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ORIGINAL RESEARCH

A patient-level cost-effectiveness analysis of iron isomaltoside versus ferric
carboxymaltose for the treatment of iron deficiency anemia in the
United Kingdom

Richard F. Pollocka and Gorden Mudumab

aCovalence Research Ltd, London, UK; bPharmacosmos A/S, Holbaek, Denmark

ABSTRACT
Objectives: Intravenous iron is the recommended treatment for patients with iron deficiency anemia
(IDA) where oral iron is ineffective or rapid iron replenishment is required. Two high-dose, rapid-
administration intravenous iron formulations are currently available in the UK: iron isomaltoside 1000/
ferric derisomaltose (IIM) and ferric carboxymaltose (FCM). An indirect treatment comparison (ITC)
recently showed that improvement from baseline hemoglobin was significantly larger with IIM than
FCM. The objective was to use the ITC findings to evaluate the cost-effectiveness of IIM versus FCM
from the UK healthcare payer perspective.
Methods: A patient-level simulation model was developed in R to evaluate the cost per patient expe-
riencing hematological response with IIM versus FCM. The model generated a simulated cohort from
parametric distributions of baseline hemoglobin and bodyweight. Changes in hemoglobin were mod-
eled based on data from the ITC, covaried with baseline hemoglobin based on patient-level data from
a randomized controlled trial. Posological models of the iron formulations were developed based on
the summaries of product characteristics. UK-specific costs were based on healthcare resource groups.
Results: The proportion of patients experiencing hematological response was 9.0% higher with IIM
relative to FCM (79.0% versus 70.0%), based on modeling of clinically realistic, correlated distributions
of baseline hemoglobin and change from baseline hemoglobin. The mean number of infusions
needed to administer the required dose was 1.92 with FCM, versus 1.38 with IIM, resulting in costs of
£637 and £457 per treated patient with FCM and IIM respectively, corresponding to respective costs
of £910 and £579 per responder.
Conclusions: The analysis showed that using IIM rather than FCM in patients with IDA was dominant
and would reduce the number of iron infusions required to correct iron deficiency, thereby reducing
the costs associated with IDA treatment and simultaneously increasing the proportion of patients with
IDA experiencing a clinically meaningful hematological response.

ARTICLE HISTORY
Received 17 January 2020
Revised 17 March 2020
Accepted 17 March 2020

KEYWORDS
Iron; administration;
intravenous; iron deficiency
anemia; costs and
cost analysis

JEL CLASSIFICATION CODES
I11; D61; C63

Background and aims

Iron deficiency anemia (IDA) is defined as a low red blood
cell count or hemoglobin concentration in the presence of
low iron. Iron is required for heme production during
erythroblast maturation and may be depleted through
reduced iron intake or absorption, or increased iron utiliza-
tion or loss1. Anemia is defined by a hemoglobin level two
standard deviations below the age and sex-normalized aver-
age, while iron deficiency is then confirmed by a serum fer-
ritin level of less than 15lg/L or 30 lg/L (depending on the
specific guidelines and indication), and ruled out by a serum
ferritin level greater than 100 lg/L2,3. Other erythrocytic
changes such as hypochromia, microcytosis, anisocytosis, and
poikilocytosis may also occur as a result of iron deficiency.
These changes to the composition and nature of the blood
commonly manifest as a series of symptoms including
fatigue, dyspnea, and headache. Less common symptoms

include cognitive dysfunction, restless leg syndrome, vertigo,
syncope, pica and palpitations with more serious symptoms
such as angina, marked ankle edema and dyspnea at rest,
manifesting at hemoglobin concentrations <7 g/dL2.

Intravenous iron has been shown to be superior to oral
iron in achieving a rapid and sustained hematological
response in patients with IDA of various etiologies, including
inflammatory bowel disease (IBD), chronic heart failure (CHF),
chronic kidney disease (CKD), pregnancy, and when adminis-
tered prior to surgery for a wide range of indications4–9.

