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Original Investigation

Oral Ferric Maltol for the Treatment of Iron-Deﬁciency
Anemia in Patients With CKD: A Randomized Trial and
Open-Label Extension
Pablo E. Pergola and Nelson P. Kopyt
Rationale & Objective: Iron-deﬁciency anemia is
common in patients with chronic kidney disease
(CKD) not requiring kidney replacement therapy
(KRT). We evaluated effects of oral iron replacement therapy with ferric maltol in these patients.
Study Design: Phase 3, double-blind, randomized,
placebo-controlled trial (AEGIS-CKD) and openlabel extension.
Setting & Participants: Adults with stage 3 or 4
CKD and iron-deﬁciency anemia at 30 US
centers.
Intervention: Oral ferric maltol at 30 mg or placebo twice daily for 16 weeks (2:1 randomization) followed by ferric maltol at 30 mg twice daily
for up to 36 weeks (all patients).
Outcome: Change from baseline in hemoglobin
(primary end point at week 16), ferritin, transferrin
saturation, and serum iron; safety.
Results: 167 patients were randomized (ferric
maltol, n = 111; placebo, n = 56). At week 16,
hemoglobin had increased signiﬁcantly with ferric
maltol versus placebo (least-squares mean difference: 0.5 ± 0.2 [SE] g/dL; 95% CI, 0.1-0.9;
P = 0.01). Ferritin, transferrin saturation, and
serum iron increased with ferric maltol but

A

declined with placebo (all P < 0.05). Hemoglobin
levels were sustained up to week 52 in patients
continuing ferric maltol and increased in patients
switching from placebo to ferric maltol. The most
frequent adverse events were gastrointestinal
(randomized phase: 41% vs 30% [ferric maltol vs
placebo]; open-label phase: 56% vs 46%,
respectively). Adverse events led to treatment
withdrawal in 7 patients (6%) receiving ferric
maltol and 5 patients (9%) receiving placebo
during double-blind treatment, and 11 patients
(9%) during the open-label extension.
Limitations: Heterogeneity in baseline ferritin
levels; high proportion of female participants;
single-arm open-label extension.
Conclusions: Ferric maltol was associated with
statistically signiﬁcant (week 16) and sustained
(up to week 52) increases in hemoglobin and iron
indices in patients with CKD and iron deﬁciency,
and was well tolerated during treatment for up to
52 weeks.

Complete author and article
information provided before
references.
Correspondence to
N.P. Kopyt (nkopyt@gmail.
com)
Am J Kidney Dis.
78(6):846-856. Published
online May 23, 2021.
doi: 10.1053/
j.ajkd.2021.03.020

© 2021 The Authors.
Published by Elsevier Inc.
on behalf of the National
Kidney Foundation, Inc. This
is an open access article
under the CC BY-NC-ND
license (http://
creativecommons.org/
licenses/by-nc-nd/4.0/).

Funding: Funded by Shield Therapeutics (UK)
Ltd.
Trial Registration: Registered at ClinicalTrials.gov with study number NCT02968368.

nemia is a common feature of chronic kidney disease
(CKD), becoming more prevalent and severe with
decreasing kidney function.1-4 Patients with CKD not
requiring kidney replacement therapy (KRT) are
frequently in negative iron balance, indicated by a decrease
in serum ferritin, low iron concentrations, and reduced
transferrin saturation (TSAT).5,6
In patients with iron-deficiency anemia, oral or intravenous (IV) iron-replacement therapies are used to
replenish iron stores and correct anemia. IV iron is used
when oral agents are ineffective or not tolerated or when
the iron deficiency greatly exceeds what can be delivered
with oral preparations.7,8 However, IV administration may
be limited by venous access problems, injection site reactions, and, rarely, anaphylaxis.9,10 Oral ferrous (Fe2+)
compounds are readily available and widely used, but the
iron in these preparations tends to be poorly and variably
absorbed.11 Absorption occurs in the gastrointestinal tract
only after the ferrous ion molecules have dissociated from
the salts to which they were ionically bound for delivery,
but dissociated ferrous ions are strongly attracted to one
another and bind together to form clumps, limiting
846
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absorption.12 Unabsorbed iron interacts with naturally
occurring intestinal hydrogen peroxide to form reactive
hydroxyl radicals, which may lead to mucosal irritation or
damage.13-17 As a result, oral ferrous compounds are
associated with gastrointestinal adverse events such as
nausea, epigastric discomfort, and constipation, which can
limit tolerance and reduce adherence.7,9,11,18 Ferric (Fe3+)
salts are also available, including ferric citrate, which is
approved for the treatment of iron-deficiency anemia in
patients with CKD without KRT, and ferric maltol, which is
approved for the treatment of iron-deficiency anemia in
adults.19
Ferric maltol is a complex of ferric iron and maltol (3hydroxy-2-methyl-4-pyrone), a naturally occurring sugar
derivative found in many food products, which is stable at
physiologic pH.20 The complex remains strongly chelated
in the intestinal lumen until the point of absorption, when
the greater affinity of iron for the iron transport receptor
on the surface of luminal enterocytes promotes dissociation from maltol.12,21 Thus, there is no free iron in the gut
to generate hydroxyl radicals, minimizing the risk of
gastrointestinal toxicity.20-23 Uptake of iron from ferric
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PLAIN-LANGUAGE SUMMARY
People with chronic kidney disease (CKD) often have
anemia (low levels of the oxygen-carrying protein hemoglobin in the blood); as a result, they may feel tired
or weak and have trouble concentrating. In people with
CKD, anemia is often associated with low levels of iron
in the blood. We studied whether a form of iron that
can be taken orally would raise participants’ hemoglobin and iron levels. Our study involved 167 adults at 30
US centers with moderate to severe CKD and anemia
due to low blood iron levels. They were split into two
groups, one of which was given the drug ferric maltol,
and the other received a placebo; both groups took their
capsules twice daily for 16 weeks. After that, participants were all given ferric maltol for another 36 weeks
so that we could look at the long-term effects of
treatment. After 16 weeks, we found that the group
taking ferric maltol had, on average, significantly higher
levels of hemoglobin in their blood compared with the
group receiving placebo. Hemoglobin levels stayed at
the new higher level during long-term treatment (36
additional weeks). Patients in both groups reported
some side effects, such as diarrhea or constipation, but,
nevertheless, more than 9 in every 10 patients were able
to keep taking the treatment. We conclude that people
with CKD who took ferric maltol had significant and
sustained increases in hemoglobin, with manageable
side effects.

