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Abstract

Background Primary hyperoxalurias (PHs) are rare autosomal recessive diseases of the glyoxylate metabolism; PH1 is
caused by mutations in the AGXT gene, PH2 in GRHPR and PH3 in HOGAI.

Methods Here we report the first large multi-center cohort of Italian PH patients collected over 30 years (1992-2020 median
follow-up time 8.5 years). Complete genotype was available for 94/95 PH1 patients and for all PH2 (n=3) and PH3 (n=5)
patients. Symptoms at onset were mainly nephrolithiasis (46.3%) and nephrocalcinosis (33.7%). Median age at onset of
symptoms and diagnosis were 4.0 years and 9.9 years, respectively.

Results Fifty-four patients (56.8%) were diagnosed after chronic kidney disease. Sixty-three patients (66.3%) developed end
stage kidney disease (median age 14.0 years). Twenty-one patients had a kidney-only transplant and, among them, seven had
a second kidney transplant combined with liver transplant. A combined kidney-liver transplant was carried out in 29 patients
and a sequential kidney-liver transplant was performed in two. In five cases a preemptive liver transplant was performed.
Those receiving a liver-only transplant tended to have lower kidney function at last follow-up.

Conclusion Our study of PHs in Italy underlines a considerable diagnostic delay, which has only slightly decreased in recent
years. Therefore, we suggest a more extensive use of both metabolic screening among patients with recurrent kidney stones
and genotyping, including unambiguous assignment of minor/major allele status in order to promptly begin appropriate
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treatment. This will be fundamental in order to have access to the new therapies, which are mainly focused on substrate
reduction for the oxalate-producing enzymes using RNA-interference.
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Background

Primary hyperoxalurias (PHs) are a group of rare autoso-
mal recessive diseases driven by alterations in the glyoxylate
metabolism and characterized by genetic heterogeneity and
variable clinical presentation [1]. PH1 is estimated to occur
in 1:120,000 live births in Europe [2]. Clinical cohorts eval-
uate a prevalence ranging from 1:1,000,000 to 3:1,000,000
depending on the population studied [2] but population
analysis suggests that Primary hyperoxalurias are an order
of magnitude more common than determined in clinical
cohorts. Summary data obtained from whole genome pro-
jects indicate an overall carrier frequency and an inferred
prevalence of PHs of 1:70 and 1:58,000, respectively [3].
It is estimated that Primary hyperoxalurias occur in 7-14%
of children with nephrocalcinosis and represent the cause
of renal replacement therapy before the age of 15 years
in approximately 2% of patients in European and North
American countries [1]. Clinical signs range from severe
nephrocalcinosis in the first years of life and progression
to diffuse multisystem oxalosis, to recurrent urolithiasis in
adult patients [1].

PH type 1 (PH1), with an overall estimated frequency of
1:151,000 (carrier frequency 1:195) [3], is the most com-
mon and severe form, eventually leading the majority of
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patients to end-stage kidney disease (ESKD). PH1 is caused
by mutations in the AGXT gene, encoding for the enzyme
alanine:glyoxylate aminotransferase (AGT). AGT catalyzes
the transamination of alanine and glyoxylate to pyruvate and
glycine in the peroxisomal matrix of hepatocytes [4]. AGXT
has two common intragenic haplotypes, the Major (Ma) and
the minor (mi) alleles (frequency of 80% and 20%, respec-
tively in the Caucasian population) [5]. Although not patho-
genic per se, the mi allele enhances the deleterious effects of
several common PH1 mutations [6—8]. Among Caucasians,
the most common PH1 mutation, accounting for approxi-
mately 30-40% of alleles, is the p.Gly170Arg (G170R) in
the background of the mi haplotype. This variant is charac-
terized by enzyme instability and mistargeting to mitochon-
dria [9], 10. Other recurrent mutations are ¢.33dupC (11%)
on the Ma haplotype, and p.[le244Thr (1244T) (6%) which
is present in patients of Spanish or North African origin
[11]. Some mutations, such as p.Gly170Arg (G170R) and
p-Phel152Ile (F152I), are responsive to pyridoxine (vitamin
B6-VB6) supplementation, but at present, the only effective
treatment is liver- or combined kidney/liver transplantation
[12].

