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ABSTRACT

Introduction: The incidence of inflammatory
bowel disease (IBD) in Denmark is among the
highest in the world, with Crohn’s disease and
ulcerative colitis occurring at rates of 9.1 and
18.6 per 100,000 person-years respectively in
2010-2013. Anemia is the most prevalent
extraintestinal complication of IBD, most com-
monly caused by iron deficiency. In treating
IBD-associated iron deficiency anemia (IDA),
intravenous iron is more effective and better
tolerated and shows a faster response than oral
iron. The present study evaluated resource use
and costs associated with using iron isomal-
toside (Monofer; IIM) versus ferric carboxymal-
tose (Ferinject; FCM) in patients with IDA and
IBD in Denmark.

Methods: A budget impact model was devel-
oped to evaluate the cost of [IM compared with
FCM from a Danish healthcare payer perspec-
tive. Iron deficits were modeled using dosing
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tables and a joint distribution of bodyweight
[mean 75.4 kg, standard deviation (SD) 17.4 kg]
and hemoglobin (mean 10.8 g/dL, SD 1.4 g/dl)
based on observational data from patients with
IBD. Retreatment frequency was modeled using
a pooled retrospective analysis of randomized
trial data, and costs were modeled using diag-
nosis-related groups with an outpatient infu-
sion cost of DKK 2855.

Results: Using IIM required 1.2 infusions (per
treatment) to correct the mean iron deficit
compared with 1.6 with FCM. Treating 2.54
patients with IIM would therefore avoid one
infusion compared with FCM. Patients using
[IM required multiple infusions in 25.0% of
cases compared with 64.3% with FCM. Over
5 years, total estimated costs were DKK 21,406
per patient with IIM compared with DKK
28,137 with FCM, corresponding to savings of
DKK 6731 with IIM.

Conclusion: Using IIM in place of FCM mark-
edly reduced the number of iron infusions
required in patients with IBD and IDA in Den-
mark. The reduction in infusions was accom-
panied by reductions in cost compared with
FCM.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a collection
of disorders characterized by chronic relapsing
intestinal inflammation [1]. Crohn’s disease
(CD) and ulcerative colitis (UC) are the most
prevalent subtypes of IBD [1]. In Denmark, the
incidence of IBD has markedly increased over
the past few decades. Between 1980 and 2012,
the incidence of CD increased from 5.2 per
100,000 to 9.1 per 100,000, while the incidence
of UC increased from 10.7 per 100,000 to 18.6
per 100,000 [2]. Although the incidence of IBD
has also increased globally, Denmark has
among the highest incidence rates of IBD in the
world [3].

Data on the overall economic burden of IBD
in Denmark are scarce, but the EC-IBD study,
published in 2006, reported that the overall
costs associated with IBD in Denmark were the
highest of the nine countries (eight in Europe
and Israel) included in the study [4]. The mean
annual cost of total health care and hospital-
ization in Denmark was € 3705 per patient,
although this varied substantially between
patients with a standard deviation of € 8720 and
costs at the 10th and 90th percentiles of € 128
and € 11,421, respectively[4].

Iron deficiency anemia (IDA) is a common
extraintestinal complication of IBD, arising
from a combination of ongoing blood loss from
the intestinal mucosa and impaired absorption
of micronutrients such as iron and B12 [5]. IDA
is diagnosed using a combination of hemoglo-
bin (Hb) and ferritin levels; the World Health
Organization defines anemia as Hb concentra-
tions < 13 g/dl (7.7 mmol/l) in men or < 12 g/dl
(7.4 mmol/l) in non-pregnant women [6].
Serum ferritin concentrations < 30 pg/l then
confirm a diagnosis of ID in patients without
clinical, endoscopic or biochemical evidence of
active disease, while concentrations up to
100 pg/l may be indicative of ID depending on
other factors such as chronic inflammation [7].

