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Aim: Paroxysmal nocturnal hemoglobinuria (PNH) is a rare blood disorder characterized by hemolytic
anemia, bone marrow failure and thrombosis, and is associated with high healthcare burden. We
evaluated the cost–effectiveness of pegcetacoplan, a proximal complement-3 inhibitor (C3i), compared
with the C5i, eculizumab and ravulizumab, in complement treatment-naive adults with PNH, from the
US healthcare payer perspective. Materials & methods: A de novo cost–effectiveness model based on a
Markov cohort structure evaluated lifetime (55-year) PNH costs and outcomes. The 6-month cycles of the
model reflected the follow-up period of PRINCE (NCT04085601), an open-label trial of pegcetacoplan
compared with eculizumab in C5i-naive patients. Data from PRINCE informed the clinical, safety and
health-related quality of life outcomes in the model. Results: Pegcetacoplan was associated with lifetime
cost savings of $1,176,808 and $213,062 relative to eculizumab and ravulizumab, respectively (largely
attributed to reduced drug costs and blood transfusions), and additional quality-adjusted life years
(QALYs) of 0.25 and 0.24. Conclusion: In patients with PNH who are treatment-naive, the base-case cost–
effectiveness analysis, scenario analysis and sensitivity analysis showed both lifetime cost savings and
increased QALYs associated with pegcetacoplan compared with eculizumab or ravulizumab in the USA.

Plain language summary
What is this article about? Paroxysmal nocturnal hemoglobinuria (PNH) is a rare disease that can lead to
a high level of illness in individuals who are affected with the genetic disorder. In the USA, patients who
have PNH and severe symptoms or complications can currently receive one of three licensed treatments:
pegcetacoplan, ravulizumab or eculizumab.
However, in order to improve healthcare for these patients, some important information is needed to
understand how well these treatments work and the total costs to the person or health insurer paying for
the treatment. Therefore, this study measured the cost–effectiveness of the currently-available treatments
for PNH.
How was the study carried out? Using information from clinical trials and other published sources, this
study looked at whether patients could benefit from improvements in life-expectancy and health-related
quality of life of pegcetacoplan compared with the other treatments. These benefits were weighed against
the costs of each of the drugs and other various healthcare costs.
What do the results mean? The findings of this study suggest that pegcetacoplan is a treatment for PNH
that is associated with more patient benefits and lower healthcare costs compared with ravulizumab and
eculizumab.
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Paroxysmal nocturnal hemoglobinuria (PNH) is a rare, potentially fatal blood disorder characterized by hemolytic
anemia, bone marrow failure and a high risk of thrombosis [1,2]. Although the disease may manifest at any age,
median age at diagnosis is around 30 years, and with a slight female preponderance [3]. Estimated global PNH
prevalence is around 1–1.5 cases per million [4,5], but epidemiology varies regionally [6]. In the USA, epidemiological
measurements of PNH are limited, however, a 2016/2017 prevalence rate of 12–13 PNH cases per million in
insured populations has been reported, with 257 incident cases measured during that period [7]. Other data
published in 2018 based on stochastic predictive models fitted to 2010 US age distribution data pointed to a
prevalence of 1.76 cases of PNH per 100,000 individuals [8,9].

A hematopoietic stem cell disease, PNH is caused by a somatic X-linked genetic mutation [10] which causes
a proportion of red blood cells (RBCs) to lack surface glycosylphosphatidylinositol (GPI)-linked complement
regulatory proteins CD55 and CD59 [11]. Without these proteins on their surface, the RBCs cannot control
complement activation, leading to the formation of the membrane attack complex and subsequent hemolysis [12].
The destruction of RBCs occur via two mechanisms, intravascular hemolysis (IVH) and extravascular hemolysis
(EVH; occurring in liver and spleen), and presents clinically as chronic hemolytic anemia [8,13–15].

Despite the rarity of PNH, overall resultant disease burden is considerable. Outcomes related to the disease
activity [16], coupled with the systemic complications of PNH, including smooth muscle dystonia [13,17–19], impaired
renal function, complement-dependent thrombophilia [20] and bone marrow failure [18,19], weigh heavily on
healthcare payer budgets [7,21]. Moreover, PNH symptoms such as fatigue, weakness, dyspnea, smooth muscle
dystonia, dysphagia and erectile disfunction greatly impair the health-related quality of life (HRQoL), work
productivity, and day-to-day functioning of affected individuals [22–25].

Although symptoms of PNH are managed conventionally with frequent administration of packed RBC transfu-
sions [26], allogeneic bone marrow transplantation remains the only curative option, but only for select patients with
life-threatening PNH complications [19,27–29]. Therefore, hemolytic disease therapeutically managed with mono-
clonal antibodies targeting the complement cascade remains the current standard of care for PNH in USA [16,30].
Complement component 5 inhibitors (C5i) are specifically designed to target the complement protein C5, prevent
its cleavage and thereby the formation of the terminal membrane attack complex [27,31].

Eculizumab was the first C5i therapy approved in USA for adults and children with PNH [32]. Ravulizumab,
an eculizumab-like monoclonal antibody with a half-life four-times longer than the C5i predecessor [33], followed
with a license in USA for treatment in adults with PNH [34]. Even as these treatments initially revolutionized
the therapeutic prospects for PNH, the persistent anemia attributed to underlying bone marrow dysfunction,
emergence of C3-mediated EVH [35], and breakthrough hemolysis (BTH) associated with free C5 concentrations
of ≥0.5 mg/ml [36,37], along with increases in lactate dehydrogenase (LDH) levels [38], have limited their clinical
benefits [26,39,40]. This failure to normalize patient hemoglobin (Hb) levels has meant the persistence of, or return to,
PNH morbidity and associated healthcare costs, in addition to potentially life-threatening complications [36–38,41].

Pegcetacoplan (Empaveli R©) is a treatment that targets C3 in the complement cascade (i.e., upstream of C5) [17] in
PNH. Pegcetacoplan is approved in the USA [42], and across numerous healthcare systems [43–45] in this indication,
as based on the results from the pivotal phase 3, PEGASUS (NCT03500549) [46] open-label, head-to-head trial
demonstrating superiority for pegcetacoplan over eculizumab in achieving improvements in patient Hb levels.

Further evidence for pegcetacoplan has more recently been shown in PRINCE (NCT04085601), an open-
label trial in C5i-naive patients randomly assigned 2:1 to treatment with pegcetacoplan (added to best supportive
care [BSC]) or BSC (excluding complement-inhibitors) [47]. PRINCE demonstrated meaningful hematologic and
clinical improvements associated with pegcetacoplan following 26 weeks of treatment versus BSC, with a favorable
safety profile [47].

In addition to the demonstrated clinical benefits for pegcetacoplan in the PNH treatment-naive population, the
value of pegcetacoplan to US patients and payers is also necessary for informing appropriate healthcare funding
decisions on the early part of the PNH treatment pathway [48,49]. This study evaluated the cost–effectiveness, from
the US healthcare payer perspective, of pegcetacoplan compared with eculizumab or ravulizumab in complement
treatment-naive adults with PNH.
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Figure 1. Markov model diagram.
BTH: Breakthrough hemolysis; MAVE: Major adverse vascular event.

