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Safety, Tolerability, and Pharmacokinetics of Oral Ferric Maltol  
in Children With Iron Deficiency: Phase 1 Study
*,†Stephen Allen, †,‡Marcus Karl-Heinz Auth, §Jon Jin Kim, and ∥Babu Vadamalayan,     

Objectives: Iron deficiency is common in children and can have negative 
effects on behavior and function. Standard oral ferrous iron replacement is 
poorly absorbed and can cause treatment-limiting gastrointestinal adverse 
events (AEs). Ferric maltol is formulated to improve gastrointestinal absorp-
tion and tolerability versus oral ferrous compounds. In adult phase 3 trials, it 
increased hemoglobin and iron stores versus placebo, with a gastrointestinal 
AE profile similar to placebo. Here, we assess different doses of ferric maltol 
in children with iron deficiency.
Methods: This phase 1 trial involved children of age 10 to 17 years with ferri-
tin <30 µg/L (or <50 µg/L with transferrin saturation [TSAT] <20%). Children 
were randomized 1:1:1 to oral ferric maltol 7.8 mg, 16.6 mg, or 30 mg twice 
daily for 9 days and once on day 10. The primary outcomes were iron uptake 
measures (serum iron and TSAT) and population pharmacokinetic analyses.
Results: The trial included 37 children (mean age 14.0 years; baseline mean 
± standard deviation ferritin 16.3 ± 8.02 µg/L). Ferric maltol increased iron 
uptake nondose-proportionally: serum iron and TSAT plateaued between the 
2 higher doses on day 1 and were comparable across all doses on day 10. 
Twenty children (54%) experienced AEs (all mild/moderate, gastrointestinal 
32%), with similar frequencies in each group.

Conclusions: All 3 ferric maltol doses increased iron uptake in children with 
iron deficiency, even over the short study duration, and were well tolerated. 
Nondose-dependent changes in serum iron and TSAT indicate physiologic 
regulation of iron uptake to meet the body’s needs.
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INTRODUCTION
Iron deficiency is common in children and, particularly if it 

progresses to anemia, can profoundly impair energy levels, motor 
skills, behavior, and cognitive function (1–6). Effective manage-
ment of iron deficiency to increase hemoglobin concentrations to 
age-appropriate reference ranges and to replenish iron stores (7,8) is 
crucial for the child’s long-term well-being. Mild iron deficiency can 
be corrected by consumption of iron-rich food, avoidance of factors 
that inhibit iron absorption, such as milk and carbonated drinks, or 
concomitant ingestion of vitamin C (9).

When dietary changes are insufficient to correct iron defi-
ciency, oral iron preparations are the mainstay of treatment, with 
recommended daily doses of elemental iron of 3 to 6 mg/kg (maxi-
mum daily dose 200 mg) depending on symptom severity, ferritin 
concentration, and patient age (10). Ferrous iron (Fe2+) compounds 
(sulfate, fumarate, and gluconate) in solid and liquid forms are 
widely available (8,11–13). However, particularly at the maximum 
dose and in tablet form (14,15), iron from these formulations may 
be poorly absorbed. Unabsorbed iron undergoes oxidation in the 
gut lumen and mucosa, propagating reactive oxygen species that 
can damage the intestine and cause potentially severe gastrointes-
tinal adverse events (AEs), such as nausea, epigastric discomfort, 
and constipation (11,16–20). In addition, free iron in the colon 
may have adverse effects on the gut microbiome, increasing patho-
gen abundance and causing intestinal inflammation (21,22). Poor 
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What Is Known

•	 Iron deficiency is common in children and can pro-
foundly impair energy levels, motor skills, behavior, 
and cognitive function.

•	 Ferric maltol is an oral iron replacement therapy 
clinically proven in adults with iron deficiency with or 
without anemia.

What Is New

•	 This phase 1 trial provides evidence that ferric maltol 
was well tolerated and increased iron uptake in chil-
dren with iron deficiency, even over the short study 
duration of 10 days.

•	 Nondose-dependent changes in measures of iron 
uptake (serum ferritin and transferrin saturation) indi-
cate physiologic regulation of iron uptake to meet the 
body’s needs.
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gastrointestinal tolerance can reduce compliance, impeding effec-
tive correction of iron deficiency (20,23–25).

In adults, intravenous iron is the standard of care for patients 
who are unable to tolerate oral ferrous iron compounds or if the 
degree of anemia warrants acute therapy (8). However, intravenous 
iron is considered less often in children for several reasons, including 
a paucity of safety data (1), the risk of iron overload and associated 
toxicities, and problematic intravenous access (1,8,26,27). There is 
thus a need for an alternative to intravenous iron therapy to treat iron 
deficiency in children, particularly those unable to tolerate oral fer-
rous iron compounds.