Due to the potential for exacerbation of
gastrointestinal side effects and the malabsorp-
tion of oral iron, intravenous (IV) iron is the
first-line treatment in patients with clinically
active IBD, intolerance to oral iron or

hemoglobin levels < 10 g/dl. IV iron is more
effective, shows a faster response and is better
tolerated than oral iron in these patients [7].
Numerous IV iron formulations are available,
including iron isomaltoside (Monofer, Pharma-
cosmos A/S, Holbaek, Denmark; IIM) and ferric
carboxymaltose (Ferinject, Vifor France SA,
Victor, France; FCM), which differ in their
posologic characteristics. For instance, IIM can
be dosed up to 20 mg/kg bodyweight in a single
infusion, while FCM can be dosed up to a
maximum of 1000 mg in a single infusion. The
objective of the present analysis was to evaluate
how these differences in posology affect the cost
and resource use implications of using IIM
compared with FCM in the treatment of IDA in
patients with IBD from the perspective of a
Danish healthcare payer.

METHODS

A cohort-level budget impact model (BIM) of
iron deficiency and iron delivery was developed
in Microsoft Excel (Microsoft Corp., Redmond,
WA, USA) to characterize the resource use and
costs associated with using IIM compared with
FCM in patients with IBD and IDA from the
perspective of a Danish healthcare payer. No
head-to-head trials have yet been completed
that directly compare the efficacy of IIM and
FCM, but a recent network meta-analysis based
on randomized trials of IV iron in patients with
IBD concluded that there was no statistically
significant difference in hematologic response
with FCM, IIM and iron sucrose [8]. In line with
this meta-analysis and a previous health eco-
nomic analysis of IIM and FCM, the present
analysis was conducted based on the assump-
tion that the iron formulations were equivalent
in terms of safety and efficacy [8, 9]. The present
study did not include any studies of human
participants or animals performed by any of the
authors.

Model and Scenarios Analyzed

The BIM was structured in two parts: an iron
deficiency model designed to model the iron
deficiency in a given population of patients

I\ Adis



2130

Adv Ther (2018) 35:2128-2137

Iron deficiency model
(cohort specific)

Mean (SD) iron deficiency
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Simplified table approach
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Modified Ganzoni equation
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Fixed dosing

Mean number of infusions required to address iron deficiency

Fig. 1 Budget impact model schematic showing the interaction between the iron deficiency and iron supply models to

calculate the mean number of infusions required to address the iron deficiency

with IBD and IDA and an iron supply model
designed to model the number of infusions of
each IV iron formulation required to supply
enough iron to correct the modeled deficit
(Fig. 1).

The iron deficiency model included three
different approaches to calculating the iron
deficiency: a simplified dosing table (Table 1), a
modified version of the Ganzoni formula (Eq. 1)
or a normal distribution of the average iron
deficiency in milligrams. The European Crohn’s
and Colitis Organisation (ECCO) recommends
using simplified dosing tables to establish the
appropriate iron dose in patients with IDA
associated with IBD [7]. Treating patients in line
with the Ganzoni formula has been shown to
result in low serum ferritin levels (< 100 pg/l) in
patients with IBD and is considered to be

Table 1 Simplified dosing table used in the base case
analysis showing the total recommended iron dose by
bodyweight and hemoglobin concentration

Bodyweight
50-70 kg (mg) 2 70 kg (mg)
Hb (g/dl)
> 10 1000 1500
<10 1500 2000

impractical to use in routine clinical practice;
the modified Ganzoni equation was therefore
used exclusively for the purposes of sensitivity
analysis [10, 11]. The simplified table dose cal-
culation approach was therefore selected for use
in the base case analysis.

Equation 1 Modified Ganzoni Formula

Iron deficit (mg) = weight (kg) - [15 — Hb (g/dL)] - 2.4 + 500

(1)

When using the simplified table approach or
modified Ganzoni formula, the iron deficiency
model distributed the cohort over bivariate
lognormal distributions of bodyweight and
hemoglobin in line with techniques employed
by dosing models in other disease areas [12].
The bodyweight and hemoglobin distributions
were assumed to be independent based on the
mixed evidence identified in a 2011 systematic
literature review and meta-analysis in which
four out of ten cohorts showed a significant
association between obesity and hemoglobin
concentrations (compared with mnon-obese
control subjects), while no significant associa-
tion was identified in the remaining six cohorts
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[13]. When using an average iron deficiency
distribution, the same bodyweight distribution
was used to inform dosing limits, without the
need for a corresponding hemoglobin distribu-
tion to inform the dosing models.

