mean + SD 6220.0 + 14,300.0 6280.0 + 4280.0 6580.0 + 19,680.0 5520.0 + 4920.0
Median (Q1-Q3) 4000.0 (2680.0-6000.0) 5000.0 (3000.0-8000.0) 4000.0 (2340.0-6000.0) 40,000.0 (2920.0-6000.0)
MPG-EPO 4440 + 3460 3860 + 2100 5020 + 4680 4840 + 1440
Mean + SD 1332.0 + 1038.0 1158.0 + 630.0 1506.0 + 1404.0 1452.0 + 432.0
Median (QI-Q3) 1032.0 (690.0—1500.0) 1032.0 (690.0—1380.0) 948.0 (690.0-1596.0) 1650.0 (1116.0—1800.6)
Dose change during initial ESA therapy, n (%)
Decrease 312 (36.8) 75 (35.5) 170 (39.5) 67 (32.4)
Increase 306 (36.1) 62 (29.4) 165 (38.4) 79 (38.2)
Switched treatment, n (%) 72 (8.5) 25 (11.8) 40 (9.3) 7 (34)
Discontinuation within 2 years of initiation, n (%) 281 (33.1) 66 (31.3) 163 (37.9) 52 (25.1)
Mode of administration, n (%)
Short-acting ESAs N=216 N=64 N=116 N=36
Subcutaneous 188 (87.0) 51(79.7) 107 (92.2) 30 (83.3)
v 29 (134) 13 (20.3) 9(78) 7 (19.4)
Darbepoetin alfa N=577 N=121 N=289 N=167
Subcutaneous 551 (95.5) 118 (97.5) 282 (97.6) 151 (90.4)
\% 26 (4.5) 3(25) 7 (24) 16 (9.6)
MPG-EPO N=87 N=4| N= 38 N=8
Subcutaneous 87 (100.0) 41 (100.0) 38 (100.0) 8 (100.0)
Administration setting
Home
Short-acting 166 (76.9) 46 (71.9) 92 (79.3) 28 (77.8)
Long-acting 498 (86.3) 97 (80.2) 254 (87.9) 147 (88.0)
MPG-EPO 66 (75.9) 38 (927) 27 (71.1) 1 (12.5)
Hospital-based clinic
Short-acting 46 (21.3) 13 (20.3) 24 (20.7) 9 (25.0)
Long-acting 67 (11.6) 13 (10.7) 35 (12.1) 19 (11.4)
MPG-EPO 18 (20.7) 0 11 (28.9) 7 (87.5)
Care home
Short-acting 1 (0.5) 1 (1.6) 0 0
Long-acting 2(03) 0 1(0.3) 1 (0.6)
MPG-EPO 0 0 0 0
Dialysis center
Short-acting 4(1.9 4(6.3) 0 0
Long-acting 0 0 0 0
MPG-EPO 0 0 0 0
Private office
Short-acting 0 0 0 0
Long-acting 13 (23) 13 (10.7) 0 0
MPG-EPO 3(34) 3(73) 0 0

Abbreviations: ESA, erythropoiesis-stimulating agent; 1U, international units; IV, intravenous; MPG-EPO, methoxy polyethylene glycol-epoetin beta; Q,
quartile; SD, standard deviation.

following target achievement increased over time (at 6 months: 13.2%, 97/735; at 12 months: 22.9%, 168/735). For these
patients, it is unknown whether the Hb target was maintained.

Other Clinical Indicators

Ferritin and TSAT levels tended to increase over the 24 months following ESA initiation, while eGFR decreased
(Table 4). After a median TSAT of 20% at ESA initiation, levels increased above 20% for the remainder of the
observation period (Table 4). Similar to Hb, ferritin, TSAT, and eGFR data were not documented for many patients,
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Table 3 ESA Dose and Duration by Inflammation Subgroup

No Inflammation
(N=188)

Fluctuating Inflammation
(N=255)

Consistent Inflammation
(N=211)

Weekly dose, U
Mean + SD
Median (Q1-Q3)

Darbepoetin alfa

n

Weekly dose, U
Mean + SD
Median (Q1-Q3)