Materials & methods
A comprehensive systematic literature review identified existing PNH cost–effectiveness models (CEM), with
searches conducted on 11 December 2020, in Ovid MEDLINE R© In-Process & Other Non-Indexed Citations and
Ovid MEDLINE R© databases and Embase (accessed via the OVID interface) database, National Health Service
Economic Evaluation Database (NHS EED), websites of Health Technology Assessments [50–55] and Database
of Abstracts of Reviews of Effects (DARE) databases [56]. Because none of the identified models [21,57–59] fully
characterized the treatment pathway and outcomes of patients with PNH naive to complement inhibitors, we
deemed it necessary to develop a de novo CEM that was informed by the prior models. We validated all clinical
assumptions of the model with clinical experts.

Model structure
The resulting CEM evaluated the lifetime (55-year) costs and quality-adjusted life-years (QALYs) of pegcetacoplan
and its comparators (Table 1) and was based on a Markov cohort structure of 6-month (26-week) cycle length
reflecting the follow-up period of the PRINCE trial [47]. The lifetime horizon of the model considered the
chronicity of PNH and the current lack of a cure for the disease. This structure aligned with previously published
PNH CEMs, striking good balance between the reduced complexity and maximal accuracy afforded by Markov
cohort models [60], especially pertinent for such rare diseases as PNH whereby patient numbers would be insufficient
to fulfil the requirements for microsimulation models [61].

Microsoft Excel and Microsoft Visual Basic for Applications enabled model construction and analyses; and the
study followed The Professional Society for Health Economics and Outcomes Research (ISPOR) good research
practices for measuring drug costs in cost–effectiveness analysis [71,72]. Reporting of the study followed The
Consolidated Health Economic Evaluation Reporting Standards (CHEERS) statement [73].

Clinical inputs
Patient characteristics

Patient baseline characteristics for pegcetacoplan assumed in the CEM were based on previously published patient-
level data from the PRINCE trial [47]. Because the mean age of patients and male/female distribution of patients
in the trial [47] reflected the overall epidemiology of the disease [3], we assumed that the clinical data could be
transferable to US patients [5].

Health states

The CEM included two overall PNH health states (Figure 1), transfusion avoidant (representing the key aim of
PNH treatment) [46,74,75] and transfusion required (for those patients who do not respond to treatment). The
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Table 1. Model inputs: base-case, deterministic sensitivity analysis and probabilistic sensitivity analysis.
Parameter Base-case value

(mean/
percentage)

Deterministic sensitivity analysis Probabilistic
sensitivity analysis

Source Ref.

Low value High value Distribution and
values

Discount rates, %

Discount rate for costs (per year) 3.0 0.0 6.0 Not included ICER guidelines [62]

Discount rate for health outcomes (per year) 3.0 0.0 6.0 ICER guidelines [62]

Baseline patient characteristics

Mean age (years) 44.5 35.6 53.4 Normal (μ = 44.5,
� = 4.54)

PRINCE trial baseline
characteristics

[47,63]

Proportion of females, % 45.28 32.23 58.67 Beta (� = 24, � = 29) PRINCE trial baseline
characteristics

[63]

Mean weight (kg) 83.86 67.09 100.63 Normal (μ = 83.86,
� = 8.56)

CDC Vital and Health
Statistics

[64]

Health state utilities

Hb normalized 0.869 0.782 0.956 Beta (μ = 0.869,
� = 0.039)

Calculations based on
PRINCE trial patients’
level dataHb not normalized 0.820 0.738 0.902 Beta (μ = 0.820,

� = 0.037)

Transfusion required 0.818 0.736 0.900 Beta (μ = 0.818,
� = 0.038)

General population utilities

Age 18–29 years 0.922 Not included Not included Sullivan, 2006 [65]

Age 30–39 years 0.901

Age 40–49 years 0.871

Age 50–59 years 0.842

Age 60–69 years 0.823

Age 70–79 years 0.790

Age 80+ years 0.736

Treatment costs

Price per package, $

Pegcetacoplan 4403.84 Not included Not included REDBOOK [66]

Eculizumab 6523.00

Ravulizumab 6404.00

Dosage distributions, %

Pegcetacoplan – 1080 mg twice weekly 100 Not included Dirichlet
(x1 = 100.00%,
�1 = 35, x2 = 0%,
�2 = 0)

Prescribing
information

[32,42]

Pegcetacoplan – 1080 mg every 3 days 0

Eculizumab – 900 mg every 2 weeks 100 Dirichlet
(x1 = 100.00%,
�1 = 121,
x2 = 0.00%, �2 = 0,
x3 = 0.00%, �3 = 0,
x4 = 0.00%, �4 = 0)

Eculizumab – 900 mg every 11 days 0

Eculizumab – 1200 mg every 2 weeks 0

Eculizumab – 1500 mg every 2 weeks 0

Ravulizumab – 40–60 kg 30.23 21.61 45.34 Dirichlet
(x1 = 30.23%,
�1 = 3165,
x2 = 33.47%,
�2 = 3504,
x3 = 36.31%,
�3 = 3802)

Distribution based on
mean weight

[24]

Ravulizumab – 60–100 kg 33.47 23.93 26.22

Ravulizumab – 100+ kg 36.31 28.44 54.46

Total cost per cycle, $

Supportive treatment 4137.55 3310.04 4965.06 Gamma
(μ = 4137.55,
� = 445.86)

REDBOOK PRINCE trial [47,63,66]

AE: Adverse event; IV: Intravenous; QALY: Quality-adjusted life-year.
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Table 1. Model inputs: base-case, deterministic sensitivity analysis and probabilistic sensitivity analysis (cont.).
Parameter Base-case value

(mean/
percentage)

Deterministic sensitivity analysis Probabilistic
sensitivity analysis

Source Ref.

Low value High value Distribution and
values

Administration costs

Pegcetacoplan 134.96 107.97 161.96 Gamma (μ = 134.96,
� = 14.54)

CMS Fee Schedule [67]

IV administration cost (first hour) 140.16 112.13 168.19 Gamma (μ = 140.16,
� = 15.10)

IV administration cost (subsequent hours) 29.76 23.81 35.71 Gamma (μ = 29.76,
� = 3.21)

Administration times, minutes

Eculizumab – maintenance dose 35 Not included Not included Prescribing
information

[32]

Eculizumab – additional observation time after
administration

60

Ravulizumab – loading dose, 40–60 kg 114 Prescribing
information

[34]

Ravulizumab – loading dose, 60–100 kg 102

Ravulizumab – loading dose, 100+ kg 108

Ravulizumab – maintenance dose, 40–60 kg 140

Ravulizumab – maintenance dose, 60–100 kg 120

Ravulizumab – maintenance dose, 100+ kg 132

Ravulizumab – additional observation time
after administration

60

Vaccine costs, $

Meningitis (A, C, Y, W–135) 70.97 56.78 85.17 Gamma (μ = 70.97,
� = 7.65)

