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Abstract

Iron deficiency anemia (IDA) is one of the most common complications of inflammatory bowel disease (IBD). We planned
a prospective study to address tolerability and efficacy of sucrosomial iron, a new oral formulation of ferric pyrophosphate,
in IBD patients. Thirty patients with a confirmed diagnosis of Crohn’s Disease (CD) or ulcerative colitis (UC) and mild IDA
were enrolled. Patients with severe IBD were excluded. All patients underwent 12 weeks of oral treatment with 30 mg/day
of sucrosomial iron. Treatment compliance and adverse events were investigated every 4 weeks. Iron status, hematologi-
cal parameters and IBD activity scores were determined at baseline and at the end of treatment, as well as serum hepcidin
and non-transferrin bound iron (NTBI) levels. Twenty-four (80%) patients took more than 90% of the prescribed regimen.
Forty-four adverse events (AEs) were recorded, but none of them is considered certainly or probably related to the study
treatment. Interestingly, only eleven gastrointestinal events were recorded in 9 (30%) patients. At the end of treatment, all
iron parameters improved significantly and Hb increased in 86% of patients (from 11.67 to 12.37 g/dl, p=0.001). Serum
hepcidin showed a significant increase in 79% of patients and became positively correlated with C-reactive protein (CRP)
at the end of the study, while NTBI remained below the detection threshold after iron supplementation. The IBD activity
scores improved in both CD and UC. This pilot interventional study supports the therapeutic use of sucrosomial iron in IBD
and paves the way for future studies in larger or more difficult IBD populations.
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Introduction

Anemia is one of the most common complications of IBD,
with a prevalence varying from 6 to 74% in different case
studies [1], involving up to 60% of patients at diagnosis, with
differences between CD and UC reported in as much as 27%
and 21%, respectively [2, 3].

Anemia in IBD is often under-diagnosed, not adequately
monitored and not properly treated, but it significantly com-
promises patients’ qualities of life.

Iron deficiency (ID) represents the main cause of anemia
in IBD patients, with a prevalence up to 90% [4]. Chronic
ID in IBD is due to multiple factors: insufficient dietary
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intake, malabsorption, chronic inflammation, and intestinal
bleeding [5, 6]. The differential diagnosis between IDA and
anemia caused by chronic inflammation/disease (CDA) can,
therefore, be particularly difficult in IBD as both pathogenic
mechanisms often overlap in affected patients. Hepcidin,
the iron regulatory hormone, is down-regulated during 1D,
whereas it is readily induced in inflammatory states, includ-
ing active IBD [7]. Therefore, at least in principle, hepcidin
may represent a useful indicator of the underlying cause of
anemia.

According to the European Crohn’s and Colitis Organi-
sation’s (ECCO) guidelines [8], oral iron (OI) is the option
of choice for treating mild anemia (Hb> 11 g/dl) in IBD
patients with clinically inactive disease, in the absence of
intolerance to OI, whereas intravenous iron (IVI) should
constitute the first line treatment in subjects with Hb <10 g/
dl, active disease, a history of intolerance to OI and in
patients who need erythropoiesis-stimulating agents [9].
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Although OI supplementation is usually well accepted
by patients, concerns have been raised on its tolerability and
efficacy [10, 11].

OI supplementation can lead to NTBI excess, with poten-
tial pro-oxidant effect of its labile form (labile plasma iron,
LPI) [12]. Seemingly, Erichsen et al. demonstrate that iron
sulfate increases plasma malondialdehyde, a marker of lipid
peroxidation, in IBD patients with ID [13]. In this line, it
has also been reported that OI can cause oxidative stress
in the intestinal lumen of IBD patient [14], increasing the
local production of pro-inflammatory cytokines in a dose-
dependent manner and leading to adverse gastrointestinal
effects like metallic taste, nausea, diarrhea, constipation, and
abdominal pain that limit compliance to OI [12]. Further-
more, studies from animal models show that endoluminal
iron can re-exacerbate IBD and alter the intestinal microbi-
ota, which is known to play a key role in the pathogenesis of
the disease. A possible carcinogenic activity of unabsorbed
iron has also been postulated [15, 16].