MPG-EPO

n

Weekly dose, U
Mean £ SD
Median (Q1-Q3)

4797.7 £ 4062.5
3174.6 (2000.0-6000.0)

127

5240.0 + 4140.0
4000.0 (2680.0-6200.0)

25

1302.0 + 552.0
1224.0 (1032.0-1380.0)

5079.5 + 3776.9
3583.3 (2500.0-6000.0)

153

5720.0 + 8580.0
4000.0 (2500.0-6000.0)

17

1158.0 + 672.0
828.0 (690.0-1500.0)

Overall duration of ESA therapy (months), 387 £ 194 414+ 184 424+ 179
mean * SD
ESA dose
Short-acting ESAs
n 43 62 60

4972.7 + 4092.1
3366.7 (2416.7-6375.0)

132

5900.0 + 5740.0
4000.0 (3000.0-6000.0)

24

1992.0 + 1608.0
1620.0 (690.0-2700.0)

Notes: Inflammation status was assessed using all CRP data during the 24-month observation period following ESA initiation: no inflammation (CRP consistently recorded at <5 mg/L),
fluctuating inflammation (CRP levels varied between <5 mg/L and 25 mg/L across testing occasions), or consistent inflammation (CRP consistently recorded at 25 mg/L).
Abbreviations: ESA, erythropoiesis-stimulating agent; IU, international units; MPG-EPO, methoxy polyethylene glycol-epoetin beta; SD, standard deviation.

especially after ESA initiation (Table 4). Additionally, one-quarter of all patients had no documented CRP measurements
for the entire observation period (Table 1).

Blood Transfusions

Within 24 months of ESA initiation, 16.4% (87/848) of patients required a blood transfusion; this proportion was notably
higher in Spain than in the UK and Germany (Figure 3). Patients with consistent or fluctuating inflammation more
commonly had blood transfusions than patients with no inflammation (Supplementary Figure 3A). Higher ESA doses

were also more commonly associated with blood transfusions (Supplementary Figure 3B).

CKD Progression and Deaths

From ESA initiation until the abstraction date, rates of dialysis and ESRD were 19.3% and 24.6%, respectively, and were
similar between countries (Figure 3). The expected time to both dialysis (p=0.002) and ESRD (p=0.020) significantly
increased with each year increase in age (Supplementary Table 1). Patient sex, country, time to ESA initiation, and

Charlson comorbidity index at baseline were not significantly associated with time to either dialysis or ESRD
(Supplementary Table 1). The expected time to both dialysis and ESRD significantly increased with each unit increase

in baseline eGFR (p<0.001 for both outcomes); similarly, lower CKD stage at the time of anemia diagnosis was
significantly associated with longer time to dialysis (stage 4 versus stage 5, p=0.003), but not ESRD (Supplementary
Table 1). Neither the ESA type first initiated nor ESA weekly dose group was significantly associated with time to
dialysis or ESRD (Supplementary Table 1).

The rate of kidney transplant was low overall (4.8%; 41/848) and was similar between countries (Figure 3). The rate
of death (8.8% overall; 75/848) was also similar between countries (Figure 3). Of all 75 patients who had died at the time
of data abstraction, 18 had received a short-acting ESA, 53 had received darbepoetin alfa, and 4 had received MPG-EPO,
for their initial ESA treatment. No differences in the rate of death were observed as a function of inflammation or ESA
dose group (Supplementary Figure 3A and B).
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Discussion

This study provides insights into real-life management of patients with NDD-CKD anemia, including ESA treatment and
concomitant iron therapy, in Germany, Spain, and the UK. Across the three countries, the mean and median Hb level at
ESA initiation was 9.8 g/dL, which is in accordance with KDIGO guidelines for anemia treatment in patients with NDD-
CKD.” However, the Hb level at initiation ranged from 5 to 13 g/dL, indicating that some patients were initiated on ESAs
despite having a Hb level above 10.0 g/dL. In addition, 9% of patients did not have a recorded Hb measurement upon
ESA initiation, despite the guideline recommendations. As these patients did have Hb measurements at later dates, we
consider the missing data to be evidence that Hb levels were not measured close to ESA initiation for these patients,
rather than indicative of incomplete data extraction.

