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Abstract

Aim The study aimed to analyse the feasibility and effi-

cacy of administration of a single intravenous iron infu-

sion (IVI) in the preoperative optimization of colorectal

cancer patients with anaemia.

Method Twenty patients were recruited at least 14 days

before the planned date of surgery. A single 1000 mg

dose of ferric carboxymaltose (Ferinject�) was adminis-

tered as an outpatient procedure. Blood samples were

taken at recruitment prior to drug administration

(REC), on the day of surgery prior to any intervention

(DOS) and on the first postoperative day. Allogeneic

red blood cell transfusions (ARBT) and outcomes were

recorded from recruitment throughout the study per-

iod.

Results There was a significant median rise in haemo-

globin levels (Hb) from REC to DOS of 1.8 g/dl [in-

terquartile range (IQR) 0.75–2.45, P < 0.001] for the

entire cohort. Two patients received ARBT preopera-

tively, and for those not transfused preoperatively

(n = 18), this incremental Hb rise remained significant

(P < 0.001, median 1.65 g/dl, IQR 0.5–2.3). Of these

patients, those who responded to IVI had higher eryth-

ropoietin (EPO) levels at recruitment (P < 0.01) and

lower recruitment Hb values, transferrin-saturation

(TSAT) and C-reactive protein (CRP) levels (P < 0.05).

REC Hb (Rs = �0.62, P < 0.01), REC TSAT levels

(Rs = �0.67, P < 0.01) and REC EPO (Rs = 0.69,

P < 0.01) correlated with the magnitude of treatment

change in Hb levels. Five patients received ARBT until

the fourth postoperative day, which was significantly

fewer than predicted (P < 0.05).

Conclusion IVI can be administered preoperatively in

the outpatient clinic to colorectal cancer patients with

anaemia, with associated reduction in ARBT use and

increase in Hb levels.
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What does this paper add to the literature?

There are no published trials with clinical end-points
reviewing the efficacy of preoperative intravenous iron
(IVI) SOLELY in colorectal cancer patients with anae-
mia. Furthermore, there is debate about the efficacy of
IVI in the preoperative optimization of these patients.
This study aims to provide more evidence for this form
of management.

Introduction

Anaemia is found in approximately 40% of patients

diagnosed with colorectal cancer (CRC) [1]. It is

associated with adverse postoperative outcome [2,3]

and increased utilization of allogeneic red blood cell

transfusion (ARBT) [4]. Furthermore, the perioperative

use of ARBT in CRC surgery has also been associated

with deleterious effects on the short- and long-term

outcome [5].

The relationship between preoperative anaemia and

adverse outcome has generated interest in the use of

preoperative iron supplementation. Although preopera-

tive intravenous iron (IVI) has been demonstrated to
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increase haemoglobin (Hb) levels in patients undergo-

ing orthopaedic surgery [6], a clear role for iron supple-

mentation has not been established in colorectal cancer

patients with anaemia. Clinical trials have indicated oral

iron to be effective at raising Hb levels preoperatively

[7] and in reducing the preoperative fall in Hb levels

between diagnosis and surgery [8] while reducing peri-

operative blood transfusion [7,8]. Despite a presumed

superiority, IVI has been demonstrated to be ineffective

in both these end-points in randomized trials [9].

This disparity may be in part due to hepcidin, a

hormone that has been identified as a key regulator of

iron handling, which reduces enteric iron absorption

and systemic iron mobilization [10]. The hormone is of

particular relevance in this context as CRC tumours are

thought to induce the production of hepcidin [11] and

serum hepcidin levels are proportional to CRC stage

[12]. Drug development has resulted in IVI prepara-

tions that lend themselves to use in the colorectal surgi-

cal pathway. Test doses are no longer required, the

incidence of anaphylaxis has been reduced and the

drugs can be given in single, short infusions [13] which

do not require prolonged monitoring.

This pilot study aimed to examine the feasibility of

administration of a single 15-min IVI infusion given in

an outpatient setting comparable to a preoperative

assessment within the constraints of target operating

waiting list times. Secondly, the study aimed to deter-

mine whether the infusion would result in a significant

rise in the level of Hb and a decrease in ARBT. Fur-

thermore, we aimed to identify potential predictors of

response to therapy and hence propose methods for

selecting candidates for treatment.

Method

Ethical approval was granted by Nottingham Research

Ethics Committee (ref. no. 09/H0408/67) and the

study was approved by the Medicines and Healthcare

Products Regulatory Agency, UK (MHRA), ClinicalTri-

als.Gov reference NCT02057471.

Patient population

Anaemia was defined according the WHO definition

(< 12 g/dl for women, < 13 g/dl for men) [14].

