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Caridad Pontes-Garcia®

Background - Recent clinical guidelines suggest that treatment of postoperative
anaemia in colorectal cancer surgery with intravenous iron reduces transfusion
requirements and improves outcomes. The study aimed at comparing two
intravenous iron regimens in anaemic patients after colorectal cancer surgery.
Materials and methods - This was a single-centre, open-label, randomised,
controlled trial in patients undergoing elective colorectal cancer surgery. Patients
with moderate to severe anaemia (haemoglobin [Hb] <11 g/dL) after surgery were
randomly assigned 1:1 to receive ferric carboxymaltose (FC; 1,000 mg, single dose)
or iron sucrose (IS; 200 mg every 48 hours until covering the total iron deficit or
discharge). Randomisation was stratified by Hb level: <10 g/dL (Group A) or
=10-10.9 (Group B). The primary endpoint was the change in Hb concentration
at postoperative day 30. Secondary endpoints included iron status parameters,
transfusion requirements, complications, and length of hospital stay.

Results - From September 2015 to May 2018, 104 patients were randomised
(FC 50, IS 54). The median intravenous iron dose was 1,000 mg and 600 mg in
the FC and IS groups, respectively. There were no between-group differences
in mean change in Hb from postoperative day 1 to postoperative day 30
(FC:2.5g/dL,95%Cl:2.1-2.9;1S:2.4 g/dL,95% Cl: 2.0-2.8; p=0.52), in transfusion
requirements or length of stay. The infection rate was lower in the FC group
compared with the IS group (9.8% vs 37.2%, respectively).

Discussion - The administration of approximately 500 mg of IS resulted in an
increase in Hb at postoperative day 30 similar to that of 1,000 mg of FC, but it
was associated with a higher infection rate. Future research will be needed to
confirm the results, and to choose the best regime in terms of effectiveness
and side effects to treat postoperative anaemia in colorectal cancer patients.

Keywords: postoperative anaemia, colorectal cancer, intravenous iron.

INTRODUCTION

Patients with colorectal cancer (CRC) often present associated anaemia, mainly attributed

to iron deficiency due to blood loss and to the inflammation associated with neoplasia’.
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Anaemia is aggravated in patients undergoing CRC
surgery due to blood loss during the procedure?>.
Anaemia in the perioperative period increases morbidity
and mortality**. It has been associated with adverse
postoperative outcomes such as longer hospital stay,
postoperative complications®>*, and a higher risk of
allogeneic blood transfusions®*. On the other hand,
transfusions are associated with increased postoperative
infections, a higher rate of tumour recurrences, and
higher 5-year mortality>+7.

Clinical guidelines recommend intravenous iron (IVI)
supplementation before and after surgery to reduce
transfusion requirements®. The effects of treating
preoperative anaemia have been widely studieds*?,
although there is no robust evidence for postoperative
anaemia in patients undergoing colorectal cancer
surgery"”.

There are two pharmacological options available in
our hospital, in the context of a clinical protocol for
optimisation of perioperative anaemia in CRC surgery:
iron sucrose (IS), which is administered at doses of
200 mg every 48 hours (fractionated dose), and ferric
carboxymaltose (FC) consisting of a single administration
of 1,000 mg, which, mainly because of cost, is reserved for
non-hospitalised patients.

An observational study in our hospital showed that
87% of patients undergoing surgery due to CRC had
postoperative anaemia, while only 34% of them had
received postoperative IVI, mostly IS. Importantly, it
was observed that postoperative IVI administration to
anaemic patients improved the recovery of Hb levels at
4 weeks after surgery with no increase in postoperative
complications®.

Besides issues about underuse of IVI, there was concern
about the impact caused by changes in the clinical
management of CRC surgery on site on the compliance of
the full iron treatment schedule. Changes were based on
the concept of “Enhanced Recovery After Surgery” (ERAS)
or “fast-track surgery” and included early food intake
and mobilisation aimed at achieving a prompt functional
recovery and to eventually shorten the hospital stay”.
Thus, those patients with early discharge were unable to
receive all the scheduled IS doses and therefore did not
receive the full iron dose according to their deficit, with
potential clinical consequences.
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Following these results, we identified the need for a
randomised study aimed at providing convincing evidence
of the benefits and risks of postoperative IVI therapy
in subjects undergoing CRC surgery and to compare
whether FC single-dose treatment had better results than
fractionated IS in a setting of “fast -track surgery”.

