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Abstract: Background/Objectives: This analysis was conducted in Italy to estimate the epi-
demiology of paroxysmal nocturnal hemoglobinuria (PNH) and to describe the features and
economic burden of PHN in the adult population considering the role of anti-complement
therapy with C5/3-inhibitors (C5/3i). Methods: Administrative databases of healthcare
entities covering approximately 12 million citizens were used to estimate the prevalence
and incidence of PNH. Demographics, clinical characteristics and healthcare costs were
analyzed among adults with PHN stratified by the presence/absence of C5/3i therapy.
Results: The prevalence in Dec-2021 of PNH in adults was 17.6/1,000,000 people, and the
incidence rate in the period 2011-2022 was 1.5/1,000,000/ year. In 142 patients with at least
12 months of data available before and after inclusion (mean age: 50.7 years; 45.8% males),
27% received C5/3i therapy. The main baseline comorbidities were aplastic anemia and
other bone marrow failure syndromes, found in 10.6% of patients and more common in
C5/3i-treated than untreated patients (18.4% vs. 7.7%). Cost analysis showed that the
average cost per patient per year (PPPY) was EUR 41,084, mainly driven by drug expenses
(87% of total costs), especially anti-complement therapy (80%). RBC transfusions were the
most impactive item among the hospitalization costs (EUR 1982 of EUR 4284 PPPY). The
C5/3i-treated cohort was associated with higher total costs (EUR 133,472 vs. EUR 8089,
p <0.001), mainly due to drug expenses (EUR 127,180 vs. EUR 3217, p < 0.001). Conclu-
sions: This real-world analysis confirmed a rising PNH prevalence in Italy, aligning with
global data. Despite available therapies, many patients face a high disease burden, suggest-
ing potential benefits from novel treatments targeting upstream complement components.

Keywords: anti-complement therapy; C5/3-inhibitors; cost analysis; incidence; paroxysmal
nocturnal hemoglobinuria; prevalence; real-world evidence

1. Introduction

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare, acquired blood disorder caused
by a somatic mutation in the hematopoietic stem cells of the gene encoding for phos-
phatidylinositol N-acetylglucosaminyltransferase subunit A (PIGA), causing the defective
expression of glycosylphosphatidylinositol-anchored proteins (GPI-APs), including the
complement regulatory proteins CD55 and CD59. The loss of CD55 and CD59 makes GPI-
deficient red blood cells susceptible to complement-mediated hemolysis. PNH typically
manifests with hemolytic anemia, bone marrow failure (BMF) and thrombosis [1,2].

J. Clin. Med. 2025, 14, 2889

https://doi.org/10.3390 /jcm14092889


https://doi.org/10.3390/jcm14092889
https://doi.org/10.3390/jcm14092889
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-7020-6659
https://doi.org/10.3390/jcm14092889
https://www.mdpi.com/article/10.3390/jcm14092889?type=check_update&version=1

J. Clin. Med. 2025, 14, 2889

2 of 24

The global incidence of PNH is estimated to be 1-1.5 cases per million people, although
incidence rates might vary by region [3]. While earlier research suggested potential differ-
ences among ethnic groups, more recent findings indicate that the PNH incidence is rela-
tively consistent across populations, though certain clinical characteristics may vary [4,5].
PNH presents similarly in both sexes, without familiarity, at any age, although the onset of
the first symptoms is more common between the third and fourth decade of life [6]. There
are also wide interindividual differences in clinical manifestations, including hemolytic
anemia [2], hemoglobinuria [1], fatigue and smooth muscle dystonia [6-8].

If left untreated or treated only with supportive care, PNH can be a fatal disease;
thrombophilia is the primary cause of mortality, accounting for 40-67% of deaths, distantly
followed by kidney failure (8-18% of deaths) [9,10]. While in the past, patients with PNH
generally lived for 10 to 22 years after diagnosis, the introduction of new drugs targeted at
complement inhibition has brought great survival benefits, with most patients with PNH
reaching a life expectancy nearly comparable to subjects without the condition [1].

Although there is no shared consensus on PNH classification yet, the International
PNH Interest Group [11,12] has grouped the disease into three forms: (1) classical PNH,
clinically characterized by evidence of IVH, with altered circulating serum levels of hemol-
ysis biomarkers (increased LDH and fractionated bilirubin, decreased haptoglobin), or
episodic hemoglobinuria in the absence of another BMF syndrome; (2) PNH in the setting
of another BMF syndrome (i.e., aplastic anemia or myelodysplastic syndrome), with mild
IVH; (3) subclinical PNH [11-13], without clinical or laboratory evidence of hemolysis or
thrombosis and more commonly detected in patients with an underlying bone marrow
abnormality. High-resolution flow cytometry can discriminate between the three disease
phenotypes, which show a different clonal expansion of GPI-AP-deficient granulocytes,
respectively, of large (above 50%), variable (below 50%) and small (below 10%) sizes [10-13].
This classification deserves particular attention for its repercussions for epidemiological
estimates [3,14,15] as well as the therapeutic management of PNH [11,12]. For classical
PNH, anti-complement therapy is the best frontline option, followed by an increase in
dose/frequency, possibly combined with supportive care, or bone marrow transplantation
in the case of an inadequate response. In the other two PNH forms, the main interventions
should first focus on the coexisting BMF syndrome, but anti-complement therapy can be
administered to patients with large PNH clones [11,12].

The latest pharmacological research is highly focused on anti-complement therapy
aimed at inhibiting complement-mediated hemolysis [1,16,17]. However, agents targeting
C5 (similar to eculizumab) are not fully curative, as some patients may still experience
C3-mediated extravascular hemolysis and remain transfusion-dependent [16,18]. New
agents able to intercept the initial activation steps of a complement cascade and prevent
amplification downstream might represent a pioneering strategy to “shut down” hemolysis,
thus providing a valuable tool for keeping PNH activity under control [19-21].

This analysis was carried out in a setting of real clinical practice in Italy to investigate
the epidemiology, demographic characteristics, clinical status and therapeutic pathways
of PNH in patients in Italy. The population was also assessed for disease progression and
incidence of BMEF. Lastly, healthcare resource consumptions and costs covered by the Italian
National Health System (INHS) for the management of patients with PNH were analyzed.

2. Materials and Methods
2.1. Data Source

This observational retrospective analysis relied on integrated administrative data
from a sample of Italian healthcare entities covering about 12 million residents, with data
available from January 2010 to June 2023. The analysis used INHS-reimbursed healthcare
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resource databases, as previously described by our group [22]. Specifically, the following
databases were used for the analysis: (1) a beneficiaries’ database to extract patients’
demographic data, namely, sex, age and date of death; (2) a pharmaceuticals database
for all the information on medications reimbursed by the INHS, such as the Anatomical
Therapeutic Chemical (ATC) code, the number of packages, the number of units per
package, unit cost per package and prescription date; (3) a hospitalization database to
collect hospitalization data, like discharge diagnosis codes classified according to the
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), the
diagnosis-related group (DRG) and the DRG-related charge (supplied by the INHS); (4) an
outpatient specialist services database to record data on specialist visits and diagnostic
tests (date and type of provision, description of the activity, laboratory tests or specialist
visit); (5) an exemption database to gather active payment waiver codes, by which patients
are discharged from paying for services/treatments in the case of specific diagnoses.

The dataset used consists solely of anonymized data. Approval has been obtained
from the ethics committees of the involved local health units. In line with Article 110
(processing of personal data for medical, biomedical or epidemiological research purposes)
of the Italian Privacy Code, informed consent was waived, as obtaining it was deemed
impossible or required a disproportionate effort.

2.2. Identification of the Study Population and Study Design

From January 2011 to December 2022 (inclusion period), all patients with PNH were
identified by having had at least one hospitalization with a primary or secondary diagnosis
of PNH (ICD-9-CM code 283.2) or an active exemption code for the pathology (RD0020).

The date of the first match with one of the above inclusion criteria was considered
as the index date. All the patients were investigated for the whole period of available
data before the index date. This characterization period of at least 12 months was used
to assess previous treatments, comorbidities and clinical manifestations of PNH, hospital
admissions, diagnostic procedures and outpatient specialist visits.

Patients were followed-up from the index date until the end of the available data (at
least 6 months). During the follow-up period, drug prescriptions, comorbidities and clinical
manifestations of PNH, hospitalization, diagnostic procedures and outpatient specialist
visits were investigated. Moreover, healthcare resource use (HCRU) and the derived direct
costs covered by the INHS were also analyzed.

2.3. Epidemiological Estimates of PNH

Epidemiological analyses of PNH were carried out for both the all-age population and
the adult population only. Given that the hospitalization code and exemption code used to
identify PNH does not allow discrimination between the three disease forms, epidemiolocal
estimates were reported for the PNH population embracing all phenotypes.

The prevalence of diagnosed PNH, expressed as cases/ 1,000,000 people, was calcu-
lated as the number of prevalent patients alive on 31 December 2021 divided by the number
of all health-assisted patients alive on 31 December 2021. Prevalence analyses were carried
out on the entire period of available data. For each calendar year, the changes in prevalence
proportions were evaluated using Poisson regression, estimating the prevalence proportion
ratios (PPRs) with 95% confidence intervals (ClIs).

The annual incidence of PNH in patients, expressed as cases/1,000,000 people, was
calculated as the number of identified patients with PNH with an incident diagnosis each
year from 2010 to 2022 divided by the number of person-years. The incident rates of each
year from 2010 to 2020 were also reported. Since for some entities, the flow of exemptions for
pathology is also available for the years prior to 2010, these patients were also considered.
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For each calendar year, the changes in incidence over time were investigated using Poisson
regression, estimating the incidence rate ratios (IRRs) with 95% Cls.

The epidemiological data were reproportioned to the Italian population. For both
prevalence and incidence, data were stratified by gender, by age classes at the index
date (<18-50 years; >50 years) and by geographical distribution (northern, central and
southern Italy).

Lastly, a 5-year projection of expected prevalence and incidence in the year 2027
was calculated.

2.4. Demographic and Clinical Characteristics of Adults with PNH

The analysis focused on the adult population with PNH. At the index date, patients’
demographic variables were recorded, namely, age reported in years and age groups (18-50
and >50 years) and gender presented as the proportion of male subjects. The comorbidity
profile was investigated during the entire available period before the index date, searching
for concomitant conditions identified using the ICD-9-CM for hospital discharge diagnoses
(both primary and secondary diagnoses) and ATC codes for drug prescriptions. The
comorbidity profile was evaluated by the Elixhauser Index, a scoring tool to estimate
the overall weight of 30 comorbidities (reported with their ICD-9-CM codes in Table A1l
of Appendix A) and predict the repercussions for hospital resource use and in-hospital
mortality [23].

Before inclusion and during follow-up, adult patients with PNH were assessed for
the presence of PNH-related comorbidities and clinical manifestations mostly described
in the literature [6,24,25]. Lastly, data on past red blood cell (RBC) transfusions prior
to the index date were collected, and patients were classified as transfusion-dependent
or not-dependent.

The codes used to identify medications, diseases or procedures are provided in
Table A2 of Appendix A.

