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Erythropoiesis-Stimulating Agents for Anemia of Chronic Kidney 
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Technology  
Erythropoiesis-stimulating agents (ESA), epoetin alpha 
(Eprex®, Janssen-Ortho), darbepoetin (Aranesp™, 
Amgen), and epoetin beta (NeoRecormon®, Roche) 

Condition 
Adult patients with anemia of chronic kidney disease 
(CKD) who need or do not need dialysis.  

Issue 
ESAs are routinely used to treat anemia of chronic 
kidney disease (CKD), especially in patients requiring 
dialysis. Increasingly, higher doses of ESA are being 
used to attain higher hemoglobin (Hb) target levels. 
There is uncertainty about the impact of this approach 
on the health system. 

Methods and Results 
Randomized controlled trials (RCTs) that included 
anemic adults with CKD receiving epoetin (alpha or 
beta), darbepoetin or “management without ESA” (no 
ESA) and compared clinical outcomes and harms on the 
basis of Hb targets and method of delivery were identified 
through a systematic review. A cost-utility analysis from 
the perspective of the Canadian public health care system 
and a lifetime time horizon was conducted. The budget 
impact to the provincial health care system was estimated 
if patients were treated to an intermediate Hb target and if 
the subcutaneous (SC) rather than the intravenous (IV) 
route of administration of ESA was used. 

Implications for Decision Making 
• Health outcomes are improved, but some 

uncertainty remains. ESA resulted in lower 
observed cardiovascular mortality, but all-
cause mortality was not affected. The impact 
on health-related quality of life was modest, 
and most trials did not provide a complete 
report of these measures.  

• Intermediate and low targets are optimal. 
Low (90 to 105 g/L) Hb target strategies 
represent the least costly and second most 
effective option. Intermediate Hb target (110 
g/L) strategies produce the largest number of 
quality-adjusted life years (QALYs) at an 
additional cost per patient lifetime (C$21,000 
to C$27,000 per patient lifetime compared 
with the low Hb target in non-dialysis-
dependent and dialysis-dependent adult CKD). 

• Route of administration and Hb target will 
affect health care budgets. For dialysis-
dependent patients, the estimated cost of 
treating anemia to an intermediate Hb target is 
C$9,394 per patient per year on dialysis. If SC 
epoetin is used instead of IV (or if darbepoetin 
is used via either route), costs could be reduced 
to C$6,577 per patient per year. Altering the 
Hb target to a low strategy would result in cost 
savings of C$35 million to C$49 million per 
year compared with the intermediate target.  

 
This summary is based on a comprehensive health technology assessment available from CADTH’s web site 
(www.cadth.ca): Tonelli M, Klarenbach S, Wiebe N, Shrive F, Hemmelgarn B, Manns B. Erythropoiesis-Stimulating 
Agents for Anemia of Chronic Kidney Disease: Systematic Review and Economic Evaluation 
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EXECUTIVE SUMMARY  
The Issue 
The class of erythropoiesis-stimulating agents (ESA) includes epoetin alpha, epoetin beta, and 
darbepoetin. These medications are routinely used to treat anemia of chronic kidney disease (CKD), 
especially in patients who need dialysis. The goal of therapy is to achieve specific hemoglobin (Hb) 
target levels. Increasingly, higher doses of ESA are being used to attain higher target levels without 
evidence of corresponding clinical benefit and possibly resulting in harm. The cost consequences of 
using ESA to achieve higher Hb targets are substantial, because exponential dose increases are often 
needed.  
 
Objectives 
The aim of this review was to assess the evidence for clinical efficacy and harms and the economic 
implications of ESA use in adult patients with anemia of CKD. 
 
Methods 
We conducted a systematic review of the clinical and economic evidence from the published and 
unpublished literature using accepted methods for the literature searches, article selection, data 
extraction, and quality assessment. For the systematic review of efficacy and harms, we included 
randomized controlled trials (RCTs) of anemic adults with CKD receiving epoetin (alpha and beta), 
darbepoetin, or “management without ESA” (no ESA) that compared clinical outcomes and harms on 
the basis of Hb targets and method of delivery. For this report, we classified target Hb strategies as 
high (>120 g/L), intermediate (110g/L; range approximately 105 g/L to 120 g/L), low (approximately 
90 g/L to 105 g/L), and no ESA therapy. We studied the following comparisons: ESA versus no 
ESA, high versus intermediate or low Hb target strategies, darbepoetin versus epoetin, dosage, 
schedule, and route of administration. If targets were not directly compared in the literature, we used 
random intercept logistic models to indirectly compare the strategies.  
 
For the economic analysis, we summarized studies that evaluated the incremental impact of ESA 
against the clinical comparators based on relevant costs and health benefits in adult patients with 
CKD. We performed a primary economic evaluation by adapting an existing decision model and 
updating it to allow costs and consequences of anemia and ESA treatment to be examined in the 
dialysis- and non-dialysis-dependent CKD population. We used the perspective of the Canadian 
public health care system and a lifetime time horizon and performed base case analyses and 
probabilistic sensitivity analysis. We considered five models for dialysis patients and six for non-
dialysis-dependent CKD patients using various assumptions for mortality and quality of life (QoL). 
We estimated the budget impact to the provincial health care system if patients are treated to an 
intermediate Hb target and if the subcutaneous (SC) rather than the intravenous (IV) route of 
administration of ESA is used.  
 
Results 
Clinical Review 
We identified 10 trials (n=1,553) comparing ESA to no ESA (four in non-dialysis-dependent CKD 
patients and six in dialysis patients). ESA (for intermediate or low Hb target strategies) resulted in 
lower cardiovascular mortality [relative risk (RR): 0.15 (95% CI: 0.03; 0.69)], but all-cause mortality 
was not altered [RR: 0.71 (95% CI: 0.40; 1.24)]. ESA also showed clinically relevant improvements 
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in QoL [WMD: 1.10 (95% CI: 0.76; 1.44), fatigue measured by the Kidney Disease Questionnaire 
(KDQ)], but also a clinically relevant increase in blood pressure [WMD: 6.1/5.5 mmHg (95% CI: 
1.8/3.0; 10.4/8.1)] and more frequent requirements for intensification of anti-hypertensive therapy 
[RR: 1.76 (95% CI: 1.37; 2.26)]. Kidney failure was not significantly different between groups [RR: 
0.76 (95% CI: 0.45; 1.28)]. 
 
Thirteen trials (n=5,605) compared high to intermediate or low Hb target strategies (eight in non-
dialysis-dependent CKD patients, four in dialysis patients, and one in both types of patients). The use 
of ESA to achieve a high Hb target did not influence the risks of all-cause mortality [RR: 1.13 (95% 
CI: 0.91; 1.42)], cardiovascular mortality [RR: 1.03 (95% CI: 0.77; 1.39)], or kidney failure [RR: 
1.07 (95% CI: 0.90; 1.27)]. High Hb targets improved selected measures of QoL in some studies, but 
not in others, although the clinical significance of these improvements was questionable, and results 
for all domains were not reported. Higher Hb targets led to an increased risk of hospitalization [RR: 
1.06 (95% CI: 1.00; 1.13)] and adverse events [RR: 1.03 (95% CI: 1.00; 1.05)] and an increased risk 
of vascular access thrombosis [RR: 1.34 (95% CI: 1.16; 1.54)] compared with intermediate or low 
Hb targets. Indirect comparisons suggest that high Hb targets are associated with higher mortality 
than are intermediate or low targets [OR: 1.24 (95% CI: 1.02; 1.50)]. 
 
Overall, there was little information to inform optimal dosing or frequency of administration of ESA. 
We found that SC epoetin requires lower doses than IV administration to achieve the same Hb target 
in dialysis patients and no evidence for clinically relevant differences between epoetin and 
darbepoetin. 
 
Economic Analysis 
Dialysis patients: In the base case analysis, treatment to a low Hb target produced the lowest 
incremental cost (C$87,000 per patient lifetime) compared with “management without ESA.” 
Treatment to an intermediate target resulted in the highest incremental effectiveness compared with 
no ESA (4.39 versus 3.49 QALYs gained). When compared with the no ESA strategy, the cost per 
QALY gained was C$138,000 (low), C$127,000 (intermediate), or $272,000 (high) for the respective 
Hb targets. By conventional economic theory, the intermediate Hb strategy is more attractive than the 
low target strategy under the assumptions made in the base case, but it translates into higher 
incremental costs [C$27,000 per patient lifetime compared with the low Hb target (90 to 105 g/L), 
discounted at 5%].  
 
Non-dialysis-dependent CKD patients: In the base case analysis, results were similar to those for 
dialysis patients, with the lowest incremental cost (C$95,000 per patient lifetime) obtained for the 
low Hb target and the highest incremental effectiveness (3.43 versus 2.73 QALYs) for the 
intermediate target, both compared with no ESA. When compared with “management without ESA,” 
the cost per QALY gained was C$186,000 (low), C$165,000 (intermediate), and C$475,000 (high) 
for the respective Hb targets. Similar to dialysis patients, the intermediate Hb strategy is more 
attractive than the low Hb strategy under the assumptions made in the base case, but it translates into 
higher incremental costs (C$21,000 per patient lifetime, discounted at 5%). 
 
For both patient populations, the results were relatively consistent for all the modelling strategies. 
None of the scenario or sensitivity analyses appreciably affected the cost per QALY associated with 
ESA therapy in either group. 
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Health Services Impact 
Based on data from the Canadian Organ Replacement Register (CORR), the estimated cost of 
funding ESA to treat all dialysis-dependent patients in Canada to an intermediate Hb target is C$174 
million annually. If IV administration of epoetin in hemodialysis patients (current practice) is 
changed to SC administration, immediate cost savings of C$49 million could be realized. Based on 
ESA costs alone and not considering any potential impact on clinical outcomes, targeting a low or 
high Hb target would lead to annual cost savings of C$40 million or additional costs of C$165 
million respectively, compared with an intermediate Hb target (110 g/L). 
 
The estimated cost of funding ESA to treat all non-dialysis-dependent CKD patients to an 
intermediate target in Canada is estimated to be C$1.4 million to C$6.7 million annually. Although a 
fraction of these patients are prescribed ESA, this is likely to increase in the future given the trends in 
care for this population. It is estimated that a high Hb target would lead to costs 6.2 times that of a 
low target and twice as much as an intermediate target. 
 
Conclusions 
In an environment where decision makers are willing to reimburse ESA, our base case analysis 
suggests that treatment to a target Hb of 110 g/L is most likely to be cost-effective. This strategy, 
however, will lead to higher costs (mainly due to ESA acquisition) compared to the low Hb target 
strategy, and it is based on the assumption that the intermediate target will improve QoL compared 
with the low target, which is unproven. Given the generally modest clinical benefit of ESA and the 
direct relationship between dose and cost, it may be prudent to consider a maximum ESA dose 
(above which the dose would not be increased further, even if the Hb target were not reached). Future 
research should focus on this comparison. In the interim, decision makers might reasonably choose to 
reimburse only the low Hb strategy because of the uncertainty in the quality-of-life gains associated 
with the intermediate strategy. Because of the higher cost of IV epoetin, the merits of reimbursing 
only SC epoetin (or darbopoetin by either route) should be explored. Lastly, because even small 
differences in potency per unit cost of ESA can translate into large differences in total costs, head-to-
head comparisons of epoetin and darbepoetin should be considered.
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ABBREVIATIONS 
AE adverse event 
AKDN Alberta Kidney Disease Network 
CAPD continuous ambulatory peritoneal dialysis 
CHEC Consensus on Health Economic Criteria 
CHF congestive heart failure 
CI confidence interval 
CKD chronic kidney disease 
CORR Canadian Organ Replacement Register 
CPG clinical practice guidelines 
CrCl creatinine clearance 
DBP diastolic blood pressure 
ESA erythropoiesis stimulating agents 
ESRD end-stage renal disease 
GFR glomerular filtration rate 
HD hemodialysis 
Hb hemoglobin 
Hct hematocrit 
HRQOL health-related quality of life 
ICER incremental cost-effectiveness ratio 
ICUR incremental cost-utility ratio 
IV intravenous 
KDQ Kidney Disease Questionnaire 
Kt/V an index of dialysis dose, with larger numbers representing higher doses 
MA meta-analysis 
MI myocardial infarction 
OR odds ratio 
PD peritoneal dialysis 
PRCA pure red cell aplasia 
QALY quality-adjusted life years 
QoL quality of life 
RCT randomized controlled trial 
RR relative risk 
SBP systolic blood pressure 
SC subcutaneous 
SCr  serum creatinine 
SD standard deviation 
SF-36 Medical Outcomes Study 36-Item Short Form 
SIP Sickness Impact Profile 
WMD weighted mean difference 
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1 INTRODUCTION 
1.1 Background 
The prevalence of chronic kidney disease (CKD) in Canada and worldwide is increasing. In 2004, an 
estimated 18,825 Canadian patients with end-stage renal disease (ESRD) were receiving dialysis:1 an 
annual mean prevalence increase of 5.8% since 1996.2 Although the prevalence of non-dialysis-
dependent CKD in Canada is unknown, it is expected to be 10 to 20 times higher than that of 
dialysis-dependent disease.3 Anemia is a well-known and common complication of CKD. Its 
prevalence in Canadians with CKD, however, is difficult to estimate and depends on the stage of the 
disease. Estimates range from 1% to 30%3 in the early stages of CKD but are higher in patients with 
advanced CKD.4

 
 

 
Erythropoiesis-stimulating agents (ESA) elevate or maintain red blood cell levels and are used for the 
prevention and treatment of anemia of CKD. Before ESA, dialysis patients needed frequent blood 
transfusions, which are associated with costs and complications. Early studies found that ESA 
reduced the need for transfusions and improved quality of life (QoL) in patients with CKD, when 
compared with not using ESA.5,6 As a result, ESA are used extensively in CKD, especially for those 
who are dialysis-dependent. The focus has shifted from whether ESA should be used to determining 
the optimal hemoglobin (Hb) target for ESA use. American Kidney Disease Outcomes Quality 
Initiative (KDOQI) clinical practice guidelines (CPGs) advocate the use of ESA to maintain Hb 
levels >110 g/L in all patients with CKD (dialysis-dependent or not).3 In an update to these 
guidelines, the upper Hb limit was changed with a statement, “In the opinion of the Work Group, in 
dialysis and non-dialysis patients with CKD receiving ESA therapy, the selected hemoglobin target 
should generally be in the range of 110-120 g/L. In dialysis and non-dialysis patients with CKD 
receiving ESA therapy, the Hb target should not be greater than 130 g/L.”7 Although this is a change 
from the 2006 guidelines,8 many nephrologists have taken it to indicate that an acceptable 
hemoglobin range is from 110 g/L to 130 g/L. Empirical support for this comes from data showing 
that 34% of US ESRD patients receiving ESAs have hemoglobin >120 g/L.9 Canadian CPGs are 
expected to be published by the end of 2008. 
 
American and European CPGs for ESA use are largely based on findings from observational 
studies.10-15 These studies support the association of higher Hb levels with better outcomes in CKD, 
although there is a potential for residual confounding by unmeasured comorbidity. Individual trials 
comparing ESA with no ESA, or with no treatment, have shown similar rates of mortality, 
cardiovascular morbidity, and hospitalization between treatment groups.6 Most randomized trials 
comparing higher and lower Hb target levels have found no benefit to more intensive therapy. Two 
large trials (reported in the lay press) in non-dialysis-dependent patients with CKD suggest that 
higher Hb targets may lead to harm.16-21  
 
1.2 Overview of Technology  
The medication class of ESA includes epoetin alpha, epoetin beta, and darbepoetin. Of these, epoetin 
alpha (Eprex®, Janssen-Ortho) and darbepoetin (Aranesp™, Amgen) are available in Canada. A third 
product, epoetin beta (Neorecormon®, Roche), which is similar to epoetin alpha and widely used in 
Europe, may soon be available in Canada. Continuous erythropoietin receptor activator is being 
studied in CKD populations, but is unavailable in Canada and is not considered further in this report. 
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We have used the term “epoetin” to refer to epoetin alpha or epoetin beta. The term “ESA” is used in 
statements that apply to both epoetins (alpha or beta) and darbepoetin. 
 
