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A B S T R A C T

Hypophosphatasia (HPP) is a rare, inherited, systemic, metabolic disorder caused by autosomal recessive mu-
tations or a single dominant-negative mutation in the gene encoding tissue-nonspecific alkaline phosphatase
(TNSALP). The disease is associated with a broad range of signs, symptoms, and complications, including im-
paired skeletal mineralization, altered calcium and phosphate metabolism, recurrent fractures, pain, respiratory
problems, impaired growth and mobility, premature tooth loss, developmental delay, and seizures. Asfotase alfa
is a human, recombinant enzyme replacement therapy that is approved in many countries for the treatment of
patients with HPP. To address the unmet need for guidance in the monitoring of patients receiving asfotase alfa,
an international panel of physicians with experience in diagnosing and managing HPP convened in May 2016 to
discuss treatment monitoring parameters. The panel discussions focused on recommendations for assessing and
monitoring patients after the decision to treat with asfotase alfa had been made and did not include re-
commendations for whom to treat. Based on the consensus of panel members, this review provides guidance on
the monitoring of patients with HPP during treatment with asfotase alfa, including recommendations for la-
boratory, efficacy, and safety assessments and the frequency with which these should be performed during the
course of treatment. Recommended assessments are based on patient age and include regular monitoring of
biochemistry, skeletal radiographs, respiratory function, growth, pain, mobility and motor function, and quality
of life. Because of the systemic presentation of HPP, a coordinated, multidisciplinary, team-based, patient-fo-
cused approach is recommended in the management of patients receiving asfotase alfa. Monitoring of efficacy
and safety outcomes must be tailored to the individual patient, depending on medical history, clinical mani-
festations, availability of resources in the clinical setting, and the clinician's professional judgment.
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1. Introduction

Hypophosphatasia (HPP) is a rare, inherited, systemic, metabolic
disorder that is sometimes life-threatening in infants and can lead to
disability at any age. HPP is characterized by low activity of the enzyme
tissue-nonspecific alkaline phosphatase (TNSALP), resulting in a broad
range of signs, symptoms, and complications [1,2]. Deficient TNSALP
activity in HPP is caused by autosomal recessive mutations or a single
putative dominant-negative mutation in the liver/bone/kidney alkaline
phosphatase (ALP) gene (ALPL) encoding TNSALP [3,4] and leads to
extracellular accumulation of TNSALP substrates, chiefly inorganic
pyrophosphate (PPi; an inhibitor of hydroxyapatite crystal formation
and bone mineralization) [2,5,6] and pyridoxal-5′-phosphate (PLP; the
circulating form of vitamin B6, which without TNSALP activity is
thought to fail to cross the blood-brain barrier, as well as cell mem-
branes) [2,7,8]. Phosphoethanolamine (PEA; a degradation product of
cell surface phosphatidylinositol-glycan anchors) is also a substrate,
although not exclusively, of TNSALP in vitro [9–11].

Depending on the patient's age, the signs, symptoms, and compli-
cations of HPP can include bone anomalies detected in utero, premature
tooth loss (exfoliation of the entire tooth including root), impaired
skeletal mineralization, bone deformities, fractures, bone/joint/muscle
pain, respiratory compromise that may require ventilation, impaired
growth and mobility, vitamin B6-dependent seizures, craniosynostosis,
substantial morbidity, and, in some cases, death [2,12,13].

The clinical presentation of HPP is possibly influenced by autosomal
dominant versus autosomal recessive inheritance [14,15], as well as
environmental and epigenetic factors and modifier genes [16]. HPP has
been clinically classified according to age at first sign or symptom
onset: perinatal (in utero and at birth), infantile (age < 6 months),
childhood (age ≥ 6 months to< 18 years), and adult (age ≥ 18 years)
[1,2,15,17]. HPP presenting primarily with dental manifestations has
been described as odontohypophosphatasia [18–20]. Skeletal manifes-
tations of HPP in utero have been observed, which in some cases may
resolve spontaneously after birth; this has been described as benign
prenatal HPP [21,22]. These categories are helpful in describing the
disease; however, the clinical presentation of HPP is variable [23] and
the disease burden throughout an individual patient's life is not well
understood [12,14,24]. Substantial morbidities may develop during the
lifetime of a patient with HPP [25], who may have increasing disease
burden resulting from joint problems, fractures, orthopedic/dental
surgeries, pain, muscular insufficiency, decreased functional status, and
impaired mobility [1,25,26].

Until recently, treatment of HPP consisted largely of supportive care
[2]. Use of bisphosphonates has not been rigorously studied in patients
with HPP [27]; in case studies of adults with previously undiagnosed
HPP, treatment with bisphosphonates potentially led to an increase in
and/or worsening of fractures [28,29]. Teriparatide (recombinant
human parathyroid hormone [PTH] 1–34) has shown some benefit in
case studies of adults with HPP [30,31], although one case report de-
scribed no benefit [32]. Teriparatide is contraindicated in pediatric and
young adult patients with open epiphyses; studies in rats showed an
increase in the incidence of osteosarcoma that was dose and treatment
duration dependent [27,33]. Teriparatide is currently not re-
commended for use in the treatment of osteoporosis for longer than
2 years over a lifetime [33]. Case reports for other approaches, such as
bone marrow and stem cell transplantation, in infants and children with
HPP have described some improvement in skeletal mineralization and
survival to at least age 3 to 7 years in patients with life-threatening
disease; however, the improvement in skeletal mineralization was not
necessarily associated with an improvement in ALP activity [34–36].

Asfotase alfa (Strensiq®; Alexion Pharmaceuticals, Inc., New Haven,
CT, USA), a human, recombinant TNSALP replacement therapy, re-
places deficient TNSALP activity in patients with HPP and reduces the
accumulation of extracellular TNSALP substrates [37]. The efficacy and
safety of asfotase alfa was assessed in 5 prospective, open-label, Phase

2, multinational clinical studies in infants and adolescents with peri-
natal, infantile, or childhood HPP [37–40]. In these studies, asfotase
alfa improved bone mineralization based on radiographic and biopsy
findings and improved growth, respiratory function, and mobility. A
study of asfotase alfa in adolescents and adults with HPP has been
completed, and the results are being prepared for publication.

No published guidelines are available for monitoring patients with
HPP being treated with asfotase alfa. To address this unmet need, in
May 2016, Alexion Pharmaceuticals, Inc., convened an international
panel of physicians to discuss treatment monitoring parameters for
patients with HPP who are receiving asfotase alfa. For this discussion, it
was presumed that the decision to treat with asfotase alfa had already
been made; other possible therapeutic approaches, symptom manage-
ment with other treatments, and general management of HPP were not
discussed and are beyond the scope of this report. It should also be
noted that access to and experience with this drug currently vary from
country to country. Further, the decision to discontinue treatment is
complex and also beyond the scope of this paper; the decision is mul-
tifactorial and should be considered using a case-by-case approach
based on discussions and understanding between the patient, family,
and physicians. The intention of this consensus report is to provide
guidance on the monitoring of patients with HPP receiving treatment
with asfotase alfa, including clinical recommendations concerning la-
boratory, efficacy, and safety assessments and the frequency with which
these should be performed during the course of treatment.

1.1. Methodology

All physicians involved in the panel discussions were experienced in
the management of HPP. Their areas of expertise included pediatrics,
metabolic bone disease, endocrinology, gastroenterology, genetics,
clinical biochemistry, and orthopedic surgery. After the meeting, nurses
experienced in administering asfotase alfa were consulted to obtain
feedback on their recommendations for injection technique.

During the meeting, panel members reached consensus on the
monitoring of infants, children, and adults with HPP treated with as-
fotase alfa and prioritized the importance of assessments for each age
group. Evidence from the asfotase alfa clinical studies was used where
available and appropriate to guide recommendations. A comprehensive
review of the literature was undertaken to establish the foundation for
diagnosis and genetic testing for HPP. All authors reviewed and unan-
imously approved these recommendations.

Although these recommendations provide a basic framework, the
signs, symptoms, and complications of HPP vary widely from patient to
patient. Thus, treatment and monitoring ultimately should be tailored
to the patient based on the individual's medical history, clinical mani-
festations, and the clinician's professional judgment.

1.2. Diagnosis

Considerations for the diagnosis of HPP have been reviewed in other
publications [1,12] and were not a primary focus of the panel discus-
sions. Briefly, the diagnosis of HPP in patients of any age can be es-
tablished based on characteristic signs, symptoms, and complications of
HPP (Table 1) [1,2,9,13,26,39,41–52] in combination with consistently
low age- and sex-adjusted serum ALP activity [1,13] after exclusion of
other causes of low ALP activity and skeletal diseases with similar
presentations [2]. Because the lower limit of normal for ALP activity
varies by age and sex [53], measured activity must be compared with
the lower limit and range appropriate for the patient [13]. Physicians
should be aware that many institutions do not routinely flag low ALP
activity [2] and may incorrectly use adult ALP reference ranges and
apply them to patients of all ages. It should be emphasized that age- and
sex-adjusted ALP reference intervals are critical to making an accurate
diagnosis of HPP. Obtaining activity of the bone isoform of ALP is
generally not necessary or helpful, although it too would be expected to
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be low compared with age- and sex-adjusted reference intervals. Ad-
ditionally, elevated concentrations of ALP substrates, including plasma
PPi, plasma PLP, and urine PEA, may help support the diagnosis for all
age groups [2,24,54], although elevation of natural substrates may vary
by patient [55–58].

1.3. Genetic testing

More than 330 distinct mutations in the ALPL gene encoding the
TNSALP enzyme in HPP have been identified [4,59,60]. Genetic testing
for TNSALP mutations is helpful as a confirmatory tool in cases of di-
agnostic uncertainty, to counsel the family on the risk of inheritance for
other family members, and to advance understanding of the disease
[61]. Involvement of a clinical geneticist in the interpretation of these
results is warranted. The recommended initial test is ALPL-gene se-
quencing, and if results are normal, it is recommended to proceed to
deletion/duplication analysis. In clinical practice, it is common to order
both simultaneously, with instructions to “reflex” to deletion/duplica-
tion of sequencing to improve convenience for the patient and ordering
provider. Sequencing of the ALPL gene by Sanger sequencing or next
generation sequencing should include all exons and should extend into
splice site regions. To date, this allows for detection of approximately
95% of the known ALPL mutations [59,60]. Multigene panels that in-
clude ALPL may also be used, particularly in cases of diagnostic un-
certainty. Ordering clinicians should be aware of the depth of coverage
when using next generation sequencing technology or whole-exome
sequencing, as low coverage regions may harbor pathogenic variants
that are not detected. Recommendations for genetic testing will change
as research advances.