maltol is saturable and dependent on the expression of iron
transport receptors.21
Previous phase 3 trials confirmed a favorable benefitrisk ratio for ferric maltol during treatment for up to 1
year in patients with iron-deficiency anemia in the context
of inflammatory bowel disease.24,25 Here, we report efficacy and safety findings from a phase 3, randomized,
controlled trial and open-label extension study in patients
with stage 3 or 4 CKD and iron-deficiency anemia receiving
ferric maltol for up to 1 year.
Methods
This multicenter, double-blind, randomized, placebocontrolled trial (ClinicalTrials.gov identifier NCT02968368)
was conducted at 30 centers in the United States, in
compliance with Good Clinical Practice guidelines and in
accordance with the Declaration of Helsinki and all
applicable US laws and regulations. The protocol
(Supplementary File 1) and informed consent document
were approved by each center’s institutional review board
before study initiation. All patients provided informed
consent before participation. The study was sponsored by
Shield Therapeutics Limited (Gateshead). A contract
research organization, Medpace Reference Laboratories,

coordinated the study setup, site initiation, project management, clinical monitoring, data management, statistical
analysis, and study report preparation. Medpace Reference
Laboratories performed the clinical laboratory analyses.
Medical monitors appointed by the sponsor and the contract research organization provided oversight of the safety
of the study.
Eligible patients were at least 18 years old and had CKD
with an estimated glomerular filtration rate (eGFR) of 15
to <60 mL/min/1.73 m2. The eGFR was calculated from
screening laboratory results using the isotope-dilution
mass spectrometry–traceable, 4-variable Modification of
Diet in Renal Disease (MDRD) Study equation. All patients
were diagnosed with iron-deficiency anemia in line with
KDOQI guideline recommendations,26 with a hemoglobin
concentration of 8.0 to <11.0 g/dL, and either ferritin less
than 250 ng/mL with TSAT less than 25% or ferritin less
than 500 ng/mL with TSAT less than 15% at screening.
Patients with other forms of anemia and those who
had recently received iron supplements, erythropoiesisstimulating agents (ESAs), blood transfusion, or kidney
transplant were excluded from the study, as were those
likely to need dialysis at screening or during the study.
Also excluded were patients with impaired liver function,
clinically significant vitamin B12 or folic acid deficiency, or
a concomitant disease likely to affect safety or efficacy of
the study drug (including coagulation disorders or recurrent gastrointestinal bleeding), and those requiring surgery
likely to be associated with significant blood loss.
The trial consisted of a double-blind treatment phase
and an open-label extension. An interactive telephone/
web response system was used to randomize eligible patients within 14 days of screening in a 2:1 ratio to oral
ferric maltol, 30 mg twice daily (total 60 mg elemental
iron per day), or matching placebo capsules for 16 weeks.
Randomization was stratified according to screening hemoglobin concentration (<9.5 or ≥9.5 g/dL) and eGFR
(≤30 or >30 mL/min/1.73 m2). Patients, investigators,
sponsor, and clinical research organization staff remained
masked to the treatment assignment during the randomized phase. All patients completing 16 weeks of doubleblind treatment were offered open-label ferric maltol,
30 mg twice daily, for a further 36 weeks.
Patients were instructed to take their capsules with
water before breakfast in the morning and just before
bedtime in the evening on an empty stomach to maximize
bioavailability, as pharmacology studies have demonstrated that absorption is increased 5-fold when ferric
maltol is taken in the fasted versus fed state.27 Medication
could be interrupted and restarted to manage adverse
events deemed to be unrelated to the study drug, but patients who discontinued therapy because of an adverse
event deemed to be drug related were not permitted to
restart the medication. The protocol required that patients
did not receive blood transfusion, ESAs, IV iron, or oral
iron other than ferric maltol to treat anemia during the
trial.
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Figure 1. Patient disposition, AEGIS-CKD study. Abbreviation: AE, adverse event.

