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Abstract Based on available literature and on the present
review, IV iron administration to anemic cancer patients can
increase significantly the level of Hb, probably independently
from the precise mechanism of anemia itself. However, in
future studies, the benefit should be evaluated taking into ac-
count whether the anemia is due to absolute or functional iron
deficiency; therapeutic modalities might be different for these
two conditions. Along the same lines, it appears important to
further evaluate the respective roles of PO and IV iron thera-
pies and the modalities of their use in clinical practice. Until
the results of such studies are available, it appears reasonable
to propose IV iron therapy to anemic cancer patients as the
resulting rise of Hb level may increase their quality of life and
performance status and reduce the need for erythropoietin-
stimulating agents and/or blood transfusions.

Keywords Iron deficiency anemia . Cancer patients . Iron
therapy . Erythropoiesis-stimulating agents

Introduction

Iron deficiency anemia has been recently thoroughly reviewed
by Camaschella [1] and its two main clinical presentations:

iron deficiency anemia itself and iron-restricted erythropoiesis
have been well defined from a physiological point of view.
Actually, the presence of iron-deficiency (mainly due to blood
losses) and that of anemia of chronic disorders (due to cancer,
inflammation, and infection) are often associated in cancer
patients. There are presently laboratory tests available for the
evaluation of iron status and thus for, the identification of
these two conditions and their possible combination
(Tables 1 and 2). However, in cancer patients, anemia can be
caused by several other conditions such as hemolysis, micro-
angiopathy and chemotherapy-induced bone marrow failure;
these etiologies for anemia in cancer patients are occasionally
superimposed on iron-deficiency and/or chronic
inflammation.

The prevalence of anemia in cancer patients is high. A
paper byMaccis et al. [2] indicates that 63% of cancer patients
were anemic; in that observational study, hemoglobin concen-
trations were inversely correlated with inflammatory markers,
hepcidine, ferritin, erythropoietin, and reactive oxygen spe-
cies. In another paper from Spain, by Steegman et al. [3], the
prevalence of anemia was 48% and a high rate was associated
with cisplatin-based chemotherapy, palliative chemotherapy,
and with more than three lines of chemotherapy. Link and
Schmitz [4] found a prevalence of hemoglobin level below
12 g/dl of 49% and stressed that two thirds of these patients
were not treated for anemia, which does not reflect current
clinical practice guidelines, such as those recommended by
ESMO (European Society of Medical Oncology) [5]. A sim-
ilar conclusion was reached by de Castro et al. [6]. These
authors looked for iron deficiency in patients with solid tu-
mors; the overall prevalence of iron deficiency was 59% (32%
were truly iron deficient and 27%were functionally deficient).
Most non-anemic iron-deficient patients in that survey did not
receive any form of iron supplementation before the start of
chemotherapy.
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In a seminal paper by Aapro et al. [7], the prevalence of
iron deficiency in different cancer populations was found 29–
60%. That paper also stressed that IV iron supplementation of
erythropoietic stimulating agents reduced the mean dose re-
quired with, in addition, adequate cost-effectiveness and en-
hanced response rates to these agents. It also presented some
evidence on the use of IV iron therapy as a first-line therapy
and suggested that some patients could benefit from IV iron
even without concomitant erythropoietic stimulating agents.
Along the same lines, Steinmetz et al. [8] published their ex-
perience with ferric carboxymaltose in the treatment of cancer
and chemotherapy—associated anemia, in 639 patients.
Patients with baseline hemoglobin up to 11 g/dl and serum
ferritin up to 500 ng/ml benefited from the treatment as well as
patients with ferritin >500 ng/ml and low transferrin satura-
tion. The substantial Hb increase and stabilization of hemo-
globin at 11–12 ng/dl suggests a role for IV iron alone for the
correction of anemia in those patients. At the same time,
Petrelli et al. [9] performed a meta-analysis of controlled trials
comparing parenteral or oral iron versus no iron, when added
to erythropoiesis-stimulating agents in patients with
chemotherapy-induced anemia. They showed that parenteral
iron reduced the risk of transfusions by 23% and increased the
chance of hematopoietic response by 29% when compared
with erythropoiesis-stimulating agents alone. On the contrary,
oral iron did neither increase the hematopoietic response nor
the transfusion rate. Similar conclusions were reached by
Gavter-Gvili et al. [10] who reported a systematic review
and meta-analysis of randomized controlled trials of IV iron
supplementation for the treatment of chemotherapy-induced
anemia; they concluded that IV iron added to erythropoiesis-
stimulating agents resulted in an increase of hematopoietic

