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SUMMARY

Background
Ferric maltol was effective and well-tolerated in iron deficiency anaemia patients
with inflammatory bowel disease during a 12-week placebo-controlled trial.

Aim

To perform a Phase 3 extension study evaluating long-term efficacy and
safety with ferric maltol in inflammatory bowel disease patients in whom
oral ferrous therapies had failed to correct iron deficiency anaemia.

Methods

After 12 weeks of randomised, double-blind treatment, patients with iron
deficiency anaemia and mild-to-moderate ulcerative colitis or Crohn’s
disease received open-label ferric maltol 30 mg b.d. for 52 weeks.

Results

111 patients completed randomised treatment and 97 entered the open-
label ferric maltol extension. In patients randomised to ferric maltol (‘con-
tinued’; n = 50), mean + s.d. haemoglobin increased by 3.07 + 1.46 g/dL
between baseline and Week 64. In patients randomised to placebo (‘switch’;
n = 47), haemoglobin increased by 2.19 + 1.61 g/dL. Normal haemoglobin
was achieved in high proportions of both continued and switch patients
(89% and 83% at Week 64, respectively). Serum ferritin increased from
8.9 ng/L (baseline) to 26.0 pug/L (Week 12) in ferric maltol-treated patients,
and to 57.4 ng/L amongst all patients at Week 64. In total, 80% of patients
reported >1 adverse event by Week 64. Adverse events considered related
to ferric maltol were recorded in 27/111 (24%) patients: 8/18 discontinua-
tions due to adverse events were treatment-related. One patient was
withdrawn due to increased ulcerative colitis activity.

Conclusions

Normal haemoglobin was observed in >80% of patients from weeks 20—-64 of
long-term ferric maltol treatment, with concomitant increases in iron storage
parameters. Ferric maltol was well-tolerated throughout this 64-week study.
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INTRODUCTION

Anaemia is a common complication in patients with
inflammatory bowel disease," * and is often caused by iron
deficiency.” ® Iron deficiency anaemia in inflammatory
bowel disease results from impaired iron uptake through
the duodeno-jejunal mucosa and chronic blood loss from
the inflamed mucosa of the gut.” 7 Clinical symptoms
include fatigue, headache, dizziness, tachycardia, reduced
cognitive function and decreased ability to work.™> * ®
Iron deficiency anaemia therefore has a significant impact
on patient day-to-day functioning and quality of life.* '

Iron replacement therapy is recommended in all
inflammatory bowel disease patients when iron defi-
ciency anaemia is present, with the treatment goal of
achieving normal haemoglobin concentrations and iron
stores.” '' Most commonly, patients with iron deficiency
anaemia are treated with oral iron preparations.'” How-
ever, widely used oral ferrous (Ee*) agents such as fer-
rous sulphate, ferrous gluconate and ferrous fumarate
are associated with low intestinal absorption leading to
minor efficacy and gastrointestinal side effects.> ' '*7'¢
The gastrointestinal tolerance of currently available oral
iron preparations in often poor, irrespective of pre-exist-
ing or iron-induced tissue damage.* >""* Oral ferrous
iron has been shown to aggravate chemically induced
inflammation in animal models.'®

Poor tolerability to oral ferrous iron frequently leads
to low patient compliance with therapy, which prevents
effective correction of iron deficiency anaemia. Indeed,
in some countries label contraindications or special
warnings exist regarding the use of these agents in
patients with iron deficiency anaemia associated with
inflammatory bowel disease. Slow response to oral iron
therapy can be a further limitation, with correction of
iron deficiency anaemia using oral ferrous iron prepara-
tions ranging from 1 to 6 months."?

Intravenous iron replacement therapy generally pro-
vides more rapid treatment effects and is currently rec-
ommended in Europe for patients who have clinically
active inflammatory bowel disease, previous intolerance
to oral iron, severe anaemia (haemoglobin <10 g/dL),
and/or a need for erythropoiesis-stimulating agents.’
However, intravenous administration of iron is associ-
ated with a small but significant risk of anaphylactic
reactions, such that specific safety measures are required
by healthcare regulators with regard to the administra-
tion of intravenous formulations. These measures are
associated with substantial healthcare costs and increase

