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Abstract
Background:
The objective of this study was to compare the cost of outpatient ferric
carboxymaltose (FCM; Ferinject®) versus Iron sucrose complex (ISC; Ferosac®), two
prevalent intravenous iron therapy used in the treatment of iron-deficiency anemia
(IDA) in the Kingdom of Saudi Arabia (KSA) from a tertiary care hospital perspective.
Methods:
A retrospective study was performed for all patients who were administered FCM in
the outpatient clinical setting at Prince Sultan Military Medical City from January 1,
2019, until December 31, 2019. The descriptive data was analyzed using Microsoft
Excel 2019 (Microsoft Corporation, Redmond, WA, USA). The total cost of treatment
reflected the cost of drugs, the cost of disposables for each infusion, drug monitoring
costs during infusion, the cost of productivity loss, and patient traveling cost.
Result:
Overall, 993 patients with IDA, treated with FCM in 1,688 outpatient visits were
recruited in the study. In the outpatient setting, the per annum cost of treatment was
SAR 1,434,092.50 with FCM treatment and SAR 1,715,299.70 with ISC treatment,
with a corresponding saving of 16.4% (SAR 281,207.20) with FCM. The cost savings
with FCM treatment can be attributed to the reduced frequency of patient visits and
corresponding reduction in drug monitoring costs (SAR 266,995.20;77.3%), loss of
productivity per year (SAR 163,550.20; 77.3%), and cost of transportation per year
(SAR 573,920.00; 77.3%).
Conclusion:
The use of FCM, as opposed to ISC resulted in a reduced number of iron infusions
(4.4 visits for ISC as compared to one visit for FCM), accompanied by a reduction in
the total cost. FCM may represent a cost-saving option compared with the existing
alternative therapy used for the management of IDA in KSA.

Keywords: Iron-deficiency anemia, Ferric carboxymaltose, Kingdom of Saudi Arabia,
cost-comparative analysis, Intravenous Iron, Iron sucrose

Introduction

Anemia affects about 2 billion people globally, corresponding to over 27% of the
world’s population, with iron-deficiency anemia (IDA) being the most significant
contributor [1, 2]. IDA is predominant in children, pre-menopausal women, and among
population in low and middle-income countries [3, 4]. Although the prevalence of IDA
varies widely, estimates suggest that the prevalence of IDA in the Kingdom of Saudi
Arabia (KSA) ranges from 10%-60% [5, 6, 7].

The primary risk factors for IDA include inadequate iron intake, low nutritional iron
absorption, blood loss (gastrointestinal, gynecological bleeding, urinary tract bleeding,
respiratory bleeding), history of menometrorrhagia, and period of life with increased
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iron requirements i.e. growth and pregnancy [8, 9, 10, 11]. According to the World Health organization (WHO), IDA
is defined as blood hemoglobin (Hb) values of less than 7.7 mmol/l (13 g/dl) in men and 7.4 mmol/l (12 g/dl) in
women and low serum ferritin levels [12, 13]. Serum ferritin concentrations below 15 pg/L are reflective of depleted
iron stores, whereas concentrations between 30 and 100 pg/L indicate iron-deficiency due to other factors such as
infection [14, 15]. Iron deprivation generates microcytic hypochromic red blood cells resulting in depleted oxygen
delivery to body cells and reduced iron-cofactor-enzyme activity [16]. While some patients remain asymptomatic,
reduced oxygen delivery in IDA leads to fatigue, dizziness, breathlessness, palpitations, and reduced cognitive
function [1, 2, 11]. IDA is associated with reduced physical performance, ability to work, and low health-related
quality of life (HR-QOL) [2].

