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Abstract Purpose: Erythropoiesis
stimulating agents (ESAs) are used to
treat anemia in critically ill patients.
This indication is off-label, because it
is not licensed by regulatory authori-
ties. Recently ESAs were suspected
to harm critically ill patients. Our
objective was to assess the safety of
ESAs in off-label indications in crit-
ically ill patients. Methods: Eleven
databases were searched up to April
2012. We considered randomized
controlled trials (RCTs) and con-
trolled observational studies in any
language that compared off-label
ESAs treatment with other effective
interventions, placebo or no treatment
in critically ill patients. Two authors
independently screened and evaluated
retrieved records, extracted data and
assessed risk of bias and quality of
reporting. Results: We used frequ-
entist and Bayesian models to
combine studies, and performed sen-
sitivity and subgroup analyses. From
12,888 citations, we included 48

Introduction

Critically ill patients are susceptible to anemia and vul-
nerable to its adverse consequences. The prevalence of
anemia among patients admitted to the intensive care unit

studies (34 RCTs; 14 observational),
involving 944,856 participants. Harm
reporting was of medium to low
quality. There was no statistically
significant increased risk of adverse
events in general, serious adverse
events, the most frequently reported
adverse events, and death in critically
ill patients treated with ESAs. These
results were robust against risk of bias
and analysis methods. There is evi-
dence that ESAs increase the risk of
clinically relevant thrombotic vascu-
lar events, and there is some less
certain evidence that ESAs might
increase the risk for venous throm-
boembolism. Conclusions: In
critically ill patients, administration
of ESAs is associated with a signifi-
cant increase in clinically relevant
thrombotic vascular events but not
with other frequently reported
adverse events and death.
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(ICU) for three or more days is up to 95 % [1]. The most
common treatment for anemia in ICU patients is blood

transfusion; almost half of these patients receive at least one
allogeneic red blood cell unit [2]. However, blood trans-
fusions are associated with an increased risk of morbidity
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and mortality [3]. Because inappropriate endogenous pro-
duction of the hematopoietic growth factor erythropoietin
is observed in most ICU patients, the administration of
recombinant human erythropoietin (rHuEPO) and other
erythropoiesis stimulating agents (ESAs) has emerged as a
therapeutic option [4]. The application of ESAs has been
further extended to acute cardiovascular and neuronal dis-
orders since non-hematopoietic effects of erythropoietin
including anti-inflammatory, antiapoptotic, and angiogenic
activities have been shown in preclinical and small clinical
studies [5].

ESAs are approved for treatment of anemia caused by
end-stage renal disease, anemia associated with human
immunodeficiency virus infection and anemia due to
concomitantly administered chemotherapy in patients
with non-myeloid cancers. Further, they are licensed for
transfusion reduction in patients scheduled for major
surgery, except heart surgery [6]. Therefore, administra-
tion of ESAs in critically ill patients is outside the license
of these agents and is considered an off-label indication.

The most commonly prescribed ESAs in critical ill-
ness are epoetin alfa and darbepoetin [7]. Exposure to
ESA treatment was estimated from records of more than
500 hospitals across the United States in 3 years: 72,903
patients in the ICU setting [8], 25,645 inpatients with
cancer and 66,822 with chronic kidney disease [9]. On the
basis of the overall cumulative dose per ICU stay, the cost
of treatment with epoetin alfa and darbepoetin was esti-
mated to be $576 and $841, respectively [8].

Systematic reviews of on-label indications of ESAs
have raised concern about their safety and a possible
increase in mortality [10-13]. A meta-analysis of 27 ran-
domized, controlled trials (RCTs) involving 10,452
patients with chronic kidney disease concluded that tar-
geting higher hemoglobin concentration increased risks
for fatal and nonfatal stroke, hypertension, and vascular
access thrombosis compared with targeting lower hemo-
globin concentration [14]. Another meta-analysis,
including 52 RCTs (n = 12,006), found that ESAs
increased risk of thrombotic events by 70 % and serious
adverse events by more than 15 % in patients with cancer-
related anemia. Accordingly, ESAs are not advised as
routine treatment in patients with cancer-related anemia as
an alternative to blood transfusion [13]. Moreover, the US
Food and Drug Administration restricted the use of ESAs
and their prescription under a risk management program
following studies showing an increased risk of tumor
growth and shortened survival in patients with cancer
receiving ESAs [15]. The safety profile of ESAs for the
treatment of anemia related to chronic renal failure and
chemotherapy has been studied extensively [10-14].

However, the patterns of adverse events (AEs) asso-
ciated with off-label indication of ESAs in the treatment of
critical illness remain unclear. Our objective was to assess
the effects of ESAs compared to either placebo, no treat-
ment, or an alternative active treatment regimen on safety

and mortality in critically ill patients when administered
off-label. We further aimed at exploring heterogeneity and
assessing the influence of bias on the robustness of our
effect estimates. An abstract of this review was presented
at the 28th International Conference on Pharmacoepi-
demiology and Therapeutic Risk Management [16].

