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Abstract
Summary  Hypophosphatasia (HPP) is a rare bone disease with limited scientific evidence on the tolerability and safety of its 
novel treatment, Asfotase Alfa (AA). We report 7 HPP patients’ heterogenous presentations and the significant improvement 
in various clinical outcomes attained with AA shedding light on this highly effective and safe therapy.
Introduction  Hypophosphatasia (HPP) is a rare inherited metabolic bone disorder characterized by a deficiency in the tissue 
non-specific alkaline phosphatase (TNSALP) due to loss of function mutation in the ALPL gene. HPP is associated with 
impaired skeletal mineralization due to elevations in inorganic pyrophosphate and altered phosphate : pyrophosphate ratio. 
Asfotase alfa (AA) “enzyme replacement” was approved for treatment of HPP in 2015. We present 7 patients with HPP, 5 with 
pediatric-onset, and 2 with adult-onset, who have been treated with AA and describe the efficacy and safety in these patients.
Methods  7 patients (4 females, 3 males) aged 19–68 years with HPP were included in this study. Diagnosis of HPP was 
confirmed by DNA analysis. AA was administered in doses of 6mg/kg/week with a mean follow-up of 6 months (SD= 5).
Results  Subjective improvement in muscle strength, muscle pain, walking ability, and walking distance with a reduction in 
the use of gait aids was seen “with AA in HPP patients.” Muscle strength and pain improved by up to 70% from baseline as 
quantified subjectively by patients. Walking distance improved by up to 100%. Patients also reported improved cognition, 
mood, and energy levels, with up to 90% improvement in mood and 75% improvement in energy levels. 4 out of 6 patients 
first noted clinical signs of improvement after 3 months of being on therapy. 1 out of the 7 patients sustained a toe fracture 
10 months from being on AA. AA was well-tolerated with injection site reactions being the most reported adverse effect.
Conclusion  HPP treatment with AA in individuals with both pediatric and adult-onset forms resulted in significant subjec-
tive improvement in musculoskeletal and cognitive manifestations in addition to patients’ quality of life. The drug was well 
tolerated in 6 patients. 1 patient discontinued therapy because of minor adverse effects with myalgias.

Keywords  Hypophosphatasia · Presentation · Treatment · Asfotase alfa

Introduction

Hypophosphatasia (HPP) is an inherited metabolic bone 
disorder characterized by loss of function mutation in the 
alkaline phosphatase (ALPL) gene resulting in a deficiency 
in the tissue-nonspecific alkaline phosphatase (TNSALP). 
Reduced activity of TNSALP results in the systemic accu-
mulation of its substrates including pyridoxal 5′-phosphate 
(PLP), inorganic pyrophosphate (PPi), and urinary phos-
phoethanolamine (PEA), with consequent impaired bone 
mineralization, skeletal defects, and systemic manifestations 
of the disease [1].

PPi is a potent inhibitor of mineralization that interferes 
with the formation of hydroxyapatite crystals, resulting in 
skeletal hypomineralization, and this manifests clinically 
as rickets in infants and children or osteomalacia in adults 
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[2–4]. PLP is the main circulating form of vitamin B6. It acts 
as an essential cofactor in neurotransmitter synthesis, being 
able to cross the blood brain barrier only in its dephospho-
rylated form. TNSALP dephosphorylates PLP to pyridoxal 
that is then able to enter neuronal cells and is phosphorylated 
again to PLP. With loss of function mutations in the ALPL 
gene, reduced concentrations of PLP result in a deficiency 
in GABA in the central nervous system leading to vitamin 
B6-dependant seizures in children and various other neuro-
logical symptoms including depression, anxiety, and neu-
ropathy [5, 6]. The effects and clinical implications of PEA 
accumulation are less understood than PPi and PLP.