CDC Vaccine Price List [68]

Meningitis (B) 103.43 82.75 124.12 Gamma (μ = 103.43,
� = 11.15)

PCV13 137.22 109.78 164.66 Gamma (μ = 137.22,
� = 14.79)

PPSV23 149.90 119.92 179.88 Gamma (μ = 149.90,
� = 16.15)

Monitoring

Number of hematologist visits per cycle –
hemoglobin normalized

1 Not included Not included Clinical experts

Number of hematologist visits per cycle –
hemoglobin not normalized

1

Number of hematologist visits per cycle –
transfusion required

13

Hematologist visit cost, $ 134.96 107.97 161.96 Gamma (μ = 134.96,
� = 14.54)

CMS Fee Schedule [67]

Blood tests related parameters

Number of blood tests per cycle – hemoglobin
normalized

2 Not included Not included Clinical experts

Number of blood tests per cycle – hemoglobin
not normalized

2

Number of blood tests per cycle – transfusion
required

4

Blood test cost, $ 7.77 6.22 9.32 Gamma (μ = 7.77,
� = 0.84)

CMS Fee Schedule [67]

Blood transfusions

Total number – initial 2.65 2.12 3.18 Normal (μ = 2.65,
� = 0.27)

Calculations based on
PRINCE trial data

[63]

Increment per cycle 0.2 0.16 0.24 Normal (μ = 0.20,
� = 0.02)

Clinical experts

Maximum number in 1 cycle 8.17 6.54 9.80 Normal (μ = 8.17,
� = 0.83)

Calculations based on
PRINCE trial data

[63]

AE: Adverse event; IV: Intravenous; QALY: Quality-adjusted life-year.

10.57264/cer-2023-0055
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Table 1. Model inputs: base-case, deterministic sensitivity analysis and probabilistic sensitivity analysis (cont.).
Parameter Base-case value

(mean/
percentage)

Deterministic sensitivity analysis Probabilistic
sensitivity analysis

Source Ref.

Low value High value Distribution and
values

QALY loss per transfusion -0.002 -0.002621108 -0.001747405 Beta (μ,�)
(μ = -0.002,
� = 0.0004)

Calculations based on
PRINCE trial patients’
level data

[63]

Cost per transfusion, $ 2744.32 2195.46 3293.19 Gamma
(μ = 2744.32,
� = 295.73)

Cheng, 2021 [2]

AEs

AEs probability – pegcetacoplan –
breakthrough hemolysis

4.3% 3.44% 5.15% Beta (μ = 0.0429,
� = 0.0041)

PRINCE trial data

AEs probability – eculizumab – breakthrough
hemolysis

10.7% 8.56% 10.27% Beta (μ = 0.1070,
� = 0.0109)

Matching adjusted
indirect comparison

[69]

AEs probability – eculizumab – major adverse
Vascular Events

0.8% 0.66% 0.80% Beta (μ = 0.0083,
� = 0.0014)

AEs probability – ravulizumab – breakthrough
hemolysis

4.0% 3.20% 3.84% Beta (μ = 0.0400,
� = 0.0038)

AEs probability – ravulizumab – major adverse
Vascular Events

1.6% 1.28% 1.54% Beta (μ = 0.0160,
� = 0.0020)

AEs QALY lost – breakthrough hemolysis 0.0006 0.0005 0.0006 Beta (μ = 0.0006,
� = 0.0001)

O’Connell, 2020 [58]

AEs QALY lost – major adverse vascular events 0.0006 0.0005 0.0006 Beta (μ = 0.0006,
� = 0.0001)

Sullivan, 2006 [65]

AEs treatment cost – major adverse vascular
events

$24,190 $19,352.18 $23,222.62 Gamma
(μ = 24,190.23,
� = 2,606.72)

Dasta, 2015 [70]

AE: Adverse event; IV: Intravenous; QALY: Quality-adjusted life-year.

transfusion avoidant health state further subdivided patients into either of two states based on Hb levels attained
during the 26-week period — Hb normalized (defined as the Hb level of ≥12 g/dl; i.e., above the lower limit of
normal range [female: 12.0 g/dl, male 13.6 g/dl]) [76] or Hb not normalized. Patients who required transfusions
moved to the transfusion required state in the CEM irrespective of Hb level, and as more transfusions were needed
they remained in the Transfusion required state; ‘tunnel states’ tracked the time patients stayed in the health state
(Supplementary Figure 1). If the patient moved out of the transfusion required state (during any cycle) and then
required transfusion again, they transited back to transfusion required (Cycle 1). Patients could also move to the
terminal state (i.e., death), from any health state.

Patients assigned to the transfusion required health state upon model entry comprised those who had experienced
at least 1 transfusion during the 13 weeks prior to randomization (i.e., the screening period) in PRINCE. The other
group comprised the remaining patients who were transfusion avoidant at baseline and assigned to the transfusion
avoidant health state upon entering the model.

Health state transitions

Representative patients in the CEM had Hb levels allocated based on PRINCE baseline patient-level data for the
pegcetacoplan treatment arm [47], whereas the head-to-head trial ALXN1210-PNH-301 (Study 301) [37] informed
Hb levels for the eculizumab and ravulizumab arms of the CEM. Considering the small sample size of the transfusion
avoidant patients in PRINCE (n = 10), we adjusted the probabilities that these patients would require transfusions
by applying odds ratios (ORs) to the transition probabilities for transfusion avoidant and transfusion required for
the pegcetacoplan group (Supplementary Figure 2A & Table 2). These ORs were calculated using the formula:

OR = (ProbTA × [1 − ProbTR]) / (ProbTR × [1 − ProbTA])

Where, ProbTR and ProbTA are the respective probabilities of the transfusion required and transfusion avoidant
events occurring for patients in the trial.

10.57264/cer-2023-0055 J. Comp. Eff. Res. (2023) e230055
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Table 2. Rates of transfusion avoidance and hemoglobin normalization.
Patient-level data for transfusion avoidance from PRINCE trial [63], n (%)

To: From:

Transfusion required
(pegcetacoplan only)

Transfusion avoidant
(pegcetacoplan only)

Transfusion required
(pegcetacoplan + BSC)

Transfusion avoidant
(pegcetacoplan + BSC)

Transfusion avoidant and Hb normalized 10/21 (47.6) 7/10 (70.0) 10/32 (31.3) 7/14 (50.0)

Transfusion avoidant and Hb not normalized 9/21 (42.9) 3/10 (30.0) 9/32 (28.1) 4/14 (28.6)

Transfusion required 2/21 (9.5) 0/10 (0.0) 13/32 (40.6) 3/14 (21.4)

Sum of probabilities 100 100 100 100

Hb normalization probabilities for transfusion avoidant group (%)

From: To:

Transfusion required Transfusion avoidant

Transfusion avoidant Hb normalized 90.5 96.0 49.9

Hb not normalized 44.9

Transfusion required 9.5 4.0 4.0

Sum of probabilities 100 100 100

Calculated transition probabilities – Hb normalization

From: To:

Hb normalized (%) Hb not normalized (%) Transfusion required (%)

Hb normalized 50.51–53.41 45.46–46.59 0.00–4.03

Hb not normalized 47.62–50.51 44.33–45.46 4.03–8.05

Transfusion required 47.62 42.86 9.52

BSC: Best supportive care; Hb: Hemoglobin.