Materials and methods

Search methods

On 23 April 2012, we updated our search on OvidSP EM-
BASE, OvidSP MEDLINE, OvidSP PASCAL, OvidSP All
EBM Reviews, OvidSP International Pharmaceutical
Abstracts, OvidSP PsycINFO, CINAHL, BIOSIS Pre-
views, Science Citation Index Expanded, Conference
Proceedings Citation Index-Science and TOXLINE (BM)
[search strategy is provided in Appendix A in the Electronic
Supplementary Material (ESM)]. To increase the objec-
tivity of our search strategy, we analyzed the content of a
2007 efficacy meta-analysis on ESAs in critically ill
patients [4] and its nine included RCTs by using AntConc
freeware concordance program (BM) (http://www.antlab.
sci.waseda.ac.jp/). Moreover, we searched for ongoing
controlled trials on http://www.controlledtrials.com using
the multiple database search option (BM) (metaRegister of
Controlled Trials). We also contacted the four main man-
ufactures of ESAs (Amgen, Roche, Janssen-Cilag, Ortho
biotech). Further, we tracked citations of all relevant
studies using SciVerse Scopus (BM).

Selection criteria and outcome measures

We included RCTs and controlled observational studies
(cohort or case—control) investigating the effect of ESAs
in case of critical illness unless its indication was
approved by either the European Medicine Agency or
FDA. We included studies in acutely and critically ill
adult patients with the intervention being scheduled sys-
temic administration of ESAs versus placebo, no
treatment or any alternative active treatment. Following
group discussions, an expert in intensive care medicine
(HH) assessed the setting of “critical illness” in the
absence of a stringent definition of the condition.

We were exclusively interested in patient safety out-
comes, including death. If mortality was assessed at
several time points in a study, we used data closest to the
follow-up period of 30 days.

Data collection and analysis

First, two authors (BM and BH, MS or CK) independently
screened the retrieved studies by title and then by abstract
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for exclusion. They assessed the full text of the possible
relevant studies for inclusion and exclusion criteria. Dif-
ferences in opinion were settled by either consensus or by
involving a third author (HH). Two authors (BM, BH,
MS, CK) then extracted the data of the selected studies
separately onto predesigned forms. The forms were
compared and discrepancies in data extraction were
resolved by discussion or if necessary by involving a third
reviewer (HH). Data were then added to an MS Access
database—specifically designed for this review—and
analyzed in RevMan 5.1 [17].

Included studies were appraised for their risk of bias
by two independent authors (BM, BH, MS, CK) using the
Cochrane Collaboration’s tool [18] for assessing risk of
bias in RCTs and the Newcastle-Ottawa Scale [19] for
assessing risk of bias in observational studies. The results
were compared and disagreements were resolved by dis-
cussion or if necessary by a third reviewer (HH). We
further evaluated quality of harms assessment and
reporting in included studies using the McMaster Quality
Assessment Scale of Harms [20].

We assessed reporting bias and small study effects by
creating funnel plots of standard errors versus effect
estimates if 10 or more studies were available for each
outcome using RevMan 5.1 and R package meta [21].
Asymmetry was evaluated by visual inspection and for-
mally tested using the arcsine test [22] for data from
studies where valid n/N data were available and the Egger
test [23] where effect estimates with their standard errors
were available.

Data synthesis was deemed appropriate if clinical
heterogeneity and methodological heterogeneity was
negligible. Clinical heterogeneity was assessed by
judgement based on exploration of the characteristics of
included studies table. Generally, we used fixed or ran-
dom effects models depending on statistical heterogeneity
between studies to calculate summary estimates. Statis-
tical heterogeneity was quantified by the I statistic [18].
Ideally, observational studies and randomized studies
should not be different if confounding is handled appro-
priately. However, confounding could not be excluded in
the observational studies. Therefore, we considered this a
relevant source of methodological heterogeneity. Meta-
analyses were fitted in a frequentist as well as in a
Bayesian setting.

In order to combine data from RCTs and observational
studies, we fitted a three-level hierarchical Bayesian
model [24-26]. This approach allows for between study
variability (in the same way as a classical random effects
model does) together with between design variability. In
this way, the overall estimate makes use of all the infor-
mation available [27]. Acknowledging that observational
evidence is of a different nature, a sensitivity analysis
down-weighting this in the synthesis was also carried out.
This was done explicitly using a specified parameter,
representing the weight given to observational evidence

modeled as a multiplicative factor to the observational
effect estimate precision. Different weights to inflate the
variance have been applied in a sensitivity analysis. We
performed subgroup analyses according to the type of
erythropoietin, its dosage, non-hematopoietic biological
effects and baseline anemia using the test for subgroup
differences [18]. We also assessed the robustness of our
estimates by comparing the effects from models that
included all studies (possibly biased but higher precision
due to the utilization of all individuals) to the effects from
models that excluded studies with high risk of bias or low
quality (potentially lower risk of bias but also lower
precision due to the exclusion of studies).

