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Abstract
Introduction: The objective of this study was to better
understand the clinical profiles of children with hypo-
phosphatasia (HPP) prior to treatment with enzyme re-
placement therapy (ERT). Methods: Pretreatment demo-
graphics and medical histories of ERT-treated children
(aged <18 years) enrolled in the Global HPP Registry
(2015–2020) were analyzed overall, by age at first HPP
manifestation (<6 months vs. 6 months to 18 years), and
by geographic region (USA/Canada, Europe, and Japan).

Results: Data from 151 children with HPP were analyzed.
Sex distribution was balanced overall (52.3% female;
47.7% male) but differed in Japan (63.0% female; 37.0%
male). Prior to ERT initiation, common manifestations
were skeletal (67.5%) and extraskeletal, with the foremost
types being muscular (48.3%), constitutional/metabolic
(47.0%), and neurologic (39.7%). A high proportion of
children who first presented at <6 months of age (peri-
natal/infantile period) had a history of bone deformity
(59.3%) and respiratory failure (38.3%), while those aged
6 months to 18 years at first manifestation had a pre-
dominance of early loss of primary teeth (62.3%) and gross
motor delay (41.0%). Those from Japan were reported to
have a younger median age overall, the highest propor-
tion of skeletal manifestations (80.4%) and growth
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impairment, while European data reported the highest
proportion of muscular manifestations (70.7%). In the
USA/Canada, skeletal and muscular manifestations were
reported at the same frequency (57.4%). Conclusion: Prior
to ERT, skeletal and extraskeletal manifestations were
commonly reported in children with HPP, with differences
by age at first HPP manifestation and geographical region.
Comprehensive assessments of children with HPP are
warranted prior to ERT initiation. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Hypophosphatasia (HPP) is a rare, inborn metabolic
disease caused by deficient activity of tissue-nonspecific
alkaline phosphatase (ALP) [1]. The most easily recog-
nizable signs of HPP in children are persistently low ALP
activity and impairment in skeletal mineralization, which
can be observed on radiographs and result in bone de-
formity, metaphyseal radiolucent areas, and/or rickets-
like growth plate abnormalities [1–6]. Given that skeletal
and radiological signs are the most obvious manifesta-
tions of HPP in children, it has classically been considered
a disease that primarily impacts the skeletal system [7, 8].
However, extraskeletal symptoms such as failure to
thrive, seizures, muscle weakness, gross motor delay,
abnormal gait, pain, early loss of primary teeth, and other
dental problems have also been reported in children with
HPP [1, 4, 5, 9].

While perinatal/infantile HPP (where affected patients
develop their first manifestation at age <6 months)
represents an extreme phenotype characterized by a high
mortality rate (particularly in the neonatal period),
HPP that manifests after 6 months of age is characterized
by varying degrees of severity that can change over time
[6, 8, 10, 11]. Strensiq® (asfotase alfa), a bone-targeting
enzyme replacement therapy (ERT) approved and indi-
cated for use in pediatric-onset HPP in the USA/Canada
and Europe [12, 13], and for patients of all ages in Japan
[14], has been shown to improve disease manifestations
in children with HPP [1, 15–17].

Despite the lack of global treatment guidelines for
initiating ERT in children with HPP, decisions to start
treatment with asfotase alfa have usually relied on
quantifying bone and rachitic manifestations [17, 18].
However, rickets can only be detected on radiographs in
children with open growth plates, and a bone biopsy is
rarely performed to confirm osteomalacia. The indication
for treatment in the European Union and Canada labels is
broader than rickets/osteomalacia and includes bio-

chemical abnormalities (altered calcium and phosphate
metabolism), impaired growth and mobility, respi-
ratory compromise that may require ventilation, and
vitamin B6-responsive seizures. Considering the
variable clinical presentation of pediatric-onset HPP,
an evaluation of the signs and symptoms of HPP in
children who were initiated on ERT is warranted.
Using data from the Global HPP Registry, an ob-
servational analysis was conducted to better under-
stand the clinical profiles of children (aged <18 years)
with HPP prior to initiation of ERT in regions where
asfotase alfa is approved for use and whether age of
HPP onset or geographical differences exist.

