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Abstract

Background and Objective Iron deficiency is the most common cause of anemia. We compared the effect of ferric carboxy-
maltose (FCM), low-dose intravenous (IV) iron (LDI), and iron sucrose on total cost of care in patients with iron-deficiency
anemia (IDA) from a US health plan perspective.

Methods We conducted a retrospective claims analysis using the IQVIA PharMetrics Plus database. Patients with index
(first) claims of FCM and LDI and a medical claim associated with IDA between 1 January 2017 and 31 December 2019
were included. Monthly total healthcare and inpatient and outpatient costs after receiving index IV iron for patients in the
treatment cohorts were compared using a generalized linear model with gamma distribution and log-link.

Results The overall study cohort included 37,655 FCM, 44,237 LDI, and 27,461 iron sucrose patients. Mean per-patient-per-
month numbers of IV iron infusions for FCM, LDI, and iron sucrose were 0.20, 0.34, and 0.37, respectively. Compared with
baseline, the FCM group had greater reductions in the number of hospital admissions and smaller increases in the number
of outpatient visits in the 12 months post-1V iron therapy than LDI and iron sucrose, translating to significantly lower total
healthcare cost (post-index adjusted cost ratio for total cost: 0.96 and 0.92, respectively; both P < 0.0001).

Conclusions Higher drug acquisition cost of FCM relative to LDI and iron sucrose was offset by significantly lower inpatient
and outpatient costs in the 12 months post-IV iron therapy. These results support the economic value of FCM for patients
with IDA receiving IV iron therapy.

Plain Language Summary

Iron deficiency is one of the most common causes of anemia. Patients with iron deficiency anemia (IDA) may require IV
iron replacement therapy. This study was a retrospective claims analysis that utilized medical and pharmacy claims from
the IQVIA PharMetrics Plus database. We found that ferric carboxymaltose (FCM), a high-dose formulation of I'V iron that
delivers up to 1500 mg per course of treatment, was associated with lower inpatient and outpatient costs than low-dose IV
iron formulations (LDI) in the 12 months following treatment, offsetting its higher drug acquisition cost relative to LDI.
Analysis of subgroups with chronic conditions (cancer, chronic kidney disease, and heart failure) showed greater levels of
cost reductions with use of FCM than in the overall study cohort. Findings from this real-world analysis are consistent with
previous studies, indicating that FCM was a cost-effective treatment option for IDA.

1 Introduction
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Iron deficiency anemia is often undertreated and associ-
ated with high economic burden.

This study showed ferric carboxymaltose (FCM) was
associated with lower inpatient and outpatient cost than
low-dose iron formulations (LDI) and iron sucrose,
offsetting its higher drug acquisition cost and resulted
in lower total healthcare resource utilization in the 12
months after treatment.

This study demonstrates the economic value of FCM and
supports its coverage for the treatment of IDA.

associated with iron-deficiency anemia (IDA) [1, 2]. IDA
may affect a patient’s quality of life (QOL) if left untreated
[3]. There are several chronic diseases, including cancer,
heart failure (HF), and chronic kidney disease (CKD), in
which IDA may present as a comorbidity [4].

In patients with cancer, iron deficiency with and without
anemia occurs in 42% of patients with solid or hematologic
malignancies [5]. IDA is a frequent complication at both
diagnosis and during treatment [2]. The bioavailability of
iron is often reduced due to the inflammatory process of
cancer or treatment with chemotherapy [2]. Iron deficiency
in patients with cancer leads to the onset or exacerbation of
preexisting anemia with an array of clinical consequences
as well as a worsening of QOL [2]. Current treatment guide-
lines recommend monitoring iron and iron replacement in
patients with cancer [2]. The goal of treatment in these
patients is to increase iron while reducing the need for blood
transfusions, which are associated with an increased risk of
infections [2].

In patients with HF, the prevalence of IDA is approximately
50% and it is associated with an increased risk of hospitaliza-
tion and mortality [6]. Cardiac tissue is sensitive to the reduced
iron availability, and IDA is hypothesized to impact HF patho-
physiology [7-9]. The 2022 American Heart Association/
American College of Cardiology/Heart Failure Society of
America (AHA/ACC/HFSA) guidelines recommend IV iron
replacement for patients with HF and iron deficiency, with or
without anemia, to improve QOL and exercise capacity [10].
Due to poor absorption and inadequate repletion of iron stores,
oral iron supplements are not adequate to treat IDA in patients
with HF [10].

IDA is also a frequent complication in patients with CKD
[3, 11]. With their deteriorating kidney function, medications,
and dietary restrictions, patients may develop iron deficiency,
which reduces iron supply to the bone marrow [3]. The preva-
lence of IDA increases with the severity of kidney disease,
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with approximately 50% of patients with CKD diagnosed with
anemia. Many patients with CKD, especially those receiving
hemodialysis, may require additional iron, usually adminis-
tered by infusion [3]. If left untreated, IDA in patients with
CKD affects their responsiveness to erythropoiesis-stimulating
agents.

