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Abstract

Background

The Saudi Food and Drug Authority (SFDA) has approved the subcutaneous (SC) adminis-

tration of infliximab, presenting a more convenient alternative with reduced outpatient visits

and diminished expenses compared to the intravenous (IV) administration. However, the

financial implications of this formulation have not been examined from the perspective of

Saudi payers.

Methods and materials

A prevalence-based budget impact model was developed to evaluate the financial effects of

introducing "environment without" versus "with infliximab SC." The model’s time horizon

spanned over 2 years (2021–2023), aligning with the biennial national pharmaceutical pro-

curement cycle. The comparison focused on infliximab SC versus all available formulations

of infliximab IV in the Saudi market for two inflammatory bowel diseases (IBD): Ulcerative

Colitis (UC) and Crohn’s Disease (CD). Treatment comparators’ comparability and dose

escalations were substantiated by published studies, utilizing dosing information from the

summary of product characteristics. Drug acquisition costs were derived from SFDA
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registered prices, with IV formulation administration costs included. Scenario analysis

assessed the budget impact of infliximab SC introduction at uptake rates ranging from 0% to

100%.

Results

Introducing infliximab SC demonstrated cost-saving potential in the treatment of IBD. At

100% uptake with UC patients for 2 years, infliximab SC resulted in savings of -SAR-31.9

million (-SAR29,145 per patient). Similarly, for CD, introducing infliximab SC at 100% uptake

over 2 years yielded savings of -SAR106.2 million (-SAR36,585 per patient).

Conclusion

This study reveals that infliximab SC is associated with cost-saving potential when com-

pared to infliximab IV formulations available in Saudi Arabia. Future research should

address uncertainties related to real-world comparative effectiveness, the convenience of

administration, patient tolerability, and physician acceptance of the SC formulation of inflixi-

mab, alongside comparisons with other TNF-alpha inhibitors.

Introduction

Tumor necrosis factor (TNF) alpha inhibitors are crucial in treating various inflammatory dis-

eases [1]. The US Food and Drug Administration (FDA) has approved five of these inhibitors–

infliximab, adalimumab, etanercept, golimumab, and certolizumab–for many indications [2].

These inhibitors can be used alone or combined with other agents like prednisone, methotrex-

ate, hydroxychloroquine, leflunomide, or sulfasalazine [2].

Before a subcutaneously delivered biosimilar version of infliximab became widely available

internationally, the original form and its biosimilars were administered intravenously. Cur-

rently, all TNF-alpha inhibitors are given subcutaneously. The infliximab subcutaneous (SC)

was initially approved by the European Medicine Agency (EMA) in 2019 [3]; followed by FDA

acceptance of phase-III LIBERTY-UC trial submissions in 2023 [4]. This SC formulation, the

first of its kind, is administered regardless of body weight in all approved indications [5]. It

offers potential benefits in terms of convenience for patients and physicians, reducing outpa-

tient visits and intravenous administration costs [5]. Moreover, it has demonstrated noninfer-

iority to the intravenous formulations in efficacy, safety, and immunogenicity [6].

Comparing Saudi Arabia to other Middle Eastern and North African nations, Saudi Arabia

had the highest biosimilar approval rate [7]. The Saudi Food and Drug Authority (SFDA) has

authorized 14 TNF-alpha inhibitors, with different administration methods [7]. In a recent

budget impact analysis conducted in 2022 for inflammatory bowel disease treatment, inflixi-

mab SC showed significant cost savings in the United Kingdom, Germany, France, and Italy

but not in Spain. Despite SFDA approval in 2022, a budget impact analysis for Saudi Arabia

has not been conducted [8].

In general, because the costs of biologic originators and biosimilars continue to have an

impact on the national economy of any country, an economic study should be done before

introducing any new version of these TNF-alpha inhibitors to inform formulary and payer

decisions. In a recent budget impact analysis of infliximab SC for treating inflammatory bowel

disease (IBD), conducted in 2022, the infliximab SC showed significant cost savings in four
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European countries: United Kingdom, Germany, France, and Italy; but not in Spain3. Despite

the SFDA’s approval of infliximab SC in 2022, the budget impact analysis of this drug has not

yet been carried out in Saudi Arabia [8].

