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Introduction

The first case report of hypophosphatasia (HPP) in the 
English literature is attributed to Bruce Chown, OC FRSC, 
from Manitoba, Canada, who described Welsh siblings who 
died of a condition then called “renal rickets.”(1) That 
description is now accepted to be compatible with HPP. 
The next case report of hypophosphatasia was described 
by Rathbun in 1948.(1) Little was known about this disease 
beyond the association with severe rickets, weight loss and 
seizures.(2) Since that time, investigators around the world 
have greatly expanded our appreciation of this complex 
genetic disease. It is now understood that hypophosphatasia 
is an inherited metabolic bone disease caused by 
inactivating mutation(s) within the gene that encodes 
the tissue-nonspecific isoenzyme of alkaline phosphatase 
(TNSALP). This isoenzyme has a significant impact on bone 
mineralization through the precipitation of calcium and 
inorganic phosphate (Pi) as hydroxyapatite crystals in bone 
matrix vesicles. TNSALP deficiency is associated with the 
skeletal defects and multisystemic complications seen in 
hypophosphatasia.(3)

The loss-of-function mutations that cause the deficiency 
of TNSALP lead to the extracellular accumulation of 
several TNSALP phosphorylated substrates. One substrate, 
inorganic pyrophosphate (PPi), inhibits bone mineralization 
by blocking hydroxyapatite crystal formation. Other 
TNSALP substrates that are also increased in patients with 
HPP include pyridoxal 5´-phosphate (PLP), the principal 
circulating form of vitamin B6, and phosphoethanolamine 
(PEA). (See Figure 1). TNSALP hydrolyses PLP, allowing PL to 
cross the blood–brain barrier where it is re-generated as PLP. 
PLP plays an important role as a coenzyme for the glutamic 
acid decarboxylase, an enzyme responsible for gamma-
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aminobutyric acid (GABA) synthesis. The accumulation of 
PLP in the systemic circulation leads to a deficiency of 
vitamin B6 in the central nervous system, which can result 
in seizures.(4)

PPi consists of two molecules of inorganic phosphate 
(Pi) joined by a hydrolysable high energy ester bond.(5). 
Deficiency of TNSALP not only leads to the extracellular 
accumulation of PPi but also to the decrease in Pi 
and thus reduction in hydroxyapatite formation.(3) 
Additional substances have been found to be important 
regulators of extracellular PPi and Pi: plasma cell 
membrane glycoprotein (PC-1) which produces PPi from 
desoxnucleotide triphosphate (dNTP), the transmembrane-
spanning cell surface protein ANKH, the human homolog 
of the mouse progressive ankylosis protein (Ank) that 
mediates intracellular to extracellular channeling of 
PPi, and osteopontin, which is also an inhibitor of bone 
mineralization.(4) In addition, expression of osteopontin 
is induced by extracellular PPi. Thus, disruption in the 
function of TNSALP has profound implications for the normal 
formation and mineralization of bone.

Globally, HPP affects both males and females of all ages. 
Following the case report of hypophosphatasia in 1948, 
a study by Fraser of three unrelated families in Toronto 
showed that the most severe forms of this rare disorder 
occurred in the general population in approximately 
1:100,000 live births.(6) Subsequent studies at our 
institution and others showed that among Canadian 
Mennonites, a homozygous missense mutation results in 
HPP prevalence that is much higher than that in the general 
population, ie, in Manitoba 1:2,500 live births with ~ 1:25 
Mennonite individuals being carriers of the severe mutation.
(7, 8) While some epidemiologic investigations in Europe 
suggest HPP may be more common than Fraser’s report(9), 

the true incidence and prevalence of this 
disease remains unknown.

Although there is a wide range of clinical 
expressivity of HPP, age at first clinical 
manifestation(s) of the disease is generally 
inversely related to disease severity, ie, more 
severe disease manifestations are seen in very 
young patients.(10) Considering this, published 
classifications of HPP have generally taken 
into account the age at onset of first signs 
and/or symptoms of the disease, dividing the 
disease into perinatal, infantile, childhood, 
and adult forms. (11) (Table 1). 