the inconvenience of intravenous iron infusion.” 772°
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Ferric maltol is a novel oral iron therapy comprising a
stable complex of ferric iron (Fe’*) with maltol
[3-hydroxy-2-methyl-4-pyrone]. This formulation allows
ferric iron to reach the intestinal mucosa in complex form,
with more efficient uptake of elemental iron into entero-
cytes at relatively low iron dose levels, which helps to meet
current recommendations for the use of oral iron in
inflammatory bowel disease.”’ >* A recent pivotal Phase 3
clinical trial program comprising two 12-week prospec-
tive, randomised, double-blind, placebo-controlled trials
with ferric maltol in patients with ulcerative colitis and
Crohn’s disease demonstrated rapid, clinically meaningful
improvements in haemoglobin over 4-12 weeks of treat-
ment, with a high proportion of patients achieving clini-
cally meaningful increases (+2 g/dL) and/or achievement
of normal haemoglobin by study end.”® Crucially, ferric
maltol was associated with a low incidence of treatment-
related gastrointestinal adverse events that was similar to
placebo, irrespective of disease aetiology. Furthermore,
ferric maltol had no impact on inflammatory bowel dis-
ease severity as assessed by the number of observed flares
and Crohn’s Disease Activity Index (CDAI), Simple Clini-
cal Colitis Activity Index (SCCAI) and Inflammatory
Bowel Disease Questionnaire (IBDQ) scores.?® It is con-
sidered likely that the observed good tolerability and lack
of disease impact was at least in part due to the lower ele-
mental iron doses required with ferric maltol.

Risk factors for iron deficiency anaemia such as
intestinal blood loss and poor dietary iron intake can be
persistent. Iron deficiency anaemia has been shown to
recur frequently and often soon after iron replacement
therapy.” Some patients will therefore require iron main-
tenance treatment, but this cannot be achieved in any
patients with intermittent intravenous iron infusion,
nor is it achievable with oral ferrous iron preparations in

with  demonstrable intolerance to such

3, 11

patients
therapies.

We report data from a long-term, open-label exten-
sion of the original 12-week Phase 3 trial program with
ferric maltol, summarising findings up to 64 weeks of
treatment.

MATERIALS AND METHODS

Study design

Both of the original prospective, randomised, double-
blind, placebo-controlled trials in the ferric maltol
Phase 3 program included 7-14 day screening periods
and 12-week 1:1 randomised, double-blind treatment
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periods. A detailed description of the methodology of
the randomised controlled trials has been published
previously.”® All patients completing 12 weeks of ran-
domised therapy in either trial were able to continue into
a 52-week open-label extension, which was followed by a
14-day safety follow up period. The overall study period
(randomised + extension) was between October 2011
and October 2014.

Ethical approval, written informed consent and study
conduct in accordance with the Declaration of Helsinki
and Good Clinical Practice Guidelines in the long-term
extension were identical to those reported previously
for the randomised trials.”® Both studies were registered
NCT01340872/

on  ClinicalTrials.gov:  identifiers

NCT01352221.

Patients

Male and female adult patients with a confirmed diagno-
sis of ulcerative colitis or Crohn’s disease and iron defi-
ciency anaemia were included in the initial randomised
trial, amongst all of whom therapy with oral (mainly fer-
rous) iron agents had previously failed due to one or
more of: adverse drug effects (e.g., nausea, diarrhoea,
constipation, abdominal pain, flatulence) that led to
treatment discontinuation; deterioration of the primary
disease; lack of efficacy; or other signs or documented
reasons why oral ferrous products could not be used.
Patients were enrolled from a total of 54 centres in Aus-
tria (randomised phase only), Germany, Hungary and
the UK.

In all enrolled patients, inflammatory bowel disease
was in remission or of mild-to-moderate severity (SCCAI
score <4 or CDAI score <220). Iron deficiency anaemia
was of mild-to-moderate severity (haemoglobin
>9.5 g/dL and <12.0 g/dL for females and >9.5 g/dL and
<13.0 g/dL for males). Iron deficiency was judged based
on serum ferritin concentration <30 pg/L. Full informa-
tion regarding patient inclusion/exclusion criteria can be
found elsewhere.*®

Treatment

During randomised treatment, patients received either
ferric maltol 30 mg b.d. or matching placebo.”® After
Week 12, all participating patients on ferric maltol con-
tinued with their ongoing treatment for a further
52 weeks (total ferric maltol treatment period 64 weeks).
Patients who received placebo from Weeks 1-12 were
switched to receive treatment with ferric maltol 30 mg
b.d. between Week 13 and Week 64 (total ferric maltol
treatment period 52 weeks). Treatment compliance was
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evaluated by capsule count at the end of each month of
treatment up to Week 64.