Two high-dose, rapid-administration intravenous iron for-
mulations are currently available in the UK: iron isomaltoside
1000/ferric derisomaltose (Monofer, Pharmacosmos A/S,
Holbaek, Denmark; IIM) and ferric carboxymaltose (Ferinject,
Vifor, Paris, France; FCM). To date, only two randomized con-
trolled trials (RCTs) have been published comparing the for-
mulations directly in general IDA populations10–12. The
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PHOSPHARE trials were run at different centers, but were
identically-designed having a primary endpoint of hypophos-
phatemia incidence (s-phosphate <2mg/dL) within 35 days
of treatment, with secondary hypophosphatemia endpoints
of severe hypophosphatemia, time with hypophosphatemia,
and proportion of patients with hypophosphatemia10,11. The
primary endpoint showed there to be a significantly higher
incidence of all hypophosphatemia with FCM than IIM
(74.4% versus 8.0% with IIM; p< .0001)12. Incidence of severe
hypophosphatemia was also significantly higher with FCM
relative to IIM (11.3% versus 0.0%; p< .0001). Hematological
response was included as a secondary endpoint in the
PHOSPHARE RCTs and, based on the pooled analysis of both
trials, response per gram of infused iron was higher with IIM
than with FCM at 2.2 g/dL per gram versus 2.0 g/dL
per gram12.

Prior to the publication of the head-to-head PHOSPHARE
data, a number of indirect comparisons of the high-dose iron
formulations had been published based on various different
studies and endpoints in a mixture of different IDA sub-pop-
ulations. With regard to hematological response, in 2017
Aksan et al.13 published the findings of a Bayesian network
meta-analysis including five RCTs comparing the two high-
dose, rapid-administration iron formulations with iron
sucrose (IS) and oral iron in patients with IBD, reporting that
“no statistically significant difference was found when com-
paring FCM, [IIM] and [iron sucrose]”. In 2019, Pollock and
Muduma14 published a systematic literature review and fre-
quentist indirect treatment comparison (ITC) applying ran-
dom effects models and the Bucher et al.15 methodology to
four RCTs including over 3,500 patients with IDA of multiple
etiologies. The ITC found that the proportion of patients
experiencing hematological response was 8.5% higher with
IIM than FCM, but not significantly so (p¼ .089); however,
the same ITC reported a significantly higher change from
baseline hemoglobin with IIM relative to FCM (0.249 g/dL
higher with IIM; p¼ .006)15.

The objective of the present study was to evaluate the
cost-effectiveness of IIM relative to FCM in the treatment of
IDA from the perspective of a UK healthcare payer. Given the
secondary nature of the hematological endpoints in the
PHOSPHARE RCTs and the potential multiplicity and power-
ing issues associated with interpreting secondary endpoints,
the present analysis utilized the significant finding of a larger
change from baseline hemoglobin with IIM relative to FCM
from the 2019 ITC15. This estimate of hematological response
was used in concert with UK-specific cost data and patient-
level data to facilitate realistic modeling of key hematological
and bodyweight parameters. The analysis focused on
patients with IDA of all etiologies except those receiving dia-
lysis for CKD.

Methods

Model development

A patient-level simulation model was developed in the
programming language R version 3.6.1 (R Foundation for
Statistical Computing, Vienna, Austria) to model the cost-
effectiveness of IIM versus FCM from the perspective of a UK
healthcare payer (Figure 1)16. In line with technical guidance
from the National Institute for Health and Care Excellence
(NICE) Decision Support Unit, the patient-level simulation
approach was selected based on the non-linearity of the rela-
tionship between baseline hemoglobin, bodyweight and iron
need. Relative to an analytic modeling solution, the patient-
level simulation approach also simplified the incorporation of
stochastic variation into both patient characteristics and
model parameters17.