2.5. Treatment Patterns

In the included population of adults with PNH, treatments with anti-complement
therapy were identified. The comparisons were carried out between patients stratified
by the presence/absence of anti-complement treatment with C5/3 inhibitors (C5/3i),
identified by the ATC code LO4AA (L04AA25: eculizumab; L04AA43: ravulizumab;
L04AA54: pegcetacoplan).

2.6. Healthcare Resource Consumption and Direct Costs

Annualized HCRU and the related direct costs derived from the INHS were evaluated
among living patients with at least 12 months of follow-up from the index date to the
end of the available data. An in-depth analysis was conducted in the cohort of patients
treated with anti-complement therapy to assess the yearly consumption and costs of C5/3i,
considering two further time intervals: (i) from the date of the first prescription to the end
of follow-up, and (ii) from the first prescription to the last prescription plus the treatment
duration (actual treatment period).

HCRU was expressed as the annual number of services/resources delivered per
patient in terms of drugs (anti-complement therapy, other PNH-related treatments and
non-PNH-related treatments), specialist visits, diagnostic services and hospitalizations (all-
cause, due to PNH-related comorbidities, due to PNH-related clinical manifestations, due
to RBC transfusion, due to the infusion of anti-complement treatment). For hospitalizations,
the length of stay was also computed. The healthcare direct costs derived from all the
mentioned resource consumptions were also assessed and reported in euros (€). Specifically,
hospitalizations were determined using the DRG tariffs [26], drug costs were evaluated
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using the INHS purchase price [27-30] and outpatient specialist service costs were estimated
based on regional tariffs. Costs were calculated as overall expenditure (referring to the entire
available follow-up and all the patients in each cohort) and per patient per year (PPPY).

An in-depth analysis was also conducted of the subset of patients treated with C5/3i
to evaluate HCRU and healthcare direct costs considering two time intervals: from the start
of treatment to the end of follow-up and from the start to the end of treatment.

2.7. Statistical Analysis

Continuous variables are expressed as mean and standard deviation (£5SD) and cat-
egorical variables as frequencies and percentages. Continuous variables were compared
using Student’s t-test and categorical variables by the chi-squared test or Fisher’s exact test
(for expected frequencies < 5), as appropriate.

Results referring to subgroups of less than four patients were not disclosed and were
reported as NI (not issuable) since they might be potentially traceable to single individuals,
in line with the code for the protection of personal data (“Codice in materia di protezione
dei dati personali”).

In cost analysis, the outliers (those values that deviate more than three times the SD)
were excluded. A p value below 0.05 was considered statistically significant, and all the
analyses were performed using STATA SE, version 17.0 (StataCorp LLC, College Station,
TX, USA).

3. Results
3.1. Epidemiological Analysis of the Total Population (All Ages)

A first epidemiological analysis was conducted on the total PNH population of pe-
diatric and adult subjects. The detailed results are provided in Figures Al and A2 of
Appendix B.

The prevalence of PNH in 2021 was 18.5/1,000,000 people, with, specifically,
18.0/1,000,000 males and 19.0/1,000,000 females (Figure A1A of Appendix B), which,
reproportioned to the Italian population, corresponded to 1,166 patients with prevalent
PNH on 31 December 2021, of whom 554 were male and 612 female (Figure A1B of
Appendix B). The analysis of prevalence stratified by age (Figure A1C of Appendix B)
revealed that most of the patients with prevalent PNH were in the 20-50 age group
(0-19 years: 51.1/1,000,000 people; 20-50 years: 20.6/1,000,000 people; and >50 years:
18.2 cases /1,000,000 people). The analysis of age and gender-stratified prevalence (Figure A1D
of Appendix B) revealed that the proportion of males and females varied across age
groups: in patients aged 0-19 years, the prevalence was 19.3 males/1,000,000 people
vs. 10.7 females/1,000,000 people; in patients aged 20-50 years, the prevalence was
18.8 males /1,000,000 people vs. 22.5 females /1,000,000 people; in patients over 50 years,
the prevalence was 16.9 males/1,000,000 people vs. 19.2 females/1,000,000 people.
The prevalence stratified by geographic area (Figure A1E of Appendix B) was as fol-
lows: 22.1/1,000,000 people in northern Italy, 15.5/1,000,000 people in central Italy and
19.0/1,000,000 people in southern Italy. Prevalence in the timespan between 2010 and 2022
showed a rising trend (from 5.4/1,000,000 people in 2010 to 18.9/1,000,000 people in 2022)
(Figure A1F of Appendix B). Projecting the data 5 years, the estimated prevalence rate of
PNH is expected to be 19.9/1,000,000 people in 2027.

The incidence rate of PNH among the total population in 2021 was 1.6/1,000,000 people,
with, specifically, 1.6/1,000,000 males and 1.5/1,000,000 females (Figure A2A of Appendix B),
which, projected on a national scale, corresponded to 91 patients with incidence of PNH as
of 31 December 2021, 45 male and 46 female (Figure A2B of Appendix B). The age-stratified
incidence was 1.7/1,000,000 people for patients aged 0-19 years, 1.6 for those in the range
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of 20-50 years and 1.5 for those aged over 50 years (Figure A2C of Appendix B). The
gender-stratified incidence confirmed variable proportions of males and females across
age groups (Figure A2D of Appendix B): in patients aged 0-19 years, the incidence was
2.2 males /1,000,000 people vs. 1.2 females /1,000,000 people; in patients aged 20-50 years,
the incidence was 1.3 males /1,000,000 people vs. 1.9 females/1,000,000 people; in patients
over 50 years, the incidence was 1.6 males /1,000,000 people vs. 1.4 females /1,000,000 people.
The incidence stratified by geographic area was 1.5/1,000,000 people in northern Italy,
1.5/1,000,000 people in central Italy and 1.6/1,000,000 people in southern Italy (Figure A2E
of Appendix B). The incidence fluctuated over time, with a rising and descending course
between 2011 and 2022 (Figure A2F of Appendix B). Projecting the data 5 years, the
estimated incidence rate of PNH is expected to be 1.3/1,000,000 people in 2027.

3.2. Epidemiological Analysis in Adults

The prevalence of PNH in the adult (>18 years) population in 2021 was 19.4/1,000,000 people,
15.6/1,000,000 males and 19.4/1,000,000 females (Figure 1A). Data reproportioned to the
Italian population corresponded to 927 adult patients with prevalent PNH as of 31 Decem-
ber 2021, of whom 411 were male and 516 female (Figure 1B). Age-stratified prevalence
revealed that patients with prevalent PNH constituted 16.8/1,000,000 people in the age
range of 18-50 years and 18.2/1,000,000 people in the age group over 50 years (Figure 1C).
Prevalence stratified by gender and age was 14.2 males/1,000,000 people vs. 19.2 fe-
males /1,000,000 people in patients aged 18-50 years and 16.9 males/1,000,000 people vs.
19.2 females /1,000,000 people in patients over 50 years (Figure 1D). Prevalence stratified
by geographic area in adults with PNH was as follows: 20.6/1,000,000 people in northern
Italy, 15.0/1,000,000 people in central Italy and 18.1/1,000,000 people in southern Italy
(Figure 1E). Prevalence by year in the period between 2010 and 2022 showed a rising trend
(from 5.5/1,000,000 people in 2010 to 18.2/1,000,000 people in 2022) (Figure 1F). Projecting
the data 5 years, the expected prevalence of PNH is estimated to be 19.0/1,000,000 people
in 2027.

The incidence of PNH in the adult population in 2021 was 1.5/1,000,000 people,
1.4/1,000,000 males and 1.6/1,000,000 females (Figure 2A). Data projected on the Ital-
ian population corresponded to 70 adults with an incidence of PNH on 31 December
2021, of whom 32 were male and 38 female (Figure 2B). The age-stratified incidence was
1.5/1,000,000 people in both age groups (Figure 2C). The incidence stratified by gender
and age was as follows: 1.8 males/1,000,000 people vs. 1.2 females/1,000,000 people in the
age range of 18-50 years and 1.6 males/1,000,000 people vs. 1.4 females/1,000,000 peo-
ple over 50 years (Figure 2D). The incidence stratified by geographic area in adults with
PNH was 1.3/1,000,000 people in northern Italy, 1.4/1,000,000 people in central Italy and
1.6/1,000,000 people in southern Italy (Figure 2E). The incidence in adult patients with
PNH had a rising and descending course between 2011 and 2022 (Figure 2F). Projecting the
data 5 years, the expected incidence of PNH is estimated to be 1.1/1,000,000 people in 2027.
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Table 1. Demographic and clinical characteristics of adult patients with PNH: total and stratified by
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The majority ofh@%déd patients!&4akHm the health@dd bAttties of southern Ttaly,

followed by central and northern Italy, with 65.5%, 23.9% and 10.6%, respectively (Table 1).
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The mean (£SD) Elixhauser Comorbidity Index in all adult patients with PNH during
the 12 months before the index date was 1.4 (£4.1).

Then, PNH-related comorbidities and the most frequent clinical manifestation of PNH
were analyzed during the pre-index characterization period, with a mean (£SD) length of
5.0 (3.0) years in all adults with PNH, 3.7 (£2.4) years in those treated with C5/3i and 5.5
(£3.0) years in those not treated with C5/3i (median: 4.5, 2.8 and 5.0 years, respectively).

As Table 2A shows, the most common comorbidities detected during the characteriza-
tion period were AA and other BMF syndromes (found in 10.6% of all patients with PNH)
and MDS (found in 4.2% of all patients with PNH). Comparing patients treated and not
treated with C5/3i, there were no significant differences in the distribution of comorbidities,
although AA and other BMF syndromes were moderately more represented in the group
of treated patients (18.4% vs. 7.7%, p = 0.174).

Table 2. PNH-related comorbidities (A) and main clinical manifestations (B) during the characteriza-
tion period in adult patients with PNH: total and stratified by the presence/absence of treatment
with C5/3i. The p values refer to comparisons between patients treated with C5/3i (n = 38) and not
treated with C5/3i (n = 104). Significances are highlighted in bold.

A. PNH-Related Comorbidities

During the Characterization Total Adults Patients Treated Patients Not Treated p

. o (n =142) with C5/3i (n=38)  with C5/3i (n = 104)
Period, n (%)
AA and other BMF syndromes 15 (10.6%) 7 (18.4%) 8 (7.7%) 0.176
MDS 6 (4.2%) 4 (10.5%) NI 0.091
Hematological malignancy NI NI NI 0.485
Acute myelogenous leukemia 0 (0%) 0 (0%) 0 (0%) /
Myeloproliferative disorder 0 (0%) 0 (0%) 0 (0%) /
Myelofibrosis 0 (0%) 0 (0%) 0 (0%) /
None 118 (83.1%) 26 (68.4%) 92 (88.5%) 0.016
B. Clinical Manifestations of PNH
During the Characterization
Period, n (%)
Anemia (excluding AA) 25 (17.6%) 11 (28.9%) 14 (13.5%) 0.101
Thrombosis 5 (3.5%) 0 (0%) 5 (4.8%) 0.583
Chronic kidney disease 5 (3.5%) 0 (0%) 5 (4.8%) 0.583
Major adverse vascular events NI 0 (0%) NI 1.000
Abdominal pain 0 (0%) 0 (0%) 0 (0%) /
Dysphagia 0 (0%) 0 (0%) 0 (0%) /
Dyspnea 0 (0%) 0 (0%) 0 (0%) /
Erectile dysfunction 0 (0%) 0 (0%) 0 (0%) /
Fatigue 0 (0%) 0 (0%) 0 (0%) /
Pulmonary hypertension 0 (0%) 0 (0%) 0 (0%) /
None 105 (73.9%) 27 (71.1%) 78 (75.0%) 0.662

Abbreviations: AA, aplastic anemia; BMF, bone marrow failure; MDS, myelodysplastic syndrome; NI, not issuable;
PNH, paroxysmal nocturnal hemoglobinuria.