Results

Study selection

The search in electronic databases, citation tracking and
trial registers resulted in 12,888 hits and 7,735 hits after
removing duplicates (Fig. 1). The response from manu-
factures did not consist of any additional relevant data
related to safety aspects. We found one on-going trial [28]
and 11 relevant articles [29-39] through tracking refer-
ence lists and citations of 53 potentially relevant records.
By using Google search, we found journal publications
resulting from two relevant trials [40, 41] and two full text
papers [42, 43] of potentially relevant abstracts [44, 45].
Moreover, we received further details on four studies (two
RCTs and two observational studies) by contacting the
authors [46-50]. In total, we analyzed 48 studies out of 89
relevant documents: 34 RCTs and 14 observational
studies (Fig. 1).

Study description

The 48 studies involved a total of 944,856 participants
(6,332 in RCTs and 938,524 in observational studies)
from 21 countries (see details on the characteristics of 34
RCTs and 14 observational studies in Tables E1, E2 and
Appendix B in ESM).

Randomized controlled studies

Twelve RCTs were designed as prospective, open-labeled
studies [29, 32, 34, 43, 51-58]; endpoints were blinded in
three [54, 56, 58]. All RCTs were reported in English
except for one, which was written in Russian [48]. The
clinical setting of the patients were as follows: critically
ill patients in the ICUs [43, 52, 57, 59-65]; myocardial
infarction with ST-segment elevation [29, 31, 34, 40, 41,
54-56, 58, 66, 67]; myocardial damage with non-ST
segment elevation acute coronary syndrome [33]; surgical
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Fig. 1 Flow chart of study s hin el .
selection for inclusion in the earch in electronic
systematic review databases (n=9,187)

OvidSP EMBASE: 3,241
OvidSP MEDLINE: 1,845

Reasons for exclusion:

o review/ overview (n=436)

® Anemia due to chronic kidney disease
(n=306)

® Anemia due to chemotherapy in patients

OvidSP PASCAL: 1,038
OvidSP All EBM reviews: 189
OvidSP IPA: 165

OvidSP PsycINFO: 174
SCI-EXPANDED: 1,661
CINAHL: 406

Reference lists (n=3,012) with cancer (n=155)

Cited references (n=1,036)
Times cited (n=1,976) o Animal studies (n=89)

e Blood products and other antianemics
preparations (n=114)
e Not critically ill population (n=94)

e Endogenous EPO (n=75)

BIOSIS Previews: 228

- e Anemia in infants or premature neonates
Conference Proceedings Trials (n=52) P
Citation Index: 216 registries o ESA utilization (n=25)
TOXLINE: 24 (n=689) o Anemia due to zidovudine in HIV-infected

> e Case studies/ Case Series (n=62)

{

patients (n=22)
e Preclinical studies in human subjects (n=20)

e Uncontrolled studies/Inappropriate
Retrieved records comparator (n=13)
(N=12,888) e Misuse or abuse of ESAs (n=9)
. e Anemia due to ribavirin in hepatitis C (n=9)
\lﬁ Excluded duplicates  Economic analysis (n=8)
(n=5,153) ® ESAs use in veterinary (n=2)
Title review  Other reason (n=358)
(n=7,735)
s Excluded irrelevant Reasons for exclusion:
(n=5,718)
. e Review/overview (n=11)
Abstract review e Uncontrolled study (n=10)
(n=2,017) e Letter with no original data (n=9)
Excluded irrelevant L] © Blood products & other antianemics (n=8)
v (n=1,849) © Economic analysis (n=8)
. X ® Inappropriate comparator (n=8)
Article review | ESAs utilization (n=7)
(n=168) * Not critically ill population (n=7)
S Excluded irrelevant | | * Anemia due to chronic kidney disease (n=3)
(n=82) e Anemia due to chemotherapy in patients
with cancer (n=2)
* Endogenous EPO (n=2)
Further documents e Anemia in infants and neonates (n=1)
(n=4) < ® Retracted document (n=1)
Included e Other reason (n=5)
(n=90)
Eligible but not analyzed
« Further documents for Search in Google and contact
included/excluded studies (n=15) to authors for further details
e Ongoing trials (n=8) of:
e Trials of included studies (n=6)
Analyzed ® No safety (incl. death) evaluation (n=5) * Relevant abstracts (n=13)
studies (n=48) e Completed trials but unpublished e Relevant trials (n=14)
result (n=5) X .
RCT: 34 o Terminated trials (n=2) . Releva'nt articles with no safety
Observational: 14 o Duplicate trial (n=1) endpoints (n=5)

revascularization of the heart [32]; acute ischemic stroke
[39, 68]; aneurysmal subarachnoid hemorrhage [36, 38];
trauma [48, 53, 69]; burn [70, 71]; spinal cord injury [46]
and multiple organ dysfunction syndrome [51].

Patients in the experiment group received intravenous
epoetin alfa [32, 33, 36, 46, 48, 51, 55, 58, 59, 66, 68, 71],
subcutaneous epoetin alfa [43, 52, 57, 60-62, 64, 65, 69,
70], intravenous epoetin beta [29, 38, 41, 54, 56, 63, 67],
subcutaneous epoetin beta [39] or intravenous darbepoe-
tin [34, 40]. Two studies did not clearly specify the route
of epoetin alfa administration, one possibly subcutaneous
[53] and the other intravenous [31]. The manufacture of

ESAs (mostly alongside their brand names) was reported
in all but five studies [31, 43, 53, 59, 63].