2. Multidisciplinary management of patients with HPP

Given the heterogeneity of HPP, patients may present to a number
of different healthcare professionals. A coordinated, team-based ap-
proach is essential to the effective management of a patient with this
disease, regardless of chosen therapy or management approach. The
multidisciplinary team should include an individual who will serve as
coordinator of care in charge of managing the disease and a core care
team (Fig. 1). The core care team would be frequently engaged in
managing various aspects of patient care and change as the patient

ages, whereas specialists would vary more by presentation. For infants
and children with HPP, it is recommended that the core care team in-
clude an endocrinologist, medical geneticist, pediatrician, or other
healthcare professional specializing in pediatric metabolic bone dis-
orders to be responsible for coordinating care and overseeing the
challenges of managing patients with HPP. As children with HPP be-
come adults and require different services, new treatment teams with
expertise in musculoskeletal disorders/disabilities and metabolic dis-
eases will need to be established. Coordination of care may vary by
country, region, center, and available resources. Dentists, nurses and
allied health professionals (e.g., social workers, genetic counselors,
physical therapists, occupational therapists) experienced in HPP may
also play an important role in patient education and family support.

3. Treatment goals

The goals of treatment with asfotase alfa in patients with HPP are
presented in Table 2 and focus on attainment of good health and
function. For perinatal/infantile patients, goals include survival, im-
proved ventilatory status, control of seizures, and discharge from hos-
pital. Treatment of infants and children with HPP has similar goals,
such as improved growth and mobility (depending on initial clinical
presentation), improved neurologic development, and improved mi-
neralization of bone. For adult patients with fractures, treatment goals
include reduced number and frequency of fractures, particularly
pseudo-fractures and insufficiency fractures, and improved fracture
healing; it is also important to avoid treatments that could cause further
clinical deterioration (e.g., bisphosphonates). In adults with and
without fractures, goals include improved functional status as measured
by strength, endurance, and improvements in gait. Reducing fatigue is
also an important treatment goal, given that fatigue may be a con-
siderable cause of morbidity in adults with HPP. Important goals for all
patients include oral health, attainment of developmental milestones,
improvements in mobility, reduced pain, and improved quality of life
(QOL).

4. Monitoring recommendations

Members of the advisory panel reached consensus on re-
commendations for laboratory, efficacy, and safety assessments and

Table 1
Clinical, biochemical, and radiologic features of HPPa [1,2,9,13,26,39,41–52].

Perinatal/infantile (In utero to< 6 months of age) Childhood (≥6 months to 18 years of age) Adult (≥18 years of age)

• Stillbirth

• Respiratory failure or insufficiency requiring support

• Severe chest deformity (rachitic chest, gracile ribs, rib
fractures, narrow thoracic inlet)

• Severe skeletal hypomineralization or
undermineralization

• Osteochondral spurs

• Rachitic-like lesions

• Metaphyseal radiolucencies

• Bowing deformities with or without fractures

• Limb shortening

• Muscle weakness with hypotonia

• Intracranial hemorrhages

• Seizures (vitamin B6 dependent)

• Craniosynostosis leading to raised intracranial pressure

• Hearing loss

• Failure to thrive

• Hypercalciuria

• Nephrocalcinosis

• Ophthalmic calcifications

• Premature deciduous tooth loss

• Poor bone mineralization

• Bowing deformity

• Rachitic-like lesions

• Metaphyseal radiolucencies

• Fractures

• Delayed walking

• Waddling gait

• Muscle weakness

• Missed motor milestones

• Pain and stiffness

• Short stature

• Craniosynostosis leading to raised
intracranial pressure

• Hearing loss

• Failure to thrive

• Hypercalciuria

• Nephrocalcinosis

• Ophthalmic calcifications

• Premature loss of teeth with intact roots/
lack of cementum

• Poorly healing or recurrent fractures (metatarsal stress,
subtrochanteric femoral pseudo-fractures)

• Joint dislocation

• Chronic muscle or bone pain

• Muscle weakness

• Fatigue

• Immobility

• Osteoarthropathy

• Osteomalacia

• Pseudogout/calcium pyrophosphate deposition disease/
crystal arthropathy

• Chondrocalcinosis

• Nephrocalcinosis

• Risk for ophthalmic calcifications

• Adult tooth loss

• Abnormal dentition, including discoloration, excessive
dental caries, use of bridges/loose teeth

• Premature loss of teeth with intact roots/lack of cementum

HPP, hypophosphatasia.
a These categories are helpful in describing the disease; however, the clinical presentation of HPP is variable and the disease burden throughout an individual patient's life is not well

understood.
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their frequency in the monitoring of patients with HPP who are treated
with asfotase alfa. Recommendations vary by age group and are sum-
marized below for infants, children, and adults with HPP.

4.1. Laboratory testing

Recommendations for laboratory monitoring are summarized for all
age groups in Table 3. Measurement of ALP activity (adjusted for age
and sex) is critical for the diagnosis of HPP and is an essential minimum
baseline assessment for all patients treated with asfotase alfa. After
treatment initiation, monitoring ALP activity may be useful in discus-
sions about medication compliance with patients, parents, or caregivers
and potentially provide insights on immune responses (e.g., if a patient
has continued increases in ALP activity but no clinical improvement,
this could be because of neutralizing antibodies).

At this time, laboratory testing for PPi is not commercially available
and has been performed only in the research setting [2]; the availability
of this assay may increase in the future. Concentrations of plasma PLP
may be assessed by measuring vitamin B6, and urinary PEA can be
measured using commercially available tests, such as urine amino acids.

Assay consistency should be considered when interpreting bio-
chemical test results (e.g., fasting conditions in children and adults,
discontinuing supplements 1 week before testing, if possible). As ex-
pected, in clinical studies, administration of asfotase alfa resulted in
measurements of serum ALP activity above the normal range (up to
several thousand units per liter). Substrates of TNSALP (PPi, PLP, and
PEA) are commonly high in patients with HPP and are often used to
support diagnosis. However, it is not unusual for concentrations of PPi
and PLP to be undetectable in patients treated with asfotase alfa as an
artifact of asfotase alfa continuing to hydrolyze substrates in blood
collection tubes during processing. To accurately measure PPi and PLP
concentrations, an ALP inhibitor, such as levamisole, would need to be
added to blood samples to inhibit in vitro degradation of PPi and PLP to
allow for correct interpretation of the results and to guide treatment.

Asfotase alfa may interact with enzyme-linked immunosorbent as-
says (ELISAs) that use ALP as the enzyme conjugate for quantification.
Depending on the design of the ELISA, the presence of asfotase alfa may
cause false lows in some tests and false highs in others. Because of this
potential for interference, use of assays that do not include an ALP
conjugate is recommended for patients treated with asfotase alfa.
Laboratories and clinicians are encouraged to liaise closely with their

clinical chemist or pathology department if a patient receiving treat-
ment with asfotase alfa has laboratory test results that seem unusual.

4.2. Perinatal and infantile patients

Perinatal and infantile patients with HPP are very fragile and
usually require treatment in an intensive care setting. A schedule of
assessments recommended for monitoring perinatal and infantile pa-
tients is summarized in Table 4. Radiographs reviewed by a radiologist
familiar with HPP are critical for diagnosis and monitoring response to
treatment in these patients. At baseline, a comprehensive skeletal
survey should be performed. Some patients may show skeletal im-
provement as early as 1 month after treatment initiation; however, the
panel's consensus was to obtain radiographs of the chest, wrists, and
knees 3, 6, and 12 months after initiating asfotase alfa, except when
disease severity warrants more frequent imaging. Radiographic findings
after 6 months of treatment can help guide decisions regarding dose
adjustments; more frequent radiographic assessments should be limited
to minimize radiation exposure, unless clinically indicated. Baseline
respiratory assessments and age-appropriate pulmonary function
testing are recommended, with more frequent monitoring and/or re-
spiratory consults based on individual patient symptoms. Even a patient
who is off a ventilator may experience persistent respiratory compro-
mise.

Growth parameters should be routinely monitored and include
length/height, weight, body mass index, and head circumference and
shape (failure of the skull to grow can indicate craniosynostosis); on
treatment, these parameters may be maintained, increase, or in some
cases, exceed percentile lines. Routine monitoring of gross and fine
motor function by a physical therapist and occupational therapist is
recommended for patients of all ages. Baseline and follow-up assess-
ments of pain and QOL are also important but difficult to assess in
perinatal and infantile patients because no HPP-specific tool exists to
evaluate these parameters. Until such tools become available, the
Neonatal Infant Pain Scale [65,68] may be used to monitor pain and the
PedsQL (Pediatric Quality of Life Inventory) Infant Scales [66] may be
used to monitor QOL.

4.3. Children

A schedule of recommended assessments for monitoring children

Table 2
Treatment goals for patients with HPP treated with asfotase alfa.

Perinatal/infantile (in utero to< 6 months of age) Childhood (≥6 months to 18 years of age) Adult (≥18 years of age)

• Survival

• Improved respiratory status (ventilatory
support)

• Skeletal improvements

• Metabolic control, prevention of renal failure

• Improved growth and physical development
(e.g., weight gain)

• Meet developmental milestones

• Treat craniosynostosis

• Seizure control

• Hospital discharge

• Pain reduction

• Oral health

• Improved quality of life

• Improved mobility

• Skeletal improvements

• Radiographic improvements (reduced tongues of
radiolucency)

• Improved growth

• Meet developmental milestones

• Nephrocalcinosis prevention

• Pain reduction

• Oral health

• Improved quality of life

• Patients with fractures
– Improved fracture healing
– Reduced fracture frequency
– Reduced number/prevention of pseudo-fractures and
insufficiency fractures

– Avoidance of treatments that could cause further clinical
deterioration (e.g., bisphosphonates)

• Patients with and without fracturesa

– Improved functional status
- Endurance
- Strength
- Gait/walking

– Reduced fatigue
– Reduced dislocations
– Improved joint issues
– Reduced joint pain
– Improved bone quality
– Pain reduction
– Oral health
– Improved quality of life

HPP, hypophosphatasia.
a Patients may have residual complications owing to past fractures.
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with HPP is summarized in Table 5. Given the variability of clinical
manifestations in children and the wide age range of patients (6 months
to< 18 years), the panel divided the group by age and discussed dif-
ferences in treatment monitoring for younger (6 months to< 5 years at
first signs or symptoms) versus older (≥5 to< 18 years at first signs or
symptoms) children. At baseline, respiratory assessments and pul-
monary function testing are important for both younger and older
children; more frequent monitoring and/or respiratory consults may be
considered based on individual patient symptoms. If sleep studies show

sleep disordered breathing, assessment by an ear, nose, and throat
specialist and/or pulmonologist may be necessary [69]. Dental assess-
ments are important after teeth have erupted. Baseline assessment of
bone mineral density (BMD) using dual-energy X-ray absorptiometry
(DXA; height-adjusted lumbar spine and total body) may be useful (see
Adults section), although use of DXA in HPP patients can be confounded
by aberrant density readings, which the panel speculated may be a
result of increased proteinaceous components of nonmineralized bones;
its use warrants further research. Further recommendations on the use

Table 3
Laboratory assessments in patients with HPP treated with asfotase alfa.