Ferric maltol is an oral iron-replacement therapy formulated to 
improve gastrointestinal absorption and tolerability compared with 
oral ferrous compounds (Fig. 1) (28–32). It contains ferric iron (Fe3+) 
tightly bound to maltol (3-hydroxy-2-methyl-4-pyrone), a naturally 
occurring sugar derivative that is widely used as a food additive 
(33,34). Maltol has a high affinity and selectivity for iron, providing a 
stable platform to deliver ferric iron to the intestine, where the higher 
affinity of ferric iron for the iron transporter mechanism promotes 
dissociation. Thus, iron is either taken up into the enterocytes when 
needed, via physiologic regulatory mechanisms, or eliminated as an 
intact complex with maltol in the feces, thus minimizing the amount 
of unbound iron forming free radicals in the gut and reducing the 
risk of gastrointestinal AEs. In addition, the ease with which maltol 
donates iron to the iron transporter mechanism at the point of absorp-
tion allows the iron to be taken up more efficiently than from ferrous 
formulations, and so the amount of elemental iron in each dose can 
remain relatively low (60 mg/day in adults), further minimizing the 
risk of AEs (19,20,28,29,31–33).

Ferric maltol has proven efficacy in phase 3 placebo-controlled 
trials involving adults with iron-deficiency anemia, including those 
with inflammatory bowel disease (IBD) (19,20) and chronic kidney 
disease (CKD) (35). In patients with IBD, ferric maltol significantly 
increased hemoglobin concentrations compared with placebo over 12 
weeks (19) and maintained these improvements for up to 64 weeks 
(20). Similarly in patients with CKD, ferric maltol achieved statisti-
cal and clinically significant increases in hemoglobin and iron indi-
ces over 16 weeks (35). It is also associated with a low incidence of 
treatment-related gastrointestinal AEs in adults, with an event rate 
similar to that seen with placebo over 12 weeks in patients with IBD 
(19), a lower rate of toxicity-related treatment discontinuations than 
placebo in patients with CKD (35), and no evidence of accumulat-
ing toxicities with longer-term use (20). Here, we report data from 

a phase 1 study to assess the pharmacokinetics, safety, tolerability, 
and change in serum iron status of different doses of ferric maltol in 
children with iron deficiency.

METHODS
This phase 1, randomized, open-label, parallel-group pharma-

cokinetic study involved children seen as outpatients at 6 centers in 
the UK: Alder Hey Children’s NHS Foundation Trust; King’s College 
Hospital NHS Foundation Trust; University Hospitals of Leicester 
NHS Trust; Nottingham University Hospitals NHS Trust; Manches-
ter University NHS Foundation Trust; and University College Lon-
don Hospitals NHS Foundation Trust. The trial was conducted in 
accordance with the Declaration of Helsinki and with the consent of 
the relevant institutional ethics committees. Children aged 16 years 
or older and parents or guardians of children younger than 16 years 
provided written informed consent to participate before study initia-
tion. The trial is registered with ClinicalTrials.gov under the identi-
fier NCT03181451.

Children aged 10–17 years with confirmed iron deficiency at 
screening (defined as either ferritin <30 µg/L or ferritin <50 µg/L 
with transferrin saturation [TSAT] <20%) were eligible for inclusion 
in the study. Patients with or without anemia could be enrolled, pro-
vided hemoglobin was ≥8.5 g/dL at screening. Girls of childbearing 
potential had to agree to use adequate contraception during and until 
4 weeks after the end of the study.

Children were excluded from the study if they had untreated or 
untreatable severe malabsorption syndrome (e.g. untreated celiac dis-
ease), concomitant disease that would compromise iron absorption 
and utilization (e.g., swallowing disorders or extensive small-bowel 
resection), extensive active bleeding (other than menstrual cycle), 
chronic renal disease (estimated glomerular filtration rate <30 mL/
min), impaired liver function (alanine transaminase or aspartate 
transaminase >2 times upper limit of normal), active acute inflamma-
tory disease, life-limiting illness, or any disease that, in the opinion 
of the investigator, could adversely affect the child’s safety. Pregnant 
or breastfeeding girls were also excluded, as were children who had 
participated in any other interventional clinical study within 28 days 
before screening, those who were scheduled to be hospitalized dur-
ing the study period, and those with a known contraindication to iron 
preparations (e.g., hemochromatosis, chronic hemolytic disease, sid-
eroblastic anemia, thalassemia, or lead intoxication-induced anemia) 
or hypersensitivity or allergy to ferric maltol or excipients used in 
the capsules.

FIGURE 1.  Ferric maltol mechanism of action. Fe2+ = ferrous iron; Fe3+ = ferric iron.
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The study comprised a screening period followed by a 10-day 
randomized treatment period and a post-treatment safety follow-up. 
Children were randomized 1:1:1 (stratified by age [10–14 vs 15–17 
years] and sex) to ferric maltol 7.8 mg, 16.6 mg, or 30 mg twice daily 
(b.d.) for 9 days and once in the morning of day 10. The first and 
last doses of ferric maltol were taken in the presence of the inves-
tigator. Children took each dose with a glass of water 1 hour before 
or 2 hours after a meal. Doses were based on daily elemental iron 
requirements for the broad range of body weights of participants 
likely to be enrolled, with the aim of finding a minimum effective 
dose in this age group. The 30 mg b.d. adult dosage was chosen as 
the highest exposure; dosages of 16.6 mg b.d. and 7.8 mg b.d. were 
chosen as approximately one-half and one-quarter of the adult dose, 
respectively, with the exact dose depending on the full fill of available 
capsule shell sizes.