The primary efficacy variable was change in hemoglobin from baseline to week 16 in the overall intent-to-treat
(ITT) population. Subgroup analyses of the primary efficacy variable were undertaken to analyze outcomes by
kidney function (eGFR ≤ 30 or > 30 mL/min/1.73 m2)
and iron stores (ferritin ≤ 250 or > 250 ng/mL). Secondary efficacy variables included the proportion of patients
with hemoglobin increases of at least 1 g/dL and at least
2 g/dL at week 16; the proportion of patients achieving a
hemoglobin concentration of at least 11.0 g/dL at week
16; change in hemoglobin concentration from baseline to
weeks 4 and 8; and changes in ferritin, TSAT, and serum
iron measures at weeks 4, 8, and 16. As chronic inflammation is known to have an impact on ferritin levels, the
impact of inflammation on iron storage parameters was
assessed by high-sensitivity C-reactive protein analysis.
848

Safety assessments were made at all study visits and
included adverse events recorded according to the Medical
Dictionary for Regulatory Activities preferred terms, vital
signs, and routine hematologic and blood chemistry
indices.
A sample of 135 patients was calculated to have 95%
power to detect a statistically significant difference in
the change in hemoglobin concentration of 1.0 g/dL
between treatment groups at week 16, using a 2-sided
0.05 significance level. This calculation assumed a
common SD of 1.5 g/dL for the end point. Allowing for
a dropout rate of 20%, planned enrollment was 168
patients. After a masked data review revealed that the
randomized population included patients who had
experienced a serious adverse event of hemorrhage or
received blood transfusion, iron, or ESAs during doubleAJKD Vol 78 | Iss 6 | December 2021
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blind treatment, data points that occurred after these
events were excluded from the ITT analysis for the
primary end point.
To assess the primary end point, an analysis of covariance (ANCOVA) model was used, with covariates of
baseline hemoglobin and eGFR, and multiple imputation
for missing data, based on treatment, sex, eGFR at baseline,
and hemoglobin values at baseline and weeks 4, 8, and 16
(see Supplementary File 1 for further details). Changes in
iron parameters were assessed in the ITT population, with
the last observation carried forward. No adjustment was
made to control for the type I error rate in the multiple
secondary end point analysis; confidence intervals and P
values are given for descriptive purposes only. No statistical testing was done on the data collected during the
open-label extension. Continuous variables are summarized as mean and SD. Categorical variables are summarized as frequency and percentage.

Table 1. Patient Demographics and Baseline Characteristics

Age, y
Female sex
Race
Asian
American Indian or Alaska
Native
Black or African American
White
Other
Hemoglobin, g/dL
Ferritin, ng/mL
Transferrin saturation, %
Serum iron, μmol/L
eGFR, mL/min/1.73 m2

Ferric Maltol
(n = 111)
68.5 ± 12.4
78 (70%)

Placebo
(n = 56)
65.2 ± 12.8
39 (70%)

2 (2%)
1 (1%)

0 (0)
0 (0)

23 (21%)
81 (73%)
4 (4%)
10.1 ± 0.8
97.0 ± 88.5
15.7 ± 6.4
8.9 ± 3.5
31.9 ± 11.5

12 (21%)
42 (75%)
2 (4%)
10.0 ± 0.8
104.2 ± 80.0
15.6 ± 5.9
8.9 ± 3.8
29.7 ± 10.6

Values for continuous variables given as mean ± SD; for categorical variables, as
count (percentage). Conversion factor for serum iron in μmol/L to mg/dL, ×5.587.
Abbreviation: eGFR, estimated glomerular ﬁltration rate.