Other milder forms of the disease, including 
benign perinatal hypophosphatasia and 
odontohypophosphatasia in which there 
are only dental manifestations, have also 
been characterized (12). For example, in 
some HPP patients, skeletal deformities 
are evident in utero. However, spontaneous 

improvement has been reported to occur by the third 
trimester or at birth in some of these babies with HPP. 
Nevertheless, patient outcomes in this population varied 
from odontohypophosphatasia to findings consistent with 
infantile BP-hypophosphatasia. (13)

Genetic Basis of HPP 

The first mutation in the alkaline phosphatase gene was 
discovered in 1988 in a Canadian infant with lethal HPP 
who had an identical missense mutation in both alleles 
of the TNSALP gene; the parents were first cousins.(14) 
Since that time, more than 260 mutations associated with 
HPP have been identified, most of which are missense.(15) 
HPP follows either an autosomal recessive or autosomal 
dominant pattern of inheritance; autosomal recessive 
HPP is generally more severe.(7) Most patients with HPP 
inherit the disorder in an autosomal recessive manner as 
compound heterozygotes for two different mutant HPP 
alleles.(7) While autosomal recessive mutations are more 
often associated with lethal forms of HPP, an autosomal 
dominant pattern can occur across the age spectrum.(16) 

While there is wide variability in genotypes, some are more 
common in specific populations.(4) For example, in the 
Japanese population, c.1559delT and F310L represent 40.9% 

Figure 1

Disease Form Age at Onset of First Signs/Symptoms
Perinatal in utero and at birth
Infantile < 6 months of age
Childhood ≥ 6 months–18 years of age
Adult ≥ 18 years of age

 Table 1: Forms of HPP
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and 13.6% of hypophosphatasia chromosomes, respectively. 
The c.1001G > A (G317D) mutation is most common in 
hypophosphatasia patients among the Canadian Mennonite 
community, c.571G > A (E174K) is found in half of patients 
with European ancestry. In the USA, the missense mutation, 
c.1133A >T (D361V), is the most common mutation found in 
hypophosphatasia patients. (4)

As noted, the frequency of severe HPP in the Canadian 
Mennonite population is much higher than in the general 
population. To better understand the heterogeneity 
of mutations, a recent multicenter analysis of the 
genotypes from 31 HPP patients (0-12 years of age) who 
participated in three studies found that 26 patients 
were compound heterozygotes, 3 were homozygotes (2 
with known perinatal lethal “Mennonite” mutation, 
and one was autosomal dominant). One patient had no 
known identifiable mutation in the gene coding regions of 
TNSALP. While this study analyzed only the coding region 
of TNSALP, there may be other, as yet, undiscovered 
HPP mutations. In fact, this analysis revealed seven 
new mutations that had not been previously identified. 
They included: c.875_888delCAGGGGAinsT, c.997+3 A>G, 
c.1881_1182delCT, c.252 G>C, c.1010 A>G, c.1077 C>G, 
and c.658 G>A.(17) As noted in other studies, most of these 
defects were missense mutations (4 were small deletions). 
The most common mutations identified in these patients 
were: c.571 G>A (n=11), c.1001 G>A (n=7), and c.881A>C 
(n=5). 

The phenotypic expression of HPP can be quite 
varied, making it difficult to make genotype/phenotype 
correlations—even between siblings with the same 
genotype. For example, in an initial case report by 
Barcia and coworkers, a 2-month-old child with infantile 
hypophosphatasia who was a compound heterozygote for 
2 different missense mutations was described.(18) She had 
poor weight gain, hypercalcemia, nephrocalcinosis, low 

serum ALP levels, and diminished bone mineral content 
which was accompanied by short stature, premature loss 
of teeth, and craniosynostosis. According to Langman (C.B. 
Langman, oral communication, October, 2012), a second 
child was born to this same family who had the same two 
mutations, but the second child had HPP with only mild 
rickets and elevations of the TNSALP substrates.