response and reduction of the need of transfusions, with no
difference in mortality of adverse events. The mechanism by
which iron enhances the action of erythropoiesis-stimulating
agents has not been completely elucidated. Increased iron in
macrophages might lead to overexpression of ferraportin
which in turn would increase the mobilization of iron for
erythropoiesis.

The pros and cons for oral iron therapy versus IV iron
therapy have been nicely discussed by Camaschella [1], al-
though it was not focused on cancer patients, in whom the
situation is usually more complex than in non-cancer patients,
as already mentioned. Actually, we lack a predictive test to
identify patients who are expected to respond to oral iron
therapy; the oral iron challenge test is rarely used, although a
recent study byKobume et al. [11] suggests its potential value;
on the other hand, the measurement of serum hepcidin is still
not yet standardized enough to be used in routine practice,
although there are indications that high hepcidin levels predict
for functional iron-deficiency as shown by Durigova et al.
[12] for which oral iron is probably not efficacious as
discussed by Steinmetz [13] and who also concluded Bthat
there is still an urgent need for trials investigating diagnostic
approaches for the optimal tailoring of iron… in cancer pa-
tients with anemia.^

Review of recently published studies

In that context, we decided to review the published papers
about the use of iron therapy for anemia in cancer patients.
Wemade a systematic research and thus retrieved all the avail-
able papers, using the following keywords: iron therapy and

Table 1 Current laboratory tests
for measurement of iron status
(iron deficiency anemia IDA,
anemia of chronic disease ACD)

Test (unit) (Nl) IDA ACD IDA + ACD

Iron (μMol/l) (10–30) Low Low Low

Transferrin saturation (%) (>16 to <45) <16 Low-N Low-N

Ferritin (μg/l) (40–300♂) (20–200♀) <10 >100 <100

Hemoglobin (g/dl) (>13♂) (>12♀) Low Low Low

Mean corpuscular volume (fl) (80–95) <80 Low-N Low

Mean corpuscular hemoglobin (pg) (27–34) <27 Very low Low

Table 2 Proposed laboratory
tests for measurement of iron
status (IDA iron deficiency
anemia, ACD anemia of chronic
disease)

Test (unit) (Nl) IDA ACD IDA + ACD

Soluble transferrin receptors (sTFR) (mg/l)a High Low-N Variable

sTFR/log ferritin indexa >2 <1 >2

Hepcidina Very low High N-high

Reticulocyte Hb content (pg) (31.2 ± 1.6) Low Low Low

Perls staining for bone marrow iron (positive) Negative Strongly positive Positive

a Vary according to method
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anemia and cancer, on PubMed NCBI starting in 2013 up to
now. We chose to start our search in 2013 because Steinmetz
et al. [8] published in 2013 the largest study so far on the role
of IV iron for the treatment of anemia in cancer, and suggested
that IV iron alone, without the erythropoiesis-stimulating
agents might have a significant role. He also analyzed two
other studies using IV iron for anemic cancer patients, both
showing a clear benefit in terms of transfusion reduction of
that approach, in comparison with either no iron substitution
or oral iron [14, 15]. Actually, in 2012, Steinmetz had
reviewed the topic of IV iron in the treatment of anemia in
cancer patients [13] on the basis of published studies. We thus
reviewed all other studies that have been published since 2013
on that topic. We found seven studies in which IV iron was
used in anemic cancer patients. Table 3 summarizes our find-
ings regarding the type of each study, inclusion and evaluation
criteria as well as the conclusions proposed by the authors.

