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ABSTRACT
Hypophosphatasia (HPP) is a rare, inherited, metabolic disease characterized by tissue-nonspecific alkaline phosphatase deficiency
resulting in musculoskeletal and systemic clinical manifestations. This observational study evaluated the effectiveness of enzyme
replacement therapy with asfotase alfa on physical function and health-related quality of life (HRQoL) among adults with
pediatric-onset HPP who received asfotase alfa for 12 months at a single center (ClinicalTrial.gov no.: NCT03418389). Primary out-
comes evaluated physical function with the 6-minute walk test (6MWT), timed up-and-go (TUG) test, Short Physical Performance Bat-
tery (SPPB), and handheld dynamometry (HHD). Secondary outcomemeasures included the Lower Extremity Functional Scale (LEFS),
pain prevalence/intensity, and pain medication use; HRQoL was evaluated using the 36-Item Short-Form Health Survey version
2 (SF-36v2). Safety data were collected throughout the study. All 14 patients (11 women) had compound heterozygous ALPL gene
mutations and ≥1 HPP bone manifestation, including history of ≥1 fracture. Mean (min, max) age was 51 (19 to 78) years. From base-
line to 12 months of treatment, median 6MWT distance increased from 267 m to 320 m (n = 13; p = 0.023); median TUG test time
improved from 14.4 s to 11.3 s (n = 9; p = 0.008). Specific components of the SPPB also improved significantly: median 4-m gait speed
increased from 0.8 m/s to 1.1 m/s (n = 10; p = 0.007) andmedian repeated chair-rise time improved from 22 s to 13 s (n = 9; p = 0.008).
LEFS score improved from 24 points to 53 points (n = 10; p = 0.002). Improvements in HHD were not clinically significant. SF-36v2
Physical Component Score (PCS) improved after 12 months of treatment (n = 9; p = 0.010). Pain level did not change significantly from
baseline to 12 months of treatment. There were significant improvements on chair-rise time and SF-36v2 PCS by 3 months, and on
TUG test time after 6 months. No new safety signals were identified. These results show the real-world effectiveness of asfotase alfa in
improving physical functioning and HRQoL in adults with pediatric-onset HPP. © 2020 The Authors. JBMR Plus published by Wiley
Periodicals LLC on behalf of American Society for Bone and Mineral Research.
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Introduction

Hypophosphatasia (HPP) is a rare, inherited, metabolic dis-
ease characterized by deficiency of tissue-nonspecific alka-

line phosphatase.(1,2) Clinical presentation of the disease
includes musculoskeletal and systemic signs and symptoms
caused by deficient enzyme activity and accumulation of
tissue-nonspecific alkaline phosphatase substrates.(3,4) Among
other symptoms, these can manifest as muscle weakness,
fatigue, chronic pain, dental abnormalities, and fractures or
pseudofractures,(4–6) as well as neurological symptoms.(7) Many
of these manifestations can impair physical function and reduce
health-related quality of life (HRQoL), and may have a profound
impact on the patient’s ability to carry out daily activities.(4,5)

There are limited data available on burden of illness in adult
patients with HPP. A study of 125 patients that assessed disease
burden using two HPP symptom-specific surveys found that HPP
in adulthood is associated with a high burden of illness(5); fur-
thermore, HRQoL, assessed by the 12-Item Short-Form Health
Survey version 2 in the same cohort of patients, was found to
be broadly and substantially affected.(5) The Global HPP Registry
also found that HPP is associated with numerous signs and
symptoms across all ages, and adult patients with HPP often
experience a substantial delay in diagnosis.(8)

Asfotase alfa is a human recombinant enzyme replacement
therapy that promotes mineralization of the skeleton, and is
the only approved treatment for pediatric and adult patients
with pediatric-onset HPP (conditions of approval vary between
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regions). Data from several clinical trials on pediatric patients and
one study including adolescent and adult patients with HPP
demonstrate the efficacy and safety of asfotase alfa over long-
term treatment.(9–13)

Limited data pertaining to the use of asfotase alfa in routine
clinical practice are available; therefore, this study aimed to eval-
uate the real-world effectiveness of asfotase alfa in terms of
improving physical function and HRQoL among adults with
pediatric-onset HPP, assessed as per standard of care.

Participants and Methods

Study design

This is an observational, retrospective, and prospective single-
center study (ClinicalTrial.gov no.: NCT03418389; Evaluate and
Monitor Physical Performance of Adults Treated With Asfotase
Alfa for Hypophosphatasia) of adults (aged ≥18 years) diagnosed
with pediatric-onset HPP who had received asfotase alfa treat-
ment during routine clinical practice at the Orthopedic Depart-
ment of the University of Würzburg, Würzburg, Germany, for at
least 12 months.

