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ABSTRACT

Objectives: To evaluate the cost-effectiveness analysis (CEA) of caplacizumab in combination with plasmapheresis (plasma exchange, PEX) and immunosuppression compared to PEX and immunosuppression in the treatment of acute episodes of immune thrombotic thrombocytopenic purpura (iTTP).

Methods: A Markov model was used to conduct the CEA from the perspective of the hospital, over a lifetime horizon. Clinical data were derived from HERCULES trial and a systematic literature review. Economic input included direct costs only. Utility and disutility values were obtained from literature. Data on healthcare resources and costs were retrieved from HERCULES trial, literature, TTP guidelines and Italian tariffs. A sensitivity analysis was conducted. The cost-effectiveness probability was tested for several options of discount levels considering a suggested willingness to pay (WTP) threshold of €60,000 in Italy.

Results: The use of caplacizumab in combination with PEX and immunosuppression is associated with a positive difference in survival of 3.27 life years (24.53 vs. 21.26) and in quality of life of 3.06 quality-adjusted life years (QALY; 22.01 vs. 18.96) when compared to PEX and immunosuppression. Caplacizumab leads to an incremental cost-effectiveness ratio (ICER) per life year of €41,653 and an ICER per QALY of €44,572. For the suggested WTP threshold, the probability of caplacizumab being cost-effective is 82.4% (no discount), 92.8% (15% discount), 95.3% (20% discount), 96.9% (25% discount) and 98.2% (30% discount).

Conclusions: Caplacizumab in addition to PEX and immunosuppression is cost-effective, allowing the hospital to achieve greater efficiency in managing the burden of a life-threatening disease such as iTTP.
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Introduction

Immune thrombotic thrombocytopenic purpura (iTTP), also called autoimmune thrombocytopaenia, is a thrombotic microangiopathy characterised by a low incidence (2-6/1,000,000 inhabitants) and an average age of about 40 years with a greater female prevalence (over 70%) (1,2).

The diagnosis of iTTP is essential as, if not treated, it results in a mortality rate of 90%; for this reason, the diagnosis of iTTP should always be treated as a medical emergency.

iTTP is the most common form of thrombotic thrombocytopenic purpura (95% of cases) (3) and is characterised by antibodies, typically IgG, against the enzyme ADAMTS13 (the 13th member of a disintegrin and metalloproteinase with thrombospondin motifs 13), responsible for the von Willebrand factor (vWF) degradation process in its ‘ultralarge’ (ULVWF) form (4,5). The enzyme deficiency resulting from this results in the formation of large, potentially occlusive thrombi at the terminal arterioles and capillaries of different organs (heart, pancreas, kidneys, adrenal glands, brain, spleen and liver) (6). All of this can cause anaemia, thrombocytopaenia, tissue ischaemia (kidneys, liver, heart and others), organ dysfunction and acute ischaemic events that can lead to major thromboembolic events and/or premature death (7-13).

An Italian study showed that, in patients with iTTP, the presence of neurological disorders persists even years after the acute phase (14). During the remission phase, the study showed significant damage in memory domains compared to the general population (14). In addition to neurological and cognitive problems, the study also detected anxiety and depression (14). A further study showed the negative effect of iTTP on Health-Related Quality of Life (HR-QoL) (15).

Although plasmapheresis (plasma exchange, PEX) and immunosuppression have improved the clinical outcomes of patients with iTTP, the probability of irreversible organ damage and mortality remains significant (20%, with a median time to death of 9 days [range 4-14 days]) (13). According to data from the English registry, approximately half of deaths occur in the first 24 hours (especially in women) (16). In addition, subjects may experience, in 30%-50% of cases, an exacerbation of the disease (platelet count <150,000/mm3 for three consecutive days, if a new acute thrombotic episode occurs in the first 30 days after the end of PEX) (13).

Caplacizumab is a bivalent humanised nanobody of 28 kD, consisting of two identical humanised structural elements (PMP12A2hum1), linked together by a linker consisting of a triplet of alanine. Caplacizumab acts against the A1 domain of vWF, inhibiting the interaction between the latter and platelets (13).

