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ABSTRACT

Background: Antineutrophil cytoplasmic antibody-associated vasculitis (AAV) are rare autoimmune
diseases characterized by inflammation of blood vessels. This study aimed to assess the cost-utility of
avacopan in combination with rituximab (RTX) or cyclophosphamide (CYC) compared with glucocorti-
coids (GC) for the treatment of severe, active AAV in Spain.

Methods: A 9-state Markov model was designed to reflect the induction of remission and sustained
remission of AAV over a lifetime horizon. Clinical data and utility values were mainly obtained from the
ADVOCATE trial, and costs (€ 2022) were sourced from national databases. Quality-adjusted life years
(QALYs), and incremental cost-utility ratio (ICUR) were evaluated. An annual discount rate of 3% was
applied. Sensitivity analyses were performed to examine the robustness of the results.

Results: Avacopan yielded an increase in effectiveness (6.52 vs. 6.17 QALYs) and costs (€16,009) compared to
GG, resulting in an ICUR of €45,638 per additional QALY gained. Avacopan was associated with a lower
incidence of end-stage renal disease (ESRD), relapse and hospitalization-related adverse events. Sensitivity
analyses suggested that the model outputs were robust and that the progression to ESRD was a driver of ICUR.
Conclusions: Avacopan is a cost-effective option for patients with severe, active AAV compared to GC
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in Spain.

1. Introduction

Antineutrophil cytoplasmic antibody-associated vasculitis
(AAV) are autoimmune conditions characterized by inflamma-
tion and destruction of small and medium blood vessels,
particularly those in the renal and respiratory systems [1]. It
is a group of rare, and often organ or life-threatening diseases,
with microscopic polyangiitis (MPA) and granulomatosis with
polyangiitis (GPA) being the most prevalent forms of AAV [1,2].
In Spain, the prevalence of GPA and MPA is estimated to be
15.8 and 23.8 cases per million populations, respectively, and
the incidence ranges from 2.1-2.9 to 3.4-7.9 new cases
per million populations per year, respectively [3,4].

Renal involvement is the most frequent severe clinical mani-
festation in patients with AAV (56% in GPA; 86% in MPA) [5] and is
an important risk factor of morbidity and mortality [6]. In Spain,
progression to end-stage renal disease (ESRD) was observed in
35% of patients with AAV with renal involvement at 5 years [7].
Baseline estimated glomerular filtration rate (eGFR) and relapses
are independent risk factors for progression to ESRD [8,9].

The management of AAV consists of a two-stage approach:
a remission induction phase and a remission maintenance

phase. Over the last decades, guidelines recommended gluco-
corticoids (GCs) in combination with cyclophosphamide (CYC)
or rituximab (RTX) for induction of remission [10]. Despite
treatment, relapse rates are high, and patients suffer from
morbidity associated with disease activity and treatment toxi-
city. High-dose GCs are associated with complex dose regi-
mens, adverse events (AEs) and complications, including
infections, osteoporosis, new-onset diabetes and hyperten-
sion, neuropsychiatric effects or increased cardiovascular risk
[11,12].

The updated European League Against Rheumatism
(EULAR) guideline published in 2023 stated that avacopan in
combination with CYC or RTX may be considered for induction
of remission in GPA/MPA, as part of a strategy to substantially
reduce GC exposure [13]. Avacopan is an orally administered
small molecule that is a highly selective inhibitor of the human
complement C5a receptor 1 (C5aR1). This inhibition reduces
the pro-inflammatory effects of the anaphylatoxin C5a, which
include neutrophil activation, migration, and adherence to
sites of small blood vessel inflammation, vascular endothelial
cell retraction and permeability [14]. In the phase 3 ADVOCATE
trial, avacopan was non-inferior to the prednisone taper

CONTACT Elisenda Pomares Mallol @ elisenda.pomares@pharmalex.com @ Market Access, Pharmalex Spain, Carrer del Comte d’Urgell, 240 2D, Barcelona

08036, Spain

@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/14737167.2023.2297790

© 2023 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.
The terms on which this article has been published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


https://doi.org/10.1080/14737167.2023.2297790
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/14737167.2023.2297790&domain=pdf&date_stamp=2024-01-11

228 M. MACIA ET AL.

Article highlights

e The aim of this analysis was to assess the cost-utility of avacopan in
combination with rituximab or cyclophosphamide compared with
glucocorticoids for the treatment of severe, active antineutrophil
cytoplasmic antibody-associated vasculitis.