RCTs were conducted from July 1990 to September
2010 across 20 countries—14 studies at multiple centers
[46, 52, 54, 56, 58, 60-67, 71].

Observational studies
All observational studies were designed as cohort studies:

five studies used local registries or data repositories [72—
76], four of them used specific databases [47, 77-79], and
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five studies recruited cases before ESAs intervention
concurrently with non-exposed subjects and followed
them over a particular time period or compared them with
non-exposed population from past records [30, 49, 80—
82]. All studies were reported in English language except
one, which was written in Chinese [30]. Clinical settings
included: critically ill patients in ICUs [47, 73-76];
trauma [49, 72, 77-79]; burn [82]; out-of-hospital cardiac
arrest [80, 81]; and anemic septic patients [30].

Observational studies investigated rHUEPO compared
to non-rHUEPO [49, 73, 74,76, 77, 82], ESAs versus non-
ESAs [47, 72, 79], epoetin beta versus placebo [81],
darbepoetin versus non-darbepoetin [75], ESAs plus
either unfractionated heparin or enoxaparin versus
unfractionated heparin or enoxaparin alone [78] and also
epoetin alfa additional to routine care versus routine care
alone [80]. Four observational studies reported the man-
ufacture of ESAs [49, 79-81], while two also reported the
specific brand names [49, 79].

Observational studies were performed from January
1996 to March 2010, mostly in the U.S.

Risk of bias and quality assessment
Risk of bias

Generally the risk of bias in included studies for safety
outcomes (including death) was moderate. All but seven
RCTs [32, 34, 43, 52, 53, 55, 56] were identified with low
to moderate risk of bias. Observational studies had low to
moderate risk of bias, except for four studies [30, 72, 75,
76] that had high risk of bias (see details in Figure El,
Tables E3 and E4 in ESM). Only one of the published
observational studies provided adjusted estimates for the
pre-specified outcome variables [73], therefore con-
founding has to be assumed. Noteworthy, Brophy et al.
[47] provided us with unpublished adjusted mortality
estimates from a subset of their study, which we used for
sensitivity analyses.

Quality of harm assessment and reporting

Harm assessment and reporting were of medium to low
quality in RCTs and of low quality in observational
studies overall (see details in Figure E2, Tables ES and E6
in ESM).

Effects of ESAs on adverse events

In total, 95 different types of adverse events (including
combinations of events) were identified in 37 studies;

62 AEs were reported in one study only, 11 AEs in two
studies, 6 AEs in three studies and 16 AEs in at least
four studies (details provided in Tables E1 and E2 in
ESM). The meta-analysis of the AEs reported in RCTs
and observational studies investigating ESAs treatment
in critical illness is presented in Table 1. ESAs treat-
ment did not significantly increase the risk of any AE
(Fig. 2), any serious AEs (Figure E4 in ESM), venous
thromboembolism (VTE, Fig. 3), deep venous throm-
bosis, pulmonary embolism or any other frequently
reported AE in critically ill patients. However, ESAs
increased the risk for VTE in the RCTs using frequ-
entist analyses, but had no effect on VTE in the
observational studies or when Bayesian methods were
applied. In contrary, ESAs decreased the relative risk of
central and peripheral nervous system disorders by
63 % (P = 0.03) and respiratory distress by 32 %
(P = 0.02).

There was no effect on AEs reported in the single
studies except for two: clinically relevant thrombotic
vascular event (120/728 vs. 83/720; RR = 1.43, 95 % CI
1.10-1.85) [60] and metabolic disturbances including
acidosis and alkalosis (11/84 vs. 1/78; RR = 10.2, 95 %
CI 1.4-77.3) [63] were more frequent with ESAs.

Effects of ESAs on mortality

Mortality was reported in 38 studies (28 RCTs and 10
observational studies) (details provided in Tables E1 and
E2 in ESM). Overall 67,980 deaths (669 in RCTs and
67,311 in observational studies) were observed in 931,053
participants (6,110 in RCTs and 924,943 in observational
studies). We found no statistically significant difference
in the mortality risk from treatment with ESAs compared
to non-ESAs (RR = 0.82, 95 % CI 0.65-1.01; combining
both RCTs and observational studies, Bayesian estimates)
(Fig. 4).