MATERIALS AND METHODS

Study design and participants

This is a single centre, open-label, randomised, controlled
trial to compare the effectiveness of two different IVI
regimens to treat postoperative anaemia in patients
undergoing CRC surgery. The study was performed from
September 2015 to May 2018 at the University Hospital
Parc Tauli, Barcelona, Spain, a tertiary hospital. The study
design has been published previously®. Briefly, eligible
participants were individuals aged 18 years and over, who
underwent elective CRC surgery. They were recruited at
the scheduled preoperative hospital visit (4-6 weeks before
the surgical intervention) during which the study was
fully explained to them and, if they agreed to participate,
they signed full informed consent. We excluded patients
with a known history of iron allergy and pregnant women.

Randomisation and study interventions

On the first day after surgery (postoperative day 1, POD1),
patients were screened for moderate-severe anaemia
(Hb <11 g/dL). Patients with Hb levels >11 g/dL were not
included in the study and followed the treatment schedule
according to hospital protocols. We also excluded patients
presenting surgical complications Clavien-Dindo® grade
IV (life-threatening complications leading to transfer
to the intensive care unit). Patients presenting with
Hb <11 g/dL were randomly assigned 1:1 to receive either IV
FC (EC group) or IS (IS group).

Randomisation was stratified according to Hb level at
POD1: <10 g/dL (stratum A) or >10 - 10,9 g/dL (stratum B).
Individual opaque sealed envelopes were created according
to a randomisation list with consecutive numbers within
each stratum; clinical investigators could not access the list.
We used sealed envelopes to assign treatment to eligible
patients by allocation of the lowest available number in the
corresponding stratum on the POD1.

Procedures
FC (Ferinject®, Vifor Pharma Espafia S.L, Barcelona,
Spain) was given as open-label treatment on the day after
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surgery as a single 1,000 mg intravenous dose in a 15 min
infusion. IS (Feriv; GES, Genéricos Espafioles, Madrid,
Spain) was also given as open-label repeated doses of 200
mg every 48 hours from POD1 up to hospital discharge or
up to the total dose equivalent to the iron deficit, whichever
occurred first. We calculated the total iron deficit with the
Ganzoni Formula: Total Iron Deficit (mg) = 2.4 x patient’s
weight (kg) x (target Hb [13 g/dL] — current Hb [g/dL]) +
500 mg (iron stores), using data obtained prior to surgery.
We registered iron stores status (ferritin [Ft] and
transferrin saturation [TSAT]) at diagnosis of CRC and on
admission, the day of surgery, and any preoperative Hb
optimisation with IVI.

Hb level on admission and at 1, 4, and 30 days (PODj,
POD 4, POD30) after surgery were recorded. Ft and TSAT
% were obtained on hospital admission, the day of surgery,
and POD30. We used a formula proposed by Brecher et al. to
calculate intraoperative blood loss (erythrocyte loss = plasma
volume x [preoperative haematocrit — day 5 haematocrit],
where plasma volume is body surface x 2,530 for men and
body surface x 2,430 for women). The formula was corrected in
case of transfusion within s days before surgery (erythrocyte
loss = plasma volume x [preoperative haematocrit — day 5
haematocrit] + transfused erythrocyte mass)*°.

The IVI dose received before discharge was collected,
as well as the length of hospital stay (number of days of
hospital admission from the day of surgery until date of
discharge), use of blood products, and any postoperative
complications. A special focus was given to the collection
of data concerning infection, which was defined as fever
with a requirement for intravenous antibiotics with or
without a positive blood culture. Information concerning
other adverse events was retrieved from the patient’s
medical records.

Study data were recorded on paper case report forms
(CRF) specially designed for the study.

Outcomes

The primary endpoint of the study was the change in Hb
levels from POD1 to POD30. We also studied the change
from POD4 (nadir Hb) to POD30.

The secondary outcomes of the trial measured at POP30
were the percentage of patients with Hb >11 g/dL,
>12 g/dL, and >13 g/dL (key secondary endpoint), Ft and
TSAT values, transfusional rate and transfusional index,
complications and length of hospital stay in both groups.
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Safety and tolerability were monitored throughout the
study.