As Table 2B shows, the clinical manifestation of PNH did not differ significantly across
groups, although anemia (excluding AA) was moderately more frequent (not significant)
among the patients treated with C5/3i vs. those untreated (28.9% vs. 13.5%, p = 0.101).

Of the patients treated with anti-complement therapy, 35.5% had undergone at least
one RBC transfusion in the 6 months before starting C5/3i therapy. Among them, 33.3%
had successive transfusions after 6, 12 and 18 months of anti-complement therapy initiation
and 30.8% after 24 months.

Then, PNH-related comorbidities and the most frequent clinical manifestation of PNH
were analyzed during the entire available follow-up, with a mean (£SD) length in years of
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5.9 (£3.2) in all adults with PNH, 7.0 (£3.3) in those treated with C5/3i and 5.5 (£3.1) in
those not treated with C5/3i (median: 5.2, 6.6 and 5.1 years, respectively).

As Table 3A shows, the most common comorbidities detected during follow-up were
AA and other BMF syndromes (found in 15.5% of all patients with PNH). The comparisons
of patients treated vs. untreated with C5/3i revealed a significantly higher frequency in
the group of treated patients vs. the untreated of AA and other BMF syndromes (28.9%
vs. 10.6%, p = 0.043) and of MDS (13.2% vs. NI (<4 patients), p = 0.028). Concerning the
clinical manifestation of PNH detailed in Table 3B, anemia (excluding AA) was the most
common (found in 38.7%, 47.4% and 35.6% of all patients with PNH, patients treated with
C5/3i and those untreated, respectively). The patterns of clinical manifestation of PNH
were comparable between patients treated and not treated with C5/3i.

Table 3. PNH-related comorbidities (A) and main clinical manifestations (B) during the entire follow-
up period in adult patients with PNH: total and stratified by the presence/absence of treatment with
C5/3i. The p values refer to comparisons between patients treated with C5/3i (n = 38) and patients
not treated with C5/3i (n = 104). Significances are highlighted in bold.

A. PNH-Related Comorbidities

During Characterization Total Adults Patients Treated Patients Not Treated p

. o (n =142) with C5/3i (n=38)  with C5/3i (n = 104)
Period, n (%)
AA and other BMF syndromes 22 (15.5%) 11 (28.9%) 11 (10.6%) 0.043
MDS 7 (4.9%) 5 (13.2%) NI 0.028
Hematological malignancy 5(3.5%) NI 4 (3.8%) 1.000
Acute myelogenous leukemia NI 0 (0%) NI 1.000
Myeloproliferative disorder 0 (0%) 0 (0%) 0 (0%) /
Myelofibrosis 0 (0%) 0 (0%) 0 (0%) /
None 107 (75.4%) 21 (55.3%) 86 (82.7%) 0.001
B. Clinical Manifestations of
PNH During Characterization
Period, n (%)
Anemia (excluding AA) 55 (38.7%) 18 (47.4%) 37 (35.6%) 0.351
Thrombosis 6 (4.2%) 4 (10.5%) NI 0.091
Chronic kidney disease 11 (7.7%) NI 10 (9.6%) 0.693
Major adverse vascular events 6 (4.2%) NI NI 0.338
Abdominal pain NI NI NI 0.485
Dysphagia 0 (0%) 0 (0%) 0 (0%) /
Dyspnea 0 (0%) 0 (0%) 0 (0%) /
Erectile dysfunction 0 (0%) 0 (0%) 0 (0%) /
Fatigue 0 (0%) 0 (0%) 0 (0%) /
Pulmonary hypertension NI NI NI 0.357
None 59 (41.5%) 10 (26.3%) 49 (47.1%) 0.032

Abbreviations: AA, aplastic anemia; BMF, bone marrow failure; MDS, myelodysplastic syndrome; NI, not issuable;
PNH, paroxysmal nocturnal hemoglobinuria.

A detailed description of the 10 most frequent treatments prescribed (other than anti-
complement therapy) and 10 most frequent causes of hospitalization during follow-up are
listed in Table 4A and 4B, respectively. The largest proportion of patients with PNH used
amoxicillin with an enzyme inhibitor (58.8%), followed by folic acid (41.9%), pantoprazole
(41.9%) and prednisone (41.2%). Eculizumab was the most prescribed agent in patients
under anti-complement therapy. Blood and blood-forming organs and immunological
disorders were the most frequent causes of hospitalization in the whole population, re-
gardless of treatment or not with C5/3i, followed by circular system and kidney/urinary
tract complications.
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Table 4. (A) Ten most frequent prescriptions (excluding C5/3i) and (B) 10 most frequent causes of
hospitalization during follow-up in patients with PNH: total and stratified by the presence/absence
of treatment with C5/3i.

A. 10 Most Frequent Drugs (Excluding C5/3i)

Total Adults (n = 136) Patients Treated with C5/3i (n = 38) Patients Not Treated with C5/3i (n = 98)
Amoxicillin and enzyme inhibitor 80 (58.8%) Amoxicillin and enzyme inhibitor 26 (68.4%) Amoxicillin and enzyme inhibitor 54 (55.1%)
Folic acid 57 (41.9%) Folic acid 26 (68.4%) Pantoprazole 43 (43.9%)
Pantoprazole 57 (41.9%) Ciprofloxacin 23 (60.5%) Prednisone 41 (41.8%)
Prednisone 56 (41.2%) Levofloxacin 20 (52.6%) Cholecalciferol 35 (35.7%)
Ciprofloxacin 53 (39.0%) Enoxaparin 16 (42.1%) Furosemide 33 (33.7%)
Levofloxacin 50 (36.8%) Prednisone 15 (39.5%) Enoxaparin 31 (31.6%)
Enoxaparin 47 (34.6%) Beclomethasone 15 (39.5%) Folic Acid 31 (31.6%)
Cholecalciferol 45 (33.1%) Cefixime 14 (36.8%) Azithromycin 31 (31.6%)
Azithromycin 42 (30.9%) Rifaximin 14 (36.8%) Ciprofloxacin 30 (30.6%)
Furosemide 41 (30.1%) Pantoprazole 14 (36.8%) Levofloxacin 30 (30.6%)
B. 10 Most Frequent Hospitalizations

Total Adults (n = 136) Patients Treated with C5/3i (n = 38) Patients Untreated with C5/3i (n = 98)

Blood and blood-forming organs

Blood and blood-forming organs Blood and blood-forming organs

and immunological disorders 76 (55.9%) and immunological disorders 26 (68.4%) and immunological disorders 50 (51.0%)
Circulatory system 21 (15.4%) Kidney and urinary tract 12 (31.6%) Circulatory system 16 (16.3%)
Kidney and urinary tract 18 (13.2%) Infectious and parasitic DDs 8 (21.1%) Respiratory system 11 (11.2%)
Hepatobiliary system 15 (11%) Myeloprpliferative DDs (poorly 5 (13.2%) Hepatobiliary system 10 (10.2%)
and pancreas differentiated neoplasms) and pancreas

. -, o Hepatobiliary system o Musculoskeletal system and o
Infectious and parasitic DDs 14 (10.3%) ancll)pancreasy Y 5 (13.2%) connective tissue Y 7 (7.1%)
Respiratory system 13 (9.6%) Circulatory system 5 (13.2%) Digestive system 7 (7.1%)
Digestive system 10 (7.4%) Mental diseases and disorders 4 (10.5%) Infectious and parasitic DDs 6 (6.1%)
Factors influencing health status 9 (6.6%) Female reproductive system 4 (10.5%) Kidney and urinary tract 6 (6.1%)
Pregnancy 9 (6.6%) Digestive system 3(7.9%) Pregnancy 6 (6.1%)
Myelopr9liferative DDs (poorly 9 (6.6%) Factors influencing health status 3 (7.9%) Factors influencing health status 6 (6.1%)
differentiated neoplasms)
Bloo'd and blood.—forrr'ling organs 76 (55.9%) BlooFI and blood.-forrr}ing organs 26 (68.4%) Bloo.d and blood'—forn}lng organs 50 (51.0%)
and immunological disorders and immunological disorders and immunological disorders
Circulatory system 21 (15.4%) Kidney and urinary tract 12 (31.6%) Circulatory system 16 (16.3%)
Kidney and urinary tract 18 (13.2%) Infectious and parasitic DDs 8 (21.1%) Respiratory system 11 (11.2%)
Hepatobiliary system 15 (11%) Myeloproliferative DDs (poorly 5 (13.2%) Hepatobiliary system 10 (10.2%)

and pancreas

differentiated neoplasms) and pancreas

Abbreviations: DDs, diseases and disorders.

3.4. Healthcare Resource Consumption in the Adult Population

HCRU was analyzed per patient per year among patients with at least 12 months of
follow-up, with a mean follow-up of 6.1 years (median: 5.5 years) for all patients with
PNH, 7.0 years (median: 6.6 years) for the patients treated with C5/3i and 5.8 years
(median: 5.2 years) for untreated patients (Table 5). The comparison of patients treated and
untreated with C5/3 inhibitors showed that those who received anti-complement therapy
had a significantly higher number of specialist visits, diagnostic tests and hospitalizations
for transfusions as well as longer hospital stays.
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Table 5. Annual HCRU per patient with the average length of hospital stays during follow-up in
adult patients with PNH: total and stratified by the presence/absence of treatment with C5/3i. The p
values refer to comparisons between patients treated with C5/3i (n = 38) and patients not treated
with C5/3i (n = 98). Significances are highlighted in bold.