Children were not permitted to take oral or intravenous iron 
supplements or erythropoiesis-stimulating agents in the 28 days 
before screening and during the study, or to have blood transfusions 
within 12 weeks before screening and during the study. Concomi-
tant antibiotics were not permitted at screening and during the study. 
Stable doses of other concomitant medications (unless possibly con-
tributing to the patient’s anemia), vitamins, and supplements were 
permitted.

No formal sample size calculation was done for this study. 
On the basis of published reports, a population of 36 patients (12 per 
treatment group) was considered to be adequate to characterize iron 
uptake and pharmacokinetic parameters for the range of ferric maltol 
doses in an iron-deficient adolescent population (with or without 
anemia). All statistical analyses were performed using SAS version 
9.3 or later (SAS Institute, Inc, Cary, NC).

The primary objectives were to assess iron uptake and fer-
ric maltol pharmacokinetics. Serum iron and TSAT provided mea-
sures of iron uptake. In adults, dissociated maltol undergoes rapid 
glucuronidation and is cleared in urine as maltol glucuronide (36); 
therefore, in this study, plasma maltol glucuronide was measured to 
confirm the rate of clearance in children. The secondary objective 
was to assess the safety and tolerability of ferric maltol in terms of 
vital signs, AEs, concomitant medications, 12-lead electrocardio-
grams, and clinical laboratory blood tests.

Sparse pharmacokinetic blood sampling was performed at 
baseline before the morning dose and at prespecified collection win-
dows 0.5–6 hours after the morning dose on days 1 and 10, giving 3 
to 6 samples per time point. The post-dose pharmacokinetic sample 
collection windows were 0.5–<1, 1–<2, 2–<3, 3–<4, and 4–<6 hours, 
with patients assigned to post-dose pharmacokinetic blood sampling 
schedules in sequential order at randomization. Individuals had the 
same schedule on days 1 and 10. Plasma maltol glucuronide and 
serum iron and TSAT were measured at each time point to calculate 
standard pharmacokinetic parameters.

The intention-to-treat (ITT) population consisted of all 
patients who received at least 1 dose of study medication and had at 
least 1 evaluable post-dose pharmacokinetic sample. The observed 
values for plasma maltol glucuronide and serum iron and TSAT 
were summarized by dose group and visit for the ITT population, 
as were changes from baseline in serum iron and TSAT. The ITT 
population was also used in the population pharmacokinetic analysis. 
A base model was constructed by fitting various 1- and 2-compart-
ment linear and nonlinear models to observed maltol glucuronide, 
iron, and TSAT concentrations using NONMEM (Nonlinear Mixed 
Effects Modelling) software (Icon plc, Dublin, Ireland) to find the 
model of best fit. This was used to test a series of covariates (age, 
race, and ethnicity, sex, current medical conditions, medical history 
relevant to iron-deficiency diagnosis, clinically significant medical 
history from the past 5 years including malignancies, sterilizations, 

hospitalizations, and surgeries, method of contraception for girls of 
childbearing potential, and body weight) to find covariates that influ-
enced the base model to arrive at the final model. Concentrations–
time profiles of plasma maltol glucuronide and serum iron and TSAT 
on days 1 and 10 were predicted for each patient using individual 
pharmacokinetic parameters and standard noncompartmental meth-
ods. The linear-up/log-down method (equivalent to the Linear Up/
Log Down option in WinNonlin Professional, Certara, Princeton, NJ) 
was used in the computation of the area under the concentration–
time curve (AUC). To explore dose proportionality, actual and dose-
normalized maximum plasma concentration (C

max
) and AUCs were 

graphically displayed for each variable as functions of dose.
Safety analyses were conducted in all patients who received 

at least 1 dose of the study medication and had at least 1 subsequent 
visit (the safety population). Treatment-emergent adverse events 
(TEAEs) and serious adverse events (SAEs) were coded by system 
organ class and preferred term using the Medical Dictionary for Reg-
ulatory Activities version 19.0. Clinically significant changes from 
baseline in vital signs, physical examination, and routine clinical 
laboratory abnormalities were also recorded.

RESULTS
Forty-four children were screened: 5 failed screening because 

they did not meet inclusion/exclusion criteria, 1 was withdrawn by 
their parent/guardian during the screening period, and 1 was with-
drawn before dosing because of the use of prohibited medication 
(Supplemental Fig. S1, Supplemental Digital Content, http://links.
lww.com/PG9/A48). The remaining 37 children were randomized to 
ferric maltol 7.8 mg b.d. (n = 12), 16.6 mg b.d. (n = 13), and 30 mg 
b.d. (n = 12) and comprised both the ITT and safety populations 
(Supplemental Table S1, Supplemental Digital Content, http://links.
lww.com/PG9/A48).