It is also recommended to monitor Hb concentration every 3 months, yet only 65% had an Hb measurement observed
at 3 months after ESA initiation, and this proportion continued to decline up to 15 months. The reasons for the missing
data are uncertain and may be due to incomplete documentation in the original medial record, and/or CKD progression to
dialysis, ESRD, transplant, or death. Our findings are similar to those from the international CKDopps study, in which
<50% of patients with an index Hb level <10 g/dL had a Hb measurement in the subsequent 3 months.*’

A)
m Total m Germany = Spain m UK

100 + (N=848) (N=211) (N=430) (N=207)

90 A

80 -

70 A 65.6
60.9 61.7

60
50 A
40 A
30 A
20 A
10 A

24.193.125.025.0

Percentage of patients

Any ESA Short-acting Darbepoetin MPG-EPO Any ESA Short-acting Darbepoetin MPG-EPO
l ESA alfa N ESA alfa

IV iron Oral iron

Patients receiving iron therapy 302 66 110 126 63 13 29 21 220 44 73 103 19 9 8 2 354 110 226 18 98 28 62 8 227 70 147 10 29 12 17 0
Patients in group 848 211 430 207 201 55 114 32 568 117 284 167 79 39 32 8 848 211 430 207 201 55 114 32 568 117 284 167 79 39 32 8

B)
100 - mGroup 1
u Group 2
90 -
u Group 3

80 - uG 4
2 p=0.049 ul e dose transiti
S 70 - p=0.013 : ] ncreasing dose transition
= m Decreasing dose transition
a
u—
s}
©
<)
8
=
o}
o
@
o

IViron Oral iron
Patients receiving iron therapy 181 59 47 5 7 3 237 57 40 8 4 8
Patients in dose group 534 147 101 33 19 14 534 147 101 33 19 14
Figure | Continued.
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100 - m No inflammation
90 ® Fluctuating inflammation
m Consistent inflammation
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8 70
© p=0.357 p=0.592
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o)
o)
8
C
[
=
)
o
IV iron Oral iron
Patients receiving iron therapy 64 92 81 79 103 87
Patients in inflammation subgroup 188 225 211 188 225 211
ESA treatment course:
100 - -
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90 + m Second
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[2]
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_5 70
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[t
Q30 - 26.4
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o 20 4
10 - 7.1
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0 p
IV iron Oral iron
Patients receiving iron therapy 302 15 O 0 3% 19 1 0
Patients in ESA treatment course 848 72 14 2 848 72 14

Figure | Concomitant iron therapy for (A) The initial ESA course, by country and ESA type, (B) The initial ESA course, by ESA dose level group, (C) The initial ESA course,
by inflammation subgroup, and (D) By ESA treatment course. (A) Patients could receive either IV and/or oral iron. Percentages are calculated based on the number of
patients receiving each ESA formulation, by each country. ESA, erythropoiesis-stimulating agent; IV, intravenous; MPG-EPO, methoxy polyethylene glycol-epoetin beta. (B)
ESA weekly dose groups were defined as follows: Group |, <5000 IU short-acting/<5000 IU darbepoetin alfa/<1800 IU MPG-EPO; Group 2, 25000 to <8000 IU short-acting
/25000 to <8000 IU darbepoetin alfa/=1800 to <3000 IU MPG-EPO; Group 3, >8000 to <16,000 IU short-acting 28000 to <16,000 IU darbepoetin alfa/23000 to <5400 |U
MPG-EPO; Group 4, >16,000 IU short-acting/>16,000 U darbepoetin alfa/25400 IU MPG-EPO Patients included in the dosing range subgroups remained within that dosing
range for the duration of the study period; patients who transitioned between dosing range subgroups during the study period were included in the “increased dosing
transition” and “decreased dosing transition” subgroups, as appropriate. Between-group differences were assessed using the ” test. ESA, erythropoiesis-stimulating agent;
1U, international units; IV, intravenous; MPG-EPO, methoxy polyethylene glycol-epoetin beta. (C) Inflammation status was assessed using all CRP data during the 24-month
observation period following ESA initiation: no inflammation (CRP consistently recorded at <5 mg/L), fluctuating inflammation (CRP levels varied between <5 mg/L and
25 mg/L across testing occasions), or consistent inflammation (CRP consistently recorded at 25 mg/L).

