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Abstract

Hypophosphatasia is a rare metabolic disease resulting from variant(s) in the gene-encoding tissue-nonspecific isozyme of alkaline phosphatase. In this
13-week, phase 2a,multicenter, randomized, open-label, dose-response study (ClinicalTrials.gov:NCT02797821), the pharmacokinetics of asfotase alfa,
an enzyme replacement therapy approved for the treatment of hypophosphatasia,was assessed in adult patients with pediatric-onset hypophosphatasia.
In total,27 adults were randomly assigned 1:1:1 to a single subcutaneous dose of asfotase alfa (0.5,2.0,or 3.0 mg/kg) during week 1.Fromweek 3 to week
9, patients received 0.5, 2.0, or 3.0 mg/kg subcutaneously 3 times per week (equivalent to 1.5, 6.0, or 9.0 mg/kg/wk, respectively). Noncompartmental
analysis revealed exposure (maximum concentration in the dosing interval and area under the concentration-time curve from time 0 to infinity)
to asfotase alfa increased between single- and multiple-dose administration and with increasing doses; however, extensive interindividual variability
was observed in the concentration-time profiles within each dose cohort. Median terminal elimination half-life was ≈5 days following multiple-
dose administration, with steady state achieved by approximately day 29. Dose-normalized exposure data indicated that asfotase alfa activity was
approximately dose-proportional within the studied dose range. Additionally, dose-normalized exposure was comparable across body mass index
categories of <25,≥25 to <30, and ≥30 kg/m2, indicating that asfotase alfa dosing bioavailability was consistent in these patients, including those who
were obese. These data, together with previously published pharmacodynamic results in this study population, support the use of asfotase alfa at the
recommended dose of 6 mg/kg/wk in adults with pediatric-onset hypophosphatasia.
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Hypophosphatasia is a rare, inherited, metabolic dis-
ease caused by loss-of-function variants in the ALPL
gene, which encodes the tissue-nonspecific isoenzyme
of alkaline phosphatase (TNSALP).1,2 The resulting
deficiency of TNSALP activity in patients with hy-
pophosphatasia leads to extracellular accumulation of
the TNSALP substrates inorganic pyrophosphate (PPi)
and pyridoxal 5′-phosphate (PLP).3,4 Elevated levels of
PPi, a potent inhibitor of bone mineralization, blocks
hydroxyapatite crystal formation within the skeletal
matrix and can lead to skeletal hypomineralization and
rickets in infants and children and osteomalacia in
adults.1,5 Accumulation of PLP, the major circulating
form of vitamin B6, may lead to seizures in infants.6

Neurologic symptoms, including vertigo, depression,
anxiety, and neuropathy, have also been documented in
adult patients with hypophosphatasia.7

The signs, symptoms, and complications of hy-
pophosphatasia can present from in utero to adult-
hood and vary widely from patient to patient.5 Adults
with hypophosphatasia may have onset in childhood
or in adulthood,8 with characteristic manifestations,
including recurring/poorly healing metatarsal and long
bone fractures; pseudofractures; altered mobility; mus-
cle weakness; loss of secondary teeth; and bone, joint,

and muscle pain.9–12 Emerging data indicate that the
clinical burden of disease in adults may also include
orthopedic issues and need for assistive device/home
modifications.13

Asfotase alfa (Strensiq, Alexion Pharmaceuticals,
Inc., Boston, Massachusetts) is a human recombi-
nant TNSALP enzyme-replacement therapy approved
for the treatment of hypophosphatasia.14,15 In clinical
studies in infants and children, treatment with asfotase
alfa reduced levels of accumulated TNSALP substrates
and improved bone mineralization, growth, mobility,
and survival and reduced skeletal abnormalities and
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respiratory symptoms, with benefits sustained for up
to 7 years.16–20 Data in adolescents and adults 13 to
66 years of age with hypophosphatasia have shown
that asfotase alfa decreases circulating concentrations
of PPi and PLP and improves functional outcomes,
with improvements maintained through 5 years of
treatment.21 Additionally, pharmacodynamic results
from this 13-week, open-label study support that the
recommended asfotase alfa dose of 6 mg/kg/wk is
effective at reducing TNSALP substrate concentrations
to within the normal range in adults with pediatric-
onset hypophosphatasia.22 Adults receiving asfotase
alfa 6mg/kg/wk or 9mg/kg/wk had significantly greater
reductions in circulating PPi and PLP concentrations
(P < .05) compared with the lower dose of 1.5
mg/kg/wk.22