Sensitivity analysis using the Bayesian approach is
consistent with the main analysis. Though estimates are
similar, the estimated treatment effect based on RCT
evidence is larger in the Bayesian model compared to the
classical analysis (RR = 0.80, 95 % Crl: 0.63-0.97 ver-
sus RR = 0.87, 95 % CI 0.75-1.01). Differences may
occur since the Bayesian approach models the binomial
outcome data directly rather than for the summary sta-
tistics [83]. Combining RCT evidence and observational
trials in a hierarchical model accounts for between trial
design heterogeneity. Brophy et al. [47] is the main driver
of heterogeneity among the observational trials. When
excluding Brophy et al., the heterogeneity shrinks and the
use of ESAs was associated with a significant reduction in
mortality (RR = 0.80, 95 % Crl: 0.63-0.99); the same
holds when including adjusted estimates from a subset of
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Table 1 Risk of adverse events associated with ESAs use in RCTs and observational studies of critical ill patients

Adverse events No. of No. of Control group Risk ratio
studies participants risk (%) (95 % CI)

Any adverse event® 8 2,496 76.7 1.05 (0.92, 1.23)
Any serious adverse event 12 4,853 32.9 0.99 (0.91, 1.07)
Venous thromboembolism (VTE)* 17 18,787 1.5 1.14 (0.73, 1.60)
Deep venous thrombosis® 10 4,322 3.7 1.05 (0.61, 1.59)
Pulmonary embolism 6 2,672 1.5 1.28 (0.71, 2.32)
Hypertension 5 884 0.9 1.00 (0.27, 3.70)
Myocardial infarction 8 2,451 1.2 1.73 (0.87, 3.45)
Stroke 10 1,593 1.5 0.48 (0.19, 1.19)
Heart failure 4 852 2.6 0.37 (0.09, 1.46)
Cardiac arrest or ventricular fibrillation 4 2,952 3.3 0.90 (0.61, 1.34)
Heart rate and rhythm disorders 5 1,672 6.9 0.83 (0.58, 1.20)
Cardiovascular disorders, general 3 1,993 3.4 0.84 (0.37, 1.95)
Central and peripheral nervous system disorders 2 1,490 2.3 0.37 (0.15, 0.91)
Seizure 3 749 4.2 0.68 (0.30, 1.51)
Cerebrovascular event 2 1,684 1.9 0.93 (0.47, 1.85)
Vascular (extracardiac) disorders 2 1,464 4.8 0.74 (0.45, 1.21)
Respiratory distress/insufficiency 4 3,057 6.1 0.68 (0.50, 0.94)
Pneumonia 4 1,682 6.6 1.32 (0.92, 1.90)
Dyspnea 2 2,750 2.7 1.00 (0.64, 1.56)
Platelet, bleeding, and clotting disorders 4 2,191 2.0 1.22 (0.68, 2.19)
Thrombocytosis 3 366 3.0 2.35 (0.85, 6.48)
Sepsis 5 3,170 6.4 1.04 (0.80, 1.34)
Infection and infestation 3 498 12.9 1.14 (0.79, 1.65)
Multiple-organ failure 2 2,750 2.5 0.85 (0.52, 1.39)
Abscess 2 2,750 1.5 1.52 (0.88, 2.61)
Stent thrombosis 3 470 1.8 1.53 (0.48, 4.96)
LV thrombus 2 273 1.6 1.48 (0.33, 6.74)
IRA revascularization 2 248 3.3 2.47 (0.80, 7.63)
Coronary artery bypass graft 2 242 2.8 0.22 (0.03, 1.92)
Gastrointestinal system disorders 4 1,672 3.6 0.82 (0.49, 1.38)
Renal failure (acute) 3 1,609 3.9 1.21 (0.76, 1.95)
Musculoskeletal 2 350 2.4 0.32 (0.05, 1.98)
Mortality

RCTs 28 6,110° 11.7 0.87 (0.76, 1.00)
Observational® 9 924,953d 6.8 0.96 (0.59, 1.56)
Combining all studies® 29¢ 930,603 - 0.82 (0.65, 1.01)

* Estimates from Bayesian meta-analysis, the numbers in brackets
represent credibility intervals (Crl) instead of confidence intervals
(95 % CI)

" Tt includes also studies with zero events

Brophy et al. (RR = 0.80, 95 % Crl: 0.62-0.99) (Table
E7 in ESM).

Sensitivity analysis excluding high risk of bias studies
was consistent with those of the main analysis for all AEs
and mortality.

Subgroup analysis

The effect of ESAs on AEs and mortality did not differ
significantly between all four pre-specified subgroups-
type of erythropoietin, its dosage, non-hematopoietic
biological effects and baseline anemia. Post-hoc analysis
of trauma patients in five studies [48, 60, 61, 77, 79, 84]
revealed a significantly reduced mortality in this

¢ P value for subgroup differences between RCTs and observa-
tional studies = 0.72

4 No sample size available for Ginger [77]

¢ Number of studies that could be combined in the Bayesian model

population (RR = 0.51, 95 % CI 0.39-0.68; P value for
subgroup differences =0.002 trauma versus non-trauma
study effects).