ESA stimulate erythropoiesis by binding to the erythropoietin receptor on erythroid progenitor cells. 
ESA are indicated for the treatment of anemia in patients with dialysis-dependent and non-dialysis-
dependent chronic kidney disease, and may be administered by the subcutaneous (SC) or intravenous 
(IV) route. In hemodialysis (HD) patients, epoetin administration by the IV route may achieve the 
same Hb level as that after SC administration, but higher doses of epoetin are needed (this is less 
clear for darbepoetin). The optimal route of administration for non-dialysis-dependent patients is 
unknown. Epoetin is typically administered once to three times weekly. Darbepoetin has a longer 
half-life and is typically administered once to four times monthly.  
 
ESA are reimbursed by all Canadian provincial drug programs for patients with anemia of CKD. The 
increasing use of ESA and the growing prevalence of CKD have prompted some jurisdictions to 
undertake evaluations of the impact of ESA on clinically meaningful outcomes such as morbidity and 
mortality. In dialysis patients, the levels of Hb achieved have been adopted as markers of good 
quality care and have also been proposed for this purpose in patients with non-dialysis-dependent 
CKD. Because higher Hb targets require exponentially larger doses of ESA (leading to cost 
increases),22 effective policy development requires the consideration of optimal Hb targets. 
Furthermore, the large number of patients with non-dialysis-dependent CKD (as many as 20 times 
higher than those with dialysis-dependent CKD)23 means that small changes in ESA use in this 
population could have substantial cost implications. In light of this, patients with dialysis-dependent 
and non-dialysis-dependent CKD should be considered separately. 
 
 
2 THE ISSUE 
When they were introduced, ESA were reserved for use in dialysis patients with severe anemia who 
were often transfusion-dependent. The goals of therapy were to modestly raise Hb levels to 90 g/L to 
120 g/L. Today, higher doses of ESA are being used to achieve higher Hb targets, and ESA are being 
prescribed to a broader range of patients with CKD (i.e., non-dialysis-dependent patients). These 
practices are driven by CPGs as opposed to randomized controlled trial (RCT) evidence. Trials also 
suggest that ESA may cause harm while only providing modest clinical benefit. Given the increasing 
use of ESA and high costs, an examination of these issues will be of benefit to Canadian decision 
makers. Questions of interest are whether ESA represent a worthwhile and cost-efficient addition to 
standard care of anemia of CKD, the optimal Hb target level for ESA use, and how to optimize ESA 
use to achieve maximal benefit and cost-efficiency.  
 
 
3 OBJECTIVES 
The objectives were to perform a systematic review of the clinical efficacy and harms of ESA and to 
conduct an economic evaluation and budget impact analysis assessing ESA use in adult patients with 
anemia of CKD. The objectives were achieved by addressing the following research questions: 
• What is the direct and indirect evidence for the consequences of treatment with epoetin and 

darbepoetin on clinically meaningful outcomes [including mortality, cardiovascular morbidity, 
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hospitalization, QoL, red cell transfusions, and adverse events (seizures, intradialytic clotting)] 
when used to treat anemia of CKD? 

• What are the differences between epoetin and darbepoetin in terms of net health impact? In 
particular, what are the differences in dosing and its impact on the delivery of care between 
agents?  

• What are the cost and consequences of ESA when used to treat anemia of CKD? What is the 
incremental difference between the two drug products? 

• What is the budgetary impact of adopting funding policies that reflect optimal usage? 
• What is the optimal Hb target in patients with dialysis-dependent and non-dialysis-dependent 

CKD? Does this target vary in groups defined by severity of CKD, dialytic modality, or other 
patient characteristics? 

 
 

4 CLINICAL REVIEW 
4.1 Methods 
The systematic review was conducted and reported in accordance with guidelines.24,25 A protocol was 
written a priori and followed throughout the review. The primary objective was to assess the efficacy 
and harms of ESA used for treatment of adult patients with anemia of CKD. Specifically, we 
compared the use of ESA with no ESA, a high target Hb with an intermediate or low target Hb 
protocol, and darbepoetin with epoetin. 
  
4.1.1 Literature search 

The following bibliographic databases were searched: MEDLINE (1966 to December 12, 2006), 
EMBASE (1988 to December 12, 2006), and all EBM Reviews. Searches were not restricted by 
language, regardless of the publication source. Grey literature sources (n=48) were also searched. 
Appendix 1 Table 1 details the sources searched and strategies used. The searches were 
supplemented by hand searching the reference lists of included trials and relevant reviews. Canadian 
manufacturers of ESA (Amgen Inc. and Janssen-Ortho Inc.) were contacted as were the authors of 
included studies for additional information if warranted (e.g., all-cause mortality and QoL).  
 
4.1.2 Selection criteria and method 

a) Selection criteria 
Studies were eligible for inclusion in the systematic review if they satisfied the following criteria: 
• Study design: Parallel RCTs with ≥30 participants in each treatment group. Small RCTs and 

crossover trials were excluded to improve the efficiency of the work without an appreciable loss 
of power and because long-term clinical outcomes are not generally reported in these designs. 

• Population: Anemic adults (≥16 years) with CKD. Transplant recipients were not included. 
• Intervention: Epoetin (alpha and beta) or darbepoetin. 
• Comparators: A different agent or Hb target, no ESA (e.g., placebo), or a different method of 

delivery (i.e., dose, schedule, or route of administration). 
• Outcomes: All-cause or cardiovascular mortality, cardiac event [myocardial infarction (MI), 

stroke, heart failure, or revascularization], hospitalization, vascular access loss or dialysis 
dependence, renal function [glomerular filtration rate (GFR), creatinine clearance (CrCl), serum 
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creatinine (SCr)], QoL (KDQ-fatigue, all domains of the SF-36), red cell transfusions, systolic 
(SBP) and diastolic (DBP) blood pressure, left ventricular mass index, and adverse events (AEs).  

 
b) Selection method 
Each citation or abstract was screened by a subject-specialist (MT, SK) and one other reviewer (NW, 
MO/DA). Any trial considered to be relevant by one or two reviewers was retrieved for further 
review. The full text of each potentially relevant article was independently assessed by two reviewers 
(NW, MO/DA) for inclusion using the selection criteria and a printed form (Appendix 10 Form 1). 
Disagreements were resolved by a third party (ST) through consensus.  
 
4.1.3 Data extraction strategy 

One reviewer (NW/MO/JZ) extracted data from selected trials and a second reviewer (DA/NH/ST) 
checked for accuracy. A statistical reviewer (NW) checked the numerical results for accuracy of 
statistical information. We used a standard data extraction method to record the following properties 
of each RCT into a database:  

• trial characteristics (country, design, sample size, duration of follow-up, objective) 
• participants (age, gender, diabetic status, cardiovascular status, previous hematopoietic 

hormone use) 
• illness severity (Hb levels, renal function, dialytic modality) 
• therapeutic regimens (type, dose, schedule, route of administration, target Hb) 
• control regimens and co-interventions 
• outcomes (timing of outcome, results).  

 
We captured trial-level data on the following outcomes:  

• mortality (all-cause, cardiovascular) 
• cardiovascular events [MI, stroke, congestive heart failure (CHF), revascularization] 
• hospitalization (all-cause, cardiovascular) 
• vascular access loss or dialysis dependence 
• renal function (GFR, CrCl, SCr) 
• QoL [fatigue domain from the Kidney Disease Questionnaire (KDQ)26 and all eight domains 

from the SF-36]27  
• red cell transfusions 
• blood pressure 
• left ventricular mass index 
• AEs.  

 
We extracted AEs as “serious” (labelled as serious by the primary authors or withdrawn from therapy 
or study) and “any” (total counts) and specifically sought the incidence of seizures and intradialytic 
clotting (access site or machine tubing).  
 
4.1.4 Strategy for quality assessment 

We assessed study quality using a condensed version of the Chalmers Index.28 We looked for 
characteristics known to be associated with study quality (e.g., method of allocation concealment,29 
randomization technique, double-blinding, and description of withdrawals and dropouts)30 (Appendix 
10 Forms 2 and 3). Finally, we extracted data on funding sources, given its potential to introduce 
bias.31 
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The quality of all included studies is reported in three sections: trial design (participant selection, 
participant allocation, description of therapy, blinding, and withdrawals), statistical analysis (sample 
size calculation, intention-to-treat, and types of models), and presentation of results (accrual dates, 
confidence intervals, and AE reports). Two reviewers (MO, DA) independently assessed each study. 
An initial set of five eligible trials was used to calibrate quality assessment between reviewers. 
Disagreements were resolved with a third party (NW) through consensus. 
 
4.1.5 Data analysis methods 

We analyzed data using Review Manager 4.2.7 (Oxford, England), Stata 8.2 (College Station, 
Texas), and SAS 9.1 (Cary, North Carolina). Results were pooled for trials that compared ESA with 
no ESA (placebo or none), high target Hb protocols with intermediate or low target Hb protocols, 
and darbepoetin with epoetin separately. We used the relative risk (RR) and the weighted mean 
difference (WMD) to summarize dichotomous and continuous results respectively. If there were 
multiple time points reported per outcome, we present the latest time point. Single-value imputations 
were substituted for missing standard deviations (SDs).32 The following imputation methods were 
used: using the maximum SD from the available trial results, dividing the width of the interquartile 
range by 1.35, dividing the width of the range using an empirical table provided by Pearson, and 
assuming a correlation of 0.5 for change-from-baseline SDs. Other continuous outcomes (e.g., length 
of hospital stay) were associated with right-tail skewed distributions and were therefore not pooled. 
Measures of central tendency, spread, tests, and corresponding p values were extracted for each 
intervention and reported individually in an evidence table. Because of the differences expected 
between trials, we decided a priori to combine results using a random effects model.33 Statistical 
heterogeneity was quantified using the I2 quantity.34,35 The I2 quantity approximates the percentage of 
total variation (within- and between-study) due to between-study variation. We planned to use meta-
regression36 a priori to examine whether certain variables (CKD stage, agent used, Hb achieved, 
dose, age, gender, comorbidities, illness severity, duration of follow-up, and study quality) 
influenced the association between therapy and clinical outcome. Publication bias was assessed using 
weighted regression.37 We explored the relationship between all-cause mortality and three clinically 
relevant variables (target Hb, achieved Hb, and epoetin dose) individually using random intercept 
logistic regression models.38 Study trajectories were plotted (treatment groups’ logits of mortality 
versus the clinically relevant variables, each in turn) to rule out the possibility of a random slope (if 
the study trajectories are roughly parallel, then a common slope can be modelled for all studies 
thereby allowing for the more restrictive random intercept model). In sensitivity analyses, we 
considered duration of follow-up (arbitrary a priori subgroups of ≥1 year versus <1 year) and 
publication year (before versus after 1994, the median publication year). Similar analyses were 
performed for comparisons involving different methods of delivery (i.e., dose, schedule, and route of 
administration). Because the reporting of QoL data was limited, we performed the following 
sensitivity analysis. For trials that reported only a non-significant p value and no further statistical 
information, we imputed the mean change-from-baseline to be zero and the SD of the change to be 
the maximum value available for that trial. If no trial-specific SD information was available, we used 
the maximum SD available from all the trials. 
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4.2 Results 
4.2.1 Quantity of research available 

The literature searches revealed 2,289 citations in addition to four trials found outside of the 
searches: two from grey literature sources,39,40 one from a manufacturer,41 and one from a reference 
list.42 From these, 231 articles were retrieved for further scrutiny (Appendix 2 Figure 1A). A total of 
194 articles were excluded for reasons detailed in Appendix 2 Figure 1A and Appendix 3, resulting 
in 37 primary articles that met the selection criteria. Disagreements occurred over 7% of the articles 
(kappa=0.86) and were about design (n=8), population (n=3), originality of research (n=1), 
intervention (n=1), and outcome (n=1). Two of 14 disagreements resulted in inclusion. 
 
4.2.2 Trial characteristics 

Of the 37 included articles, nine compared ESA with no ESA,42-50 13 compared a high target Hb 
protocol to an intermediate or low target Hb protocol16-18,20,21,41,51-57 (one included a placebo arm58), 
three compared darbepoetin to epoetin,59-61 and 13 were supplemental issues (i.e., six dose 
comparative trials, four schedule comparative trials, and three SC versus IV administration trials). 
One article43 reported on three trials, two of which had pooled data and are counted as one trial (i.e., 
the article counted as two trials). One article58 is included in ESA versus no ESA and high versus 
intermediate or low target Hb protocols. All non-dialysis-dependent CKD trials defined CKD to be 
CrCl/GFR≤60 mL/min or SCr>120 μmol/L except Levin et al.’s,51 which defined CKD to be 15 to 
79 mL/min. 
 
a) ESA verus no ESA 
Ten trials42-50, 58 (n=1,553) compared ESA to no ESA (Appendix 4 Table 1A). The median year of 
publication was 1994 and median duration of follow-up was 26 weeks (range five to 156 weeks). 
Five trials42-44,50,58 used a placebo control and five43-46,50 used epoetin beta. Initial dose, schedule, and 
route of administration were inconsistently reported. 
 
Four trials46-49 included patients with non-dialysis-dependent CKD, one42 was in peritoneal dialysis 
(PD) and the remaining five43-45,50,58 in hemodialysis (HD) patients. Hb targets ranged from 95 g/L to 
140 g/L. Two trials43,50 targeted Hb <100 g/L and four trials42,43,49,50 >120 g/L. The mean age range of 
study participants was 45 to 69 years and the proportion of males ranged from 32% to 60%. Mean 
baseline Hb ranged from 70 g/L to 102 g/L and was not reported in two trials.45, 46 The median time 
on dialysis ranged from 3.3 years to 4.4 years. Baseline renal function was not consistently reported 
and few trials reported comorbidities among study participants. Three trials42, 44, 46 reported the 
numbers of patients with diabetes (range 18% to 56%).  
 
b) High versus intermediate or low target Hb protocols 
Thirteen trials16-18,20,21,41,51-57 (n = 5,605) compared a high to an intermediate or low target Hb protocol 
(Appendix 4 Table 1B). Two trials17,41 used epoetin beta. Initial dose and schedule were inconsistently 
reported, although ESA was administered exclusively by the SC route in most (10 of 13) trials. The 
median year of publication was 2005 and the median duration of follow-up was 98 weeks (range 26 to 
173 weeks). The target Hb strategy classifications for these trials appear in Figure 1. 
 
Nine trials17,20,21,41,51-53,55,56 included patients with non-dialysis-dependent CKD, none included PD 
patients (i.e., one trial53 had too few participants in the PD arms to be included) and five16,18,53,54,57 
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included HD patients. High Hb targets ranged from 100 g/L to 150 g/L. Two trials52,57 included 
values <120 g/L, and six trials16,17,20,41,53,54 contained values >140 g/L. Intermediate or low Hb targets 
ranged from 90 g/L to 120 g/L. In three trials,17,21,41 the target Hb crossed below 100 g/L and in none 
did the target exceed 120 g/L (Figure 1 describes target Hb strategy classifications). The mean age of 
participants ranged from 45 years to 66 years, and the proportion of males ranged from 45% to 70%. 
The mean baseline Hb ranged from 70 g/L to 118 g/L and was not reported in two trials.18,20 The 
median time on dialysis ranged from 0.9 years to 5.6 years. In the seven of nine trials that included 
non-dialysis-dependent CKD patients that reported GFR or CrCl, mean values ranged from 20 
mL/min to 46 mL/min. Eight trials16,17,41,51-53,55,56 reported the numbers of patients with diabetes 
(range 18% to 100%). 
 
c) Epoetin versus darbepoetin 
Three trials59-61 (n=775) compared darbepoetin to epoetin alpha (Appendix 4 Table 1C). The median 
year of publication was 2002, and the median duration of follow-up was 24 weeks (range 24 to 28 
weeks). One trial61 studied patients with non-dialysis-dependent CKD, and two studied HD patients. 
The schedule and route of administration were inconsistent between trials. The mean age ranged 
from 58 years to 62 years, and the proportion of male participants was 48% to 57%. The mean 
baseline Hb ranged from 94 to 122 g/L, and numbers of diabetic participants from 11% to 35%. 
 