The groups were similar with respect to demographic and 
baseline characteristics (Table 1). The mean age of the overall popu-
lation was 14.0 years (62% were aged 10–14 years) and the major-
ity were white (65%) and female (65%). At baseline, the mean ± 
standard deviation (SD) ferritin concentration was 16.3 ± 8.02 µg/L 
(laboratory normal range: girls 13–150 μg/L, boys 30–400 μg/L) and 
hemoglobin concentration was 12.47 ± 1.12 g/dL (normal range: 
all children of age 6–11 years 11.5–15.5 g/dL, girls of age 12–17 
years 12–16 g/dL, boys of age 12–17 years 13–16 g/dL). Most chil-
dren were taking concomitant medications (84% overall, 83% in the 
7.8 mg group, 100% in the 16.6 mg group, and 67% in the 30 mg 
group). Reflecting the most frequent comorbidities (especially Crohn 
disease, other gastrointestinal disorders, and headache), the most fre-
quently used medications were adalimumab, azathioprine, mesala-
zine, omeprazole, and paracetamol.

The mean number of days of study drug exposure was 9.9 for 
the 7.8 mg dose group, 8.8 for the 16.6 mg dose group, and 10.1 for 
the 30 mg dose group. Mean study drug compliance was 98%, 86%, 
and 98% in the 7.8 mg, 16.6 mg, and 30 mg dose groups, respectively.

Administration of ferric maltol increased iron uptake, demon-
strated by increased serum iron and TSAT (Fig. 2 and Supplemental 
Fig. S2, Supplemental Digital Content, http://links.lww.com/PG9/
A48). Changes in serum iron concentrations were not dose-depen-
dent. On day 1, there was a plateauing effect between the 2 higher 
doses (16.6 mg b.d. and 30 mg b.d.) and on day 10, iron exposure was 
comparable across all doses studied. The response–time profile for 
TSAT was similar to that for iron.

Maltol was completely metabolized to maltol glucuronide 
2.0–3.0 hours after dosing. In population pharmacokinetic analyses 
for maltol glucuronide, the time to C

max
 on day 1 (median: 1 hour) 

and day 10 (median: 0.75 hours) was similar in each dose group. C
max

 
and AUC were dose-dependent (Supplemental Fig. S3, Supplemental 
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Digital Content, http://links.lww.com/PG9/A48). Dose proportional-
ity existed over the dose range tested, except for the predicted C

max
 

on day 10.
Twenty children (54.1%) experienced a TEAE, with similar 

frequencies in each group (Table 2). All TEAEs were mild or moder-
ate and all recovered or resolved. Overall, the most frequent TEAEs 
were gastrointestinal (overall n = 12 [32%], including fecal discolor-
ation n = 5, diarrhea n = 3, nausea n = 2, vomiting n = 2, abdominal 
pain n = 1, abdominal distension n = 1, anal incontinence n = 1, 
constipation n = 1, and dyspepsia n = 1) and nervous system disor-
ders (overall n = 9 [24%], headache n = 7, dizziness n = 3, lethargy 
n=1; Supplementary Table S2, Supplemental Digital Content, http://
links.lww.com/PG9/A48). Only 1 child (in the 16.6 mg group) dis-
continued the study early because of a TEAE (moderate tonsillitis, 
not related to study drug).

Nine children (24%) had a TEAE related to the study drug; 
the most common were feces discoloration (n = 5), headache (n = 3), 
and dizziness, diarrhea, and fatigue (n = 2 each). Other drug-related 
TEAEs occurring in 1 patient each were palpitations, nausea, anal 
incontinence, constipation, dyspepsia, lethargy, dyspnea, and papule. 
There were no deaths or SAEs.

No clinically meaningful changes from baseline in vital signs 
or 12-lead electrocardiogram results were recorded. There were no 
clinically meaningful differences in mean change from baseline in 
hematologic or clinical chemistry measures between dose groups. 
Overall, individual shifts from normal to abnormal hematology and 
clinical chemistry laboratory results were considered not related to 
study drug and not clinically significant. No patients had laboratory 
abnormalities considered as TEAEs or SAEs.

Discussion

In this phase 1, randomized, open-label, parallel-group study, 
all 3 doses of ferric maltol (7.8, 16.6, and 30 mg b.d.) increased iron 
uptake in children and adolescents with iron deficiency, even over the 
short time period studied, and were well tolerated.

