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ron is an essential element in humans and plays a key 
role in numerous metabolic processes, including oxy-
gen transport, DNA synthesis, and electron transport.1 

Iron deficiency (ID) is the most common and widespread nutri-
tional disorder in the world, with anemia due to iron deficiency 
affecting a staggering two billion people - approximately more 
than 30% of the world’s population.2 Groups that are at a high 
risk of experiencing iron deficiency are those who have inade-
quate access to iron rich foods during stages of increased iron 
demand, such as pregnant women, women of childbearing age 
with heavy menstrual flow, adolescents, and preschool children, 
with those in developed countries  predominantly affected by iron 
deficiency.2 In clinical practice, iron deficiency is also a common 
complication of several chronic medical conditions, including 
cancers (42.6% across different tumors), inflammatory bowel dis-
ease (IBD) (45%), chronic kidney disease (CKD) (24-85%), 
chronic heart failure (CHF) (43-100%), and other chronic inflam-
matory diseases.3-7 
       Iron deficiency results from the reduction or even depletion 
of iron stores over an extended period of time when iron absorp-
tion cannot keep up with meeting metabolic demands for iron and 
replenishing losses of iron.8 Primary causes of iron deficiency 
include impaired iron absorption, low intake of bioavailable iron, 
increased iron requirements, pregnancy, menstruation, and exces-

sive blood loss.9,10      
        Although iron deficiency can occur without anemia and re-
sult in some functional impairments, the majority of functional 
deficits are accompanied by the development of anemia.8 Iron 
deficiency anemia (IDA) symptoms include tachycardia, tachyp-
nea, hypotension, fatigue, weakness, headache, cold sensitivity, 
reduced cognitive function, depression, and decreased work per-
formance.11-15 
        Laboratory diagnosis of iron deficiency itself is straightfor-
ward in most individuals (serum ferritin <30 ng/mL), except in 
certain clinical situations, including inflammatory disorders, infec-
tions, and CKD where guidelines developed by professional asso-
ciations for each specialty should be consulted for diagnosis and 
treatment of iron deficiency.16-20 When considering the diagnosis 
of ID in the presence of other diseases, such as genetic or inflam-
matory conditions, it is important to consider the entire clinical 
picture and other iron indices, rather than relying on serum ferri-
tin alone, because these values can be altered.18,20,21   
        In patients with iron deficiency without anemia, the first 
treatment step in all cases is to asses and address the possible un-
derlying cause of iron deficiency, and whenever possible, eliminate 
or correct the etiological cause of ID.21 Once absolute iron defi-
ciency is confirmed, oral iron supplementation as the mainstay of 
therapy, per the American Society of Hematology Guidelines on 
Management of Iron Deficiency, for a majority of stable patients 
(i.e. absence of severe anemia (Hb <7-8 g/dL), chronic blood 
loss, and dialysis-dependent CKD being treated with erythropoie-
sis-stimulating agents) who do not require intravenous iron sup-
plementation.21 Oral iron preparations currently on the market 
such as ferrous sulfate, ferrous gluconate, and ferrous fumarate 
appear to be equally efficacious, however they have a high pro-
pensity for causing gastrointestinal intolerance.22-25 For patients 
intolerant or unresponsive to oral iron therapy, intravenous iron 
formulations (i.e. iron dextran, iron sucrose, ferric carboxymalt-
ose) are second-line alternatives.21,26 While effective at normalizing 
hemoglobin levels and replenishing iron stores, IV iron supple-
mentation comes with high healthcare costs, inconvenience of 
intravenous infusion in a healthcare facility, risks of hypersensitivi-
ty reactions, and possibly serious treatment-related adverse effects 
that must be considered when making treatment decisions.21,26  
        Accrufer® (ferric maltol) is an oral non-salt-based iron for-
mulation that has received approval from the U.S. Food and Drug 
Administration (FDA) in July 2019 for the treatment of iron defi-
ciency in those 18 years of age or older with or without ane-
mia.27,28 This innovative ferric iron-maltol complex has been 
shown to be less toxic to the gastrointestinal tract mucosa as op-
posed to currently available oral iron therapies, which are formu-
lated as iron salts composed of ferrous (Fe2+) iron.24,29-31 This 
medication offers a unique and convenient treatment alternative 
to treat iron deficiency in patients who are intolerant to oral iron 
salt therapies. The purpose of this article is to assess the safety and 
efficacy of ferric maltol for the treatment of iron deficiency in 
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excreted as unchanged maltol. Of note, food has been shown to 
decrease the bioavailability of iron after administration of ferric 
maltol.27 
 

        The FDA approval of Accrufer® (ferric maltol) was based 
on three placebo-controlled phase III trials: AEGIS-1, AEGIS-2, 
and AEGIS-CKD clinical trials.24,27,37 In addition, the FDA re-
viewed data from the open-label extension (OLE) phase of AE-
GIS-1 and AEGIS-2 to evaluate the long-term safety and efficacy 
of continued ferric maltol use.25 There was also an active compar-
ator phase 3b trial, AEGIS-H2H, published in abstract form with 
preliminary data, that was not included in the FDA approval, but 
is reviewed below.38  
 
