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Learning Objectives

1. Distinguish the need for oral or intravenous iron for the treatment of iron 
deficiency

2. Familiarize and become comfortable with the available IV iron formulations

3. Be able to differentiate the symptoms associated with minor infusion reactions 
with IV iron and the rare symptoms of severe hypersensitivity which can lead to 
anaphylaxis

4. Review evidence based treatment approaches with iron supplementation in 
specific conditions associated with iron lack



Use of Oral Iron

▪ Sydenham first used iron filings in cold wine in 1500s to treat “green 
sickness” (described by Lange) in 1687

▪ Blaud renamed “chlorosis” in 1832,  First to use ferrous sulfate

▪ By time of American Civil War iron was used to treat war wounds

▪ Today iron deficiency is the most common micronutrient deficiency on the 
planet estimated to affect >35% of world’s population, >50% of gravidas

▪ 100 times more prevalent than cancer

▪ >500 years later, the often ineffective, usually poorly tolerated oral iron 
continues to be frontline

Beard JL, et al. Annu Rev Nutr. 2001:23:41-58
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• Almost three billion cases worldwide

• In top five causes of years lived with disability worldwide

• Leading cause of years lived with disability in LMIC countries

• Leading cause of years lived with disability across 35 
countries

• Pasricha et al, Lancet, 2021
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Iron Deficiency in Non-pregnant Women





Ferritin 25.2 (24.2-26.2)



Iron deficiency is the disease

Example of laboratory profile

Serum ferritin (µg/L) 60 <15 <15 <15

Transferrin saturation (%) 35 35 <15 <15

Haemoglobin (g/L) – female >120 >120 >120 <120

Haemoglobin (g/L) – male >130 >130 >130 <130

Australian Red Cross. https://transfusion.com.au/anaemia_management/iron_deficiency_without_anaemia 7

Spectrum of iron deficiency



Symptoms of Iron Deficiency

▪ Fatigue often independent of hemoglobin

▪ Pagophagia and forms of pica

▪ Restless Legs Syndrome

▪ Brittle Integument



Pretreatment Tongue



Healed Tongue



Oral or Intravenous Iron

Indications for oral iron

▪ Mild, uncomplicated iron deficiency without 
active bleeding

▪ First trimester of pregnancy

▪ Second trimester of pregnancy if Hb>10.0 
g/dL

Indications for IV iron

▪ Intolerance of, or unresponsiveness to 
oral iron

▪ Second trimester of pregnancy if 
Hb<10.0 g/dl

▪ Third trimester of pregnancy

▪ After bariatric surgery

▪ Abnormal uterine bleeding

▪ Inflammatory bowel disease

▪ Angiodysplasia (HHT)

▪ Iron restricted erythropoiesis

▪ Co-morbid “inflammatory” condition



Intravenous Iron Preparations

Carbohydrate
Total Dose 

Infusion (TDI)

Test Dose 

Required

Boxed 

warning
Availability

LMW Iron dextran YES Yes Yes US/Eur

Ferric gluconate No No No US/Eur

Iron sucrose No No No US/Eur

Ferumoxytol YES No Yes US

Carboxymaltose YES No N/A US/Eur

Derisomaltose YES No N/A NA/Eur

1.  INFeD. Available at: http://pi.actavis.com/data_stream.asp?product_group=1251&p=pi&language=E.  

2 . Ferrlecit. Available at: http://www.products.sanofi-aventis.us/ferrlecit/ferrlecit.pdf.  

3 . Venofer. Available at: http://www.venofer.com/PDF/Venofer_IN2340_Rev_9_2012.pdf.  

4.  Feraheme. Available at: http://www.feraheme.com/downloads/feraheme-pi.pdf.  
5 . Injectafer. Available at: http://www.injectafer.com/files/Prescribing_Information.pdf.  

6 . Monofer. Available at: http://www.nataonline.com/sites/default/files/imagesC/Monofer_core_SPC.pdf.  



IV Iron Dosing

Formulation Approved Dosing Maximum Safe Dose

LMW Iron dextran 100mg over 2 min TDI over 1-4 hours 1-2

Ferumoxytol

(US only)
510mg in 15 min

510mg over 90-180 seconds or

1020mg over 15-30 min 3

Ferric carboxymaltose (FCM)
750mg over 15 min 1000mg over 15 min 4

Ferric derisomaltose 20mg/kg over 15 min <1000mg and 60 

min for >1000
2000mg over 60 min 5,6

1.Auerbach et al. Am J Kidney Dis. 1998;31:81-86.

2.Auerbach et al. Presented at American Society of Hematology, December 2009, New  Orleans, LA.

3.Ferumoxytol [prescribing information]. Lexington, MA: AMAG Pharmaceuticals, Inc; 2009.

4.FCM [summary of product characteristics]. France: Vifor Pharma; 2009.

