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Abstract

The following review of iron(III)-hydrox-
ide polymaltose complex (IPC, Maltofer®)
shows that iron is significantly bioavail-
able after oral administration, especially
in iron-deficient subjects. Numerous clin-
ical trials in men, women, children and
infants have shown that IPC is effective in
treating iron deficiency anaemia (IDA).
Due to its kinetic properties, IPC is best
given with meals, and probably in an iron
dose slightly higher than that of the clas-
sical iron salts. In terms of acceptance
and patient compliance, IPC presents a

Zusammenfassung

clear advantage over ferrous salts. Many
studies have shown a lower rate of treat-
ment interruption with IPC than with fer-
rous salts. This is usually associated with
a lower incidence of adverse events relat-
ed to the upper gastro intestinal tract.

Sicherheit und Wirksamkeit von
Eisen(III)-hydroxid-Polymaltose-Kom-
plex / Ein Riickblick auf iiber 25 Jahre
Erfahrung

Die folgende Ubersicht zum Eisen(III)-
hydroxid-Polymaltose-Komplex (IPC,
Maltofer®) zeigt, dass die Bioverfiigbar-
keit von Eisen nach oraler IPC-gabe si-
gnifikant ist, besonders bei Personen mit
Eisenmangel. Zahlreiche klinische Studi-
en mit Minnern, Frauen, Kindern und
Kleinkindern zeigten, dass IPC eine gute
Wirksamkeit zur Behandlung von Eisen-
mangelanidmie besitzt. Wegen seiner ki-
netischen Eigenschaften wird IPC am
besten mit den Mahlzeiten und eventuell
in einer etwas hoheren Dosis als die klas-
sischen Eisensalze eingenommen. Beziig-

lich Akzeptanz und Patienten-Compli-
ance hat IPC einen klaren Vorteil gegenii-
ber Eisen(II)-Salzen. Viele Studien mit IPC
zeigten bei der Behandlung eine kleinere
Unterbrechungsrate, was mit dem gerin-
geren Auftreten von Nebenwirkungen im
Magen-Darm-Trakt zu tun hat.
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Iron Polymaltose

1. Introduction to iron deficiency

Iron has long been known to be essential for humans [1,
2]. Its therapeutic requirements in cases of insufficient
supply, or excessive loss, have been well established, es-
pecially for children and women of child-bearing age.
The average man and woman have 2100 and 1350 mg,
respectively, of iron circulating in their blood. Apart from
circulating red blood cells (RBCs) most iron occurs in the
storage pool, i.e. in ferritin and haemosiderin, and just
200-400 mg of iron is found in myoglobin and in haem
and non-haem enzymes.

The average daily diet generally contains 10-15 mg of
iron, of which 10 % is absorbed [3]. Around 1 mg/day is
lost through exfoliation of skin and mucosal cells. Men-
strual blood loss in women plays a major role in iron me-
tabolism, amounting to 0.7 mg iron/day on average. Usu-
ally, iron absorption and loss are balanced at 1 mg/day.

Iron deficiency anaemia (IDA) is estimated to affect
more than 750 million people [4-6]. IDA may impair
psychomotor development in infants and young chil-
dren which may result in long-term defects in cognitive
function. Agaoglu et al. showed that mean IQ score was
significantly lower (by 12.9 points) in children aged 6-12
years with IDA [7]. Anaemia during pregnancy has been
associated with an increased frequency of low birth
weight, prematurity and perinatal mortality.

Three groups are at special risk of IDA: small chil-
dren, especially in developing countries, where the
prevalence of IDA may reach 63 %; young women at the
beginning of the child-bearing age, for whom the preva-
lence of some degree of iron deficiency may be around
70 %, even in well-nourished populations; and pregnant
women, for whom the iron requirement increases from
0.8 to 7.5 mg/day.

IDA responds promptly to oral iron therapy. A num-
ber of iron salt preparations are available. They are effi-
cient, cheap and their side effect profile is well known,
although often not accepted by patients. Iron salts can
cause nausea, vomiting, abdominal cramps, constipa-
tion and diarrhoea [6, 8]. This often results in poor com-
pliance with therapy. Although administration with food
improves tolerability, it decreases iron bioavailability.
Another important drawback is their potential toxicity
in case of overdosage. In the USA, this results in a num-
ber of fatalities every year, usually in children [9].

The ideal oral iron therapy should have good thera-
peutic efficacy, no interaction with food or drugs, a wide
safety margin with a minimal risk of accidental over-
dose; good gastrointestinal tolerance, and no other un-
wanted effects such as tooth staining or an unpleasant
taste.

Ferrous salts, especially ferrous sulphate (FS), do not
meet these criteria. FS is highly toxic, interacts with
food and other medicines, and causes gastro intestinal
side effects in up to 40 % of patients often resulting in
poor compliance (8, 10, 11].

Most recently it also has been shown that FS leads to
high levels of non-transferrin bound iron (NTBI), which

440

Geisser — Iron polymaltose safety and efficacy

has been associated with oxidative stress [13, 14].
Iron(II)-hydroxide polymaltose complex (IPC) was
developed in order to provide an effective but well-tol-
erated oral iron treatment. The rationale for develop-
ment was to produce a compound with good bioavail-
ability across a wide range of conditions, with no trou-
blesome interactions with food or other medications
and with excellent tolerability and long-term safety.

2. Chemistry of IPC

The iron(Ill)-hydroxide polymaltose complex (IPC) Hw
6400 (Maltofer®) is a macromolecular complex in which
polynuclear ferric oxyhydroxide is complexed with poly-
saccharide groups. Its molecular weight is 52300 Dalton
[11]. It is highly water-soluble over a broad pH range (1-
14) and, unlike simple ferric salts, does not precipitate in
an alkaline environment [15]. Unlike other iron-poly-
maltose complexes, Hw 6400 is soluble in water at room
temperature and gives no precipitation when hydro-
chloric acid is added [16]. It also does not react in vitro at
pH 3-8 with chelating agents from food (e.g. phytic acid)
or with drugs containing phenolic groups, e.g. tetracy-
cline. IPC has a reduction potential of -332 mV; this en-
sures that it is not reduced in biological fluids and there-
fore will not provoke oxidative stress [14].