Although previously evaluated in pediatric patients
with hypophosphatasia,14,18 the pharmacokinetics
(PK) of asfotase alfa have not been characterized
in adults with hypophosphatasia. The objective of
this study was to evaluate the PK of asfotase alfa in
adult patients with pediatric-onset hypophosphatasia
following administration of a range of dose regimens
that encompasses the dose proven to be effective in
pediatric patients (ie, 6.0 mg/kg/wk).

Methods
Study Design
The conduct of the study was in compliance with the
requirements of the World Medical Association Decla-
ration of Helsinki and the International Conference on
Harmonisation E6 Guideline for Good Clinical Prac-
tice. The protocol, informed consent form, and pro-
cesses were approved by the institutional review board,
independent ethics committee, or research ethics board
at each of the 4 investigative sites: VanderbiltUniversity
Medical Center, Nashville, Tennessee; Shriners Hospi-
tals for Children, St. Louis, Missouri; Duke University
Medical Center, Durham, North Carolina; Universität-
sklinikumWürzburg,Würzburg, Germany. All patients
provided informed consent before study initiation.

Details on the study design, inclusion and exclusion
criteria, pharmacodynamic outcomes, and safety data
have been previously published.22 In brief, this 13-
week, phase 2a, multicenter, randomized, open-label,
dose-response study (ClinicalTrials.gov NCT02797821)
consisted of a screening period, a single-dose treat-
ment period (1 week), a washout period (1 week), a
multiple-dose treatment period (7 weeks), and a no-
dose follow-up period (4 weeks). Adults ≥18 years of
age with pediatric-onset hypophosphatasia (defined as
first sign[s] or symptom[s] of hypophosphatasia before
18 years of age) were randomly assigned 1:1:1 to a
single dose of asfotase alfa (0.5, 2.0, or 3.0 mg/kg)

administered subcutaneously during week 1. Patients
did not receive asfotase alfa during week 2. Asfotase
alfa was then administered from week 3 to week 9
at a dose of 0.5, 2.0, or 3.0 mg/kg subcutaneously 3
times per week (equivalent to 1.5, 6.0, or 9.0 mg/kg/wk,
respectively). Themaximum volume of medicinal prod-
uct per injection was not to exceed 1.0 mL. If >1.0
mLwas required, multiple injections were administered
at the same time. Throughout the study, injection sites
were rotated among 8 different body areas (ie, both
thighs and buttocks, both sides of the abdomen, and
both upper arms) and were carefully monitored for
signs of any potential reactions.

Serumasfotase alfa concentrationswere collected for
2 weeks following the initial dose on day 1. During
weeks 3 through 8, PK samples were obtained before
dosing and 6 hours after dosing on theMonday (ie, first
dosing day) of each week (no samples were obtained
during week 6). During week 9, the last week of dosing,
a predose sample was obtained on day 57, followed by
a predose trough sample on day 61, and then multiple
samples after the last dose on day 61.

Bioanalytical Methods

Sample Handling. Blood samples were collected in
2.5-mL red-top serum separation tubes, allowed to clot
for 30 minutes, and centrifuged at 3000 × g for 15
minutes, and the collected serum supernatant was im-
mediately frozen and stored at –20°C (or colder). Serum
samples were stored and analyzed within validated
stability parameters (see Supplemental Appendix).