The model captured baseline distributions of hemoglobin
and bodyweight, a distribution of the change from baseline
hemoglobin correlated with baseline hemoglobin, and poso-
logical models of the two intravenous iron formulations
based on the dosing and administration schedules described

Generate patient cohort from sampled baseline 
beta distributions of hemoglobin and bodyweight

Generate and sample hemoglobin 
change distribution correlated with 

baseline hemoglobin

Calculate per-patient iron need based on 
simplified tables of iron need from SPCs

Calculate infusions required to address
iron need based on posological 

restrictions in SPCs

Calculate total cost of infusions
Calculate proportion of patients 

experiencing hematological response 
≥ 2 g/dL

Calculate cost per responder and number needed 
to treat to avoid a single infusion

EffectivenessCost

Figure 1. Model schematic.
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in the respective summaries of product characteristics
(SPCs)18,19. The only modeled differences between the two
simulation arms were the posological models for each of the
two iron formulations, and the significant difference of
þ0.249 g/dL (95% confidence interval: 0.072 to 0.426 g/dL;
p¼ .006) in the change from baseline hemoglobin with IIM
relative to FCM as reported in the ITC conducted by Pollock
and Muduma14. The non-significant difference of 8.5% in the
proportion of patients experiencing hematological response
with IIM versus FCM in the ITC was not used as a model
input, and therefore served as one means by which model
performance was validated. The use of patient-level data
(PLD) to establish appropriate measures of dispersion and
correlation was a critical aspect of the modeling approach as
incorrect or clinically implausible distributional assumptions
would have materially affected the calculation of both the
iron need and the proportion of patients experiencing hema-
tological response.

In the base case analysis, mean baseline patient character-
istics were based on weighted averages calculated from the
studies included in the ITC (weighted average hemoglobin
of 10.04 g/dL and bodyweight of 88.3 kg; Table 1)20–23.
Measures of dispersion around the means and the correl-
ation between baseline hemoglobin and change in hemoglo-
bin were aligned with PLD from a randomized controlled
trial (RCT) of IIM versus IS; in the base case analysis, PLD
from the PROVIDE RCT were used to parameterize trans-
formed 2-parameter beta distributions of bodyweight and
hemoglobin21. While untransformed beta distributions are
continuous and defined on the interval [0,1], as van Dorp
and Mazzuchi note, the transformation Y ¼ �log(X) trans-
forms the [0,1] support of X into the [0,1) support of Y
while maintaining the flexibility of X, thereby facilitating the
use of the distribution in non-bounded domains24 .The flexi-
bility of the distribution shape makes the transformed, non-
bounded beta distribution well-suited to matching specific
distributions obtained from PLD25.

Beta distributions around baseline hemoglobin and body-
weight were parameterized based on the PLD from PROVIDE.
The first shape “a” parameters were derived by minimizing
the sum of the square deviances of the beta quantile func-
tion probabilities at 2.5% and 97.5% from the 2.5% and

97.5% quantiles of the PLD using a function of the PLD
mean as the second shape “b“ parameter in the quantile
function. The second shape “b” parameters of the final beta
distributions were then calculated as a � ð1� lxÞ=lx where
lx was the ratio of the mean and maximum parameter val-
ues from the PLD. Deviance minimization was performed
using a combination of golden section search and successive
parabolic interpolation as implemented in the R optimize
function26. The base case analysis was run by simulating
100,000 patients in each arm, generated by drawing from
the parametric distributions around baseline characteristics
using the default Mersenne twister random number gener-
ator in R 3.6.127.

After assignment of baseline patient characteristics, the
iron dose required to correct the iron deficiency was calcu-
lated on a per-patient basis using the simplified tables of
iron need from the respective SPCs18,19. The number of infu-
sions needed to administer the required iron dose was then
calculated based on the posological specifications of the two
formulations as listed in the SPCs, with IIM being dosed up
to 20mg/kg in a single infusion, and FCM being dosed up to
1,000mg in a single infusion.

An inverse correlation between baseline hemoglobin and
the change from baseline hemoglobin after administration of
intravenous iron has been observed in numerous previous
RCTs such as Reinisch et al.28 A realistic correlation between
these model parameters was captured in the model using a
Pearson product-moment correlation coefficient (PPMCC) cal-
culated from the PLD from the PROVIDE RCT21. The hemo-
globin change distribution was sampled using an approach
in which the residuals from an ordinary least squares regres-
sion of baseline hemoglobin as a predictor of change from
baseline hemoglobin were combined with the PPMCC to cor-
relate the change distribution with the baseline distribution:

r ¼ residualsðlm Hb�dHbð ÞÞ
q ¼

P
Hb�lHbð Þ � dHb�ldHbð ÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

Hb�lHbð Þ2 �P dHb�ldHbð Þ2
q ,

dHbHb,q ¼ q � SD rð Þ � Hbþ
ffiffiffiffiffiffiffiffiffiffiffiffiffi
1� q2

p
� SD Hbð Þ � r

For each arm, the model reported mean baseline hemo-
globin, change from baseline hemoglobin, bodyweight, iron