The three trials were of moderate quality (Appendix 4 Table 2C). Two60,61 reported adequate 
concealment of treatment assignment. Two59,60 were double blind and adequately described losses to 
follow up, both of which were <10%. One trial60 used an advanced statistical technique as defined, 
and two60,61 reported a private source of funding. 
 
d) Supplemental Issues  
Dose 
Six trials (n = 732) compared different dosages of epoetin (Appendix 4 Table 1D). The median year 
of publication was 1989, and the median duration of follow-up was eight weeks (range four to 50 
weeks). One trial62 reported using epoetin alpha (the remainder used beta). Epoetin was administered 
by IV three times per week in all trials. One trial62 included patients with non-dialysis-dependent 
CKD, and the others included HD patients. The mean age of participants ranged from 46 years to 57 
years, and the proportion of males ranged from 49% to 61%. The mean baseline Hb ranged from 64 
g/L to 95 g/L, and comorbidity was infrequently reported. 
 
Schedule 
Four trials (n = 1,207) compared SC and IV administration (Appendix 4 Table 1E). The median year 
of publication was 2005 and median follow-up was 24 weeks (range 16 to 30 weeks). Two trials63, 64 
used epoetin beta, one65 used epoetin alpha, and one39 used darbepoetin. The initial dose was 
inconsistently reported, and in three of the four trials, SC injection was used. One trial65 included 
patients with non-dialysis-dependent CKD, and the others included HD patients. The mean age of 
participants ranged from 49 to 69 years, and the proportion of males ranged from 40% to 58%. The 
mean baseline Hb ranged from 111 to 119 g/L and reports of comorbidity were sporadic. 
 
Route of administration 
Three trials66-68 (n = 426) compared SC and IV administration of epoetin (Appendix 4 Table 1F). the 
follow-up ranged from 12 weeks to 30 weeks (median 24 weeks). One trial66 used epoetin beta, and 
in all trials a three-dose-per-week schedule was used. All trials included HD patients with mean 
participant age ranging from 48 years to 60 years and the proportion of males ranging from 46% to 
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98%. The median time since dialysis initiation ranged from 2.8 years to 4.2 years. The mean baseline 
Hb ranged from 79 g/L to 105 g/L, although one trial66 did not report this value. 
 
4.2.3 Data analyses and synthesis  

a) ESA versus no treatment  
The 10 trials were generally of poor to moderate quality (Appendix 4 Table 2A). One trial42 reported 
adequate concealment of treatment assignment, and five trials42-44,50,58 were double-blinded. Six 
studies42,44,45,49,50,58 adequately described losses to follow up (frequencies and reasons by treatment 
group). The proportion was <10% in five trials.42,43,45,49,58 Deaths, transplants, and dialysis starts were 
not included as withdrawals. In seven of 10 studies,42,43,46-48,50,58 analyses used one or more types of 
advanced statistical modelling (i.e., regression, time series, and time-to-event analyses). Five 
trials42,43,47,48,50 reported a private source of funding. 
 
All-cause mortality 
Seven trials (n = 1,048) reported all-cause mortality (Appendix 5 Figure 2A). The RR of death was 
not statistically significantly different between groups [RR: 0.71 (95% CI: 0.40; 1.24); I2=0%], 
although five of seven trials favoured ESA treatment. One trial45 (n=362) had a follow-up of one year 
or longer and the difference was not statistically significant [RR: 0.78 (95% CI: 0.40; 1.52)]. 
Estimates of treatment effect were non-significant when stratified by modality [i.e., RR for non-
dialysis-dependent patients: 0.35 (95% CI: 0.05; 2.30); I2=0%, RR for PD patients: 1.90 (95% CI: 
0.18; 20.49) and RR for HD patients: 0.71 (95% CI: 0.39; 1.31); I2=0%). 
 
Cardiovascular mortality 
Three trials (n = 564) reported cardiovascular mortality (Appendix 5 Figure 2B). The RR of 
cardiovascular death was significantly lower in ESA recipients [RR: 0.15 (95% CI: 0.03; 0.69); 
I2=0%]. This result was maintained in the two trials in HD patients [RR: 0.16 (95% CI: 0.03; 0.88); 
I2=0%] but was non-significant in the one trial in patients with non-dialysis-dependent CKD [RR: 
0.15 (95% CI: 0.01; 2.99)]. In the one trial45 (n=362) that accrued at least one year of follow-up, the 
pooled RR was significantly lower [RR: 0.11 (95% CI:0.01; 0.87)] with ESA. 
 
Cardiovascular events 
Two trials (n = 445) compared the frequency of MI and heart failure between treatment groups 
(Appendix 5 Figure 2C). The RRs were not statistically significant [RR: 0.56 (95% CI: 0.12; 2.62); 
I2=0% and RR: 0.41 (95% CI: 0.15; 1.07); I2=0% respectively], but the individual trial results both 
favoured ESA treatment. One trial (n=129) reported the incidence of stroke. The RR was non-
significant but also favoured ESA [RR: 0.35 (95% CI: 0.01; 8.41)]. 
 
Health-related quality of life 
One trial (n = 98) measured the change in fatigue (a domain of the KDQ) as shown in Appendix 5 
Figure 2D. The WMD significantly favoured patients who received ESA [WMD: 1.10 units (95% CI: 
0.76; 1.44); I2=0%].  
 
Red cell transfusions 
Three trials (n=300) reported the numbers of participants receiving red cell transfusions during 
follow-up (Appendix 5 Figure 2E). ESA treatment reduced the risk of receiving transfusions by 85%, 
which was statistically significant [i.e., RR: 0.15 (95% CI: 0.05; 0.47], although there was 
considerable heterogeneity [I2=69%]. 



 

Erythropoiesis-Stimulating Agents for Anemia of Chronic Kidney Disease: 
Systematic Review and Economic Evaluation 

9

Risk of initiation of dialysis 
Three trials (n = 246) reported the numbers of participants with non-dialysis-dependent CKD who 
experienced kidney failure requiring dialysis during the trials (Appendix 5 Figure 2F). In two 
trials,46,49 a numerically lower risk of kidney failure was found with ESA (one46 of which was 
statistically significant). Nonetheless, the pooled RR of kidney failure associated with ESA was not 
statistically significantly different from the control [RR: 0.76 (95% CI: 0.45; 1.28; I2=52%]. 
 
Change in renal function 
Two trials (n = 151) compared change in GFR between treatment groups (Appendix 5 Figure 2G). 
The result was statistically significant [WMD: 2.01 mL/min (95% CI: 0.67, 3.34)] indicating smaller 
loss of GFR with ESA. Three trials (n = 296) reported change in SCr (Appendix 5 Figure 2H). The 
WMD was not significantly different [WMD: 30 μmol/L (95% CI: -27.09; 86.49)]; however, 
heterogeneity was large (I2=74%). 
 
Vascular access loss 
One trial (n = 118) reported the incidence of vascular access thrombosis. There were fewer 
thromboses in the group receiving no ESA. The RR, however, was not statistically significant [RR: 
5.64 (95% CI: 0.75; 42.16)]. 
 
Blood pressure and hypertension 
Four trials (n = 575) reported changes in SBP and DBP (Appendix 5 Figure 2I). Both WMDs were 
statistically significant and mainly showed BP reductions among control recipients (four out of five 
comparisons for SBP and three out of five for DBP) and increases in ESA recipients (three out of 
five comparisons for SBP and five out of five for DBP). The WMDs were 6.1 mm Hg (95% CI: 1.8; 
10.4); I2=0% for SBP and 5.5 mm Hg (95% CI: 3.0; 8.1); I2=0% for DBP. One trial reported change 
in mean arterial pressure, although there was no significant differences between groups [WMD: 0.8 
mmHg (95% CI: −6.1; 7.7)] (Appendix 5 Figure 2J). 
 
One trial (n = 229) reported use of anti-hypertensive therapy by participants during the trial, 
revealing that ESA recipients were significantly more likely to require anti-hypertensive therapy 
[RR: 1.57 (95% CI: 1.14; 2.16)]. Three trials (n=274) reported the numbers of participants who 
needed a new or intensified anti-hypertensive medication regimen during the study. All the trials 
(individually) showed significantly increased antihypertensive therapy among ESA recipients; the 
pooled RR was 2.10 (95% CI: 1.38; 3.17); I2=0%. Lastly, one trial (n=131) reported the numbers of 
participants newly started on anti-hypertensive drug therapy, which was non-significant [i.e., RR: 
2.28 (95% CI: 0.52; 9.93)]. When the occurrence of a new antihypertensive prescription or an 
intensified regimen was considered, the risk was again significantly higher in ESA recipients [RR: 
1.76 (95% CI: 1.37; 2.26), I2=0%]. 
 
Adverse events 
Three trials (n=343) reported the numbers of participants who withdrew from the treatment or study 
due to AEs (Appendix 5 Figure 2K). All three trials favoured control, although the pooled result was 
non-significant [RR: 2.10 (95% CI: 0.77; 5.71)]. Two trials (n=269) reported the numbers of 
participants with serious AEs as described by the investigators (Appendix 5 Figure 2K). The pooled 
RR of serious AEs was significantly lower in ESA recipients [RR: 0.29 (95% CI: 0.12; 0.73), 
I2=0%]. Three trials (n=366) reported the numbers of participants with any event considered by the 
investigators to be “adverse” (Appendix 5 Figure 2K). The pooled analysis showed no significant 
difference in risk between treatment groups [RR: 1.02 (95% CI: 0.81; 1.30); I2=51%]. Two trials44,58 
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reported the numbers of participants who experienced a seizure during the trial. One44 found no 
seizures, and the second58 reported three seizures (two for ESA versus one for no ESA); the RR was 
not significant [RR: 1.03 (95% CI: 0.10; 10.97)]. One trial58 reported clotting events in the dialysis 
tubing with no significant difference between treatment groups [RR: 1.03 (95% CI: 0.33; 3.20)]. 
 
b) High versus intermediate/low target Hb protocols 
The 13 trials were generally of poor to moderate quality (Appendix 5 Table 2B). Seven 
trials17,41,51,52,54-56 reported adequate concealment of the treatment assignment. Two trials54,58 were 
double-blinded, and four trials18,21,51,55 blinded only the participants to treatment assignment. Ten 
trials17,20,21,41,51,53-57 adequately described losses to follow up (frequencies and reasons by treatment 
group) and results were <10% in four18,52,56,57 of 12 trials that reported the total percentage of loss-to-
follow-up. All but one trial20 reported analyses based on one or more types of advanced statistical 
modelling (i.e., regression, time series, and time-to-event analyses). All but two trials56,58 reported a 
private source of funding. 
 
Publication bias 
To investigate the potential for publication bias, we used results from analyses comparing all-cause 
mortality between Hb target groups and assessed results using a funnel plot. Our funnel plot appeared 
mildly asymmetrical (Appendix 5 Figure 1). The weighted regression test, however, detected no 
statistical evidence of publication bias (bias=-0.70, p=0.16). 
 
All-cause mortality 
Twelve trials (n=5,434) reported all-cause mortality (Appendix 5 Figure 3A). The RR of death was 
not statistically significantly different between groups [RR: 1.13 (95% CI: 0.91; 1.42)] and 
heterogeneity was small (I2=20%). In eight trials16,17,20,21,51,52,54,56 (n = 4,690) with follow-up ≥1 year, 
similar results were found [RR: 1.10 (95% CI: 0.83; 1.47); I2=34%]. Estimates of treatment effect 
were also non-significant when stratified by severity of CKD or dialytic modality [i.e., RR for non-
dialysis-dependent CKD: 1.15 (95% CI: 0.71; 1.85); I2=30% and RR for HD: 1.10 (95% CI: 0.87; 
1.38); I2=12%]. 
 
We used univariable meta-regression to explore factors that might have accounted for the modest 
observed between-study heterogeneity (I2 = 20%) (Appendix 4 Table 3). Potential explanatory 
variables considered were prior ESA treatment, agent, schedule, route of administration and ESA 
dose, modality, duration of follow-up, achieved Hb, mean participant age, proportion of male 
participants, and proportion of diabetic participants. The only significant result at the p = 0.05 alpha 
level was the proportion of males, suggesting studies with a greater proportion of male participants 
were less adversely affected by high ESA target therapy (p = 0.04). The biological basis of this, 
however, is uncertain. No other explanatory variables were significant (including modality, dose, 
schedule, and route of administration). 
 
Cardiovascular mortality 
Six trials (n = 3,040) reported cardiovascular mortality by treatment group (Appendix 5 Figure 3B). 
The pooled risk of cardiovascular death was not significantly different between target groups [RR: 
1.03 (95% CI: 0.77; 1.39); I2=15%]. Estimates of treatment effect remained similar between groups 
when stratified by modality [i.e., RR for non-dialysis-dependent CKD: 1.10 (95%CI: 0.37; 3.31); 
I2=31% and RR for HD: 1.01 (95% CI: 0.72; 1.42); I2=30%]. In the four trials16,17,54,56 (n = 2,520) 
with a follow-up of one year or more, the RR associated with higher Hb targets remained non-
statistically significant [RR: 0.95 (95% CI: 0.68; 1.31)]. 
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Cardiovascular events 
The RRs of MI, stroke, heart failure, and revascularization in study participants treated to a higher 
Hb target appear in Appendix 5 Figure 3C. There were no statistically significant differences 
between target groups for any outcome [i.e., RR for MI: 1.00 (95% CI: 0.67; 1.49); six trials, 
n=4,365, RR for stroke: 0.94 (95% CI: 0.43; 2.02); two trials, n=1,602, RR for heart failure: RR: 0.97 
(95% CI: 0.65; 1.45), four trials, n=3,805 and RR for revascularization: 0.95 (95% CI: 0.52; 1.73), 
one trial, n=1,233]. The RR estimate for heart failure was the only result with evidence of substantial 
heterogeneity (I2=68%). 
 
Hospitalization 
Four trials (n=3,143) reported numbers of all-cause hospitalizations by treatment group (Appendix 5 
Figure 3D). The risk was increased for those in the high target Hb groups [RR: 1.06 (95% CI: 1.00; 
1.13); I2=0%]. The RR of hospitalization due to a cardiovascular cause was not different between 
treatment groups [RR: 1.10 (95% CI: 0.96; 1.26), two trials, n=2,035]. The heterogeneity was 
moderate (I2=44%). Duration of hospitalization was also reported in three trials (n=1,409) (Appendix 
4 Table 4). These data were not normally distributed, however, and therefore could not be combined 
in meta-analysis. All the individual studies reported a non-significant p value for analyses comparing 
the duration of hospitalization between groups, although the tests and statistics reported by the 
individual study authors did not seem appropriate given the distributions of their data. 
 
Health-related quality of life 
Eight trials16-18,20,21,41,54,55 reported results for one or more domains of the SF-36 scale (Appendix 4 
Table 5). In five that did not report the SF-36, one51 planned to do so in an alternative paper, two53,57 
reported the KDQ, and two52,56 did not report any health-related QoL measure. Of the eight trials 
with SF-36 data, six17,20,21,41,54,55 (n=3,275) reported results in a format conducive to meta-analysis 
(Appendix 5 Figure 3E). Of these, two20,21 studies reported results across all eight physical and 
mental domains. Although the authors were contacted for the additional data, no information was 
obtained. The range of follow-up for all the trials was four months to three years (median 1.9 years). 
One trial20 reported results after their stabilization phase (i.e., four months), whereas the remainder 
had follow-up ≥1 year. Losses to follow-up in all these trials were >10%, ranging from 14% to 38% 
(median 22%). In three of six trials, participants were unaware of their group assignment in the trial. 
 
Our protocol dictated that we extract data from the latest time point available. Given the relative 
paucity of QoL data, we used estimates after one year of follow-up as reported in one trial,17 because 
it was more completely reported than follow-up after two years. After one year, this study reported 
significant benefit in six of eight domains, favouring the high Hb target protocol. After two years, 
two of eight domains significantly favoured the high Hb target protocol. In a meta-analysis of the 
available data (Appendix 5 Figure 3E), we found significant differences between treatment groups 
for two domains (i.e., the general health and vitality domains, both favouring higher Hb targets).  
 