HPP is inherited in either an autosomal dominant or auto-
somal recessive manner, with marked variability in clinical 
expression [7]. Six different clinical forms of HPP have been 
described, classified based on the age of onset and severity 
of symptoms: perinatal (age: in utero and at birth, lethal), 
perinatal (benign), infantile (age <6 months), childhood 
(age >6 months and <18 years), adult (age >18 years), and 
odontohypophosphatasia (affects teeth only) [8, 9]. Mornet 
et al described a genetic-based classification of HPP based 
on genetic inheritance and their prevalence [10]. Severe 
HPP is rare, inherited in an autosomal recessive manner, 
and corresponds to perinatal and most of infantile severe 
forms. Moderate HPP is more common than severe HPP, 
can be of autosomal recessive or dominant inheritance, and 
includes infantile moderate, childhood, odontohypophos-
phatasia and adults with specific signs. Mild HPP is very 
common, inherited in an autosomal dominant manner due 
to a haploinsufficiency mechanism not clearly identified yet, 
and corresponds to adults (and perhaps children) with less 
severe and often nonspecific signs. This latter classification 
is believed to provide a more accurate genotype-phenotype 
correlation compared to the former where there can be an 
overlap in the severity among the different clinical forms.

Adults with HPP may therefore have onset in childhood 
or adulthood and commonly present with recurrent/poorly 
healing metatarsal and long bone fractures, pseudofractures, 
pseudogout, muscle weakness, loss of secondary teeth, and 
bone, joint, and muscle pain [11–13].

In October 2015, the FDA approved asfotase alfa (AA), 
a human recombinant enzyme replacement of TNSALP, 
for use in all ages in childhood-onset HPP (symptom onset 
less than 18 years of age). Studies have shown significant 
improvement in bone mineralization, growth, mobility, sur-
vival, reduced skeletal abnormalities, and respiratory symp-
toms, with benefits persisting for up to 7 years in infants and 
children [14]. In adults, studies are limited with regard to 
efficacy and safety of AA. Kishnani et al. looked at the effi-
cacy and safety of AA in adolescents and adults with HPP 
over a 5-year treatment period [15]. Significant improvement 
was observed in functional measures (walking distance, 
reliance on walking assistive devices, and proximal muscle 

strength) and substrate levels—PLP and PPi. Out of the 19 
patients randomized to AA, 5 did not complete the study, 1 
of which was attributed to serious adverse events (anaphy-
lactoid reaction) indicating it to be generally well tolerated.

In another case report, 2 adult patients with pediatric-onset 
HPP with poor fracture healing in 4 long bone fractures and 
pseudofractures were treated with AA [16]. Clinical and radio-
graphic improvement in bone healing was noted a few months 
after starting therapy without any reported adverse effects.

We present 7 patients with known HPP that we commenced 
on AA. This report highlights the heterogeneity in their clini-
cal presentations and their response to therapy with AA.

Subjects and methods

Patients who had a confirmed molecular diagnosis of HPP 
were identified by medical records at the Department of 
Medicine, McMaster University, Hamilton, Ontario, Can-
ada. Medical records were reviewed, and only patients with 
HPP treated with AA were included. 7 patients (4 females, 3 
males) aged 19–68 years were referred to our clinic between 
2017 and 2021 with either known or possible HPP for further 
evaluation and management. The characteristics and clinical 
features of those patients are outlined in Table 1. The labora-
tory measurements of both serum and urine parameters were 
performed following standards set by Canadian laborato-
ries. These parameters include alkaline phosphatase, vita-
min B6, urine PEA, serum/plasma calcium and phosphate, 
24-hour urine calcium, 25-hydorxyvitamin D, and estimated 
glomerular filtration rate (eGFR). With regard to imaging, 
DXA was done on either Hologic or Lunar machines, and 
conventional X-rays were used to perform skeletal surveys. 
Patients also underwent renal ultrasounds to assess for com-
plications including nephrolithiasis and nephrocalcinosis. 
DNA analysis via extraction of genomic DNA by peripheral 
blood leukocytes and subsequent analysis of the ALPL gene 
was carried out in patients with no prior genetic testing.

