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A B S T R A C T

Background

Erythropoiesis-stimulating agents (ESAs) are commonly used to treat chemotherapy-induced anemia (CIA). However, about half of patients
do not benefit.

Objectives

To evaluate the benefits and harms related to the use of iron as a supplement to ESA and iron alone compared with ESA alone in the
management of CIA.

Search methods

We searched for relevant trials from the Cochrane Central Register of Controlled Trials (CENTRAL) (issue 1 January 2016), MEDLINE (1950
to February 2016), and www.clinicaltrials.gov without using any language limits.

Selection criteria

All randomized controlled trials (RCTs) comparing 'iron plus ESA' or 'iron alone' versus 'ESA alone' in people with CIA were eligible for
inclusion.

Data collection and analysis

We used standard methodological procedures expected by Cochrane.

Main results

We included eight RCTs (12 comparisons) comparing ESA plus iron versus ESA alone enrolling 2087 participants. We did not find any trial
comparing iron alone versus ESAs alone in people with CIA. None of the included RCTs reported overall survival. There was a beneficial
eHect of iron supplementation to ESAs compared with ESAs alone on hematopoietic response (risk ratio (RR) 1.17, 95% confidence
interval (CI) 1.09 to 1.26; P < 0.0001; 1712 participants; 11 comparisons; high-quality evidence). Assuming a baseline risk of 35% to 80%
for hematopoietic response without iron supplementation, between seven and 16 patients should be treated to achieve hematopoietic
response in one patient. In subgroup analyses, RCTs that used intravenous (IV) iron favored ESAs and iron (RR 1.20 (95% CI 1.10 to 1.31); P
< 0.00001; 1321 participants; eight comparisons), whereas we found no evidence for a diHerence in hematopoietic response in RCTs using
oral iron (RR 1.04 (95% CI 0.87 to 1.24); P = 0.68; 391 participants; three comparisons). There was no evidence for a diHerence between the
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subgroups of IV and oral iron (P = 0.16). There was no evidence for a diHerence between the subgroups of types of iron (P = 0.31) and types
of ESAs (P = 0.16) for hematopoietic response.

The iron supplementation to ESAs might be beneficial as fewer participants treated with iron supplementation required red blood cell (RBC)
transfusions compared to the number of participants treated with ESAs alone (RR 0.74 (95% CI 0.60 to 0.92); P = 0.007; 1719 participants;
11 comparisons; moderate-quality evidence). Assuming a baseline risk of 7% to 40% for RBC transfusion without iron supplementation,
between 10 and 57 patients should be treated to avoid RBC transfusion in one patient.

We found no evidence for a diHerence in the median time to hematopoietic response with addition of iron to ESAs (hazard ratio (HR) 0.93
(95% CI 0.67 to 1.28); P = 0.65; 1042 participants; seven comparisons; low-quality evidence). In subgroup analyses, RCTs in which dextran
(HR 0.95 (95% CI 0.36 to 2.52); P = 0.92; 340 participants; three comparisons), sucrose iron (HR 1.15 (95% CI 0.60 to 2.21); P = 0.67; 102
participants; one comparison) and sulfate iron (HR 1.24 (95% CI 0.99 to 1.56); P = 0.06; 55 participants; one comparison) were used showed
no evidence for diHerence between iron supplementation versus ESAs alone compared with RCTs in which gluconate (HR 0.78 (95% CI
0.65 to 0.94); P = 0.01; 464 participants; two comparisons) was used for median time to hematopoietic response (P = 0.02). There was no
evidence for a diHerence between the subgroups of route of iron administration (P = 0.13) and types of ESAs (P = 0.46) for median time
to hematopoietic response.

Our results indicated that there could be improvement in the hemoglobin (Hb) levels with addition of iron to ESAs (mean diHerence (MD)
0.48 (95% CI 0.10 to 0.86); P = 0.01; 827 participants; seven comparisons; low-quality evidence). In RCTs in which IV iron was used there was
evidence for a diHerence (MD 0.84 (95% CI 0.21 to 1.46); P = 0.009; 436 participants; four comparisons) compared with oral iron (MD 0.07
(95% CI -0.19 to 0.34); P = 0.59; 391 participants; three comparisons) for mean change in Hb level (P = 0.03). RCTs in which dextran (MD 1.55
(95% CI 0.62 to 2.47); P = 0.001; 102 participants; two comparisons) was used showed evidence for a diHerence with iron supplementation
versus ESAs alone compared with RCTs in which gluconate (MD 0.54 (95% CI -0.15 to 1.22); P = 0.12; 334 participants; two comparisons)
and sulfate iron (MD 0.07 (95% CI -0.19 to 0.34); P = 0.59; 391 participants; three comparisons) were used for mean change in Hb level (P =
0.007). RCTs in which epoetin was used showed evidence for a diHerence with iron supplementation versus ESAs alone (MD 0.77 (95% CI
0.25 to 1.29); P = 0.004; 337 participants; five comparisons) compared with darbepoetin use (MD 0.10 (95% CI -0.13 to 0.33); P = 0.38; 490
participants; two comparisons) for mean change in Hb level (P = 0.02).

We found no evidence for a diHerence in quality of life with addition of iron to ESAs (standardized mean diHerence 0.01 (95% CI -0.10 to
0.12); P = 0.88; 1124 participants; three RCTs; high-quality evidence).

We found no evidence for a diHerence in risk of grade III-IV thromboembolic events (RR 0.95 (95% CI 0.54 to 1.65); P = 0.85; 783 participants;
three RCTs; moderate-quality evidence). The incidence of treatment-related mortality (TRM) was 0% (997 participants; four comparisons;
high-quality evidence).

Other common adverse events included vomiting, asthenia, and leukopenia, and were similar in both arms.

Overall the risk of bias across outcomes was high to low. Since the included RCTs had shorter follow-up duration (up to 20 weeks), the long-
term eHects of iron supplementation are unknown. Our main reasons for downgrading the quality of evidence were inconsistency across
the included studies and imprecision of results.

Authors' conclusions

Our systematic review shows that addition of iron to ESAs oHers superior hematopoietic response, reduces the risk of RBC transfusions,
and improves Hb levels, and appears to be well tolerated. None of the included RCTs reported overall survival. We found no evidence for
a diHerence in quality of life with iron supplementation.

P L A I N   L A N G U A G E   S U M M A R Y

The role of iron in the management of chemotherapy-induced anemia in cancer patients receiving erythropoiesis-stimulating
agents

Review question: Is iron alone or iron as a supplement to erythropoiesis-stimulating agents (ESAs) superior to ESAs alone in the
management of people diagnosed with chemotherapy-induced anemia (CIA)?

Background: The current treatment of CIA is ESAs, which increase the production of red blood cells (erythropoiesis), and in some cases
ESAs and iron. In some cases, strategies such as no therapy or wait and watch with clinical oversight and red blood cell transfusion may
be safe and suitable options. We conducted a systematic review to evaluate the benefits and harms of iron in the management of CIA.

Search date: The evidence is current to February 2016.

Study characteristics: We included eight industry-funded randomized controlled trials (RCTs) comparing ESAs plus iron versus ESAs alone
enrolling 2087 participants. We did not find any trial comparing iron alone versus ESAs alone.

Study funding source: All the included trials were industry funded.
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Key results: Adding iron to ESAs improves the hematopoietic response in people with CIA. Use of iron with ESAs might reduce the risk of
blood transfusions and improve hemoglobin. We found no improvement in quality of life with addition of iron. We found no evidence for a
diHerence in time to hematopoietic response and risk of development of blood clot in veins of people with CIA treated with iron and ESAs
compared with ESAs alone. There were zero treatment-related deaths among 997 participants in the four trials that reported this outcome.
Other harms included constipation, vomiting, and diarrhea, and were similar with ESAs and iron compared with ESAs alone. None of the
trials reported data on survival.

Quality of evidence: The quality of evidence for hematopoietic response was high. The quality of evidence for red blood cell transfusion
was moderate, as the pooled estimate had large variation. The quality of evidence for change in hemoglobin and time to hematopoietic
response was low, as the pooled estimates had large variation and results were not similar across studies. The quality of evidence for
quality of life was high. The quality of evidence for risk of blood clots in veins was moderate due to variation in pooled estimate. Since the
included RCTs had shorter follow-up duration (up to 20 weeks), the long-term eHects of iron supplementation are unknown.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Benefits and harms of iron supplementation for chemotherapy-induced anemia

Benefits and harms of iron supplementation for chemotherapy-induced anemia

Patient or population: people diagnosed with chemotherapy-induced anemia
Settings: in-hospital/outpatient
Intervention: iron supplementation to erythropoiesis-stimulating agents or iron alone

Comparison: erythropoiesis-stimulating agents alone

Illustrative comparative risks* (95% CI)

Assumed risk Corresponding risk

Outcomes

Control Benefits and harms of iron supple-
mentation

Relative effect
(95% CI)

No of Participants
(studies)

Quality of the evi-
dence
(GRADE)

Overall survival None of the included studies reported data on overall survival

Study population

632 per 1000 740 per 1000 
(689 to 796)

Moderate##

Hematopoietic response

574 per 1000 672 per 1000 
(626 to 723)

RR 1.17 
(1.09 to 1.26)

1712 (7 studies, 11
comparisons)

⊕⊕⊕⊕
high

Study population

195 per 1000 144 per 1000 
(117 to 179)

Moderate##

Red blood cell transfu-
sion

167 per 1000 124 per 1000 
(100 to 154)

RR 0.74 
(0.6 to 0.92)

1719 (7 studies, 11
comparisons)

⊕⊕⊕⊝

moderate 1

Median time to
hematopoietic response

Not applicable# HR 0.93

(0.67 to 1.28)

1042 (5 studies, 7 com-
parisons)

⊕⊕⊝⊝ low 1,2
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Mean change in hemo-
globin

(better indicated by
higher values)

The mean change in hemoglobin in the intervention groups was 0.48
higher 
(0.10 higher to 0.86 higher)

MD 0.48

(0.10 to 0.86)

827 (3 studies, 7 com-
parisons)

⊕⊕⊝⊝

low 1,3

Quality of life

(better indicated by
higher values)

The mean quality of life in the intervention groups was
0.01 standard deviations higher 
(0.10 lower to 0.12 higher)

SMD 0.01

(-0.10 to 0.12)

1124 (3 studies, 4 com-
parisons)

⊕⊕⊕⊕

high 4

Study population

62 per 1000 58 per 1000 
(33 to 102)

Moderate##

Thromboembolic events

62 per 1000 59 per 1000 
(33 to 102)

RR 0.95 
(0.54 to 1.65)

783 (3 studies) ⊕⊕⊕⊝

moderate 1

Treatment-related mor-
tality

Not applicable** Zero events** 997 (4 studies, 6 com-
parisons)

⊕⊕⊕⊕

high 5

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: Confidence interval; HR: Hazard ratio; MD: Mean difference;RR: Risk ratio; SMD: Standardized mean difference

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

1Downgraded the quality of evidence by one level due to imprecision (the pooled estimate had wider confidence intervals).
2We noticed substantial heterogeneity among these studies. However, the type of iron used explained the presence of heterogeneity. Nonetheless, we downgraded the quality
of evidence by one for the observed inconsistency.
3We noticed substantial heterogeneity among these studies. However, the route of iron administration (oral versus intravenous) and type of iron used explained the presence of
heterogeneity. Nonetheless, we downgraded the quality of evidence by one for the observed inconsistency.
4We did not observe statistically significant heterogeneity among the included studies for the outcome of quality of life (I2 = 0%, P = 0.54). However, it is important to note
that quality of life data were reported in four studies (Auerbach 2004a; Bastit 2008; Steensma 2011a; Auerbach 2010) but were extractable from only three studies (Bastit 2008;
Steensma 2011a; Auerbach 2010). The studies by Bastit et al, (Bastit 2008), and Auerbach et al, (Auerbach 2010), used the Functional Assessment of Cancer Therapy-Fatigue scale,
while the study by Steensma et al, (Steensma 2011a), used the Functional Assessment of Cancer Therapy-Anemia scale for assessment of quality of life. Owing to the variation in
the scales used, the data from these three studies were converted to the standardized mean diHerence and then pooled.
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5Four studies reported data on treatment-related mortality.
**Due to zero events we were not able to conduct meta-analysis of these data.
#Data were available as median and range, and hence were converted to log hazard ratio using the cumulative hazard log-log transform method.
##The moderate control risk was calculated via GRADEpro soUware based on clinical experience of the review authors working in the field of hematological disorders.
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B A C K G R O U N D

The majority of cancer patients undergoing chemotherapy develop
chemotherapy-induced anemia (CIA) (Kitano 2007; Knight 2004;
Leonard 2005; Ludwig 2004; Pujade-Lauraine). Approximately
83% of people receiving chemotherapy develop CIA (Barrett-
Lee 2006). In people undergoing myelosuppressive chemotherapy
or radiation therapy, or both, the incidence is as high as 70%
to 90%, and it is about 60% in people with solid tumors
and lymphomas (Schwartz 2007). The majority of people with
CIA suHer from fatigue, weakness, and dyspnea, leading to
decreased quality of life and performance status (Littlewood
2001; Mancuso 2006; Stasi 2003). The overall goal of treatment
in people with CIA is reduction in transfusion requirements and
maximization of quality of life (Rizzo 2008; Rizzo 2010). The National
Comprehensive Cancer Network (NCCN) guidelines, NCCN 2009,
and the European Organisation of Research and Treatment of
Cancer (EORTC) guidelines, Aapro 2008, recommend red blood
cell (RBC) transfusion as an eHective strategy to manage CIA
because it leads to replacement of depleted hemoglobin (Hb).
However, research has shown the eHect of RBC transfusion to be
temporary and possibly associated with serious thromboembolic
events and increased mortality (Khorana 2008; Mercadante 2009).
An alternative to RBC transfusion in treating CIA in cancer patients
involves the use of erythropoiesis-stimulating agents (ESAs).

ESAs are man-made proteins that stimulate the production of
RBCs in bone marrow when the oxygen level in the blood goes
down. ESAs increase Hb levels, reduce transfusion requirements,
and improve quality of life (Demetri 1998; Glaspy 1997; Littlewood
2001; Rizzo 2002).  However, a recent meta-analysis employing
published and unpublished/unreported data from randomized
controlled trials (RCTs) showed found no evidence for a clinically
relevant improvement of fatigue-related symptoms and only small
benefits for anemia-related symptoms in cancer patients receiving
ESAs compared to controls (Bohlius 2014). Moreover, evidence
from several studies indicates that ESA therapy is also associated
with increased risk of thromboembolic events (Glaspy 2010; Rizzo
2008). A systematic review of 51 phase III RCTs examining the
use of ESAs in the treatment of CIA showed a relative increase
of 57% in the risk of blood clots (venous thromboembolism)
and a relative increase of 10% in the risk of mortality among
participants (Bennett 2008). An individual participant data meta-
analysis (53 RCTs, 13,933 participants) examining the eHects of
two types of ESAs (epoetin and darbepoetin) on the survival of
cancer patients showed that ESAs increased overall mortality by
17% in all participants compared to control groups, and by 10%
in participants undergoing chemotherapy compared to control
groups (Bohlius 2009). For patients undergoing chemotherapy who
have a Hb less than 10 g/dL, American Society of Hematology
(ASH)/American Society of Clinical Oncology (ASCO) recommend
that clinicians should discuss the potential harms (for example
increased incidence of thromboembolic events and reduced
survival) and benefits (for example decreased RBC transfusions) of
ESAs with patients (Bohlius 2009; Bohlius 2014; Tonia 2012), so that
patients' preferences for demonstrated risk guide decisions on CIA
treatment (Rizzo 2010). In fact, NCCN discourages the use of ESAs
with a curative intent for people undergoing chemotherapy (NCCN
2010).

Due to the potential harms associated with ESA treatment, iron
has been proposed as an adjunct to ESAs in the management of

CIA. Cancer patients suHering from CIA who are treated with ESAs
alone are likely to experience increased erythron iron requirements
exceeding the available supply (that is functional iron deficiency
(FID)) and production of iron-poor erythrocytes in the bone marrow
(Eschbach 2005). Co-administration of iron prevents FID and may
require a reduced dose of ESAs to attain target Hb levels (Auerbach
2008a). However, iron therapy is not without risks. For example,
oral iron can cause diarrhea, constipation, stomach upsets, and
allergic reactions such as rash, itching, and swelling of face/tongue/
throat. High-molecular weight iron dextran is associated with a
much higher adverse event rate than the low-molecular weight iron
dextran (Fletes 2001; Mamula 2002). However, newer preparations
of intravenous (IV) iron including low-molecular weight iron
dextran, iron sucrose, and ferric gluconate are associated with few
adverse events (Chertow 2004; Chertow 2006).

A number of RCTs have been conducted to assess the eHicacy
of iron supplementation to ESAs versus ESAs alone for the
management of CIA. However, evidence related to eHicacy of
iron in combination with ESAs compared with ESAs alone in
people with CIA is conflicting. Whereas some trials have shown
that the use of iron as adjunct to ESAs compared with ESAs
alone is associated with improved response to ESAs, increased
Hb levels, greater hematopoietic response, and improved health-
related quality of life in cancer patients (Bastit 2008; Bellet 2007;
Hedenus 2007; Pedrazzoli 2008), others have shown that IV iron had
no diHerential impact on Hb levels, blood transfusions, ESA usage,
or patient quality of life compared with oral supplementation
or placebo (Steensma 2011a). Additionally, studies supporting
use of iron supplementation have not definitively addressed the
optimal dosage or type and route of administration of iron.
The lack of definitive evidence regarding benefits and harms
of iron supplementation to ESAs in people with CIA calls for
a comprehensive systematic assessment of the eHects of iron
supplementation to ESAs.

Description of the condition

Anemia refers to a reduction in the number of RBC counts
or hemoglobin (a protein inside the RBCs that contains iron
and transports oxygen to diHerent body systems), resulting
in a decreased ability of the blood to carry oxygen to body
tissues. According to the World Health Organization (WHO), a
man with Hb level less than 13 g/dL or a woman with Hb level
less than 12 g/dL is considered anemic. People with cancer,
especially those undergoing chemotherapy, are susceptible to
anemia because they have low erythropoietin levels. CIA occurs
when chemotherapy agents attack rapidly diving cells including
RBCs, thus preventing them from dividing. Besides disrupting
erythropoiesis (the production of red blood cells), chemotherapy
may cause mouth sores, taste changes, and nausea, thus reducing
intake of nutrients necessary for RBC production. CIA is associated
with a reduction in the production of RBCs in the bone marrow, a
decrease in erythropoietin, and inadequate iron release. One of the
most severe clinical manifestations of CIA is fatigue, experienced
by 63% of anemic cancer patients following chemotherapy
(Gabrilove 2007). Other symptoms may include insomnia, anorexia,
and depression (van Weert 2006); peripheral edema, sustained
tachycardia, tachypnea, chest pain, dyspnea on exertion, and
orthostatic lightheadedness (NCCN 2009).
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Description of the intervention

A number of RCTs have shown that the use of iron as an adjunct
to ESAs may increase the rate at which patients respond to ESA
therapy and shorten the length of ESA administration (Auerbach
2004a; Bellet 2007; Hedenus 2007; Henry 2007a). Iron may be
administered either orally or intravenously (IV). People with CIA
who are treated with IV iron as opposed to oral iron have
experienced a significantly greater Hb response, in Auerbach 2004a
and Henry 2007a, and significant reduction in RBC transfusion
and lag time to response (Bastit 2008). However, IV iron is more
expensive (Shord 2008). Adverse events including allergic and
anaphylactoid reactions are associated with iron dextran treatment
(Bailie 2005; Shander 2010). Examples of oral iron salts currently
approved by the US Food and Drug Administration for use in
management of CIA include ferrous sulfate, ferrous gluconate, and
ferrous fumarate, whereas IV formulations include iron dextran
(approved in 1991), iron ferric gluconate (approved in 1999), iron
sucrose (approved in 2000), and ferumoxytol (approved in 2009)
(Shander 2010). Doses of iron used in recent RCTs include iron
dextran total dose infusion or 100 mg bolus injections (Auerbach
2004a), ferric gluconate 125 mg once a week for eight weeks (Henry
2007a), iron sucrose 100 mg once a week for week one to six and
100 mg every two weeks for week eight to 14 (Hedenus 2007), ferric
gluconate or iron sucrose 200 mg every three weeks (Bastit 2008),
ferric gluconate 125 mg for six weeks (Pedrazzoli 2008), and iron
dextran 400 mg every three weeks (Auerbach 2008a).

How the intervention might work

Erythropoietin is the hormone that facilitates the production of
erythrocytes in the bone marrow. Inadequate quantities of iron or
erythropoietin, or both result in anemia. Although ESAs have been
used to treat CIA in cancer patients, without iron supplementation
these patients are likely to experience FID and production of iron-
poor erythrocytes in the bone marrow (Eschbach 2005). However,
co-administration of iron prevents FID and may require a reduced
dose of ESAs to attain target Hb levels (Auerbach 2008a).

Why it is important to do this review

Currently, ESAs are oUen used to manage CIA. However, about half
of patients fail to show an increase in baseline Hb, a reduction in
transfusions, or an improvement in function following treatment
with ESAs (Birgegard 2006; Henry 1995; Razzouk 2006). Moreover,
the use of ESAs is further restricted due to the associated adverse
thromboembolic events. Hence, the use of iron as an adjunct
to ESAs has been suggested as a way of circumventing issues
related to the use of ESAs alone. However, the findings from RCTs
addressing benefits and harms of iron in the management of CIA
are conflicting.

The findings will provide answers regarding the impact of
iron supplementation to ESAs on various outcomes such as
hematopoietic response, time to hematopoietic response, and
mean change in Hb in people with CIA. The results will also improve
our understanding of optimal dose, length of therapy, and route of
administration of iron in the management of CIA. This review may
not help physicians to make decisions about using iron to manage
patients with CIA. It will assist them in decision making regarding
use of iron in patients with CIA receiving ESAs.

O B J E C T I V E S

To evaluate the benefits and harms related to the use of iron as a
supplement to ESAs and iron alone compared with ESAs alone in
the management of CIA.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All RCTs comparing 'iron + ESAs' or 'iron alone' versus 'ESAs
alone' were eligible for inclusion. We included all published and
unpublished studies regardless of publication type (abstracts, full
paper, grey literature, etc.). We excluded any observational studies
employing non-randomized and quasi-randomized designs. We did
not use any language restrictions.

Types of participants

We included all participants diagnosed with CIA, regardless of
cancer type or severity and age, enrolled in RCTs assessing
the role of iron supplementation to ESAs or iron alone
compared with ESAs alone in the management of CIA. We
did not consider RCTs that included participants with anemia
attributable to factors other than cancer or chemotherapy (for
example folate deficiency, hemolysis, gastrointestinal bleeding, or
myelodysplastic syndromes) for the review.

Types of interventions

We considered the following interventions:

• Experimental intervention: iron supplementation to ESAs (i.e.
iron and ESAs) or iron alone

• Control intervention: treatment with ESAs alone

Types of outcome measures

This systematic review is based on the published protocol (Mhaskar
2012).

Primary outcomes

Overall survival, defined as the time to death from any cause or
varying definitions as used by the authors of the original study.

Secondary outcomes

We considered the following secondary outcomes:

1. Hematopoietic response (dichotomous outcome); defined as
increasing Hb by ≥ 2 g/dL from baseline or increase to Hb 12 g/
dL without transfusion

2. RBC transfusions (dichotomous outcome)

3. Time to hematopoietic response (time-to-event outcome)

4. Mean change in Hb level from baseline (continuous outcome)

5. Changes in quality of life (continuous outcome)

6. Adverse events (dichotomous outcome)

7. Treatment-related mortality (dichotomous outcome)

We added data regarding serum ferritin and transferrin saturation
(TSAT) levels subsequently to the results aUer submission of the
protocol (Mhaskar 2012).
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Search methods for identification of studies

We conducted a comprehensive search of electronic databases
without any language limits for all years until the search date
(February 2016). We manually scanned all references of obtained
articles to identify additional studies missed in the search.

Electronic searches

We searched for relevant trials from electronic databases as
follows:

• MEDLINE (1950 to February 2016) (see Appendix 1)

• Cochrane Central Register of Controlled Trials (CENTRAL)
(Cochrane Library Issue 1 January 2016) (see Appendix 2)

• Clinicaltrials.gov (see Appendix 3)

Searching other resources

• Manual scanning of references: We checked references of all
relevant review articles and current treatment guidelines for
potential articles.

• Contacting authors: Where a study contained unclear
information, we contacted the authors to ensure accuracy.
This occurred in one instance (study was published only as
an abstract and hence we were seeking information about the
study), but we did not receive a response from the author.

• Expert contacts: We contacted experts in the fields of oncology
and hematology to identify potentially eligible but unpublished
studies or ongoing studies.

Data collection and analysis

Selection of studies

Two review authors (HW and RM) independently scanned the
retrieved titles and abstracts of all studies for eligibility for inclusion
in the review. Disagreements in the selection of studies were
resolved by consensus (Higgins 2011a). At every stage of searching
and screening, we documented the overall number of studies
identified, excluded, and included with reasons according to
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines. We used the PRISMA guidelines to
create a flow diagram (Moher 2009).

Data extraction and management

Data extraction

Two review authors independently extracted data using a
standardized data extraction form. From each relevant trial, we
extracted data on the following domains:

• General information on the study: Authors, date of
publication, title, publication type (full text, abstract,
unpublished), country, number of centers involved, and funding
source.