5.Iron isomaltoside [summary of product characteristics]. Denmark: Pharmacosmos; 2010.
6.Dahlerup et al. Scand of Gastroenterol 2016;21:1-7



Labile Iron Content in Parenteral Iron Products

Used with permission from:  Jahn MR, Andreasen HB, Fütterer S, Nawroth T, Schünemann V, Kolb U, Hofmeister W, Muñoz M, Bock K, Meldal M, Langguth P. A comparative study of the 

physicochemical properties of iron isomaltoside 1000 (Monofer), a new intravenous iron preparation and its clinical implications. Eur J Pharm Biopharm. 2011 Aug;78(3):480-91.



Adverse Events with Iron Supplementation

ORAL (70%)

▪ Constipation (less often diarrhea)

▪ Metallic taste

▪ Nausea

▪ Gastric Cramping

▪ Thick, green, tenacious stool

INTRAVENOUS

▪ Infusion Reactions (1-3%)
▪ Pressure in chest

▪ Arthralgia or myalgia

▪ Headache 

▪ Flushing

▪ Severe Hypersensitivity (<1:250,000)
▪ Hypotension

▪ Wheezing

▪ Stridor 

▪ Periorbital edema



Forest plot for the 

effect of daily ferrous 

sulfate 

supplementation on 

the incidence of 

gastrointestinal side-

effects in placebo-

controlled RCTs.

With Permission: Tolkien Z, Stecher L, Mander 

AP, Pereira DI, Pow ell JJ. Ferrous sulfate 

supplementation causes signif icant 

gastrointestinal side-effects in adults: a 

systematic review and meta-analysis. PLoS 
One. 2015 Feb 20;10(2):e0117383

Study ID

Other

Baykan et al, 2006

Cook et a l, 1990

Davis et al, 2000

Fouad et al, 2013

Ganzoni and Rhyner, 1974

Gordeuk et al, 1987

Hal lberg et al, 1966 1

Hal lberg et al, 1966 2

Hal lberg et al, 1966 3

Levy et a l , 1978

Maghsudlu et al, 2008

Mirrezaie et al, 2008

Pereira et al, 2014

Sutton et al, 2004

Tuomainen et al, 1999

Vaucher et al, 2012

Waldvogel et a l, 2012

Yalcin et al, 2009

Subtotal (I squared = 27.0%, p = 0.140)

.

Pregnant

Makrides et al, 2003

Meier et al, 2003

Subtotal (I squared = 0.0%, p = 0.367)

.

Overal l (I squared = 53.6%, p = 0.002)

Note: Weights are from random effects analysis

OR (95% CI) % Weight

1.32 (0.63, 2.79) 6.20

3.20 (1.49, 6.84) 6.10

16.79 (0.83, 340.08) 0.83

2.67 (0.65, 10.97) 2.95

4.47 (2.32, 8.59) 6.88

5.62 (1.59, 19.825) 3.46

1.88 (1.07, 3.31) 7.59

2.40 (1.23, 4.69) 6.75

2.54 (1.45, 4.45) 7.61

4.40 (2.41, 8.05) 7.28

2.49 (1.06, 5.84) 5.49

2.18 (0.86, 5.57) 4.98

13.50 (1.20, 152.21) 1.22

1.07 (0.35, 3.26) 4.08

8.68 (0.41, 184.28) 0.80

1.15 (0.47, 2.79) 5.26

4.02 (1.67, 9.68) 5.32

1.42 (0.40, 4.99) 3.47

2.58 (2.02, 3.30) 86.27

0.96 (0.63, 1.47) 8.70

1.53 (0.61, 3.88) 5.03

1.04 (0.71, 1.53) 13.73

2.32 (1.74, 3.08) 100.00



Once vs Twice Daily Dosing

Once Daily Dosing

(120 mg single dose)

Twice Daily Dosing

(60 mg BID)

Day 1 Day 2 Day 3 Days 1-3 Day 1 Day 2 Day 3 Days 1-3

Fractional iron 

absorption, %

16.8 

(11.0, 25.7)

10.1 

(6.7, 15.1) §

9.7

(6.0, 15.6) §

11.8 

(7.1, 19.4)

19.1 

(13.7, 26.7)

11.0 

(7.3, 16.4) §

10.6 

(7.1,15.9) §

13.1 

(8.2, 20.7)

Total iron 

absorbed, mg

17.5 

(8.2, 37.3)

10.8 

(5.6, 20.7) §

10.4 

(5.2, 20.7) §

44.3 

(29.4, 66.7)

19.8 

(9.5, 41.3)

11.7 

(6.0, 22.7) §

11.4 

(5.9, 21.9) §

49.4 

(35.2,69.4)

Serum 

hepcidin, nM

0.75 

(0.40, 1.41)

2·77 (0·88,

8·69) §

1.79 

(0.77, 4.18) §¶

1.53 

(0.54, 4.32) #

0.91 

(0.40, 2.08)

4.69 

(2.01, 10.98) §

2.77 

(1.53, 5.02) §

2.24 

(0.80, 6.25)

§ Compared to Day 1 (P<0.001)      ¶ Compared to Day 2 (P<0.05)      # Compared to twice daily dosing 
(P<0.05)

Stoffel NU, Cercamondi CI, Brittenham G, et al. The Lancet Haematology 2017, in press. 