Results
Patient Disposition and Baseline Characteristics
Between December 2016 and October 2018, 363 patients
were screened, 167 were randomized (ITT population),
125 started open-label ferric maltol, and 92 (74%)
completed the open-label treatment period. Reasons for
early treatment termination are shown in Figure 1. Demographic and baseline characteristics were similar between the 2 groups at double-blind baseline (Table 1).
Efﬁcacy
Double-Blind Randomized Phase
The mean change in hemoglobin from baseline to week 16
was 0.6 ± 1.3 (SD) g/dL in the ferric maltol group
and −0.1 ± 1.0 g/dL in the placebo group (Fig 2). The
difference between groups was statistically significant
(least-squares mean [LSM], 0.5 g/dL; SE, 0.2; P = 0.01;
Table 2). Consistent improvements in hemoglobin with
ferric maltol versus placebo were seen regardless of
eGFR, although the difference was more pronounced in
the subgroup with eGFR above 30 mL/min/1.73 m2
(Table 3). The difference between treatment groups
favored ferric maltol in patients with baseline ferritin of
250 ng/mL or less but was reversed in the subgroup with
baseline ferritin above 250 ng/mL; however, the latter
subgroup included very few patients (Table 3).
Hemoglobin concentrations increased from baseline to
week 4 and again to week 8 in the ferric maltol group,
whereas no difference from baseline to these time points
was seen with placebo. The LSM difference for ferric maltol
versus placebo was 0.1 (SE, 0.1) g/dL at week 4 (P = 0.3)
and 0.5 (SE, 0.2) g/dL at week 8 (P = 0.005; Table 2).
At week 16, 22 patients (20%) in the ferric maltol
group and 5 patients (9%) in the placebo group had a
hemoglobin increase of at least 1 g/dL; 7 of the 22 patients
(6% of the total group) on ferric maltol had an increase of

at least 2 g/dL versus none in the placebo group. Thirty
patients (27%) in the ferric maltol group and 7 (13%) in
the placebo group had hemoglobin concentrations of at
least 11 g/dL at week 16.
Ferritin, TSAT, and serum iron values all increased from
baseline to week 16 in the ferric maltol group but declined
in the placebo group; the differences between groups were
all statistically significant (Fig 2; Table 2). The increase in
iron storage parameters observed with ferric maltol was
achieved irrespective of the degree of underlying chronic
inflammation, reflected by high-sensitivity C-reactive
protein analysis (Fig S1).
Open-Label Extension Phase

Improvements in hemoglobin in patients receiving ferric
maltol during double-blind treatment were maintained
with continued open-label ferric maltol to week 52, with a
total increase of 0.7 g/dL from baseline to week 52 (Fig
2). Changes in hemoglobin for patients moving from
placebo (double-blind period) to ferric maltol in the openlabel period mirrored those seen with ferric maltol during
double-blind treatment, with a total increase of 0.5 g/dL
by the end of the study (Fig 2; Table 4).
Improvements in ferritin, TSAT, and serum iron with
ferric maltol during double-blind treatment were maintained
with open-label ferric maltol to week 52. Changes in iron
indices for participants moving from placebo to ferric
maltol also mirrored the changes seen with ferric maltol
during double-blind treatment (Fig 2; Table 4).
Tolerability and Adverse Events
The mean ± SD exposure to study drug was 14 ± 4 weeks
in the ferric maltol group and 14 ± 5 (SD) weeks. For
patients who participated in the open-label extension,
those initially randomized to ferric maltol received the
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A

Double-blind ferric maltol to open-label ferric maltol
Double-blind placebo to open-label ferric maltol

Ferric maltol
Placebo

12.5

LSM (SE) difference at week 16:
0.5 (0.2) g/dL;
95% CI 0.1-0.9; P= 0.01

12

Hemoglobin (g/dL)

11.5
11
10.5
10
9.5
9
Double-blind phase

Open-label phase

8.5
Baseline

Week 4

Week 8

Week 16/
ET

Week 24

Week 32

Week 42

Week 52/
EOS

Ferric maltol
to ferric maltol

111

103

94

88

77

68

60

67

Placebo to
ferric maltol

56

52

46

40

32

29

26

30

Patients (n)

B

Double-blind ferric maltol to open-label ferric maltol
Double-blind placebo to open-label ferric maltol

Ferric maltol
Placebo

300

LSM (SE) difference at week 16:
32.7 (9.4) ng/mL;
95% CI 14.1-51.2; P <0.001

250

Ferritin (ng/mL)

200
150
100
50
0
Double-blind phase

Open-label phase

Baseline

Week 4

Week 8

Week 16

Week 24

Week 32

Week 42

Week 52
EOS

Ferric maltol
to ferric maltol

111

111

111

111

78

71

63

68

Placebo to
ferric maltol

56

56

56

56

32

29

27

30

Patients (n)

Figure 2. Hemoglobin and iron measures over time: (A) hemoglobin, (B) ferritin, (C) TSAT, and (D) serum iron. Intent-to-treat population with last observation carried forward, except for hemoglobin, where a multiple imputation method was used for data points
that were excluded after patients experienced a serious adverse event of hemorrhage or received blood transfusion, iron, or
erythropoiesis-stimulating agents during double-blind treatment. Week 52/EOS includes patients entering the open-label phase
but stopping before week 52. Conversion factor for serum iron in μmol/L to mg/dL, ×5.587. Abbreviations: EOS, end of study;
ET, end of treatment; LSM, least-squares mean; TSAT, transferrin saturation.