The efficacy and safety of caplacizumab have been investigated due to a clinical trial programme that included the phase III, randomised, double-blind, placebo-controlled, multicentre HERCULES registration study (17). Compared to those treated with PEX and immunosuppression, patients who received caplacizumab in combination with PEX and immunosuppression achieved a faster resolution of the acute episode of iTTP (17). Specifically, 95% of patients in the group treated with caplacizumab recorded a normalisation of platelet count (≥150,000/mm3) on the fifth day of treatment (primary endpoint of the study), compared to 77% of patients treated with PEX and immunosuppression (17). In addition to the lesser time required to normalise the platelet count, the probability of death following an acute episode of iTTP was significantly reduced and exacerbations and the possibility of a severe thromboembolic event decreased (17-19). Caplacizumab prevents refractory treatment by protecting vital organs from vascular damage, as demonstrated by a faster normalisation of the indicators of such damage (17-19). Caplacizumab reduces the volume (21.3 ± 1.6 vs. 35.9 ± 4.2, equal to a 41% reduction) and the duration (5.8 ± 0.5 vs. 9.4 ± 0.8, equal to a 38% reduction in plasmapheresis) and the number of days spent in intensive care (3.4 ± 0.4 vs. 9.7 ± 2.1, equal to a 65% reduction) or in ordinary hospitalisation (9.9 ± 0.7 vs. 14.4 ± 1.2, equal to a 31% reduction) compared to therapy with PEX and immunosuppression alone, with a clear saving of healthcare resources and a reduction in the risk of overexposure to infections (17-19).

Caplacizumab, by virtue of the efficacy data and a favourable safety profile (which allows its use during the entire phase of disease activity and suggests its use as early as possible during disease episodes) (17-19), has been included by AIFA (Agenzia Italiana del Farmaco [Italian Medicines Agency]) in the list of innovative drugs that must be made immediately available to clients, even without formal inclusion in regional hospital treatment manuals (they have not been, furthermore, neither registry nor web-based therapeutic plan) (20).

In light of the greater efficacy shown by the results of the HERCULES study (17) and the constant need of decision-makers to estimate the value of new therapies, this analysis was conducted with the aim of determining, from the hospital’s perspective, the Incremental Cost-Effectiveness Ratio (ICER) of caplacizumab in combination with PEX and immunosuppression, compared to PEX and immunosuppression in the treatment of acute episodes of iTTP.



Methods


Introduction

To conduct the Cost-Effectiveness Analysis (CEA) an ad hoc Markov model was developed, able to simulate the clinical course of a patient with an acute episode of iTTP. This type of model is adopted if, for the purposes of the analysis, it is necessary to represent a succession of health states and if each of them can manifest again over time (21). As with each decision-making model, the Markov model, in addition to integrating the data from the reference clinical study with those from other sources (e.g. epidemiological analyses and/or economic analyses), makes it possible to extend the observation period beyond that (usually short) covered by the clinical study (21). It therefore has the function of replicating the possible paths that can be followed after a certain index event, over a period of time (e.g. 1 year, 5 years or lifetime), divided into units of time called ‘cycles’, of the duration, for example, of a quarter or 1 year (21). With the beginning of each cycle, there may be a transition of the patient to a different state of health, or the patient may remain in the same state of health (21).

The CEA has made it possible to compare the clinical consequences (simple survival, Life Years [LY], or weighted for the quality of life (QoL), Quality-Adjusted Life Years [QALY]) and economic consequences (direct healthcare costs) of caplacizumab in combination with PEX and immunosuppression compared to PEX and immunosuppression in the treatment of acute episodes of iTTP. The adoption of the CEA is considered adequate when it is assumed that a new healthcare technology may have a positive impact on the survival and/or QoL of patients compared to the available alternatives. The CEA was conducted from the hospital’s perspective. Only direct healthcare costs were considered, such as acquisition of comparator therapies, management of the acute episode of iTTP, management of adverse events associated with the acute episode of iTTP and remission. The CEA results are presented in terms of incremental cost per year of life (LY) gained and incremental cost per year of life corrected for the quality (QALY) gained. Finally, in accordance with the recommendations of the Italian Health Economics Association (Associazione Italiana di Economia Sanitaria [AIES]), costs and benefits that occur beyond the year were discounted by applying a discount of 3.0% (22). The costs were valued with reference to the year 2020.



Structure of the Markov model

The patient enters the model following diagnosis of confirmed iTTP based on ADAMTS13 levels <10%, with the presence of antibodies against ADAMSTS13. Please note that, although the treatment of an episode of iTTP should not be delayed, the ADAMTS13 test results are important to continue the treatment started. The logical-formal structure of the Markov model provides for a first acute phase and a subsequent remission phase, each characterised by four mutually exclusive health states that allow to describe the natural course of the disease and its main implications (Fig. 1). The eight health conditions present in the model are:


– (acute phase) without neurological or cardiac condition (NoNC);

– (acute phase) with acute myocardial infarction event (aMI);

– (acute phase) with acute stroke event (aStroke);

– (acute phase) death due to iTTP;

– (remission phase) without neurological or cardiac condition (NoNC);

– (remission phase) chronic condition post myocardial infarction (cMI);

– (remission phase) chronic post-stroke (cStroke) condition;

– (remission phase) death related or not to iTTP.