¢ A Markov model with nine health states based on the ADVOCATE trial
data was adapted from a Spanish payer perspective over a lifetime
horizon.

e Avacopan was associated with a lower incidence of end-stage renal
disease, relapse and hospitalization-related adverse events.

e Avacopan is more effective than glucocorticoids and results in an
incremental cost-utility ratio of €45,638/QALY gained.

e Avacopan is a cost-effective treatment option for patients with
severe, active antineutrophil cytoplasmic antibody-associated vascu-
litis compared to glucocorticoids in Spain.

regimen in inducing remission at week 26 (72.3% vs. 70.1%;
p<0.001) and was superior to the prednisone taper regimen in
sustaining remission at week 52 (65.7% vs. 54.9%; p<0.007) in
patients with AAV concurrently treated with immunosuppres-
sive drugs [15]. Avacopan has been recommended by the
National Institute for Health and Care Excellence (NICE) for
the treatment of severe, active GPA and MPA in adult patients
[16]. Its clinical benefit has also been acknowledged by the
Gemeinsame Bundesausschuss (G-BA) in Germany [17] and by
the Haute Autorité de Santé (HAS) in France [18]. Among
others, avacopan is reimbursed in these countries as well as
recently in Spain [17-19].

The aim of this study is to evaluate the cost-utility of avaco-
pan in the management of severe, active AAV (GPA/MPA) from
the perspective of the Spanish National Health System (NHS).

2. Patients and methods
2.1. Patient population

The target patient population for this analysis was adults (=18
years old) with newly diagnosed or relapsing AAV (GPA or
MPA) receiving RTX or CYC. Baseline patient demographic
and clinical characteristics were obtained from the intention-
to-treat (ITT) population of the phase 3 ADVOCATE trial [15].
Most patients (81%) had renal involvement (Table 1) [15].

2.2. Intervention and comparator

The intervention evaluated was a treatment regimen of ava-
copan (30 mg twice per day for 52 weeks) in combination with
RTX or CYC followed by azathioprine (AZA) (hereafter referred
to as ‘Avacopan arm’). The comparator was the current stan-
dard of care: GC (i.e. oral prednisone; 60 mg per day tapered to
discontinuation by week 21) in combination with RTX or CYC
followed by AZA (hereafter referred to as the ‘GC arm’). In both
arms, the dose for intravenous RTX was 375 mg/m?/week for 4
weeks; and for intravenous CYC was ranging between 15 mg/
kg and 1.2g on day 1 and at weeks 2, 4, 7, 10 and 13. From
week 15 onwards, oral AZA at a target dose of 2 mg/kg/day
was administered as maintenance therapy. The distribution of
treatment use was 65% for RTX and 35% for CYC based on
clinical expert opinion and ADVOCATE trial data [15].

Table 1. Baseline patient demographic and clinical characteristics. Source: Jayne
et al. 2021 [15].

Characteristics

Avacopan (n=166) Prednisone (n = 164)

Age, years 61.2+ 146 60.5+14.5
Female, n (%) 68 (41.0) 76 (46.3)
Vasculitis disease status, n (%)
Newly diagnosed 115 (69.3) 114 (69.5)
Relapsed 51 (30.7) 50 (30.5)
Type of vasculitis, n (%)
GPA 91 (54.8) 90 (54.9)
MPA 75 (45.2) 74 (45.1)
Immunosuppressant induction
treatment, n (%)
RTX 107 (64.5) 107 (65.2)
CcYc 59 (35.5) 57 (34.8)
Use of any GC during screening 125 (75.3) 135 (82.3)
period, n (%)
Renal involvement*, n (%) 134 (80.7) 134 (81.7)

*Organ involvement was based on the Birmingham Vasculitis Activity Score.
CYC: cyclophosphamide; GC: glucocorticoids; GPA: granulomatosis with polyangiitis;
MPA: microscopic polyangiitis; RTX: rituximab.