drug during the double-blind and open-label phases for a
mean of 39 ± 19 weeks; those initially randomized to
placebo received ferric maltol during the open-label phase
for a mean of 28 ± 13 weeks.
During double-blind treatment, similar proportions of
patients in the 2 groups experienced treatment-emergent
adverse events and serious adverse events (Table 5).
Gastrointestinal disorders were the most frequent adverse
events in each group. Adverse events deemed to be related
850

to the study drug occurred in 21 patients (19%) in the
ferric maltol group and 6 patients (11%) in the placebo
group; the most common drug-related adverse events in
the ferric maltol group were discolored feces (7 patients
[6%]) and diarrhea (6 patients [5%]). Twenty-three patients (21%) in the ferric maltol group and 12 patients
(21%) in the placebo group experienced serious adverse
events, none deemed to be related to the study drug. Two
patients died: 1 patient in the ferric maltol group
AJKD Vol 78 | Iss 6 | December 2021
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C

Double-blind ferric maltol to open-label ferric maltol
Double-blind placebo to open-label ferric maltol

Ferric maltol
Placebo

35

LSM (SE) difference at week 16:
4.6 (1.1) %;
95% CI 2.4-6.8; P <0.001

30

TSAT (%)

25
20
15
10
5
Double-blind phase

Open-label phase

0
Baseline

Week 4

Week 8

Week 16

Week 24

Week 32

Week 42

Week 52/
EOS

Ferric maltol
to ferric maltol

111

111

111

111

78

71

63

68

Placebo to
ferric maltol

56

56

56

56

32

29

27

30

Patients (n)

D

Double-blind ferric maltol to open-label ferric maltol
Double-blind placebo to open-label ferric maltol

Ferric maltol
Placebo

20

LSM (SE) difference at week 16:
1.9 (0.6) µmol/L;
95% CI 0.7-3.1; P= 0.002

18

Serum iron (µmol/L)

16
14
12
10
8
6
4
2
Double-blind phase

Open-label phase

0
Baseline

Week 4

Week 8

Week 16

Week 24

Week 32

Week 42

Week 52/
EOS

Ferric maltol
to ferric maltol

111

111

111

111

78

71

63

68

Placebo to
ferric maltol

56

56

56

56

32

29

27

30

Patients (n)

Figure 2. (continued).

experienced sudden death 37 days after starting study
drug; 1 patient in the placebo group had a fatal myocardial
infarction. Neither death was considered to be related to
the study drug. Ferric maltol was withdrawn in 7 patients
(6%) because of adverse events; in 2 cases, the events were
deemed to be drug related (1 patient with nausea and
vomiting; 1 patient with diarrhea, nausea, and vomiting).
Placebo was withdrawn because of adverse events in 5
patients (9%); in 1 patient, the events were deemed to be
drug related (dizziness and asthenia).
During the open-label period, similar proportions of
patients originally randomized to ferric maltol and placebo
experienced adverse events (Table 5). The most common
adverse events were gastrointestinal, with a proportionally

higher incidence in patients who had previously received
ferric maltol (48 patients [56%]) than in those who had
previously received placebo (18 patients [46%]). Adverse
events deemed to be related to ferric maltol during the
open-label phase were recorded in 24 patients (19%), the
most common of which were gastrointestinal (14 patients
[16%] originally randomized to ferric maltol; 7 patients
[18%] originally randomized to placebo). Serious adverse
events occurred in 36 patients, 27 (31%) of whom originally received ferric maltol and 9 (23%) of whom originally received placebo; none was considered related to
study drug. No treatment-related deaths occurred during
the open-label extension. The study drug was withdrawn
because of adverse events in 11 patients (9%) during
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Table 2. Changes in Hemoglobin and Iron Measures During Double-Blind Treatment
Efﬁcacy Measure and Time Point
Hemoglobin, g/dL
Wk 4
Wk 8
Wk 16b
Ferritin, ng/mL, wk 16
Transferrin saturation, %, wk 16
Serum iron, μmol/L, wk 16

Ferric Maltol

Placebo

n

LSM (SE)

n

LSM (SE)

Difference Between
Groups

Pa

103
94
88
111
111
111

0.2 (0.1)
0.5 (0.1)
0.5 (0.1)
25.4 (5.4)
3.8 (0.6)
1.6 (0.3)

52
46
40
56
56
56

0.0 (0.1)
0.0 (0.1)
–0.0 (0.2)
–7.2 (7.7)
–0.9 (0.9)
–0.3 (0.5)

0.1 (0.1)
0.5 (0.2)
0.5 (0.2)
32.7 (9.4)
4.6 (1.1)
1.9 (0.6)

0.3
0.005
0.01
<0.001
<0.001
0.002

Intent-to-treat population with last observation carried forward, except for hemoglobin, where a multiple imputation method was used for data points that were excluded
after patients experienced a serious adverse event of hemorrhage or received blood transfusion, iron, or erythropoiesis-stimulating agents during double-blind treatment.
The change from baseline was analyzed using analysis of covariance, with treatment as a factor and continuous covariates of baseline hemoglobin and eGFR. Conversion
factor for serum iron in μmol/L to mg/dL, ×5.587. Abbreviations: eGFR, estimated glomerular ﬁltration rate; LSM, least-squares mean.
a
P value for LSM difference.
b
Primary end point.

open-label treatment (7 patients [8%] originally randomized to ferric maltol and 4 [10%] originally randomized to
placebo); 5 of these patients, all originally randomized to
ferric maltol, had a drug-related event leading to discontinuation (diarrhea, n = 1; nausea, n = 1; abdominal
distention and constipation, n = 1; increased creatinine,
n = 1; constipation, n = 1).
There were no clinically meaningful changes in vital
signs, and changes in laboratory parameters were generally
consistent with disease progression, with none considered
to be related to treatment.