Abdel-Razeq [16] investigated IV iron (ferric sucrose)
monotherapy for the treatment of non-iron-deficiency anemia
in cancer patients undergoing chemotherapy and/or radiother-
apy. In that pilot study, in 23 patients, with a mean baseline
hemoglobin level of 9.6 g/dl, the mean change in hemoglobin
level was 1.7 g/dl for those patients who completed at least
nine treatments (200 mg weekly) and 2.1 g/dl in those who
completed the full 12-week treatment, a highly statistically
significant difference (p = 0.0007). Five patients were trans-
fused and considered as failures. No treatment-related adverse
effects were noted.

Keeler et al. [17] evaluated the feasibility and clinical effi-
cacy of IV iron, for preoperative anemia in patients with co-
lorectal cancer (a single 1000 mg of ferric carboxymaltose).
There was a significant (p < 0.001) median increase in hemo-
globin levels of 1.8 g/dl. Five patients received transfusions
until the 4th postoperative day, which was fewer than
predicted.

Hedenus et al. [18] published a small randomized study of
IV iron (ferric carboxymaltose, 1000 mg) versus control (no
iron) in 17 patients with functional iron deficiency and lym-
phoid malignancies undergoing chemotherapy. All treated pa-
tients achieved a hemoglobin increase >1 g/dl significantly
higher than that of controls (p = 0.02). No treatment-related
events were reported.

Calleja et al. [19] conducted a multicenter, observational
study of ferric carboxymaltose in patients with colon cancer
and anemia; 111 patients received IV iron and 155 were no IV
iron subjects. There was a significant reduction for the need of
transfusion in the cohort receiving IV iron (9.9 vs 38.7%,
p < 0.001). Responses in terms of hemoglobin levels were
significantly higher among the treated patients who also had
a lower number of reinterventions, post-surgery complica-
tions, and a shorter length of stay in hospital.

Toledano et al. [20] evaluated the clinical use of
carboxymaltose (median dose per patient 1000 mg) in 367

patients with solid tumors or hematological malignancies.
The median hemoglobin level improved from 10.3 to 11.8 g/
dl; that increase was the same in patients treated with iron
alone or with additional erythropoiesis-stimulating agents
(34% of patients). No adverse reactions and no hypersensitiv-
ity reactions were observed.

In addition to these studies dealing with cancer patients and
anemia, caused by digestive cancers prior to an operation, or
chemotherapy inmetastatic solid tumors or hematological ma-
lignancies, we found three studies on the use of IV iron sup-
plementation in patients after surgery for gastric, colon, and
other cancers.

Yoon et al. [21] compared the administration of IV iron to
63 patients who became anemic (hemoglobin <9 g/dl) after
gastrectomy for cancer and to outcome in 60 patients without
treatment (observation group). The slope of the changes in the
hemoglobin level was significantly higher in the iron group
than in the observation one (0.65 vs 0.35, p < 0.001). The
postoperative hospital stay was significantly longer in the iron
group but no differences in surgical complications were seen.

Titos-Arcos et al. [22] evaluated IV iron in 71 paired pa-
tients after colon cancer surgery. The mean hemoglobin levels
were similar in both groups and the rate of blood transfusions
was also similar (30%).

Ferrari et al. [23] reported on the use of oral ferrous
bisglycinate or oral ferrous sulfate in patients with various
operated solid tumors and mild anemia (hemoglobin value
between 10 and 12 g/dl) The increase in the hemoglobin level
were 1.4 g/dl in both groups, after 2 months of therapy.
Adverse events (GI upsetting) were respectively seen in two
and four patients; all were grade 1.