Abbreviations: CRP, C-reactive protein; ESA, erythropoiesis-stimulating agent; IU, international units; IV, intravenous; MPG-EPO, methoxy polyethylene glycol-epoetin beta.

KDIGO guidelines recommend a target Hb level of 10 to <11.5 g/dL for ESA treatment, while noting that higher Hb
targets (11.5 to <13 g/dL) may be beneficial for individual patients.” For the purposes of this study, patients were
considered to have met the target Hb level if they had a documented Hb measurement between 10 and 12 g/dL (the
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Table 4 Clinical Indicators of Response to Treatment Following ESA Initiation

Parameter ESA Initiation, N=848 3 Months, N=843 6 Months, N=835 9 Months, N=824 12 Months, N=822 15 Months, N=809 18 Months, N=796 21 Months, N=791 24 Months, N=780
Hb (g/dL)

n 774 545 540 470 493 396 386 354 375

Mean = SD 98+ 1.0 108 1.2 110+ 1.1 .11 11.2+1.0 11.3+1.0 113+1.0 113+1.0 11409

Median (Q1-Q3) 9.8 (9.1-10.4) 10.8 (10.0-11.5) 11.0 (10.3-11.7) 1.1 (10.5-11.8) 1.1 (10.6-11.8) 11.2 (10.7-11.9) 11.2 (10.7-11.9) 11.2 (10.7-12.0) 11.4 (10.9-12.0)

Missing, n (%) 74 (87) 298 (35.3) 295 (35.3) 354 (43.0) 329 (40.0) 413 (51.1) 410 (51.5) 437 (55.2) 405 (51.9)
CRP, mg/L

n 549 335 331 271 283 240 232 193 222

Mean + SD 13.1 £20.8 10.5 (16.4) 11.6 (19.0) 9.1 (15.0) 10.2 (18.0) 10.8 (17.8) 9.7 (15.8) 9.4 (17.7) 123 (19.9)

Median (QI-Q3) 5.0 (2.1-10.0) 43 (2.0-9.0) 47 (2.0-9.0) 40 (1.9-8.0) 42 (2.0-8.0) 5.0 (2.0-9.0) 45 (2.0-8.0) 40 (1.4-7.0) 40 (1.5-8.0)

Missing, n (%) 299 (35.3) 508 (60.3) 504 (60.4) 553 (67.1) 539 (65.6) 569 (70.3) 564 (70.9) 598 (75.6) 558 (71.5)
Ferritin, ng/mL

n 725 445 437 377 391 314 316 281 302

Mean + SD 167.3 + 155.3 197.0 + 153.8 205.6 = 165.4 209.5 = 147.7 198.7 + 147.6 202.2 £ 130.7 2124 £ I51.0 219.9 = 150.0 205.7 £ 136.8

Median (Q1-Q3) 119.0 (60.0-220.0) 160.0 (90.0-250.0) 158.0 (96.0-266.0) 185.0 (100.0-280.0) 179.0 (99.0-250.0) 189.0 (102.0-270.0) 178.5 (100.0-296.0) 189.0 (110.0-299.0) 180.0 (110.0-270.0)

Missing, n (%) 123 (14.5) 398 (47.2) 398 (47.7) 447 (54.2) 431 (52.4) 495 (61.2) 480 (60.3) 510 (64.5) 478 (61.3)
TSAT, %

n 572 352 346 303 312 270 253 230 244

Mean * SD 22.1 £ 127 25.1 £ 142 25.1 £139 258 + 14.0 25.6 + 14.8 259 + 13.7 273 £ 165 257 £ 143 258 £ 13.6