Sensitivity analyses were conducted in light of the limited data on QoL; complete statistical 
summaries were imputed from non-significant p values. One trial16 was not included in these 
analyses, because it reported the association between QoL and incremental change in Hb rather than 
changes in QoL by target group. The effect remained significant for the general health and vitality 
domains, but the magnitude was attenuated [i.e., WMD for general health was 1.61 higher (95% CI: 
0.29, 2.93, seven trials, n=3,421, I2 = 0%) and for vitality was 2.64 higher (95% CI: 1.18, 4.10), 
seven trials, n=3,421, I2 = 0% for the higher Hb targets]. 
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Three trials (n=278) reported change in the fatigue score for the KDQ (Appendix 5 Figure 3E). No 
significant difference was found between treatment groups [WMD was 0.34 higher (95%CI: -0.20; 
0.89); I2 = 74% for higher Hb targets]. 
 
Red cell transfusions 
Four trials (n = 2,303) reported the numbers of participants receiving red cell transfusions during 
follow-up (Appendix 5 Figure 3F). The risk of receiving transfusions was significantly reduced by 
31% in the high target protocol groups [RR: 0.69 (95% CI: 0.57; 0.82); I2 = 0%]. 
 
Risk of initiation of dialysis 
Five trials (n = 2,471) reported the numbers of participants who required initiation of dialysis during 
follow-up (Appendix 5 Figure 3G). In four trials,17,21,51,52 initiation of dialysis was more frequent in 
the high Hb target groups, although results were not significant in any of the individual trials or when 
pooled [i.e., RR: 1.07 (95% CI: 0.90; 1.27), I2=32%]. In the CREATE trial,17 a significantly shorter 
time to initiation of dialysis was found in the high Hb target group at 18 months (log rank test 
p = 0.03). 
 
Change in renal function 
Seven trials (n = 1,367) reported change in GFR or change in CrCl (Appendix 5 Figure 3H). The 
WMD showed a greater non-significant decline in the high Hb target groups [i.e., −0.61 mL/min 
(95% CI: −2.28; 1.06), I2=51%]. Two trials (n=285) reported increases in Scr (Appendix 5 Figure 
3I). The WMD showed a greater non-significant increase in the intermediate or low Hb target groups 
(i.e., 62 μmol/L more, 140 more to 17 less) and heterogeneity was large (I2 = 65%). 
 
Vascular access loss 
Six trials (n = 2,856) reported rates of access thrombosis (Appendix 5 Figure 3J). The RR of 
thrombosis was significantly higher in the high target Hb protocol groups [RR: 1.34 (95% CI: 1.17; 
1.55), I2 = 0%]. One trial reported rates of vascular access loss (Appendix 5 Figure 3J) that did not 
significantly differ [RR: 1.05 (95% CI: 0.69; 1.59), n = 537]. 
 
Blood pressure and hypertension 
Eight trials (n = 3,426) reported on-trial changes in SBP and DBP by treatment group (Appendix 5 
Figure 3K). The WMD for DBP was statistically significant [i.e., 2.31 mm Hg higher (95% CI: 0.87; 
3.75) for high Hb targets]. All but one trial showed greater reductions (four of seven) or smaller 
increases (one of seven) in the intermediate or low Hb target groups (ignoring one trial53 that reported 
only final values). Heterogeneity was moderately large (I2=56%). SBP did not differ between groups 
[WMD 0.12 mm Hg higher for high Hb targets (95% CI: −1.32; 1.56), I2 = 0%].  
 
There was a significant difference in the risk of hypertension or the need for intensified 
antihypertensive therapy in one of five trials between intermediate or low and higher Hb targets 
(Appendix 5 Figure 3L). Three trials (n=1,137) reported the use of antihypertensive drug therapy 
during the trial [RR: 1.00 (95% CI: 0.94; 1.06); I2=17%]. One trial (n=63) reported the numbers of 
participants who required new or intensified antihypertensive therapy during follow-up [RR: 1.21 
(95% CI: 0.55; 2.66)]. Lastly, one trial (n=602) reported a significant difference in the number of 
participants with hypertension (SBP>60 mmHg) during follow-up [i.e., RR: 1.52 (95% CI: 1.14; 
2.02)]. The pooled result of the occurrence of any of these outcomes was non-significant [RR: 1.10 
(95% CI: 0.93; 1.30) and large heterogeneity (I2 = 80%)]. 
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Left ventricular mass index 
Four trials (n = 1,067) reported change in left ventricular mass index (Appendix 5 Figure 3M). The 
difference in change was not significant between groups [WMD 1.29 g/m2 lower in the high target 
groups (95% CI: -5.04; 2.46), I2 = 0%]. 
 
Adverse events 
Five trials (n = 1,391) reported the numbers of participants who discontinued therapy due to AEs 
(Appendix 5 Figure 3N). Overall RR was not significantly different between groups [RR: 1.15 (95% 
CI: 0.73; 1.80), I2 = 22%)]. Five trials (n = 2,529) reported the numbers of participants with serious 
AEs (Appendix 5 Figure 3N). The risk was significantly higher for higher target Hb [RR: 1.26 (95% 
CI: 1.00; 1.58)] with large heterogeneity (I2 = 67%), although all trials tended to favour lower target 
Hb. Five trials (n = 3,159) reported the numbers of participants with any AEs (Appendix 5 Figure 
3N). The pooled risk of any AE was significantly higher for higher target Hb [RR: 1.03 (95% CI: 
1.00; 1.05)]. Two trials1,58 reported the numbers of participants who had a seizure during the trial. 
One1 found no seizures and the second58 reported two seizures (two in the intermediate or low and 
none in the high groups). The RR of seizures was not significantly different between groups [RR: 
0.21 (95% CI: 0.01; 4.24)]. Clotting events in the dialysis tubing were reported in one trial58 with no 
significant differences [RR 1.05 (95% CI: 0.28; 3.91)]. 
 
c) Darbepoetin versus epoetin 
The three trials were of moderate quality (Appendix 4 Table 2C). Two60,61 reported adequate 
concealment of treatment assignment, and two59,60 were double-blind and adequately described losses 
to follow up, both of which were <10%. One trial60 used a advanced statistical technique as 
previously defined, and two60,61 reported a private source of funding. 
 
All-cause mortality 
Two trials (n = 670) reported all-cause mortality, one in patients with non-dialysis-dependent CKD61 
and the other in HD patients60 (Appendix 5 Figure 4A). There was no statistically significant 
difference in risk of death between agents [RR: 0.85 lower for darbepoetin (95% CI: 0.40; 1.80), 
I2=0%]. None of the trials followed their participants for ≥1 year. 
 
Cardiovascular mortality 
One trial61 (n = 166) reported the incidence of cardiovascular deaths. The RR of death was not 
significantly different between agents [RR: 0.57 (95% CI: 0.05; 6.15)]. 
 
Red cell transfusions 
Two trials (n = 673) reported the numbers of participants receiving red cell transfusions during 
follow-up (Appendix 5 Figure 4B). The risk of receiving transfusions was not significantly different 
between hemapoietic groups [RR: 0.86 (95% CI: 0.52; 1.42), I2 = 0%], but both trials reported 
numerically fewer participants with transfusions in the darbepoetin groups. 
 
Vascular access loss 
Two trials (n = 612) reported vascular access loss (Appendix 5 Figure 4C). The RR was not 
significantly different between agents [RR: 0.93 (95% CI: 0.62; 1.41), I2 = 0%]. 
 
 
Renal function 
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One trial61 (n = 166) compared change in GFR between agents. The mean difference (0.40 mL/min 
faster for epoetin alpha, 2.15 slower to 2.95 faster) was not statistically significant. 
Blood pressure and hypertension 
One trial61 (n = 166) compared on-treatment changes in SBP and DBP. There was a significant 
difference in SBP [mean difference 11.0 mmHg lower for darbepoetin (95% CI: 3.1; 18.9)], which 
was lowered with darbepoetin and increased with epoetin. Changes in DBP were not significantly 
different between agents (mean difference 2.0 mmHg lower for darbepoetin, 5.6 lower to 1.6 higher). 
One trial59 (n = 105) reported a non-significant difference in the number of participants newly started 
on anti-hypertensive drug therapy [RR: 0.71 (95% CI: 0.12; 4.05)]. 
 
Adverse events 
Two trials (n = 670) reported frequency of AEs (Appendix 5 Figure 4D). The pooled RR did not 
significantly differ [RR: 1.08 (95% CI: 0.73; 1.60)], and there was large heterogeneity (I2 = 90%). 
 
d) Supplemental issues 
Dose 
The six trials were of poor to moderate quality (Appendix 4 Table 2D). None of the trials reported 
concealment of treatment assignment. Half69-71 were double blind, and in one62 only the participants 
were blinded. Losses-to-follow-up were only described adequately in one trial62 although all trials 
reported losses <10%. One trial43 used an advanced statistical technique as defined and two43, 62 
reported private sources of funding. 
Abraham et al.43 (n = 121) compared 25 U/kg, 100 U/kg, and 200 U/kg per week doses of epoetin 
beta. The change in SBP was significantly higher in the 200 U/kg versus the 25 U/kg per week group 
[mean difference 12.0 mm Hg, (95% CI: 2.7; 21.8)]. The change in DBP or the frequencies of new or 
intensified anti-hypertensive drug therapy were not significantly different between groups. Sobata et 
al.70 in Trial A (n = 131) compared the same three doses of epoetin beta and report no significant 
differences between AE rates between groups. 
 
Teehan et al.62 (n = 117) compared 50, 100, and 150 U/kg per week doses of epoetin alpha with 
placebo. There were no statistically significant differences in CrCl, SCr, frequency of “serious” 
increases in blood pressure, or incidence of seizures between doses. Pollok et al.72 (n = 95) compared 
40 U/kg, 80 U/kg, and 120 U/kg per week doses of epoetin beta. The addition of new or increased 
use of anti-hypertensive drug therapy was significantly greater in the 120 U/kg versus the 40 U/kg 
per week group [RR: 2.00 (95% CI: 1.06; 3.76)] although there were fewer AEs in the 40 U/kg per 
week group. Suzuki et al.69 (n = 179) compared 1,500 U per week and 3,000 U per week doses of 
epoetin beta with placebo. The use of transfusions was significantly reduced in both dose groups 
versus placebo [RR: 0.37 (95% CI: 0.14; 0.98) for 3,000 U per week and RR: 0.23 (95% CI: 0.07; 
0.75) for 1,500 U per week]. The RR between dose groups was not significant. Changes in SBP and 
DBP, anti-hypertensive drug regimens, or rate of AEs did not significantly differ between doses. 
Maeda et al.71 (n = 89) compared 1,500 U per week, 3,000 U per week, and 6,000 U per week doses 
of epoetin (specific agent not reported). There were no significant dose-related differences in 
increased BP or AE rates.  
 
Schedule 
The four trials were of reasonable size (each n ≥173), but generally were of poor quality (Appendix 4 
Table 2E). One trial63 was double-blinded and adequately concealed treatment assignment and 
described losses to follow up. This trial also had <10% losses to follow up whereas the remaining 
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trials had losses ≥10%. Two trials64, 65 used advanced statistical procedures as defined, and all 
reported private sources of funding. 
 
Mircescu et al.63 and Locatelli et al.39 compared a once-per-week to a once-per-two-weeks schedule. 
All-cause mortality was not significantly different between the schedule groups [RR: 1.11 (95% CI: 
0.46; 2.66), one trial, n = 308]. The incidence of red cell transfusions was not statistically different 
between groups, although the once-per-week schedule was favoured [RR: 0.55 (95% CI: 0.21; 1.44)]. 
There was no loss of vascular access in either group (i.e., one trial, n = 203). Changes in SBP were 
significantly lower in the once per week group [mean difference — 8.6 mm Hg (95% CI: 14.8; 2.4, 1 
trial, n = 203)]. Changes in DBP (mean difference −3.4 for once per week (95% CI: −7.11; 0.31) and 
the use of anti-hypertensive drug therapy [RR: 0.98 (95% CI: 0.88; 1.08)], one trial, n=203] were not 
significantly different between dosing regimens. Rates of withdrawal from treatment [RR: 0.67 (95% 
CI: 0.11; 3.93)], serious AEs [RR: 1.32 (95% CI: 0.92; 1.91)], and of any AE [RR: 1.05 (95% CI: 
0.95; 1.16)] also did not significantly differ (all one trial, n=308). 
 
The PROMPT trial65 (n = 519) compared four dosing schedules: once every week, two weeks, three 
weeks, or four weeks. All-cause mortality, rates of hypertension, and rates of withdrawals due to AEs 
were not significantly different between the four schedules. 
 
Locatelli et al.64 (n = 173) compared a once-per-week with a three-per-week schedule. Risks of all 
cause mortality [RR: 0.19 (95% CI: 0.02; 1.57)], red cell transfusions [RR: 0.79 (95% CI: 0.29; 
2.19)], vascular access loss [RR: 0.63 (95% CI: 0.11; 3.64)], and serious AEs [RR: 0.81 (95% CI: 
0.52; 1.28)] were not significantly different between dosing regimens. One hypertensive crisis was 
reported in the once per week group and none every three weeks, although results were not 
statistically significant. 
 
Route of administration 
The three trials were of poor quality (Appendix 4 Table 2F). None of the trials reported if or how 
treatment assignment was concealed. One66 was double-blinded, and one67 was single-blinded. Two 
trials67,68 adequately described losses to follow up, but both had >10% losses. Two trials66,67 used an 
advanced form of statistical analysis, and all reported private sources of funding. 
 
All-cause mortality was reported in two trials (n = 336) (Appendix 5 Figure 5A). The risk of death 
[RR: 0.77 (95% CI: 0.23; 2.56)] was not significantly different between routes of administration; 
however, heterogeneity was large (I2 = 60%). One trial67 (n = 81) reported health-related QoL results 
(i.e., the fatigue domain of the KDQ). The mean difference [−0.30 (95% CI: −0.90; 0.30)] in change-
from-baseline was not significantly different between routes of administration. Vascular access 
thrombosis was reported in one trial67 (n = 107), and the RR between routes of administration was 
not significant [RR: 1.10 (95% CI: 0.31; 3.86)]. 
 
Two trials (n = 211) reported the addition of new or increased use of anti-hypertensive drug therapy 
and the risk of increased blood pressure or seizure (Appendix 5 Figure 5B). The pooled results were 
not significantly different [RR: 1.01 (95% CI: 0.58; 1.75), I2=27%]. One trial67 (n = 128) reported AE 
data. Rates of seizures [RR: 3.51 (95% CI: 0.41; 30.37)] and clotting at the access site [RR: 1.10 
(95% CI: 0.31, 3.86) or in the dialysis tubing [RR: 0.67 (95% CI: 0.32; 1.40)] were not significantly 
different between groups.  
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e) Four target hemoglobin strategies using indirect comparison models 
For the ensuing analyses, we classified each RCT treatment arm into the following categories based 
on target level of Hb: high (≥120 g/L), intermediate (110 g/L), low (90 g/L to 105 g/L), and no ESA. 
High target Hb and no-ESA strategies were classified according to how the primary trial authors had 
described them. For the low target Hb and ESA groups, our procedure was to categorize the group 
into the intermediate strategy if the target Hb overlapped 110 g/L and the achieved Hb was >105 g/L, 
otherwise it was assigned to the low strategy. Using this method, our analysis included 17 RCTs 
(eight in dialysis patients,16,18,42,44,45,50,54,57 eight in non-dialysis-dependent CKD 
patients,17,20,21,46,51,52,56,73 and one with dialysis- and non-dialysis-dependent patients53). This resulted 
in seven treatment arms assigned to no ESA, six to the low, 13 to the intermediate, and 11 to the high 
target Hb strategies (Figure 1). Only the high versus intermediate or low target Hb trials and the ESA 
versus no ESA trials were included, and the target Hb for the no ESA arms is not shown. 
 