Cumulative fractional and total iron absorption 
in study 1 

Stoffel N, Cercamondi C, Brittenham G, Zeder C, Geurts-Moespot A, Swinkels D, Moretti D,  Zimmermann, M. Iron absorption from oral iron supplements given on
consecutive versus alternate days and as single morning doses versus twice-daily split dosing in iron-depleted women: two open-label, randomised controlled trials. The Lancet 

Haematology 2017; 4: 524–33. doi:10.1016/s2352-3026(17)30182-5.
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Hepcidin increases
>5 fold after a 
single dose

Peaks at 8h,

Elevated at 24h, but 
not 48h

Change in plasma 

hepcidin after a single 

oral dose of iron

Moretti et al. Blood 2015 



IV Iron Safety

▪ A total of 103 trials performed between 1965 and 

2013 were included

▪ Pooled together, 10,391 patients were treated with IV 

iron and were compared to:

- 4,044 patients treated with oral iron

- 1,329 with no iron

- 3,335 with placebo 

- 155 with IM iron

Avni et al, Mayo Clin 2015;90:12-23



IV Iron Safety

▪ Overall, there was no increase in the risk of severe 

adverse events (SAEs) with IV iron compared to 

control, RR 1.04 (95% CI 0.93-1.17, 97 trials, I2=9%)

▪ No difference in either efficacy or toxicity among the 

formulations was observed

Avni et al, Mayo Clin 2015;90:12-23



Forest Plot: 
Composite Safety 
Meta-analysis



Proactive IV irOn Therapy in 
haemodiALysis

Macdougall et al, N Engl J Med 2019; 380: 447-458.



Cumulative Iron Dose

P<0.001
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HF hospitalization

Fatal or non-fatal MI

All-cause 
death

Stroke



Conclusions

High-dose iron:-

• Significantly reduced the risk of the primary outcome of death 

or non-fatal CV events

• Reduced the risk of MI and hospitalisation for HF

• Was associated with a significant benefit in a recurrent 

event analysis

• Reduced ESA dose (19.4%) and transfusion rate (21%)

• Did not cause an increased risk of infection or hospitalization



Highest-quality evidence 
RCTs are the ‘gold standard’ 

▪ The highest-quality evidence for clinical outcome can be obtained 
from RCTs1 – the ‘gold standard’ 

▪ The newest and highest-level evidence comes from a number of 
robust RCTs that were designed and powered to evaluate serious or 
moderate-to-severe HSRs as a pre-specified primary or secondary 
endpoint2

▪ Iron sucrose (IS) has consistently shown a low risk of 
hypersensitivity in clinical trials and, from a regulatory authority 
perspective, is considered the benchmark for comparison when 
evaluating HSRs

27

HSR=hypersensitivity reaction; IS=iron sucrose; RCT=randomised controlled trial

1. OCEBM Levels of Evidence Working Group. The Oxford 2011 Levels of Evidence; 2. Deloughery et al. In preparation



FERWON-NEPHRO and FERWON-IDA trials
Powered to assess risk of HSRs

The FERWON trial program consists of two trials:

▪ FERWON-IDA included patients with iron deficiency anaemia (IDA) of 
mixed aetiologies1

▪ FERWON-NEPHRO included patients with non-dialysis-dependent CKD 
(NDD-CKD)2

▪ The FERWON program was powered on the risk of serious or severe 
hypersensitivity reactions (HSRs) comparing ferric derisomaltose
(IFDI) against the widely used intravenous (IV) iron formulation, iron 
sucrose (IS)1,2

28

CKD=chronic kidney disease; HSR=hypersensitivity reaction; IDA=iron deficiency anaemia; 

IIM=iron isomaltoside 1000; IS=iron sucrose; IV=intravenous; NDD=non-dialysis-dependent

1. Auerbach et al. Am J Hematol 2019 [Epub]; 2. Bhandari et al. Poster at ERA-EDTA 2019

FERWON-NEPHRO & IDA



Methods – endpoints

Co-primary endpoints:1,2

▪ Adjudicated serious or severe HSRsa starting on or after the first dose 
of treatment

▪ Change in haemoglobin (Hb) from baseline to Week 8 (data not 
presented here)

▪ Adjudication of hypersensitivity and composite cardiovascular AEs 
was performed in a blinded fashion by an independent Clinical 
Endpoint Adjudication Committee1,2

29

aThe hypersensitivity terms were defined by a standardised set of Medical Dictionary for Regulatory Activities (MedDRA) terms based on 

discussions with the US Food and Drug Administration.1,2 Seriousness was defined according to the conventional criteria for serious 

adverse events, and severity was defined as an adverse event that produces significant impairment of functioning or incapacitation and 

is a hazard to the subject2

AE=adverse event; Hb=haemoglobin; HSR=hypersensitivity reaction

1. Auerbach et al. Am J Hematol 2019 [Epub]; 2. Bhandari et al. Poster at ERA-EDTA 2019

FERWON-NEPHRO & IDA



Incidence of adjudicated and confirmed 
serious or severe hypersensitivity reactions