Efficacy assessments

The main efficacy endpoint throughout the study was
absolute change in haemoglobin from baseline, where
baseline was Day 0 of treatment at the beginning of ran-
domised therapy.”® The proportion of patients achieving
normal haemoglobin levels (i.e., >12 g/dL for females or
>13 g/dL for rnades)27 was also assessed. In addition,
absolute serum ferritin concentration and transferrin sat-
uration were measured at 4- to 12- weekly intervals. All
clinical laboratory measurements were conducted at a
central laboratory that operated in accordance with
guidelines for Good Laboratory Practice.

Disease-specific quality of life and general quality of
life were assessed at randomisation, Week 12, and at
12-weekly intervals thereafter during the long-term
> 23 and the 36-item Short-
Form (SF-36) questionnaire,”® respectively.

extension using the IBDQ

Safety and tolerability

Safety and tolerability were assessed based on adverse
events (recorded according to MedDRA preferred terms),
vital signs measurements and routine haematological and
blood chemistry indices. Inflammatory bowel disease
symptoms were evaluated at each visit using the SCCAI
for ulcerative colitis patients® and the CDAI for Crohn’s
disease patients.’® If patients developed haemoglobin
concentrations <8.5 g/dL and/or flare-up of ulcerative
colitis (SCCAI score >5) or Crohn’s disease (CDAI score
>320) they were required to be withdrawn from the
study and received standard medical treatment.

Data analysis

Long-term assessments of both efficacy and safety were
based on an integrated data set including patients with
ulcerative colitis and Crohn’s disease. All data analyses
based on the long-term extension period were descriptive
in nature: no statistical testing was conducted.

Efficacy endpoints were assessed for the intent-to-treat
(ITT) full analysis set (FAS), which included all ran-
domised patients who received at least one dose of study
medication. Safety and tolerability were assessed using a
cumulative ferric maltol safety set, which comprised all
patients with at least one dose of study drug and subse-
quent double-blind or open-label contact with an investi-
gator. Data from this cumulative safety set are presented
to assess findings across the entire study (randomised
and long-term extension; Weeks 0-64) relative to data

261

© 2016 The Authors. Alimentary Pharmacology & Therapeutics published by John Wiley & Sons Ltd.

85U8017 SUOWILLOD 3ATe810 3(dedldde ay) Aq peusenob ae Sapoie YO ‘88N JO S9InJ o} Akeid18UlUQ A8]IM UO (SUOTIPUOO-pUB-SWISI W0 A8 |ImAleiq Ul |uo//SdnL) SUORIPUOD PUe SWB | 841 88S *[£202/20/LT] uo AriqiTauljuo A|iM ‘ArebunH aueiyooD Aq G99£T 1de/TTTT 0T/I0p/W00 A8 | Arelq1jeujuo//Sdiy Wwolj pepeojumod ‘¢ ‘9T0Z ‘9E0ZG9ET



C. Schmidt et al.

obtained during randomised therapy (up to Week 12),
including the incidence of all treatment-emergent
adverse events, and all adverse events and serious
adverse events considered by treating physicians as possi-
bly related to study medication. Discontinuations related
to the respective adverse event types are also presented.

All parametric data are presented using continuous
descriptive statistics (mean, s.d., median and range).
Non-parametric data are described using categorical data
analyses based on patient numbers (%).

RESULTS

Patients

From a total of 128 patients randomised to study treat-
ment (the FAS), 50/64 (78%) previous ferric maltol
patients (the ‘continued’ group) and 47/64 (73%) previ-
ous placebo patients (the ‘switch’ group) entered the
long-term extension. Ten Austrian patients (four ferric
maltol and six placebo) who completed the 12-week ran-
domised phase did not have the option to enter the
extension phase due to lack of independent ethics com-
mittee approval of the extension protocol. Among all
other patients, who were allowed to enter open-label
treatment, none declined to continue treatment after
completing randomised therapy.

Among the 97 patients who entered the long-term
extension, 37/50 ‘continued’ patients (74%) completed
64 weeks of ferric maltol treatment, and 36/47 ‘switch’
patients (74%) completed 52 weeks on open-label ferric
maltol (Figure 1). Adverse events were the most com-
mon reason for patient withdrawal from the long-term
extension (12 patients overall: eight in the continued
group and four in the switch group; see ‘Safety and
tolerability’ section for details). There were no with-
drawals due to lack of efficacy (i.e., decreased haemo-
globin).

Patient demographics and disease characteristics were
generally comparable between the two treatment groups
at baseline,”® with mean (+s.d.) ages and gender (%
female) evenly distributed between the ferric maltol [40.1
(13.5) years; 63%)] and placebo groups [38.5 (12.3); 68%].
Mean (+s.d.) haemoglobin in the two groups [11.0
(1.03) and 11.1 (0.85) g/dL, respectively], as well as fer-
ritin [8.6 (6.8) and 8.2 (6.5) pg/L, respectively] and
transferrin saturation values [11% (12%) and 10% (8%),
respectively] were comparable at baseline.