Materials and Methods

Data Source
Initiated in 2015, the Global HPP Registry (https://

hppregistry.com/) is an observational, prospective, multina-
tional study of patients with HPP (NCT02306720; EU-
PAS13514) that is sponsored by Alexion, AstraZeneca Rare
Disease, Boston, MA, USA, and supervised by a scientific ad-
visory board of clinical experts in HPP [19]. As part of routine
clinical practice, healthcare practitioners collect data on patient
demographics and medical history related to HPP, including
signs and symptoms of HPP, age at first HPP manifestation, and
ERT treatment status [19].

Approval of the Global HPP Registry study protocol was
obtained from the Institutional Review Board or local equiv-
alent at each participating investigative site. Data collection and
analyses complied with the World Medical Association Dec-
laration of Helsinki, the European Medicines Agency good
pharmacovigilance practices (GPV), and the International
Society for Pharmacoepidemiology Guidelines for Good
Pharmacoepidemiology Practices (GPP). Prior to enrollment,
legal guardians of all patients provided written informed
consent and authorized the release of medical record data. For
this analysis of the Global HPP Registry, data collected through
September 7, 2020, were used.

Patient Population
Children (aged <18 years at ERT initiation) with prior or

current ERT treatment who were enrolled in the Global HPP
Registry and who had low serum ALP activity under the age- and
sex-adjusted reference range and/or a genetic test indicating at
least 1 ALPL variant were eligible for inclusion in this analysis.
Patients were required to have a valid enrollment date, data on age
at enrollment or date of birth, known sex (male or female),
treatment with ERT, and known treatment start date. Patients were
also required to have at least 1 prespecified sign or symptom of
HPP prior to ERT initiation. To account for regulatory differences
and access limitations associated with asfotase alfa globally, the
signs and symptoms of HPP in children who went on to ERT were
assessed in the 3 geographical regions where the drug is approved
(USA/Canada, Europe, and Japan).
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Demographics and Medical History
Demographic and medical history data from eligible children

prior to ERT initiation were analyzed overall, by age at first HPP
manifestation (aged <6 months vs. aged 6 months to 18 years), and
by geographical region (USA/Canada, Europe, or Japan; the Eu-
ropean subgroup included data from Austria, Belgium, France,
Germany, Italy, and the UK). The reasoning behind this proposed
age stratification was that children who present at <6 months of
age (perinatal/infantile onset HPP) have a distinctly different
disease course and severity (such as high mortality rate, vitamin
B6-dependent seizures, respiratory failure) than those who
manifest the disease after 6 months of age.

Statistical Analysis
Descriptive statistics (n, percentage, mean, standard deviation,

median, and minimum [min] and maximum [max]) were calculated
for demographic and medical history data, as appropriate. The rel-
ative frequency ofHPPmanifestations in children based on age at first
HPP manifestation was quantified with prevalence ratios and 95%
confidence intervals. Prevalence ratios were calculated as the ratio of
the proportion of children in the <6-month age group to the pro-
portion of children in the≥6-month to 18-year age groupwith a given
manifestation; 95% confidence intervals were determined using the
binomial approximation. Statistically significant differences in con-
tinuous variables by geography were determined using the Kruskal-
Wallis test (alpha = 0.05). All analyses were performed using SAS Life
Science Analytics Framework 5.2.1.

Results

Demographic and Clinical Characteristics of
ERT-Treated Children with HPP prior to
ERT Initiation
A total of 151 children with HPP who were treated with

ERT were included in this analysis of the Global HPP
Registry. Demographics and clinical characteristics of the
study population prior to ERT initiation are shown in
Table 1. Overall, femalesmade up 52%of the population, and
48% were males. The median age at first HPP manifestation
was 0.2 years (min, max: −0.5, 17.0), and the median age at
the time of HPP diagnosis was 0.8 years (min, max: −0.5,
17.3). A negative value for age indicates prenatal age.

