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Abstract

Background—Targeting higher hemoglobin with erythropoiesis-stimulating agents (ESAS) to
treat anemia of chronic kidney disease (CKD) is associated with increased cardiovascular risk.

Study Design—Meta-regression analysis examining the association of ESA dose with adverse
outcomes, independent of target or achieved hemoglobin.

Setting and Population—Patients with anemia of CKD, irrespective of dialysis status.

Selection Criteria for Studies—We searched MEDLINE (inception to August 2010) and
bibliographies of published meta-analyses and selected randomized controlled trials assessing the
efficacy of ESAs for treatment of anemia in adults with CKD, with minimum 3-month duration.
Two authors independently screened citations and extracted relevant data. Individual study arms
were treated as cohorts and constituted the unit of analysis.

Predictors—ESA dose standardized to a weekly epoetin alfa equivalent, and hemoglobin levels.

Outcomes—All-cause and cardiovascular mortality, cardiovascular events, kidney disease
progression or transfusion requirement.

Results—31 trials (12,956 patients) met criteria. All-cause mortality was associated with higher
(per epoetin-alfa—equivalent 10,000-U/wk increment) first-3-month mean ESA dose (incidence
rate ratio [IRR], 1.42; 95% ClI, 1.10-1.83) and higher total-study-period mean ESA dose (IRR,
1.09; 95% ClI, 1.02-1.18). First-3-month ESA dose remained significant after adjusting for first-3-
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month mean hemoglobin (IRR, 1.48; 95% CI, 1.02- 2.14), as did total-study-period mean ESA
dose adjusting for target hemoglobin (IRR, 2 1.41; 95% CI, 1.08-1.82). Parameter estimates
between ESA dose and cardiovascular mortality were similar in magnitude and direction but not
statistically significant. Higher total-study-period mean ESA dose was also associated with
increased rate of hypertension, stroke, and thrombotic events including dialysis vascular access-
related thrombotic events.

Limitations—use of study-level aggregated data; use of epoetin alfa—equivalent doses; lack of
adjustment for confounders.

Conclusions—In patients with CKD, higher ESA dose might be associated with all-cause
mortality and cardiovascular complications independent of hemoglobin.

Keywords

erythropoietin; ESA; epoetin; darbepoetin; anemia; CKD; dose; mortality; cardiovascular
morbidity; meta-regression

The lack of endogenous erythropoietin production in patients with chronic kidney disease
(CKD) results in the development of anemia, which is associated with impaired quality of
life 12, and increased morbidity and mortality 3-5. The gold standard for managing anemia
of CKD is the use of erythropoiesis-stimulating agents (ESASs). Targeting higher
hemoglobin levels with ESAs has, however, been associated with an increased risk of
cardiovascular disease—related morbidity and mortality 8. It is not well established whether
the ESA dose itself has an effect on adverse clinical outcomes. Understanding the potential
role of the ESA dose, versus the target or achieved hemoglobin level, is of crucial
importance as there is no universal consensus on the exact ESA dosage algorithm that
should be adopted while minimizing patient exposure to these potential health risks. If such
an association exists, high doses of ESAs could result in increased morbidity even at low
hemoglobin levels.

Several previously published systematic reviews have established a clear association
between target hemoglobin level and adverse outcomes in patients with CKD 2:6.7:9-15,
resulting in a change to the ESA label regarding target hemoglobin. However, these analyses
did not address whether there is a dose-response gradient of ESAs and potential harm. To
examine this question, we performed a systematic review with metaregression of
randomized controlled trials (RCTs) of ESAs in patients with CKD to evaluate whether the
potential harm associated with their use for the treatment of anemia follows a dose-response
gradient, adjusting for the target or achieved hemoglobin level.