Changes in serum iron and TSAT were not dose-depen-
dent, indicating a physiologically regulated uptake of iron to 
meet the body’s needs. Dose proportionality existed for plasma 
maltol glucuronide, indicating that, as in adults, maltol is readily 
cleared and does not accumulate. The different pharmacokinetic 
profiles of iron and maltol by dose are consistent with earlier 

TABLE 1.  Participant Baseline Characteristics

 Ferric Maltol 7.8 mg b.d. (n = 12) Ferric Maltol 16.6 mg b.d. (n = 13) Ferric Maltol 30 mg b.d. (n = 12) Total (N = 37)

Age, years

  Mean ± SD 14.1 ± 1.6 13.7 ± 1.8 14.2 ± 2.1 14.0 ± 1.8

Age group, n (%)

  10–14 years 8 (67) 7 (54) 8 (67) 23 (62)

  15–17 years 4 (33) 6 (46) 4 (33) 14 (38)

  Sex, n (%)

  Male 4 (33) 5 (39) 4 (33) 13 (35)

  Female 8 (67) 8 (62) 8 (67) 24 (65)

Race,* n (%)

  Asian 2 (17) 3 (23) 2 (17) 7 (19)

  Black or African American 1 (8) 2 (15) 2 (17) 5 (14)

  White 9 (75) 8 (62) 7 (58) 24 (65)

  Other 0 (0) 1 (8) 2 (17) 3 (8)

  Unknown 1 (8) 0 (0) 0 (0) 1 (3)

Medical history,† n (%)

  Crohn disease 2 (17) 2 (15) 4 (33) 8 (22)

  Vitamin D deficiency 3 (25) 2 (15) 2 (17) 7 (19)

  Constipation 3 (25) 1 (8) 2 (17) 6 (16)

  Abdominal pain 2 (17) 1 (8) 2 (17) 5 (14)

  Headache 2 (17) 1 (8) 1 (8) 4 (11)

  Chronic kidney disease 3 (25) 1 (8) 0 4 (11)

BMI, kg/m2

  Mean ± SD 22.7 ± 7.4 24.3 ± 7.8‡ 19.8 ± 2.7 22.2 ± 6.4

  Hemoglobin, g/dL

  Mean ± SD 12.3 ± 0.9 12.8 ± 1.1 12.4 ± 1.4 12.5 ± 1.1

  Ferritin, µg/L

  Mean ± SD 16.2 ± 7.2 18.8 ± 8.3 13.8 ± 8.3 16.3 ± 8.

Baseline was defined as the last value observed before the first dose.
*Patients could record more than 1 race.
†Medical history disorders were reported in >10% of patients overall.
‡BMI was not measured in 2 children receiving ferric maltol 16.6 mg b.d.
b.d. = twice daily; BMI = body mass index; SD = standard deviation.
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pharmacokinetic studies that showed no relationship between 
iron absorption and maltol metabolism (36), reflecting the body’s 
ability to regulate iron uptake from ferric maltol depending on 
physiologic need and to metabolize and eliminate unneeded 
maltol following dosing.

There is currently an unmet need for oral iron therapy with 
minimal gastrointestinal adverse effects for children with iron defi-
ciency who are unable to tolerate oral ferrous iron compounds. Our 
study was not designed to confirm ferric maltol tolerability in children 
with iron deficiency and the short study duration may be insufficient 

to extrapolate to longer-term use in clinical practice; nevertheless, we 
believe that the reported adverse-event profile is favorable. Although 
TEAEs were recorded in half of our patients (potentially as a result 
of close monitoring), only 9 patients (24%) had TEAEs judged to 
be related to study drug, TEAEs were mostly mild, no patients had 
a severe TEAE, and all recovered or resolved at the end of the study. 
Only one patient discontinued treatment because of a TEAE, which 
was assessed as not related to the study drug.

The most common TEAEs were gastrointestinal (Table  2 and 
Supplemental Table S2, Supplemental Digital Content, http://links.lww.

FIGURE 2.  Response–time profiles for (A) mean serum iron (g/mL) and (B) mean TSAT (%) by ferric maltol dose on day 1 (left 
panels) and day 10 (right panels) in the intention-to-treat population. b.d. = twice daily; TSAT = transferrin saturation. 
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com/PG9/A48). The rate (32% overall) is consistent with data from a 
phase 3 trial in adults with IBD, in which the incidence of gastrointes-
tinal TEAEs with ferric maltol was 38% (19,20). By contrast, 2 meta-
analyses including several thousand patients receiving ferrous iron salts 
reported gastrointestinal AEs in up to 70% of cases (37,38). Gastrointes-
tinal AEs associated with ferrous compounds can result in nonadherence 
in up to 50% of patients and are associated with significant treatment 
failure and need for follow-up investigations (38). In the current study, 
adherence to ferric maltol was high across the 3 doses studied, which is 
important for effective correction of iron deficiency (20,23,24).

The gastrointestinal AEs seen with ferrous iron preparations are 
likely due to the direct toxicity of unabsorbed iron on the intestinal 
mucosa (39). With ferric maltol, in contrast, the ferric iron remains 
tightly bound with maltol after oral ingestion, preventing the gen-
eration of hydroxyl radicals that can cause inflammation and gastro-
intestinal AEs (31,32,40). Dissociation occurs only at the point of 
absorption, which allows the efficient uptake of elemental ferric iron 
into enterocytes with relatively low daily doses without compromising 
efficacy (28–30). Furthermore, if absorption does not take place, the 
iron–maltol complex remains strongly chelated, likely reducing patho-
genicity of gut microbes, given that increasing pathogen abundance is 
associated with free iron in the colon (21,22). Endoscopic examination 
was deemed unethical in this trial and we did not collect stool samples, 
so we cannot draw firm conclusions about the impact of ferric maltol 
on the gut microbiome. Nevertheless, in earlier small studies in mice 
and humans, ferric maltol was associated with a reduction in harmful 
gut bacteria (Bacteriodites and Firmicutes spp) compared with ferrous 
sulfate, and no cases of colitis were reported despite administration of 
dextran sodium sulfate to induce epithelial injury (41); these findings 
suggest the absence of free iron in the gut after administration of ferric 
maltol. Further studies should assess changes in the gut flora, includ-
ing enteropathogens, and also biomarkers of intestinal inflammation 
before and after treatment with ferric maltol.