30

Safety analysis set

HSR=hypersensitivity reaction; IIM=iron isomaltoside; IS=iron sucrose; NS=not significant

Bhandari et al. Poster at ERA-EDTA 2019

There was no significant difference in 

the frequency of patients with serious 

or severe HSRs between the IIM and IS 

treatment groups
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FIRM study
Powered to assess risk of HSRs

▪ Randomised, multi-center, double-blind trial of ferumoxytol (FER) 
compared to ferric carboxymaltose (FCM) for treatment of IDA

▪ Study performed at the request of the US FDA

▪ Designed to formally investigate rates of HSRs 

31

FCM=ferric carboxymaltose; FDA=Food and Drug Administration; 

FER=ferumoxytol; HSR=hypersensitivity reaction; IDA=iron deficiency anaemia 

Adkinson et al. Am J Hematol 2018;93(5):683–690

FIRM



Methods – design

Study sites (129) in the US, Latvia, Lithuania, Canada, Hungary, and Poland

▪ Adults with IDA of any aetiology, excluding dialysis-dependent CKD:

▪ Gastrointestinal disorders (29%)

▪ Chronic kidney disease (27%)

▪ Abnormal uterine bleeding (25%) 

▪ Other (19%)

▪ 1997 adults (safety population) were randomised 1:1 to:

▪ FER 2 x 510 mg (1020 mg)

▪ FCM 2 x 750 mg (1500 mg)

▪ First IV dose on Day 1, second dose 7 to 8 days later

32

CKD=chronic kidney disease; FCM=ferric carboxymaltose; FER=ferumoxytol; IDA=iron deficiency anaemia; IV=intravenous

Adkinson et al. Am J Hematol 2018;93(5):683–690

FIRM



Methods – endpoints

Primary endpoint:

• Incidence of moderate-to-severe HSRs, including anaphylaxis, or 
moderate-to-severe hypotension

Secondary safety endpoint: 

• Incidence of moderate-to-severe HSRs, including anaphylaxis, serious 
cardiovascular events, and death

An independent Clinical Events Committee (CEC) assessed and 
adjudicated all potential HSRs, moderate-to-severe hypotension, 
and deaths

33

CEC=Clinical Events Committee; HSR=hypersensitivity reaction

Adkinson et al. Am J Hematol 2018;93(5):683–690

FIRM



Primary endpoint composite and components

34

aFrom non-inferiority test using a large sample assumption (Wald) with margin of 2.64% at α=0.025 level for the rate difference; 

exact 95% CI for treatment difference, -0.91% to +0.70%

CI=confidence interval; FCM=ferric carboxymaltose; FER=ferumoxytol

Adkinson et al. Am J Hematol 2018;93(5):683–690

Treatment group, n (%) Treatment

difference 

(95% CI)

Relative risk

(95% CI) 

Non-inferiority 

p-value
FER

(n=997)

FCM

(n=1000)

Primary endpoint 

– composite incidence of:
6 (0.6) 7 (0.7) -0.1 (-0.8 to 0.6) 0.9 (0.3–2.5) 0.0001a

Moderate hypersensitivity reaction 3 (0.3) 6 (0.6)

Severe hypersensitivity reaction 1 (0.1) 0 (0.0)

Anaphylaxis 0 (0.0) 0 (0.0)

Moderate hypotension 2 (0.2) 1 (0.1)

Severe hypotension 0 (0.0) 0 (0.0)

FIRM
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Ferumoxytol was shown to be non-inferior to Ferric Carboxymaltose 
(Lower bound of the 95% CI > -0.5 g/dL)

Mean Change in Hemoglobin from 
Baseline to Week 5 per Gram of Iron 

Administered 

Mean Change in Hemoglobin from 
Baseline to Week 5  

▪ Ferumoxytol 1020 mg  (n = 997)  Baseline Hgb: 10.42

▪ Ferric Carboxymaltose 1500 mg (n = 1000) Baseline Hgb: 10.39

*adjusted for differences in baseline Hgb 

Feraheme® [prescribing information]. Waltham, MA: AMAG Pharmaceuticals, Inc; February 2018; 

Adkinson et al. Am J Hematol 2018.

Slides prov ided as a courtesy of AMAG Pharmaceuticals, Inc.