Study population

Adults with pediatric-onset HPP (confirmed by low alkaline phos-
phatase level and/or mutation of the alkaline phosphatase gene
[ALPL], and clinical signs and/or symptoms consistent with HPP)
who had received asfotase alfa for at least 12 months were
included. Patients were recruited into the study between August
2018 and December 2018. Informed consent was provided by all
individuals before enrollment in the study. HPP care and asfotase
alfa treatment were administered according to routine clinical
practice, including continuous prescriptions of physiotherapy
andmanual therapy analogous to previously established individ-
ual requirements. The starting dose of asfotase alfa was deter-
mined by the treating physician in line with applicable
EuropeanMedicines Agency Summary of Product Characteristics
and the German label. The recommended dosing regimen for
asfotase alfa is a s.c. injection of either 2 mg/kg body weight
three times a week, or 1 mg/kg body weight six times a
week,(14) notwithstanding individual dose adjustments following
clinical assessment of risk–benefit.

Data collection

Data were collected retrospectively from patients’ electronic and
hard-copy medical records for a look-back period corresponding
to the time from study enrollment to the earliest documented
date of HPP diagnosis (or birth, as applicable) on demographics,
age at HPP onset, and HPP-relatedmanifestations. Data collected
both retrospectively and prospectively included clinical symp-
toms, physical function assessments, HRQoL assessments,
adverse events (AEs), and asfotase alfa treatment information.
Data collection was based on available information from assess-
ments commonly conducted in this patient group at the investi-
gator’s site (ie, no investigations were performed outside the
standard of care). Baseline clinical evaluations were typically cap-
tured within the 6 months before initiation of enzyme replace-
ment therapy. Follow-up assessments including data collection
were regularly scheduled at 3, 6, and 12 months of treatment.

Variables

Physical function

Physical function of the patients was assessed using validated
qualitative and quantitative measures. Primary outcome mea-
sures were the 6-minute walk test (6MWT),(15) timed up-and-
go(16) (TUG) test, Short Physical Performance Battery(17) (SPPB; a
summary performance measure consisting of a balance test,
4-m usual gait speed test, and a repeated chair-rise test), and
handheld dynamometry (grip strength) test. The Lower Extrem-
ity Functional Scale (LEFS)(18) was a secondary outcome measure
of physical function. If applicable, it was documented whether
the patient required an assistive device (eg, crutches or a walker)
to complete these assessments. See the Supplementary Informa-
tion for further details of each assessment.

Health-related quality of life and pain

HRQoL was assessed as a secondary outcome using the 36-Item
Short-FormHealth Survey version 2 (SF-36v2).(19,20) Prevalence of
pain was assessed using the following five categories: Never,
Rarely, Sometimes, Frequently, and Persistently. If pain was pre-
sent, pain intensity was quantitated using a 10-item Likert
scale.(21) Information on patients’ use of pain medication was
also collected. See the Supplementary Information for more
information on these measures.

Injection-site reactions and safety reporting

All patients were advised to continuously monitor injection sites
and document any local or systemic observations they may have
made themselves in association with the injections.

All serious and nonserious AEs reported by the patient and/or
identified in response to open-ended questions from the treat-
ing physician or revealed by observation, physical examination,
or other study procedures were documented in the patient’s
study records/source documents, in accordance with normal
clinical practice.

Data analysis

The SPSS Statistics 25 (SPSS Inc., Chicago, IL, USA) statistical
software was used for the data analyses. Quantitative vari-
ables were presented as median with interquartile range
(IQR) or mean with SD. They were tested for normal distribu-
tion using the Shapiro–Wilk test. Owing to significant devia-
tions from normal distribution further analyses were
performed using nonparametric methods. Comparisons
between baseline and 3, 6, and 12 months of treatment for
each variable were assessed using the Wilcoxon matched
pairs test; only patients who had data for both of the time
points being compared were included in the statistical ana-
lyses. For qualitative variables, absolute and percentage fre-
quencies were given. All tests were two-sided with a
significance level of 5%. Owing to the descriptive nature of
the present analysis, no alpha adjustment for multiple testing
was applied, and the results were interpreted accordingly.
Representation of longitudinal results included only those
patients with available data for all four time points.
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Results

Patient demographics and baseline clinical characteristics

Fourteen patients were included in the analysis (11 women,
3 men; their mean age was 51(SD 17) years, ranging from 19 to
78 years (Table 1). All patients were unrelated and had com-
pound heterozygous ALPL mutations (Supplementary Table S1)
and a documented bone manifestation of the disease (including
a history of at least one fracture) in addition to other HPP-related
manifestations. Twelve patients were initiated on an asfotase alfa
dosage of approximately 6.0 mg/kg/week; 2 patients who were
concerned about potential side-effects were initiated on
3.0 mg/kg/week. In all patients, the weekly dose was adminis-
tered on three injection days. Dosing was adjusted as deemed
clinically necessary during the 12 months of treatment.

Physical function

Six-minute walk test

Of the 14 patients in this study, 13 completed 6MWT assessments
at each time point. At baseline, the median distance walked was
267 (IQR, 0 to 368) m (mean 237m, SD 223m), which increased to
320 (IQR, 234 to 469) m at 12 months of treatment (mean 335 m,
SD 159m; Fig. 1A). The change in median 6MWT distance walked
between baseline and 12 months was 53 m (p = 0.023), which
corresponded to a 20% improvement. The median changes
between baseline and 3 months and between baseline and
6 months of treatment were −7 m and 39 m, respectively.