When grouped by region, study participants who
had initiated treatment with ERT had some notable
differences in demographic factors between regions.
More females (63%) than males (37%) were reported in
Japan, whereas in the USA/Canada and Europe, the
proportions of females and males were more evenly
divided. Participants from Japan were also younger
prior to treatment initiation (median age: 1.6 years,
min, max: 0.0, 17.9) than the 2 other regions (p =
0.0009). When assessing age at HPP diagnosis, par-
ticipants from the USA/Canada had a median (min,
max) age of 2.4 (–0.1, 17.3) years, which is around

2.0 years older than the median age of participants in
Europe and 2.5 years older than the median age of
participants in Japan (p < 0.0001). Consistent with this
finding, those in the USA/Canada were also more likely
to be aged 6 months or older at first HPP man-
ifestation (65%) compared with participants from
Europe (32%) and Japan (22%), where the majority were
aged <6 months at first HPP manifestation (p < 0.0001).
Thus, there was a high proportion of patients with first
HPP manifestation before 6 months of age in Japan and
Europe. In addition, the median number of signs and
symptoms per patient prior to ERT initiation were fewer in
Japan (median: 2, min, max: 1, 7) than in the USA/Canada
(median: 4, min, max: 1, 12) or Europe (median: 5, min,
max: 1, 18) (p < 0.0001).

Children with HPP Who Presented with both Skeletal
and Extraskeletal Disease Manifestations prior to ERT
Figure 1 shows the body systems impacted by spe-

cific signs and symptoms of HPP in children in the
overall population who went on to ERT (N = 151).
Skeletal signs and symptoms were most common,
recorded in 68% of children, with bone deformity alone
experienced by 45% of children and rickets-like de-
formity occurring in 32% of children. Muscular
manifestations were frequently reported in up to 48% of
children. Specifically, 34% reported muscle weakness,
30% reported gross motor delay, and 13% reported
abnormal gait. In terms of constitutional/metabolic
manifestations (47%), 33% experienced failure to
thrive, and 19% experienced fatigue. When assessing
neurological signs and symptoms, which were expe-
rienced by 40% of children, the most common mani-
festations were craniosynostosis (19%) and cognitive or
developmental delay (17%). Other manifestations of
HPP were dental (37%), renal symptoms (36%), re-
spiratory issues (28%), and pain (26%) (shown in
Fig. 1). Children who went on to ERT in Japan were also
more likely to be shorter (z score median: −3.1) than
those in the USA/Canada (z score median: −0.8) or
Europe (z score median: −1.7) both p < 0.0001
(Table 1). Similarly, weight z scores for those in Japan
(median: −1.9) were less than those in the USA/Canada
(median: 0.1) or Europe (median: −0.4) (p = 0.0015).

Children Initiated on ERT Had Different Clinical
Profiles if the First HPP Manifestation Was in the
Perinatal/Infantile Period
Signs and symptoms of HPP among children who

went on to ERT were compared among those who had
their first manifestation of HPP at age <6 months
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versus those who had their first manifestation of HPP
between 6 months and 18 years of age. Among those
aged <6 months at first HPP manifestation, skeletal,
renal, and respiratory body systems were more af-
fected than in those aged 6 months to 18 years, with
bone deformity (59%), hypercalcemia (44%), and
respiratory failure (38%) being the most prevalent
signs and symptoms (shown in Fig. 2). In contrast,
children aged 6 months to 18 years at first HPP
manifestation experienced more dental, muscular, and
pain manifestations than in those aged <6 months,

with early loss of primary teeth (62%), gross motor
delay (41%), and chronic bone pain (36%) being the
most prevalent signs and symptoms (shown in Fig. 2).