In another illustration of the variable presentation of HPP 
among siblings, Stevenson and colleagues described two 
brothers: one child was diagnosed with long bone deformity 
in utero, and an older brother, who was normal at birth, 
was diagnosed with HPP in childhood.(19) At birth, the 
younger patient had bowing of his right arm with dimpling 
of his skin near the apex of the bowing, but his physical 
examination was otherwise unremarkable. Radiographs 
showed bowing of the right humerus, radius, and ulna with 
callus formation suggestive of healing fractures. Metaphyses 
were osteopenic and irregular, but the growth plates were 
unremarkable. There was also mild bowing and irregularity 
of the left femur, and mild bowing of his left tibia. The 
older brother’s condition became apparent with premature 
tooth loss at 19 months of age. Re-evaluated at 2.5 years 
old, he was found to have no bowing of his extremities, 
but short stature, macrocephaly, scaphocephaly and delays 
in gross motor skills. Both children had low ALP values and 
markedly elevated PLP values in serum, key diagnostic 
findings of HPP. The affected patients were both compound 
heterozygotes for loss-of-function TNSALP defects. The 
mutations were both missense. This case finding reflects 
marked intrafamilial variability of HPP and the difficulty in 
predicting the clinical phenotype based on genotype. Thus, 
variability may be explained by the patterns of inheritance, 
the array of TNSALP mutations, and even other unknown 
genetic and non-genetic factors. 

As  more  i s  learned about  the  genet ic  bas i s  o f 
hypophosphatasia, additional modifying genes may be 

Perinatal Infant Child Adult

Stillbirth
Hypomineralization
Severe chest deformity
Long bone deformity
Osteochondral spurs
Radiolucencies into 
metaphyses 
Poorly ossified epiphyses
Fractures
Seizures
Apnea

Rickets
Fractures
Pulmonary insufficiency
Poor feeding
Poor weight gain
Failure-to-thrive
Hypotonia
B6 responsive seizures
Nephrocalcinosis
Hypercalcemia/hypercalciuria
Premature deciduous tooth loss
Craniosynostosis

Rachitic disease
Skeletal deformity
Poorly healing or recurrent 
fractures
Low bone mineral density 
Short stature
Muscle weakness
Missed motor milestones
Chronic muscle/bone pain
Premature tooth loss

Fractures/pseudofractures
Osteomalacia
Chondrocalcinosis
Osteoarthropathy
Pseudogout
Chronic muscle/bone pain
Adult tooth loss
Abnormal dentition

Table 2: Clinical Signs and Symptoms of HPP
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recognized that will have an impact on the phenotypic 
expression in patients of all ages

Clinical Presentation

The clinical presentation of this disease can vary in 
terms of type and severity of signs and symptoms. In some 
patients, the disease may be so severe that death in utero 
occurs. In fact, perinatal HPP is nearly always fatal. As 
many as 50% of infants diagnosed with HPP succumb as 
a consequence of respiratory compromise.(3) In other 
patients, skeletal and/or serious complications in different 
organ systems may become apparent at birth, shortly after 
birth, or later in life and may pose a significant functional 
and qualitative burden for patients with this disease. The 
most common clinical signs and symptoms are summarized 
in Table 2. 

Skeletal Manifestations of HPP
Mortality in the perinatal period or in infants presenting 

prior to age 6 months of age usually occurs as a result of 
profound skeletal hypomineralization that leads to chest 
deformity, hypoplastic lungs, progressive demineralization, 
pulmonary insufficiency and respiratory failure.(12) 
Importantly, rachitic disease and hypomineralization are 
the hallmarks of HPP in surviving infants and children. 
Continuing respiratory difficulty and ventilatory support, 
due to a small, rachitic thorax, may be required. 
(Figure 2) A recent study of the pulmonary mechanics 
in neonates with thoracic complications of HPP at birth 
found that the respiratory work was being accomplished 
predominantly by displacement of the abdomen and not 
the ribcage.(20) In severely affected infants at delivery, 
their limbs may be shortened and deformed. In addition, 
osteochondral spurs may be evident protruding from the 
ulna or fibula, and piercing the skin.(12)