This phase 1 study is the first trial of ferric maltol in children 
and adolescents with iron deficiency, a population at increased risk of 
anemia (1). The stratified randomization used was effective as patient 
characteristics were similar in each intervention arm, allowing 

reliable comparison of outcomes, including safety and tolerability 
in the different dose groups. In addition, there was good compliance 
with sampling and all 37 randomized children contributed to the 
pharmacokinetic analysis.

Nonetheless, a limitation of our study was the relatively short 
period over which AEs were assessed and the small number of chil-
dren in each dose group. A phase 3 trial is in development with a 
longer duration of treatment, a greater number of participants and a 
comparison group receiving ferrous iron, which will help to better 
characterize the AE profile.

In conclusion, in this phase 1 study, all 3 doses of ferric maltol 
(7.8, 16.6, and 30 mg b.d.) increased iron uptake, even over the short 
time period studied, and had an acceptable tolerability profile. The 
results from this study will help to establish a dosing schedule of 
ferric maltol for further investigation in larger trials of children with 
iron deficiency.

REFERENCES
	 1.	 Carman N, Muir R, Lewindon P. Ferric carboxymaltose in the treatment 

of iron deficiency in pediatric inflammatory bowel disease. Transl Pediatr. 
2019;8:28–34.

	 2.	 Jáuregui-Lobera I. Iron deficiency and cognitive functions. Neuropsychiatr 
Dis Treat. 2014;10:2087–2095.

	 3.	 Bhargava S, Meurer LN, Jamieson B. What is appropriate management of iron 
deficiency for young children? J Fam Pract. 2006;55:629–630.

	 4.	 Yehuda S, Yehuda M. Long lasting effects of infancy iron deficiency – prelimi-
nary results. J Neural Transm Suppl. 2006;71:197–200.

	 5.	 Stoltzfus RJ, Mullany L, Black RE. Iron deficiency anaemia. In: Ezzati M, 
Lopez AD, Rodgers A, Murray CJL, eds. Comparative Quantification of 
Health Risks: Global and Regional Burden of Disease Attributable to Selected 
Major Risk Factors. Geneva, Switzerland: World Health Organization; 
2004:163–209.

	 6.	 Halterman JS, Kaczorowski JM, Aligne CA, et al. Iron deficiency and cogni-
tive achievement among school-aged children and adolescents in the United 
States. Pediatrics. 2001;107:1381–1386.

	 7.	 National Institute for Health and Care Excellence. Anaemia – iron deficiency. 
Clinical knowledge summary. 2018. Available at: https://cks.nice.org.uk/anae-
mia-iron-deficiency. Accessed June 1, 2021.

TABLE 2.  Adverse Events (Safety Population)

Patients With an AE, n (%)
Ferric Maltol  

7.8 mg b.d. (n = 12)
Ferric Maltol  

16.6 mg b.d. (n = 13)
Ferric Maltol  

30 mg b.d. (n = 12)
Total  

(N = 37)

Any AE 7 (58.3) 7 (53.8) 7 (58.3) 21 (56.8)

Any TEAE 7 (58.3) 6 (46.2) 7 (58.3) 20 (54.1)

TEAE related to study drug 3 (25.0) 1 (7.7) 5 (41.7) 9 (24.3)

TEAE leading to study discontinuation 0 (0.0) 1 (7.7) 0 (0.0) 1 (2.7)

Any SAE 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

TEAEs by system organ class occurring in >5% of patients in any group*

  Cardiac disorders 1 (8.3) 0 (0.0) 0 (0.0) 1 (2.7)

  Gastrointestinal disorders 4 (33.3) 2 (15.4) 6 (50.0) 12 (32.4)

  General disorders and administration-site conditions 1 (8.3) 2 (15.4) 2 (16.7) 5 (13.5)

  Infections and infestations 2 (16.7) 1 (7.7) 0 (0.0) 3 (8.1)

  Injury, poisoning, and procedural complications 0 (0.0) 1 (7.7) 1 (8.3) 2 (5.4)

  Neoplasms benign, malignant, and unspecified 1 (8.3) 0 (0.0) 0 (0.0) 1 (2.7)

  Nervous system disorders 1 (8.3) 3 (23.1) 5 (41.7) 9 (24.3)

  Respiratory, thoracic, and mediastinal disorders 3 (25.0) 0 (0.0) 1 (8.3) 4 (10.8)

  Skin and subcutaneous-tissue disorders 1 (8.3) 0 (0.0) 1 (8.3) 2 (5.4)

*See Supplemental Table S1 (Supplemental Digital Content, http://links.lww.com/PG9/A48) online for a breakdown of adverse events by preferred term within each system organ 
class.