Recent progress in pharmacology has now led to the
development of liposomal vesicles as carriers of bioactive
molecules [17]. In this context, a liposomal formulation
of iron should enhance iron absorption even in a state of
chronic inflammation, since it does not use the intestinal
iron transporter that is inhibited by hepcidin [18], and would
likely increase iron supply without generating NTBI.

Sucrosomial iron has recently become available in
Europe. A recent formulation consists of a ferric pyrophos-
phate core protected by a phospholipid bilayer membrane,
mainly sunflower lecithin, and a sucrester matrix that has a
gastroprotective action. This formulation seems to have an
increased bioavailability compared to ferrous sulfate, allow-
ing lower therapeutic doses [19].

The aim of our study is, therefore, to prospectively evalu-
ate the tolerability and efficacy of 12 weeks of sucrosomial
iron in a cohort of IBD patients with mild IDA.

Materials and methods
Study population

The study was designed as an open-label, prospective,
monocentric, one-arm study.

Patients were included in the study if they had inactive
to moderate active IBD (UC or CD) and mild IDA. UC and
CD diagnoses were based on clinical, radiological, endo-
scopic and histological findings [20, 21]. Mild anemia was
defined according to the World Health Organization (WHO)
and ECCO definitions (Hb 11.0-11.9 g/dl in females and
11.0-12.5 g/dl in males), serum iron < 50 pg/dl, vitamin
B12 and folic acid within range of normal. Disease activity
was determined by the Colitis Activity Index (CAI) in UC
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or by Crohn’s Disease Activity Index (CDAI) score in CD
patients. CAI index was chosen for UC since it is not influ-
enced by Hb for levels > 10 g/dl [22, 23].

Exclusion criteria were: CAI> 10 in UC and CDAI > 450
in CD patients; need for blood transfusion or intravenous
iron according to medical judgment at screening; iron prepa-
rations or erythropoietin received within 3 months around
screening; presence of hemolytic anemia, bleeding hemor-
rhoidal disease, menometrorrhagia. Other reasons for exclu-
sion were: alcohol abuse; renal failure (glomerular filtra-
tion < 30 ml/min, calculated by CKD-EPI); thyroid disease,
including overt hyperthyroidism or subclinical hypothy-
roidism); active peptic disease; liver cirrhosis; hereditary
anemia; thalassemia trait; history of solid tumor except of
basocellular skin carcinoma; myelodysplastic disease within
5 years of screening; pregnancy and breastfeeding.

The study was approved by the Ethics Committee of
Modena (145/15) and written informed consent was obtained
from all individual participants included in the study.

Treatment and evaluation

After a 15-day screening period, all enrolled patients under-
went 12 weeks of oral treatment with a single capsule of
Sideral Forte® (Pharmanutra Spa, Pisa, Italy; sucrosomial
iron 30 mg plus vitamin C 70 mg) once daily.

Patients underwent five study visits: one screening visit and
one enrollment visit within 15 days, two visits during the treat-
ment period (at 4th and 8th week of treatment) and one final
visit after 12 weeks of iron intake. At enrollment, patients were
instructed on how to intake iron supplementation and how to
record daily sucrosomial iron intake and gastrointestinal symp-
toms or AEs, if occurred, on the patient’s diary.

Compliance to treatment was determined by capsules
count at the end of treatment and through patient’s diary
evaluation.

Safety and tolerability were evaluated based on physical
examination, vital signs measurements, and collection of gas-
trointestinal symptoms and AEs during study visits and through
patient’s interview and patient’s diary review. The following
gastrointestinal symptoms were detected: presence or worsen-
ing of epigastric pain, tenesmus, vomiting, nausea, diarrhea,
constipation, night evacuations, melena, intestinal and rectal
bleeding. At each study visit, gastrointestinal symptoms were
collected by investigators through a patient interview and a
review of the patient’s diary. Investigators filled in a specific
AE report in which they recorded, for each symptom, pres-
ence, intensity (mild, moderate or severe), frequency, required
treatment (if any), relationship with Sideral Forte® (certain,
probable, possible, unlikely or not related) and seriousness, as
per protocol and Good Clinical Practice guidelines [24]. Con-
comitant medications were also reviewed at each clinical visit.
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Efficacy endpoints focused on changes in Hb, mean corpus-
cular volume (MCYV), reticulocytes count, serum iron, serum
ferritin, serum transferrin and transferrin saturation (TSAT).
Other secondary efficacy endpoints included leukocytes count,
erythrocyte sedimentation rate (ESR), CRP and changes in
disease activity scores. All biochemical parameters were deter-
mined at enrollment and at final visit by automated methods at
the central hospital laboratory.