2.3. Model structure

A Markov model was designed to reflect clinical practice for
induction of remission in patients with AAV, with up to
three induction courses. Markov models are appropriate
for estimating long-term outcomes and chronic diseases.
The model consisted of 9 health states, including an active
disease state where patients start, 3 remission and 3 relapse
states, ESRD and death (Figure 1). According to the updated
European League Against Rheumatism (EULAR) guideline
[13], the treatment algorithm for GPA and MPA recom-
mends reinduction of remission in patients who relapse, so
different remission and relapse states were included to
reflect this. A health state for ESRD was included to account
for the potential reduction in the risk of ESRD in patients
treated with avacopan. Death was an absorbing state. In
addition, patients can experience GC-related AEs, with the
probability of having an event depending on the treat-
ment arm.

All patients who entered the model received a first course
of induction therapy. Depending on treatment response,
patients either move to ‘Remission’ (i.e. responders) or
‘Relapse’ (i.e. non-responders). Remission was defined as
patients achieving a Birmingham vasculitis activity score of 0
and not taking GCs within 4 weeks of the end of the 6-month
induction period. In a relapse state, patients can only be re-
induced once and, if patients did not response, they were
considered to have refractory disease and stayed in the
relapse state for the remainder of the time horizon. Thus,
patients in a relapse state cannot receive multiple consecutive
induction courses.

AAV treatment is provided in the hospital setting.
Therefore, the analysis adopted a Spanish NHS perspective,
including only direct healthcare costs. The cycle length was
4 weeks and therefore a year (52 weeks) consisted of 13
cycles. A lifetime horizon was considered. A 3% annual
discount rate was applied for both costs and health effects,
in accordance with the Spanish recommendations for eco-
nomic evaluation of drugs [20]. The incremental cost-utility
ratio (ICUR) was defined as the difference in costs and
quality-adjusted life years (QALYs) between treatment arms.
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Relapse 3

Figure 1. Markov model for AAV.

The cycles represent different health states that are mutually exclusive, and the square represent health events.

ESRD: end-stage renal disease; Ind: induction.
Note: Active disease represents the starting health state.

2.4. Clinical efficacy

Clinical parameters were mainly derived from the ADVOCATE
trial [15]. Remission and relapse rates in both the avacopan arm
and GC arm were based on proportions of patients in remission
at week 26 and 52 observed from the ADVOCATE trial [15]. The
hazard ratio for the relapse rate between week 52 and 60 was
derived from extension data. As there are no data on the
efficacy of avacopan beyond the extension data, it cannot be
assumed that the effect of avacopan will be sustained through-
out the time horizon. Therefore, a 6-month extension of the
effect of avacopan after treatment discontinuation was esti-
mated based on clinical expert opinion. After that period,
a constant tapering of the avacopan effect over time was
assumed. Remission rates for RTX and CYC were considered
equal based on non-inferiority of RTX in the RAVE trial [21].

Different probabilities of ESRD from active disease/relapse
and remission were considered. In addition, the probability of
relapse was adjusted to reflect renal outcomes in AAV based on
eGFR data from the ADVOCATE trial and the risk of progression
to ESRD. In the base case, the probability of ESRD was derived
from Robson et al. (2015) [11]. In this study, the risk of ESRD is
substantially higher in the first 6 months after disease onset than
in subsequent years. The transition probability in the active
disease/relapse health state corresponds to the probability in
the first six months after diagnosis observed in the study by
Robson et al. [11]. The 4-week transition probability, based on
long-term data up to 7 years of follow-up, was a proxy for the
probability of ESRD in remission. It was assumed that the prob-
ability of ESRD in refractory disease is equal to that of relapse,
based on clinical expert opinion. In addition, the probability of
ESRD from active disease and remission was adjusted based on
the improvement in eGFR in the avacopan and GC arms
observed between weeks 0 and 26, and weeks 0 and 52, respec-
tively, in the ADVOCATE trial [15]. The model assumes that
relapse of AAV is associated with worsening renal outcomes.
Thus, the probability of ESRD for each subsequent relapse was
estimated considering an expected decline in eGFR of 20 mL/
min/1.73 m? at relapse based on clinical expert opinion and the
corresponding hazard ratio for ESRD per eGFR unit estimated by
Cui et al. [22] (Table S1 in the Supplementary Material).