All-cause mortality 
Using random intercept logistic regression,38 an indirect comparison technique, we explored the 
relationship between target Hb strategy and risk of mortality using the intermediate strategy as our 
referent group (Appendix 4 Table 6). This allowed us to estimate the relative odds of death between 
any two target strategies and not just the comparisons typically studied. Because the low and 
intermediate groups were not significantly different from each other, we show the results for the two 
groups combined (Figure 2 and Appendix 4 Table 6). Results were high Hb target [OR: 1.24 (95% 
CI: 1.02; 1.50)] and no ESA [OR: 1.25 (95% CI: 0.69; 2.27)]. When mean achieved Hb levels were 
categorized according to >125 g/L, 105.1 g/L to 125 g/L [referent], 90.1 g/L to 105 g/L and ≤90 g/L, 
the following results were obtained: >125 g/L [OR: 1.37 (95%CI: 1.02; 1.84)], 90 g/L to 105 g/L 
[OR: 1.07 (95% CI: 0.75; 1.54)], and <90 g/L [OR: 0.65 (95% CI: 0.20; 2.09)] (Appendix 4 Table 6). 
The highest three achieved Hb groups (i.e., >125 g/L, 105.1 g/L to 125 g/L, and 90.1 g/L to 105 g/L) 
were similar to the highest three Hb target groups (i.e., high, intermediate, and low) in estimated ORs 
and in the included treatment groups. In contrast, the no-ESA groups were spread from the <90 g/L 
group to the 105.1 g/L to 125 g/L group. 
 
In similar analyses, we explored the association between mean required dose and all-cause mortality 
(after adjusting for route of epoetin administration).68 Compared with a referent group of 0 U per 
week to 5,000 U per week, doses of ≥15,000 U per week were associated with an increased risk of 
death [OR: 1.70 (95% CI: 1.04; 2.77)]. 
 

 

5 ECONOMIC ANALYSIS 
5.1 Review of Economic Studies 
5.1.1 Methods 

A protocol for the systematic review was written a priori and followed throughout the process. 
 
a) Literature search strategy 
In addition to the results from the literature searches for the clinical systematic review, we screened 
citations resulting from economic search strategies. These searches were conducted in MEDLINE, 
EMBASE, EconLit, the NHS Economic Evaluation database, and other sources (n=3) (Appendix 1 
Table 1).  
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Figure 1: Target Hb strategies 
 

 
Figure 2: All-cause mortality by target Hb group 
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b) Selection criteria 
Studies were eligible for inclusion in the systematic review if they met the following criteria: 
• Evaluated the incremental impact of an ESA against a comparator group on relevant costs and 

health benefits 
• Comparator group included one of the following: placebo, no therapy with ESA, different ESA, 

or same ESA but varying Hb target, dose, or schedule 
• Comparisons of agents, route, or schedule to achieve an identical Hb target may be included (as 

cost-minimization analysis), but only if based on RCT data for effectiveness, and must contain 
other features of a true economic evaluation (e.g., sensitivity analysis). 

• Examined a cohort of adult patients with CKD (i.e., Stage 3-5 CKD not on dialysis or ESRD on 
dialysis). 

 
The protocol specified that analyses based on RCTs or in Canadian settings would receive higher 
priority consideration when formulating conclusions. 
 
c) Selection method 
Two reviewers (SK, BM) applied the selection criteria to the title and abstract of each citation. Full-
text articles were obtained for citations that could not unequivocally be excluded by the title and 
abstract alone, and the full text was assessed in detail using a printed form (Appendix 10 Form 4). To 
be included in the review, each study had to satisfy all the selection criteria. Disagreements between 
reviewers were resolved by consensus.  
 
d) Data extraction strategy 
Two reviewers (SK, BM) used a standard data extraction form to independently extract and 
document relevant information. Types of information captured were author, title, intervention, 
comparators, study population, study design, time horizon, perspective, data sources for effects, data 
sources for costs, health-related QoL, currency, year, base case incremental cost-effectiveness ratio 
results or incremental net benefit, sensitivity analysis, and conclusions. 
 
e) Strategy for quality assessment of the studies 
The quality of each included study was independently assessed by two reviewers (SK, BM) using a 
checklist adapted from the BMJ74 and the Consensus on Health Economic Criteria (CHEC).75 In 
addition, information on industry funding was recorded. 
 
f) Data analysis methods 
We anticipated a priori that a small number of articles would be identified, therefore a qualitative 
synthesis of included studies was planned. Studies were grouped by the treatment strategies 
compared in the base case analysis including ESA versus placebo or no treatment; comparison of Hb 
targets; and comparison of dose, route, schedule, and ESA. The qualitative synthesis is intended to 
highlight limitations and relevance of existing studies, costs, and QoL and to assess the applicability 
of the findings to a contemporary Canadian setting. 
 
5.1.2 Results 

Of the 2,289 citations that were identified from the combined searches, 60 were identified for further 
scrutiny (Appendix 2 Figure 1B). A total of 54 articles were excluded (Appendix 2 Figure 1B), 
resulting in six studies that met the selection criteria. Disagreements arose with 12% of the articles 
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(kappa = 0.56). Two of seven disagreements resulted in inclusion. The included articles appear in 
Appendix 6 Table 1. 
 
Study performance on the quality criteria is shown in Appendix 6 Table 2. Four articles76-79 reported 
industry involvement.  
 
a) Narrative review 
Comparison of ESA versus no ESA 
Harris et al.76 presents an analysis in which some aspects are consistent with those of the cost-
minimization study. Effectiveness data (including changes in health care resources and patient 
productivity costs) were based on an observational study of 30 HD subjects who received epoetin to 
achieve a target Hb of 90 g/L to 100 g/L, using patients as their own controls. Although 
improvements in QoL were noted, they were not included as a measure of effectiveness as in a 
conventional cost-effectiveness analysis. The authors concluded that epoetin could be administered at 
a net cost savings due to a reduction in observed direct medical (e.g., hospitalization, medical 
consultation) and productivity costs (e.g., social security benefits, taxation). Nonetheless, the lack of 
rigorous methods as specified in contemporary economic evaluation and reliance on data from a 
small pre-post-observational study compromises the validity of the findings. 
 
Leese et al.78,80 conducted an assessment of QoL before and after treatment with epoetin in five 
European countries. Cost modelling was performed using secondary data from a variety of sources. 
This in turn was used to calculate the cost-utility of treatment for each country. The conclusions 
reached were that epoetin was a costly strategy for achieving gains in QoL. Overall, the study was of 
reasonable quality, although it was also based on observational study data. This analysis was updated 
in a study by Remák et al.,79 who used the original model by Leese with updated parameters, using 
previously reported changes in QoL,57,76 meta-analysis of pre-post studies for transfusion and 
hospitalization, the UK renal registry, and expert opinion. They concluded that epoetin was relatively 
attractive, and the change in the ICUR from the original study was primarily driven by a lower actual 
dose of epoetin (6,160 U/week versus 12,000 U/week) and lower acquisition cost over time 
(£8.38/1,000 U versus £15/1,000 U). 
 
Administration of ESA 
Hynes et al.77 incorporated effectiveness data for IV- or SC-administered epoetin from an RCT in 
208 HD patients at Veterans Affairs dialysis facilities.68 The authors estimated the potential cost 
savings realized by the improved efficiency of achieving a target Hb [or hematocrit (Hct) in this 
case] by using SC versus IV epoetin in all patients. In the base case, cost savings were estimated at 
US$47 million for SC as opposed to IV epoetin. The range was US$15 million to US$295 million, 
depending on the realized efficiency gains and the fraction of HD patients receiving IV epoetin at 
baseline. Piccoli et al.81 used data from a RCT comparing 6,000 U per week, 9,000 U per week, and 
12,000 U per week of epoetin in continuous ambulatory peritoneal dialysis (CAPD) patients in a 
decision tree to determine the least costly strategy, assuming all achieved similar QoL. They 
concluded that it was most efficient to use the low-dose strategy first and to reserve higher doses for 
non-responders to initial treatment. 
 
Comparison of hemoglobin targets 
Tonelli et al.22 performed a cost-utility analysis of Hb targets in prevalent HD patients using a 
Markov model. RCT data were used if available, and modelling was used to determine the likely 
dose requirements of epoetin to achieve target Hb and possible increases in QoL. The base case result 
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suggested that targeting an Hb range of 110 g/L to 120 g/L was associated with an incremental cost-
utility ratio (ICUR) of US$55,295, while targeting a higher Hb range was associated with an 
unfavourable ICUR (>$500,000 per QALY). Large reductions in hospitalizations with lower epoetin 
doses to achieve Hb targets or increases in QoL would be required to result in a significant lowering 
of the ICUR for the higher Hb target group. These were thought to be implausible, and it was 
concluded that targeting Hb above 120 g/L was not an attractive strategy.  
 
5.1.3 Discussion 

Studies that were conducted when ESA were introduced do not indicate that the cost-effectiveness 
ratios associated with their use are attractive (i.e., compared with non-use and blood transfusions as 
required). Reliance on observational data for estimates of clinical benefit and economic 
consequences significantly limit confidence in the results attained, especially given the lack of a 
sensitivity analysis. An updated analysis using observed doses and contemporary costs indicates a 
lower ICUR of ESA (compared with non-use) that is likely to be considered attractive. In Canada and 
most developed nations, the treatment of anemia in dialysis patients with ESA is the current standard 
of care. 
 
The two cost-minimization studies77,81 investigating administration and dosing suggest that the SC 
route, as opposed to IV, is preferable given the lower doses needed to achieve a target Hb. They also 
suggest that initial treatment with lower epoetin doses may be more efficient. The generalizability of 
the latter study, however, to other settings where ESA dosing (frequency) may differ is unclear. No 
economic evaluations that compared different agents were identified. The study22 examining the use 
of higher Hb targets was more contemporary, was of higher quality, and was not industry-funded, 
which increases confidence in the results.82 The finding of an unattractive ICUR with higher Hb 
targets remains relevant, because no RCTs have since reported dramatic improvements in QoL or 
reductions in hospitalizations (identified in a sensitivity analysis) that are enough to make higher Hb 
targets attractive. 
 
Notably absent are economic evaluations of ESA use in the non-dialysis CKD population, which 
comprises a significantly greater fraction of the general population than dialysis-dependent 
patients.83-85 These patients are expected to have less severe anemia (and subsequently lower 
transfusion or lower ESA dose requirements) than their dialysis-dependent counterparts. Despite this, 
the numbers of patients are expected to lead to significant cost implications, and therefore, an 
analysis in this population is important. 
 
5.2 Primary Economic Evaluation 
5.2.1 Methods 

a)  Objective  
To determine the cost-effectiveness of treating CKD patients with ESA to a low, intermediate, or 
high Hb target compared with a strategy of managing anemia without ESA. 
 
b) Population 
Two patient populations are considered in the analysis: dialysis patients and non-dialysis-dependent 
CKD patients. In the base case analysis for dialysis patients, we evaluated a simulated cohort of adult 
patients (≥16 years old) with information derived from the Canadian Organ Replacement Registry 
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(CORR), which collects information on Canadian dialysis patients undergoing dialysis or 
transplantation.86 We used CORR data for a random sample (approximately 37%) of patients starting 
renal replacement in Canada between January 1, 1996 and December 31, 2000.87 After excluding 
children (n = 117), we performed analyses on the resulting dataset. The dataset included clinical and 
demographic data, geographical location, dialysis modality, and whether the patient died or received 
a transplant after up to six years of follow-up (i.e., follow-up ended December 31, 2002).  
 
For the non-dialysis-dependent CKD patients, we evaluated a simulated cohort of adult patients 
identified using data from the Alberta Kidney Disease Network (AKDN), which captures data on 
patients with non-dialysis-dependent CKD from a geographically defined area (i.e., Alberta). Using 
this dataset, we defined a community-based cohort of 1,721 patients having Stage 3 or higher non-
dialysis-dependent CKD (i.e., GFR <30 mL/min) who had an Hb <110 g/L (and thus a potential 
candidate for ESA) or who were receiving ESA.  
 
Given that Canadian CPGs recommend a target Hb of 110 g/L to 120 g/L, these cohorts most closely 
approximate patients treated to a target Hb of 110 g/L. Data taken from these patient cohorts included 
the risk of mortality and transplant for dialysis patients and the risk of mortality and starting dialysis 
for non-dialysis-dependent CKD patients (Appendix 7 Table 1). 
 
c) Treatment comparators 
Four treatments were compared in each of the two relevant patient populations. The treatments were 
no ESA use or use of ESA to attain a low, an intermediate, or a high Hb target (Appendix 8 Figure 
3). The three Hb targets selected were chosen as being representative of common practice as 
advocated by CPGs (110 g/L)88 or that represent the commonly tested ranges of Hb selected in RCTs 
(90 g/L to 105 g/L and >120 g/L).  
 
Because most patients with ESRD in the CORR registry and AKDN dataset would be managed to an 
intermediate Hb target, patients from CORR and AKDN were used to inform the baseline clinical 
estimates for the intermediate target (taken to be our referent strategy). The RR of mortality (in 
dialysis- and non-dialysis-dependent CKD) and for starting dialysis were applied to the other 
treatment arms, based on data available from RCTs. 
 
Although epoetin delivery is more efficient by the SC route (which permits an approximate 33% dose 
reduction compared with IV administration),68 epoetin is administered by IV to all HD patients in 
Canada because of the theoretical concern about the risk of pure red cell aplasia.89 Therefore, our 
primary analysis assumed that epoetin would be given IV in HD patients (81% of all ESRD)90 and 
SC in PD and non-dialysis-dependent CKD patients.  
 
d) Dose of epoetin needed in treatment strategies 
The mean epoetin dose needed to achieve each Hb target was based on the doses required to achieve 
a similar target in each existing RCT. Epoetin use was modelled separately for trials that enrolled 
dialysis and non-dialysis-dependent CKD patients using a negative binominal regression model.38 
After adjusting for administration route, the estimated mean epoetin doses (in SC dosing units) 
required for each Hb target in dialysis patients were 5,911 U per week (low), 8,256 U per week 
(intermediate), and 16,108 U per week (high). Non-dialysis-dependent CKD patients needed lower 
doses: 2,399 U per week (low), 3,351 U per week (intermediate), and 6,538 U per week (high) for 
each Hb target. 
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e) Analytic approach 
To determine the cost-effectiveness associated with each of the four treatment strategies, we updated 
an economic decision model, stratifying patients by age 65 years.22 We modified the structure to 
enable it to model ESA use in patients with non-dialysis-dependent CKD, thereby enabling these 
patients to transition to death and to dialysis (Appendix 8 Figures 1 and 2). The analysis was 
continued until <1% of the original cohort remained alive. 
 
The model outputs were QALYs, life years gained, health care costs, and the cost per QALY gained. 
QALYs were calculated by multiplying the time spent by the average patient in each clinical state by 
the utility associated with that state. We performed base case analyses using Markov cohort analysis 
and used Monte Carlo simulation for probabilistic sensitivity analysis. We modelled non-dialysis-
dependent CKD and dialysis patients separately. All analyses were performed using TreeAge Pro 
2005 (Williamstown, Massachusetts). 
 
f) Audience and perspective 
The target audience includes provincial health ministries and regional renal programs that are 
responsible for providing care to CKD and ESRD patients. The primary perspective is that of the 
Canadian publicly funded health care system, consistent with Canadian Agency for Drugs and 
Technologies in Health (CADTH) economic guidelines.91 There may be potential differences in 
productivity and patient costs if a treatment strategy leads to differences in long-term functional 
status. For example, patients who need maintenance HD may be less likely to work. Given the 
paucity of information on employment status in this patient population, lack of information on 
personal and productivity costs, methodological uncertainty about how to incorporate them,92,93 and 
no RCT evidence to suggest that there would be differences between the four treatment strategies, a 
societal perspective was not considered. 
 
g) Time horizon 
The primary analysis used a lifetime time horizon, consistent with CADTH guidelines.91  
 
h)  Clinical events in patients treated to Hb target of 110 g/L 
Dialysis cohort 
Baseline transition probabilities for mortality and transplantation were based on a population-based 
analysis of a cohort of Canadian patients with ESRD.87  
 
Non-dialysis-dependent CKD cohort  
Data on non-dialysis-dependent CKD patients were taken from a community-based cohort of patients 
with Stage 3 or higher non-dialysis-dependent CKD (i.e., GFR <30 mL/minute).94 For this analysis, 
we included only those patients who had an Hb <110 g/L (and thus a potential candidate for ESA) or 
who were being treated with ESA (epoetin or darbepoetin). Data on the baseline risk of mortality and 
need for dialysis were extracted for these patients.  
 