Serum hepcidin and NTBI determination

Measurement of serum hepcidin and NTBI levels was also
conducted as part of the efficacy analysis. Blood samples were
collected in the absence of EDTA or another anticoagulant.
Serum was obtained via centrifugation and stored at — 80 °C
until analysis.

Serum hepcidin was determined by an ELISA assay specific
for the bioactive form of the protein (DRG Diagnostics, DRG
Instruments GmbH, Germany).

NTBI was determined by a fluorescence method (FeROS™
eLPI, Aferrix Ltd., Israel) which measures the iron-specific
redox activity in serum in the presence of a mobilizing agent
(overcoming the effects of plasma albumin, citrate and uric
acid) [25].

Hepcidin assay was a quantitative method while NTBI
assay provided qualitative results (positive for value > 0.2 eL.PI
unit, negative for value < 0.2 eLPI unit) [26, 27].

Statistical analysis

Categorical variables were described using proportion and
compared by Chi square or Fisher’s exact test. Continuous
variables are presented as mean=+ SD (if parametric) and as
median and interquartile range (IQR) if non-parametric. They
were compared (when two groups were considered) using the
paired or unpaired Student’s 7 test (or Wilcoxon rank test),
when appropriate. Spearman’s tho was used to assess sim-
ple correlation between continuous variables. Robust logistic
regression was used to assess the association between the cho-
sen factors/variables and the increase of Hb after therapy. In
all statistical evaluations, a p <0.05 was taken as significant.

Statistical analysis was performed by SPSS (v.24.0, IBM
Analytics, Chicago, Il, USA) and STATA (v. 14.0, College
Station, TX: Stata Corp LP, USA).

Results
Characteristics of enrolled IBD patients
Patients’ characteristics are reported in Table 1. In total, 30

patients were included in the study, 17 (56.7%) with CD
and 13 (43.3%) with UC. One UC patient was affected by

proctitis (E1, 7.7%), 7 by left-sided UC (E2, 53.8%) and 5
by extensive UC (E3, 38.5%). 5 CD patients had terminal
ileum location (L1, 29.4%), 3 colon location (L2, 17.6%), 9
ileocolon location (L3, 53%). As for CD disease behavior,
7 CD patients (41.2%) had non-stricturing non-penetrating
disease (B1), 3 (17.6%) had stricturing CD (B2) while the
remained 7 patients (41.2%) had penetrating CD (B3) [20,
21]. The mean age was 57 +18.8 years and 17 (56.7%)
patients were female. All recruited patients were on treat-
ment for IBD: 17 (56.7%) were on mesalamine, 4 (13.3%)
were on mesalamine plus azathioprine/6-mercaptopurine,
2 (6.7%) patients were on biologic agents while 7 (23.3%)
were both on biologics and azathioprine.

At baseline, patients were in remission or had mild dis-
ease activity, as confirmed by a CDAI between 31.8 and
206.2 for CD patients and a CAI between 0 and 7 for UC
patients. The mean Hb level was 11.7 g/dl, while the mean
serum iron was 42 mg/dl.