Serum Asfotase Alfa Measurement. Serum asfotase alfa
concentrations were determined using a validated en-
zyme activity assay based on the steady-state kinetics
of asfotase alfa. A custom assay was validated in com-
pliance with the US Food and Drug Administration’s
Good Laboratory Practice regulations at Charles River
Laboratories (Skokie, Illinois), according to the rec-
ommendations of the Food and Drug Administration
(Draft Guidance, Bioanalytical Method Validation,
2013) and European Medicines Agency (Guideline on
Bioanalytical Method Validation, 2011) that were cur-
rent during that time. Validation details are provided
in the Supplemental Appendix. Asfotase alfa is an
enzyme replacement therapy containing an alkaline
phosphatase domain that is catalytically active and hy-
drolyzes phosphate esters. Para-nitrophenyl phosphate
(pNPP), an alkaline phosphatase substrate, was used
to monitor the catalytic activity of asfotase alfa in the
assay. Standard curves of asfotase alfa were prepared
from 15 to 100 ng/mL in assay buffer containing 20mM
Bis-Tris propane, 50 mMNaCl, 0.5 mMMgCl2, and 50
μMZnCl2 with 1 g/mL bovine serum albumin at pH 9.
Quality control samples (750, 450, and 300 ng/mL in
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serum) and study samples were handled on wet ice and
diluted 10-fold in assay buffer (or greater dilution for
samples above the calibration range). The quantitation
range of the assay, factoring in the minimum required
dilution, was 150 to 1000 ng/mL. Standards, quality
control, and study samples (20 μL) were added to a
96-well nonbinding analytical plate, and pNPP (180
μL, 1 mM final concentration) was added to initiate
the reaction. Hydrolysis of pNPP was monitored via
absorbance at 405 nM (37°C for 20 minutes) using a
SpectraMax Plus 384 or M5 Plate Reader (Molecular
Devices, San Jose, California). The initial rates of
calibrators were determined from the progress curves
and fit to a linear model to generate a calibration curve
using SOFTmax PROGxP (Molecular Devices). Qual-
ity control and study samples were then interpolated
from the calibration curve. Results in nanograms per
milliliter were converted to units per liter based on the
specific activity of the reference standard as follows:

Activity of enzyme (U/L)

= enzyme concentration (ng/mL)

× specific activity (U/mg) × (1 mg/1,000,000 ng)

× (1000 mL/L) (1)

Pharmacokinetic Assessments
Key assessments after both single and multiple doses
of asfotase alfa includedmaximum concentration in the
dosing interval (Cmax), time to maximum concentration
in the dosing interval (tmax), terminal elimination rate
constant, terminal elimination half-life (t 1

2
), and area

under the concentration-time curve (AUC) from time
0 to 3, 7, and 14 days after a single dose and after
the last dosing of the week on day 61. AUC from
time 0 to infinity (AUCinf ), AUC from time 0 to
time of last observed concentration in dosing interval
(AUClast), clearance, and volume of distribution were
also evaluated following single-dose administration. To
approximate asfotase alfa accumulation with 3-times-
per-week dosing, the ratio of AUCinf and ratio of
concentration 48 hours after first dose to the predose
concentration on study day 61 after multiple dosing
(CtroughR) were determined. Attainment of steady state
was assessed by visual inspection of trough asfotase alfa
concentrations over time.

Statistical Analysis
Analyses were performed using the PK analysis set,
which included all treated patients for whom a PK
profile was adequately characterized with complete
concentration-time profiles. PK parameter values were
estimated using the noncompartmental analysis mod-
ule in Phoenix WinNonlin v7.0 (Certara, Princeton,

New Jersey). The data set for noncompartmental
analysis was derived from the NONMEM population
PK-pharmacodynamic data set. Concentrations that
were below the assay lower limit of quantification
(LLOQ) and were associated with time points before
the first quantifiable concentration in a profile were
replaced with 0 for the noncompartmental analysis.
Data are summarized using descriptive statistics (mean,
standard deviation [SD], median, minimum,maximum,
and count [n]). AUC parameters were calculated using
the linear-log trapezoidal method.