For non-dialysis-dependent CKD patients, an age-specific risk of mortality and starting dialysis was 
calculated. The risk of death for patients who subsequently started dialysis was derived from CORR 
data, stratified for patients less than and more than 65 years old. The annual risk of death or dialysis 
was assumed to be constant over time. 
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Efficacy of ESA used to target different hemoglobin strategies 
Estimates of efficacy and effectiveness of managing patients without ESA and use of ESA to achieve 
low, intermediate, or high Hb targets were based on findings from the systematic review and meta-
analyses included in this report. Because we did not find any RCTs that compared all four treatment 
strategies in the same study, we estimated their relative effects (i.e., on mortality, hospitalization, and 
risk of starting dialysis) using an indirect method as in the systematic review.  
 
Mortality 
For patients managed with each of the four strategies in the RCTs, we modelled the OR of death for 
non-dialysis-dependent CKD and dialysis patients using logistic regression. A random intercept 
model was used, and all strategies were compared with the intermediate Hb target. The calculated 
OR was then converted to an age-specific RR using the baseline age-specific risk of death (Appendix 
7 Table 2). The combined RR (for non-dialysis-dependent CKD and dialysis patients) was applied to 
the risks of death in non-dialysis-dependent CKD and dialysis patients treated to an intermediate Hb 
target. Recognizing that the RR of mortality might differ between the two populations, we applied 
dialysis- and non-dialysis-dependent, CKD-specific RRs in sensitivity analyses.  
 
Risk of starting dialysis 
Only data from RCTs that enrolled patients with non-dialysis-dependent CKD were considered in 
this risk estimation (Appendix 7 Table 2). Given the limited number of studies, we were unable to 
use meta-analysis to determine the impact of starting dialysis for the low Hb target group compared 
with any other group. Therefore, in the base case analyses, we assumed an equal risk of starting 
dialysis for the low and intermediate target groups. 
 
Risk of hospitalization 
The RR of hospitalization was reported in four RCTs, most of which compared patients treated to a 
high versus an intermediate Hb target. The analysis provided reasonable evidence of a marginally 
higher risk of hospitalization [i.e., RR: 1.06 (95% CI: 1.00; 1.13)] in patients treated to a high Hb 
target (Appendix 5 Figure 3D). Because of the lack of evidence pertaining to hospitalization for the 
other treatment strategies, we assumed that the risk of hospitalization would be similar for the 
intermediate, low, and management-without-ESA strategies. These estimates were subjected to a 
sensitivity analysis. 
 
Risk of transfusion 
One of the justifications for ESA use is a reduction in the need for blood transfusions. One study42 
identified in the systematic review quantified and reported an estimate of the lower usage of blood 
transfusions in those treated with ESA. In base case analyses, we estimated that patients using any of 
the three ESA strategies would require 0.09 units of pRBCs per month, compared with 0.44 units of 
pRBCs per month for patients not using erythropoietin.42  
 
Quality of life 
The baseline utility estimate for dialysis patients treated to an intermediate Hb target was taken from 
an observational study of ESRD patients who were treated to a target Hb of 110 g/L to 120 g/L.95 
The estimate for non-dialysis-dependent CKD patients treated to an intermediate Hb target was 
unavailable from any Canadian cohort, so we estimated it from SF-36 data reported in the CHOIR 
study21 for the intermediate Hb target arm (i.e., target Hb of 113 g/L). Given the lack of utility 
measures in the randomized trials and, as was done for several of the quality-of-life estimates, we 
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estimated utility scores by converting SF-36 domain scores to a Quality of Well-being utility score 
using a validated method96 (Appendix 7 Table 3). 
 
Quality of life for patients managed by one of the other three treatment strategies was estimated. No 
studies were identified where differences in QoL were determined between all four treatment 
strategies in the same RCT, thus indirect comparisons were needed. Furthermore, because most 
studies did not report utility scores, we also searched for data on a QoL instrument that could be 
converted to a utility score using a validated algorithm.  
 
Intermediate versus high Hb target strategies: Of the nine relevant studies, three18,53,57 reported only 
the KDQ, an instrument that could not be converted to a utility score. The remaining six 
studies17,20,21,41,54,55 reported domains of the SF-36. Two studies20,21 reported all eight domains of the 
SF-36. These data were combined to calculate a pooled estimate of change in SF-36 for the high Hb 
target, compared with the intermediate Hb target, which was then converted to a utility score96 that in 
turn was applied to the high Hb target.  
 
Management of anemia without ESA versus low and intermediate Hb targets: One RCT reported 
utility estimates (baseline and after six months) for patients managed without ESA compared with 
those treated to a target Hb of approximately 110 g/L.57 After six months, there was no change in 
utility from baseline among participants in the “no treatment” arm. Those treated to a target Hb of 
110 g/L reported a non-significant improvement of 0.06 after six months. The trial was 
underpowered (i.e., n = 32 in this treatment arm), and therefore in the base case analyses, we 
assumed that the utility score (measured on a 0 to 1 scale) would be 0.06 lower for patients managed 
without ESA than for those treated to a target Hb of 110 g/L. Because data were unavailable for the 
low group, we assumed that there would be a linear increase in QoL between the “no treatment” and 
the intermediate strategies (i.e., utility score in the low target Hb patients would be 0.03 higher than 
in the “no treatment” patients). These assumptions were tested in sensitivity analyses. 
 
i) Discounting 
A discount rate of 5% was applied to costs and effects.97 
 
j) Costs 
All costs are reported in Canadian dollars and are inflated to 2006 costs using the consumer price 
index for health care goods in Canada.98  
 
Cost of epoetin and red cell transfusions 
The cost per 1,000 U of epoetin was C$15.32 as listed on the Alberta Health and Wellness Drug 
Benefit List. Costs in other jurisdictions were also considered (e.g., Ontario C$14.25 per 1,000 U, 
Yukon C$14.25 per 1,000 U). The cost of a red cell transfusion was estimated at $250 per unit, based 
on the results of a study by Tretiak et al.99  
 
Cost of hospitalization 
Annual costs of hospitalization for dialysis patients were identified from a high quality micro-costing 
study that enumerated health care resource use and costs for a Canadian ESRD patient population.100 
The annual costs for non-dialysis-dependent CKD patients were based on data from the AKDN non-
dialysis-dependent CKD patient cohort, using costing data from the Alberta Ministry of Health and 
Wellness (Appendix 7 Table 4). These costs were used to inform the baseline cost of hospitalization 
for patients in the intermediate target Hb strategy. The costs of hospitalization were assumed to be 
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equal for the intermediate, low, and management-without-ESA strategies, given that the risks of 
hospitalization were considered to be equal between strategies and higher for the high Hb strategy.  
 
Associated health care costs 
Any therapy that extends life will also increase associated health care costs. Therefore, we also 
estimated the costs of ongoing dialysis and transplant therapy using data from Canadian studies.101,102 
Some methodological controversy exists regarding which costs should be included in economic 
evaluations that are performed in ESRD. For the primary analysis (i.e., publicly funded health care 
system), we considered all costs.103 Interventions that improve the survival of dialysis patients 
without reducing the need for dialysis will be associated with a cost-utility ratio at least as great as 
that of dialysis. The magnitude of the cost-utility ratio for inexpensive therapies that improve the 
survival of ESRD patients may depend more on the estimate used for future dialysis costs than the 
costs and benefits that are directly related to the intervention.103 The inclusion of such costs (which in 
itself is methodologically correct) may mitigate against the acceptance of interventions that improve 
patient survival. In light of this, in the scenario analysis, we explored the cost per QALY gained, 
excluding the costs of dialysis and transplant.  

k) Assumptions and potential limitations 
• We assumed that the four treatment strategies tested were the only relevant strategies. We would 

have preferred to include additional Hb targets such as 110 g/L to 120 g/L,22 but were constrained 
by available RCT data, as there are little data from randomized trials on the widely used 110 g/L 
to 120 g/L strategy. The strategies that we modelled balanced the need to consider relevant 
targets with the requirement for accurate estimates of clinical effect. 

• We assumed that the efficacy of the strategies (with respect to all clinical outcomes) would 
continue for the patient’s lifetime. This is favourable to the higher Hb strategies, because the QoL 
benefits associated with ESA tend to decrease with time.18, 21 

• We assumed that epoetin would be given via the IV route to all HD patients and via the SC route 
to all PD and non-dialysis-dependent CKD patients. Furthermore, we assumed that epoetin would 
be the ESA that was used in base case analyses, although results are assumed to apply to 
darbepoetin and epoetin unless stated otherwise. 

• Given the relative paucity of studies comparing mortality between some strategies, in the base 
case analyses, we combined estimates for dialysis- and non-dialysis-dependent CKD studies. In 
doing so, we assumed that the RR of mortality associated with the use of ESA does not depend 
on whether the patient was or was not yet receiving dialysis. 

• Because of the paucity of RCT data for comparative QoL of patients managed by these four 
treatment strategies, we used indirect methods to obtain baseline QoL estimates.  

• Patients must be on dialysis before they can receive a transplant. Because of the infrequency with 
which pre-emptive transplantation occurs, this is unlikely to affect the model. 

• After non-dialysis-dependent CKD patients start dialysis, their risk of death and transplantation is 
assumed to be the same as that of patients in our dialysis model. 

l) Variability and uncertainty 
Scenario analysis 
In the base case model, we applied the RRs, clinical estimates, and utilities to all four treatment 
strategies observed in the cohort studies and RCTs. In the scenario analyses, we explored the impact 
of the assumptions that went into calculating these RRs. For example, there was uncertainty about the 
most appropriate method of deriving the RRs of mortality (i.e., whether they should be calculated on 
the basis of non-dialysis-dependent CKD and dialysis patients considered separately or combined) 
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and the way in which QoL was modelled for the treatment strategies. To explore this uncertainty, we 
re-analyzed the cost-effectiveness of the treatment strategies by considering different assumptions in 
the model. We considered five models for dialysis patients (Models 1 to 5D) and six models for non-
dialysis-dependent CKD patients (Models 1 to 6ND) (Tables 1 and 2). 
 

Table 1: Economic models in dialysis patients 
Mortality assumptions HRQOL assumptions 

Model MA RR 
(ND and D 

trials 
combined) 

RR=1 for 
low group, 
MA RR for 

other 
strategies 

MA RR (D 
trials 
only) 

Observed 
HRQOL 

HRQOL low=
intermediate 

target, 
observed for 

other 
strategies 

HRQOL low= 
intermediate= 
high target, 

observed for 
no ESA  

Justification 

1D X   X   Observed 
effectiveness of 
treatment 
strategies 

2D  X  X   Weak evidence 
of mortality 
difference 
between low 
and 
intermediate 
targets 

3D  X   X  No HRQOL 
data for low 
strategy 

4D  X    X No statistical 
difference 
between 
HRQOL of high 
versus 
intermediate 
strategy 

5D   X X   Mortality effect 
may differ in D 
patients versus 
ND patients 

D=dialysis; ESA=erythropoiesis stimulating agents; HRQOL=health-related quality of life; MA=meta-analysis; ND=non-dialysis-
dependent; RR=relative risk. 
 
Age 
The risk of death, starting dialysis, and transplantation varies with age. As a result, we considered 
two subgroup analyses: those under 65 years old and those over 65 years old. For each analysis, the 
age-specific risks and RRs reported in Appendix 7 Table 1 were applied. 
 
Costs of maintenance dialysis and index hospitalization 
The inclusion of specific long-term health care costs in economic evaluations (particularly in ESRD 
patients) is controversial.104 For the primary analysis, we considered all costs, including those related 
to ongoing dialysis or transplant. In scenario analysis, we explored the cost per QALY gained when 
dialysis-related and transplant costs were excluded. 
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Other consequences associated with blood transfusions 
A higher transfusion rate may be associated with a risk of becoming highly sensitized, which in turn 
may reduce the likelihood of transplantation. The impact on transfusion for patients who do not 
become highly immunologically sensitized is controversial, because some reports105 suggest that a 
limited transfusion of non-donor-specific blood may improve transplant outcomes. To account for the 
possibility, however, that patients who are eligible to receive a transplant may be negatively affected 
by receiving a transfusion, we applied a 10%, 25%, and 50% lower risk of transplantation for those 
treated without ESA. This was completed overall and by age subgroup. 
 
Exclusion of low treatment strategy 
Because of uncertainty in the model estimates, we considered a model using three comparator arms 
[i.e., no ESA, one intermediate Hb target strategy (90 g/L to 120 g/L reflecting a combination of the 
low and intermediate arms of the previous models) and a high Hb target strategy]. The ESA doses 
were recalculated, and the ORs for death were re-analyzed using the new cut-offs. The use of the 90 
g/L to 120 g/L target was considered in the non-dialysis-dependent CKD and dialysis models. 
 

Table 2: Economic models in non-dialysis-dependent patients 
Mortality assumptions HRQOL assumptions 

Model MA RR 
(ND and 
D trials)  

RR=1 for 
low group, 
MA RR for 

other 
strategies 

MA RR 
(ND trials 

only) 

Observed 
HRQOL 

HRQOL 
low= 

intermediate 
target, 

observed 
for other 

strategies 

HRQOL low= 
intermediate= 
high target, 

observed for 
no ESA  

Justification 

 ND D ND D ND D ND D ND D ND D  
1ND X X     X X     Observed 

effectiveness of 
treatment strategies 

2ND  X X    X X     Weak evidence of 
mortality difference 
between low and 
intermediate target in 
ND patients 

3ND   X X   X X     Weak evidence of 
mortality difference 
between low and 
intermediate target in 
D and ND patients 

4ND   X X     X X   No HRQOL data for 
low strategy 

5ND   X X       X X No statistical 
difference between 
HRQOL of high 
versus intermediate 
strategy 

6ND     X X X X     Mortality effect may 
differ in D patients 
versus ND patients 

D=dialysis; ESA=erythropoiesis stimulating agents; HRQOL=health-related quality of life; MA=meta-analysis; ND=non-dialysis-
dependent; RR=relative risk. 
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m) Sensitivity analysis 
One-way sensitivity analysis was completed on two key variables. In dialysis patients, mortality was 
varied by ±25% to reflect similar situations in the US (increase) and Europe (decrease). In non-
dialysis-dependent CKD patients, mortality was also varied by ±25%.  
 
The cost of epoetin was varied to encompass the costs that were available in different provinces. 
Based on publicly available pricing from Alberta, Saskatchewan, Ontario, and the Yukon, the listed 
cost of $14.25 per 1,000 U was used. 

A probabilistic sensitivity analysis was conducted to better reflect the overall uncertainty in our 
model by completing a Monte Carlo simulation varying all the clinical, effectiveness, utility, and cost 
estimates. A normal distribution with mean and SD was used for all clinical estimates. A uniform 
distribution based on the mean and SD (where possible), was used to model the utility estimates. 
Where the SD was not reported, a range of ±25% from the mean was applied. A log-normal 
distribution was applied to the RRs and cost estimates.  
 
 

5.2.2 Results 

a) Model validity 
Consistent with the results of published guidelines,106-108 before analyzing the decision model, we 
ensured that the results made sense and could be explained intuitively. We assessed for logical 
inconsistencies by evaluating our model under hypothetical conditions. We confirmed that the 
mathematical calculations were accurate and consistent with the specifications of the model (i.e., 
internal validity). 
 