PH type 2 (PH2) is caused by mutations in the gene gly-
oxylate reductase/hydroxypyruvate reductase (GRHPR),
encoding the enzyme responsible for the reduction of
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Table 1 Clinical characteristics of the Italian PH population

PH1 PHI missing data PH2 PH3
(%)

n 95 3 5
Males (%) 61 (64.2) 2 (66) 3 (60)
Females (%) 34 (35.8) 1(34) 2 (40)
Ethnicity

Caucasian 92 (97) 3 (100) 5 (100)

South Asian 33)
Deceased 19 (20) 0 0
Age at death—years (median [IQR]) 37.0[19.0, 61.0]
Age at onset of symptoms—ryears (median [IQR]) 4.0 [0.5, 12.0] 6.3 13.0 [11.0, 15.0] 2.0[2.0,2.0]
Age at diagnosis—years (median [IQR]) 9.9[3.1,29.0] 53 28.0[23.0, 32.0] 5.5[5.5,11.0]
Time for diagnosis—years (median [IQR]) 3.1[0.25, 10.0] 6.3 13.0[7.5, 18.5] 4.0 [4.0, 8.0]
Age at last follow up (median [IQR]) 26.5[10.0, 40.8] 1.1 25.0 [14.5, 40.5] 14.0 [14.0, 16.0]
Follow up years—years (median [IQR]) 8.5 (3.1-9.5) 6.0 [5.0, 10.0] 1.0 [1.0, 5.0]
Parental consanguinity (%) 15 (15.8) 18.9 0 0
Symptoms at onset (%) 2.1

Other affected family members 44.2) 2

Hematuria 1(1.1) 0 0

Acute kidney injury 1(1.1) 0 0

Chronic kidney disease 33.2) 0 0

Nephrocalcinosis (NC) 32 (33.7) 1 0

Nephrolithiasis (NL) 44 (46.3) 2 5

NC+NL 8(8.4) 0 0
Test requested because of other affected family member 4(4.2) 0 0
Diagnosis after chronic kidney disease (%)—total cohort 54 (56.8) 9 0 0

Patient age at onset 0-3 years 23 (53.5) 14.0

Patient age at onset 3—16 years 16 (55.2) 34

Patient age at onset > 16 years 14 (82.4) 59

Patients who experienced ESKD 63 (66.3%) 1(34) 0
Age at ESKD—years (median [IQR])—total cohort 14.0 [5.0, 31.5] 33.7 48

Patient age at onset 0-3 years 0.7 [0.3-10.0]

Patient age at onset 3—16 years 23.0[14.0-33.0]

Patient age at onset > 16 years 40.0 [31.0-50.0]
eGFR at last follow up (ml/min/1.73 m?)* mean (SD) 64.2 (32.9) 56.8 94 (53) 76 (20)
Transplant (%)

Isolated kidney transplant 14 (14.7) 1 0

Preemptive liver transplant 50) 0 0

Isolated kidney transplant followed by combined liver—kidney 7(7) 0 0

transplant

Combined liver—kidney transplant 29 (30.5) 0 0

Sequential liver—kidney transplant 2(2) 0 0
Age at first kidney transplant—years (median [IQR]) 16.5 [9.3, 36.3] 432 52 (1 patient)
Age at second kidney transplant—years (median (IQR)) 29.0 (17.045.0) 83.2
Age at liver transplant—years (median [IQR]) 12.0 [4.0, 27.0] 52.6
Pyridoxine response (%) 36.8

No
Yes

Type of mutation (%)
Homozygotes for a missense mutation (M/M)
Homozygotes for a null mutation (N/N)
G170R homozygotes (G170R/G170R)
Compound heterozygotes M/N
Compound heterozygotes M/G170R
Compound heterozygotes N/G170R

40 (42.1)
20 21.1)

22 (23)
21 (22)
16 (16.8)
12 (12.6)
14 (14.7)
9(9.5)
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Table 1 (continued)

2eGFR was calculated by CKD-EPI in adults and by Schwartz equation in pediatric patients

Missing data: percentages are indicated; empty cells indicate that no data are missing

glyoxylate to glycolate and hydroxypyruvate to D-glycerate.
PH2 overall estimated frequency is 1:310,000 (carrier fre-
quency 1:279) [3] and accounts for 10% of PH cases [13].
Most PH2-associated mutations produce an aberrant protein
or affect catalytic activity [14]. Initially considered milder
than PH1, a large cohort study recently published by Gar-
relfs et al. has instead shown kidney impairment in 50% of
patients, of whom 25% are in ESKD [15].