Since the transfusion avoidant state included both Hb normalized and Hb not normalized categories, based
on the ORs we calculated additional probabilities of moving to each of these Hb states. These calculations then
informed the probability of transfusion avoidant for the transfusion avoidant group (Table 2).

Taking the above assumptions into account, the probability of remaining in the Hb normalized health state was
estimated to be in the interval:

[ProbTA, ProbTA + ProbTA − ProbTR]

where
ProbTA: probability of moving to the Hb normalized state from transfusion avoidant,
ProbTR: probability of moving to the Hb normalized state from transfusion required.
Similarly, the probability of transition from Hb normalized to transfusion required state was estimated to be in

interval:

[ProbTA + ProbTA − ProbTR, ProbTA]

where
ProbTA: probability of moving to transfusion required state from transfusion avoidant,
ProbTD: probability of moving to transfusion required state from transfusion required;
In the base-case, we assumed that the transition probabilities from the Hb not normalized state to other states are

equal to the average transition probability from states Hb normalized and transfusion required to each respective
state, as Hb not normalized was considered an intermediate state (more beneficial than transfusion required, but
worse than Hb normalized; Table 3).

For the C5i comparators, we calculated the transition probabilities based on those for pegcetacoplan and the
respective ORs between the comparator and pegcetacoplan, calculated based on a matching-adjusted indirect
comparison (MAIC) [69], using the formula:

OR =
Probcomp × (1 − Probpeg)

Probpeg × (1 − Probcomp)

10.57264/cer-2023-0055



Research Article Fishman, Wilson, Drzewiecka, Pochopień & Dingli

Table 3. Hemoglobin normalization transition probabilities for pegcetacoplan.
From: To:

Pegcetacoplan Hb normalized (%) Hb not normalized (%) Transfusion required (%)

Hb normalized 51.48 46.33 2.19

Hb not normalized 49.55 44.59 5.86

Transfusion required 47.62 42.86 9.52

Hb: Hemoglobin.

Table 4. Hemoglobin normalization efficacy odds ratios and transition probabilities for comparators.
Efficacy odds ratios

Outcome Probability Odds ratio (comparator vs
pegcetacoplan)Pegcetacoplan Comparator

Eculizumab – normalization distribution: Normal

Hb normalized 48.1% 16.1% 0.21

Transfusion required 7.8% 33.9% 6.09

Eculizumab – normalization distribution: Weibull

Hb normalized 48.1% 21.3% 0.29

Transfusion required 7.8% 33.9% 6.09

Ravulizumab – normalization distribution: Normal

Hb normalized 47.8% 16.9% 0.22

Transfusion required 5.6% 26.4% 5.99

Ravulizumab – normalization distribution: Weibull

Hb normalized 47.8% 22.2% 0.31

Transfusion required 5.6% 26.4% 5.99

Transition probabilities

From To

Hb normalized, % Hb not normalized, % Transfusion required, %

Eculizumab – normalization distribution: Normal

Hb normalized 18.0 70.0 12.0

Hb not normalized 16.9 55.6 27.5

Transfusion required 15.8 45.1 39.0

Eculizumab – normalization distribution: Weibull

Hb normalized 23.6 64.4 12.0

Hb not normalized 22.2 50.3 27.5

Transfusion required 20.9 40.0 39.0

Ravulizumab – normalization distribution: Normal

Hb normalized 5.1 69.1 11.9

Hb not normalized 17.9 54.9 27.2

Transfusion required 16.8 44.5 38.7

Ravulizumab – normalization distribution: Weibull

Hb normalized 24.8 63.3 11.8

Hb not normalized 23.4 49.4 27.2

Transfusion required 22.1 39.3 38.7

Hb: Hemoglobin.

Where Probpeg and Probcomp are probabilities of transition for pegcetacoplan and comparator, respectively.
As the exact data for the number of patients achieving normalization were not available in Study 301, we

estimated ORs and transition probabilities using mean and SD data and assuming two statistical distributions:
Normal and Weibull (Table 4).

10.57264/cer-2023-0055 J. Comp. Eff. Res. (2023) e230055
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Adverse events

We considered BTH to be an adverse event, and also captured major adverse vascular events (MAVE; Table 1) in
the costing of adverse outcomes. In PRINCE, there were two instances of BTH among 35 pegcetacoplan patients
during a mean 244.8 days of follow-up [47]. To inform the input for the model, the rate for each event was adjusted
to the 26-week cycle length. The probability of BTH associated with eculizumab and ravulizumab were sourced
from the published MAIC [69]. For MAVE events, there were none among patients in the pegcetacoplan arm of the
PRINCE trial.

Mortality

In the long-term study of eculizumab [35], the survival of patients treated with eculizumab was not different from
age- and sex-matched normal controls, but was significantly (p < 0.05) better than similar patients managed
before eculizumab. Hence, US general population mortality rates (Table 1) [77] informed mortality for patients on
eculizumab, and also applied to patients on pegcetacoplan and ravulizumab, as there were no studies suggesting
differences.

Utilities

The PRINCE trial did not collect utility data to estimate QALYs; however, data on patient HRQoL were collected
using the European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30 questionnaire [46,78],
the most widely used HRQoL instrument used in cancer research [79] and considered to demonstrate adequate
reliability and validity in assessing PNH fatigue and HRQoL [80]. To address the lack of EuroQol 5-Dimension
(EQ-5D) utility data from PRINCE, we applied an algorithm to map EORTC QLQ-C30 patient scores to EQ-5D
utility weights [81]. Assuming that utilities remained constant over time as adjusted for age [81], we calculated utilities
as an average value of patient-level utility for each health state (Table 1) and adjustments using general population
utilities data (based on Sullivan 2006 [65]) accounted for the potential influence of patient age on the variability
of health state utilities. We sourced further utilities for other health states including BTH and MAVE [58], deep
venous thrombosis [70], and venous thrombosis [65], from the literature.

Costs
Given the US healthcare payer perspective of the analysis, the CEM only included direct medical costs (adjusted to
2022 price levels), including costs for drugs. administration, and healthcare services for monitoring, transfusions,
managing major adverse events, and physician visits (Table 1).

Drug costs

Drugs considered in the CEM comprised complement inhibitors and supportive treatments (such as for MAVE and
deep vein thrombosis) [70] with costs based on wholesale acquisition price listings from Merative™ Micromedex R©

RED BOOK R© (April 2022) (Table 1) [82]. Costs of complement inhibitors and the relevant dosing regimens were
estimated (Table 1). Because the population in PRINCE consisted mainly (73.6%) of patients from Asia [47], and
since the mean weight of individuals from Asia has been found to be lower than that of the US population [83], we
deemed it more appropriate to use data from the US CDC Vital statistics [84] for this weight input. The CEM also
considered that patients receiving pegcetacoplan and eculizumab may have received increased dosing if they did
not respond sufficiently to the labelled dosing [30]. As BTH is most often treated by increasing the dose of drug [38],
an additional dose of drug was also included in the cost of managing BTH, where applicable [21].