METHODS

Data Sources and Selection

We searched MEDLINE for all published RCTs that examined the use of ESAs in CKD
(inception-August 2010) and for published systematic reviews (inception-June 2010) (search
strategies shown in Item S1, available as online supplementary material). The searches were
limited to human studies with no language restrictions. Two authors (MA and IK) screened
titles and abstracts to identify potentially relevant articles. We selected parallel-arm RCTs
reporting efficacy (i.e., change in hemoglobin level) of ESAs with a minimum 12-week
treatment duration that documented doses of ESA, levels of baseline and achieved
hemoglobin, and at least one endpoint of interest (as defined below). We included only
studies of epoetin alfa, epoetin beta, or darbepoetin alfa. Reports of ESA trials in clinical
settings other than anemia of CKD (e.g., cancer or heart failure) were excluded.
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Data Extraction and Quality Assessment

Data were independently extracted in duplicate from full-text articles by two authors (MA
and IK). Where indicated, the G3 data graph analyzer (version 1.5.3) was used to extract
data from graphs 16. Disagreements were resolved through consensus and arbitration by a
third author (BLJ). Corresponding authors of four trials were contacted for data clarification.

Data extracted from full-text articles included country of origin, year of publication, study
sponsor, study design, sample size in each arm, CKD stage and dialysis status, sex, mean
age, mean weight, comorbidities, target hemoglobin in each arm, ESA type (epoetin alfa,
epoetin beta, or darbepoetin alfa), prior ESA use, route of ESA administration (subcutaneous
vs. intravenous) and trial duration. Due to inconsistent reporting, total and average follow-up
times were used interchangeably. For each study 5 arm, according to a pre-specified analysis
plan, we extracted the mean ESA dose and mean hemoglobin level at enrollment, during the
first 3 months (in an attempt to capture rapid correction of anemia), and throughout the total
follow-up period.

In studies reporting only hematocrit values, hemoglobin values were calculated by dividing
the hematocrit by 3 17. We converted the darbepoetin alfa dose to an equivalent epoetin alfa
dose using a dose conversion ratio of 331 units of epoetin alfa per 1 pg of darbepoetin

alfa 1819, The doses of epoetin alfa and beta were considered equivalent. If reported in units/
kg/wk, the recombinant erythropoietin dose was converted to units/week by using the mean
weight of the participants in each study arm. If not reported, a weighted average weight was
calculated using data from the National Health and Nutrition Examination Survey
(NHANES) 2021 for patients with CKD who were not on dialysis, and the 2008 annual data
report from the United States Renal Data System (USRDS) for dialysis patients 22. The
weighted average used in these calculations took into consideration the year of publication,
mean age, and sex ratio in each study arm.

Our two primary outcomes of interest were all-cause mortality and cardiovascular mortality
as defined by the authors. Secondary outcomes included cardiovascular events, acute
myocardial infarction, de novo or worsening angina, heart failure, arrhythmias, stroke, de
novo or worsening hypertension as defined by the authors, thrombotic events (e.g., deep
venous thrombosis, peripheral arterial thrombotic events, and dialysis vascular access
thrombosis), any serious adverse event (SAE) as defined in the individual trials, progression
to kidney failure (end-stage renal disease), need for blood transfusions, and change in
glomerular filtration rate (GFR).

The estimated GFR, measured GFR, and creatinine clearance were assumed to be 6
equivalent. When reported in ml/min, the GFR was transformed to ml/min/1.73 m? by
calculating the mean body surface area of the participants in each arm according to the
Mosteller method 23, using the provided mean height and weight. If not reported, we used a
weighted mean body surface area based on the NHANES database 2921, Median values
were converted to estimates of means if the study arm included more than 25 participants 4.

All categorical outcomes were expressed as incidence rates (events per personyears of
follow-up). The continuous outcome (GFR) was expressed as an annual slope (change from
baseline over the length of follow-up in years).

We assessed study methodological quality in terms of randomization adequacy, blinding,
and attrition rates using the Jadad scale 2°.
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Data Synthesis and Analysis

Using individual study arms (cohorts) as the unit of analysis, we performed metaregressions
to separately explore the association of the first-3-month and total-studyperiod mean
recombinant erythropoietin dose (in units/week) with the outcomes of interest. For the two
primary outcomes (all-cause and cardiovascular mortality), we performed three sets of
analyses. The first set of analyses used the first-3-month and total-study-period mean
recombinant erythropoietin dose (in units/week) as the sole predictor. The second set added
the target hemoglobin level to the model. The third set adjusted either for the first-3-month
or total-study period achieved hemoglobin level (corresponding to the mean ESA dose time
frame).