Concomitant medications were within normal
expectations for the study population, and the propor-
tions of patients taking them were similar between the
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double-blind and extension phases, overall. The most
common inflammatory bowel disease-specific concomi-
tant medications taken among all patients during the
randomised and long-term extension periods (i.e.,
between baseline and Week 64) were: mesalazine (in
58% of patients), azathioprine (31%), adalimumab (20%),
infliximab (20%) and prednisolone (17%).

Treatment

The median total duration of ferric maltol treatment was
446 days among continued patients and 365 days among
switch patients. A total of 65/111 (59%) patients who
received ferric maltol during the randomised and/or
extension periods were treated for >52 weeks. Median
treatment compliance was very high (97%) during the
long-term extension (in both continued and switch
patients), similar to that seen during the randomised
period (97%).

Efficacy

Haemoglobin concentration. Absolute haemoglobin con-
centrations in continued patients and switch patients
throughout the whole study period are shown in
Figure 2. As anticipated, haemoglobin increased most
during the initial 12 weeks of ferric maltol treatment in
both patient groups (i.e, Weeks 0-12 in continued
patients and Weeks 12-24 in switch patients). Increases
during the first 12 weeks of treatment were similar in the
continued and switch groups. Beyond Week 24, mean
absolute haemoglobin concentrations were maintained up
to the end of the study (Week 64): it was not possible to
assess the statistical significance of the increases between
Week 12 of active treatment and Week 64 due to the
study design. Mean (£s.d.) haemoglobin concentrations
increased from 11.00 (1.03) g/dL at baseline to 13.95
(1.26) at Week 64 in the continued group, and from
11.10 (0.85) at baseline to 13.33 (1.46) g/dL at Week 64
in the switch group. Absolute mean (+s.d.) and mean
change data values are listed in Table SI.

Among all ferric maltol-treated patients (including
both continued and switch patients; N = 111), 71% had
normal haemoglobin after 12 weeks on ferric maltol,
and 78% achieved normal haemoglobin by Week 16
(Figure 3). The overall proportion of patients achieving
normal haemoglobin was approximately stable during
the remainder of the extension period, up to Week 64
(86% of patients).

Key iron indices. Serum ferritin and transferrin satura-
tion measurements showed a high degree of variability
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Screened
(N =329)
Randomized
l_' (n=128) |
Ferric maltol Placebo
(n=64) (n=64)
Withdrawn (n = 9): Withdrawn (n=11):
Adverse event (n = 5) Adverse event (n=4)
Patient withdrawal (n = 3) ¢ ! Protocol violation (n = 1)
Physician decision (n= 1) Patient withdrawal (n = 5)
Physician decision (n = 1)
\ 4 A 4
Completed 12 weeks Completed 12 weeks
(n=155) (n=53)
Withdrawn (n = 5) Withdrawn (n = 5)
Unable to participate* (n=4)  [€=—] —| Unable to participate* (n = 6)
Other reasons (n=1)
A 4 A 4
Entered open-label phase
(N =50) (N=47)
Withdrawn (n = 13): - .
Adverse event (n = 8) mg]edrrsaewenvg; t_(/171 )'4)
Patient withdrawal (n = 1) ! - =
Physician decision (n = 2) N —> Patle.nt. wﬂhdrgvyal (n=5)
L Physician decision (n= 1)
Study termination (n = 1) Study termination? (n = 1)
Other reasonst (n=1) y —
A 4 A 4
Completed open-label phase
(N=237) (N =236)

Figure 1 | Patient disposition. *Ten Austrian patients (four initially randomised to ferric maltol and six to placebo)
who completed double-blind treatment did not have the option of entering the extended phase of the study due to
lack of Austrian IEC approval of the study protocol; fone patient randomised to ferric maltol discontinued during
open-label treatment but had no recorded reason for withdrawal at the end of study; fone patient was recorded as
withdrawn from extension treatment due to study termination by the sponsor.

among the overall study population. Improvements in
these two parameters were observed during both ran-
domised and long-term extension treatment with ferric
maltol (Figure 4). Mean (4s.d.) absolute serum ferritin
increased from 8.4 (6.6) at baseline (N = 128) to 25.5
(42.9) pg/L by Week 16 (N =91), and 57.4 (77.4) pg/L
at Week 64 (N = 72) (Table S2). Mean (&4s.d.) absolute
transferrin saturation increased from 10% (10%) at base-
line (N = 128) to 26% (17%) by Week 16, beyond which
it generally remained at the same level up to Week 64
[29% (13%); N = 72] (Table S3). Due to high variability
of these parameters, differences were not statistically
significant.