 Clinical cases

Patient 1

A 46-year-old Japanese female with no significant past medi-
cal history was referred to our clinic for evaluation of skel-
etal health in the setting of low bone mineral density (BMD). 
DXA showed a lumbar spine BMD of 0.637 g/cm2 (Z-score 
of −3.3) and femoral neck BMD of 0.538 g/cm2 (Z-score of 
−2.4). She had several low-trauma fractures including a radial 
fracture at age 12 years, rib fractures after a coughing bout at 
age 32 years and 3 toe fractures. She denied any clinical fea-
tures of osteogenesis imperfecta (OI) but was noted on physical 



719Osteoporosis International (2024) 35:717–725	

1 3

Ta
bl

e 
1  

C
ha

ra
ct

er
ist

ic
s o

f C
as

es

M
SK

 m
us

cu
lo

sk
el

et
al

, A
LP

 a
lk

al
in

e 
ph

os
ph

at
as

e,
 P
EA

 p
ho

sp
ho

et
ha

no
la

m
in

e,
 U
S 

ul
tra

so
un

d,
 N
A 

no
t a

pp
lic

ab
le

, O
P 

os
te

op
or

os
is

C
as

e
A

ge
Se

x
H

PP
 O

ns
et

Fr
ac

tu
re

s
M

SK
 

sy
m

p-
to

m
s

Pr
em

at
ur

e 
te

et
h 

lo
ss

B
io

ch
em

ic
al

 p
ro

fil
e

D
X

A
Sk

el
et

al
 su

rv
ey

Re
na

l U
S

A
LP

V
it 

B
6,

 u
rin

e 
PE

A
C

al
ci

um
, p

ho
s-

ph
at

e
24

-h
r u

rin
e 

ca
lc

iu
m

1
46

F
Pe

di
at

ric
M

ul
tip

le
, f

ra
gi

l-
ity

, o
ns

et
 a

t 
ag

e 
11

 y
ea

rs

Ye
s

N
on

e
Lo

w
 n

or
m

al
N

A
, N

A
N

or
m

al
, n

or
m

al
H

ig
h

Z-
sc

or
e

−
3.

3
N

or
m

al
M

ilk
 o

f c
al

ci
um

 
cy

st

2
53

M
Pe

di
at

ric
M

ul
tip

le
, f

ra
gi

l-
ity

, o
ns

et
 a

t 
ag

e 
51

 y
ea

rs

Ye
s

Pr
im

ar
y:

 a
ge

 2
 

ye
ar

s
Lo

w
N

A
, N

A
N

or
m

al
, n

or
m

al
N

or
m

al
O

P
N

or
m

al
N

or
m

al

3
47

F
Pe

di
at

ric
M

ul
tip

le
, m

et
a-

ta
rs

al
, o

ns
et

 a
t 

ag
e 

45
 y

ea
rs

Ye
s

Pr
im

ar
y:

 a
ge

 1
3 

m
on

th
s

Lo
w

H
ig

h,
 h

ig
h

N
or

m
al

, h
ig

h
N

or
m

al
N

or
m

al
N

A
N

or
m

al

4
48

M
A

du
lt

N
on

e
Ye

s
N

on
e

Lo
w

N
A

, N
A

N
or

m
al

, n
or

m
al

H
ig

h
N

A
N

or
m

al
N

or
m

al
5

23
F

Pe
di

at
ric

N
on

e
Ye

s
Pr

im
ar

y:
 a

ge
 2

 
ye

ar
s

Lo
w

H
ig

h,
 N

A
N

or
m

al
, n

or
m

al
N

or
m

al
N

A
N

or
m

al
N

or
m

al

6
19

F
Pe

di
at

ric
N

on
e

Ye
s

N
on

e
Lo

w
H

ig
h,

 N
A

N
or

m
al

, n
or

m
al

Lo
w

N
or

m
al

N
or

m
al

N
or

m
al

7
68

M
A

du
lt

N
on

e
Ye

s
Se

co
nd

ar
y:

 a
ge

 
66

 y
ea

rs
Lo

w
N

A
, N

A
N

or
m

al
, n

or
m

al
N

or
m

al
O

P
N

or
m

al
N

or
m

al



720	 Osteoporosis International (2024) 35:717–725

1 3

examination to have mild joint laxity. Alkaline phosphatase 
(ALP) was in the low normal range of 40–54 U/L (normal 
range 45–120 U/L). DNA analysis was pursued to rule out 
OI and revealed a heterozygous mutation in the ALPL gene, 
with a c.979T>C (p.Phe327Leu) variant that is known to be 
pathogenic. No mutation in COL1A1 or COL1A2 genes was 
identified. 24-hour urine calcium was high; renal ultrasound 
showed only milk of calcium cyst on the right side. She was 
deemed to have pediatric onset HPP, and considering her mild 
degree of disease, she was not initiated on AA immediately. 
Low BMD was managed with hormone replacement therapy 
(HRT) as she was perimenopausal at the time of presentation. 
She was followed on an annual basis in our clinic during which 
time she started developing left lower back and thigh pain. This 
progressed to difficulty ambulating, muscle fatigue, balance 
problems, and restricted mobility to avoid falls. BMD was also 
declining despite HRT, and a decision was subsequently made 
to start AA, 4 years from the time of molecular diagnosis. 
She was seen in follow-up 1 month later and reported notable 
improvement in her muscle fatigue, balance, and energy levels 
(Tables 3, 4, and 5). The injections were well tolerated with 
no reported adverse events. Regarding family history, she has 
2 children aged 6 (boy) and 9 years (girl) who had no con-
cerning features at the time of presentation (no fractures or 
dental issues). At age 12 years, her daughter started having 
several fractures (elbow and forearm while playing soccer) and 
at age 13 sustained a hip fracture after a sprint and evaluated 
by a pediatric HPP specialist in Japan, and ALP levels were 
normal. No genetic testing was done. Her son continues to be 
asymptomatic.

Patient 2

A 53-year-old male was referred to our clinic for evalua-
tion of possible HPP. This was in the setting of recurrent 
fractures and low ALP of 9 U/L (normal range 40–129 
U/L). He had bilateral femoral stress fractures at age 51 
years requiring intramedullary nail fixation and left ulnar 
fracture at age 52 years after slipping and falling from his 
own height. He had loss of 2 deciduous teeth at age 2 years, 
no other dental issues. He had generalized musculoskeletal 
pain and bilateral knee pain. Laboratory testing confirmed 
low ALP in 9–14 U/L range (normal range 35–125 U/L). 
DNA analysis revealed heterozygous ALPL gene mutations 
in 2 variants: c.881A>C (p.Asp294Ala) pathogenic gene 
variant and c.571G>A (p.Glu191Lys) likely pathogenic 
gene variant—the latter later classified as pathogenic. The 
patient was deemed to have pediatric-onset HPP and was 
initiated on AA. He was evaluated in follow-up and admit-
ted to improvement in the generalized musculoskeletal pain 
and knee pain (Tables 3, 4, and 5). There were no reported 
adverse events. Regarding family history, he has 2 daugh-
ters whose screen for HPP was negative.

Patient 3

A 47-year-old female was referred to our clinic for man-
agement of known HPP. She was diagnosed with HPP at 
age 44 years in the setting or recurrent bilateral atrau-
matic metatarsal fractures. She had premature loss of 
deciduous teeth at 13 months of age, with roots intact. 
She also reported a 20-year history of upper thoracic 
and lumbar back pain, generalized arthralgia, myalgia, 
and muscle weakness. The review of the genetic report 
showed her to be heterozygous for a pathogenic variant, 
c571G>A (pGlu191Lys), and a likely pathogenic variant, 
c1250A>G (p.Asn417Ser) in the ALPL gene. She was 
deemed to have pediatric-onset HPP. On presentation, 
ALP was low at 8–10 U/L (normal range 35-120 U/L) 
and phosphate was high at 1.50 mmol/L (normal range 
0.8–1.45mmolL). Vitamin B6 was high at 560 nmol/L 
(normal range 20–96 nmol/L). Urine PEA returned high 
at 20 mmol/mol (normal range 0–12 mmol/mol). DXA 
scan showed normal BMD, and spinal X-rays showed 
multilevel degenerative changes. A request for AA was 
submitted, however, denied. The patient was managed con-
servatively with pain medications and physical therapy. 
In clinic follow-up, the patient endorsed new left hip pain 
and a bone scan was pursued revealing bilateral atypical 
femoral fracture (AFF). AA was subsequently approved 
and initiated 1 month following the AFF. After the first 
injection, she developed redness and itching at the injec-
tion site. Symptoms resolved a few days later. The second 
injection was delayed for a few days then resumed at half 
the dose; she received 3 half doses and then resumed on 
full dose again. She continued to have minor skin reactions 
following the injections, generally tolerating the AA well. 
10 months after starting AA, she developed left shoulder 
pain, ultrasound showed calcific tendinopathy in the sub-
scapularis muscle, and this was deemed secondary to HPP. 
Since starting AA there have been no new fractures. She 
reported dramatic improvement in walking and is now able 
to run, muscle pain also improved (Tables 3, 4, and 5). 
Due to ongoing injection skin reactions, AA was reduced 
in frequency from 2mg/kg three times weekly to 3mg/kg 
twice weekly. Regarding family history, both parents were 
identified as carriers of the ALPL gene mutations. She has 
1 younger brother with low ALP, but no DNA analysis has 
been done yet. Her 2 children are without clinical features 
of HPP. A maternal cousin’s daughter has confirmed HPP.