IDA is associated with an increased economic burden [12].
The goal for treating the underlying physiological cause of
IDA with supplemental iron is to normalize Hgb concentra-
tions, replenish iron stores, and improve QOL, symptoms, and
prognosis of chronic diseases [4]. In addition to addressing
the underlying causes of IDA, intravenous (IV) iron therapy is
often required for patients with IDA who have chronic diseases
and those who are not responsive to or who cannot tolerate
oral iron [4, 5, 8, 10]. Current IV iron therapies available in
the USA include high-dose IV iron formulations such as ferric
carboxymaltose (FCM), ferumoxytol, and ferric derisomaltose,
and low-dose IV iron (LDI) formulations such as iron sucrose,
iron dextran, and sodium ferric gluconate complex in sucrose
[13]. High-dose IV iron formulations allow patients to receive
more iron with fewer infusions than LDI and have been shown
to allow more patients to achieve normal serum Hgb levels
than LDI [1].

Due to the price differential between high-dose IV iron for-
mulations and LDI, data on the cost consequences of IV iron
therapy would be informative to population health decision-
makers as they manage healthcare budgets and make formu-
lary decisions. The objective of this study was to compare the
effect of FCM and low-dose IV iron therapy on the total cost
of care in patients with IDA from a US commercial health
plan perspective.

The choice of using FCM as the main product was made
because FCM was the most commonly used high-dose I'V iron
in the USA during the study design and data collection period.
The prevalence of FCM use in real-world clinical practices
made the study findings more applicable to a broader patient
population and made inferences about specific subpopulations
of patients.

2 Methods
2.1 Study Design and Participants

This retrospective claims analysis utilized medical and
pharmacy claims from the IQVIA PharMetrics Plus data-
base (IQVIA, Durham, NC, USA), from 01/01/2017 to
31/12/2019. IQVIA PharMetrics Plus is a longitudinal
health plan database comprising deidentified medical
and pharmacy claims data among commercially insured
patients and a small portion of Medicare and Medic-
aid patients in the USA [14]. Data in the database are
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deidentified and compliant with the Health Insurance
Portability and Accountability Act. Patients with an index
claim of FCM or LDI (including iron sucrose, iron dex-
tran, sodium ferric gluconate complex in sucrose) between
1 January 2017 and 31 December 2019 were included
(Online Resource Supplementary Fig. 1). The index date
was the date of their first claim for IV iron. Patients were
required to have continuous enrollment for > 6 months
before the index date and > 12 months after the index
date and at least one medical claim associated with IDA
(ICD10: D50.x) during the study observation period.
Patients who had a medical claim for CKD stage 5 (ICD10,
N18.5) and end-stage renal disease (N18.6) or dialysis
[Healthcare Common Procedure Coding System Current
Procedural Terminology (HCPCS CPT) 90935-90999]
during the 6-month period before the index date were
excluded.

Patients treated with FCM were compared with a cohort
of patients treated with LDI, which included iron sucrose,
iron dextran, and sodium ferric gluconate complex in
sucrose. Additionally, a subanalysis was completed in
which patients treated with iron sucrose were extracted
from the LDI cohort for a comparison with FCM. Patients
in the FCM cohort were required to receive a second dose
of FCM within 21 days of the index date. Patients were
excluded in the FCM cohort if they had received other
IV iron infusions during the 6-month period before their
index date. Patients were excluded in the LDI and iron
sucrose cohorts if they had received FCM, ferumoxytol, or
other IV iron infusions during the 6-month period before
their index date. Ferric derisomaltose was not available in
the USA during the study period.

Analyses were performed in the overall population
and in subgroups of patients with cancer, HF, and CKD.
In the cancer subgroup, patients were required to have a
medical claim associated with a cancer diagnosis (ICD10:
C00.X-C96.X) in the 6-month period before their index
date, respectively. Similarly, in the HF subgroup, patients
were required to have a medical claim associated with a
HF diagnosis (ICD10: 150.1-150.9) in the 6-month period
before their index date, respectively. The CKD subgroup
included patients with a medical claim associated with a
CKD diagnosis (ICD10: N18.1-N18.5) in the 6 months
prior to index IV infusion. These patient subgroups were
not mutually exclusive.

2.2 Outcomes and Statistical Analysis

Healthcare resource use data were summarized on a per-
patient-per-month (PPPM) basis for the FCM group and
compared with the LDI and iron sucrose groups using
t-tests and logistic regression analysis. Descriptive statis-
tics were used to summarize the differences in monthly