AEGIS-1 and AEGIS-2 
        Gasche et al. conducted a phase III clinical trial program 
comprised of two identical clinical trials that evaluated IBD pa-
tients with IDA in a 12-week, randomized, double-blind, placebo-
controlled, multicenter clinical trial that took place across centers 
in Austria, Germany, Hungary, and the United Kingdom.24 Both 
trials followed the same study design and protocol, with the ex-
ception that AEGIS-1 enrolled patients with ulcerative colitis 
(UC), while AEGIS-2 enrolled patients with Chron’s disease 
(CD). The results from AEGIS-1 and AEGIS-2 were combined 
into a single data set and analyzed. All patients 18 years or older 
were required to be in remission or to have a mild-to-moderate 
disease activity of either UC (defined as a Simple Clinical Colitis 
Activity Index [SCCAI] score less than four at screening and ran-
domization) or CD (defined as a Crohn’s Disease Activity Index 
[CDAI] score of less than 220 at randomization). Patients includ-
ed had mild-to-moderate IDA, defined as a Hb concentration 
≥9.5 and <12.0 g/dL for females and ≥9.5 and <13.0 g/dL for 
males and serum ferritin levels <30 µg/L at screening.39 Patients 
were also required to have previously failed on treatment with oral 
ferrous products (OFP) for one or more of the following reasons: 
1) adverse drug effects (at least one: nausea, diarrhea, constipa-
tion, abdominal pain, flatulence) that led to discontinuation of 
OFP; 2) deterioration of the primary disease caused by OFP; 3) 
lack of efficacy; and 4) other signs of OFP failure (or documented 
reasons why OFP could not be used). Patients were excluded if 

adults.  

Chemistry and Mechanism of Action 
        Ferric maltol is an oral non-salt-based iron formulation com-
posed of iron in a stable ferric (Fe3+) state as a complex with a 
trimaltol ligand, a naturally occurring sugar derivative.27,29 After 
oral administration, ferric iron is delivered to the intestinal wall as 
a biologically labile complex.32,33 Upon intestinal uptake via enter-
ocytes in the small intestine, this complex dissociates, and iron is 
taken up across the intestinal wall and transferred to transferrin, 
the iron transport protein, then subsequently to ferritin, the iron 
storage protein in systemic circulation.27,32,33  
        The maltol ligand in FM remains complexed to ferric iron 
until intestinal uptake, thus minimizing the formation of free iron 
in the gastrointestinal tract, and allowing more efficient uptake of 
elemental iron into enterocytes, unlike oral therapies containing 
ferrous iron salts.32,33 Through more efficient iron delivery and 
uptake, this allows ferric maltol to be effectively administered at 
relatively lower daily elemental iron doses as compared to current 
oral iron formulations.32-34 Furthermore, unlike unabsorbed fer-
rous iron, any ferric iron that is not absorbed, remains in a chelat-
ed form, as opposed to ferrous iron salts, which can undergo oxi-
dation in the gastrointestinal tract and lead to the subsequent gen-
eration of reactive oxygen species (ROS) which causes a wide 
array of gastrointestinal adverse effects.34,35   
 
Pharmacokinetics 
        Ferric maltol dissociates upon uptake from the gastrointesti-
nal tract, allowing iron and maltol to be absorbed and metabolized 
independently.27,32,33 Following a single dose and after one week of 
multiple doses (at steady state) of FM 30 mg, 60 mg, or 90 mg 
twice daily (1 one to three times the approved recommended dos-
age, respectively) maximum serum iron concentrations and trans-
ferrin saturation (TSAT) values were both reached by two to three 
hours after the first dose of FM on day one in all groups.36 The 
peak mean serum iron concentration and TSAT value in the FDA 
approved FM 30 mg twice daily group were 32.3 µmol/L and 
45.6%, respectively. Both serum iron concentrations and TSAT 
values increased in all groups, with higher values achieved in the 
groups receiving higher doses of ferric maltol. These iron parame-
ters did not exhibit a linear relationship with higher doses. Both 
total serum iron concentration and TSAT were comparable be-
tween day one and day eight exposure with key constituents of 
FM showing predictable pharmacokinetics and no accumulation 
over the study period. There was no clear relationship between 
either iron parameter profile and maltol or maltol metabolite ex-
posure. Mean serum ferritin concentrations increased in all three 
treatment groups, with notably higher values recorded on day 
eight as compared with day one, and with greater ferritin levels 
seen in the groups treated with higher doses of ferric maltol.  
        Upon absorption from the gastrointestinal tract, maltol is 
rapidly metabolized to maltol glucuronide through sulfation and 
glucuronidation via UGT1A6 in vitro.27 Plasma concentrations of 
both maltol and maltol glucuronide, reached maximum plasma 
concentrations in 1–1.5 h before declining to baseline levels with-
in six hours.36 Maltol and maltol glucuronide showed comparable 
dose-dependent pharmacokinetic profiles between day one and 
day eight, indicating insignificant accumulation after twice daily 
dosing of ferric maltol. Maltol was rapidly excreted in the urine 
with 40-60% excreted as maltol glucuronide and less than 0.01% 

Table 1  |  Select Ferric Maltol Pharmacokinetics27,36 

Absorption  

Cmax
a (Serum Iron) 32.3-49.1 µmol/L 

Tmax
b (Serum Iron) 2-3 hours 

Cmax (TSATc) 45.6-69.8% 

Tmax (TSAT) 1-1.5 hours 

Metabolism  

Rapid metabolism of maltol to maltol glucuronide 

Elimination  

T1/2
d (Maltol) 0.48-1.17 hours 

Urinary Excretion 
40-60% as maltol glucuronide 

<0.01% unchanged 
aMaximum concentration; bTime to maximum plasma concentration; cTransferrin saturation; 
dHalf-life 