Given the global prevalence of inflammatory diseases like inflammatory bowel diseases

(IBDs) and psoriasis [9, 10], which have a significant impact on healthcare budgets. Therefore,

an economic study should precede the introduction of new TNF-alpha inhibitors to guide for-

mulary and payer decisions. Although these diseases affect millions worldwide, we specifically

aim to assess the potential cost savings of infliximab SC compared to all other infliximab IV

versions in ulcerative colitis (UC) and Crohn’s disease (CD) from the Saudi payer’s

perspective.

Materials and methods

Model overview

As depicted in Fig 1, the budget impact assessment for infliximab SC evaluates its potential

application in treating ulcerative colitis (UC) and Crohn’s disease (CD). The comparison

involves infliximab SC against all the approved and accessible intravenous (IV) formulations

of infliximab in Saudi Arabia. This assessment incorporates evidence on the comparative effec-

tiveness of infliximab SC and infliximab IV in the specified indications, as supported by rele-

vant studies [11–13]. Additionally, it considers the drug acquisition cost based on data from

SFDA, and the administration cost associated with IV infliximab formulations in public hospi-

tals [8, 14].

We conducted a prevalence-based budget impact model spanning a 2-year timeframe (2021

to 2023) for assessing the financial implications of introducing infliximab SC in Saudi Arabia.

The prevalence data for each indication in the country were obtained from the global database

[15]. The choice of a 2-year horizon aligns with Saudi national policy, which involves

Fig 1. The budget impact model of infliximab formulations for treating inflammatory bowel disease.

https://doi.org/10.1371/journal.pone.0312603.g001
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purchasing pharmaceuticals every two years through the National Unified Procurement Com-

pany (NUPCO).

In this model, the total cost per patient per year was calculated in the two indications. This

cost was then aggregated to consider the two-year time horizon. Further, the 2-year cost per

patient was multiplied by the incidence and the prevalence of ulcerative colitis (UC) and

Crohn’s disease (CD) for the two consecutive years 2021–2023.

In this model, we considered two scenarios: one without infliximab SC and one with inflixi-

mab SC. The cost per patient was initially computed in each scenario, taking into account the

number of patients with specific inflammatory bowel diseases (IBD), the proportion of eligible

patients for biological treatment, and the subset of those eligible for infliximab. The net budget

impact was then determined by calculating the difference between the scenario with infliximab

SC and the scenario without it.

The analysis considers the SFDA prices of the approved infliximab formulations, as outlined

in Table 1. The dosing of all infliximab versions was based on summary of products characteris-

tics (SmPC). The dosing for all formulations of infliximab was determined based on the sum-

mary of product characteristics (SmPC). Detailed dosing information for various infliximab

versions can be found in the supplementary material S1 File. All cost-related findings in this

study are reported in Saudi Riyal (SAR), with an exchange rate of 1 SAR equivalent to US $0.27.

Assumptions

In this assessment, few assumptions were made. The first assumption was that there was no

clinical superiority between infliximab SC and infliximab IV. This assertion relies on findings

from a multicenter cohort study conducted by Smith [13]. The second assumption posits that

patients consistently adhere to the same treatment throughout the entire evaluation period,

without any instances of discontinuation or switching. This assumption is made due to the

absence of available data on switching patterns across all indications in Saudi Arabia. The sec-

ond assumption was that the patient remained on the same treatment for the entire time hori-

zon, with no discontinuation or switching. This is because the switching patterns in all

indications are lacking in Saudi Arabia.

Study population and treatment protocols

As outlined in Table 2, the population figures for Saudi Arabia and prevalence data concerning

ulcerative colitis (UC) and Crohn’s disease (CD) were obtained from Global data15. The

Table 1. Drug acquisition cost of TNF-alpha inhibitors in Saudi Arabia*.
Brand Molecule/active

ingredient

Formulation Units per pack mg per unit mg per pack Price per unit

(SAR)

Remsima

SC1
Infliximab Pre-filled syringe, or Needle, or Auto inject, SC 2 120 240 1,481.50