Twenty adult patients were identified and recruited

from local CRC multidisciplinary meetings with histo-

logically confirmed colonic or rectal adenocarcinoma

with surgery planned as the primary treatment and who

were also anaemic on a recent blood test. Patients were

excluded if they had any contraindication to IVI ther-

apy, as were patients given a date for surgery < 14 days

after treatment would start. It was felt that a treatment

effect may not be seen below this treatment period and

could not be justified ethically. Patients with previous

or current haematological disease and those unable to

provide informed consent were also excluded. Written

consent was obtained prior to any study intervention.

Intervention

Enrolled patients attended the hospital for one outpa-

tient visit where initial blood tests were performed and

IVI administered. If patients were taking oral iron

supplements at recruitment, this was discontinued and

the general practitioner informed. The IVI preparation,

1000 mg ferric carboxymaltose (Ferinject�, Vifor

Pharma, Glattbrugg, Switzerland.) diluted in 250 ml of

0.9% normal saline was infused over 15 min under the

supervision of a clinician, with a single blood pressure

measurement taken before infusion to exclude preexist-

ing hypotension. No other monitoring was performed,

and a test dose was not required.

Blood collection

Blood was collected at recruitment (REC) prior to the

iron infusion, on the day of surgery prior to any inter-

vention (DOS) and on the first postoperative day (D1).

Haematological testing of the blood was performed

including full blood count for Hb and estimation

of mean cell volume (MCV). Biochemical analysis

measured serum ferritin, transferrin saturation (TSAT),

C-reactive protein (CRP) and erythropoietin (EPO)

levels. These tests were performed in the local NHS

Trust laboratory, with the exception of EPO which was

tested in line with local policy by transfer to NHS

biochemistry laboratories in Dundee, UK.

Blood samples for hepcidin assay were centrifuged

1 h after collection and the serum stored at �80°C
until the end of the study, whereafter the samples were

analysed by mass spectrometry at the University of Bir-

mingham, UK using the surface-enhanced laser desorp-

tion/ionization time-of-flight mass spectrometry

method previously described [15].

Additional recording

Patient demographics, operative details, pathological

staging of the tumour, blood transfusions up to dis-

charge, complications and length of hospital stay were

recorded, as was the cumulative iron deficit (CID). This

is an estimation of the dose of iron required to treat

iron-deficiency anaemia calculated using the Ganzoni

equation (Fig. 1).
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Patients were also assigned a transfusion ‘trigger’

point in line with local transfusion guidelines which are

based upon the current UK Blood Transfusion and Tis-

sue Transplantation Guidelines on the appropriate use

of blood [16]. This decision was based upon patients’

associated comorbidity, and resulted in two transfusion

trigger groups: the first ‘stringent’ group (Group A)

with a target of maintaining Hb above 7 g/dl, and the

second group (Group B) for patients with associated

cardiac or respiratory disease, with a target of 9 g/dl.

The ultimate decision to administer blood transfusion

remained at the discretion of the clinical team.

Using these transfusion points, a prediction model

was employed to identify whether subjects would have

received ARBT had IVI not been administered. The

model was based on the assumption that the postopera-

tive decrease in Hb between surgery and D1 was a con-

stant nadir for each patient. Consequently, by

subtracting the increase in Hb evident following IVI

treatment from the acquired Hb levels after recruit-

ment, it was possible to interpolate the Hb values of

study subjects to D1 had IVI not been administered,

and hence whether assigned transfusion thresholds

would have been met without the IVI. These calcula-

tions are summarized in Fig. 2.

Statistical analysis

Response to treatment was defined as a 1.5 g/dL rise

in Hb from recruitment to the day of surgery. This was

selected on the basis of epidemiological studies which

have indicated that over 80% of patients with anaemia

diagnosed with CRC have a Hb level between 10 and

11.9 g/dl [1], hence correction of Hb by 1.5 g/dl

would restore normal values in the majority of patients.

The statistical level of significance for all tests was taken

as P = 0.05. Nonparametric data were otherwise com-

pared with the Wilcoxon signed rank test. Fisher’s exact

test was used to assess differences between predicted

and actual ARBT administration. Correlations between

variables and change in Hb with IVI treatment were

estimated using Spearman’s rank test and Pearson’s

product–moment method for nonparametric and para-

metric data, respectively. Statistical analysis was per-

formed using SPSS
� version 21 (SPSS, Chicago, Illinois,

USA).