PHOSPHARE-IDA04/IDA05 trials
Assessed risk of HSRs

▪ Two, identically-designed, open-label, randomised clinical trials

▪ Adults (n=245) with IDA were randomised 1:1 to receive: 

▪ , single infusion of 1000 mg on Day 0 or 

▪ FCM, two infusions of 750 mg administered 1 week apart 
(first infusion on Day 0 and second infusion on Day 7) 

▪ Safety endpoints included the number of patients who 
experienced serious or severe hypersensitivity reactions

36

FCM=ferric carboxymaltose; HSR=hypersensitivity reaction; IDA=iron deficiency anaemia; IIM=iron isomaltoside 1000

Wolf et al. J Endocr Soc 2019;3(Suppl 1):OR13-3

PHOSPHARE



Rates of HSRs were low in both groups

FCM=ferric carboxymaltose; HSR=hypersensitivity reaction; FDI=ferric derisomaltose

Zoller et al. Poster at NATA 2019 37
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No clinical meaning or relevance of so-called dextran-
derived vs non-dextran derived categorisation of IV irons

38

CI=confidence interval; FCM=ferric carboxymaltose; FER=ferumoxytol; HSR=hypersensitivity reaction; FDI=ferric derisomaltose; IS=iron sucrose 

Deloughery et al. In preparation

Study Incidence of HSRs, n/N (%)

(treatment 1:treatment 2) Treatment 1 Treatment 2 Risk difference (unadjusted 95% CI)

Adkinson (FER:FCM) 6/997 (0.60%) 7/1000 (0.70%)
-0.10 (-0.80, 

0.61)

FERWON (FDI:IS)
6/2008 

(0.30%)
2/1000 (0.20%)

0.10 (-0.27, 

0.46)

PHOSPHARE (FDI:FCM) 1/125 (0.80%) 2/117 (1.71%)
-0.91 (-3.73, 

1.91)

Pooled (FER/FDI:FCM/IS)
13/3130 

(0.42%)

11/2117 

(0.52%)

0.04 (-0.18, 

0.27)
Favours treatment 1

(FER or FDI)

so-called ‘dextran-based/derived’

Favours treatment 2

(FCM or IS)

‘non-dextran-based/derived’

-5 -4 -3 -2 -1 0 1 2 3 4 5

An insidious drive to categorize IV iron products as either ‘dextran-based/derived’ or ‘non-dextran-based/derived’ has 

led to the misbelief that all products with dextran-derived carbohydrate components are associated 

with a higher risk of severe HSRs1



A Closer Look
Making the Case Against Inferential 

Surrogate Studies



• Wang et al. JAMA, 2015

• Durup et al. Expert Rev Hematol, 2020

• Trumbo et al. Drug Saf, 2020

• Dave et al. Ann Intern Med, 2022 

Four Recent Studies Using Inferential Surrogates
to Evaluate Severe Hypersensitivity with IV iron



• Wang et al. JAMA, 2015
• Retrospective new user cohort study of IV iron recipients

• N=688,183

• Enrolled in U.S. Medicare 1/2003–12/2013

• SAEs were extremely rare in an older and sicker population

• Anaphylaxis more likely with iron dextran vs all non-dextran IV iron 
products combined (iron sucrose, ferric gluconate, ferumoxytol) (P<0.001)

Comparative Risk of SAEs/Anaphylactic Reactions 
Associated with IV Iron Products

Wang C, et al. JAMA. 2015.



Comparative Risk of SAEs/Anaphylactic Reactions 
Associated with IV Iron Products

2003–2013 2003–2013 2010–2013

IV Iron Nondextran Iron Dextran Iron Sucrose Iron Dextran
Iron 
Gluconate

Iron Sucrose Ferumoxytol Iron Dextran
Iron 
Gluconate

No. of 
anaphylaxis 
cases

107 167 45 167 34 21 28 66 16

No. of new 
users

440,683 247,500 264,166 247,500 94,400 134,836 82,117 77,935 34,029

Rate per 
100,000 
persons 
(95% CI)

24.3
(20.0–29.5)

67.5
(57.8–78.7)

17.0
(12.6–23.0)

67.5
(57.8–78.7)

36.0
(25.3–50.9)

15.6
(9.9–24.3)

34.1
(23.1–50.0)

84.7
(66.0–108.4)

47.0
(27.8–78.2)

AOR 
(95% CI)

1
[reference]

2.6
(2.0–3.3)

1
[reference]

3.6
(2.4–5.4)

2.0
(1.2–3.5)

1
[reference]

2.2
(1.1–4.3)

5.4
(3.0–9.8)

3.0
(1.4–6.5)

P value <0.001 <0.001 0.005 0.02 <0.001 0.001

Risk of Anaphylaxis at First Administration by IV Iron Products

Wang C, et al. JAMA. 2015.



• Durup et al. Expert Rev Hematol, 2020
• Retrospective study of over 100 million doses of IV iron

• Iron dextran vs FCM

• Based on global data from VigiBase and IQVIA MIDAS from 2008–2017

• Global exposure data estimates were predicated on IQVIA sales data

• SAEs identified by spontaneous reports to WHO database (methodology 
specifically proscribed by FDA)

• Impossible to tell nature of reactions or whether SAEs were iatrogenic

Comparative Risk of SAEs/Anaphylactic Reactions 
Associated with IV Iron Products

Durup D, et al. Expert Rev Hematol. 2020.