Median (QI-Q3) 20.0 (15.0-26.0) 22.0 (18.0-28.5) 22.0 (18.0-28.0) 23.0 (19.0-28.0) 22.0 (18.8-28.0) 23.0 (19.0-28.0) 22.3 (19.3-29.0) 220 (19.0-27.0) 23.0 (20.0-28.0)

Missing, n (%) 276 (32.5) 491 (58.2) 489 (58.6) 521 (63.2) 510 (62.0) 539 (66.6) 543 (68.2) 561 (70.9) 536 (68.7)
eGFR, mL/min/1.73 m?

n 715 488 486 424 436 359 350 315 337

Mean = SD 28.0 £ 104 263 9.3 26.1 £9.3 253 +94 26.1 £9.3 244 £ 87 24.8 £ 9.1 242 +95 253 +£9.2

Median (QI-Q3) 27.0 (20.5-35.0) 26.0 (19.0-32.4) 25.0 (20.0-32.0) 25.0 (19.0-31.0) 25.0 (19.2-32.0) 24.0 (18.0-30.0) 24.0 (18.0-30.0) 23.0 (17.0-30.0) 24.6 (19.0-32.0)

Missing, n (%) 133 (15.7) 355 (42.1) 349 (41.8) 400 (48.5) 386 (47.0) 450 (55.6) 446 (56.0) 476 (60.2) 443 (56.8)

Abbreviations: CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; ESA, erythropoiesis-stimulating agent; Hb, hemoglobin; Q, quartile; SD, standard deviation; TSAT, transferrin saturation.
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mOverall mGermany ®Spain mUK

100 -
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70 -
60 -
50 -
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30 -
20 -
10 -

90.5

90.2
85.6

83.3 84.6 004 862

78.1 79.0

Percentage of patients

Any ESA Short-acting ESA Darbepoetin alfa MPG-EPO

Patients achieving Hb target 735 191 376 168 185 50 105 30 488 107 249 132 70 37 27 6
Patients in group 848 211 430 207 216 64 116 36 577 121 289 167 87 41 38 8

Figure 2 Achievement of Hb target levels within 24 months, by ESA type. Proportions are based on the number of patients with observed Hb data, for each ESA
formulation group.
Abbreviations: ESA, erythropoiesis-stimulating agent; Hb, hemoglobin; MPG-EPO, methoxy polyethylene glycol-epoetin beta.

50 - m Total (N = 848)

45 - m Germany (N =211)

40 | m Spain (N = 430)
mUK (N =207)

35

Percentage of patients

Blood transfusion Dialysis ESRD Kidney transplant Death
Patients with outcome 87 7 72 8 164 45 79 40 209 53 102 54 4 7 26 8 75 20 42 13
Patients with CRF response? 530 137 298 95 848 211 430 207 848 211 430 207 848 211 430 207 848 211 430 207

Figure 3 Blood transfusions, CKD progression, and deaths, by country. *Percentages are calculated based on the number of patients for whom a response was received on
the CREF, including those for whom “don’t know” was stated. Data on blood transfusions were extracted from ESA initiation until the earliest of the following: 24 months
after initiation, the last available medical record, ESRD, transplantation, dialysis, or death. Incidence of dialysis, ESRD, kidney transplant and death were documented from
ESA initiation until the date of abstraction.

Abbreviations: CKD, chronic kidney disease; CRF, chronic renal failure; ESA, erythropoiesis-stimulating agent; ESRD, end-stage renal disease.

higher target level allowed for variability in the guideline recommendations and potential laboratory errors). Within 2
years, the majority of patients achieved this target. However, it is uncertain how many patients maintained their target
level: by 12 months after target achievement, <50% of patients had a documented Hb level within the target range, and
there was a substantial proportion with missing data.