PH type 3 (PH3), due to mutations in the 4-hydroxy-2-ox-
oglutarate aldolase 1 (HOGAI) gene (formerly known as
DHDPLYS), is considered the mildest form of PH. HOGA1 is
responsible for the conversion of 4-hydroxy-oxoglutarate to
pyruvate and glyoxylate in mitochondria. PH3 accounts for
8-10% of PHs [13] and is characterized by recurrent neph-
rolithiasis, in some cases accompanied by hypercalciuria,
that usually decreases with age [16, 17]. Kidney function is
preserved in most patients, although progressive impairment
over decades is observed [13] and Martin-Higueras et al.
reported that 21.4% of patients had chronic kidney disease
(CKD) stages 2 or higher [18]. PH3 overall estimated fre-
quency is 1:135,000 (carrier frequency 1:185) [3].

The Italian study of Primary hyperoxaluria started in the
1980s and the first reports of AGXT analysis date back to
1998-1999 [19, 20]. In 2008 several clinicians involved in
PHs jointly founded OXALEurope, the European Hyperox-
aluria Consortium (www.OxalEurope.org), in order to pro-
mote a continuous exchange of data, procedures and knowl-
edge among European colleagues, with the main objective of
providing PH patients the same high-level standard of care.
With the beginning of PH genetic analysis in Italy, efforts
were made to collect the clinical data of Italian patients and
the aim of this paper is to present the state of the art of PH
in Italy.

Methods
Patients

PH patients were recruited from January 1992 to July
31st, 2020; the cohort includes 95 PH1 patients (61 males,
64.2%), 3 PH2 and 5 PH3 patients (Table 1) [IRB approval
May 20th, 2014, no. 8616, updated on April 26th, 2021,
no. 6492, San Luigi Hospital]. The suspicion of primary
hyperoxaluria was based on the patient’s history (recurrent
or juvenile nephrolithiasis, nephrocalcinosis, ESKD with-
out other causes, kidney biopsy with oxalate deposition);

@ Springer

diagnosis workup started with biochemical tests, and genetic
analysis was required for diagnosis confirmation. Genotype
data were available for 94 out of 95 PH1 patients and for all
PH2 (n=3) and PH3 (n=5) patients. AGXT analysis was
performed by DHPLC until 2009 and by Sanger sequenc-
ing of the entire coding region thereafter; MLPA analysis
was performed to confirm deletion [21]; the minor/Major
haplotype was assigned to each patient. GRHPR analysis
was set up in 2007 and HOGA in 2012 by Sanger sequenc-
ing of the entire coding region [22]. The diagnostic workup
began, in most patients, with oxalate dosage measurement in
urine or plasma (in patients with an eGFR of 30-45 ml per
min per 1.73 m? urinary oxalate is not reliable [2]), or liver
biopsy, followed by confirmatory genetic testing. Two cases
were diagnosed by kidney biopsy after a transplant failure.
Pyridoxine responsiveness was recorded according to the
clinician’s report. Urinary oxalate results were not included
for several patients due to difficulties in harmonizing the
data obtained in different laboratories. For patients who
were included, biochemical analyses on urine and plasma
were performed by gas chromatography. Follow-up time was
measured from the onset of symptoms to the last clinical
visit or death.

Statistical analysis

Continuous variables were expressed as median and I-111
quartiles as measures of variability; categorical variables
were expressed as percentages and absolute numbers. For
patients affected by PH1, renal survival was calculated
by the Kaplan—Meier method in a multivariate analysis
adjusted for age and gender, with patient data censored
at last follow-up. The effect of different genotype classes
on time to ESKD was estimated using Cox proportional
hazard models with adjustment for gender. Proportional
hazard assumption was checked using the Grambsch and
Therneau test. Continuous variables were expressed as
median and I-III quartiles as measures of variability;
categorical variables were expressed as percentages and
absolute numbers. F test was used to evaluate clinical
variables among genotype groups. Median times to ESKD
and to symptoms were computed for each genotype using
the Kaplan—Meier method and differences were assessed
by the log-rank test. All statistical testing was conducted
at the 0.05 level. PASW Statistics (version 20) and R
(version 2.13) statistical packages were used for analysis.
In the genotype—phenotype analysis we grouped AGXT
mutations into three classes according to the expected
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effect on the protein product, as previously published
[23]:

1. GI170R (T): associated with mitochondrial mistargeting
when in cis with the minor allele [9]

2. Other missense (M): missense and in frame ins/del that
are unlikely to cause complete lack of protein function.

3. Null (N): exonic deletion, nonsense, frameshift and
splice-site mutations, assumed to produce no protein
product.

rozygotes in green, missense-G170R heterozygotes in light blue, null-
G170R heterozygotes in pink) (colour figure online)

Results
Population characteristics

Median age of the PHI1 cohort at last follow up was
26.5 years (I-1II quartile: 10.0, 40.8). Nineteen patients
(20%) were deceased at the time of analysis. Median age
at death was 37.0 years (19.0-61.0). Thirteen patients
were lost to follow-up (14%). Fifty-one patients under-
went at least one clinical examination after January 2018.

@ Springer
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Fifteen patients were born from consanguineous parents
(information not available for 18 patients). In 36 cases, a
family history of kidney stones was reported. Symptoms
at onset were mainly nephrolithiasis (NL, 44 patients,
46.3%) and nephrocalcinosis (NC, 32 patients, 33.7%),
consistent with the clinical presentation of PH patients.
Four cases were diagnosed at family screening before
the onset of symptoms. Median age at onset and diagno-
sis were 4.0 years (0.5-12.0) and 9.9 years (3.1-29.0),
respectively. Fifty-four patients (56.8%) were diagnosed
after renal failure. Median time to diagnosis was 3.2 years
(0.3-10.0). A reduced time to diagnosis was observed for
patients diagnosed more recently (after 2010), while no
differences were observed if the age at onset of symptoms
was considered.

Biochemical analysis

Median plasma oxalate at diagnosis was 130 pmol/L
(24.0-187.0; data not available for 23 patients) and median
urinary oxalate was 230 pM/mM creat/24 h (151.0-435.5;
data not available for 41 patients). Data regarding gly-
colate dosage was only available for a small number of
patients as it is no longer evaluated in most Italian hos-
pitals. Median plasma glycolate data, available for 27
patients, was 183 pmol/L (125.5-366.0) and median uri-
nary glycolate data, available for 20 patients, was 319 pM/
mM creat/24 h (184.5-463.0). Before being replaced by
genetic testing (i.e. in the past 15 years), liver biopsy for
AGT activity measurement had been performed in 35 of
the study patients. Mean residual AGT activity was negli-
gible in 27 out of 35 patients and partial AGT activity was
detected in the remaining ones (mean activity: 39 + 13%
of the normal AGT activity). The response to VB6 in the
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form of pyridoxine was assessed in 60 patients and its
efficacy was reported in 20 (21.1%). Median VB6 dosage
was 10 mg/kg/die (8.5-10.0).

End stage kidney disease and transplantation

At the end of June 2020, 63 patients (66.3%) had devel-
oped ESKD. Median age at ESKD was 14.0 years
(5.0-31.5). No differences between males and females
were observed. Twenty-one patients had a kidney-only
transplant and, among them, four had a second kidney-
only transplant. In second other cases, the second kidney
transplant was combined with liver transplant and one of
the patients received two further kidney transplants after
their liver transplant; in one case liver transplant was per-
formed together with the third kidney transplant. Median
age at first kidney transplant was 16.5 years (9.3-36.3);
patients receiving a kidney-only transplant tended to
have a higher age at onset compared to those receiving a
combined kidney-liver or liver-only transplant (Fig. 1).
Combined kidney-liver transplant was performed in 29
patients, while two patients underwent a sequential kid-
ney-liver transplant. Median age at kidney-liver trans-
plant was 12 years (4.0-27.0). In 3 cases a second kidney
transplant was performed after the combined kidney—liver
transplant, and one patient received a second liver trans-
plant. In five cases a preemptive liver transplant was per-
formed. Those receiving a liver-only transplant tended to
have lower renal function at last follow-up.
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Genotype-phenotype correlations

Most of the PH patients in our large Italian cohort came from
southern Italy and the islands. As reported in the literature,
the most common mutation, even in the Italian cohort, was
p.Gly170Arg (28% of the alleles), in 16 patients in homozy-
gosis, in 14 in heterozygosis with a missense mutation, and
in 8 with a null mutation. Similar to literature data reported
in other populations, the second most frequent mutation was
the null ¢.33dupC mutation. Some mutations were recurrent
among apparently unrelated patients coming from the same
geographic area. The p.Gly156Arg and p.lle244Thr muta-
tions were only seen in patients from southern Italy and the
islands, therefore, a founder effect or a genetic drift may be
hypothesized for these mutations.