The iron supply model consisted of simple
models of the ability of each comparator to
address the iron deficit. IIM was modeled based
on a maximum dose of 20 mg/kg bodyweight,
while FCM was able to dose up to a maximum
of 1000 mg in a single dose, in line with the
summaries of product characteristics [14].

Budget impact analyses consisted of pairwise
head-to-head comparisons of IV iron in which
the “with IIM” scenario modeled IIM at 100%
market share, while the “without I[IM” scenario
assumed 100% market share for FCM. Model
outputs included the projected mean number of
infusions required per patient, the mean num-
ber of patients requiring more than one infu-
sion, and the absolute and incremental costs in
the “with I[IM” and “without IIM” scenarios. The
model also calculated a “number needed to
treat” (NNT), which represented the projected
number of patients with IBD who would need
to be treated with IIM to avoid one infusion
with FCM.

Population and Cohort Characteristics

The bodyweight and hemoglobin distributions
were based on a subgroup of patients with
anemia and IBD in the Non-Interventional
Monofer® (NIMO) study, a prospective, obser-
vational, multicenter study in patients with IDA
and IBD [15]. Patients in the anemic subgroup
had a mean bodyweight of 75.4 kg (SD 17.4 kg)
and hemoglobin levels of 10.8 g/dl (SD 1.4 g/
dl). The hemoglobin and bodyweight distribu-
tions were not covaried based on the assump-
tion of independence. A minimum bodyweight
of 50 kg was assumed in line with the lowest
bodyweight threshold listed in the IIM sum-
mary of product characteristics, and the analysis
was therefore restricted to patients with IBD
weighing 50 kg or more. The lognormal body-
weight distribution was truncated by mirroring
the distribution around the minimum, as pre-
viously reported [14, 16].

The continuous and/or recurrent blood loss
in patients with IBD combined with reduced
iron absorption typically necessitates multiple
iron treatments in those patients who experi-
ence IDA. In the model, all patients were
assumed to require retreatment, and the fre-
quency of repeat treatments was captured based
on a retrospective analysis of data pooled from
observational follow-up data from three ran-
domized clinical trials. In the pooled analysis,
the median time to recurrence of anemia was
10 months [95% confidence interval (CI) 8—
12 months], which was used as the interval
between iron treatments in the base case [17].
Sensitivity analysis was conducted in which the
median time to retreatment of 16 months (95%
CI 7-24 months) [17]. Probabilistic sensitivity
analysis (PSA) was conducted to capture uncer-
tainty around the retreatment frequency by
sampling from a normal distribution around
the average 10-month interval with a standard
error of 1.02 months (the width of the confi-
dence interval divided by 3.92). One thousand
model iterations were conducted in the PSA,
which reported the median, interquartile range,
minimum and maximum cost differences
between IIM and FCM.

The base case analysis focused on the bud-
getary implications of using IIM in place of FCM
in a single patient. In the interests of evaluating
the budget impact across the whole population,
a top-down approach was used to estimate the
size of the Danish IBD population with IDA who
would be eligible to receive IV iron treat-
ment (Fig. 2). The Danish population size of
5,785,864 was taken from the 2018 Q2 Dan-
marks Statistik estimate for all of Denmark [18].
Estimates of the Danish prevalence of CD and
UC (151 and 294 per 100,000 population,
respectively) were then taken from a 2006 study
by Jacobsen et al. [19], which was the most
recent prevalence estimate identified in recent
epidemiologic reviews of IBD by Molodecky
et al. and Burisch et al. [20, 21]. Finally, esti-
mates of the proportion of patients with IBD
and anemia (24%) and the proportion of ane-
mic IBD patients with iron deficiency (57%)
were taken from a systematic review by Filmann
et al. [22]. The resulting population size esti-
mate was then treated as a closed cohort over
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Of which having anemia 6,179

based on Filmann et a/ 2014

Danish population size 5,785,864

Ulcerative collitis and Crohn's disease prevalence of 0.151% and 0.294%,
respectively, based on Jacobsen et a/. 2006