Results
Patients
All 27 patients who were randomized into the study
were included in the PK analysis set. The number of
patients in the 0.5, 2.0, or 3.0 mg/kg cohorts were
8, 10, and 9, respectively. Key patient demographics
are summarized in Table 1. The median (min-max)
patient age was 45 (18-77) years, and the majority were
women (59%) andWhite (96%). In total, there were 942
(83%) quantifiable serum asfotase alfa concentrations
included in the analysis; 198 (17%) were below the assay
LLOQ.

All 27 patients enrolled in the study used con-
comitant medications during the course of study
drug treatment. The most commonly reported medi-
cations were nonsteroidal anti-inflammatory and an-
tirheumatic drugs (7/8 [87.5%] patients in the 0.5-mg/kg
cohort, 8/10 [80.0%] patients in the 2.0-mg/kg cohort,
and 7/9 [77.8%] patients in the 3.0-mg/kg cohort);
vitamins A andD, individually and in combination (4/8
[50.0%] patients in the 0.5-mg/kg cohort, 4/10 [40.0%]
patients in the 2.0-mg/kg cohort, and 5/9 [55.6%] pa-
tients in the 3.0-mg/kg cohort); and other analgesics
and antipyretics (4/8 [50.0%] patients in the 0.5-mg/kg
cohort, 4/10 [40.0%] patients in the 2.0-mg/kg cohort,
and 3/9 [33.3%] patients in the 3.0-mg/kg cohort).

No patients in the 0.5-mg/kg cohort had>1 injection
per dose. All patients in the 2.0-mg/kg cohort had 2
injections per dose, except for 1 patient who received
some doses as 1 injection and 1 patient who received
some doses as 3 injections. All patients in the 3.0-mg/kg
cohort had 2 to 4 injections per dose, except 1 patient
who received all doses as 5 injections. Overall, com-
pliance, defined as (total number of injections received
through week 9 / number of injections expected) × 100,
was high in all 3 dose cohorts, ranging from a mean of
97.7% to 99.5%.

Summary of Noncompartmental PK Parameters
The estimated PK parameters are summarized in
Table 2. Overall, exposure (Cmax, AUClast, and AUCinf )
increased with increasing dose and between single- and
multiple-dose administrations; however, a large portion
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Table 1. Demographic and Baseline Disease Characteristics

Asfotase Alfa 0.5-mg/kg
Cohort (n = 8)

Asfotase Alfa 2.0-mg/kg
Cohort (n = 10)

Asfotase Alfa 3.0-mg/kg
Cohort (n = 9) Overall (N = 27)

Age at enrollment, y, median (range) 44.5 (18-64) 42.5 (24-77) 55.0 (24-69) 45.0 (18-77)
Sex, n (%)
Female 5 (63) 6 (60) 5 (56) 16 (59)
Male 3 (38) 4 (40) 4 (44) 11 (41)

Race, n (%)
White 7 (88) 10 (100) 9 (100) 26 (96)
Multiple 1 (13) 0 0 1 (4)

Height, cm, median (min-max) 160.2 (135-180) 163.1 (148-174) 161.0 (150-175) 162.0 (135-180)
Weight, kg, median (min-max) 91.0 (48-121) 72.7 (51-89) 78.0 (62-116) 80.5 (48-121)
BMI, kg/m2, median (min-max) 32.6 (22-52) 27.4 (20-33) 31.3 (24-40) 30.3 (20-52)

BMI, body mass index.

Table 2. Summary of Noncompartmental Pharmacokinetic Parameters

Parameter Asfotase Alfa 0.5 mg/kg (n = 8) Asfotase Alfa 2.0 mg/kg (n = 10) Asfotase Alfa 3.0 mg/kg (n = 9)

Day 1 Day 61 Day 1 Day 61 Day 1 Day 61

Cmax, U/L 218 (24.1) 743 (63.6) 617 (51.8) 1900 (53.6) 915 (35.3) 3600 (43.7)
tmax, d 1.9 (0.5-3.0) 0.7 (0.0-2.5) 2.3 (1.5-5.0) 1.2 (0.0-2.5) 3.0 (1.5-6.0) 1.0 (0.3-1.3)
AUClast, U × d/L 588 (77.0) NE 3310 (60.6) NE 5620 (63.3) NE
AUCinf, U × d/L NE NE 5350 (45.6) NE 9030 (40.3) NE
t 1