Reporting bias

We performed a formal test for funnel plot asymmetry for
VTE and mortality. For the outcome mortality there was
no indication of funnel plot asymmetry at visual inspec-
tion, both for RCTs and RCTs with observational studies,
except for the one disproportionally large database study
resulting in very small standard errors [47]. Formally,
there was no funnel plot asymmetry (arcsine transfor-
mation regression, t = —0.7, df = 20, P value = 0.48,
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ESAs non-ESAs Risk Ratio
Study or Subgroup Events Total Events Total Weight MH, Random [95% CI]
1.9.1 RCTs
Corwin 2007 690 728 680 720 495% 1.00 [0.98,1.03] =
Georgopoulos 2005 43 100 23 48 2.0% 0.90 [0.62,1.30]
Luchette 2012 85 96 82 92 18.7% 0.99 [0.90,1.10] -
Naijjar 2011 69 125 40 97 3.4% 1.34[1.01,1.78] =
Prunier 2012 15 57 15 53 08% 0.93[051,1.71]
Still 1995 7 19 7 21 04% 1.11[0.48,2.57]
Vincent 2006 47 48 24 25 21.7% 1.02[0.93,1.12] -
Subtotal (95% CI) 1173 1056 96.1% 1.01 [0.98,1.03]
Subtotal Bayesian 1.02[0.92,1.13]
Total events 956 871

Heterogeneity: Tau?2=0.00; Chi*2=5.27, df=6 (P=0.51); 1"2=0%

Test for overall effect: Z7=0.47 (P=0.64)

1.9.2 Observational studies

Talving 2010 46 89 79 178 3.9% 1.23[0.94,1.60] T
Subtotal (95% ClI) 89 178 3.9% 1.23 [0.94,1.60]
Subtotal Bayesian 1.22[0.92,1.57] :
Total events 46 75
Heterogeneity: Not applicable
Test for overall effect: Z=1.51 (P=0.13)
Total (95% CI) 1262 1234 100% 1.02 [0.97,1.08] ¢
Subtotal Bayesian 1.05[0.92,1.23] .
Total Events 1002 946
Heterogeneity: Tau*2=0.00; Chi*2=9.49, df=7 (P=0.22); 1"2=26%
Test for overall effect: Z=0.73 (P=0.46)
Test for subgroup differenes; Chi*2=2.15, df=1 (P=0.14), 1"2=53.6%

05 10 15 20 2530

Favours Experimental Favours Control

Fig. 2 Forest plot of studies comparing ESAs versus control for the outcome ‘Any adverse event’

for RCTs only and P = 0.25 in the Egger’s test for small-
study effects for RCTs and observational studies) sug-
gesting no small study effect or reporting bias. The funnel
plot of VTE indicated some asymmetry at visual inspec-
tion, concordant with borderline significance at formal
testing for funnel plot asymmetry (arcsine transformation
regression, t = —2.1, df = 13, P value = 0.05) (See Fig.
E4 in ESM for funnel plots).

Discussion

This systematic review provides evidence that ESAs in
critically ill patients do not increase the risk of frequently
reported AEs or mortality based on data from more than
900,000 patients included in 34 RCTs and 14 cohort
studies. Even though 48 studies met the inclusion criteria,
the majority of different AEs (56.2 %) were reported in
only one RCT [63]. Studies were performed in a wide
range of conditions in several countries and consist of
RCTs, cohorts as well as ‘daily life’ observational cohorts
studies. Given these characteristics and the average

mortality in the included population between 7 and 12 %
the results may be applicable to most circumstances of
critical care medicine. Our meta-analysis significantly
updates a paper by Zarychanski from 2007 [4] who con-
cluded from 9 RCTs that insufficient evidence precluded
recommendation on routine use of ESAs in critically ill
patients.

The results, however, should be viewed with caution
for several reasons. Among the 27 RCTs and ten cohort
studies classified ‘low to moderate risk of bias’, only three
RCTs [41, 67, 68] and one cohort study [79] fulfilled all
criteria of low risk for AE outcomes (Figure E1, Tables
E3 and E4 in ESM). Specifically confounding may have
distorted the effects in observational studies, because
adjusted effects lacked for most studies. The adjusted
effect was reduced by 25 % towards the null for this ICU
mortality compared to the crude effect (data not shown).
This may be taken as an indicator of the amount of
confounding. As a consequence we used a Bayesian
approach to put less weight on the observational studies
whilst combining the information from all available study
designs. Stepwise reducing the weight from 100 to 10 %
overall result estimates shift closer towards the results
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ESAs non-ESAs Risk Ratio
Study or Subgroup Events Total Events Total Weight MH, Random [95% CI]
1.9.1 RCTs
Corwin 1999 4 80 4 80 6.5% 1.00 [0.26,3.86] —_—
Corwin 2002 14 650 15 652 9.1% 0.94 [0.46,1.92] ——
Corwin 2007 79 728 54 720 10.5% 1.45[1.04,2.01] I
Ehrenreich 2009 29 256 18 266 9.8% 1.67 [0.95,2.94] —
Endre 2010 4 84 6 78  7.0% 0.62[0.18,2.11] —
Georgopoulos 2005 1 100 1 48 29% 0.48 [0.03,7.51]
Gerasimov 2012 13 42 8 36  9.0% 1.39 [0.65,2.98] ——
Luchette 2012 5 96 6 92 7.3% 0.80 [0.25,2.53] —
Still 1995 3 19 1 21 39% 3.32[0.38,29.23] —_—r
Tseng 2009 0 40 0 40 Not estimable
Voors 2010 0 263 1 266 2.3% 0.34[0.01,8.24]
Yip 2011 0 83 0 84 Not estimable
Subtotal (95% CI) 2441 2383 68.2% 1.31 [1.04,1.66] 0
Subtotal Bayesian 1.11 [0.66,1.54] .
Total events 152 114
Heterogeneity: Taut2=0.00; Chi*2=6.14, df=9 (P=0.73); 1"2=0%
Test for overall effect: Z=2.29 (P=0.02)
1.9.2 Observational studies
Bush 2008 2 86 13 601 6.0% 1.08 [0.25,4.68] —_—
Hecht 2007 47 847 97 11987 10.5% 6.86 [4.87,9.65] =
Lundy 2010 1 25 4 77  4.0% 0.77 [0.09,6.57]
Shuman 2009 1 38 2 35 36% 0.46 [0.04,4.86]
Talving 2010 7 89 6 178 7.7% 2.33[0.81,6.74] —
Subtotal (95% CI) 1085 12878 31.8% 1.87 [0.59,5.92]
Subtotal Bayesian 1.79 [0.34,5.07] :
Total events 58 122