The management of IDA is idiosyncratic, based on the etiology and severity of IDA [17]. Oral iron supplementation
is typically the first line of therapy to restore Hb levels and replenish iron stores [17]. Parenteral iron
supplementation (mostly intravenous [IV]) is recommended for patients who are intolerant to oral iron
supplementations, with Hb below 10g/dL or with indications like gastrointestinal effects, worsening symptoms of
inflammatory bowel disease (IBD), unresolved bleeding, chronic kidney disease or celiac disease [17, 18, 19].
Available IV iron supplementations include iron dextran, iron sucrose complex (ISC), sodium ferric gluconate, iron
isomaltoside, and ferric carboxymaltose (FCM). Iron dextran is the oldest IV iron supplementation with a single dose
infusion and low cost, however it is associated with a high incidence of anaphylactic reactions which are less
frequent with newer IV formulations such as ISC and FCM [20, 21]. Sodium ferric gluconate, a safer alternative to
iron dextran has been in clinical practice for about two decades [22]. Iron isomaltoside received approval by the
United states Food and Drug Administration for the treatment of IDA in 2020, after being available in Europe for
many years [23]. However, it is not used in clinical practice as IV iron supplementation for patients with IDA in the
gulf countries [24].

Iron sucrose, a dextran-free formulation is administered as a 15-30-minute infusion in 200-300 mg doses [25]. It is
recommended that the weekly dose of ISC must not exceed 600 mg, thereby resulting in multiple infusions for
patients to achieve the required iron concentration [25]. If administered in recommended doses, ISC is safe and
well tolerated with low incidence of adverse events or hypersensitivity reactions [26, 27]. FCM is a colloidal solution
consisting of a polynuclear iron (lll)-hydroxide core stabilized by carboxymaltose, and can be administered as a
single dose of 1000 mg in a 15-minute-infusion [28]. FCM is approved for rapid and high-dose replenishment of
depleted iron stores [28]. The favorable safety and efficacy profile of FCM has been assessed in clinical trials, and
makes it a competent addition to the treatment armamentarium for IDA [29, 30, 31]. A network meta-analysis
involving 21 randomized controlled trials with various IV formulations, reported that FCM provides rapid corrections
of Hb and serum ferritin in iron-deficient patients [31]. FCM effectiveness is also supplemented with cost-saving
benefits for hospitals, healthcare providers, and patients owing to less frequent and shorter hospital visits [32, 33,
34].

In a consensus statement by 16 clinical experts on the management of IDA in the gulf cooperation council countries
published in 2019, 1V iron therapy with FCM or ISC is recommended if a patient is intolerant or shows inadequate
response (Hb rise <1.0 g/dL) to oral iron therapies [24]. FCM was approved in Prince Sultan Military Medical City
(PSMMC) hospital for ambulatory treatment of IDA only while, ISC has no such restrictions. This study aimed to
compare the cost of outpatient FCM (Ferinject®) versus ISC (Ferosac®) in the treatment of IDA in KSA from a
tertiary care hospital setting perspective.

Methods

All of the experiments described here were conducted with permission from the Institutional Ethics Committee at
Almaarefa University. A retrospective analysis was performed  to compare the resource use and costs associated
with the outpatient FCM and ISC in the treatment of IDA in a major tertiary hospital in Riyadh, KSA. The descriptive
analysis was conducted using Microsoft Excel 2019 (Microsoft Corporation, Redmond, WA, USA).

Model Structure and scenarios

The model was developed in concordance with the data retrieved from literature and patient medical charts from
PSMMC . The model estimated economic outcomes under two scenarios: a) only ISC being administered for the
treatment of IDA; and b) Only FCM being administered for the treatment of IDA. The analysis was conducted based
on the assumption that both the iron formulations were equivalent in terms of safety and efficacy. The economic
impact was evaluated within a 1-year time horizon.

Study Population

Patients of all age-groups treated in the outpatient clinical setting at PSMMC for IDA with FCM from
January 1, 2019, until December 31, 2019 were included in the study. The baseline demographic characteristics
and treatment requirements were based on patient data retrieved from the hospital. The data for number of visits
and dosage (number of vials) for each patient were extracted for the analysis. The total time consumed to
administer either ISC or FCM treatment was calculated upon considering the time required for total dose infusion,
number of visits, and the additional turnaround time per infusion.