2
, d NE 5.1 (10.2) 3.7 (16.4) 4.6 (28.0) 4.7 (17.9) 5.5 (18.3)

λz, d−1 NE 0.135 (10.2) 0.189 (16.4) 0.150 (28.0) 0.148 (17.9) 0.125 (18.3)
CL/F, U/L NE NE 18.8 (37.2) NE 22.1 (41.2) NE
Vz/F, L NE NE 99.1 (25.9) NE 150 (36.2) NE
CtroughR NE 4.15 (35.3) NE 3.14 (65.5) NE 4.68 (33.6)

λz, terminal elimination rate constant;AUCinf, area under the concentration-time curve from time 0 to infinity;AUClast, area under the concentration-time curve
from time 0 to time of the last observed concentration in a dosing interval; CL/F, apparent clearance after subcutaneous dosing; Cmax, maximum concentration
in the dosing interval; CtroughR, ratio of concentration 48 hours after first dose to predose concentration on day 61 after multiple dosing; CV%, coefficient of
variation; NE, not evaluable; t 1

2
, terminal elimination half-life; tmax, time of maximum concentration in the dosing interval; Vz/F, apparent volume of distribution

after subcutaneous dosing.
Geometric mean and geometric CV% were provided for all parameters except tmax, where median and range were provided.
NE: Due to the limited available data, several parameters were not evaluable or not evaluated. For all 3 dose cohorts, CtroughR was not evaluated because it is
not a relevant PK parameter after a single dose else; see the Results section for explanations.

of concentrations in the 0.5-mg/kg cohort were below
the LLOQ following day 1 dosing, and as such, several
parameters were not evaluable in this cohort following
the single-dose administration. On day 61, for all 3 dose
cohorts, λz (and thus t 1

2
) was calculated (Table 2). In-

dividual asfotase alfa concentration-time profiles pro-
vided sufficient data points for defining the terminal
elimination phase and thus the estimation of the termi-
nal elimination rate constant and half-life (Figure 1).
However, AUClast, AUCinf , apparent clearance (CL/F),
and apparent volume of distribution (Vz/F) on day
61 were not evaluated because of the dosing regimen
(interval) being given in the study. Because asfotase alfa
was given in once-every-other-day dosing (for 3 times
every week), in the last week of the study (week 9),
doses were typically given on Monday (day 57 dosing),
Wednesday (day 59 dosing), andFriday (day 61 dosing).

Due to nonsymmetric dosing interval during chronic
dosing (ie, every other day fromMonday to Friday and
a 3-day gap betweenFriday and the followingMonday),
we have chosen not to compare day 61 PK with day 1
PK. One comparison that we could have pursued is day
57 dose-normalized AUC from time 0 to 168 hours vs
day 1 dose-normalizedAUCinf . However, due to lack of
dense PK/pharmacodynamic sample collection on day
57 and to avoid any confusion, we have left such a com-
parison out. Thus, it would be misleading to calculate
and compare the day 61 and day 1 PK parameters, such
asAUClast, AUCinf , CL/F, andVz/F, that were impacted
by the dosing interval schedule in this study on day 61.
Geometric mean values for t 1

2
ranged from 3.7 to 5.5

days. Median tmax occurred earlier following multiple-
dose (0.7-1.2 days) vs single-dose (1.9-3.0 days) admin-
istration. Geometric mean values for CtroughR ranged
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(a)

(b)

Figure 1. Individual pharmacokinetic profiles after (A) single-dose, day 1, administration of asfotase alfa (semi-log scale) and (B) multiple-dose, day 61,
administration of asfotase alfa (linear scale).

from 3.1 to 4.7 across the 3 dose cohorts, indicating
marked accumulation of asfotase alfa at all dose levels
following multiple-dose administration.