Laboratory test Frequency Special considerations

ALP activity • Perinatal/infantile: Baseline, 3, 6, and 12 months, and then every
6 months

• Childhood and adult: Baseline, 2 weeks, 3, 6, and 12 months, and
then annually

• Critical for diagnosis

• Ensure that testing lab uses age- and sex-adjusted reference ranges

• Significant changes may require further investigation

• May be useful in assessing compliance

• Note on test request form that the sample should be diluted if possible
to get an accurate reading

Plasma PLP • Perinatal/infantile: Baseline, 1, 3, 6, and 12 months, and then
annually

• Childhood and adult: Baseline, 3 months, and then annually

• Active form of vitamin B6

• Vitamin B6 supplements can confound results

• Current issues with testing while on asfotase alfa owing to
degradation in vial would necessitate addition of an ALP inhibitor,
such as levamisole, to the vial for results to be interpretable

Plasma PPi • PPi levels were measured in the clinical trial program for asfotase
alfa. Reductions were observed within 6–12 weeks of treatment;
however, reductions were not correlated with clinical outcomes.
The clinical utility of this assessment has not been explored in the
real-world setting

• Not commercially available

Urine PEA • Perinatal/infantile: Baseline, 1, 3, 6, and 12 months, and then
annually

• Childhood and adult: Baseline, 3 months, and then annually

• Can support diagnosis

Calcium • Perinatal/infantile: Baseline, 1, 3, 6, and 12 months, then annually;
monitor as needed in the acute hypercalcemic until controlled

• Childhood and adult: Baseline, 3 months, and then annually

• Serum calcium should be adjusted for albumin

• Ionized calcium (preferred, most consistent)

• Hypercalcemia may be evident at diagnosis

• Hypocalcemia may occur on treatment; supplementation may be
needed when on asfotase alfa

• Assess more frequently if patient is not improving on treatment

• Calcium abnormalities are rare in adults, but may be in the upper
limits of the reference range

• Can be done locally and can be available at appointments
PTH • Baseline and then periodically based on calcium metabolism in

individual patient
• For detecting alterations in bone/mineral metabolism

• Related to long-term calcium levels

• Perform if calcium levels present an issue

• Can be done locally and can be available at appointments
Vitamin D (25-

hydroxyvitamin D)
• Perinatal/infantile: Baseline, 1, 3, 6, and 12 months, and then

annually once normal levels reached

• Childhood and adult: Baseline, 3, 6, and 12 months, and then
annually once normal levels reached

• For ruling out additional cause of deficient mineralization

• Ensure vitamin D sufficiency during treatment

• Patients with confirmed deficiency should receive supplementation
and be reassessed periodically

• Can be done locally and can be available at appointments
PO4 • Perinatal/infantile: Baseline, 1, 3, 6, and 12 months, and then

annually

• Childhood and adult: Baseline, 3 months, and then annually

• Monitor for serum phosphate (In clinical trials, initial changes in
serum phosphate levels were variable in response to treatment, with
some patients experiencing an increase and some a decrease, but the
values normalized with continued treatment. Some decreases in
serum phosphate levels appeared to coincide with decreases in
serum calcium during the first several weeks of treatment, likely
due to increased skeletal mineralization)

• Assess more frequently if patient is not improving on treatment

• Can be done locally and can be available at appointments
Routine blood tests • Perinatal/infantile: Baseline, 3, 6, 9, and 12 months, and then

annually
– Monitor closely during acute phase until stable

• Childhood and adult: Baseline, 6 months, and then annually

• Complete blood count

• Liver function (bilirubin, ALT, AST)

• Electrolytes

Classic renal panel • Perinatal/infantile: Baseline and every 3 months
– Monitor closely during acute phase until stable

• Childhood and adult: Baseline, 6 months, and then annually

• Creatinine, BUN

• eGFR (adults)

• Urine Ca/Cr (monitor for nephrocalcinosis)
ADA (anti-asfotase alfa IgG) • All groups: As clinically indicated and available • Not commercially available

• Currently available for research use only and through the HPP
Registry (www.hppregistry.com)

• Ideally, test will include information on whether ADA are neutralizing

• Interpretation of results and impact on patient management remain to
be determined

ADA, antidrug antibodies; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Ca/Cr, calcium/creatinine ratio; eGFR,
estimated glomerular filtration rate; HPP, hypophosphatasia; IgG, immunoglobulin G; PEA, phosphoethanolamine; PLP, pyridoxal-5′-phosphate; PPi, inorganic pyrophosphate; PTH,
parathyroid hormone.
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Table 4
Monitoring recommendations for perinatal/infantile patients with HPP treated with asfotase alfa.

Assessment Frequency Special considerations

Radiograph Baseline, 3, 6, and 12 months, and then annually for wrists and every
2 years for knees, or as clinically indicated

• Critical for diagnosis

• Comprehensive skeletal surveya

• Radiographs of knees, wrists, and chest used to monitor treatment

• Consider dose adjustment after 6 months on treatment with no improvement and if no
other causes of drug failure identified

• Study data support 3 months on assessment schedule
Respiratory Baseline and then as clinically indicated • Extremely important assessment/consultation for this age group

• Mode of ventilation: Room air O2 saturation, noninvasive ventilation, CPAP, BiPAP,
ventilator, tracheostomy

• Sleep study before discharge and per pulmonary consultation until normal

• Pulmonary consultation before air flight—consider hypoxia altitude simulation test
Growth Baseline, every 3 months until age 4, and then every 6 months • Length (before 2 years), height (after 2 years), weight, and head circumference

• Should be performed routinely by primary care physician
Motor function Baseline, 3, 6 and 12 months, and then annually • To be performed by PT/OT (BSID-III recommended [62])

• AIMS [63] and GMFM [64] can also be used

• Gauge changes through informal discussions during appointments
Pain Baseline, every month for the first 6 months, and then every 3 months • Monitor with every visit

• Consider a tool such as NIPS [65]
QOL Baseline and then annually • May be challenging to assess; consider a tool such as the PedsQL Infant Scales [66]

or EQ-5D-5L (2-page survey for parents) [67]
Safety See Table 8

AIMS, Alberta Infant Motor Scale; BiPAP, bilevel positive airway pressure; BSID-III, Bayley Scales of Infant and Toddler Development, Third Edition; CPAP, continuous positive airway
pressure; EQ-5D-5L, EuroQol 5-dimension 5-level health questionnaire; GMFM, Gross Motor Function Measure; HPP, hypophosphatasia; NIPS, Neonatal Infant Pain Scale; OT, occu-
pational therapist; PedsQL, Pediatric Quality of Life Inventory; PT, physical therapist; QOL, quality of life.

a Anteroposterior projections of the left wrist can be used to monitor epiphyses involvement and bone age in pediatric through adolescent HPP patients and may be obtained annually.
A skeletal survey for HPP may additionally include anteroposterior projections of feet (focus metatarsals), tibia/fibula and femur (include femoral head), chest, spine (include lateral), and
skull (include lateral). With growth and closing of epiphyses, films focused more on known problem areas in a specific individual are more useful than a complete survey. Screening for
potential progression or general complication (e.g., kyphoscoliosis, chondrocalcinosis, bone mineral loss) or age-dependent complications (e.g., craniosynostosis in children, occult
metatarsal stress fractures in adults) should ensue as patients get older.

Table 5
Monitoring recommendations for children with HPP treated with asfotase alfa.

Assessment Frequency Special considerations

Radiograph Baseline, 6 and 12 months, and then annually for wrists and
every 2 years for knees, or as clinically indicated

• Comprehensive skeletal survey at diagnosis as appropriate

• Bilateral wrist/knee for monitoring treatment

• Use of RSS is recommended to follow improvement of rachitic changes
DXA At physician's discretion; at least every 2 years • Normalized data are not available for children aged< 3 years, but absolute BMD values

can be used to measure change over time
Respiratory Baseline and then as clinically indicated • ENT assessment for older children (aged ≥5 years at first symptoms) for concerns

regarding upper airway obstruction

• Pulmonary function test for concerns regarding lower airway or pulmonary function

• Level of respiratory support important at baseline

• Annually in patients with bronchomalacia or laryngomalacia
Dental Baseline; normal dental care • Only after teeth have erupted
Growth Baseline, every 3 months until age 4, and then every

6 months
• Length, height, weight, and head circumference

• Should be performed routinely by primary care physician
Motor milestones Routine baseline, and then every 6 months • To be performed by PT/OT (BSID-III [62] or PDMS-2 [71] recommended, based on age)
Mobility Baseline, 3 months, and then once a year • 6MWT (for ambulatory children aged ≥5 years) [72]

• AIMS [63] and GMFM [64] are recommended for younger children

• If available, record video for comparisons over time
Gait Baseline, 6 and 12 months, and then annually • Additional assessments may be added based on 12-month results
Muscle strength Baseline, 6 and 12 months, and then annually • Dynamometer if available; grip and pinch strength
Pain Baseline, 6 and 12 months, and then annually • Tools such as CHAQ [73] and PODCI [74] may be considered

• Recommended more frequently beyond 12 months if initial assessment identifies need for
follow-up (i.e., patients with minimal pain do not require further testing)

QOL Baseline, 6 months, and then annually • HPP-specific scale is desired
GI Baseline, 6 and 12 months, and then annually • Monitoring for gastroesophageal reflux and aspiration (recurrent choking, pneumonia)
Nutrition Baseline and then annually • Nutritional assessment, including calcium intake in diet, vitamin use, and vitamin D3

Safety See Table 8

6MWT, 6-Minute Walk Test; AIMS, Alberta Infant Motor Scale; BMD, bone mineral density; BSID-III, Bayley Scales of Infant and Toddler Development, Third Edition; CHAQ, Childhood
Health Assessment Questionnaire; DXA, dual-energy X-ray absorptiometry; ENT, ear, nose, and throat specialist; GI, gastrointestinal; GMFM, Gross Motor Function Measure; HPP,
hypophosphatasia; OT, occupational therapist; PDMS-2, Peabody Developmental Motor Scales, Second Edition; PODCI, Pediatric Outcomes Data Collection Instrument; PT, physical
therapist; QOL, quality of life; RSS, Rickets Severity Scale.
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of DXA in children are provided by the International Society for Clinical
Densitometry [70].