Remicade1 Infliximab Powder for concentrate for solution for infusion vials,

IV

1 100 100 1,650.00

Remsima1 Infliximab Powder for concentrate for solution for infusion vials,

IV

1 100 100 1,357.25

Ixifi1 Infliximab Powder for concentrate for solution for infusion vials,

IV

1 100 100 1,527.19

SC: subcutaneous; IV: intravenous

*as published by the Saudi Food and Drug Authority 2023

https://doi.org/10.1371/journal.pone.0312603.t001
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prevalence rates for UC and CD were 0.03% and 0.02%, respectively. These prevalence esti-

mates remained constant from 2013 to 2017 and were incorporated into the model due to the

unavailability of data for the years 2021–2023. In Saudi Arabia, the eligibility of patients for

infliximab IV treatment stood at 11.24% for UC and 36.82% for CD [14].

Regarding the treatment protocol, for infliximab SC, patients underwent an induction with

an intravenous (IV) loading dose of infliximab six weeks prior. This aligns with the clinical

trial phase III protocol and prevalent practices documented in the literature [3, 4]. The body

weight of patients in each indication was determined based on published studies that provided

the average and standard deviation (SD) for a typical patient in each included indication [16–

19]. The average body weight for each indication is presented in Table 2. Additionally, the

study incorporates dose escalation rates for all infliximab patients in ulcerative colitis (UC)

and Crohn’s disease (CD). These rates of dose escalation were derived from published system-

atic reviews and meta-analyses, estimating escalation rates in the first year of use and subse-

quent years [11, 12].

Table 2. Input data for budget impact analysis (BIA) of Infliximab use in Crohn’s disease and ulcerative colitis.

Inputs Mean (SD) Reference

Epidemiology data

Population in Saudi Arabia 2023 36,947,025 15

Prevalence of Ulcerative colitis 0.03%ȶ 15

Prevalence of Crohn’s disease 0.02%ȶ 15

Patient eligibility for infliximab IV Ulcerative colitis 11.24%

Crohn’s disease 36.82%

14

Body weight per indication

Ulcerative colitis 78.8 (18.4) 20

Crohn’s disease 69.4 (15.8) 21

Rates of dose escalations of infliximab

Ulcerative colitis

Infliximab Year 1: 31.8%

Year 2: 8.5%

11

Crohn’s disease

Infliximab Year 1: 38%

Year 2: 15%

12

Services and costs* Unit cost (SAR)

Costs associated with IV administration

Fee for IV administration SAR 200 14

Nursing care SAR 50 14

Normal saline and other meds SAR 13 14

Physician consultation at each visit SAR 100 14

Total SAR 363 14

Costs associated with SC formulation per year

Number of annual visits 3 14

Total (SAR 100 per visit) SAR 300 14

IV: intravenous; SC: subcutaneous

*All patients on biological treatments were assumed to have the following tests at baseline: Tuberculin test, x-ray,

human immunodeficiency virus serology, hepatitis B & C serology, varicella zoster virus serology, herpes simplex

virus serology, complete blood count, liver function test, erythrocyte sedimentation rate test, serum albumin, and c-

reactive protein test.

https://doi.org/10.1371/journal.pone.0312603.t002
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The cost of services associated with the route of administration is detailed in Table 2. These

costs are reimbursed by the Saudi Ministry of Health as the primary payer. Patients undergo-

ing their initial biologic treatments usually require 13 baseline laboratory tests, including the

Tuberculin test, x-ray, human immunodeficiency virus serology, hepatitis B & C serology, var-

icella-zoster virus serology, herpes simplex virus serology, complete blood count, liver function

test, erythrocyte sedimentation rate test, serum albumin, and C-reactive protein test9. Individ-

uals receiving intravenous (IV) infliximab typically incur costs for IV technical support, nurs-

ing care, normal saline, and physician consultations. On the other hand, patients on

subcutaneous (SC) biologics necessitate three annual outpatient visits without any additional

services.

Analyses

First, a direct cost per patient comparison was undertaken, categorizing all infliximab versions

based on the Saudi Food and Drug Authority’s (SFDA) classification of originators and biosi-

milars. The original infliximab (o) is Remicade, while the biosimilar infliximab (b) encom-

passes Remsima IV and Ixifi. In each treatment comparator and for each indication, the total

cost per patient per year was quantified and then aggregated for the two-year time horizon

(2021–2023). Subsequently, two-year cost differences between infliximab SC and the IV for-

mulations in ulcerative colitis and Crohn’s disease was Identified.