Background mortality was derived from the Spanish
national life tables [23]. To account for the increased mortality
rate in the AAV population and in patients with ESRD, com-
pared to the general population, relative risks from the pub-
lished literature were applied [24,25] (Table S1 in the
Supplementary Material). Mortality rates were assumed equal
in the active disease, remission and relapse health states [15].

In addition, as GCs are associated with numerous AEs and
the toxicity increases with cumulative dose, the incidence of
grade 3 or 4 AEs reported in the avacopan and GC arms of the
ADVOCATE trial was included [15].

2.5. Costs

A literature search was conducted to quantify the cost esti-
mates required to adapt the model to the Spanish setting. All
cost parameter values were obtained from national sources
[26-32] and were expressed in euros and updated to the year
2022 based on the Spanish consumer price index. In particular,
the search was focused on the main Spanish cost databases,
such as the Minimum Basic Database (CMBD) for hospital care
costs [26] and eSalud for unit costs [27], Spanish medical
journals and reports published in collaboration with Spanish
scientific societies.

The acquisition cost of the different therapeutic options
was estimated based on the recommended dosage for the
management of AAV. The costs were derived from the unit
price (ex-factory price), applying the deduction of the Royal
Decree Law 8/2010 [33,34]. The costs of avacopan and pre-
dnisone were adjusted based on the adherence rates reported
in the ADVOCATE trial (86.4% for avacopan; 98.4% for GCs)
[15]. For intravenous treatments (i.e. RTX and CYC), non-vial
sharing was assumed, and an administration cost was consid-
ered equal to day hospital cost [27]. The mean body weight
was 72.88 kg and mean body surface area was 1.81 m? [35].

The length of the treatment was considered as 6 induction
cycles and up to 26 cycles of maintenance. In the avacopan
arm, patients receive avacopan for 6 cycles combined with
CYC (4 cycles) or RTX (1 cycle) for the first induction phase,
and avacopan for 7 cycles for the maintenance phase. In the
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GC arm, patients receive prednisone for 5 cycles combined
with CYC (4 cycles) or RTX (1 cycle) for the induction phase.
AZA was used as maintenance therapy from the fourth cycle.
Patients who were in the relapse state following failure of
induction therapy (i.e. refractory patients) received AZA for
the remainder of the time horizon.

AAV disease management, ESRD treatment, AEs and hospi-
talization events were included in the analysis. Management
of AAV requires regular monitoring to assess disease status,
including blood test, liver function test, X-ray and computed
tomography scan, as well as outpatient follow-up visits.
Resource use per health state was obtained from a report of
RTX in a NICE submission [36]. No data were available for the
ESRD state, so it was assumed to be the same as for the active
disease state (Table 2). Annual ESRD management costs were
calculated from the proportion of patients on peritoneal dia-
lysis (5.4%), hemodialysis (43.8%) and renal transplant (50.8%)
and their respective unit costs [28,31]. The costs of AEs were
included in the hospitalization data derived from ADVOCATE
trial. The mean number of hospital admissions (0.47 for ava-
copan arm; 0.68 for GC arm) and length of stay (13.8 days;
19.6 days) were obtained from each treatment arm in the
ADVOCATE trial and combined with the unit costs [26] to
estimate the total cost of inpatient hospital treatment
(Table 2).

Table 2. Costs and utilities included.