Patients with inflammatory bowel disease in Denmark 25,747

Proportion of patients with inflammatory bowel disease and any form
of anemia (24%) based on Filmann et a/, 2014

Proportion of patients with anemia who were also iron deficient (57%)

Of which also have iron deficiency 3,522

Fig. 2 Top-down estimation of the size of the Danish patient population with inflammatory bowel disease

the 5-year time horizon in an analysis assuming
all patients would be treated with IV iron in line
with ECCO guidelines [7].

Costs, Time Horizon and Discounting

The budget impact of IIM versus FCM was
evaluated over a 5-year time horizon. A diag-
nosis-related group (DRG)-based approach was
used to capture the costs of each infusion,
specifically utilizing an outpatient DRG (for-
merly the “Dansk ambulant grupperingssystem”
or Danish outpatient grouping system) tariff for
iron infusion of DKK 2855. No other costs of
IBD treatment were captured in the analysis
based on the assumption that other ongoing
treatment costs would be independent of the
iron formulation in use, and the iron formula-
tion costs would be covered by the DRG cost.
Future costs were not discounted in the base
case analysis in line with budget impact mod-
eling guidelines from the International Society
for Pharmacoeconomic and Outcomes Research
(ISPOR) [23].

Sensitivity Analyses

A series of one-way sensitivity and scenario
analyses was conducted to establish the extent

to which changes in key input parameters
changed the modeled outcomes. The analysis
time horizon was changed from 5 years in the
base case to 1 and 3 years in two separate sen-
sitivity analyses, both assuming the same
number of IV iron treatment courses per year as
the base case. The mean cohort bodyweight of
75.40 kg in the base case was changed to log-
normal distributions with expected values of
635, 70, 75, 80 and 85 kg, each with an assumed
standard deviation of 25% of the mean. A mean
bodyweight of 82.36 kg (SD 22.47 kg) was also
analyzed based on the average bodyweight
across six RCTs included in a review of RCTs in
patients of various IDA etiologies published by
Koch et al. [10]. The modified Ganzoni formula
(Egq. 1) and the mean iron deficit modeling
approaches were used in place of the simplified
dose table approach employed in the base case.
In the mean iron deficit approach, the iron
deficit distribution was based on a pooled mean
and SD from the studies included in the Koch
et al. review [10].

RESULTS

Using [IM required 1.2 infusions per patient to
correct the mean iron deficit compared with 1.6
with FCM (Fig. 3a). Patients using IIM required
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Mean number of infusions per
treatment course

Ferric carboxymaltose

b 100%

80%

60%

40%

20%

Proportion of patients requiring multiple
infusions

0%
Ferric carboxymaltose

-61.1%

Iron isomaltoside

Iron isomaltoside

Fig. 3 Mean number of infusions per patient and proportion of patients requiring multiple infusions

multiple infusions in 25.0% of cases compared
with 64.3% of patients with FCM (Fig. 3b).
Based on a DRG-based costing methodology,
total costs per patient over 5 years were esti-
mated to be DKK 21,406 per patient with IIM
compared with DKK 28,137 with FCM, corre-
sponding to a saving of 23.9% compared with

FCM (Table 2). The NNT to avoid a single infu-
sion with IIM was 2.54 compared with FCM.
Sampling around the retreatment frequency
showed changes in the magnitude of the cost
savings (Fig. 4). Savings with IIM compared
with FCM ranged from 7.6 to 38.3%, and mean
percentage cost savings were consistent with
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Table 2 Base case budget impact outcomes expressed as
the cost per treated patient per year

DRG-based cost  Incremental
(DKK) cost of IIM
DKK %
Iron isomaltoside 21,406
Ferric 28,137 — 6731 — 239
carboxymaltose

DKK 2017 Danish krone, DRG diagnosis-related group,
IIM iron isomaltoside

the deterministic analysis at 23.8% with [IM
compared with FCM (SD 5.0%).