3.Toxicology

Compared with ferrous salts, IPC is non-toxic with LD50
values in mice and rats more than 10 times higher than
those for ferrous sulphate. In long-term studies with
dogs, IPC doses of up to 270 mg iron/kg/day for 52 weeks
had no effect on any organ system.

4. Clinical information
4.1. Pharmacodynamics and pharmacokinetics

The pharmacokinetic profile of iron from IPC is quite
different from that of ferrous salts. Both in rats and hu-
mans, only a very small increase in serum iron concen-
tration, if any, is recorded in the first 6 h. In rats, serum
iron concentrations then continuously increase, reach-
ing a maximum after 24 h. Nevertheless after 2-3 weeks
following application the incorporation of iron into the
RBCs is not significantly different from that of iron salts
[17].

Abbreviations

ID iron deficiency

IDA iron-deficiency anaemia
FH  Ferrum Hausmann tablets
GI gastrointestinal

M Maltofer

M-fol Maltofer + folic acid

n/v  nausea and vomiting
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Iron Polymaltose

Table 1: Iron incorporation into haemoglobin after 14 days
treatment with either IPC or ferrous sulphate with or without
food (adapted from Jacobs et al. 1979) [25].

Dose IPC % FeSO, % p-value
50 mg 145+4.85 |29.0 | 18.7+3.85 37.4 >0.4
50 mg + 9.0+2.19 | 18.1 8.9+233 17.7 >0.9
food

Values are mean + SEM.

Table 2: Iron incorporation into haemoglobin after 14 days
oral treatment with either IPC or an iron salt (adapted from
Jacobs et al. 1984) [26].

Fig. 1: Correlation between plasma °Fe activity and AUC val-
ues (plasma activity) following treatment with Maltofer and
Amphojel (Potgieter et al. [18]).
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Fig. 2: Correlation of 9Fe erythrocyte uptake and whole-body
count following treatment with Maltofer and Amphojel (Pot-
gieter et al. [18]).

In two studies in humans, Potgieter et al. have shown
that there is no correlation between the serum iron AUC
values (area under the curve values) and the utilisation
ratio after application of radio-labelled original IPC (Fig. 1),
but that there is a good correlation between RBC iron
incorporation and whole-body counts (Fig. 2) [18, 19].
Therefore the suggestion that low AUC or C,,,x values
predict low absorption ratios as proposed by Dietzfel-
binger, Heinrich and Nielsen et al. does not apply to
original IPC [20-22]. Furthermore, true bioavailability
means the rate and extent to which an active substance
or active moiety is absorbed from a pharmaceutical
form and becomes available at the site of action [23]. In
the case of iron this is the RBC and not the serum. Since
the serum is not the site of action, the AUC and C,,.
simply represent a small ratio of the whole amount
transferred to the site of action. Such ratios are not pro-
portional to the AUC values but to the rate of transfer
and/or the elimination rate to and from the serum
(Geisser et al. [24]).

Jacobs et al. measured iron incorporation into hae-
moglobin from IPC and ferrous sulphate using a double
isotope technique [25]. There was no difference in iron

Arzneimittel-Forschung (Drug Research) 2007;57(6a):439-452
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Iron incorporation into Hb
Dose / form Control (at 14 days)
(salt)
% IPC % salt | p-value
5 mg Fe liquid FeSO, 46.6 £17.1 | 47.8 +14.6 |p > 0.20
50 mg Fe liquid | FeSO, 271+6.5 [329+13.4(p>0.20
100 mg Fe solid | Fe fumarate |10.7+4.7 |10.3+6.9 [p>0.20

Values are mean + S.D.

incorporation between the preparations at a dose of 50
mg iron. Taking the dose with food significantly reduced
iron bioavailability for FeSO,4, but not for IPC (Table 1).

In another study by Jacobs et al. the bioavailability of
iron from IPC was compared with that from either fer-
rous sulphate or fumarate [26]. Participants were re-
cruited from a venesection programme for idiopathic
haemochromatosis or symptomatic erythrocytosis. IPC
was labelled with °Fe, and the salts with Fe. Incorpo-
ration of radioactive iron into haemoglobin was mea-
sured after 2 weeks by using a double isotope tech-
nique.

Participants received 5 mg iron in group 1, 50 mg in
group 2 and 100 mg in group 3. In the first 2 groups,
both compounds (with FeSO, as a reference) were ad-
ministered as liquid formulations. Subjects in group 3
received either a chewable tablet of IPC or a reference
solid preparation of iron fumarate.

As expected, increasing doses of iron were associated
with decreased bioavailability, as measured by iron in-
corporation into haemoglobin (Table 2). However, with-
in each dose group there was no statistically significant
difference between IPC and the corresponding ferrous
salt. Plasma ferritin levels were not reported, but the
authors mention a negative correlation between iron
bioavailability and plasma ferritin levels.

The higher iron bioavailability observed for IPC at
low dose, compared to the previous study, may have
been due to a higher degree of iron store depletion. If
this is the case, it suggests that the difference in bio-
availability between IPC and ferrous salts is probably
less pronounced, and may in fact be absent in cases of
iron deficiency.
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Fig. 3: Influence of a meal on absorption of different therapeutic iron preparations (Forth 1993 [30]).

Kaltwasser et al. investigated haemoglobin formation
and iron utilization after administration of either IPC
drops or a ferrous salt. Both treatments induced a hae-
moglobin increase that was significantly different from
the control period. The iron utilization rates were 17 %
for FeSO, and 12 % for IPC [27].

IPC appears to differ from other iron preparations in
that iron absorption is increased rather than decreased
by the presence of food, as shown in Fig. 3.

4.2.Drug-drug Interactions

Potgieter et al. compared the bioavailability of tetracy-
cline with and without co-administration of IPC. They
found no clinically significant reduction in the absorp-
tion of the tetracycline. Plasma levels were within the
usual range accepted for bioequivalence (80-125 %) and
the ratio for AUC0--~ was almost within this window
(79.1-102.0 %) [31].