Mobility may be difficult to assess in young children. The Alberta
Infant Motor Scale [63] and Gross Motor Function Measure [64] are
recommended for younger children. For ambulatory children aged
≥5 years, baseline and follow-up assessments of mobility using the 6-
Minute Walk Test (6MWT) [72], performed by an experienced physical
therapist in accordance with American Thoracic Society guidelines
[75], are recommended. When possible, the 6MWT may be recorded on
video to allow comparison of gait and mobility over time. Based on the
patient's age, the Bayley Scales of Infant and Toddler Development,
Third Edition (age ≤42 months) [62], and the Peabody Developmental
Motor Scales, Second Edition (birth through age 5 years) [71], are
helpful for monitoring motor milestones in children.

Pain and QOL are important to assess periodically throughout a
patient's treatment. Changes in analgesic medication and dosage can be
monitored to identify possible changes in pain levels. Pain may be as-
sessed using the Childhood Health Assessment Questionnaire [73] and
the Pediatric Outcomes Data Collection Instrument [74]. QOL assess-
ments become more important and more straightforward in older
compared with younger children. The PedsQL [76] may be helpful for
monitoring QOL; however, there is still a need for an HPP-specific QOL
scale.

4.4. Adults

Monitoring recommendations for adults are summarized in Table 6.
Depending on clinical presentation, prevailing symptoms, and national/
regional medical practice, a full skeletal survey of adults can be com-
pleted at baseline. Bone biopsy can be considered, particularly for pa-
tients with additional skeletal risk factors beyond HPP, such as chronic
kidney disease, history of fractures, or very low BMD. Re-evaluation
during treatment can help determine if bone quality and structure are
improved by enzyme replacement therapy. Although BMD variations
during treatment have not been systematically assessed in HPP patients,

DXA may be considered before treatment to assess fracture risk and
detect changes during treatment. However, DXA results should be in-
terpreted with caution, as HPP bone characteristics might affect find-
ings and underlying metabolic changes do not allow fracture risk to be
derived from T-Scores analogous to osteoporosis testing. Osteomalacia
in HPP can also confound interpretation of DXA results with normal or
slightly osteopenic results. Further, normal DXA results do not ne-
cessarily rule out bone disease or risk of fracture. Although inter-
pretation of DXA findings in HPP and associated changes during en-
zyme replacement therapy are not yet established, such data are likely
to become available in the future to guide recommendations, for ex-
ample, in terms of dosing of supportive/additional treatment mod-
alities. To screen for changes in scoliosis or development of compres-
sion fractures, height measurements on a calibrated stadiometer are
recommended at every visit.

Assessments of mobility and musculoskeletal function, such as the
6MWT [72], Chair Stand Test [83], and Short Physical Performance
Battery [84], are recommended. Mobility assessments can be video-
taped to allow comparisons over time, although subtle changes may be
difficult to interpret. Evaluation of muscle strength and power is useful
to monitor effects during treatment. Muscle performance can be as-
sessed using function assessments (e.g., Bruininks-Oseretsky Test of
Motor Proficiency, Second Edition [BOT-2]) and handheld dynamo-
metry. However, it should be noted that the BOT-2 is validated only for
patients aged 4–21 years [85]. In adult patients, changes in medication
and dosage of analgesics can be monitored to identify possible changes
in pain levels. QOL may be assessed using a questionnaire, such as the
Medical Outcomes Study Short Form-36 health survey [80].

5. Management of perceived treatment failure

The panel recommends additional assessments for identifying a lack
of improvement or treatment failure in patients receiving asfotase alfa.
For infants who do not exhibit skeletal improvement after 3 to 6 months
of treatment (or in children after 6–9 months) or children who stop

Table 6
Monitoring recommendations for adult patients with HPP treated with asfotase alfa.

Assessment Frequency Special considerations

Radiograph Baseline and 1 year; as clinically indicated • Comprehensive skeletal survey at baseline as appropriate

• Should be read by a radiologist experienced in recognizing skeletal dysplasias

• Detection of pseudo-fractures and insufficiency fracturesa

DXA At physician's discretion; at least every 5 years • Initial evaluation of fracture risk beyond HPP

• Absolute BMD values to monitor changes over time
MRI As clinically indicated • Early detection of stress and insufficiency fractures and bone marrow edema

• Joint monitoring
Bone biopsy Baseline and follow-up during treatment if indicated by

bone turnover markers, at the discretion of the clinician
• Particularly in patients with additional skeletal risk factors

• Risk of fracture possible at site of biopsy

• Needs to collected, processed, and read by team experienced in metabolic bone disorders
Dental Baseline and then routine dental visits • Provide a note to dentist to alert if changes are observed (i.e., premature tooth loss, abnormal

dentition, dental caries, enlarged pulp changers of teeth [77]) or treatment with asfotase alfa
is initiated

Mobility Baseline, 3, 6, and 12 months, and then annually • Not in conjunction with bone biopsy (as pain from biopsy may impact ambulation)

• 6MWT [72]
Muscle strength Baseline, 3, 6, and 12 months, and then annually • Dynamometry
Gait Baseline, 3, 6, and 12 months, and then annually • Videotape gait or use GAITRite, if available; otherwise, perform observational gait analysis
Pain Baseline, 3, 6, and 12 months, and then annually • Wong-Baker FACES Pain Rating Scale [78]; 0–10 numeric pain rating scale [79]

• Collect use of medications for pain relief, loss of work
QOL Baseline, 6 and 12 months, and then annually • Recommend EQ-5D-5L: well validated, multiple languages, 2 pages/5 questions.

• Recommend a scale to follow (e.g., SF-36 [80])
GI As clinically indicated • Emerging natural history data indicates that functional GI disorders or feeding issues may be

present in patients with HPP

• GI consult may be needed
Nutrition Baseline and as clinically indicated • Not necessary for all
Safety See Table 8

6MWT, 6-Minute Walk Test; BMD, bone mineral density; DXA, dual-energy x-ray absorptiometry; EQ-5D-5L, EuroQol 5-dimension 5-level health questionnaire; GI, gastrointestinal; HPP,
hypophosphatasia; MRI, magnetic resonance imaging; QOL, quality of life; SF-36, Medical Outcomes Study Short Form-36 Health Survey.

a An insufficiency fracture is caused by normal stress on a weakened bone [81]. Pseudo-fractures are a type of insufficiency fracture, which on radiograph, appear as narrow
radiolucent bands composed of poorly mineralized excess osteoid across the cortex [82].
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having improvement in mineralization and/or show recurrence of
symptoms, additional radiographs and laboratory tests, including ALP,
PLP, PTH, calcium, vitamin D, PO4, magnesium, urine calcium/creati-
nine ratio, can be performed. Immunoglobulin G (IgG) anti–asfotase
alfa antibody testing is not currently commercially available; it is
available for research use only and through the HPP Registry (www.
hppregistry.com). Weight and length/height in infants and children
should increase steadily and progress along percentile lines during
treatment with asfotase alfa. If growth is not observed, inadequate
nutrition or development of musculoskeletal conditions, such as sco-
liosis, should be considered. Similarly, the lack of an increase in head
circumference should prompt further investigation of possible cranio-
synostosis. It is also important to assess the role of antibodies and
compliance in a patient with perceived treatment failure. Based on the
findings and discussion with the patient, parent, or caregiver, the
physician can consider adjusting the dose according to the prescribing
information.

6. Safety monitoring

6.1. Injection site reactions (ISRs)

The most common adverse events (AEs) in patients treated with
asfotase alfa are ISRs, occurring in approximately 73% of patients in
clinical studies [40]. ISRs include injection site erythema, discoloration,
pain, pruritus, swelling, induration, macule, bruising, and nodules,
among others [37]. Fig. 2 shows images of typical ISRs after sub-
cutaneous injections of asfotase alfa.

Clinicians should ensure that patients, parents, and caregivers are
educated regarding proper injection technique before allowing in-
dependent administration. Asfotase alfa is dosed based on weight and is
available in multiple different strength vials. Clinicians should refer to
the prescribing information for appropriate guidance on vial config-
uration for the weight and dose for the patient [37,40,86–88]. The
80 mg/0.8 mL vial of asfotase alfa is not recommended in the United
States for pediatric patients weighing< 40 kg because the systemic
exposure of asfotase alfa achieved is lower than that achieved with the
other strength vials [37]. Basic guidance on proper injection technique
is also available in the prescribing information [37,40,86–88]. Table 7

summarizes recommendations for administration of asfotase alfa based
on guidance in the prescribing information [37,40] and the combined
opinion of the panel of physicians and nurses. Vials of asfotase alfa must
be refrigerated (2–8 °C), but equilibrating the vial to room temperature
by removing from refrigeration ≥15 min before injection may reduce
risk of ISRs. The drug must be administered within 1 hour after removal
from refrigeration [37]. A larger bore needle (e.g., 21–27 gauge) is
recommended for drawing up the dose but should be changed to a
smaller bore needle for administration (e.g., 29–31 gauge), with a
length sufficient to penetrate the dermal space. Injection sites should be
rotated among the abdominal area, thigh, and deltoid areas to reduce
risk of lipohypertrophy and injection site atrophy (use of a rotation
scheme can help ensure consistent rotation). Areas that are hot, red-
dened, inflamed, thickened, hardened, or swollen should not be in-
jected until these resolve. Antihistamines or acetaminophen may be
taken to manage ISRs. There may be fewer ISRs with administration 3
rather than 6 times per week, although less frequent administration will
require injection of a larger volume. For dose volumes> 1 mL, the
injection volume should be split equally between 2 syringes and 2 in-
jection sites [37].