Seven of the evaluable patients required assistive devices to
complete the 6MWT at baseline (3 patients used crutches; 4 used
a rollingwalker). Two of these patients were able to complete the
test unassisted later during the course of the study; one patient
was able to complete the test unassisted from 3 months
onwards, and another patient was able to complete the
12-month assessment without assistive devices. None of the
patients who walked unassisted at baseline required assistance
at any point during the study.

Timed up-and-go test

Nine patients were able to perform the TUG test at all time points.
The median time to complete the TUG test was 14.4 (IQR, 10.7 to
28.9) s at baseline and decreased to 11.3 (IQR, 9.4 to 16.9) s after
12 months of treatment (Fig. 1B). The change in median time to
complete the test between baseline and 12 months of treatment
corresponded to a 22% improvement, and was statistically signifi-
cant (p = 0.008). Median (IQR) time to complete the test at
3 months and 6 months of treatment was 13.6 (IQR, 10.9 to 20.3)
s and 12.2 (IQR, 10.1 to 17.8) s, respectively; this change was statis-
tically significant when comparing baseline and 6 months of treat-
ment (p = 0.021). One patient required an assistive device to
complete this test at baseline, but not at 3 months of treatment.

Short Physical Performance Battery

Ten patients completed the 4-m gait speed test, semi-tandem
stand, and tandem stand components of the SPPB at baseline
and at follow-up visits; 9 patients completed the repeated
chair-rise test at all time points. Median speed to walk 4 m was
0.8 (IQR, 0.7 to 1.1) m/s at baseline and 1.1 (IQR, 0.8 to 1.4) m/s
at 12 months of treatment (Fig. 1C). The change in median usual
gait speed was significant when comparing baseline with
12 months of treatment (p = 0.007), and corresponded to a

38% improvement. At 3 months and 6 months of treatment,
median gait speed was 1.1 (IQR, 0.7 to 1.2) m/s and 1.0 (IQR, 0.8
to 1.3) m/s, respectively. Four patients required an assistive
device to complete this assessment at baseline; 2 of these com-
pleted the task unassisted as of 3 months of treatment, and
another patient no longer required an assistive device to com-
plete the test after 6 months of treatment.

Median time to complete the repeated chair-rise test was 22.2
(IQR, 16.2 to 30.8) s at baseline and 13.0 (IQR, 10.8 to 22.4) s at
12 months of treatment (Fig. 1D). Changes compared with base-
line were significant at 3, 6, and 12 months of treatment (all

Table 1. Patient Demographics and Baseline Clinical
Characteristics

Characteristic
Patients
(N = 14)

Sex, n (%)
Women 11 (79)

Age at baseline, years
Mean (SD) 51 (17)
Range 19–78

Mean height, cm (SD)
Men 175 (5)
Women 157 (9)

Mean weight, kg (SD)
Men 98 (18)
Women 73 (22)

Mean BMI, kg/m2 (SD)
Men 32 (7)
Women 30 (8)

Compound heterozygous mutations of ALPL,
n (%)

14 (100)

Mean ALP activity level at baseline, IU/L (SD)a

Men 14 (4)
Women 18 (7)

Mean PLP activity at baseline, ng/mL (SD)b 451 (390)
Mean PEA/creatinine ratio at baseline, mmol/
mol creatininec

76 (59)

Menopause status (women only)
Postmenopausal (n, %)d 5 (45)

History of HPP-related manifestations, n (%)e

Dental 14 (100)
Fractures 14 (100)
Muscular 14 (100)
Neurological 6 (43)
Renal 3 (21)
Rheumatic 3 (21)
Skeletalf 14 (100)
Pain 14 (100)

ALP = alkaline phosphatase; ALPL = alkaline phosphatase gene;
HPP = hypophosphatasia; PEA = phosphoethanolamine; PLP = pyridoxal
50-phosphate.

aReference ranges for ALP: 53 to 128 IU/L (men), 42 to 98 IU/L (women).
bReference range for PLP: 5 to 30 ng/mL.
cReference range for PEA/creatinine ratio: 2.3 to 11.3 mmol/mol creati-

nine; data were unavailable for 3 patients.
dCalculated as proportion of female patients; data were unavailable for

one patient.
eCalculated as proportion of patients for whom data were available.
fExcluding fractures. Skeletal diagnoses included bowing of the long

bones, congenital club foot, craniosynostosis, scoliosis, and kyphosis.
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p = 0.008), and corresponded to a 41% improvement between
baseline and 12 months of treatment.

At baseline, all patients were able to hold the semi-tandem
stand for 10 s. One patient was not able to complete this task
at 3 months of treatment, but was able to do so at 6 months
and 12 months of treatment.

At baseline, 8 patients were able to hold the tandem stand for
10 s. The 2 patients whowere not able to complete the task were
able to do so after 12 months of treatment. One patient who was
able to complete the task at baseline was unable to do so after
12 months of treatment.