2.6. Utilities

The impact of AAV, ESRD and AEs on health-related quality of
life (HRQoL) was assessed using utilities and utility decrements
expressed as QALYs. Baseline utility was age-dependent and
used the European Quality of Life-5 Dimensions (EQ-5D) ques-
tionnaire data from EuroQoL performed in Spain [38]. The
model included utility scores from EQ-5D-5L questionnaire
from the ADVOCATE trial, stratified by health state (active
disease, remission, and relapse) [15]. Health state utilities
were assumed to be treatment-specific and any difference in
the utilities between treatment arms for the same health state
was attributed to reduced use of GCs in the avacopan arm and
related AEs. Utility for ESRD state by treatment (dialysis and
transplant) was derived from the published literature [37]
(Table 2).

2.7. Sensitivity analysis and scenario analysis

We performed sensitivity and scenario analyses to assess the
robustness of our results.

In the deterministic sensitivity analysis, parameters were
varied within sensible and appropriate ranges to assess the
impact of individual model parameters on the model out-
comes. In the probabilistic sensitivity analysis (PSA), we fitted

Parameter

Mean (SE) Distribution Source

Administration cost of intravenous treatments
AAV management

€ 237.30 (12.1%) Gamma [27]

Blood test € 6.35 (0.32%) Gamma [27]
Liver function test € 21.29 (1.09%) Gamma [27]
X-ray € 44.06 (2.25%) Gamma [27]
CT scan € 182.24 (9.30%) Gamma [27]
Outpatient visit € 91.72 (4.68%) Gamma [27]
Monitoring and follow-up visit cost per health state (per cycle)
Active disease
CYC-based € 269.79 (-) - Calculated
Non-CYC based € 246.52 (-) - Calculated
Remission € 86.90 (-) - Calculated
Refractory disease € 149.99 (-) - Calculated
ESRD € 269.79 (-) - Assumption (equal to active disease)
ESRD management (annual)
Dialysis (maintenance) € 55,129.98 (2,813%) Gamma [31]
Renal transplant (first year) € 57,307.52 (2,924%) Gamma [28]
Renal transplant (maintenance) € 7,874.87 (402%) Gamma [28]
Hospitalization costs (per cycle)
AAV hospitalization € 3,254.08 (-) - [26]
Avacopan arm €177.78 (-) - Calculated
GC arm € 363.70 (-) - Calculated
Utilities
Active disease
Avacopan arm 0.780 (0.02) Beta [15]
GC arm 0.779 (0.02) Beta [15]
Remission
Avacopan arm 0.849 (0.01) Beta [15]
GC arm 0.834 (0.01) Beta [15]
Relapse
Avacopan arm 0.806 (0.05) Beta [15]
GC arm 0.740 (0.06) Beta [15]
ESRD
Peritoneal Dialysis 0.530 (0.03%) Beta [37]
Hemodialysis 0.443 (0.02%) Beta [37]
Transplant 0.712 (0.04%) Beta [37]

The number of 28-day cycles for each treatment considered in the analysis was as follows: avacopan: 13 cycles; GC: 5 cycles (with gradual dose reduction from 60 mg
to 0 mg); RTX: 1 cycle; CYC: 4 cycles; AZA: from the fourth cycle onwards as a maintenance therapy.

"£10% was considered for unknown 95% confidence intervals.

AAV: antineutrophil cytoplasmic antibody-associated vasculitis; AZA: azathioprine; CT: computed tomography; CYC: cyclophosphamide; ESRD: end-stage renal

disease; GC: glucocorticoids; RTX: rituximab; SE: standard error.
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probabilistic distributions to each parameter and ran 1,000
iterations in a Monte Carlo simulation. We simultaneously
varied the input parameters within their 95% confidence inter-
vals, or by+10% when data were unavailable. The results
were represented in a cost-effectiveness plane scatter dia-
gram. A cost-effectiveness threshold of €60,000 per QALY
gained was assumed [39].

