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New treatments for anemia of chronic kidney disease (CKD) within the hypoxia-inducible factor prolyl hydroxylase 
inhibitors (HIF-PHI) class have recently been approved or are in development. 

Understanding background rates of major events of interest in the patient population is key to compare the benefit/risk 
of these new products, especially in the post-marketing setting.  

Here we describe rates of events of interest among non-dialysis dependent (NDD) patients with anemia of CKD not 
receiving an erythropoiesis-stimulating agent (ESA), as they may be considered for treatment with a HIF-PHI. Patients 
included in this analysis are participants in CKD-REIN, a prospective cohort study that collects demographic and 
clinical information from NDD patients with CKD (stage 3–5 at enrolment) in France. The distribution of nephrology 
clinics participating in CKD-REIN is representative of nationwide French nephrology clinics.1

This was a real-world, non-interventional, longitudinal, cohort analysis conducted to describe and better understand 
NDD patients with anemia enrolled in CKD-REIN.

All participants in CKD-REIN were assessed annually, with clinical data collected from the past year’s medication 
records, health insurance files, and patient reports. 

Data captured from clinical records included demographics and clinical information (including medical history). 
Medication name and start/stop dates were also captured, through prescriptions provided by patients at yearly 
interviews (face-to-face at baseline, 2-year, and 5-year follow-up; telephone at 1-year, 3-year and 4-year follow-up). 
Patients were followed for a maximum duration of 5 years from CKD-REIN enrolment.

Patients had to meet the following criteria to be included in the current analysis:

Inclusion criteria Exclusion criteria
• Aged ≥18 years old
• Two measures of eGFR <60 mL/min/1.73 m2 at least 1 month 

apart 
• At study entry: hemoglobin level of <13 g/dL  

for men, <12 g/dL for women, or iron treatment indicative of 
anemia 

• History of renal transplantation
• Prior chronic dialysis
• Pregnancy
• Institutionalized
• Unable to provide informed consent
• Missing data for hemoglobin level and eGFR, or on the medication 

questionnaire

Outcomes data were limited to fatal and hospitalization events, and included events commonly associated with CKD 
and reported during development of agents in the HIF-PHI class. 

The study period began in July 2013 and ended in December 2019.

Patients not treated with an ESA at study entry (index date) were followed until the event of interest or censoring for 
end of data availability (5 years from enrolment date or lost to follow-up), end of the study period (December 31, 2019), 
start of ESA use, dialysis, kidney transplant or death.

For each outcome, event rates were calculated as the number of patients with an event of interest divided by the sum 
of patient-years’ at risk.

Conclusions
These results indicate that septicemia, heart failure, malignancies, and fractures were 
common events leading to hospitalization or death among anemic CKD patients. 
Event rates tended to be higher in patients with CKD Stage 4/5 than in those with 
CKD Stage 3.
The major complications observed may help physicians to better understand and 
manage these patients.

Introduction Results

Methods

A total of 3,033 patients are included in CKD-REIN. The current analysis included 1,118 participants who had anemia 
and were ESA-naïve at entry into CKD-REIN. Total follow-up time was 3522 patient-years. Baseline characteristics are 
shown in Table 1.

The events of interest with a frequency of ≥5% during follow-up were all-cause mortality, septicemia, heart failure, 
malignancies, and fractures (Table 2).

Table 1. Baseline patient characteristics
ESA-naïve patients (N=1,118)

Mean age, years 68.1

Female sex, % 33

Black race, % 4

Comorbidities, %
 Hypertension
 Hyperlipidemia
 Diabetes
 Coronary artery disease
 Peripheral artery disease
 Cancer
 Congestive heart failure or pulmonary edema
 Myocardial infarction
 Cerebrovascular disease

 
97
67
50
28
21
20
15
14
12

Table 3. Event rates among ESA-naïve patients by CKD stage

ESA-naïve patients (N=1,118) CKD-3 (N=475) CKD-4/5 (N=633)

Event Events,  
n (%)

Event rate per 
100py [95% CI]

Events,  
n (%)

Event rate per 
100py [95% CI]

Death (all cause) 106 (22) 5.7 [4.6–6.8] 227 (36) 14 [12.2–15.9]

Septicemia, septic shock, other infection 98 (21) 5.7 [4.6–6.8] 141 (22) 9.3 [7.7–10.8]

Heart failure 46 (10) 2.6 [1.8–3.3] 75 (12) 4.9 [3.8–6]

Malignancy 43 (9) 2.4 [1.7–3.1] 53 (8) 3.3 [2.4–4.2]

Fractures 27 (6) 1.5 [0.9–2.1] 30 (5) 1.9 [1.2–2.6]

Myocardial infarction 14 (3) 0.8 [0.4–1.2] 19 (3) 1.2 [0.7–1.7]

Stroke 19 (4) 1 [0.6–1.5] 19 (3) 1.2 [0.7–1.7]

Thromboembolic event* 9 (2) 0.5 [0.2–0.8] 10 (2) 0.6 [0.2–1]

Duodenum ulcer and unspecified peptic ulcer 2 (0.4) 0.1 [0–0.3] 7 (1) 0.4 [0.1–0.8]

Esophageal and gastric ulcers 5 (1) 0.3 [0–0.5] 7 (1) 0.4 [0.1–0.8]

Pulmonary arterial hypertension 1 (0.2) 0.1 [0–0.2] 0 -

Seizures 0 – 5 (1) 0.3 [0–0.6]

CKD stage according to CKD-EPI eGFR: Stage 3 = 30–59 mL/min per 1.73 m2; 4 = 15–29; 5 = <1 *Pulmonary embolism and deep vein thrombosis

Table 2. Event rates among ESA-naïve patients
ESA-naïve patients (N=1,118) Events, n (%) Event rate per 100py  

[95% CI]

Death (all cause) 335 (30) 9.5 [8.5–10.5]

Septicemia, septic shock, other infection 240 (21) 7.3 [6.4–8.3]

Heart failure 121 (11) 3.6 [3.0–4.3]

Malignancy 98 (9) 2.9 [2.3–4.4]

Fractures 58 (5) 1.7 [1.3–2.1]

Myocardial infarction 33 (3) 1 [0.6–1.3]

Stroke 38 (3) 1.1 [0.8–1.5]

Thromboembolic event* 19 (2) 0.5 [0.3–0.8]

Duodenum ulcer and unspecified peptic ulcer 9 (1) 0.3 [0.1–0.4]

Esophageal and gastric ulcers 12 (1) 0.3 [0.1–0.5]

Pulmonary arterial hypertension 1 (0.1) 0.03 [0–0.1]

Seizures 5 (0.4) 0.1 [0–0.3]

Only hospitalized events are included in the event rates; *Pulmonary embolism and deep vein thrombosis
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Rates were higher among patients with more advanced disease (i.e., CKD stage 4/5) (Table 3).