Aliment Pharmacol Ther 2016; 44: 259-270

Disease activity and quality of life

Among all ferric maltol-treated ulcerative colitis patients
(N =58), mean (s.d.) total SCCAI scores decreased
slightly from 1.6 (1.140) at baseline to 1.3 (1.40) at Week
24 and 1.1 (1.29) at Week 64. (N = 70) (Table S4).
Mean (s.d.) total CDAI scores among all Crohn’s disease
patients who received ferric maltol decreased slightly
from 95.9 (51.76) at baseline to 82.0 (61.10) at Week 24
and 64.4 (40.52) at Week 64 (Table S5).

No deterioration of patient quality of life was observed
based on the quality-of-life indices in this study. There
were no notable changes from baseline in disease-specific
QoL, as assessed by the IBDQ (Table S6). The mean
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(n=41) (n=140) (n=35)
(n=36) (n=37) (n=36)

Figure 2 | Absolute haemoglobin concentrations in continued patients and switch patients over time (N = 128). Data
points are means + s.d. RCT, randomised controlled trial; OLE, open-label extension.

RCT
100 1

[0] @
o o
L '

Patients (% normalised*)
D
o

20 1

0 4 8 12

Weeks on active treatment with ferric maltol
Continued (n=64) (n=59) (n=59) (n=59)(n=46) (n=43) (n=43) (n=41) (n=40) (n=36)
Switch (n=64) (n=61) (n=56) (n=53)(n=45) (n=43) (n=41) (n=36) (n=237) (n=36)

OLE

92.5

86.1

83.7

16 20 24 36 48 64

Figure 3 | Cumulative proportions of patients with normal haemoglobin by number of weeks on active treatment with
ferric maltol (full analysis set; N = 128). *Cumulative proportion includes all patients from both continued switch
group who had normal haemoglobin levels at each time point according to number of weeks on active treatment (i.e.,
ferric maltol therapy). 6.3% of patients who had haemoglobin values >9.5 g/dL and <12.0 g/dL for females and

>9.5 g/dL and <13.0 g/dL for males at screening had normal values at initiation of randomised treatment.

(%s.d.) total IBDQ score at baseline among all evaluable
patients (N = 127) was 173.0 (32.2), and remained stable
up to Week 64 [179.0 (33.5); N = 72]. The mean bowel
system score of the IBDQ was similarly unchanged
between baseline (quiescent disease) and Week 64. None
of the general patient quality of life (SF-36) domain
scores showed notable changes between baseline and
Week 64 (data not shown).
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Safety and tolerability

Table 1 summarises the occurrence of treatment-emer-
gent adverse events and serious adverse events (SAEs)
seen in >2% of patients in the cumulative safety popula-
tion up to Week 12 and during the entire study
(N = 111). Adverse events were recorded in a total of 63
(57%) patients treated with ferric maltol up to Week 12
(and subsequently included in the cumulative safety set),
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Figure 4 | Absolute serum ferritin concentration (a) and transferrin saturation (b) in all ferric maltol-treated patients
during randomised and extension treatment (full analysis set; N = 128), including both continued and switch patients;
data points are means + s.d. Note: grey box in panel (a) represents lower limits of normal in women and men:

15 pg/L and 30 pg/L, respectively; horizontal dashed line at 30 pug/L in denotes the study inclusion criterion for ‘iron
deficiency’; grey box in panel (b) represents lower limits of normal in women and men: 12% and 15%, respectively.

and 89 (80%) treated patients over the entire course of
the study, Most adverse events (83%) were mild or mod-
erate in severity. Overall, adverse events were mainly
gastrointestinal in nature, including abdominal pain,
diarrhoea, worsening of existing ulcerative colitis,
flatulence, constipation, worsening of existing Crohn’s
disease.

Adverse events considered related to ferric maltol
treatment were recorded in 20 (18%) patients during
randomised therapy up to Week 12, and in a total of 27
(24%) patients during the entire study. Overall, the most
frequent treatment-related adverse events recorded up to
Week 64 were abdominal pain [in 8/111 (7%) patients],

Aliment Pharmacol Ther 2016; 44: 259-270

constipation [5/111 (5%)], flatulence [5/111 (5%)] and
diarrhoea [3/111 (3%)].