When looking at compliance to treatment, only six
patients took less than 90% of the prescribed capsules (miss-
ing more than eight capsules), with a median of 78 days
(IQR 8 days) of completed treatment (corresponding to 93%
of capsules taken). All patients were included in the safety

Table 1 Characteristics of the population at baseline (n=30)

Number %
Sex
Female 17 56.7
Male 13 433
Ethnicity
Caucasian 27 90
Other 3 10
IBD
CD 17 56.7
ucC 13 433
IBD treatments
Mesalamine 17 56.7
AZA/6-mercaptopurine 4 133
Biological therapies 2 6.7
Biological therapies + AZA 7 233
Median Range
CDAI 78.7 31.8-206.2
CAL 1.9 0-7
Hb (g/dl) 11.7 11.0-12.5
Serum iron (mg/dl) 42.0 19-49
TSAT (%) 11.2 4-19
ESR (mm) 314 4-99
CRP (mg/dl) 0,.6 0.1-2.4

IBD inflammatory bowel disease, AZA azathioprine, CDAI Crohn’s
disease activity index, CAI clinical activity index, Hb hemoglobin.
TSAT transferrin saturation, ESR erythrocyte sedimentation rate, CRP
C-reactive protein
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analysis, while one patient, who took only nine capsules,
was excluded from the efficacy analysis.

AEs during 12 weeks of sucrosomial iron treatment

As to the gastrointestinal symptoms, 11 new events are
recorded in 9 patients (Table 2). All were of mild severity
and did not require medical treatment. None was consid-
ered certainly or probably related to the study treatment:
two patients had possibly related events (one vomiting and
nausea, one constipation); two had unlikely related events
(one diarrhea and one epigastric pain); six gastrointestinal
symptoms were considered not related: epigastric pain and
intestinal bleeding (one patient), diarrhea (one patient),
intestinal bleeding (two different patients) and tenesmus
(one patient).

The patient diary reviews revealed that all 30 patients had
mild IBD-related gastrointestinal symptoms at baseline. Of
these, 8 (27%) patients showed an improvement by the end
of the treatment, 17 (57%) did not present any change while
5 (17%) patients showed worsened gastrointestinal symp-
toms. With regard to AEs other than from gastrointestinal
symptoms, 23 events are recorded in 11 patients (Table 3).
All events were of mild intensity except two. One patient
had an AE of moderate severity (renal colic) for which he
received medical treatment at home. Another patient had one
SAE during the study period: a 67-year-old man on double
immunosuppression, with a CAl index of seven at screening,
and previous multiple hospitalizations due to severe flare
of disease, was hospitalized because of severe UC flare.
For this reason, the patient ended the study prematurely,
after assumption of only nine capsules and was, therefore,
excluded from the efficacy analysis. This SAE was judged
not related to iron supplementation and treated with fasting
and IV steroids. No other patient was excluded from efficacy
analysis due to changes in IBD treatment during the study
period, as required by the study protocol.

Table 2 Gastrointestinal

Correlation Events Patients
adverse events
Certain 0 0
Probable 0 0
Possible 32 2
Unlikely 2b 2
Not related  6° 5
Total 11 9

*Vomiting, nausea, constipation
®Diarrhea, epigastric pain
“Epigastric  pain, intestinal
bleeding, diarrhea, tenesmus
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Table 3 Other adverse events (excluding gastrointestinal)

Adverse events Number Patients
Renal colic 1? 1
Viral gastroenteritis 2 2
Lower urinary tract infections 2 1
Cough 1 1
Headache 6 2
Sore throat 2 2
Itch 2 1
Rash 1 1
Menstrual cramps 1 1
Cystitis 2 1
Fever 1 1
Toothache 1 1
Worsening of UC 1* 1

*Moderate intensity

bSevere intensity and serious adverse event

Effect of sucrosomial iron in IBD patients (29 pts)
Hematological parameters

After 12 weeks of treatment with sucrosomial iron, 86%
of patients had an increase in Hb. Absolute mean Hb con-
centration raised from 11.67 g/dl1+0.5 to 12.38 + 0.8 g/dl
(»<0.0001) (Fig. 1 and Table 4), with a mean increase of
0.7 g/dl (6.1%), independent of gender (p =0.556). Moreo-
ver, 9 (31%) subjects had an Hb increment > 1 g/dl. Cor-
rection of anemia was obtained in 17 (59%) patients. The
increase in Hb remained statistically significant even when
considering CD and UC separately: in CD patients, the mean
Hb value changed from 11.58 +0.5 g/dl to 12.14 +0.7 g/
dl (p <0.001) while for UC patients Hb changed from
11.76 0.5 g/dl to 12.66 +0.9 (p=0.005).