Models were deemed fit only if there were at least four degrees of freedom more than the
number of predictors in each model. We did not report analyses where the 7 covariance
matrix of the resulting coefficients indicated presence of collinearity among predictors. For
the secondary outcomes, we performed only the first two sets of metaregressions due to a
lack of sufficient observations; however, we performed additional analyses adjusting for the
mortality rate (per 1000 person-years) in the control group of each trial in an attempt to
control for heterogeneity of comorbidities in the study populations.

All analyses of binary outcomes were fit using generalized linear random-effects Poisson
regressions with a fixed slope and random intercept, accounting for the clustering of cohorts
(or trial arms) by study, and the person-years of exposure as the offset. The respective
exposure for the Poisson is in terms of person time; the weighting of each study arm (cohort)
is thus naturally accounted for through the Poisson distribution. When exponentiated, the
coefficient expresses a change in the incidence rate of an event per unit change in the
predictor. We report these results as incidence rate ratios (IRRs) with accompanying 95%
confidence intervals (CI). For the annualized change in GFR, we fit random-effects
variance-weighted meta-regressions 26. The GFR analysis is reported as an estimate of the
annual change in GFR (in ml/min/1.73m2) per unit of change in the predictor.

In sensitivity analyses of all-cause mortality models with statistically significant predictors,
we arbitrarily removed two cohorts with the highest mortality rate to evaluate the robustness
of the results. In addition, we conducted subgroup analyses for the primary outcome
stratified according to dialysis status, baseline hemoglobin level (< vs. > 10.5 g/dL,
representing the median value), and ESA type (epoetin vs. darbepoetin). All analyses were
performed in Stata SE version 11 (Stata Corp, College Station, TX) and 8 Meta-Analyst 2
version 3 (Tufts Medical Center, Boston, MA). All p-values were two tailed and considered
to be statistically significant at the 0.05 level.

RESULTS

Search Yield

A total of 4493 potentially relevant citations were identified and screened (Figure 1). We
retrieved full-text articles of 133 citations for evaluation, of which 26 satisfied the selection
criteria. In addition, 92 potentially relevant systematic reviews were identified and screened,
10 of which were evaluated in full-text; 172 potentially relevant citations were identified
from the references of these systematic reviews, of which 23 satisfied the selection criteria.
After removal of duplicate reports, 31 unique trials with 72 study arms (cohorts) were
included 828-57_ Al eligible studies were in English.
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Study Characteristics

Table 1 summarizes the trial characteristics. Published over 20 years, there were 8 placebo-
controlled trials and 23 active comparator trials, of which 25 were industry sponsored, 5
provided no sponsorship disclosures, and 1 was funded by a non-industry source. The 31
trials enrolled a total of 12,956 participants. Sample sizes ranged from 42 to 4038 patients.
The percentages of men ranged from 35% to 99%, and mean ages from 51 to 71 years.
Fifteen trials were restricted to dialysis patients. Mean baseline GFRs (reported in 16 trials)
ranged from 9.2 to 45.1 mI/min/1.73 m2. Mean weights ranged from 64.0 to 85.4 kg. Two
trials included only patients with diabetes.

The anemia parameters for each trial arm, including the mean hemoglobin and recombinant
erythropoietin dose (or dose equivalent) throughout the study period are summarized in
Table 1. Epoetin was used in 58 cohorts (43 used alfa, 9 used beta, and 6 9 did not specify);
6 used darbepoetin alfa, and 8 included placebo. Follow-up durations ranged from 3 to 36
months.