Initial follow-up should be conducted within 2 weeks of treatment
initiation to obtain information on AEs, including ISRs, medication
storage, and patient concerns about the injection. In addition, patients
can be asked to keep a log of any AEs, including ISRs, and clinicians
should ask questions about AEs at every clinic visit to better understand
patient concerns. This will also allow for education of patients, parents,
and caregivers on appropriate injection technique and the importance
of continuous routine monitoring.

ISRs should be treated empirically, depending on the severity of the
reaction. Some recommendations for management of ISRs are included
in Table 8; these recommendations may change as nurses and physi-
cians gain experience with the administration of asfotase alfa in the
clinical setting.

6.2. Hypersensitivity reactions

Hypersensitivity reactions, including signs and symptoms consistent
with anaphylaxis, have been reported in patients receiving asfotase alfa.
These include difficulty breathing, nausea, periorbital edema, dizziness,

Fig. 2. Images of typical injection site reactions ob-
served after subcutaneous administration of asfotase
alfa: (A) transient erythema with warmth and nodules;
(B) erythematous reaction occurring in the first
months of injections that later disappeared (note that
erythematous reactions can occur quickly, even after
the first injection); (C) purple discoloration at the in-
jection site that typically appears later and is persis-
tent; (D) abdominal lipohypertrophy after 4 years of
treatment. (For interpretation of the references to
color in this figure legend, the reader is referred to the
web version of this article.)
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vomiting, fever, headache, flushing, irritability, chills, skin erythema,
rash, pruritus, and oral hypoesthesia. Reactions have occurred within
minutes after subcutaneous administration of asfotase alfa and can
occur for the first time in patients who have received treatment for>
1 year [37]. If these reactions occur, immediate discontinuation of
asfotase alfa is recommended and appropriate medical treatment
should be initiated after current medical standards for emergency
treatment. Clinicians need to maintain an index of suspicion for hy-
persensitivity or anaphylactic reactions. Rechallenge of patients who
have experienced hypersensitivity reactions should be done in a clinical
setting where they can be adequately observed. Not all patients may
need to be prescribed self-injectable epinephrine; however, the panel
recommends a prescription for those who have previously experienced
any systemic hypersensitivity reaction beyond an ISR or based on the
physician's judgment. Additionally, based on experience with other
enzyme replacement therapies, panel members recommend that ad-
ministration of asfotase alfa not be scheduled on the same day as a
vaccination or if the patient has a fever of> 103 °F. Measurement of
immunoglobulin E, tryptase, and complement levels may also be useful
after hypersensitivity reactions.

6.3. Additional safety assessments

AEs observed in clinical studies of asfotase alfa were usually of mild
to moderate intensity, were usually not attributed to the drug, and were
consistent with manifestations of HPP [37,90]. Regardless of asfotase
alfa treatment, patients with HPP are at increased risk for developing
ectopic calcifications [37]. Calcifications of the eye (cornea and con-
junctiva) and kidneys were reported in clinical trials of asfotase alfa; no
visual changes or changes in renal function associated with the calci-
fications were reported. Cases of ectopic calcification after initiation of
treatment with asfotase alfa were noted to be self-limiting. In some
cases, evidence was insufficient to determine whether events were
consistent with the disease or a result of treatment [37]. Craniosynos-
tosis (associated with increased intracranial pressure), including wor-
sening of pre-existing craniosynostosis, was reported in 4 of 10 patients
in a clinical study of asfotase alfa in HPP patients aged< 3 years [38],
although whether this is associated with underlying disease progression
has not been elucidated.

Panel recommendations for monitoring and management of AEs are
summarized in Table 8. Consistent with prescribing information

[37,40], advisory panel members recommend ophthalmologic ex-
aminations and renal ultrasounds be performed at baseline and peri-
odically during treatment to monitor for signs and symptoms of ectopic
calcifications and changes in vision and renal function. Periodic mon-
itoring for craniosynostosis, including fundoscopy for signs of papille-
dema, and prompt intervention for increased intracranial pressure are
recommended for patients aged< 5 years. For perinatal and infantile
patients, the panel recommends that an ophthalmologist follow-up
every 3 months for the first year and every 6 months thereafter to
monitor for increased intracranial pressure and ectopic eye calcifica-
tions in addition to clinical monitoring. The panel also advises that
adult patients at increased cardiovascular risk be monitored for vas-
cular calcifications per standard guidelines [91].

Calcium restriction is often recommended in infants/children with
HPP to manage hypercalcemia. Once treatment with asfotase alfa has
been initiated, restrictions may be lifted and supplementation with
additional calcium may be required to maintain PTH within the normal
range [13,38,40] (Table 8). As such, serum calcium, phosphorous, vi-
tamin D, and PTH levels should be monitored very closely after in-
itiating asfotase alfa in these patients (as described in Table 3). In
perinatal and infantile patients, ionized calcium should be measured; if
ionized calcium testing is not available, albumin levels are needed to
interpret calcium findings.

Across 5 clinical studies, efficacy was not reduced even though
antidrug antibodies were detected [40]. Anti–asfotase alfa antibody
measurement may be considered a goal for patients currently on com-
mercial treatment; however, it is not currently available commercially
in the clinical setting. Anti–asfotase alfa antibody measurement is
available for research use only and through the HPP Registry. Inter-
pretation of results and impact on patient management remains to be
determined.

7. Discussion

HPP is a systemic, metabolic disease with onset of signs and
symptoms ranging from in utero to adulthood and a variety of clinical
features and complications [1,2,13,26]. Enzyme replacement therapy
with asfotase alfa is an approved treatment for patients with HPP
[37,90]. The primary goal of treatment, to treat bone manifestations of
the disease, extends to goals related to the sequelae of bone manifes-
tations, which range from improved growth and mobility to improved

Table 7
Recommendations for administration of asfotase alfa [37,40].

Technique Recommendation

Preinjection preparation • Allow asfotase alfa to reach room temperature before injecting (remove from refrigeration ≥ 15 min before injection) [37]

• Inject within 1 hour of removal from refrigeration [37,40]

• Use good sterile technique (wipe site with alcohol wipe before injecting; always use a new syringe and needle) [37]

• Skin prep: ethylene glycol or lidocaine spray may reduce stinging

• Pinch skin before injection
Syringe use/injection • Use a large-gauge needle (e.g., 21–27 gauge) to pull medication from the vial

• Change to a small-gauge needle (e.g., 29–31 gauge) to administer
Injection technique • Always inject into the subcutaneous tissue and not the skin

• Inject at 45- or 90-degree angle (45-degree angle for patients with little fat)

• Asfotase alfa can be injected into 3 places in the body: abdominal area, thigh, or deltoid [37]
– Abdomen: always inject ≥2 in. away from the umbilical cord
– Thighs: use the front or outer aspects of both thighs ≥4 in. above the knees AND 4 in. below the uppermost part of the thighs; avoid the inner
aspect of the thighs at all costs

– Upper or outer aspects of both upper arms: may be more difficult to inject here as there may not be enough subcutaneous tissue to enable a good
pinch

Frequency of injection • Administering asfotase alfa 2 mg/kg 3 times per week may help reduce the frequency of ISRs compared with administration 6 times per week

• Split larger volume (> 1 mL) into 2 syringes for 2 injections at separate sites [37,40]
Site rotation • Do not administer injections in areas that are hot, reddened, inflamed, thickened, hardened, or swollen [37]

• Rotate injection sites [37,40]; use a rotation scheme to ensure consistency in rotation

• Always keep a log to ensure that you are keeping track of your rotation schedule

• Inject into different spots even in the same quadrant to avoid injecting into the exact same spot (using a stencil might help)

ISRs, injection site reactions.
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ventilatory status, to survival, among others (Table 2). The current
consensus recommendations provide a basic framework for monitoring
patients with HPP for whom the decision to treat has been made.
However, the treatment and monitoring of patients with HPP should be
tailored to the patient based on the individual's medical history and
clinical manifestations and may vary from country to country.

Several unmet needs remain in the assessment of patients with HPP
who are receiving asfotase alfa. For example, standardized, commer-
cially available assays for PPi, direct measurement of PLP, and

immunogenicity on treatment will have clinical utility in the overall
management of HPP. In addition, a HPP-specific tool is needed to assess
QOL. Given accumulating data on asfotase alfa and HPP, guidance of-
fered in this consensus report will continue to evolve.

An HPP Registry (www.hppregistry.com) has been established to
better understand both the natural history of HPP and to monitor and
evaluate long-term treatment effects of asfotase alfa. Patients and their
caregivers should be encouraged to contribute their data to the registry.

Table 8
Recommendations for monitoring and management of adverse events in patients with HPP treated with asfotase alfa.