• Study characteristics: Trial design (e.g. parallel, cross-
over, or factorial), study setting (single institution,
multicenter national, multicenter international), inclusion/
exclusion criteria, methodological quality, length of follow-up.
       

• Participant characteristics: Age (mean/median, range),
gender, number of participants recruited/allocated/evaluated,
participants lost to follow-up, cancer type, cancer stage, pre-

study Hb level, serum iron level, TSAT, serum erythropoietin
level, and Eastern Cooperative Oncology Group (ECOG)
performance status.

• Intervention: Detailed description of both the intervention and
the standard treatment in terms of:
◦ Type of iron (e.g. ferrous sulfate, dextran, sucrose, ferric

gluconate), dosage, route of administration, duration.

◦ Type of ESA (e.g. epoetin alfa, darbepoetin alfa, epoetin beta),
dosage, route of administration, duration.

• Outcomes
◦ Primary:

▪ Overall survival. We planned to extract data on hazard
ratio (HR) and confidence intervals (CI) from each included
study. However, in cases in which these estimates were
not available in direct extractable format, we obtained
the summary estimates (HR and CI) using the methods
suggested by Tierney et al (Tierney 2007). These methods
allow calculation of the HR and associated statistics using
indirect calculation of the variance (V) and the number
of observed minus expected events (O - E) based on
parameters reported in the papers (e.g. P value, log-rank
statistics, and/or survival curves).

◦ Secondary:
▪ Hematopoietic response, defined in the included studies

as increasing Hb by ≥ 2 g/dL from baseline or increase
to Hb 12 g/dL without transfusion. (We extracted number
of participants showing hematopoietic response versus
number of participants randomized to intervention/
control arm.)

▪ Mean change in Hb level. (Extracted as mean and
standard deviation. We extracted the definition of mean
change in Hb level from the individual studies.) We also
noted whether the study reported mean and standard
deviation of the change from baseline versus only the
end of study (final) values for mean and standard
deviation. We combined final values and change scores
in the same analysis as per Chapter 9 recommendation
in the Cochrane Handbook for Systematic Reviews of
Interventions (Deeks 2011). For clarity, we indicated the
studies reporting the change scores in the forest plots.

▪ Time to hematopoietic response. (If only available as
median and range, it was converted to log HR using the
cumulative hazard log-log transform method.)

▪ RBC transfusions. (We extracted number of participants
receiving transfusion versus number of participants
randomized to the intervention/control arms.)

▪ Quality of life. (We extracted mean and standard deviation
based on quality of life instrument used in individual
studies and then converted it into standardized mean
diHerence for intervention and control arm.)

▪ Adverse events. (We extracted number of participants
experiencing an adverse event versus number of
participants randomized to the intervention and control
arm.)

▪ Treatment-related mortality. (We extracted number of
participants experiencing treatment-related mortality
versus number of participants randomized to the
intervention and control arm.)

The role of iron in the management of chemotherapy-induced anemia in cancer patients receiving erythropoiesis-stimulating agents
(Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

9



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

▪ Mean change in serum ferritin level. (Extracted as mean
and standard deviation. We extracted the definition of
mean change in ferritin level from the individual studies.)

▪ Mean change in TSAT level. (Extracted as mean and
standard deviation. We extracted the definition of mean
change in TSAT level from the individual studies.)

Data management

Two review authors (HW and RM) manually extracted data from
publications using a standardized data extraction form and entered
it into Review Manager (RevMan) (RevMan 5.3). A third review
author (AK) re-checked the extracted data. Senior review authors
(BD and AK) randomly selected 15% of the RCTs and checked the
data for accuracy.

Assessment of risk of bias in included studies

Two review authors (HW and RM) independently assessed all
eligible studies for their risk of bias (assessment of methodological
quality) using methods suggested in Chapter 8 of the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011b).
The review authors judged each quality domain based on the
following three-point scale:

• 'Yes' (low risk of bias: plausible bias unlikely to seriously alter
the results if all criteria were met)

• 'No' (high risk of bias: plausible bias that seriously weakens
confidence in the results if one or more criteria were not met)

• 'Unclear' (uncertain risk of bias: plausible bias that raises
some doubt about the results if one or more criteria were
assessed as unclear)

We included the following items in the 'Risk of bias' assessment for
randomized trials:

• Sequence generation (whether allocation sequence was
adequately generated)

• Allocation concealment (whether allocation was adequately
concealed)

• Masking/blinding (whether knowledge of the allocated
intervention was adequately prevented during the study. We
extracted data regarding who, i.e. participants, personnel,
outcome assessors, and/or data analysts, were blinded.)

• Incomplete outcome data (whether incomplete outcome data
was adequately addressed)

• Selective outcome reporting (whether reports of the study were
free of selective outcome reporting)

• Other sources of bias (whether reports of the study included
pre-specification of expected diHerence in the primary outcome
(delta), alpha error, beta error and sample size calculation)

• Intention-to-treat (ITT) analysis (whether ITT analysis was
undertaken in the study)

We extracted these data for each outcome of interest separately.
In addition, we assessed if domains related to random error and
sample size were specified a priori in each trial.

Measures of treatment e>ect

• For dichotomous outcomes (e.g. hematopoietic response, RBC
transfusions, treatment-related harms), we summarized data as
risk ratios with 95% confidence intervals for each trial.

• For continuous outcomes (e.g. mean change in Hb,
serum ferritin, and TSAT levels), we summarized data as
(unstandardized) mean diHerences and standard error.

• For time to hematopoietic response, we summarized data as
hazard ratio and 95% confidence intervals.

Unit of analysis issues

We extracted data from each included study (unit of analysis)
as follows. For dichotomous variables, we used the number of
participants in the 'iron + ESAs' arm (intervention group) and
the number of participants in the 'ESAs alone' arm (control
group). For continuous variables, we used the mean, standard
deviation, and the number of participants in the intervention and
control groups. For studies with multiple intervention groups,
we included each pair-wise comparison separately. Moreover, for
dichotomous outcomes, we divided both the number of events and
the total number of participants. For continuous and time-to-event
outcomes, we did not changed the means and standard deviations
and log hazard ratio and standard errors respectively, and we
divided only the total number of participants (Higgins 2011c).

Dealing with missing data

We requested missing data or complementary information from
the first or corresponding authors of studies in which necessary
outcome data were not available from the primary literature. We
also performed meta-analysis using a STATA command metamiss2
( White 2009), which allows for imputation of missing values based
on informative missingness in the absence of data for binary
outcomes (Deeks 2011). We made explicit assumptions of any
methods used, for example that the data were assumed missing
at random, not missing at random, or that missing values were
assumed to have a particular value (such as imputing the mean).

Assessment of heterogeneity

We assessed heterogeneity among trials and between subgroups
using a Chi2 test with a significance level at P < 0.10. We also
assessed the degree of heterogeneity among trials and between
subgroups using the I2 statistic. We used the following guide to
interpret the I2 statistic: I2 = 0% to 40% (heterogeneity that might
not be important), I2 = 30% to 60% (moderate heterogeneity),
I2 = 50% to 90% (substantial heterogeneity), I2 = 75% to 100%
(considerable heterogeneity) (Deeks 2011).

Assessment of reporting biases

We did not assess the publication bias, as we included only eight
RCTs in this review. If we include more than 10 RCTs in future
updates of the review, we will assess the publication bias for each
outcome and will include a funnel plot as per Cochrane guidelines.

Data synthesis

We pooled the data using the random-eHects model (DerSimonian
and Laird method) according to Chapter 9 of the Cochrane
Handbook for Systematic Reviews of Interventions (Deeks 2011).
We reported dichotomous outcomes data (for example number
of participants achieving hematopoietic response) as risk ratios
and reported continuous data (for example change in Hb level)
as mean diHerence. In case diHerent studies reported either
change-from-baseline outcomes or final value scores, we did not
standardize the mean diHerences. However, since the included
studies used diHerent instruments for assessment of quality of
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life, we calculated the standardized mean diHerence for each
study as suggested in Chapter 9 of the Cochrane Handbook for
Systematic Reviews of Interventions (Deeks 2011). We pooled the
two types of outcomes (change-from-baseline and final value).
For all analyses, we calculated corresponding 95% confidence
intervals. If appropriate, we calculated the number needed to
treat to benefit and number needed to treat to harm for ease of
interpretation from summary estimates for diHerent risk levels.
For statistical analysis, we entered data into RevMan (RevMan 5.3).
We conducted the additional analyses that were not possible in
RevMan using STATA version 11.0 (Stata 11 2009). We created a
'Summary of findings' table using the GRADE soUware (Balshem
2011; GRADEpro 2008; Guyatt 2011; Guyatt 2011a; Guyatt 2011b;
Guyatt 2011c; Guyatt 2011d; Guyatt 2011e).

Subgroup analysis and investigation of heterogeneity

We performed subgroup analysis on the following:

• type of iron (iron dextran, ferrous gluconate, ferrous sulfate,
etc.);

• route of iron administration (IV versus oral);

• type of ESA (epoetin versus darbepoetin).

We were not able to perform the following prespecified subgroup
analyses due to non-availability of relevant data. Please see the
subgroup analyses in the results section below for details.

• cancer type;

• cancer stage;

• duration of follow-up;

• type of chemotherapy;

• single- versus multicenter study.

We assessed the diHerences between subgroups using the test of
heterogeneity between subgroups in RevMan (RevMan 5.3).

We also investigated statistically significant heterogeneity by
conducting meta-regression. That is, for treatments administered
at diHerent doses, we tested for trend between iron intake (dose)
and the relative risk of achieving hematopoietic response. We
performed these analyses either by using metareg STATA command
for trend estimation across diHerent levels of exposure between
studies or glst STATA command for trend estimation across diHerent
levels of exposure within studies (Orsini 2006; Sterne 2011). We
also investigated whether the baseline TSAT, serum ferritin, and
Hb values were associated with the increase in hematopoietic
response (on the log scale) for oral and IV iron combined and IV iron
alone by conducting meta-regression.

Sensitivity analysis

We assessed the robustness of our results by conducting sensitivity
analysis with respect to methodological quality of the RCTs. We also
conducted sensitivity analysis by definition(s) of hematopoietic
response.

R E S U L T S

Description of studies

See Characteristics of included studies and Characteristics of
excluded studies for details.

Results of the search

Our search identified 904 relevant studies excluding duplicates.
AUer screening the titles and abstracts of these records, we found
880 to be non-relevant and excluded them. The PRISMA flow chart
depicts the inclusion and exclusion of studies (Figure 1). One study
was published only as an abstract, and hence we contacted the
author for more information, but received no response.
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Figure 1.   Study flow diagram.
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Included studies

The present review includes eight multicenter national trials with
12 comparisons. We did not identify any study comparing iron
alone versus ESAs alone addressing the management of people
diagnosed with CIA.

Design

The study by Auerbach et al is an open-label RCT with four
arms and three references relating to this study (Auerbach 2004a;
Auerbach 2004b; Auerbach 2004c). The study by Auerbach et al
was a phase II, double-blind, multicenter, and 2 × 2 factorial study
(Auerbach 2010). The two study factors were dose of darbepoetin
alfa (500 µg every three weeks versus 300 µg every three weeks)
and IV iron usage (IV iron versus no IV iron). The study was
blinded to the dose of darbepoetin alfa administered and open
label for IV iron administration. Randomization was stratified
by planned chemotherapy (platinum versus non-platinum) and
geographic region (North America versus Europe) (Auerbach 2010).
The study by Bastit et al was a multicenter, randomized, open-
label, phase III study. Randomization was stratified by tumor type
(lung/gynecologic versus other types) and baseline Hb category (<
10 g/dL versus ≥ 10 g/dL). Most participants (67% in the IV iron
group, 76% in the control group) completed this study. Nonetheless
importantly, the reasons for withdrawal (death, adverse events,
disease progression, consent withdrawal, protocol deviations, and
non-compliance) were similar across study groups (Bastit 2008).
The trial by Beguin et al was a multicenter, three-arm RCT, not
placebo-controlled and open label (for IV arm) (Beguin 2008). The
study by Henry et al had three arms and two references relating
to this study (Henry 2007a; Henry 2007b). This was a multicenter,
prospective, open-label RCT (Henry 2007a; Henry 2007b). The study
by Pedrazzoli et al was a randomized, open-label, multicenter study
(Pedrazzoli 2008). The study by Steensma et al has three arms and
two references relating to this study (Steensma 2011a; Steensma
2011b). The study by Steensma et al was a prospective, multicenter,
placebo-controlled, randomized trial. Random assignment was
stratified by participant sex, tumor type (solid tumors versus
hematologic malignancies), severity of anemia on the basis of the
World Health Organization (WHO) classification (mild: Hb ≥ 9.5 g/
dL; severe: Hb < 9.5 g/dL), and whether or not participants were
receiving a platinum-containing chemotherapy regimen. The study
by Bellet et al was a prospective, multicenter, randomized, open-
label, two-stage phase III clinical trial (Bellet 2007). This study
reported the change in Hb levels, other iron indices, quality of
life, and adverse events, but reported data were not amenable to
statistical analysis. The distribution of participants in the individual
study arms in this study was not reported (Bellet 2007).

Sample sizes

The study by Auerbach et al included 157 participants with CIA
comparing total dose infusion iron dextran, iron dextran (bolus),
or oral iron ferrous sulfate as supplements to recombinant human
erythropoietin versus ESAs alone (Auerbach 2004a; Auerbach
2004b; Auerbach 2004c). The trial by Auerbach et al included
238 non-myeloid cancer patients with CIA comparing oral iron
dextran as supplements to darbepoetin alfa versus ESAs alone
(Auerbach 2010). The study by Bastit et al included 398 non-
myeloid cancer patients with CIA comparing IV ferric gluconate
(or sucrose) or oral ferric gluconate (or sucrose) as supplements
to darbepoetin alfa versus ESAs alone (Bastit 2008). The trial by
Beguin et al was a joint public- and industry-funded trial including

102 autologous hematopoietic cell transplantation recipients
with lymphoid malignancies comparing oral iron sucrose as
supplements to darbepoetin alfa versus ESAs alone (Beguin 2008).
The study by Henry et al included 187 participants with CIA
comparing sodium ferric gluconate or oral ferrous sulfate as
supplements to epoetin alfa versus ESAs alone (Henry 2007a; Henry
2007b). The study by Pedrazzoli et al included 149 participants
with CIA comparing sodium ferric gluconate as supplements to
darbepoetin alfa versus ESAs alone (Pedrazzoli 2008). The study
by Steensma et al included 502 participants with CIA comparing
sodium ferric gluconate or oral ferrous sulfate as supplements to
darbepoetin alfa versus ESAs alone (Steensma 2011a; Steensma
2011b). The study by Bellet et al included 375 CIA patients
comparing iron sucrose as a supplement to darbepoetin alfa versus
ESAs alone (Bellet 2007).

Setting

All the included studies were funded by the industry.

Participants

The participants in the study by Auerbach et al were with CIA
and Hb ≤ 105 g/dL; ferritin ≤ 450 pmol/L or ≤ 675 pmol/L; TSAT ≤
19%; ECOG performance status ≤ 2 (Auerbach 2004a). The mean
age of participants was 64.7 years. The study by Auerbach et
al included participants who were ≥ 18 years old and had non-
myeloid cancer, CIA (Hb ≤ 10 g/dL), and no iron deficiency, and
excluded patients if they had absolute iron deficiency (TSAT <
15% and serum ferritin < 10 ng/mL). The mean age was about 62
years, and the most common tumor types were gastrointestinal,
breast, and lung (Auerbach 2010).The participants in the study
by Bastit et al included men and women ≥ 18 years old with
anemia (Hb <11 g/dL within 24 hours before randomization)
and non-myeloid malignancy. Participants were required to have
an ECOG performance status score of 0 to 2, adequate renal
and liver function, and eight weeks of cytotoxic chemotherapy
planned (Bastit 2008). The study by Beguin et al included
autologous hematopoietic cell transplant recipients with lymphoid
malignancies (Beguin 2008). The study by Henry et al included
participants with CIA (Hb < 11 g/dl; serum ferritin > 100 ng/ml or
TSAT > 15%) scheduled to receive chemotherapy and epoetin alfa
(40,000 U subcutaneously weekly) (Henry 2007a). The participants
in the study by Pedrazzoli et al were with lung, gynecologic, breast,
and colorectal cancers and ≥ 12 weeks of planned chemotherapy.
Participants were required to have Hb ≤ 11 g/L and no absolute
or functional iron deficiency (Pedrazzoli 2008). The participants in
the study by Steensma et al were with < 11 g/dL Hb undergoing
chemotherapy for non-myeloid malignancies (Steensma 2011a).
The study by Bellet et al included participants older than 18 years
with CIA (Hb ≤ 10 g/dL) who had completed eight prior weeks of ESA
therapy (Bellet 2007).

Interventions

All of the studies had at least one IV iron arm; gluconate and sucrose
were used in 4 of 12 comparisons in each case and sulfate and
dextran were used in 3 of 12 comparisons in each case. Only three
studies included an oral iron arm (all iron sulfate). In terms of
type of ESA in the control arm, half of the comparisons included
darbepoetin and half included epoetin.
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Outcomes

None of the included RCTs reported data on overall survival. All of
the studies had response to iron as one of the primary outcomes.
See Characteristics of included studies for details.

Excluded studies

AUer assessing full texts of 21 studies, we excluded 13 trials for a
variety of reasons. Four studies, (Demarteau 2007, Lerchenmueller
2006, Pinter 2007, and Vandebroek 2006), were duplicate
publications of the study by Bastit et al (Bastit 2008), and one
study, (Auerbach 2008), was a duplicate publication of the study
by Auerbach et al (Auerbach 2010). Three studies were not RCTs

(Agrawal 2005; Doherty 2008; Savonije 2006). Four studies did not
employ ESAs (Dangsuwan 2010; Kim 2007; Athibovonsuk 2013;
Hedenus 2014). Three studies had participants who were not
diagnosed with CIA (Birgegard 2006; Hedenus 2007; Ferrari 2012),
and one study assessed safety and eHicacy of oral lactoferrin
(Maccio 2010). See Characteristics of excluded studies for details.

Risk of bias in included studies

We have presented the results of the 'Risk of bias' assessment in
Figure 2. The studies by Beguin et al and Bellet et al were published
as meeting abstracts (Beguin 2008; Bellet 2007). The abstract of the
study by Bellet et al lacked the details needed for us to assess the
methodological quality of this study (Bellet 2007).
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Figure 2.   Risk of bias summary: Review authors' judgments about risk of bias in each included study.
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Allocation

Only 37% (3/8) of included studies reported the method of
generation of randomization sequence (Auerbach 2010; Beguin
2008; Steensma 2011a). In the other trials, the authors described
the study as "randomized," although the information required
to assess the adequacy of methods used for generation of
randomization sequence was not reported (Auerbach 2004a; Bastit
2008; Henry 2007a; Pedrazzoli 2008). However, the allocated
intervention assignment was adequately concealed in 87% (7/8)
of trials. In two of these seven trials the authors explicitly
reported the method used for allocation concealment: “interactive
voice response system” in Bastit 2008 and “by calling the
central randomization center” in Steensma 2011a. In summary,
considering the quality of evidence for the generation of
randomization sequence and methods of allocation concealment
together, we judged there to be moderate risk of selection bias.

Blinding

Five trials were described as "open-label," suggesting that
participants, caregivers, outcome assessors, or data analysts were
probably aware of the arm to which participants were allocated
(Auerbach 2004a; Bastit 2008; Bellet 2007; Henry 2007a; Pedrazzoli
2008). In the study by Auerbach et al, the control arm was
blinded, whereas the IV iron arm was open label (Auerbach
2010). Furthermore, this study reported that the participants were
assigned blinded boxes of study medication using box numbers,
which were recorded and reconciled. The study was blinded while
ongoing and unblinded aUer all participants had completed the
study. However, it was unclear whether or not the investigators
were blinded. Hence we interpreted this as a unclear risk of
performance and detection bias. Although it appeared that there
was evidence of blinding procedures in one study in which "patients
and investigators were blinded to assignment of oral iron or oral
placebo" (Steensma 2011a), trial authors also stated that "for
practical reasons, assignment to IV iron versus an oral product was
not blinded," which in our opinion could potentially increase risk of
bias in the results.

Incomplete outcome data

Sixty-two per cent (5/8) of the trials had low risk of bias with respect
to incomplete outcome reporting (Auerbach 2004a; Auerbach
2010; Bastit 2008; Pedrazzoli 2008; Steensma 2011a). Two trials
were published as abstracts and had insuHicient information
for us to assess whether risk of attrition bias existed (Beguin
2008; Bellet 2007). In the trial by Bastit et al, the authors
reported that eHicacy data were analyzed according to the ITT
principle (Bastit 2008). Most participants (67% in the IV iron group,
76% in the control group) completed this study. The authors
clearly described the number of and reasons for withdrawals
and dropouts. Importantly, the reasons for withdrawal (death,
adverse events, disease progression, consent withdrawal, protocol
deviations, non-compliance) were similar across study groups.
Hence, we judged this study to have low risk of attrition bias.
In the trial by Henry et al, the authors reported that “except
for number of transfusions and patients receiving transfusions,”
analysis of primary and secondary eHicacy endpoints were based
on “evaluable population,” that is performed per protocol (Henry
2007a). In addition, the imputation method used, that is “last
observed data recorded for each parameter before receiving a
transfusion were carried forward through the endpoint,” could
potentially bias the findings. Hence, we judged the risk of attrition

bias for this trial to be high. Overall, the risk of attrition bias was low
in the included studies.

Selective reporting

We assessed included studies for completeness of reporting for
both benefits as well as treatment-related harms associated with
'ESAs plus iron' versus 'ESAs alone' groups. All included studies
reported the benefits and harms of the interventions in the way
specified in the methods section of trial publications. It is important
to note that we did not have access to trial protocols, and hence
could not assess the trial publications for selective reporting of
outcomes. Overall, the risk of reporting bias was low in the included
studies.

Other potential sources of bias

Two trials were published as abstracts and had insuHicient
information for us to assess whether an important risk of bias
existed (Beguin 2008; Bellet 2007). Each of the remaining trials had
evidence of low risk of bias with respect to other potential sources
of bias. For example, prespecified sample size, alpha error, beta
error (power), and delta, or both, were reported. In the trial by
Auerbach et al, we noted that data on alpha, beta errors, sample
size calculation and delta were not reported. Moreover, the authors
stated in the methods section that "patients could receive oral iron
if they were not randomized to IV iron supplementation." However,
the authors did not report the number of participants in the 'ESAs
only arm' who (may have) received oral iron supplementation
(Auerbach 2010). Overall, the risk of other bias was low in the
included studies.

E>ects of interventions

See: Summary of findings for the main comparison Benefits and
harms of iron supplementation for chemotherapy-induced anemia

The meta-analysis included 1008 participants in the ESAs plus iron
group and 704 participants in the ESAs alone group from seven
studies (11 comparisons). The study by Bellet et al was published
as an abstract, and the data were not reported in a manner useful
for meta-analysis (Bellet 2007).

Benefits of iron supplementation

Overall survival

None of the included RCTs reported data on overall survival. We
were thus unable to perform meta-analysis on this outcome. Only
Auerbach et al acknowledged that their study was not designed
both in follow-up duration and power to detect survival benefit
(Auerbach 2004a).

Hematopoietic response

We extracted data from seven studies (11 comparisons;
1712 participants). Hematopoietic response rate was
statistically significantly superior in participants receiving iron
supplementation to ESAs than participants receiving ESAs alone
in the management of CIA (risk ratio (RR) 1.17, 95% confidence
interval (CI) 1.09 to 1.26; P < 0.0001) (Analysis 1.1). There was no
heterogeneity among these trials (I2 = 15%, P = 0.30).
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RBC transfusions

We extracted data from seven studies (11 comparisons; 1719
participants). Significantly fewer participants treated with iron
supplementation to ESAs required RBC transfusions compared to
participants treated with ESAs alone (RR 0.74, 95% CI 0.60 to 0.92;
P = 0.007) (Analysis 1.2). There was no heterogeneity among these
trials (I2 = 0%, P = 0.90).

Median time to hematopoietic response

We extracted data from five studies (seven comparisons; 1042
participants). We found no diHerences in the median time
to hematopoietic response between participants receiving iron
supplementation to ESAs versus those who received ESAs alone
(HR 0.93, 95% CI 0.67 to 1.28; P = 0.65) (Analysis 1.3). There
was considerable heterogeneity among these trials (I2 = 86%, P <
0.00001).

Mean change in Hb level

We extracted data from three studies (seven comparisons; 827
participants). Hb level was statistically significantly superior in
participants receiving iron supplementation to ESAs than in
participants receiving ESAs alone in the management of CIA (mean
diHerence (MD) 0.48, 95% CI 0.10 to 0.86; P = 0.01) (Analysis 1.4).
There was substantial heterogeneity among these trials (I2 = 69%,
P = 0.003).

Quality of life

Quality of life data were extractable from three studies (four
comparisons; 1124 participants). We found no diHerences in
terms of quality of life between participants receiving iron
supplementation to ESAs versus those who received ESAs alone
(standardized mean diHerence (SMD) 0.01, 95% CI -0.10 to 0.12; P =
0.88) (Analysis 1.5). There was no heterogeneity among these trials
(I2 = 0%, P = 0.54).

Adverse events

Three studies reported data on thromboembolic events. Other
adverse events cited in the studies included nausea, vomiting,
asthenia, dyspnea, diarrhea, leukopenia, and constipation; see
Table 1 for details regarding adverse events reported by each
study. However, data on these adverse events were reported mostly
for the participants enrolled in the intervention arm only, and
hence were inadequate for meta-analysis. Moreover, in most of the
included studies adverse events were not reported as events per
participant, and thus were not useful for meta-analysis.