Patient 4

A 48-year-old Mennonite male with primary hypothyroid-
ism, depression, and anxiety was referred to our clinic for 
further evaluation of possible HPP in the setting of low ALP 
and musculoskeletal complaints. He reported muscle pain 
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and weakness ongoing for the preceding 6 years since age 42 
years, to which he was using a cane for stability with a fear 
of falling. He also had extreme fatigue, lethargy and “brain 
fog.” He was diagnosed with polymyositis in Mexico a few 
years back and was put on 100mg of prednisone, tapered off 
upon his return to Canada due to disputable muscle biopsy 
results insufficient to support this diagnosis. There was no 
prior history of fractures, renal stones, or premature dental 
loss. He had generalized back pain since age 13 years. ALP 
was low at <20 U/L (normal range 36–144 U/L). 24-hour 
urine calcium was high but no renal stones identified on 
renal ultrasound. DNA analysis showed him to be heterozy-
gous for the pathogenic variant c.1001G>A (p.Gly334Asp) 
in the ALPL gene. This variant in the homozygous state 
was reported in Canadian Mennonite HPP families. He was 
deemed to have adult-onset HPP and was started on AA. 
In the first clinic visit after the injection, 3 months later, 
he noted significant improvement in cognitive function. 
Over the subsequent year he noted improvement in muscle 
strength with increased walking tolerance (Tables 3, 4, and 
5). Prior to therapy, he was able to walk half a block before 
he had to stop due to muscle weakness and fatigue. Since 
therapy, he has been able to walk for 2–3 blocks without 
the use of any gait aid. He continues to have generalized 
myalgias after more strenuous activity, but overall, his toler-
ance to activity is better and recovery time is significantly 
shortened. He had mild fatigue after the first injection; there 
were no other reported adverse events. Regarding family 
history, both parents were of Mennonite descent. While they 
did not go genetic testing, his sister and her daughter both 
carry the same ALPL gene mutation. He does not have any 
biological children.

Patient 5

A 23-year-old female with known HPP, diagnosed in child-
hood, was referred to our clinic for transitioning from 
pediatric to adult care. She was born full term, with no 
respiratory difficulties at birth, and muscle tone was nor-
mal. There were no skeletal deformities, and she started 
walking at age 1 year, with normal developmental mile-
stones. There were no seizures either. At age 2 years, she 
lost 3 deciduous teeth with the roots intact. At age 4 years, 
she was diagnosed with HPP based on DNA analysis. She 
is heterozygous for the mutation N400S in the ALPL gene 
and thus has pediatric-onset HPP. After diagnosis, family 
screening revealed her father and younger sister (patient 
6) to have HPP and harbor the same pathogenic variant in 
the ALPL gene. On further inquiry, her father had infantile 
HPP and had corrective skull surgery for craniosynostosis, 
no dental issues. On presentation to our clinic, she noted 
arm and knee pain since age 11 years and lumbar back pain 
since age 13 years, headaches, and fatigue. She was having 

ongoing dental issues with significant mobility in her teeth 
and periodontitis; however, no further teeth loss. Other 
than HPP, medical history was significant for depression, 
anxiety, and psoriasis. Laboratory testing showed low ALP 
at 15–17 U/L (normal range 35–122 U/L). Vitamin B6 
was high at 45.6 mcg/L (normal range 2.0–32.8 mcg/L). 
AA was started, and following the first injection, she had 
redness at the injection site with no other associated symp-
toms, this resolved after 4–5 days. Subsequent injections 
have been well tolerated with no adverse events. 6 months 
later, the patient noticed improvement in her cognition, 
mood, and energy levels. Significant improvement in the 
myalgias and muscle strength was noted 12 months since 
being on AA (Tables 3, 4, and 5).