Vaccinations against Neisseria meningitidis types A, C, W, Y, and B are required for all patients receiving comple-
ment inhibitors. Furthermore, vaccination against pneumococcal disease is necessary for patients on pegcetacoplan,
and so the costs associated with PCV13 and PPSV23 were also included. Therefore, we applied one-off costs of
relevant vaccinations and antibiotics in the model during the first cycle, sourcing the data from the CDC Vaccine
Price List [68].

Administration costs

In the base-case we assumed that patients had their first pegcetacoplan dose administered in a clinic where they
also received outpatient training in subcutaneous self-administration ($135) followed by self-administered doses at
home. We also excluded one-off pump costs for pegcetacoplan (i.e., assumed costs covered by the manufacturer)
in the base-case, but subsequently included the cost ($134.96) [57,85] in a scenario analysis. For pegcetacoplan
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administration we applied outpatient costs obtained from the Centers for Medicare & Medicaid Services portal [67],
with administration costs for eculizumab and ravulizumab calculated as in-patient intravenous infusions (Table 1).

Blood transfusion costs

Although we calculated the total cost of transfusion based on unit cost and transfusion frequency per cycle, we
also considered the cost of treating severe acute reactions of blood transfusion (Table 1). Moreover, real-world
evidence suggests large variability in the rate of transfusions within a year, although without transfusions, patients
with anemia can steadily worsen [86] which was an assumption validated by clinical experts. Despite the rate of
blood transfusion per cycle for patients in the transfusion required health state being based on patient-level data
from PRINCE, there was large discrepancy between the mean and maximum number of transfusions in one cycle.
Therefore, per confirmation by clinical experts, we assumed that for each cycle in which the patient remained in
the transfusion required state, the number of transfusions required would increase by 0.2.

Other resource use costs

Other healthcare costs included fees for consultations with general practitioners, hematologists, and oncologist,
and for blood tests (Table 1) [67].

Analysis
The deterministic base-case analysis applied a discount rate of 3.0% for both costs and QALYs following the US
CEM guidelines [62]. However, we explored alternative discount rates of 0% and 6% in the deterministic sensitivity
analysis (DSA) and probabilistic sensitivity analysis (PSA) conducted to assess the robustness of the model to
parameter uncertainty. The DSA evaluated the one-way precision uncertainty of model parameters (including
costs, utilities, discount rates, and the time horizon) based on plausible low and high values for each parameter
(Table 1) [87]. The PSA weighed the joint uncertainty in the model parameters based on the inclusion of a stochastic
component and considered a cost–effectiveness threshold of $100,000 [62]. We sampled transition probabilities from
Dirichlet or beta distributions, and log-normal distributions to simulate hazard ratios. We evaluated the percentage
of patients with Hb normalized based on a Weibull distribution, total costs based on gamma distributions, and
assumed beta distributions for utilities values and different proportions (Table 1).

Scenario analyses, considering a range of alternative assumptions and changes to model inputs, investigated the
uncertainty from structural parameters and other sources. We first assessed a scenario with Hb stabilization as the
model health state. In PNH, besides Hb normalization, Hb stabilization is another key indicator of disease severity
and has been used in clinical trials to define categories of response (e.g., optimal or partial response; although
based on varying Hb thresholds) to treatment [26,88]. We defined Hb stabilization as the avoidance of a ≥1 g/dl
decrease in Hb level in the absence of transfusion from baseline through Week 26 [47]. For pegcetacoplan, we used
PRINCE patient-level data available to estimate the number of patients with Hb decrease. We included transition
probabilities for the threshold of >1 g/dl in the model but estimated ORs between pegcetacoplan and comparators
based on a threshold of >2 g/dl (Supplementary Tables 1–3 & Supplementary Figure 2B). For eculizumab and
ravulizumab, we applied mean Hb and standard deviation from Study 301 to estimate the proportion of the
population with Hb stabilization [37].

Results
Cost–effectiveness
The base-case analysis indicated that, over a lifetime horizon, pegcetacoplan becomes the economically dominant
option (lower costs, enhanced outcomes) compared with eculizumab or ravulizumab in the management of
treatment-naive patients with PNH. The total cost savings for pegcetacoplan were the greatest compared with
eculizumab ($1,176,808); compared with ravulizumab total savings amounted to $213,062. These substantial
cost savings for pegcetacoplan versus both comparators were largely attributed to reduced drug costs (-$981,242
and -$86,352, respectively). Moreover, drug administration cost (-$84,416 and -$27,203) blood transfusion
costs (-$69,575 and -$68,000), and adverse event costs (-$27,052 and -$17,311) accounted for the other cost
differences versus eculizumab and ravulizumab, respectively.

In terms of health outcomes, while all the treatment arms showed equivalent life-years (19.06), pegcetacoplan
was associated with improved HRQoL and therefore, additional QALYs of 0.25 and 0.24 relative to eculizumab
and ravulizumab, respectively (Table 5).
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Table 5. Modeled health outcomes and costs – pegcetacoplan and comparators.
Description Pegcetacoplan Eculizumab Ravulizumab

Health outcomes

Life years 19.06 19.06 19.06

QALYs 15.40 15.15 15.16

Incremental for pegcetacoplan – 0.25 0.24

Costs, $

Drug cost 8,730,068 9,711,310 8,816,420

Incremental for pegcetacoplan – -981,242 -86,352

Supportive treatment 157,734 157,734 157,734

Incremental for pegcetacoplan – 0 0

Administration cost 135 84,551 27,338

Incremental for pegcetacoplan – -84,416 -27,203

Vaccine cost 462 174 174

Incremental for pegcetacoplan – 288 288

Health state costs 8942 23,752 23,426

Incremental for pegcetacoplan – -14,810 -14,484

Blood transfusion costs 14,381 83,956 82,381

Incremental for pegcetacoplan – -69,575 -68,000

Adverse events costs 7210 34,262 24,521

Incremental for pegcetacoplan – -27,052 -17,311

Total costs 8,918,932 10,095,739 9,131,994

Incremental total costs for pegcetacoplan – -1,176,808 -213,062

Bold values indicate the total costs.
QALY: Quality-adjusted life year.

Sensitivity analyses
With DSA run separately on incremental costs and QALYs given the economic dominance of pegcetacoplan
versus the comparators, results indicated that against both comparators, the yearly discount rate for cost was the
most impactful incremental cost driver, followed by mean patient age (Supplementary Figure 3). Changing health
state utility values had the most impact on QALYs – followed in order of impact by Hb normalized, transfusion
required, Hb Not normalized, discount rates for health outcomes, OR between comparators and pegcetacoplan for
Hb stabilization, mean patient age, and utility decrement and frequency of transfusions.