The randomization procedure was described in 14 RCTs 8:34:42-5052.54.55 / AJ| byt two trials
documented blinding, but the procedure was described in only 8, of which 6 were “double
blinded.” The blinding procedure was well-documented in only four studies 828:3443_A||-
cause mortality was ascertained in all trials throughout the follow-up period. The
ascertainment of cardiovascular mortality was more heterogeneous since it relied upon
arbitrary definitions of composite outcomes. Similarly, secondary outcome definitions, such
as hypertension and any serious adverse event, varied widely across studies. Two trials did
not report the mean ESA dose but instead described a protocoldriven algorithm of the ESA
dosing regimen 3934, The attrition rates over the full duration of follow-up, reported in 29
trials, ranged from 0% to 80%. Six trials reported drop-out rates of less than

10% 29:31.3549.56,57 and 7 trials of more than 40% 33.37.38:41,4346.48 T\ trials did not
report their drop-out rates 3953, Among the 29 trials that provided sufficient documentation,
the intention-to-treat principle was followed in 21 828-31,33-37,41-43,45_49,52,53,55

ESA Dose and All-Cause Mortality

In the unadjusted analysis (Table 2, full models provided in Table S1), higher first- 3-month
mean ESA dose (per epoetin alfa—equivalent 10,000-U/wk increment) was associated with a
higher rate of all-cause mortality (IRR, 1.42; 95% CI, 1.10-1.83).This association persisted

after adjustment for the first-3-month achieved mean hemoglobin level (IRR, 1.48; 95% ClI,
1.02-2.14). After adjustment for the target hemoglobin level, the association strengthened in
magnitude but lost statistical significance (IRR, 1.71; 95% 10 CI, 0.90-3.24).

A similar association (Figure 2) was observed in the unadjusted analysis for the association
of the total-study-period mean ESA dose and all-cause mortality (IRR, 1.09; 95% CI, 1.02—
1.18). This association persisted after adjustment for the trials’ target hemoglobin level
(IRR, 1.41; 95% ClI, 1.08-1.82); after adjustment for the total-studyperiod mean hemoglobin
level, the parameter estimate remained similar but lost statistical significance (IRR, 1.27;
95% ClI, 0.97-1.65).. Of note, the target hemoglobin level was associated with a lower rate
of all-cause mortality after adjustment for the total-studyperiod mean ESA dose (IRR, 0.91;
95% CI, 0.82-1.00).

In sensitivity analyses after removing the 2 cohorts with the highest all-cause mortality rates,
only the total-study-period mean ESA dose, adjusted for target hemoglobin, remained
significantly associated with all-cause mortality (IRR, 1.54; 95% CI, 1.02-2.30). Subgroup
analyses are shown in Figure 3. In studies of dialysis patients, higher ESA dose was
associated with higher mortality in the unadjusted (IRR, 1.12; 95% ClI, 1.01-1.24) as well as
the adjusted (IRR, 2.21; 95% CI, 1.30-3.75) analyses for target hemoglobin and achieved
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mean hemoglobin (IRR, 1.64; 95% Cl, 1.03-2.59). In studies that used epoetin, the
association of ESA dose with mortality persisted in the unadjusted and adjusted analyses.

ESA Dose and Cardiovascular Mortality

The relationship between mean ESA dose and cardiovascular mortality was in the same
direction as with overall mortality, albeit not statistically significant (Table 2, Table S1). In
unadjusted analyses, IRRs of the first-3-month and total-study-period mean ESA dose (per
epoetin alfa—equivalent 10,000-U/wk increment) were 1.31 (95% ClI, 0.92-1.86) 11 and 1.07
(95% Cl, 0.97-1.17), respectively. Adjusted analyses were limited due to the insufficient
number of observations or collinearity between the predictor variables.

ESA Dose and Other Adverse Outcomes

In the unadjusted analyses (Figure 4A), the total-study-period mean ESA dose was
associated with a higher rate of stroke (IRR, 1.60; 95% CI, 1.25-2.04), de novo or
worsening hypertension (IRR, 1.13; 95% CI, 1.03-1.24), thrombotic events (IRR, 1.25; 95%
Cl, 1.08-1.44), and dialysis vascular access thrombosis (IRR, 1.17; 95% ClI, 1.07-1.29), and
with a lower rate of transfusion requirement (IRR, 0.73; 95% CI, 0.68-0.79). Similar
associations were observed for the first-3-month mean ESA dose in the unadjusted analyses
(data not shown) with the exception of a lower rate of stroke (IRR, 0.43; 95% Cl, 0.19-
0.93).

