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ntravenous Iron in Colorectal Cancer Surgery
anuel Muñoz,a Arturo Campos,b and José Antonio García-Ercec

Patients requiring elective colorectal cancer surgery have a high prevalence of anemia and
iron deficiency. Intravenous iron therapy, with or without recombinant erythropoietin (EPO),
may play an important role in the correction of perioperative anemia and facilitate preoperative
autologous donation, thus reducing the risk of patient exposure to allogeneic red blood cell (RBC)
transfusion and improving patient outcomes. In addition, the use of intravenous iron allows for a
significant reduction in EPO dose requirements. However, large and well-conducted randomized
controlled trials are needed to define more cost-effective intravenous iron and EPO regimens.
Semin Hematol 43(suppl 6):S36-S38 © 2006 Elsevier Inc. All rights reserved.
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nemia is one of the main signs of colorectal cancer. The
incidence of anemia in these patients may vary from 25%

o 70%, depending on the hemoglobin (Hb) cut-off, and is
elated to patient’s age, tumor site and size, and Dukes
tage.1-3 However, more than half of these patients present
ith iron deficiency, with or without anemia, due to chronic
lood loss, which in turn is related to tumor site and size.1-3

hus, anemia of chronic disease plus iron deficiency is a
ommon finding in colorectal cancer.

On the other hand, it is well established that preoperative
nemia is associated with increased requirements for alloge-
eic red blood cell (RBC) transfusion, which has been con-
roversially linked to increased postoperative infection, re-
urrence rates, and mortality in patients with colorectal
ancer, even after the introduction of universal leukoreduc-
ion.4,5 Longer hospital stays and higher health care costs have
lso been linked to allogeneic RBC transfusion.6 Thus, attempts
ave been made to reduce the use of transfusion in colorectal
ancer patients using perioperative iron therapy with or without
rythropoietin (EPO) administration and with or without pre-
perative autologous blood donation (PABD).

erioperative Treatment
ith Iron and Erythropoietin

kuyama et al7 studied 116 anemic patients (Hb �10 g/dL)
ho underwent colorectal cancer surgery: 32 who received

GIEMSA, School of Medicine, University of Málaga, Málaga, Spain.
Department of Hematology, University Hospital “Virgen de la Victoria,”

Málaga, Spain.
Department of Hematology, University Hospital “Miguel Servet,” Zaragoza,

Spain.
ddress correspondence to Manuel Muñoz, MD, PhD, GIEMSA, Facultad de

Medicina, Universidad de Málaga, Campus de Teatinos, s/n, 29071

tMálaga, Spain. E-mail: mmunoz@uma.es

36 0037-1963/06/$-see front matter © 2006 Elsevier Inc. All rights reserved.
doi:10.1053/j.seminhematol.2006.08.005
ral iron supplementation (200 mg/d) for at least 2 weeks
efore surgery, and 84 who did not. Patients receiving iron
ad a significantly higher Hb level immediately before sur-
ery and received fewer intraoperative RBC transfusions
9.4% v 27.4%; P �.05). In another study,8 43 colorectal
ancer patients received preoperative treatment with oral
ron if they had a Hb greater than 14 g/dL and iron deficiency;
ron sucrose (200 mg/wk) if Hb was 10 to 14 g/dL; or iron
ucrose (200 mg twice per week) if Hb was less than 10 g/dL,
uring 2 to 3 weeks. Seventeen of these patients also received
ostoperative iron sucrose (200 mg on days 0, 2, and 4) in
ddition to the preoperative treatment. A retrospective series
f patients not receiving iron was used as a control group
n � 66). Despite a lower baseline Hb (12.3 v 11.5 g/dL;
�.05), iron therapy reduced the transfusion index (4.0 v

.3 units per patient; P �.05) and the percentage of patients
ho received preoperative transfusions (33% v 9%; P �.05),
ut not the percentage of patients administered perioperative
ransfusions (48% v 35%; P � .161). However, the treatment
as ineffective in patients with a high transfusion index (�5
nits per patient).8

Most probably, the effectiveness of perioperative iron
reatment could be enhanced by concomitant EPO adminis-
ration. Thus, in patients with moderate anemia (Hb �8.5
/dL and �13 g/dL) scheduled for colorectal cancer surgery,
erioperative treatment with EPO reduced the risk of expo-
ure to allogeneic transfusion (100/263, 38% v 97/207, 47%)
relative risk [RR], 0.81; 95% confidence interval [CI], 0.61
o 1.00; P � .054), although there was great variability in
otal EPO dose and iron supplementation, as well as in out-
omes (Table 1).Thus, EPO plus oral iron resulted in either
o effect9 or a reduction in the number of transfused units
nly.10,11 In contrast, the administration of EPO plus intrave-
ous iron resulted in a reduction of both the percentage of

