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INTRODUCTION

Iron-refractory iron deficiency anaemia (IRIDA) is a rare
hereditary microcytic anaemia caused by pathogenic vari-
ants in TMPRSS6, encoding matriptase-2, a transmembrane
protease that inhibits hepatic hepcidin synthesis via the
Bone Morphogenetic Protein (BMP)/Small Mothers Against
Decapentaplegic (SMAD) pathway."* Pathogenic TMPRSS6
variants lead to inappropriately elevated hepcidin levels rel-
ative to the body's iron status, especially circulating iron.’

Clinically, IRIDA presents with hypochromic microcytic
anaemia with markedly low serum iron and transferrin sat-
uration (TSAT <10% or <15% with iron supplementation) in
the absence of inflammation.” The phenotype is generally
more pronounced in children, possibly due to their higher
growth-related iron demands or a different hepcidin set
point relative to body iron levels.*

As an iron distribution disorder, IRIDA is marked by rel-
atively high iron levels in reticuloendothelial macrophages
compared to the circulation and parenchymal cells, like he-
patocytes. Importantly, elevated hepcidin alone does not

| A.E.Donker’ | S.E.M.Schols' | D.W.Swinkels™*

Iron-refractory iron deficiency anaemia (IRIDA) is a rare hereditary microcytic
anaemia characterized by partial or complete resistance to oral iron supplementa-
tion, caused by elevated plasma hepcidin levels resulting from pathogenic variants
in the TMPRSS6 gene. Although intravenous iron supplementation is often effec-
tive, patient responses can vary significantly due to various factors, and potential
side effects of this treatment remain unclear. Additionally, evidence-based inter-
national guidelines for diagnosing and managing IRIDA are lacking. This review
aims to provide patient-tailored treatment strategies, informed by case studies and
expert opinion, to address the specific therapeutic needs of both children and adults

hepcidin, iron distribution disorder, iron-refractory iron deficiency anaemia, iron therapy

confirm the diagnosis; it must be interpreted alongside the
body's iron levels and inflammation status. In IRIDA, iron
maldistribution is best reflected by a low TSAT/hepcidin ratio
(<2.5th percentile for age and gender) (Table 1).""™* Another
diagnostic hallmark is minimal or absent response to oral iron
supplementation and incomplete response to intravenous (IV)
iron therapy, with persistently low TSAT (Figure 1).>"*

The diagnosis of IRIDA is confirmed by identifying
biallelic TMPRSS6 variants classified as (possibly) patho-
genic (class 3 or higher), along with the characteristic
clinical and biochemical profile (Table 1).>'*'> Although
IRIDA is typically considered an autosomal recessive
disorder, heterozygous TMPRSS6 variants can result in a
milder phenotype with less need for IV therapy.>>!* This
guidance, however, focuses specifically on IRIDA due to
biallelic TMPRSS6 variants.

Other causes of IRIDA, including gastro-intestinal con-
ditions (e.g. Helicobacter pylori infection, coeliac disease or
atrophic gastritis), must be excluded.'®

Distinguishing IRIDA from absolute iron deficiency is
essential. Absolute iron deficiency is characterized by both
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TABLE 1 Characteristics of IRIDA.

Clinical suspicion of IRIDA

Autosomal recessive inheritance®
Microcytic, hypochromic anaemia

Low circulating iron levels (serum iron and TSAT) in the absence of
inflammation

Minimal or no response to oral iron therapy (Hb <1 g/dL in 4 weeks),
partial response to I'V therapy

More pronounced in childhood, tends to improve with ageing

Family history of microcytic anaemia refractory to oral iron therapy,
especially in men

Laboratory findings

Ferritin Variable®

TSAT <5%-10% (<15%
post-iron therapy)

TSAT/hepcidin® Male <1.6%/nM

Female <1.9%/nM

(pre-menopausal)
<1.4%/nM

(post-menopausal)

Abbreviations: IRIDA, iron refractory iron deficiency anaemia; TSAT, transferrin
saturation.

*Although IRIDA is typically considered an autosomal recessive disorder, a milder
IRIDA phenotype has been reported in patients with a heterozygous genotype.’
PFerritin levels in IRIDA patients are usually at the lower limit of the reference
interval, but can be below this lower limit in cases of absolute iron deficiency.
Ferritin levels above the higher limit of the reference interval may occur after

1V iron therapy. However, relying solely on ferritin levels can be challenging, as
ferritin is an acute-phase protein that increases in response to inflammation or
infection. This increase is likely driven by elevated hepcidin levels, which trap
iron in macrophages, raising ferritin levels. Elevated ferritin can also result from
other conditions, such as autoimmune diseases, chronic kidney disease, liver
disease, metabolic syndrome (NASH, overweight, hypertension) and certain
malignancies.®” Note that ferritin assays lack standardization, meaning that levels
may vary depending on the methodology used.®®