Geographical Differences in the Clinical Profiles of
Children with HPP prior to ERT Initiation
Data from Japan showed the highest percentages of

patients with skeletal (80%) and respiratory (35%) mani-
festations, whereas data from the USA/Canada showed the
lowest percentages for these body systems (skeletal, 57%;
respiratory, 15%) (shown in Fig. 3). In contrast, data from

Table 1. Demographics and clinical characteristics of ERT-treated children in the Global HPP Registry prior to ERT initiation: overall
and by geographical region

Characteristic All ERT-treated children
(N = 151)

USA/Canada (n = 54) Europea (n = 41) Japan (n = 46)

Sex, n (%)
Males 72 (47.7) 26 (48.1) 22 (53.1) 17 (37.0)
Females 79 (52.3) 28 (51.9) 19 (46.3) 29 (63.0)

Age at ERT initiation, years
n 151 54 41 46
Median (min, max) 3.4 (0.0, 17.9) 5.4 (0.0, 17.4) 2.7 (0.0, 17.0) 1.6 (0.0, 17.9)

Age at first HPP
manifestation, years

n 139 49 35 45
Median (min, max)b 0.2 (−0.5, 17.0) 1.2 (−0.1, 17.0) 0.2 (−0.4, 6.9) 0 (−0.5, 7.1)

Age at HPP diagnosis, years
n 149 53 41 46
Median (min, max)b 0.8 (−0.5, 17.3) 2.4 (−0.1, 17.3) 0.5 (−0.5, 15.1) 0.0 (−0.5, 12.8)

Age group at first HPP
manifestation, n (%)

151 54 41 46

<6 months 81 (53.6) 15 (27.8) 24 (58.5) 35 (76.1)
6 months to 18 years 61 (40.4) 35 (64.8) 13 (31.7) 10 (21.7)
Unknown 9 (6.0) 4 (7.4) 4 (9.8) 1 (2.2)

Number of signs/symptoms
per patient

Median (min, max) 4.0 (1.0, 18.0) 4.0 (1.0, 12.0) 5.0 (1.0, 18.0) 2.0 (1.0, 7.0)

Length/height
n 69 17 12 37
z score, median (min, max) −2.2 (−12.6, 2.2) −0.8 (−3.1, 1.4) −1.7 (−4.2, 0.7) −3.1 (−12.6, −0.1)
z score, mean (SD) −2.2 (2.4) −0.8 (1.4) −1.4 (1.8) −3.4 (2.5)
<3rd percentile, n (%) 37 (53.6) 5 (29.4) 5 (41.7) 27 (73.0)

Weight
n 77 18 18 37
z score, median (min, max) −1.2 (−14.9, 2.4) −0.1 (−3.7, 2.4) −0.4 (−7.1, 1.2) −1.9 (−14.9, 2.0)
z score, mean (SD) −1.6 (2.8) −0.2 (1.6) −1.2 (2.2) −2.6 (3.2)
<3rd percentile, n (%) 28 (36.4) 4 (22.2) 4 (22.2) 18 (48.6)

ERT, enzyme replacement therapy; HPP, hypophosphatasia; max, maximum; min, minimum; SD, standard deviation; USA, United
States. aEurope included data from Austria, Belgium, France, Germany, Italy, and the United Kingdom. bNegative values for age
represent prenatal manifestation and diagnosis.
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Fig. 1. History of specific signs and symptoms of HPP within each body systema prior to ERT initiation in
children in the overall ERT-treated population (N = 151). aPatients may have more than 1 sign and symptom
within each body system. bExcludes patients <2 years of age at ERT initiation. cExcludes patients <6 months of
age at ERT initiation. dThis category includes loss of permanent teeth, loose teeth, poor dentition, hypodontia,
dental implants, dental bridges, and dentures. ERT, enzyme replacement therapy; HPP, hypophosphatasia.
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Fig. 2. History of specific signs and symptoms of HPP within
each body systema prior to ERT initiation in children by age at
first HPP manifestation: aged <6 months (n = 81) versus aged
6 months to 18 years (n = 61). Each body system is color-coded
with the darker shade indicating data from children
aged <6 months and the lighter shade for the children aged
6 months to 18 years. Bold font for PR (95% CI) values indicates
statistical significance based on CIs that do not overlap 1.