Patient 6

A 19-year-old female with known HPP, diagnosed in child-
hood, was referred to our clinic for transitioning from 
pediatric to adult care. She was diagnosed at 11 months 
of age as part of family screening following the diagnosis 
of her older sister (patient 5) and was deemed to have 
pediatric-onset HPP. She was born full-term without res-
piratory difficulty at birth. She had normal muscle tone 
and developmental milestones and walked at 11 months. 
There were no skeletal deformities, fractures, or infantile 
seizures. She lost her deciduous teeth at age 6 years with 
roots out. She had learning disability with reading and 
writing; no formal psychological diagnosis was made. On 
presentation, she was reporting generalized fatigue, inter-
mittent thoracic back pain since age 14 years, and frequent 
headaches since age 14 as well. She also reported recurrent 
bouts of vomiting after dinner meals since age 3 to present 
that has not been investigated. DNA analysis showed her 
to be heterozygous for the mutation N400S in the ALPL 
gene. Laboratory testing was remarkable for low ALP at 
15–19 U/L (normal range 35–122 U/L) and high vitamin 
B6 of 69 mcg/L (normal range 2.0–32.8 mcg/L). AA was 
initiated, and 1 month later, she noted improvement in 
her headaches and vomiting up to 50% and 75% improve-
ment at 12 months of therapy, respectively. There was no 
significant improvement in musculoskeletal symptoms or 
energy levels (Tables 3, 4, and 5). She reported increased 
pain in both hands since starting AA; there was no other 
reported adverse effect. She also sustained an atraumatic 
toe fracture after 10 months of being on AA.

Patient 7

A 68-year-old male with known dyslipidemia, obstruc-
tive sleep apnea, prediabetes, and newly diagnosed hypo-
gonadism, was referred to our clinic for evaluation of 
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possible HPP in the setting of low ALP. He was noted to 
have low ALP since age 63 years and no dental issues dur-
ing childhood but was having loose teeth and recurrent teeth 
abscesses and had lost 5 teeth over the preceding 2 years 
at age 66–68 years. There were no fractures, seizures, or 

mood disorder. Since age 65 years, he has had increasing 
fatigue, lumbar back pain, and progressive pain the in the 
knees, hips, and ankles. Laboratory testing showed low ALP 
23–25 U/L (normal range 40–129 U/L). DXA scan sowed 
osteoporosis, multifactorial with history of hypogonadism, 

Table 2   Genetic variants in ALPL mutations

Patient Genetic Variant Pathogenicity
1 ALPL c.979T>C (p.Phe327Leu) Pathogenic

2 ALPL c.881A>C (p.Asp294Ala) Pathogenic

ALPL c.571G>A (p.Glu191Lys) Likely pathogenic initially, Pathogenic

3 ALPL c.571G>A (p.Glu191Lys) Pathogenic

ALPL c.1250A>G (p.Asn417Ser) Likely pathogenic

4 ALPL c.1001G>A (p.Gly334Asp) Pathogenic

5 ALPL N400S Pathogenic

6 ALPL N400S Pathogenic

7 ALPL c.575T>C (p.Met192Thr) Pathogenic

Table 3   Effect of asfotase alfa on muscular function-pain/weakness (% improvement)

Patient (AA start date) 3 months 6 months 9 months 12 months 24 months
1 (Oct. 2021) 30/30 50/50 70/50

2 (Jun. 2020) 50/NI 50/NI 65/NI 65/NI 70/NI

3 (Jan. 2021) 0 10/10 10/10 50/30

4 (Jan. 2021) 0 30/30 30/30 60/60

5 (Apr. 2021) 0/NI 45/NI 60/NI 100/NI

6 (Apr. 2021) New hand & wrist pain /0 0/15% 0/20% 0/20%

7 (Oct. 2021)