“Reference intervals for TSAT/hepcidin vary by age group in children and differ
from adults. For specific reference intervals, see Donker et al.* Note that these levels
are only valid when measured by a standardized hepcidin assay.’

low iron stores and circulating iron, while IRIDA represents
a form of functional iron deficiency, with adequate stores but
limited erythropoietic availability due to impaired distribu-
tion (Table 2).** This results in iron-restricted erythropoi-
esis, with relatively high ferritin levels compared to serum
iron and TSAT, indicating iron sequestration in reticuloen-
dothelial macrophages.® Over time, without adequate treat-
ment, functional iron deficiency can progress to absolute
iron deficiency.

Currently, no evidence-based or consensus guidelines
exist for treating IRIDA, and current management re-
lies primarily on anecdotal case reports involving small
patient series. This highlights the need for structured,
evidence-informed guidance. In this How to Treat, we
present patient-specific treatment strategies informed by
available case evidence and our clinical expertise in man-
aging IRIDA at Radboudumyc, the national expertise centre
for iron disorders in the Netherlands. Our approach aims
to address the specific therapeutic needs of both children
and adults with IRIDA.

IRIDA TREATMENT IN LITERATURE

A review of the literature on IRIDA treatment identified only
case studies (see Supplemental Information S1 for literature
search methodology). These studies reported diverse treat-
ments—oral iron supplementation (with or without ascorbic
acid), IV iron therapy and erythropoiesis-stimulating agents
(ESAs)—with highly variable outcomes (Table S1).

Oral iron therapy

Although high hepcidin levels in IRIDA generally reduce
the effectiveness of oral iron supplementation, case studies
reported variable haemoglobin responses. Positive outcomes
were observed with higher doses or prolonged therapy,
particularly in younger children or those with monoal-
lelic or less severe biallelic TMPRSS6 defects (Table S1).17-
Interestingly, a 9-month-old girl initially unresponsive to
oral iron showed improvement after adding ascorbic acid
following a short course of IV iron therapy.”> While other
cases support this combination therapy, outcomes in the lit-
erature remain inconsistent, likely due to incompletely de-
fined IRIDA cases.”**

These findings suggest that the effectiveness of oral iron
therapy in IRIDA may depend on factors such as the IRIDA
definition, treatment regimen, patient age, genotype (in-
cluding genetic makeup beyond TMPRSS6) and concurrent
therapies.

Intravenous iron

IV iron therapy generally showed more consistent efficacy
than oral iron in increasing haemoglobin levels, although in-
dividual responses varied (Table S1)."*'7**"*® This advantage
is likely due to IV iron's higher elemental iron content and
favourable pharmacokinetic profile.”” While a single dose of
oral iron generally provides about 20mg of elemental iron
daily (containing up to 30% elemental iron, with 10%-35%
absorption), IV formulations like ferric carboxymaltose
can deliver 500-1000mg per dose, bypassing the intestinal
hepcidin-ferroportin block by entering macrophages directly.
Macrophages, with higher overall ferroportin expression than
enterocytes, require significantly more hepcidin for compara-
ble suppression of cellular iron release.”>** Furthermore, IV
iron, by directly loading iron into macrophages, upregulates
ferroportin via the cellular iron regulatory IRP/IRE (iron regu-
latory protein/iron responsive element) pathway, preventing
intracellular iron toxicity.”* Repeated IV iron administrations
that elevate intracellular iron levels beyond a certain threshold
facilitate effective, but not complete, iron mobilization from
macrophages for erythropoiesis (Figure 1).*"*2

Despite the general effectiveness of IV iron therapy, case
studies showed differences in administered doses, duration
of effect and haemoglobin responses, even among patients
with similar genotypes.*>*>*"** Higher doses or shorter
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FIGURE 1  Schematic overview of effects of oral and I'V iron therapy in IRIDA. (A) Macrophages release 20-25 mg of iron daily, mainly from the
recycling of senescent erythrocytes. Enterocytes absorb 1-2mg of dietary iron. Iron enters the circulation via the membrane-bound exporter ferroportin,
binds to transferrin and is delivered to iron-requiring cells, including erythroid precursor cells. Each transferrin molecule can carry up two iron ions;
for example, at a TSAT of 50%, each transferrin molecule typically carries one iron ion. (B) In IRIDA, inappropriately elevated hepcidin levels inhibit
dietary iron uptake and iron release from macrophages by interacting with ferroportin, reducing circulating iron levels. (C) Oral iron supplements
(containing usually 30 mg elemental iron per 100 mg of the compound) are generally ineffective in IRIDA. Hepcidin-mediated inhibition traps iron in
duodenal enterocytes, preventing its release into circulation and macrophages, and thus not significantly improving circulating iron levels. However,
positive outcomes have been observed in younger children, although the studies are heterogeneous in terms of treatment regimens. (D) IV iron bypasses
this barrier by delivering a significantly higher amount of elemental iron directly to macrophages, where it is unpacked from its carbohydrate shell.
Ferroportin mRNA expression in macrophages is upregulated via the IRP/IRE system, overcoming hepcidin inhibition and enabling iron release into
circulation while releasing macrophage iron loading. The extent of this release depends on the ferritin set point of a specific patient—the ferritin level at
which iron is mobilized from reticuloendothelial stores—which tends to decrease with age and increase with the severity of TMPRSS6 defects.

