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ARTICLE INFO ABSTRACT

Keywords: Introduction: Severe Haemophilia A patients with inhibitors are currently being treated with
COS_t }ltility analysis bypassing agents like activated prothrombin complex concentrates (aPCC) and recombinant
Emmzu‘;‘i!’ N factor VIla. Emicizumab is a recombinant humanized monoclonal antibody, introduced to reduce
Inezﬁ;nop ilia the bleeding events, improve treatment adherence, and quality of life. However, cost-

effectiveness and long-term sustainability of the intervention is not studied in a low middle in-
come setting like India.

Aim: The primary objective of this study was to evaluate the cost-utility of Emicizumab compared
to traditional bypassing agents in the treatment of severe haemophilia A patients with inhibitors
in India. Secondary objective was to analyze the budgetary impact of introducing Emicizumab for
this patient population from the perspective of public health system in India.

Methods: Markov model was created to compare the prophylactic emicizumab therapy against
bypassing agents for a hypothetical cohort of 10-year-old adolescents in India. The time horizon
was 10 years and model built based on health system perspective. Cost utility was expressed as
costs per quality-adjusted life-years (QALYs) gained. All costs were expressed as 2021 US dollars.
Probabilistic sensitivity analysis was performed to check the robustness of the estimates.
Results: Prophylactic emicizumab was a cost saving intervention with negative Incremental Cost
Utility Ratio (ICUR) against recombinant factor VIIa of —853,573 USD (INR -63,109,773), and
negative ICUR of —211,675 USD (INR -15,650,403) against APCC. The estimated total budget for
treating all the severe Haemophilia A patients with inhibitors in India was USD 59,042,000 (INR
4,365,329,312) for 10 years’ time horizon (per patient cost of USD 295,210 [INR
21,826,646.56]).
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Conclusion: Prophylactic emicizumab therapy is a cost saving intervention when compared to both
the bypassing agents as it is less costly and more effective for severe Haemophilia A patients with
inhibitors in India.

1. Introduction

Haemophilia A is a X-linked recessive bleeding disorder, characterised by a decreased or absent circulating factor VIII (FVIII)
activity, leading to lifelong bleeding tendency. This disorder accounts for nearly 85% of all the haemophilia cases [1]. It has an
incidence of about 1 in 5000 male births. Males are symptomatic and present with spontaneous bleeding episodes and bleeding
secondary to trauma and surgeries, while females may have bleeding manifestations or remain asymptomatic carriers [2]. Haemo-
philia is classified into mild (6-40%), moderate (1-5%) and severe haemophilia (<1%) based on FVIII levels [1]. People with severe
haemophilia A are at increased risk of developing severe life-threatening bleeding following trauma and surgeries. They develop
spontaneous bleeding into joints (hemarthrosis), soft tissues and muscles leading to chronic disability and impaired quality of life [1].

Replacement of factor-VIII with intravenously delivered factor-VIII concentrates either plasma derived or recombinant is the
standard of care for patients with severe Haemophilia A. It is administered in response to bleeding (“on-demand therapy”) or to prevent
bleeding (“prophylactic therapy”) [1,2]. However, 20-30% of people with severe haemophilia A develop inhibitors to factor-VIIIL.
Presence of inhibitors increases the morbidity and mortality in patients with severe haemophilia A [1].

Severe Haemophilia A patients with inhibitors are currently being treated with bypassing agents such as activated prothrombin
complex concentrates (aPCC) and recombinant activated factor VIIa [1,3]. Intravenous bypassing agents are used on an on-demand
basis during the bleeding episodes to arrest bleeding [1]. This does not reduce the occurrence of bleeding episodes and resulting
disability. Direct cost of bypassing agents alone account for 98% of the healthcare cost associated with the treatment of severe hae-
mophilia A [4]. High cost of bypassing agents also affects treatment adherence and reduces overall treatment effectiveness and quality
of life [5,6].

