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Supplementary Data
Supplementary Table S1. Intravenous iron products included in analyses.
	iron dextran
	iron sucrose
	ferumoxytol
	ferric carboxymaltose

	iron dextran [INFeD®],
Allergan plc (US)
	iron sucrose [Venofer®],
American Regent, Inc. (US)
	ferumoxytol [Feraheme®],
AMAG Pharmaceuticals, Inc. (US)
	ferric carboxymaltose [Injectafer®],
American Regent, Inc. (US)

	iron dextran [Dexferrum®]a,
American Regent, Inc. (US)
	iron sucrose [Fesin],
Yoshitomi (Japan)
	ferumoxytol [Rienso®],
Takeda Pharma A/S (Europe)
	ferric carboxymaltose [Ferinject®],
Vifor Pharma UK Limited (UK)

	iron dextran [Proferdex]a,
New River Pharmaceuticals Inc. (US)
	iron sucrose [Fermed],
Medice Arzneimittel Pütter (Austria)
	ferumoxytol [brand unspecified]
	ferric carboxymaltose [Iroprem®],
Vifor France SA (Slovenia)

	iron dextran [Hierro]
	iron sucrose [Nepro® HP]
	 
	ferric carboxymaltose [brand unspecified]

	iron dextran [Cosmofer®],
Pharmacosmos A/S (Europe)
	iron sucrose [Ferrimed®],
Takeda (South Africa)
	 
	 

	iron dextran [Eisen],
Albrecht (Germany)
	iron sucrose [Ferrovin™],
Rafarm AEBE (Greece)
	 
	 

	iron dextran [DexIron®],
American Regent, Inc. (Canada)
	iron sucrose [Ferrofer®],
Goodfellow (Philippines)
	 
	 

	iron dextran [Imferon®],
Fisons Ltd. (UK)
	iron sucrose [Venotrix],
Alternova A/S (Finland)
	 
	 

	iron dextran [Infufer®],
Sandoz Canada Inc. (Canada)
	iron sucrose [Sucrofer],
Nephrotech S.A. (Greece)
	 
	 

	iron dextran [Ferrosol],
Floris Veterinaire Produkten (Netherlands)
	iron sucrose [brand unspecified]
	 
	 

	iron dextran [brand unspecified]
	 
	 
	 


aDiscontinued preparations.


Supplementary Table S2. HCUP Survey (2016): National Inpatient Hospitalization and Emergency Department Visits
	Adverse Event
	Inpatient Hospitalization
	Emergency Department Visits

	
	Total Number of Discharges
	Aggregate Costs
	Average Hospitalization Costs Per AE
	Average Length of Stay (Days)
	Total ER Visits
	Aggregate Charges
	Average ER Costs Per AE
	Average Length of Stay (Days)

	Anaphylaxis/Anaphylactic Shock
	
	
	
	
	
	
	
	

	Anaphylactic reaction/Anaphylactic shocka
	6,080
	$57,667,230
	$9,485
	3.53
	37,714
	$183,817,143
	$4,874
	3.66

	Hypersensitivity Reactions
	
	
	
	
	
	
	
	

	Hypersensitivity pneumonitisb
	1,055
	$19,547,321
	$18,528
	6.09
	1,096
	$51,275,415
	$46,801
	5.80

	Hypersensitivity vasculitisc
	730
	$22,183,537
	$30,388
	10.73
	541
	$36,020,119
	$66,586
	8.63

	Cutaneous vasculitisd
	375
	$3,103,674
	$8,276
	4.64
	1,954
	$12,473,793
	$6,384
	4.23

	Infusion related reactione
	660
	$8,501,891
	$12,882
	4.13
	3,937
	$25,427,337
	$6,459
	4.86

	Stevens-Johnson syndromef
	1,690
	$17,396,575
	$10,294
	5.26
	2,050
	$50,527,640
	$24,650
	5.59

	Toxic epidermal necrolysisg
	255
	$15,119,270
	$59,291
	14.04
	245
	$23,245,628
	$94,919
	10.22

	Erythema multiformeh
	730
	$4,941,088
	$6,769
	3.76
	11,052
	$17,619,279
	$1,594
	4.04

	Erythema nodosumi
	415
	$2,734,320
	$6,589
	3.36
	3,650
	$10,734,948
	$2,941
	3.64

	Rashj
	1,855
	$10,381,509
	$5,597
	2.91
	601,851
	$34,449,911
	$57
	2.94

	Heparin-induced thrombocytopeniak
	335
	$7,874,655
	$23,506
	9.30
	219
	$17,681,947
	$80,740
	9.81