The laboratory data relative to the inclusion and the evalu-
ation of the patients included in all these studies are summa-
rized in Table 3, as well as other demographical and technical
data. For each study, we proposed conclusions and comments
that will be further addressed in the discussion.

Safety of IV iron

Most studies discussed in this review were performed with
ca rboxymal tose . An extens ive rev iew of fe r r ic
carboxymaltose by Keating [24] is available. It indicates that
it is well tolerated, with a low risk of hypersensitivity reac-
tions; it was overall better tolerated than oral ferrous sulfate,
mainly because of a lower incidence of gastrointestinal side
effects. The most common laboratory adverse effect was tran-
sient and asymptomatic hypophosphatemia. As that review
mainly deals with non-cancer patients, these conclusions
might not fully apply to our population. In our review of the
seven recent studies involving IVadministered iron, two stud-
ies did not mention adverse effects; in the five other studies,
no cases of adverse effects linked to the administration was
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reported; in particular, no allergic or anaphylactic reactions
did occur (see Table 3). In their masterful review on the prev-
alence and management of cancer-related anemia, iron defi-
ciency and the specific role of iron, Aapro et al. [7] discussed
in details the tolerability of IV iron in clinical routine and also
concluded to a low incidence of hypersensitivity reactions,
when the dextran preparations are avoided. They also
discussed the potential effect of iron in increasing the risk of
infection; this is obviously an important issue in cancer pa-
tients but no evidence for it has been documented so far.
Equally important is their discussion of a possible interaction
between iron and some chemotherapies and the theoretical
possibility that iron might induce cancer or increase the risk
of serious infection in cancer patients.

As far as infections are concerned, the role of increased iron
availability probably benefits to certain bacterial and fungal
pathogens, namely mucormycosis [25]; iron homeostasis and
macrophage function appear to be interrelated in an adaptive
advantage to combat invading microbes by decreasing iron
availability. Although there are many experimental data to
support such a hypothesis, these experimental models do not
translate easily into human clinical conditions and should be
applied with caution [26, 27]. As far as a possible effect of
high iron availability on cancer growth is concerned, the most
often cited situation is that of hepatocellular carcinoma in
chronic liver disease due to hemochromatosis and/or thalasse-
mia. An independent association between serum ferritin and
hepatocellular carcinoma has been also recently shown in
chronic liver disease of viral etiology [28]. A comprehensive
review about the safety of iron dextran infusion in cancer
patients [29] concluded that no clinical data support an in-
creased risk of iron overload on the growth of cancer, although
such a possibility cannot be excluded. Ultimately, clinicians
should balance the immediate benefits of iron administration
against its possible long-term unknown risks.

Discussion

As already stated, the overall prevalence of iron deficiency
anemia is high in cancer patients: 59% (32% with absolute
iron deficiency and 27% with functional iron deficiency) and
has a significant negative impact on the already impaired qual-
ity of life of these patients [30, 31]. Nonetheless, the problem
is underestimated as iron parameters are not commonly mea-
sured in newly diagnosed cancer patients, although possible
therapies are available such as erythropoietin-stimulating
agents and iron therapy, namely IV administration of iron
[32]. Because caveats have been expressed regarding the use
of erythropoietin-stimulating agents, we reviewed recent pub-
lished data about the use of IV iron for suspected iron defi-
ciency anemia in cancer patients.

We found seven studies of the use of IV iron in anemic
cancer patients since the study by Steinmetz et al. [8] which
suggested that such an approach might be effective, even
without erythropoietin-stimulating agents. A summary of
these seven studies is presented in Table 3.