Prior to ESA initiation, approximately 60% of patients had received either IV or oral iron therapy; this could indicate that iron
deficiency had been explicitly investigated and corrected in line with KDIGO guidelines. However, ferritin and TSAT measure-
ments were missing at ESA initiation for 15% and 33% of patients, respectively, so it is not possible to determine whether iron
therapy was indicated for these patients. Moreover, only approximately half of patients had documented ferritin and TSAT
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measurements in the months following ESA initiation, and only 36% and 42% of patients received concomitant IV and/or oral iron
therapy, respectively. After ESA initiation, patients did not remain iron deficient over the 2-year observation period: TSAT levels
were consistently >20% and ferritin >100 ng/mL, based on available measurements. In the CKDopps study, 26—77% of patients
with NDD-CKD stages 3a—5, depending on country and CKD stage, had no TSAT or ferritin measurements within 3 months of
their index Hb measurement,” and only 29-43% of patients with Hb <10 g/dL received iron therapy in the 3 months following
their index Hb measurement.” Other research in Italy found that a majority of patients with iron deficiency (TSAT <20% and
ferritin <100 ng/mL) did not receive iron therapy,'' while a study of nephrology centers in Ireland reported that only 14.1% of
patients with iron deficiency received iron therapy.'*

Despite availability of global (KDIGO) guidelines, there were differences in the management of these patients
between countries. There was a substantially higher rate of blood transfusions in Spain than in Germany or the UK,
which may be linked to the lower use of IV iron in Spain compared with the other countries. Conversely, in the UK, there
was a markedly higher use of IV versus oral iron, whereas the reverse was seen in the other two countries. The
suboptimal management of anemia and iron deficiency, and between-country differences in management, may reflect
variability between KDIGO and national or local guidelines, or uncertainty as to their application.*'* Another underlying
cause may be lack of resources or training,'® or country-specific medical administration practices.

A notable finding of our study was the tendency for inflammation to be associated with higher ESA doses, although
this was not consistent across all ESA types. This may indicate resistance to ESAs in patients with inflammation, either
because of infection'® or because other possible causes of anemia were not sufficiently investigated. This finding is
consistent with a study of patients with CKD in Sweden, which found a clear relationship between CRP levels and ESA
dose.® Alternatively, functional iron deficiency could be a consequence of inflammatory status, since inflammation
upregulates hepcidin, causing iron to be trapped within cells and making it unavailable for erythropoiesis.®> Moreover, our
data show that a numerically higher proportion of patients with either consistent or fluctuating inflammation received
a blood transfusion than those with no inflammation. However, due to the nature of this study, statistical analyses were
not conducted for these relationships and no firm conclusions can be drawn. CRP levels were unusually high (mean
13.1 mg/L, median 5.0 mg/L)—it is not certain whether this is due to poor data recording or if it is reflective of the real-
life situation. Some patients may have had intercurrent bacterial infection or the numbers may reflect a negative selection
bias, whereby HCPs were more likely to monitor and record CRP data for patients whose levels were abnormal.

Strengths of this study include its 2-year observation period, which enabled longitudinal follow-up of patient
outcomes from ESA treatment. This study was of a retrospective, observational, non-interventional design, in which
centers were not selected on the basis of their compliance with clinical best practice. We, therefore, consider it
representative of typical clinical practice in the participating countries.

However, the retrospective design and dependence on medical records are also limitations, as it was not possible to
follow up on the reasons underlying the observed data. The dependence on medical records may have led to the absence
of some patient data, since records require that treating physicians are sufficiently motivated to provide complete
information. We also acknowledge that relatively modest numbers of patients from each country were included. In
addition, with the exception of the incidence data for dialysis, ESRD, kidney transplant, and death, the last possible date
for the 24-month follow-up was December 31, 2017; consequently, the data analyzed here are a minimum of four years
old and some changes in clinical practice may have occurred in the intervening period. The study was designed to be
descriptive and no hypothesis testing was conducted. Lastly, the convenience sampling strategy for recruiting HCPs and
high levels of missing data restrict the conclusions that can be drawn; caution should be taken when extrapolating these
findings to other patient populations.

Conclusions

Patients in Germany, Spain, and the UK with anemia of NDD-CKD receive ESAs in accordance with KDIGO guidelines,
but subsequent monitoring and management is suboptimal and may be indicative of unmet need. The proportion of
patients who remain iron deficient during ESA therapy also signifies a potential treatment gap. Patients who had higher
levels of inflammation tended to receive higher ESA doses.
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