Clinical Trials 

Pharmacology 
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they had anemia unrelated to iron deficiency or if they had re-
ceived depot iron preparations, erythropoietin, or blood transfu-
sions within 12 weeks of screening. Other reasons for exclusion 
were receiving oral iron treatment within four weeks of randomi-
zation; treatment with immunosuppressants known to induce 
anemia (e.g. methotrexate, cyclosporin, tacrolimus); dose changes 
of immunosuppressive or immunomodulatory therapy <4 weeks 
before randomization; folate deficiency; uncorrected vitamin B-12 
deficiency; serum creatinine >2.0 mg/dL; abnormal liver function 
tests; and pregnancy.  
        Participants were randomized in a 1:1 ratio to receive either 
oral ferric maltol or placebo. Participants received either ferric 
maltol 231.5 mg (equivalent to 30 mg of elemental iron), to be 
taken orally with water on an empty stomach first thing in the 
morning before breakfast and last thing at night (twice a day dos-
ing), or matched placebo capsules that were administered similar-
ly. 
        The primary efficacy endpoint was change in Hb concentra-
tion from baseline to week 12. Relevant secondary efficacy end-
points included changes in Hb concentration from baseline to 
weeks 4 and 8, serum ferritin concentration changes from baseline 
to week 12, and percentage transferrin saturation (TSAT) changes 
from baseline to week 12. Both primary and secondary efficacy 
evaluations were based on an intention-to-treat (ITT) analysis of 
all randomized patients who had received at least one dose of 

study medication (ITT full analysis set [FAS]). A responder analy-
sis was also conducted, where responders to treatment were de-
fined as participants who achieved increases in Hb of ≥1 g/dL or 
≥2 g/dL, or Hb normalization by week 12 (defined as Hb values 
≥12 g/dL for females or ≥13 g/dL for males39). Safety and toler-
ability were assessed based on adverse events (AEs), vital sign 
measurements, and routine hematological and blood chemistry 
indices. Adverse effects were deemed to be treatment-related if 
there was a reasonable possibility that the AE may have been 
caused by the study drug based on investigator opinion.  
        Of the 329 patients screened, 128 were randomized to treat-
ment (FAS). The per-protocol (PP) population was comprised of 
104 patients, with 55 FM-treated patients and 53 placebo-treated 
patients completing the 12 weeks of study therapy. Baseline de-
mographics and disease characteristics were generally comparable 
between treatment groups. Reasons for previous OFP failure were 
most commonly GI adverse effects and lack of efficacy in approx-
imately 69% and 37% of participants, respectively. Baseline mean 
laboratory values for Hb, ferritin, and TSAT as well as relevant 
concomitant immunosuppressive or immunomodulatory medica-
tions are similar between the two treatment groups.  
        In the primary efficacy analysis, the mean improvement in 
Hb concentration from baseline to week 12 in the FM group vs 
placebo was 2.25 g/dL (P < 0.0001 based on ANCOVA). In the 
FM group, absolute mean Hb concentrations improved from 

Table 2 | Summary of Primary Endpoint Results in Ferric Maltol Phase III Clinical Trials
 

Trial Primary Outcome Intervention (n) Results 
Treatment Differencea (CI)

b/c P-value 

AEGIS-1 and 
AEGIS-224  

Change in Hbd from baseline to 
week 12, LSMe (SEf) g/dL  

FMg 30 mg bid (n=64)  2.25 (0.12)  

 2.18 (1.81)b   <0.0001  

Placebo (n=64)  0.06 (0.13)  

AEGIS-1 and 
AEGIS-2-

OLE25  

Change in Hb from baseline to 
week 64. mean (SDh) g/dL  

Continuedi (n=50)  3.07 (1.46)  

- -  

Switchj (n=47)  2.19 (1.61)  

AEGIS-CKD37  Change in Hb from baseline to 
week 16, LSM (SE) g/dL  

FM 30 mg bid (n=111)  0.50 (0.12)  

0.52 (0.10 to 0.93)c   0.0149  

Placebo (n=56)  -0.02 (0.17)  

Trial Primary Outcome Intervention (n) Results Risk Difference (95% CI) P-value 

AEGIS-H2H38  

Responder Ratek, % (PPl)  

FM 30 mg bid (n=78)  67.9  

-0.17 (-0.30 to -0.05)   0.341  

IV FCMm (n=88)  85.2  

Responder Rate, % (ITTn)  

FM 30 mg bid (n=125)  67.2  

-0.17 (-0.28 to -0.06)  0.298  

IV FCM (n=125)  84.0  

aRefers to the least squares mean difference between ferric maltol versus placebo for the primary outcome measure; bConfidence interval—refers to a one sided lower 
97.5% confidence interval; cConfidence interval—refers to a 95% confidence interval; dHemoglobin; eLeast squares mean; fStandard error; gFerric Maltol; hStandard devia-
tion; irefers to participants initially randomized to the FM treatment arm in the AEGIS-1 and AEGIS-2 trials and who continued FM in the OLE; jrefers to participants initially 
randomized to the placebo treatment arm in the AEGIS-1 and AEGIS-2 trials and who switched to FM in the OLE; kdefined as achieving either a ≥2 g/dL increase in Hb 
from baseline or Hb normalization (i.e. females: >12 g/dL; males: >13 g/dL)39 at week 12; lPer protocol analysis; mFerric  carboxymaltose; nIntention to treat analysis 
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11.00 (SD 1.03) g/dL at baseline to 13.20 g/dL (SD 1.04) with the 
placebo group remaining unchanged at 11.10 g/dL (SD 0.85) and 
11.20 g/dL (SD 0.98).  
        In the responder analysis, a majority of FM-treated patients 
achieved ≥1 g/dL and ≥2 g/dL increases in Hb concentration or 
normalization with 66% of patients treated with FM achieve nor-
malization of Hb concentrations (Hb values ≥12 g/dL for fe-
males or ≥13 g/dL for males39) versus 13% of placebo-treated 
patients (OR = 15.3; 95% CI = 5.9-39.3). Among evaluable FM-
treated participants (n=64), the median time to Hb normalization 
was 57 days. Iron indices, which encompassed serum ferritin and 
TSAT, improved in the FM-treated group from baseline to week 
12, yet remained comparatively unchanged in the placebo group. 
        During the 12-week study period, treatment-emergent ad-
verse effects (TEAEs), which were largely gastrointestinal in na-
ture and of mild or moderate severity, were documented in 58% 
of FM-treated participants and 72% of participants in the placebo 
group. Upon investigator review, AEs were characterized as relat-
ed to study medication (FM vs placebo) in 25% of FM-treated 
participants as compared to 11.7% of placebo participants, with 
the most commonly reported treatment-related AEs (TRAEs) 
being abdominal pain, constipation, and flatulence. Premature 
discontinuation due to AEs occurred in 8 (13%) participants in 
the FM group and 5 (8%) participants in the placebo group, with 
all treatment-related AEs that led to discontinuation of treatment 
being gastrointestinal in nature. No serious AEs occurred that 
were considered to be study medication related.  
 