ransfused patients and the number of transfused units.12,13



A
i
r
d

P
A
P
a
u
i
c
d
9
p
i
w
c
t
t
a
E

9
v
t
I

C
P
h
c

a
a
s
o
a

s
p
a
t
m

T
E

B
K

Q
K
C
C

A
*
†
‡

T
P

H
H
B
V

R

A
*
†

IV iron in colorectal cancer surgery S37
dditionally, the use of intravenous iron allowed for a signif-
cant reduction in the total dose of EPO (Table 1). Similar
esults were reported by two small trials in 30 patients un-
ergoing surgery for gastric cancer.14,15

reoperative
utologous Blood Donation

ABD is considered as one of the most safe and effective
lternatives to allogeneic RBC transfusion in patients sched-
led for surgical tumor resection. The results of four random-

zed controlled trials involving 1,067 patients undergoing
olorectal cancer surgery showed that PABD significantly re-
uces allogeneic RBC transfusion requirements (RR, 0.44;
5% CI, 0.38 to 0.53; P �.001) (Table 2).16-19 However, the
resence of anemia in many of these patients precludes their

nclusion in a PABD program. Since perioperative treatment
ith EPO significantly increases Hb levels preoperatively, a

ombination of EPO and PABD seems a reasonable approach
o reducing transfusion exposure in these patients. In fact,
he result of two small trials (76 patients) showed a lower
llogeneic transfusion rate in patients treated with PABD and
PO, compared to those treated with PABD alone (RR, 0.34;

able 1 Effects of Perioperative Administration of Erythropoie
lective Colorectal Cancer Resection

Study

� EPO

n % Transfused n

raga (1997)12 10 10 10
ettelhack (1998)10 48 33 54

vist (1999)11 38 34 43
osmadakis (2003)13 31 29 32
hristodoulakis (2005)9 69 49 68
hristodoulakis (2005)9 67 40 68

bbreviations: EPO, erythropoietin; IV, intravenous; SC, subcutane
Reduction in both percentage of transfused patients and number o
Reduction in the number of transfused units only.
EPO: total dose of recombinant human erythropoietin.

able 2 Effects of Preoperative Autologous Blood Donation,
atients Undergoing Elective Colorectal Cancer Resection

Study

PABD

n % Transfus

oynck van Papendrecht (1992)16 150 23
eiss (1993)17 58 35
usch (1993)18 239 28
ignali (1995)19 53 4

Study

PABD

n % Transfused n

Braga (1995)20 11 36 11
au (1998)21 26 39 28

bbreviations: EPO, erythropoietin; IV, intravenous; PABD, preoper
Reduction in both percentage of transfused patients and number o

EPO: total dose of recombinant human erythropoietin.
5% CI, 0.14 to 0.85; P �.012).20,21 Again, the use of intra-
enous iron, as compared with oral iron, resulted in a reduc-
ion in the total dose of EPO oral iron (600 IU/kg v 2,200
U/kg) (Table 2).

onclusions
atients requiring elective colorectal cancer surgery have a
igh prevalence of anemia and iron deficiency, which in-
reases with patient age and tumor size, site, and stage.

Intravenous iron therapy, with or without EPO, may play
n important role in the correction of perioperative anemia
nd facilitate PABD, thus reducing the risk of patient expo-
ure to allogeneic RBC transfusion and improving patient
utcomes. In addition, the use of intravenous iron allows for
significant reduction in EPO dose requirements.
Intravenous iron sucrose may be safely used in cancer

urgical patients. As a short-term therapy, it does not put the
atient at risk for long-term iatrogenic effects. However, large
nd well-conducted randomized controlled trials are needed
o define more cost-effective intravenous iron and EPO regi-
ens.

d Iron on Transfusion Requirements in Patients Undergoing

ebo Iron
(type, dose, days)

EPO‡
(IU/kg, route)ransfused

50* IV, 125 mg/d, 4 d 500, SC
28 Oral, NS, 5–10 d pre 3,000–4,500, SC

IV, 40 mg, 1 d post
54† Oral, 200 mg/d, 4 d 1,350, SC
59* IV, 100 mg/d, 14 d 4,200, SC
52 Oral, 200 mg/d, 10 d 1,800, SC
52† Oral, 200 mg/d, 10 d 3,600, SC

fused units.

or Without Erythropoietin, on Transfusion Requirements in

Control Iron
(route)

EPO†
(IU/kg, route)n % Transfused

160 61* Oral —
63 60* Oral —

236 56* Oral —
108 44* IV —

BD � EPO Iron
(route)

EPO†
(IU/kg, route)% Transfused

0* IV 600, SC
18* Oral 2,200, SC

utologous blood donation; SC, subcutaneous.
fused units.
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