The model follows the patient treated over time with caplacizumab combined with PEX and immunosuppression or with PEX and immunosuppression. An average age of onset of the acute episode of iTTP was considered to be 37 years (23) and a female prevalence of 69% (17). The patient, free from previous chronic conditions, enters the model (acute phase) following hospitalisation for an acute episode of iTTP (index event). In this acute phase (first cycle), the patient, due to the episode, may experience absence (NoNC) or presence of a cardiac (infarction, aMI) or neurological (stroke, aStroke) event or death (Fig. 1). In the subsequent remission phase, the patient passes into the corresponding four remission health states following absence (NoNC) or presence of a cardiac (cMI) or neurological (cStroke) event (Fig. 1). In the remission phase, the patient may meet death due to causes related or not related to the acute episode of iTTP (Fig. 1).

With the objective of identifying the most important differences expressed in terms of both clinical outcome and treatment costs for the two therapeutic options, a timeframe lifetime (24), characterised by 90-day (3-month) cycles, was considered sufficient to capture the acute episode of iTTP and its natural course (17).
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Fig. 1 - Structure of the decision-making model.


The differentiation between acute (aMI, aStroke) and chronic (cMI, cStroke) states allows the model to forecast the long-term consequences of acute episodes of iTTP, that is, the whether the presence of an acute event such as aMI or aStroke may affect mortality in the remission phase. Finally, the model included other acute events that may occur during the treatment of the acute episode of iTTP, such as complications during plasmapheresis, severe treatment-related bleeding, pulmonary embolism and deep vein thrombosis.

Finally, it was assumed that there is no difference in the results for a patient, if characterised by a previous episode of iTTP.



Clinical data

The decision-making model was populated using data of efficacy, mortality and morbidity (myocardial infarction, stroke and exacerbation), of complications (pulmonary embolism and deep vein thrombosis), of adverse events (infections during plasmapheresis and severe treatment-related bleeding) and of healthcare consumption associated with the two treatment options collected by the HERCULES study (17) and a systematic literature review (25).

In the HERCULES study, 145 patients with a diagnosis of iTTP were enrolled, 72 of whom were treated with caplacizumab in combination with PEX and immunosuppression and 73 with placebo in combination with PEX and immunosuppression. The clinical characteristics of the two groups were well balanced at enrolment. The primary endpoint of the study was the time to platelet count normalisation, defined as the time span from the first intravenous administration of caplacizumab or placebo to platelet count normalisation (i.e. a platelet count at least >150,000 mm3), followed by discontinuation of plasmapheresis within the next 5 days; 95% of patients in the caplacizumab group had platelet count normalisation (≥150,000/mm3) on the fifth day of treatment compared with 77% of patients treated with placebo in combination with PEX and immunosuppression (hazard ratio 1.55, 95% confidence interval [CI]: 1.09-2.19; p = 0.01).

The time to platelet count normalisation was analysed using a parametric regression model of Weibull (26), whose main parameters are reported in Table I. The systematic review of the literature (25) included 141 studies for a total of 20,131 patients with at least one episode of iTTP. The main data show that the most important manifestation of an acute episode of both cardiac or neurological iTTP, with high probability, can lead to death or generate a negative impact on the patients’ QoL. Table II shows the main efficacy data considered in the model.


TABLE I - Parameters of the Weibull parametric regression model applied to the time to normalisation of the platelet count



	Time to platelet count normalisation
	Responder to treatment



	PEX and immunosuppression
	Caplacizumab + PEX and immunosuppression





	Weibull parameterisation



	Shape
	1.56
	1.56-0.27



	Scale
	0.68
	0.68








Mortality

Different mortality probabilities were considered in the model.