Second, aggregated population cost was estimated. In this estimation, the cost per patient

per year was multiplied by the eligible population of Ulcerative Colitis (UC) and Crohn’s dis-

ease (CD) given the projected incidence and the prevalence of ulcerative colitis for the time

horizon 2021–2023. This step enabled the model to calculate the aggregated cost for the entire

patient population for 2021–2023. Subsequently, a budget impact analysis was carried out over

a 2-year span, considering two scenarios: one without Infliximab SC versus an environment

incorporating Infliximab SC. A sensitivity analysis covered adoption scenarios ranging from

0% (no Infliximab SC adoption) to 100% (complete replacement with Infliximab SC). In the

budget impact analysis, the average cost of infliximab IV formulations, encompassing both

originators and biosimilars, was used in the comparison with Infliximab SC, rather than indi-

vidual brand distinctions. This analysis was executed using Microsoft1 Excel1 365 with Visual

Basic for Applications (VBA) support.

Results

In ulcerative colitis (UC), the projected total cost of treating a single patient over a 2-year

period was estimated at SAR121,947 with infliximab IV (originator), SAR102,534 with inflixi-

mab IV (biosimilar), and SAR83,095 with infliximab SC. A breakdown of the annual costs can

be found in supplementary material in S2 File. For Crohn’s disease (CD), the total cost of treat-

ing one patient over a 2-year span was approximated at SAR127,254 with infliximab IV (origi-

nator), SAR112,108 with infliximab IV (biosimilar), and SAR83,095 with infliximab SC.

Detailed annual cost breakdowns are available in supplementary material in S3 File. Fig 2 illus-

trates the direct cost comparison between infliximab SC and infliximab IV for each indication.

A negative sign in the figures indicates savings per patient per year, while no sign suggests

overspending per patient per year. For both indications UC and CD, infliximab SC demon-

strated cost-saving potential when compared to both infliximab (originator) and infliximab

(biosimilar) over the 2-year period. The most substantial savings with infliximab SC were

observed in CD, amounting to -SAR31,336 per patient in 2021–2022 and -SAR12,823 per

patient in 2022–2023.
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In this evaluation, the total number of patients with UC and CD in Saudi Arabia was 9,745

and 7,881, respectively. Among these, 1,095 UC patients and 2,902 CD patients were eligible

for treatment with the infliximab IV formulation. These figures were utilized to project the

national budget over a 2-year period in two scenarios: one "without infliximab SC" and the

other "with infliximab SC," considering various adoption rates ranging from 0% to 100% for

infliximab SC. Fig 3 illustrates the net budget impact between the two scenarios for UC and

CD over the 2-year horizon at different infliximab SC uptake rates.

As depicted in Fig 3, the savings associated with infliximab SC reach -SAR31.9 million in

UC and -SAR106.2 million in CD at 100% uptake (full adoption). When these savings are

divided by the number of eligible patients receiving infliximab IV formulations, the resulting

savings per patient over the 2-year period are -SAR29,145 for UC patients and -SAR36,585 for

CD patients.

Discussion

To the best of our knowledge, this is the inaugural economic study examining the economic

implications of infliximab SC in contrast to other infliximab IV alternatives, specifically from

the viewpoint of the Saudi Arabian payer. Our findings indicate that, at the prices set by

SFDA, infliximab SC presents a cost-saving alternative in comparison to all currently accessi-

ble infliximab IV options for the treatment of UC and CD.