In the scenario analyses, different probabilities of ESRD
were considered because of the high variability observed in
the literature. Progression to ESRD was changed from 1.2% to
7.7% at 6 months and from 17.5% to 49.1% at 7.1 years based
on three studies reporting data on progression to ESRD in the
Spanish setting [5,7,40].

This manuscript was validated against the ISPOR
Consolidated Health Economic Evaluation Reporting Standards
checklist in accordance with their reporting guidelines [41] (see
details in Table S2 in the Supplementary Material).

3. Results
3.1. Base case

Treatment with avacopan compared to GC arm was associated
with an increase in QALYs gained (6.52 vs. 6.17, respectively)
and an increase in life year gained (LYG) (9.72 vs. 9.43) over
a lifetime horizon (Table 3). Total costs for the avacopan arm
were estimated at €267,671 and for the GC arm at €251,662,
indicating an increase of €16,009. The ICUR was estimated to
be €45,638 per QALY gained, suggesting that avacopan was
cost-effective compared to GC at a willingness-to-pay (WTP)
threshold of €60,000 per QALY gained (Table 3). The incre-
mental costs for the avacopan arm were mainly driven by
a higher acquisition costs for the combination drugs (€
33,415), but the avacopan arm was associated with signifi-
cantly lower ESRD (-€16,794) and AAV management costs
and hospitalization (-€613) as avacopan delayed the progres-
sion to ESRD and achieved better disease control by improv-
ing the rate of sustained disease remission, reducing relapses
and promoting recovery of renal function in patients with
AAV. The incidence of ESRD per 1,000 life years was 169 and
213 in the avacopan and GC arms, respectively.

3.2. Sensitivity analyses

The results of the one-way sensitivity analysis confirmed the
robustness of the base case to changes in individual parameters,

Table 3. Base case results: avacopan vs. GC arm (€ 2022).

with results most sensitive to assumptions related to progression
to ESRD and discount rate (outcomes and costs) (Figure 2). From
the PSA, the resulting cost-effectiveness plane is presented in
Figure 3 and the cost-effectiveness acceptability curve is pre-
sented in Figure 4. The average incremental QALYs and costs
were 0.35 and €16,050, respectively, yielding an ICUR of €45,906.
At a WTP threshold of €60,000/QALY gained [41], treatment with
avacopan was estimated to be a cost-effective intervention in
66.9% of the simulations compared to GC.

Scenario analysis showed that the ICUR ranged from
€45,638 to €62,538/QALY gained based on the alternative
cumulative incidence of ESRD according to the literature
[5,7,40] (Table 4). These results showed the high impact of
this parameter in the model.

4. Discussion

Our analysis shows that the addition of avacopan, as an add-on
to RTX or CYC therapy, is a cost-effective alternative for the
treatment of severe, active GPA or MPA. Patients treated with
avacopan are expected to have sustained remission, lower
relapse rates and a lower probability of ESRD, contributing to
improved disease control and HRQoL. The inclusion criteria for
the ADVOCATE trial did not require previous treatment failure in
order to receive avacopan [15]. The results of the current study
showed that a regimen with avacopan resulted in an increase in
LYG (9.72 vs. 9.43 LYG) and improvement in HRQoL (6.52 vs. 6.17
QALYs), compared to GC. The difference in total cost between
avacopan and GC arms (+€ 16009) was driven by higher drug
acquisition cost, partially offset by lower costs for the manage-
ment of ESRD and AAV relapses and GC-related AEs.

Renal involvement is associated with an increased risk of
death and healthcare expenditure in AAV patients and in the
general population [5,31]. Patients with renal involvement
may need renal replacement therapy as the disease pro-
gresses, which accounts for between 2.5% and 3.0% of the
total Spanish NHS budget [31]. The results from the
ADVOCATE study showed greater improvement in patients
with stage 4 chronic kidney disease treated with avacopan
(5.6 ml/min/1.73 m? [95% Cl: 0.1.7-9.5]) [15]. This result shows
that a regimen with avacopan can improve renal function,
which has a direct impact on reducing healthcare costs asso-
ciated with GPA and MPA.