• Trumbo et al. Drug Saf, 2020
• Used spontaneous reporting of SAEs from 2014–2019 (specifically 

proscribed by FDA)

• Predicated on data from FDA Adverse Event Reporting System (FAERS) 
database

• No objective way to determine if SAEs real or iatrogenic

• Failed to reference a recently published meta-analysis of thousands of 
patients studied head-to-head showing no difference in safety or efficacy

Comparative Risk of SAEs/Anaphylactic Reactions 
Associated with IV Iron Products

Trumbo H, et al. Drug Saf. 2020.



• Dave et al. Ann Intern Med, 2022
• Used Medicare coding as surrogates for anaphylaxis and, subsequently, 

impossible to tell if real or iatrogenic

• Missed over 90% of doses administered over study period

• Methodological flaws, including evaluating one agent while being 
administered by a now proscribed method, markedly misrepresented real-
world safety profiles

• 37 world renowned key opinion leaders wrote to Ann Intern Med editor to 
retract study due to “seriously flawed” methodologies

Comparative Risk of SAEs/Anaphylactic Reactions 
Associated with IV Iron Products

Dave C, et al. Ann Intern Med. 2022.
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• Samuelson Bannow B, Ann Intern Med (ACP Journal Club), 2022 (in response to Dave C et al. 
Ann Intern Med, 2022)

• Even in the population at higher risk for anaphylaxis (based on age), Dave and colleagues 
confirmed that anaphylaxis rates with IV iron are low (<1 in 1,000) across formulations

• Despite 8-fold increased risk found in study, the absolute risk difference was small: 0.086%

• Real-world applications in the clinic

• Number of infusions and associated costs often form basis of clinical decisions

• Clinical nature of iron deficiency must be considered when making IV iron formulation 
selection

• Chronic daily blood loss may result in iron losses >1,000 mg monthly

• Pregnancy and perioperative scenarios may necessitate urgent and rapid repletion

• In patient-centric settings requiring IV iron, it is unclear whether an absolute risk differential of 
0.086% is clinically relevant or actionable

Comparative Risk of SAEs/Anaphylactic Reactions 
Associated with IV Iron Products



• Thousands of patients have been studied prospectively head-to-head 
showing minimal difference in relative safety among IV iron 
formulations

• Suggesting that IV iron safety concerns warrant surrogate studies leads 
to obfuscation of the objective trial data, thus misrepresenting relative 
IV iron safety, propagating stigma, and harming patient care

• Head-to-head studies are the only credible way to make conclusions 
about relative safety of IV iron products, but given the overwhelming 
preponderance of objective data supporting the safety of IV iron as a 
pharmacologic class, these studies are not warranted 

Expert Opinion 
Inferential Surrogates REINFORCE Harmful Stigmas



• Arastu A et al. JAMA Netw Open, 2022
• Examined results from over 35,000 doses in over 12,000 patients 

• Data were from chart reviews of practitioner observations [not inferential 
surrogates from coding]

• Concluded IV iron has exceedingly low risk of severe adverse reactions 
with near zero rate of epinephrine administration

• Premedication, especially with diphenhydramine (often used as an 
inferential surrogate), is associated with an increased risk of adverse 
events and worsened outcomes

• Intervention for minor infusion reactions should not be used as a surrogate 
for SAE/anaphylaxis

• And this real-world patient video is why…

Comparative Risk of SAEs/Anaphylactic Reactions 
Associated with IV Iron Products

Arastu AH, et al. JAMA Netw Open. 2022.



VIDEO



Inflammatory Bowel Disease (IBD)

In patients with IBD, oral iron therapy is associated with severe side effects, results in 
low iron absorption, has limited efficacy, and has been associated with worsening of the 
bowel symptoms

de Silva AD, et al. Aliment Pharmacol Ther. 2005;22:1097-1105.



Oral versus intravenous iron distinctly alters gut 
microbiota in IBD

▪ Oral iron is standard but GI side effects and potential to exacerbate intestinal 
inflammation support implementation of IV iron

▪ Oral and IV iron differentially affect bacterial communities and the metabolic 
landscape in IBD

▪ IV iron might specifically benefit anemic patients with IBD with an unstable microbiota

Lee et al, GUT 2015



Ferric Carboxymaltose in IBD Patients

Significantly Faster Hb Response vs. Oral Iron

(Kaplan-Meier Analysis: Increase in Hb ≥2 g/dL at Weeks 2 and 4)
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DOSING:

Ferric carboxymaltose: The median calculated iron deficit was 1405.5 mg (range 937–2102 mg), requiring 1–3 administrations on an 
individual basis at one week intervals.

Ferrous sulfate: 2x100 mg/day for 12 weeks (total 16,800 mg). Non-inferiority of ferric carboxymaltose confirmed in primary endpoint.

Treatment comparison log-rank test 0.009.  *P=0.0051; **P=0.0346.