Potgieter et al. examined the effects of co-adminis-
tration of aluminium hydroxide on the uptake of iron
from Maltofer film-coated tablets in anaemic patients.
Although iron (**Fe) uptake was lower when the drug
was taken with aluminium hydroxide, the differences
were neither statistically nor clinically significant. For
example median erythrocyte uptake (%) was 0.607 with-
out and 0.575 with aluminium hydroxide [18].

Lundqvist and Sjoberg used %°Fe-labelled IPC to
study the effects of food on iron uptake. They found
that both subjects with and without iron deficiency
benefited from the concomitant administration of an
iron absorption enhancer (orange juice). They also
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showed that iron uptake was increased when IPC was
given with food to anaemic subjects, whereas in normal
subjects iron uptake was greater under fasting condi-
tions [32].

Studies in rats have also shown that the uptake of
59Fe-labelled IPC is not significantly affected by the
presence of aluminium hydroxide, tetracycline, acetyl-
salicylate, sulfasalazine, calcium carbonate, calcium ac-
etate, calcium/phosphate/vitamin D, D-penicillamine,
paracetamol, or auranofin [33]. In vitro studies have
also shown that the number and extent of interactions
is much more limited with IPC than with ferrous salts
[11].

We may conclude that IPC does not interact signifi-
cantly with any food stuffs, food components or drugs,
except for ascorbic acid, which shows a tendency to in-
crease iron absorption without a measurable reduction
of Fe(Il) to Fe?* at pH levels above 3. Moreover no reac-
tions with iron chelating agents such as phenol-con-
taining compounds have been reported.

4.3. Clinical trials

Tuomainen et al. conducted a 6-month placebo-con-
trolled trial in 48 men with serum ferritin < 30 ng/L. Pa-
tients were randomized to receive IPC (containing 200
mg ofiron) plus placebo resembling FeSO,, microencap-
sulated FeSO, (180 mg of iron) plus placebo IPC, or both
placebo [34].

At 6 months, serum ferritin concentrations had in-
creased 2.2-fold in the FeSO, group (p < 0.001) and 1.3-

Arzneimittel-Forschung (Drug Research) 2007;57(6a):439-452
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Fig. 4: Ferritin values. Changes in iron status in iron depleted male subjects after 6 months iron therapy with FeSO,, IPC and

placebo (Tuomainen 1999 [34]).

fold in the IPC group (p < 0.001 versus placebo). Eryth-
rocytic ferritin, however, which is considered a better
marker for iron stores, increased equally under both active
treatments. Haemoglobin also increased in both groups
(by 1.0 % with FeSO, and by 2.2 % with IPC, p < 0.001 vs
placebo in both cases) (Fig. 4). Three subjects receiving
180 mg of iron as microencapsulated ferrous sulphate
and 2 receiving 200 mg of iron as IPC reported gastric
disturbances. This resulted in treatment discontinua-
tion in one case in each group, while the dose was
halved for the other three subjects.

Mackintosh and Jacobs studied 46 blood donors, 23
had low iron stores (ferritin <20 ng/L) but Hb >13.5 g/dL,
and the other 23 (ferritin 50-150 pg/L) served as con-
trols. Both groups were randomised to 100 mg IPC or
placebo twice a day for 8 weeks [35].

In the iron-deficient group, iron therapy resulted in a
significant rise in haemoglobin (14.3 to 15.0 g/dl, p = 0.03)
and serum ferritin (16.2 to 43.2 pg/L, p = 0.002). In the
placebo group, there was no significant change in the
haemoglobin level, and a small but significant rise in
ferritin. This increase was significantly lower than the
increase seen in the IPC group. In the non-iron deficient
control group, neither IPC nor placebo produced a sig-
nificant change in haemoglobin or ferritin levels. This
study shows that IPC effectively refilled depleted iron
stores and simultaneously produced an increase in hae-
moglobin in iron deficient subjects without overt anae-
mia. Gastrointestinal disturbances were not reported
despite specific enquiries about adverse effects such as
anorexia and nausea [35].

Jacobs et al. investigated the effect of iron therapy on
159 blood donors with overt iron deficiency anaemia (Hb
<133 g/L for men, <116 g/L for women). Subjects were

Arzneimittel-Forschung (Drug Research) 2007;57(6a):439-452
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randomised to either 60 mg of iron twice daily as FeSO,
(group 1), 100 mg iron once daily as IPC (group 2), or 100
mg iron twice daily as IPC (group 3). Both IPC groups
took tablets with meals. 80 % of the subjects in groups 1
and 3 reached normal Hb levels by 12 weeks, but in group
2 this figure was only 50 %. Similarly, the proportion of
subjects improving their percentage transferrin satura-
tion to within the normal range was significantly better
in groups 1 and 3 than in group 2 (p < 0.01). The progres-
sion to normal was somewhat slower in group 3 than in
group 1, but there was no difference by 12 weeks. Nausea
and vomiting occurred in all 3 groups, but to a higher
extent with ferrous sulphate administration. Treatment
had to be stopped because of side effects in 11 cases (20
%) in the ferrous sulphate group but in no patients re-
ceiving IPC. The incidence of mild gastrointestinal ad-
verse events was similar with both IPC dosages [36].

Langstaff er al. studied 104 patients with IDA in a
general practice setting. A daily dose of 200 mg iron as
IPC (chewable tablets) taken morning and evening with
meals, was compared to 180 mg of iron as FeSO, (60 mg
three times a day, 30 min before meals). Treatment du-
ration was 9 weeks. The “intention-to-treat” analysis
demonstrated highly significant increases in haemoglo-
bin in both groups from entry to 3 weeks and from 6 to
9 weeks. Hb levels were significantly higher in the FeSO,
group at 3 weeks and at 6 weeks, but there were no dif-
ferences between groups at 9 weeks. Similar results were
obtained for haematocrit, erythrocyte count, MCH,
MCHC and MCV [37].