The first series, based on the HERCULES study and the literature review (17,25), reflects the probability that, during the acute phase, depending on the therapy administered, the patient may die due to the episode of iTTP (Tab. II). In the model, it was hypothesised that, with reference to both cohorts, in the acute phase, the manifestation of an event such as infarction or stroke does not lead to the intra-hospital death of the patient. The second series, on the other hand, reflects the probability that a patient, during the remission phase, may die due to causes unrelated to the acute episode of iTTP. In the latter case, annual mortality due to causes unrelated to the acute episode of iTTP was derived from mortality tables of the general Italian population (ISTAT 2017) (27). Compared to the patient without a chronic neurological or cardiac condition, for the patient with a chronic post-infarction or post-stroke condition (remission phase), an additional risk of mortality was considered (Tab. III) (28,29).


TABLE II - Summary of the data on efficacy, mortality and manifestation of other events during an acute episode of iTTP



	Efficacy parameter
	PEX and immunosuppression
	Source
	Relative Risk (RR)
	Caplacizumab + PEX and immunosuppression
	Source





	Clinical response criterion
	 
	 
	 
	 
	 



	% of patients with exacerbation* after acute episode of iTTP
	36.30%
	(25)
	0.12
	4.23%
	(17)



	Probability of non-fatal stroke during an acute episode of iTTP
	4.44%
	(25)
	0.69
	3.06%**
	(17)



	Probability of non-fatal myocardial infarction during an acute episode of iTTP
	4.39%
	(25)
	1.03
	4.52%**
	(17)



	Mortality
	 
	 
	 
	 
	 



	Probability of death during an acute episode of iTTP
	13.20%
	(25)
	0.00
	0.0%**
	(17)



	Other events during an acute episode of iTTP
	 
	 
	 
	 
	 



	Probability of pulmonary embolism
	0,00%
	(17)
	NA
	1.41%
	(17)



	Probability of deep vein thrombosis
	4,11
	(17)
	1,03
	4.23%
	(17)



	Rate of infections per patient during plasmapheresis
	1,31
	(17)
	0,44
	0.57
	(17)



	Rate of treatment-related serious bleeding events per patient
	0,00%
	(17)
	NA
	0.13
	(17)





*Exacerbation is defined as a reduction in platelet count (<150,000/mm3) for 3 consecutive days, if a new acute thrombotic episode occurs in the first 30 days after the end of plasmapheresis.

**The data corresponding to caplacizumab in combination with PEX and immunosuppression were calculated by applying the estimated RR in the HERCULES study (16) to the data reported in the table for PEX and immunosuppression.



TABLE III - Standardised annual mortality for patients with stroke or myocardial infarction



	Population
	Annual mortality
	Source





	Patients in chronic condition post-chronic myocardial infarction*
	2.02%
	(28)



	Patients with acute myocardial infarction*
	2.02%
	(28)



	Patients in chronic post-stroke condition
	3.90%
	(29)



	Patients with acute stroke
	3.90%
	(29)





*In the absence of specific data for myocardial infarction, the data referring to chronic heart failure (28) were considered as a proxy.




Probability of transition

Table IV shows the details of the transition probabilities associated with health states related to the acute episode of iTTP for the two treatment groups. These probabilities were determined based on efficacy data from the HERCULES study (17) and the literature review (25). For the purposes of the probabilistic analysis for the NoNC and death health states, Beta distribution was considered, while, for aStroke and aMI, the lognormal distribution was considered.


TABLE IV - Probability of transition associated with state of health in the acute phase



	Treatment
	NoNC
	aStroke
	aMI
	Death





	PEX and immunosuppression
	79.10%
	3.90%
	3.80%
	13.20%



	Caplacizumab + PEX and immunosuppression
	93.40%
	2.70%
	3.90%
	0.00%








Utility

The QoL of patients was evaluated by attributing specific utility or disutility values for each state of health (Tab. V).

Each patient who enters the model, applying the estimated values for the general Italian population (calculated with the EQ-5D questionnaire) (30), was associated with a utility of 0.939 before the onset of the acute episode of iTTP. Since the HERCULES study (17) did not collect data on the QoL of treated patients and, in the literature, there are no studies that have estimated utility values for patients with an acute episode of iTTP, the model assumed that sickle cell anaemia represents a disease similar to iTTP in terms of impact on QoL, as it is also characterised by frequent hospitalisations in the acute phase.

According to an international study, the utility value for a hospitalised patient with an acute episode of sickle cell disease – measured by the EQ-5D questionnaire is 0.520 (31). The study also reported the mean utility value of 0.750 for the patient in the week following hospital discharge (31). Based on these data, in this model it was assumed that the difference of the two values listed above, equal to 0.230 (0.750 − 0.520), corresponds to the disutility value associated with an acute episode of iTTP or a subsequent exacerbation (Tab. V).