Individual PK Profiles
Individual PK profiles after single and multiple doses
in the 0.5, 2.0, and 3.0 mg/kg cohorts are shown
in Figure 1. These composite plots show increasing
asfotase alfa exposure with increasing dose following
both single- andmultiple-dose administration.Notably,
extensive interindividual variability was observed in
the concentration-time profiles within each dose

cohort, although all profiles seemed to display a mono-
exponential decline when viewed on a semilog graph.

Mean (SD) PK Profiles
Figure 2 shows mean (SD) asfotase alfa activity across
the 3 dose cohorts following single-dose (Figure 2A)
and multiple-dose (Figure 2B) administration. Sim-
ilar to the individual PK profiles, plots of mean
(SD) PK serum asfotase alfa concentration-time data
show increasing asfotase alfa exposure with increasing
dose (Figure 2). Trough concentrations from day 15
to day 61 are shown in Figure 2C. Individual and
mean trough concentrations appeared relatively stable
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(a)

(b)

(c)

Figure 2. Arithmetic mean (± standard deviation [SD]) plasma concentration–time profiles after (A) single-dose, day 1, and (B) multiple-dose, day
61, administration of asfotase alfa and (C) trough concentrations on days 15 to 61 after administration of asfotase alfa. CtroughR, ratio of concentration
48 hours after first dose to the predose concentration on study day 61 after multiple dosing.

following day 29, indicating that steady state was
reached at this time point of themultiple-dosing period.
Mean trough concentrations in the 3.0 mg/kg cohort
increased slightly after day 29, although marked in-
terindividual variability was observed in this treatment
group.

Dose-Normalized PK Profiles
Dose-normalized mean PK profiles after single- and
multiple-dose administration of asfotase alfa are shown
in Figure 3, and show comparable asfotase alfa activity

across dose cohorts on days 1 and 61. These plots
indicate that asfotase alfa activity was approximately
dose-proportional within the 0.5- to 3.0-mg/kg dose
range.

Dose Normalization by Body Mass Index
Baseline body mass index (BMI) data indicated that
of the 27 patients in the study population, 8 (30%)
were overweight (BMI, 25 to <30 kg/m2) and 14 (52%)
were obese (BMI, ≥30 kg/m2).23 To determine whether
patient BMI impacted the PK profile of asfotase alfa
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Figure 3. Dose-normalized arithmetic mean (± standard deviation [SD]) plasma concentration–time profiles after (A) single-dose, day 1, and (B)
multiple-dose, day 61, administration of asfotase alfa.

under the total body weight–based dosing regimen,
we conducted a post hoc analysis to evaluate dose-
normalized exposure data by patient BMI categories
(<25, ≥25 to <30, and ≥30 kg/m2). As shown in
Figure 4, the median dose-normalized AUC from time
0 to 14 days was generally comparable across the 3
BMI groups following both single- and multiple-dose
administration of asfotase alfa.

Discussion
Data from this phase 2 study are the first to describe the
PKprofile of asfotase alfa in adults with pediatric-onset
hypophosphatasia. The noncompartmental analysis re-
sults suggest asfotase alfa exposure increases over the
0.5- to 3.0-mg/kg dose range after single- and multiple-
dose administration. Concentration-time profiles for
all cohorts suggest a relatively slow absorption and a
mono-exponential decline in the terminal phase. While

there were no signs of time-dependent elimination in
this study, the rate of absorption, as assessed by tmax,
appeared to be faster with multiple-dose administra-
tion. Because of a relatively long half-life (≈5 days)
and dosing frequency (3 times per week), CtroughR values
indicated marked accumulation of asfotase alfa at all
dose levels.