Patients Treated Patients Not Treated

Total PNH Adults with C5/3i with C5/3i r

Post-index period, years, mean (£SD) 6.1 (£3.1) 7.0 (£3.3) 5.8 (+3.0)
median (IQR) 5.5 (1.0-12.8) 6.6 (1.0-12.1) 5.2 (1.0-12.8)

N. of annual HCRU per patient, mean (£SD) *
N. of PNH-related treatments 2.7 (£5.6) 9.5 (+9.1) - /
N. of other PNH-related treatments 3.7 (£5.1) 45 (£5.1) 3.4 (£5.2) 0.314
N. of non-PNH-related treatments 12.6 (+12.6) 11.7 (£11.6) 13.0 (£12.9) 0.632
N. of visits 2.9 (+£4.9) 5.9 (+£84) 1.7 (£2.8) <0.001
N. of diagnostic services 3.4 (+4.9) 6.5 (+7.7) 2.2 (+3.4) <0.001
N. of all-cause hospitalizations 1.0 (£1.7) 1.4 (£2.6) 0.8 (£1.3) 0.077
N. of hospital. for PNH-related comorbidities 0.3 (£1.2) 0.6 (£2.2) 0.2 (£0.7) 0.097
N. of hospital. for PNH-related clinical manifestations 0.3 (£0.6) 0.4 (£0.8) 0.3 (£0.5) 0.422
N. of hospitalizations for RBC transfusion 0.4 (£1.3) 0.8 (£2.5) 0.2 (£0.5) 0.046
Length of hospitalization, days, mean (SD)
Length of all-cause hospitalization 60.0 (+89.8) 104.3 (£128.6) 46.0 (+68.8) 0.004
Length of hospital. for PNH-related comorbidities 91.4 (+£107.8) 145.1 (£137.2) 65.7 (+82.1) 0.043
Length of hospital. for PNH-related clinical manifestations 49.5 (+87.0) 112.3 (£145.9) 30.6 (+47.1) 0.001

* The amount of annual HCRU per patient was calculated based on the post-index period. Abbreviations: HCRU,
healthcare resource use; IQR, interquartile range; RBC, red blood cell; PNH, paroxysmal nocturnal hemoglobinuria;
SD, standard deviation.

Focused Analysis of Patients Treated with C5/3i: Healthcare Resource Consumption

HCRU was then analyzed per patient per year among 38 patients treated with C5/3i,
based on the interval from the start to the end of treatment, which was on average 4.1 years
(median: 3.4 years—Table 6).

Table 6. Annual HCRU per patient per year among 38 patients treated with C5/3i, based on the
period from the start to the end of treatment.

From the Start to the End of Treatment (n = 38)

Post-index period, years, mean (£SD); median (IQR) 4.1 (£3.3); 3.4 (0.0-12.0)
N. of annual HCRU per patient, mean (SD)

N. of PNH-related treatments 19.2 (£7.9)
N. of other PNH-related treatments 4.8 (+6.6)
N. of non-PNH-related treatments 10.9 (£12.0)
N. of visits 4.7 (£6.7)
N. of diagnostic services 5.9 (£7.9)
N. of all-cause hospitalizations 2.3 (£94)
N. of hospital. for PNH-related comorbidities 1.9 (£9.4)
N. of hospital. for PNH-related clinical manifestations 1.1 (£4.7)
N. of hospitalizations for RBC transfusion 2.0 (£9.4)

Abbreviations: HCRU, healthcare resource use; IQR, interquartile range; PNH, paroxysmal nocturnal hemoglobin-
uria; RBC, red blood cell; SD, standard deviation.

3.5. Healthcare Direct Costs in the Adult Population

The direct annual costs (excluding outliers) during follow-up, overall and per patient,
in all adults with PNH and after stratification by the presence/absence of treatment with
C5/3i are detailed in Table 7. The overall average cost per patient per year (PPPY) for the
management of adults with PNH was EUR 41,084 (median: EUR 3976), distributed as EUR
35,839 (median: EUR 837) for drugs, EUR 4284 (median: EUR 986) for hospitalizations and
EUR 962 (median: EUR 209) for outpatient specialist services. The mean drug expenses (per
patient per year) consisted of EUR 32,816 (median: EUR 0) for anti-complement therapy,
EUR 631 (median: EUR 13) for other PNH-related treatments and EUR 2391.5 (median:
EUR 209) for other therapies. The costs for hospitalizations were mainly driven by RBC
transfusions (mean: EUR 1983; median: EUR 0), followed by other hospitalizations (mean:
EUR 1087; median: EUR 54), PNH comorbidities (mean: EUR 662; median: EUR 0) and
PNH clinical manifestations (mean: EUR 552; median: EUR 0).
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Table 7. Annual healthcare costs (overall and per patient) during follow-up in adults with PNH: overall and stratified by the presence/absence of treatment with
C5/3i. Outliers were excluded from the analysis. The p values refer to the comparisons between patients treated with C5/3i (n = 38) and patients not treated with
C5/3i (n = 98). Significances are highlighted in bold.

Total PNH Adults (n = 133) Patients Treated with C5/3i (n = 35) Patients Not Treated with C5/3i (n = 98) P
A. Healtdcare costs (EUR) Overall PPPY Overall PPPY Overall PPPY
Total costs, mean (+£SD) 280,378.7 (£493,973.4) 41,084.3 (£63,859.6) 964,728.2 (£772,651.5) 133,471.8 (+89,191.1) 35,968.1 (+£58,819.1) 8088.7 (+16,244.0) 0.001
Total costs, median (IQR) 21,615.1 (93,745.1) 3976.3 (21,495.1) 1,071,328.9 (907,322.7) 124,596.7 (133,564.4) 16,4774 (30,170.6) 2324.5 (7029.8) <0
Hospitalizations, mean (£SD) 16,592.8 (4-28,589.0) 4283.6 (£11,699.8) 22,350.8 (+£34,957.8) 5137.7 (£10,104.3) 14,536.4 (+26,881.3) 3978.5 (+£12,071.2) 0.657
Hospitalizations, median (IQR) 4113.5 (17,077.8) 986.4 (3328.8) 5230.0 (38,741.2) 710.5 (3814.1) 3738.0 (14,942.7) 986.4 (2575.0) :
Drug prescriptions, mean (+SD) 257,851.9 (+490,905.3) 35,838.8 (+£63,354.8) 934,672.4 (+776,562.4) 127,180.2 (+93,438.2) 16,130.3 (444,205.4) 3216.9 (+8822.9) 0.001
Drug prescriptions, median (IQR) 4635.1 (27,659.2) 836.7 (5989.5) 1,054,551.8 (917,433.9) 121,791.4 (146,686.4) 2163.3 (11,858.1) 4429 (1775.1) <0.
Specialist services, mean (+SD) 5933.9 (+18,284.1) 961.9 (+£2212.7) 7705.0 (£10,586.8) 1153.9 (£1452.3) 5301.4 (£19,651.5) 893.3 (+£2356.7) 0.598
Specialist services, median (IQR) 1247.7 (3340.5) 209.3 (656.6) 2912.3 (8382.9) 556.5 (1147.7) 973.2 (2915.7) 170.7 (536.6) :
B. Drug costs (EUR) Overall PPPY Overall PPPY Overall PPPY
Total drug costs, mean (+SD) 257,851.9 (£490,905.3) 35,838.8 (£63,354.8) 934,672.4 (£776,562.4) 127,180.2 (+93,438.2) 16,130.3 (4-44,205.4) 3216.9 (+8822.9) 0.001
Total drug costs, median (IQR) 4635.1 (27,659.2) 836.7 (5989.5) 1,054,551.8 (917,433.9) 121,791.4 (146,686.4) 2163.3 (11,858.1) 4429 (1775.1) <0
C5/3i, mean (£SD) 242,198.7 (+61,303.3) 32,815.9 (+£10,874.3) 920,355.0 (+780,510.4) 124,700.6 (£94,641.6) 0.0 (£0.0) 0.0 (£0.0) _
C5/3i, median (IQR) 0.00 (0.0) 0.0 (0.0) 1,053,352.2 (914,163.1) 112,468.0 (159,766.7) 0.0 (0.0) 0.0 (0.0)
Other PNH-related drugs, mean (+SD) 3541 (+£1460.4) 631.3 (+£367.0) 4313.2 (+£17,796.4) 482.1 (+£1745.6) 3265.2 (+£11,466.8) 684.6 (+£2307.8) 0.681
Other PNH-related drugs, median (IQR) 74.05 (419.7) 13.4 (88.3) 92.20 (407.4) 42.4 (100.7) 70.48 (289.9) 10.7 (67.5) :
Other drugs, mean (£SD) 12,112.2 (+454,022.2) 2391.5 (+£56,384.2) 10,004.2 (+22,862.7) 1997.6 (+4817.4) 12,865.0 (+38,195.5) 2532.2 (+7554.9) 0.736
Other drugs, median (IQR) 1330.12 (5885.7) 309.1 (1267.0) 1000.8 (5865.0) 119.9 (770.0) 1527.93 (5824.2) 372.9 (1405.6) :
C. Hospitalization costs (EUR) Overall PPPY Overall PPPY Overall PPPY
Tot. hospitalization costs, mean (+SD) 16,592.8 (428,589.0) 4283.6 (£11,699.8) 22,350.8 (£34,957.8) 5137.7 (£10,104.3) 14,536.4 (+26,881.3) 3978.5 (+£12,071.2) 0.657
Tot. hospitalization costs, median (IQR) 4,113.5 (17,077.8) 986.4 (3328.8) 5230.0 (38,741.2) 710.5 (3814.1) 3738.0 (14,942.7) 986.4 (2575.0) :
PNH comorbidities, mean (+SD) 1914 (+9276.2) 662.2 (+3819.8) 1095.4 (£2873.5) 471.9 (+1883.6) 2206.4 (+10,821.8) 730.1 (£4302.9) 0.770
PNH comorbidities, median (IQR) 0.00 (0.0) 0.0 (0.0) 0.00 (0.0) 0.0 (0.0) 0.00 (0.0) 0.0 (0.0)
PNH clinical manifest., mean (+SD) 2772.4 (+£2157.6) 551.9 (+£612.7) 3491.9 (+8255.7) 400.8 (+£876.5) 2515.5 (+4744.1) 605.8 (+1538.0) 0522
PNH clinical manifest., median (IQR) 0.00 (3738.0) 0.0 (498.4) 0.00 (1942.0) 0.0 (384.5) 0.00 (3738.0) 0.0 (507.9) :
RBC transfusions, mean (+SD) 5891 (£11,761.0) 1982.8 (+7201.9) 7290.4 (+15,880.6) 2665.8 (+£9560.5) 5391.2 (+£17,814.6) 1738.9 (+9645.3) 0.665
RBC transfusions, median (IQR) 0.00 (4264.0) 0.0 (851.9) 0.00 (4264.0) 0.0 (1310.7) 0.00 (4009.0) 0.0 (828.8) :
Other hospitalizations, mean (£5D) 6015.4 (+20,891.5) 1086.7 (+4689.3) 10,473.1 (£18,721.9) 1599.2 (£2453.1) 4423 3 (+10,258.6) 903.7 (+2385.0) 0.194
Other hospitalizations, median (IQR) 421.40 (3738.0) 53.6 (947.0) 1436.00 (8794.0) 280.5 (2631.3) 0.00 (3553.1) 0.0 (733.9)

Abbreviations: IQR, interquartile range; PNH, paroxysmal nocturnal hemoglobinuria; PPPY, per patient per year; RBC, red blood cell; SD, standard deviation.
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The healthcare costs per patient per year during follow-up were then compared for
PNH stratified by the presence/absence of treatment with C5/3i. The treated cohort was
associated with higher total costs (EUR 133,472 vs. EUR 8089, p < 0.001), mainly due to drug
expenses (EUR 127,180 vs. EUR 3217, p < 0.001). In the group of patients treated with C5/3i,
considering the interval from anti-complement therapy initiation to the last prescription
plus the treatment period, the annual direct costs per patient for C5/3i prescriptions were
EUR 290,256.7 (= EUR 56,165.6) and EUR 290,256.7 (EUR 56,165.6), expressed, respectively,
as the mean (£5D) and median (IQR).