	Eosinophilial
	545
	$7,473,299
	$13,712
	6.17
	-
	-
	-
	-

	Immune thrombocytopenic purpuram
	14,990
	$245,050,585
	$16,348
	4.06
	13,769
	$676,618,498
	$49,142
	4.30

	Henoch-Schonlein purpuran
	1,850
	$13,186,172
	$7,128
	3.64
	7,330
	$36,555,526
	$4,987
	3.93

	Dermatitiso
	1,740
	$10,391,900
	$5,972
	3.73
	414,596
	$32,076,914
	$77
	2.73

	Urticariap
	1,585
	$6,702,514
	$4,229
	2.15
	423,451
	$24,603,064
	$58
	2.29

	Allergic rhinitisq
	75
	$473,432
	$6,312
	2.20
	78,507
	$1,422,410
	$18
	1.70

	Laryngospasmr
	675
	$3,462,792
	$5,130
	2.04
	3,799
	$11,321,202
	$2,980
	2.56


All monetary values are US$.
aAnaphylactic reaction due to adverse effect of correct drug or medicament properly administered, initial encounter [T88.6XXA]; Anaphylactic shock, unspecified, initial encounter [T78.2XXA]; Shock, unspecified [R57.9].
bHypersensitivity pneumonitis due to unspecified organic dust [J67.9].
cHypersensitivity angiitis [M31.0].
dVasculitis limited to the skin, unspecified [L95.9].
eOther mechanical complication of infusion catheter, initial encounter [T82.594A]; Other mechanical complication of cranial or spinal infusion catheter, initial encounter [T85.690A].
fStevens-Johnson syndrome [L51.1].
gToxic epidermal necrolysis [Lyell] [L51.2].
hErythema multiforme, unspecified [L51.9].
iErythema nodosum [L52].
jRash and other nonspecific skin eruption [R21].
kHeparin induced thrombocytopenia (HIT) [D75.82].
lEosinophilia [D72.1].
mImmune thrombocytopenic purpura [D69.3].
nAllergic purpura [D69.0].
oAllergic contact dermatitis, unspecified cause [L23.9]; Dermatitis, unspecified [L30.9]; Exfoliative dermatitis [L26]; Unspecified contact dermatitis, unspecified cause [L25.9].
pAllergic urticaria [L50.0]; Idiopathic urticaria [L50.1]; Urticaria, unspecified [L50.9].
qAllergic rhinitis, unspecified [J30.9].
rLaryngeal spasm [J38.5]
AE, adverse events; ER, emergency room.

Summary information about the Agency for Healthcare Research and Quality (AHRQ) Healthcare Cost and Utilization Project (HCUP) Nationwide Inpatient Sample (NIS)
The costing data used in this project was obtained from the Agency for Healthcare Research and Quality (AHRQ) Healthcare Cost and Utilization Project (HCUP) Nationwide Inpatient Sample (NIS), a publicly available inpatient care database for the United States (https://www.hcup-us.ahrq.gov/nisoverview.jsp).
The HCUP databases are built from hospital administrative data (i.e., hospital billing records). The databases cover hospital inpatient care, outpatient emergency department care, and ambulatory surgery from hospital-owned facilities. Some State Ambulatory Surgery Databases include ambulatory surgery data from facilities not owned by a hospital. HCUP does not include services provided in physician offices, and does not contain complete or reliable pharmacy, laboratory, pathology, or radiology information.
The NIS is drawn from all States participating in HCUP, covering more than 97 percent of the US population. The NIS dataset is aggregated at the nationwide level using an approximated a 20-percent stratified sample of discharges from US hospitals that is weighted to produce national estimates.
The costing analyses performed is a high level analysis (of aggregated hospital costs), because we are dealing with aggregate-level costing data. The data source does not contain any patient-level information or information about the types of health insurance.
Supplementary Table S3. Total suspect case counts and disproportionality associated with AEs of interest (Standardized Medical Query [SMQ] terms) and death and hospitalizations associated with those AEs reported in the United States of America from January 1, 2014 – December 31, 2019.
	Drug
	Hypersensitivity reactions [SMQ]

	
	Cases
	ROR05
	Deaths (%)
	Death
(ROR05)
	Hosp. (%)
	Hosp.
(ROR05)

	Hypersensitivity SMQ
	
	
	
	
	
	