This study included a careful survey of adverse events
(AEs). Five patients in the ferrous sulphate group and 3
in the IPC group stopped treatment because of adverse
events, which were mostly gastrointestinal. The most
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Fig. 5: Haemoglobin concentration in per-protocol patients with 12 weeks of treatment with IPC or ferrous sulphate (modified

after Jacobs et al. 2000 [12]).

common AEs were indigestion, nausea and diarrhoea,
and the first two were significantly more frequent, at
any visit, in the ferrous sulphate group. After specific in-
quiry, adverse events reported by at least 10 % of pa-
tients in either group were change in stool colour (IPC
43 %, FeSO,4 48 %), abdominal pain (10 % and 18 %),
constipation (18 % and 11 %), lassitude (13 % and 13 %)
and headache (7 % and 11 %).

Jacobs et al. compared IPC and FeSO, for the treat-
ment of IDA in 143 regular blood donors in an open,
randomised trial [11]. Both preparations were given on
a 100 mg b.i.d. schedule. Hb levels increased to a similar
extent in both groups (with no statistically significant
difference at either 4 or 8 weeks) (Fig. 5) and similar in-
creases in MCH, MCV and decreases in the percentage
of hypochromic red cells were also observed. The with-
drawal rate due to adverse events considered at least
possibly drug-related was significantly higher (15/48)
with FeSO, than with IPC (16/125; p = 0.007). Nausea
was the main reason given for interrupting treatment in
the FeSO, group. Tolerance was rated either good or ad-
equate in about 80 % of the patients in IPC groups, and
in about 60 % of patients receiving ferrous sulphate.
The authors also noted that serum ferritin levels were
higher with the ferrous salt and that this may indicate
oxidative stress [12].

Sas et al. compared the effects of IPC, ferrous sul-
phate and ferrous fumarate + folic acid + vitamin B;, in
60 women with IDA. All three groups had similar in-
creases in haemoglobin, RBC and Hct at 12 weeks.
Treatments were generally well tolerated in all groups.
Heartburn was reported once each in the sulphate and
fumarate groups, vomiting once in the sulphate group,
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and diarrhoea once in the IPC group. No symptoms
from the upper gastrointestinal tract were reported with
IPC. Transaminases rose above the reference range in
the sulphate, but not in the IPC group [38].

Schmidet et al. performed a randomised, double-blind
trial in 30 children aged 24-81 months suffering from
iron deficiency with or without anaemia. They received
IPC (syrup) or ferrous sulphate, at a dose of 4 mg/kg be-
tween meals for 2 months. At the end of the study, Hb
was significantly increased (p < 0.01) in both groups
(+1.1 + 1.14 g/dl with IPC, +1.8 + 1.4 g/dl with FeSO,). In
the children with initial haemoglobin <11 g/dl the in-
creases were +2.7 g/dl and +2.5 g/dl for IPC and FeSO,,
respectively. Serum ferritin levels were also significantly
higher after treatment, from 12 + 12 up to 32 + 22 ng/ml
for IPC, and from 12 + 16 up to 65 + 45 ng/ml for FeSO,.
Despite drug administration between meals, both treat-
ments achieved a satisfactory increase in haemoglobin
and serum ferritin [39].

Clinical tolerability was good in both groups. Stain-
ing of teeth was reported in 30 % of the patients in the
sulphate group but in none of the IPC group. Loose
stools were more frequent (33 %) in the IPC group than
in the sulphate group (10 %). None of the products had
a negative impact on weight increase. Occurrence of
dark stools, a well-known and clinically irrelevant effect
of iron therapy, was similar in both groups.

In a similar double-blind randomised trial by Mura-
hovschi et al., 49 iron deficient infants aged 6-40 months
were randomised to either IPC or ferrous sulphate for
60 days, at a daily dose of 4 mg of elemental iron per kg.
Both treatments resulted in improvements in haemato-
logical values, as shown in Table 3. In the ferrous sul-
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Table 3: Response of iron deficient infants randomised to IPC or ferrous sulphate (from Murahovschi et al. 1987) [40].

IPC (N = 22) Iron sulphate (N = 19)
Day 0 Day 30 Day 60 Day 0 Day 30 Day 60
RBC (10%/mm?) 4.81 £ 0.53 4.99 £ 0.85 5.08 +0.61 4.72 £ 0.63 4.82 +£0.39 4.97 +0.26
Hb (g/dl) 103+1.4 10.6 £ 1.5 11.0+1.4 96+13 10.3+1.4 103+1.4
Haematocrit (%) 33.7+4.3 34.7+4.5 36.2 +4.6 32.0+4.3 334 +4.2 33.6+4.3

Values are mean + S.D.

Table 4: Effect of giving IPC with or between meals (from An-
drade et al. 1992) [43].

IPC (N =93)
With meals Between meals
(N = 50) (N =43)
Day 0 Day 90 Day 0 Day 90
RBC (103/mm?) 3903 4233 3919 4344
Hb (g/dD) 9.84 11.19 9.85 11.10
Haematocrit (%) 31.5 35.0 30.5 34.3

All differences post- vs pre-treatment were statistically significant
(p < 0.05, Student’s t-test).

phate group, the increase tended to be faster during the
first month, but was smaller during the second month
(Table 3) [40].

After 2 months treatment, IPC proved to be equal in
efficacy to ferrous sulphate in this group of iron-defi-
cient children. Poor tolerability, resulting in early termi-
nation of the trial, was reported in 2 cases (8 %) in the
IPC group and in 5 cases (21 %) in the FeSO, group. In
all cases, the underlying cause was severe diarrhoea.
Other symptoms (vomiting and constipation, one case
each) were also reported in the FeSO, group.

Agaoglu et al. compared children (aged 6-12 years)
with and without IDA and showed that mean IQ score
was significantly lower (by 12.9 points) in the IDA group.
Treatment with iron polymaltose (5 mg/kg/day with a
multivitamin preparation for 4-6 months) was associ-
ated with a significant increase in mean IQ (of 4.8
points) and resulted in the difference in IQ between the
two groups of children no longer being statistically sig-
nificant [7].