Iron parameters

Serum iron levels improved after supplementation with
sucrosomial iron in most patients (23%), independent of
gender: the mean increase in serum iron was of 23 mg/dl,
corresponding to a mean rise of 62%. Mean serum iron level
raised from 41.79 +8.9 to 65.03 +34.1 mg/dl (p=0.001)
(Fig. 1 and Table 4).

Mean TSAT value raised from 10.96 +3.6 to
16.72+10.1% (p=0.004) (Fig. 1 and Table 4). In particular,
the mean increase of TSAT was 169%.

Mean serum ferritin did not raise from baseline
(45.79+78.8 ng/ml) to the end of treatment (44.62 +70.8 ng/
ml) (Table 4).



Internal and Emergency Medicine

a . b . "
nS—- : g
= P o *f
E = /' // : 5 .
) = c
_Q 125 ?_..f o . ‘f” = :-§ . . - 5 :
I : = %) A
120 zZ = (o) > ol
= o “r =S
1nsp= e o /_/ : I e
' i |
o) e = . B e s
110 b gy — ) —e | | 2 S ¥ —:
105} N 1 °c I 1
c Pre-Therapy Post-Therapy d Pre-Therapy Post-Therapy
200 b=~ — 60 ~ °
180 b= 2 é
e [ — -
E 1060 - _Q *
(o) . ®
E 100 b= bt 40 |
= w} 2
(= O .
e ) 2 30
- — : .
£ o =
g ok .,:3’ 0}
B sl c
E 10
of- L L o | 1
e Pre-Therapy Post-Therapy f Pre-Therapy Post-Therapy
9 160 p=- i 1
(o] 5 9 5=
O 100 b=
N : g |
3 . @ S
QO wi < B
o \ o
0= 1 1 00~ 4 A
Pre-Therapy Post-Therapy Pre-Therapy Post-Therapy

Fig. 1 Variations from baseline to the end of treatment of a hemoglobin (Hb); b hepcidin; ¢ serum iron; d transferrin saturation; e Crohn’s dis-
ease activity index (CDAI); f clinical activity index (CAI)

Baseline hepcidin levels are characterized by a wide var- ~ The wide variability of values remains after iron sup-
iability within the study population, ranging from 0.6 ng/  plementation; yet, the majority of patients (79%) show
ml to 94.3 ng/ml (mean value of 14.09 +22.7) (Fig. 1).
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Table 4 Changes in hematological and biochemical parameters and
disease activity score (29 patients)

Pre-therapy Post-therapy P

Hb (g/dl) 11.67+0.5 12.38+0.8 <0.0001
Serum iron (mg/dl) 41.79+8.9 65.03+34.1 0.001
TSAT (%) 10.96+3.6 16.72+10.1 0.004
Serum ferritin (ng/ml) 4579+78.8  44.62+70.8 0.798
ESR (mm) 31.71£234  2743+21.6 0.076
CRP (mg/dl) 0.62+0.6 0.62+0.7 0.996
CDAI 78.68+47.2 63.6+40.9 0.006
CAI 1.5+1.3 0.75+1.0 0.121

Hb hemoglobin, TSAT transferrin saturation, ESR erythrocyte sedi-
mentation rate, CRP C-reactive protein, CDAI Crohn’s disease activ-
ity index, CAI clinical activity index

significantly higher hepcidin values after treatment (mean
of 19.51 £27.3 ng/ml, p=0.02).

Baseline hepcidin levels are negatively correlated to base-
line transferrin and positively correlated to baseline serum
ferritin, regardless of the underlying IBD condition (CD or
UC) or disease activity scores.

After 12 weeks of therapy, both the negative correlation
between hepcidin and transferrin and the positive correla-
tion with ferritin remain. Interestingly, after therapy, serum
hepcidin becomes positively correlated with CRP.

NTBI is not detectable (concentration lower than 0.2 LPI
Unit) in all patients both at baseline and after 12 weeks of
therapy, suggesting that liposomal iron, unlike other oral
preparations, is capable of correcting anemia without deter-
mining the formation of pro-oxidant NTBI forms.