During randomised therapy up to Week 12, three
SAEs were recorded in one patient in the ferric maltol
group. During the long-term extension, eight SAEs were
recorded in eight continued patients (two cases of severe
abdominal pain and one case each of worsened
ulcerative colitis, herpes zoster, peritonitis, hernia,
cholesteatoma removal and rectal haemorrhage). Three
SAEs were recorded in two switch patients (mild angina
pectoris in one patient and pneumonia and pulmonary
embolism in another patient). Only one serious adverse
event (severe abdominal pain in a switch patient) was
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Table 1| Incidence of treatment-emergent adverse
events in >2% of patients in the cumulative safety
population (N = 111)

Incidence, n (%)

Up to Week 12 Up to Week 64

Summary statistics

Total patients with >1 63 (57) 89 (80)
adverse event
Total patients with >1 20 (18) 27 (24)
treatment-related
adverse event
Total patients with >1 1(<D 11 (10)
serious adverse
event
Total patients with >1 0 1<
treatment-related
serious adverse
event
Individual adverse events in >2% of patients*
Nasopharyngitis 8 (7) 20 (18)
Abdominal pain 15 (14) 18 (16)
Diarrhoea 12 (am 16 (14)
Ulcerative colitis® 2(2) 1 (10)
Flatulence 6 (5) 9 (8)
Arthralgia 4 (4) 9 (8)
Crohn’s disease’ 3@3) 8 (7)
Constipation 6 (5) 7 (6)
Abdominal pain, upper 4 (4) 6 (5)
Nausea 22 5(5)
Rectal haemorrhage 4 (4) 5(5)
Headache 33 5(5)
Abdominal discomfort 33 4(4)
Abdominal distension 33 4 (4)
Vomiting 303 4 (4)
Back pain 2(2) 4 4D
Haematochezia 2(2) 4 (4)
Seasonal allergy 0 4 (4)
Gastro-oesophageal 22 33
reflux disease
Influenza 2(2) 33
Rash 1M 33
Sinusitis 1 33
Cough 0 303

* >5% of patients either during the first 12 weeks or over the
entire 64-week study duration.

 Refers to an exacerbation of the existing condition. Note that
‘abdominal pain’ and ‘abdominal pain, upper’ are reported as
per official MedDRA preferred terms.

considered possibly related to ferric maltol treatment.
There were no deaths.

Overall, 22/111 patients (20%) discontinued due to
adverse events during the 64-week course of the study.
Six patients (5%) from the ferric maltol group and four
(4%) from the placebo group discontinued during the
12-week randomised period, and 12 patients (11%)

266

discontinued during the extension period. The total
number of patients who discontinued ferric maltol treat-
ment during the entire study was therefore 18 (16%).
Overall, most adverse events associated with discontinua-
tions (n = 10) were due to the natural course of the
patients” disease and were judged by the treating physi-
cian as unrelated to study medication. Eight patients
(7%) discontinued due to adverse events that were con-
sidered by the physicians to be possibly treatment-
related: three cases of abdominal pain, three of diar-
rhoea, one of flatulence and one of constipation. Among
these adverse events, three occurred before Week 12 and
five occurred during the extension period. One ulcerative
colitis patient from the continued group was withdrawn
by the treating physician due to increased disease activity
(SCCALI score >5).

There were no notable safety-relevant changes in rou-
tine clinical laboratory parameters. In particular, there
were no notable or consistent changes or differences in
C-reactive protein (CRP) levels between ferric maltol-
treated and placebo patients during either randomised or
extension therapy. Safety monitoring noted only one
instance of increased CRP (mild) during the first
12 weeks of randomised ferric maltol therapy, but no
such increases were observed between Weeks 13 and 64
of active treatment. Vital signs and physical examination
findings were unremarkable during both randomised and
extension treatment (data not shown).

DISCUSSION
This long-term study demonstrated that, after significant
improvements in haemoglobin during the initial 12 weeks
of randomised ferric maltol treatment, continued treat-
ment with this novel oral iron therapy maintained or fur-
ther improved haemoglobin up to 64 weeks without
substantial numbers of adverse events. It was not possible
to demonstrate a significant increase in haemoglobin
between Weeks 12 and 52 as the study was not powered to
show a further increase during open-label treatment. Nev-
ertheless, it is important to note that increases in haemo-
globin during the initial 12 weeks of active treatment in
patients switched from 12-week placebo to ferric maltol
treatment paralleled those seen over Weeks 1-12 in
patients who received ferric maltol from baseline to Week
64. In addition, it is notable that no patients in this long-
term study discontinued treatment due to lack of efficacy.
Overall, approximately one-third of patients achieved
normal haemoglobin by Week 4, and this proportion
increased to three-quarters by Week 12. Improvements
in key iron storage indices (ferritin and transferrin
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saturation) were slower over the course of the study,
indicating that premature discontinuation of ferric maltol
treatment should be considered carefully in order to
avoid recurrence of iron deficiency. It is also important
to highlight that replenishment of iron stores can vary
considerably from patient to patient,"> as exemplified in
this study.