aPatients may have more than 1 sign and symptom within each
body system. bExcludes patients <2 years of age at ERT initi-
ation. cExcludes patients <6 months of age at ERT initiation.
dThis category includes loss of permanent teeth, loose teeth,
poor dentition, hypodontia, dental implants, dental bridges,
and dentures. CI, confidence interval; ERT, enzyme replace-
ment therapy; HPP, hypophosphatasia; NE, not estimable;
PR, prevalence ratio.
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Fig. 3.History of specific signs and symptoms of HPP within each
body systema prior to ERT initiation in children by geographical
region (USA/Canada: n = 54; Europe: n = 41; Japan: n = 46). Each
body system is color-coded with the darkest shade indicating data
from Japan, the intermediate shade for Europe, and the lightest
shade for the USA/Canada. aPatients may have more than 1 sign

and symptomwithin each body system. bExcludes patients<2 years
of age at ERT initiation. cExcludes patients <6 months of age at
ERT initiation. dThis category includes loss of permanent teeth,
loose teeth, poor dentition, hypodontia, dental implants, dental
bridges, and dentures. ERT, enzyme replacement therapy; HPP,
hypophosphatasia; USA, United States.
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the USA/Canada showed the highest proportion of patients
with dental (52%) and pain (41%) manifestations; these
results were considerably higher than the data reported by
Japan, which showed the lowest proportion of patients with
these manifestations (dental, 15%; pain, 4.3%). Data from
Europe showed the largest percentage of patients with
muscular (71%), neurologic (63%), and renal (59%)
manifestations.

Discussion

This large, observational dataset from the Global HPP
Registry confirms that children with HPP experience a wide
range of HPP manifestations impacting multiple body
systems, which is consistent with previously published
literature [5, 9, 10]. This study reports manifestations of
HPP exclusively in a pediatric population planned by their
physicians to be treated prior to treatment initiation and is
distinct from published data on the HPP registry as a whole
[19]. Additionally, the inclusion of patients with pretreat-
ment status leads to a heterogeneous selection of patients
due to differing local treatment indications. Although the
proportions of treated children who reported specific HPP
signs and symptoms prior to ERT initiation varied by age of
first HPP manifestation and geographic region, the ag-
gregate data evaluated in this study show that children who
went on to receive ERT in all age groups and geographies
were broadly affected by HPP. However, it is important to
note that treatment decisions are generally made based on a
patient’s unique clinical profile, the care provider’s rec-
ommendation, and country-specific policy rather than
aggregate trends.

This is the first study to describe the clinical profiles of
ERT-treated children with HPP prior to ERT initiation
outside of clinical trials. Our analysis showed that chil-
dren with HPP who go on to receive treatment with ERT
are more likely to experience skeletal, renal, and respi-
ratory manifestations when first presenting at <6 months
of age, whereas dental, muscular, and pain manifestations
were more frequently experienced among those aged
6 months to 18 years at first HPP manifestation. Spe-
cifically, skeletal manifestations were found in most
children who presented at <6 months of age, and renal
and respiratory manifestations were present in nearly half
of these patients. For children aged 6 months to 18 years,
high proportions of extraskeletal manifestations such as
early loss of primary teeth, gross motor delay, and chronic
pain were seen prior to ERT initiation. When the disease
manifests before 6 months of age, skeletal hypominer-
alization and muscular hypotonia can lead to respiratory

failure, whereas elevated serum calcium and inorganic
phosphate load may cause renal damage [1, 6]. Bone
deformities, for example, can only manifest in children
before growth plate closure.