NI no issue

Table 4   Effect of asfotase alfa on walking distance (% improvement)

Patient (AA start date) 3 months 6 months 9 months 12 months 24 months
1 (Oct. 2021) 0 40 40

2 (Jun. 2020) No recall No recall No recall 60 70 

3 (Jan. 2021) 0 60 60 70

4 (Jan. 2021) 0 30 30 60

5 (Apr. 2021) 0 15 15 50

6 (Apr. 2021) NI NI NI NI

7 (Oct. 2021)

NI no issue

Table 5   Effect of asfotase alfa on well-being-mood/energy (% improvement)

Patient (AA start date) 3 months 6 months 9 months 12 months 24 months
1 (Oct. 2021) 0/20 0/30 0/40

2 (Jun. 2020) NI NI NI NI NI

3 (Jan. 2021) 0 10/40 20/40 20/40

4 (Jan. 2021) 50/0 50/30 50/30 70/60

5 (Apr. 2021) 0/more tired 70/50 90/75 90/75

6 (Apr. 2021) NI/0 NI/0 NI/0 NI/0

7 (Oct. 2021)

NI no issue



723Osteoporosis International (2024) 35:717–725	

1 3

and vitamin D insufficiency. DNA analysis showed him to 
be heterozygous for a pathogenic variant in the ALPL gene-
c.575T>C (p.Met192Thr). He was deemed to have adult-
onset HPP. We recommended treatment with AA; how-
ever, he was reluctant to start therapy. Due to persistence 
of arthralgias and new myalgias, he agreed on therapy. 10 
days after initiation of therapy, he developed the following 
symptoms: shortness of breath, irritability, nausea, general-
ized body aches, dry and itchy eyes, left leg and ankle numb-
ness, and sharp lumbar back pain. He subsequently stopped 
therapy with AA and was treated with teriparatide for the 
osteoporosis. Family history is negative for HPP.

Discussion

HPP is a rare inherited disorder of bone and mineral metabo-
lism. Due to its low prevalence, HPP is often misdiagnosed 
as other more common bone disorders. A thorough history, 
physical examination, and laboratory studies including ALP, 
calcium, phosphate, and vitamin B6 are crucial to avoid 
delays in diagnosis or misdiagnosis.

Clinical presentation is also highly variable in both chil-
dren and adults. Of the 7 patients included in this case 
series, 5 were deemed to have pediatric-onset HPP with 
the first symptoms manifesting before age 18 years and 
2 adult-onset HPP. All patients reported musculoskeletal 
pain, 3 had fractures associated with minimal to no trauma, 
3 had premature loss of primary teeth, 1 had loss of sec-
ondary teeth, 2 had limited mobility, and 2 had “brain fog” 
or memory problems. 1 patient presented with osteoporo-
sis, later deemed to be low bone density secondary to HPP, 
and 1 had osteoporosis secondary to multiple other factors. 
Patients 5 and 6 were part of the same family and harbored 
the same pathogenic variants in the ALPL gene, yet their 
clinical symptoms were different.

It is important to note that low bone mass can be a pre-
senting feature of HPP, and misdiagnosis with osteoporo-
sis and subsequent treatment with bisphosphonates fur-
ther undermines the defective mineralization [17]. This is 
because bisphosphonates can inhibit the effect of and reduce 
ALP levels [18]. It is therefore empiric to ensure HPP is 
excluded prior to diagnosing osteoporosis and starting 
therapy in patients noted to have low ALP or other features 
suggestive of HPP. HPP can also result in the extracellular 
accumulation of PPi that compounds with calcium form-
ing calcium pyrophosphate crystals, and these deposit in 
joints resulting in chondrocalcinosis or pseudogout [19, 20]. 
They can also deposit in the kidneys and result in neph-
rolithiasis [8, 10, 21]. Screening for these conditions was 
undertaken in our patients, and 3 patients were found to have 
low bone density. None of our patients had renal stones or 
chondrocalcinosis.