TABLE V - Utility values



	Event
	Utility/disutility value
	Source





	Baseline – before onset of acute episode of iTTP
	0.939
	(30)



	Acute episode of iTTP
	−0.230
	(31)



	Exacerbation
	−0.230
	Intake



	Non-fatal infarction – acute phase
	0.786
	(32)



	Stroke – acute phase
	0.628
	(32)



	Non-fatal infarction – remission phase
	0.880
	(32)



	Stroke – remission phase
	0.628
	(32)



	Complications
	 
	 



	Pulmonary embolism
	−0.250
	(33)



	Deep vein thrombosis
	−0.250
	(33)



	Adverse events
	 
	 



	Infections during plasmapheresis
	−0.050
	(25)



	Treatment-related severe bleeding
	−0.100
	(25,33,34)






Finally, Table V reports the values of disutility associated with other events, such as complications (pulmonary embolism and deep vein thrombosis) or adverse events (infections during plasmapheresis and treatment-related severe bleeding), which may occur during an acute episode of iTTP, and those of utility, associated with non-fatal infarction and stroke in the acute and chronic phase (25,32-34).



Resources consumed and unit costs

In the basic case, a cost of €3,867.86 for a 10 mg vial of caplacizumab was considered. This cost reflects the ex-factory price net of mandatory legal reductions and gross of further agreed discounts. Based on the dosage regimen (10 mg/day) and the duration of treatment adopted in the model (35 days) (17), the average cost of caplacizumab for an acute episode of iTTP was calculated.

Excluding the cost of caplacizumab, Table VI shows the total costs of managing the acute episode of iTTP for the two treatment groups. These costs were calculated by multiplying the average consumption of each healthcare resource by its unit cost. The average consumption of healthcare resources was calculated based on the indications of the HERCULES study (17,35) and, when necessary, supplementing with the thrombotic thrombocytopenic purpura guidelines (16), while the unit costs were obtained from the available literature and, in the absence of the latter, from the reimbursement fees currently in force in Italy, as a proxy for hospital costs. Specifically, the days spent by the patient in intensive care were valued based on the results of a national study that estimated the costs of hospitalisation in intensive care (36), while the days spent by the patient in ordinary care were valued based on the indications of the report on hospitalisation activity (hospital discharge records [schede di dimissione ospedaliera – SDO]) 2018 (37) (Tab. VI). In this second case, the unit cost was estimated by dividing the total expenditure (€20,452,619) associated with hospitalisations associated with diagnosis-related groups (DRG) 397 (coagulation disorders) by the related days of hospitalisation (53,247), considering DRG 397 as a proxy for hospitalisation for an acute episode of iTTP.

Since there are no specific standard hospital costs, plasmapheresis was instead valued using the rate established for the provision of outpatient services identified by code 99.71 (therapeutic plasmapheresis) (38). The molecular and biochemical diagnosis of acquired thrombocytopenic purpura is performed by performing the ADAMTS13 test valued, in the absence of a standard cost, with a fee of €78.90 (code 90.72.F ADAMTS13 protease activity) (39). The haematology visit was valorised using the general visit fee as a proxy (code 89.7) (38).

The therapies with folic acid (in support of plasmapheresis) and immunosuppression with corticosteroids (methylprednisolone) were valued using the relative price to the public (40,41).


TABLE VI - Cost of management of the acute episode of iTTP



	Resource used
	Unit cost
	PEX and immunosuppression
	Caplacizumab + PEX and immunosuppression



	 
	 
	Frequency
	Total cost
	Frequency
	Total cost





	Intensive care (days)
	€1,108.00 (36)
	2.7 (16.33)
	€2,991.60
	1.34 (16.33)
	€1,484.72



	Hospitalisation (days)
	€384.11 (37)
	8.1 (16.33)
	€3,111.29
	8.2 (16.33)
	€3,149.70



	Daily plasmapheresis (days)
	€438.99 (38)
	6.5 (16.33)
	€2,853.44
	5.5 (16.33)
	€2,414.45



	Additional plasmapheresis (days)
	€438.99 (38)
	0.1 (16.33)
	€43.90
	0.1 (16.33)
	€43.90



	ADAMTS13 test
	€78.90 (39)
	4.0*
	€315.60
	4.0*
	€315.60



	Haematology specialist visit
	€20.66 (38)
	2.0*
	€41.32
	2.0*
	€41.32



	Treatment with folic acid 5 mg daily during plasmapheresis
	€0.09 (40)
	0.3 (34)
	€0.03
	0.3 (34)
	€0.02



	Immunosuppressive therapy
	€35.54 (41)
	3.0 (34)
	€106.62
	3.0 (34)
	€106.62



	Total cost
	 
	 
	€9,463.79
	 
	€7,556.33





*The test is performed four times during the acute episode of iTTP. Two of the four tests are usually performed when the patient has already been discharged from the hospital, then they are performed during a specialist visit by the haematologist.