Resource Use, Costs and Outcomes

Medical costs incurred in the outpatient hospital setting pertaining to drug acquisition, cost of disposables utilized in
drug delivery, monitoring cost of infusion, other hospital-related expenses, patient productivity loss, and patient
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traveling cost were incorporated in the model. All costs were reported in Saudi Riyals (SAR). Unit cost inputs for
FCM (Ferinject®) and ISC (Ferosac®) substitute formulas were obtained from the hospital. The cost savings were
calculated in terms of the difference in administration time per patient per year. Data regarding the disposables
used for drug administration was obtained from the hospital records. It was assumed that one set of disposables
(syringes, cannula, alcohol swabs) were used per patient for each hospital visit.

Drug monitoring cost include the time dedicated (in hours) by the hospital staff (nurses) in drug infusions and is
based upon the salary and hours spent by nurses to monitor infusions, and the number of corresponding visits. The
patients were under close medical observation during the drug infusion. The time for drug infusion was retrieved
from the real time infusion used in the outpatient hospital setting.

Productivity loss represents the economic loss due to missed days of work to receive the treatment, including the
waiting time per visit. The productivity loss cost per day was calculated as average salary per hour and the average
waiting time per visit [35]. Traveling cost includes the expenses incurred by patients for traveling to and from the
hospital for the treatment. The mean traveling cost per patient visit was estimated as SAR 100 as per excerpt
insights. Discounting was not employed in the analysis as the costs were modeled for a year, and discounting is not
recommended in the health economic evaluation guidelines from the International Society for Pharmacoeconomic
and Outcomes Research [36].

The outcomes evaluated in the model included overall annual budget savings, cost breakdown in terms of drug cost
and non-drug costs, the number of hospital visits and total cost per course of treatment for male and female
patients.

Results

Study population distribution

Overall, 993 patients with 88.9% (n=883) females received FCM in an outpatient setting. FCM was administered in
1,688 outpatients’ visits, with a majority; over 90.0% (n=1,522) of the patient visits being females— mean age
(standard deviation [SD]) of 38.2 (£13.4) years (Figure 1). The mean age (SD) of male patient visits for FCM was
54.0 (£23.7) years. The most frequently used doses for FCM were 1000 mg and 500 mg in 74.9% (n=1,264) and
23.9% (n=403) visits, respectively. ISC was administered in 7,427 visits in the outpatient setting. To administer a
complete iron dose, a patient required 4.4 visits for ISC compared to a single visit for FCM in an outpatient setting.
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Figure 1 : Study patients visits distribution by age- groups

Total cost savings

Overall, the per annum cost of treatment in outpatient clinical setting in KSA was SAR 1,434,092.50 with FCM
treatment and SAR 1,715,299.70 with ISC treatment. Treatment of IDA patients with FCM delivered a
corresponding saving of 16.4% (SAR 281,207.20) in comparison to ISC (Error! Reference source not found.).
The cost savings with FCM treatment can be attributed to reduced frequency of patient visits and corresponding
reduction in drug monitoring costs (SAR 266,995.20; 77.3%), loss of productivity per year (SAR 163,550.20; 77.3%)
and cost of transportation per year (573,920.00; 77.3%).

Direct costs of treatment

The total direct costs estimated for FCM was higher than ISC (SAR 1,217,189.50 versus SAR 760,926.50,
respectively) in the outpatient clinical setting (Error! Reference source not found.).

The cost of FCM drug per visit was SAR 642.10, while that of ISC was SAR 23.50, as derived from the Ministry of
Defense and Aviation (MODA), KSA (Error! Reference source not found.). The total cost per visit per
male/female patient treated with FCM was SAR 1017.50/SAR 831.30, while with ISC it was SAR 398.90/SAR
212.60, respectively. The total cost of medical infusion per year for FCM was SAR 1,138,661.50 while that for ISC
was SAR 415,403.30.
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TABLE 1: NET BUDGET IMPACT IN EACH TREATMENT ARM PER ANNUM

Cost item (in SAR) Ferric Iron sucrose Incremental Incremental
carboxymaltose complex cost %