AE = adverse event; b.d. = twice daily; SAE = serious adverse event; TEAE = treatment-emergent adverse event.

D
ow

nloaded from
 http://journals.lw

w
.com

/jpgnr by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 11/13/2023

http://links.lww.com/PG9/A48
https://cks.nice.org.uk/anaemia-iron-deficiency
https://cks.nice.org.uk/anaemia-iron-deficiency
http://links.lww.com/PG9/A48


www.jpgn.org	 7

	 Safety, Tolerability, and Pharmacokinetics of Oral Ferric Maltol

	 8.	 Goddard AF, James MW, McIntyre AS, et al; British Society of 
Gastroenterology. Guidelines for the management of iron deficiency anaemia. 
Gut. 2011;60:1309–1316.

	 9.	 British Columbia Guidelines and Protocols Advisory Committee. Iron defi-
ciency – diagnosis and management. Effective date: April 17, 2019. Available 
at: https://www2.gov.bc.ca/assets/gov/health/practitioner-pro/bc-guidelines/
iron-deficiency.pdf. Accessed June 1, 2021.

	10.	 National Institute for Health and Care Excellence. BNF for Children. Available 
at: https://bnfc.nice.org.uk/. Published 2021. Accessed June 1, 2021.

	11.	 Cappellini MD, Comin-Colet J, de Francisco A, et al; IRON CORE Group. Iron 
deficiency across chronic inflammatory conditions: International expert opinion 
on definition, diagnosis, and management. Am J Hematol. 2017;92:1068–1078.

	12.	 Accord-UK Ltd. Ferrous Sulphate Tablets BP 200mg. Summary of prod-
uct characteristics. Available at: https://www.medicines.org.uk/emc/prod-
uct/5930/smpc. Accessed June 1, 2021.

	13.	 ADVANZ Pharma. Ferrous Fumarate 210mg Tablets. Summary of prod-
uct characteristics. Available at: https://www.medicines.org.uk/emc/prod-
uct/2821/smpc. Accessed June 1, 2021.

	14.	 Powers JM, Buchanan GR, Adix L, et al. Effect of low-dose ferrous sulfate vs 
iron polysaccharide complex on hemoglobin concentration in young children 
with nutritional iron-deficiency anemia: a randomized clinical trial. JAMA. 
2017;317:2297–2304.

	15.	 Meliţ LE, Mărginean CO, Mocanu S, et al. A rare case of iron-pill induced 
gastritis in a female teenager: a case report and a review of the literature. 
Medicine (Baltimore). 2017;96:e7550.

	16.	 Harvey RS, Reffitt DM, Doig LA, et al. Ferric trimaltol corrects iron deficiency 
anaemia in patients intolerant of iron. Aliment Pharmacol Ther. 1998;12:845–848.

	17.	 Lund EK, Wharf SG, Fairweather-Tait SJ, et al. Oral ferrous sulfate supple-
ments increase the free radical-generating capacity of feces from healthy vol-
unteers. Am J Clin Nutr. 1999;69:250–255.

	18.	 Gasche C, Lomer MC, Cavill I, et al. Iron, anaemia, and inflammatory bowel 
diseases. Gut. 2004;53:1190–1197.

	19.	 Gasche C, Ahmad T, Tulassay Z, et al; AEGIS Study Group. Ferric maltol is 
effective in correcting iron deficiency anemia in patients with inflammatory 
bowel disease: results from a phase-3 clinical trial program. Inflamm Bowel 
Dis. 2015;21:579–588.

	20.	 Schmidt C, Ahmad T, Tulassay Z, et al; AEGIS Study Group. Ferric maltol 
therapy for iron deficiency anaemia in patients with inflammatory bowel dis-
ease: long-term extension data from a phase 3 study. Aliment Pharmacol Ther. 
2016;44:259–270.

	21.	 Jaeggi T, Kortman GA, Moretti D, et al. Iron fortification adversely affects the 
gut microbiome, increases pathogen abundance and induces intestinal inflam-
mation in Kenyan infants. Gut. 2015;64:731–742.

	22.	 Parmanand BA, Kellingray L, Le Gall G, et al. A decrease in iron availability to 
human gut microbiome reduces the growth of potentially pathogenic gut bac-
teria; an in vitro colonic fermentation study. J Nutr Biochem. 2019;67:20–27.

	23.	 Hörl WH. Clinical aspects of iron use in the anemia of kidney disease. J Am 
Soc Nephrol. 2007;18:382–393.

	24.	 Zhu A, Kaneshiro M, Kaunitz JD. Evaluation and treatment of iron deficiency 
anemia: a gastroenterological perspective. Dig Dis Sci. 2010;55:548–559.