TABLE 2 Laboratory characteristics of common anaemias distinguishable from IRIDA.

Iron deficiency Anaemia of chronic Iron refractory iron
anaemia (IDA) disease (ACD) Mixed IDA + ACD deficiency anaemia
Haemoglobin l 1 l l
MCV ! L= ! U
Iron ! ! | |
Transferrin i ! =/| i
Ferritin® 1] (<15-30pg/L) 1/= (<100 ug/L) = (<70-100 pg/L) 1/=(20-50 ug/L)*
TSAT 1 (<15%) 1 (<15%-20%) 1 (<15%-20%) 1 (usually <5%)
Hepcidinb i 1 (relative to TSAT) =/] 11 (relative to TSAT)
sTfR M U= =/t T
Effect iron therapy Oral: ++ Oral: - Oral:+/— Oral: -
IV: ++ IV: +/- IVi+/- IV: +/-

Note: This table provides laboratory characteristics of prevalent forms of anaemia that should be distinguished from IRIDA. Both ACD and IRIDA involve functional

iron deficiency due to elevated hepcidin levels, leading to iron sequestration within macrophages (often reflected by normal to high ferritin levels). In both conditions,

the hepcidin-ferroportin mechanism is disrupted and similarly affects treatment response. However, in ACD, additional factors such as reduced red blood cell survival

or inhibited erythropoiesis due to cytokines can affect therapy outcomes. In mixed IDA + ACD, hepcidin levels depend on whether inflammation or iron deficiency
predominates. In the presence of inflammation, severe anaemia may result in low hepcidin to enhance iron availability for erythropoiesis. 1 increased, | decreased, = within
reference interval. Adjusted from Swinkels et al.®

Abbreviations: Hb, haemoglobin; IRIDA, iron refractory iron deficiency anaemia; MCV, mean corpuscular volume; sTfR, soluble transferrin receptor; TSAT, transferrin
saturation.

“Ferritin levels can range widely. They are typically at the lower limit of the reference interval, but can be below this lower limit if untreated for years. After IV iron therapy or
long-term oral treatment, ferritin may be above the higher limit of the reference interval.

®Note that worldwide ferritin assays lack standardization, meaning that reported levels may vary depending on the methodology used.’

“Hepcidin levels should be interpreted in the context of body iron levels (ferritin and/or TSAT). In IRIDA, hepcidin levels are disproportionately high relative to circulating
iron levels (TSAT, serum iron), resulting in a low TSAT/hepcidin ratio.

intervals between administrations generally tended to fur-  Alternative therapies

ther improve haemoglobin levels (Table S1).”*"*® Of note,

published cases predominantly involved children with ~ There are limited case reports on using ESAs in IRIDA,
IRIDA, whose responses may differ from adults due to age-  with inconsistent haemoglobin responses.*** ESAs may
related physiological differences. stimulate erythroferrone secretion, suppressing hepcidin
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synthesis and potentially improving cellular iron release.
However, ESAs could also exacerbate functional iron
deficiency due to unmet iron demand from increased
erythropoiesis. Combining ESAs with IV iron may be
beneficial, but evidence supporting this approach in
IRIDA is lacking.

Given the central role of elevated hepcidin in IRIDA,
novel oral iron formulations that bypass the enteral hepci-
din—ferroportin pathway show promise for improving iron
availability. For instance, nanotechnology-based formu-
lations have demonstrated efficacy in improving haemo-
globin levels in populations with iron deficiency anaemia,
including those with inflammatory bowel disease and
chronic kidney disease.***> Their improved bioavailabil-
ity may allow for lower elemental iron doses, potentially
reducing gastrointestinal side effects commonly associated
with higher iron doses. However, most studies had rela-
tively short follow-up periods and lack direct comparison
with oral ferrous salts, leaving their long-term impact on
iron stores and haemoglobin levels relative to conventional
formulations unclear.*®?’