Since the adverse events associated with the acute episode of iTTP, as well as stroke and myocardial infarction in the acute phase, occur during hospitalisation, no cost was considered in the model because, in fact, it was already valued within the days spent in ordinary regimen and/or in intensive care.

The management cost of the remission phase (€49.77) is the same for both treatment groups and was considered constant over time. This cost, regardless of the state of health associated with the patient in the remission phase, involves the performance of the ADAMTS13 test and the haematological visit every 6 months. Considering the 3-month model cycle length, a frequency of 0.5 was considered for both performances.



Sensitivity analysis

In order to assess the robustness of the decision-making model in response to deviations that in reality could occur with respect to the basic values of the parameters used (as sample estimates), a deterministic sensitivity analysis (DSA), a probabilistic sensitivity analysis (PSA) and a scenario analysis were conducted. Specifically, with regard to the DSA (one-way sensitivity analysis), the following parameters were sequentially varied, using, when possible, the respective confidence interval or, alternatively, assuming a variation of ±20%:


– patients with exacerbation – PEX and immunosuppression (95% CI: 26.0%-47.3%; Beta distribution);

– patients with exacerbation – caplacizumab + PEX and immunosuppression (95% CI: 0.9%-9.9%; Beta distribution);

– probability of death due to an episode of iTTP – PEX and immunosuppression (95% CI: 9.6%-17.3%; Beta distribution);

– cost of an acute episode of iTTP – PEX and immunosuppression (change ± 20%: €9,463.79 – €11,356.55; Gamma distribution);

– cost of an acute iTTP episode – caplacizumab + PEX and immunosuppression (change ± 20%: €6,045.06 – €9,067.60; Gamma distribution);

– cost of exacerbation without re-hospitalisation – PEX and immunosuppression (change ± 20%: €5,212.01 – €7,818.02; Gamma distribution);

– cost of exacerbation without re-hospitalisation – caplacizumab + PEX and immunosuppression (change ± 20%: €3,832.59 – €5,748.89; Gamma distribution);

– cost of exacerbation with re-hospitalisation – PEX and immunosuppression (change ± 20%: €5,212.01 – €7,818.02; Gamma distribution);

– cost of remission (3 months) – PEX and immunosuppression reaction (change ± 20%: €36.23 – €65.45; Gamma distribution);

– cost of remission (3 months) – caplacizumab + PEX and immunosuppression (change ± 20%: €36.23 – €65.45; Gamma distribution);

– probability of stroke during an acute iTTP episode (excluding death) – RR HERCULES (95% CI: 0.50-0.91; Gamma distribution);

– probability of infarction during an acute iTTP episode (excluding death) – RR HERCULES (95% CI: 0.75-1.35; Gamma distribution).



In addition to these parameters, the impact of the change in the discount applied to benefits and costs was also evaluated; specifically, two alternative scenarios were evaluated for the basic case: in the first case no discount was applied (0%), while, in the second case, benefits and costs were discounted by applying a 5% discount.

With regard to the PSA, however, 2,000 iterations of the model were performed, each time making the values of the parameters simultaneously and randomly vary according to the probability distributions assigned to them and recalculating the results. The PSA product was therefore presented in the forms of the acceptability surface of the ICER (cost-effectiveness plane) and the acceptability curve of the ICER (Cost-Effectiveness Acceptability Curve). The acceptability surface area of the ICER shows the dispersion of the 2,000 results of the iterations, each according to the respective incremental changes in benefit (QALY) and cost of caplacizumab in combination with PEX and immunosuppression compared to PEX and immunosuppression. The acceptability curve of the ICER, still based on the 2,000 iterations, indicates (as a percentage) the frequencies with which the ICER (ratio between the incremental variation of the cost and the incremental variation of the benefit of caplacizumab in combination with PEX and immunosuppression compared to PEX and immunosuppression) is less than a certain threshold value, or provides the probability that, for a given threshold value, the treatment is cost-effective.