total healthcare cost before and after index IV iron therapy.
Because cost data are skewed, monthly healthcare costs after
receiving index IV iron were compared using a generalized
linear model with gamma distribution and log-link func-
tion [15]. The patient costs were divided into the following
five mutually exclusive groups: inpatient, emergency room
(ER), outpatient (IV iron infusion and related costs), out-
patient other costs (excluding IV iron infusion and related
costs), and pharmacy oral. The adjusted cost ratio post-index
analysis was conducted for total cost, inpatient cost, and out-
patient other cost. Covariates included in the monthly total
cost regression models were the pre-index monthly total
healthcare cost, patient age and gender, year of treatment
index, and Charlson Comorbidity Index (CCI). In the cancer
subgroup, the National Cancer Institute (NCI) Comorbid-
ity Index was used instead of the CCI. Covariates included
in the monthly inpatient cost and monthly outpatient cost
regression models were similar except pre-index monthly
total healthcare cost was replaced by pre-index monthly
inpatient cost and pre-index monthly outpatient cost, respec-
tively. To assess the robustness of the study results, three
sensitivity analyses were performed to compare the costs
for FCM versus LDI and iron sucrose. In the propensity
score—weighting sensitivity analysis, monthly total health-
care cost before index, patient age and gender, year of treat-
ment index date, and CCI (or NCI Comorbidity Index for the
cancer subgroup) were used to estimate propensity scores,
and generalized linear model with inverse probability of
treatment weights of propensity scores were fitted for cost
ratios. In the matched baseline total cost sensitivity analysis,
only FCM and LDV/iron sucrose patients with similar base-
line total cost were included in the analysis. The pre-index
period was defined as the 6 months prior to the patient’s
index date. The third sensitivity analysis used a generalized
linear model with gamma distribution and log-link function
comparing monthly total healthcare cost, inpatient cost, and
outpatient cost of patients who had received at least one
dose of FCM compared with the singular dose that patients
received among the LDI group. Each sensitivity analysis
aimed to serve different purposes, with the goal of enhancing
the validity of the study findings. Propensity score weighting
was used to help control for selection bias [16]. The gener-
alized linear model with gamma distribution and log-link
function was used to help address non-normality of cost data
and provide more accurate estimates among skewed distri-
butions. Analyses were conducted using SAS 9.4 software.

3 Results

The overall study cohort included 37,655 patients
treated with FCM and 44,237 treated with LDI, of which
27,461 were treated with iron sucrose (Online Resource
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Supplementary Tables 1 and 2). Patients in the FCM cohort
were slightly older, with a mean age of 51.3 years compared
with 48.4 and 47.9 years, respectively, for the LDI and iron
sucrose cohorts. Most patients were female, making up 81,
82, and 82% for FCM, LDI, and iron sucrose, respectively.
Mean (SD) CCI was highest in the FCM cohort at 0.42
(1.21) and similar for the LDI and iron sucrose cohorts [0.36
(1.15) and 0.36 (1.18), respectively]. In general, the overall
study cohort included younger patients and a higher propor-
tion of female patients than the cancer, HF, and CKD sub-
groups. Patients in the overall study cohort also had lower
comorbidities burden (as measured by CCI) compared with
patients in the HF and CKD subgroups (Online Resource
Supplementary Table 2).

Healthcare resource utilization is summarized on a PPPM
basis in Online Resource Supplementary Table 3. Post-index
mean number of IV iron infusions PPPM were lowest for
FCM (0.20) compared with LDI (0.34) and iron sucrose
(0.37). Compared with the pre-index period, the number
of outpatient visits PPPM increased slightly in the post-
index period for all cohorts, with FCM having the small-
est increase in number of outpatient visits (+ 0.02) versus
LDI (+ 0.16) and iron sucrose (+ 0.18). The proportion of
patients having hospital admissions increased in the post-
index period in all treatment groups compared with the pre-
index period, with FCM having the smallest increase among
all treatment groups. There was a greater reduction in the
mean number of hospital admission days in the post-index
period from baseline in the FCM group (— 0.06) than in the

LDI (- 0.01) and iron sucrose (— 0.01) groups. Utilization
of emergency room visits was low in both the pre-index and
post-index period in all treatment groups, with marginal dif-
ferences between treatment groups (Online Resource Sup-
plementary Table 2).

Unadjusted mean monthly total cost post-index was
lowest for those in the FCM cohort at $2684 PPPM com-
pared with $2840 PPPM and $3016 PPPM for LDI and iron
sucrose, respectively (Fig. 1). Iron sucrose had the largest
increase in costs from pre- to post-index ($371 PPPM), while
FCM had the smallest increase in costs ($314 PPPM). After
controlling for covariates, post-index total cost (including
IV iron) was lower for FCM versus LDI (adjusted cost ratio,
0.96; P < 0.0001) and lower for FCM versus iron sucrose
(adjusted cost ratio, 0.92; P < 0.0001). Adjusted cost ratio
results showed that post-index inpatient and outpatient costs
for FCM were 20 and 5% lower than LDI, respectively (P <
0.0001). Adjusted post-index inpatient and outpatient costs
were also 20 and 8% lower for FCM versus iron sucrose,
respectively (P < 0.0001) (Fig. 1).