Thromboembolic events

We extracted data from three studies (three comparisons;
783 participants). The incidence of thromboembolic events in
participants treated with iron supplementation to ESAs did not
diHer from that in participants treated with ESAs alone (RR 0.95,
95% CI 0.54 to 1.65; P = 0.85) (Analysis 1.6). There was no
heterogeneity among these trials (I2 = 0%, P = 0.82).

Treatment-related mortality

Four studies reported data on treatment-related mortality (six
comparisons; 997 participants). The incidence of treatment-related
mortality was zero in these four studies. Hence, we were not able to
conduct meta-analysis of these data.

Subgroup analyses

Hematopoietic response

• Route of iron administration: RCTs in which IV iron was used
showed statistically significant evidence for a diHerence with
iron supplementation versus ESAs alone (RR 1.20, 95% CI 1.10
to 1.31; P < 0.00001) compared with oral iron supplementation
(RR 1.04, 95% CI 0.87 to 1.24; P = 0.68) for the outcome of
hematopoietic response. However, the diHerence between the
subgroups was not statistically significant (test of interaction: P
= 0.16) (Analysis 2.2).

• Type of iron: RCTs in which dextran (RR 1.76, 95% CI 1.01
to 3.09; P = 0.05), gluconate (RR 1.17, 95% CI 1.08 to 1.27; P
= 0.0002) were used showed statistically significant evidence
for a diHerence with iron supplementation versus ESAs alone
compared with RCTs in which sucrose iron (RR 1.14, 95% CI
0.97 to 1.33; P = 0.10) and sulfate iron was used (RR 1.04, 95%
CI 0.87 to 1.24; P = 0.68) for the outcome of hematopoietic
response. However, the diHerence between the subgroups was
not statistically significant (test of interaction: P = 0.31) (Analysis
2.1).

• Total iron dose: We investigated whether the total iron dose
as a covariate contributed to the increase in hematopoietic
response (on the log scale) for oral and IV iron combined and
IV iron alone. For oral and IV iron combined, meta-regression
showed that hematopoietic response increased by 108% per
1000 unit increase in iron dosage (RR 2.08, 95% CI 0.98 to 4.39; P
= 0.055) given on the log scale. The iron dosage explained 9.6%
of between-study variance in both Knapp-Hartung modified
and unmodified analyses. Both the Knapp-Hartung modified
analysis (RR 2.08, 95% CI 0.98 to 4.39; P = 0.055) and Knapp-
Hartung unmodified analysis (RR 2.08, 95% CI 1.18 to 3.67;
P = 0.012) produced similar results. Meta-regression results
indicated that the beneficial eHect of iron on hematopoietic
response may not be a function of dose of iron. For IV iron
alone, meta-regression showed that hematopoietic response
increased by 168% per 1000 unit increase in iron dosage (RR 2.50,
95% CI 1.03 to 6.06; P = 0.0045) given on the log scale (Figure 3).
The IV iron dosage explained 30.8% of between-study variance
in both Knapp-Hartung modified and unmodified analyses. Both
the Knapp-Hartung modified analysis (RR 2.50, 95% CI 1.03 to
6.06; P = 0.045) and Knapp-Hartung unmodified analysis (RR
2.50, 95% CI 1.27 to 4.90; P = 0.008) produced similar results.
Meta-regression results indicated that the beneficial eHect of IV
iron on hematopoietic response may not be a function of dose
of iron.

• Type of ESA: The hematopoietic response estimates for iron
supplementation to ESAs versus ESAs alone did not statistically
significantly diHer based on type of ESA (Analysis 2.3).
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Figure 3.   Meta-regression: total IV iron dose and hematopoietic response

 
Median time to hematopoietic response

• Route of iron administration: RCTs in which IV iron (hazard
ratio (HR) 0.88, 95% CI 0.60 to 1.29; P = 0.52) and oral iron
(HR 1.24, 95% CI 0.99 to 1.56; P = 0.06) were used showed
no evidence for diHerence between iron supplementation to
ESAs over ESAs alone for the outcome of median time to
hematopoietic response (Analysis 2.4). However, we noted that
the pooled point estimate for trials using IV iron for this outcome
was in favor of ESAs plus iron compared with pooled point
estimate of trials using oral iron (test of interaction: P = 0.13).

• Type of iron: RCTs in which dextran (HR 0.95, 95% CI 0.36 to
2.52; P = 0.92), sucrose iron (HR 1.15, 95% CI 0.60 to 2.21; P
= 0.67), and sulfate iron (HR 1.24, 95% CI 0.99 to 1.56; P =
0.06) were used showed no evidence for diHerence between iron
supplementation to ESAs over ESAs alone compared with RCTs
in which gluconate (HR 0.78, 95% CI 0.65 to 0.94; P = 0.010) was
used for the outcome of median time to hematopoietic response
(test of interaction: P = 0.02) (Analysis 2.5).

• Type of ESA: The hematopoietic response estimates for iron
supplementation to ESAs versus ESAs alone did not statistically
significantly diHer based on type of ESA (Analysis 2.6).

Mean change in Hb level

• Route of iron administration: RCTs in which IV iron was
used showed statistically significant evidence for a diHerence

with iron supplementation to ESAs versus ESAs alone (MD
0.84, 95% CI 0.21 to 1.46; P = 0.009) compared with oral iron
supplementation (MD 0.07, 95% CI -0.19 to 0.34; P = 0.59) for the
outcome of mean change in Hb level (test of interaction: P = 0.03)
(Analysis 2.7).

• Type of iron: RCTs in which dextran (MD 1.55, 95% CI 0.62 to
2.47; P = 0.001) was used showed evidence for a diHerence with
iron supplementation to ESAs versus ESAs alone compared with
RCTs in which gluconate (MD 0.54, 95% CI -0.15 to 1.22; P = 0.12)
and sulfate iron (MD 0.07, 95% CI -0.19 to 0.34; P = 0.59) was used
for the outcome of mean change in Hb level (test of interaction:
P = 0.007) (Analysis 2.8).

• Type of ESA: RCTs in which epoetin was used showed
statistically significant evidence for a diHerence with iron
supplementation to ESAs versus ESAs alone (MD 0.77, 95% CI
0.25 to 1.29; P = 0.004) compared with darbepoetin use (MD 0.10,
95% CI -0.13 to 0.33; P = 0.38) for the outcome of mean change
in Hb level (test of interaction: P = 0.02) (Analysis 2.9).

We also attempted to conduct subgroup analyses based on cancer
type, cancer stage, duration of follow-up, type of chemotherapy,
and study setting (single- versus multicenter study). However, data
were not extractable for these outcomes (see below) to facilitate
meta analysis.
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• Cancer type: Three studies explicitly reported cancer type.
However, data were not extractable to facilitate meta-analysis;
that is Henry et al reported the number of participants
with adenocarcinoma, squamous cell carcinoma, and other
histology (Henry 2007a), whereas Steensma et al reported tumor
types including hematologic neoplasm, solid tumor, or both
(Steensma 2011a). Auerbach et al reported that participants had
a histologic diagnosis of cancer but did not specify the type of
cancer (Auerbach 2004a).

• Cancer stage: Two studies reported data on cancer stage.
However, data were not extractable for meta-analysis; that is
Henry et al reported number of participants with stage I, II, III,
IV, or others (Henry 2007a), whereas Pedrazzoli et al reported
the combined number of participants with cancer stages I/II/III
(Pedrazzoli 2008).

• Duration of follow-up: Three studies reported data on duration
of follow-up (Auerbach 2004a; Henry 2007a; Pedrazzoli 2008).
However, data were not extractable for meta-analysis.

• Type of chemotherapy: Only one study reported data on type
of chemotherapy (Bastit 2008), thus meta-analysis was not
possible.

• Single- versus multicenter study: All the included studies were
multicenter, thus a subgroup analysis was not possible.

Sensitivity analysis according to methodological quality of
reporting

We conducted sensitivity analyses according to each risk of
bias domain for all outcomes. The results did not change for
any outcome. We have presented the sensitivity analyses for
the outcome of hematopoietic response for illustration purpose

(Analysis 3.1; Analysis 3.2; Analysis 3.3; Analysis 3.4; Analysis 3.5;
Analysis 3.6).

Sensitivity analysis according to definition(s) of Hb increase

We conducted sensitivity analyses according to definition(s) of Hb
increase for all outcomes. The majority of the included studies
defined Hb increase as hematopoietic response (increasing Hb
by 2 g/dL from baseline or increase to Hb 12 g/dL without
transfusion) (Auerbach 2004a; Auerbach 2010; Bastit 2008; Bellet
2007; Pedrazzoli 2008; Steensma 2011a; Steensma 2011b). The
study by Beguin et al reported number of complete correctors (that
is participants reaching Hb > 13 g/dL) before day 126 in each arm
in the study (Beguin 2008). The study by Henry et al employed
increasing Hb by 2 g/dL from baseline (hematologic response)
as the outcome (Henry 2007a). We conducted sensitivity analyses
according to the definition(s) of Hb increase for all outcomes. The
results did not change for any outcome. We have presented the
sensitivity analyses for the outcome of hematopoietic response for
illustration purpose (Analysis 3.7).

Sensitivity analysis according to the baseline serum ferritin,
TSAT, and Hb for hematopoietic response

Meta-regression showed that hematopoietic response decreased
by 0.2% per one unit increase in mean baseline serum ferritin level
(RR 0.998, 95% CI 0.997 to 0.999; P = 0.009). The mean baseline
serum ferritin level explained 75.8% of between-study variance for
the outcome of hematopoietic response in both Knapp-Hartung
modified and unmodified analyses (Figure 4). The adjusted R2 was
negative for the mean baseline TSAT (R2 = -128.5%) but positive
for Hb values (R2 = 56.7%), indicating that TSAT explained little
between-study variance in hematopoietic response, and Hb level
did.
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Figure 4.   Meta-regression: baseline serum ferritin and hematopoietic response.

 
Meta-analysis allowing for missing data

We conducted meta-analyses using the metamiss command in the
STATA soUware for the outcomes of hematopoietic response and
RBC transfusion. Specifically, we employed the available case and
imputed case analyses (impute as failure: ICA-0; impute as success:
ICA-1; best-case: ICA-b (missing=success in E, failure in C) and worst-
case: ICA-w). The results did not change for any analysis for both
the outcomes.

Post-hoc analyses

E>ect of iron supplementation on mean change in serum
ferritin level

We extracted data from four studies (six comparisons; 1010
participants). Serum ferritin levels were statistically significantly
superior in participants receiving iron supplementation to ESAs
than in participants receiving ESAs alone in the management of CIA
(MD 253.02, 95% CI 84.30 to 421.73; P = 0.003) (Analysis 1.7). There
was considerable heterogeneity among these trials (I2 = 90%, P <
0.00001).

RCTs in which IV iron was used showed evidence for a diHerence
with iron supplementation to ESAs versus ESAs alone compared
with oral iron supplementation for the outcome of mean change in
serum ferritin level (test of interaction: P = 0.00005) (Analysis 2.10).
RCTs in which dextran and gluconate were used showed evidence

for a diHerence with iron supplementation to ESAs versus ESAs
alone compared with RCTs in which sulfate and sucrose were used
(test of interaction: P < 0.00001) (Analysis 2.11). The mean change
in serum ferritin estimates for iron supplementation to ESAs versus
ESAs alone did not statistically significantly diHer based on type of
ESAs (test of interaction: P = 0.95) (Analysis 2.12).

E>ect of iron supplementation on mean change in TSAT level

We extracted data from three studies (five comparisons; 908
participants). TSAT levels were statistically significantly superior
in participants receiving iron supplementation to ESAs than in
participants receiving ESAs alone in the management of CIA (MD
4.96, 95% CI 0.94 to 8.99; P = 0.02) (Analysis 1.8). There was
substantial heterogeneity among these trials (I2 = 62%, P = 0.03).

The mean change in TSAT estimates for iron supplementation
to ESAs versus ESAs alone did not statistically significantly diHer
based on route of iron administration (test of interaction: P = 0.86)
(Analysis 2.13). Similarly, mean change in TSAT estimates for iron
supplementation to ESAs versus ESAs alone did not statistically
significantly diHer based on type of iron (test of interaction: P = 0.93)
(Analysis 2.14). RCTs in which epoetin was used showed evidence
for a diHerence with iron supplementation to ESAs versus ESAs
alone compared with RCTs in which darbepoetin was used for the
outcome of mean change in TSAT level (test of interaction: P = 0.04)
(Analysis 2.15).
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D I S C U S S I O N

Summary of main results

This systematic review included eight RCTs funded by industry.
None of the included studies reported data on overall survival. The
results of this meta-analysis show benefit of iron supplementation
to ESAs for achieving hematopoietic response and reducing
number of RBC transfusions in people with CIA. In absolute
terms, assuming a baseline risk of 35% to 80% for hematopoietic
response without treatment, between seven and 16 CIA patients
should be treated to achieve hematopoietic response in one
patient. Similarly, assuming a baseline risk of 7% to 40% for RBC
transfusion without treatment, between 10 and 57 CIA patients
should be treated to avoid RBC transfusion in one patient. Our
results indicated no evidence of a diHerence in the median time
to hematopoietic response and quality of life between people
with CIA receiving iron supplementation to ESAs versus those
who received ESAs alone. We found considerable improvement
in the iron metabolism parameters as indicated by the superior
end of study Hb levels compared to the baseline parameters.
None of the participants who received ESAs plus iron versus
ESAs alone died due to treatment. However, treatment-related
mortality data were reported in only four studies. Administration
of iron was well tolerated with no substantial diHerences in the
observed thromboembolic events and other adverse events among
participants receiving ESAs plus iron versus ESAs alone.

Overall completeness and applicability of evidence

This systematic review included eight trials with 12 comparisons
enrolling 2087 participants. We did not identify any study
comparing iron alone versus ESAs alone addressing management
of people diagnosed with CIA. Two trials were published as
abstracts (Beguin 2008; Bellet 2007), and data from the trial by
Bellet et al were not available for meta-analysis (Bellet 2007). The
study by Bellet et al included 375 people with CIA comparing
iron sucrose as a supplement to darbapoetin alfa versus ESAs
alone (Bellet 2007). This study reported the change in Hb levels,
other iron indices, quality of life, and adverse events, but data
reported were not amenable to statistical analysis. The distribution
of participants in the individual study arms in this study was not
reported. The conclusions from this study were in line with the
majority of included studies addressing the role of IV iron in the
management of CIA; that is in this study IV iron sucrose increased
Hb levels and iron stores significantly and was well tolerated in
doses up to 500 mg increments in people with CIA treated with
ESAs. The studies identified and included in this systematic review
in totality suHiciently address the role of iron in the management of
people diagnosed with CIA. Overall, the findings of this systematic
review have direct application to clinical practice for people
diagnosed with CIA. We noticed that the included studies had
shorter follow-up duration (up to 20 weeks), and long-term eHects
of iron supplementation are unknown. Specifically, with the known
increased risks of ESA treatments (Bohlius 2009; Bohlius 2014;
Tonia 2012), further studies addressing the long-term eHects of
iron supplementation on morbidity and mortality (among patients
receiving not only iron but RBCs as well, as they also contain iron)
due to higher iron or ferritin levels are needed.

Quality of the evidence

We assessed the quality of the included trials according to the
previously described quality domains; these are represented in
Figure 2. The majority of included trials were free of selection bias,
selective reporting, and other biases. The majority of the included
studies reported analyses according to the principle of intention-
to-treat, but most of the included studies were open label and had
high risk of performance and detection bias.

None of the included RCTs reported data on overall survival, and
hence we were not able to perform meta-analysis on this outcome.
Auerbach et al acknowledged that their study was not designed
both in follow-up duration and power to detect survival benefit
(Auerbach 2004a). The overall quality of evidence for hematopoietic
response was high. The route of iron administration (oral versus
IV) explained the observed heterogeneity. The overall quality of
evidence for RBC transfusion requirement was moderate, as the
pooled estimates had wide confidence intervals. Two studies did
not separately report the number RBC transfusions, but instead
reported the total number of transfusions (Auerbach 2004a; Henry
2007a). Removing these studies from the meta-analysis for the
outcome of RBC transfusion requirement did not change the
overall pooled estimate (favored addition of iron to ESAs). The
overall quality of evidence for change in Hb level and time to
hematopoietic response was low, as the pooled estimates had
large variation and there was significant heterogeneity. The overall
quality of evidence for quality of life was high. However, it is
important to note that quality of life data were reported in four
studies (Auerbach 2004a; Auerbach 2010; Bastit 2008; Steensma
2011a), but extractable from only three studies (Auerbach 2010;
Bastit 2008; Steensma 2011a). In the study by Auerbach et al
(Auerbach 2004a), quality of life was measured using the 100-
mm linear analog scale (LASA) of energy level, activities of daily
living (ADL), and overall quality of life. Participants who received
IV iron supplementation had a considerably better quality of life
than those who received ESAs alone (Auerbach 2004a). However,
the data were not extractable for meta-analysis. The studies by
Bastit et al, (Bastit 2008), and Auerbach et al, (Auerbach 2010),
used the Functional Assessment of Cancer Therapy-Fatigue (FACT-
F) scale, while the study by Steensma et al, (Steensma 2011a),
used the Functional Assessment of Cancer Therapy-Anemia (FACT-
An) scale for assessment of quality of life. These three studies
reported data in a manner that could be used for meta-analysis.
The overall quality of evidence for risk of blood clots in veins was
moderate, as the pooled estimate had wide confidence intervals.
The overall quality of evidence for treatment-related deaths was
high. However, only four of eight included studies reported these
data. Data were not extractable for cancer type, cancer stage,
duration of follow-up, and type of chemotherapy to facilitate
planned subgroup meta-analysis.

Potential biases in the review process

We did not find any methodological issues in the preparation of the
review that could put it at risk for bias. There is potential risk of
publication bias. If future updates of the review include more than
10 RCTs, we will assess the publication bias for each outcome and
will include a funnel plot as per Cochrane guidelines. We were able
to identify eight RCTs relevant to our review question; two of these
were published as meeting abstract (Beguin 2008; Bellet 2007). We
were able to extract relevant data from the study by Beguin et al,
but the data reported in the study by Bellet et al were not amenable
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to statistical analysis. Nonetheless, the conclusions from this study
were in line with the majority of included studies addressing the
role of IV iron in the management of CIA (Bellet 2007). However,
for reasons unknown to us, this study was not published as full
manuscript, and hence we were not able to access the complete
data and findings from this study. Overall, the quality of adverse
event reporting was low in the included studies. Only four out of
eight studies reported data on treatment-related mortality, and the
majority of studies did not report adverse events in a manner useful
for meta-analysis. Our meta-regression analyses using baseline
serum ferritin, TSAT, and Hb are based on aggregate data only and
thus prone to ecological bias.

Agreements and disagreements with other studies or
reviews

It is well known that approximately 50% of people diagnosed
with CIA do not respond to ESAs; that is these patients do
not show substantial improvement in the baseline Hb or a
reduction in transfusions aUer a minimum of 12 weeks treatment
with ESAs. People diagnosed with cancer may develop a state
of iron-restricted erythropoiesis in which the reticuloendothelial
system cannot release stored iron quickly enough to permit the
incorporation of iron into RBC during erythropoiesis despite what
appears to be adequate iron stores. Essentially, the body is unable
to use the stored iron. Other etiologies, such as hemorrhages,
hemolysis, bone marrow infiltration, or nutritional deficiencies,
may also contribute to anemia in people with cancer (Shord
2008). Many clinical trials have shown the beneficial eHect of iron
supplementation (oral and parenteral) to ESAs in the management
of CIA (Auerbach 2004a; Auerbach 2010; Bastit 2008; Pedrazzoli
2008). Our results achieved by subgroup analyses suggest the
superiority of parenteral iron over oral iron for the management
of CIA for the outcomes of hematopoietic response and mean
change in Hb level. Parenteral iron formulations may be preferred
to improve adherence and avoid gastric adverse events associated
with oral iron supplements. Also, IV iron can replace total iron stores
within a short time frame compared with the four to six months
required by oral iron supplementation. We explored which type of
parenteral iron is superior in improving hematopoietic response.
However, our results did not show any significant diHerences
with iron supplementation versus ESAs alone with iron dextran,
gluconate, and sucrose. It is important to note that none of the
included studies assessed the timing, frequency, and amount of
re-dose aUer the participants received the initial cumulative iron
supplementation. Hence, we were unable to comment on the
re-dosing schedule for iron supplementation to ESAs in people
diagnosed with CIA.

This systematic review and meta-analysis provides a synthesis of
available clinical trial evidence on the topic of interest. The overall
conclusion is in keeping with two prior meta-analysis performed by
Petrelli et al (Petrelli 2012) and GaUer-Gvili et al (GaUer-Gvili 2013).
Our systematic review included trials comparing supplementation
of iron to ESAs compared with ESAs alone. We excluded two studies
that did not employ ESAs (Dangsuwan 2010 and Kim 2007), one
study that assessed safety and eHicacy of oral lactoferrin (Maccio
2010), and one study that did not enroll people with CIA but
enrolled people suHering from anemia due to other reasons such
as cancer (Hedenus 2007). The review by Petrelli et al showed
that the erythropoietic response is higher when IV iron is coupled

with epoetin alfa or beta compared to darbepoetin. They also state
that oral iron but not parenteral formulations reduced the risk of
transfusion, but only when given with epoetins, and IV iron reduced
the transfusion rate only in darbepoetin-treated participants (data
were not shown in the manuscript by Petrelli et al for both of these
outcomes). We found no diHerence in hematopoietic response
based on type of ESA, and we also found no evidence of a diHerence
in the risk of RBC transfusions based on type of ESA and route of
iron administration. We noticed that the review by Petrelli et al used
the per-protocol population for the calculation of risk of transfusion
for the trial by Henry et al, while the trial clearly stated that the
number of transfusions was based on the enrolled 187 participants,
which we have employed. Moreover, the review by Petrelli et al did
not include the trial by Beguin et al, which we have included in this
systematic review and reported data on hematopoietic response
and RBC transfusions. However, even aUer the removal of the trial
by Beguin et al, we could not replicate the findings by Petrelli et
al. The review by GaUer-Gvili et al conducted meta-regression and
concluded that there was no association between baseline ferritin
and TSAT and hematopoietic response. We reviewed these findings
and noticed that GaUer-Gvili et al may have used inaccurate
estimates of the baseline TSAT and serum ferritin parameters. The
TSAT and serum ferritin data reported by GaUer-Gvili et al do not
match the data reported in original publications by Auerbach 2004
and Auerbach 2010 (Auerbach 2004a; Auerbach 2004b; Auerbach
2004c; Auerbach 2010). Our results show the potential association
between baseline serum ferritin and hematopoietic response.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The results of this systematic review and meta-analysis show
that supplementation of iron to ESAs appears to be beneficial
for people diagnosed with CIA. However, as none of the included
trials reported data on overall survival, the impact of iron
supplementation to ESAs on mortality of people with CIA is not
known. We found no evidence for a diHerence in quality of life
of patients treated with iron supplementation to ESAs versus
ESAs alone. Nonetheless, iron supplementation oHers superior
hematopoietic response, reduces the risk of transfusions, and
improves Hb levels in people diagnosed with CIA. We found no
evidence for a diHerence in the risk of adverse events with iron
supplementation compared to standard care.

Implications for research

Since the included RCTs had shorter follow-up duration (up to
20 weeks), the long-term eHects of iron supplementation are
unknown. Nonetheless, further studies are required to define the
optimal dosage of iron. Future trials with a longer follow-up and
various re-dosing regimens are also required to determine the
risk of adverse events and the impact of iron supplementation
on mortality as well as the optimal re-dosing schedule aUer the
patients received the initial cumulative iron supplementation.
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Methods • Prospective, multicenter, open-label, randomized, controlled study

• Study length = 6 weeks

• Study conducted during: not reported

Participants • Eligibility: Hb ≤ 105g/dL; Ferritin ≤ 450pmol/L or ≤ 450pmol/L ; TSAT ≤ 19%; ECOG PS ≤ 2

• Sex (number enrolled): female (65), male (92);

• Mean age: 64.7 years;

• Experimental arm: ESAs + iron dextran total dose infusion (TDI): enrolled 41, analyzed 41

• Control arm: ESAs only: enrolled 36, analyzed 36

• Mean baseline S. Ferritin range (207 to 194 pmol/L); Mean baseline TSAT saturation range (14 to 19%)

Interventions • Esperimental arm: ESAs + iron dextran TDI

• Control: ESAs only: rHuEPO 40,000 U SC (dose escalation or reduction was not permitted)

Outcomes • Hematopoietic response

• RBC transfusions

• Time to hematopoietic response

• Change in Hb level

• QOL

• Treatment-related harms (thromboembolic events are not reported)

Notes • This is a four-armed study and the references (Auerbach 2004b) Auerbach2004b and (Auerbach 2004c)
Auerbach2004c refer to the same study.

• Hematopoietic response defined as increase in Hb level of ≥2g/dL or achievement of Hb level of ≥12g/
dL without transfusion during study

• The number of patients "receiving transfusions" were reported (no separate reporting of RBCs versus
other types of transfusions)

• QOL was measured using: LASA, ADL and Overall QOL index

• The total dose of iron dextran was calculated using the formula to reach a desired Hb level of 140
g/L: dose (mL)0.0442 (desired Hb–observed Hb)xLBW(0.26LBW) whereLBWis the patient’s lean body
weight in kilograms.