Another promising approach involves directly target-
ing the hepcidin-ferroportin axis, the underlying cause
of IRIDA. This strategy has shown potential in preclinical
research and clinical trials involving patients with inflam-
matory conditions characterized by elevated hepcidin levels,
such as Castleman's disease and rheumatoid arthritis.***°

However, to the best of our knowledge, neither novel oral
formulations nor hepcidin antagonists have been studied or
approved for use in IRIDA.

CASE DESCRIPTIONS

Existing literature predominantly addresses treatment out-
comes in children with IRIDA, while adults have distinct
clinical needs and presentations, as illustrated in cases from
our iron expertise centre (Figure 2). These cases provide in-
sights into the pathophysiology underlying treatment vari-
ability, highlighting the need for individualized approaches
in both adults and children.

Case 1 describes a female patient who presented with
chronic, IRIDA since age 1. Initial diagnostics excluded
gastrointestinal pathology and thalassaemia. Her anaemia
was attributed to low iron intake or an iron incorporation
disorder, but she was lost to follow up, preventing further
evaluation. At age 20, she returned with symptoms and was
diagnosed with TMPRSS6-related IRIDA due to a homo-
zygous frameshift variant (NM_153609.3: ¢.1904_1905dup;
p-(Lys636Alafs*17)). She received IV iron therapy but again
was lost to follow up. At age 26, she returned with clinical
symptoms, normal-high ferritin (260 ug/L) and low cir-
culating iron (TSAT 3.5%, iron 2 umol/L). IV therapy was
reinitiated with two doses of 500 mg ferric carboxymaltose
with a 1-month interval, twice a year. After a cumulative
dose of 1000mg elemental iron, her iron parameters im-
proved slightly. Subsequent infusions caused significant

increases in ferritin and TSAT, with normalization of hae-
moglobin levels, after which therapy was stopped. Notably,
haemoglobin levels remained within the reference interval
for several years post-therapy, with persistently elevated
ferritin levels.

Conclusion: This case illustrates the importance of reach-
ing a ferritin set point, marked by a rise in TSAT, indicat-
ing that iron is becoming available for erythropoiesis. In
hindsight, IV treatment could have been stopped once fer-
ritin reached approximately 700 ug/L, as haemoglobin was
already improving. Careful titration of IV iron therapy to
optimal haemoglobin levels for quality of life is essential to
avoid unnecessary iron accumulation and potential macro-
phage dysfunction.

Case 2 involves an IRIDA patient who experienced two
pregnancies. She was diagnosed with TMPRSS6-related
IRIDA at age 32, caused by a homozygous frameshift variant
(NM_153609.3: c.497del; p.(Leul66Argfs*37)), after a life-
long history of iron-refractory anaemia, requiring frequent
IV iron therapy with limited response. Treatment was ini-
tiated with an initial dose of 200 mg ferric carboxymaltose,
followed by 500 mg monthly. Unlike her early childhood,
haemoglobin and ferritin levels and clinical symptoms im-
proved. During treatment, she became pregnant, and IV
therapy was discontinued. Remarkably, her iron parameters
remained stable throughout pregnancy. Three years later,
symptoms reoccurred. A single 500mg dose of ferric car-
boxymaltose improved her condition, which stabilized again
during a subsequent pregnancy.

Conclusion: This case highlights the potential effect of
ageing on treatment response and underscores pregnancy-
related physiological suppression of hepcidin, which en-
hances iron availability for fetal-placental development,
improving the IRIDA phenotype.*!

Case 3 describes a female IRIDA patient with chronic
folliculitis who experienced iron-refractory anaemia for
years. Despite extensive diagnostics, including bone mar-
row biopsy and gastrointestinal endoscopy, no underlying
causes were found. Her anaemia progressively worsened,
requiring IV iron therapy every 2 months over a 5-year
period (cumulative dose: 5800 mg ferrioxide saccharate).
During treatment, hepcidin levels were remarkably high,
despite the absence of severe infection. At age 41, ge-
notyping confirmed the diagnosis of TMPRSS6-related
IRIDA due to compound heterozygous missense variants
(NM_153609.3: ¢.2383G>A; p.(Val7951le); ¢.2105G>T; p.(-
Cys702Phe)) (Figure 2). Therapy was discontinued once
haemoglobin levels normalized, which remained within
the reference interval over the next decade, while ferritin
and TSAT fluctuated, likely due to chronic inflammation
episodes. Heavy menstrual bleeding resulted in haemo-
globin decline, necessitating IV therapy again (cumulative
dose: 1700 mg ferric carboxymaltose). However, ferritin
levels further decreased post-therapy.