Results

Twenty patients (14 men) were recruited with a med-

ian age of 77 years [interquartile range (IQR) 73.5–

79.8]. All received 1000 mg of ferric carboxymaltose,

and there were no immediate adverse events associated

with drug administration. Patient demographics,

tumour details and operative data are illustrated in

Table 1. The median duration of IVI treatment was

27.5 (IQR 16–43) days. Five patients had documented

postoperative complications, including two respiratory

infections, one anastomotic leakage, one port site her-

nia and a prolonged postoperative ileus. The median

postoperative hospital stay was 7 (IQR 4.3–12) days.

Six patients received ARBT from recruitment until

postoperative discharge, a total of 24 units transfused.

Two were transfused preoperatively (5 units total), three

were transfused on the day of surgery (7 units total)

and three received ARBT postoperatively; all of those

on or after postoperative Day 4 were associated with

complications due to the operation (12 units). The

details of all ARBT administered are available in Appen-

dix S1 in Supporting Information. There was no associ-

ation between transfusion rates and mode of operative

access (P = 0.303).

Cumulative iron deficit = 

[Weight (kg) × (Target Hb - Current Hb (g/dl)) × 2.4] + Iron store* (mg) 
*Iron store = 500 mg if body weight >35 kg       15 mg/kg if body weight <35 kg

Figure 1 The Ganzoni equation for calculation of cumulative iron deficit (CID) (Hb, haemoglobin).

Actual day of surgery Hb – Treatment change in Hb with IVI  
= Predicted day of surgery Hb without IVI

Actual day 1 postoperative Hb – Treatment change in Hb with IVI  
= Predicted postoperative day 1 Hb without IVI

Figure 2 Calculation of predicted haemoglobin (Hb) levels (in g/dl) without intravenous iron (IVI) treatment.
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Eight patients were assigned to ‘stringent’ transfu-

sion (Group A) and 12 to ‘liberal’ (Group B). The

rationale for assignment to these groups is available in

Appendix S2. In Group A, one patient received ARBT

from recruitment up to the fourth postoperative day,

with two predicted to require ARBT. Four patients

within Group B were transfused over this period, while

11 patients were predicted to have required ARBT. The

number of patients (n = 5) who received ARBT com-

pared with those predicted to require ARBT without

IVI (n = 13) was significantly different (P < 0.05).

In the entire cohort the median rise in Hb was 1.8

(IQR 0.75–2.45) g/dl. In patients not transfused pre-

operatively (n = 18), this increase was 1.65 g/dl and

remained statistically significant (IQR 0.5–2.3 g/dl,

P < 0.001). There were associated increases in Hb

(P < 0.001) and TSAT (P < 0.001) and a reciprocal fall

in EPO (P < 0.001) between recruitment and the day

of surgery for those not transfused preoperatively. The

changes in Hb are illustrated in Fig. 3 for those patients

who were not transfused over the period illustrated.

For those patients not given ARBT preoperatively,

11 responded to IVI treatment and the responders had

significantly higher EPO levels at recruitment

(P < 0.01). Lower levels of CRP at recruitment

(P < 0.05), TSAT values (P < 0.05) and Hb values

(P < 0.05) were also evident in the responder group.

There was no difference between the hepcidin levels of

those who responded to treatment and those who

didn’t.

On further review of patients who were not trans-

fused preoperatively, there was a positive correlation

Table 1 Patient demographics and operative details.

Gender 14 male (70) 6 female (30)

Age (years) 77 (36–85)

Height (m) 1.7 (1.52–1.88)

Weight (kg) 75 (56.2–105)

Body mass index (kg/m2) 25.9 (20.6–38.6)

Recruitment Hb (g/dl) 9.25 (6.7–11.9) (male) 10.2 (4.6–11.7) (female)

Recruitment MCV (fl) 79.5 (67–94) (male) 85.5 (68–97) (female)

Recruitment CID (mg) 1583.7 (1043–1934) (male) 1399.4 (1194–1740) (female)

Patients taking oral Fe at recruitment 11 (55)

Operation Right hemicolectomy 11 (55)

Anterior resection 6 (30)

Extended right hemicolectomy 1 (5)

Right hemicolectomy and sigmoid 1 (5)

Colectomy Panproctocolectomy 1 (5)

Access Laparoscopic 10 (50)

Open 10 (50)

Tumour stage T4 2 (10)

T3 12 (60)

T2 5 (25)

T1 1 (5)

Nodal status N2 1 (5)

N1 3 (15)

N0 16 (80)

Total length of stay (days) 7 (2–112)

Patient details expressed as median and (range), with categorical operative details expressed as frequency and (percentage).

**

14.00

12.00

10.00

8.00

H
b 

g/
dl

REC
Study timepoint

DOS D1

Figure 3 Haemoglobin (Hb) levels throughout the study.