3.1 Cancer Subgroup

The subgroup of patients with cancer included data from
7829 patients treated with FCM and 6899 patients treated
with LDI, with 4086 of those patients having been treated
with iron sucrose (Online Resource Supplementary Table 1).
Gender distribution (female: 64% for FCM and LDI and 63%
for iron sucrose) and mean age were similar among the three

Pre-index Post-index ACR for post-index:
FCM vs LDI
$3,500 $3,016 Total cost = 0.96, P<0.0001
$3,000 $2.645 $2,684 $2,840 ", Inpatient cost = 0.80, P<0.0001
$2.,489 ’ I Outpatient cost = 0.95, P<0.0001
$2,500 $2,369 ’ I =
) < I FCM vs Iron Sucrose
$2.000 Total cost = 0.92, P<0.0001
' Inpatient cost = 0.80, P<0.0001
$1,500 Outpatient cost = 0.92, P<0.0001
$1,000
$500 $314  g¢351 $371
- E— i .
$- [ ]
$(500) FCM LDI Iron FCM LDI Iron FCM LDI Iron
n=37,655 n=44,237 Sucrose n=37,655 n=44,237 Sucrose Sucrose
n=27,461 n=27,461
M Inpatient M ER Outpatient (IV Iron Infusion Related) M Outpatient Other Pharmacy Oral

Fig.1 PPPM cost categories 6 months before and 12 months after
index IV iron, FCM versus LDI and iron sucrose for all patients. Sta-
tistical comparison using generalized linear model adjusting for pre-
index cost, age, gender, Charlson Comorbidity Index, and treatment
index year. The bars at the far right represent the difference between
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the first and second set of bars, for overall cost, and by cost category.
ACR adjusted cost ratio, ER emergency room, FCM ferric carboxy-
maltose, IV intravenous, LDI low-dose IV iron (iron sucrose, iron
dextran, sodium ferric gluconate complex in sucrose), PPPM per-
patient-per-month
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cohorts. Mean (SD) NCI Comorbidity Index was similar
among the FCM cohort at 0.52 (0.6), LDI cohort at 0.56
(0.6), and iron sucrose cohort at 0.58 (0.6) (Online Resource
Supplementary Table 1). At 12 months post-index, FCM had
the lowest PPPM number of IV iron infusions (0.21) ver-
sus LDI (0.35) and iron sucrose (0.39), respectively (Online
Resource Supplementary Table 2). FCM had a greater
decrease in the PPPM number of inpatient admission days
versus LDI and iron sucrose from the pre- to the post-index
period (mean difference, pre- versus post-index, — 0.11 ver-
sus — 0.04 and — 0.04, respectively). There was a smaller
increase in the mean number of outpatient visits from the
pre- to the post-index period in the FCM group versus LDI
and iron sucrose (Online Resource Supplementary Table 2).
Unadjusted mean monthly total cost post-index was lowest
for FCM at $5596 PPPM versus LDI and iron sucrose at
$6367 PPPM and $6820 PPPM, respectively (Fig. 2). FCM
had the smallest increase in costs from pre- to post-index
($684 PPPM) and iron sucrose had the largest increase in
costs (8999 PPPM). The adjusted cost ratio for post-index
total cost was significantly lower for FCM versus both LDI
(0.89) and iron sucrose (0.84) (P < 0.0001). Adjusted post-
index inpatient and outpatient costs were 21 and 12% lower
for FCM versus LDI, respectively (P < 0.0001). Similar lev-
els of reduction were observed for FCM compared with iron
sucrose (Fig. 2).

3.2 Heart Failure Subgroup

Data were analyzed from 3002 patients with HF treated
with FCM and 3641 treated with LDI, with 2403 of those
patients having been treated with iron sucrose (Online
Resource Supplementary Table 1). Most patients were
female (57, 56, and 55% for FCM, LDI, and iron sucrose,
respectively). Mean age was slightly older for the FCM
than the LDI and iron sucrose cohorts (69.4, 67.0, and
67.2 years, respectively). Mean (SD) CCI was highest
for FCM at 1.9 (2.5), followed by LDI at 1.7 (2.5) and
iron sucrose at 1.6 (2.5) (Online Resource Supplementary
Table 1). Mean PPPM number of IV iron infusions was
lowest for those treated with FCM (0.25) versus those
treated with LDI (0.40) and iron sucrose (0.44) (Online
Resource Supplementary Table 2). In patients treated with
FCM, there was a decrease in number of outpatient vis-
its versus those treated with LDI and iron sucrose from
the pre-index to the post-index period (mean difference
PPPM, pre- versus post-index, 0.03 versus 0.54 and 0.66,
respectively). Similarly, the FCM cohort had a decrease
in number of inpatient admission days versus LDI and
iron sucrose during the post-index period (mean differ-
ence PPPM, pre- versus post-index, — 0.12 versus 0.05
and 0.05, respectively) (Online Resource Supplementary
Table 2). Unadjusted mean monthly total cost post-index
was lowest for FCM at $4081 PPPM versus LDI and iron
sucrose ($5804 PPPM and $5691, respectively) (Fig. 3).
Unadjusted mean monthly inpatient and outpatient costs