However, there is a high variability in the proportion of
patients with AAV and renal involvement and, in particular,

Base-case analysis Avacopan arm GC arm Incremental
Total costs (/patient) € 267,671 € 251,662 € 16,009
Acquisition of drugs (combined treatment) € 48,766 € 15,351 € 33,415
AAV management and hospitalizations € 10,900 €11,513 -€613
ESRD management € 208,004 € 224,798 - €16,794
Health outcomes
QALYs 6.52 6.17 0.35
LYG 9.72 9.43 0.28
ICERs

Cost per QALY gained
Cost per LYG

€ 45,638/QALY
€ 56,214/LYG

AAV: antineutrophil cytoplasmic antibody-associated vasculitis; ESRD: end-stage renal disease; GC: glucocorticoids;
ICER: incremental cost-effectiveness ratio; LYG: life year gained; QALY: quality-adjusted life year.
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Tornado Diagram AVA+CYC/RTX vs. CYC/RTX+GC

eGFR recovery at induction avacopan (eGFR points), relapsing (-2.70, 6.90)
eGFR recovery at induction GC (eGFR points), relapsing (-4.20, 4.80)

Discount rate - Outcomes (0.00, 0.05)

eGFR recovery at remission GC (eGFR points), in remission (2.90, 7.90)

eGFR recovery at remission avacopan (eGFR points), in remission (7.00, 11.60)
Cost of maintenance dialysis (49616.98, 60642.98)

Relative risk death years 1+ AAV population (1.88, 3.36)

Utility in renal transplant (0.64, 0.78)

Discount rate - costs (0.00, 0.05)

M ICUR at lower value of parameter
W ICUR at upper value of parameter

€64,000 €74,000

Utility Active disease ITT (0.78, 0.86)

€34,000 €44,000
ICUR

€14,000  €24,000 €54,000 €84,000

Figure 2. Tornado diagram: avacopan vs. GC arm.

AAV: antineutrophil cytoplasmic antibody-associated vasculitis; AVA: avacopan; CYC: cyclophosphamide; eGFR: estimated glomerular filtration rate; GC: glucocorticoids; ICUR: incremental
cost-utility ratio; ITT: intention to treat; RTX: rituximab.

Cost-effectiveness Plane
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Figure 3. Cost-effectiveness plane: avacopan vs. GC arm.
AVA: avacopan; CYC: cyclophosphamide; ICUR: Incremental cost-utility ratio; QALY: quality-adjusted life years; RTX: rituximab; WTP: willingness-to-pay.
Note: A WTP threshold of €60,000 per QALY gained was assumed.

Cost-effectiveness Acceptability Curve
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Figure 4. Cost-effectiveness acceptability curve: avacopan vs. GC arm.
AVA: avacopan; CYC: cyclophosphamide; GC: glucocorticoids; RTX: rituximab.
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Table 4. Scenario analysis: progression to ESRD (€ 2022).

Reference ESRD (%) Follow-up (years) ESRD at 6 months (%) ESRD at 7.1 years (%) ICUR (€/QALY)
Base case: Robson et al., 2015 - - 6.4% 13.9% € 45,638
Scenario 1 : Solans-Laqué et al., 2017* 16.8% 6.8 1.2% 17.5% € 62,055
Scenario 2: Villacorta et al., 2020 32.7% 34 5.1% 22.3% € 52,649
Scenario 3: Marco et al., 2018 35.1% 36 7.7% 49.1% € 62,538

*Considering GPA/MPA patients requiring dialysis.

Note: As data at 6 months and 7.1 years were not available in the studies included in the scenario analysis, extrapolations were made from the renal survival and

dialysis data.