After adjustment for target hemoglobin (Figure 4B), the association of the totalstudy- period
mean ESA dose strengthened only with the outcome of thrombotic events (IRR, 2.37; 95%
Cl, 1.32-4.27) while a lower rate for any serious adverse event was observed (IRR, 0.61;
95% ClI, 0.40-0.92). After adjustment for mortality rate in the control group of each trial
(Figure 4C), the results were strikingly similar to the unadjusted analyses, suggesting that
the effects of these two predictors are completely orthogonal.

We found no association between the total-study-period mean ESA dose and the annual
GFR change (in ml/min/1.73m? per epoetin alfa—equivalent 10,000-U/wk increment) either
in the unadjusted analysis (—0.50; 95% CI, —15.93 to 14.93) or after adjustment for target
hemoglobin (-0.42; 95% CI, —22.24 to 21.40).

DISCUSSION

In the present meta-regression analysis, we identify an association between the first-3-month
and total-study-period mean ESA dose and all-cause mortality, both in unadjusted models
and models adjusting for target hemoglobin. When restricting the analyses to dialysis
patients or those treated with epoetin, the association persisted in both the unadjusted and
adjusted analyses. Although not significant, a similar relationship was observed for
cardiovascular mortality. We also observed an association between total-study- period mean
ESA dose and several secondary endpoints including development of hypertension, stroke,
and thrombotic events. These findings favor the recent US Food and Drug Administration’s
relabeling on ESAs, recommending a more conservative dosing regimen for the treatment of
patients with CKD 8.

In a post hoc analysis of the CHOIR (Correction of Hemoglobin and Outcomes in Renal
Insufficiency) trial, a higher epoetin alfa dose was associated with increased risk for the
composite endpoint of mortality, myocardial infarction, stroke, or heart failurerelated
hospitalization, independently of randomization to a higher hemoglobin target 9. Another
post hoc analysis, of TREAT (Trial to Reduce Cardiovascular Events with Aranesp
[darbepoetin alfa] Therapy), demonstrated that escalation of the darbepoetin alfa dose in
“poor responders”, attempting to reach the target hemoglobin level, was associated with an

Am J Kidney Dis. Author manuscript; available in PMC 2014 January 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Koulouridis et al.

Page 7

increased risk of death or cardiovascular events 0. Treatment-byindication bias might
account for this association as the need for a higher ESA dose might be a proxy for
comorbidities and inflammation thereby contributing to ESA hyporesponsiveness. More
specifically, patients with ESA hypo-responsiveness were more likely to be older, have
more comorbidities, and lower GFR levels, driving the association of higher ESA dose with
higher mortality. In our analysis, the adjustment for 13 achieved hemoglobin partially
controls for ESA hypo-responsiveness. Furthermore, the use of randomized trials minimized
comorbidity imbalances among patients assigned to higher vs. lower target hemoglobin
levels. Nevertheless, presence of ecological fallacy, especially in light of the heterogeneous
dispersion depicted in Figure 2, cannot be ruled out and treatment-by-indication bias
towards higher ESA doses among patients with ESA hypo-responsiveness might have
influenced our results.

The risk of poorly controlled hypertension in ESA-treated patients targeted to higher target
hemoglobin levels has previously been shown 6:61-64 and a drug effect has been

theorized 84547, Our unadjusted analysis demonstrated an association between ESA dose
and hypertension; the analysis that was adjusted for the mortality rate in the control group
confirmed this finding, but the target hemoglobin-adjusted analysis did not. The similar
association between ESA dose and increased risk of stroke in our analyses supports the
findings of TREAT®, and raises concerns about the use of these agents, particularly in
patients with poorly controlled hypertension or in those with a prior history of stroke.