AEGIS-1 and AEGIS-2 – OLE 
        Schmidt et al. conducted a 52-week open-label extension 
(OLE) phase of the aforementioned AEGIS-1 and AEGIS-2 clin-
ical trials to evaluate the long-term efficacy and safety of contin-
ued FM treatment in IBD patients with IDA.25 The OLE phase 
included participants from the AEGIS-1 and AEGIS-2 clinical 
trials and utilized the same inclusion and exclusion criteria.24 Dur-
ing randomized treatment in AEGIS-1 and AEGIS-2, participants 
received either FM 30 mg or matching placebo orally twice daily 
for 12 weeks.24 After week 12, all participating patients in the FM 
group continued with their ongoing treatment for an additional 52 
weeks (total FM treatment period: 64 weeks). Participants who 
received placebo from weeks 1–12 were switched to receive treat-
ment with FM 30 mg orally twice daily between week 13 and 
week 64 (total FM treatment period: 52 weeks).  
        The primary efficacy endpoint was the absolute change in 
hemoglobin from baseline, where baseline was day zero of treat-
ment, with either FM or placebo at the beginning of randomized 
therapy. The proportion of patients achieving normalization of 
hemoglobin levels (Hb values ≥12 g/dL for females or ≥13 g/dL 
for males39) by week 64 was also assessed. In addition, absolute 
serum ferritin concentration and TSAT were measured at 4- to 12
- week intervals. All efficacy endpoints were evaluated based on 
an ITT FAS, as defined in the previous trials. Safety and tolerabil-
ity were assessed similarly to previous trials.  
        A total of 97 patients entered the 52-week OLE study phase 
with 50 from the FM-treatment group (“continued” group) and 
47 from the placebo (“switch” group). A total of 37 “continued” 
and 36 “switch” participants completed the 52 weeks. 
        Absolute mean hemoglobin concentrations increased from a 
baseline of 11.00 (SD 1.03) g/dL to 13.95 (SD 1.26) g/dL at week 
64 in the “continued” group. In the “switch” group, absolute 
mean hemoglobin concentrations increased from 11.10 (SD 0.85) 
g/dL at baseline to 13.33 (SD 1.46) g/dL at week 64. In both 

treatment groups, the greatest increases in hemoglobin concentra-
tion occurred during the initial 12 weeks of treatment with FM 
with increases similar among both treatment groups. Beyond the 
initial 12 weeks of FM-treatment, hemoglobin concentrations 
were maintained for the remainder of the study period with he-
moglobin normalization achieved in 86% of participants at week 
64 (“continued” group: 89% vs “switch” group: 83%).  Iron indi-
ces, which included serum ferritin and TSAT measurements, 
showed a pronounced degree of variability overall among study 
participants. This led to no statistically significant differences in 
iron parameters, despite observed improvements in both serum 
ferritin and TSAT during open-label FM treatment.  
        During the study period, 80% of the participants reported at 
least one TEAE, which were primarily gastrointestinal in nature. 
However, only 24% of FM-treated participants experienced AEs 
deemed related to therapy. These TRAEs were similar to afore-
mentioned trials and are summarized in the Adverse Effects and 
Precautions section. Premature discontinuation of FM treatment 
due to AEs during the entire 64-week study period occurred In a 
total of 18 (16%) participants, with 12 (11%) participants discon-
tinuing FM treatment during the extension period. Ten discontin-
uations were judged to be related to the natural course of the pa-
tients’ disease and not the study medication.  
 
AEGIS-CKD 
        Kopyt et al. conducted a 16-week phase III, randomized, 
double-blind, placebo-controlled, prospective, multicenter clinical 
trial known as the AEGIS-CKD study, which evaluated the effica-
cy and safety of ferric maltol for the treatment of IDA in patients 
with non-dialysis dependent chronic kidney disease (NDD-
CKD).37 This study included patients 18 years or older with a cur-
rent clinical diagnosis of CKD with an estimated glomerular filtra-
tion rate (eGFR) of <60 mL/min/1.73 m2 and ≥15 mL/min/1.73 
m2 as calculated using the abbreviated version of the Modified 
Diet in Renal Disease (MDRD) equation. All patients were re-
quired to have IDA, defined as a Hb concentration <11.0 g/dL 
and ≥8.0 g/dL, and either serum ferritin <250 μg/L with TSAT 
<25% or serum ferritin <500 μg/L with TSAT <15%. Notable 
exclusion criteria include if patients were currently receiving dialy-
sis, if initiation of dialysis was considered likely during the study 
period, or renal transplantation in the previous 12 months. Other 
exclusion criteria was similar to previous trials. All efficacy end-
points were evaluated based on an ITT analysis, as defined in the 
previous trials. Safety and tolerability were assessed similarly to 
previous trials.  
        Participants were randomized in a 2:1 ratio to receive either 
FM 30 mg orally twice daily or matching placebo capsules orally 
twice daily for 16 weeks. Of the 167 patients enrolled, 111 re-
ceived FM and 56 received a matching placebo control. Baseline 
demographics and disease characteristics were similar between the 
two treatment groups with a mean age of approximately 67 years-
old with mean hemoglobin concentrations (FM group: 10.06 (SD 
0.77) g/dL vs placebo group: 10.03 (SD 0.82) g/dL). The mean 
eGFR (FM group: 31.9 mL/min/1.73 m2 vs placebo group: 29.7 
mL/min/1.73 m2) were also similar between both groups.  
        The primary endpoint was change in Hb concentration from 
baseline to week 16 which was found to be superior in the FM 
group 0.5 (SD 0.122) g/dL vs placebo group -0.02 (SD 0.165) g/
dL (treatment difference of 0.52 (SD 0.210) g/dL (95% CI [0.102-
0.930]; P = 0.0149). 
        In the secondary efficacy analyses, relevant endpoints includ-
ed a statistically significant percentage of FM-treated participants 
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achieved a Hb concentration ≥11 g/dL by week 16 as compared 
the placebo group (FM group: 26% vs placebo group: 17.5%) 
(OR = 2.60; 95% CI [1.20-6.60]; P = 0.0442). In addition, there 
was a statistically significant improvement observed in all iron 
parameters (serum ferritin, TSAT, and serum iron) from baseline 
to week 16 in the FM group vs placebo group.   
        During the study period, 68% of patients reported at least 
one TEAE which were primarily gastrointestinal in nature with 
19% thought to be related to therapy. These TRAEs were similar 
to aforementioned trials and are summarized in the Adverse Ef-
fects and Precautions section. A higher proportion of participants 
treated with FM completed the 16 weeks of treatment as com-
pared to placebo-treated participants (FM group: 81% vs placebo 
group: 70%). Premature discontinuation of FM-treatment due to 
TEAEs during the 16-week study period, occurred in 7 (6.3%) 
participants, with 2 (2%) participants discontinuing FM-treatment 
due to TEAEs that were deemed to be related to the study drug. 
The data specifying the description of these TEAEs are currently 
unavailable.  
        At the time of this writing, results of this study have only 
been published in abstract format.  
 