Statistical analysis

We based our sample size calculation on our existing data
for patients undergoing CRC surgery with postoperative
anaemia (published previously™) and targeted the same
population with postoperative anaemia.

The hypothesis was that a difference of 0.75 g/dL would be
observed in the change in Hb levels from POD1 to POD30
(primary endpoint) between the two studied regimens.
With a two-sided risk of 5%, and a power of 80%, and,
based on our previous observational data®, assuming a
common standard deviation of 1.3, a total of 48 evaluable
patients per group needed to be included.

We defined two different populations of analysis: the
Intention To Treat (ITT) population, consisting of all
randomised patients with at least one Hb measurement
after POD1 (for patients for whom Hb levels at POD30 were
unavailable, the last value before POD30 was assigned)
and the Per Protocol (PP) population which consisted of
the ITT population who had Hb measurement at POD30,
excluding patients who received a transfusion (considering
that transfusion could be a relevant confounder on the
main outcomes). The analysis of the primary endpoint was
performed with the PP population.

Quantitative variables are described as means with
standard deviations. Dichotomic variables are presented
as absolute and relative frequencies.

Differences in the main variable (changes in Hb levels from
POD1 to POD30) between the treatment groups were tested
using an analysis of covariance (ANCOVA) using Hb at
POD1 as a co-variable. x? tests were used for the secondary
variables. We performed a subgroup analysis for the
stratification variable (Hb <10 g/dL and Hb >10 g/dL).

An exploratory multivariate analysis was performed to
identify characteristics of patients associated with bigger
changes in Hb levels and to identify subgroups of patients
that may benefit most from the single IVI dose of FC.

Ethical considerations

This trial was conducted according to the principles of
the Declaration of Helsinki and Good Clinical Practice
Principles. The study protocol (version 2, April 2015) was
approved by the Research Ethics Committee of University
Hospital Parc Tauli in April 2015 and by the Spanish
Medicines Agency (Agencia Espafiola de Medicamentos
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y Productos Sanitarios) in July 2015. Written informed
consent was obtained from each participant. The study
was registered in the EU Clinical Trials Register (EudraCT:
2015-001005-13).

RESULTS

Between September 2015 and May 2018, 372 patients
signed informed consent to participate. Of these, 268
were excluded either before or after surgery and were
not randomised. Finally, 104 subjects were randomised to
receive FC or IS. Figure1shows the patients’ characteristics
and study groups, and the reasons for non-inclusion.
Baseline characteristics of patients at the time of surgery
are shown in TableI.

At the time of CRC diagnosis, 82 (81.2%) presented
anaemia (Hb <13 g/dL) and 12 (11.9%) had iron deficiency
(ferritin <100 ng/mL and/or TSAT <20%) without anaemia.
Mean Hb level at this time point was 11.2 g/dL (SD: 2.1).
Most patients with anaemia had iron deficiency (70%).
Information on iron stores at the time of diagnosis was
not available for 27 patients.

Mean blood loss during surgery was 206+216 mL and
281+233 mLforlaparoscopicand opensurgery, respectively.
On the day after surgery (POD1), mean Hb was 9.7+1 g/dL
in the IS group and 9.8+1 g/dL in the FC group.

The mean iron deficit calculated using the Ganzoni
formula was 1,000 mg for both groups. All patients in
the FC group received a single IVI dose of 1,000 mg.
The median IVI dose administered in the IS group was
600 mg and most patients (96%) included in group IS were
discharged before receiving the total calculated IVI dose.
Mean Hb concentrations at POD4 were 9.9+1.5 and
9.841.2. g/dL for the IS and FC groups, respectively.
There were no differences in the mean increment in
Hb concentrations from POD1 to POD30 between the
IS group (2.4 g/dL, 95% CI 2.0-2.8) and the FC group
(2.5 g/dL, 95% CI 2..1-2.9); p=0.52. (Table IT). Mean Hb levels
at POD30o were 12.0+1 for IS and 12.241.3 g/dL for FC.
Table II shows the mean change from POD1 to POD30 and
from POD4 to POD3o0 for the PP and the ITT populations.
The percentage of patients that reached Hb concentrations