Discussion
In this randomized, double-blind, placebo-controlled
study in patients with stage 3 or 4 CKD and irondeficiency anemia, oral ferric maltol achieved a statistically significant increase in hemoglobin and all iron
indices from baseline to week 16 compared with placebo. There was a nominal (albeit not statistically significant) increase in hemoglobin in the ferric maltol
group seen as early as week 4, which became statistically significant versus placebo by week 8. Patients with
stage 3 CKD may experience a greater treatment effect
than those with stage 4 disease, whereas patients with
lower ferritin levels at baseline appear to be more likely
to benefit than those with higher levels, although the
low number of patients with ferritin levels above
250 ng/mL makes this finding difficult to interpret.
Long-term treatment during the open-label extension
showed that continuation of oral ferric maltol maintained
the achieved hemoglobin concentrations for up to 52
weeks. Patients who switched from placebo to ferric maltol
showed an improvement in hemoglobin at the end of the
open-label period that mirrored the change seen with
ferric maltol during double-blind treatment. Hemoglobin
levels were maintained above 10 g/dL over 52 weeks, a
threshold value usually considered for initiation of erythropoietin therapy, in these patients with baseline moderate
to severe kidney failure.
852

Iron indices (transferrin, TSAT, and serum iron)
improved more slowly over the course of the trial than
hemoglobin concentrations, with gradual but steady increases noted up to week 24. Thus, ferric maltol appears to
provide immediate iron for erythropoiesis, as shown by
the increases in hemoglobin at weeks 4 and 8, while
replenishing iron stores over the longer term, indicated
by the increase in ferritin from week 8 onward. Hemoglobin may be a good early indicator of response to ferric
maltol, but even when patients do not appear to achieve
Table 3. Changes in Hemoglobin at the End of Double-Blind
Treatment by Baseline eGFR and Ferritin Levels
Subgroup and Time
Point
eGFR ≤30 mL/min/
1.73 m2
Baseline
Wk 16
Change from
baseline
eGFR >30 mL/min/
1.73 m2
Baseline
Wk 16
Change from
baseline
Ferritin ≤250 ng/mL
Baseline
Wk 16
Change from
baseline
Ferritin >250
to <500 ng/mL
Baseline
Wk 16
Change from
baseline

Ferric Maltol

Placebo

n
59

n Hb, g/dL
30

Hb, g/dL

10.0 ± 0.8
10.2 ± 1.3
0.2 ± 1.1
52

9.9 ± 0.8
9.8 ± 1.1
–0.1 ± 0.9
26

10.1 ± 0.8
10.7 ± 1.3
0.6 ± 1.4
104

10.2 ± 0.8
10.1 ± 1.3
–0.1 ± 1.0
52

10.1 ± 0.7
10.6 ± 1.3
0.4 ± 1.3
7

10.0 ± 0.8
9.9 ± 1.3
–0.1 ± 0.9
4

9.4 ± 1.1
9.1 ± 1.6
–0.3 ± 0.9

10.0 ± 0.8
10.4 ± 1.0
0.4 ± 1.1

Hb values given as mean ± SD. Intent-to-treat population with last observation
carried forward. The change from baseline was analyzed using analysis of covariance, with treatment as a factor and continuous covariates of baseline Hb and
eGFR. Abbreviation: eGFR, estimated glomerular ﬁltration rate; Hb, hemoglobin.
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Table 4. Hemoglobin and Iron Measures at the End of OpenLabel Treatment
Efﬁcacy
Measure
Hemoglobin,
g/dL
Wk 52
Change from
BL
Ferritin, ng/mL
Wk 52
Change from
BL
TSAT, %
Wk 52
Change from
BL
Serum iron,
μmol/L
Wk 52
Change from
BL

Ferric Maltol (DB) to
Ferric Maltol (OLE)
(n = 68)

Placebo (DB) to
Ferric Maltol (OLE)
(n = 30)

10.9 ± 1.5
0.7 ± 1.7

10.9 ± 1.4
0.5 ± 1.4

142.5 ± 106.0
59.3 ± 65.9

146.3 ± 145.1
43.3 ± 120.6

23.5 ± 9.0
7.1 ± 8.9

21.4 ± 11.1
5.1 ± 11.1

12.4 ± 4.1
2.9 ± 4.7

12.0 ± 5.8
2.5 ± 6.4

Values given as mean ± SD. Conversion factor for serum iron in μmol/L to mg/dL, ×5.587.
Abbreviations: BL, baseline; DB, double-blind treatment phase; OLE, open-label
extension phase; TSAT, transferrin saturation.