AEGIS-H2H 
        Howaldt et al. conducted a phase 3b, randomized, con-
trolled, open-label, prospective, multicenter head-to-head active-
comparator non-inferiority clinical trial known as the AEGIS-
H2H study, which evaluated the efficacy and safety of ferric 
maltol and intravenous ferric carboxymaltose (IV FCM) in the 

treatment of IDA in patients with IBD.38 This study included pa-
tients ages 18 years and older with a clinically confirmed diagnosis 
of IBD. All patients were required to have IDA, defined as Hb 
concentration ≤11.0 g/dL and >8.0 g/dL for women or Hb con-
centration ≤12.0 g/dL and >8.0 g/dL for men, and either serum 
ferritin <30 ng/mL or serum ferritin <100 ng/mL with TSAT 
<20%. All patients must have been considered suitable for IV 
iron treatment by the investigator to be eligible for study enroll-
ment. Exclusion criteria was similar to previous trials. The study 
period for this trial was 52 weeks of randomized treatment with 
either FM or IV FCM. Primary and secondary endpoints were 
evaluated after the first 12 weeks. Long-term efficacy and safety 
endpoint evaluations occurred at week 52.  
        Participants were randomized in a 1:1 ratio to receive either 
FM 30 mg orally twice daily or IV FCM administered according to 
local prescribing information for 52 weeks. For participants in the 
IV FCM treatment group, IV iron treatment was repeated if the 
participant was iron deficient at any of the follow-up visits during 
the study period.  
        The primary efficacy endpoint was Hb response rate at week 
12, defined as the proportion of patients achieving either a ≥2 g/
dL increase in Hb from baseline or normalization of Hb (i.e. fe-
males: >12 g/dL; males: >13 g/dL39). Both PP and ITT popula-
tions were utilized in assessing non-inferiority of the primary effi-
cacy endpoint. The pre-defined non-inferiority margin for risk 
difference in response rate at week 12 was set at less than 20% for 
both the PP and ITT populations. 
        Secondary efficacy endpoints included change in Hb concen-

Table 3 | Summary of Select Secondary Endpoint Results in Ferric Maltol Phase III Clinical Trials
 

Trial Secondary Outcome Intervention (n) Results Treatment Difference P-value 

AEGIS-1 and 
AEGIS-224  

Change in serum ferritin from 
baseline to week 12, mean μg/L  

FMb 30 mg bid (n=64)  17.4 vs 1.6  ETDc 15.8  - 

Change in TSATa from baseline to 
week 12, mean %  

Placebo (n=64)  17.9 vs 0.3  ETD 17.6  - 

AEGIS-1 and 
AEGIS-2-

OLE25  

Hbd normalizatione at week 64, %  86 - - 

Combinedf 

(n=97)    
Change in serum ferritin from 

baseline to week 64, mean μg/L  
49.0 - - 

Change in TSAT from baseline to 
week 64, mean %  

18.5 - - 

AEGIS-CKD37  

Hb ≥11 g/dL at week 16, %  

FM 30 mg bid (n=111)  

26.0 vs 17.5 
ORh 2.60 (95% CI 1.02 to 

6.60)  
0.0442 

Change in serum ferritin from 
baseline to week 16, LSMg μg/L  

25.49 vs –8.25 
ETD 33.7 (95% CI 15.3 to 

52.2)  
0.0004 

Change in TSAT from baseline to 
week 16, LSM %  

Placebo (n=56)  3.78 vs –0.69 
ETD 4.47 (95% CI 2.29 to 

6.65)  
<0.0001 

AEGIS-H2H38  

Hb normalization  
at week 4, %  

FM 30 mg bid 
(ITTi; n=125) 

 
 

IV FCMj 

(ITT; n=125)  

24.8 vs 48.0  ETD -23.2  - 

55.2 vs 80.8  ETD -25.6  - 
Hb normalization  
At week 12, %  

≥2 g/dL increase in Hb  
at week 4, %  

20.8 vs 60.0  ETD -39.2  - 

60.8 vs 76.8  ETD -16.0  - 
≥2 g/dL increase in Hb  

at week 12, %  

aTransferrin saturation; bFerric maltol; cEstimated treatment difference; dHemoglobin; eDefined as female >12 g/dL and males >13 g/dL; fIncludes all patients treated with 
ferric maltol in the OLE study phase (i.e. “continued” and “switch” treatment groups); gLeast squares mean; hOdds ratio; iIntention to treat analysis; jFerric carboxymaltose 
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TEAEs and whether they led to premature discontinuation are 
currently unavailable. At the time of this writing, results of this 
study have only been published in abstract format. 