Grip strength (dominant hand)

Grip-strength measurements were available for 12 of the
14 patients at all time points. Median grip strength was 22.7

(IQR, 11.6 to 25.3) kg at baseline and 22.5 (IQR, 14.3 to 25.4) kg
at 12 months of treatment. At 3 months and 6 months of treat-
ment median grip strength was 22.8 (IQR, 12.4 to 25.1) kg and
22.7 (IQR, 13.6 to 25.7) kg, respectively. Although changes were
significant at 6 months (p = 0.031) and 12 months of treatment
(p = 0.046) compared with baseline, the change corresponded
to just a 1% improvement. The effect size was small, and changes
are therefore unlikely to be clinically significant.

Lower Extremity Functional Scale

Ten of the 14 patients included in this study had LEFS data for all
time points. At baseline, median LEFS score was 24 (IQR, 17 to 54)
points, which increased to 53 (IQR, 36 to 65) points at 12 months
of treatment (Fig. 2A). The change in score between baseline and
12 months of treatment was significant (p = 0.002) and
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Fig 1. Primary outcomes of physical function as assessed by the (A) 6MWT distance, (B) TUG test time, (C) 4-m gait speed test, and (D) repeated chair-rise
test, among adults treated with asfotase alfa for pediatric-onset HPP at baseline, 3, 6, and 12 months of treatment. *p < 0.05 versus baseline. The lower
and upper boundaries of blue boxes represent the 25th and 75th percentiles, respectively. The horizontal black lines represent the median, and whiskers
represent the maximum andminimum values. 6MWT (n = 13); TUG test (n = 9); 4-m gait speed (n = 10); repeated chair-rise (n = 9). 6MWT = 6-minute walk
test; HPP = hypophosphatasia; SPPB = Short Physical Performance Battery; TUG = timed up-and-go.
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corresponded to a 121% improvement, which indicates an
improvement in the ability to carry out day-to-day activities.
Median LEFS score was 44 (IQR, 31 to 56) points at 3 months of
treatment and 52 (IQR, 36 to 63) points at 6 months of treatment
(p = 0.009 and p = 0.010, respectively, compared with baseline).

Health-related quality of life and pain

The 36-Item Short-Form Health Survey version 2

Nine patients completed the SF-36v2 at all four time points. At
baseline, the median Physical Component Summary (PCS) score
was 26 (IQR, 21 to 31), which increased to 33 (IQR, 26 to 45) at
12 months of treatment (p = 0.010; Fig. 2B); a 27% improvement.

Changes were also significant between baseline and 3 months
(p = 0.028). The median Mental Component Summary (MCS)
score was 53 (IQR, 33 to 60) at baseline, and 56 (IQR, 39 to 60)
at 12 months of treatment (Fig. 2C); an improvement of 5%. No
statistically significant changes were observed at any of the time
points compared with baseline for the MCS score.

Pain

Information on categorical prevalence of pain (categorized as
Never, Rarely, Sometimes, Frequently, or Persistently) was avail-
able for all 14 patients at baseline, for 12 patients at 3 months
and 6 months, and for 13 patients at 12 months. Except for one
patient at baseline, all patients reported to be affected by pain
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at any given time point. At baseline, 9 of 14 patients (64%)
reported experiencing persistent or frequent pain; this propor-
tion decreased to 3 of 12 patients (25%) at 6 months, and 5 of
13 patients (38%) at 12 months. Data on pain intensity were
available for 13 patients at baseline, for 11 patients at 3 months
and 6 months, and for 13 patients at 12 months; if pain was pre-
sent, its intensity was quantitated using a 10-item Likert scale
(1 = minimal pain, 10 = maximum possible pain). Median pain
intensity at baseline was 6 (IQR, 4 to 8.25) points, which
decreased to 5 (IQR, 4 to 6) points at 12 months of treatment
(Fig. 2D); a 17% improvement. At 3 months and 6 months of
treatment median pain intensity was 5 (IQR, 4 to 7) points and
4 (IQR, 3.5 to 5.75) points, respectively. Changes in median pain
intensity from baseline to 3 months and 12 months of treatment
were not statistically significant; however, a significant decrease
in pain intensity compared with baseline was observed at
6 months of treatment (p = 0.036).

Twelve patients had pain medication data available at base-
line; all of them were using pain medication before initiating
asfotase alfa treatment. Eight of these patients used pain medi-
cations daily, and 6 patients used a combination of pain
medications.

At 6 months of treatment, 2 of these patients were able to dis-
continue use of pain medication; one of these patients was not
using pain medication at 12 months. Over the course of the
study, 4 patients reduced their use of pain medication from daily
use to an on-demand basis.

Injection-site reactions and safety reporting

Retrospective assessment of available patient records and longi-
tudinal photo documentation of injection sites and injection-site
reactions showed that half of the patients (n = 7) self-
administered asfotase alfa injections, and half had their partner
or a friend administer the drug.