Emicizumab is a recombinant humanized monoclonal antibody, mimics the function of factor VIII instead of replacing it [6]. It has
been approved by US FDA in 2017 for the prevention and reduction of bleeding in haemophilia A patients with inhibitors [7]. It has a
half-life of approximately 30 days and is unaffected by the presence of inhibitors [8]. It reduces the annualised bleeding rates and
reported to have good safety profile [9]. Less frequent and subcutaneous administration of emicizumab increases the treatment
adherence and improves the quality of life of severe haemophilia A patients and decreases burden on the healthcare system [8]. A
recently concluded phase III trial has demonstrated safety and efficacy with once-weekly subcutaneous dosing of emicizumab over
bypassing agents [10]. However, breakthrough bleeding during prophylactic therapy has to be treated with bypassing agents. Though
emicizumab has several advantages over bypassing agents, cost-effectiveness of prophylactic emicizumab in severe haemophilia A
patients with inhibitors is not studied in a low middle income setting like India. Hence, the study was done to compare the budget
impact and cost-utility of emicizumab against bypassing agents in the treatment of severe haemophilia A patients with inhibitors.

2. Methods
2.1. Model characteristics

Markov model (given the recurrent nature of the bleeds in severe Haemophilia patients) was created using TreeAge Pro Healthcare
2022 software. This model was run for a hypothetical cohort of 10-year-old children with severe haemophilia A with factor VIII
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Fig. 1. State Transition Diagram for all the possible health states in the Markov Model.
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inhibitors. The time horizon was 10 years and analysis were performed based on health system perspective.

This model was utilized to estimate the cost-utility of prophylactic emicizumab compared to on-demand bypassing agents (re-
combinant factor VIIa or APCC) in India. Separate model was run for each of the two bypassing agents. Currently, severe haemophilia A
patients with inhibitors are being treated with on-demand bypassing agents i.e., as and when the bleeding occurs. The average rec-
ommended dosage of recombinant factor VIIa was taken as 0.2 mg/kg/bleed, while the dosage of APCC was 65 IU/kg/bleed [11]. The
recommended dosage of emicizumab consists of a loading dose of 3 mg/kg for every week for first four weeks of initial therapy
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Fig. 2. a: Markov decision tree model for prophylactic emicizumab against recombinant factor VIIa with rollback results
b: Markov decision tree model for prophylactic emicizumab against APCC with rollback results.
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followed by maintenance dose of 3 mg/kg once in two weeks in subsequent months [11].

Figure-1 shows the state transition diagram consisting of the health states in model (i.e., no bleeding, mild bleeding, severe
bleeding and death). There was also an interim transition state of serious adverse events (SAEs) associated with emicizumab or
bypassing agents. Figure-2A and 2B shows the Markov decision tree model for prophylactic emicizumab against on-demand recom-

binant factor VIIa and APCC separately. The cycle length is one year.

Table 1

Input parameters for base case and sensitivity analysis.

Input parameter

Base case values

Parameter range
(distribution)T

Source

Disease parameters

Probability of bleeding and death after treatment with emicizumab

Probability of no bleeding after
emicizumab

Probability of mild bleeding after
emicizumab

Probability of severe bleeding after
emicizumab

Probability of death after
emicizumab

Probability of bleeding and death after treatment with recombinant VII A

Probability of no bleeding after
recombinant VII A

Probability of mild bleeding after
recombinant VII A

Probability of severe bleeding after
recombinant VII A

Probability of death after
recombinant VII A

0.813

0.157

Extracted by combining the other

states and subtracting by 1
0

0

0.90

Extracted by combining the other

states and subtracting by 1
0.02277

Probability of bleeding and death after treatment with APCC

Probability of no bleeding after
APCC

Probability of mild bleeding after
APCC

Probability of severe bleeding after
APCC

Probability of death after APCC

0

0.90

1-other states

0.00908

Probability of severe adverse events (SAE)

Probability of SAE after emicizumab

Probability of SAE after recombinant
VII A

Probability of SAE after APCC

Utility values

Utility value for no bleeding

Utility value of light bleeding

Utility value of severe bleeding

Utility value for death

Treatment costs

Cost of emicizumab per 30 mg vial

Cost of recombinant VII A per vial

Cost of APCC per IU

Dosage requirement of emicizumab
Loading dose (1st month):
Maintenance dose (subsequent
months):

Dosage requirement of recombinant
VII A

Dosage requirement of APCC

Unit cost per outpatient visit

Unit cost per inpatient admission

Unit cost per ICU admission

Unit cost per inpatient day

Unit cost per ICU-day

Exchange rate (USD to INR)