Kulnigg S, et al. Am J Gastroenterol. 2008;103:1182-1192



Bariatric Surgery: Iron Absorption

With permission from Dr. Jerry Spivak, Johns Hopkins University School of Medicine



Predicted Probability of Ferritin Deficiency Over Time
(with Indication of 95 % Confidence Interval)

Gesquiere et al, Obesity Surgery 2014;24:56-61



Better Response with IV iron in Bariatric Surgery

Malone et al, Ann Pharmacother 2008;42:1851-1858



Response to FDI and IS in Bariatric Patients

Auerbach et al, Obesity 

Surgery, 2022



Change in Hemoglobin and Iron Parameters after 
Bariatric Surgery

Auerbach et al, Obesity 

Surgery, 2022



FAIR-HF: improved exercise capacity and QoL

Anker SD et al. N Engl J Med 2009;361:2436–
48.

EQ-5D, European Quality of Life – 5 Dimensions; VAS, visual analogue scale 

6-minute walk test EQ-5D VASChange (m) Change in score



FAIR-HF: improved symptoms and functional status

Anker SD et al. N Engl J Med 2009;361:2436–48.

Patient Global Assessment Score NYHA Functional Class

Odds 

ratio
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Fav ours 

Placebo



……And these improvements were evident in CHF 
patients with and without anaemia

Anker S. et al. N Engl J Med 2009;361:2436–48.
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UK IRONMAN: IV FDI IN PATIENTS WITH HEART FAILURE AND IRON DEFICIENCY

1. ALL PATIENTS HAD CHF AND REDUCED LV FUNCTION

2. IV IRON REDUCED RISK OF HOSPITALIZATION

3. IV IRON REDUCED RISK OF CARDIOVASCULAR DEATH

Kalra et al, Lancet 2022



Guidelines Differ

▪ USPSTF: “There is insufficient evidence that routine screening and 
supplementation for iron deficiency anemia improves maternal or infant clinical 
health outcomes”

▪ 2021 ACOG Practice Bulletin: “Intravenous iron is recommended who cannot 
tolerate or will not take modest doses of oral iron”.  No recommendation for 
routine screening or treatment of non-anemic iron deficiency.  PO still 
recommended as frontline therapy in 3rd trimester.

▪ 2019 UK guidelines: “Parenteral iron should be considered from the 2nd 
trimester onwards and during the postpartum period for women with confirmed 
ID who fail to respond to, or are intolerant of, oral iron”. High risk presenting 
gravidas should be screened for iron deficiency 

▪ Blood 2017 Achebe and Gafter-Gvili: IV iron for any oral intolerant 2nd or 3rd 
trimester patient, for 2nd trimester gravidas with [Hb]<10.5 g/dl and all in the 3rd 
with ID

▪ No guidelines for non-anemic ID pregnant women
Pavord et al, Br J Haem in press, Achebe and Gafter Gvili, Blood 2017, ACOG Practice Bulletin, 2008, Cantor et al, AIM 2015



Daily Iron Requirement in Pregnancy

0.8mg/day

      1st 

4-mg/day

   2nd

~6mg/day

     3rd

Bothw ell.  Am J Clin Nutr 2000;72(suppl):257S-64S



Pregnancy

Maternal iron deficiency potentially affects fetal, neonatal, and childhood brain growth 

and development with adverse effects on myelination, neurotransmitters, and brain 

programming1

▪ Children born to iron-deficient mothers demonstrate lower cognitive function, memory, and 
motor development recognizable up to 19 years after iron repletion2-4 

Iron deficiency anemia (IDA) in pregnancy has been associated with increased risk of 

adverse perinatal outcomes, including preterm birth, low birth weight, and small-for-

gestational age infants5-7

1. Roncagliolo M, Walter T, Peirano P, et al. Am J Clin Nutr 1998;68:683–690

2. Congdon E, Westerlunjd B, Algarin C, et al. J Pediatr 2012;160:1227–1233

3. Chang S, Zeng L, Brouwer I, et al. Pediatrics 2013; 131:e755–e763

4. Tran T, Tran T, Simpson J, et al. BMC Pregnancy Childbirth 2014;14:8–18

5. Scholl T, Hediger M, Fischer R, et al. Am J Clin Nutr 1992;55:985–988
6. Ren A, Wang J, Ye R, et al. Int J Gynecol Obstet 2007;98:124–128.

7. Radlowski E, Johnson R. Front Human Neurosci 2013;7:585–592

8. Scholl T. Iron status during pregnancy: Am J Clin Nutr 2005;81:1218S–1222S. [PMID:15883455]



Fetal Iron Status with Maternal Iron Deficiency

▪ Reduction in fetal iron status when maternal ferritin is <15 (Shao et 

al, J Nutrition 2012)

▪ Prenatal iron supplementation reduces maternal anemia, iron 

deficiency, iron deficiency anemia but iron deficiency is common in 

neonates even with iron supplementation (Zhou et al, J Nutrition 

2015)



When Is Fetal Iron Status Compromised with 
Maternal Anemia?