In both UC and CD, infliximab SC emerged as a cost-saving alternative when compared to

the included intravenous (IV) formulations of infliximab. Two critical factors contribute to

this outcome. Firstly, the registered price by the SFDA for infliximab SC was lower than that of

infliximab IV (originator) and one of the two infliximab IV (biosimilar) options. It is impor-

tant to note that these findings are contingent upon the current SFDA prices and are suscepti-

ble to change over time. Furthermore, the SFDA price points mirror the registered prices of

each infliximab version in the Saudi market for out-of-pocket and private payers. However,

for the central payer system in Saudi Arabia, the National Unified Procurement Company

Fig 2. Head-to-head cost comparison between infliximab SC and each class of infliximab in ulcerative colitis and

Crohn’s disease.

https://doi.org/10.1371/journal.pone.0312603.g002
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(NUPCO) prices are typically adopted to represent the price point at which the public health

sector acquires pharmaceutical products [20]. Unfortunately, we were unable to conduct the

analysis based on NUPCO prices due to their confidential nature. It is noteworthy that

NUPCO prices are generally lower than SFDA prices, with an average reduction of approxi-

mately 30%, reflecting the volume-based purchasing agreements of NUPCO. In Saudi Arabia,

the SFDA plays a pivotal role in regulating drug prices, and the prices determined by the

SFDA serve as a benchmark for the out-of-pocket and private payer segments of the healthcare

system.

It is important to consider the central payer system in Saudi Arabia, where the NUPCO1 is

a key entity in acquiring pharmaceutical products for the public health sector [20]. However,

due to the confidential nature of NUPCO prices, our assessment primarily relies on the SFDA-

registered prices. In a comprehensive analysis, incorporating NUPCO prices would provide a

more nuanced understanding of the economic landscape, particularly for the public health sec-

tor. Research indicates that NUPCO prices are typically lower than SFDA prices, with an aver-

age reduction of around 30%. This price disparity is attributed to the volume-based

purchasing agreements facilitated by NUPCO, emphasizing the importance of considering dif-

ferent pricing structures in assessing the economic impact of pharmaceutical options. Unfor-

tunately, due to the dynamic nature of the pharmaceutical market and the confidential nature

of certain pricing information, providing exact references for this evolving context proves

challenging. However, insights from reputable sources like economic analyses, government

reports, and scholarly studies on drug pricing mechanisms in Saudi Arabia would serve as

valuable references for further exploration and understanding.

Secondly, the potential for dose escalation of infliximab IV was considered in UC and CD,

based on findings from two systematic reviews and meta-analyses that estimated the frequency

Fig 3. Net budget impact of infliximab SC across various uptake rate scenarios 0% to 100%.

https://doi.org/10.1371/journal.pone.0312603.g003
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of dose escalation in these specific indications [11, 12]. Notably, infliximab SC did not undergo

dose escalation, as it is not weight-dependent like its intravenous counterpart, infliximab IV.

While we acknowledge the significance of dose escalation as a critical practice among health-

care practitioners, our analysis demonstrated that even without implementing dose escalation

in UC and CD, infliximab SC still yielded cost savings in comparison to both the originators

and biosimilars of infliximab IV. This financial advantage persists because the registered price

of infliximab SC remains lower than that of the majority of infliximab IV versions, as outlined

by the SDFA.

The findings of this study align with the conclusions drawn from an epidemiology-based

budget impact analysis conducted across five European countries: the United Kingdom, Ger-

many, France, Italy, and Spain, specifically focusing on ulcerative colitis (UC) and Crohn’s dis-

ease (CD) indications [3]. According to the study, the introduction of infliximab SC for CD

patients led to cost savings of €42.0 million in the UK, €59.4 million in Germany, and €46.4

million in France and Italy over a 5-year period. However, it resulted in increased budget

expenditure in Spain by €3.8 million. Similarly, for UC patients, the study demonstrated total

cost savings of €42.7 million in the United Kingdom, €44.9 million in Germany, €44.3 million

in France, and €53.0 million in Italy over the same 5-year duration, with no estimated savings

in Spain [3].

In our study, the incorporation of infliximab SC into the treatment of inflammatory bowel

disease (IBD) resulted in significant cost savings. A prior study examining the utilization of

biologic and non-biologic drugs in IBD treatment reported that infliximab IV was utilized by

11.24% of patients with UC and 36.82% of patients with CD [14]. By adopting these utilization

estimates in our analysis, it was determined that 1,095 UC patients and 2,902 CD patients were

eligible for treatment with infliximab IV. Consequently, at 100% uptake (full adoption) of

infliximab SC, the accrued savings amounted to -SAR31.9 million for UC and -SAR106.2 mil-

lion for CD. These substantial savings present an opportunity to reallocate resources, poten-

tially increasing access to novel biological treatments for a greater number of IBD patients.