TABLE VII - Results of the incremental cost-effectiveness analysis



	Parameters
	Caplacizumab + PEX and immunosuppression
	PEX and immunosuppression
	Incremental change





	Outcomes
	 
	 
	 



	Life years (LY)
	24.53
	21.26
	3.27



	Quality Adjusted Life Years (QALY)
	22.01
	18.96
	3.06



	Direct costs (€)
	 
	 
	 



	Caplacizumab
	€139,540
	€0
	€139,540



	iTTP Management
	€12,553
	€15,924
	−€3,372



	TOTAL direct costs
	€152,093
	€15,924
	€136,169



	Incremental cost-effectiveness ratio (ICER)
	 
	 
	 



	ICER (Caplacizumab + PEX and immunosuppression vs PEX and immunosuppression) (costs/LY)
	
	€41,653
	



	ICER (Caplacizumab + PEX and immunosuppression vs PEX and immunosuppression) (costs/QALY)
	
	€44,572
	






Finally, given that the one considered in the base case may not reflect the current transfer price of caplacizumab since additional discounts may be applied to healthcare facilities, a scenario analysis was conducted to assess the impact of different discount percentages on the price of caplacizumab on the calculation of the ICER for QALY. Since no specific information is available, four alternative scenarios of additional discount (15%, 20%, 25% or 30%) of the base price of caplacizumab were proposed, assuming that the actual transfer price of the latter could fall within this variation.




Results


Incremental cost-effectiveness analysis

Overall, compared to PEX and immunosuppression, treatment with caplacizumab in combination with PEX and immunosuppression would result in an increase in survival of 3.27 years and an increase in survival adjusted for QoL of 3.06 QALY. The addition of caplacizumab to PEX and immunosuppression would result in an increase in the costs of pharmacological treatment (€136,169), which, in part, would be compensated by the reduction in the costs of disease management (−€3,372) and the improvement in life expectancy and/or QoL. These values would result in an incremental cost per year of life gained of €41,653 and an incremental cost per QALY earned of €44,572 (Tab. VII).

In Italy, there are no defined acceptability thresholds for orphan drugs to which the ICERs estimated here can relate. However, several Italian publications report as a plausible threshold of acceptability a value of €60,000 per QALY gained (42-44). Therefore, if we compare this threshold value with the ICER for QALY estimated here, it can be considered that caplacizumab, in addition to PEX and immunosuppression, is a cost-effective therapeutic option.



Sensitivity analysis

The results of the DSA show how the probability of death due to an acute episode of iTTP (PEX and immunosuppression), the probability of exacerbation (caplacizumab + PEX and immunosuppression), the probability of stroke during an acute episode of iTTP and the cost of an acute episode of iTTP (PEX and immunosuppression) constitute the main drivers of incremental CEA (Fig. 2). The tornado diagram shows the impact range determined by the main variables on the ICER of caplacizumab in combination with PEX and immunosuppression compared to PEX and immunosuppression (Fig. 2).

By applying a discount of 0% to benefits and costs, the model estimates an ICER for LY and one for QALY of €21,962 and €23,924, respectively. By applying a 5% discount, on the other hand, the ICER for LY would be €57,709, while the one for QALY would be €61,194.

With regard to PSA, on the other hand, the acceptability surface of the ICER shows how the entire dispersion of the 2,000 iterations is enclosed in the first quadrant (Fig. 3). Again on the basis of the 2,000 iterations, Figure 4 (acceptability curve of the ICER of caplacizumab in combination with PEX and immunosuppression compared to PEX and immunosuppression) indicates that the probability that the ICER of caplacizumab – in combination with PEX and immunosuppression compared to PEX and immunosuppression – is less than a threshold value of €60,000 would be 84.2%.
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Fig. 2 - Tornado diagram: deterministic sensitivity analysis.
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Fig. 3 - Acceptability surface area of the incremental cost-effectiveness ratio of caplacizumab in combination with plasma exchange (PEX) and immunosuppression compared to PEX and immunosuppression.
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Fig. 4 - Acceptability curve of the incremental cost-effectiveness ratio of caplacizumab in combination with plasma exchange (PEX) and immunosuppression compared to PEX and immunosuppression.
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Fig. 5 - Scenario analysis: acceptability curve of the incremental cost-effectiveness ratio of caplacizumab in combination with plasma exchange (PEX) and immunosuppression compared to PEX and immunosuppression.