Comparisons by geography underscored regional, data
collection differences in the clinical profiles of children
with HPP before treatment with ERT, such as data from
Japan showing the largest population of patients diag-
nosed at <6 months of age, the largest percentage of
patients with skeletal and respiratory manifestations, and
higher degree of growth impairment. These geographical
variations could be at least partly explained by the high
prevalence of certain ALPL variants associated with
perinatal and infantile onset HPP in patients in Japan [20,
21]. It is possible that the lower median age seen in the
data of patients from Japan may have influenced the
higher prevalence of skeletal and respiratory manifesta-
tions also observed in their data. While the data showed
that skeletal manifestations were present prior to ERT
initiation in 63% of ERT-treated patients in Europe and
57% in the USA/Canada, other manifestations were also
common. Data from the European subgroup showed the
largest percentage of patients with muscular and neu-
rological manifestations, while data from the USA/
Canada subgroup showed the largest percentage of pa-
tients with dental and pain manifestations.

Overall, these findings highlight the multitude of
considerations in the clinical spectrum of managing the
health of children with HPP. In many countries, the
treatment indication for ERT limits physicians to skeletal
manifestations, which may impact the decision to include
ERT in a management plan. Although skeletal mani-
festations were among themost prevalent in children who
went on to ERT in all regions assessed, our analysis also
revealed differences in the signs and symptoms of HPP in
children based on geography. Data showed that extra-
skeletal manifestations appear to be more frequently
reported in certain geographies, such as the USA/Canada
and Europe. Therefore, comprehensive assessments of
both skeletal and extraskeletal manifestations of HPP in
children are warranted prior to ERT initiation [22, 23]. It
should also be noted that diagnostic delay from age at first
manifestation is shorter than what has been previously
reported [19], which likely reflects better understanding
of disease manifestations andmore timely testing for HPP
in routine clinical practice in recent years.

The inclusion of ERT in the treatment plan therefore
varies widely by age at first HPP manifestation (before or
after 6 months of age), geography, and on the signs and
symptoms experienced by patients. However, a variety of
other factors may have played a prominent role in the
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decision to initiate ERT, including patient access to
healthcare, jurisdictional differences in access to reim-
bursed ERT, availability of genetic testing for ALPL
variants, and parental wishes based on prognosis infor-
mation provided by a healthcare professional.

Limitations
It is important to note limitations of the Global HPP

Registry and this analysis. Given the observational nature
of registry data collected from medical records during
routine medical practice, there may have been variations
in the availability of data due to differences in the
standard of care from site to site and for different patients
based on severity of disease. Also, the manifestations
recorded in the Global HPP Registry were based on a
predetermined set of signs and symptoms. Therefore, all
manifestations of HPP may not be represented in this
analysis. Furthermore, the definitions of clinical mani-
festations may be subject to the physician’s interpretation
(e.g., failure to thrive was not based on a standardized
definition), which may have led to variability in the signs
and symptoms recorded in the data.

The histories of clinical manifestations, while obtained
from medical records, may also be subject to recall bias
because the events may have been reported to the clinician
by the patient or due to the level of documentation. Long
recall intervals may have reduced the accuracy of these data,
particularly for less severe disease manifestations.

Conclusion

Using the largest pediatric cohort studied to date, our
results indicate that extraskeletal manifestations, such as
muscle weakness, gross motor delay, fatigue, and failure to
thrive, are common in children with HPP prior to ERT
initiation. Our results also confirm that those who had their
first HPP manifestation at <6 months of age had a different
clinical profile characterized by predominant skeletal
manifestations, respiratory failure, and abnormal calcium
and phosphate metabolism, in contrast to those >6 months
of age at first HPP manifestation. Comparisons of the data
collected by geographical region underscored data reporting
differences in the clinical profiles of childrenwithHPP, such
as data from Japan showing the largest population of pa-
tients diagnosed at <6 months of age and, consequently,
showing predominantly growth, skeletal, and respiratory
manifestations in the data. As data from the Global HPP
Registry continue to mature, follow-up genetic and clinical
data may shed light on the emergence of associations be-
tween phenotypic features, the regional differences, and the

impact of ERT on the natural history of HPP, including
treatment outcomes that are relevant to routine clinical
practice.
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