Focused Analysis of Patients Treated with C5/3i: Healthcare Costs

Costs were analyzed per patient per year for 37 patients (one outlier excluded) treated
with C5/3i during the period from the start to the end of treatment (Table 8).

Table 8. Annual healthcare costs per patient per year for 38 patients treated with C5/3i during the
period from the start to the end of treatment.

From the Start to the End of Treatment (n = 37)

A. Healthcare costs (EUR) PPPY

Total costs, mean (£SD) 302,120.9 (£66,912.5)
Total costs, median (IQR) 301,307.3 (56,595.2)
Hospitalizations, mean (£5SD) 7420.8 (+31,077.5)
Hospitalizations, median (IQR) 54.0 (3255.8)
Drug prescriptions, mean (£SD) 293,712.2 (+54,017.8)
Drug prescriptions, median (IQR) 299,592.0 (55,133.5)
Specialist services, mean (£SD) 988.0 (£1226.5)
Specialist services, median (IQR) 590.0 (1451.3)

B. Drug costs (EUR) PPPY

Total drug costs, mean (£SD) 293,712.2 (+£54,017.8)
Total drug costs, median (IQR) 299,592.0 (55,133.5)
C5/3i, mean (£SD) 290,256.7 (£56,165.6)
C5/3i, median (IQR) 299,495.8 (62,292.9)
Other PNH-related drugs, mean (£SD) 1103.4 (£3202.8)
Other PNH-related drugs, median (IQR) 7.4 (104.4)
Other drugs, mean (+SD) 2352.1 (+9528.8)
Other drugs, median (IQR) 143.0 (522.4)

C. Hospitalization costs (EUR) PPPY

Tot. hospitalization costs, mean (£SD) 7420.8 (+31,077.5)
Tot. hospitalization costs, median (IQR) 54.0 (3255.8)
PNH comorbidities, mean (+SD) 0.0 (£0.0)
PNH comorbidities, median (IQR) 0.0 (0.0)

PNH clinical manifestations, mean (£SD) 224.8 (+£616.7)
PNH clinical manifest., median (IQR) 0.0 (0.0)

RBC transfusions, mean (+SD) 6333.5 (+31,204.9)
RBC transfusions, median (IQR) 0.0 (442.7)
Other hospitalizations, mean (£SD) 862.5 (+2123.7)
Other hospitalizations, median (IQR) 0.0 (364.8)

Abbreviations: IQR, interquartile range; PNH, paroxysmal nocturnal hemoglobinuria; PPPY, per patient per year;
RBC, red blood cell; SD, standard deviation.

4. Discussion

PNH is a rare disease, and epidemiological data in Italy and worldwide are vague.
Thus, one main purpose of this real-world analysis was to provide an updated picture of the
numbers of patients with PNH in Italy with a special focus on adult patients” distribution
according to age, gender and geographic area. Although PNH can develop at any age,
our data identified a relatively young population, in line with the literature [3,14] and
international registries [6,31]. Given the lack of data in Italy, especially stratified by latitude,
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our data did not highlight noticeable differences in the epidemiology of PNH between
northern, central and southern Italy and were largely consistent with estimates from other
European and extra-European countries [3,13]. In this analysis, we found that the yearly
PNH prevalence showed moderately rising numbers, with an overall fluctuating course
of incidence rates. Similarly, data on patients with acquired hemolytic disorders collected
between 1977 and 2016 from the Danish National Patient Register reported increased
incidence and prevalence rates over time for all types of related disorders except drug-
induced hemolysis [14]. For PNH, the estimated prevalence per 100,000 people grew from
0.18 in 1980 to 1.04 in 2015 [14]. A UK study focused on PNH with detectable clones
showed a prevalence and yearly incidence in the UK between 2004 and 2018 of 38 and
3.5 per million people, respectively [3]. Possible differences between the currently available
reports from various countries and with respect to our epidemiological estimates might be
related to the methods used to identify the diagnosis and PNH classification [10-13].

The present analysis then focused on the characterization of adult patients with PNH
and their therapeutic journey. However, it should be specified that the use of administrative
databases does not allow discrimination between the different forms of PNH since they are
all coded with the same ICD-9-CM code. PNH is a highly heterogeneous disease; thus, the
different treatment algorithm recommended for each clinical form might be the reason for
the relatively small proportion of patients prescribed with complement inhibitor therapy [6].
Based on the positive data from clinical trials, eculizumab was the first authorized C5
inhibitor and represents a major advance in the therapeutic landscape of PNH [27,28]. A
phase-III clinical trial published on 87 patients with PNH reported better outcomes in the
eculizumab-treated group than in the placebo group in terms of hemoglobin stabilization
without needing transfusion and quality of life [27]. These data were confirmed by a
52-week, phase-III, open-label study evaluating eculizumab in 97 patients with PNH across
33 international sites. Eculizumab significantly reduced hemolysis, improved fatigue scores
and increased hemoglobin levels while reducing the number of transfusions [28].

Successively, ravulizumab was approved for PNH on the basis of two phase-III tri-
als. The ALXN1210-PNH-301 study involved 246 patients who were treatment-naive
and showed that ravulizumab was as effective as eculizumab in controlling hemolysis
and reducing the number of transfusions [29]. The ALXN1210-PNH-302 study included
195 patients who were stable on eculizumab and demonstrated that ravulizumab main-
tained disease control with a less frequent dosing schedule. In both trials, ravulizumab
provided a longer-acting treatment option, reducing the treatment burden for patients
while ensuring successful disease management [30].

Pegcetacoplan is the most recent complement inhibitor, introduced to clinical practice
for PNH treatment based on the results of the PEGASUS trial. This phase-III study assessed
pegcetacoplan in 80 patients with PNH with persistent anemia despite eculizumab treat-
ment. The results showed that pegcetacoplan was associated with improved hemoglobin,
clinical and hematologic outcomes and was generally a broader hemolysis control than
eculizumab [32].

In Italy, eculizumab, ravulizumab and pegcetacoplan are currently approved and used
in clinical practice for the treatment of PNH [33-36]. While eculizumab and ravulizumab are
also indicated for atypical hemolytic uremic syndrome (aHUS), pegcetacoplan is approved
for patients with PNH who remain anemic despite C5 inhibitor therapy. The prescription
and management of these therapies are typically restricted to specialized centers with
expertise in rare hematologic disorders.

Despite the subsequent approval of ravulizumab [34] and pegcetacoplan [35], there
are still unmet needs related to efficacy, safety and manageability that have not been solved,
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including persistent anemia, transfusion dependence, fatigue and health-related quality of
life (HRQoL) impairment [31,37,38].

C5 inhibitors do not allow complete PNH control, which can only be achieved by
preventing intravascular and extravascular hemolysis to ensure the normalization of
hemoglobin, a reduction in LDH, transfusion independence and a reduction in fatigue
to levels observed in the general population [39]. Our findings seem to corroborate this
view—among the 38 adults with PNH who received anti-complement therapy with C5/3i,
about one-third required successive transfusions within 18 months after anti-complement
therapy initiation and 30.8% after 24 months, suggesting the need for other treatment
options that act on the early phases of complement activation and are able to control
C3-mediated extravascular hemolysis [37].

The results of the analysis of healthcare consumption and the related costs should
take into consideration the clinically heterogenous forms of PNH and the impossibility of
discriminating between them using administrative databases. Despite this flaw, it is feasible
that, in line with the recommendations, complement inhibitors were prescribed to patients
with the classical disease form, and their more complex clinical status might explain
the larger requirement for hospitalizations, transfusion and outpatient services [24,39].
Recently, it has been reported that a patient-tailored dosing strategy might be useful to
improve the cost-effectiveness of expensive anti-complement drugs, also allowing cost
savings compared to eculizumab [40,41].

The present results must be interpreted considering some limitations related to the
observational design of the analysis, which utilized data extracted from administrative
databases. First, the use of ICD-9-CM codes represents a diagnosis proxy to extrapolate
patients with PNH and does not allow differentiation between the different disease forms,
which have a different clinical course and, consequently, different therapeutic management.
Besides the advantages due to the large, unselected sample size of subjects, representing
around one-fifth of the Italian population, administrative flows might lack some informa-
tion that cannot be traced within these repositories meant for reimbursement purposes.
Therefore, not all the services or treatments covered by the INHS were able to be retrieved,
and their weight as potential confounders was not evaluated. Moreover, reasons beyond
blood transfusion requirements not directly related to PHN itself or diagnosis delays could
not be traced. The comorbidities included in the calculation of the CEI were identified
in the databases by means of hospital discharge codes or drug prescriptions as a proxy
of diagnosis; so, there was no way to assess the severity and the actual burden of each
concomitant condition. Moreover, the databases of the various participating entities did not
have uniform completeness, so the time intervals of the epidemiological estimates were not
the same—in some cases, data were available back to 2011 and in other cases back to 2010
or earlier. The majority of included patients came from the healthcare entities of southern
Italy, followed by central and northern Italy (65.5%, 23.9% and 10.6%, respectively). Such a
disparity might be explained by the fact that only some healthcare institutions included in
the analysis are reference centers for this rare condition. Although no substantial difference
in PNH epidemiology emerged between the geographical areas, the current findings should
be confirmed on a larger population with a balanced distribution across the national terri-
tory. Lastly, the lack of a clinical hematologist in the research group might have constrained
the interpretation of specific findings, particularly regarding therapeutic implications.

In conclusion, the present real-world data analysis conducted in Italy estimated the
number of patients with a diagnosis of PNH, confirming moderately rising numbers in
terms of prevalence and good consistency with European and global estimates. The benefits
of anti-complement therapy, especially regarding agents targeted at C3 and C5, seem to not
be fully exploited yet, and several patients still retain a substantial burden of illness. Thus,
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the hematological response in patients with PNH might benefit from novel therapeutics
targeted at upstream complement inhibition.

Author Contributions: Conceptualization, R.B., L.D., D.V. and V.P;; data curation, S.M.; formal analy-
sis, R.B., S.M. and L.D.E.; investigation, V.P.; methodology, L.D., D.V. and V.P,; project administration,
L.D.E,; software, S.M.; supervision, R.B. and L.D.E,; validation, R.B., L.D., D.V,, SM., VP.and LD.E.;
visualization, R.B., L.D., D.V. and L.D.E.; writing—review and editing, V.P. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received unconditional funding from Novartis Farma S.p.A., Italy.