We determined that our model had predictive validity by comparing model outputs (a function of 
input variables and model structure) with observed data from a Canadian source100,110 and with 
outcomes from studies in the systematic review. This included a comparison of the long-term 
survival of dialysis- and non-dialysis-dependent CKD patients, for patients managed with the four 
strategies. This was compared with other published data, and similar survival curves were 
demonstrated (Appendix 8 Figures 3 and 4). 
 
b) Base case analyses 
Dialysis patients 
In the base case analysis, using Model 1D for dialysis patients, when compared with no ESA, 
treatment to a low Hb target produced the lowest incremental cost (C$87,000 per patient lifetime, 
compared with $114,000 and $98,000 for intermediate and high targets respectively) (Appendix 
7 Table 5). Treatment to an intermediate target resulted in the highest incremental effectiveness 
compared with no ESA (4.39 versus 3.49 QALYs gained). Because the low and high Hb targets 
are associated with a higher (i.e., less attractive) cost per QALY compared with no ESA and with 
110 g/L compared with no ESA, both strategies are considered less economically attractive (by 
conventional economic theory) than the intermediate strategy (Appendix 8 Figure 5A). For 
dialysis patients, the cost per QALY gained for the intermediate strategy, compared with the 
“management without ESA” strategy was C$127,000. 
 
Non-dialysis-dependent CKD patients 
In the base case analysis, using Model 1ND for non-dialysis-dependent CKD patients, when 
compared with no ESA, treatment to a low Hb target produced the lowest incremental cost of 
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C$95,000. Treatment to a target of 110 g/L resulted in the highest incremental effectiveness 
compared with no ESA (3.43 versus 2.73 QALYs gained) (Appendix 7 Table 6). Similar to 
dialysis patients, because the low and high Hb targets are associated with a higher cost per 
QALY gained compared with no ESA and with 110 g/L compared with no ESA, both strategies 
are considered to be less economically attractive than the intermediate strategy (Appendix 8 
Figure 6). For non-dialysis-dependent patients, the cost per QALY gained for the intermediate 
strategy, compared with the “no ESA” strategy was C$165,000. 
 
For dialysis and non-dialysis-dependent CKD patients, the results are relatively consistent in all the 
modelling strategies (Appendix 8 Figures 5 and 6). As expected, in Models 3D and 4D (dialysis) and 
4ND and 5ND (non-dialysis-dependent), which assume equivalent survival and QoL between the low 
and intermediate Hb target strategies, the low strategy is optimal. The high target Hb strategy is not 
cost-effective in any of the models. 
 
c) Other scenario analyses (Appendix 7 Tables 7 and 8) 
Age subgroups 
When ESA use is considered separately in those less than 65 years old and over 65 years old, the cost 
per QALY is similar. The effectiveness is higher for those under 65 years old, because they survive 
longer. The expense of ongoing care, however, results in a similar cost per QALY to those over 65 
years old.  
 
Use of SC epoetin in HD patients 
When epoetin was administered by SC injection to HD patients, the cost per QALY gained became 
more attractive (i.e., C$111,000 per QALY gained for the intermediate strategy compared with the 
strategy with no epoetin). As expected, the relative ranking of the strategies did not change. These 
findings may not apply to darbepoetin, because the systematic review found no evidence that 
darbepoetin requirements are influenced by the route of administration. 
 
Long term costs of surviving patients 
Given that dialysis is an expensive therapy, even inexpensive treatments in the ESRD population that 
extend life may be associated with a substantial cost per QALY gained103 due to the high costs of 
dialysis that are incurred for additional survivors. We re-analyzed Models 1D and 1ND for dialysis- 
and non-dialysis-dependent CKD patients, excluding the related health care costs associated with 
dialysis and transplantation. When these costs were excluded, treating to a target of 110 g/L 
continued to be associated with the lowest cost per QALY compared with no ESA in a dialysis 
(C$72,000 per QALY) and non-dialysis-dependent CKD population (C$139,000 per QALY) 
(Appendix 7 Tables 9 and 10).  
 
Risk of transplantation 
When the risk of transplantation is reduced by between 10% to 50% for those not treated with ESA, 
the cost per QALY remains high. Because the risk of transplant is age-dependent, each reduction was 
considered in those under 65 years old and those over 65 years old separately. Treating to an 
intermediate target continues to be associated with a lower cost per QALY than the other strategies. 
The cost per QALY, however, does not drop below C$100,000. 
Cost of transfusion 
One study42 reported a lower rate of blood transfusion with ESA compared with treatment without 
ESA. We considered a scenario with a lower use of blood transfusion with ESA. The cost per QALY 
was relatively unchanged in the dialysis and non-dialysis-dependent CKD models. 
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Exclusion of low Hb treatment strategies  
When we considered treating to a low target, the results are similar (Appendix 7 Tables 11 and 12), 
with the intermediate strategy being associated with a cost per QALY of C$118,000 (dialysis) and 
C$171,000 (non-dialysis), compared with management without ESA. The 90 g/L to 120 g/L strategy 
still results in the highest QALY gain but also the highest cost. 
 
Probabilistic sensitivity analysis 
Using probabilistic sensitivity analysis, the main results were unchanged. We noted significant 
uncertainty using this analysis, with significant scatter and overlap between the low and intermediate 
strategies. 
 
 

6 HEALTH SERVICES IMPACT  
The population of ESA recipients includes all patients on renal replacement therapy (HD and PD) 
and CKD patients not undergoing dialysis, especially if treated by nephrologists. ESA may also be 
prescribed by others, including family physicians in some regions. Current Canadian CPGs88 state 
that other causes and contributors to anemia should be addressed before ESA use (e.g., correct iron 
deficiency first). While current CPGs recommend a target Hb of 110 g/L to 120 g/L, this will be 
revised to 110 g/L in 2008 and so this is what the budget impact is based on. 
 
6.1 Population Impact 
6.1.1 Dialysis-dependent CKD 

The overall prevalence of CKD patients needing HD and PD in Canada at the end of 2004 was 478.7 
and 113.6 per million persons respectively, translating into approximately 18,920 persons on dialysis 
throughout Canada.90 The numbers of patients by dialysis modality and region appear in Appendix 9 
Table 1. 
 
6.1.2 Non-dialysis-dependent CKD 

The prevalence estimate for non-dialysis-dependent CKD is less certain than ESRD. Population-
based analyses have suggested that the prevalence of stage 3-5 CKD is 4.7% of the community-
dwelling population in the US110 and as high as 25% in the elderly.83,85 The AKDN captures 
information on 80% of the total Alberta population who obtained SCr tests as outpatients from July 
2003 to June 2004. Available data include Hb level (if measured) and links to provincial datasets that 
provide information on health care utilization and costs (i.e., inpatient, outpatient, and medication 
use). Patients on renal replacement therapy (dialysis or transplantation) and patients admitted to an 
acute care setting who may have acute kidney failure are excluded. 
A range for the fraction of persons in the total population with non-dialysis-dependent CKD by stage 
of disease was estimated by using the denominator of the number of persons in the AKDN dataset 
(i.e., those with a SCr level) and the total Albertan population in 2004 (Appendix 9 Table 2). 
Therefore, if there were 69,257 Albertans with CKD, a high prevalence estimate was obtained using 
the total number of subjects in the AKDN dataset (n = 673,290) as a denominator and a lower 
estimate if the entire population of Alberta (n = 3.2 million) is considered. The high (10.3%) and low 
(2.2%) prevalence estimates likely represent extremes but are consistent with other estimates, 83,85 as 
is the “inverted pyramid” distribution of CKD where a larger fraction of the population has less 



 

Erythropoiesis-Stimulating Agents for Anemia of Chronic Kidney Disease: 
Systematic Review and Economic Evaluation 

31

severe CKD (i.e., Stage 3). The estimates from the AKDN were used with population estimates from 
the Statistics Canada 2006 Census111 to determine the numbers of persons provincially and nationally 
with CKD (Appendix 9 Table 4). 
 
6.2 Budget Impact 
6.2.1 Dialysis-dependent CKD 

The total cost of administering ESA was estimated by considering the number of dialysis patients,90 
route of administration for HD patients (SC versus IV), dose to achieve Hb targets, and acquisition 
cost of ESA (epoetin and darbopoetin) according to Alberta Health and Wellness.112 The estimated 
costs of ESA use by province and nationally are shown in Appendix 9 Table 1. The cost of treating 
dialysis patients in Canada to a target Hb of 110 g/L is estimated to range from C$124 to C$174 
million annually. 
 
a) Route of administration 
Significant cost savings are realized if SC epoetin administration is used exclusively, given its 
increased efficiency.68 The magnitude of cost savings, however, depends on the proportion of HD 
patients receiving IV epoetin (as opposed to SC epoetin or darbepoetin by either route), which varies 
by region and local practice (Appendix 9 Table 1). If all HD patients in Canada are receiving IV 
epoetin, approximately C$50 million could be saved annually by switching to SC epoetin (i.e., target 
Hb 110 g/L). 
 
Until 2002, many Canadian HD patients received SC epoetin. In 2002, SC administration was 
implicated in rare cases of pure red cell aplasia (PRCA), which led to many centres abandoning this 
route of administration. It has since been found that the increased risk of PRCA was likely due to 
leachates from uncoated rubber stoppers of pre-filled syringes (which has since been addressed) and 
not the SC route of administration. While there may be a theoretical risk associated with SC 
administration, it should be considered in the context of the cost implications. Furthermore, PD 
patients and those with non-dialysis-dependent CKD tend to receive SC ESA (epoetin and 
darbepoetin) in Canada. 
 
No SC versus IV trials of darbepoetin that met our selection criteria were identified in the systematic 
review. In addition, although there is strong evidence that SC epoetin is more efficient than IV 
epoetin, the true difference in efficiency may be smaller or larger than that suggested in our primary 
analysis. 
 
b) Type of ESA 
Because most of the studies reporting clinical outcomes for ESA have been conducted with epoetin 
alpha or beta, our economic evaluation assumed that epoetin would be used in all comparisons of 
ESA (targeted to different Hb levels) with a strategy of not using ESA. We did not consider the use 
of other agents such as darbepoetin to achieve the Hb targets, although its use can be considered to 
result in similar clinical outcomes as epoetin. In light of this, it is important to ascertain if 
darbepoetin could achieve similar Hb targets at a similar, lower, or higher cost to payers. As a result, 
we searched for randomized studies that compared the efficiency of epoetin and darbepoetin to 
estimate the doses and costs associated with the relative use of these agents. 
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Three studies were identified from the systematic review that compared epoetin and darbepoetin 
using the same target Hb and similar criteria to adjust dose in the two treatment groups. The first 
study61 in ESA-naive patients randomized to receive SC epoetin or darbepoetin reported dose 
outcomes leading to similar costs for the two agents at 24 weeks of therapy (C$61 and C$64 per 
week for 0.34 mcg/kg/week of epoetin and 56.9 U/kg/week of darbepoetin respectively). In a second 
study,60 HD patients on IV epoetin were randomized to continue IV epoetin or to receive IV 
darbepoetin. The median dose at the end of the evaluation period was 9,900 U/week (epoetin) or 38 
mcg/week (darbepoetin) resulting in costs of C$152/week (epoetin) and C$101/week (darbepoetin). 
In the third study,114 HD patients on epoetin were randomized to receive IV epoetin and IV or SC 
darbepoetin. At 24 weeks, the doses were 0.68 mcg/kg/week (darbepoetin) and 174 U/kg/week 
(epoetin) with estimated costs of C$128 (darbepoetin) and C$187 (epoetin) per week. The 32% to 
34% higher cost of epoetin found in the two studies comparing IV epoetin to darbepoetin are likely 
due to the known efficiency of SC versus IV epoetin. In centres where nursing staff administer ESA, 
the lower frequency of administration with darbepoetin may be a consideration, but the efficiency 
gains in a real-world setting are unclear.114 Therefore, after accounting for the route of epoetin 
administration, these studies suggest that similar costs would be required to achieve the defined Hb 
targets with darbepoetin or epoetin. 
 
c) Hemoglobin target 
There are economic implications of treating to a higher Hb target, mainly due to the exponential 
increases in doses of ESA needed to achieve higher Hb levels. Total drug costs approximately double 
when moving from a 110 g/L to >120 g/L Hb target (i.e., reflecting a cost increase from C$124 to 
C$243 million as in Appendix 9 Table 1). While there are cost savings with a low strategy compared 
with an intermediate strategy, the magnitude of the cost difference is less dramatic. These costs do 
not take into account additional incurred costs that may arise with higher Hb, such as arteriovenous 
access thrombosis or hospitalization. 
 
6.2.2 Non-dialysis-dependent CKD 

Data from several sources were used to determine the economic impact of treating anemia of CKD 
disease in Canada. The number of persons with Stage 3-5 CKD were estimated using “low” and 
“high” prevalence estimates that were determined earlier. The fraction of persons who have anemia 
(i.e., defined by a threshold Hb of 90 g/L or 100 g/L) increases with increasing severity of CKD 
(Appendix 9 Table 3).115 Data from the AKDN were used to calculate the fraction of persons by stage 
of CKD who meet criteria for ESA administration based on Hb thresholds of 90 g/L and 100 g/L. 
Finally, the dose needed to achieve target Hb was based on results from a negative binominal 
regression model that was described earlier. The estimated cost of ESA use in 2006 Canadian 
currency appears in Appendix 9 Table 5. 
 
These results show that despite the smaller fraction of those in Stage 3 CKD with significant anemia 
(Appendix 9 Table 3), the magnitude of their numbers leads to considerable cost. Overall, Stage 3 
comprises 50% to 66% of total costs with 24% to 32% attributed to Stage 4 and 10% to 18% to Stage 
5. The costs that we report represent the scenario where all eligible patients are treated. According to 
current practice, however, the number of persons with an Hb level that could trigger treatment with 
an ESA may be higher than the number of those who are treated. Based on AKDN data, the fraction 
of Stage 3-5 CKD patients who receive ESA is 25% to 56% of those who are eligible to receive 
treatment based on Hb level (Appendix 9 Table 3). Several factors may contribute to the difference in 
eligible versus actual persons treated with ESA. First, the results are based on one GFR and Hb 
estimate, which may represent an acute event (although inpatient laboratory tests were excluded for 
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this reason). Second, there could be other comorbidities with CKD that can be managed without ESA 
(e.g., iron deficiency anemia). Finally, many patients with CKD are not referred for specialized care 
and therefore may not receive ESA. It is important to place this into the context of current and future 
care for this patient population. Where previously non-dialysis-dependent CKD was managed by 
family physicians, recent initiatives in Canada are aimed at the early recognition of CKD and 
increased referral to specialist care, which is likely to lead to increased prescription of ESA for this 
population.  
 
Similar to the findings for patients with ESRD, treatment to a higher Hb target in patients with non-
dialysis-dependent CKD results in higher costs. A high Hb target strategy is estimated to cost 6.2 
times that of a low strategy and two times that of an intermediate strategy. This is due to increased 
doses needed to achieve the target Hb and the increased number of patients who could be eligible to 
receive ESA at a 100 g/L Hb threshold compared with 90 g/L. 

 
6.3 Efficiency versus Equity 
Trade-offs between the goals of efficiency (cost-effectiveness) and equity (fairness) occur when 
resource allocation decisions limit the use of potentially beneficial therapies. ESA (versus no 
treatment) is the standard of care for all dialysis patients and a fraction of the non-dialysis-dependent 
CKD population. Despite the inherent difficulties with the withdrawal of funding for an entrenched 
therapy, this is a possibility given the relatively high cost-effectiveness ratio associated with ESA, 
even at low Hb targets. In the dialysis population, the withdrawal of funding for ESA would likely 
lead to increases in blood transfusions, which have the stigma of social undesirability and could be 
constrained given frequent shortages in the Canadian blood supply. Furthermore (while uncertain), 
there could be negative impacts on the probability of receiving a renal transplant (a dominant 
treatment strategy given the lower cost and improved QoL compared with dialysis) for a patient who 
receives multiple transfusions. 
 
With regard to treating to higher Hb targets, increases in dose (and subsequently cost) are required, 
with no convincing evidence of clinical benefit except for selected domains of QoL instruments. 
Societal preferences often indicate that the prevention of death and illness may be valued more than 
the sole improvement of QoL. 
 