-i X -i X or post-index:
Pre-inde Post-inde ACR f t-ind
$6,820
§7,000 $6,367 FoM vs LDI
’ $5,872 I Total cost = 0.89, P<0.0001
$6.000 $5.368 $5,596 ik Inpatient cost = 0.79, P<0.0001
' $4,912 ’ I I Outpatient cost = 0.88, P<0.0001
$5,000 I FCM vs Iron Sucrose
$4.000 Total cost = 0.84, P<0.0001
’ Inpatient cost = 0.77, P<0.0001
$3,000 Outpatient cost = 0.84, P<0.0001
2,000
’ $684 $999  $948
$1,000
] . B
$- _ LN |
$(1,000) FCM LDI Iron FCM LDI Iron FCM LDI Iron
n=7,829 n=6,899 Sucrose n=7,829 n=6,899 Sucrose Sucrose
n=4,086 n=4,086
M Inpatient H ER Outpatient (IV Iron Infusion Related) B Outpatient Other Pharmacy Oral

Fig.2 PPPM cost categories 6 months before and 12 months after
index IV iron, FCM versus LDI and iron sucrose for patients with
cancer. Statistical comparison using generalized linear model adjust-
ing for pre-index cost, age, gender, NCI Comorbidity Index, and
treatment index year. The bars at the far right represent the difference

between the first and second set of bars, for overall cost, and by cost
category. ACR adjusted cost ratio, ER emergency room, FCM ferric
carboxymaltose, IV intravenous, LDI low-dose IV iron (iron sucrose,
iron dextran, sodium ferric gluconate complex in sucrose), NCI
National Cancer Institute, PPPM per-patient-per-month
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were lowest for FCM as well. The adjusted cost ratio
post-index for total cost was 0.78 for FCM versus LDI
(P < 0.0001) and 0.75 for FCM versus iron sucrose (P <
0.0001). FCM had the smallest increase in costs from pre-
to post-index ($40 PPPM), while LDI and iron sucrose
had similar increases ($404 and $415 PPPM, respec-
tively). The adjusted cost ratios for inpatient and outpa-
tient costs revealed a 34% reduction in inpatient cost and
a 23% reduction in outpatient cost for FCM versus LDI,
and a 31% reduction in inpatient cost and a 27% reduction
in outpatient cost for FCM versus iron sucrose (all P <
0.0001) (Fig. 3).

3.3 Chronic Kidney Disease Subgroup

Data were analyzed from 3727 patients with CKD treated
with FCM and 5068 treated with LDI, with 3489 of those
patients having been treated with iron sucrose (Online
Resource Supplementary Table 1). Most patients were
female (61% in the FCM and 60% in the LDI and iron
sucrose cohorts). Patients in the FCM cohort were slightly
older [67.9 versus 64.8 (LDI) and 64.6 (iron sucrose) years].
Mean (SD) CCI was highest for those patients treated with

FCM at 1.9 (2.5), followed by both LDI and iron sucrose
[1.6 (2.4) and 1.6 (2.4), respectively] (Online Resource Sup-
plementary Table 1). Mean PPPM number of IV iron infu-
sions was lowest for the FCM cohort versus the LDI and
iron sucrose cohorts post-index (0.24 versus 0.43 and 0.46,
respectively) (Online Resource Supplementary Table 2).
Unadjusted mean monthly total cost post-index was lowest
for those in the FCM cohort at $3660 PPPM, followed by
$4804 PPPM for LDI and $4916 for iron sucrose (Fig. 4).
FCM had the lowest increase in costs from pre- to post-
index ($478 PPPM) compared with LDI ($763 PPPM) and
iron sucrose ($725 PPPM). Similarly, unadjusted costs were
lowest for the FCM cohort for inpatient and outpatient costs.
Adjusted post-index cost ratios showed significantly lower
total costs for the FCM cohort versus LDI (0.81; P < 0.0001)
and iron sucrose (0.79, P < 0.0001). The adjusted cost ratio
was significantly lower for the FCM cohort for inpatient and
outpatient costs as well, with a 27% reduction for both inpa-
tient and outpatient costs versus LDI, and a 26% reduction in
inpatient cost and a 30% reduction in outpatient cost versus
iron sucrose (all P < 0.0001) (Fig. 4).

Pre-index Post-index )
$5,804 65 691 ACR for post-index:
$5,400 , FCM vs LDI

$6,000 $5,276 Total cost = 0.78, P<0.0001
Inpatient cost = 0.66, P<0.0001
Outpatient cost = 0.77, P<0.0001

$5,000

$4,041 $4,081 FCM vs Iron Sucrose

Total cost = 0.75, P<0.0001

$4,000 I Inpatient cost = 0.69, P<0.0001
QOutpatient cost = 0.73, P<0.0001

$3,000

$2,000

$1,000 $404 $415

. -
: ——
$(1,000) FCM LDI Iron FCM LDI Iron FCM LDI Iron
n=3,002 n=3,641 Sucrose n=3,002 n=3,641 Sucrose Sucrose
n=2,403 n=2,403

M Inpatient B ER

Fig.3 PPPM cost categories 6 months before and 12 months after
index IV iron, FCM versus LDI and iron sucrose in patients with HF.
Statistical comparison using generalized linear model adjusting for
pre-index cost, age, gender, Charlson Comorbidity Index, and treat-
ment index year. The bars at the far right represent the difference
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Outpatient (IV Iron Infusion Related)