Institutional Review Board Statement: Approval has been obtained from the following ethics com-
mittees of the participating healthcare entities: Ethics Committee “Brindisi Comitato Indipendente
di Etica Medica” (protocol number 48148, approval date 28 May 2021); Ethics Committee “Berica
Comitato Etico per le Sperimentazioni Cliniche (CESC) della Provincia di Vicenza” (protocol number
1627, approval date 28 October 2020); Ethics Committee “Frosinone Comitato Etico Lazio 2” (protocol
number 0179046 /2020, approval date 28 October 2020); Ethics Committee “Genova Comitato Etico
Regionale Liguria” (protocol number 0179046 /2020, approval date 14 June 2021); Ethics Committee
of Liguria Region (protocol number 797/2021, approval date 20 October 2020); Ethics Committee of
Molise Region “ASREM” (protocol number 101125, approval date 20 October 2020); Ethics Commit-
tee “Napoli 3 Comitato Etico Interaziendale Campania Sud” (protocol number 51, approval date 2
September 2020); Ethics Committee “Comitato Etico Palermo 1” (protocol number 02/2021, approval
date 13 March 2022); Ethics Committee “Pedemontana Comitato Etico per le Sperimentazioni Cliniche
(CESC) della Provincia di Vicenza” (protocol number 0036999, approval date 28 April 2021); Ethics
Committee “Roma 4 Comitato Etico Lazio 1” (protocol number 1079/CE Lazio 1, approval date 23
September 2020); Ethics Committee “Roma 5 Comitato Etico Lazio 1” (protocol number 1166/CE
Lazio 1, approval date 12 October 2020); Ethics Committee “Salerno Comitato Etico Inter-aziendale
Campania Sud” (protocol number 64, approval date 3 November 2020); Ethics Committee “Taranto
Comitato Indipendente di Etica Medica” (protocol number 48144, approval date 28 May 2021); Ethics
Committee “Umbria 2 Comitato Etico Regionale Umbria” (protocol number 19414 /20/ON, approval
date 16 September 2020); Ethics Committee “Vercelli Comitato Etico Interaziendale A.O. SS. Antonio
e Biagio e Cesare Arrigo—Alessandria” (protocol number 0008668, approval date 20 April 2021);
Ethics Committee “Viterbo Comitato Etico Lazio 1” (protocol number 1080/CE Lazio 1, approval
date 23 September 2020).

Informed Consent Statement: Not applicable, as the dataset used consists solely of anonymized data.

Data Availability Statement: All data used for the current study are available upon reasonable
request from CliCon S.rl. Societa Benefit, which is the body that deals with data treatment and
analysis in local health units.

Acknowledgments: The authors are grateful to all the study group components of the participating
Italian healthcare entities: Margherita Andretta (UOC Assistenza Farmaceutica Territoriale, Azienda
ULSS 8 Berica, Vicenza), Marcello Bacca (Programmazione e Controllo di Gestione ASL Brindisi),
Antonietta Barbieri (SC Farmaceutica Territoriale, ASL VC, Vercelli), Fausto Bartolini (Dipartimento
Farmaceutico, USL Umbria 2, Terni), Alessandro Brega (Farmaceutica Territoriale, ASL 4, Chiavari, GE),
Arturo Cavaliere (Direttore Farmaceutica Aziendale, ASL Viterbo), Mariarosaria Cillo (Dipartimento
Farmaceutico ASL Salerno), Fulvio Ferrante (Direttore Dipartimento della Diagnostica ed Assistenza
Farmaceutica, ASL Frosinone), Simona Gentile (Ufficio segreteria. AA.GG. Adempimenti Lea. Piani e
Programmi. Progetti di ricerca scientifica sanitaria. Coordinamento del contenzioso—Regione Molise
Direzione Generale per la Salute), Stefano Grego (ASL3 Genovese, Genova), Romina Pagliaro (U.O.C.
Farmaceutica Territoriale, ASL Roma 5), Rossella Moscogiuri (Dipartimento Farmaceutico, Ospedale “SS.
Annunziata”, ASL Taranto), Maurizio Pastorello (Dipartimento Farmaceutico, ASP Palermo), Loredana
Ubertazzo (U.O.C. Farmacia Territoriale, ASL Roma 4, 00053, Civitavecchia, RM), Paola Valpondi
(U.O.C. Assistenza Farmaceutica Territoriale, ULSS 7 Pedemontana Bassano del Grappa, VI, Italy) and
Adriano Vercellone (Dipartimento Farmaceutico ASL Napoli 3 Sud). The valuable cooperation of Maria
Cappuccilli, medical writer at CliCon S.r.1., is also acknowledged.



J. Clin. Med. 2025, 14, 2889 19 of 24

Conflicts of Interest: R.B., L.D.A. and D.V. are employees of Novartis Farma S.p.A., Italy; S.M.,
V.P. and L.D.E. from company CliCon S.r.l. Societa Benefit. S.M., V.P. and L.D.E. declare no conflict

of interest.

Appendix A

Table Al. List of comorbidities included in the Elixhauser Index with related ICD-9-CM codes.

Condition

ICD-9-CM Codes

Alcohol abuse

265.2,291.1-291.3, 291.5-291.9, 303.3, 303.9, 305.0, 375.5, 425.5, 535.3,
571.0-571.3,980, V11.3

Blood loss anemia

280

Cardiac arrhythmias

426.0, 426.10, 426.12, 426.13, 426.7, 426.9, 427-427 .4, 427.6-427.9, 785.0, 996.01,
996.04, V5.0, V53.3

Chronic peptic ulcer disease (includes bleeding only if obstruction
is also present)

531.7,531.9, 532.7,532.9, 533.7, 533.9, 534.7, 534.9

Chronic pulmonary disease

490492, 493, 494-505, 506.4

Coagulation deficiency

286, 287.1, 287.3-287.5

Congestive heart failure

398.91, 402.01, 402.11, 402.91, 404.01, 404.03, 404.11, 404.13, 404.91, 404.93,
425.4-425.9,428

Deficiency anemias

280.1-280.9, 281

Depression

296.2,296.3, 296.5, 300.4, 309, 311

Diabetes with chronic complications

250.4-250.9, 775.1

Diabetes without chronic complications 250.00-250.3

Drug abuse 292.0, 304, 305.2-305.9, V65.42
Fluid and electrolyte disorders 253.6, 276

HIV/AIDS 042-044

Hypertension (without complications) 401.1

Hypertension (with complications) 402-405

Hypothyroidism

240.9, 434, 244, 246.1, 246.8

Liver disease

070.22, 070.23, 070.33, 070.44, 070.54, 070.6, 070.9, 456.0-456.2, 570, 571,
572.2-572.8,573.3, 573.4,573.8, 573.9, V42.7

Lymphoma 200-202, 203.0, 238.6
Metastatic cancer 196-199
Obesity 278

Other neurological disorders

330-331, 332.0, 333.4, 333.5, 334-335, 340, 341.1-341.9, 345, 347, 780.3, 784.3

Paralysis

334.1, 342, 343, 344.0-344.6, 344.9

Peripheral vascular disease

093.0, 437.3, 440, 441, 443.1-443.9, 447.1, 557.1, 557.9, V43.4

Psychoses

293.8, 295, 296.04, 296.14, 296.44, 296.54, 297, 298

Pulmonary circulation disorders

415.0, 415.1, 416, 417.0, 417.8, 417.9

Renal failure

403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 404.13, 404.92, 404.93, 585, 586,
588, V42.0, V45.1, V56

Rheumatoid arthritis/collagen vascular diseases

446,701.0, 710.0-710.4, 710.8, 710.9, 711.2, 714, 719.3, 720, 725, 728.5,
728.89,729.30

Solid tumor without metastasis

140-172, 174-195

Valvular disease

093.2,394-397, 397.9, 424, 746.3-746.6, V42.2, V43.3

Weight loss

260-263,783.2,799.4
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Table A2. List of codes of PNH-related comorbidities, clinical manifestations and in-hospital proce-

dures with related codes.

Condition

ICD-9-CM Codes

PNH-related comorbidities
AA and other BMF syndromes
MDS

Non-hematological malignancy
Hematological malignancy
Acute myelogenous leukemia
Myeloproliferative disorder
Myelofibrosis

284.x
238.72,238.75
140.X, 199.X
200.X, 208X
205.00

238.76

289.83

Clinical manifestations of PNH
Anemia (excluding AA)
Respiratory infections
Infections
Chronic kidney disease
Sepsis
Abdominal pain
Dysphagia
Dyspnea
Erectile dysfunction
Fatigue
Kidney and urinary tract infections
Pulmonary hypertension
Major adverse vascular events
Myocardial infarction (not STEMI)
Transient ischemic attack
Unstable angina
Gangrene (nontraumatic, nondiabetic)
Cerebral arterial occlusion/CVA
Thrombosis
Phlebitis and thrombophlebitis of intracranial venous sinuses
Pulmonary embolism and infarction
Occlusion of cerebral arteries
Arterial embolism and thrombosis of lower extremity
Phlebitis and thrombophlebitis of femoral vein (deep) (superficial)
Phlebitis and thrombophlebitis of deep veins of lower extremities, other
Portal vein thrombosis
Other venous embolism and thrombosis
Vascular insufficiency of intestine
Thrombophlebitis/deep vein thrombosis
Pulmonary embolus
Renal vein thrombosis
Acute peripheral vascular occlusion
Vein thrombosis
Arterial thrombosis
Cerebral venous occlusion
Renal arterial thrombosis
Phlebitis and thrombophlebitis of intracranial venous sinuses
Pulmonary embolism and infarction
Occlusion of cerebral arteries

280.x—282.x, 283.0x, 283.1x, 283.9x, 285.x
460-466, 472,473,476, 480-488

001-139

403.x, 404.x, 585.x

038, 790.7, 995.91, 995.92

789.0x, 789.6

787.2x

786.02, 786.05

607.84

780.71, 780.79

590.0, 590.1, 590.80, 590.9, 595, 597.80, 599.0
416.0, 416.8

410.71
435.x
4111
785.4
434.01

325.x
415.1

434
444.22
451.11
451.19
452

453

557
451.x, 453.4x, 453.5x, 453.72, 453.82
415.1x
453.3
443.9
452, 453.x
444 .x
434.x
593.81
325.x
415.1

434

Other conditions or procedures
PNH

RBC transfusion

Bone marrow transplant

Codes (ICD-9-CM, exemption, procedure)
ICD-9-CM code 283.2; exemption code RD0020
ICD 9 diagnosis code V582; procedure 99.0
ICD-9-CM code 284; procedure 41.0
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Figure Al. Prevalence of PNH in the total population (all ages): (A) total patients and stratified by

gender; (B) data projected on the Italian population; (C) prevalence stratified by age; (D) by gender
Figﬁaeaéell.(E;gyaégggga%ﬁlg@aigfqlaﬁ}tptp} pepedationgadzges): (A) total patients and stratified by
gender; (B) data projected on the Italian population; (C) prevalence stratified by age; (D) by gender
and age; (E) by geographic area of Italy; (F) by year (2010'2022).