Heterogeneity: Taut2=1.17; Chi*2=17.88, df=4 (P=0.001); 1"2=78%

Test for overall effect: Z=1.07 (P=0.28)

Total (95% CI) 3526 15261 100% 1.35[0.78,2.31] @
Subtotal Bayesian 1.14 [0.73,1.60] Q
Total Events 210 236
Heterogeneity: Tau*2=0.70; Chi*2=74 .31, df=14 (P<0.00001); 1"2=81%
Test for overall effect: Z=1.08 (P=0.28)
Test for subgroup differenes; Chi*2=0.35, df=1 (P=0.55), 1"2=0%
D04 5.00 15.00

Favours Experimental Favours Control

Fig. 3 Forest plot of studies comparing ESAs versus control for the outcome ‘Venous thromboembolism’

based on RCTs only. However, the effect is small, since
overall estimates are dominated by RCT evidence due to
stronger RCT evidence and larger heterogeneity in the
observational data.

None of the included studies fulfilled all criteria in the
quality of harm assessment and reporting evaluation
(Figure E2, Tables ES and E6 in ESM). Only five RCTs
monitored AEs by an independent data and safety moni-
toring board [58, 60, 61, 66, 68] although the ability of the
observer to accurately and consistently assess patients and
detecting AEs is crucial in safety studies. The majority of
studies had not defined harms in their report. Variability
and overlap of terms used to describe each AE across
studies was apparent. This was also an issue for

considering AEs as serious. Only one study graded
severity of AEs by using a coding system [63].

The result of our review is consistent with a Cochrane
review on rHuEPO therapy of pre-dialysis patients with
renal anemia (15 trials, 461 participants) which found no
significant increase in AEs and no mortality benefit [85].
Likewise a Cochrane review on ESAs in chronic heart
failure patients with anemia (11 trials, 794 patients) found
no increase in AEs but lower all-cause mortality by 39 %
[86].

Treatment of chronic kidney disease with ESAs, tar-
geting high hemoglobin levels was associated with higher
risks for hypertension (by 67 %), stroke (by 51 %) and
vascular access thrombosis (by 33 %) compared with a
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Fig. 4 Forest plot of studies
comparing ESAs versus control
for mortality

RR
Study or Subgroup log[RR] SE Weight IV, Random, 95% CI
1.5.3 RCTs
Binbrek 2009 -0.6423 1.2178 1.2% 0.53 [0.05,5.72]
Corwin 1999 0.1335 0.2535 4.5% 1.14 [0.70,1.88]
Corwin 2002 -0.0749 0.1195 5.0% 0.93 [0.73,1.17]
Corwin 2007 -0.2999 0.1595 4.9% 0.74[0.54,1.01]
Enhrenreich 2009 0.6202 0.2727 4.4% 1.86[1.09,3.17]
El Atroush 2005 -0.3483 0.2748 4.4% 0.71[0.41,1.21]
Endre 2010 -0.4418 0.4041 3.8% 0.64 [0.29,1.42]
Gabriel 1998 0087 04192 3.7% 1.09 [0.48,2.48]
Georgopoulos 2005 0.0282 0.4227 3.7% 1.03 [0.45,2.36]
Gerasimov 2012 -0.4906 0.3462 4.1% 0.61[0.31,1.21]
Ludman 2011 -1.1364 16097 08% 0.32[0.01,7.53]
Najjar 2011 0.8473 1.6274 0.7% 2.33[0.10,56.65]
Oft 2010 -0.6642 1.2129 12% 0.51 [0.05,5.55]
Prunier 2012 -0.7659 1.2098 1.2% 0.46 [0.04,4.98]
Silver 2006 -0.6466 0.5035 3.3% 0.52[0.20,1.41]
Springborg 2007 09163 08216 21%  250[0.50,12.51]
Still 1995 0.1001 0.9486 1.7% 1.11[0.17,7.09]
Tseng 2009 -0.2231 06325 27% 0.80 [0.23,2.76]
van Iperen 2000 -0.3365 0.4198 3.7% 0.71[0.31,1.63]
Voors 2010 -0.8537 0.4124 3.7% 0.43 [0.19,0.96]
Yip 2011 0.7051 1.2149 1.2% 2.02[0.19,21.90]
Subtotal (95% Cl) 61.9% 0.87 [0.75,1.01]