Diagnosis - —
Potentially eligible
372 patients
P 6 excluded before surgery
Surgery cancelled (2)
Received EPO (1)
—————————  » | Second tumor (1)
Infection (1)
4 Hematuria (1)
Day of surgery 366 eligible patients
5| 262 excluded after surgery
POD1 Hb = 11 g/dL (249)
v Died with 24 hours after surgery (1)
Clavien IV complications ((2)
POD1 | 104 randomized patients ‘ Palliative surgery (2)
/\L}mic reasons (8)
Stratum A (Hb < 10 g/dL) Stratum B (Hb 10-10.9 g/dL)
50 patients 54 patients
Lost to follow-up -1 -1 1
Analysed POD30 | 2518 ‘ | 24FC | ‘ 2613 | 26 FC |

5118

Figure 1 - Patients’ characteristics and study groups

One patient in the FC group in stratum A, one in the FC in stratum B, and one in the IS group in stratum B did not receive treatment and were
excluded because they were randomised by mistake (they were not eligible for the study).
EPO: erythropoietin; POD1 and 30: postoperative day 1 and 30; IS: iron sucrose; FC: ferric carboxymaltose; Hb: haemoglobin.
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Table I - Patients’ baseline characteristics, and clinical and laboratory
data of randomised patients

Table II - Results of primary and secondary endpoints: Per Protocol
(PP) and Intention To Treat (ITT) populations

ASA: American Society of Anesthesiologists; TNM: TNM Tumour Staging System; IS:
iron sucrose; FC: ferric carboxymaltose; TSAT: transferrin saturation percentage;
POD1: postoperative day 1; Hb: haemoglobin; SD: standard deviation.

>13 g/dL was 17.6% for IS and 22% for FC; this difference
was not statistically significant. Table II shows the
percentage of patients that reached Hb concentrations
>11 g/dL and >12 g/dL per treatment group.

Differences in changes in Hb concentrations between
treatment groups in the different strata (A and B) did
not differ from the whole sample (Table III). We found no
interaction between the treatment group and the variable
strata (A or B).

Both ferritin and TSAT levels were higher on the day
of surgery than at the time of CRC diagnosis. A slight
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Characteristics IS FC IS FC p
e =20 Mean (95%CI) | Mean (95% Cl)
Age, mean (SD), years 71(12) 73 (10) P ) 41 42
0,

Ge;‘n:f;’ i) 25 149) 19 (38.0) A Hb POP1- POP30 23(1.8-2.7) 270230 | o,
Eapnt 2% (51) 31 (620) A Hb POP4 - POP30 1.9 (1.5-2.3) 2.5(2.1-2.9)

Bodyweight, mean (SD), kg 68 (13) 70 (15) DT e ALY 51 50

. A Hb POP1 - POP30 2.4(2.0-2.8) 2.5(2.1-2.9)

ASA classification, n (%) 0.522
il 33.(65) 29 (58) A Hb POP4 - POP30 2.1(1.8-2.5) 2.3(2.0-2.6)

NI-1v 18 (35) 21 (42) n (%) n (%)

Tumour location, n (%) Hb =13 g/dL at POD30* 9 (18%) 11 (22%)
Right-transverse colon 20 (39) 16 (32) Hb 211 g/dL at POD30 42 (82%) 45 (90%) 0.58
Left colon 10 (20) 16 (32) Hb =12 g/dL at POD30 29 (57%) 29 (58%)

Rect 21 (41 18 (36
ectum (41) (36) *Key secondary endpoint. Median iron dose administered: 600 mg in iron

TNM stage, n (%) sucrose (IS) group; 1,000 in ferric carboxymaltose (FC) group. POD1, 4 and
1-11 31 (61) 31(62) 30: postoperative day 1, 4 and 30; Hb: haemoglobin.