• All patients received iron dextran as INFeD (Watson Pharmaceuticals, Morristown, NJ) except for two
patients who received iron dextran as DexFerrum (American Regent Laboratories, Shirley, NY) during
a brief period when the first formulation was not available.

• Participants randomly assigned to TDI received methylprednisolone 125 mg before and following the
infusion. Patients then received a 25mg test dose given by IV push.One hour after the test dose was
administered, patients received the calculated total iron dextran dose in 500 mL of 0.9% NaCl solution
administered at a rate of 175 mL/h.

• This was an industry funded trial.

• COI statement included: Acted as a consultant within the last 2 years: Michael Auerbach, Watson Phar-
maceuticals; J. Richard Trout, Watson Pharmaceuticals. Received more than $2,000 a year from a com-
pany for either of the last 2 years: Michael Auerbach, Watson Pharmaceuticals; J. Richard Trout, Wat-
son Pharmaceuticals; Marilyn McIlwain, Watson Pharmaceuticals.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Trial authors described the study as “randomized controlled” and reported
that “patients were centrally randomly assigned…”, however, this information
is insufficient to permit judgment about the sequence generation process be-
cause details of how sequence was generated are not provided.

Allocation concealment
(selection bias)

Low risk “patients were centrally randomly assigned”

Auerbach 2004a 
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Blinding (performance
bias and detection bias) 
All outcomes

High risk There was no blinding (study described as “open-label”) yet outcome mea-
surement was likely to be influenced by lack of blinding.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Trial authors reported that efficacy data were analyzed according to the "mod-
ified ITT principle". Withdrawals and drop-outs were adequately

Selective reporting (re-
porting bias)

Low risk One of outcomes of interest in the review (RBC transfusion) was not reported,
however, it was reported that the study was not powered to detect differences
in RBC transfusion requirements.

Other bias Low risk Pre-specified values of sample size, alpha and beta errors and delta were pro-
vided

Auerbach 2004a  (Continued)

 
 

Methods • Prospective, multicenter, open-label, randomized, controlled study

• Study length: 6 weeks

Participants • Experimental arm: ESAs + IV iron dextran (bolus): enrolled 37, analyzed 37

• Control arm: ESAs only: enrolled 36, analyzed 36

Interventions • Experimental arm: ESAs + IV iron dextran 100 mg bolus at each visit

• Control arm: ESAs only: rHuEPO 40,000 U SC (dose escalation or reduction was not permitted)

Outcomes • Hematopoietic response

• RBC transfusions

• Time to hematopoietic response

• Change in Hb level

• QOL

• Treatment-related harms (thromboembolic events are not reported)

Notes • Hematopoietic response defined as increase in Hb level of ≥ 2 g/dL or achievement of Hb level of ≥ 12
g/dL without transfusion during study.

• The number of participants "receiving transfusions" was reported (no separate reporting of RBCs ver-
sus other types of transfusions).

• QOL was measured using: LASA, ADL, and overall QOL index.

• The total dose of iron dextran was calculated using the formula to reach a desired Hb level of 140 g/
L: dose (mL)0.0442 (desired Hb - observed Hb) x LBW(0.26LBW) where LBW is the participant’s lean
body weight in kilograms.

• All participants received iron dextran as INFeD (Watson Pharmaceuticals, Morristown, NJ), except for
2 participants who received iron dextran as Dexferrum (American Regent Laboratories, Shirley, NY)
during a brief period when the first formulation was not available.

• Participants randomly assigned to 100 mg bolus injections received a 25 mg test dose of iron dextran
by IV push over 1 to 2 minutes, followed by a 75 mg bolus injection before the first 3 epoetin alfa doses
(i.e. for the first 3 weeks of the study).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Trial authors described the study as “randomized controlled” and reported
that “patients were centrally randomly assigned…,” however this information

Auerbach 2004b 
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is insufficient to permit judgment about the sequence generation process be-
cause details of how sequence was generated are not provided

Allocation concealment
(selection bias)

Low risk “patients were centrally randomly assigned”

Blinding (performance
bias and detection bias) 
All outcomes

High risk There was no blinding (study described as “open-label”), yet outcome mea-
surement was likely to be influenced by lack of blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Trial authors reported that efficacy data were analyzed according to the "mod-
ified ITT principle." Withdrawals and dropouts were described adequately

Selective reporting (re-
porting bias)

Low risk One outcome of interest in the review (RBC transfusion) was not reported,
however it was reported that the study was not powered to detect differences
in RBC transfusion requirements

Other bias Low risk Prespecified values of sample size, alpha and beta errors and delta were pro-
vided

Auerbach 2004b  (Continued)

 
 

Methods • Prospective, multicenter, open-label, randomized, controlled study

• Study length: 6 weeks

Participants • Experimental arm: ESAs + oral iron: enrolled 43, analyzed 43

• Control arm: ESAs only: enrolled 36, analyzed 36

Interventions • Experimental arm: ESAs + oral iron (ferrous sulfate) 325 mg twice daily

• Control arm: ESAs only: rHuEPO 40,000 U SC (dose escalation or reduction was not permitted)

Outcomes • Hematopoietic response

• RBC transfusions

• Time to hematopoietic response

• Change in Hb level

• QOL

• Treatment-related harms (thromboembolic events are not reported)

Notes • Hematopoietic response defined as increase in Hb level of ≥ 2 g/dL or achievement of Hb level of ≥ 12
g/dL without transfusion during study.

• The number of participants "receiving transfusions" was reported (no separate reporting of RBCs ver-
sus other types of transfusions).

• QOL was measured using: LASA, ADL, and overall QOL index.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Trial authors described the study as “randomized controlled” and reported
that “patients were centrally randomly assigned…,” however this information
is insufficient to permit judgment about the sequence generation process be-
cause details of how sequence was generated are not provided

Auerbach 2004c 
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Allocation concealment
(selection bias)

Low risk “patients were centrally randomly assigned”

Blinding (performance
bias and detection bias) 
All outcomes

High risk There was no blinding (study described as “open-label”), yet outcome mea-
surement was likely to be influenced by lack of blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Trial authors reported that efficacy data were analyzed according to the "mod-
ified ITT principle." Withdrawals and dropouts were described adequately

Selective reporting (re-
porting bias)

Low risk One outcome of interest in the review (RBC transfusion) was not reported,
however it was reported that the study was not powered to detect differences
in RBC transfusion requirements

Other bias Low risk Prespecified values of sample size, alpha and beta errors and delta were pro-
vided

Auerbach 2004c  (Continued)

 
 

Methods • Phase II, double-blind, multicenter, 2 x 2 factorial study. The 2 study factors were dose of darbepoetin
alfa (500 lg Q3W versus 300 lg Q3W) and IV iron usage (IV iron versus no IV iron). The study was blinded
to the dose of darbepoetin alfa administered and open label for IV iron administration.

• Eligible patients were randomized in a 1:1:1:1 ratio to 1 of 4 treatment arms: darbepoetin alfa 300 µg
Q3W, darbepoetin alfa 500 µg Q3W, darbepoetin alfa 300 µg Q3W plus IV iron, and darbepoetin alfa
500 µg Q3W plus IV iron. Randomization was stratified by planned chemotherapy (platinum versus
non-platinum) and geographic region (North America versus Europe).

• Study length: 15 weeks

• Study conducted during: 18 December 2006 and 12 December 2007

• Mean baseline serum ferritin range (291 to 332.3 ng/ml); mean baseline TSAT range (25.1% to 27.4%)

Participants • Eligibility: ≥ 18 years old and had non-myeloid cancer, CIA (Hb ≤ 10 g/dL), and no iron deficiency; pa-
tients were excluded if they had absolute iron deficiency (TSAT < 15% and serum ferritin < 10 ng/mL)

• Experimental arm: ESAs + IV iron: enrolled 122, analyzed 122

• Control arm: ESAs only: enrolled 116, analyzed 116

• Of the 238 participants dosed, 79% were white, 66% were female, and mean age was about 62 years.
The most common tumor types were gastrointestinal, breast, and lung.

Interventions • Experimental arm: darbepoetin alfa + oral iron dextran 400 mg Q3W (darbepoetin alfa was withheld
at Hb > 13 g/dL)

• Control arm: ESAs only: darbepoetin alfa 500 mcg Q3W SC

• Darbepoetin alfa (Aranesp, Amgen, Thousand Oaks, CA) was supplied in 1 mL single-dose vials as a
clear, colorless, sterile protein solution. In the US, IV iron (provided as INFeD, Watson Pharma, Morris-
town, NJ) was supplied by a central pharmacy, CoramRx (Malvern, PA). In Europe, IV iron (provided as
CosmoFer, Pharmacosmos, Denmark) was supplied via a central interactive voice response system.

Outcomes • Hematopoietic response

• RBC transfusions

• Time to hematopoietic response

• QOL

• Treatment-related harms (thromboembolic events are not reported)

Notes • Hematopoietic response defined as either a 2 g/dL increase from baseline in hemoglobin or a hemo-
globin correction to ≥ 12 g/dL in the absence of any RBC transfusions in the preceding 28 days.

Auerbach 2010 
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• Number of participants receiving RBC transfusions is reported. Participants who had received ≥ 1 RBC
transfusions from week 1 to the end of study (Kaplan-Meier estimates) are used for meta-analysis.

• QOL was measured using FACT-F; QOL parameters from baseline to end of treatment were reported

• Dose reductions for participants receiving darbepoetin alfa were allowed as follows: the dose was
reduced to 200 µg Q3W or 300 µg Q3W, respectively, if a participant had a Hb level 12 g/dL with no
other previous dose reductions or if a participant had a rapid rise in hemoglobin (defined as a > 1.5g/
dL increase in hemoglobin within 21 days). After a second rapid rise in hemoglobin, the darbepoetin
alfa dose was reduced to 150 µg Q3W or 250 µg Q3W, respectively, and further reduced to 100 µg Q3W
or 200 µg Q3W, respectively, after a third rapid rise in hemoglobin. Thereafter, darbepoetin alfa dose
was withheld when a subsequent rapid rise in hemoglobin occurred. Darbepoetin alfa dose was also
withheld if a hemoglobin threshold (defined as Hb >13 g/dL) was reached, and was reinitiated when
Hb fell to < 12 g/dL. Dose reduction and dose withholding rules did not apply if the participant had a
RBC transfusion within 21 days prior to the next dosing visit.

• Authors state in the methods section that "patients could receive oral iron if they were not randomized
to IV iron treatment." However, authors do not report the number of participants in the "ESAs only
arm" who (may have) received oral iron supplementation.

• This was an industry-funded trial.

• COI statement included: Drs. Auerbach, Webb, and Averyanova do not have conflicts to disclose. Dr.
Ciuleanu is a member of the Amgen advisory board; Drs. Ciuleanu and Silberstein have received hon-
oraria from Amgen. Mr. Shao was an employee of Amgen with ownership of Amgen stock at the time
the study was conducted. Dr. Bridges is an employee of Amgen and owns Amgen stock.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A randomization list was created and maintained by an independent random-
ization group at the study sponsor using permuted blocks. The randomization
list was transmitted to an IVRS vendor for execution.
Enrollment and randomization were done by telephone and confirmed by fac-
simile

Allocation concealment
(selection bias)

Low risk A randomization list was created and maintained by an independent random-
ization group at the study sponsor using permuted blocks. The randomization
list was transmitted to an IVRS vendor for execution.
Enrollment and randomization were done by telephone and confirmed by fac-
simile

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Participants were assigned blinded boxes of study medication using box num-
bers, which were recorded and reconciled. The study was blinded while ongo-
ing and unblinded after all participants had completed the study. However, it
is not clear whether or not the investigators were blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Efficay data were analyzed according to the ITT principle. Withdrawals and
dropouts were described adequately

Selective reporting (re-
porting bias)

Low risk Benefits and harms were reported as indicated in a prespecified method

Other bias High risk Data on alpha, beta errors, sample size calculation and delta were not report-
ed; authors state in the methods section that "patients could receive oral iron
if they were not randomized to IV iron supplementation." However, authors do
not report the number of participants in the "ESAs only arm" who (may have)
received oral iron supplementation

Auerbach 2010  (Continued)
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Methods • Multicenter, randomized, open-label, phase III study

• Randomization was stratified by tumor type (lung/gynecologic versus other types) and baseline Hb
category (< 10 versus ≥ 10 g/dL).

• Study length: 16 weeks

• Study conducted during: not reported

• Number (%) of participants with functional iron deficiency at baseline: 71 (35%) IV iron arm and 70
(36%) control arm

Participants • Eligibility: Men and women ≥ 18 years of age with anemia (Hb 11 g/dL within 24 hours before random-
ization) and non-myeloid malignancy were enrolled. Participants were required to have an ECOG PS
score of 0 to 2, adequate renal and liver function, and 8 weeks of cytotoxic chemotherapy planned.
Patients with iron deficiency (TSAT 15% and serum ferritin 10 ng/mL), serum ferritin > 800 ng/mL, or
those who had received an RBC transfusion within 14 days or any ESAs within the 4 weeks preceding
randomization were excluded.

• Sex (number enrolled): female (240), male (156)

• Experimental arm: ESAs + IV iron: enrolled 201, analyzed 200

• Control arm: ESAs only: enrolled 197, analyzed 196

Interventions • Experimental arm 1: ESAs + IV ferric gluconate or sucrose 200 mg Q3W

• Experimental arm 2: ESAs + oral ferric gluconate or sucrose 200 mg Q3W

• Control arm: ESAs only: darbepoetin alfa 500 μg Q3W SC

Outcomes • Hematopoietic response

• RBC transfusions

• Time to hematopoietic response

• QOL

• Treatment-related harms (thromboembolic events are reported)

Notes • Hematopoietic response defined as increase in Hb ≥ 12 g/dL or a 2 g/dL increase in Hb during 16-week
treatment period in the absence of RBC transfusions within the previous 28 days.

• Darbepoetin alfa was administered using the Aranesp SureClick autoinjector (Aranesp, Amgen Inc.,
Thousand Oaks, CA). Participants whose Hb exceeded 14 g/dL had darbepoetin alfa withheld until Hb
13 g/dL. After a protocol amendment, dose adjustments were made to achieve an Hb concentration
of 12 g/dL. Darbepoetin alfa doses were withheld if a participant’s Hb level exceeded 13 g/dL and were
reinstated with a 40% dose reduction (300 µg) after Hb 12 g/dL. Participants with more than a 2 g/
dL Hb increase in a 4-week period received darbepoetin alfa 300 µg. If a participant’s serum ferritin
exceeded 1000 ng/mL, IV iron was withheld and reinstated once ferritin decreased to ≤ 1000 ng/mL.

• Number of participants receiving RBC transfusions is reported. Participants who had received ≥ 1 RBC
transfusions from week 1 to the end of study (Kaplan-Meier estimates) are used for meta analysis.

• QOL was measured by FACT-F questionnaires.

• This was an industry-funded trial.

• COI statement included: 1.Employment: Tamas S. Suto, Amgen; Tony W. Mossman, Amgen; Kay E.
Smith, Amgen 2.Leadership: N/A 3.Consultant: N/A 4.Stock: Kay E. Smith, Amgen 5.Honoraria: Johan
F. Vansteenkiste, Amgen 6.Research Funds: Johan F. Vansteenkiste, Funds, Educational Amgen Chair
in Supportive Cancer Care at the Leuven University 7.Testimony: N/A 8.Other: N/A.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Trial authors described the study as a “randomized controlled trial,” but this
information is insufficient to permit judgment about the sequence generation
process as it lacks details of how sequence was generated

Bastit 2008 
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Allocation concealment
(selection bias)

Low risk Randomization was assigned using an interactive voice response system,
which, in our opinion, could prevent participants from foreseeing assignment

Blinding (performance
bias and detection bias) 
All outcomes

High risk There was no blinding (study described as “open-label”), yet outcome mea-
surement was likely to be influenced by lack of blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Trial authors reported that efficacy data were analyzed according to the ITT
principle. Most participants (67% in the IV iron group, 76% in the control
group) completed this study. Nonetheless importantly, the reasons for with-
drawal (death, adverse events, disease progression, consent withdrawal, pro-
tocol deviations, non-compliance) were similar across study groups

Selective reporting (re-
porting bias)

Low risk Benefits and harms were reported as indicated in a prespecified method

Other bias Low risk Prespecified values of sample size, alpha, beta (power), and delta were provid-
ed

Bastit 2008  (Continued)

 
 

Methods • Multicenter, 3-arm RCT, not placebo controlled, open label (for IV arm)

• Study length: 18 weeks

• Study conducted during: not reported

Participants • Eligibility*: Male or female; female participants must use a reliable contraception method; age > 16
yrs and < 70 yrs; no terminal organ failure; written informed consent given by participant or his/her
guardian if of minor age; adequate iron stores (serum ferritin > 100 Eg/L) on day 21 post-transplant;
adequate marrow recovery, as shown by: neutrophils > 1000/EL, platelet transfusion independence;
PBSC (not marrow) transplantation

• Experimental arm: ESAs + IV iron: analyzed = 50

• Control arm: ESAs only: analyzed = 52

Interventions • Experimental arm: ESAs + IV iron sucrose 200 mg on days 28, 42, and 56 after HCT

• Control arm 1: ESAs only: DA alfa 300 μg QOW starting on day 28 after HCT for a total of 7 doses

• Control arm 2: No treatment

Outcomes • Hematopoietic response (proportion of complete correctors are reported and used in the analyses)

• RBC transfusions

• Time to hematopoietic response (median time to achieve Hb correction is reported)

Notes • Hematopoietic response defined as: proportion of complete correctors: participants with increase in
Hb ≥ 13 g/dL before day 126 post-transplant or participants increasing Hb by > 2 g/dL before day 126.

• Number of participants receiving RBC transfusions is reported.

• *Once the target Hb (13 g/dL) was attained, the dose of Aranesp was reduced by half to 150 µg. If the Hb
increased to > 14 g/dL, Aranesp was withheld and resumed at a dose of 150 µg when the Hb decreased
< 13 g/dL. If the Hb decreased to < 12 g/dL, the dose of Aranesp was increased to 300 µg again.

• *Iron sucrose (Venofer) was administered IV at a dose of 200 mg (2 vials of Venofer) on days 28, 42, and
56 after the transplant. Venofer will be diluted in 250 ml saline and infused over 60 minutes. No iron
supplementation was allowed in ESAs-only arm before day 70 after the transplant. In ESAs-only and
ESAs-and-iron arms, if participants had evidence of functional iron deficiency (TSAT < 20%) on day 70
or later, they might have received 300 mg of Venofer over 90 min, for a minimum of 2 doses (details
not provided in the text).

• Comparison of ESAs + IV iron sucrose versus no treatment is not included in the meta-analysis.

Beguin 2008 
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• This was a joint industry- and publicly funded trial.

• COI statement included (presented as an American Society of Hematology meeting abstract): "I have
disclosed to the American Society of Hematology all relevant financial relationships. If I am presenting
in a venue sponsored by ASH, I will disclose this information to the audience orally and provide this
information as a disclosure slide or in written form."

*Data obtained from www.clinicaltrials.gov records.

#Some data for 'Risk of bias' assessment were obtained from www.druglib.com records.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomization was carried out following a computer-generated randomiza-
tion list

Allocation concealment
(selection bias)

Low risk # Randomization will be carried out centrally in Liege by faxing the inclusion
form at the following number: 32-4-3668855. This was done around day 21
post-transplant

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Personnel involved in clinical care of the participants were blinded

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk There was no reporting of data on attrition/exclusion to permit judgment
about adequacy of completeness of outcome reporting

Selective reporting (re-
porting bias)

Low risk Benefits and harms were reported as indicated in a prespecified method

Other bias Unclear risk There was insufficient information in the abstract for us to assess whether an
important risk of bias existed or not

Beguin 2008  (Continued)

 
 

Methods • Prospective, multicenter, randomized, open-label, phase III clinical trial

• Two-stage trial: during Stage I (8-wk duration), participants received treatment with fixed ESAs doses
(100 mcg of darbepoetin or 40,000 units epoetin wkly or 200 mcg of darbepoetin QOW). Participants
were classified as either ESAs responders (= 1 g/dL increase in Hb) or ESAs non-responders with each
group randomized (Stage 2) separately to receive either 12 weeks of fixed doses of ESAs plus up to 1500
mg of iron sucrose (given in 3 divided doses of up to 500 mg) or 12 weeks of fixed doses of ESAs alone.

• Study length: 20 weeks

• Study conducted during: not reported

Participants • Eligibility: Hb ≤ 10 g/dL; KPS ≤ 60% to 100%; age > 18 years

• A total of 375 participants were enrolled in this RCT. The study is published as a meeting abstract only.
The distribution of participants in the individual study arms is not reported.

Interventions • Experimental arm: ESAs + iron sucrose: darbepoetin 100 μg or epoetin 40,000 U OR darbepoetin 200
μg QOW plus iron sucrose 1500 mg 3 divided doses up to 500 mg

• Control arm: ESAs only: darbepoetin 100 μg or epoetin 40,000 U OR darbepoetin 200 μg QOW

Outcomes • Hematopoietic response

• Change in Hb level

Bellet 2007 

The role of iron in the management of chemotherapy-induced anemia in cancer patients receiving erythropoiesis-stimulating agents
(Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

35



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

• Treatment-related harms

Data reported were not amenable to statistical analysis (data are not reported per study arm). The dis-
tribution of participants in the individual study arms is not reported.

Notes • Hematopoietic response defined as increase in Hb level of ≥ 2 g/dL.

• Although quantitative data were not reported, information on significance of results was reported,
thus we included such qualitative data.

• This was an industry-funded trial.

• This was presented as a poster at the 2007 American Society of Clincal Oncology annual meeting. COI
statement is not available.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Trial authors described the study as “randomized phase III clinical trial,” but
this information is insufficient to permit judgment about the sequence genera-
tion process as it lacks details of how sequence was generated

Allocation concealment
(selection bias)

Unclear risk Method of concealment is not described in the abstract

Blinding (performance
bias and detection bias) 
All outcomes

High risk There was no blinding (study described as “open-label”), yet outcome mea-
surement was likely to be influenced by lack of blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk There was insufficient data to permit judgment regarding attrition bias

Selective reporting (re-
porting bias)

Unclear risk Abstract lacks information to make a judgment regarding reporting biases

Other bias Unclear risk There was insufficient information in the abstract to assess whether an impor-
tant risk of bias existed

Bellet 2007  (Continued)

 
 

Methods • Open-label, randomized, controlled, multicenter, prospective trial

• Study length: 12 weeks

• Study conducted during: not reported

Participants • Eligibility: Hb ≤ 11 g/dL; serum ferritin ≥ 100 ng/ml; TSAT between 15% and 35%; ECOG PS: 0 to 2;
received no epoetin alfa or IV iron within 30 days and no oral iron within 7 days before enrollment; age
≥ 18 years old; life expectancy ≥ 24 weeks

• Sex (number enrolled): female (89), male (40)

• Experimental arm: ESAs + IV sodium ferric gluconate: enrolled 63, analyzed 41

• Control arm: ESAs only: enrolled 63, analyzed 44

• Mean baseline serum ferritin range (321.5 to 388.2 ng/ml); mean baseline TSAT range (29.1% to 36.3%)

Interventions • Experimental arm: ESAs + IV sodium ferric gluconate 125 mg IV once weekly

• Control arm: ESAs only: epoetin alfa 40,000 U SC once weekly

Outcomes • Hematopoietic response

Henry 2007a 
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• RBC transfusions

• Change in Hb levels

• Treatment-related harms (thromboembolic events are not reported)

Notes • This is a 3-armed study, and the reference Henry 2007b refers to the same study.

• Hematopoietic response defined as increase in Hb level of ≥ 2 g/dL.

• Number of participants receiving transfusions are reported and are used for RBC transfusion out-
comes meta-analysis.

• Patients were excluded for hemolysis, gastrointestinal bleeding, folate or vitamin B12 deficiency, el-
evated serum ferritin (900 ng/ml) or TSAT (35%), pregnancy or lactation,liver dysfunction (grade 2
based on National Cancer Institute Common Toxicity Criteria), renal dysfunction (serum creatinine 2.0
mg/dl), active infection requiring systemic antibiotics, personal or family history of hemochromatosis,
comorbidities precluding study participation, hypersensitivity to ferric gluconate or its components,
contraindication to epoetin alfa therapy, RBC transfusion within the past 2 weeks, or any investiga-
tional agent within 30 days before enrollment.

• If TSAT increased to 50%, ferric gluconate was withheld until TSAT decreased to 50%, and was then
restarted at the original dose.

• For epoetin alfa treatment: if after 4 weeks Hb did not increase by ≥ 1 g/dl, the dose was increased to
60,000 U once weekly. If Hb increased > 1.3 g/dl in any 2-week period, the dose was reduced by 25%.
If Hb increased to > 13 g/dl, epoetin alfa was discontinued until Hb decreased to ≤ 12 g/dl, and was
then resumed at 75% of the previous dose.

• Grading for treatment-related harms was not reported.

• This was an industry-funded trial.