Changes in disease activity

When looking at clinical severity of inflammatory disease
in CD patients, the mean CDAI is 78.68 +47.2 at baseline
(Fig. 1 and Table 4). Only one patient had an initial CDAI
corresponding to mild disease activity (CDAI=206), which
remained in the range of mild activity even after 12 weeks of
therapy (CDAI=199), while the remaining CD patients had
a CDALI lower than 150, corresponding to quiescent disease.
CDALI did not worsen but, on the contrary, significantly
decreases by the end of treatment in most patients (82%),
thus indicating an improvement in the clinical disease status
(final CDAI=63.6+40.9, p=0.006) (Fig. 1 and Table 4).
As to UC, all affected patients but two had a baseline CAI
lower than 4, corresponding to quiescent disease: one patient
had an initial CAI =4 corresponding to mild disease activity,
which became 0 after 12 weeks of therapy; another patient
had an initial CAI="7, corresponding to mild disease activ-
ity and was hospitalized after assumption of nine capsules
of iron supplementation due to a severe flare of UC and, for
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this reason, suspended the iron supplementation intake and
was excluded from the efficacy analysis.

By the end of treatment, an improvement in CAI was
observed, even though statistical significance was not
achieved.

Regarding the inflammatory parameters, the majority
of enrolled patients (58.6%) had at baseline a serum CRP
level equal or below 0.5 mg/dl, which is the cutoff used by
our laboratory to define normal values, with a mean value
of 0.62 mg/dl. The change in serum CRP levels observed
at the end of the study is not statistically significant, while
the decrease of ESR levels, which was detected in 69%
of patients, is close to statistical significance (mean value
changed from 31.71 to 27.43 mm/h, p=0.076) (Table 4).

Discussion

This study is the first to assess tolerability and efficacy of
sucrosomial iron (Sideral Forte®) in a challenging patient
population, IBD patients with IDA.

As evidence of good tolerability, 29 patients out of 30
(96.6%) completed the study, with 80% taking all the pre-
scribed regimen. Six patients, who took less than 10% of the
prescribed therapy, report forgetfulness as the most com-
mon reason for missing the therapy. Previous data on OI
supplementation with ferrous sulfate or ferric maltol report
a worse compliance to treatment with AE in 1 of 4 patients
and discontinuation of treatment in a one-fifth of patients
[6, 10]. Such difference could be explained by the fact that
sucrosomial iron, different from the other iron preparations,
can be taken at any time of the day, independent of meals,
and is therefore easier to manage by patients.

When considering reported AE, the majority of side
effects were gastrointestinal. All AEs were of mild intensity
except for two: one moderate AE (renal colic) and one seri-
ous AE (flare of UC), all judged not related to iron supple-
mentation. Only 17% of the studied population report wors-
ened gastrointestinal symptoms, all within the mild grade.
Moreover, half of the reported events were judged unrelated
to the treatment, only 7% possibly related to the supplement
and none certainly or probably related to the therapy. Of
note, eight patients (27%) report an improvement in overall
gastrointestinal symptoms. Therefore, these data compare
favorably with previous study in IBD patients with other OI
supplementations [6, 10, 28].

In terms of efficacy, in our population a low dose of
sucrosomial iron (30 mg/day) determines a significant incre-
ment of serum iron parameters in the majority of patients
(76%). Particularly, the mean increase in TSAT, which can
be considered an index of iron availability for erythropoiesis,
is as much as 169%.
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Consequently, Hb levels significantly increase after
12 weeks of treatment (mean increase: 0.7 g/dl), in both
patients with UC and CD, regardless of gender, with correc-
tion of IDA in almost 60% of the total population.

Since the iron preparation tested in the study contains a
relatively low dose of elemental iron (30 mg) compared to
traditional compounds [6, 10], this is a further confirmation
that its formulation allows a better absorption compared to
other Ols.

Recently, a 12-week placebo-controlled trial published
by Gasche et al. tested the efficacy and safety of 60 mg/day
of ferric maltol in a group of IBD patients, reporting a good
efficacy and a favorable safety profile. However, most of the
selected patients were in disease remission with only a few
CD cases having mild activity disease. Furthermore, about
25% of patients show drug-related AEs and iron therapy was
consequently interrupted in 13% of cases [6, 28].