The designs of these studies are highly variable, making a
global analysis impossible and representing a major limitation
of this review. Another limitation is that quality of life was not
assessed in those studies neither we could find a systematic
evaluation of clinically significant outcomes. Only in one
study [19] it was mentioned that IV iron therapy significantly
reduced the duration of the hospital stay. Thus, we had to rely
on laboratory surrogates that were available in all seven stud-
ies. In all these studies, patients were anemic before treatment
(mean Hb level at baseline 9.5 g %) and in all the level of Hb
was reevaluated after therapy (in most after a month). With
only one exception [22], a statistically significant increase of
the Hb level was observed (mean Hb increase: 1.6 g %). That
increase of the Hb level was clearly superior to that observed
in controls in two studies [18, 19]. Improvement in other iron
metabolism parameters were reported as well, but the avail-
able information is insufficient for a global analysis. The effect
of the rise of the Hb level on the quality of life of the patients
was rarely reported and could not be evaluated.

Another parameter for the efficacy of iron therapy might be
a reduction of the need for blood transfusion but it requires
control data. In our review, we had only two such studies both
in operated colon cancer patients. In anemic patients receiving
IV iron preoperatively, there was a significant reduction in the
need of transfusion [19]; in a study where patients received IV
iron postoperatively, no benefit was observed [22].

In most of the studies reported here, no sufficient data are
provided to separate between absolute and functional iron
deficiency and it is likely that the iron deficiency anemia
was multifactorial in many patients, namely blood losses in
the surgical series [17, 19, 21, 22]. Therefore, it is not surpris-
ing that iron supplementation was effective, although the only
negative study [22] was conducted in operated colon cancer
patients. Two of these studies addressed specifically anemic
cancer patients whose anemia was likely due to functional iron
deficiency [16, 18]; although both are small studies, a signif-
icantly positive result in terms of Hb rise was reported. Future
studies should clearly evaluate the respective contribution of
absolute and functional iron deficiency, perhaps using system-
atically the evaluation of hepcidin serum levels [33].

In four s tudies reviewed here [17–20] , ferr ic
carboxymaltose has been used while in the three others, ferric
sucrose was the formulation. It is important to stress that no
adverse effects were reported with either iron preparation,
which confirms data available from the literature [24].

The overall conclusions made from the review of these
studies are summarized in Table 3; in six out of seven, it
was concluded that IV iron administration increased the Hb
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level in anemic cancer patients. The question whether PO iron
therapy would have been similarly effective remains specula-
tive. A thorough discussion of that question is available in
Camaschella’s review [1] but does not address specifically
cancer patients. The question of PO iron therapy in anemic
cancer patients has also been discussed by Aapro et al. [7] and
Steinmetz [13]; in both reviews, the authors doubt about the
efficacy of PO iron for functional iron deficiency and ac-
knowledge the higher rate of side effects with oral prepara-
tions.We found one relatively recent paper [23] comparing the
efficacy of two PO iron preparations in iron deficiency anemia
in cancer patients; both were effective but associated with a
substantial (17–33%) rate of side effects. As the selected pa-
tients had to have ferritin levels <30 ng/ml, it can be suspected
that most of the patients had not a functional iron deficiency.
Therefore, in future studies, it might be useful to test for PO
iron efficacy, using standardized and recognized techniques
[34], before turning to IV iron administration which is techni-
cally more demanding and, in any case, more expensive.

To conclude with, based on available literature and on the
present review, IV iron administration to anemic cancer patients
can increase significantly the level of Hb, probably indepen-
dently from the precise mechanism of anemia itself. However,
in future studies, the benefit should be evaluated taking into
account whether the anemia is due to absolute or functional
iron deficiency; therapeutic modalities might be different for
these two conditions. Along the same lines, it appears impor-
tant to further evaluate the respective roles of PO and IV iron
therapies and the modalities of their use in clinical practice.
Until the results of such studies are available, it appears reason-
able to propose IV iron therapy to anemic cancer patients as the
resulting rise of Hb level may increase their quality of life and
performance status and reduce the need for erythropoietin-
stimulating agents and/or blood transfusions.
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