We found strong associations between ESA dose and increased risk of thrombotic events,
which had previously been observed in some 8:36:41 but not all trials 4546,

The unexpected finding of a protective effect of the higher total-study-period mean ESA
dose on the incidence of any serious adverse event, after adjustment for target hemoglobin
level, is of unclear significance. Significant heterogeneity in the definition of this clinical
endpoint raises concerns about its content validity. Similarly, the protective effect of a
higher first-3-month mean ESA dose against stroke is of unclear significance as the total-
study-period mean ESA dose was not protective. Alternatively, a potential 14 ESA
neuroprotective effect might be short-term lived 65

To our knowledge, there are no published trials explicitly designed to answer the potential
harm of ESA dose. A recent retrospective cohort study found that, at higher hematocrit
levels, an increased risk of death was associated with greater ESA and iron use 66, Prior
systematic reviews on this topic either did not explore the potential effect of ESA dose on
mortality or other adverse outcomes 2:6:9-15 or reported that the data were insufficient for
this analysis ’.

We observed a non-significant trend between a higher target hemoglobin level and a lower
adjusted IRR for all-cause and cardiovascular mortality. This counterintuitive observation
might be due to collinearity between predictors, whereby the hemoglobin level may be an
intermediate factor between the ESA dose and mortality or a determinant of ESA dose.
Adjusting for an intermediate factor typically results in estimates that are biased towards the
null 87. This protective effect could hold true but the possibility of collinearity does not
allow such inference, especially in light of several large RCTs demonstrating an association
between higher target hemoglobin and adverse outcomes 8:36:40.42.434547 The presence of
this counterintuitive protective effect suggests that collinearity, ecological fallacy, or
treatment-by-indication bias, were not addressed adequately, a problem that is impossible to
unwind in the setting of meta-regression without access to patient-level data.

To our knowledge, this is the first meta-regression analysis that formally explores the
association of the ESA dose, adjusted for target and achieved hemoglobin level, with several
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clinically important endpoints in patients with CKD. The inclusion of RCTs, which typically
mandate pre-defined outcome assessment and have more complete follow 15 up compared
to cohort studies, helped minimize ascertainment bias. We also dissected the differential
effect of ESA dose over the first 3 months of therapy vs. the total-study period. If not
spurious, our findings are consistent with the notion that rapid correction of anemia with
ESAs might be an independent predictor of adverse outcomes %9, a factor commonly
overlooked by clinicians that might deserve more attention.

Our major limitation is the use of study-level aggregated data, which are susceptible to
ecological fallacy. In addition, numerous assumptions and transformations were required to
harmonize results from individual trials and bring them into the same unit and scale,
possibly introducing additional biases. Similarly, we were unable to effectively differentiate
between mean follow-up time and total duration of individual trials, inserting bias into the
ascertainment of our outcomes. We used epoetin alfa— equivalent dose, which is an
oversimplification, as ESAs likely have different properties. Finally, we could not
adequately control for potential confounding effects of other factors, and heterogeneity
among the selected trials.

Our analysis raises concerns as to whether the ESA dose is an independent predictor of
mortality and other adverse cardiovascular events in patients with CKD. Our results call for
the design of trials that examine the effect of the ESA dose rather than target hemoglobin on
cardiovascular endpoints. Such trials, using an absolute dosing protocol rather than a
titration protocol, would hopefully advance the field and help revise current anemia
treatment guidelines in CKD by incorporating not only the target hemoglobin but also the
optimal ESA dose.

In conclusion, after adjusting for target or mean achieved hemoglobin, higher ESA dose for
the treatment of anemia in patients with CKD might be associated with a higher 16 mortality
risk. Lack of adjustment for comorbidities and inflammatory markers as well as inadequate
control for treatment-by-indication bias and ecological fallacy in the setting of meta-
regression precludes definitive conclusions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Other: 3
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Duplicate publications: 85
Multiple trial publications: 7
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Pediatric population: 2

Cross-over design: 15

Other: 20

A A
| Eligible trials (1 = 26) }—‘—{ Eligible trials (1 = 23) |

| Excluded duplicate trials (n = 18) |

Trials included in the meta-regression analysis (n = 31) (12,956 participants), each
reporting one or more of the following outcomes:

All-cause mortality: 24 trials (11,966 participants)

Cardiovascular mortality: 12 trials (7712 participants)