-1V 20 (39) 19 (38)

Chemotherapy, n (%) 11(22) 5(10) Table III - Changes in haemoglobin (Hb) by strata. Per Protocol (PP)

Haematologic values at diagnosis, and Intention To Treat (ITT) populations

mean (SD)

Hb, g/dL 11.3(2.2) 11.1(2) Stratum A Stratum B
Transferrin, mg/dL 270.0 (50) 254.5 (58) (Hb <10g/dL) (Hb 10-10.9g/dL)
TSAT, % 13.4(9.) 10.6 (5.5) ES FC Es FC
Ferritin, ng/mL 89.6 (194.7) 102.8(262.8)

. X ITT population, mean (SD)

Preoperative intravenous iron, n (%) 21 (41) 33 (66) A Hb POP1 - POP30 27(1.4) | 2.7(1.4) | 1L7(L1) 2(11)

Hematologic values day of surgery, A Hb POP4 - POP30 2.5(1.6) | 2.1(1.9) | 1.3(1.5) | 2.5(L.5)

mean (SD) PP population, mean (SD)

Hb, g/dL 114(1.4) 11.2(1.6) A Hb POP1 - POP30 2.8(1.2) | 2.7(1.4) | 1.8(0.9) | 1.9(1.1)
Transferrin, mg/dL 209.5(49.8) | 200.8(52.5) AHb POP4 - POP30 23(13) | 25(1.3) | 1.5(1.6) | 2.5(1.4)
TSAT, % 21.6 (14.7) 27.5(19.8)
Ferritin, ng/mL 346.3 (531.4) | 472.11(491.7) IS:iron sucrose; FC: ferric carboxymaltose; POD1, 4 and 30: postoperative day
X N 1,4 and 30; SD: standard deviation.
Surgical operation n (%)
Laparoscopy resection 46 (90) 41 (82)
Open resection 5(10) 9(18) increase was observed at POD30 (Figure 2). Increases in
Right hemicolectomy 19 (37) 15(30) . X .
Left hemicolectomy 12 (24) 15 (30) ferritin levels were higher in the FC group.
Subtotal colectomy 0(0.0) 3(6) Expl :
xploratory analysis showed that gender, chemothera
Rectum resection 20 (39) 17 (34) P y y g ’ Py,
Hb value POP1, mean (SD), g/dL 9.7 () 9.84 (1) preoperative treatment with IVI, Hb level on POD1

(<10 g/dL and 10-10.9 g/dL), type of surgery (colon or
rectum), and tumour stage were not associated with
bigger changes in Hb concentration from POD1 to POD 30.
No statistically significant interaction was found between
the treatment group (IS or FC) and any of these factors.
Table IV shows the results related to complications of
surgery and transfusions received by patients. Overall, 18
patients (17.8%) received an allogeneic blood transfusion;
numbers were similar in both treatment groups. Notably,
the rate of infections reported was significantly higher
in the IS group compared with the FC group (37.2% and
9.8%, respectively). Both IS and FC were well tolerated by
all patients. No infusion reactions requiring intervention
were registered during the study.
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Figure 2 - Ferritin and transferrin saturation at diagnosis of
colorectal cancer (CRC), day of surgery, and postoperative
day 30 (POD30)

IS: iron sucrose; FC: ferric carboxymaltose.

DISCUSSION

Our results show that, evenif96% of patientsin IS group did
not receive the total dose to complete the treatment before
hospital discharge, the Hb concentrations reached 30 days
after surgery with fractionated IS regimes, were similar
to those achieved with the single dose of 1,000 mg of FC.
Thus, we could not confirm our hypothesis that treating
CRC patients with moderate or severe postoperative
anaemia (Hb <11 g/dL) with a single dose of FC, would
result in a bigger increase in Hb concentrations at POD30
than treating them with fractionated IS. Differences
might have been observed with a longer follow-up.
Notably, we observed that patients with lower Hb
concentrations at POD1 (Hb <10 g/dL) had a bigger
increase at POD30 (+1 g/dL) compared to those with
Hb 10-10.9 g/dL with both regimens of treatment, as
previously observed after orthopaedic surgery*. This
result indicated that those who are more anaemic
benefit more from IVI, regardless of the IVI regime
used.