Subtotal Bayesian 0.80 [0.63,0.97]
Heterogeneity: Tau*2=0.00; Chi*2=20.66, df=20 (P=0.42); 1"2=3%
Test for overall effect: Z=1.82 (P=0.07)

1.5.1 Observational

Brophy 2007 0.8191 0.0115 5.1%  227[2.22232]
Brophy Sub2007 -0.6539 0202 00%  0.52[0.350.77]
Cariou 2008 -0.1666 0.3034 43%  0.85[0.47,153]
Ginger 2008 -0511 0261 45%  0.60[0.36,1.00]
Grmec 2009 -05878 02426 45%  0.56[0.35,0.89]
Kane-Gill 2007 08448 0.1506 49%  233[1733.13]
Luh 2005 -0.3102 0.3709 39%  0.73[0.35,1.52]
Lundy 2010 0.1728 0.3704 3.9% 1.19 [0.58,2.46]
Talving 2010 -1.1221 0.3863 39%  0.33[0.15,0.69]
Wittbrodt 2005 0.1823 0.5434 3.1% 1.20 [0.41,3.48]
Subtotal (95% CI) 38.1%  0.96 [0.59,1.56]

Subtotal Bayesian 0.96 [0.42,1.89]

JE——Y

Heterogeneity: Tau*2=0.45; Chi*2=108.27, df=8 (P<0.00001); 1"2=93%

Test for overall effect: Z=0.17 (P=0.86)

Total (95% CI)
Total Bayesian

100% 0.89 [0.66,1.20]

0.82 [0.65,1.01]

:

Heterogeneity.Tau"2=0.45; Chi*2=303.28, df=29 (P<0.00001); 1"2=90%

Test for overall effect: Z=0.78 (P=0.43)
Test for subgroup differences: Chi*2=0.13, df=1 (P=0.72), 1"2=0%

004
Favours Experimental

r 11

5.00 15.00
Favours Control

lower hemoglobin target. Nonetheless, this meta-analysis
of 27 RCTs (10,452 patients) did not find statistically
significant increasing risks for mortality and serious AEs
[14], and hemoglobin target might explain the effects
rather than ESAs as such.

However, the results of our review are different
compared to the effect of ESAs in patients with cancer.
There was increased risk of serious AEs in a meta-

analysis assessing the harms of ESAs in adults with
anemia related to cancer (RR = 1.16, 95 % CI 1.08-1.25,
=0 %, 21 trials, n = 5,891) and mortality was
increased by 15 % (28 trials of 31 comparisons,
n = 6,525) [13]. Another systematic review on the pre-
vention or treatment of anemia in cancer patients with
ESAs demonstrated a 17 % increased risk of death in
ESAs group (meta-analysis of 13,933 individual-patients
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(53 RCTs), HR = 1.17, 95 % CI 1.06-1.30) [11]. A
possible explanation for this discrepancy might be a dif-
ferent mode of action in an oncologic setting, as EPO is
suspected to induce tumor growth [87]. We explicitly
excluded studies containing patients with cancer, which
might explain this discrepancy.

The survival benefit of epoetin alfa in critically ill
trauma patients has been demonstrated in post-trial anal-
ysis of two RCTs by Corwin et al. [60, 61, 84] but with
uncertainty about its true cost-effectiveness [88]. Our post
hoc subgroup analysis in trauma patients was in agree-
ment but substantially driven by Corwin’s studies. Given
the post hoc nature of this specific analysis we consider
this finding with particular caution.

The manufacture and brand names of ESAs in some of
the included studies were not described (Tables E1 and
E2 in ESM). We found four biosimilars (these are
generics of biotechnological products), which raises the
concern of different safety profiles for the biosimilar
epoetins, because they cannot be entirely identical to their
originator products [89, 90]. However, given the small
number of patients in the few studies exposing individuals
to biosimilars no formal subgroup analysis was possible.
Only one study had estimates on the effect on mortality
and did not show any evidence of harm [48].

Some included studies disclosed research support from
one of the rtHUEPO manufacturing companies and we are
uncertain whether the safety profiles reported in these
studies were biased. A systematic review which assessed
the reporting of adverse effects and potential association
with source of funding indicated that industry funding
may not be a major threat to bias in the reporting of raw
adverse effects data [91]. However, a new study from the
US assessed disclosures made in 404 articles published by

authors identified from whistleblower complaints as being
involved in the promotion of off-label drug use and found
that 85 % of papers had inadequate disclosures [92].

Conclusion

There was no statistically significant increased risk of AE
in general, serious AE, as well as for the most frequently
reported AEs and death in critically ill patients treated
with ESAs. These results were robust against within study
risk of bias and analysis methods. There is some uncertain
evidence that ESAs might increase the risk for VTE, and
there is evidence that ESAs increase the risk for clinically
relevant thrombotic vascular events. However, because
included studies had low quality of harm assessment and
reporting the results must be interpreted with caution.
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