Devaki et al. assessed the effects of iron supplemen-
tation on the immune system in 120 adolescents of
varying iron status (some with IDA, some without).
Those who received IPC (100 mg iron, 6 days a week for
8 months) showed increases in the bactericidal capacity
of neutrophils (BCA), the nitro-blue tetrazolium reduc-
tion test (NBT), and phytohaemagglutinin (PHA) re-
sponse which were not observed in the placebo group.
No side-effects were attributed to IPC [41].

Vetter et al. compared 3 doses of IPC (200, 400, and
600 mg) in 63 anaemic adult patients. Mean haemoglo-
bin values increased in all three groups in a dose-related
manner, but interpretation of this finding is hampered
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by the fact that there were more patients with severe
anaemia in the 600 mg group. Haemoglobin concentra-
tions at the end of the study were similar for all groups.
The mean time needed to raise the Hb level to the de-
sired value also depended on dose, being 6.6, 8.3 and
11.3 weeks for the 200, 400 and 600 mg dose groups, re-
spectively. This suggests that the daily dose may be in-
creased to 400 or 600 mg a day if a rapid correction of
iron deficiency is desired. All doses were well tolerated
with 6, 7 and 9 drug-related AEs reported in the three
groups [42].

Andrade et al. compared the effect of giving IPC with
or between meals in infants and small children with
IDA. There was no significant difference in the results
from both groups confirming the fact that IPC can be
taken with food without reducing its effectiveness (Ta-
ble 4) [43].

Adverse events were reported in 3 patients (6 %) who
took IPC with meals, and in 4 patients (8 %) who took it
between meals. Two patients in each group stopped
treatment because of gastrointestinal events (mainly di-
arrhoea).

Rosenberg et al. compared IPC syrup and ferrous fu-
marate (capsules) in 101 in-patients in a gynaecology
unit presenting with iron deficiency symptoms and/or
laboratory abnormalities. They observed similar weekly
increases in haematological values with both treat-
ments. Hb (g/dl) rose by +0.67 and +0.87 for IPC and
fumarate, respectively; RBC (10%/mm?) rose by +0.23
and +0.40, respectively, and Hct (%) rose by +1.42 and
+1.96, respectively [44].

Giirer et al. performed a comparative trial in 50 chil-
dren (aged 8 months to 9 years) with IDA. Patients re-
ceived 5 mg/kg/day of either Vifor’s syrup formulation
of IPC or FeSO,. After one month of treatment, Hb, Hct,
serum iron, total iron binding capacity (TIBC), transfer-
rin saturation and ferritin had improved in both groups.
The investigators concluded that there was “not a very
important difference” in efficacy between the two treat-
ments. However, adverse events were more common in
the FeSO, group, the difference being mostly due to a
higher incidence of tooth staining (40 vs 18 %, respec-
tively) and diarrhoea (20 vs 0.4 %, respectively) [45].

Haliotis and Papanastasiou randomised 100 children
(aged 12 to 113 (mean 40) months) with latent or overt
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Table 5: Comparison of three iron plus folate preparations in pregnant, iron-deficient women (from Geisser et al. 1987) [47].

Product Maltofer-Fol Ferrum-H-Fol-B Ferro-Folic-500
Iron form Iron polymaltose Iron fumarate Iron sulphate

Plus folic acid folic acid, vit B, folic acid, ascorbic acid

Week 0 8 0 8 0 8
Haematocrit (%) 39.2+3.3 38.4+3.2 39.4 +3.2 38.6 +2.9 39.1+3.4 38.1 +2.6
Haemoglobin (g/L) 125.0 £ 10.7 121.3 +10.1 123.0£9.5 122.0 £ 8.2 124.0+ 104 120.7 £ 7.2
RBC (1012/L) 4.38 £ 0.49 4.20 £ 0.39 4.50 £ 0.77 4.20 £ 0.40 4.38 £ 0.51 4.03 £ 0.38
MCV (fL) 89.9 £6.1 91.5+6.8 90.0 £ 6.7 924 +£6.2 89.6 £ 5.7 945+55
Ferritin (ng/L) 34.3 + 36.6 21.2+15.6 30.3 £21.6 19.4 + 16.0 26.3+22.8 22.3+14.7
Serum iron (umol/L) 209 +7.1 216 £4.9 21.0 £ 6.6 20.1+£6.9 20.7 £6.3 20.7 £5.2

Table 6: Adverse events (AEs) reported in studies using iron(III)-hydroxide polymaltose complex (IPC).