REC is the point of recruitment (prior to treatment), DOS is

the day of surgery and D1 is the first postoperative day.
*P < 0.001.
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between change in Hb with calculated CID (Rs = 0.61,

P < 0.01) and also with EPO at recruitment

(Rs = 0.69, P < 0.01). Conversely, an inverse relation-

ship was seen between change in Hb and Hb at recruit-

ment (Rs = �0.62, P < 0.01) and TSAT at recruitment

(Rs = �0.67, P < 0.01) as illustrated in Fig. 4. Levels

of CRP, hepcidin and ferritin at recruitment were not

correlated with a change in Hb.

Discussion

The results from this study indicate that IVI therapy is

a useful treatment in the preoperative optimization of

CRC patients with anaemia. The drug was safely admin-

istered in the outpatient preadmission clinic without

any associated adverse events, whilst conforming to

patient treatment pathways and target waits. IVI therapy

successfully raised Hb in patients with a median rise

which would be expected to normalize the Hb of

the majority of CRC patients with anaemia and was

comparable to results from previous studies [6]. Fur-

thermore, it appears that the IVI may have reduced the

need for perioperative ARBT.

The authors recognize the limitations of the transfu-

sion prediction model employed. The model assumes

that without treatment the DOS Hb would at best

equal the REC Hb. This potentially overestimates the

actual DOS Hb as, without treatment, Hb levels would

actually be expected to fall until the point of surgery.

Furthermore, this assumption does not take into

account the impact of oral iron supplementation which

55% of the patients were taking at the point of recruit-

ment, and which may have been efficacious had it been

continued [7].
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Figure 4 Scatterplot graphs to illustrate the change in haemoglobin (Hb) levels following therapy according to predictive parame-

ters: (a) haemoglobin (REC Hb) at recruitment, (b) cumulative iron deficit (REC CID), (c) transferrin saturation at recruitment

(REC TSAT), (d) erythropoietin at recruitment (REC EPO). All P < 0.01.
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All patients in this study could have received a fur-

ther dose of IVI based on the Ganzoni equation and

the manufacturer’s guidance, hence a larger response

could potentially have been achieved. Despite this dose

reduction, it appears that IVI increased Hb within the

time frame of this study. The authors acknowledge that

the median duration of treatment may be longer than

feasible in other centres. From other large studies of

IVI used to treat anaemia, it appears that the maximal

Hb response is seen after 4–6 weeks [17]. Similarly,

data suggest that patients with iron-deficiency anaemia

will have used 91–99% of the iron from Ferinject� after

24 days [18], which needs to be factored in when

optimizing the duration of treatment.

Furthermore, a maximum dose of 1 g of Ferinject�

can be given per week and it appears that most patients

will require more than one dose to achieve maximal

effect. The importance of dose may be illustrated by the

greater response to IVI seen in the present study than

similar trials which used a smaller 600 mg dose of iron

sucrose [9]. Consequently, an optimal treatment period

is required in clinical practice, which will allow an ade-

quate dose and a significant clinical response to justify

the possible risks of IVI while not delaying surgery.

Given the factors and logistical issues discussed, this

interval is unlikely to be < the 2 weeks employed in this

study but it does warrant further investigation.

This study also reviewed potential predictive biomar-

kers which may predict the magnitude of response to

IVI in raising Hb levels before surgery. It is interesting

to note that the Hb level at recruitment predicted the

subsequent response to IVI, given historical data which

have demonstrated similar findings with oral iron [19].

As CID is calculated from this value, the correlation

between CID and change in Hb is also a logical associa-

tion, as is the inverse relationship evident with TSAT.

In the present study hepcidin failed to identify

responders to treatment in contrast to the findings of

similar studies using oral iron [20]. This may either

reflect the smaller numbers of patients involved in the

study or it may be a consequence of multifactorial influ-

ences on hepcidin levels which include inflammation

and cancer [11,12]. As hepcidin influences enteric iron

absorption and mobilization of iron from the reticulo-

endothelial system, it is possible that hepcidin levels are

more relevant in predicting the absorption and subse-

quent response to oral iron rather than systemic mobili-

zation of IVI, or that levels are more reflective of

tumour biology and stage than iron status. The predic-

tive role of hepcidin still needs further study.

Endogenous EPO levels at recruitment were also

significantly higher in patients who respond to IVI

and also correlated with the Hb response to IVI.

Co-administration of exogenous EPO with IVI has

been proposed in other preoperative settings [21] but

is not clearly advocated for malignancy, partly owing

to data which suggest that administration of EPO

stimulates tumour recurrence [22]. In conclusion IVI

can be administered effectively before CRC surgery

and appears to increase Hb levels significantly and

reduce the requirement for ARBT. The increase in

Hb levels appears to have been greater than incre-

ments seen in similar studies using oral iron in this

context.
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