Skeletal findings in older children may include beading 
of the costochondral junctions, either bowed legs or 
knock-knees, enlargement of the wrists, knees, and ankles 
from flared metaphyses, and occasionally brachycephalic 
skulls. These patients may also report bone pain and joint 
discomfort (stiffness, swelling).(12) In older patients, the 
skeletal manifestations may include multiple fractures, 
especially metatarsal stress fractures, pseudofractures, 
poorly healing fractures that require surgical interventions, 
disability, chondrocalcinosis, and severe, chronic pain. 
(3, 21)

Radiographic Evidence of HPP
There are characteristic radiographic abnormalities 

seen in patients with HPP, including osteochondral spurs, 
long-bone bowing, and shortened long bones. (Figures 
3-4). There may be physeal widening, irregularity of the 

provisional zone of calcification and metaphyseal flaring 
with areas of radiolucency to areas of osteosclerosis.(11) 
The defects, described as “tongues” of radiolucency that 
project from the growth plates into the metaphyses, can 
help distinguish HPP from other causes of rickets and/or 
metaphyseal dysplasia.(6, 11) As noted, the consequence 
of these abnormalities may be short stature and long 
bone fractures. X-ray findings such as chondrocalcinosis, 
pseudofracture, and pseudogout also may be present in 
some patients.(22) 

Osteopenia and reduced bone mineral density (BMD) may 
be observed on dual energy x-ray absorptiometry (DXA) 
scans. Decreased BMD may improve during adolescence, but 
may re-emerge in adulthood. (12)

Multisystemic Complications of HPP
In addition to the profound skeletal defects seen in HPP 

patients, the deficiency in TNSALP and accumulation of its 
substrates are also associated with an array of multisystemic 
complications. In the surviving newborn, periodic apnea 
with cyanosis and bradycardia, B6-responsive seizures, 
unexplained fever, myelophthisic anemia, intracranial 
hemorrhage, irritability and a high-pitched cry may be 
evident. (12) 

Neurologic Manifestations
One of the earliest and gravest complications is seizures 

in the newborn, arising from the extracellular elevation 
of PLP, and the resulting deficiency in the central nervous 
system of PL. Occasionally, patients present with seizures 
before the skeletal disease is obvious.(12) Pyridoxine-
responsive seizures occurring in the newborn are generally a 
poor prognostic sign.(23, 24) 

Pat ients  wi th  HPP may a l so  have  “funct iona l” 
craniosynostosis as a result of early fusion of cranial sutures 
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Figure 2: X-ray of HPP Rachitic Chest 
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due to soft tissue synostosis.(Figure 5) In the perinatal 
period, the membranous bones may calcify centrally and 
give the impression of being separated, when, in fact, 
they are functionally closed.(3, 25) Craniosynostosis can 
be accompanied by increased intracranial pressure and 
papilledema, and may require surgical treatment.(26)

Renal Manifestations
In some patients with HPP, especially infants, the 

initial skeletal disease may appear less severe than the 
biochemical and other systemic abnormalities. While 
the reduction in alkaline phosphatase in the bone matrix 
blocks hydroxyapatite crystal formation, the resulting 
decrease in calcium uptake by the bone along with the 
consequent demineralization, may result in hypercalcemia 
and hypercalciuria. (27) In these patients, hypercalcemia 
may result in irritability, apnea, anorexia, vomiting, 
polydipsia, polyuria, dehydration, constipation, hypotonia 
and nephrocalcinosis. Older patients such as adults with 
HPP, particularly those diagnosed in childhood, may also 
have renal abnormalities.(28, 29)

Muscle Manifestations
Muscle weakness or static myopathy is also associated with 

HPP. In describing three children with HPP who exhibited 
muscle weakness, stiffness and pain, Seshia and coworkers 
suggested that a non-progressive proximal myopathy may 
be an important early sign of hypophosphatasia. These 
symptoms remain difficult to explain but may be due to 
elevated pyrophosphate or other unrecognized factors that 
may inhibit muscle function. (30) Children with HPP may 
have a characteristic waddling gait and delayed walking.(3) 