Patients with inflammatory bowel disease have several
risk factors for iron deficiency anaemia, including
gastrointestinal bleeding and inadequate dietary iron
intake and/or absorption, which can result in recurrence
of iron deficiency anaemia even when the disease
appears to be under control.® For this reason it has been
noted that in inflammatory bowel disease patients with
iron deficiency anaemia treated with oral iron prepara-
tions, oral iron therapy should be continued for
>3 months after iron deficiency has been corrected so
that stores are adequately replenished.’’ Among inflam-
matory bowel disease patients treated with intravenous
therapy, iron deficiency and anaemia can also recur fre-
quently and rapidly after treatment, and has been
reported in up to 50% of patients within 10 months of
infusion. ** The speed of iron deficiency anaemia recur-
rence in such cases has been shown to relate to the mag-
nitude of post-treatment iron stores, with iron deficiency
being less likely in patients with higher post-treatment
ferritin levels.” *” Patients treated with intravenous iron
preparations therefore require regular monitoring (e.g.,
every 3 months), and may require repeated intravenous
infusions over a prolonged period. 7 **

Many inflammatory bowel disease patients demon-
strate poor gastrointestinal tolerability to oral ferrous
compounds (e.g., ferrous sulphate). ' The most impor-
tant finding in the current study was that the safety and
tolerability profile of ferric maltol during extension treat-
ment (Weeks 12—64) was similar to that seen during
initial randomised treatment (Weeks 0-12).° The inci-
dence and type of gastrointestinal adverse events among
ferric maltol-treated patients in the cumulative long-term
safety set in this study (57%) were similar to those
observed in the placebo group (40%) during the 12-week
randomised trial.*® No treatment-related serious adverse
events were recorded during 12-week randomised ferric
maltol treatment, and only one serious adverse event
(abdominal pain) was considered possibly related to
study treatment throughout 52 weeks of extension treat-
ment. It is also notable that while several patients had
mild-to-moderate inflammatory bowel disease at base-
line, worsening of ulcerative colitis and Crohn’s disease
was recorded as an adverse event in <10% of patients
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overall, and only one patient was withdrawn due to
exacerbation of existing ulcerative colitis (SCCAI score
>5) based on physician judgement.

The absence of an intravenous comparator arm in the
current study makes it difficult to compare the current
findings with data from trials assessing intravenous iron
due mainly to the fact that the vast majority of efficacy
data with intravenous formulations come from short-
term studies conducted over 5-12 weeks.> ' %7
Similarly, there are few previous studies that allow
comparison of the current long-term ferric maltol data
with other oral iron compounds.

A recent systematic review and meta-analysis of ran-
domised controlled trials reported increased gastrointesti-
nal side-effects with ferrous sulphate in adults, regardless
of either patient population or specific formulation.*®
The duration of all except two of the identified trials in
inflammatory bowel disease was 6-12 weeks. In a 20-
week randomised trial comparing oral ferrous sulphate
with intravenous iron sucrose in 91 patients with anae-
mia (haemoglobin <11.5 g/dL),”” only 22 patients (48%)
tolerated the prescribed oral ferrous sulphate dose, and
52% reduced the dose or discontinued ferrous sulphate
because of poor tolerability. Consequently, haemoglobin
increased by >2 g/dL in only 47% of patients on oral
iron, compared with 66% of patients given intravenous
iron sucrose.’”® In a 6-month open-label trial that also
compared oral ferrous sulphate with intravenous iron
sucrose, this time in 100 patients with iron deficiency
anaemia (haemoglobin >10 g/dL),4O only 4/78 (5%)
patients who received ferrous sulphate discontinued
treatment due to ‘medication intolerance’.** Extrapola-
tion of findings from this latter study to match the dura-
tion of the current study gives an estimated 1-year
discontinuation rate of approximately 10%, which is sur-
prisingly low given the well-known poor tolerability of
oral ferrous iron.*® Nevertheless, the current data still
compare favourably with this previous report, with only
7.2% of patients discontinuing due to treatment-related
adverse events up to Week 64.