Table 1. Characteristics of studies included in the indirect treatment comparison.
Trial Population N� Baseline

Hb (g/dL)†
Baseline

bodyweight (kg)†
Intervention Comparator Outcome

(primary endpoint)

Derman et al.
2017

IDA
Multiple causes

511 9.2 ± 1.4 86 ± 23 IIM
Simplified dosing

scheme

IS
Ganzoni

Proportion of patients with
hemoglobin increase
�2 g/dL from baseline to any
time between weeks 1 to 5.

Evstatiev et al.
2011

IDA
IBD

485 10.1 ± 1.5 NR FCM
Simplified dosing

scheme

IS
Ganzoni

Proportion of patients with
hemoglobin increase
�2 g/dL from baseline to
week 12.

Onken et al.
2014

IDA
NDD-CKD

2,584 10.31 ± 0.83 89.65 ± 24.75 FCM
1500mg

(750mg � 2)

IS
1000mg
(200mg � 5)

Highest change in hemoglobin
from baseline to day 56.

Mahey et al.
2016

IDA
HUB (IUB)

60 7.42 ± 1.23 56.4 ± 12.0 FCM
Ganzoni

IS
Ganzoni

Change in hemoglobin from
baseline to week 12.

Abbreviations. FCM, ferric carboxymaltose; HUB, heavy uterine bleeding; IBD, inflammatory bowel disease; IDA, iron deficiency anemia; IIM, iron isomaltoside/fer-
ric deriosmaltose; IS, iron sucrose; NDD-CKD, non-dialysis dependent chronic kidney disease; NR, not reported.�Total randomized, †Mean± standard deviation in intervention arm.
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need, number of infusions required, and cost of infusions, in
addition to standard deviations around all outcomes. From
these outputs, the model then derived the proportion of
patients experiencing hematological response (Hb change
�2 g/dL) and the cost per responder in each arm. Based on
these outcomes, the number needed to treat (NNT) to avoid
a single infusion was calculated, along with an incremental
cost-effectiveness ratio (ICER) expressed as an incremental
cost per additional responder.

Costs

Costs from a UK healthcare payer perspective (ultimately that
of the Department of Health) were based on healthcare
resource group (HRG) day case tariffs (Table 2) on the assump-
tion that iron infusions would be conducted as elective day
cases in the hospital setting. Given the national payer perspec-
tive, no market forces factor (MFF) was applied to the HRG tar-
iffs to tailor the analysis to a specific geography within the UK.

Sensitivity analysis

A series of sensitivity analyses were conducted to evaluate
the extent to which model outcomes were affected by

changes to individual model parameters. Sensitivity analyses
included using the lowest and highest HRG tariff values in
place of the weighted average in the base case; deriving the
distributional and correlative assumptions around baseline
hemoglobin, bodyweight, and change from baseline hemo-
globin from the NIMO study rather than the PROVIDE RCT29;
using the modified Ganzoni equation in place of the simpli-
fied tables of iron need to establish the per-patient iron
requirement; and changing the seed for the random number
generator used to generate the simulated cohort. This final
analysis was conducted to establish the sensitivity of model
outcomes to a systemic change in the random sequence
used for distribution sampling (i.e. model stability).

Results

The analysis of PLD from the PROVIDE RCT showed a strong
inverse correlation between baseline hemoglobin and
change from baseline hemoglobin, with lower baseline
hemoglobin values associated with larger increases in hemo-
globin after intravenous iron treatment (Figure 2). The
PPMCC was �0.708 and least squares regression yielded a
slope parameter of �0.619 with an intercept of 11.08 g/dL,
representing a strong linear relationship in which each

Figure 2. Scatterplot, least squares regression, and contour plot of the relationship between baseline hemoglobin and change from baseline hemoglobin in
patients in the PROVIDE randomized controlled trial20.