In previous studies in IBD patients treated with ferrous
sulfate, the efficacy in terms of Hb increase was greater than
in our study; however, this was obtained at the expense of a
higher incidence of gastrointestinal side effects (at least in
25% of patients) and OI discontinuation (at least in 20%),
likely due to the higher dose of OI used [11, 29].

Since previous studies about oral iron supplementation
in IBD speculate a possible risk of disease exacerbation
and worsening of the clinical status linked to unabsorbed
iron, we assessed changes in disease activity scores. Both
CDAI in CD and CAI in UC show a surprisingly downward
trend, even though it reached statistical significance only for
CDAL This can be ascribed, at least in part, to the presence
of hematocrit in CDAI but not in CAI calculation, which is
completely independent of iron and blood counts in patients
with mild anemia.

It should be noted that only three patients (two with CD,
one with UC) in the whole population had a worsened dis-
ease activity score after treatment.

IDA in IBD is a composed disease model of iron defi-
ciency and chronic inflammatory state. Hepcidin, the key
regulator of iron homeostasis, increases in inflammatory
states in virtue of its defensin-like properties, with conse-
quent inhibition of both iron absorption from the intesti-
nal lumen and release from deposits [30]. On the contrary,
hepcidin is negatively regulated in iron-deficient states to
ensure erythropoiesis [31]. The available literature data well
emphasize the difficulty in interpreting cause and signifi-
cance of hepcidin levels in IBD patients [7]. In our study,
baseline serum hepcidin is characterized by a wide vari-
ability (from 0.6 to 94.3 ng/ml.) but, in spite of the obvious
value dispersion, its increase from baseline to week 12 is
statistically significant (p =0.02), mirroring the observed
increase in iron availability and improvement of anemic
status. Also, in line with the previous literature, a direct cor-
relation between serum hepcidin and ferritin is found both

at baseline (strong correlation) and at week 12 (moderate
correlation). Furthermore, hepcidin became directly related
to CRP only at the end of the treatment. We hypothesize that
serum hepcidin increases initially as expected in response to
iron, and then, once ID is corrected, correlates with CRP, a
marker of the underlying inflammatory state [32, 33].

Previous works have shown that OI can cause an eleva-
tion of NTBI levels [34, 35]. NTBI represents the circulating
iron form that becomes detectable when transferrin bind-
ing capacity is overcome; NTBI, and in particular its LPI
fraction, is considered a key element in inducing oxidative
damage of cell membranes and other biomolecules [36].
Therefore, preventing the formation of NTBI is detrimental
both in iron overload conditions and in chronic inflamma-
tory diseases such as IBD. In fact, it has been shown that in
IBD patients who take iron sulfate, ROS-mediated oxidative
damage acts on a mucosa already damaged by the underly-
ing disease, establishing a vicious circle of further mucosal
damage [15].

In our study, NTBI was under the detection threshold both
at baseline and at the end of treatment with sucrosomial iron,
supporting that sucrosomial iron, unlike ferrous salts, does
not determine the formation of free plasma iron, probably
due to its pharmacokinetic characteristics.

In the sucrosomial technology, iron does not interface
with the intestinal mucosa because it is released by the
liposome only once it reaches the hepatocyte through the
lymphatic circulation [37]. Therefore, thanks to the optimal
bioavailability due to the specific mechanism of absorption,
most likely free iron is not generated in the intestinal lumen,
and ROS production is avoided.

The present study, with the obvious drawbacks of a sin-
gle-center open-label design, provides evidence for optimal
tolerability and good short-term efficacy of sucrosomial iron
supplementation in both CD and UC patients with mild/
moderate active disease and moderate IDA.

Due to its large prevalence among IBD patients, anemia
is often underestimated and neglected despite its effects in
terms of worsened quality of life, disease progression and
increased social and health costs. This pilot interventional
study provides positive data supporting the therapeutic use
of sucrosomial iron in IBD and paves the way for future
studies in larger IBD populations with more severe anemia
or more active disease, also comparing sucrosomial iron to
other oral or intravenous iron preparations.
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