	Iron dextran
	74
	2.90
	5 (6.8)
	9.22
	22 (29.7)
	6.28

	Iron sucrose
	443
	4.05
	12 (2.7)
	5.57
	72 (16.3)
	4.59

	Ferumoxytol
	206
	4.34
	14 (6.8)
	15.90
	54 (26.2)
	8.06

	Ferric carboxymaltose
	410
	2.95
	2 (0.5)
	0.39
	26 (6.3)
	1.21

	Anaphylaxis reaction SMQ
	
	
	
	
	
	

	Iron dextran
	22
	19.99
	1 (4.5)
	2.89
	11 (50.0)
	23.12

	Iron sucrose
	54
	10.54
	3 (5.6)
	3.39
	23 (42.6)
	10.82

	Ferumoxytol
	68
	33.89
	9 (13.2)
	35.97
	27 (39.7)
	31.15

	Ferric carboxymaltose
	54
	8.95
	1 (1.9)
	0.48
	6 (11.1)
	1.71



AE, adverse event; Hosp., hospitalization; ROR05, reporting odds ratio lower bound; SMQ, Standardized Medical Query.
Bold values show cases ≥5 and ROR05 ≥1, which was considered as a signal of a likely drug–AE association.


Supplementary Table S4. Stratified analyses by age group and sex for primary suspect case counts and disproportionality associated with AEs of interest (Standardized Medical Query [SMQ] terms) reported in the United States of America from January 1, 2014 – December 31, 2019.
	
	Cases
	ROR05
	Deaths (%)
	Deaths (ROR05)
	Hosp. (%)
	Hosp. (ROR05)

	IRON DEXTRAN
	
	
	
	
	
	

	Hypersensitivity SMQ
	
	
	
	
	
	

	All Patients
	57
	4.35
	3 (5.3)
	8.01
	19 (33.3)
	9.81

	Age
	
	
	
	
	
	

	<65 years
	24
	7.68
	2 (8.3)
	15.09
	9 (37.5)
	11.58

	≥65 years
	12
	7.04
	1 (8.3)
	5.48
	8 (66.7)
	22.20

	Unspecified
	21
	2.10
	0 (0.0)
	-
	2 (9.5)
	1.46

	Sex
	
	
	
	
	
	

	Female
	38
	6.39
	1 (2.6)
	3.54
	15 (39.5)
	17.40

	Male
	12
	4.85
	2 (16.7)
	17.66
	4 (33.3)
	5.95

	Unspecified
	7
	0.93
	0 (0.0)
	-
	0 (0.0)
	-

	Anaphylactic reaction SMQ
	
	
	
	
	
	

	All Patients
	22
	37.80
	1 (4.5)
	5.20
	11 (50.0)
	42.47

	Age
	
	
	
	
	
	

	<65 years
	5
	15.91
	0 (0.0)
	-
	3 (60.0)
	17.46

	≥65 years
	7
	92.28
	1 (14.3)
	25.09
	7 (100.0)
	182.56

	Unspecified
	10
	30.53
	0 (0.0)
	-
	1 (10.0)
	4.53

	Sex
	
	
	
	
	
	

	Female
	16
	60.25
	1 (6.3)
	13.69
	10 (62.5)
	94.81

	Male
	2
	7.83
	0 (0.0)
	-
	1 (50.0)
	4.92

	Unspecified
	4
	10.45
	0 (0.0)
	-
	0 (0.0)
	-

	IRON SUCROSE
	
	
	
	
	
	

	Hypersensitivity SMQ
	
	
	
	
	
	

	All Patients
	212
	3.94
	5 (2.4)
	3.77
	46 (21.7)
	5.98

	Age
	
	
	
	
	
	

	<65 years
	114
	5.06
	2 (1.8)
	2.13
	28 (24.6)
	6.03

	≥65 years
	33
	2.87
	2 (6.1)
	2.98
	16 (48.5)
	7.23

	Unspecified
	65
	2.55
	1 (1.5)
	1.29
	2 (3.1)
	0.48

	Sex
	
	
	
	
	
	

	Female
	154
	3.80
	3 (1.9)
	3.37
	28 (18.2)
	5.14

	Male
	38
	3.81
	1 (2.6)
	1.17
	16 (42.1)
	8.02

	Unspecified
	20
	2.05
	1 (5.0)
	2.08
	2 (10.0)
	1.44

	Anaphylactic reaction SMQ
	
	
	
	
	
	

	All Patients
	43
	17.60
	2 (4.7)
	3.85
	18 (41.9)
	17.21

	Age
	
	
	
	
	
	