Figure 5 and Table VII show the results of the scenario analysis. With a further discount of 15% of the price of caplacizumab, the probability that the ICER for QALY of caplacizumab in combination with PEX and immunosuppression compared to PEX and immunosuppression is less than a threshold value of €60,000 would be 92.8%. This probability would rise to 95.3%, 96.9% and 98.2% compared to a corresponding discount of 20%, 25% or 30% (Fig. 5). By virtue of the different discount levels hypothesised, the ICER for QALY of caplacizumab in combination with PEX and immunosuppression compared to PEX and immunosuppression would decrease by up to €30,869 (Tab. VIII).




Discussion and conclusions

The availability of caplacizumab in addition to PEX and immunosuppression allows treated patients to achieve a faster resolution of the acute episode of iTTP compared to those treated with PEX and immunosuppression (17-19).


TABLE VIII - Results of the scenario analysis



	Parameters
	ICER for QALY
	∆ vs base case





	Base case
	€44,572
	 



	Discount scenario 15%
	€37,721
	−€6,851



	Discount scenario 20%
	€35,437
	−€9,135



	Discount scenario 25%
	€33,153
	−€11,419



	Discount scenario 30%
	€30,869
	−€14,419





ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life years.


In view of this clinical advantage, the addition of caplacizumab to PEX and immunosuppression, however, raises the aspect of the sustainability of the related treatment cost to the SSN (servizio sanitario nazionale [national healthcare service]), which leads to the need to assess its acceptability through CEA. The need, therefore, to evaluate a new treatment over a time horizon suitable to collect the main benefits and costs results in an opportunity to perfect the economic analysis by extending it over a lifetime period, which, in turn, is abated, however, with the short duration of clinical studies. This justified, in this context, the use of a Markov model that, thanks to a simple representation of the clinical pathway of the patient with an acute episode of iTTP, made it possible to evaluate, over a lifetime period, the ICER of caplacizumab in addition to PEX and immunosuppression compared to PEX and immunosuppression.

As occurs whenever a decision-making model is used, the results of the analysis remain linked to certain areas of uncertainty. In this study, this uncertainty has several reasons, first and foremost the fact that not all efficacy comparisons between the two treatment regimens are related to a single study. The efficacy data of caplacizumab in combination with PEX and immunosuppression compared to PEX and immunosuppression are, in fact, extrapolated from the HERCULES study (17) and from a systematic review of the literature (25). In partial justification of the above, it should be noted that the use of different bibliographic sources represents a necessary ‘evil’ for the population of a decision-making model, particularly over a lifetime time horizon. A second aspect concerns the utility coefficients in question. In the model, not having any data, in order to estimate the disutility values associated with the manifestation of the acute episode of iTTP, the literature for sickle cell disease has been used, considering the impact on the QoL of the latter similar to that of iTTP due to frequent hospitalisations in the acute phase. A third aspect concerns the assumption that a previous acute episode of iTTP does not lead to differences in terms of effectiveness and costs compared to a first episode. A fourth aspect is, on the other hand, related to the assumption that, for both cohorts, in the acute phase, the occurrence of an event such as a heart attack or stroke does not lead to the intra-hospital death of the patient, not fully reflecting what could happen in clinical practice. Given that the probability of stroke or infarction is slightly lower for the group of patients treated with caplacizumab, it is believed that any such bias cannot significantly influence the outcome of the base case. Finally, the last aspect is the use, in some cases, of a proxy for the enhancement of healthcare consumption, as occurred, for example, for the haematological visit or for hospitalisation days.

In order to eliminate any uncertainty linked to the parameters adopted and the assumptions made, a DSA and PSA were conducted which, overall, confirmed the robustness of the results of the base case. In particular, the DSA showed that the probability of death for an acute episode of iTTP associated with the group treated with PEX and immunosuppression is the main driver of the incremental CEA, while the acceptability curve of the ICER for QALY, derived from PSA, showed a probability of 84.2% that caplacizumab in addition to PEX and immunosuppression is cost-effective compared to PEX and immunosuppression, against an accepted threshold of €60,000 (42-44).

It would also be good practice to discuss the results of a study by comparing them with those already published. Unfortunately, at the time of drafting this manuscript, no pharmacoeconomic evaluations of caplacizumab are present in the literature on the treatment of an acute episode of iTTP to be used for this purpose.

In light of what is reported here, we believe it is possible to state that the addition of caplacizumab to PEX and immunosuppression is a valid alternative to the treatment options currently available for the management of an acute episode of iTTP, an addition that would allow the hospital to achieve greater efficiency of the disease burden.
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