B Outpatient Other Pharmacy Oral

between the first and second set of bars, for overall cost, and by cost
category. ACR adjusted cost ratio, ER emergency room, FCM ferric
carboxymaltose, IV intravenous, LDI low-dose IV iron (iron sucrose,
iron dextran, sodium ferric gluconate complex in sucrose), PPPM
per-patient-per-month
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Pre-index
$6,000
$5,000
$4o41 $4191
$3, 660
$4,000
$3,181
$3,000 I
$2,000
$-
$(1,000)  FCM LDI Iron FCM
n=3,727 n=5,068 Sucrose n=3,727
n=3,489
M Inpatient B ER

Fig.4 PPPM cost categories 6 months before and 12 months after
index IV iron, FCM versus LDI and iron sucrose in patients with
CKD. Statistical comparison using generalized linear model adjust-
ing for pre-index cost, age, gender, Charlson Comorbidity Index, and
treatment index year. The bars at the far right represent the difference

3.4 Sensitivity Analysis

The results of the three sensitivity analyses were generally
consistent with the main analyses (Table 1), confirming a
generally significant reduction in monthly post-index health-
care costs in the FCM group versus the LDI and iron sucrose
groups. The results of the three sensitivity analyses were
similar to the main analyses for the cancer, HF, and CKD
subgroups, confirming statistically significant lower monthly
total, inpatient, and outpatient costs in the FCM group versus
the LDI and iron sucrose groups during the 12 months after
initiating I'V iron therapy (Table 1).

When patients receiving at least one dose of FCM were
included in the overall study cohort analysis, post-index
monthly total cost in the FCM group was similar to LDI,
with the upper bound of the 95% confidence interval of the
adjusted cost ratio reaching 1.0 (Table 1). However, post-
index monthly inpatient and outpatient costs remained
significantly lower in the FCM group versus LDI and iron
sucrose. Adjusted cost ratios derived from the propensity
score weighting method provided more conservative esti-
mates of the level of cost reduction, while results from the
matched baseline cost analysis provided similar results as the
main analysis. Using the propensity score weighting method,

Post-index

$4, so4 $4, 916

Outpatient (IV Iron Infusion Related)

ACR for post-index:

FCM vs LDI

Total cost = 0.81, P<0.0001
Inpatient cost = 0.73, P<0.0001
Outpatient cost = 0.73, P<0.0001

FCM vs Iron Sucrose

Total cost = 0.79, P<0.0001
Inpatient cost = 0.74, P<0.0001
Outpatient cost = 0.70, P<0.0001

763
$478 $ $725
; I
LDI Iron FCM LDI Iron
n=5,068 Sucrose Sucrose
n=3,489

B Outpatient Other Pharmacy Oral

between the first and second set of bars, for overall cost, and by cost
category. ACR adjusted cost ratio, ER emergency room, FCM ferric
carboxymaltose, IV intravenous, LDI low-dose IV iron (iron sucrose,
iron dextran, sodium ferric gluconate complex in sucrose), PPPM
per-patient-per-month

post-index monthly inpatient cost of FCM was similar to
LDI and iron sucrose in the overall study cohort analysis.
Monthly outpatient cost during the 12 months after index IV
iron treatment for FCM was also similar to LDI in the overall
study cohort analysis under the propensity score weighting
method (Table 1). Distribution of propensity score weights
for each comparison are presented in Online Resource Sup-
plementary Fig. 2.

4 Discussion

This retrospective claims analysis compared healthcare
resource utilization and cost of care in patients treated with
FCM with those treated with LDI or iron sucrose in the 12
months after initiating I'V iron therapy. This analysis showed
that patients receiving FCM had a lower total monthly cost
compared with patients treated with LDI and those treated
with iron sucrose. Greater levels of cost reductions were
observed in the subgroup analyses of specific chronic con-
ditions than in the overall study cohort. Patients with HF
receiving FCM had the highest level of reduction in post-
index monthly total cost (22%) followed by the CKD sub-
group (19%), cancer subgroup (11%), and the overall study
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Table 1 Summary of post-index cost comparisons using four different methods

ACR (95% CI)

Main analysis

GLM log-link

Sensitivity analysis

Propensity score weighting

Matched baseline
total cost analysis

GLM log-link
(> 1 FCM dose)

All patients

Patients with cancer

Patients with HF

Patients with CKD

FCM vs LDI

N (FCM/LDI)

Total cost

Inpatient cost
Outpatient cost

FCM vs iron sucrose
N (FCM/iron sucrose)
Total cost

Inpatient cost
Outpatient cost

FCM vs LDI

N (FCM/LDI)

Total cost

Inpatient cost
Outpatient cost

FCM vs iron sucrose
N (FCM/iron sucrose)
Total cost

Inpatient cost
Outpatient cost

FCM vs LDI

N (FCM/LDI)

Total cost

Inpatient cost
Outpatient cost

FCM vs iron sucrose
N (FCM/iron sucrose)
Total cost

Inpatient cost
Outpatient cost

FCM vs LDI

N (FCM/LDI)