Conclusion: This case illustrates the challenges of man-
aging IRIDA in the context of chronic inflammation and
additional factors like iron loss from menstrual bleeding.
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FIGURE 2 Course of haemoglobin, ferritin and TSAT levels in three female IRIDA patients. The left panels display Hb levels (with CRP for case
3); the right panels show ferritin and TSAT levels. Case I: Hb and iron metrics over 6years. This patient initially received I'V iron therapy at irregular
intervals due to being lost to follow up. At age 26 (6 years post-diagnosis, time point t=0), regular I'V iron therapy was initiated. Over the subsequent
years, she received a cumulative dose of 2500 mg of FCM via five 500 mg infusions, causing a sharp rise in ferritin (>900 pg/L) and TSAT (up to 25%).
Despite persistently high ferritin (>700 pg/L), Hb only briefly peaked and remained within the lower normal range. Case 2: Hb and iron metrics over
4years, including two pregnancies (shown by horizontal bars). At diagnosis (t=0), this 32-year-old patient began monthly IV iron therapy. After a
cumulative dose of 1700 mg FCM, the patient became pregnant (unaware at last administration). Particularly during the first pregnancy, TSAT remained
stable and the Hb decrease was less pronounced than during non-pregnancy periods. Case 3: Hb, CRP and iron metrics over 20years. IV iron (totalling
5800 mg FS at 200 mg/dose) was administered every 2 months, maintaining ferritin >500 pg/L for nearly a decade, with Hb within the reference range.
Diagnosis of IRIDA was made at t=>5 when she was 41 years old. Ferritin and TSAT varied widely, likely due to chronic inflammation (CRP ~25mg/L).
In the final years (following t=15), heavy menstrual bleeding led to a Hb decline, requiring additional IV iron therapy (totalling 1700 mg FCM). Red
arrows: IV iron administration; Grey-shaded area: Hb reference interval. CRP, C-reactive protein; FCM, ferric carboxymaltose; FS, iron saccharate;
Hb, haemoglobin; TSAT, transferrin saturation.

Fluctuating ferritin and TSAT levels, despite stable haemo- associated with excessively high ferritin levels. The post-
globin, suggest that inflammation complicates iron status  therapy ferritin level drop indicates that menstrual iron loss
assessment. As in Case 1, haemoglobin normalization was  exceeded the benefits from iron supplementation.
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EXPERT OPINION-BASED
TREATMENT GUIDANCE

Despite numerous case reports and studies on IRIDA patho-
physiology, many questions remain about its optimal treat-
ment. Here, we provide expert opinion-based treatment
guidance informed by the previously published IRIDA case
reports, a comprehensive literature review on iron disorders
and IRIDA pathophysiology and our clinical expertise in
managing IRIDA patients in the Netherlands (Table 3).

Oral iron therapy

Published case series showed that oral iron supplementa-
tion can be effective, especially in younger children with
milder TMPRSS6 defects."*'® Although childhood cases
often present a more pronounced phenotype, it is conceiv-
able that an alternative hepcidin-independent absorption
mechanism might support oral iron efficacy, although evi-
dence is lacking. Studies suggest higher doses may bypass
the hepcidin-mediated ferroportin block, improving hae-
moglobin levels.'*" Therefore, we recommend starting with
a once-daily dose of 3mg/kg of elemental iron in children
(Figure 3). Anecdotal reports showed positive effects at
doses up to 10 mg/kg; however, if higher doses are ineffec-
tive, oral iron should be discontinued." Since the maximum
absorption capacity is around 25%, unabsorbed iron may
accumulate in the colon, potentially causing adverse effects,
disrupting the microbiota, and increasing the risk of infec-
tions, intestinal inflammation and metabolic syndrome.*”
Although a recent clinical trial in adults with iron de-
ficiency anaemia showed no added benefit from ascorbic
acid, this may not exclude its potential benefit in IRIDA.**
Moreover, reported cases showed varying outcomes with this
combination therapy.”** Iron should be taken apart from

TABLE 3 Keyrecommendations for IRIDA treatment.

Principles of IRIDA treatment

o Initiate IV therapy only after oral therapy proved ineffective: For
children, ensure adequate oral therapy (e.g. high dose; >3-month
duration) is attempted before switching to IV therapy

o Aim for Hb levels supporting quality of life: Maintain appropriate
Hb levels while minimizing ferritin to prevent prolonged iron
loading in the reticuloendothelial system

o Identify individual ferritin set point for iron dosing: Determine
the ferritin level at which TSAT increases and Hb levels improves,
tailored to each patient

o Adjust therapy based on TSAT: Rising TSAT reflects improved
iron availability for erythropoiesis, which may allow for reduced
frequency and doses of iron administrations

o Account for intercurrent factors: Adapt treatment regimen for
conditions like ageing, infections, pregnancy or other health
conditions that influence therapy needs