Discount rate

0
0.01

0.00699

0.80 (0.21 SD)
0.73 (0.22 SD)
0.67 (0.25 SD)
0

551.2 USD (40,754.00 INR)
531.7 USD (39,310.00 INR)
0.74 USD (55.00 INR)
3 mg/kg once a week
3 mg/kg once in two weeks

0.2 mg/kg

65 IU/kg

3.978 USD

75.997 USD

149.975 USD

17.368 USD
74.9978 USD

1 USD = 73.936 INR
3%

0.768-0.95 (beta)
0.121-0.20 (beta)
+10% (beta)

0-0.04 (beta)

+10% (beta)
+10% (beta)
+10% (beta)

+10% (beta)

+10% (beta)
+10% (beta)
+10% (beta)
+10% (beta)

+10% (beta)
+10% (beta)

+10% (beta)

+10% (beta)
+10% (beta)
+10% (beta)

+10% (Gamma)
+10% (Gamma)
+10% (Gamma)

+10% (Gamma)
+10% (Gamma)
+10% (Gamma)
+10% (Gamma)
+10% (Gamma)

Michael U. Callaghan et al., 2021 (HAVEN 1-4) [10]

Michael U. Callaghan et al., 2021 (HAVEN 1-4) [10]

Makris M et al., 2019 [12]

Levi M et al., 2005 [16]

Abshire T et al., 2008 [13]

Zhou ZY et al., 2010 [15]

Kim CH et al., 2019 [14]

Pipe SW et al., 2019 [17]
Levi M et al., 2005 [16]

Olasupo OO et al., 2021 [18]

Hoxer CS et al., 2019 [22]
Hoxer CS et al., 2019 [22]
Hoxer CS et al., 2019 [22]
Hoxer CS et al., 2019 [22]

Price quoted by pharmaceuticals
Price quoted by pharmaceuticals
Price quoted by pharmaceuticals

Srivastava A et al., 2020 (WFH Guidelines for the

Management of Hemophilia) [11]

Srivastava A et al., 2020 [11]

Srivastava A et al., 2020 [11]
Chauhan AS et al., 2022 [19]
Chauhan AS et al., 2022 [19]
Chauhan AS et al., 2022 [19]
Chauhan AS et al., 2022 [19]
Chauhan AS et al., 2022 [19]

World Bank official exchange rate for 2021 [21]
WHO guide to cost-effectiveness analysis [20]

APCC - Factor eight inhibitor bypass activity (activated prothrombin complex concentrates); ICU-Intensive Care Unit; INR - Indian Rupees; SAE —

Serious Adverse Events; USD — United States Dollars; QALY-Quality adjusted life years.
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2.2. Inputs

Broadly, the following inputs were required in the model: transition probabilities, cost and utility parameters. The values of each
individual input with references are detailed in Table-1.

2.2.1. Transition probabilities

Initial and transition probability of no, mild, severe bleeding and death was obtained from HAVEN 1-4 studies, which reports the
long-term effectiveness and safety of prophylactic emicizumab [10,12]. The probabilities for the bypassing agents were obtained from
two systematic review and meta-analysis papers, pooling the efficacy and safety estimates for recombinant factor VIIa and APCC
[13-15]. The transition probability for SAE due to bypassing agents was also obtained from the same review [15-17].

Probability of no bleeding was kept as zero for patients on either of the on-demand bypassing agents, as the severe haemophilia A
patients with inhibitors and not on any prophylactic therapy are bound to have bleeding events. Comprehensive literature review and
expert opinion was obtained before setting the transition probabilities for every health states. The compliance to treatment was
assumed to be 100% for prophylactic therapy. All-cause mortality was also incorporated into the probability of death in both the
intervention cycles.

2.2.2. Costs
The cost estimates included in the model were the cost of prophylactic emicizumab treatment, cost of treating light and severe
bleeding events, cost of on-demand treatment with bypassing agents and cost of treating SAEs.

2.2.3. Prophylactic emicizumab treatment

Cost of prophylactic emicizumab treatment consists of the drug costs and the health system costs associated with the provision of
drug in the hospitals. The current drug price of emicizumab (trading under the name “Hemlibra™) is USD 551.2 (INR 40,754) per 30 mg
vial. Approximately 104 vials will be required for treating a patient weighing 40 kg (assumed for the current study cohort). However,
currently, the Roche pharmaceuticals is providing a discount to provide free vials for a period of six months (maintenance phase)
treatment in India. Hence, the cost calculation is required for only 56 vials. The scenario analysis without the discount was done to
understand the future sustainability of the intervention without the concession from the pharmaceutical company. Health system cost
was calculated depending on the number of visits required to the hospital for getting the prophylactic medication. For the loading dose,
the patient should visit the facility weekly, while during the maintenance phase, the patient can visit as little as one visit per month or 4
times/month (depending on the preferred dosing schedule). In this study, the assumption is 2 visits/month will be required during
maintenance phase, totalling to approximately 26 hospital visits/year. Unit cost per outpatient visit was obtained from the large-scale
multicentric costing study conducted in India.