The PSA indicated that pegcetacoplan remained the economically favorable option compared with eculizumab
in 80.2% of simulations. Furthermore, assuming an incremental cost–effectiveness ratio (ICER) threshold of
$100,000 per QALY gained, pegcetacoplan was cost-effective in 100% of simulations (Figure 2). Pegcetacoplan
dominated ravulizumab in 79.3% of simulations and was cost-effective in 100% of simulations assuming a threshold
of $100,000 per QALY gained.

Scenario analyses
Pegcetacoplan ICER results remained economically dominant across most scenarios, including Hb stabilization as
the model health state. However, when we applied a lower patient mean weight, which was more representative of
the PRINCE trial population (i.e., 63.72 kg) we observed that this variable had a large impact on the ravulizumab
dose administered. For this scenario, we obtained an ICER for pegcetacoplan of $94,568 (Table 6). PSA based on
the structural alternative resulted in further robust results (Supplementary Figure 4).

Discussion
This study evaluated the cost–effectiveness of pegcetacoplan compared with eculizumab and ravulizumab in
treatment-naive adults with PNH in the USA. The 3-state Markov model employed for the analysis indicated
that during the earliest part of the PNH treatment pathway, pegcetacoplan provides added clinical and patient
HRQoL benefits, with economic savings, when compared with using either of the two currently available C5i PNH
treatments. The substantial cost savings associated with pegcetacoplan use can be attributed to reduced costs of the
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Figure 2. Incremental cost–effectiveness planes. (A) Pegcetacoplan versus eculizumab. (B) Pegcetacoplan versus
ravulizumab.
CI: Confidence interval; QALY: Quality-adjusted life year.

Table 6. Scenario analyses.
Scenario ICER (Cost/QALY) for Pegcetacoplan vs

Eculizumab Ravulizumab

Mean weight (63.72 kg) Dominant $94,568

Incremental number of transfusions per cycle equal to 0 Dominant Dominant

Time horizon

5 years Dominant Dominant

10 years Dominant Dominant

25 years Dominant Dominant

End point definition

Hemoglobin normalization – proportion estimated with Weibull distribution Dominant Dominant

ICER: Incremental cost–effectiveness ratio, QALY: Quality-adjusted life year.
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drug and its administration, a reduction in blood transfusions needed, and due to the reduced number of clinically
relevant adverse events relative to either comparator. The significance of drug administration cost is consistent
with other published PNH models [21,57–59,89], and when considered in conjunction with the clinical value of
treatment, is also consistent with a previous CEM in C5i treatment-experienced patients with PNH [85]. In that
evaluation, the clinical superiority of pegcetacoplan, as shown in the head-to-head clinical trial of pegcetacoplan
versus continuation with eculizumab [46], led to the economic superiority.

Moreover, in terms of the incrementally greater QALYs for pegcetacoplan versus the C5i comparators found in our
evaluation, the gains of more than 3 months in a quality-adjusted lifespan of an individual with PNH demonstrated
the long-term implications of some of the remaining clinical shortfalls of C5i treatments in treatment-naive patients;
these include the emergence of EVH and continued transfusion dependency in a large proportion of patients [63]. To
otherwise measure the incremental clinical benefits of pegcetacoplan treatment effect, the key input in our analysis
was efficacy data from the PRINCE trial which provided evidence associated with treating the PNH population
early in their disease course [47]. In the PRINCE trial, pegcetacoplan was associated with improvements across
PNH-relevant hematologic parameters, including Hb and LDH levels, in addition to transfusion avoidance and
improved HRQoL, and with minimal treatment-associated safety issues [47].

Our modeled outcomes for Hb normalization associated with ravulizumab and eculizumab also approximately
align with data from the real-world [90], although producing slightly more conservative estimates favoring the C5i
treatments. For example, considering the modeled patients for each health state over the time horizon (i.e., the
Markov trace) [91], our CEM indicated that after 6 months to 1 year from baseline (i.e., treatment initiation),
approximately 48% and 53–54% of the simulated cohort on the C5i treatments failed to have Hb normalization
(Supplementary Figure 5). These estimates roughly compare to a real-world data analysis wherein the proportion
of patients who failed to have Hb normalization (Hb levels ≥12 g/dl) while treated with C5i: 64.3 to 77.8%, and
50.0 to 82.3% at 6 months and 1 year, respectively [90].

Transfusion need is another a key end point used in PNH efficacy trials [3747] and validated by clinical experts as
the most relevant outcome representing the clinical benefit of PNH treatment, with the majority of nonrespondent
patients eventually requiring a transfusion due to PNH disease progression if their complement is uncontrolled [92].
Therefore, our CEM considers the vitality of transfusion independence in PNH clinical assessment [74] and a
significant contributor to PNH healthcare costs [21,36–38,41]. Moreover, the further external validity of our model on
this outcome is notable. While the proportions of simulated patients on eculizumab were transfusion dependent
during the first 10 years in the model (18% to 28%; Supplementary Figure 5); these proportions align with the
published data on eculizumab use in the real world, wherein up to 12% to 31% of patients received a blood
transfusion over any 24-week period in long-term follow-up [93].

Other aspects of our modeling approach warrant highlighting. As PNH is a disease that directly impacts on
Hb, it is one of the most important clinical parameters characterizing response to PNH treatment [39,94]. In
addition to clinical relevance, Hb level is a discrete and objectively measurable end point. Previous PNH models
in treatment-experienced patients [21,95] have elected to evaluate/model treatment effect based predominantly on
LDH, a marker of BTH [21,74]. It is clear that BTH represents loss of disease control, as manifested by classical
PNH-related signs and symptoms including anemia, dyspnea, hemoglobinuria, fatigue [38] and associated reductions
in overall HRQoL [22–25]. Further, while BTH can be addressed by RBC transfusion or by adjusting the dosing
amount and/or frequency of eculizumab administration beyond the approved regimen [36,37], the associated costs
of both such therapeutic approaches increase the overall healthcare burden [21,30,96]. However, in terms of such an
end point in PNH CEMs, investigators who have previously relied on this parameter caution that BTH episodes
are heterogeneous [21], with the end point itself commonly represented by a constellation of symptoms (e.g., fatigue,
dyspnea) in tandem with changes in biomarkers (e.g., LDH) [74]. Hemolysis or changes in LDH in PNH could also
manifest due to a variety of reasons including a lack of treatment effect and complement-amplifying conditions
(e.g., pregnancy, surgery, vaccination) [88]. Hence, consensus is lacking on how to define hemolysis that is associated
with or as measured by changes in LDH, making this a difficult biomarker to include as its own health state in
an economic model [38]. Keeping these LDH limitations in mind along with that there is currently no universally
accepted measure of PNH treatment response available, consensus-based measurement criteria have recently been
proposed by the European Society for Blood and Marrow Transplantation (EBMT) [26]. These criteria reflect clinical
practice and classify hematologic or clinical response in patients with PNH and are based on several measures, but
focus on transfusion needs and Hb improvements after treatment with complement inhibitors [26]. Adding further
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evidence on the validity of our modeling structure, the outcomes considered in our CEM reflect the primary end
points in more recent PNH clinical trials, wherein LDH is included only as a secondary end point [46,97].