	25.	 Alleyne M, Horne MK, Miller JL. Individualized treatment for iron-deficiency 
anemia in adults. Am J Med. 2008;121:943–948.

	26.	 Kaitha S, Bashir M, Ali T. Iron deficiency anemia in inflammatory bowel dis-
ease. World J Gastrointest Pathophysiol. 2015;6:62–72.

	27.	 Jöhr M, Berger TM. Venous access in children: state of the art. Curr Opin 
Anaesthesiol. 2015;28:314–320.

	28.	 Kelsey SM, Blake DR, Hider RC, et al. Absorption of ferric maltol, a 
novel ferric iron compound, in iron-deficient subjects. Clin Lab Haematol. 
1989;11:287–288.

	29.	 Kelsey SM, Hider RC, Bloor JR, et al. Absorption of low and therapeutic 
doses of ferric maltol, a novel ferric iron compound, in iron deficient subjects 
using a single dose iron absorption test. J Clin Pharm Ther. 1991;16:117–122.

	30.	 Barrand MA, Callingham BA, Hider RC. Effects of the pyrones, maltol 
and ethyl maltol, on iron absorption from the rat small intestine. J Pharm 
Pharmacol. 1987;39:203–211.

	31.	 Barrand MA, Callingham BA, Dobbin P, et al. Dissociation of a ferric maltol 
complex and its subsequent metabolism during absorption across the small 
intestine of the rat. Br J Pharmacol. 1991;102:723–729.

	32.	 Barrand MA, Callingham BA. Evidence for regulatory control of iron uptake 
from ferric maltol across the small intestine of the rat. Br J Pharmacol. 
1991;102:408–414.

	33.	 Norgine Limited. Feraccru 30mg hard capsules. Summary of product charac-
teristics. Available at: https://www.medicines.org.uk/emc/product/2083/smpc. 
Accessed June 1, 2021.

	34.	 World Health Organization. Toxicological evaluation of certain food additives 
– International Programme on Chemical Safety IPCS. FAO Nutr Meet Rep Ser. 
1980;16:123–129.

	35.	 Pergola PE, Kopyt NP. Oral ferric maltol for the treatment of iron-deficiency 
anemia in patients with CKD: a randomized trial and open-label exten-
sion. Am J Kidney Dis.; Published online May 21, 2021. doi: 10.1053/j.
ajkd.2021.03.020

	36.	 European Medicines Agency, Science Medicines Health, Committee for 
Medicinal Products for Human Use. EMA/172417/2018 assessment report: 
Feraccru. 2018. Available at: https://www.ema.europa.eu/en/documents/
variation-report/feraccru-h-c-2733-ii-0010-epar-assessment-report-variation_
en.pdf. Accessed June 1, 2021.

	37.	 Cancelo-Hidalgo MJ, Castelo-Branco C, Palacios S, et al. Tolerability of 
different oral iron supplements: a systematic review. Curr Med Res Opin. 
2013;29:291–303.

	38.	 Tolkien Z, Stecher L, Mander AP, et al. Ferrous sulfate supplementation 
causes significant gastrointestinal side-effects in adults: a systematic review 
and meta-analysis. PLoS One. 2015;10:e0117383.

	39.	 Girelli D, Ugolini S, Busti F, et al. Modern iron replacement therapy: clinical 
and pathophysiological insights. Int J Hematol. 2018;107:16–30.

	40.	 Levey JA, Barrand MA, Callingham BA, et al. Characteristics of iron(III) uptake 
by isolated fragments of rat small intestine in the presence of the hydroxypy-
rones, maltol and ethyl maltol. Biochem Pharmacol. 1988;37:2051–2057.

	41.	 Mahalhal A, Mansfield J, Sampson M, et al. Ferric maltol, unlike ferrous sul-
phate, does not adversely affect the intestinal microbiome. Gut. 2019;68(suppl 
2):A4 (abstract PTH-102).

D
ow

nloaded from
 http://journals.lw

w
.com

/jpgnr by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 11/13/2023

https://www2.gov.bc.ca/assets/gov/health/practitioner-pro/bc-guidelines/iron_deficiency.pdf
https://www2.gov.bc.ca/assets/gov/health/practitioner-pro/bc-guidelines/iron_deficiency.pdf
https://bnfc.nice.org.uk/
https://www.medicines.org.uk/emc/product/5930/smpc
https://www.medicines.org.uk/emc/product/5930/smpc
https://www.medicines.org.uk/emc/product/2821/smpc
https://www.medicines.org.uk/emc/product/2821/smpc
https://www.medicines.org.uk/emc/product/2083/smpc
https://www.ema.europa.eu/en/documents/variation-report/feraccru-h-c-2733-ii-0010-epar-assessment-report-variation_en.pdf
https://www.ema.europa.eu/en/documents/variation-report/feraccru-h-c-2733-ii-0010-epar-assessment-report-variation_en.pdf
https://www.ema.europa.eu/en/documents/variation-report/feraccru-h-c-2733-ii-0010-epar-assessment-report-variation_en.pdf