Abbreviations: IRIDA, iron refractory iron deficiency anaemia; TSAT, transferrin
saturation.

certain foods (e.g. dairy products, fibres) and medications
(e.g. proton pump inhibitors, calcium supplements, antac-
ids), which can reduce iron availability by forming insoluble
complexes.”? Alternate-day dosing may reduce hepcidin-
mediated inhibition of iron uptake, which for iron-deficient
adult women has been described to last for approximately
24h after iron intake.*

In absolute iron deficiency anaemia, a weekly haemoglo-
bin increase of approximately 0.8 g/dL is expected; however, in
IRIDA, this haemoglobin increase in time is likely lower due
to reduced iron availability. We define IRIDA non-responders
as those with less than a 1g/dL haemoglobin increase after
4weeks of oral therapy. As extended use appears more effec-
tive, oral supplementation should be continued for at least 3
months before considering switching to IV therapy. However,
in practice, most patients diagnosed with IRIDA have already
completed multiple unsuccessful attempts at oral iron supple-
mentation. For these children, if they have been compliant with
the prescribed therapy, reinitiating or extending oral therapy
for 3 months is unnecessary. Instead, we recommend initiat-
ing IV iron therapy as soon as the diagnosis is confirmed.

IV iron therapy

Overall, reported case series as well as our three aforemen-
tioned cases demonstrate that IV treatment is generally ef-
fective, although responses vary significantly among patients
(Figure 2). Our experience and case studies indicate that simi-
lar IV iron doses can result in different ferritin increases, and
that ferritin levels do not consistently correlate with haemoglo-
bin improvements across patients. We hypothesize that each
IRIDA patienthas an individual ferritin set point at which mac-
rophages release iron into the circulation, making it available
for erythropoiesis. This set point may be influenced by factors
such as: (i) TMPRSS6 genotype, with severe variants increas-
ing hepcidin synthesis and requiring a higher cumulative dose
of IV iron, (ii) age, as treatment response has been described
to improve with ageing, and (iii) concurrent conditions. For
instance, pregnancy may improve iron availability by lower-
ing hepcidin levels, while inflammation worsens IRIDA by in-
creasing hepcidin levels.*** Additionally, conditions causing
absolute iron deficiency, such as menstrual bleeding, gastroin-
testinal malabsorption or limited dietary intake, can further
worsen the phenotype. Therefore, establishing a universal fer-
ritin target is inappropriate. Instead, treatment should focus
on identifying the ferritin level that supports haemoglobin
levels sufficient for an acceptable quality of life, enabling pa-
tients to carry out their daily activities. The haemoglobin level
needed will vary between patients, making the primary goal
to enhance daily functioning and overall quality of life rather
than simply normalizing haemoglobin levels. Consequently,
not only the target haemoglobin level but also the optimal fer-
ritin level will differ among patients. IV iron should be care-
fully titrated to maintain this individualized ferritin level.
Normalizing haemoglobin may result in excessively high fer-
ritin levels (Figure 2, Case 1 and 3), indicating iron loading in

85U8017 SUOWWOD SAIERID (dedl|dde au Aq peusenob aJe SooiLe VO ‘88N JO S9|NJ 10} ARIq1T 8UIUO A8]IA UO (SUOTPUOD-pUE-SWLB) 00" A 1M AIq1jBuljuo//:SaNy) SUONIPUOD Pue SWs 1 84) 88S *[5202/c0/9T ] Uo Ariqiaulluo A8|Im ‘Uomeisped Ueissny auelyood Aq 0E002 Y A/TTTT OT/I0p/L0o A8 | im Areiqijpuluo//SAny Woi) papeojumoq ‘0 ‘TFTZSIET



HOVING ET AL. E JHaem

BRITISH JOURNAL OF HAEMATOLOGY

[ Clinical suspicion of IRIDA (see Table 1) ]

1) Genetic testing TMPRSS6 (biallelic variants)
2) Consider referral to a specialised center

d IRIDA }

TMPRSS6 rel

[ Children ] [ Adults ]

l Mild or moderate anaemia * l Severe anaemia (Hb<7.0 g/dL) l

I
No prior oral therapy ] [Oral therapy ineffective

IV supplementation:
+ Max dose: 500 mg Fe2+ per administration
* Minimum interval: 2 weeks

Oral supplementation: IV supplementation:

+ 3 mg/kg/d of elemental iron (Fe2+) + 15-20 mg Fe2+/kg per dose (max 500 mg)
increase up to 10mg/kg/d (maximum 180 mg/d)** — * Minimum interval: 2 weeks