Given the uncertainty associated with a model that relies on BTH as a health state parameter, our CEM has
instead considered BTH as an adverse event, which more accurately reflects management of this outcome caused by
red blood cell destruction and more directly measured by Hb [74]. Hence, in contrast with previous PNH economic
models [21,57–59], our CEM was able to capture the key clinical and patient outcomes, and contextualize more
pertinent PNH end points in terms of treatment value, specifically, hemoglobinuria. This end point, after which
PNH is named, is experienced by up to 50% of patients [98] and directly correlated with potentially debilitating
fatigue [99].

In terms of the structural specificity of our model, we characterized hematological response to PNH treatment
in terms of Hb normalization in the base-case, rather than Hb stabilization; in this regard, it is notable that the
definition of stabilization has not been consistent between PNH clinical trials [3747]. Even as transfusion avoidance
has been a requirement for stabilization in clinical trials, the definition of Hb stabilization itself differed across
the trials. As one of the co-primary efficacy end points in PRINCE, stabilization was defined as Hb that did not
decrease by >1 g/dl [47]. Study 301, however, defined stabilization as Hb that did not decrease by >2 g/l [37]. Given
this discrepancy, unlike other previously published PNH CEM models [85,100] we considered Hb normalization, as
a structural alternative for the present CEM.

Of final consideration of the robustness of our CEM is the consequence of the rarity of PNH and the limited
sample size in the PRINCE trial on which clinical inputs were based. Considering that these inherent issues of a rare
disease may have placed a risk on the CEM due to the more extreme values of the input parameters, our analysis
proved to be reliable after we rigorously explored both parameter uncertainty and model structure uncertainty. Our
cost–effectiveness results remained consistent when key inputs such as mean weight of patients, utility values and the
drug acquisition costs were varied to their upper and lower bound on sensitivity analysis. The RCT evidence-based
clinical efficacy inputs also represent best practice and analytic reliability [101].

Limitations
Hepatotoxicity [102] and the potential for pigment gallstones to form after prolonged use of C5i treatments [63,103]

are two clinical concerns that were not included in the model; moreover, our analysis also did not consider the costs
of chelation therapy (such as deferasirox and deferoxamine mesilate) to treat iron overload, which is warranted in
patients on C5i who need frequent blood transfusions and accumulate iron in the liver and spleen [46]. However,
the costs related to both clinical concerns would have only added to the costs of the comparator C5i treatments.

Patients who are treated with pegcetacoplan, which targets both IVH and EVH, see an increase in Hb levels
and a return to normalcy, which prevents future iron overload [46]. Before the introduction of pegcetacoplan
in transfusion-required patients, however, the build-up of iron from routine transfusions would have required
phlebotomy to treat iron overload in pegcetacoplan patients [104]. Despite not including such costs associated with
C5i, incremental cost savings for pegcetacoplan were still observed compared with the comparators.

Although our model structure is reflective of the PNH disease pathway and the likely courses of action taken to
mitigate/compensate RBC destruction from the disease, interpreting our study also warrants consideration of the
PRINCE study design. First, PRINCE permitted patients with severe anemia to enter the treatment arm, hence
the data from the trial lacked a reliable number of observations to calculate transitions for the transfusion-avoidant
patients who did not achieve normalization. Moreover, unlike prior study designs in patients with PNH who were
naive to complement treatment [105], in PRINCE, patients randomized to the control group could transition to
pegcetacoplan treatment if their Hb level decreased ≥2 g/dL below their baseline measurement or if they had a
qualifying thromboembolic event secondary to PNH.

In summary, this lifetime cost–effectiveness analysis, from a US payer perspective and based on a 3-state Markov
model, found that pegcetacoplan was the economically dominant treatment strategy compared with ravulizumab
and eculizumab for use in treatment-naive PNH. The findings remained consistent across a variety of scenarios. In
terms of future research in ascertaining the value of treatments in PNH, a few considerations are warranted. First, the
widespread variation in management of BTH confirms that alternative structures to model PNH are necessary [21].
Investigations of real-world PNH treatment practices and outcomes in patients who are treatment-naive would also
serve to draw further conclusions on effectiveness and healthcare costs associated with PNH treatments.
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Conclusion
In treatment-naive patients with PNH, the base-case cost–effectiveness, scenario analysis, and sensitivity analysis
showed both lifetime cost savings and increased QALYs associated with pegcetacoplan compared with eculizumab
or ravulizumab, hence potentially offering substantial clinical value within the early PNH treatment paradigm in
USA.

Summary points

• Paroxysmal nocturnal hemoglobinuria (PNH) is a rare blood disorder characterized by hemolytic anemia, bone
marrow failure, and thrombosis, and is associated with high healthcare burden.

• Pegcetacoplan (Empaveli R©) is a treatment for PNH that is approved in the USA based on results from the pivotal
phase 3, PEGASUS (NCT03500549) open-label, head-to-head trial.

• Further evidence for pegcetacoplan has more recently been shown in PRINCE (NCT04085601), an open-label trial
in C5i-naive patients randomly assigned 2:1 to treatment with pegcetacoplan (added to best supportive care
[BSC]) or BSC (excluding complement-inhibitors).

• PRINCE demonstrated meaningful hematologic and clinical improvements following 26 weeks of treatment with
pegcetacoplan versus BSC, with a favorable safety profile.

• In addition to the demonstrated clinical benefits for pegcetacoplan in the PNH treatment-naive population, the
value of pegcetacoplan to US patients and payers is also necessary for informing appropriate treatment funding
decisions on the early part of the PNH treatment pathway.

• This study evaluated the cost–effectiveness of pegcetacoplan, a proximal complement-3 inhibitor, compared with
the complement-5 inhibitors currently available in the USA, eculizumab and ravulizumab, in complement
treatment-naive adults with PNH, from the US healthcare payer perspective.

• The 3-state Markov model employed for the analysis indicated that during the earliest part of the PNH treatment
pathway, pegcetacoplan provides added clinical and patient health-related quality of life benefits, with cost
savings, when compared with using either eculizumab or ravulizumab.

• The substantial cost savings associated with pegcetacoplan use can be attributed to reduced costs of the drug and
its administration, a reduction in blood transfusions needed, and due to the reduced number of clinically relevant
adverse events relative to either comparator.
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78. Röth A, Hoechsmann B, Griffin M et al. Effect of pegcetacoplan on quality of life in patients with paroxysmal nocturnal hemoglobinuria
from the Pegasus Phase 3 Trial comparing pegcetacoplan to eculizumab. Blood 136(Suppl. 1), 10–12 (2020).

79. Herdman M, Gudex C, Lloyd A et al. Development and preliminary testing of the new five-level version of EQ-5D (EQ-5D-5L). Qual.
Life Res. 20(10), 1727–1736 (2011).

80. Weitz I, Meyers G, Lamy T et al. Cross-sectional validation study of patient-reported outcomes in patients with paroxysmal nocturnal
haemoglobinuria. Intern. Med. J. 43(3), 298–307 (2013).