ESRD: end-stage renal disease; ICUR: incremental cost-utility ratio; QALY: quality-adjusted life year.

those who progress to ESRD. In Spain, we identified 3 publica-
tions reporting these data. Solans-Laqué et al. [5] reported
that 24.6% and 9.8% of patients with MPA and GPA required
dialysis, respectively, at a median follow-up of 6.8 years. Marco
et al. [7] reported that 33.3% of patients with MPA and 35.5%
with GPA developed ESRD at a median follow-up of 3.2 years.
Finally, Villacorta et al. [40] reported that 32.7% patients devel-
oped ESRD at a median follow-up of 3.4 years. This variability
is also observed in other international publications, where the
cumulative incidence of ESRD in patients with AAV ranged
from 13.9% to 28.0% at a median follow-up of 3.1 to 7.1
years [6,8,11,42-45]. As observed in the scenario analyses,
the probability of progression to ESRD is a highly sensitive
parameter in the model, with an ICUR that ranged from
€45,638 to €62,538/QALY gained [5,7,40]. However, all the
results were still very close to the WTP threshold of €60,000/
QALY gained [46]. The variability in the proportion of patients
with AAV who progress to ESRD may also be related to differ-
ences in the profile of patients included in each study. It
should be noted that in the case of rare diseases, the adopted
WTP threshold may be even higher than the one assumed in
this analysis. In 2017, the NICE adopted an upper threshold of
between £100,000 and £300,000 per QALY gained for drugs
indicated for very rare diseases [47].

To our knowledge, this is the first study to assess the cost-
effectiveness of avacopan from the Spanish NHS perspective.
Thus, our study is the first to be published in this area and the
results of this analysis may provide clinical and regulatory
evidence for the use of avacopan in actual clinical practice.
Other economic evaluations of avacopan have been con-
ducted in other countries. In the United Kingdom (UK) and
the Canadian settings, avacopan proved to be a cost-effective
alternative [48,49]. In line with our analysis, the results from
the UK perspective were sensitive to changes in the discount
rate (outcomes and costs) and the cost of maintenance dialy-
sis, which is the main component of the cost of ESRD in the UK
model. In the Canadian setting, the assumptions about pro-
gression to ESRD were also the most sensitive [49].

No other cost-utility analyses of current treatment options
other than avacopan for patients with GPA or MPA were identi-
fied in Spain. However, other economic evaluations of AAV have
been previously published at the European level. Montante et al.
assessed the cost-effectiveness of RTX compared to AZA for
maintenance treatment from a French perspective. RTX was cost-
effective as a maintenance therapy to prevent AAV relapses, with
an ICUR of €57,127/QALY at 28 months follow-up [50]. Renal
impairment was the main determinant of cost.

There are several limitations to our analysis. First, the clin-
ical parameters included in the model were primarily derived
from the ADVOCATE trial, where patients were followed for up
to 52 weeks. The treatment effect was assumed to last for 6
months after treatment discontinuation. Beyond this period,
the effect of avacopan was assumed to decline steadily over
time. However, the results of the sensitivity analysis were
robust to the base case, demonstrating that a regimen includ-
ing avacopan is a cost-effective alternative. Further evidence is
needed to confirm the long-term efficacy of avacopan.

Second, another possible limitation is that, due to the lack of
Spanish data, most of the inputs were collected from the inter-
national literature, except for costs and progression to ESRD.
Thus, the results are subject to uncertainties related to how
these sources are combined to inform the model parameters.
In addition, some parameters were not identified specifically for
patients with AAV, such as the distribution of patients by renal
replacement therapy, which may overestimate patients with
renal transplant. Nevertheless, our results are consistent with
other economic evaluations of avacopan in other healthcare
settings. Finally, indirect costs were not included because the
analysis adopted the Spanish NHS perspective. However, the
mean age of the patients included was over 60 years old and
potential productivity losses may be small.

5. Conclusions

This study evaluates the potential benefits of avacopan for the
treatment of patients with severe, active GPA or MPA, and rare
diseases. The results indicate that, from the Spanish NHS
perspective, avacopan was a cost-effective option for newly
diagnosed or relapsed patients with severe, active GPA or MPA
compared to GCs, at a WTP threshold of €60,000/QALY gained.
Even though there were additional acquisition costs asso-
ciated with a regimen including avacopan, ESRD management,
AAV relapses and GC-related AEs costs were lower and disease
control and quality of life were improved.
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