This study holds significance on two fronts. Firstly, it addresses the critical aspect of timing

in evidence generation. The recent approval of Infliximab SC by the SFDA marks a pivotal

development, and the formulation is anticipated to be integrated into the NUPCO’s plans for

2024–2026. Notably, prior to this study, no economic evidence had been published, making

this research timely and crucial in providing insights into the economic impact of Infliximab

SC.

Secondly, the study plays a pivotal role in informing decision-making processes regarding

the treatment of inflammatory diseases. Notably, professional associations such as the Saudi

Gastroenterologist Association (SGA) have released statements on the use of TNF-alpha inhib-

itors for the treatment of IBD [21]. It’s noteworthy that at the time of the SGA statement,

Infliximab SC was not yet available in the Saudi market [21]. With the findings of this study,

decision-makers, including healthcare providers and policymakers, can strategically plan for

updates to treatment protocols, coverage policies, and resource allocation, aligning with the

introduction of Infliximab SC into the market. This ensures that decisions are evidence-based

and consider the economic implications for the healthcare system and patients alike.

An additional aspect, not directly measured in this study but crucial for decision-makers to

consider, is the convenience associated with administering Infliximab SC compared to the

intravenous (IV) formulation. The results of this study might underestimate the true economic

value of Infliximab SC, given that patients can self-administer at home, eliminating the need

for admission to an inpatient or outpatient clinic. This aspect is particularly significant as it

not only enhances the patient experience but also has broader implications for healthcare pro-

viders. The convenience of Infliximab SC introduces efficiencies from a provider perspective.
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The time traditionally spent by nurses or technicians during IV infusions in outpatient wards

can be redirected to serve more patients across different areas when an SC formulation

replaces an IV formulation. This not only optimizes resource utilization but also contributes to

improving overall healthcare service delivery. Thus, decision-makers should recognize and

account for these non-measurable yet impactful aspects when evaluating the comprehensive

value proposition of Infliximab SC in the context of patient care and healthcare resource man-

agement [3].

Our study is subject to certain limitations. While originators such as adalimumab, certolizu-

mab, etanercept, and golimumab are available in Saudi Arabia, they were excluded from the

analysis due to the absence of comparative efficacy data against infliximab SC. This lack of data

restricts our ability to comprehensively evaluate these treatments in relation to infliximab SC.

Additionally, the model employed in our study does not incorporate switching practices. This

limitation arises from the absence of real-world data on patterns of switching between different

versions of infliximab in Saudi Arabia. The dynamics of treatment switching are complex and

can significantly impact economic outcomes, but the current analysis does not account for this

aspect. Furthermore, the study does not assess productivity costs. This omission is attributed

to the unavailability of data required to estimate such costs. While productivity costs are a rele-

vant factor in the economic evaluation of healthcare interventions, their absence in our study

reflects a data constraint. These limitations underscore the need for ongoing research and real-

world data collection to enhance the precision and comprehensiveness of economic evalua-

tions in the context of inflammatory bowel disease treatments in Saudi Arabia.

It is crucial to highlight that the clinical positioning of TNF-alpha inhibitors within clinical

protocols varies across the studied indications. This variability is particularly evident in patients

with co-morbidities, where TNF-alpha inhibitors differ in terms of response rates, adverse

events, and tolerability factors [22–24]. When selecting a TNF-alpha inhibitor, these consider-

ations become pivotal, and decision-makers should weigh these factors to determine the most

suitable option based on individual patient characteristics and the specific clinical context.

For instance, in the context of IBD, current recommendations favor infliximab as the pri-

mary choice, especially in progressive or refractory stages [25, 26]. On the other hand, in the

treatment of psoriasis, etanercept monotherapy is recommended as the first choice for patients

with moderate to severe conditions [22]. These nuanced differences in clinical guidelines

underscore the importance of tailoring treatment decisions to the specific needs and condi-

tions of patients, acknowledging that not all TNF-alpha inhibitors are interchangeable and

that individualized approaches are essential for optimizing therapeutic outcomes.