an early benefit, iron stores continue to be restored over
time, and patients may therefore benefit from prolonged
treatment. The duration of ferric maltol treatment will
depend on the severity of iron deficiency; generally, at
least 12 weeks of treatment is required, but treatment
should be continued as long as needed to replenish iron
stores in the body and to support erythropoiesis, as
assessed by blood tests.28
Oral iron replacement therapy is typically prescribed as
ferrous salts to provide up to 200 mg/d of iron, most of
which is not bioavailable.7,11 As a result of low absorption, the impact of ferrous iron formulations on hemoglobin is limited, with a reported mean increase of 0.4 g/
dL according to a Cochrane review29 and with a high
risk of gastrointestinal adverse events.7,9,11,18 Our study
shows that ferric maltol, 30 mg twice daily, which provides 60 mg of elemental iron per day, can increase hemoglobin by 0.7 g/dL over 52 weeks of treatment and
is well tolerated with extended use in patients with stage 3 or
4 CKD.
Gastrointestinal disorders were reported in a higher
proportion of ferric maltol recipients than placebo recipients; however, although constipation was more than
twice as frequent with ferric maltol as with placebo, the
incidence of diarrhea and nausea was similar in the 2
groups. Gastrointestinal events increased in patients
continuing ferric maltol (from 41% during double-blind
treatment to 56% during open-label treatment). Nonetheless, this rate is lower than in studies of daily ferrous
sulfate, in which the incidence reached 75% over 26
weeks.30

The ferric maltol complex dissociates at the time of
ferric absorption and otherwise remains complexed while
in the gastrointestinal tract, thereby minimizing exposure
to free elemental iron and generation of hydroxyl radicals
that are associated with adverse effects.20,21,31-33 Thus,
fewer gastrointestinal adverse events would be expected
with ferric maltol than with ferrous sulfate at pharmacologic doses,12,24,25,28 but this assumption would need to
be confirmed formally in head-to-head studies.
All other adverse events in the present study were more
common in the placebo group, and the rate of treatment
withdrawal due to adverse events was higher in the placebo group than the ferric maltol group during doubleblind treatment.
The following points need to be considered when
evaluating the results of this study. Use of ESAs was prohibited during the trial, so hemoglobin responses were
dependent on endogenous levels of erythropoietin, which
in patients with CKD are inappropriately low relative to the
degree of anemia (10-100 times lower than in similarly
anemic patients with normal kidney function).34
Furthermore, although consistent with the KDOQI and
KDIGO guidelines for iron deficiency treatment,7,26 the
population enrolled included patients with ferritin up to
500 ng/mL, but only 7 patients had baseline levels above
250 ng/mL.7,26 Baseline values of iron indices suggest that
the patients included were more likely to have iron deficiency than the iron maldistribution usually associated
with higher ferritin levels. In addition, there were more
women than men in the study, although the proportions
were balanced between the 2 groups during the doubleblind phase; as hemoglobin concentrations vary by age
and sex as well as other factors, our findings may not be
applicable to all patients with CKD and iron deficiency.
The open-label, noncomparative nature of the longterm extension confers several inherent difficulties in
terms of potential patient selection bias and lack of
comparator, limiting analyses to purely descriptive data
assessments. The single-arm design of the extended
treatment phase did not allow us to assess whether
continued treatment with ferric maltol was required to
maintain hemoglobin levels up to week 52; however, the
continued slow increase in iron indices suggests that iron
stores were not completely replete for some time and
indicates ongoing ferric maltol efficacy over time. It is
also possible that higher doses of ferric maltol are needed
for some patients, in particular for those presenting with
more severe iron deficiency.
Finally, due to its complexity, multiple imputation for
missing data was not performed in the secondary analyses.
Therefore, these results may be subject to potential bias.
In conclusion, the AEGIS-CKD trial shows that oral ferric
maltol raises and sustains hemoglobin to provide iron for
erythropoiesis in patients with eGFR as low as 30 mL/
min/1.73 m2; even in those with more severe CKD and a
higher contribution of erythropoietin insufficiency, there
may still be a benefit. Furthermore, ferric maltol provides
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Table 5. Adverse Events (Safety Population)
Double-Blind Treatment Phase
No. of patients
Any TEAE
SAE
TEAE related to study drug
Most frequent TEAEs (affecting ≥5% of patients)
Blood and lymphatic system disorders
Anemia (worsening)
Gastrointestinal disorders
Diarrhea
Nausea
Constipation
Feces discolored
Infections and infestations
Urinary tract infection
Metabolism and nutrition disorders
Hyperkalemia
Renal and urinary disorders
Acute kidney injury
Open-Label Extension Phase
No. of patients
Any TEAE
SAE
TEAE related to study drug
Most frequent TEAEs (affecting ≥5% of patients)
Gastrointestinal disorders
Constipation
Diarrhea
Feces discolored
Nausea
Vomiting
General disorders and administration site conditions
Fatigue
Edema peripheral
Infections and infestations
Bronchitis
Nasopharyngitis
Pneumonia
Upper respiratory tract infection
Urinary tract infection
Injury, poisoning, and procedural complications
Fall
Metabolism and nutrition disorders
Hyperkalemia
Respiratory, thoracic, and mediastinal disorders
Dyspnea
Vascular disorders
Hypertension