As a consequence of the disturbance of normal calcium 
and phosphate metabolism, a variety of other rheumatologic 
conditions may be seen, most often in adult HPP patients. 
For example, calcium pyrophosphate dihydrate (CPPD) 
deposition may lead to pseudogout and/or calcific 
periarthritis. Moreover, chondrocalcinosis may be visualized 
on x-ray in these patients.(12)

Dental Manifestations
A history of problems with dentition in children, 

adolescents and adults is frequently reported. Premature 
loss of deciduous (primary) teeth may be an early sign of 
HPP that may otherwise not be recognized. Exfoliation 
of teeth without absorption of the root, accompanied 
by reduction in alveolar bone height (particularly in the 
mandible), hypoplasia of the cementum and enlargement 
of the pulp chambers and root canals may be seen. (31) 
Indeed, this may be an early indicator of HPP. 

Millán and colleagues demonstrated in murine subjects that 
TNSALP deficiency not only affects mineralization of bones 
and teeth, but also mineralization of acellular cementum 
deposition on tooth root surfaces.(32) More recently, McKee 
et al, showed that defects in acellular cementum negatively 
impacts the periodontal ligament attachment to retain 
teeth in their osseous alveolar sockets.(33) Furthermore, 
these investigators suggest that tooth development may 
be the most sensitive developmental process dependent 
upon TNSALP function. When the diagnosis of HPP is made 
in adolescents or adults, a careful history may reveal early 
loss of teeth or a history of early loss or extraction of adult 
teeth.(12) If tooth loss is the only finding, it is referred to 
as odontohypophosphatasia.(11) 

Differential Diagnosis
As a rare disease, the diagnosis of hypophosphatasia may 

be omitted from the differential diagnosis of more common 
diseases and thus is likely to be missed. Focusing on the 
skeletal presentation, HPP can resemble other skeletal 

dysplasias and disorders 
manifest ing r ickets 
and/or osteomalacia. 
These include vitamin 
D deficiency rickets, 
h y p o p h o s p h a t e m i c 
r i c k e t s ,  r e n a l 
o s t e o d y s t r o p h y , 
c l e i d o c r a n i a l 
d y s o s t o s i s ,  a n d 
id iopath ic  juven i le 
o s t e o p o r o s i s .  I n 
add i t i on ,  p rena ta l 
u l t r a s o u n d  m a y 
suggest osteogenesis 
i m p e r f e c t a , 

Figure 3: Metaphyseal Flaring 

Figure 4: Metatarsal fracture 
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c a m p o m e l i c  d y s p l a s i a ,  o r  o t h e r 
chondrodysplasias.(12, 22) Therefore, it 
is important for the clinician to consider 
HPP, especially in patients with signs of 
severe hypomineralization, fractures, a 
history of dental abnormalities, and the 
multisystemic complications described. 
In the majority of cases, HPP can be 
diagnosed based on clinical presentation, 
radiologic findings and low levels of 
alkaline phosphatase activity.

Laboratory Testing

Evidence of low alkaline phosphatase 
enzyme activity is a critical indicator of 
HPP. While most laboratories report elevated levels of ALP 
and clinicians recognize such elevations, reduced levels 
often go unnoticed, if reported at all. It is important to 
note that normal levels of alkaline phosphatase are age 
dependent. In assessing patients, the clinician should 
ensure that reported laboratory results reflect normal and 
abnormal level for the age of the specific patient. 

HPP can be confirmed if the patient has both low alkaline 
phosphatase levels and elevated levels of TNSALP substrates 
(PPi, PLP, and PEA). Although plasma and urinary PPi levels 
are elevated in most patients with HPP, PPi measurement is 
typically only available in the research setting.(3) Elevated 
plasma PLP, often reported as vitamin B6, is more readily 
available and is elevated in patients with HPP. Elevated 
urinary PEA levels may also be seen and suggest HPP but 
lack the sensitivity of other biochemical markers.(3) In the 
face of low alkaline phosphatase, the diagnosis of HPP can 
be made on the basis of clinical suspicion, family history, 
and radiographic evidence of rickets (or osteomalacia in 
adults) as well as increases in TNSALP substrates. 