Table 2. Overview of iron deficiency anemia treatment activity and tariffs by healthcare resource group.
HRG code HRG name NHS Activity 2017-18 Combined day case / ordinary

elective spell tariff 2019-20 (GBP)

SA04G Iron Deficiency Anaemia with CC Score 14þ 3,523 1,062
SA04H Iron Deficiency Anaemia with CC Score 10-13 6,120 408
SA04J Iron Deficiency Anaemia with CC Score 6-9 13,327 335
SA04K Iron Deficiency Anaemia with CC Score 2-5 25,760 289
SA04L Iron Deficiency Anaemia with CC Score 0-1 26,693 257
Average tariff weighted by 2017-18 activity (GBP) 331.56

Abbreviations. CC, complication; GBP, 2019 pounds sterling.
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additional unit of baseline hemoglobin was associated with a
0.619 g/dL reduction in the change in hemoglobin following
intravenous iron treatment.

The base case analysis of 100,000 patients in each arm
showed that the simulated cohorts closely matched the dis-
tributional characteristics of the PLD from PROVIDE (Figures
2 and 3). The 0.249 g/dL difference across the distributions
informed by the ITC was maintained, resulting in average
post-treatment hemoglobin levels of 12.53 g/dL with FCM
versus 12.78 g/dL with IIM (Table 3 and Figure 4). The pro-
portions of patients experiencing a hemoglobin change
�2 g/dL were 69.98% with FCM versus 79.05% with IIM. The
average number of infusions per patient was 1.92 with FCM
versus 1.38 with IIM, a difference of 0.54 infusions per
patient, resulting in an NNT to avoid one infusion with IIM
relative to FCM of 1.85.

The total cost of infusions based on HRGs was GBP 637
with FCM versus GBP 458 with IIM, corresponding to a sav-
ing of GBP 179 per patient with IIM. The cost per patient
experiencing hematological response (�2 g/dL increase from
baseline hemoglobin) was GBP 910 with FCM versus GBP 579

with IIM representing a cost saving of GBP 331 per
responder with IIM.

Sensitivity analyses

The analysis of PLD from the NIMO real-world study yielded
results similar to those from the PROVIDE RCT data, showing a
strong negative correlation between baseline hemoglobin and
change from baseline. The PPMCC between baseline hemoglo-
bin and change from baseline hemoglobin was �0.589, with a
least squares regression analysis showing a slope parameter of
�0.593 with an intercept of 11.52 g/dL, closely aligned with
the regression analysis of the PROVIDE RCT PLD.

The analysis based on the NIMO distributional assump-
tions yielded very similar results to the base case, with the
difference in the proportion of responders dropping from
9.1% to 8.9% and the difference in costs increasing from a
saving of GBP 179 in the base case to a saving of GBP 189
with the NIMO data (Table 4). The analyses having the larg-
est effect on outcomes were the use of the Ganzoni equation

Figure 3. Scatterplot and least squares regression models of baseline hemoglobin and change from baseline hemoglobin distributions for iron isomaltoside and
ferric carboxymaltose in simulated patient cohorts of 100,000 patients in each arm.

Table 3. Hematological, posological, and economic results from the base case analysis of 100,000 simulated patients.
FCM IIM Difference

Baseline hemoglobin (g/dL) 10.04 10.04 0.00
Change from baseline hemoglobin (g/dL) 2.49 2.74 þ0.25
Proportion responding (%) 69.98 79.05 þ9.07
Hemoglobin after treatment (g/dL) 12.53 12.78 þ0.25
Iron infusions required per patient 1.92 1.38 �0.54
Total cost of infusions (GBP) 637.13 458.04 �179.09
Cost per responder (GBP) 910.45 579.45 �331.00
NNT to avoid one infusion 1.85
Incremental cost per responder (GBP) IIM dominant (cost saving and more effective)

Abbreviations. FCM, ferric carboxymaltose; IIM, iron isomaltoside/ferric derisomaltose; NNT, number needed to treat.
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to calculate iron need and using the highest HRG tariff cost;
switching to use the Ganzoni equation resulted in a reduc-
tion in both absolute and incremental costs, with savings
with IIM down to GBP 132 from GBP 179 in the base case,
while using the highest HRG tariff cost increased the cost
savings with IIM to GBP 574.