In considering the safety and tolerability data from
the current study, it is important to bear in mind that
the current study population was sensitive to the adverse
effects of oral iron therapy as it only included patients
with a documented history of treatment failure with oral
ferrous products. Reasons for previous failure of oral fer-
rous iron treatment (recorded at screening) included
poor gastrointestinal tolerability in approximately two-
thirds of patients and lack of efficacy in approximately
one-third. The data on discontinuations due to
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treatment-related ~gastrointestinal adverse events are
therefore open to a degree of positive historical bias,
with patients more likely to discontinue than would
otherwise be observed with ferric maltol in a standard
inflammatory bowel disease population including treat-
ment-naive patients and those who are able to tolerate
oral ferrous iron.

It is likely that, overall, the patient population of this
study was too mildly affected by iron deficiency anaemia
to show discernible improvements in disease-specific or
general patient QoL, even over the long-term, based on
the quality-of-life parameters employed (IBDQ and
SE-36, respectively). Nevertheless, the quality-of-life data
indicate that long-term treatment with ferric maltol did
not have any detrimental impact on QoL. This finding is
considered at least in part attributable to the favourable
safety and tolerability profile of ferric maltol. In addition,
the fact that no patients in this study discontinued treat-
ment due to lack of efficacy indicates potential benefits
for prolonged ferric maltol maintenance treatment. How-
ever, it should be borne in mind that other relevant fac-
tors, such as iron storage indices, vary a great deal from
patient to patient. Follow-up assessments with appropri-
ate testing should therefore be scheduled during long-
term therapy in order to ensure maintained iron balance.

The limitations of our study are as follows. The lack
of an active oral comparator arm, which is due to (i) the
placebo-controlled design of the initial randomised trial
and (ii) the fact that the initial randomised trial was the
first trial reported to date that included only patients in
whom oral ferrous products had previously failed,* pre-
cludes direct comparison of ferric maltol with other iron
formulations. Furthermore, the open-label nature of this
extension study confers a number of inherent difficulties
in terms of avoiding patient selection bias and limiting
analyses to purely descriptive data assessments. In addi-
tion, the study design did not allow an assessment of the
possibility of whether the absence of a sustained deficit
of iron balance might have influenced the haemoglobin
results: future subgroup analyses may help to address
this. While the initial randomised trial was adequately
powered to discern statistically significant differences
between ferric maltol and placebo, this long-term open-
label analysis was not powered to demonstrate additional
statistically significant improvement of iron deficiency
anaemia parameters, and no comparable untreated
cohort data are available. Based on the absence of an
untreated cohort, maintained levels of haemoglobin
could be associated either with sustained efficacy of ferric
maltol or to the absence of sustained deficit of iron
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balance. Finally, while no evidence of significant worsen-
ing of (subclinical) mucosal inflammation was observed,
the size of this study population did not enable us to
rule out the possibility of such effects. Similarly, the
study was not powered to exclude the possibility that
long-term ferric maltol treatment for >12 months could
increase the risk of IBD reactivation.

In conclusion, the current findings substantially
extend knowledge gained from the initial randomised
trial with ferric maltol”! and the early proof-of-concept
study with a ferric iron compound.*’ Long-term ferric
maltol treatment beyond 12 weeks increased or main-
taining haemoglobin concentration, allowing sustained
normal haemoglobin in a high proportion of patients
throughout 64 weeks of treatment. Ferric maltol also
increased the proportion of patients with corrected fer-
ritin and transferrin saturation. Future analyses will be
required to define which patients benefitted most from
long-term ferric maltol treatment and which patients did
not need long-term treatment. Such analysis will need to
discern long-term improvements in haemoglobin and
iron parameters that related to treatment from those
related to reductions in underlying inflammatory bowel
disease severity. The tolerability of this novel ferric iron
formulation remained favourable throughout this long-
term (64-week) study, with few patients withdrawing due
to medication-related effects. Overall, ferric maltol shows
promise as a new option for the long-term treatment of
iron deficiency anaemia in patients with inflammatory
bowel disease.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the
online version of this article:

Table S1. Absolute levels and changes from baseline
in haemoglobin concentration from baseline to end of
study in continued and switch patient groups (full analy-
sis set; N = 128).

Table S2. Absolute levels and changes from baseline
in serum ferritin in all patients from baseline to end of
study (full analysis set; N = 128).

Table S3. Absolute levels and changes from baseline
in transferrin saturation in all patients from baseline to
end of study (full analysis set; N = 128).

Table S4. Total SCCALI scores by number of weeks on
ferric maltol (full analysis set; N = 58).

Table S5. Total CDAI scores by number of weeks on
ferric maltol (full analysis set; N = 70).

Table S6. Summary of IBDQ response over time dur-
ing open-label phase (full analysis set; N = 128).
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