However, because other causes of rickets must be 
ruled out, a number of laboratory assessments may aid 
in the diagnosis. Chief among these assays are calcium, 
phosphorus, 25-hydroxyvitamin D, and parathyroid hormone 
(PTH). In general, patients with HPP may have normal levels 
of 25-hydroxyvitamin D and parathyroid hormone (PTH), 
although PTH may be low in patients with hypercalcemia.
(22) Hypercalcemia, hypercalciuria and hyperphosphatemia 
are more common in infants with HPP due to the impaired 
calcium and Pi uptake in their poorly mineralizing 
skeletons. As noted previously, these derangements may 
lead to vomiting, nephrocalcinosis, and ultimately renal 
compromise. (12) Other laboratory tests, such as serum 
bilirubin, aspartate aminotransferase (AST/SGOT), lactic 
dehydrogenase (LDH), creatine kinase, and aldolase are 
usually unremarkable in HPP.(12) 

Treatment

At the present  t ime,  there i s  no 
specific, effective therapy approved 
for hypophosphatasia,  and patient 
management relies largely on supportive/
symptomatic interventions. 

Treating the comorbidities associated 
with HPP is important. Lowering dietary 
calcium intake with hydration, diuretics, 
or glucocorticoid therapy may improve 
hypercalciuria in affected patients. 
However,  the  c l i n i c i an  mus t  a l so 
appreciate that traditional treatment 
approaches for rickets and osteomalacia 
(vitamin D and mineral supplements) 

should be avoided, unless deficiencies are documented. In 
these HPP patients, circulating levels of calcium, Pi, and 
vitamin D metabolites may not be low. Thus, in infants with 
HPP, excessive vitamin D could provoke or exacerbate the 
hypercalcemia and hypercalciuria often encountered in 
severe HPP. A report by Mohn et al found that such treatment 
can also have profound negative effects when given to a 
patient with HPP. In this report, an 11-month old infant with 
HPP developed bulging anterior fontanelle, growth failure, 
nephrocalcinosis and impaired bone mineralization during 
high-dose calcium and vitamin D supplementation due to an 
incorrect diagnosis of nutritional rickets.(27)

Treating the biochemical derangements may also include 
the use of vitamin B6 for HPP patients who experience 
seizures. Because patients with HPP often have associated 
myopathic symptoms(30), Girschick and colleagues studied 
the impact of meloxicam on six children with HPP. Their 
hypothesis was that systemic hyperprostaglandinsm in HPP 
was due to pyrophosphate stimulation of connective tissue 
cells including fibroblasts. In these patients, non-steroidal 
anti-inflammatory agents decreased pain.(34) However, 
these findings have not been replicated.

Fracture healing in patients with HPP is often impaired and 
delayed compared to unaffected patients. Consequently, 
surgical interventions such as fixation may be necessary 
in some patients. Because the quality of bone in patients 
with HPP may be suboptimal, the use of surgical fixation to 
stabilize fractures should be done with care by experienced 
orthopedic surgeons. Preventive and supportive appliances 
such as wheelchairs, walkers, canes, and/or orthotics are 
needed by a substantial percentage of patients. 

A number of agents have been employed in recent 
years to address the underlying pathophysiology of 
hypophosphatasia. To correct the alkaline phosphatase 
deficiency and bypass the osteoblast defect, researchers 
have used infusions of plasma-rich alkaline phosphatase 

Hypophosphatasia

Figure 5: Craniosynostosis
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from patients with Paget’s bone disease.(35) While 
radiographs showed slight improvement in mineralization 
of metaphyses and no worsening of rickets, this approach 
in infants with HPP did not demonstrate any lasting benefit.
(35) Transplantation of marrow and bone cells in infants 
with HPP has also been attempted.(36, 37) While the impact 
of these transplant efforts has been marginal, investigators 
suggest that such interventions may be beneficial in some 
patients with severe, life-threatening disease.(36) While the 
two patients described in these reports did not encounter 
serious adverse effects and their deterioration more likely 
reflected the impact of not having specific therapy to treat 
their hypophosphatasia, it is noteworthy that bone marrow 
transplantation is associated with a number of potentially 
severe adverse effects. Graft versus host disease (GVHD), 
infection, secondary malignancies, endocrinopathies, and 
cardiac and pulmonary complications as well as significant 
hospitalization before and after transplantation are among 
the issues to be considered.