First author | Date Study N Treatrqent/ AEs with IPC Notes
population | (IPC) duration
Studies in adults
Jacobs 2000 | Adults with 120 |IPC drops Nausea 11 %, constipation 20 %, FeSO, group: Nausea 45 %, consti-
[12] IDA 12 wks tooth discoloration 0 pation 13 %, tooth discoloration 11 %
Jacobs 1993 | Adults with 108 [IPC Mild side effects, no withdrawals | 11 patients on FeSO, stopped for
[36] IDA 12 wks GI AEs
Langstaff | 1993 | Adults with 55 |FH GI AEs in 17 %: nausea / indiges- | GI AEs in 24 % of FeSO, gp (N = 54):
[37] IDA 9 wks tion (4), diarrhoea (0) nausea / indigestion (12), diar-
rhoea (6)
Tuomainen | 1999 | Adults with 15 |IPC Stomach problems (2 = 13 %) Stomach problems (3 = 20 %) in
[34] IDA 6 months FeSO, group
Mackintosh | 1988 | Blood donors | 22 |IPC tablets No AEs IPC same as placebo
[35] +/- iron defi- 8 weeks
ciency
Vetter 1994 | Adults with 63 | M: 200, 400 or 600 mg | AEs in 52-67 % mainly GI; tolera-
[42] IDA 12 weeks bility judged good or adequate by
71-93 %
Rosenberg | 1979 | Women with 49 | FH syrup Tolerance good or very good for Similar tolerance for Fe fumarate
[44] ID 5-24 days 92 %: 4 AEs group
Studies in pregnant or breastfeeding women
Al 2005 | Pregnant 45 | FH tablets + folic acid | 14 cases of possibly drug-related GI
[52] women 4 weeks AEs
Kunz 2003 | Pregnant 60 | M-fol Gastroenteritis (1); constipation
[53] women 90 days (3); n/v (2), abdominal pain (1),
tooth discoloration (1)
Beruti 1978 | Pregnant 30 | IPC + folic acid + Excellent tolerability in 27 (90 %),
[48] women cyano-cobalamin nausea / epigastric pain in 3
30 days
Sas 1984 | Women (5 20 | FH syrup Few AEs, diarrhoea (1) Gastralgia (1), vomiting (1) in
[38] pregnant) with 12 weeks FeSO, group (N = 20)
IDA
Malikova |2005 |Breastfeeding | 50 |M tablets No AEs in mothers or infants
[54] women 12 weeks
Studies in infants, children and adolescents
Soboleva 2003 | Infants and 127 | M drops Treatment completed in all cases,
[55] children 5-12 weeks 10 % constipation (6 % stopped
(6 months to treatment)
4 years)
Agaoglu 2007 | Children 30 |IPC No side-effects
[7] (6-12 years)
Kavakli 2004 | Children 33 |IPC Stomach ache (2), constipation (2), | FeSO, (N = 39):
[56] (6 months to 6 months diarrhoea (2), nausea (2) Stomach ache (1), constipation (1),
15 years) with diarrhoea (1), nausea (2), tooth dis-
IDA coloration (1)
Arzneimittel-Forschung (Drug Research) 2007;57(6a):439-452
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Table 6 cont.
First author | Date Study A Treatment/ AEs with IPC Notes
population | (IPC) duration
Studies in infants, children and adolescents
Giirer 1998 | Children with | 25 |FH Tooth staining (4), nausea (6), diar- | In Fe glycine sulphate gp (N = 25)
[45] IDA 4 weeks rhoea (1), constipation (1) Tooth staining (10), nausea (5), di-
arrhoea (5), constipation (0)
Haliotis 1998 | Children with | 50 |IPC AEs reported by 6 patients (12 %): | Iron protein succinylate (N = 50):
[46] latent ID 8 weeks abdominal pain (2), diarrhoea (3), |abdominal pain (2), diarrhoea (1),
nausea (4), vomiting (2) nausea (3), vomiting (1)
Murahovs- | 1987 | Children 25 | IPC Good tolerability in 88 %, severe FeSO, (N = 17):good tolerability in
chi 8 weeks diarrhoea in 2 (8 %) 66 %, severe diarrhoea in 5 (21 %),
[40] vomiting (1), constipation (1)
Schmidt 1985 | Children with | 15 |IPC Good tolerability (no tooth stain- | Tooth staining in 3/10 with FeSO,
[39] ID or IDA 8 weeks ing)
Soboleva 2001 | Children 72 | IPC +/- folic acid 2 cases of constipation, no other
[57] (variable) AEs
Kazyokova |2000 |Children with | 69 |M drops No AEs
[58] IDA 4-9 weeks
Andrade 1992 | Children 97 |IPC taken with or be- | AEs in 7 patients causing 3 drug-
[43] tween meals 90 days | related withdrawls: diarrhoea (2),
n/v (1)

Soboleva  |2004 |Adolescents 170 | M drops or syrup or | Constipation 6-8 % IPC preparations superior to three
[59] (15-18 years) Ferrum-lek liquid Fe(Il) preparations

(variable)
Devaki 2007 | Adolescents 90 |IPC No side-effects
[41] 8 months

iron deficiency anaemia, to receive iron protein succi-
nylate or IPC. All received 4 mg/kg elemental iron, up to
a maximum of 80 mg daily, for 2 months. Although the
study was randomised, the group that received iron
protein succinylate had significantly higher baseline Hb
concentrations. Both groups showed similar increases
in Hb after 2 months [46].

5. Combinations of iron and folic acid

IPChas been used in combination with folic acid in preg-
nant women. Geisser et al. compared three iron + folate
preparations in a randomised trial in pregnant women
with iron deficiency. The endpoints were haemoglobin
and haematocrit, as well as erythrocytes, MCV, ferritin,
and serum iron. None of the endpoint values showed any
statistically significant difference between groups or over
time (Table 5). The authors concluded that all three iron/
folate products had similar effects [47].

This study shows a comparable effect of IPC as an
iron supplier to that of ferrous sulphate and fumarate,
which are the two iron salts most extensively used and
investigated.

Beruti gave IPC and folic acid to 30 pregnant women
with mixed iron-folate deficiency anaemia (Hb <100 g/L,
Hct <35 %, plasma folic acid <5 ng/mL) in the 3rd tri-
mester. He used a preparation of 100 mg of iron as IPC
combined with 0.50 mg folic acid and 0.20 mg cyanco-
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balamin, given twice a day for 10 days, then once a day
for a further 20 days. He found significant increases in
Hb, Hct, folic acid and RBC count [48].

6. Safety

Whenever IPC has been compared with a classical iron
salt, the incidence, and often the severity of adverse
events was either similar or lower than that observed
with ferrous salts (Table 6). This lower incidence and
milder grade were particularly evident for nausea, vom-
iting, and heartburn, whereas the difference was not as
apparent for diarrhoea, although this was a relatively
rare event for all treatments. The reduced incidence of
upper gastrointestinal symptoms, which are a major
cause of poor compliance with ferrous salts, may repre-
sent a welcome advantage for IPC.

In several clinical trials, early discontinuation of
treatment due to adverse effects was lower with IPC
than with ferrous iron preparations. It therefore appears
that patient compliance may be better with IPC than
with classical iron supply.

Overdose and accidental intoxication with iron prep-
arations is common [9, 49]. In the USA about 10-12
children, usually of a very young age, die after acciden-
tal ingestion of iron tablets each year. Despite the wide
use of Maltofer preparations, no case of accidental poi-
soning with a fatal outcome has been reported.
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In recent years, increased attention has been devoted
to the delicate cellular redox balance, and evidence has
accumulated that iron may be a pro-oxidant factor [14].
Iron salt administration has even been suggested as a
possible risk factor for a number of chronic diseases.
Tuomainen et al. demonstrated that the susceptibility
of very low and low-density lipoproteins to oxidation
increased with ferrous sulphate by 8.8 % (p < 0.05) com-
pared to placebo and by 12.8 % (p < 0.05) compared to
IPC [34].