J. Cli”'%?ﬁ%%%{ %éZg(, gg];SIB@ER REVIEW - gf42 ff 26

A PNH incidence inthe peniod 2017-3022 B. Projection of PHH incidence on the italian adult population
[totalfall age snd by gender) in the period 2011- 2022 [rotal’all age and bry gender|
- F d 'k &0
E LE . 15 . Wi
i iz
B 12 § . - 46
FRT. 5 w0
B E
Y i
§ 0% =
% X
£ ‘E 10
. ¢
[\ T2} ]
Tiomal ptievis Lials Forrvimsd Tista] s tigerds Pl e Femidde
L. PNHnoerop 0. PHH inpdenoe E. PHH nCamnoe
in the peniced 2011- 2022 fiotal and by age) in the period 2011-2022 by genderand agel  inthe period 20171- 2023 fotaléall age and by geograghs
] 1.7 " BF m e
= & i 1 =
T 15 E M
g 04 lotal patient LS L& E 15 ”: i5 LS I'Et
g 1.3 B 1a
T W Sl 1.4 L& - |
. B § 10 |
x B S0y 19 13 w DB
E [ ¥ 1 1
¥ ol ] 3 i
E 0D ot ] 1.2 2. E a2
Tonal Bed¥prs FB0ya »Slypn i I':I
patieni 1.1 oL oF W g L :
ke e 00,0001 Totsl patiersts Wodwh Ciprilral St
F. PHH incidence ower Bime (2012 -5022) ar |EEJ_-H.E|]_
_ L1 K
b FLet i 20 |05 587
= LE 104 J08; 5.05]
ﬁ ik 177 [0.57; 4.39]
g 008 125|047 a3
? LG 1.73 [0.65; 4.31
- T 1.3 [E]; 3.33)
™ ol ] 108 [0dd; 203
7I: [ DLW 188 [0.77; .57
] k] 0.4% [0.31: 2.33]
. Forrd ] OAS [0.31: 2.23]
03 108 [0La1; 30H]

Figure A2. Incidence of PNH in the total population (all ages): (A) total patients and stratified by
. gender; (B) data projected on the Italian population; (C) prevalence stratified by age; (D) by gender
Figure gkgze.; {E%c%,egggg(r)aflp%li\é}grég b, écf%ag:g)gyl}%}e%trl%{al_lzagﬁs) (A) total patients and stratified by
gender; (B) data projected on the Italian population; (C) prevalence stratified by age; (D) by gender
References and age; (E) by geographic area of Italy; (F) by year (2010'2022).
1.  Brodsky, R.A. Paroxysmal nocturnal hemoglobinuria. Blood 2014, 124, 2804-2811. [CrossRef] [PubMed]
Reférenlilk A,; DeZern, A E.; Kinoshita, T.; Brodsky, R.A. Paroxysmal nocturnal haemoglobinuria. Nat. Rev. Dis. Prim. 2017, 3, 17028.
[CrossRef] [PubMed]
. BrodsknRedy, Byroparsmal possimaldeoslebimring Bach RO TS A2do REVIBRI. AttRrid b cm] & L AS2(hlsie b3 1d-0p-PR2128.
2. Hill, An¢iQederand Freeinnchisapatidredsith, JRxdxFanakysetaknadiaenad diobmaglobiduuidastietariemid PNH sy R #Fme: 1X028.
https;ygtctgﬁmgpiy@, @m&/ﬁﬁd}ﬁ Be1VES population-based haematological malignancy research network 2004-2018. Eur. J. Haematol.

3. Richa%%é.??y%%'Ib.c,rm%lﬁ?ﬂsujﬁ}bMﬁgbrifﬁn, M.; Munir, T.; Arnold, L.; Pike, A.; Muus, P.; Hill, A.; Newton, D.J.; et al. The

4. . . Yu,F;Dy,Y,;Han, B. A fi lysis of clinical ch teristics of patients with 1 t 1 lob i
mad%r‘#ce and, ]grevaalnnce of patients with paroxysmal noctirnal hae Oggfo’t?ﬁf with paroxysmal nocturnal pRpqelobinuriac. A
etween Asia and Europe/America. Int. J. Hematol. 2016, 103 649—654.I{1 ssRe il

strospsgiiye gnatysis o then Ui wpenwationsbasss hasmuiolosisel malienancyrigssarshaeserk 200 RO s & aggarol
2021, ﬁ%’c&@l&@ Sitpssbidei onglhd dkhlefhid®eAtk Asian versus non-Asian patients with paroxysmal nocturnal hemoglobinuria.
4. Yu, Flybt, Nepldtah, 2019 ttingldraise[amaly8isof clinical characteristics of patients with paroxysmal nocturnal hemoglobinuria

between Asia and Europe/America. [nt. |. Hematol. 2016, 103, 649'654. https://doi.org/10.1007/s12185-016-1995-1.

5. Sakurai, M,; Jang, ] H.; Chou, W.-C.; Kim, J.5.; Wilson, A.; Nishimura, J.-I.; Chiou, T.-].; Kanakura, Y.; Lee, ] W.; Okamoto, S.
Comparative study on baseline clinical characteristics of Asian versus non-Asian patients with paroxysmal nocturnal
hemoglobinuria. Int. |. Hematol. 2019, 110, 411'418. https://doi.org/10.1007/s12185-019-02699-7.


https://doi.org/10.1182/blood-2014-02-522128
https://www.ncbi.nlm.nih.gov/pubmed/25237200
https://doi.org/10.1038/nrdp.2017.28
https://www.ncbi.nlm.nih.gov/pubmed/28516949
https://doi.org/10.1111/ejh.13640
https://www.ncbi.nlm.nih.gov/pubmed/34060690
https://doi.org/10.1007/s12185-016-1995-1
https://doi.org/10.1007/s12185-019-02699-7

J. Clin. Med. 2025, 14, 2889 23 of 24

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Schrezenmeier, H.; Roth, A.; Araten, D.J.; Kanakura, Y.; Larratt, L.; Shammo, ].M.; Wilson, A.; Shayan, G.; Maciejewski, J.P.
Baseline clinical characteristics and disease burden in patients with paroxysmal nocturnal hemoglobinuria (PNH): Updated
analysis from the International PNH Registry. Ann. Hematol. 2020, 99, 1505-1514. [CrossRef]

Roth, A.; Maciejewski, ].; Nishimura, J.; Jain, D.; Weitz, ].I. Screening and diagnostic clinical algorithm for paroxysmal nocturnal
hemoglobinuria: Expert consensus. Eur. |. Haematol. 2018, 101, 3-11. [CrossRef]

Sahin, F.; Akay, O.M.; Ayer, M.; Dal, M.S.; Ertop, S.; Ilhan, O.; Karakus, V.; Ozcan, M.A.; Ozkocaman, V,; Saydam, G.; et al. Pesg
PNH diagnosis, follow-up and treatment guidelines. Am. J. Blood Res. 2016, 6, 19-27.

Sahin, F.; Yilmaz, A.F; Ozkan, M.C.; Gokmen, N.M.; Saydam, G. PNH is a debilitating, fatal but treatable disease: Same disease,
different clinical presentations. Am. J. Blood Res. 2015, 5, 30-33.

Nishimura, J.-I.; Kanakura, Y.; Ware, R.E.; Shichishima, T.; Nakakuma, H.; Ninomiya, H.; Decastro, C.M.; Hall, S.; Kanamaru, A.;
Sullivan, K.M.; et al. Clinical Course and Flow Cytometric Analysis of Paroxysmal Nocturnal Hemoglobinuria in the United
States and Japan. Medicine 2004, 83, 193-207. [CrossRef]

Parker, C.; Omine, M.; Richards, S.; Nishimura, ]J.-L.; Bessler, M.; Ware, R.; Hillmen, P.; Luzzatto, L.; Young, N.; Kinoshita, T.; et al.
Diagnosis and management of paroxysmal nocturnal hemoglobinuria. Blood 2005, 106, 3699-3709. [CrossRef] [PubMed]

Parker, C.J. Update on the diagnosis and management of paroxysmal nocturnal hemoglobinuria. Hematology 2016, 2016, 208-216.
[CrossRef] [PubMed]

Cancado, R.D.; Aratijo, A.d.S.; Sandes, A.F,; Arrais, C.; Lobo, C.L.d.C.; Figueiredo, M.S.; Gualandro, S.EM.; Saad, S.T.O.; Costa,
FF. Consensus statement for diagnosis and treatment of paroxysmal nocturnal haemoglobinuria. Hematol. Transfus. Cell Ther.
2021, 43, 341-348. [CrossRef] [PubMed]

Hansen, D.L.; Moller, S.; Andersen, K.; Gaist, D.; Frederiksen, H. Increasing Incidence and Prevalence of Acquired Hemolytic
Anemias in Denmark, 1980-2016. Clin. Epidemiol. 2020, 12, 497-508. [CrossRef]

Jalbert, J.J.; Chaudhari, U.; Zhang, H.; Weyne, J.; Shammo, ].M. Epidemiology of PNH and Real-World Treatment Patterns
Following an Incident PNH Diagnosis in the US. Blood 2019, 134, 3407. [CrossRef]

Horiuchi, T.; Tsukamoto, H. Complement-targeted therapy: Development of C5- and Cba-targeted inhibition. Inflamm. Regen.
2016, 36, 11. [CrossRef]

Dingli, D.; Lii, C.D.C.; Koprivnikar, J.; Kulasekararaj, A.; Maciejewski, J.; Mulherin, B.; Panse, ].; Pullarkat, V.; Roth, A.; Shammo,
J.; et al. Expert consensus on the management of pharmacodynamic breakthrough-hemolysis in treated paroxysmal nocturnal
hemoglobinuria. Hematology 2024, 29, 2329030. [CrossRef]

Notaro, R.; Sica, M. C3-mediated extravascular hemolysis in PNH on eculizumab: Mechanism and clinical implications. Semin.
Hematol. 2018, 55, 130-135. [CrossRef]

Hillmen, P; Horneff, R.; Yeh, M.; Kolev, M.; Deschatelets, P. Navigating the Complement Pathway to Optimize PNH Treatment
with Pegcetacoplan and Other Currently Approved Complement Inhibitors. Int. |. Mol. Sci. 2024, 25, 9477. [CrossRef]

Jang, J.H.; Wong, L.; Ko, B.-S.; Yoon, S.-S.; Li, K.; Baltcheva, I.; Nidamarthy, PK.; Chawla, R.; Junge, G.; Yap, E.S. Iptacopan
monotherapy in patients with paroxysmal nocturnal hemoglobinuria: A 2-cohort open-label proof-of-concept study. Blood Adv.
2022, 6, 4450-4460. [CrossRef]

Schubart, A.; Anderson, K.; Mainolfi, N.; Sellner, H.; Ehara, T.; Adams, C.M.; Mac Sweeney, A.; Liao, S.-M.; Crowley, M.;
Littlewood-Evans, A.; et al. Small-molecule factor B inhibitor for the treatment of complement-mediated diseases. Proc. Natl.
Acad. Sci. USA 2019, 116, 7926-7931. [CrossRef] [PubMed]