Although patients were advised to rotate their use of four
s.c. injection sites including abdomen, thigh, upper arm, and glu-
teal area, only one patient continually used all injection-sites.
Eight patients used three different sites; 3 patients used two
sites; and 2 patients tolerated injections only at a single injection
site (one used the abdomen, one used the gluteal area).

Eleven of the 14 patients noted reddening and/or tenderness
at injection sites with variable intensity and duration sometime
during the first 3 months of treatment; this increased to
13 patients by 12 months of treatment. Affected injection sites
were the abdomen (n = 12), thighs (n = 4), and upper arm
(n = 3). Comparing available photographs over the course of
the study revealed that 5 patients exhibited faint initial signs of
soft tissue distension during the first 3 months of treatment,
including bulging of s.c. fat tissue suggesting lipohypertrophy;
upon palpation, no bulky fat masses were identified, but rather
sagging of the skin suggesting dystrophy of the s.c. fat tissue,
providing insufficient suspension for overlying skin. Of the
11 women included in this study, such alterations were visible
at the abdomen in 9 of these patients at 12 months of treatment;
all of these patients had extensive abdominal fat tissue before
treatment. None of these soft tissue distensions receded over
time; nevertheless, these findings did not lead to treatment
interruption or termination. No tissue distension was observed
at any injection site of the two women who were not obese
(one of whom did not inject in the abdomen). No relevant tissue
distension was seen in men, even though two of them had
extensive abdominal fat tissue.

In addition to injection-site reactions, 46 AEs were recorded in
the patients being treated with asfotase alfa for 12 months; all
patients experienced at least one AE. The majority of these
events (n = 33) were not, or were unlikely to be, related to asfo-
tase alfa treatment; they were rather associated with underlying
disease and/or comorbidities, such as degenerative disease of
the spine, lower back pain/lumbago, knee osteoarthritis, myoge-
losis (muscle tension/stiffness), greater trochanteric pain syn-
drome, and skin irritation. The 13 AEs reported as possibly
related to treatment with asfotase alfa were fatigue (n = 2),
weight gain (n = 2), headache (n = 2), back pain, increase in pain,
performance loss in daily activities, insufficiency fracture, raised
intraocular pressure, small bowel ileus, and skin irritation
(n = 1 each).

Discussion

This study of a real-world cohort suggests that asfotase alfa is
effective in improving physical functioning and HRQoL in
adults with pediatric-onset HPP. The study also highlights the
relevance of specific assessment tools to evaluate the effective-
ness of treatment and monitoring improvements in patients
over time.

Assessments of physical function and HRQoL in this study
population before initiation of asfotase alfa treatment indicate
a high disease burden in adult patients with pediatric-onset
HPP compared with healthy adult populations of a similar age.
For example, the mean � SD 6MWT distance that patients
achieved at baseline in this study was considerably less than in
a population of 444 healthy adults (237 � 223 m versus
571 � 90 m, respectively).(22) Similarly, median TUG test time at
baseline was longer than that observed in a cohort of healthy
adults in their 50s (14.4 s versus 9.9 s, respectively),(23) as was
median grip strength (22.7 kg in this study at baseline versus
27 kg [women] and 46 kg [men] in a healthy North American
and European population of a similar age).(24) Median PCS score
on the SF-36v2 test at baseline was also substantially lower than
is observed in the general population in Germany (26 versus
49, respectively); however, baseline median MCS scores in these
populations were not remarkably different.(25)

Of the primary outcome measures of physical function
(6MWT, TUG test, SPPB, and grip strength), both the 6MWT and
the TUG test, as well as two of the three components of the SPPB,
showed statistically significant improvements from baseline to
sometime during 12 months of treatment, which indicates the
effectiveness of asfotase alfa in improving the functional health
of adult patients with pediatric-onset HPP. Minimum clinically
important differences for adults with HPP have been established
for the 6MWT (31 m)(26); in this study, themedian 6MWT distance
increased by a clinically meaningful 39 m at 6 months and 53 m
at 12 months of treatment compared with baseline. Although
improvements observed by 6 months were not significant, sta-
tistically significant improvements were noted at 12 months.
Similarly, usual gait speed increased during treatment, and this
improvement reached statistical significance at 12 months of
treatment. In addition, improvements in physical function were
observed in the TUG test time and the chair-rise test. Time to per-
form these tests decreased significantly by as early as 6 months
of treatment for the TUG test and 3 months of treatment for
the repeated chair-rise test.

Grip strength has been recommended as a measure of muscle
strength in pediatric patients with HPP,(27) and has previously
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been used in studies of pediatric cohorts(28); however, evidence
of its use as a measure in adult populations is scarce and its use-
fulness is uncertain. Changes in grip strength observed during
the course of treatment in this study were not clinically signifi-
cant and not as substantial as improvements in hip extensor
and hip abductor strength that were reported in a clinical study
of patients receiving asfotase alfa.(11) Assessing muscle strength
in these patients is likely biased by various confounding factors,
including pain and bone and joint issues. Therefore, it remains to
be determined how best to measure muscular force and perfor-
mance in these patients.