Total cost

Inpatient cost
Outpatient cost

FCM vs iron sucrose
N (FCM/iron sucrose)
Total cost

Inpatient cost
Outpatient cost

37,655/44,237

0.96 (0.94, 0.97)
0.80 (0.76, 0.85)
0.95(0.93,0.97)

37,655/27,461

0.92 (0.90, 0.93)
0.80(0.75, 0.86)
0.92 (0.91, 0.94)

7829/6899

0.89 (0.85, 0.92)
0.79 (0.72, 0.87)
0.88 (0.84, 0.91)

7829/4086

0.84 (0.80, 0.87)
0.77 (0.69, 0.86)
0.84 (0.80, 0.88)

3002/3641

0.78 (0.73, 0.82)
0.66 (0.59, 0.74)
0.77 (0.73, 0.81)

3002/2403

0.75 (0.70, 0.80)
0.69 (0.61, 0.78)
0.73 (0.68, 0.77)

3727/5068

0.81 (0.77, 0.85)
0.73 (0.65, 0.82)
0.73 (0.69, 0.76)

3727/3489

0.79 (0.74, 0.83)
0.74 (0.66, 0.84)
0.70 (0.66, 0.74)

37,655/44,237

0.96 (0.95, 0.98)
0.97 (0.94, 1.00)
0.98 (0.96, 1.00)

37,665/27,461

0.94 (0.92, 0.96)
0.97 (0.93, 1.00)
0.97 (0.94, 0.99)

7829/6899

0.93 (0.89, 0.97)
0.84 (0.79, 0.90)
0.94 (0.90, 0.99)

7829/4086

0.90 (0.86, 0.94)
0.82(0.77, 0.88)
0.93 (0.88, 0.98)

3002/3641

0.84 (0.79, 0.90)
0.82 (0.75, 0.90)
0.89 (0.83, 0.95)

3002/2403

0.825 (0.77, 0.88)
0.81 (0.73, 0.90)
0.86 (0.80, 0.92)

3727/5068

0.89 (0.84, 0.95)
0.86 (0.79, 0.95)
0.86 (0.81, 0.91)

3727/3489

0.88 (0.83, 0.94)
0.87(0.79, 0.96)
0.85 (0.80, 0.91)

37,655/37,655
0.96 (0.95, 0.98)
0.79 (0.75, 0.85)
0.95 (0.93, 0.97)

27,442/27,442

0.92 (0.90, 0.94)
0.80 (0.75, 0.86)
0.93 (0.91, 0.95)

6899/6899

0.90 (0.86, 0.93)
0.81 (0.74, 0.89)
0.89 (0.85, 0.93)

4081/4081

0.85 (0.81, 0.90)
0.83(0.73,0.93)
0.86 (0.81,0.91)

3002/3002

0.83(0.78, 0.88)
0.78 (0.69, 0.88)
0.81 (0.77, 0.86)

2395/2395

0.81 (0.75, 0.86)
0.77 (0.68, 0.87)
0.77 (0.72, 0.82)

3727/3727

0.87(0.82, 0.91)
0.86 (0.76, 0.98)
0.76 (0.72, 0.80)

3450/3450

0.81 (0.77, 0.86)
0.76 (0.67, 0.86)
0.72 (0.68, 0.76)

44,854/44,237
0.99 (0.97, 1.00)
0.84 (0.80, 0.89)
0.98 (0.96, 0.99)

44,854/27,461

0.94 (0.93, 0.96)
0.84 (0.79, 0.90)
0.95 (0.93, 0.97)

9649/6899

0.91 (0.87, 0.94)
0.83 (0.76, 0.90)
0.89 (0.86, 0.93)

9649/4086

0.86 (0.82, 0.89)
0.80(0.73, 0.89)
0.85(0.81, 0.89)

3710/3641

0.80(0.76, 0.84)
0.74 (0.67, 0.82)
0.78 (0.74, 0.82)

3710/2403

0.77 (0.72, 0.81)
0.77 (0.69, 0.86)
0.74 (0.70, 0.79)

4640/5068

0.83(0.79, 0.87)
0.76 (0.68, 0.85)
0.75(0.71, 0.78)

4640/3489

0.81 (0.77, 0.85)
0.78 (0.69, 0.88)
0.72 (0.69, 0.76)

ACR adjusted cost ratio, CI confidence interval, GLM generalized linear model, FCM ferric carboxymaltose, LDI low-dose IV iron (iron sucrose,
iron dextran, sodium ferric gluconate complex in sucrose)

cohort (4%) versus LDI. Similar levels of reduction in the
FCM group were found when compared with iron sucrose.
These results suggest that despite the higher drug acquisi-
tion cost of FCM compared with LDI, the price differential
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is offset by reductions in inpatient and outpatient costs in the

12 months after receiving IV iron therapy.