	<65 years
	21
	13.79
	0 (0.0)
	-
	10 (47.6)
	12.73

	≥65 years
	9
	17.56
	1 (11.1)
	4.19
	6 (66.7)
	20.03

	Unspecified
	13
	13.35
	1 (7.7)
	6.40
	2 (15.4)
	4.82

	Sex
	
	
	
	
	
	

	Female
	23
	12.80
	1 (4.3)
	2.16
	9 (39.1)
	12.05

	Male
	12
	21.43
	0 (0.0)
	-
	7 (58.3)
	21.76

	Unspecified
	8
	14.95
	1 (12.5)
	8.22
	2 (25.0)
	9.80

	FERUMOXYTOL
	
	
	
	
	
	

	Hypersensitivity SMQ
	
	
	
	
	
	

	All Patients
	196
	5.00
	14 (7.1)
	18.53
	50 (25.5)
	8.64

	Age
	
	
	
	
	
	

	<65 years
	83
	5.92
	3 (3.6)
	6.16
	13 (15.7)
	3.63

	≥65 years
	48
	7.01
	9 (18.8)
	32.24
	27 (56.3)
	18.87

	Unspecified
	65
	2.99
	2 (3.1)
	4.78
	10 (15.4)
	5.28

	Sex
	
	
	
	
	
	

	Female
	108
	6.12
	5 (4.6)
	13.99
	24 (22.2)
	8.84

	Male
	35
	5.54
	8 (22.9)
	41.39
	18 (51.4)
	14.21

	Unspecified
	53
	3.17
	1 (1.9)
	0.99
	8 (15.1)
	4.97

	Anaphylactic reaction SMQ
	
	
	
	
	
	

	All Patients
	67
	39.32
	9 (13.4)
	41.88
	26 (38.8)
	34.80

	Age
	
	
	
	
	
	

	<65 years
	25
	27.67
	1 (4.0)
	3.21
	7 (28.0)
	12.43

	≥65 years
	18
	55.74
	7 (38.9)
	105.86
	12 (66.7)
	63.61

	Unspecified
	24
	33.03
	1 (4.2)
	7.28
	7 (29.2)
	33.61

	Sex
	
	
	
	
	
	

	Female
	33
	41.94
	2 (6.1)
	13.99
	12 (36.4)
	35.25

	Male
	16
	47.14
	6 (37.5)
	113.50
	9 (56.3)
	44.87

	Unspecified
	18
	19.72
	1 (5.6)
	3.90
	5 (27.8)
	18.06

	FERRIC CARBOXYMALTOSE
	
	
	
	
	
	

	Hypersensitivity SMQ
	
	
	
	
	
	

	All Patients
	401
	3.03
	1 (0.2)
	0.13
	25 (6.2)
	1.20

	Age
	
	
	
	
	
	

	<65 years
	160
	3.54
	0 (0.0)
	-
	16 (10.0)
	1.61

	≥65 years
	29
	1.69
	1 (3.4)
	0.68
	3 (10.3)
	0.54

	Unspecified
	212
	2.81
	0 (0.0)
	-
	6 (2.8)
	0.72

	Sex
	
	
	
	
	
	

	Female
	294
	2.86
	0 (0.0)
	-
	22 (7.5)
	1.54

	Male
	38
	2.15
	1 (2.6)
	0.73
	2 (5.3)
	0.27

	Unspecified
	69
	2.84
	0 (0.0)
	-
	1 (1.4)
	0.14

	Anaphylactic reaction SMQ
	
	
	
	
	
	

	All Patients
	51
	8.77
	0 (0.0)
	-
	6 (11.8)
	1.79

	Age
	
	
	
	
	
	

	<65 years
	15
	4.87
	0 (0.0)
	-
	3 (20.0)
	1.33

	≥65 years
	8
	11.09
	0 (0.0)
	-
	1 (12.5)
	0.91

	Unspecified
	28
	10.11
	0 (0.0)
	-
	2 (7.1)
	1.47

	Sex
	
	
	
	
	
	

	Female
	29
	6.77
	0 (0.0)
	-
	4 (13.8)
	1.65

	Male
	8
	7.74
	0 (0.0)
	-
	1 (12.5)
	0.68

	Unspecified
	14
	9.63
	0 (0.0)
	-
	1 (7.1)
	0.97



AE, adverse event; Hosp., hospitalization; ROR05, reporting odds ratio lower bound; SMQ, Standardized Medical Query. Bold values show cases ≥5 and ROR05 ≥1, which was considered as a signal of a likely drug–AE association.