        The most common adverse events reported in clinical trials 
were flatulence (4.6%), diarrhea (4%), constipation (4%), discol-
ored feces (4%), abdominal pain (2.9%), nausea (1.7%), vomiting 
(1.7%), abdominal discomfort (1.1%), and abdominal distension 
(1.1%).27 During double-blind placebo-controlled trials, the pro-
portion of patients taking FM who discontinued treatment due to 
adverse reactions was 4.6%, with the most common adverse reac-
tion leading to discontinuation being abdominal pain.24,27,37  
        The FDA-approved labeling recommends avoiding using 
FM in patients experiencing an active IBD flare because of a po-
tentially increased risk of inflammation in the gastrointestinal 
tract.27 As with other iron products, there is a potential for iron 
overload with excessive therapy, so it is recommended to avoid 
administration of FM in patients with evidence of iron overload 
or those currently receiving IV iron products.27  
        Ferric maltol is contraindicated in patients with a history of 
hypersensitivity reactions to FM, hemochromatosis and other iron 
overload syndromes, or those receiving repeated blood transfu-
sions.27  

        To date, no controlled clinical studies have been conducted 
which evaluate the drug interaction potential of FM. Currently 
available information on drug interactions is based upon pub-
lished case reports and clinical studies that could not be con-
firmed by controlled studies with FM.27 Concomitant use of iron 
products with dimercaprol is recommended to be avoided due to 
an increased risk of nephrotoxicity. For oral drugs that may reduce 
the bioavailability of iron it is recommended to separate the ad-
ministration of FM by at least four hours from these medica-
tions.27 

        The recommended dosage of FM is 30 mg by mouth twice 
daily on an empty stomach, taken 1 hour before or 2 hours after a 
meal.27 Do not open, break, or chew FM capsules. The available 
dosage form includes 30 mg capsules with 30 mg of elemental 
iron and 201.5 mg of maltol.27 
        There appears to be no clinically meaningful change in 
maltol or maltol glucuronide exposure in non-dialysis dependent 
CKD (eGFR of >15 mL/min/1.73m2 and <60 mL/min/1.73m2) 
patients, thus there are no renal dose adjustments recommended 
for patients with renal impairment.27  
        Treatment duration is generally at least 12 weeks, but should 
be individualized to the patient, as it will largely depend on the 
severity of their iron deficiency.21,27 It is recommended that treat-
ment should be continued for as long as necessary until ferritin 
levels are within normal range.27  

Accrufer® (ferric maltol) is not yet commercially available in the 
USA. Currently, Shield Therapeutics is in the process of choosing 
a commercial partner to market Accrufer® (ferric maltol) in the 

tration from baseline to week 12, the proportion of participants 
who experienced a change of ≥1.0 g/dL or ≥2.0 g/dL in Hb con-
centration from baseline to week 12, and the proportion of partic-
ipants with Hb concentrations within normal limits (i.e. females: 
>12 g/dL; males: >13 g/dL39) at week 12. These secondary out-
comes were also assessed at week 4. There were additional sec-
ondary efficacy endpoints evaluating the same aforementioned 
outcome measures specifically in participants with a baseline Hb 
<9.5 g/dL. Relevant long-term efficacy endpoints included the 
proportion of participants who were non-anemic at 6 and 12 
months, the proportion of participants who achieved normaliza-
tion of ferritin levels at 6 and 12 months.  
        Of the 462 patients screened, 250 were randomized to treat-
ment, with 125 patients in each treatment group. A total of 93 FM
-treated patients and 106 IV FCM-treated patients completed the 
52-week study period. The PP population was comprised of 166 
patients (FM group: n=78 vs IV FCM group: n=88). Baseline 
demographics and disease characteristics were generally compara-
ble between the two treatment groups with a mean age of approx-
imately 40-years-old and a similar proportion of patients with UC 
and CD between both groups (UC: 38.5% and CD: 61.5%). He-
moglobin concentrations <9.5 g/dL (FM group: 24.4% vs IV 
FCM group: 30.1%) and ≥9.5 g/dL (FM group: 75.6% vs IV 
FCM group: 69.9%) were generally comparable between the treat-
ment groups at baseline.   
        Hemoglobin response rate at 12 weeks, the primary efficacy 
endpoint, was achieved in 67.9% of FM-treated participants and 
85.2% of IV FCM-treated patients in the PP population (RD -
0.17; 95% CI [-0.30 to -0.05]; P = 0.341). For the ITT population, 
67.2% of FM-treated patients and 84.0% of IV FCM-treated pa-
tients displayed Hb response (RD -0.17; 95% CI [-0.28 to -0.06]; 
P = 0.298). Non-inferiority was not achieved at 12 weeks in the 
primary endpoint for either the PP or ITT population.   
        In the secondary efficacy analyses, IV FCM-treated partici-
pants displayed a greater mean change in Hb concentration from 
baseline to week 4 (FM group: 1.27 (SD 0.974) g/dL vs IV FCM 
group: 2.19 (SD 1.133) g/dL) and week 12 (FM group: 2.45 (SD 
1.449) g/dL vs IV FCM group: 3.04 (SD 1.576) g/dL) as com-
pared to FM-treated participants. The proportion of participants 
who achieved normalization of Hb concentration at week 4 (FM 
group: 24.8% vs IV FCM group: 48.0%) and week 12 (FM group: 
55.2% vs IV FCM group: 80.8%) was larger in the IV FCM group 
as compared to the FM group. In patients with a baseline Hb 
concentration <9.5 g/dL, IV FCM demonstrated greater mean 
improvements in Hb concentrations and Hb normalization at 
week 4 and week 12 in comparison to ferric maltol. For long-term 
efficacy endpoints, FM and IV FCM demonstrated generally com-
parable effectiveness at maintaining Hb and iron status for up to 
52 weeks.   
        Over the course of the 52-week study period, 75 of 127 par-
ticipants (59.1%) in the FM group and 43 of 120 participants 
(35.8%) in the IV FCM group experienced nonserious TEAEs. 
Among participants treated with FM, gastrointestinal disorders 
were the most commonly experienced AEs and were similar to 
those seen in previous studies, which occurred in 40 of 127 partic-
ipants (31.5%). In comparison, the most commonly experienced 
AEs in the IV FCM group were infections and infestations (i.e. 
nasopharyngitis, upper respiratory tract infection, and urinary 
tract infection), which occurred in 22 of 120 participants (18.3%). 
In the FM group, 12 of 127 participants (9.4%) and 3 of 120 par-
ticipants (2.5%) in the IV FCM group experienced serious adverse 
effects. The data specifying the description of these serious 