One-way sensitivity analysis showed that
cohort bodyweight assumptions did not affect
the directionality of the outcomes, but did have

a notable effect on the magnitude of the cost
savings (Table 3). Specifically, cost savings with
IIM increased with increasing mean cohort
weight. Switching from the base case iron defi-
cit calculation approach based on a simplified
dosing table to a population mean approach
and the Ganzoni formula increased cost savings
with IIM compared with FCM (Table 3). Using
the Ganzoni formula increased the cost savings
with IIM compared with FCM to DKK 10,313 or
33.9% (from savings of DKK 6731 or 23.9% in
the base case). Similarly, the average iron defi-
cit-based approach increased cost savings com-
pared with FCM to DKK 8085 (24.5%) from DKK
6731 (23.9%) in the base case. Both alternative
dosing approaches resulted in increases in the
absolute costs associated with iron replacement
(Table 3).

[ T T T
-14,000 -12,000 -10,000 -8,000

T T ! 1
-6,000 -4,000

Savings per patient with [IM relative to FCM over 5 years (DKK)

Fig. 4 Box and whisker plot of percentage savings with iron isomaltoside compared with ferric carboxymaltose over 1000

model iterations showing the median, interquartile range (shaded), minimum and maximum savings

Table 3 One-way sensitivity analyses around the base case analysis

Analysis FCM costs (DKK) IIM costs (DKK) IIM difference (DKK) IIM difference (%)
Base case 28,137 21,406 — 6731 — 239
Ganzoni formula-based dosing 30,440 20,127 — 10,313 — 339
Average iron deficit-based dosing 33,014 24,929 — 8085 — 245
1 year time horizon 5627 4281 — 1346 — 239
3 year time horizon 16,882 12,844 — 4039 — 239
65 kg bodyweight 24,749 21,305 — 3444 ~ 139
70 kg bodyweight 26,315 21,356 — 4959 — 18.8
75 kg bodyweight 27,858 21,274 — 6584 — 236
80 kg bodyweight 29,262 21,060 — 8203 — 280
85 kg bodyweight 30,459 20,737 — 9722 - 319
16 month retreatment interval 18,758 14,271 — 4488 — 239

DKK 2017 Danish krone, FCM ferric carboxymaltose, IIM iron isomaltoside
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The top-down approach to estimating the
eligible IBD population size with anemia and
iron deficiency in Denmark yielded an estimate
of 3522 patients across the whole of Denmark
(Fig. 2). Over a S-year period, assuming all
patients were treated with FCM and would
switch to IIM, total cost savings would be DKK
23.7 m, with costs decreasing from DKK 99.1 m
with FCM to DKK 75.4 m with IIM.

DISCUSSION

In patients with IBD and IDA, using IIM in place
of FCM reduced the mean number of infusions
(and the associated costs) required to correct the
iron deficit by 23.9%. The modeling analysis
showed that the number of infusions and cost
difference increased with increasing average
bodyweight, and no sensitivity analyses funda-
mentally altered the conclusions of the base case.

The analysis may have been conservative
from the perspective of routine clinical practice;
the modeled cohort was based on the anemic,
IBD subgroup in the NIMO Study, and yet the
modeled outcome of a 25% repeat visit rate with
IIM differed substantially from the repeat
treatment rate of 5% observed in the NIMO
study [15]. This was likely driven by the low
mean iron dose administered in the NIMO
study (1010 mg). Indeed, the authors noted that
this fell substantially below the average of
1363 mg that would have been administered
according to the simplified dosing table as
modeled in the present analysis. Furthermore,
27% of patients still had anemia after treatment
in the NIMO study, suggesting that dosing in
routine clinical practice was insufficient to fully
address the iron deficiency. The discrepancy in
the repeat visit estimates could therefore be
explained by the assumption in the present
model that all patients would receive exactly
the dose recommended by the simplified dosing
tables. Other recent data from NIMO show that
patients receiving doses > 1000 mg having 65%
lower odds of needing iron retreatment than
patients receiving 1000 mg (p = 0.001), which
would support the explanation of the discrep-
ancy between the modeled outcomes and the
NIMO study outcomes [15].