• COI statement included: DHH has acted as a consultant for and received support from Watson Labo-
ratories. MA has been a consultant/advisor to Watson Laboratories and has received consulting fees
from Watson that are unrelated to the content or conduct of this study. LRL received research funding
from Millennix and Watson (awarded to Hematology Oncology Consultants, Inc.) more than 2 years
ago for research activity reported in this manuscript. NVD is employed by Watson Laboratories. ST
indicates no potential conflicts of interest.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Study described as “randomized controlled,” but this information is insuffi-
cient to permit judgment about the sequence generation process as it lacks
details of how randomization sequence was generated

Allocation concealment
(selection bias)

Low risk “randomization was conducted centrally to avoid selection bias”

Blinding (performance
bias and detection bias) 
All outcomes

High risk There was no blinding (study described as “open-label”); outcome measure-
ment was likely to be influenced by lack of blinding

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Trial authors reported that “except for number of transfusions and patients re-
ceiving transfusions,” analysis of primary and secondary efficacy endpoints
was based on “evaluable population,” that is performed per protocol. In ad-
dition, the imputation method used, that is “last observed data recorded for
each parameter before receiving a transfusion were carried forward through
the endpoint,” could potentially bias the results

Selective reporting (re-
porting bias)

Low risk Benefits and harms were reported as indicated in a prespecified method

Other bias Low risk Prespecified values of sample size, alpha, beta (power), and delta were provid-
ed

Henry 2007a  (Continued)
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Methods • Open-label, randomized, controlled, multicenter, prospective trial

• Study length: 12 weeks

Participants • Eligibility: Hb ≤ 11 g/dL; serum ferritin ≥ 100 ng/ml; TSAT between 15% and 35%; ECOG PS: 0 to 2;
received no epoetin alfa or IV iron within 30 days and no oral iron within 7 days before enrollment; age
≥ 18 years old; life expectancy ≥ 24 weeks

• Sex (number enrolled): female (89), male (40)

• Experimental arm: ESAs + oral ferrous sulfate: enrolled 61, analyzed 44

• Control arm: ESAs only: enrolled 63, analyzed 44

Interventions • Experimental arm: ESAs + oral ferrous sulfate 325 mg 3 daily

• Control arm: ESAs only: epoetin alfa 40,000 U SC once weekly

Outcomes • Hematopoietic response

• RBC transfusions

• Change in Hb levels

• Treatment-related harms (thromboembolic events are not reported)

Notes • Hematopoietic response defined as increase in Hb level of ≥ 2 g/dL.

• Patients were excluded for hemolysis, gastrointestinal bleeding, folate or vitamin B12 deficiency, el-
evated serum ferritin (900 ng/ml) or TSAT (35%), pregnancy or lactation,liver dysfunction (grade 2
based on National Cancer Institute Common Toxicity Criteria), renal dysfunction (serum creatinine 2.0
mg/dl), active infection requiring systemic antibiotics, personal or family history of hemochromato-
sis, comorbidities precluding study participation, hypersensitivity to sodium ferric gluconate complex
or its components, contraindication to epoetin alfa therapy, RBC transfusion within the past 2 weeks,
or any investigational agent within 30 days before enrollment.

• For epoetin alfa treatment: if after 4 weeks Hb did not increase by ≥ 1 g/dl, the dose was increased to
60,000 U once weekly. If Hb increased > 1.3 g/dl in any 2-week period, the dose was reduced by 25%.
If Hb increased to > 13 g/dl, epoetin alfa was discontinued until Hb decreased to ≤ 12 g/dl, and was
then resumed at 75% of the previous dose.

• Grading for treatment-related harms was not reported.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Study described as “randomized controlled,” but this information is insuffi-
cient to permit judgment about the sequence generation process as it lacks
details of how sequence was generated

Allocation concealment
(selection bias)

Low risk “randomization was conducted centrally to avoid selection bias”

Blinding (performance
bias and detection bias) 
All outcomes

High risk There was no blinding (study described as “open-label”), yet outcome mea-
surement was likely to be influenced by lack of blinding

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Trial authors reported that “except for number of transfusions and patients re-
ceiving transfusions,” analysis of primary and secondary efficacy endpoints
was based on “evaluable population,” that is performed per protocol. In ad-
dition, the imputation method used, that is “last observed data recorded for
each parameter before receiving a transfusion were carried forward through
the endpoint,” could potentially bias the results

Henry 2007b 
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Selective reporting (re-
porting bias)

Low risk Benefits and harms were reported as indicated in a prespecified method

Other bias Low risk Prespecified values of sample size, alpha, beta (power), and delta were provid-
ed

Henry 2007b  (Continued)

 
 

Methods • Randomized, open-label, multicenter study

• Study length: 12 weeks

• Study conducted during: December 2004 to February 2006

Participants • Eligibility: Hb ≤ 11 g/dL within 24 hours of randomization; participants were required not to harbor
absolute or functional iron deficiency (i.e. serum ferritin level ≥ 100 ng/mL and TSAT ≥ 20%); ECOG ≤ 2

• Age: ≥ 18 years; life expectancy ≥ 6 weeks

• Sex (number enrolled): female (104), male (45)

• Experimental arm: ESAs + IV iron: enrolled 73, analyzed 73

• Control arm: ESAs only: enrolled 76, analyzed 76

• Mean baseline serum ferritin range (333 to 350.7 ng/ml); mean baseline TSAT range (27.6% to 30.6%)

Interventions • Experimental arm: ESAs + IV sodium ferric gluconate 125 mg/wk for the first 6 weeks

• Control arm: ESAs only: SC darbepoetin 150 μg/wk for 12 weeks (dose adjustments were done)

Outcomes • Hematopoietic response

• RBC transfusions

• Time to hematopoietic response

• Treatment-related harms (thromboembolic events are reported)

Notes • Hematopoietic response defined as increase in Hb level of ≥ 2 g/dL or achievement of Hb level of ≥ 12
g/dL in the absence of RBC transfusion within the previous 28 days.

• Number of RBC transfusions given is reported and used for the RBC transfusion outcome meta-analy-
sis.

• Patients with anemia attributable to factors other than cancer or chemotherapy (i.e. vitamin B12 or
folate deficiency, hemolysis, gastrointestinal bleeding, or myelodysplastic syndromes) were not eli-
gible to participate in the study. Patients were excluded if they had iron overload (defined as serum
ferritin 800 g/L and TSAT 40%); had received more than 2 RBC transfusions within 4 weeks of random
assignment or any RBC transfusions within 14 days of the first dose of DA; had received therapy with
ESAs within 4 weeks of random assignment; or were pregnant, breastfeeding, or not using adequate
birth control measures. Patients were also excluded if they had a history of seizure disorders, active
cardiac disease, thromboembolic disease, uncontrolled hypertension, or active infection.

• If no response was seen after 4 weeks (Hb increase ≤ 1.0 g/dL), the dose of DA was doubled to 300 µg/
wk until the end of the study. At any time during the study, DA was withheld if the participant’s Hb
increased to more than 13.0 g/dL. Administration of DA was restarted at 150 µg every 2 weeks if the
Hb decreased to ≤ 12.0 g/dL.

• This was an industry-funded trial.

• COI statement included: Certain relationships marked with a 'U' are those for which no compensation
was received; those relationships marked with a 'C' were compensated. Employment or leadership
position: Enrico Crucitta, Dompé (C); Federica Apolloni, Dompé (C); Antonio Del Santo, Dompé (C).
Consultant or advisory role: Paolo Pedrazzoli, Dompé (C); Teresa Gamucci, Dompé (C). Stock owner-
ship: None. Honoraria: Giuseppe Colucci, Dompé; Roberto Labianca, Dompé; Francesco Di Costanzo,
Dompé; Salvatore Siena, Dompé. Research funding: None. Expert testimony: None. Other remunera-
tion: None.
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Trial authors described the study as “randomized trial,” but this information
was insufficient to permit judgment about the sequence generation process

Allocation concealment
(selection bias)

Low risk Randomization was centrally conducted to avoid selection bias

Blinding (performance
bias and detection bias) 
All outcomes

High risk There was no blinding (study described as “open-label”), yet outcome mea-
surement was likely to be influenced by lack of blinding

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Data were analyzed using both ITT and per-protocol principles

Selective reporting (re-
porting bias)

Low risk Benefits and harms were reported as indicated in a prespecified method

Other bias Low risk Prespecified values of sample size, alpha, beta (power), and delta were provid-
ed

Pedrazzoli 2008  (Continued)

 
 

Methods • Prospective, multicenter, placebo-controlled, randomized trial

• Random assignment was stratified by participant sex, tumor type (solid tumors versus hematologic
malignancies), severity of anemia on the basis of the WHO classification (mild: Hb ≥ 9.5 g/dL; severe:
Hb < 9.5 g/dL), and whether or not participants were receiving a platinum-containing chemotherapy
regimen.

• Study length: 15 weeks

• Study conducted during: February 2006 to December 2008

Participants • Eligibility: Hb ≤ 11 g/dL; ferritin > 20 ng/mL; TSAT < 60%; ECOG PS ≤ 2; and must not have received
either ESAs or RBC transfusion within 14 days prior to randomization

• Sex (number enrolled): female (320), male (170)

• Mean age (SD): 63 (11.8) years; median age: 64 years

• Experimental arm: ESAs + IV sodium ferric gluconate: enrolled 167, analyzed 164

• Control arm: ESAs + oral placebo: enrolled 167, analyzed 163

• Mean baseline serum ferritin range (456 to 479.5 μg/ml); mean baseline TSAT range (19.6% to 22.5%)

Interventions • Experimental arm: ESAs + IV sodium ferric gluconate 187.5 mg Q3W (5 doses)

• Control arm: ESAs + oral placebo: darbepoetin alfa 500 μg SC Q3W

Outcomes • Hematopoietic response

• RBC transfusions

• Change in Hb level

• QOL

• Treatment-related harms (thromboembolic events are not reported)

Notes • This is a 3-armed study, and the reference Steensma 2011b refers to the same study.

• Eryhthropoietic response defined as Hb increment of ≥ 2 g/dL from baseline or achievement of Hb ≥
12 g/dL in absence of transfusion during the preceding 28 days.

Steensma 2011a 
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• The number of RBC transfusions administered are reported and used for the meta-analysis for the
outcome of RBC transfusion.

• Patients with a history of thromboembolism within 1 year of enrollment, genetic hemochromatosis, or
recent surgery were excluded, as were patients with anemia caused by a myelodysplastic syndrome,
nutritional deficiency, or a non-neoplastic hematologic disorder such as thalassemia. Patients were
also temporarily excluded if they had received an ESA within 3 months or RBC transfusion within 14
days.

• All participants were scheduled to receive darbepoetin alfa (Aranesp, Amgen, Thousand Oaks, CA) 500
µg SC Q3W until Hb reached > 11.0 g/dL and thereafter to receive maintenance darbepoetin 300 µg
Q3W. Darbepoetin was to be held for Hb > 13.0 g/dL, until Hb decreased to < 12.0 g/dL, then darbepo-
etin was restarted with a 25% dose reduction.

• QOL was measured using 4 validated instruments:
◦ FACT-An

◦ LASA

◦ BFI

◦ SDS

• Participants and investigators were blinded in assessment of participants in oral iron or oral placebo
but not in IV iron versus oral iron.

• This was an industry-funded trial.

• COI statement included: Employment or leadership position: None. Consultant or advisory role: None.
Stock ownership: None. Honoraria: None. Research funding: Charles L. Loprinzi, Amgen. Expert testi-
mony: None. Other remuneration: None.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk In the online appendix of the paper, trial authors reported that “patients were
randomly assigned at a central randomization center by using the method of
Pocock and Simon, which balances the marginal distributions of each stratifi-
cation factor in each of the treatment arms"

Allocation concealment
(selection bias)

Low risk Trial authors reported (in the online appendix) that “random assignment was
done by calling the central randomization center by telephone [which] ran-
domly assigned the patient on the basis of the stratification factors and noti-
fied the enrolling/treating institution which bottles to use for treatment. Treat-
ment bottles (oral iron versus oral placebo) were labelled with random num-
bers assigned by the study statisticians by using blocked randomization…”

Blinding (performance
bias and detection bias) 
All outcomes

High risk Patients and investigators were blinded to assignment of oral iron or oral
placebo. However, trial authors stated that "for practical reasons, assignment
to IV iron versus an oral product was not blinded," which in our opinion could
bias study results

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Efficacy data were analyzed using ITT principle

Selective reporting (re-
porting bias)

Low risk Benefits and harms were reported as indicated in a prespecified method

Other bias Low risk Prespecified values of sample size, alpha, and beta (power) were provided

Steensma 2011a  (Continued)
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Methods • Prospective, multicenter, placebo-controlled, randomized trial

• Random assignment was stratified by participant sex, tumor type (solid tumors versus hematologic
malignancies), severity of anemia on the basis of the WHO classification (mild: Hb ≥ 9.5 g/dL; severe:
Hb < 9.5 g/dL), and whether or not participants were receiving a platinum-containing chemotherapy
regimen.

• Study length: 15 weeks

Participants • Eligibility: Hb ≤ 11 g/dL; ferritin > 20 ng/mL; TSAT < 60%; ECOG PS ≤ 2; and must not have received
either ESAs or RBC transfusion within 14 days prior to randomization

• Sex (number enrolled): female (320), male (170)

• Mean age (SD): 63 (11.8) years; median age: 64 years

• Experimental arm: ESAs + oral ferrous sulfate: enrolled 168, analyzed 163

• Control arm: ESAs + oral placebo: enrolled 167, analyzed 163

Interventions • Experimental arm: ESAs + oral ferrous sulfate 325 mg once daily

• Control arm: ESAs + oral placebo: darbepoetin alfa 500 μg SC Q3W

Outcomes • Hematopoietic response

• Transfusion requirements

• Total ESA dose used

• QOL

• Treatment-related harms

Notes • Eryhthropoietic response defined as Hb increment of ≥ 2 g/dL from baseline or achievement of Hb ≥
12 g/dL in absence of transfusion during the preceding 28 days.

• Patients with a history of thromboembolism within 1 year of enrollment, genetic hemochromatosis, or
recent surgery were excluded, as were patients with anemia caused by a myelodysplastic syndrome,
nutritional deficiency, or a non-neoplastic hematologic disorder such as thalassemia. Patients were
also temporarily excluded if they had received an ESA within 3 months or RBC transfusion within 14
days.

• All participants were scheduled to receive darbepoetin alfa (Aranesp, Amgen, Thousand Oaks, CA) 500
µg SC Q3W until Hb reached > 11.0 g/dL and thereafter to receive maintenance darbepoetin 300 µg
Q3W. Darbepoetin was to be held for Hb > 13.0 g/dL, until Hb decreased to < 12.0 g/dL, then darbepo-
etin was restarted with a 25% dose reduction.

• QOL was measured using 4 validated instruments:
◦ FACT-An

◦ LASA

◦ BFI

◦ SDS

• Participants and investigators were blinded in assessment of participants in oral iron or oral placebo
but not in IV iron versus oral iron.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk In the online appendix of the paper, trial authors reported that “patients were
randomly assigned at a central randomization center by using the method of
Pocock and Simon, which balances the marginal distributions of each stratifi-
cation factor in each of the treatment arms"

Allocation concealment
(selection bias)

Low risk Trial authors reported (in the online appendix) that “random assignment was
done by calling the central randomization center by telephone [which] ran-
domly assigned the patient on the basis of the stratification factors and noti-
fied the enrolling/treating institution which bottles to use for treatment. Treat-

Steensma 2011b 
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ment bottles (oral iron versus oral placebo) were labelled with random num-
bers assigned by the study statisticians by using blocked randomization…”

Blinding (performance
bias and detection bias) 
All outcomes

High risk Patients and investigators were blinded to assignment of oral iron or oral
placebo. However, trial authors stated that "for practical reasons, assignment
to IV iron versus an oral product was not blinded," which in our opinion could
bias study results

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Efficacy data were analyzed using ITT principle

Selective reporting (re-
porting bias)

Low risk Benefits and harms were reported as indicated in a prespecified method

Other bias Low risk Prespecified values of sample size, alpha, and beta (power) were provided

Steensma 2011b  (Continued)

ADL = activities of daily living
BFI = Brief Fatigue Inventory
CIA = chemotherapy-induced anemia
COI = conflicts of interest
DA = darbepoietin
ECOG PS = Eastern Cooperative Oncology Group performance status
ESA = erythropoiesis-stimulating agent
FACT-An = Functional Assessment of Cancer Therapy-Anemia
FACT-F = Functional Assessment of Cancer Therapy-Fatigue
Hb = hemoglobin
HCT = hematocrit
ITT = intention-to-treat
IV = intravenous
IVRS = interactive voice response system
KPS = Karnofsky Performance Scale
LASA = linear analog scale assessment
Q3W = every 3 weeks
QOL = quality of life
QOW = every other week
PBSC = peripheral blood stem cell
RBC = red blood cell
RCT = randomized controlled trial
rHuEPO = recombinant human erythropoietin
SC = subcutaneous
SD = standard deviation
SDS = Symptom Distress Scale
TDI = total dose infusion
TSAT = transferrin saturation
WHO = World Health Organization
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Agrawal 2005 Non-randomized study

Athibovonsuk 2013 ESA is not administered

Auerbach 2008 Duplicate study
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Study Reason for exclusion

Birgegard 2006 Participants not diagnosed with CIA

Dangsuwan 2010 ESA is not administered

Demarteau 2007 Duplicate study

Doherty 2008 Non-randomized study

Ferrari 2012 Non-chemotherapy-induced iron deficiency anemia in cancer patients are included

Hedenus 2007 This study included participants with lymphoproliferative malignancies not receiving chemothera-
py. Hence these patients suffered from anemia due to cancer and not to chemotherapy

Hedenus 2014 ESA is not administered

Kim 2007 ESA is not administered

Lerchenmueller 2006 Duplicate study

Maccio 2010 Participants were randomized to receive ferric gluconate plus ESA versus lactoferrin plus ESA

Pinter 2007 Duplicate study

Savonije 2006 Non-randomized study

Vandebroek 2006 Duplicate study

CIA = chemotherapy-induced anemia
ESA = erythropoiesis-stimulating agent
 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title A Phase III, Randomized, Open-Label Study of Intravenous Iron Isomaltoside 1000 (Monofer®) as
Mono Therapy (Without Erythropoiesis Stimulating Agents) in Comparison With Oral Iron Sulfate in
Subjects With Non-Myeloid Malignancies Associated With Chemotherapy Induced Anaemia (CIA)

Methods A 2-arm, open-label, parallel, randomized safety/efficacy study

Study location: Appolo Hospitals, New Delhi, India

Participants Inclusion criteria:

• Men and women, aged more than 18 years

• People diagnosed with cancer (non-myeloid malignancies) receiving chemotherapy at least 1 day
prior to screening and will receive at least 2 more chemotherapy cycles

• Hb < 12 g/dL (7.4 mmol/L)

• TSAT < 50%

• Serum ferritin < 800 ng/ml

• Willingness to participate after informed consent (including HIPAA, if applicable)

Exclusion criteria:

• Anemia caused primarily by factors other than CIA

• IV or oral iron treatment within 4 weeks prior to screening visit

NCT01145638 
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• Erythropoietin treatment within 4 weeks prior to screening visit

• Blood transfusion within 4 weeks prior to screening visit

• Imminent expectation of blood transfusion on part of treating physician

• Iron overload or disturbances in utilization of iron (e.g. hemochromatosis and hemosiderosis)

• Drug hypersensitivity (i.e. previous hypersensitivity to iron dextran or iron mono- or disaccharide
complexes or to iron sulfate)

• Known hypersensitivity to any excipients in the investigational drug products.

• History of multiple allergies

• Decompensated liver cirrhosis or active hepatitis (alanine aminotransferase > 3 times upper nor-
mal limit)

• Active acute or chronic infections (assessed by clinical judgment and if deemed necessary by in-
vestigator supplied with white blood cells and C-reactive protein)

• Rheumatoid arthritis with symptoms or signs of active joint inflammation

• Pregnancy and nursing. (To avoid pregnancy, women must be postmenopausal (at least 12
months must have elapsed since last menstruation), surgically sterile, or women of child-bearing
potential must use 1 of the following contraceptives during the whole study period and after the
study has ended for at least 5 times plasma biological half-life of the investigational medicinal
product: contraceptive pills, intrauterine devices, contraceptive depot injections (prolonged-re-
lease gestagen), subdermal implantation, vaginal ring, and transdermal patches)

• Planned elective surgery during the study

• Participation in any other clinical study (except chemotherapy protocol) within 3 months prior to
screening

• Known intolerance to oral iron treatment

• Untreated B12 or folate deficiency

• Any other medical condition that, in the opinion of Principal Investigator, may cause the person
to be unsuitable for the completion of the study or place the person at potential risk from partic-
ipating in the study, e.g. uncontrolled hypertension, unstable ischemic heart disease, or uncon-
trolled diabetes mellitus

Interventions Experimental drug: iron isomaltoside 1000; intravenously as bolus or infusion, 500 mg or 1000 mg
up to full replacement dose. Other name: Monofer

Active comparator drug: iron sulphate; oral, 200 mg per day (100 mg twice a day), 12 weeks. Other
name: Ferro Duretter

Outcomes Primary outcome: change in Hb concentration (Time Frame: Baseline and 12 weeks); (Designated
as safety issue: No)

Secondary outcomes: number of study drug-related adverse events (including serious adverse re-
actions) in iron isomaltoside 1000 (Monofer®) group and iron sulfate group. (Time Frame: Baseline
and 24 weeks); (Designated as safety issue: Yes)

Starting date October 2010

Contact information ClinicalTrials.gov identifier: NCT01145638. Study PI: Dr. Thomsen Lars Lykee, MD

Notes Funded by: Pharmacosmos A/S

Other study IDs: P-Monofer-CIA-01, EudraCT no. 2009-016727-53

NCT01145638  (Continued)

CIA = chemotherapy-induced anemia
ECOG PS = Eastern Cooperative Oncology Group performance status
Hb = hemoglobin
HIPAA = Health Insurance Portability and Accountability Act
IV = intravenous
TSAT = transferrin saturation
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D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Benefits and harms of iron supplementation

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Hematopoietic response 11 1712 Risk Ratio (IV, Random, 95% CI) 1.17 [1.09, 1.26]

2 RBC transfusion 11 1719 Risk Ratio (IV, Random, 95% CI) 0.74 [0.60, 0.92]

3 Time to hematopoietic re-
sponse

7 1042 Hazard Ratio (Random, 95% CI) 0.93 [0.67, 1.28]

4 Mean change in Hb 7 827 Mean Difference (Random, 95% CI) 0.48 [0.10, 0.86]

5 Quality of life 4 1124 Std. Mean Difference (Random, 95%
CI)

0.01 [-0.10, 0.12]

6 Thromboembolic events 3 783 Risk Ratio (IV, Random, 95% CI) 0.95 [0.54, 1.65]

7 Mean change in serum fer-
ritin

6 1010 Mean Difference (Random, 95% CI) 253.02 [84.30,
421.73]

8 Mean change in TSAT 5 908 Mean Difference (Random, 95% CI) 4.96 [0.94, 8.99]

 
 

Analysis 1.1.   Comparison 1 Benefits and harms of iron supplementation, Outcome 1 Hematopoietic response.

Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Auerbach 2004a 28/41 3/12 0.54% 2.73[1,7.44]

Auerbach 2004b 25/37 3/12 0.54% 2.7[0.99,7.38]

Auerbach 2004c 15/43 3/12 0.48% 1.4[0.48,4.03]

Auerbach 2010 95/116 77/122 15.9% 1.3[1.11,1.52]

Bastit 2008 172/200 143/196 28.64% 1.18[1.06,1.31]

Beguin 2008 46/50 42/52 16.6% 1.14[0.97,1.33]

Henry 2007a 32/60 10/29 1.73% 1.55[0.89,2.69]

Henry 2007b 22/61 11/30 1.6% 0.98[0.55,1.75]

Pedrazzoli 2008 56/73 47/76 9.8% 1.24[1,1.54]

Steensma 2011a 112/164 53/81 12.27% 1.04[0.86,1.26]

Steensma 2011b 109/163 53/82 11.9% 1.03[0.85,1.26]

   

Total (95% CI) 1008 704 100% 1.17[1.09,1.26]

Total events: 712 (ESA + Iron), 445 (ESA)  

Heterogeneity: Tau2=0; Chi2=11.8, df=10(P=0.3); I2=15.27%  

Test for overall effect: Z=4.24(P<0.0001)  

Favors ESA 50.2 20.5 1 Favors ESA + Iron
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Analysis 1.2.   Comparison 1 Benefits and harms of iron supplementation, Outcome 2 RBC transfusion.

Study or subgroup ESA+Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Auerbach 2004a 5/41 3/12 2.86% 0.49[0.14,1.75]

Auerbach 2004b 4/37 2/12 1.91% 0.65[0.14,3.11]

Auerbach 2004c 3/43 2/12 1.68% 0.42[0.08,2.23]

Auerbach 2010 32/116 37/122 29.39% 0.91[0.61,1.36]

Bastit 2008 32/200 49/196 29.33% 0.64[0.43,0.95]

Beguin 2008 2/50 4/52 1.71% 0.52[0.1,2.71]

Henry 2007a 11/63 7/31 6.56% 0.77[0.33,1.8]

Henry 2007b 6/61 7/32 4.65% 0.45[0.16,1.23]

Pedrazzoli 2008 2/73 5/76 1.81% 0.42[0.08,2.08]

Steensma 2011a 20/164 11/81 9.95% 0.9[0.45,1.78]

Steensma 2011b 21/163 11/82 10.14% 0.96[0.49,1.89]

   

Total (95% CI) 1011 708 100% 0.74[0.6,0.92]

Total events: 138 (ESA+Iron), 138 (ESA)  

Heterogeneity: Tau2=0; Chi2=4.91, df=10(P=0.9); I2=0%  

Test for overall effect: Z=2.7(P=0.01)  

Favours ESA+Iron 1000.01 100.1 1 Favours ESA

 
 

Analysis 1.3.   Comparison 1 Benefits and harms of iron
supplementation, Outcome 3 Time to hematopoietic response.