Cost of Medication Infusion Per 1,138,661.5 415,403.3 723,258.2 174.1%
¥gtaz;I Cost of Nurse Per Year 78,528.0 345,523.2 -266,995.2 -77.3%
Total Direct Cost 1,217,189.5 760,926.5 456,263.0 60.0%

Loss of Productivity Per Year 48,103.0 211,653.2 -163,550.2 -77.3%
Cost of Transportation Per Year 168,800.0 742,720.0 -573,920.0 -77.3%
Total Indirect Cost 216,903.0 954,373.2 -737,470.2 -77.3%
Total Cost (Direct + Indirect) 1,434,092.5 1,715,299.7 -281,207.2 -16.4%

SAR: Saudi Riyal

Table 1: Direct costs associated with FCM versus ISC

Costs Item (in SAR) Ferric Carboxymaltose Iron Sucrose Difference
Complex

Total Cost Per Visit for Male 1,017.5 398.9 -618.6
Total Cost Per Visit for Female 831.3 212.6 -618.6
Total Cost of all Visits for Male 168,909.0 291350.2 122441.3
Total Cost of all Visits for Female 1,265,183.5 1423949.5 158765.9
Cost of Medication Infusion Per Year 1,138,661.5 415,403.3 723,258.2
Total Cost of Nurse Per Year 78,528.0 345,523.2 -266,995.2
Total Direct Cost (in SAR) 1,217,189.5 760,926.5 456,263.0

SAR: Saudi Riyal

Table 3: Costs Used in the model

Cost item (in SAR)

Ferric carboxymaltose

Iron Sucrose complex

Cost of drug per visit 6421 23.5
IV cannula G-20 4.0 4.0
IV line sets 23.8 23.8
Alcohol swap 0.0 0.0
IV plaster 0.9 0.9
Plaster 0.1 0.1
Syringe 10cc without needle 10 mi 0.4 04
Syringe 10cc with needle 04 0.4
Normal saline 10cc 0.2 0.2
Normal saline 250cc 2.8 2.8
Cost of nurse per visit 196.4 196.4
Cost of transportation 10.2 10.2

IV: intravenous; SAR: Saudi Riyal

Although, FCM was associated with higher cost of treatment per visit and higher medical infusion costs in
comparison to ISC, the total cost of all visits in FCM reduced by SAR 122,441.30 and SAR 158,765.90 in male and
female patients, respectively (Error! Reference source not found.). It was estimated that six nurses (four
technician nurses and two senior nurses) were involved in the treatment infusion in both the scenarios with an
average salary of SAR 5,000 for technician nurses and SAR 10,000 for senior nurses. Correspondingly, the cost of
nurse for each patient visit was calculated as SAR 46.50. The total cost of nurse per year for FCM and ISC was
SAR 78,528.00 and SAR 345,523.20, respectively, indicating a cost savings of SAR 266,995.20 in annual nurse
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cost in the FCM scenario (Error! Reference source not found.).

Indirect costs of treatment

The total indirect costs associated with FCM and ISC treatment was SAR 216,903.00 and SAR 954,373.20,
respectively. The average salary for a male in KSA was estimated as 49.10 SAR/hour based on global survey
statistics [37] and for female it was 2.60 SAR/hour, as derived from MODA. With an estimated waiting time of 4
hours for each patient visit, the loss of productivity per visit for male/female patient was estimated as SAR
196.40/SAR 10.20 for both regimens. The total waiting time consumed in the FCM scenario was 6,752 hours, while
in the ISC scenario it was 29,709 hours. The waiting time was reduced by 22,957 hours in patients treated with
FCM in comparison to ISC. FCM treatment scenario was associated with low productivity loss. The total annual
productivity loss in patient treated with FCM and ISC was SAR 48,103.00 and SAR 211,653.20, respectively. The
cost of transportation was calculated as SAR 100.00 per visit. To administer the iron doses, patients spent more on
transportation for ISC (SAR 742,720.00) compared to FCM (SAR 168,800.00), owing to the increased patient visits
in ISC treatment (Error! Reference source not found.).
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Figure 1: Indirect costs of treatment: a: waiting time consumed b: transportation per year c: loss of
productivity per year

Discussion

Being one of the most prevalent nutritional deficiency across the globe, it is imperative to explore cost effective
alternatives for IDA management. The present study provides preliminary results for the comparison of the cost of
outpatient FCM versus ISC in the management of IDA in 993 patients from a tertiary care hospital setting
perspective in KSA. A previous study from the region by Hejazi et al. assessed cost comparisons for FCM and ISC
in IDA patients with heavy uterine bleeding (HUB) [38].