Breakthrough bleeding event during the prophylactic emicizumab therapy should be treated with recombinant factor VIIa [11].
Treatment with APCC for breakthrough bleeding in patients on emicizumab is reported to cause higher risk of serious complications
like thrombotic microangiopathy [11]. Hence, the cost of recombinant factor VIIa was included to calculate the cost of health states
like mild and severe bleeding event in emicizumab treated patients. For mild bleeding event, the recommended dose of recombinant
factor VIIa is 270 pg/kg for one day, while for severe bleeding event, the recommended dose is required (on average) for three days.
Hence, for mild bleeding event, cost of recombinant factor VIIa and unit cost of outpatient visits were incorporated, while for severe
bleeding event, unit costs for intensive care unit (ICU) stay (for first two days of treating severe bleeding event) and inpatient stay (for
one day before discharge) were additionally incorporated.

2.2.4. On-demand bypassing agents

2.2.4.1. Recombinant factor VIla. As per literature search and expert opinions, severe haemophilia A patients with inhibitors and not
on any prophylactic therapy are reported to have two bleeding events per month (averaging to 24 bleeding events per year) and this
state is considered as mild bleeding event [18]. For each bleeding event, 8 mg of recombinant factor VIIa (0.2 mg/kg/bleeding event) is
required for a patient weighing 40 kgs, totalling to 8 vials (1 vial = 1 mg) [11]. Hence, a total of 192 vials will be required for one-year
period. Cost of one vial is approximately USD 531.7 (INR 39,310). Unit costs of health system visit was also added for each bleeding
event. For severe bleeding events, additional costs (as mentioned earlier in prophylactic emicizumab costs) were added [19].

2.2.4.2. APCC. Assumption for the number of bleeding event is as same as that for recombinant factor VIIa. For each bleeding event,
65 IU/kg is required, totalling to 2600 IU [11]. Hence, a total of 62,400 IUs will be required for one-year period after adjusting the dose
required according to the available dosage formulations of each vial. Cost of APCC per IU is approximately USD 0.74 (INR 55). Unit
costs of health system visit was also added for each bleeding event. For severe bleeding events, additional health system costs and
additional dosage costs were added [19].

Costs and utility parameters were discounted at a standard recommended rate of 3% per year [20]. All the costs included in the
model were updated to the 2021 US dollars at exchange rate of 73.936 INR [21].

2.2.5. Cost of treating SAE
For treating the thrombotic complications (SAEs) associated with the treatment of prophylactic or on-demand drugs, the standard
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treatment regimen is to give low molecular weight heparin (LMWH) 80 IU/kg as a bolus dose followed by maintenance dose of 18 IU/
kg in the hospital setting. This is followed by oral warfarin treatment at home for a period of three months. Cost for LMWH, warfarin
and associated health system costs were included in the SAE transition state of the model.

2.2.6. Utility parameters

The utility value for the health states stated in the model is not available for Indian setting. Hence, values from multi-country large-
scale previous study was used. The utility value for no bleeding, mild bleeding, severe bleeding and death were 0.80, 0.73, 0.67 and
0 respectively [22].

2.3. Model outputs

2.3.1. Treatment impact

Treatment impact for prophylactic and on-demand therapy were expressed in terms of the number of bleeding events averted and
quality adjusted life years (QALYs) gained (which measures the number of healthy years added). All the possible health states have a
utility weight (measuring the quality of life) which ranges from 0 (death) to 1 (perfect health).

2.3.2. Determination of cost-utility

Incremental cost-utility ratios (ICURs), a measure of cost-utility, was estimated by dividing the incremental costs (i.e., net costs in
treating a severe haemophilia A patient with inhibitor using prophylactic emicizumab therapy or on-demand bypassing agents) and
incremental effectiveness (net QALYs gained between the two strategies). Separate ICURs were obtained for emicizumab versus re-
combinant factor VIIa and APCC.