All rights reserved - For personal use only

Table IV - Surgery complications, transfusions,
and hospital length of stay

IS FC

(n=50) (n=51)
Blood transfusion
Subjects transfused, n (%) 10(19.6) 8(16)
1 unit 4(40) 3(37)
2 units 5 (50) 4 (50)
3 units 1(10) 0(0)
4 units 0(0) 1(12)
Transfusion index* 1.7 1.8
Infections
Patients with any infection, n (%) 19 (37) 5(108)
Infection of the surgical wound 3(6) 1(2)
Intra-abdominal abscess 6(12) 1(2)
Urinary tract infection 5(10) 3(6)
Bacteraemia 2(4) 0(0)
Respiratory infection 3(6) 0(0)
Haemorrhagic complications, n (%) 13(26) 12 (24)
Cardiovascular complications, n (%) 5(9) 4(8)
Length of hospital stay (days), mean (SD)
All patients 10 (13) 8(7)
Transfused patients 16 (28) 12 (9)

*Units/patient transfused. IS: iron sucrose; FC: ferric carboxymaltose; POD30:
postoperative day 30; Hb: haemoglobin.

Measurement of Hb levels at POD4 is considered more
appropriate for defining the presence and severity
of postoperative anaemia, as factors such as the
haemodilution resulting from surgery procedures
are no longer to be considered. In contrast with
some studies??>, we observed that in both treatment
groups Hb concentrations at POD4 were similar or
even higher compared to those at POD1. This finding
could be attributed to restricted intraoperative fluid
replacement and to the implementation of a fast-track
protocol (patients start intake after 6 hours); thus,
Hb concentrations were not significantly modified by
intravenous fluid administration. In addition, blood
losses after laparoscopic CRC surgery are minimal.
Consequently, Hb increments from POD4 to POD30 were
similar to those from POD1 to POD3o0.

Preoperative anaemia has been independently associated
with adverse outcomes**' and guidelines support the
treatment of preoperative anaemia to improve patient
safety®??. However, few published trials have specifically
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addressed the treatment of postoperative anaemia.
The International Consensus on the management of
postoperative anaemia after major surgical procedures
recommends the early administration of IVI therapy.
Where possible, it should be administered using a single
high-dose preparation for repletion of iron stores*?. Our
institutional protocol for the treatment of perioperative
anaemia in CRC surgery recommends the administration
of IVI to postoperatively anaemic patients to complete
the 1 pillar of the patient blood management (PBM)
programme. The main determinants of postoperative
anaemia include the presence of preoperative anaemia
and the volume of perioperative blood loss®. In our study
population (n=101), the prevalence of preoperative anaemia
at the time of CRC diagnosis was 81.2% (n=82), and 70.7%
(n=58) of these patients had iron deficiency. Even though
53.5% (n=54) of them received IV iron to correct iron
deficiency anaemia before surgery, 88.1% (n=82) were
still anaemic at the time of surgery. The prevalence of
anaemia increases after surgery due to blood loss during
the
erythropoiesis. Thus, it is important to identify and treat

procedure and inflammation-induced blunted
iron deficiency anaemia also in the postoperative period
to improve outcomes in CRC surgical patients.

The percentage of patients who achieved Hb levels >13 g/dL
at POD30 was slightly higher among those who received a
single dose of FC than among those treated with IS, but
no significant between-group differences were noted
(23.8% and 19.5%, respectively).

It is important to note that, based on World Health
Organization (WHO) anaemia definitions, females
achieved ahigher percentage of normal Hbvaluesat POD30
as compared to males (54.4% and 20.5%, respectively).
Although the WHO has classically established the
threshold of Hb level to define anaemia at 13 g/dL for men
and 12 g/dL for women, in our work, we have considered
the definition proposed by Mufoz et al.**. According to
this, the diagnostic threshold in the peri-surgical context
is13 g/dL for both sexes, taking into account that the classic
definition of anaemia would assume that a percentage of
women would be underdiagnosed and under-treated, and
that they would be exposed to a greater risk of transfusions
than men®.