+ Minimum duration: 3 months

Monitoring

Before each administration (2 1 week since last dose):
+ Hb, ferritin and TSAT
+ Check for hypophosphatemia (especially with FCM)

Monitoring
> 1 month of therapy:
+ Hb, ferritin and TSAT

- Hb increase >1g/dL,
- Therapy is well tolerated | |- Poor tolerance

- Hb increase <1g/dL at 3 mo, or

+ Ferritin < 700 ug/dL, and
+ TSAT remains stable, and
+ Hb sufficient for good QoL

+ Ferritin > 700 ug/dL, or
+ TSAT increases, or
+ Hb normalises

Reduce frequency of IV administrations

Continue regimen ] [Consider switching to IV ]_

Continue regimen ]

Considerations to improve efficacy:
+ Add concurrent ascorbic acid (50mg/d)***
+ Avoid concurrent intake with food
+ Use alternate-day dosing ****

FIGURE 3  Flowchart of expert opinion-based treatment guidance for IRIDA patients. This figure outlines treatment strategies for IRIDA in
children and adults, based on expert opinion. Children: For mild to moderate anaemia without previous oral iron therapy, start once-daily oral elemental
iron (3 mg/kg/day, compared to the 1 mg/kg/day usually used for iron deficiency anaemia), titrating up to a maximum of 10 mg/kg/day based on evidence
from case series suggesting better responses with higher doses. Minimize concurrent intake with specific foods (e.g. dairy products and fibres) and
medications (e.g. calcium supplements, antacids, proton pump inhibitors) to prevent insoluble complexes that reduce iron availability.* Continue

oral therapy for at least 3 months before considering IV iron therapy, as prolonged oral therapy may still be effective (Table S1). In iron deficiency
anaemia, a 2-g/dL Hb increase is expected within 4weeks.*® If oral iron therapy proves ineffective (including previous attempts) or severe anaemia is
present, initiate IV iron therapy at 15-20 mg/kg per dose, up to a maximum of 500 mg per dose. Monitoring recommendations are consistent with adult
guidelines. Adults: In adults, IRIDA often presents with a mild(er) phenotype, causing diagnostic delays with subsequent prolonged oral iron therapy
before the final diagnosis of IRIDA is established. Therefore, IV iron therapy is recommended as first-line treatment. Avoid targeting Hb normalization
to prevent excessively high ferritin levels. Regularly monitor phosphate levels (at least after two administrations) during FCM therapy due to the risk of
hypophosphataemia. Assessing the total iron deficit is not applicable for IRIDA patients, as it is an iron distribution disorder. *Reference intervals and
definitions are age-dependent; severe anaemia is defined according to the WHO guidelines. **Dosages are not applicable for neonates. ***Despite a recent
trial found no benefit from adding ascorbic acid to oral iron therapy for iron deficiency anaemia, it may still be considered to improve iron absorption in

IRIDA.** ***Alternate-day dosing can reduce hepcidin-mediated inhibition of iron uptake, which reduces iron absorption for approximately 24 h after
iron intake.”” FCM, ferric carboxymaltose; Hb, haemoglobin; IV, intravenous; QoL, quality of life; TSAT, transferrin saturation.

the reticuloendothelial system in these patients, the long-term
effects of which are unknown.

Currently, no studies define the optimal frequency for IV
iron therapy in IRIDA. Elevated hepcidin levels in IRIDA re-
duce ferroportin activity and cellular iron release, suggesting
that higher hepcidin levels have a more significant impact.
While large studies are lacking, one report showed that hepci-
din levels increased within 6h after a 200-mg IV iron sucrose
dose in an IRIDA case, returning to baseline after 1week."*
Research in chronic kidney disease (CKD) patients may also
provide insights.*® For instance, a randomized trial found that

hepcidin levels increased significantly at the start of a 4-weekly
IV iron regimen, particularly with higher doses (e.g. 1000 mg
versus 200 mg of ferric carboxymaltose). These elevated hepci-
din levels persisted for 52 weeks, but the impact of subsequent
doses on hepcidin diminished over time.*® Based on these find-
ings, we recommend administering frequent, smaller doses of
IV iron (maximum dose: 500mg elemental iron) at intervals
of at least 2 weeks (Figure 3). Higher and more frequent dosing
may further elevate hepcidin levels, potentially reducing the
effectiveness of subsequent administrations. Moreover, lower
dosing better allows personalized treatment in time.
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Monitoring

Iron overload is a potential risk of IV iron therapy. Our ex-
perience suggests that IV iron therapy in IRIDA elevates fer-
ritin levels without significantly affecting TSAT, indicating
that iron is primarily stored in the reticuloendothelial sys-
tem. An increase in TSAT suggests iron redistribution from
the reticuloendothelial system to the circulation, signalling
that the ferritin set point—the level at which iron becomes
available for erythropoiesis and other (parenchymal) tis-
sues—has been reached. While this iron redistribution im-
proves iron availability and haemoglobin levels, it may also
resultin a decreased erythropoietic iron demand, potentially
leading to toxic parenchymal iron overload, necessitating re-
duced treatment frequency.