Statistically significant improvements were also recorded on
the LEFS, the secondary outcome measure of physical function
in this study. LEFS score increased significantly by as early as
3 months of asfotase alfa treatment and was sustained at all
follow-up time points compared with baseline. These increases
were substantially more than the minimum clinically important
difference of 9 points calculated by Binkley and colleagues for
a population of patients with lower-extremity musculoskeletal
dysfunction,(18) and those observed in a clinical trial population
of adults receiving asfotase alfa over a similar timeframe,(11)

and showed an improvement in patients’ ability to carry out
day-to-day tasks.

Improvements in physical well-being were also reflected by
the significant improvements in the secondary outcome mea-
sures of HRQoL. Improvements in median SF-36v2 PCS score
during the course of the study were statistically significant at
3 months and 12 months of asfotase alfa treatment compared
with baseline. This indicates an overall improvement in physi-
cal health, comprehensively assessing domains of physical
functioning, physical role functioning, bodily pain, and general
health. Although the median MCS score (which encompasses
measures of vitality, social functioning, emotional role func-
tioning, and mental health) also increased slightly at all time
points compared with baseline, this was not significant. Given
that several studies have described the mental and emotional
impact of HPP on adult patients,(5) the similarity in the MCS
scores observed among the general German population and
this study cohort at baseline suggests that the SF-36v2 may
not be an accurate measure of mental well-being in patients
with HPP.(25)

The negative impact of pain on HRQoL is well established.(29)

All patients included in this study had experienced pain; how-
ever, although median pain intensity reported across the cohort
decreased significantly by 6 months of asfotase alfa treatment,
pain intensity increased again by 12 months of treatment. Given
that marked improvements were observed in physical function
during this timeframe, it is possible that this may be owing to
patients becoming more active during the course of their treat-
ment. A 5-year study of the efficacy of asfotase alfa in adult and
adolescent patients with HPP found that greater reductions in
pain levels were observed after 5 years of treatment(11); there-
fore, it is also possible that the follow-up period in this interim
analysis was too short to observe any meaningful decrease in
pain. Patient perception of overall pain may also change over
time, and this assessment tool may not be sufficiently specific
to observe consistent changes in pain associated with HPP in
adults.

A similar frequency of AEs and safety events was reported in
the current study as observed in clinical trials,(9–13) in which asfo-
tase alfa was well tolerated; no new safety signals emerged from
this study. Injection-site reactions appear to be quite common,
specifically reddening and tenderness at injection sites. In

addition, soft tissue alterations at abdominal injection sites,
including lipodystrophy with skin sagging resembling lipohyper-
trophy, are common and women with extended abdominal fat
tissue appear to be prone to develop these.

Together, these results indicate that asfotase alfa is an effec-
tive treatment for improving physical functioning and HRQoL
of patients with HPP, and demonstrates a favorable safety
profile.

Several of the physical function and HRQoL assessments used
in this study have been recommended for the treatment moni-
toring of adult patients with HPP, including the 6MWT and SF-
36v2.(27) Results of this study suggest that specific measures of
physical function and HRQoL used in this analysis, including
the 6MWT, the TUG test, the repeated chair-rise test of the SPPB,
the LEFS, and the PCS component of the SF-36v2 can measure
effectiveness of asfotase alfa, some as early as 3 months after
treatment initiation. Of these assessments, the LEFS showed
the largest percentage improvement between baseline and
12 months of treatment, indicating that it may be the most suit-
able scale for evaluating treatment effectiveness with regard to
functional performance in this patient population. We recom-
mend that these tests be considered by clinicians as part of rou-
tine practice to monitor early treatment response in adults with
HPP, especially because they are practical and easy to implement
in a clinical environment with minimal technical equipment and
training. It remains to be determined to what extent these mea-
surements can also be helpful to monitor long-term effective-
ness of treatment; further research is required to demonstrate
the usefulness of these measures when monitoring patients on
treatment for more than 12 months.

In addition to the data we present here on validated assess-
ments of physical function and HRQoL, it is worth noting that
all 14 patients included in this study had a history of dental
abnormalities. This highlights the importance of good dental
networks within communities, to ensure that diseases of bone
metabolism (including HPP) are recognized early and appropri-
ate follow-up care can be implemented. Such an approach is
especially important, considering that dentists may often be
among the first health care providers in the clinical pathway for
patients with HPP and other diseases of bone metabolism. Limi-
tations of this study include the small sample size and lack of a
comparator arm; however, owing to the rarity of HPP and its
debilitating nature, inclusion of a comparator arm (which would
involve no treatment) would be unethical and would not be
in accordance with the descriptive nature of this study.
Additionally, 53% of the patients included in this study had a
c.571G>A mutation of the ALPL gene. Although diligent assess-
ment of familial history did not reveal any kinship among partic-
ipants, this could not be ruled out because a haplotyping
approach was not applied. Nevertheless, a similar proportion of
individuals (55%) was found to carry this mutation in a compara-
ble HPP cohort,(30) confirming that this mutation is common
among patients with HPP of European ancestry. Limitations
inherent to the use of real-world data collected in routine clinical
practice, and in particular the introduction of bias owing to miss-
ing data, are also relevant for this study. These limitations should
be considered when interpreting these results. In addition, the
fact that this study covers a limited number of patients from a
single center may restrict the generalizability of the results. How-
ever, to the best of our knowledge this is currently the largest
and most consistently monitored cohort of adult patients with
HPP receiving long-term treatment with asfotase alfa. These
results establish a starting point of how to monitor treatment
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in these patients, specifically what can be expected regarding
treatment effectiveness and clinical improvement and what to
focus on to reduce AEs.