Adverse event Description Monitoring/management recommendations

Hypersensitivity reactions • Signs and symptoms consistent with anaphylaxis, including
difficulty breathing, choking sensation, nausea, periorbital edema,
and dizziness, have occurred within minutes after subcutaneous
administration of asfotase alfa and can occur in patients on
treatment for> 1 year

• Other hypersensitivity reactions have been reported, including
vomiting, fever, headache, flushing, irritability, chills, skin
erythema, rash, pruritus, and oral hypoesthesia

• Educate/discuss at every visit

• Avoid injection if fever or anesthesia on same day

• Do not schedule vaccinations on same day as injection (may require
missing dose if patient is receiving asfotase alfa daily)

• If a severe hypersensitivity reaction occurs, discontinue asfotase alfa
and consider initiating appropriate medical treatment including:
– Administer epinephrine
– Administer antihistamine
– Administer IV corticosteroids
– Manage fluid volume/hypotension with IV fluids
– For respiratory symptoms, administer a β-agonist (e.g., albuterol) via
metered-dose inhaler or nebulizer

– For significant dyspnea, cyanosis, or wheezing, administer moderate-
to high-flow oxygen by nasal cannula or mask

– Initiate advanced CPR, if necessary

• Consider the risks and benefits of readministering asfotase alfa after a
severe reaction; if decision is made to readminister, monitor patients for
a reoccurrence of signs and symptoms of a severe hypersensitivity
reaction and ensure access to epinephrine or other appropriate
prescribed medication

ISRs • Local ISRs including erythema, rash, discoloration, pruritus, pain,
papule, nodule, and atrophy

• These have been generally assessed as nonserious, mild to moderate
in severity, and self-limiting

• Monitor at each clinical assessment

• Advise patients to follow proper injection technique and to rotate
injection sites

• Ask patients to keep a diary to record ISRs

• For mild to moderate events or recurrent mild events, the following is
recommended (can be administered 1 hour before injection):
– Antihistamine (diphenhydramine, hydroxyzine, or chlorpheniramine)
plus acetaminophen or ibuprofen

• Include dermatologist evaluation if indicated

• Administration of asfotase alfa should be interrupted in any patient
experiencing severe injection reactions, and appropriate medical
therapy should be administered [40]

Lipodystrophy • Localized lipodystrophy, including lipoatrophy and
lipohypertrophy, has been reported at injection sites after several
months in patients treated with asfotase alfa in clinical studies

• Monitor at each clinical assessment

• Advise patients to follow proper injection technique and to rotate
injection sites

Hypercalcemia and
hypocalcemia

• Although calcium restriction is often recommended in patients with
HPP to manage hypercalcemia, once asfotase alfa has been initiated,
restrictions may be reversed and supplementation may be required
to maintain PTH within normal range [13,38,40]

• Monitor serum PTH, calcium, phosphorous, and 25(OH)D
concentrations as needed in acute hypercalcemia until controlled

• Calcium levels should be monitored very closely after initiating asfotase
alfa in perinatal/infantile patients

• Calcium and vitamin D supplementation may be needed during
treatment

Craniosynostosis • Can lead to increased intracranial pressure

• In clinical studies of asfotase alfa, craniosynostosis (including
worsening of pre-existing craniosynostosis) was reported in HPP
patients age< 5 years

• There are insufficient data to establish a causal relationship
between exposure to asfotase alfa and progression of
craniosynostosis

• Monitor at baseline, every 3 months for the first year, and then every
6 months for patients age< 3 years and annually for patients
age> 3 years, depending on clinical need

• Monitor for cranial deformation, premature closing fontanel, bulging,
edema, calcification, head circumference

• Ophthalmic examination (fundoscopy for signs of papilledema)

• Neurologic examination

• Cranial CT as clinically indicated if craniosynostosis is suspected

• Prompt intervention for increased intracranial pressure in patients
age< 5 years [40]

Ectopic eye calcification • Ophthalmic (conjunctival and corneal) calcification has been
reported in patients with HPP in clinical studies of asfotase alfa [40]

• There are insufficient data to establish a causal relationship
between exposure to asfotase alfa and ectopic eye calcifications

• Ophthalmic examination at baseline and every 1 year or as clinically
indicated

Nephrocalcinosis • Nephrocalcinosis has been reported in patients with HPP in clinical
studies of asfotase alfa [89]

• There are insufficient data to establish a causal relationship
between exposure to asfotase alfa and nephrocalcinosis

• Renal ultrasound and urinary Ca/Cr at baseline and every 6 months,
as clinically indicated

• Monitor during acute phase until stable

• Assess at baseline and every 3 months in perinatal/infantile patients and
at baseline, 6 months, and then annually in children and adults

Ca/Cr, calcium/creatinine ratio; CPR, cardiopulmonary resuscitation; CT, computed tomography; HPP, hypophosphatasia; ISR, injection site reaction; OHD, 25-hydroxyvitamin D; IV,
intravenous; PTH, parathyroid hormone.
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8. Conclusions

Because of the systemic manifestations of HPP, a coordinated,
multidisciplinary, team-based and patient-focused approach is needed
for managing patients receiving asfotase alfa therapy. These consensus
recommendations are based on the expert opinion of physicians ex-
perienced in the management of HPP and are intended to serve as a
basic framework for monitoring patients with HPP for whom the de-
cision to treat has been made. However, monitoring assessments must
be tailored to the individual patient, depending on medical history,
specific clinical manifestations, and the clinician's professional judg-
ment. Clinicians are reminded that the recommendations provided may
evolve as more scientific information becomes available.
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of hypophosphatasia. Adherence to these recommendations is com-
pletely voluntary. These recommendations are intended to serve as a
basic framework for monitoring patients with hypophosphatasia for
whom the decision to treat has been made. Ultimately, the treatment
and monitoring of patients with hypophosphatasia should be tailored to
the patient based on the individual's clinical manifestations, medical
history, and the clinician's professional judgment. Clinicians are ad-
vised that the recommendations provided may evolve as more scientific
information becomes available.

Acknowledgments

Editorial support was provided by Lela Creutz, PhD, and Bina J.
Patel, PharmD, CMPP, of Peloton Advantage, LLC, and was funded by
Alexion Pharmaceuticals, Inc. The meeting that served as the basis for
these recommendations was planned and paid for by Alexion
Pharmaceuticals, Inc. All attendees received honoraria and travel sup-
port for their participation. The authors would like to thank Christine
Clemson, PhD, for the conceptualization and development of the ad-
visory panel and for providing medical review of the manuscript. At the
time the manuscript was developed, Christine Clemson, PhD, was an
employee of Alexion Pharmaceuticals, Inc., and may have owned stock/
options in Alexion Pharmaceuticals, Inc.

References

[1] M.L. Bianchi, Hypophosphatasia: an overview of the disease and its treatment,
Osteoporos. Int. 26 (12) (2015) 2743–2757.

[2] C. Rockman-Greenberg, Hypophosphatasia, Pediatr. Endocrinol. Rev. 10 (Suppl. 2)
(2013) 380–388.

[3] M.J. Weiss, D.E. Cole, K. Ray, M.P. Whyte, M.A. Lafferty, R.A. Mulivor, et al., A
missense mutation in the human liver/bone/kidney alkaline phosphatase gene
causing a lethal form of hypophosphatasia, Proc. Natl. Acad. Sci. U. S. A. 85 (20)
(1988) 7666–7669.

[4] E. Mornet, The Tissue Nonspecific Alkaline Phosphatase Gene Mutations Database:
University of Versailes-Saint Quentin. Updated: May 2016, Available from: http://
www.sesep.uvsq.fr/03_hypo_mutations.php Accessed: March 10, 2017.

[5] H. Fleisch, R.G. Russell, F. Straumann, Effect of pyrophosphate on hydroxyapatite
and its implications in calcium homeostasis, Nature 212 (5065) (1966) 901–903.

[6] R.G. Russell, Excretion of inorganic pyrophosphate in hypophosphatasia, Lancet 2
(7410) (1965) 461–464.

[7] T. Taketani, Neurological symptoms of hypophosphatasia, Subcell. Biochem. 76
(2015) 309–322.

[8] S. Baumgartner-Sigl, E. Haberlandt, S. Mumm, S. Scholl-Burgi, C. Sergi, L. Ryan,
et al., Pyridoxine-responsive seizures as the first symptom of infantile hypopho-
sphatasia caused by two novel missense mutations (c.677T > C, p.M226T;
c.1112C > T, p.T371I) of the tissue-nonspecific alkaline phosphatase gene, Bone 40
(6) (2007) 1655–1661.

[9] M.P. Whyte, Physiological role of alkaline phosphatase explored in hypopho-
sphatasia, Ann. N. Y. Acad. Sci. 1192 (2010) 190–200.

[10] K.N. Fedde, M.P. Whyte, Alkaline phosphatase (tissue-nonspecific isoenzyme) is a
phosphoethanolamine and pyridoxal-5′-phosphate ectophosphatase: normal and
hypophosphatasia fibroblast study, Am. J. Hum. Genet. 47 (5) (1990) 767–775.

[11] K.N. Fedde, C.C. Lane, M.P. Whyte, Alkaline phosphatase is an ectoenzyme that acts
on micromolar concentrations of natural substrates at physiologic pH in human
osteosarcoma (SAOS-2) cells, Arch. Biochem. Biophys. 264 (2) (1988) 400–409.

[12] A. Linglart, M. Biosse-Duplan, Hypophosphatasia, Curr. Osteoporos. Rep. 14 (3)
(2016) 95–105.

[13] N. Bishop, Clinical management of hypophosphatasia, Clin. Cases Miner. Bone
Metab. 12 (2) (2015) 170–173.

[14] M.P. Whyte, F. Zhang, D. Wenkert, W.H. McAlister, K.E. Mack, M.C. Benigno, et al.,
Hypophosphatasia: validation and expansion of the clinical nosology for children
from 25 years experience with 173 pediatric patients, Bone 75 (2015) 229–239.

[15] M.P. Whyte, Hypophosphatasia, in: R.V. Thakker, M.P. Whyte, J.A. Eisman,
T. Igarashi (Eds.), Genetics of Bone Biology and Skeletal Disease, Academic Press,
London, UK, 2013, pp. 337–360.

[16] E. Mornet, Molecular genetics of hypophosphatasia and phenotype-genotype cor-
relations, Subcell. Biochem. 76 (2015) 25–43.

[17] D. Fraser, Hypophosphatasia, Am. J. Med. 22 (5) (1957) 730–746.
[18] Z.Y. Wang, K. Zhang, G.S. Zheng, W. Qiao, Y.X. Su, Current concepts in odonto-

hypophosphatasia form of hypophosphatasia and report of two cases, BMC Oral
Health 16 (1) (2016) 70.

[19] J.M. Brittain, T.R. Oldenburg, E.J. Burkes Jr., Odontohypophosphatasia: report of
two cases, ASDC J. Dent. Child. 43 (2) (1976) 106–111.

[20] F. Eberle, S. Hartenfels, H. Pralle, A. Kabisch, Adult hypophosphatasia without
apparent skeletal disease: “odontohypophosphatasia” in four heterozygote mem-
bers of a family, Klin. Wochenschr. 62 (8) (1984) 371–376.

[21] R.M. Pauli, P. Modaff, S.L. Sipes, M.P. Whyte, Mild hypophosphatasia mimicking
severe osteogenesis imperfecta in utero: bent but not broken, Am. J. Med. Genet. 86
(5) (1999) 434–438.

[22] D. Wenkert, W.H. McAlister, S.P. Coburn, J.A. Zerega, L.M. Ryan, K.L. Ericson,
et al., Hypophosphatasia: nonlethal disease despite skeletal presentation in utero
(17 new cases and literature review), J. Bone Miner. Res. 26 (10) (2011)
2389–2398.