2.3.3. Probabilistic sensitivity analysis (PSA)

PSA was performed to check the robustness of the base case model results. It was done by changing the key cost and utility pa-
rameters in the model results over a set of plausible ranges based on the probability distributions. This helps to quantify the level of
confidence in the model outputs with respect to the uncertainty involved in the inputs. Analysis was performed with Monte Carlo
simulation for 1000 iterations, with replacement value taken from the probability distribution of parameters. Cost parameters were
assigned the gamma distribution while the utility parameters were assigned beta distribution. Costs, QALYs gained and ICURs were
obtained for each iteration.

2.3.4. Budget impact analysis

Budget impact analysis was done to assess the financial implications and feasibility of incorporating prophylactic emicizumab as
therapy for severe Haemophilia A patients with inhibitors into the public healthcare system in India. The total budget of prophylactic
therapy for a 10-year period was estimated by multiplying the approximate number of severe Haemophilia A patients with inhibitors in
the country with the prophylactic therapy costs and incremental healthcare system costs. Annual costs for the implementation were
also calculated and presented.

Table 2
Base case analysis results from health system perspective of Prophylactic Emicizumab vs bypassing agents for severe haemophilia A patients with
inhibitors in India.

Treatment Cost of treatment Incremental cost Total Bleeding QALYs Incremental ICUR

bleeding events gained utility
events averted

Prophylactic 295,209.7 USD - 42 - 7.18 - -
Emicizumab (21,826,624.4 INR)

On-demand 920394.6 USD - 221 - 6.45 - -
Recombinant (68,050,295.1 INR)

Factor VIla
On-demand APCC 427718.9 - 227 - 6.55 - -
(31,623,824.6 INR)

Prophylactic - —625,185 USD - 179 - 0.732 —853,573 USD
Emicizumab vs (—46,223,678.2 INR) (—63,109,773 INR)
Recombinant
factor VIla

Prophylactic - —132509.2 USD - 185 - 0.626 —211,675 USD
Emicizumab vs (=9,797,200.2 INR) (—15,650,403 INR)
APCC

APCC - Factor eight inhibitor bypass activity (activated prothrombin complex concentrates); ICU-Intensive Care Unit; INR - Indian Rupees; SAE —
Serious Adverse Events; USD — United States Dollars; QALY-Quality adjusted life years.
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3. Results
3.1. Cost utility analysis

The total treatment cost for Prophylactic Emicizumab, On-demand Recombinant factor VIIa and On demand APCC is estimated to
be 295,209.7 USD (21,826,624.4 INR), 920,394.6 USD (68,050,295.1 INR) and 427,718.9 (31,623,824.6 INR) respectively. QALYs
gained by Prophylactic Emicizumab, On-demand Recombinant factor VIla and On demand APCC is estimated to be 7.18, 6.45 and 6.55
respectively.

Table-2 shows the results of base case analysis for prophylactic emicizumab against each of the two bypassing agents. Severe
Haemophilia A patients with inhibitors and treated with prophylactic emicizumab is reported to gain 7.18 QALYs over the 10 years
period after discounting. Prophylactic emicizumab was also found to avert nearly 185 bleeding events against APCC and 179 bleeding
events against recombinant factor VIla.

Prophylactic emicizumab was found to be a cost saving intervention with negative ICUR against both the bypassing agents. ICUR
for prophylactic emicizumab vs recombinant factor VIla was —853,573 USD (INR -63,109,773), while against APCC, ICUR was
—211,675 USD (INR -15,650,403).

3.2. Budget impact analysis

The total budget required for treating all the severe Haemophilia A patients with inhibitors is estimated to be USD 59,042,000 (INR
4,365,329,312) for 10 years’ time horizon (per patient cost of USD 295,210 [INR 21,826,646.56]). The annual cost for health system is
estimated to be USD 5,904,200 (INR 436,329,312) (Table 3).

3.3. Scenario analysis

Prophylactic emicizumab therapy was still found to be a cost saving intervention without discount in the unit cost of the drug
against on-demand recombinant factor VIla (negative ICUR of —382,502.7 USD [INR -28,280,719.6]). However, on comparison to
APCC, the prophylactic emicizumab was not found to be a cost-effective intervention with ICUR of 175,995 USD (INR 13,012,366.3)
(Table-4). Hence, application of the existing discount is necessary for adoption of prophylactic emicizumab therapy in health system
perspective.