▪ Maternal Hgb < 85 g/L

▪ Sliding scale between 85 and 
105 g/L

▪ Maternal Ferritin < 13.4 mcg/L
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Infants at risk for neonatal iron deficiency

▪ From IRON DEFICIENT 
mothers OR those 
previously treated with IDA

▪ From mothers underweight 
or obese or with diabetes

▪ From Vegetarian mothers

▪ From multiparas

▪ From mothers with 
inflammatory bowel disease

▪ From mothers with HIV or 
smokers

▪ From mothers with inter-
partum period of <6 
months

▪ From mothers with history 
of abnormal uterine 
bleeding



TSAT and ferritin levels for all patients and for 
primigravida and multigravida patients.

Auerbach et al, J Mat Fet Med, 2019

Table 1.



Results: Prevalence of ID

Iron Status (ferritin in µg/L) Percent of women
(n=25,880) 

Ever normal (45-150) 45.6%

Ever iron insufficient (30-44.9) 25.2%

Ever iron deficient (<30) 52.8%

Ever severely iron deficiency (<15) 23.8%

Never iron deficient or insufficient 
(all ferritin levels 45-150)

30.2%



Results: When done, ID screening occurs early 



Conclusions

ID affects >50%  of pregnancies in Ontario



Conclusions

ID affects >50%  of pregnancies in Ontario

25% pregnancies are complicated by severe ID



Conclusions

ID affects >50%  of pregnancies in Ontario

25% pregnancies are complicated by severe ID

Yet 40% pregnant women are not screened for ID



Association between gestational week of maternal anaemia 
diagnosis and offspring odds of neurodevelopmental outcomes 
among 29732 women with anaemia

Figure 2

Abbreviations: ASD = Autism spectrum 

disorder; ADHD = Attention deficit 

hyperactivity disorder; ID= intellectual 

disability

Credit to: Wiegersma AM, Dalman C, Lee 

BK, Karlsson H, Gardner RM. Association 

of Prenatal Maternal Anemia With 

Neurodevelopmental Disorders. JAMA 

Psychiatry. 2019 Sep 18:1-12



Pregnancy: Treatment options

Oral iron

Up to 70% to whom oral iron is prescribed report gastrointestinal distress1,2

A study of adherence and side effects of three ferrous sulfate regimens in anemic pregnant 
women in clinical trials concluded the incidence of gastrointestinal side effects was unacceptably 

high3,4

Intravenous iron

▪ Numerous publications report the safety and efficacy of IV iron during pregnancy but its use 
is sporadic5

▪ No IV formulation had been assigned Pregnancy Category A by the Food and Drug 

Administration
▪ Excessive fears of anaphylactic reactions

▪ Misperception among clinicians that the incidence and severity of infusion reactions is 
unacceptably high6

1. Souza A, Batista F, Bresani C. Cad Saude Publica 2009;6:1225–1233

2. Tolkien Z, Stecher L, Mander A, et al. Ferrous sulfate supplementation causes signif icant gastrointestinal side-effects in adults: A systematic review and meta-analysis. 

PLoS One 2015;10:e0117383. DOI:10.1371/journal.pone.0117383.

3. Van Wyck D, Martens M, Seid M, et al. Obstet Gynecol 2007;110:267–278

4. Dhanani J, Ganguly B, Chauhan L. J Pharmacol Pharmcother 2012;3:314–319
5. American College of Obstetricians and Gynecologists. ACO Practice Bulletin No. 95: Anemia in pregnancy. Obstets Gynecol 2008;112:201–207

6. Auerbach M, Ballard H, Glaspy J. Lancet 2007;369:1502–1504



• IV iron markedly reduces IDA compared with oral iron

• Effect lasts through duration of pregnancy into the post-partum

• Hemoglobin elevation was more rapid with IV iron

Pasricha et al, Lancet 2023

Ferric Carboxymaltose Versus Oral Iron to Treat Second-

trimester Anaemia in Malawian Pregnant Women: 

A Randomised Controlled Trial



Discussion

▪ The results support the convenience, safety, and efficacy of a single infusion of a gram 

of intravenous iron as therapy for iron deficiency

▪ We believe IV iron should be administered as soon as oral iron intolerance occurs or as 

front line therapy to those in whom oral iron is known to be ineffective or harmful such 

as after bariatric surgery or IBD.  IV, and not oral iron, should be administered for IDA of 

pregnancy if Hb<10 g/dL in the second trimester and to all after week 30.  If oral iron is 

indicated, one tablet QOD is the preferred schedule.  Oral iron should be proscribed in 

the 3rd trimester

▪ All pregnant women should be screened for ID at presentation to their obstetricians and 

again at the beginning of the third trimester (week 30)

▪ All at risk newborns screened for ID at birth and treated if deficient

▪ Compared to oral iron, intravenous iron has fewer side effects and nearly always 

effective.  Our data and that of others call for large prospective studies of IV vs. oral iron 

for therapy of maternal iron deficiency anemia
Auerbach et al, AJM 2017; 130:1402-1407 
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