The economic benefit of iron supplementation to reduce
the economic burden of IDA is well documented in the
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literature [17]. Several studies have also demonstrated the
incremental economic benefit of IV iron therapy over oral
iron therapy in patients with specific medical conditions [18,
19]. However, few studies have compared the economic ben-
efits between IV iron formulations. IV iron formulations that
provide more iron per administration may help to address
potential adherence issues in real-world settings by requiring
fewer return visits to receive sufficient iron repletion. This
hypothesis is supported by the results of two real-world anal-
yses that showed that higher-dose iron formulations can be
more effective in managing anemia. LaVallee et al found that
use of high-dose I'V iron formulations for the initial course
of treatment resulted in fewer outpatient visits and fewer
retreatments [13]. In a retrospective analysis of integrated
electronic health records and claims data in the USA, 77%
of patients had an iron deficit of > 750 mg. Patients receiv-
ing FCM were found to be 5 times and 17 times as likely to
receive full iron repletion compared with ferumoxytol and
LDI formulations, respectively [20]. While the choice of
iron therapy did not vary by iron deficit levels prior to treat-
ment, FCM was associated with a reduced number of outpa-
tient visits in the 12 months following treatment compared
with ferumoxytol and LDI formulations. The current study
corroborates these findings to support reduced healthcare
resource utilization from IV iron formulations that provide
more iron per administration.

IDA is common in patients with chronic diseases. Patients
with chronic diseases are older, have more comorbidities,
and utilize more healthcare resources than most patients
receiving IV iron therapy. Previous studies have shown that
IV iron therapy reduced the need for blood transfusions in
patients with cancer, reduced cardiovascular-related hos-
pitalizations in patients with HF, and reduced the need
for erythropoietin-stimulating agent (ESA) by improving
response to ESA in patients with CKD [21-25]. Previous
assessments of the economic implications of IV iron therapy
in these patient populations were limited to economic mod-
eling or studies with small sample sizes outside of the USA
[18, 26-29]. These model studies have limited generalizabil-
ity to US payers, given the major differences in delivery and
financing of healthcare between the USA and other coun-
tries. The current study filled this gap by analyzing claims
data on the cost consequences of IV iron therapy in a large
sample of patients from a US payer perspective. Within this
analysis, we found that patients receiving FCM had lower
inpatient cost and lower outpatient cost than patients receiv-
ing LDI. The magnitude of reductions in total cost of care
was greater in patients with cancer, HF, and CKD receiving
FCM versus LDI compared with the overall IV iron patient
population, suggesting a higher unmet need for iron repletion
in patients with chronic diseases. Patients with chronic dis-
eases also have a greater challenge in achieving target Hgb
levels than otherwise healthy patients [1, 30-32]. High-dose

IV iron formulations may increase the likelihood of receiv-
ing full iron replacement in patients with chronic disease and
reduce subsequent healthcare resource use. Further research
in patients with chronic diseases is warranted.

This study had several limitations. During the develop-
ment of the study, certain factors such as patient region and
insurance type were not taken into consideration as possible
covariates. Both region and insurance type can affect choice
of treatment and utilization [33]. However, the exclusion of
insurance type as a variable is justified given that PharMet-
rics data comprise mostly commercially insured patients.
Therefore, we did not believe it would be a significant factor
when explaining the cost differences in the analysis. Claims
data are also subject to coding errors, missing data, and
variations in reporting across clinical practices. The use of
concomitant over-the-counter iron replacement therapies is
not captured within claims data and cannot be accounted for.
This study used a retrospective cohort design to indirectly
compare the economic outcomes of patients treated with [V
iron formulations. We tried to improve the robustness of our
study findings by performing sensitivity analyses to com-
plement results from the main analyses; however, potential
bias resulting from unobservable differences between study
cohorts cannot be ruled out. Without accompanying medical
information, we are unable to definitively confirm whether
all healthcare expenditures and resource utilization are
attributable to a specific drug or diagnosis. Generalizability
of the study may be limited given the time at which the study
was conducted. Additionally, continuous enrollment was an
inclusion criterion, which is a common approach to data-
base studies to improve internal validity; it is conceivable
that excluding those patients without continuous enrollment
impacted the external validity of the study. Follow-up for
patients who initiated their index treatment in 2019 included
claims from 2020, which may have been impacted by the
coronavirus disease 2019 (COVID-19) pandemic. Due to the
reduction in healthcare resource utilization during that time,
costs and resourcing from 2019 index patients may be lower
than expected. Finally, in addition to inpatient and outpatient
categories, we also looked into the ER and oral pharmacy
categories. Adjusted cost ratio results showed post-index
oral pharmacy costs for FCM were lower than LDI, but not
statistically significant for cancer, HF, and CKD subgroups.
Costs incurred at the ER made up only 1% of all categories.
Due to these reasons, we decided to only focus on analyses
of cost accrued in the inpatient and outpatient settings, as
they were the highest cost categories.
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5 Conclusions

Patients receiving FCM had significantly lower monthly
total healthcare cost versus patients receiving LDI or iron
sucrose in the 12 months following IV iron treatment. The
higher drug acquisition cost for FCM versus LDI was offset
by lower inpatient and outpatient costs following IV iron
therapy. This real-world study mirrors findings from previ-
ous studies and supports the economic value of FCM for
patients receiving IV iron therapy.
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