Moreover, the cost factor significantly influences the selection of TNF-alpha inhibitors in

many healthcare systems. These biological treatments pose a considerable financial burden for

both patients and payers [11]. The expiration of patents for certain TNF-alpha inhibitors has

paved the way for the availability of biosimilars, offering substantial cost reductions for

patients and payers alike [7, 27–31]. However, the successful adoption of these biosimilars is

contingent upon the acceptance of patients and physicians [7, 32]. In addition to cost consider-

ations, the incorporation of innovative technologies, such as artificial intelligence, in predict-

ing the performance of biological treatments is becoming increasingly integral to decision-

making in the field [33]. This study aligns with the imperative for payers to evaluate the value

of the infliximab SC formulation within the specific context of Saudi jurisdictions. Future

assessments should extend their scope to encompass the real-world value of infliximab SC in

comparison to all other TNF-alpha inhibitors. These assessments must not only delve into

comparative effectiveness but also take into account switching rates between these TNF-alpha

inhibitors [34]. By considering these multifaceted factors, healthcare decision-makers can

make informed choices that optimize both clinical outcomes and resource utilization.
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Conclusion

In this investigation, infliximab SC demonstrated cost-saving potential in comparison to the

available infliximab IV formulations in Saudi Arabia. To enhance our understanding and

address existing uncertainties, future studies should delve into real-world comparative effec-

tiveness assessments of infliximab SC against infliximab IV formulations and other TNF-alpha

inhibitors. Additionally, aspects such as the convenience of administration, patient tolerability,

and physician acceptance to prescribe the subcutaneous formulation of infliximab should be

further explored. These endeavors will contribute valuable insights to guide evidence-based

decision-making and optimize the utilization of these treatments in clinical practice.
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25. Kuhbacher T, Fölsch UR. Practical guidelines for the treatment of inflammatory bowel disease.

World J Gastroenterol. 2007; 13(8):1149–1155. https://doi.org/10.3748/wjg.v13.i8.1149 PMID:

17451192

26. Mosli MH, Almudaiheem HY, AlAmeel T, et al. Saudi Arabia consensus guidance for the diagnosis and

management of adults with inflammatory bowel disease [published online ahead of print, 2022 Nov 21].

Saudi J Gastroenterol. 2022; https://doi.org/10.4103/sjg.sjg_277_22 PMID: 36412460

27. Abraham I. It’s what we do with the savings: economics and equity. Center for Biosimilars; 2022. [cited

2022 Oct 27]. https://www.centerforbiosimilars.com/view/dr-ivo-abraham-column-it-s-what-we-do-with-

the-savings-economics-and-equity

28. Alkhatib NS, Erstad B, Ramos K, et al. Pricing methods in outcome-based contracting: δ3: reference-

based pricing [published correction appears in J Med Econ. 2020 Sep 29;:1–6]. J Med Econ. 2020; 23

(11):1230–1236. https://doi.org/10.1080/13696998.2020.1815027 PMID: 32845191.

29. choi BM, Abraham RB, Halawah H, et al. Comparing jurisdiction-specific pharmaco-economic evalua-

tions using medical purchasing power parities. J Med Econ. 2021; 24(sup1):34–41. https://doi.org/10.

1080/13696998.2021.2007705 PMID: 34866529.

30. McBride A, MacDonald K, Abraham I. Conversion to supportive care with biosimilar pegfilgrastim-cbqv

enables budget-neutral expanded access to R-CHOP treatment in non-Hodgkin lymphoma. Leuk Res.

2021; 106:106591. https://doi.org/10.1016/j.leukres.2021.106591 PMID: 33957339.

31. McBride A, MacDonald K, Fuentes-Alburo A, Abraham I. Cost-efficiency and expanded access

modeling of conversion to biosimilar trastuzumab-dkst with or without pertuzumab in metastatic

breast cancer. J Med Econ. 2021; 24(1):743–756. https://doi.org/10.1080/13696998.2021.1928515

PMID: 34003067.