Jacobs et al. reported a higher increase in serum fer-
ritin than in RBC ferritin with ferrous sulphate, but not
with IPC [12]. Ferritin is known to act as a positive acute
phase reactant and is therefore not a reliable measure
for assessing iron stores in diseases characterised by an
acute-phase reaction [50]. The authors suggest that part
of the increase in serum ferritin observed under treat-
ment with ferrous salts was due to a reaction induced
by iron at the cellular level.

7. Different forms of iron polymaltose

The studies of IPC reported above have all used Maltofer.
However, other iron-polymaltose or iron-carbohydrate

compounds are available in some countries. These dif-
ferent forms have different physicochemical properties
(Table 7) and this is likely to affect their bioavailability
and tolerability. For example, compounds that are not
soluble at gastric pH (1.2) will not have the same efficacy
since they are likely to form aggregates or precipitates

Table 7: Physicochemical properties of different IPCs (from
Geisser 2004) [16].

Point of Molecular Degradation kinetics
Preparation | zero charge mass (kD) (k-103-min!) at
(pH) 6=0.1/0.5/0.9

Maltofer none 52.3 51/73/118
drops
Eleron haema- 6.1% 140 19/27/48
tinic drops
Ferium drops 4.8 210 and 63.7 22/46/95
Ferium chew- - 85.5 77176/91
able tablets
Ferose drops 5.99 382 and 48.8 11/23/57
Mumfer-Z - 452 and 61.3 87/103/193
capsules
Orofer drops 4.2 49.7 32/50/87
(Emcure)

@ Turbidity at the original pH of the solution. The zero point of
charge could not be determined.

Table 8: Global analysis of efficacy: variations in Hb, MCV, serum ferritin, and RBC-ferritin following treatment with IPC.

N of Results Comparison with control
Efficacy Form patients Dose Duration of Ref
variable t{eated therapy  |Pre-treatment (mean Pre-treatment (mean change)
with IPC value change) value
Hb Drops |24 100 mg bid 12 weeks 107.8 g/L +13.5¢g/L FeSO, 107.1 g/L | FeSO, + 16.1 g/L |[12]
23 108.9 g/L +13.7g/L
24 107.8 g/L +9.6 g/L
93 2.5 mg/kg 90 days A:98.4g/L |A:+13.5g/L | No control [43]
B:98.5g/L |B:+125g/L
50 4 mg/kg daily |2 months 107 g/L + 14 g/L IPSucc 111 g/L | IPSucc + 14 g/L | [46]
max 80 mg/day
Syrup |12 2 mg/kg bid 60 days 115 g/L +10.8 g/L FeSO* 106 g/L |+ 18.5¢g/L [39]
22 2 mg/kg bid 60 days 103.2 g/L +7.0g/L 96.4 g/L FeSO, +6.7 g/L | [40]
20 100 mg/d 12 weeks 104.3 g/L +13.4 g/L FeSO, 108.3 g/L | FeSO, + 13.0 g/L | [38]
Fumar 104.2 g/L | Fumar + 12.5 g/L
49 100 mg/d 5-24 days 109 g/L +6.7g/ 108 g/L Fumar + 8.7 g//L | [44]
Tablets |15 100 mg bid 6 months 145 g/L +3g/L FeSO, 145 g/l |FeSO,+ 1.5g/L | [34]
Placebo 144 g/L | Placebo - 3.6 g/L
22 100 mg bid 8 weeks A:143.1g/L [+7.1g/L A: Placebo A: Placebo [35]
B:146.1 g/L |+ 4.1 g/L +142.5 g/L +6.2g/L
B: Placebo B: Placebo
+146.0g/L +6.0g/L
53 100 mg/d 12 weeks A: +9.6 g/L FeSO, 114.0 g/L | FeSO, + 18.1 g/L | [36]
55 100 mg bid 116.3 g/L +16.6 g/L
B:
114.3 g/L
22 100 mg bid 3 weeks 107.4 g/L +6.0g/L 3 weeks 3 weeks [37]
6 weeks 107.4 g/L +9.3¢g/L 109.3 g/L +8.3¢g/L
9 weeks 107.4 g/L +12.9g/L 6 weeks 6 weeks
109.3 g/L +12.8g/L
9 weeks 9 weeks
109.3 g/L +14.6 g/L
Arzneimittel-Forschung (Drug Research) 2007;57(6a):439-452
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N of Results Comparison with control
Efficacy patients Duration of
. F D Ref
variable | O™ tyeated 0se therapy |Pre-treatment (mean Pre-treatment (mean change) €
with IPC value change) value
Hb Tablets |15 100 mg bid 12 weeks 110 g/L +10.8 g/L no control [42]
13 200 mg bid 107 g/L +10.0 g/L
17 200 mg tid 100 g/L +22.7g/L
Un- 15 3 mg/kg tid 60 days 85 g/L +34g/L 86 g/L +35g/L [60]
known
14 3-6 mg/d 6 months 100 g/L +16 g/L 96 g/L +29g/L [61]
MCV Drops |24 100 mg bid 12 weeks A:73.9 pm® | A: +5.7 um® | FeSO, +6.9 pm? [12]
23 B: 71.6 um® |B:+6.3 pm® |73.7 um?
24 C:72.8 um?® | C: + 5.5 pm?
93 2.5 mg/kg 90 days A:76.7 pm® | A: + 2.68 pm?® | no control [43]
B: 76.5 um® | B: + 1.90 pum?
50 4 mg/kg daily |2 months 70.5 pm? +4.2 um?® 72.9 pm?® +4.9 pm3 [46]
max 80 mg/day
Syrup |22 2 mg/kg bid 60 days 70.2 ym?® +1.2 pm? 65.3 pm? +2.4 pm3 [40]
Tablets |15 100 mg bid 6 months 88 um? +3 pm?® FeSO, 88 ym? FeSO, + 3 pm? [34]
Placebo 89 pm?® | Placebo + 1 pm?
22 100 mg bid 3 weeks 83.6 um® +2.1 pm? 3 weeks 3 weeks [37]
6 weeks 83.6 um® +2.6 pm? 82.2 pm3 +3.2 pm3
9 weeks 83.6 um?® +3.0 pm? 6 weeks 6 weeks
82.2 pm?® +5.0 um?
9 weeks 9 weeks
82.2 pm?® +4.4 um?
15 100 mg bid 12 weeks 81.8 ym?® +2.8 pm? [42]
13 200 mg bid 80.5 um?® +3.7 pm?
17 200 mg tid 76.6 um? +7.0 pm?
Ferritin | Drops |24 100 mg bid 12 weeks A:2.94 pg/L | A: +2.58 pg/L | FeSO, 3.50pg/L | + 8.55 ng/L [12]
23 B:3.20 pug/L | B: +2.72 ng/L
24 C:3.81 pg/L | C: +5.50 pg/L
50 4 mg/kg daily |2 months 11.1 pg/L +20.2 pg/L | IPSucc 12.7 pg/L | + 25.1 ng/L [46]
max 80 mg/day
Syrup |12 2 mg/kg bid 60 days 12.3 pg/L +20.3ug/L | FeSO,12.3 pg/L |+ 53.7 pg/L [39]
22 2 mg/kg bid 60 days 30.5 ng/L (-19.2 pg/L) | FeSO, 16.5 pg/L | (-3.2 ng/L) [40]
Tablets |15 100 mg bid 6 months 20.5 ng/L +27.4ng/L | FeSO, 22 png/L | FeSO4 + 47 pug/L | [34]
Placebo 20 pg/L | Placebo + 5 ng/L
22 100 mg bid 8 weeks A: A: +27.0 pg/L| A: Placebo A: Placebo [35]
16.2 ug/L B: +10.7 ug/L| 16.7 png/L +10.6 ng/L
B: B: Placebo B: Placebo
71.1 pg/L 68.6 pg/L -10.8 pg/L
53 100 mg/d 12 weeks A: A: +3.0 ug/L | FeSO, 18.5 ng/L | FeSO, +17.8pg/L | [36]
55 100 mg bid 13.5 png/L B: + 7.2 pg/L
B:
14.8 pg/L
15 100 mg bid 12 weeks 6.6 ug/L +7.8ug/L [42]
13 200 mg bid 5.0 ug/L +3.2ug/L
17 200 mg tid 5.3 ug/L +5.8 ug/L
Un- 15 3 mg/kg tid 60 days 19.6 ng/L +15.7pug/L | 15.9 pg/L +25.7 ng/L [60]®
known
14 3-6 mg/d 6months |22.6pg/L  [-108pug/L [20.2 pg/L +36.4 pg/L [61]»
RBC Tablets | 15 100 mg bid 6 months 16.9 +4.6 FeSO,: 15.9 FeSO,: +5.8 [34]
Ferritin Placebo: 17.7 Placebo: -2.9
24 100 mg bid 12 weeks A: A: FeSO, +0.80 fg/1000 [12]
23 1.3 fg/1000 |+0.86 fg/1000 | 1.40 fg/1000
24 B: B:
1.1 fg/1000 |+0.31 fg/1000
C: C:
0.83 fg/1000 | +0.43 fg/1000