Discussion

Based on the findings of an ITC of IIM versus FCM and PLD
from a randomized study of patients with IDA, a patient-level
simulation model projected that IIM would be more effective

and cost-saving relative to FCM from the perspective of a UK
healthcare payer.

The present analysis had a number of strengths. The dis-
tributional assumptions employed in the model were
informed by PLD to ensure a clinically plausible simulation
with regard to distributions of baseline hemoglobin, baseline
bodyweight, change from baseline hemoglobin, and the cor-
relation between baseline hemoglobin and change from
baseline. The robustness of the modeling approach was also
a key strength; changing the entire patient-level dataset
from which the underlying distributional assumptions were
derived resulted in only a minor change in the mod-
eled outcomes.

Table 4. One-way sensitivity analysis results.
Proportion responding (%) Total cost (GBP) ICER (GBP/responder)

Analysis FCM IIM Difference FCM IIM Difference

Base case 69.98 79.05 þ9.07 637.13 458.04 �179.09 IIM dominant
Distributional assumptions from NIMO 69.28 78.16 þ8.88 657.28 468.04 �189.24 IIM dominant
Ganzoni equation 69.98 79.05 þ9.07 512.56 380.79 �131.76 IIM dominant
Infusion cost based on HRG SA04L (GBP 257) 69.98 79.05 þ9.07 493.84 355.03 �138.81 IIM dominant
Infusion cost based on HRG SA04G (GBP 1,062) 69.98 79.05 þ9.07 2040.72 1467.09 �573.62 IIM dominant
Random seed change 69.88 78.67 þ8.79 637.06 458.71 �178.35 IIM dominant

Abbreviations. FCM, ferric carboxymaltose; GBP, 2019 pounds sterling; HRG, healthcare resource group; ICER, incremental cost-effectiveness ratio; IIM, iron isomal-
toside.; NIMO, Non-interventional Monofer Study.

Figure 4. Kernel density plots showing sampled beta distributions of (A) baseline hemoglobin and (B) change from baseline hemoglobin parameterized using
patient-level data from the iron isomaltoside arm of the PROVIDE randomized controlled trial and the difference in change from baseline hemoglobin from an indir-
ect treatment comparison. (C) The final modeled hemoglobin distributions15,21. Abbreviations. FCM, ferric carboxymaltose; IIM, iron isomaltoside/ferric deriosmal-
tose; IV, intravenous.
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The analysis also had limitations that should be acknowl-
edged when interpreting the findings. The first was the reli-
ance on a single clinical differentiator between the two iron
formulations. While the source was an indirect treatment
comparison based on RCTs which included over 3,500
patients at the time of randomization, the studies were
diverse in terms of the etiology of IDA in the enrolled patient
populations, and the anchor to IIM via iron sucrose was
based on only one RCT, which included 511 patients at ran-
domization20. Regarding etiology, the Onken et al.21 study
included 2,584 patients with non-dialysis-dependent CKD
(NDD CKD) at the time of randomization and this was by far
the largest study included in the ITC. However, a subgroup
of patients with NDD CKD would likely be present in any suf-
ficiently large population of patients with IDA and, since the
present analysis evaluated the cost-effectiveness of a single
course of treatment for IDA, the cost-effectiveness profile of
IIM relative to FCM would not be expected to materially dif-
fer in patients with etiologies associated with recurrent or
chronic IDA; each course of treatment would have the same
underlying cost and effectiveness characteristics.