The potential benefit in using teriparatide, a recombinant 
form of parathyroid hormone (PTH), has been reported in 
several adult patients with HPP. However, the results of 
these studies have been conflicting.(35-40) For example, an 
initial 2007 case report by Whyte and colleagues found that 
in a 56-year-old adult with HPP, 6 weeks of treatment with 
teriparatide resulted in fracture healing, improvement in 
pain associated with fracture, increased TNSALP synthesis 
with a reduction in substrate levels and an increase in 
bone mineralization.(38) In contrast, a 2011 report offered 
a contrary conclusion following one year of therapy in a 
43-year-old HPP patient.(39) This study concluded that 
PTH therapy had no benefit with respect to bone mineral 
density or serum alkaline phosphatase levels. Moreover, the 
treatment was discontinued due to increased bone pain.
(39) Thus, based on these case reports of varying outcomes, 
no conclusive statement may be offered regarding its use 
in patients with hypophosphatatasia. It is also important 
to remind clinicians that teriparitide should not be used in 
pediatric and young adult patients with open epiphyses due 
to increased risk of osteosarcoma.(40) 

Bisphosphonates, synthetic analogs of inorganic 
pyrophosphate, should be avoided in patients with 
hypophosphatasia. An early study by Deeb and coworkers 
in an infant with hypophosphatasia and rickets employed 
the bisphosphonate, sodium clodronate, in the hope that 
this agent would address the discrepancy between her 
excessive bone resorption and bone formation. However, 
they found that the bisphosphonate had no positive effect 
on the skeleton nor on the patient’s deterioration.(41) 
More recently, studies have questioned the benefit of these 
agents in patients with HPP, particularly in those individuals 
with normal calcium levels,(42) others investigators state 
that these agents are contraindicated in patients with HPP.

(22) For example, Mornet and Nunes state that treatment 
with bisphosphonates is thought to be analogous to “adding 
fuel to the fire.” (22) In adults with hypophosphatasia 
and osteomalacia treated with bisphosphonates, lateral 
subtrochanteric femoral pseudofractures have been 
described.(43)

Emerging therapies
More promising are the recent data being reported 

from preclinical and early clinical trials involving enzyme 
replacement therapy with asfotase alfa, a targeted 
recombinant alkaline phosphatase that has shown 
improvement in the levels of substrates of TNSALP, PPi 
and PLP, improvement in radiographic evidence of rickets, 
improved function, and improved bone mineralization in 
patients. 

A multinational, open-label study involving 11 infants 
and children (< 36 mos of age) with HPP examined 6 
months and 12 months of treatment with subcutaneous 
injections of 1-3mg/kg thrice weekly of asfotase alfa.
(11) Patients were eligible for this trial if they had: 
symptoms of hypophosphatasia occurring before the age 
of 6 months, low alkaline phosphatase, elevated plasma 
PLP level, x-ray evidence of hypophosphatasia-related 
skeletal disease, failure to thrive, rachitic chest deformity, 
respiratory compromise as a result of hypophosphatasia, 
pyridoxine-responsive seizures, non-traumatic or poorly 
healing fractures, hypercalcemia, craniosynostosis, or 
nephrocalcinosis. The primary endpoints were safety and 
tolerability, and healing of rickets. Of the 11 patients, 10 
patients completed 6 months of treatment, and 9 completed 
12 months of therapy. (11)