Randomized to Ferric Maltol

Randomized to Placebo

111
75 (68%)
23 (21%)
21 (19%)

56
42 (75%)
12 (21%)
6 (11%)

5 (5%)
4 (4%)
45 (41%)
10 (9%)
9 (8%)
9 (8%)
8 (7%)
17 (15%)
7 (6%)
21 (19%)
4 (4%)
10 (9%)
5 (5%)

9 (16%)
6 (11%)
17 (30%)
5 (9%)
5 (9%)
2 (4%)
1 (2%)
13 (23%)
5 (9%)
13 (23%)
7 (13%)
6 (11%)
4 (7%)

86
76 (88%)
27 (31%)
17 (20%)

39
35 (90%)
9 (23%)
7 (18%)

48 (56%)
14 (16%)
7 (8%)
7 (8%)
10 (12%)
7 (8%)
16 (19%)
6 (7%)
7 (8%)
39 (45%)
5 (6%)
9 (11%)
7 (8%)
8 (9%)
7 (8%)
17 (20%)
7 (8%)
25 (29%)
5 (6%)
19 (22%)
5 (6%)
16 (19%)
5 (6%)

18 (46%)
5 (13%)
5 (13%)
1 (3%)
5 (13%)
0
5 (13%)
1 (3%)
2 (5%)
19 (49%)
4 (10%)
3 (8%)
2 (5%)
4 (10%)
4 (10%)
4 (10%)
1 (3%)
13 (33%)
6 (15%)
7 (18%)
2 (5%)
5 (13%)
3 (8%)

Values for patients with adverse event given as number and percentage. All reported terms for adverse events were coded using the Medical Dictionary for Regulatory
Activities, version 18.1. A TEAE was deﬁned as any adverse event that began or worsened on the day of or after the ﬁrst dose of study medication. An adverse event was
considered treatment emergent if all or part of the date of onset of the adverse event was missing and it was unable to be determined whether the adverse event met the
deﬁnition for treatment emergent. Abbreviations: SAE, serious adverse event; TEAE, treatment-emergent adverse event.
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significant and sustained increases in iron storage indices,
providing long-term control of iron-deficiency anemia. In
this population, ferric maltol was generally well tolerated,
with a low rate of discontinuation due to adverse events. A
drug such as ferric maltol that is able to replace and restore
iron, that is orally administered, and that patients are able
to tolerate will provide a clinically relevant treatment option for patients with moderate to severe CKD and anemia
due to iron deficiency.
Supplementary Material
Supplementary File 1 (PDF)
Trial protocol.
Supplementary File 2 (PDF)
Figure S1: Mean change in ferritin and transferrin saturation from
baseline to week 16 by high-sensitivity C-reactive protein concentration at baseline.
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Oral Ferric Maltol for Iron-Deficiency Anemia in CKD:
Phase 3, Multicenter, Randomized, Placebo-Controlled Trial
Design

Efficacy

Patients with CKD
+ iron-deficiency anemia

Primary end point:

16-week
double-blind phase

11.5
Hemoglobin (g/dL)

Placebo
2×/d
(n = 56)

Adverse events

Change in hemoglobin from baseline to week 16
Least-squares mean difference at week 16:
0.5 g/dL (P = 0.01)

Randomized
Ferric maltol
30 mg, 2×/d
(n = 111)

Safety

Open-label phase up to
week 52 (all patients
received ferric maltol)

Open-label phase

Double-blind phase

11.0
10.5

Double-blind phase
Ferric
maltol
Any AE
68%
Serious AE
21%
Worsening anemia
4%
Gastrointestinal
41%

Placebo
75%
21%
11%
30%

Open-label phase

10.0

Ferric maltol (n = 111)
Placebo (n = 56)

Ferric maltol to ferric maltol (n = 86)
Placebo to ferric maltol (n = 39)

9.5
0

4
8
Time (weeks)

16

24

32

42

52/EOS

Time (weeks)

Any AE
Serious AE
Worsening anemia
Gastrointestinal

Ferric maltol
88%
90%
31%
23%
Not recorded
56%
46%

CONCLUSION: In patients with CKD and iron deficiency, treatment with ferric maltol achieved
statistically significant and sustained increases inCON
hemoglobin and was well tolerated over 52 weeks.
Pablo E. Pergola, MD, PhD, Nelson P. Kopyt, DO, on behalf of the AEGIS-CKD Investigators, 2021
@AJKDonline | DOI: 10.1053/j.ajkd.2021.03.020
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