All patients included in this report had genetically con-
firmed HPP. 7 different pathogenic variants in the ALPL 
gene were identified, 6 of which were previously reported 
in HPP patients and known to be pathogenic (Table 2). 5 
patients had heterozygous variants (a pathogenic variant on 
1 allele), and 2 patients had compound heterozygous variants 
(2 different pathogenic variants on opposite alleles).

AA is the first-in-class treatment approved for HPP [22]. 
Prior to it its FDA approval in 2015, treatment of HPP con-
sisted largely of supportive care [23]. AA works by replacing 
the deficient TNSALP therefore reducing the extracellular 
accumulation of its substrates. It is administered as a subcu-
taneous injection at the recommended dose of 6mg/kg/week, 
commonly administered as 3mg/kg twice a week. This dose 
was based on studies mostly in the pediatric population [12, 
24, 25]. In adults, a 13-week, open-label study was undertaken 
in those with pediatric-onset HPP. They evaluated variable 
doses of AA and findings confirmed that the 6mg/kg/week 
dose was more effective in reducing TNSALP substrates to 
within normal range than the lower dose of 1.5mg/kg/week 
[26]. This was the dose administered to our patients.

Notable subjective improvements in muscle strength, mus-
cle pain, walking ability, and walking distance with a reduc-
tion in the use of gait aids were seen. Cognition and mood 
also improved. These effects were seen as early as 1 month 
from initiation of therapy. For some, it took as long as long 
as 1 year for significant clinical improvement to be observed. 
As no objective measure was utilized to assess improvement 
in symptoms, the possibility of a placebo effect can also be 
considered. ALP levels were elevated in the thousands on 
AA. While we do not have post-therapy vitamin B6 levels to 
assess and compare to pre-therapy values, we highly suspect 
that these values have returned to normal consistent with the 
subjective symptom improvement observed.

Patients were asked to quantify the improvement in their 
walking distance, muscular function, mood, and energy lev-
els at 3, 6, 9, 12, and 24 months, when applicable, from start-
ing treatment with AA. The results are shown in Tables 3, 4, 
5 and 6 . 5 out of the 6 patients did not notice any subjective 

Table 6   Occurrence of fracture pre- and post-AA

AFF atypical femoral fracture, NA not applicable

Patient Fractures pre-AA Fractures post-AA

1 4 (wrist, toes ×2-3, rib) 0
2 3 (bilateral femurs, ulna) 0
3 5 metatarsal, bilateral AFF 0
4 0 0
5 0 0
6 0 1 toe fracture (10 

months of being 
on AA)

7 0 NA
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improvement before 6 months of being on AA. It is there-
fore crucial that this expectation be discussed with patients 
starting therapy.

With regard to safety of AA, injection site reactions are 
the most frequently reported adverse effects on review of 
literature [24, 25, 27, 28]. The most commonly reported 
side effects in our patients included: injection site reactions 
in 2 patients, tiredness in 1 patient, bilateral hand pain in 
1 patient, and no adverse effects in 2 patients (Table 3). 1 
patient reported nonspecific symptoms within 10 days of 
initiating AA and subsequently discontinued therapy. None 
of the patients developed tooth abscesses as a complication.

In conclusion, the clinical presentation of HPP is highly 
variable, even among family members harboring the same 
pathogenic variants of the ALPL gene. Treatment with AA 
is proven to be well tolerated with only minor adverse effects 
and significant improvement in symptoms and prognosis, 
especially in pediatric-onset HPP. With regard to adult-
onset HPP, our patient had subjective improvement in mus-
cle strength, walking distance, and cognition on therapy. 
Further studies are still warranted to explore the effect of 
treatment in adult-onset HPP and the unknown long-term 
safety profile of AA, in addition to its resultant elevation in 
ALP levels. Development of anti-asfotase alfa antibodies 
is a potential complication of enzyme replacement therapy 
that also warrants further evaluation. These antibodies can 
exert a neutralizing effect to the AA; while it has not been 
seen to hinder or make therapy less effective after 7 years of 
treatment in several studies [12, 25, 28], further evaluation 
is essential to better understand the lack or limited clinical 
response that might be seen in some patients.
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