[23] J.H. Simmons, Best practices in: recognizing and diagnosing hypophosphatasia,
Clin. Endocrinol. News (2013) 1–8 (suppl).

[24] M.P. Whyte, Hypophosphatasia - aetiology, nosology, pathogenesis, diagnosis and
treatment, Nat. Rev. Endocrinol. 12 (4) (2016) 233–246.

[25] T.J. Weber, E.K. Sawyer, S. Moseley, T. Odrljin, P.S. Kishnani, Burden of disease in
adult patients with hypophosphatasia: results from two patient-reported surveys,
Metabolism 65 (2016) 1522–1530.

P.S. Kishnani et al. Molecular Genetics and Metabolism 122 (2017) 4–17

15

http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0005
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0005
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0010
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0010
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0015
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0015
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0015
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0015
http://www.sesep.uvsq.fr/03_hypo_mutations.php
http://www.sesep.uvsq.fr/03_hypo_mutations.php
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0025
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0025
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0030
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0030
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0035
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0035
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0040
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0040
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0040
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0040
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0040
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0045
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0045
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0050
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0050
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0050
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0055
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0055
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0055
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0060
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0060
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0065
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0065
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0070
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0070
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0070
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0075
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0075
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0075
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0080
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0080
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0085
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0090
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0090
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0090
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0095
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0095
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0100
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0100
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0100
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0105
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0105
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0105
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0110
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0110
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0110
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0110
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0115
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0115
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0120
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0120
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0125
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0125
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0125


[26] K.E. Berkseth, P.J. Tebben, M.T. Drake, T.E. Hefferan, D.E. Jewison, R.A. Wermers,
Clinical spectrum of hypophosphatasia diagnosed in adults, Bone 54 (1) (2013)
21–27.

[27] E. Mornet, M.E. Nunes, Hypophosphatasia, in: R.A. Pagon, M.P. Adam,
H.H. Ardinger, S.E. Wallace, A. Amemiya, L.J.H. Bean, et al. (Eds.), GeneReviews,
University of Washington, Seattle WA, 2016.

[28] R.A. Sutton, S. Mumm, S.P. Coburn, K.L. Ericson, M.P. Whyte, “Atypical femoral
fractures” during bisphosphonate exposure in adult hypophosphatasia, J. Bone
Miner. Res. 27 (5) (2012) 987–994.

[29] T. Cundy, T. Michigami, K. Tachikawa, M. Dray, J.F. Collins, E.P. Paschalis, et al.,
Reversible deterioration in hypophosphatasia caused by renal failure with bispho-
sphonate treatment, J. Bone Miner. Res. 30 (9) (2015) 1726–1737.

[30] P.M. Camacho, A.M. Mazhari, C. Wilczynski, R. Kadanoff, S. Mumm, M.P. Whyte,
Adult hypophosphatasia treated with teriparatide: report of two patients and review
of the literature, Endocr. Pract. 22 (8) (2016) 941–950.

[31] M.P. Whyte, S. Mumm, C. Deal, Adult hypophosphatasia treated with teriparatide,
J. Clin. Endocrinol. Metab. 92 (4) (2007) 1203–1208.

[32] M. Laroche, Failure of teriparatide in treatment of bone complications of adult
hypophosphatasia, Calcif. Tissue Int. 90 (3) (2012) 250.

[33] Forteo [package insert]. Indianapolis, IN: Lilly USA; March 2012.
[34] R.A. Cahill, D. Wenkert, S.A. Perlman, A. Steele, S.P. Coburn, W.H. McAlister, et al.,

Infantile hypophosphatasia: transplantation therapy trial using bone fragments and
cultured osteoblasts, J. Clin. Endocrinol. Metab. 92 (8) (2007) 2923–2930.

[35] M.P. Whyte, J. Kurtzberg, W.H. McAlister, S. Mumm, M.N. Podgornik, S.P. Coburn,
et al., Marrow cell transplantation for infantile hypophosphatasia, J. Bone Miner.
Res. 18 (4) (2003) 624–636.

[36] T. Taketani, C. Oyama, A. Mihara, Y. Tanabe, M. Abe, T. Hirade, et al., Ex vivo
expanded allogeneic mesenchymal stem cells with bone marrow transplantation
improved osteogenesis in infants with severe hypophosphatasia, Cell Transplant. 24
(10) (2015) 1931–1943.

[37] Strensiq [package insert]. New Haven, CT: Alexion Pharmaceuticals, Inc.; October
2016.

[38] M.P. Whyte, C.R. Greenberg, N.J. Salman, M.B. Bober, W.H. McAlister, D. Wenkert,
et al., Enzyme-replacement therapy in life-threatening hypophosphatasia, N. Engl.
J. Med. 366 (10) (2012) 904–913.

[39] M.P. Whyte, K.L. Madson, D. Phillips, A. Reeves, W.H. McAlister, A. Yakimoski,
et al., Asfotase alfa therapy for children with hypophosphatasia, JCI Insight 1 (9)
(2016) e85971.

[40] Strensiq [summary of product characteristics]. Rueil-Malmaison, France: Alexion
Europe; June 8, 2017.

[41] F.E. McKiernan, R.L. Berg, J. Fuehrer, Clinical and radiographic findings in adults
with persistent hypophosphatasemia, J. Bone Miner. Res. 29 (7) (2014) 1651–1660.

[42] B.L. Foster, M.S. Ramnitz, R.I. Gafni, A.B. Burke, A.M. Boyce, J.S. Lee, et al., Rare
bone diseases and their dental, oral, and craniofacial manifestations, J. Dent. Res.
93 (7 Suppl) (2014) 7S–19S.

[43] A. Reibel, M.C. Maniere, F. Clauss, D. Droz, Y. Alembik, E. Mornet, et al., Orodental
phenotype and genotype findings in all subtypes of hypophosphatasia, Orphanet J.
Rare Dis. 4 (2009) 6.

[44] E. Mornet, Hypophosphatasia, Orphanet J. Rare Dis. 2 (2007) 40.
[45] H. Collmann, E. Mornet, S. Gattenlohner, C. Beck, H. Girschick, Neurosurgical as-

pects of childhood hypophosphatasia, Childs Nerv. Syst. 25 (2) (2009) 217–223.
[46] C. Beck, H. Morbach, C. Wirth, M. Beer, H.J. Girschick, Whole-body MRI in the

childhood form of hypophosphatasia, Rheumatol. Int. 31 (10) (2011) 1315–1320.
[47] M. Mori, S.L. DeArmey, T.J. Weber, P.S. Kishnani, Case series: odontohypopho-

sphatasia or missed diagnosis of childhood/adult-onset hypophosphatasia? - call for
a long-term follow-up of premature loss of primary teeth, Bone Rep. 5 (2016)
228–232.

[48] C. Stoll, M. Fischbach, J. Terzic, Y. Alembik, M.O. Vuillemin, E. Mornet, Severe
hypophosphatasia due to mutations in the tissue-nonspecific alkaline phosphatase
(TNSALP) gene, Genet. Couns. 13 (3) (2002) 289–295.

[49] T. Taketani, K. Onigata, H. Kobayashi, Y. Mushimoto, S. Fukuda, S. Yamaguchi,
Clinical and genetic aspects of hypophosphatasia in Japanese patients, Arch. Dis.
Child. 99 (3) (2014) 211–215.

[50] I. Silva, W. Castelao, M. Mateus, J.C. Branco, Childhood hypophosphatasia with
myopathy: clinical report with recent update, Acta Reumatol. Port. 37 (1) (2012)
92–96.

[51] S.S. Seshia, G. Derbyshire, J.C. Haworth, J. Hoogstraten, Myopathy with hypo-
phosphatasia, Arch. Dis. Child. 65 (1) (1990) 130–131.

[52] S. Lessell, E.W. Norton, Band keratopathy and conjunctival calcification in hypo-
phosphatasia, Arch. Ophthalmol. 71 (1964) 497–499.

[53] D.A. Colantonio, L. Kyriakopoulou, M.K. Chan, C.H. Daly, D. Brinc, A.A. Venner,
et al., Closing the gaps in pediatric laboratory reference intervals: a CALIPER da-
tabase of 40 biochemical markers in a healthy and multiethnic population of chil-
dren, Clin. Chem. 58 (5) (2012) 854–868.

[54] C. Hofmann, H.J. Girschick, B. Mentrup, S. Graser, L. Seefried, J. Liese, et al.,
Clinical aspects of hypophosphatasia: an update, Clin. Rev. Bone Miner. Metab. 11
(2013) 60–70.

[55] A.M. Caswell, M.P. Whyte, R.G. Russell, Hypophosphatasia and the extracellular
metabolism of inorganic pyrophosphate: clinical and laboratory aspects, Crit. Rev.
Clin. Lab. Sci. 28 (3) (1991) 175–232.

[56] K. Kozlowski, J. Sutcliffe, A. Barylak, G. Harrington, H. Kemperdick, K. Nolte, et al.,
Hypophosphatasia. Review of 24 cases, Pediatr. Radiol. 5 (2) (1976) 103–117.

[57] M.P. Whyte, J.D. Mahuren, K.N. Fedde, F.S. Cole, E.R. McCabe, S.P. Coburn,
Perinatal hypophosphatasia: tissue levels of vitamin B6 are unremarkable despite
markedly increased circulating concentrations of pyridoxal-5′-phosphate. Evidence
for an ectoenzyme role for tissue-nonspecific alkaline phosphatase, J. Clin. Invest.
81 (4) (1988) 1234–1239.

[58] R.G. Russell, S. Bisaz, A. Donath, D.B. Morgan, H. Fleisch, Inorganic pyrophosphate
in plasma in normal persons and in patients with hypophosphatasia, osteogenesis
imperfecta, and other disorders of bone, J. Clin. Invest. 50 (5) (1971) 961–969.

[59] E. Mornet, Hypophosphatasia, Best Pract. Res. Clin. Rheumatol. 22 (1) (2008)
113–127.

[60] E. Mornet, C. Hofmann, A. Bloch-Zupan, H. Girschick, M. Le Merrer, Clinical utility
gene card for: hypophosphatasia - update 2013, Eur. J. Hum. Genet. 22 (4) (2014).