32. Al-Amer R, Malak MZ, Burqan HMR, et al. Emotional Reaction to the First Dose of COVID-19 Vaccine:

Postvaccination Decline in Anxiety and Stress among Anxious Individuals and Increase among Individ-

uals with Normal Prevaccination Anxiety Levels. J Pers Med. 2022; 12(6):912. https://doi.org/10.3390/

jpm12060912 PMID: 35743695

PLOS ONE Budget impact analysis of subcutaneous infliximab for treating inflammatory bowel disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0312603 November 12, 2024 13 / 14

https://doi.org/10.1186/s12962-019-0194-3
http://www.ncbi.nlm.nih.gov/pubmed/31827409
https://vizhub.healthdata.org/gbd-results/
https://www.nice.org.uk/guidance/ta375
https://www.nice.org.uk/guidance/ta375
https://doi.org/10.1007/s00228-009-0718-4
https://doi.org/10.1007/s00228-009-0718-4
http://www.ncbi.nlm.nih.gov/pubmed/19756557
https://doi.org/10.1111/apt.13847
http://www.ncbi.nlm.nih.gov/pubmed/27862107
https://www.nice.org.uk/guidance/ta407
https://www.nupco.com/
https://doi.org/10.4103/1319-3767.161635
http://www.ncbi.nlm.nih.gov/pubmed/26228361
https://doi.org/10.1007/s13555-023-00986-0
http://www.ncbi.nlm.nih.gov/pubmed/37542678
https://doi.org/10.1007/s13555-023-00930-2
https://doi.org/10.1007/s13555-023-00930-2
http://www.ncbi.nlm.nih.gov/pubmed/37210684
https://doi.org/10.1111/dth.13508
http://www.ncbi.nlm.nih.gov/pubmed/32415727
https://doi.org/10.3748/wjg.v13.i8.1149
http://www.ncbi.nlm.nih.gov/pubmed/17451192
https://doi.org/10.4103/sjg.sjg%5F277%5F22
http://www.ncbi.nlm.nih.gov/pubmed/36412460
https://www.centerforbiosimilars.com/view/dr-ivo-abraham-column-it-s-what-we-do-with-the-savings-economics-and-equity
https://www.centerforbiosimilars.com/view/dr-ivo-abraham-column-it-s-what-we-do-with-the-savings-economics-and-equity
https://doi.org/10.1080/13696998.2020.1815027
http://www.ncbi.nlm.nih.gov/pubmed/32845191
https://doi.org/10.1080/13696998.2021.2007705
https://doi.org/10.1080/13696998.2021.2007705
http://www.ncbi.nlm.nih.gov/pubmed/34866529
https://doi.org/10.1016/j.leukres.2021.106591
http://www.ncbi.nlm.nih.gov/pubmed/33957339
https://doi.org/10.1080/13696998.2021.1928515
http://www.ncbi.nlm.nih.gov/pubmed/34003067
https://doi.org/10.3390/jpm12060912
https://doi.org/10.3390/jpm12060912
http://www.ncbi.nlm.nih.gov/pubmed/35743695
https://doi.org/10.1371/journal.pone.0312603


33. Damiani G, Conic RRZ, Pigatto PDM, et al. Predicting Secukinumab Fast-Responder Profile in Psoriatic

Patients: Advanced Application of Artificial-Neural-Networks (ANNs). J Drugs Dermatol. 2020; 19

(12):1241–1246. https://doi.org/10.36849/JDD.2020.5006 PMID: 33346505

34. Vijayan S, Hwangbo K, Barkham N. Real-world evidence for subcutaneous infliximab (CT-P13 SC)

treatment in patients with ankylosing spondylitis during the coronavirus disease (COVID-19) pan-

demic: A case series. Clin Case Rep. 2022; 10(1):e05233. https://doi.org/10.1002/ccr3.5233 PMID:

35059197

PLOS ONE Budget impact analysis of subcutaneous infliximab for treating inflammatory bowel disease

PLOS ONE | https://doi.org/10.1371/journal.pone.0312603 November 12, 2024 14 / 14

https://doi.org/10.36849/JDD.2020.5006
http://www.ncbi.nlm.nih.gov/pubmed/33346505
https://doi.org/10.1002/ccr3.5233
http://www.ncbi.nlm.nih.gov/pubmed/35059197
https://doi.org/10.1371/journal.pone.0312603