Our results could question key aspects of the treatment

of postoperative anaemia, such as the appropriate time
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of treatment, the required dose of IVI, the preferred IVI
regimen, the desirable therapeutic goal, and how much
time is needed to achieve full recovery of Hb levels after
treatment, and even the need to administer IVI to those
patients who have replenished their iron stores before
surgery. In these patients, who had already received
IVI before surgery, the amount of IVI necessary to treat
postoperative anaemia may be less than that calculated
by the Ganzoni formula. Further studies to determine
the IVI dose needed to correct postoperative anaemia are
needed.
Thetransfusionrateinthisstudywashigherthanexpected,
taking into account that our institutional restrictive
transfusion policy operates within a PBM programme,
which includes a preoperative anaemia optimisation
protocol. Importantly, the sample included in the study
accounted only for anaemic patients with a mean Hb
concentration <11 g/dL at POD1 and this circumstance may
have accounted for the high transfusion rate observed.
We did not find any differences in transfusion rate
between groups of treatment, as expected from a study
comparing two forms of active iron treatment with no
negative control group without IVI treatment. Treatment
with IVI during the postoperative period cannot reduce
transfusions during the immediate postoperative period
since Hb values do not begin to increase for at least
7-14 days. Most of the transfusions took place in the first
2-3 postoperative days and in the context of postsurgical
bleeding or in patients who already had moderate-severe
anaemia in the preoperative period.

The observed greater incidence of postoperative infection
in the IS group compared to the FC group was unexpected.
The study was not designed to compare the infection
rate, but the significantly lower infection rate in patients
treated with FC suggests that the type of molecule could
explain this. Garbowski et al.>* showed that different IVI
preparations (IS, FC and iron isomaltose) lead to different
kinetics of transferrin and non-transferrin bound iron,
TSAT and s-ferritin. Such differences may be responsible
for differences in iron bioavailability, efficacy, and safety.
Both FC and IS consist of a central core of iron and a shell of
carbohydrates. The carbohydrate gives stability to the iron
and slows its release, thus regulating its pharmacokinetic
properties. There are significant differences in iron release
depending on the formulation®. IS has greater availability
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of free iron and is released faster, as it is a molecule with
a higher molecular weight and less stability than that of
FC. This is why the observation of a higher infection rate
in the group of patients treated with IS could be consistent
with an adverse effect of the availability of free iron. On
the other hand, Rottemborg et al.?® published a review of
available data comparing different IS brands including
the original brand (Venofer’, Vifor France S.A., Paris La
Défense, France) and other IS, the so-called iron sucrose
similars (ISS). Non-clinical studies showed significant
differences between all ISS and the original IS in terms of
oxidative stress parameters. Different studies included in
this review showed elevated oxidative stress and increased
levels of inflammatory markers and antioxidant enzymes
in the liver, heart, and kidneys of ISS-treated animals. The
presence of oxidative stress may be related to a higher risk
of infections. This could be an explanation for our results,
but further studies are needed to confirm this hypothesis.
On the other hand, a pooled analysis of observational
data showed that the postoperative administration of
IS in orthopaedic surgery did not increase the rate of
postoperative infections?.

This finding underlines the need to design new studies
to find out which IVI formulation is safer and more
effective, and which is the appropriate dose during the
postoperative period.

There was a trend to shorter length of postoperative
hospital stay in the FC group compared with the IS group
(8 days vs 10 days). The higher rate of infections in the
IS group may have contributed to the longer length of
hospital stay.

Importantly, for the whole study population, transfused
patients were hospitalised for longer (16 days in the IS
group; 12 days in the FC group). These results are in
agreement with previous findings that demonstrated the
association of transfusions to longer hospital stay”s*.

As expected+*+32 the two IVI formulations were well
tolerated, and no clinically relevant infusion reactions to
intravenous administration during hospitalisation were
observed.

Limitations of the study

This study has some limitations. First, monitoring Hb
levels beyond 30 days could have provided information on
when the anaemia is corrected. Kim et al.*® reported that
Hb values reached their highest increase at 12 weeks after

All rights reserved - For personal use only

surgery. This would have given us more information about
whether the IVI dose was adequate. Second, we did not
study inflammatory parameters (C-reactive protein). These
could help to guide postoperative anaemia treatment.

CONCLUSIONS

Patients with moderate-severe postoperative anaemia after
CRC surgery showed no difference in the increase in Hb
achieved by day 30 regardless of whether they received IS or
FC treatment during hospitalisation; unexpectedly lower IVI
doses (500 mg IS vs 1,000 mg FC) achieved similar results
one month after surgery. However, a significantly higher
infection rate was observed in patients treated with IS.

Future research will be needed to confirm these results, and
to choose the best regime in terms of effectiveness and side
effects to treat postoperative anaemia in CRC patients.
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