81. Longworth L, Yang Y, Young T et al. Use of generic and condition-specific measures of health-related quality of life in NICE
decision-making: a systematic review, statistical modeling and survey. Health Technol. Assess. 18(9), 1–224 (2014).

10.57264/cer-2023-0055 J. Comp. Eff. Res. (2023) e230055

http://www.scottishmedicines.org.uk/Home
http://www.pbs.gov.au/pbs/search?term=&search-type=medicines
https://cevr.tuftsmedicalcenter.org/databases/cea-registry
http://www.inahta.org
https://www.york.ac.uk/crd/
https://icer.org/wp-content/uploads/2020/10/ICER_2020_2023_VAF_102220.pdf
https://www.ibm.com/watson-health/about/micromedex
https://www.cms.gov/medicare/physician-fee-schedule/search/overview
https://www.cdc.gov/vaccines/programs/vfc/awardees/vaccine-management/price-list/index.html


Cost–effectiveness of pegcetacoplan in complement treatment-naı̈ve adults with PNH in the USA Research Article

82. IBM. https://www.ibm.com/products/micromedex-red-book

83. Liu B, Du Y, Wu Y, Snetselaar LG, Wallace RB, Bao W. Trends in obesity and adiposity measures by race or ethnicity among adults in
the United States 2011-18: population based study. BMJ 372, n365 (2021).

84. Centers for Disease Control and Prevention (CDC). Body Measurements. https://www.cdc.gov/nchs/f astats/body-measurements.htm

85. Hakimi Z, Wilson K, McAughey E et al. The cost–effectiveness, of pegcetacoplan compared with ravulizumab for the treatment of
paroxysmal nocturnal hemoglobinuria, in a UK setting. J. Comp. Eff. Res. 11(13), 969–985 (2022).

86. Olutogun T, Cutini I, Notaro R, Luzzatto L. Complement-mediated haemolysis and the role of blood transfusion in paroxysmal
nocturnal haemoglobinuria. Blood Transfus. 13(3), 363–369 (2015).

87. Briggs AH, Weinstein MC, Fenwick EA, Karnon J, Sculpher MJ, Paltiel AD. Model parameter estimation and uncertainty: a report of
the ISPOR-SMDM Modeling Good Research Practices Task Force–6. Value Health 15(6), 835–842 (2012).

88. Barcellini W, Fattizzo B. Clinical applications of hemolytic markers in the differential diagnosis and management of hemolytic anemia.
Dis. Markers 2015, 635670 (2015).

89. Hakimi Z, Wilson K, McAughey E et al. The cost–effectiveness, of pegcetacoplan compared with ravulizumab for the treatment of
paroxysmal nocturnal hemoglobinuria, in a UK setting. J. Comp. Eff. Res. 11(13), 969–985 (2022).

90. Fishman J, Kuranz S, Yeh MM, Brzozowski K, Chen H. Changes in hematologic lab measures observed in patients with paroxysmal
nocturnal hemoglobinuria treated with C5 inhibitors, ravulizumab and eculizumab: real-world evidence from a US based EMR network.
Hematol. Rep. 15(2), 266–282 (2023).

91. Thokala P, Dodd P, Baalbaki H, Brennan A, Dixon S, Lowrie K. Developing Markov models from real-world data: a case study of heart
failure modeling using administrative data. Value Health 23(6), 743–750 (2020).

92. Mastellos DC, Ricklin D, Yancopoulou D, Risitano A, Lambris JD. Complement in paroxysmal nocturnal hemoglobinuria: exploiting
our current knowledge to improve the treatment landscape. Expert Rev. Hematol. 7(5), 583–598 (2014).

93. Versmold K, Alashkar F, Raiser C et al. Long-term outcomes of patients with paroxysmal nocturnal hemoglobinuria treated with
eculizumab in a real-world setting. Eur. J. Haematol. 111(1), 84–95 (2023).

94. Holguin MH, Wilcox LA, Bernshaw NJ, Rosse WF, Parker CJ. Relationship between the membrane inhibitor of reactive lysis and the
erythrocyte phenotypes of paroxysmal nocturnal hemoglobinuria. J. Clin. Invest. 84(5), 1387–1394 (1989).

95. OConnell T, Buessing M, Johnson S, Tu L, Thomas SK, Tomazos I. Cost-utility analysis of ravulizumab compared with eculizumab in
adult patients with paroxysmal nocturnal hemoglobinuria. Pharmacoeconomics 38(9), 981–994 (2020).

96. Burke J, Eckwright D, Broderick K, Fishman J, Gleason P. Real-world analysis of C5 inhibitor administration characteristics, resource
utilization, and total cost of care among ravulizumab treated PNH patients using integrated medical and pharmacy claims. JMCP
28(3-a), S26 (2022).

97. Jang JH, Wong L, Ko B-S et al. Iptacopan monotherapy in patients with paroxysmal nocturnal hemoglobinuria: a 2-cohort open-label
proof-of-concept study. Blood Adv. 6(15), 4450–4460 (2022).

98. Fu R, Li L, Li L et al. Analysis of clinical characteristics of 92 patients with paroxysmal nocturnal hemoglobinuria: a single institution
experience in China. J. Clin. Lab. Anal. 34(1), e23008 (2020).

99. Cella D, Sarda SP, Hsieh R et al. Changes in hemoglobin and clinical outcomes drive improvements in fatigue, quality of life, and
physical function in patients with paroxysmal nocturnal hemoglobinuria: post hoc analyses from the phase III PEGASUS study. Ann.
Hematol. 101(9), 1905–1914 (2022).

100. Quist SW, Postma AJ, Myrén KJ, de Jong LA, Postma MJ. cost–effectiveness of ravulizumab compared with eculizumab for the
treatment of paroxysmal nocturnal hemoglobinuria in the Netherlands. Eur. J. Health Econ. doi: 10.1007/s10198-022-01556-5 (2023).

101. Backmann M. What’s in a gold standard? In defence of randomised controlled trials. Med. Health Care Philos. 20(4), 513–523 (2017).

102. Hayes W, Tschumi S, Ling SC, Feber J, Kirschfink M, Licht C. Eculizumab hepatotoxicity in pediatric aHUS. Pediatr. Nephrol. 30(5),
775–781 (2015).

103. Araten DJ, Pachter HL, Dring RJ, Newman E, Cohen SM. Symptomatic bilirubin gallstones in patients with PNH treated with
eculizumab. Blood 134(Suppl. 1), 4795–4795 (2019).

104. Sobi. Pegcetacoplan in paroxysmal nocturnal haemoglobinuria: united Kingdom health technology assessment virtual advisory board.
Advisory Board presented at: (2021) (Data on file).

105. Hillmen P, Young NS, Schubert J et al. The complement inhibitor eculizumab in paroxysmal nocturnal hemoglobinuria. N. Engl. J.
Med. 355(12), 1233–1243 (2006).

10.57264/cer-2023-0055

https://www.ibm.com/products/micromedex-red-book
https://www.cdc.gov/nchs/fastats/body-measurements.htm


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