Radiographs were assessed on a 7-point ordinal global 
impression of radiographic change in rickets (RGI-C) with 
severity scores ranging from severe worsening to nearly 
completely healed. A responder was defined as a patient 
with a mean RGI-C score from the 3 independent radiologists 
of +2 or more, indicating substantial healing of rickets. 
Skeletal healing became apparent as early as week 3 in 
one patient and was described as striking at week 24. In 9 
of the 10 patients completing 6 months treatment, these 
RGI-C scores improved from baseline to week 24 (90%; 95% 
confidence interval [CI], 55 to 100), and in 8 of 9 patients 
completing 48 weeks of therapy, these scores improved 
(89%; 95% CI, 52 to 100), meeting the criterion for a 
treatment response.(11) Furthermore, the patient who had 
no visible bone at baseline and did not meet the criteria for 
“responder” nevertheless showed improved mineralization 
at 48 weeks. 

 At baseline, all but 1 patient had respiratory compromise 
ranging from progressive insufficiency to frank ventilatory 
failure requiring full mechanical ventilation. At week 48, 
6 of the 9 patients were breathing ambient air without 
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ventilatory support (as compared with 1 of 11 at baseline), 1 
was receiving supplemental oxygen through a nasal cannula, 
1 was receiving mechanical ventilation only at night, and 1 
remained on full mechanical ventilation.(18)

With respect to safety, treatment-emergent adverse 
events (TEAEs) were generally non-serious (148 [81%] 
TEAEs), mild (110 [60%] TEAEs) or moderate (56 [31%] 
TEAEs) in intensity, and assessed as unrelated to asfotase 
alfa treatment (110 [60%] TEAEs). Treatment-related AEs 
primarily consisted of infusion-and injection-associated 
reactions (IARs) and injection site reactions (ISRs) which 
were all mild or moderate in intensity and non-serious. 
There were no reported IARs with systemic symptoms 
consistent with a hypersensitivity reaction. Serious adverse 
events (SAEs) (34 [19%] TEAEs) were generally consistent 
with the manifestations and complications of underlying 
HPP and determined to be unrelated to treatment.(11)

From a biochemical perspective, the previously elevated 
plasma levels of the TNSALP substrates, inorganic 
pyrophosphate and pyridoxal 5′-phosphate, declined. 
Increases in serum parathyroid hormone accompanied 
skeletal healing, often necessitating dietary calcium 
supplementation. Despite this, no patient had symptomatic 
hypocalcemia nor manifested any sign of “hungry bone” 
syndrome. Furthermore, there was no evidence of ectopic 
calcification nor definite drug-related serious adverse 
events. (11) 

Ongoing studies of enzyme replacement therapy in 
juveniles, in adolescents and in adults with HPP suggest 
possible improvement in patients with HPP across the age 
spectrum. 

Conclusion

Hypophosphatasia is a progressive, inherited metabolic 
disease caused by alkaline phosphatase deficiency that 
reflects loss-of-function mutations in the gene encoding the 
TNSALP isoenzyme. Deficiency in serum alkaline phosphatase 
activity leads to hypomineralization, profound skeletal 
manifestations, and other multisystemic complications. 
Disease onset ranges from prenatal to adulthood with 
disease severity ranging from death in utero to long-term 
disability in adulthood. Hypophosphatasia is a rare disease 
and often missed; HPP patients are often incorrectly 
diagnosed with disorders such as osteogenesis imperfecta. 
The cardinal, differentiating biochemical hallmark of this 
disease is low alkaline phosphatase activity. The diagnosis 
of HPP should be suspected in any patient who presents 
with this deficiency, particularly when accompanied by 
skeletal manifestations or the neurologic (seizures, 
craniosynostosis), renal (hypercalcemia, hypercalciuria, 
nephrocalcinosis), muscle (myopathy) or dental conditions 

(premature loss of deciduous teeth, or poor dentition) 
described. While supportive measures may be helpful for 
patients with HPP, they do not change the mortality nor 
the long-term disability associated with the disease. Recent 
studies and ongoing clinical trials on enzyme replacement 
therapy offer promise for future therapy.
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