The route of administration warrants attention, because the injection of epoetin by the SC route 
reduces the costs of administration by up to 33%.68 Significant cost savings may be realized if the SC 
route is used in HD patients. It would, however, require an additional injection (rather than direct IV 
administration while the patient is connected to the dialysis apparatus). The additional injection could 
be viewed as less desirable for patients, but this should be balanced with the negative health 
consequences of higher epoetin doses and potential for large cost savings. Moreover, before 2002, 
most HD units in Canada used SC epoetin, and the SC route is the standard of care in PD and non-
dialysis CKD patients. 
A final issue is the diffusion of treatment for patients with non-dialysis-dependent anemia of CKD. 
Studies in this patient population are likely to include “referred” patients, who may differ from the 
total non-dialysis CKD population. Thus, the true benefit and cost-effectiveness may differ for these 
patients. 
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7 DISCUSSION 
7.1 Results 
7.1.1 Clinical review 

We found that the use of ESA to achieve an intermediate Hb target resulted in lower cardiovascular 
mortality when compared to not using ESA [RR: 0.15 (95% CI: 0.03, 0.69)]. All-cause mortality, 
however, was not significantly affected. Treating to an intermediate target resulted in a clinically 
relevant improvement in QoL. Only one domain of a single instrument, however, was reported (i.e., 
fatigue as in the KDQ). The magnitude of the QoL benefit was modest, because none of the domains 
achieved the minimal clinically important difference of 5 to 10 points.116,117 Furthermore, because 
most trials did not report outcomes for all domains, there is a potential for reporting bias118 (i.e., 
selective reporting of only significant results). 
 
There was no evidence that the use of ESA to achieve a low Hb target reduced the risk of developing 
kidney failure, despite the rate of kidney function loss being lower in this group. Caution is 
warranted in interpreting this finding, because the mean rate of kidney function loss may not 
correlate with the risk of developing kidney failure. Low Hb targets led to a clinically relevant 
increase in blood pressure (e.g., SBP: 6.1 mm Hg and DBP: 5.5 mm Hg) and more often necessitated 
the intensification of anti-hypertensive therapy. Low dose Hb targets were also associated with a 
similar overall risk of AEs as the non-use of ESA, but with a lower risk of serious AEs [RR: 0.29 
(95% CI: 0.12, 0.73)]. 
 
The use of ESA to achieve a high Hb target did not significantly affect the risk of all-cause mortality, 
cardiovascular mortality, or kidney failure. The statistical power in the pooled analyses, however, 
was too low to exclude a clinically relevant increase in the risk of death at higher Hb targets, and 
indirect comparisons suggested that all-cause mortality was significantly higher when higher Hb 
targets were selected. High Hb targets led to a non-clinically relevant improvement in selected 
measures of QoL in some studies but not in others. Treatment to high Hb targets modestly increased 
DBP [WMD: 2.3 mmHg (95% CI: 0.9, 3.8)] but not SBP or the need for intensified antihypertensive 
therapy. We found that high Hb targets also led to an increased risk of hospitalization, AEs 
(including serious AEs), and an increased risk of vascular access thrombosis [RR: 1.34 (95% CI: 
1.16, 1.54)] compared with intermediate or low Hb targets. Finally, an indirect comparison suggested 
that high Hb targets were associated with higher mortality than intermediate or low targets [RR: 1.18 
(95% CI: 1.01, 1.38)]. 
 
In general, we found little information to inform optimal dosing or frequency of administration of 
ESA, although one trial suggested that once-weekly dosing may lead to smaller increases in blood 
pressure. There was no evidence for any clinically relevant efficacy or cost differences between 
epoetin and darbepoetin, therefore the two agents are treated interchangeably in our report, with the 
exception of route of administration. Our results indicate that compared with IV administration, SC 
epoetin requires lower doses to achieve the same Hb target in dialysis patients, although this may not 
apply to darbepoetin. The IV administration of ESA to patients with non-dialysis-dependent CKD 
occurs rarely, if at all.  
 
Overall, our results support the use of ESA to achieve low Hb targets for the anemia of CKD as 
being safe and efficacious. There was no evidence that the benefits of ESA therapy are restricted to 
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dialysis patients. The typically higher Hb levels in patients with non-dialysis-dependent CKD, 
however, imply that ESA would be used infrequently to achieve low Hb targets in this population. 
Conversely, the use of ESA to achieve high Hb targets should be avoided because of the potential for 
harms, which was observed in dialysis-dependent and non-dialysis-dependent CKD. Our results 
suggest that the administration of ESA should be restricted to the SC route, because of the higher 
doses required with IV administration. Given the generally modest clinical benefit of ESA and the 
direct relationship between dose and cost, it may be prudent to consider a maximum ESA dose 
(above which the dose would not be increased further, even if the Hb target is not reached). Our 
results do not permit us to conclusively identify the most appropriate “maximum” dose for ESA, but 
the apparent higher mortality risk with doses >15,000 U per week of epoetin suggests that this dose 
could serve as a starting point for discussion. 
 
7.1.2 Economic analysis 

There were many sources of clinical uncertainty for this analysis, particularly in the measurement of 
QoL for patients treated with each of the four strategies. Because of the expense of treating patients 
with ESA and marginal improvements in QoL, the costs per QALY for all Hb target goals is high 
(i.e., >C$100,000 in all cases) compared with many other health interventions. For most of the 
scenarios, we found that neither low nor high targets were considered to be economically attractive 
when compared with an intermediate Hb target. Accordingly, our results suggest (assuming decision 
makers are willing to reimburse ESA) that a target Hb of 110 g/L is most likely to be optimal.  
 
It is important to qualify this finding by noting that the main difference between the low and 
intermediate strategies relates to assumptions about the difference in utility scores (i.e., QoL) 
resulting from each strategy. We assumed QoL would increase linearly between “no ESA” and an 
intermediate strategy. Thus, the utility for the low strategy was estimated to be 0.03 below the 
intermediate strategy. While this seemed to be a reasonable assumption, there is no RCT evidence to 
inform this estimate. In Model 3D (where we assumed QoL was similar between the low and 
intermediate Hb strategies), the low strategy was associated with a more attractive cost per QALY 
gained than the intermediate. Therefore, although our base case analysis suggests that the 
intermediate strategy may be more cost-effective than the low, it is associated with a higher cost 
($14,000) than the low and is not based on high quality evidence. Although we might have 
considered other sensitivity analyses to quantify the impact of the uncertainty in QoL on our results, 
until more QoL data are available from clinical trials comparing low and intermediate Hb targets, the 
economic attractiveness of aiming for intermediate, rather than low, Hb targets will remain uncertain. 
 
Because of limited health care resources, public payers may only consider funding ESA to achieve a 
low Hb target given the clinical uncertainty about how the low and intermediate strategies differ. 
Future studies should focus on differentiating between low and intermediate Hb targets because this 
information would assist with determination of an optimal Hb target. Such studies may not be 
attractive to pharmaceutical companies. Governments and payers, however, could consider funding 
such studies, because even a modest reduction in ESA use could offset the cost of such a trial if a low 
target was found to be equivalent or superior to an intermediate Hb target.  
Reductions in transfusion requirements and how this may adversely affect the subsequent probability 
of a renal transplant were not considered in the base case analysis, but it has often been viewed as an 
important reason to use ESA. In our analysis, the probability of a transplant for non-ESA users (who 
would more likely need a transfusion) resulted in the cost per QALY gained being slightly more 
attractive for the intermediate strategy (i.e., C$146,000 per QALY assuming a 10% reduction and 
C$121,000 per QALY assuming a 50% reduction in the probability of a transplant). We also found 
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that it is more cost-effective to use the SC route for ESA in dialysis patients. Despite the diminished 
concerns about PRCA, most Canadian HD centres continue to use IV epoetin. Although there 
remains a theoretical risk of PRCA with the SC administration of any ESA product, given the 
increased dose requirements and attendant and equipment costs, it may be prudent to re-examine the 
cost implications of continuing to use IV epoetin. Our analysis supports the use of SC epoetin that 
results in a more attractive cost per QALY gained. Lastly, in the base case analysis, the cost per 
QALY is more attractive in dialysis-dependent than non-dialysis-dependent CKD patients because of 
the higher baseline risk of mortality in the former and the higher utility score estimates for patients 
managed with ESA to an intermediate target level. 
 
7.2 Study Limitations 
7.2.1 Clinical review 

This is the most comprehensive systematic review of the clinical implications of using ESA for 
anemia of CKD. Prior reviews have been narrative or did not include as many studies, or both. 
Nonetheless, our results and the strength of our conclusions are limited by the available evidence. 
Given the importance of determining the impact of different Hb targets on clinical outcomes and 
resource allocation, the lack of RCTs directly comparing low, intermediate, and high Hb targets and 
the poor quality of available trials is surprising. This lack of comparative data necessitated indirect 
comparisons, with their known limitations. Another consideration is that most of the trials studying 
the higher Hb targets used targets that were >130 g/L. Thus, there is less information about targets 
between 120 g/L and 130 g/L. Because improvement in QoL is a key theoretical benefit of ESA 
therapy, the selective reporting of certain domains and the lack of directly measured utility data are 
weaknesses of the available literature. Despite our efforts, we were unable to obtain additional 
unpublished data from the authors who were contacted.  
 
As with all meta-analyses, our pooled results are prone to limitations. In consideration of this, we 
took care to reduce the potential for bias by following the recommendations for the conduct of 
systematic reviews, developing a review protocol a priori, using a defined and comprehensively 
designed literature search strategy, performing quality assessment and data extraction with duplicate 
reviewers, and using rigorous statistical methods. We believe that this has reduced our susceptibility 
to bias and has led to robust conclusions. 
 
7.2.2 Economic analysis 

As with most economic evaluations, our models and results are limited by the available evidence and 
requirement to model all relevant clinical and economic consequences. Nonetheless, our evaluation is 
strengthened by rigorous methods and a comprehensive systematic review despite the limitations.  
 
We modelled four strategies, even though there was a paucity of information specific to some of the 
strategies (e.g., the low Hb target). In particular, for mortality, although there were several RCTs that 
compared high versus intermediate Hb targets, there were fewer studies with groups randomized to 
be at the low and intermediate levels, especially for dialysis- and non-dialysis-dependent CKD 
patients separately. As a result, for baseline analyses we combined the RCTs for dialysis- and non-
dialysis-dependent CKD in Models 1D and 1ND. This seemed to be reasonable from a 
methodological perspective because there was no evidence of significant heterogeneity between the 
dialysis- and non-dialysis-dependent CKD studies. To address possible concerns, we considered 
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several modelling strategies, varying the estimate of RR for mortality and the QoL estimates 
considered. Lastly, we were unable to find any RCTs that directly compared each of the modelled 
strategies. Therefore, our comparisons (e.g., mortality, hospitalization, and initiation of dialysis) are 
based on indirect comparisons among the four strategies.  
 
Another limitation is the use of observational data to assign costs, which is, by necessity, a common 
practice in many economic models. Regardless, we were able to model the impacts of the need for 
dialysis (in the non-dialysis-dependent CKD cohort) and hospitalization (for both cohorts) from 
available studies. Most of the RCTs that studied Hb targets did not report the impact on 
hospitalization, and so our work is limited in this regard.  
 
Finally, we were unable to find information on indirect and productivity costs. These may be 
substantial if survival and functional status are influenced by ESA therapy. Nonetheless, the lack of 
data and the impact of ESA treatment on these outcomes preclude their incorporation here. 
 
7.3 Health Services Impact 
For dialysis-dependent patients, the estimated cost of treating anemia to an intermediate Hb target 
(assuming all HD patients receive IV epoetin) is C$174 million or C$9,394 per patient per year on 
dialysis. If SC epoetin is used instead of IV (or if darbepoetin is used via either route) in HD patients, 
the costs could be reduced by C$49 million to C$124 million (C$6,577 per patient per year). It 
follows that SC epoetin (or IV or SC darbepoetin) should be considered in all patients. 
 
Altering the Hb target to a low strategy would result in cost savings of C$35 million to C$49 million 
per year compared with the intermediate target. A high Hb target strategy would increase total annual 
costs in Canada to C$242 million to C$339 million per year, at an additional cost of C$118 million to 
C$165 million compared with the intermediate target. 
 
If all non-dialysis-dependent CKD patients were to be treated for anemia to an intermediate Hb 
target, the cost is estimated to range from C$1.4 million to C$6.7 million per year. The wide range is 
attributed to uncertainty about the prevalence of non-dialysis-dependent CKD in Canada. the costs 
are projected to increase to C$2.7 million to C$13.1 million if the Hb target is high and would reduce 
to C$0.4 to C$2.1 million if the Hb target is low. It is estimated that a fraction of non-dialysis 
patients who may be eligible for ESA on the basis of their Hb level are treated. These numbers are 
expected to increase, however, with increased referrals to specialists and awareness and prescription 
of ESA by non-specialist providers. 
 
7.4 Knowledge Gaps 
Our analysis was limited by a lack of data on utilities and the reporting of QoL outcomes in general 
for patients treated with the four strategies, particularly in the comparison of the low and 
intermediate Hb strategies. Despite the clinical importance of the topic, there is still insufficient 
evidence to rule out clinically significant harm associated with current practices, or to exclude the 
possibility that the optimal Hb target varies in subgroups defined by CKD severity or dialytic 
modality. This is a key limitation, and future investigators should include appropriate QoL 
assessments in their study protocols and make efforts to report all the data. If these data become 
available, then a reassessment of the economic efficiencies of treating with ESA to achieve different 
target Hb levels is warranted. 
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The lack of comparative studies limits our ability to draw conclusions about relative potencies and 
costs of epoetin and darbepoetin, leading us to treat these agents interchangeably in our report (i.e., 
with the exception of IV darbepoetin). Given that even small differences in potency per unit cost of 
ESA can translate into large differences in total costs, head-to-head comparisons of these agents 
should be a high priority for payers.  
 
Another gap is the lack of data describing the impact of transfusion requirements for patients managed 
without ESA and their resultant ability to receive a transplant. Although we modelled the potential 
impact of this outcome, our estimates are not based on high quality data. It could be argued, however, 
that because donor kidneys are the resource in shortest supply, if one patient does not match with a 
cadaveric kidney, then another patient will, thereby limiting the impact of any sensitization that might 
occur. Nonetheless, the widespread use of transfusions may make it significantly less likely for the 
proportion of patients who become highly sensitized to receive a living related transplant. Our analyses 
did not assume any costs related to viral hepatitis or the development of other illnesses that might be 
contracted through transfusions. Acquiring hepatitis or other illness through transfusions is rare. 
Therefore, it is unlikely to influence our analyses. Lastly, because blood transfusions have a negative 
social connotation, patients may wish to avoid them, The extent to which this is captured in the utility 
measurements that we modelled is unclear. For these reasons, although the evidence suggests a 
maximum reimbursable ESA dose seems to be reasonable and prudent, we suggest that payors who 
decide to implement a maximum dose also commit to prospectively study the impact of this decision 
(on ESA use, blood transfusion, and other resource use). 
 
 

8 CONCLUSIONS 
In an environment where decision makers are willing to reimburse ESA, our base case analysis 
suggests that treatment to a target Hb of 110 g/L is most likely to be optimal. This strategy will lead 
to higher costs (mainly due to ESA acquisition) compared to the low Hb target strategy, and is based 
on the assumption that the intermediate target will improve QoL compared with the low target, which 
is unproven. Given the generally modest clinical benefit of ESA and the direct relationship between 
dose and cost, it may be prudent to consider a maximum ESA dose (above which the dose would not 
be increased further, even if the Hb target is not reached). Future research should focus on this 
comparison. In the interim, decision makers might reasonably choose to reimburse only the low Hb 
strategy because of the uncertainty about the QoL gains associated with the intermediate strategy. 
The route of administration is an important consideration. Because of the higher cost of IV epoetin, 
the merits of reimbursing only SC epoetin (or darbepoetin by either route) should be explored. Given 
the generally modest clinical benefit of ESA and the direct relationship between dose and cost, it may 
be prudent to consider a maximum ESA dose (above which the dose would not be increased further, 
even if the Hb target is not reached). Lastly, because small differences in potency per unit cost of 
ESA can translate into large differences in total costs, head-to-head comparisons of epoetin and 
darbepoetin should be considered.
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