Conclusion

These data from a real-world cohort of adult patients with
pediatric-onset HPP suggest that asfotase alfa can be effective
in improving physical functioning and HRQoL. This study also
highlights the relevance and suitability of specific practical
assessment tools, including the 6MWT, the repeated chair-rise
component of the SPPB, the TUG test, the LEFS, and the PCS
component of the SF-36v2 to evaluate the effectiveness of asfo-
tase alfa and monitor improvements in patients over time.

Disclosures

FG is a clinical study investigator and has received speaker hon-
oraria from Alexion Pharmaceuticals, Inc. DR has no conflicts of
interest to disclose. AP is employed by Alexion and may have
stock options/ownership. LS is a clinical study investigator and
has received consultancy fees and institutional research funding
and/or grant support from Alexion Pharmaceuticals, Inc.

Acknowledgments

Funding for the conduct and analysis of this study and the
development of this manuscript was provided by Alexion Phar-
maceuticals, Inc. Medical writing support was provided by Abi-
gail Morris of PharmaGenesis London, London, UK, and was
funded by Alexion Pharmaceuticals, Inc. Mary Kunjappu, PhD,
of Alexion Pharmaceuticals, Inc., provided critical review of
the manuscript, and Ulrike von Hehn provided support with
the data analysis.

Author contributions

Franca Genest: Data curation; formal analysis; investigation;
methodology; validation; writing-original draft; writing-review
and editing.Dominik Rak: Data curation; investigation; method-
ology; validation; writing-review and editing. Anna Petryk: Con-
ceptualization; methodology; validation; writing-original draft;
writing-review and editing. Lothar Seefried: Conceptualization;
methodology; data curation; formal analysis; investigation; vali-
dation; writing-original draft; writing-review and editing.

Peer Review

The peer review history for this article is available at https://
publons.com/publon/10.1002/jbm4.10395.

References

1. Whyte MP. Hypophosphatasia: an overview for 2017. Bone. 2017;102:
15–25.

2. Caswell AM, Whyte MP, Russell RG. Hypophosphatasia and the extra-
cellular metabolism of inorganic pyrophosphate: clinical and labora-
tory aspects. Crit Rev Clin Lab Sci. 1991;28(3):175–232.

3. Whyte MP. Hypophosphatasia – aetiology, nosology, pathogenesis,
diagnosis and treatment. Nat Rev Endocrinol. 2016;12(4):233–46.

4. Rockman-Greenberg C. Hypophosphatasia. Pediatr Endocrinol Rev.
2013;10(Suppl 2):380–8.

5. Weber TJ, Sawyer EK, Moseley S, Odrljin T, Kishnani PS. Burden of dis-
ease in adult patients with hypophosphatasia: results from two
patient-reported surveys. Metabolism. 2016;65(10):1522–30.

6. Berkseth KE, Tebben PJ, Drake MT, Hefferan TE, Jewison DE,
Wermers RA. Clinical spectrum of hypophosphatasia diagnosed in
adults. Bone. 2013;54(1):21–7.

7. Colazo JM, Hu JR, Dahir KM, Simmons JH. Neurological symptoms in
hypophosphatasia. Osteoporos Int. 2019;30(2):469–80.

8. Högler W, Langman C, Gomes da Silva H, et al. Diagnostic delay is
common among patients with hypophosphatasia: initial findings
from a longitudinal, prospective, global registry. BMC Musculoskelet
Disord. 2019;20(1):80.

9. Whyte MP, Greenberg CR, Salman NJ, et al. Enzyme-replacement
therapy in life-threatening hypophosphatasia. N Engl J Med. 2012;
366(10):904–13.

10. Whyte MP, Madson KL, Phillips D, et al. Asfotase alfa therapy for chil-
dren with hypophosphatasia. JCI Insight. 2016;1(9):e85971.

11. Kishnani PS, Rockman-Greenberg C, Rauch F, et al. Five-year efficacy
and safety of asfotase alfa therapy for adults and adolescents with
hypophosphatasia. Bone. 2019;121:149–62.

12. Hofmann CE, Harmatz P, Vockley J, et al. Efficacy and safety of asfo-
tase alfa in infants and young children with hypophosphatasia: a
phase 2 open-label study. J Clin Endocrinol Metab. 2019;104(7):
2735–47.