Study or subgroup ESA + Iron ESA log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Auerbach 2004a 41 12 0.2 (0.1) 17.28% 1.21[0.99,1.47]

Auerbach 2004b 37 12 0.9 (0.415) 8.44% 2.34[1.04,5.29]

Auerbach 2004c 43 12 0.2 (0.115) 16.92% 1.24[0.99,1.56]

Auerbach 2010 116 122 -1.1 (0.212) 14.09% 0.35[0.23,0.53]

Bastit 2008 200 196 -0.2 (0.131) 16.51% 0.78[0.6,1.01]

Beguin 2008 50 52 0.1 (0.333) 10.46% 1.15[0.6,2.21]

Pedrazzoli 2008 73 76 -0.2 (0.139) 16.3% 0.78[0.6,1.03]

   

Total (95% CI)       100% 0.93[0.67,1.28]

Heterogeneity: Tau2=0.14; Chi2=42.68, df=6(P<0.0001); I2=85.94%  

Test for overall effect: Z=0.45(P=0.65)  

Favors ESA + Iron 1000.01 100.1 1 Favors ESA

 
 

Analysis 1.4.   Comparison 1 Benefits and harms of iron supplementation, Outcome 4 Mean change in Hb.

Study or subgroup ESA+Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Auerbach 2004a 41 12 1.5 (0.645) 6.58% 1.5[0.24,2.76]

Auerbach 2004b 37 12 1.6 (0.688) 5.97% 1.6[0.25,2.95]

Auerbach 2004c 43 12 0.6 (0.479) 9.8% 0.6[-0.34,1.54]

Henry 2007a 60 29 0.9 (0.211) 19.06% 0.9[0.49,1.31]

Favors ESA 10.5-1 -0.5 0 Favors ESA + Iron

The role of iron in the management of chemotherapy-induced anemia in cancer patients receiving erythropoiesis-stimulating agents
(Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

47



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup ESA+Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Henry 2007b 61 30 0.1 (0.268) 16.73% 0.1[-0.43,0.63]

Steensma 2011a 164 81 0.2 (0.163) 20.99% 0.2[-0.12,0.52]

Steensma 2011b 163 82 0 (0.166) 20.87% 0[-0.33,0.33]

   

Total (95% CI)       100% 0.48[0.1,0.86]

Heterogeneity: Tau2=0.15; Chi2=19.63, df=6(P=0); I2=69.44%  

Test for overall effect: Z=2.5(P=0.01)  

Favors ESA 10.5-1 -0.5 0 Favors ESA + Iron

 
 

Analysis 1.5.   Comparison 1 Benefits and harms of iron supplementation, Outcome 5 Quality of life.

Study or subgroup ESA + Iron ESA Std. Mean
Difference

Std. Mean Difference Weight Std. Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Steensma 2011a 164 81 -0.1 (0.112) 24.95% -0.08[-0.3,0.14]

Steensma 2011b 163 82 -0 (0.111) 25.58% -0.03[-0.25,0.19]

Bastit 2008 200 196 0 (0.102) 30.18% 0.02[-0.18,0.22]

Auerbach 2010 116 122 0.2 (0.128) 19.29% 0.16[-0.09,0.41]

   

Total (95% CI)       100% 0.01[-0.1,0.12]

Heterogeneity: Tau2=0; Chi2=2.18, df=3(P=0.54); I2=0%  

Test for overall effect: Z=0.16(P=0.88)  

Favors ESA 21-2 -1 0 Favors ESA + Iron

 
 

Analysis 1.6.   Comparison 1 Benefits and harms of iron supplementation, Outcome 6 Thromboembolic events.

Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Auerbach 2010 8/117 10/121 38.64% 0.83[0.34,2.02]

Bastit 2008 12/203 12/193 51.38% 0.95[0.44,2.06]

Pedrazzoli 2008 3/73 2/76 9.98% 1.56[0.27,9.08]

   

Total (95% CI) 393 390 100% 0.95[0.54,1.65]

Total events: 23 (ESA + Iron), 24 (ESA)  

Heterogeneity: Tau2=0; Chi2=0.4, df=2(P=0.82); I2=0%  

Test for overall effect: Z=0.19(P=0.85)  

Favors ESA + Iron 20.5 1.50.7 1 Favors ESA
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Analysis 1.7.   Comparison 1 Benefits and harms of iron supplementation, Outcome 7 Mean change in serum ferritin.

Study or subgroup ESA + Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Auerbach 2010 116 122 489.1
(73.888)

16.69% 489.1[344.28,633.92]

Beguin 2008 50 52 86 (107.995) 14.65% 86[-125.67,297.67]

Henry 2007a 60 29 439.5
(48.691)

17.94% 439.5[344.07,534.93]

Henry 2007b 61 30 81.9 (49.98) 17.89% 81.9[-16.06,179.86]

Steensma 2011a 164 81 354.5
(89.303)

15.8% 354.5[179.47,529.53]

Steensma 2011b 163 82 54.4 (67.604) 17.03% 54.4[-78.1,186.9]

   

Total (95% CI)       100% 253.02[84.3,421.73]

Heterogeneity: Tau2=38929.37; Chi2=48.87, df=5(P<0.0001); I2=89.77%  

Test for overall effect: Z=2.94(P=0)  

Favors ESA 200100-200 -100 0 Favors ESA + Iron

 
 

Analysis 1.8.   Comparison 1 Benefits and harms of iron supplementation, Outcome 8 Mean change in TSAT.

Study or subgroup ESA + Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Auerbach 2010 116 122 7.1 (3.056) 20.25% 7.1[1.11,13.09]

Henry 2007a 60 29 11.9 (5.519) 10.05% 11.9[1.08,22.72]

Henry 2007b 61 30 11 (4.963) 11.67% 11[1.27,20.73]

Steensma 2011a 164 81 0 (1.644) 29.73% 0[-3.22,3.22]

Steensma 2011b 163 82 3.7 (1.849) 28.3% 3.7[0.08,7.32]

   

Total (95% CI)       100% 4.96[0.94,8.99]

Heterogeneity: Tau2=11.46; Chi2=10.44, df=4(P=0.03); I2=61.7%  

Test for overall effect: Z=2.42(P=0.02)  

Favors ESA 4020-40 -20 0 Favors ESA + Iron

 
 

Comparison 2.   Subgroup analyses

Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

1 Hematopoietic response
by type of iron

11 1712 Risk Ratio (IV, Random, 95% CI) 1.17 [1.09, 1.26]

1.1 Dextran 3 340 Risk Ratio (IV, Random, 95% CI) 1.76 [1.01, 3.09]

1.2 Gluconate 4 879 Risk Ratio (IV, Random, 95% CI) 1.17 [1.08, 1.27]

1.3 Sucrose 1 102 Risk Ratio (IV, Random, 95% CI) 1.14 [0.97, 1.33]

1.4 Sulfate 3 391 Risk Ratio (IV, Random, 95% CI) 1.04 [0.87, 1.24]
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

2 Hematopoietic response
by route of administration

11 1712 Risk Ratio (IV, Random, 95% CI) 1.17 [1.09, 1.26]

2.1 Intravenous iron 8 1321 Risk Ratio (IV, Random, 95% CI) 1.20 [1.10, 1.31]

2.2 Oral iron 3 391 Risk Ratio (IV, Random, 95% CI) 1.04 [0.87, 1.24]

3 Hematopoietic response
by type of ESA

11 1712 Risk Ratio (IV, Random, 95% CI) 1.17 [1.09, 1.26]

3.1 epoetin 5 337 Risk Ratio (IV, Random, 95% CI) 1.53 [1.05, 2.22]

3.2 darbepoetin 6 1375 Risk Ratio (IV, Random, 95% CI) 1.16 [1.09, 1.24]

4 Time to hematopoietic
response by route of ad-
ministration

7   Hazard Ratio (Random, 95% CI) 0.93 [0.67, 1.28]

4.1 Intravenous iron 6   Hazard Ratio (Random, 95% CI) 0.88 [0.60, 1.29]

4.2 Oral iron 1   Hazard Ratio (Random, 95% CI) 1.24 [0.99, 1.56]

5 Time to hematopoietic
response by type of iron

7   Hazard Ratio (Random, 95% CI) 0.93 [0.67, 1.28]

5.1 Dextran 3   Hazard Ratio (Random, 95% CI) 0.95 [0.36, 2.52]

5.2 Gluconate 2   Hazard Ratio (Random, 95% CI) 0.78 [0.65, 0.94]

5.3 Sucrose 1   Hazard Ratio (Random, 95% CI) 1.15 [0.60, 2.21]

5.4 Sulfate 1   Hazard Ratio (Random, 95% CI) 1.24 [0.99, 1.56]

6 Time to hematopoietic
response by type of ESA

7   Hazard Ratio (Random, 95% CI) 0.93 [0.67, 1.28]

6.1 epoetin 4   Hazard Ratio (Random, 95% CI) 1.00 [0.58, 1.72]

6.2 darbepoetin 3   Hazard Ratio (Random, 95% CI) 0.81 [0.67, 0.96]

7 Mean change in Hb by
route of administration

7   Mean Difference (Random, 95% CI) 0.48 [0.10, 0.86]

7.1 Intravenous iron 4   Mean Difference (Random, 95% CI) 0.84 [0.21, 1.46]

7.2 Oral iron 3   Mean Difference (Random, 95% CI) 0.07 [-0.19, 0.34]

8 Mean change in Hb by
type of iron

7   Mean Difference (Random, 95% CI) 0.48 [0.10, 0.86]

8.1 Dextran 2   Mean Difference (Random, 95% CI) 1.55 [0.62, 2.47]

8.2 Gluconate 2   Mean Difference (Random, 95% CI) 0.54 [-0.15, 1.22]
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

8.3 Sucrose 0   Mean Difference (Random, 95% CI) 0.0 [0.0, 0.0]

8.4 Sulfate 3   Mean Difference (Random, 95% CI) 0.07 [-0.19, 0.34]

9 Mean change in Hb by
type of ESA

7   Mean Difference (Random, 95% CI) 0.48 [0.10, 0.86]

9.1 epoetin 5   Mean Difference (Random, 95% CI) 0.77 [0.25, 1.29]

9.2 darbepoetin 2   Mean Difference (Random, 95% CI) 0.10 [-0.13, 0.33]

10 Mean change in serum
ferritin by route of admin-
istration

6   Mean Difference (Random, 95% CI) 253.02 [84.30, 421.73]

10.1 Intravenous iron 4   Mean Difference (Random, 95% CI) 362.15 [219.69, 504.61]

10.2 Oral iron 2   Mean Difference (Random, 95% CI) 72.18 [-6.59, 150.95]

11 Mean change in serum
ferritin by type of iron

6   Mean Difference (Random, 95% CI) 253.02 [84.30, 421.73]

11.1 Dextran 1   Mean Difference (Random, 95% CI) 489.1 [344.28, 633.92]

11.2 Gluconate 2   Mean Difference (Random, 95% CI) 420.02 [336.23, 503.81]

11.3 Sucrose 1   Mean Difference (Random, 95% CI) 86.0 [-125.67, 297.67]

11.4 Sulfate 2   Mean Difference (Random, 95% CI) 72.18 [-6.59, 150.95]

12 Mean change in serum
ferritin by type of ESA

6   Mean Difference (Random, 95% CI) 253.02 [84.30, 421.73]

12.1 epoetin 2   Mean Difference (Random, 95% CI) 260.88 [-89.56, 611.32]

12.2 darbepoetin 4   Mean Difference (Random, 95% CI) 248.35 [26.24, 470.45]

13 Mean change in TSAT by
route of administration

5   Mean Difference (Random, 95% CI) 4.96 [0.94, 8.99]

13.1 Intravenous iron 3   Mean Difference (Random, 95% CI) 5.07 [-1.74, 11.87]

13.2 Oral iron 2   Mean Difference (Random, 95% CI) 5.90 [-0.67, 12.46]

14 Mean change in TSAT by
type of iron

5   Mean Difference (Random, 95% CI) 4.96 [0.94, 8.99]

14.1 Dextran 1   Mean Difference (Random, 95% CI) 7.1 [1.11, 13.09]

14.2 Gluconate 2   Mean Difference (Random, 95% CI) 4.78 [-6.65, 16.22]

14.3 Sucrose 0   Mean Difference (Random, 95% CI) 0.0 [0.0, 0.0]

14.4 Sulfate 2   Mean Difference (Random, 95% CI) 5.90 [-0.67, 12.46]
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Outcome or subgroup ti-
tle

No. of studies No. of partici-
pants

Statistical method Effect size

15 Mean change in TSAT by
type of ESA

5   Mean Difference (Random, 95% CI) 4.96 [0.94, 8.99]

15.1 epoetin 2   Mean Difference (Random, 95% CI) 11.40 [4.17, 18.64]

15.2 darbepoetin 3   Mean Difference (Random, 95% CI) 3.01 [-0.73, 6.75]

 
 

Analysis 2.1.   Comparison 2 Subgroup analyses, Outcome 1 Hematopoietic response by type of iron.

Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

2.1.1 Dextran  

Auerbach 2004a 28/41 3/12 0.54% 2.73[1,7.44]

Auerbach 2004b 25/37 3/12 0.54% 2.7[0.99,7.38]

Auerbach 2010 95/116 77/122 15.9% 1.3[1.11,1.52]

Subtotal (95% CI) 194 146 16.98% 1.76[1.01,3.09]

Total events: 148 (ESA + Iron), 83 (ESA)  

Heterogeneity: Tau2=0.13; Chi2=3.97, df=2(P=0.14); I2=49.56%  

Test for overall effect: Z=1.98(P=0.05)  

   

2.1.2 Gluconate  

Bastit 2008 172/200 143/196 28.64% 1.18[1.06,1.31]

Henry 2007a 32/60 10/29 1.73% 1.55[0.89,2.69]

Pedrazzoli 2008 56/73 47/76 9.8% 1.24[1,1.54]

Steensma 2011a 112/164 53/81 12.27% 1.04[0.86,1.26]

Subtotal (95% CI) 497 382 52.44% 1.17[1.08,1.27]

Total events: 372 (ESA + Iron), 253 (ESA)  

Heterogeneity: Tau2=0; Chi2=2.66, df=3(P=0.45); I2=0%  

Test for overall effect: Z=3.7(P=0)  

   

2.1.3 Sucrose  

Beguin 2008 46/50 42/52 16.6% 1.14[0.97,1.33]

Subtotal (95% CI) 50 52 16.6% 1.14[0.97,1.33]

Total events: 46 (ESA + Iron), 42 (ESA)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.64(P=0.1)  

   

2.1.4 Sulfate  

Auerbach 2004c 15/43 3/12 0.48% 1.4[0.48,4.03]

Henry 2007b 22/61 11/30 1.6% 0.98[0.55,1.75]

Steensma 2011b 109/163 53/82 11.9% 1.03[0.85,1.26]

Subtotal (95% CI) 267 124 13.99% 1.04[0.87,1.24]

Total events: 146 (ESA + Iron), 67 (ESA)  

Heterogeneity: Tau2=0; Chi2=0.33, df=2(P=0.85); I2=0%  

Test for overall effect: Z=0.41(P=0.68)  

   

Total (95% CI) 1008 704 100% 1.17[1.09,1.26]

Total events: 712 (ESA + Iron), 445 (ESA)  

Favors ESA 500.02 100.1 1 Favors ESA+Iron
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Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Heterogeneity: Tau2=0; Chi2=11.8, df=10(P=0.3); I2=15.27%  

Test for overall effect: Z=4.24(P<0.0001)  

Test for subgroup differences: Chi2=3.6, df=1 (P=0.31), I2=16.6%  

Favors ESA 500.02 100.1 1 Favors ESA+Iron

 
 

Analysis 2.2.   Comparison 2 Subgroup analyses, Outcome 2 Hematopoietic response by route of administration.

Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

2.2.1 Intravenous iron  

Auerbach 2004a 28/41 3/12 0.54% 2.73[1,7.44]

Auerbach 2004b 25/37 3/12 0.54% 2.7[0.99,7.38]

Auerbach 2010 95/116 77/122 15.9% 1.3[1.11,1.52]

Bastit 2008 172/200 143/196 28.64% 1.18[1.06,1.31]

Beguin 2008 46/50 42/52 16.6% 1.14[0.97,1.33]

Henry 2007a 32/60 10/29 1.73% 1.55[0.89,2.69]

Pedrazzoli 2008 56/73 47/76 9.8% 1.24[1,1.54]

Steensma 2011a 112/164 53/81 12.27% 1.04[0.86,1.26]

Subtotal (95% CI) 741 580 86.01% 1.2[1.1,1.31]

Total events: 566 (ESA + Iron), 378 (ESA)  

Heterogeneity: Tau2=0; Chi2=9.49, df=7(P=0.22); I2=26.25%  

Test for overall effect: Z=4.11(P<0.0001)  

   

2.2.2 Oral iron  

Auerbach 2004c 15/43 3/12 0.48% 1.4[0.48,4.03]

Henry 2007b 22/61 11/30 1.6% 0.98[0.55,1.75]

Steensma 2011b 109/163 53/82 11.9% 1.03[0.85,1.26]

Subtotal (95% CI) 267 124 13.99% 1.04[0.87,1.24]

Total events: 146 (ESA + Iron), 67 (ESA)  

Heterogeneity: Tau2=0; Chi2=0.33, df=2(P=0.85); I2=0%  

Test for overall effect: Z=0.41(P=0.68)  

   

Total (95% CI) 1008 704 100% 1.17[1.09,1.26]

Total events: 712 (ESA + Iron), 445 (ESA)  

Heterogeneity: Tau2=0; Chi2=11.8, df=10(P=0.3); I2=15.27%  

Test for overall effect: Z=4.24(P<0.0001)  

Test for subgroup differences: Chi2=2.01, df=1 (P=0.16), I2=50.21%  

Favors ESA 111 Favors ESA + Iron

 
 

Analysis 2.3.   Comparison 2 Subgroup analyses, Outcome 3 Hematopoietic response by type of ESA.

Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

2.3.1 epoetin  

Auerbach 2004a 28/41 3/12 0.54% 2.73[1,7.44]

Auerbach 2004b 25/37 3/12 0.54% 2.7[0.99,7.38]

Auerbach 2004c 15/43 3/12 0.48% 1.4[0.48,4.03]

Favors ESA 500.02 100.1 1 Favors ESA+Iron
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Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Henry 2007a 32/60 10/29 1.73% 1.55[0.89,2.69]

Henry 2007b 22/61 11/30 1.6% 0.98[0.55,1.75]

Subtotal (95% CI) 242 95 4.9% 1.53[1.05,2.22]

Total events: 122 (ESA + Iron), 30 (ESA)  

Heterogeneity: Tau2=0.03; Chi2=4.78, df=4(P=0.31); I2=16.27%  

Test for overall effect: Z=2.22(P=0.03)  

   

2.3.2 darbepoetin  

Auerbach 2010 95/116 77/122 15.9% 1.3[1.11,1.52]

Bastit 2008 172/200 143/196 28.64% 1.18[1.06,1.31]

Beguin 2008 46/50 42/52 16.6% 1.14[0.97,1.33]

Pedrazzoli 2008 56/73 47/76 9.8% 1.24[1,1.54]

Steensma 2011a 112/164 53/81 12.27% 1.04[0.86,1.26]

Steensma 2011b 109/163 53/82 11.9% 1.03[0.85,1.26]

Subtotal (95% CI) 766 609 95.1% 1.16[1.09,1.24]

Total events: 590 (ESA + Iron), 415 (ESA)  

Heterogeneity: Tau2=0; Chi2=4.93, df=5(P=0.43); I2=0%  

Test for overall effect: Z=4.69(P<0.0001)  

   

Total (95% CI) 1008 704 100% 1.17[1.09,1.26]

Total events: 712 (ESA + Iron), 445 (ESA)  

Heterogeneity: Tau2=0; Chi2=11.8, df=10(P=0.3); I2=15.27%  

Test for overall effect: Z=4.24(P<0.0001)  

Test for subgroup differences: Chi2=2, df=1 (P=0.16), I2=49.99%  

Favors ESA 500.02 100.1 1 Favors ESA+Iron

 
 

Analysis 2.4.   Comparison 2 Subgroup analyses, Outcome 4
Time to hematopoietic response by route of administration.

Study or subgroup ESA + Iron ESA log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.4.1 Intravenous iron  

Auerbach 2004a 41 12 0.2 (0.1) 17.28% 1.21[0.99,1.47]

Auerbach 2004b 37 12 0.9 (0.415) 8.44% 2.34[1.04,5.29]

Auerbach 2010 116 122 -1.1 (0.212) 14.09% 0.35[0.23,0.53]

Bastit 2008 200 196 -0.2 (0.131) 16.51% 0.78[0.6,1.01]

Beguin 2008 50 52 0.1 (0.333) 10.46% 1.15[0.6,2.21]

Pedrazzoli 2008 73 76 -0.2 (0.139) 16.3% 0.78[0.6,1.03]

Subtotal (95% CI)       83.08% 0.88[0.6,1.29]

Heterogeneity: Tau2=0.18; Chi2=36.77, df=5(P<0.0001); I2=86.4%  

Test for overall effect: Z=0.65(P=0.52)  

   

2.4.2 Oral iron  

Auerbach 2004c 43 12 0.2 (0.115) 16.92% 1.24[0.99,1.56]

Subtotal (95% CI)       16.92% 1.24[0.99,1.56]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.88(P=0.06)  

   

Favors ESA + Iron 1000.01 100.1 1 Favors ESA
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Study or subgroup ESA + Iron ESA log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Total (95% CI)       100% 0.93[0.67,1.28]

Heterogeneity: Tau2=0.14; Chi2=42.68, df=6(P<0.0001); I2=85.94%  

Test for overall effect: Z=0.45(P=0.65)  

Test for subgroup differences: Chi2=2.3, df=1 (P=0.13), I2=56.5%  

Favors ESA + Iron 1000.01 100.1 1 Favors ESA

 
 

Analysis 2.5.   Comparison 2 Subgroup analyses, Outcome 5 Time to hematopoietic response by type of iron.

Study or subgroup ESA + Iron ESA log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.5.1 Dextran  

Auerbach 2004a 41 12 0.2 (0.1) 17.28% 1.21[0.99,1.47]

Auerbach 2004b 37 12 0.9 (0.415) 8.44% 2.34[1.04,5.29]

Auerbach 2010 116 122 -1.1 (0.212) 14.09% 0.35[0.23,0.53]

Subtotal (95% CI)       39.81% 0.95[0.36,2.52]

Heterogeneity: Tau2=0.67; Chi2=32.56, df=2(P<0.0001); I2=93.86%  

Test for overall effect: Z=0.09(P=0.92)  

   

2.5.2 Gluconate  

Bastit 2008 200 196 -0.2 (0.131) 16.51% 0.78[0.6,1.01]

Pedrazzoli 2008 73 76 -0.2 (0.139) 16.3% 0.78[0.6,1.03]

Subtotal (95% CI)       32.81% 0.78[0.65,0.94]

Heterogeneity: Tau2=0; Chi2=0, df=1(P=0.99); I2=0%  

Test for overall effect: Z=2.58(P=0.01)  

   

2.5.3 Sucrose  

Beguin 2008 50 52 0.1 (0.333) 10.46% 1.15[0.6,2.21]

Subtotal (95% CI)       10.46% 1.15[0.6,2.21]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.43(P=0.67)  

   

2.5.4 Sulfate  

Auerbach 2004c 43 12 0.2 (0.115) 16.92% 1.24[0.99,1.56]

Subtotal (95% CI)       16.92% 1.24[0.99,1.56]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.88(P=0.06)  

   

Total (95% CI)       100% 0.93[0.67,1.28]

Heterogeneity: Tau2=0.14; Chi2=42.68, df=6(P<0.0001); I2=85.94%  

Test for overall effect: Z=0.45(P=0.65)  

Test for subgroup differences: Chi2=9.92, df=1 (P=0.02), I2=69.76%  

Favors ESA + Iron 1000.01 100.1 1 Favors ESA
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Analysis 2.6.   Comparison 2 Subgroup analyses, Outcome 6 Time to hematopoietic response by type of ESA.

Study or subgroup ESA + Iron ESA log[Hazard
Ratio]

Hazard Ratio Weight Hazard Ratio

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.6.1 epoetin  

Auerbach 2004a 41 12 0.2 (0.1) 17.28% 1.21[0.99,1.47]

Auerbach 2004b 37 12 0.9 (0.415) 8.44% 2.34[1.04,5.29]

Auerbach 2004c 43 12 0.2 (0.115) 16.92% 1.24[0.99,1.56]

Auerbach 2010 116 122 -1.1 (0.212) 14.09% 0.35[0.23,0.53]

Subtotal (95% CI)       56.73% 1[0.58,1.72]

Heterogeneity: Tau2=0.26; Chi2=34.74, df=3(P<0.0001); I2=91.37%  

Test for overall effect: Z=0(P=1)  

   

2.6.2 darbepoetin  

Bastit 2008 200 196 -0.2 (0.131) 16.51% 0.78[0.6,1.01]

Beguin 2008 50 52 0.1 (0.333) 10.46% 1.15[0.6,2.21]

Pedrazzoli 2008 73 76 -0.2 (0.139) 16.3% 0.78[0.6,1.03]

Subtotal (95% CI)       43.27% 0.81[0.67,0.96]

Heterogeneity: Tau2=0; Chi2=1.26, df=2(P=0.53); I2=0%  

Test for overall effect: Z=2.36(P=0.02)  

   

Total (95% CI)       100% 0.93[0.67,1.28]

Heterogeneity: Tau2=0.14; Chi2=42.68, df=6(P<0.0001); I2=85.94%  

Test for overall effect: Z=0.45(P=0.65)  

Test for subgroup differences: Chi2=0.55, df=1 (P=0.46), I2=0%  

Favors ESA + Iron 1000.01 100.1 1 Favors ESA

 
 

Analysis 2.7.   Comparison 2 Subgroup analyses, Outcome 7 Mean change in Hb by route of administration.