It is possible, even likely, that the significant difference in
change from baseline hemoglobin reported in the ITC arose
due to differences in dosing rather than any fundamental dif-
ferences in the efficacy of the iron formulations. A pooled
analysis of the hematological endpoints in the two
PHOSPHARE RCTs did show that the response per gram of
infused iron was significantly higher with IIM than FCM, but
all of the hematological endpoints were secondary and the
PHOSPARE study authors noted that they should be inter-
preted as exploratory12. Regardless of the exact response per
unit iron infused, real-world studies such as NIMO and RCTs
such as PROCEED have demonstrated that patients receiving
higher doses of a given iron formulation experience a
greater response28,29. The hematological aspects of the pre-
sent analysis were therefore predicated on a difference that
could potentially be abolished by increasing the dose of
FCM administered. This, however, serves to highlight the
other fundamental driver of the analysis: posology. In a
resource-constrained healthcare system, the posological dif-
ferences between the iron formulations may be a critical fac-
tor in determining the cumulative dose of iron administered.
The ability to administer >1,000mg of IIM in a single infu-
sion (in patients weighting >50 kg) may allow the iron deficit
to be addressed with a single infusion of IIM, while dosing
with FCM would be limited to 1,000mg per infusion. In cer-
tain patients, these differences result in patients either
receiving more infusions to correct the iron deficit with FCM
than IIM or, owing to resource constraints, the patient not
ultimately receiving a sufficient amount of iron to ameliorate
their iron deficiency.

In considering the number of visits required to correct
iron deficiency, it is important to consider other interactions
that patients may have with the healthcare provider at which
iron may be infused. IDA has multiple etiologies, and
patients with, for example, IBD, may be in frequent contact
with a clinician regarding other aspects of disease manage-
ment such as administration of infliximab, adalimumab, or

vedolizumab. In these instances, cost savings could, in the-
ory, be realized by combining multiple treatments or consul-
tations into the same visit, narrowing the difference in cost
between the iron formulations in specific etiological sub-
groups. Intravenous infusions of iron may indeed be charged
under an HRG corresponding to a primary diagnosis of, for
example, IBD, although the complication “index” for the HRG
is increased with a concomitant diagnosis of IDA in addition
to the underlying primary diagnosis. For instance, the NHS
National Casemix Office 2019/20 HRG Grouper shows a pri-
mary diagnosis of IBD combined with an OPCS code for
intravenous infusion would be billed under HRG FD02H,
associated with a unit cost of GBP 421 in 2018/19. With the
addition of IDA as a secondary diagnosis, the HRG changes
to FD02G, which was associated with unit cost of GBP 673 in
2018/19. The difference of GBP 252 is comparable to the
2019/20 tariff value for iron deficiency anemia without com-
plications (SA04L) of GBP 257.

Furthermore, patients with extremely low hemoglobin lev-
els would be likely to have more frequent interactions with
clinicians, including ongoing laboratory tests to confirm (or
otherwise) the persistence hemoglobin values in the normal
range. In line with the PLD from PROVIDE and NIMO, the
patient-level simulation included a small proportion of
patients with hemoglobin concentrations <7 g/dL. However,
further to the above point on the etiology of IDA, the pre-
sent analysis focused on the cost-effectiveness of a single
course of treatment for IDA, the drivers of which would not
be expected to change between courses of treatment in
patients with chronic or recurrent IDA. While patients with
low hemoglobin may also be undergoing more frequent rou-
tine monitoring at which iron could be simultaneously
infused, the charges for iron infusions and routine monitor-
ing would either fall under different HRG tariffs or be billed
under tariffs with higher complication indices, at least par-
tially mitigating the potential for cost savings from the
national payer perspective, and hence also reducing any
potential effect on the findings of the analysis.

Finally, the present analysis did not capture costs of
sequelae of IDA, which would be anticipated to be equiva-
lent regardless of the iron formulation in use, or of adverse
events following iron infusion, where there is a growing base
of evidence to suggest that differences do exist between the
iron formulations. Recent studies such as the PHOSPHARE
RCTs have shown that FCM results in a significant increase in
the incidence of hypophosphatemia relative to IIM, while a
recent evidence synthesis effort based on prospective studies
including over 8,000 patients has shown that there may also
be an increased risk of serious or severe hypersensitivity
reactions with FCM relative to IIM12,30. Future modeling
efforts could capture the incidence and consequences of
these adverse events in addition to the initial administration
costs of the iron formulations.

Conclusions

The present analysis showed that using IIM rather than FCM
in patients with IDA is cost-effective and would be expected
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to reduce the number of iron infusions required to correct
iron deficiency, thereby reducing the costs associated with
IDA treatment and simultaneously increasing the proportion
of patients with IDA experiencing a clinically meaningful
hematological response.
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