Cardiovascular events: 6 trials (6778 participants)

Acute myocardial infarction: 11 trials (9294 participants)

De novo/worsening angina: 5 trials (1869 participants)

Heart failure: 7 trials (8312 participants)

Stroke: 8 trials (7435 participants)

De novo/worsening hypertension: 19 trials (8324 participants)

Deep venous thrombosis: 4 trials (4956 participants)

Peripheral arterial thrombotic events: 3 trials (4786 participants)

Dialysis vascular access thrombosis: 11 trials (7424 participants)

Any serious adverse event: 12 trials (8165 participants)

Progression to kidney failure: 11 trials (6446 participants)

Slope of change in glomerular filtration rate: 10 trials (1826 participants)

Transfusion requirement: 12 trials (7941 participants)

Figurel.

Literature search and selection. ESA denotes erythropoiesis-stimulating agent.
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Figure2.

Association of the total-study-period mean weekly ESA dose with all-cause mortality.
Continuous line, unadjusted analysis (IRR 1.09; 95% CI 1.02, 1.18; P = 0.02); Dashed line,
target hemoglobin-adjusted (fixed at 11 gm/dL) analysis (IRR, 1.41; 95% Cl, 1.08-1.82; P =
0.01). Each circle represents a study arm. The radius of a circle corresponds to a study arm’s
weight in the metaregression. Here, “erythropoietin a.”” refers to epoetin alfa.
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Figure 3.

Subgroup meta-regression analyses examining the association of total-study-period ESA
dose (per epoetin alfa—equivalent 10,000-U/wk increment) with all-cause mortality. The
incidence rate ratio (IRR) and 95% confidence interval (Cl) is displayed on a logarithmic

scale. Here, “erythropoietin” refers to epoetin (alfa or beta); “darbepoetin” refers to

darbepoetin alfa.
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Figure4.

Meta-regression analyses examining the association of total-study-period ESA dose (per
epoetin alfa—equivalent 10,000 U/wk increment) with the secondary outcomes [4A,
unadjusted; 4B, adjusted for target hemoglobin; and 4C, adjusted for mortality rate
(expressed per 1000 person-years) in the control group]. The incidence rate ratio (IRR) and
95% confidence interval (ClI) is displayed on a logarithmic scale. ESRD denotes end-stage
renal disease.
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Table 2

Metaregression analyses of the association of ESA dose with all-cause and cardiovascular mortality.

1X31-)ewiarems 1Xa1-)ew1a1ems

1Xa1-)1ewa1ems

Outcome/ predictor No. No. trials | IRR (95% CI) P
patients
All-cause mortality
First-3-month mean ESA dose
Unadjusted 4565 11 1.42 (1.10-1.83) | 0.007
Adjusted for target Hb 4385 10 1.71 (0.90-3.24) 0.1
Adjusted for first-3-month achieved mean Hb 4565 11 1.48(1.02-2.14) | 0.04
Total-study-period mean ESA dose
Unadjusted 11,285 21 1.09 (1.02-1.18) 0.02
Adjusted for target Hb 11,105 21 1.41(1.08-1.82) | 0.01
Adjusted for total-study-period achieved mean Hb 11,285 21 1.27 (0.97-1.65) | 0.08
Cardiovascular mortality
First-3-month mean ESA dose
Unadjusted 2085 6 1.31(0.92-1.86) | 0.1
Adjusted for target Hb 1979 5 Not performed * -
Adjusted for first-3-month achieved mean Hb 2085 6 Not performed * -
Total-study-period mean ESA dose
Unadjusted 7148 10 1.07 (0.97-1.17) | 0.2
Adjusted for target Hb 7042 10 Not performed 7 -
Adjusted for total-study-period achieved mean Hb 7148 10 1.38 (0.93-2.03) 0.1

ESA dose is per epoetin alfa--equivalent 10,000-U/wk increment. IRR, incidence rate ratio; Cl, confidence interval; Hb, hemoglobin; ESA,

erythropoiesis-stimulating agent.

*
The analysis was not performed due to insufficient observations.

fThe analysis was not performed due to collinearity.
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