3.4. PSA results

Figure-3A shows the cost effectiveness scatterplot, where there is clear area of demarcation between prophylactic emicizumab and
recombinant factor VIIa, indicating the cost saving nature of prophylactic therapy. Figure-4A further confirms these findings, where
the ICUR for the entire 1000 simulation results shows that the prophylactic emicizumab is a cost saving intervention when compared to
recombinant factor VIla. Hence, prophylactic emicizumab therapy occupies the Southeast quadrant of the cost-effectiveness plane,
which indicates that the intervention is less costly and more effective.

Cost-effectiveness scatterplot (Figure-3B) does not have such clear area of demarcation between prophylactic emicizumab and
APCC. Figure-4B further reiterates these findings, where the ICUR values are spread across the four quadrants of cost-effectiveness
plane. However, major portion of the simulation results still occupied the Southeast quadrant i.e., nearly 63% probability that the
prophylactic emicizumab will be a cost saving intervention compared to APCC.

4. Discussion

This study investigated the budget impact and cost utility of the prophylactic emicizumab therapy against on-demand bypassing
agents for adolescent severe haemophilia A patients with inhibitors. Two separate Markov models were created, one for each of the
bypassing agent against prophylactic emicizumab and the analysis was performed based on a health system perspective. The model
findings have showed that emicizumab prophylaxis is a cost saving intervention when compared to each of the two on-demand
bypassing agents with negative ICUR. This means that the patients on emicizumab prophylaxis gain additional QALYs and it costs

Table 3
Budget impact analysis from health system perspective of Prophylactic Emicizumab vs bypassing agents for severe haemophilia A patients with
inhibitors in India.

Parameters Values
Approximate number of severe Haemophilia A patients in India 600
Approximate number of severe Haemophilia A patients with inhibitors in India (30% of the total severe patients) 200
Cumulative discounted cost of prophylactic emicizumab therapy per patient over 10 years’ time horizon 295,210 USD (21,826,646.56 INR)
Total budget required for treating severe haemophilia A patients with inhibitors using prophylactic emicizumab therapy over =~ 59,042,000 USD (INR
10 years in India 4,365,329,312)
Annual budget requirement 5,904,200 USD (INR 436,329,312)




Y. Krishnamoorthy et al.

Table 4

Heliyon 10 (2024) e27089

Health system perspective results of Prophylactic Emicizumab (without discount) vs bypassing agents for severe haemophilia A patients with in-

hibitors in India.

Treatment Cost of treatment Incremental cost QALYs Incremental ICUR
gained utility
Prophylactic Emicizumab 537,892 USD - 7.18 - -
(39,769,582.9 INR)
On-demand Recombinant Factor 920394.6 USD - 6.45 - -
Vila (68,050,295.1 INR)
On-demand FEIBA 427718.9 (31,623,824.6 - 6.55 - -
INR)
Prophylactic Emicizumab vs - —382502.7 USD - 0.732 —522236 USD
Recombinant factor Vila (—28,280,719.6 INR) (38,612,040.9 INR)
Prophylactic Emicizumab vs FEIBA - 110,173.1 USD - 0.626 175,995 USD

(8,145,758.3 INR)

(13,012,366.3 INR)

APCC - Factor eight inhibitor bypass activity (activated prothrombin complex concentrates); ICU-Intensive Care Unit; INR — Indian Rupees; SAE —
Serious Adverse Events; USD — United States Dollars; QALY-Quality adjusted life years.
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Fig. 3. Cost effectiveness scatterplot
3A) Prophylactic Emicizumab vs Recombinant Factor VIIa;
3B) Prophylactic Emicizumab vs APCC.
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the health system lesser than the existing on-demand bypassing agent treatment (i.e., less costly and more effective). Severe Hae-
mophilia A patients with inhibitors are currently treated with on-demand bypassing agents (recombinant factor VIIa/APCC) across
various public health hospitals of India [23]. Prophylactic emicizumab therapy, in addition to being a cost-saving intervention, has
several other advantages such as prevention or reduction in the number of bleeding episodes, ease of compliance (given the once or
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ICE Scatterplot, Emicizumab v. Recombinant factor Vlla
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Fig. 4. Incremental Cost effectiveness scatterplot
4A) Prophylactic Emicizumab vs Recombinant Factor VIIa;
4B) Prophylactic Emicizumab vs APCC.

twice monthly prophylactic regimen), reduction in healthcare system costs (subcutaneous administration of agent) and better quality
of life for the patients [24].