13. Whyte MP, Simmons JH, Moseley S, et al. Asfotase alfa for infants and
young children with hypophosphatasia: 7 year outcomes of a single-
arm, open-label, phase 2 extension trial. Lancet Diabetes Endocrinol.
2019;7(2):93–105.

14. Alexion Europe SAS. Summary of product characteristics, Strensiq.
European Medicines Agency, 2015. Available from: https://www.
ema.europa.eu/en/documents/product-information/strensiq-epar-
product-information_en.pdf. Accessed 20 December 2019.

15. ATS Committee on Proficiency Standards for Clinical Pulmonary
Function Laboratories. ATS statement. Guidelines for the six-minute
walk test. Am J Respir Crit Care Med. 2002;166(1):111–17.

16. Podsiadlo D, Richardson S. The timed "Up & Go": a test of basic func-
tional mobility for frail elderly persons. J Am Geriatr Soc. 1991;39(2):
142–8.

17. Guralnik JM, Simonsick EM, Ferrucci L, et al. A short physical perfor-
mance battery assessing lower extremity function: association with
self-reported disability and prediction of mortality and nursing home
admission. J Gerontol. 1994;49(2):M85–94.

18. Binkley JM, Stratford PW, Lott SA, Riddle DL. The lower extremity
functional scale (LEFS): scale development, measurement properties,
and clinical application. Phys Ther. 1999;79(4):371–83.

19. Ware JE, Kosinski M, Dewey JE. How to Score Version 2 of the SF-36
Health Survey. Lincoln, RI: QualityMetric; 2000.

20. Ware JE, Kosinski M, Turner-Bowker DM, Gandek B. User’s Manual for
the SF-12v2 Health Survey. Lincoln, RI: QualityMetric; 2002.

21. Likert R. A technique for the measurement of attitudes. Arch Psychol.
1932;22(140):55.

22. Casanova C, Celli BR, Barria P, et al. The 6-minwalk distance in healthy
subjects: reference standards from seven countries. Eur Respir J.
2011;37(1):150–6.

23. Kear BM, Guck TP, McGaha AL. Timed up and go (TUG) test: norma-
tive reference values for ages 20 to 59 years and relationships with
physical and mental health risk factors. J Prim Care Community
Health. 2017;8(1):9–13.

24. Leong DP, Teo KK, Rangarajan S, et al. Reference ranges of handgrip
strength from 125,462 healthy adults in 21 countries: a prospective
urban rural epidemiologic (PURE) study. J Cachexia Sarcopenia Mus-
cle. 2016;7(5):535–46.

25. Kurth BM, Ellert U. The SF-36 questionnaire and its usefulness in pop-
ulation studies: results of the German Health Interview and Examina-
tion Survey 1998. Soz Praventivmed. 2002;47(4):266–77.

26. Phillips D, Tomazos IC, Moseley S, L’Italien G, Gomes da Silva H, Lerma
Lara S. Reliability and validity of the 6-minute walk test in hypopho-
sphatasia. JBMR Plus. 2019;3(6):e10131.

JBMR Plus (WOA)n 8 of 9 GENEST ET AL.

https://publons.com/publon/10.1002/jbm4.10392
https://publons.com/publon/10.1002/jbm4.10392
https://www.ema.europa.eu/en/documents/product-information/strensiq-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/strensiq-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/strensiq-epar-product-information_en.pdf


27. Kishnani PS, Rush ET, Arundel P, et al. Monitoring guidance for
patients with hypophosphatasia treated with asfotase alfa. Mol
Genet Metab. 2017;122(1–2):4–17.

28. Whyte MP, Wenkert D, Zhang F. Hypophosphatasia: natural history
study of 101 affected children investigated at one research center.
Bone. 2016;93:125–38.

29. Dueñas M, Ojeda B, Salazar A, Mico JA, Failde I. A review of chronic
pain impact on patients, their social environment and the health care
system. J Pain Res. 2016;9:457–67.

30. Fauvert D, Brun-Heath I, Lia-Baldini AS, et al. Mild forms of hypopho-
sphatasia mostly result from dominant negative effect of severe
alleles or from compound heterozygosity for severe and moderate
alleles. BMC Med Genet. 2009;10:51.

JBMR® Plus ASFOTASE ALFA TREATMENT IN HPP 9 of 9 n


	Physical Function and Health-Related Quality of Life in Adults Treated With Asfotase Alfa for Pediatric-Onset Hypophosphatasia
	Introduction
	Participants and Methods
	Study design
	Study population
	Data collection

	Variables
	Physical function
	Health-related quality of life and pain
	Injection-site reactions and safety reporting

	Data analysis

	Results
	Patient demographics and baseline clinical characteristics
	Physical function
	Six-minute walk test
	Timed up-and-go test
	Short Physical Performance Battery
	Grip strength (dominant hand)
	Lower Extremity Functional Scale

	Health-related quality of life and pain
	The 36-Item Short-Form Health Survey version 2
	Pain

	Injection-site reactions and safety reporting

	Discussion
	Conclusion
	Disclosures
	Acknowledgments
	Author contributions
	Peer Review
	References