[61] A. Taillandier, C. Domingues, C. De Cazanove, V. Porquet-Bordes, S. Monnot,
T. Kiffer-Moreira, et al., Molecular diagnosis of hypophosphatasia and differential
diagnosis by targeted Next Generation Sequencing, Mol. Genet. Metab. 116 (3)
(2015) 215–220.

[62] N. Bayley, Bayley Scales of Infant and Toddler Development. Administration
Manual, 3rd ed., Pearson, San Antonio, TX, 2006.

[63] M.C. Piper, L.E. Pinnell, J. Darrah, T. Maguire, P.J. Byrne, Construction and vali-
dation of the Alberta Infant Motor Scale (AIMS), Can. J. Public Health 83 (Suppl. 2)
(1992) S46–50.

[64] D.J. Russell, P.L. Rosenbaum, M. Wright, L.M. Avery, Gross Motor Function
Measure (GMFM-66 and GMFM-88) User's Manual, 2nd ed., McMaster University,
Hamilton, ON, Canada, 2013.

[65] D. Hudson-Barr, B. Capper-Michel, S. Lambert, T.M. Palermo, K. Morbeto,
S. Lombardo, Validation of the Pain Assessment in Neonates (PAIN) scale with the
Neonatal Infant Pain Scale (NIPS), Neonatal Netw. 21 (6) (2002) 15–21.

[66] J.W. Varni, C.A. Limbers, K. Neighbors, K. Schulz, J.E. Lieu, R.W. Heffer, et al., The
PedsQL Infant Scales: feasibility, internal consistency reliability, and validity in
healthy and ill infants, Qual. Life Res. 20 (1) (2011) 45–55.

[67] M. van Reenen, B. Janssen, EQ-5D-5L User Guide, EuroQol Research Foundation,
Rotterdam, The Netherlands, April 2015.

[68] J. Lawrence, D. Alcock, P. McGrath, J. Kay, S.B. MacMurray, C. Dulberg, The de-
velopment of a tool to assess neonatal pain, Neonatal Netw. 12 (6) (1993) 59–66.

[69] C.L. Marcus, L.J. Brooks, K.A. Draper, D. Gozal, A.C. Halbower, J. Jones, et al.,
Diagnosis and management of childhood obstructive sleep apnea syndrome,
Pediatrics 130 (3) (2012) 576–584.

[70] International Society for Clinical Densitometry, Official Positions—Pediatric.
Skeletal health assessment in children from infancy to adolescence. Middletown,
CT: ISCD. Updated: 2014, Available at: http://www.iscd.org/official-positions/
2013-iscd-official-positions-pediatric/ Accessed: March 10, 2017.

[71] M.R. Folio, R.R. Fewell, Peabody Developmental Motor Scales, 2nd ed., Pro-Ed Inc.,
Austin, TX, 2000.

[72] C.M. McDonald, E.K. Henricson, R.T. Abresch, J. Florence, M. Eagle, E. Gappmaier,
et al., The 6-minute walk test and other clinical endpoints in Duchenne muscular
dystrophy: reliability, concurrent validity, and minimal clinically important dif-
ferences from a multicenter study, Muscle Nerve 48 (3) (2013) 357–368.

[73] G. Singh, B.H. Athreya, J.F. Fries, D.P. Goldsmith, Measurement of health status in
children with juvenile rheumatoid arthritis, Arthritis Rheum. 37 (12) (1994)
1761–1769.

[74] L.H. Daltroy, M.H. Liang, A.H. Fossel, M.J. Goldberg, for the Pediatric Outcomes
Instrument Development Group, The POSNA Pediatric Musculoskeletal Functional
Health Questionnaire: report on reliability, validity, and sensitivity to change, J.
Pediatr. Orthop. 18 (5) (1998) 561–571.

[75] ATS Statement, Guidelines for the Six-Minute Walk Test. Updated: July 1, 2002,
Available at: http://www.atsjournals.org/doi/pdf/10.1164/ajrccm.166.1.at1102
Accessed: March 10, 2017.

[76] J.W. Varni, T.M. Burwinkle, M. Seid, D. Skarr, The PedsQL 4.0 as a pediatric po-
pulation health measure: feasibility, reliability, and validity, Ambul. Pediatr. 3 (6)
(2003) 329–341.

[77] A. Bloch-Zupan, Hypophosphatasia: diagnosis and clinical signs - a dental surgeon
perspective, Int. J. Paediatr. Dent. 26 (6) (2016) 426–438.

[78] D.L. Wong, M. Hackenberry-Eaton, D. Wilson, M.L. Winkelstein, P. Schwartz,
Wong's Essentials of Pediatric Nursing, Elsevier Health Sciences, St. Louis, MO,
2001.

[79] M. McCaffery, C. Pasero, Pain: Clinical Manual, Mosby, St. Louis, MO, 1999.
[80] J.E. Ware Jr., C.D. Sherbourne, The MOS 36-item short-form health survey (SF-36).

I. Conceptual framework and item selection, Med. Care 30 (6) (1992) 473–483.
[81] E.M. Lyders, C.T. Whitlow, M.D. Baker, P.P. Morris, Imaging and treatment of sacral

insufficiency fractures, AJNR Am. J. Neuroradiol. 31 (2) (2010) 201–210.
[82] A.V. Hampole, T.C. Demos, L.M. Lomasney, G.A. Charnogursky, Radiologic case

study, Osteomalacia Orthopedics 35 (11) (2012) 913, 984–987.
[83] Centers for Disease Control and Prevention, Stopping Elderly Accidents,

Deaths & Injuries. The 30-Second Chair Stand Test, CCD, Atlanta, GA, 2016
Available at: http://www.cdc.gov/steadi/materials.html http://www.cdc.gov/
steadi/pdf/30_second_chair_stand_test-a.pdf Accessed: March 10, 2017.

[84] J.M. Guralnik, E.M. Simonsick, L. Ferrucci, R.J. Glynn, L.F. Berkman, D.G. Blazer,
et al., A short physical performance battery assessing lower extremity function:
association with self-reported disability and prediction of mortality and nursing
home admission, J. Gerontol. 49 (2) (1994) M85–94.

[85] J.C. Deitz, D. Kartin, K. Kopp, Review of the Bruininks-Oseretsky Test of Motor
Proficiency, Second Edition (BOT-2), Phys. Occup. Ther. Pediatr. 27 (4) (2007)

P.S. Kishnani et al. Molecular Genetics and Metabolism 122 (2017) 4–17

16

http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0130
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0130
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0130
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0135
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0135
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0135
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0140
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0140
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0140
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0145
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0145
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0145
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0150
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0150
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0150
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0155
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0155
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0160
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0160
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0165
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0165
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0165
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0170
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0170
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0170
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0175
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0175
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0175
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0175
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0180
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0180
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0180
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0185
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0185
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0185
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0190
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0190
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0195
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0195
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0195
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0200
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0200
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0200
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0205
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0210
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0210
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0215
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0215
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0220
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0220
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0220
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0220
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0225
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0225
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0225
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0230
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0230
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0230
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0235
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0235
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0235
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0240
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0240
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0245
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0245
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0250
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0250
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0250
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0250
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0255
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0255
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0255
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0260
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0260
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0260
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0265
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0265
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0270
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0270
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0270
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0270
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0270
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0275
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0275
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0275
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0280
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0280
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0285
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0285
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0290
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0290
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0290
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0290
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0295
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0295
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0300
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0300
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0300
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0305
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0305
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0305
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0310
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0310
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0310
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0315
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0315
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0315
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0320
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0320
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0325
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0325
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0330
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0330
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0330
http://www.iscd.org/official-positions/2013-iscd-official-positions-pediatric
http://www.iscd.org/official-positions/2013-iscd-official-positions-pediatric
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0340
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0340
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0345
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0345
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0345
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0345
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0350
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0350
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0350
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0355
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0355
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0355
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0355
http://www.atsjournals.org/doi/pdf/10.1164/ajrccm.166.1.at1102
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0365
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0365
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0365
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0370
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0370
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0375
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0375
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0375
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0380
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0385
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0385
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0390
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0390
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0395
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0395
http://www.cdc.gov/steadi/materials.html
http://www.cdc.gov/steadi/pdf/30_second_chair_stand_test-a.pdf
http://www.cdc.gov/steadi/pdf/30_second_chair_stand_test-a.pdf
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0405
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0405
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0405
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0405
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0410
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0410


87–102.
[86] Strensiq Australia [package insert]. Frenchs Forest NSW Australia: Alexion

Pharmaceuticals Australasia; January 14, 2016.
[87] Strensiq [Health Canada], Updated: 2016, Available at: http://www.hc-sc.gc.ca/

dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2015_strensiq_179340-eng.php
Accessed: March 10, 2017.

[88] Strensiq [prescribing information]. Tokyo, Japan: Alexion Pharma GK; 2015 August
2015.

[89] E. Maman, D. Borderie, C. Roux, K. Briot, Absence of recognition of low alkaline

phosphatase level in a tertiary care hospital, Osteoporos. Int. 27 (3) (2016)
1251–1254.

[90] L.J. Scott, Asfotase alfa: a review in paediatric-onset hypophosphatasia, Drugs 76
(2) (2016) 255–262.

[91] D.C. Goff Jr., D.M. Lloyd-Jones, G. Bennett, S. Coady, R.B. D'Agostino, R. Gibbons,
et al., 2013 ACC/AHA guideline on the assessment of cardiovascular risk: a report of
the American College of Cardiology/American Heart Association Task Force on
Practice Guidelines, Circulation 129 (25 Suppl 2) (2014) S49–73.

P.S. Kishnani et al. Molecular Genetics and Metabolism 122 (2017) 4–17

17

http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0410
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2015_strensiq_179340-eng.php
http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-med/sbd_smd_2015_strensiq_179340-eng.php
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0420
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0420
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0420
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0425
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0425
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0430
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0430
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0430
http://refhub.elsevier.com/S1096-7192(16)30374-2/rf0430

	Monitoring guidance for patients with hypophosphatasia treated with asfotase alfa
	Introduction
	Methodology
	Diagnosis
	Genetic testing

	Multidisciplinary management of patients with HPP
	Treatment goals
	Monitoring recommendations
	Laboratory testing
	Perinatal and infantile patients
	Children
	Adults

	Management of perceived treatment failure
	Safety monitoring
	Injection site reactions (ISRs)
	Hypersensitivity reactions
	Additional safety assessments

	Discussion
	Conclusions
	Funding disclosure
	Disclaimer
	Acknowledgments
	References