Adverse Effects and Precautions 

Drug Interactions 

Dosage and administration 

Cost and Availability 
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the safety and efficacy of FM seen in these studies should not be 
extrapolated to patients less than 18 years old. Given that women, 
especially women of reproductive age, are affected more often 
than men, another consideration is the age of the adults included 
in these studies. While the studies included a greater proportion of 
women than men, more than half of the participants were ≥65 
years old, which might not be generalizable to the generally 
younger patient population affected by ID.  
        Although pregnant patients were excluded in these studies, 
likely due to ethical concerns, maternal use of FM is not expected 
to result in fetal exposure because the FM complex is not ab-
sorbed systemically.27 In embryofetal animal studies, pregnant 
animals did not experience any maternal toxicities or adverse de-
velopmental outcomes after administration of oral FM doses up 
to 32 times the recommended human dose.27  
        Despite these studies only including patients with either qui-
escent IBD or non-dialysis dependent CKD, these comorbidities 
represent patient populations largely affected by ID and IDA. 
Given that there is a potentially increased risk of GI tract inflam-
mation with administration of oral iron preparations in patients 
with an active IBD flare, the AEGIS-1 and AEGIS-2 studies in-
cluded what would typically be seen in clinical practice.21,27 In the 
AEGIS-CKD study, they included IDA patients with CKD who 
were not dialysis-dependent, which represents the population of 
CKD patients that are more commonly treated with oral iron sup-
plementation initially as opposed to dialysis-dependent CKD pa-
tients, who typically require IV iron therapy for treatment.21 Alt-
hough these studies showed promising results in IBD and CKD 
patients, further studies should be conducted in patients with dif-
ferent comorbidities or chronic inflammatory conditions to exam-
ine the efficacy and tolerability of FM in patients with other dis-
ease states that commonly complicated by ID or IDA.  
        Additionally, in the clinical trials used for FDA approval, FM 
was compared to a matched oral placebo. The use of a placebo 
control treatment arm instead of an active comparator limits the 
comparability of the aforementioned findings. To date, there are 
no head-to-head comparisons of FM versus oral ferrous iron salt 
formulations and there are currently no ongoing head-to-head 
comparisons to compare efficacy and tolerability between oral 
iron formulations. While AEGIS-1 and AEGIS-2 studies were not 
head-to-head trials, FM demonstrated efficacy and tolerability in 
IBD patients who had previously failed treatment with oral fer-
rous iron salts, mainly for reasons such as intolerability or lack of 
efficacy.24,25 The data from these studies suggest that FM might 
demonstrate a more favorable GI tolerability profile as opposed 

USA.28 To date, the CEO of Shield Therapeutics and the compa-
ny itself has yet to publicly comment on the expected pricing of 
this medication. Thus, the medication cost cannot be assessed nor 
compared to the cost of currently available oral iron formulations.  
The cost per tablet (US dollars) of oral iron salt formulations in 
the USA, all of which are administered one to three times daily, 
are as follows: ferrous fumarate: 0.22-0.39; ferrous gluconate: 0.04
-0.11; ferrous sulfate: 0.01-0.82.40 All aforementioned oral iron 
salt formulations are currently available as over-the-counter medi-
cations, while Accrufer® (ferric maltol) will only be available as a 
prescription medication with intellectual property protection out 
to the year 2035.28 
 

        Ferric maltol (FM) is a non-salt oral iron replacement agent 
that is effective and displays a good tolerability profile in IDA 
patients with IBD or CKD. In a systematic review analyzing the 
tolerability of several oral iron supplements, the incidence of gas-
trointestinal (GI) AEs was 43% for ferrous fumarate, 30% for 
ferrous gluconate, and 30% for ferrous sulfate.23 In FM’s clinical 
trials, the incidence of GI AEs was approximately 25%, which 
may suggest better GI tolerability as compared to ferrous iron 
salts.27 However, no head-to-head controlled trials comparing the 
tolerability of FM versus oral ferrous iron salts exist, thus it is 
difficult to make direct comparisons. The favorable GI tolerability 
can likely be attributed to the novel chemical and pharmacokinet-
ic properties of FM as compared to traditional oral ferrous iron 
salt formulations such as ferrous sulfate, ferrous gluconate, and 
ferrous fumarate. In addition, through FM’s high bioavailability as 
compared to ferrous iron preparations, this may allow relatively 
lower doses of elemental iron to be administered for treatment of 
ID, which might further reduce the risk of GI side effects. In 
clinical trials, FM was well-tolerated and demonstrated a similar 
overall incidence of AEs compared with placebo in patients that 
were unable to previously tolerate oral ferrous iron salt treatment.  
        Although there are encouraging results based on the afore-
mentioned clinical trials, several limitations exist which may hin-
der FM’s use in clinical practice. While clinical trials displayed 
tolerability and efficacy of FM for the treatment of iron deficiency 
anemia in IBD and CKD adult patients, the FDA granted broad 
approval of FM for the treatment of ID, with or without anemia, 
in adults.  
        The AEGIS-1 and AEGIS-2 studies, as well as the OLE, 
only included patients 18 years or older with quiescent IBD and 
IDA who have previously failed oral ferrous iron salt therapy.24,25 