Marcon, 1.G.; Valsecchi, D.; Durso, L.; Premoli, E.; Sangiorgi, D.; Perrone, V.; Catena, L.; Degli Esposti, L. Real-World Evaluation
of the Management, Treatment Pathways and Outcome of Melanoma Patients with Target Therapies in Italy. Adv. Ther. 2023, 40,
3875-3895. [CrossRef] [PubMed]

Elixhauser, A.; Steiner, C.; Harris, D.R.; Coffey, R.M. Comorbidity Measures for Use with Administrative Data. Med. Care 1998, 36,
8-27. [CrossRef] [PubMed]

Dingli, D.; Matos, J.E.; Lehrhaupt, K.; Krishnan, S.; Yeh, M.; Fishman, J.; Sarda, S.P,; Baver, S.B. The burden of illness in patients
with paroxysmal nocturnal hemoglobinuria receiving treatment with the C5-inhibitors eculizumab or ravulizumab: Results from
a US patient survey. Ann. Hematol. 2022, 101, 251-263. [CrossRef]

Brodsky, R.A. Advances in the diagnosis and therapy of paroxysmal nocturnal hemoglobinuria. Blood Rev. 2008, 22, 65-74.
[CrossRef]

Ministero della Salute—Tariffari Nazionali Delle Prestazioni del SSN. Available online: https:/ /www.salute.gov.it/portale/temi/
p2_6.jsp?lingua=italiano&id=3662&area=programmazioneSanitarialLea&menu=vuoto (accessed on 12 September 2024).
Hillmen, P;; Young, N.S.; Schubert, J.; Brodsky, R.A.; Socié, G.; Muus, P; Roth, A.; Szer, ].; Elebute, M.O.; Nakamura, R.; et al. The
Complement Inhibitor Eculizumab in Paroxysmal Nocturnal Hemoglobinuria. N. Engl. J. Med. 2006, 355, 1233-1243. [CrossRef]
Brodsky, R.A.; Young, N.S.; Antonioli, E.; Risitano, A.M.; Schrezenmeier, H.; Schubert, J.; Gaya, A.; Coyle, L.; de Castro, C.; Fu,
C.-L.; et al. Multicenter phase 3 study of the complement inhibitor eculizumab for the treatment of patients with paroxysmal
nocturnal hemoglobinuria. Blood 2008, 111, 1840-1847. [CrossRef]


https://doi.org/10.1007/s00277-020-04052-z
https://doi.org/10.1111/ejh.13059
https://doi.org/10.1097/01.md.0000126763.68170.46
https://doi.org/10.1182/blood-2005-04-1717
https://www.ncbi.nlm.nih.gov/pubmed/16051736
https://doi.org/10.1182/asheducation-2016.1.208
https://www.ncbi.nlm.nih.gov/pubmed/27913482
https://doi.org/10.1016/j.htct.2020.06.006
https://www.ncbi.nlm.nih.gov/pubmed/32713742
https://doi.org/10.2147/CLEP.S250250
https://doi.org/10.1182/blood-2019-125867
https://doi.org/10.1186/s41232-016-0013-6
https://doi.org/10.1080/16078454.2024.2329030
https://doi.org/10.1053/j.seminhematol.2018.05.014
https://doi.org/10.3390/ijms25179477
https://doi.org/10.1182/bloodadvances.2022006960
https://doi.org/10.1073/pnas.1820892116
https://www.ncbi.nlm.nih.gov/pubmed/30926668
https://doi.org/10.1007/s12325-023-02578-y
https://www.ncbi.nlm.nih.gov/pubmed/37368101
https://doi.org/10.1097/00005650-199801000-00004
https://www.ncbi.nlm.nih.gov/pubmed/9431328
https://doi.org/10.1007/s00277-021-04715-5
https://doi.org/10.1016/j.blre.2007.10.002
https://www.salute.gov.it/portale/temi/p2_6.jsp?lingua=italiano&id=3662&area=programmazioneSanitariaLea&menu=vuoto
https://www.salute.gov.it/portale/temi/p2_6.jsp?lingua=italiano&id=3662&area=programmazioneSanitariaLea&menu=vuoto
https://doi.org/10.1056/NEJMoa061648
https://doi.org/10.1182/blood-2007-06-094136

J. Clin. Med. 2025, 14, 2889 24 of 24

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Lee, ].W.; de Fontbrune, ES.; Lee, LW.L.; Pessoa, V.; Gualandro, S.; Fiireder, W.; Ptushkin, V.; Rottinghaus, S.T.; Volles, L.; Shafner,
L.; et al. Ravulizumab (ALXN1210) vs eculizumab in adult patients with PNH naive to complement inhibitors: The 301 study.
Blood 2019, 133, 530-539. [CrossRef]

Kulasekararaj, A.G.; Hill, A.; Rottinghaus, S.T.; Langemeijer, S.; Wells, R.; Gonzalez-Fernandez, FA.; Gaya, A ; Lee, ].W.; Gutierrez,
E.O.; Piatek, C.L; et al. Ravulizumab (ALXN1210) vs eculizumab in C5-inhibitor-experienced adult patients with PNH: The 302
study. Blood 2019, 133, 540-549. [CrossRef]

Schrezenmeier, H.; Muus, P; Socié, G.; Szer, J.; Urbano-Ispizua, A.; Maciejewski, ].P.; Brodsky, R.A.; Bessler, M.; Kanakura, Y.;
Rosse, W.; et al. Baseline characteristics and disease burden in patients in the International Paroxysmal Nocturnal Hemoglobinuria
Registry. Haematologica 2014, 99, 922-929. [CrossRef]

Hillmen, P; Szer, J.; Weitz, L; R6th, A.; Hochsmann, B.; Panse, J.; Usuki, K.; Griffin, M.; Kiladjian, J.-J.; Peffault de Latour, R.; et al.
Pegcetacoplan versus Eculizumab in Paroxysmal Nocturnal Hemoglobinuria. N. Engl. |. Med. 2021, 384, 1028-1037, Correction in
N. Engl. ]. Med. 2024, 390, 1060. https:/ /doi.org/10.1056 /NEJMx240003. [CrossRef] [PubMed]

Agenzia Italiana del Farmaco (AIFA): SOLIRIS (eculizumab)—EPN 1. Available online: https:/ /www.aifa.gov.it/documents /20
142/1849187 /Scheda_SOLIRIS_EPN.zip /a9bcd4dd-12{6-cb96-84fd-d4059b79722a (accessed on 20 February 2025).

Agenzia Italiana del Farmaco (AIFA): ULTOMIRIS (ravulizumab). Available online: https://www.aifa.gov.it/documents/20142/
847786 /Det_Ultomiris_GU_n.3_05.01.2022.pdf (accessed on 20 February 2025).

Agenzia Italiana del Farmaco (AIFA): ASPAVELI (pegcetacoplan). Available online: https://www.aifa.gov.it/documents /20142 /
1752879 /4_ASPAVELI_scheda_innovativita_ GRADE.pdf (accessed on 20 February 2025).

ATFA (Italian Medicines Agency): Prezzi e Rimborso. Available online: https://www.aifa.gov.it/liste-farmaci-a-h (accessed on
12 September 2024).

Oliver, M.; Patriquin, C.J. Paroxysmal Nocturnal Hemoglobinuria: Current Management, Unmet Needs, and Recommendations.
J. Blood Med. 2023, 14, 613-628. [CrossRef] [PubMed]

Risitano, A.M.; Marotta, S.; Ricci, P.; Marano, L.; Frieri, C.; Cacace, F,; Sica, M.; Kulasekararaj, A.; Calado, R.T.; Scheinberg, P; et al.
Anti-complement Treatment for Paroxysmal Nocturnal Hemoglobinuria: Time for Proximal Complement Inhibition? A Position
Paper from the SAAWP of the EBMT. Front. Immunol. 2019, 10, 1157. [CrossRef]

Chatzileontiadou, S.; Hatjiharissi, E.; Angelopoulou, M.; Asimakopoulos, ].V.; Loutsidi, N.E.; Chatzikonstantinou, T.; Zikos, P;
Bouchla, A.; Bezirgiannidou, Z.; Kouvata, E.; et al. Thromboembolic events in patients with paroxysmal nocturnal hemoglobinuria
(PNH): Real world data of a Greek nationwide multicenter retrospective study. Front. Oncol. 2023, 13, 1128994. [CrossRef]

ter Avest, M.; Langemeijer, S.M.; Blijlevens, N.M.; van de Kar, N.C.; ter Heine, R. Development of a target concentration
intervention to individualize paroxysmal nocturnal hemoglobinuria treatment with pegcetacoplan. Ann. Hematol. 2024, 103,
2267-2272. [CrossRef]

Szer, ].; Panse, J.; Kulasekararaj, A.; Oliver, M.; Fattizzo, B.; Nishimura, J.-I.; Horneff, R.; Szamosi, J.; de Latour, R.P. Moving
toward Individual Treatment Goals with Pegcetacoplan in Patients with PNH and Impaired Bone Marrow Function. Int. . Mol.
Sci. 2024, 25, 8591. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1182/blood-2018-09-876136
https://doi.org/10.1182/blood-2018-09-876805
https://doi.org/10.3324/haematol.2013.093161
https://doi.org/10.1056/NEJMx240003
https://doi.org/10.1056/NEJMoa2029073
https://www.ncbi.nlm.nih.gov/pubmed/33730455
https://www.aifa.gov.it/documents/20142/1849187/Scheda_SOLIRIS_EPN.zip/a9bcd4dd-12f6-cb96-84fd-d4059b79722a
https://www.aifa.gov.it/documents/20142/1849187/Scheda_SOLIRIS_EPN.zip/a9bcd4dd-12f6-cb96-84fd-d4059b79722a
https://www.aifa.gov.it/documents/20142/847786/Det_Ultomiris_GU_n.3_05.01.2022.pdf
https://www.aifa.gov.it/documents/20142/847786/Det_Ultomiris_GU_n.3_05.01.2022.pdf
https://www.aifa.gov.it/documents/20142/1752879/4_ASPAVELI_scheda_innovativita_GRADE.pdf
https://www.aifa.gov.it/documents/20142/1752879/4_ASPAVELI_scheda_innovativita_GRADE.pdf
https://www.aifa.gov.it/liste-farmaci-a-h
https://doi.org/10.2147/JBM.S431493
https://www.ncbi.nlm.nih.gov/pubmed/38084255
https://doi.org/10.3389/fimmu.2019.01157
https://doi.org/10.3389/fonc.2023.1128994
https://doi.org/10.1007/s00277-024-05699-8
https://doi.org/10.3390/ijms25168591

	Introduction 
	Materials and Methods 
	Data Source 
	Identification of the Study Population and Study Design 
	Epidemiological Estimates of PNH 
	Demographic and Clinical Characteristics of Adults with PNH 
	Treatment Patterns 
	Healthcare Resource Consumption and Direct Costs 
	Statistical Analysis 

	Results 
	Epidemiological Analysis of the Total Population (All Ages) 
	Epidemiological Analysis in Adults 
	Main Features of the Adult Population 
	Healthcare Resource Consumption in the Adult Population 
	Healthcare Direct Costs in the Adult Population 

	Discussion 
	Appendix A
	Appendix B
	References