Majority of the patient visits in this study were females (90.2%), with an overall mean (SD) age of 39.8 (£15.5)
years, in line with previous epidemiological studies from KSA confirming higher occurrence of IDA in pre-
menopausal women [39, 40]. The present study results demonstrated that FCM presents cost-saving of 16.4%
(SAR 281,207.20) in comparison to ISC for the treatment of patients with IDA in KSA. The results of the present
study are congruent with the Hejazi et al. study that demonstrated a cost-saving of SAR 355,000 over a one-year
time horizon with FCM versus ISC in treating IDA patients with HUB [38]. Present study outcomes are directionally
in concurrence with previous studies. The findings of a budget impact analysis of ISC versus FCM in Switzerland by
Brock et al. suggested a cost savings of 30%-44% per patient per treatment cycle with FCM [41]. An economic
evaluation by Fragoulakis et al. comparing management of IDA with FCM, ISC, and low-molecular-weight iron
dextran in 100 patients in a Greek hospital outpatient settings, concluded that the total cost of FCM was 201.1%
lower as compared to ISC [42]. Another study conducted in Denmark to evaluate the health care costs of ISC and
FCM treatment in 111 IBD patients with iron-deficiency in an outpatient setting, represented FCM as a cost-saving
alternative [43].

In this study the direct cost of medical infusions per year in FCM scenario (SAR 1,138,661.50) was nearly three
times higher compared to ISC scenario (SAR 415,403.30). Yet, FCM emerged as a cost-saving alternative for
treatment of patients with IDA in the outpatient setting. The primary factor driving the cost savings related to FCM in
the present study was a considerable reduction in the number of infusions required to correct iron deficits in patients
with IDA. The reduction in infusions was supplemented with reduction in drug monitoring costs (SAR 266,995.20;
77.3%), loss of productivity per year (SAR 163,550.20; 77.3%) and cost of transportation per year (SAR
573,920.00; 77.3%) with FCM relative to ISC over 1-year horizon. High-dose iron supplementation has previously
been shown to reduce waiting time for patients with IDA owing to the rapid iron repletion [44]. Furthermore, it must
be underlined that the cost of productivity loss in the present study is underestimated as most of the times the
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patients are accompanied by an attendant and thus the productivity loss cost could be higher.

While the study design was conducted using real-world hospital data, the study results must be interpreted in
context to its limitations that are common to other studies using similar methodologies. The study model lacked
“clinical discretion modeling” in determining the number of subsequent iron infusions. The model assumed that both
the IV iron formulations (FCM and ISC) were equally effective in repletion of the iron-deficiency. In clinical practice,
however, practical aspects of administration may result in different effectiveness outcomes. The study represents
results from a hospital setting in KSA based on current resources and drug prices, therefore the results must be
considered in KSA settings only. Nevertheless, this study presents an estimate of the potential savings from the
utilization of FCM for the treatment of patients with IDA in KSA and provides valuable information for medical
decision making in routine clinical practice as a vital supplement to the results obtained from previous clinical trials
and real-world studies.

Conclusion

The study results indicate that FCM delivers higher cost-saving benefits than ISC for hospitals, healthcare
providers, and patients in the outpatient setting. The cost savings with FCM was primarily driven by reduced
frequency of hospital visits leading to lower indirect costs (productivity loss and transportation cost) and decreased
drug monitoring costs. In the present COVID-19 scenario, fewer hospital visits benefit both the patient to reduce
COVID-19 exposure and the hospital with reduced capacity.
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