Though, economic evaluation of prophylactic emicizumab is not conducted in Indian setting, the model findings were in line with
previous models developed for other countries like Brazil, France, Italy, Korea, Iran, and Peru [4,6,25-28]. Though, there is difference
across these studies in terms of the time horizon, all these studies included Markov models reporting results in terms of health system
perspective. This shows that the prophylactic emicizumab therapy will be a cost-saving intervention in Indian setting. Nonetheless, the
base case model was run based on the current discounted price of emicizumab provided by the manufacturer in India. The scenario
analysis without discount showed it may not be cost-effective against APCC with the same model parameters. Hence, it is important to
receive the drug in the current discounted price to sustain the cost-saving nature of intervention.

Since the model parameters were secondary data taken from various sources, there is always a possibility of having variability,
inherent uncertainty with the data. Hence, additional sensitivity analysis was performed, which showed that the prophylactic emi-
cizumab has 100% probability of being cost-saving intervention when compared to recombinant factor VIIa, while the probability
reduces to 63% against APCC. However, the possible reason for such variation could be the use of undiscounted emicizumab price as
the highest range for the cost parameter. As seen with the scenario analysis, the emicizumab therapy may not be a cost-effective
intervention against APCC without the current discounted price. Nonetheless, the current model results provide enough evidence
that the prophylactic emicizumab therapy is a cost-saving intervention against both the bypassing agents with the current discounted
price and requires the same discount to remain a cost-effective intervention.

10
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The total budget impact was estimated to be nearly 59 million dollars (i.e., INR 436 crores) for treating all the existing Haemophilia
A patient in India for a period of 10 years (annual cost of 5.9 million dollars i.e., 43.6 crores INR). The per patient cost for 10 years was
USD 295,210 [i.e., 2.1 crores INR]. The annual per patient health system cost is estimated to be 0.0001% of GDP of India. Given the fact
that India spends up to 2% of GDP on health, this would occupy only 0.0068% of healthcare budget. This information is particularly
important for policymakers in the healthcare system to understand the potential impact to the annual national health budget. The per
patient costs can be utilized by the respective state health authorities to calculate the budget impact to their healthcare system.

This study has certain strengths. First, this is the first study evaluating cost-utility of emicizumab prophylaxis against on-demand
bypassing agents amongst severe Haemophilia A patients with inhibitors in Indian setting. Second, utilization of Markov model helps
to account for the recurrent nature of the bleeding events. Third, budget impact results will help the national, regional and state level
policymakers to understand the estimated short-term and long-term budget required for the implementation of prophylactic emici-
zumab therapy. Finally, additional sensitivity analysis helps to account for the uncertainty in model parameters.

This study has certain limitations. First, the study was done in health system perspective, which means that the patient side direct
and indirect costs could not be accounted into the model. However, the main objective of the study is to inform the health system about
the inclusion of the therapy in their perspective. Nonetheless, the societal perspective model would have further highlighted the cost
saving nature associated with emicizumab, given the lower hospital visits, morbidity, mortality rate associated with prophylactic
emicizumab therapy. Second, the model included few inputs outside the Indian context as there was no national or regional level data
available for some parameters. However, PSA was performed to overcome these limitations and check the robustness of the base case
estimates. Finally, the starting age of the model is 10 years and provides estimates for this cohort over the next 10 years timeframe. This
is because certain parameters like the drug dosage and certain transition probabilities are age-specific, which could not be accounted in
our model. Hence, separate economic evaluation models can be created for children (<10 years) and adults (>19 years).

Despite these limitations, current study provides important guidance to the clinicians and health system actors in India. Prophy-
lactic emicizumab is a cost-saving intervention when compared to the current practice of on-demand bypassing agents for severe
haemophilia A patients with inhibitors at the discounted rate. The estimated budget impact is also provided, which can be taken into
account before making a switch to this prophylactic therapy. Future studies can also focus on developing separate model for children
and adults. Emicizumab is also marketed as a drug that can be used even in Haemophilia A patients without inhibitors. The rationale
for such recommendation is that the emicizumab provides better quality of life to the patients by reducing the need for IV injections
and frequent visits to hospitals, by reducing the number of bleeding episodes and therefore the disruption of daily activities. Hence,
future models can also check the cost-effective nature of this intervention against recombinant factor VIII in patients without
inhibitors.
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