AGXT haplotype was consistent with published data in
all cases [24].

As expected, homozygotes for the common G170R muta-
tion have the oldest age at onset of symptoms (17 years;
6.0-23.5, p 0.035) and of ESKD (28.5 years; 22.3-44.3, p
0.059) (Fig. 2). G170R homozygotes tend to have a lower
prevalence of nephrocalcinosis at diagnosis, as expected.
Kidney-only transplant is more frequent among patients car-
rying at least one G170R mutation (five homozygotes and
four heterozygotes). Patients carrying the ¢.33dupC muta-
tion (seven homozygotes and three compound heterozy-
gotes) tend to have the youngest age at onset and the low-
est eGFR at last follow-up, with the highest risk of ESKD
(Fig. 3), as observed in a larger cohort [23].

Conclusion

Here we present the first description of the largest cohort
of Italian Primary hyperoxaluria patients collected over
30 years, contributing to delineate the genotypic and phe-
notypic spectrum of PH in different populations. The clinical
characteristics of our cohort, as expected, largely overlap
with those published by the OxalEurope consortium [23] in
terms of age at onset of symptoms (3.9 years vs 4.0 years)
and median age at diagnosis (8.1 years vs 9.9 years), slightly
younger than age at onset (5.2 years) reported by the Rare
Kidney Stone Consortium [1]. However, we observed a
slightly higher frequency of nephrocalcinosis as a symptom
at onset (46.3% NL-33.7% NC vs 32% NL-17% NC), in line
with what was reported by the Rare Kidney Stone Consor-
tium (30.6% NC) (Table 1).

It is noteworthy that 56% of our patients were diagnosed
only after renal failure, and that the time from symptoms
onset to PH diagnosis is still very long (median 3.2 years),
although a trend to a more timely diagnosis has been
observed in recent years. Moreover, the number of PH2

and PH3 patients in our country was low, thus suggesting a
missed diagnosis of these rare diseases, especially in adult
patients.

On the basis of exome sequencing data in the general pop-
ulation, Hopp et al. [3] estimated a carrier frequency for PH2
and PH3 of 1:279 and 1:185, with an expected prevalence
of the disease of 1:310,075 and 1:135,866, respectively.
This demonstrates that PHs in general, but PH2 and PH3 in
particular, are highly underdiagnosed in Italy, most likely
due to the milder course of the disease and the less prob-
able evolution to ESKD. Therefore, it is crucial to increase
the clinician’s awareness of these rare diseases; metabolic
screening for all children at first presentation of a kidney
stone or nephrocalcinosis, and for all adults with recurrent
calcium oxalate kidney stones, could guarantee the best clin-
ical management, as early conservative treatment may delay
renal damage, particularly in pyridoxine responsive patients.

Regarding the genotype—phenotype correlation of AGXT
mutation classes, we confirmed the better clinical course
of patients carrying the G170R mutation. In our popula-
tion, G170R homozygotes had the oldest age at onset of
symptoms (17.0 years; 6.0-23.5, p 0.035) and of ESKD
(28.5 years; 22.3-44.3, p 0.059). Interestingly, the median
age at onset in our cohort is considerably higher than what is
reported by the OxalEurope consortium (6 years), while the
age at ESKD onset did not differ substantially (28.5 years vs
33.9 years), although our cohort is affected by a low number
of patients. Genotype—phenotype comparison with the Rare
Kidney Stone Consortium cohort [1] is not feasible because
of different mutation grouping.

In line with previous reports involving European patients,
we found several recurrent mutations in addition to G170R.
Rumsby et al. demonstrated that Gly170Arg, c.33dupC and
p.1le244Thr are the most common mutations in Europe [25]
and these data were confirmed by several other Authors [11,
26]. In agreement with these findings, the c.33dupC and the
p.11e244Thr mutations were found in 14% (27/190 alleles)
and 5.7% (11/190 alleles) of patients in our cohort, respec-
tively. The p.lle244Thr mutation was found only in southern
Italy and in the islands, as expected from its Spanish origin.
(South Italy and the islands belonged to Spanish dominion
during the Renaissance). In the same geographic areas, the
p.Gly156Arg (12/190—6.3% of alleles) was also observed,
at variance with other Italian regions, suggesting a founder
effect.