One potential limitation of the model was
the lack of “clinical discretion modeling” in
determining the need for subsequent iron
infusions. For instance, in a patient with a
bodyweight of 71 kg and hemoglobin level of
10 g/dl, the simplified dosing tables for IIM or
FCM both specify an iron requirement of
1500 mg. At an IIM dose of 20 mg/kg, a maxi-
mum of 1420 mg of iron could be administered
to the patient and the model would therefore
report a requirement of two infusions, one of
1420 mg and one of 80mg. In practice, the
clinician may decide that a dose of 1420 mg
(95% of the calculated requirement) would be
sufficient and that no subsequent infusion
would be required. This approach may therefore
somewhat mitigate the effect of the conser-
vatism introduced by modeling exactly in line
with the treatment guidelines; however, this
effect was applied across both iron formulations
and hence would be unlikely to drive any sub-
stantive incremental differences between
comparators.

While the present study represents the sec-
ond published budget impact analysis of IIM in
patients with IDA and IBD from a national payer
perspective, a previous study has reported find-
ings of a cost-minimization analysis of IIM in the
UK hospital setting [9, 24], and previous analyses
of the budget impact of parenteral iron have
broadly agreed with the findings of the present
analysis with regard to FCM. When interpreting
the findings of a budget impact analysis, the
payer perspective is an important consideration;
here, the use of a DRG-based analysis ultimately
gives cost estimates from the perspective of the
Danish Ministry of Health (Sundheds-og
Aldreministeriet). The hospital at which the
outpatient infusion takes place charges the DRG
tariff to one of Denmark’s five regional health
authorities, which are in turn funded (predom-
inantly) by the Ministry of Health [25]. The
actual costs borne by the hospital, including IV
iron drug costs, nurse time, infusion center
running costs, giving sets, cannulas and dress-
ings, may vary; from the hospital perspective,
the DRG tariff represents the income for each
infusion rather than the expenditure.

The reductions in infusions modeled in the
present analysis with IIM compared with FCM
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show that improvements in patient throughput
could also be achieved by the use of different IV
iron formulations. Specifically, treating 2.54
patients with IBD with IIM rather than FCM
would result in one avoided infusion. Further-
more, the improvements with IIM would be
accompanied by substantial reductions in the
direct costs of treatment, saving DKK 6731 per
patient compared with FCM over 5 years.

The healthcare payer perspective combined
with the exclusive use of DRG-based cost esti-
mates yielded an analysis that is likely to be
particularly conservative compared with other
perspectives. Given that reduction in infusion
center visits was the primary driver of the
analysis, indirect costs borne by other payers,
such as patient transportation costs, infusion
center running costs and costs of lost workplace
productivity, would probably substantially
amplify the savings from any given broader
perspective. These costs may be considered in
future analyses.

CONCLUSIONS

IIM is the only fast-infusion IV iron formulation
that can be administered in doses exceeding
1000 mg iron (20 mg/kg bodyweight). As a
direct corollary of this potential for fast infu-
sion, using IIM in place of FCM was projected to
result in reductions in the number of infusions
required to correct iron deficits in patients with
IBD and IDA. Just 23.9% of patients required
multiple infusions with IIM compared with
64.3% with FCM. The reduction in infusions
resulted in corresponding reductions in cost
with IIM compared with FCM over 5 years.
Based on a DRG costing of the IV iron therapies,
IIM should represent the iron replacement
therapy of choice in patients with IBD and IDA
in the Danish setting.
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