@ Perritin units stated as ng/dL in paper but this gives baseline values of < 0.2 pg/L which seems unlikely given the normal range of 15-300 pg/L.

So, units assumed to be pg/L.

b) Ferritin units stated as mg/dL in paper but this gives baseline values of about 200,000 pg/L which is unfeasible given the normal range of

15-300 pg/L. So, units assumed to be pg/L.
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which have a smaller surface area for the release of iron
compared with a solution of the same compound. Com-
plexes with a higher molecular weight normally have a
slower rate of iron release, leading to poorer absorption
and reduced efficacy [11, 16].

A direct comparison of Maltofer with Hematin in
anaemic children aged 6-24 months showed a higher
proportion of responders (who achieved a haemoglobin
level of at least 11 g/dL) in the Maltofer group and
Maltofer was also better tolearated with fewer adverse
effects than Hematin [51].

8. Conclusions

Several studies have demonstrated that IPC has a signifi-
cant effect on the endpoint of iron therapy, i.e. Hb for-
mation and/or restoration of iron stores, in infants, chil-
dren and adults (Table 8). IPC appears to have a some-
what slower onset of action than classical ferrous salts.
However, the newest study (conducted according to
GCP) by Jacobs et al. has not shown any difference at any
time point [12]. Furthermore, after about 3 months of
therapy the effects are similar. Dose-ranging studies sug-
gest that a daily dose of 2 x 100 mg is more effective than
100 mg, with no increase in adverse events. One study
also supports a daily dose of up to 600 mg iron.

An important difference between IPC and ferrous
salts is that the bioavailability is actually increased when
IPC is taken with meals, so this is the recommended
method of treatment.

IPC is indicated as oral iron therapy for the treatment
of any kind of iron deficiency such as the treatment of
actual iron deficiency anaemia, treatment of latent iron
deficiency (depletion of iron stores) and for the preven-
tion of iron deficiency during pregnancy and lactation.

Furthermore, IPC has been successfully used for the
repletion of iron stores in regular blood donors, and for
the correction of iron deficiency with or without anae-
mia in infants and small children.

IPC is generally well tolerated and appears to cause
significantly less gastrointestinal disturbance than fer-
rous salts. Both the incidence and severity of adverse
events in most clinical trials has been lower with IPC
than with ferrous sulphate. IPC is also safer in cases of
accidental overdose, and no fatalities have been report-
ed.

Recent studies suggest that ferrous sulphate may be
associated with oxidative stress reactions, but there are
indications that this concern does not apply to IPC.

Taking into consideration the definition of therapeu-
tic equivalency, which states that two preparations are
equivalent if they demonstrate the same efficacy and
safety, it can be concluded that IPC is superior to iron
salts, due to the fact of that it displays equal efficacy,
but has a superior safety profile.
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