The AEGIS-CKD study only included patients 18 years or older 
with non-dialysis dependent CKD and IDA.37 Both studies only 
evaluated adult patients with mild-to-moderate anemia related to 
ID, as defined by meeting criteria for different combinations of 
both hemoglobin and iron parameter values. Given that severe 
anemia (i.e. Hb ≤7-8 g/dL) is an indication for IV iron treatment, 
this allows for better generalizability to the appropriate patient 
population utilizing oral iron therapies for treatment of IDA.21 

Iron deficiency, and specifically IDA, is not exclusive to any age 
group; every age group is vulnerable and includes patients with 
comorbidities beyond IBD or CKD. Iron deficiency is prevalent 
in rapidly growing children and adolescents, females of reproduc-
tive age, and pregnant patients. In contrast, postmenopausal 
women and adult men are at lower risks of ID because their diets 
are likely sufficient to cover their normal physiological iron re-
quirements. These studies did not include pediatric patients, thus 

Table 4  |  Common Adverse Events
27 

Event Incidence
 

Flatulence 4.6% 

Diarrhea 4.0% 

Constipation 4.0% 

Discoloration of feces 4.0% 

Abdominal pain 2.9% 

Nausea 1.7% 

Vomiting 1.7% 

Abdominal discomfort 1.1% 

Abdominal distention 1.1% 

Clinical Implications 
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2019 for the treatment of iron deficiency in adults. In the AEGIS 
clinical trial series FM demonstrated efficacy in correcting IDA 
and improving serum iron parameters, including ferritin and 
TSAT. Ferric maltol also displayed efficacy and improved tolera-
bility in IBD patients who experienced inefficacy or intolerance 
on previous treatment with oral ferrous iron salts. Emerging data 
comparing the efficacy of FM to IV iron supplementation is con-
flicting, but currently indicates that FM did not demonstrate non-
inferiority to IV iron therapy. This medication appears to be well 
tolerated with the most common adverse effects being gastroin-
testinal in nature and of mild to moderate severity. At this time, 
the true place in therapy for FM is not yet determined, however it 
does appear to be a suitable alternative therapy in those with iron 
deficiency who are unable to tolerate oral ferrous iron salts.  
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to oral ferrous iron salts in patients who are more sensitive to GI 
AEs and have a higher predisposition to experience intolerance to 
oral iron agents.  
        In the AEGIS-1, AEGIS-2, and AEGIS-H2H studies, 
health-related quality of life (QoL) was assessed.24,25,38 Of note, 
the AEGIS-H2H post-hoc analysis demonstrated non-statistically 
significant improvements in health-related QoL scores (assessed 
using the 36-item Short Form questionnaire) in both FM and IV 
FCM treatment groups, with no statistically significant differences 
between treatment groups.38 This indicates there was at least no 
decline in patient QoL with FM treatment during the study peri-
od. 
        Ferric maltol does not offer any added benefit in terms of 
ease of administration as compared to ferrous iron salts. Ferric 
maltol is administered twice daily, while oral ferrous iron salts are 
administered two to three times daily depending on patient tolera-
bility. Like other oral iron formulations, FM is recommended to 
be administered on an empty stomach and separated from meals 
by one to two hours to improve absorption.  
        To date, there is one head-to-head active comparator study 
comparing the safety and efficacy of oral FM versus IV FCM for 
the treatment of IDA in IBD patients for 12 weeks, which also 
included a long-term safety and efficacy study period. Considering 
the results of the AEGIS-H2H study have yet to be published 
and peer-reviewed, data should be extrapolated, if at all, with cau-
tion. Initial clinical trial data originally suggested FM demonstrat-
ed efficacy in treating IDA in IBD patients where FM was found 
to be noninferior to IV ferric carboxymaltose.38 This conclusion 
was based on the per protocol analysis of the primary endpoint of 
the study, defined as hemoglobin normalization or a ≥2 g/dL 
increase in hemoglobin at week 12.38 In the ITT analysis, FM did 
not achieve noninferiority compared to IV FCM for the primary 
endpoint.41 Of note, the study’s pre-defined success criteria to 
achieve noninferiority required that noninferiority is achieved in 
both the PP and ITT analyses in order for FM to be considered 
noninferior to IV FCM. Based off of this initial data and the pre-
defined noninferiority success criteria, FM did not achieve nonin-
feriority compared to IV FCM at the primary endpoint.41 This 
prompted the pharmaceutical company to initiate an independent 
review and analysis of both datasets.41 A recent press release from 
Shield Therapeutics reported that a reanalysis of the data revealed 
that FM did not achieve noninferiority in either the PP or ITT 
populations at the primary endpoint, but FM-treated patients still 
displayed clinically significant increases in hemoglobin levels 
which were maintained in the long-term study phase.42 Of note, 
the primary endpoint results presented in the aforementioned 
AEGIS-H2H section reflect the most updated findings at the 
time of this writing. Despite the conflicting data for the primary 
endpoint, it is important to take into consideration the rate which 
the Hb normalization was achieved and in which patients when 
comparing oral and IV iron supplementation. Intravenous FCM 
achieved a higher rate of Hb concentration normalization at week 
4 in all patients, as well as in patients specifically with a Hb con-
centration <9.5 g/dL, in comparison to oral FM.38 When making 
treatment decisions regarding iron replacement, it is important to 
consider this difference in time to normalization, the severity of 
the patient’s anemia, and whether oral FM is clinically appropriate 
for the patient as opposed to an IV iron formulation.  

        Accrufer® (ferric maltol) is a novel non-salt oral formulation 
of ferric (Fe3+) iron that achieved broad FDA approval in July 
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