Several of the mutations observed in the Italian cohort
have been studied from a molecular perspective, such as the
p-Trp108Arg on the mi allele, found in 6% of our patients
(two homozygotes and four compound heterozygotes).
Trp108 is located at the AGT active site and directly inter-
acts with the coenzyme. The p.Trp108Arg variant shows
strongly decreased catalytic activity and coenzyme bind-
ing affinity, two features suggesting a poor response to
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VB6 supplementation, as found in two of our patients [27].
Another example is represented by mutations affecting Ile56,
the consequences of which, at the protein and cellular level,
including in particular the response to Vitamin B6, are mod-
ulated by the allelic background, consistent with the clini-
cal features of patients (5). These two studies have proved
how clinical and molecular data can be combined to improve
our comprehension of the phenotype and guide clinicians
towards the best therapeutic strategy for PH1 patients.

Therefore, full AGXT molecular analysis with the recon-
struction of the haplotype should always be reported, even
when the mutations are found by multigene panel analysis
or exome sequencing: it is extremely useful for the clinician
because it could help in predicting the functional defect of
the disease-causing mutations in synergy with the haplotype
[28], thus guiding the therapeutic decision (e.g. VB6 sup-
plementation) and predicting the clinical course. Even if PH
eventually leads to ESKD, genotypes with significant residual
enzymatic activity are associated, on average, with a longer
disease-free period, and the same mutation in the background
of different haplotypes could lead to different clinical courses
[8]. Moreover, AGXT genotyping will be fundamental in
order to have access to the new therapies developed in recent
years, which are mainly focused on substrate reduction for the
oxalate-producing enzymes using RNA-interference (RNA1)
[29]. In November 2020 the first of the RNAi-based therapies
was approved by EMA and the FDA (Lumasiran—Oxlumo®
that blocks the production of the enzyme glycolate oxidase,
which is involved in the production of glyoxylate. https://www.
ema.europa.eu/en/medicines/human/EPAR/oxlumo https://
www.fda.gov/news-events/press-announcements/fda-appro
ves-first-drug-treat-rare-metabolic-disorder), while a second
one (Nedosiran that inhibits production of the hepatic lactate
dehydrogenase (LDH) enzyme, involved in the conversion of
glyoxylate to oxalate) is currently being evaluated in clinical
trials for all three types of PH (NCT04580420; NCT03847909;
NCT04042402; NCT04555486, NCT05001269) [30]. There-
fore, it is crucial for PH patients to be properly diagnosed and
treated with the most appropriate therapy based on their indi-
vidual mutations and clinical status [31].

Our study of PHs in Italy underlines the need for a more
extensive use of both metabolic screening among patients with
recurrent kidney stones and genotyping, including unambigu-
ous assignment of minor/Major allele status. The considerable
diagnostic delay, which has only slightly decreased in recent
years, may partly explain the overall adverse outcomes in sev-
eral patients. Limitations of this report include the absence or
partial collection of some clinical data, such as details on stone
episodes, on VB6 responsiveness and on biochemical dosages,
and the lack of a systematic nationwide data collection, all
of which hinder accurate prevalence and incidence estimates.

Considering some missing data for patients diagnosed
by multigene next generation sequencing not referred to our

@ Springer

Center and an Italian population of around 59.250.000 (Istat
data https://www.istat.it/it/archivio/264511), we can hypoth-
esize a PH prevalence of 1.4:1,000,000, in line with most clini-
cal cohorts.

These limitations could be partly overcome by the partici-
pation in the OXALEurope database of PH patients, which
will be able to provide a better understanding of the diseases
in terms of clinical characteristics and prevalence. This would
also be a useful tool to reach all PH patients, with important
implications for their clinical management (a new therapy is
already available for compassionate use in Italy).

Notwithstanding these limitations, our report clearly
shows the relevance of this rare disease in Italy and the need
to increase awareness of PH among clinicians, especially in
the perspective of the new therapies that will be available in
the near future.
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