Unlike inappropriately low-hepcidin disorders such as
HFE-hereditary hemochromatosis, where iron accumulates
in parenchymal tissues with a higher toxicity risk, IRIDA
primarily results in iron overload in the reticuloendothe-
lial macrophages.*” Although the long-term effects of such
iron accumulation remain unclear, patients with (loss-of-
function) ferroportin disease, who have similar biochemical
profiles, typically do not experience severe complications
despite excessive high ferritin levels.*” Additionally, evidence
from CKD patients suggests that excess reticuloendothelial
iron, during at least a few years, is well tolerated.*

Given the unknown long-term risks, we recommend
checking ferritin, TSAT and haemoglobin before each ad-
ministration. If TSAT levels rise but the patient remains
symptomatic with low haemoglobin requiring therapy,
we advise reducing IV iron administration frequency. As
IRIDA patients typically cannot achieve TSAT within the
reference range due to hepcidin dysregulation, we recom-
mend maintaining TSAT around 15%. In our experience,
this percentage allows for sufficient iron availability for
erythropoiesis without causing unnecessary excessive iron
loading in the reticuloendothelial system. Importantly, the
goal is not to normalize haemoglobin, as we cannot exclude
that prolonged iron loading in the reticuloendothelial sys-
tem may pose long-term risks. Ferritin levels should be kept
as low as possible while ensuring acceptable haemoglobin
and quality of life.

General side effects of IV iron

Various IV formulations are available for the treatment of
IRIDA. Older formulations, particularly high-molecular-
weight dextran, were associated with serious adverse events
like anaphylaxis and have been withdrawn from the mar-
ket.”' In contrast, newer formulations use carbohydrate shells
that tightly bind iron, reducing labile iron and minimizing
infusion reactions.”® Current infusion reactions, often re-
ferred to as Fishbane reactions, occur in approximately 1 in
100-250 infusions and are usually self-limiting, caused by
transient-free iron from rapid administration.”>> A multi-
centre cohort study found iron sucrose having the highest

reaction rate (4.3%) and ferric carboxymaltose the lowest
(1.4%), likely due to differences in carbohydrate core stabil-
ity.>>>* Serious anaphylactoid reactions are extremely rare,
with an incidence ranging from 0.38 to 0.51 per 10,000 first
administrations in a European post-authorization study.”

While no definitive studies address infection risk with
IV iron in IRIDA, this remains an important consideration.
Iron plays a crucial role in both pathogen reproduction and
host immunity, and its sequestration within macrophages
may theoretically increase infection risk from intracellular
pathogens. However, randomized controlled trials involving
haemodialysis patients, who typically have elevated hepcidin
levels, suggest that high-dose I'V iron does not significantly
increase infection risk compared to lower doses during the
trial period. Nevertheless, the impact of ferritin levels ex-
ceeding 700 pug/L combined with low-normal TSAT, how-
ever, remains unclear.>®

Moreover, we recommend monitoring phosphate levels in
patients receiving ferric carboxymaltose, as this treatment
is associated with renal phosphate-wasting syndrome. This
affects 51%-75% of non-CKD patients in clinical trials, es-
pecially those with low ferritin and preserved kidney func-
tion.”"”” This condition, characterized by hyperphosphaturic
hypophosphatemia due to high fibroblast growth factor 23
(FGF-23), leads to hypovitaminosis D, hypocalcaemia and
secondary hyperparathyroidism, potentially causing ir-
reversible osteomalacia.”® If hypophosphatemia develops,
switching to a different formulation is recommended, as this
effect appears specific to ferric carboxymaltose.””

CONCLUSION

In IRIDA, inappropriately elevated hepcidin levels impair
oral iron availability for erythropoiesis, making IV therapy
more effective as it partially bypasses the hepcidin-fer-
roportin block. Oral iron therapy should be attempted
initially; however, if ineffective, IV therapy should be con-
sidered promptly to prevent under-treatment, especially in
paediatric patients. I'V treatment should be carefully titrated
to achieve acceptable haemoglobin levels while avoiding iron
overloading macrophages, guided by ferritin, TSAT and hae-
moglobin levels. Monitoring serum phosphate levels is ad-
vised during ferric carboxymaltose therapy due to the risk of
hypophosphatemia. While anti-hepcidin therapies target the
root cause, no such agents are currently approved for IRIDA.
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