Study or subgroup ESA + Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.7.1 Intravenous iron  

Auerbach 2004a 41 12 1.5 (0.645) 6.58% 1.5[0.24,2.76]

Auerbach 2004b 37 12 1.6 (0.688) 5.97% 1.6[0.25,2.95]

Henry 2007a 60 29 0.9 (0.211) 19.06% 0.9[0.49,1.31]

Steensma 2011a 164 81 0.2 (0.163) 20.99% 0.2[-0.12,0.52]

Subtotal (95% CI)       52.6% 0.84[0.21,1.46]

Heterogeneity: Tau2=0.25; Chi2=11.85, df=3(P=0.01); I2=74.68%  

Test for overall effect: Z=2.61(P=0.01)  

   

2.7.2 Oral iron  

Auerbach 2004c 43 12 0.6 (0.479) 9.8% 0.6[-0.34,1.54]

Henry 2007b 61 30 0.1 (0.268) 16.73% 0.1[-0.43,0.63]

Steensma 2011b 163 82 0 (0.166) 20.87% 0[-0.33,0.33]

Subtotal (95% CI)       47.4% 0.07[-0.19,0.34]

Heterogeneity: Tau2=0; Chi2=1.41, df=2(P=0.49); I2=0%  

Test for overall effect: Z=0.54(P=0.59)  

   

Total (95% CI)       100% 0.48[0.1,0.86]

Heterogeneity: Tau2=0.15; Chi2=19.63, df=6(P=0); I2=69.44%  

Favors ESA 52.5-5 -2.5 0 Favors ESA + Iron
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Study or subgroup ESA + Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Test for overall effect: Z=2.5(P=0.01)  

Test for subgroup differences: Chi2=4.8, df=1 (P=0.03), I2=79.18%  

Favors ESA 52.5-5 -2.5 0 Favors ESA + Iron

 
 

Analysis 2.8.   Comparison 2 Subgroup analyses, Outcome 8 Mean change in Hb by type of iron.

Study or subgroup ESA+Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.8.1 Dextran  

Auerbach 2004a 41 12 1.5 (0.645) 6.58% 1.5[0.24,2.76]

Auerbach 2004b 37 12 1.6 (0.688) 5.97% 1.6[0.25,2.95]

Subtotal (95% CI)       12.55% 1.55[0.62,2.47]

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.92); I2=0%  

Test for overall effect: Z=3.29(P=0)  

   

2.8.2 Gluconate  

Henry 2007a 60 29 0.9 (0.211) 19.06% 0.9[0.49,1.31]

Steensma 2011a 164 81 0.2 (0.163) 20.99% 0.2[-0.12,0.52]

Subtotal (95% CI)       40.05% 0.54[-0.15,1.22]

Heterogeneity: Tau2=0.21; Chi2=6.89, df=1(P=0.01); I2=85.49%  

Test for overall effect: Z=1.54(P=0.12)  

   

2.8.3 Sucrose  

Subtotal (95% CI)       Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

2.8.4 Sulfate  

Auerbach 2004c 43 12 0.6 (0.479) 9.8% 0.6[-0.34,1.54]

Henry 2007b 61 30 0.1 (0.268) 16.73% 0.1[-0.43,0.63]

Steensma 2011b 163 82 0 (0.166) 20.87% 0[-0.33,0.33]

Subtotal (95% CI)       47.4% 0.07[-0.19,0.34]

Heterogeneity: Tau2=0; Chi2=1.41, df=2(P=0.49); I2=0%  

Test for overall effect: Z=0.54(P=0.59)  

   

Total (95% CI)       100% 0.48[0.1,0.86]

Heterogeneity: Tau2=0.15; Chi2=19.63, df=6(P=0); I2=69.44%  

Test for overall effect: Z=2.5(P=0.01)  

Test for subgroup differences: Chi2=9.94, df=1 (P=0.01), I2=79.88%  

Favors ESA 42-4 -2 0 Favors ESA + Iron
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Analysis 2.9.   Comparison 2 Subgroup analyses, Outcome 9 Mean change in Hb by type of ESA.

Study or subgroup ESA+Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.9.1 epoetin  

Auerbach 2004a 41 12 1.5 (0.645) 6.58% 1.5[0.24,2.76]

Auerbach 2004b 37 12 1.6 (0.688) 5.97% 1.6[0.25,2.95]

Auerbach 2004c 43 12 0.6 (0.479) 9.8% 0.6[-0.34,1.54]

Henry 2007a 60 29 0.9 (0.211) 19.06% 0.9[0.49,1.31]

Henry 2007b 61 30 0.1 (0.268) 16.73% 0.1[-0.43,0.63]

Subtotal (95% CI)       58.14% 0.77[0.25,1.29]

Heterogeneity: Tau2=0.18; Chi2=9.2, df=4(P=0.06); I2=56.52%  

Test for overall effect: Z=2.89(P=0)  

   

2.9.2 darbepoetin  

Steensma 2011a 164 81 0.2 (0.163) 20.99% 0.2[-0.12,0.52]

Steensma 2011b 163 82 0 (0.166) 20.87% 0[-0.33,0.33]

Subtotal (95% CI)       41.86% 0.1[-0.13,0.33]

Heterogeneity: Tau2=0; Chi2=0.74, df=1(P=0.39); I2=0%  

Test for overall effect: Z=0.88(P=0.38)  

   

Total (95% CI)       100% 0.48[0.1,0.86]

Heterogeneity: Tau2=0.15; Chi2=19.63, df=6(P=0); I2=69.44%  

Test for overall effect: Z=2.5(P=0.01)  

Test for subgroup differences: Chi2=5.29, df=1 (P=0.02), I2=81.11%  

Favors ESA 52.5-5 -2.5 0 Favors ESA + Iron

 
 

Analysis 2.10.   Comparison 2 Subgroup analyses, Outcome
10 Mean change in serum ferritin by route of administration.

Study or subgroup ESA + Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.10.1 Intravenous iron  

Auerbach 2010 116 122 489.1
(73.888)

16.69% 489.1[344.28,633.92]

Beguin 2008 50 52 86 (107.995) 14.65% 86[-125.67,297.67]

Henry 2007a 60 29 439.5
(48.691)

17.94% 439.5[344.07,534.93]

Steensma 2011a 164 81 354.5
(89.303)

15.8% 354.5[179.47,529.53]

Subtotal (95% CI)       65.08% 362.15[219.69,504.61]

Heterogeneity: Tau2=14801.15; Chi2=10.83, df=3(P=0.01); I2=72.29%  

Test for overall effect: Z=4.98(P<0.0001)  

   

2.10.2 Oral iron  

Henry 2007b 61 30 81.9 (49.98) 17.89% 81.9[-16.06,179.86]

Steensma 2011b 163 82 54.4 (67.604) 17.03% 54.4[-78.1,186.9]

Subtotal (95% CI)       34.92% 72.18[-6.59,150.95]

Heterogeneity: Tau2=0; Chi2=0.11, df=1(P=0.74); I2=0%  

Test for overall effect: Z=1.8(P=0.07)  

   

Favors ESA 1000500-1000 -500 0 Favors ESA + Iron
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Study or subgroup ESA + Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Total (95% CI)       100% 253.02[84.3,421.73]

Heterogeneity: Tau2=38929.37; Chi2=48.87, df=5(P<0.0001); I2=89.77%  

Test for overall effect: Z=2.94(P=0)  

Test for subgroup differences: Chi2=12.19, df=1 (P=0), I2=91.8%  

Favors ESA 1000500-1000 -500 0 Favors ESA + Iron

 
 

Analysis 2.11.   Comparison 2 Subgroup analyses, Outcome 11 Mean change in serum ferritin by type of iron.

Study or subgroup ESA + Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.11.1 Dextran  

Auerbach 2010 116 122 489.1
(73.888)

16.69% 489.1[344.28,633.92]

Subtotal (95% CI)       16.69% 489.1[344.28,633.92]

Heterogeneity: Not applicable  

Test for overall effect: Z=6.62(P<0.0001)  

   

2.11.2 Gluconate  

Steensma 2011a 164 81 354.5
(89.303)

15.8% 354.5[179.47,529.53]

Henry 2007a 60 29 439.5
(48.691)

17.94% 439.5[344.07,534.93]

Subtotal (95% CI)       33.74% 420.02[336.23,503.81]

Heterogeneity: Tau2=0; Chi2=0.7, df=1(P=0.4); I2=0%  

Test for overall effect: Z=9.83(P<0.0001)  

   

2.11.3 Sucrose  

Beguin 2008 50 52 86 (107.995) 14.65% 86[-125.67,297.67]

Subtotal (95% CI)       14.65% 86[-125.67,297.67]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.8(P=0.43)  

   

2.11.4 Sulfate  

Steensma 2011b 163 82 54.4 (67.604) 17.03% 54.4[-78.1,186.9]

Henry 2007b 61 30 81.9 (49.98) 17.89% 81.9[-16.06,179.86]

Subtotal (95% CI)       34.92% 72.18[-6.59,150.95]

Heterogeneity: Tau2=0; Chi2=0.11, df=1(P=0.74); I2=0%  

Test for overall effect: Z=1.8(P=0.07)  

   

Total (95% CI)       100% 253.02[84.3,421.73]

Heterogeneity: Tau2=38929.37; Chi2=48.87, df=5(P<0.0001); I2=89.77%  

Test for overall effect: Z=2.94(P=0)  

Test for subgroup differences: Chi2=48.06, df=1 (P<0.0001), I2=93.76%  
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Analysis 2.12.   Comparison 2 Subgroup analyses, Outcome 12 Mean change in serum ferritin by type of ESA.

Study or subgroup ESA + Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.12.1 epoetin  

Henry 2007a 60 29 439.5
(48.691)

17.94% 439.5[344.07,534.93]

Henry 2007b 61 30 81.9 (49.98) 17.89% 81.9[-16.06,179.86]

Subtotal (95% CI)       35.83% 260.88[-89.56,611.32]

Heterogeneity: Tau2=61504.46; Chi2=26.26, df=1(P<0.0001); I2=96.19%  

Test for overall effect: Z=1.46(P=0.14)  

   

2.12.2 darbepoetin  

Auerbach 2010 116 122 489.1
(73.888)

16.69% 489.1[344.28,633.92]

Beguin 2008 50 52 86 (107.995) 14.65% 86[-125.67,297.67]

Steensma 2011a 164 81 354.5
(89.303)

15.8% 354.5[179.47,529.53]

Steensma 2011b 163 82 54.4 (67.604) 17.03% 54.4[-78.1,186.9]

Subtotal (95% CI)       64.17% 248.35[26.24,470.45]

Heterogeneity: Tau2=44093.11; Chi2=22.52, df=3(P<0.0001); I2=86.68%  

Test for overall effect: Z=2.19(P=0.03)  

   

Total (95% CI)       100% 253.02[84.3,421.73]

Heterogeneity: Tau2=38929.37; Chi2=48.87, df=5(P<0.0001); I2=89.77%  

Test for overall effect: Z=2.94(P=0)  

Test for subgroup differences: Chi2=0, df=1 (P=0.95), I2=0%  

Favors ESA 1000500-1000 -500 0 Favors ESA + Iron

 
 

Analysis 2.13.   Comparison 2 Subgroup analyses, Outcome 13 Mean change in TSAT by route of administration.

Study or subgroup ESA + Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.13.1 Intravenous iron  

Auerbach 2010 116 122 7.1 (3.056) 20.25% 7.1[1.11,13.09]

Henry 2007a 60 29 11.9 (5.519) 10.05% 11.9[1.08,22.72]

Steensma 2011a 164 81 0 (1.644) 29.73% 0[-3.22,3.22]

Subtotal (95% CI)       60.03% 5.07[-1.74,11.87]

Heterogeneity: Tau2=25.13; Chi2=7.45, df=2(P=0.02); I2=73.15%  

Test for overall effect: Z=1.46(P=0.14)  

   

2.13.2 Oral iron  

Henry 2007b 61 30 11 (4.963) 11.67% 11[1.27,20.73]

Steensma 2011b 163 82 3.7 (1.849) 28.3% 3.7[0.08,7.32]

Subtotal (95% CI)       39.97% 5.9[-0.67,12.46]

Heterogeneity: Tau2=12.62; Chi2=1.9, df=1(P=0.17); I2=47.37%  

Test for overall effect: Z=1.76(P=0.08)  

   

Total (95% CI)       100% 4.96[0.94,8.99]

Heterogeneity: Tau2=11.46; Chi2=10.44, df=4(P=0.03); I2=61.7%  

Test for overall effect: Z=2.42(P=0.02)  

Favors ESA 10050-100 -50 0 Favors ESA + Iron

The role of iron in the management of chemotherapy-induced anemia in cancer patients receiving erythropoiesis-stimulating agents
(Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

60



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Study or subgroup ESA + Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Test for subgroup differences: Chi2=0.03, df=1 (P=0.86), I2=0%  

Favors ESA 10050-100 -50 0 Favors ESA + Iron

 
 

Analysis 2.14.   Comparison 2 Subgroup analyses, Outcome 14 Mean change in TSAT by type of iron.

Study or subgroup ESA + Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.14.1 Dextran  

Auerbach 2010 116 122 7.1 (3.056) 20.25% 7.1[1.11,13.09]

Subtotal (95% CI)       20.25% 7.1[1.11,13.09]

Heterogeneity: Not applicable  

Test for overall effect: Z=2.32(P=0.02)  

   

2.14.2 Gluconate  

Henry 2007a 60 29 11.9 (5.519) 10.05% 11.9[1.08,22.72]

Steensma 2011a 164 81 0 (1.644) 29.73% 0[-3.22,3.22]

Subtotal (95% CI)       39.78% 4.78[-6.65,16.22]

Heterogeneity: Tau2=54.23; Chi2=4.27, df=1(P=0.04); I2=76.58%  

Test for overall effect: Z=0.82(P=0.41)  

   

2.14.3 Sucrose  

Subtotal (95% CI)       Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

2.14.4 Sulfate  

Henry 2007b 61 30 11 (4.963) 11.67% 11[1.27,20.73]

Steensma 2011b 163 82 3.7 (1.849) 28.3% 3.7[0.08,7.32]

Subtotal (95% CI)       39.97% 5.9[-0.67,12.46]

Heterogeneity: Tau2=12.62; Chi2=1.9, df=1(P=0.17); I2=47.37%  

Test for overall effect: Z=1.76(P=0.08)  

   

Total (95% CI)       100% 4.96[0.94,8.99]

Heterogeneity: Tau2=11.46; Chi2=10.44, df=4(P=0.03); I2=61.7%  

Test for overall effect: Z=2.42(P=0.02)  

Test for subgroup differences: Chi2=0.15, df=1 (P=0.93), I2=0%  

Favors ESA 10050-100 -50 0 Favors ESA + Iron

 
 

Analysis 2.15.   Comparison 2 Subgroup analyses, Outcome 15 Mean change in TSAT by type of ESA.

Study or subgroup ESA + Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

2.15.1 epoetin  

Henry 2007a 60 29 11.9 (5.519) 10.05% 11.9[1.08,22.72]

Favors ESA 10050-100 -50 0 Favors ESA + Iron
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Study or subgroup ESA + Iron ESA Mean Dif-
ference

Mean Difference Weight Mean Difference

  N N (SE) IV, Random, 95% CI   IV, Random, 95% CI

Henry 2007b 61 30 11 (4.963) 11.67% 11[1.27,20.73]

Subtotal (95% CI)       21.72% 11.4[4.17,18.64]

Heterogeneity: Tau2=0; Chi2=0.01, df=1(P=0.9); I2=0%  

Test for overall effect: Z=3.09(P=0)  

   

2.15.2 darbepoetin  

Auerbach 2010 116 122 7.1 (3.056) 20.25% 7.1[1.11,13.09]

Steensma 2011a 164 81 0 (1.644) 29.73% 0[-3.22,3.22]

Steensma 2011b 163 82 3.7 (1.849) 28.3% 3.7[0.08,7.32]

Subtotal (95% CI)       78.28% 3.01[-0.73,6.75]

Heterogeneity: Tau2=6.42; Chi2=4.99, df=2(P=0.08); I2=59.92%  

Test for overall effect: Z=1.58(P=0.11)  

   

Total (95% CI)       100% 4.96[0.94,8.99]

Heterogeneity: Tau2=11.46; Chi2=10.44, df=4(P=0.03); I2=61.7%  

Test for overall effect: Z=2.42(P=0.02)  

Test for subgroup differences: Chi2=4.08, df=1 (P=0.04), I2=75.5%  

Favors ESA 10050-100 -50 0 Favors ESA + Iron

 
 

Comparison 3.   Sensitivity analyses

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Random sequence genera-
tion

11 1712 Risk Ratio (IV, Random, 95% CI) 1.17 [1.09, 1.26]

1.1 Adequate (low risk) 4 830 Risk Ratio (IV, Random, 95% CI) 1.13 [1.02, 1.26]

1.2 Inadequate (high/unclear
risk)

7 882 Risk Ratio (IV, Random, 95% CI) 1.23 [1.09, 1.39]

2 Allocation concealment 11 1711 Risk Ratio (IV, Random, 95% CI) 1.17 [1.09, 1.26]

2.1 Adequate (low risk) 11 1711 Risk Ratio (IV, Random, 95% CI) 1.17 [1.09, 1.26]

2.2 Inadequate (high/unclear
risk)

0 0 Risk Ratio (IV, Random, 95% CI) 0.0 [0.0, 0.0]

3 Blinding 11 1712 Risk Ratio (IV, Random, 95% CI) 1.17 [1.09, 1.26]

3.1 Adequate (low risk) 1 102 Risk Ratio (IV, Random, 95% CI) 1.14 [0.97, 1.33]

3.2 Inadequate (high/unclear
risk)

10 1610 Risk Ratio (IV, Random, 95% CI) 1.18 [1.08, 1.29]

4 Incomplete outcome data 11 1712 Risk Ratio (IV, Random, 95% CI) 1.17 [1.09, 1.26]

4.1 Adequate (low risk) 8 1430 Risk Ratio (IV, Random, 95% CI) 1.18 [1.07, 1.30]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.2 Inadequate (high/unclear
risk)

3 282 Risk Ratio (IV, Random, 95% CI) 1.15 [1.00, 1.33]

5 Selective reporting 11 1712 Risk Ratio (IV, Random, 95% CI) 1.17 [1.09, 1.26]

5.1 Adequate (low risk) 11 1712 Risk Ratio (IV, Random, 95% CI) 1.17 [1.09, 1.26]

5.2 Inadequate (high/unclear
risk)

0 0 Risk Ratio (IV, Random, 95% CI) 0.0 [0.0, 0.0]

6 Other bias 11 1711 Risk Ratio (IV, Random, 95% CI) 1.17 [1.09, 1.26]

6.1 Adequate (low risk) 9 1371 Risk Ratio (IV, Random, 95% CI) 1.16 [1.05, 1.28]

6.2 Inadequate (high/unclear
risk)

2 340 Risk Ratio (IV, Random, 95% CI) 1.21 [1.07, 1.38]

7 Hematopoietic response by
definition(s)

11 1712 Risk Ratio (IV, Random, 95% CI) 1.17 [1.09, 1.26]

7.1 Hematopoietic response 8 1430 Risk Ratio (IV, Random, 95% CI) 1.18 [1.07, 1.30]

7.2 Hematologic response 2 180 Risk Ratio (IV, Random, 95% CI) 1.24 [0.80, 1.94]

7.3 Patients reaching Hb > 13
g/dL

1 102 Risk Ratio (IV, Random, 95% CI) 1.14 [0.97, 1.33]

 
 

Analysis 3.1.   Comparison 3 Sensitivity analyses, Outcome 1 Random sequence generation.

Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

3.1.1 Adequate (low risk)  

Auerbach 2010 95/116 77/122 15.9% 1.3[1.11,1.52]

Beguin 2008 46/50 42/52 16.6% 1.14[0.97,1.33]

Steensma 2011a 112/164 53/81 12.27% 1.04[0.86,1.26]

Steensma 2011b 109/163 53/82 11.9% 1.03[0.85,1.26]

Subtotal (95% CI) 493 337 56.66% 1.13[1.02,1.26]

Total events: 362 (ESA + Iron), 225 (ESA)  

Heterogeneity: Tau2=0; Chi2=4.3, df=3(P=0.23); I2=30.31%  

Test for overall effect: Z=2.39(P=0.02)  

   

3.1.2 Inadequate (high/unclear risk)  

Auerbach 2004a 28/41 3/12 0.54% 2.73[1,7.44]

Auerbach 2004b 25/37 3/12 0.54% 2.7[0.99,7.38]

Auerbach 2004c 15/43 3/12 0.48% 1.4[0.48,4.03]

Bastit 2008 172/200 143/196 28.64% 1.18[1.06,1.31]

Henry 2007a 32/60 10/29 1.73% 1.55[0.89,2.69]

Henry 2007b 22/61 11/30 1.6% 0.98[0.55,1.75]

Pedrazzoli 2008 56/73 47/76 9.8% 1.24[1,1.54]

Subtotal (95% CI) 515 367 43.34% 1.23[1.09,1.39]

Favors ESA 1000.01 100.1 1 Favors ESA + Iron
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Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Total events: 350 (ESA + Iron), 220 (ESA)  

Heterogeneity: Tau2=0; Chi2=6.61, df=6(P=0.36); I2=9.28%  

Test for overall effect: Z=3.39(P=0)  

   

Total (95% CI) 1008 704 100% 1.17[1.09,1.26]

Total events: 712 (ESA + Iron), 445 (ESA)  

Heterogeneity: Tau2=0; Chi2=11.8, df=10(P=0.3); I2=15.27%  

Test for overall effect: Z=4.24(P<0.0001)  

Test for subgroup differences: Chi2=0.99, df=1 (P=0.32), I2=0%  

Favors ESA 1000.01 100.1 1 Favors ESA + Iron

 
 

Analysis 3.2.   Comparison 3 Sensitivity analyses, Outcome 2 Allocation concealment.

Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

3.2.1 Adequate (low risk)  

Auerbach 2004a 28/41 3/12 0.53% 2.73[1,7.44]

Auerbach 2004b 25/37 3/12 0.53% 2.7[0.99,7.38]

Auerbach 2004c 15/43 3/12 0.47% 1.4[0.48,4.03]

Auerbach 2010 95/116 77/122 15.86% 1.3[1.11,1.52]

Bastit 2008 172/200 143/196 29.05% 1.18[1.06,1.31]

Beguin 2008 46/50 42/52 16.57% 1.14[0.97,1.33]

Henry 2007a 32/60 10/29 1.7% 1.55[0.89,2.69]

Henry 2007b 22/61 11/30 1.57% 0.98[0.55,1.75]

Pedrazzoli 2008 56/73 47/76 9.7% 1.24[1,1.54]

Steensma 2011a 112/163 53/81 12.22% 1.05[0.87,1.27]

Steensma 2011b 109/163 53/82 11.81% 1.03[0.85,1.26]

Subtotal (95% CI) 1007 704 100% 1.17[1.09,1.26]

Total events: 712 (ESA + Iron), 445 (ESA)  

Heterogeneity: Tau2=0; Chi2=11.66, df=10(P=0.31); I2=14.22%  

Test for overall effect: Z=4.31(P<0.0001)  

   

3.2.2 Inadequate (high/unclear risk)  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (ESA + Iron), 0 (ESA)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 1007 704 100% 1.17[1.09,1.26]

Total events: 712 (ESA + Iron), 445 (ESA)  

Heterogeneity: Tau2=0; Chi2=11.66, df=10(P=0.31); I2=14.22%  

Test for overall effect: Z=4.31(P<0.0001)  

Test for subgroup differences: Not applicable  
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Analysis 3.3.   Comparison 3 Sensitivity analyses, Outcome 3 Blinding.

Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

3.3.1 Adequate (low risk)  

Beguin 2008 46/50 42/52 16.6% 1.14[0.97,1.33]

Subtotal (95% CI) 50 52 16.6% 1.14[0.97,1.33]

Total events: 46 (ESA + Iron), 42 (ESA)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.64(P=0.1)  

   

3.3.2 Inadequate (high/unclear risk)  

Auerbach 2004a 28/41 3/12 0.54% 2.73[1,7.44]

Auerbach 2004b 25/37 3/12 0.54% 2.7[0.99,7.38]

Auerbach 2004c 15/43 3/12 0.48% 1.4[0.48,4.03]

Auerbach 2010 95/116 77/122 15.9% 1.3[1.11,1.52]

Bastit 2008 172/200 143/196 28.64% 1.18[1.06,1.31]

Henry 2007a 32/60 10/29 1.73% 1.55[0.89,2.69]

Henry 2007b 22/61 11/30 1.6% 0.98[0.55,1.75]

Pedrazzoli 2008 56/73 47/76 9.8% 1.24[1,1.54]

Steensma 2011a 112/164 53/81 12.27% 1.04[0.86,1.26]

Steensma 2011b 109/163 53/82 11.9% 1.03[0.85,1.26]

Subtotal (95% CI) 958 652 83.4% 1.18[1.08,1.29]

Total events: 666 (ESA + Iron), 403 (ESA)  

Heterogeneity: Tau2=0; Chi2=11.64, df=9(P=0.23); I2=22.69%  

Test for overall effect: Z=3.66(P=0)  

   

Total (95% CI) 1008 704 100% 1.17[1.09,1.26]

Total events: 712 (ESA + Iron), 445 (ESA)  

Heterogeneity: Tau2=0; Chi2=11.8, df=10(P=0.3); I2=15.27%  

Test for overall effect: Z=4.24(P<0.0001)  

Test for subgroup differences: Chi2=0.17, df=1 (P=0.68), I2=0%  

Favors ESA 1000.01 100.1 1 Favors ESA + Iron

 
 

Analysis 3.4.   Comparison 3 Sensitivity analyses, Outcome 4 Incomplete outcome data.

Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

3.4.1 Adequate (low risk)  

Auerbach 2004a 28/41 3/12 0.54% 2.73[1,7.44]

Auerbach 2004b 25/37 3/12 0.54% 2.7[0.99,7.38]

Auerbach 2004c 15/43 3/12 0.48% 1.4[0.48,4.03]

Auerbach 2010 95/116 77/122 15.9% 1.3[1.11,1.52]

Bastit 2008 172/200 143/196 28.64% 1.18[1.06,1.31]

Pedrazzoli 2008 56/73 47/76 9.8% 1.24[1,1.54]

Steensma 2011a 112/164 53/81 12.27% 1.04[0.86,1.26]

Steensma 2011b 109/163 53/82 11.9% 1.03[0.85,1.26]

Subtotal (95% CI) 837 593 80.07% 1.18[1.07,1.3]

Total events: 612 (ESA + Iron), 382 (ESA)  

Heterogeneity: Tau2=0.01; Chi2=10.34, df=7(P=0.17); I2=32.31%  

Test for overall effect: Z=3.33(P=0)  

   

Favors ESA 1000.01 100.1 1 Favors ESA + Iron
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Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

3.4.2 Inadequate (high/unclear risk)  

Beguin 2008 46/50 42/52 16.6% 1.14[0.97,1.33]

Henry 2007a 32/60 10/29 1.73% 1.55[0.89,2.69]

Henry 2007b 22/61 11/30 1.6% 0.98[0.55,1.75]

Subtotal (95% CI) 171 111 19.93% 1.15[1,1.33]

Total events: 100 (ESA + Iron), 63 (ESA)  

Heterogeneity: Tau2=0; Chi2=1.39, df=2(P=0.5); I2=0%  

Test for overall effect: Z=1.92(P=0.06)  

   

Total (95% CI) 1008 704 100% 1.17[1.09,1.26]

Total events: 712 (ESA + Iron), 445 (ESA)  

Heterogeneity: Tau2=0; Chi2=11.8, df=10(P=0.3); I2=15.27%  

Test for overall effect: Z=4.24(P<0.0001)  

Test for subgroup differences: Chi2=0.08, df=1 (P=0.78), I2=0%  

Favors ESA 1000.01 100.1 1 Favors ESA + Iron

 
 

Analysis 3.5.   Comparison 3 Sensitivity analyses, Outcome 5 Selective reporting.

Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

3.5.1 Adequate (low risk)  

Auerbach 2004a 28/41 3/12 0.54% 2.73[1,7.44]

Auerbach 2004b 25/37 3/12 0.54% 2.7[0.99,7.38]

Auerbach 2004c 15/43 3/12 0.48% 1.4[0.48,4.03]

Auerbach 2010 95/116 77/122 15.9% 1.3[1.11,1.52]

Bastit 2008 172/200 143/196 28.64% 1.18[1.06,1.31]

Beguin 2008 46/50 42/52 16.6% 1.14[0.97,1.33]

Henry 2007a 32/60 10/29 1.73% 1.55[0.89,2.69]

Henry 2007b 22/61 11/30 1.6% 0.98[0.55,1.75]

Pedrazzoli 2008 56/73 47/76 9.8% 1.24[1,1.54]

Steensma 2011a 112/164 53/81 12.27% 1.04[0.86,1.26]

Steensma 2011b 109/163 53/82 11.9% 1.03[0.85,1.26]

Subtotal (95% CI) 1008 704 100% 1.17[1.09,1.26]

Total events: 712 (ESA + Iron), 445 (ESA)  

Heterogeneity: Tau2=0; Chi2=11.8, df=10(P=0.3); I2=15.27%  

Test for overall effect: Z=4.24(P<0.0001)  

   

3.5.2 Inadequate (high/unclear risk)  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (ESA + Iron), 0 (ESA)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 1008 704 100% 1.17[1.09,1.26]

Total events: 712 (ESA + Iron), 445 (ESA)  

Heterogeneity: Tau2=0; Chi2=11.8, df=10(P=0.3); I2=15.27%  

Test for overall effect: Z=4.24(P<0.0001)  

Test for subgroup differences: Not applicable  

Favors ESA 1000.01 100.1 1 Favors ESA + Iron
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Analysis 3.6.   Comparison 3 Sensitivity analyses, Outcome 6 Other bias.

Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

3.6.1 Adequate (low risk)  

Auerbach 2004a 28/41 3/12 0.53% 2.73[1,7.44]

Auerbach 2004b 25/37 3/12 0.53% 2.7[0.99,7.38]

Auerbach 2004c 15/43 3/12 0.47% 1.4[0.48,4.03]

Bastit 2008 172/200 143/196 29.05% 1.18[1.06,1.31]

Henry 2007a 32/60 10/29 1.7% 1.55[0.89,2.69]

Henry 2007b 22/61 11/30 1.57% 0.98[0.55,1.75]

Pedrazzoli 2008 56/73 47/76 9.7% 1.24[1,1.54]

Steensma 2011a 112/163 53/81 12.22% 1.05[0.87,1.27]

Steensma 2011b 109/163 53/82 11.81% 1.03[0.85,1.26]

Subtotal (95% CI) 841 530 67.57% 1.16[1.05,1.28]

Total events: 571 (ESA + Iron), 326 (ESA)  

Heterogeneity: Tau2=0; Chi2=9.86, df=8(P=0.28); I2=18.83%  

Test for overall effect: Z=2.9(P=0)  

   

3.6.2 Inadequate (high/unclear risk)  

Auerbach 2010 95/116 77/122 15.86% 1.3[1.11,1.52]

Beguin 2008 46/50 42/52 16.57% 1.14[0.97,1.33]

Subtotal (95% CI) 166 174 32.43% 1.21[1.07,1.38]

Total events: 141 (ESA + Iron), 119 (ESA)  

Heterogeneity: Tau2=0; Chi2=1.3, df=1(P=0.25); I2=23.36%  

Test for overall effect: Z=2.98(P=0)  

   

Total (95% CI) 1007 704 100% 1.17[1.09,1.26]

Total events: 712 (ESA + Iron), 445 (ESA)  

Heterogeneity: Tau2=0; Chi2=11.66, df=10(P=0.31); I2=14.22%  

Test for overall effect: Z=4.31(P<0.0001)  

Test for subgroup differences: Chi2=0.33, df=1 (P=0.57), I2=0%  

Favors ESA 1000.01 100.1 1 Favors ESA + Iron

 
 

Analysis 3.7.   Comparison 3 Sensitivity analyses, Outcome 7 Hematopoietic response by definition(s).

Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

3.7.1 Hematopoietic response  

Auerbach 2004a 28/41 3/12 0.54% 2.73[1,7.44]

Auerbach 2004b 25/37 3/12 0.54% 2.7[0.99,7.38]

Auerbach 2004c 15/43 3/12 0.48% 1.4[0.48,4.03]

Auerbach 2010 95/116 77/122 15.9% 1.3[1.11,1.52]

Bastit 2008 172/200 143/196 28.64% 1.18[1.06,1.31]

Pedrazzoli 2008 56/73 47/76 9.8% 1.24[1,1.54]

Steensma 2011a 112/164 53/81 12.27% 1.04[0.86,1.26]

Steensma 2011b 109/163 53/82 11.9% 1.03[0.85,1.26]

Subtotal (95% CI) 837 593 80.07% 1.18[1.07,1.3]

Total events: 612 (ESA + Iron), 382 (ESA)  

Heterogeneity: Tau2=0.01; Chi2=10.34, df=7(P=0.17); I2=32.31%  

Favors ESA 50.2 20.5 1 Favors ESA + Iron
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Study or subgroup ESA + Iron ESA Risk Ratio Weight Risk Ratio

  n/N n/N IV, Random, 95% CI   IV, Random, 95% CI

Test for overall effect: Z=3.33(P=0)  

   

3.7.2 Hematologic response  

Henry 2007a 32/60 10/29 1.73% 1.55[0.89,2.69]

Henry 2007b 22/61 11/30 1.6% 0.98[0.55,1.75]

Subtotal (95% CI) 121 59 3.34% 1.24[0.8,1.94]

Total events: 54 (ESA + Iron), 21 (ESA)  

Heterogeneity: Tau2=0.02; Chi2=1.23, df=1(P=0.27); I2=18.62%  

Test for overall effect: Z=0.96(P=0.34)  

   

3.7.3 Patients reaching Hb > 13 g/dL  

Beguin 2008 46/50 42/52 16.6% 1.14[0.97,1.33]

Subtotal (95% CI) 50 52 16.6% 1.14[0.97,1.33]

Total events: 46 (ESA + Iron), 42 (ESA)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.64(P=0.1)  

   

Total (95% CI) 1008 704 100% 1.17[1.09,1.26]

Total events: 712 (ESA + Iron), 445 (ESA)  

Heterogeneity: Tau2=0; Chi2=11.8, df=10(P=0.3); I2=15.27%  

Test for overall effect: Z=4.24(P<0.0001)  

Test for subgroup differences: Chi2=0.22, df=1 (P=0.9), I2=0%  

Favors ESA 50.2 20.5 1 Favors ESA + Iron

 

 

A D D I T I O N A L   T A B L E S
 

Study ID Morbidities Rx group 1

N (%)

Rx group 2

N (%)

Rx group 3

N (%)

Treat-
ment-related
mortality

ESAs + TDI
iron

N = 41

ESAs + bolus
iron

N = 37

ESAs + oral
iron N = 43

Auerbach
2004

Participants with any AEs

• TDI group: delayed arthralgia/myalgia
syndrome (2 events, grade 1) or acute
hypersensitivity reaction (1 event). The
acute hypersensitivity reaction occurred
with a test dose (iron dextran as Dexfer-
rum) and precluded further therapy. This
event resolved completely with no resid-
ual effects.

• Bolus group: 8% (3/37) of participants ex-
perienced the following adverse events:
delayed arthralgia/myalgia syndrome (1
event, grade 2), fatigue (1 event), or short-
ness of breath (1 event).

• Oral iron group: 2% (1/43) of participants
experienced nausea (1 event).

3 (7) 3 (8) 1 (2)

Zero events

Auerbach
2010

- - ESAs + IV iron ESAs alone Zero events

Table 1.   Adverse events 

The role of iron in the management of chemotherapy-induced anemia in cancer patients receiving erythropoiesis-stimulating agents
(Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

68



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

N = 117 N = 121

Participants with any AEs - 104 (89) 110 (91)

Participants with serious AEs - 41 (35) 45 (37)

Participants with treatment-related AEs - 14 (12) 0 (0)

Participants with serious treatment-related
AEs

- 3 (3)a 0 (0)

Participants with AEs leading to study dis-
continuation

- 12 (10) 14 (12)

Cardiovascular and thromboembolic events - 18 (15) 19 (16)

Embolism/thrombosis - 8 (7) 10 (8)

Arrhythmias - 9 (8) 7 (6)

Congestive heart failure - 3 (3) 1 (1)

Myocardial infarction/artery disorders - 2 (2) 2 (2)

Cerebrovascular accident - 1 (1) 0 (0)

Deaths on study (any reason)b - 8 (7) 13 (11)

- - ESAs + IV iron

N = 203

ESAs alone

N = 193

No. of participants reporting specific AEs - 21 (10) 26 (13)

Embolism/thrombosis, arterial and venous - 12 (6) 12 (6)

Myocardial infarction, ischemic and coro-
nary artery disease

- 3 (1) 1 (1)

Hypertension - 2 (1) 5 (3)

Congestive heart failure - 1 (0) 3 (2)

Cerebrovascular accident - 0 (0) 0 (0)

Bastit 2008

Deaths on study (any reason) - 21 (10) 15 (8)

Not reported

Beguin 2008 Data are not reported. Authors state that there was no difference in rates of thromboembolic
events or other complications among the groups

Not reported

Bellet 2007 A total of 375 participants were enrolled in
this phase III RCT. However, the number of
participants randomized to each study arm
is not reported. Three serious but non-life-
threatening iron sucrose-related AEs were
observed, including 1 case of significant,

- IV iron + ESAs ESAs alone Not reported

Table 1.   Adverse events  (Continued)
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transient hypotension in a female weighing
50 kg

- - ESAs + IV iron
N = 63

ESAs + oral
iron N = 61

Constipation - 2 (3.2) 11 (18)

Nausea - 2 (3.2) 3 (4.9)

Dyspepsia - 1 (1.6) 3 (4.9)

Asthenia - 1 (1.6) 2 (3.3)

Anorexia - 0 2 (3.3)

Abdominal pain - 0 2 (3.3)

Diarrhea - 1 (1.6) 0

Hypotension - 1 (1.6) 0

Vasodilation - 1 (1.6) 0

Angina pectoris - 1 (1.6) 0

Tremor - 1 (1.6) 0

Pain at injection site - 1 (1.6) 0

Vomiting - 0 1 (1.6)

Back pain - 0 1 (1.6)

Dehydration - 0 1 (1.6)

Dizziness - 0 1 (1.6)

Taste perversion - 0 1 (1.6)

Melena - 0 1 (1.6)

Henry 2007c,d

Tinnitus - 0 1 (1.6)

Not reported

- - ESAs + IV iron

N = 73

ESAs only

N = 76

Participants with AEs - 55 (75.3) 49 (64.5)

Participants with serious AEs - 8 (11) 10 (13.2)

Participants with treatment-related AEs - 7 (9.6) 6 (7.9)

Vascular/thromboembolic events - 3 (4.1) 2 (2.6)

Pedrazzoli

2011e

Fatal AEs: all - 4 (5.5) 3 (3.9)

Zero events

Table 1.   Adverse events  (Continued)
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Fatal AEs: treatment related - 0 (0) 0 (0)

Worst toxicity reported (toxicities were
graded according to the National Cancer
Institute Common Terminology Criteria of
Adverse Events)

ESAs + IV iron

N = 164

ESAs + oral
iron

N = 162

ESAs + place-
bo

N = 163

None 12 (7) 15 (9) 22 (13)

Mild 28 (17) 40 (25) 33 (20)

Moderate 35 (21) 35 (22) 33 (20)

Severe 52 (32) 42 (26) 49 (30)

Life-threatening 29 (18) 24 (15) 23 (14)

Steensma

2011f

Lethal (includes participants who died while
on study regardless of causality)

8 (5) 6 (4) 3 (2)

Zero events

Table 1.   Adverse events  (Continued)

aEpisodes of transient anaphylactoid reactions occurred in two participants soon aUer initiating IV iron, but these participants recovered
uneventfully without hospitalization; one participant in this group had enlarged uvula, lip swelling, and dyspnea (symptoms resolved).
bDeaths on study or within 30 days aUer the last dose of study drug.
cParticipants may have experienced more than one AE.
dSix participants discontinued the study due to drug-related AEs (sodium ferric gluconate complex, N = 2 (one angina, one nausea); oral
iron, N = 4 (all gastrointestinal))
eSeven participants, four on DA/iron and three on DA only, died during the study or within four weeks aUer the last administered dose of DA.
Deaths were ascribed to disease progression, two cases in each group; and respiratory complications, one in the DA-only group (infection),
two in the DA/iron group (bleeding in one, acute respiratory distress syndrome in one) not related to study drugs administration.
f7% (95% CI 3% to 12%) of participants in the IV iron arm discontinued study as a result of AEs versus 3% (95% CI 1% to 7%) for oral iron
and 5% (95% CI 2% to 9%) for oral placebo. Study authors also stated that no individual AE was significantly more common in the IV iron
arm compared with the other arms; instead, the overall diHerence was a result of small diHerences in several uncommon AEs, including
dyspnea, back pain, and hypotension, which may have been caused by premedication rather than the IV iron product itself. Other AEs
associated with IV iron in past studies, including myalgia, arthralgia, abdominal pain, pruritus, rash, nausea, vomiting, or fever, were not
more common than with oral placebo or oral iron in this study.
AE = adverse event
CI = confidence interval
DA = darbepoietin
ESA = erythropoiesis-stimulating agent
IV = intravenous
RCT = randomized controlled trial
TDI = total dose infusion
 

 

A P P E N D I C E S

Appendix 1. MEDLINE search strategy

 

# Searches

1 exp ERYTHROPOIETIN/

2 exp ERYTHROPOIETIN, RECOMBINANT/
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3 erythropoietin.mp.

4 erythropoiesis.mp.

5 exp EPOETIN ALFA/

6 epoetin.mp.

7 epo.mp.

8 epoetin alfa.mp.

9 epoetin beta.mp.

10 eprex.mp.

11 neorecormon.mp.

12 aranesp.mp.

13 procrit.mp.

14 recombinant erythropoietin.mp.

15 darbepoetin alfa.mp.

16 darbepoetin.mp.

17 RECEPTORS, ERYTHROPOIETIN/

18 CERA.mp.

19 or/1-18

20 anaemia.mp.

21 anemia.mp.

22 (anemi$ adj3 cancer).mp.

23 (anaemi$ adj3 cancer).mp.

24 or/20-23

25 Anemia, Iron-Deficiency/

26 Iron/

27 Iron Compounds/

28 iron*.sh.

29 iron*.tw,kf,ot.

30 ferri*.tw,kf,ot.

  (Continued)
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31 (ferro* adj2 (compound* or compund*)).tw,kf,ot.

32 hemosider*.tw,kf,ot.

33 sideros*.tw,kf,ot.

34 transferrin*.tw,kf,ot.

35 or/25-34

36 19 and 24

37 19 and 24 and 35

38 exp Neoplasms/

39 malignan$.mp.

40 cancer$.mp.

41 oncolog$.tw.

42 myelodysplas$.tw.

43 chemotherapy.mp.

44 tumo?r$.mp.

45 carcinom$.mp.

46 or/38-45

47 exp Antineoplastic Agents/

48 Remission Induction/

49 exp antineoplastic protocols/

50 ((consolidat$ or induct$ or maintenance or conditioning$) and (therap$ or treat$ or regimen$ or
patient$)).tw,kf,ot.

51 ((anticancer$ or cancer$) adj2 (therap$ or treat$)).tw,kf,ot.

52 (remission$ adj2 therap$).tw,kf,ot.

53 (remission$ adj2 induction$).tw,kf,ot.

54 (chemotherap$ or chemo-therap$).tw,kf,ot.

55 (Antineoplast$ or anti-neoplast$).tw,kf,ot.

56 ((cytosta$ or cytotox$) adj2 (therap$ or treat$ or regimen$)).tw,kf,ot.

57 or/47-56

58 37 and 46

  (Continued)
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59 37 and 57

60 58 or 59

61 randomized controlled trial.pt.

62 controlled clinical trial.pt.

63 randomized.ab.

64 placebo.ab.

65 drug therapy.fs.

66 randomly.ab.

67 trial.ab.

68 groups.ab.

69 or/61-68

70 humans.sh.

71 69 and 70

72 60 and 71

73 from 72 keep 1-542

  (Continued)

 

Appendix 2. Cochrane Library search strategy

 

ID Search

#1 MeSH descriptor Erythropoietin explode all trees

#2 MeSH descriptor Erythropoietin, Recombinant explode all trees

#3 erythropoietin*

#4 erythropoiesis*

#5 MeSH descriptor Epoetin Alfa explode all trees

#6 epoetin*

#7 epo*

#8 epoetin alfa*

#9 epoetin beta*
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#10 eprex*

#11 neorecormon*

#12 aranesp*

#13 procrit*

#14 recombinant erythropoietin*

#15 darbepoetin alfa*

#16 darbepoetin*

#17 MeSH descriptor Receptors, Erythropoietin explode all trees

#18 (cera*)

#19 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15
OR #16 OR #17 OR #18)

#20 anaemia*

#21 anemia*

#22 (anemi* NEAR/3 cancer)

#23 (anaemi* NEAR/3 cancer)

#24 (#20 OR #21 OR #22 OR #23)

#25 MeSH descriptor Anemia, Iron-Deficiency explode all trees

#26 MeSH descriptor Iron explode all trees

#27 MeSH descriptor Iron Compounds explode all trees

#28 iron*

#29 ferri*

#30 (ferro* NEAR/2 (compound* or compund*))

#31 hemosider*

#32 sideros*

#33 transferrin*

#34 (#25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33)

#35 (#19 AND #24)

#36 (#19 AND #24 AND #35)

#37 MeSH descriptor Neoplasms explode all trees

  (Continued)
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http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=20
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#38 malignan*

#39 cancer*

#40 oncolog*

#41 myelodysplas*

#42 chemotherap*

#43 tumour* or tumor*

#44 carcinom*

#45 (#38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44)

#46 MeSH descriptor Antineoplastic Agents explode all trees

#47 MeSH descriptor Remission Induction explode all trees

#48 MeSH descriptor Antineoplastic Protocols explode all trees

#49 ((consolidat* or induct* or maintenance or conditioning*) and (therap* or treat* or regimen* or pa-
tient*))

#50 ((anticancer* or cancer*) NEAR/2 (therap* or treat*))

#51 (remission* NEAR/2 therap*)

#52 (remission* NEAR/2 induction*)

#53 (chemotherap* or chemo-therap*)

#54 (Antineoplast* or anti-neoplast*)

#55 ((cytosta* or cytotox*) NEAR/2 (therap* or treat* or regimen*))

#56 (#47 OR #48 OR #49 OR #50 OR #51 OR #52 OR #53 OR #54 OR #55)

#57 (#36 AND #45)

#58 (#36 AND #56)

#59 (#57 OR #58)

  (Continued)

 

Appendix 3. www.clinicaltrials.gov search strategy

The following terms were used: "Erythropoiesis AND Iron AND cancer"

C O N T R I B U T I O N S   O F   A U T H O R S

 

Nature of work Contributor(s)

Conception and design Rahul Mhaskar, Benjamin Djulbegovic
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http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=38
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=39
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=40
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=41
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=42
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=43
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=44
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=45
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=46
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=47
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=48
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=49
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=49
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=50
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=51
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=52
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=53
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=54
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=55
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=56
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=57
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=58
http://onlinelibrary.wiley.com/o/cochrane/searchHistory?mode=runquery%26qnum=59
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Title and protocol development Rahul Mhaskar, Hesborn Wao

Title and protocol revision Rahul Mhaskar, Hesborn Wao, Benjamin Djulbegovic

Literature searches and study selection Rahul Mhaskar, Hesborn Wao

Data extraction and management Rahul Mhaskar, Hesborn Wao

Data analysis and interpretation Rahul Mhaskar, Hesborn Wao, Benjamin Djulbegovic

Support for statistical analysis Branko Miladinovic

Writing of first draU of the review Rahul Mhaskar

Revision of review Rahul Mhaskar, Ambuj Kumar, Benjamin Djulbegovic

Drafting plain language summary Rahul Mhaskar

Final revision/approval of review Rahul Mhaskar, Hesborn Wao, Branko Miladinovic, Benjamin Djulbe-
govic

Supervision of the study Benjamin Djulbegovic

 

D E C L A R A T I O N S   O F   I N T E R E S T

Rahul Mhaksar: None

Hesborn Wao: None

Branko Miladinovic: None

Ambuj Kumar: None

Benjamin Djulbegovic: None

S O U R C E S   O F   S U P P O R T

Internal sources

• None, Other.

External sources

• None, Other.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We have extracted data on mean change (from baseline to end of study period) in serum ferritin and TSAT levels. We did not plan
this data extraction and did this post-hoc. We had planned to extract data on mean change in Hb levels only during the protocol
stage. We had not planned to extract data on serum ferritin and TSAT levels during the protocol stage of this review. Hence, these two
endpoints were not listed as secondary outcomes in the protocol document. The outcome ‘treatment-related harms’ was renamed ‘adverse
events’ in the text of this systematic review. We deleted the following two sentences from the protocol: "RCTs which include patients
treated with chemotherapy and radiation will be included. RCTs with patients treated with only radiotherapy or supportive care will be
excluded." We included all participants diagnosed with CIA, regardless of cancer type or severity and age, enrolled in RCTs assessing
the role of iron supplementation to ESAs or iron alone compared with ESAs alone in the management of CIA. We did not consider
RCTs that included participants with anemia attributable to factors other than cancer or chemotherapy (for example folate deficiency,
hemolysis, gastrointestinal bleeding, or myelodysplastic syndromes) for the review. We also conducted sensitivity analysis by definition(s)
of hematopoietic response (hematopoietic response versus hematologic response versus participants reaching Hb greater than 13 g/dL).
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I N D E X   T E R M S

Medical Subject Headings (MeSH)

Administration, Oral;  Anemia  [blood]  [chemically induced]  [*drug therapy];  Antineoplastic Agents  [*adverse eHects];  Erythrocyte
Transfusion  [statistics & numerical data];  Hematinics  [*therapeutic use];  Hematopoiesis;  Injections, Intravenous;  Iron
 [*administration & dosage];  Neoplasms  [blood]  [*drug therapy];  Randomized Controlled Trials as Topic

MeSH check words

Humans
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