Supplementary Table S5. Computation of the masking ratios for the ROR05 derived from primary suspect case counts associated with intravenous iron products for AEs of interest (Standardized Medical Query [SMQ] terms) reported in the United States of America from January 1, 2014 – December 31, 2019.
	IV iron preparation
	Statistic
	Hypersensitivity SMQ
	Anaphylactic reaction SMQ

	Iron dextran
	Cases
	57
	22

	
	ROR051
	4.35
	37.80

	
	ROR052
	4.36
	38.24

	
	MRCI
	1.00
	1.01

	Iron sucrose
	Cases
	212
	43

	
	ROR051
	3.94
	17.60

	
	ROR052
	3.95
	17.78

	
	MRCI
	1.00
	1.01

	Ferumoxytol
	Cases
	196
	67

	
	ROR051
	5.00
	39.32

	
	ROR052
	5.01
	39.64

	
	MRCI
	1.00
	1.01

	Ferric carboxymaltose
	Cases
	401
	51

	
	ROR051
	3.03
	8.77

	
	ROR052
	3.04
	8.85

	
	MRCI
	1.00
	1.01



AE, adverse event; MRCI, masking ratio of the ROR05 and is calculated as ROR052 divided by ROR051; ROR051, reporting odds ratio lower bound confidence interval derived from the reporting odds ratio defined as the odds for the AE of interest occurring among the group of case reports for patients receiving the specific IV iron preparation under investigation divided by the odds for the AE of interest occurring in the comparison group of case reports for patients receiving any other drug administered by any route, where the odds of the event is the probability that the event will occur divided by the probability that the event does not occur; ROR052, reporting odds ratio lower bound confidence interval derived from the reporting odds ratio defined as the odds for the AE of interest occurring among the group of case reports for patients receiving the specific IV iron preparation under investigation divided by the odds for the AE of interest occurring in the comparison group of case reports for patients receiving any other drug administered by any route but excluding all IV iron products (iron dextran, iron sucrose, ferumoxytol, and ferric carboxymaltose), where the odds of the event is the probability that the event will occur divided by the probability that the event does not occur; SMQ, Standardized Medical Query.



Supplementary Table S6. Healthcare costs applied to adverse events of interest (MedDRA® preferred terms) associated with intravenous iron preparations.
	Adverse event
	Average hospital
cost per AEa
	Average cost
of hospital stay
ending in deathb
	Average ER cost
per AE

	Anaphylaxis/Anaphylactic Shock
	
	
	

	Anaphylactic reaction
	$9,485
	$23,017
	$4,874

	Anaphylactic shock
	$9,485
	$23,017
	$4,874

	Anaphylactoid reaction
	$9,485
	$23,017
	$4,874

	Shock
	$9,485
	$23,017
	$4,874

	Hypersensitivity Reactions
	
	
	

	Infusion related reaction
	$12,882
	$23,017
	$6,459

	Stevens-Johnson syndrome
	$10,294
	$23,017
	$24,650

	Toxic epidermal necrolysis
	$59,291
	$59,291c
	$94,919

	Erythema nodosum
	$6,589
	$23,017
	$2,941

	Rash
	$5,597
	$23,017
	$57

	Rash erythematous
	$5,597
	$23,017
	$57

	Rash generalized
	$5,597
	$23,017
	$57

	Rash macular
	$5,597
	$23,017
	$57

	Rash pruritic
	$5,597
	$23,017
	$57

	Rash vesicular
	$5,597
	$23,017
	$57

	Dermatitis allergic
	$5,972
	$23,017
	$77

	Urticaria
	$4,229
	$23,017
	$58

	Injection site urticaria
	$4,229
	$23,017
	$58

	Laryngospasm
	$5,130
	$23,017
	$2,980


All monetary values are US$.
aHealthcare Cost and Utilization Project (HCUP) survey cost data.
bBased on the average cost of a hospital stay ending in death, as reported in the 2007 analyses of Zhao Y & Encinosa W (2010).
cThe average cost of a hospital stay ending in death did not use a value of $23,017, but the larger value of $59,291, derived from 2016 HCUP data for average hospitalization costs for this AE.
AE, adverse event; ER, emergency room.


Supplementary Figure S1. Food and Drug Administration Adverse Event Reporting System (FAERS) case counts (across all adverse events [AEs]) for intravenous iron dextran reported in the United States from 1970 to 2019. Data were obtained from the FAERS Public Dashboard (Evidex® FAERS data was not available earlier than 1997), which contain primary as well as secondary suspect cases.
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