Our results are generally consistent with previously
conducted PK analyses using observed data from pedi-
atric patients with hypophosphatasia.14 Reported Cmax

values following multiple doses of asfotase alfa (2.0
mg/kg 3 times a week) in pediatric patients (mean,
1566 U/L and 1840 U/L)14 were comparable to those
observed following multiple-dose administration in
adult patients in our study receiving the same dose
(median, 1900 U/L). However, tmax following multiple-
dose administration of 2.0 mg/kg asfotase alfa in our
adult population (median, 2.1 days) was longer than
previously reported for pediatric patients receiving the
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Figure 4. Dose-normalized median AUC14, categorized by patient BMI categories (<25, ≥25 to <30, and ≥30 kg/m2) after single dose, day 1, and
multiple dose, day 61, administration of asfotase alfa. AUC14, area under the concentration-time curve from time 0 to 14 days; BMI, body mass index.

same dose (mean, 0.6-0.9 days).14 Possible explanations
for this difference include variabilities due to study and
patient population.

In this study, multiple injections of asfotase alfa
were recommended for patients requiring an injection
volume of >1.0 mL for a single dose. Injection site
rotation with subcutaneous administration has been
recommended as a common practice for various biolog-
ics such as insulin.24 Although the potential impact of
injection site rotation on asfotase alfa PK parameters
has not been evaluated, a PK study on the rotation
of subcutaneous injection sites with the biologic goli-
mumab has supported the flexibility in the choice of
various injection sites, such as upper arm, abdomen,
and thigh.25 In our study, the relatively comparable
variabilities among the 3 dosing cohorts (Table 2)
support the lack of apparent impact of subcutaneous
injection site rotation on asfotase alfa multiple-dose PK
(eg, dose-response findings).

In general, a concernwith bodyweight–based dosing
of medications is the potential for underdosing or
overdosing patients with obesity, depending on the
properties of the drug and the individual patient’s
characteristics.26,27 As asfotase alfa dosing is based on
total body weight, there may be a concern in the clinical
setting as to whether overweight or obese patients are
receiving treatment doses that are higher than neces-
sary. If patients with high BMI were being overdosed
when receiving asfotase alfa doses based on total body
weight, we would anticipate observing the highest dose-
adjusted AUC values in the highest BMI category (≥30
kg/m2) or a categorical increase in the dose-adjusted
AUC values from <25 kg/m2 BMI to 25 to <30 kg/m2

and then again to ≥30 kg/m2. However, we did not

observe these systemic trends, and exposure was com-
parable across the 3 BMI categories. Therefore, dosing
of asfotase alfa by total body weight is considered to be
appropriate for patients with hypophosphatasia, andwe
expect that dosing by BMI would not obtain better or
more harmonious PK exposures.

As previously reported, 15 patients from this study
tested positive for anti–asfotase alfa antibodies after
baseline (median titer, 0 [min-max, 0-4]), with no pa-
tients testing positive for neutralizing antibodies at
baseline or at any time during the study.22 Given the
small number of patients within each dose cohort that
tested positive for anti–asfotase alfa antibodies and
the short treatment duration of the study, it was not
possible to further evaluate the impact of antidrug
antibody status on PK outcomes. However, in clinical
trials of asfotase alfa with treatment durations of up
to 7 years, the development of antidrug antibodies has
not been reported to have a clinically relevant impact
on either safety or efficacy outcomes.16,17,19,21

There were several limitations to this study. First, the
small sample size limited the analysis. Specifically, in the
0.5-mg/kg cohort, a large proportion of concentrations
were below the LLOQ following day 1 dosing, and as
such, several parameters were not evaluable, including
AUCinf , CL/F, Vz/F, and λz (and thus t 1

2
). In addition,

as noted in the Results section, given the irregular
dosing intervals (ie, 3 times a week dosing results in
2 intervals of 2 days and 1 interval of 3 days in a
7-day period), AUC for a dosing interval at steady
state was not determined at week 9 and could not be
used to calculate a steady-state clearance estimate or
an accumulation ratio based on AUC values. Steady
state was instead estimated by visual inspection of
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trough asfotase alfa concentrations over time. Also,
extensive interindividual variability was observed in
each cohort in the concentration-time profiles, which
could have been a result of individual patient disease
status, allometrically scaled weight effects on CL/F and
Vz/F after subcutaneous dosing, or immunogenicity.
Finally, while the risk of assay interference from other
medications was not assessed, the risk is low based on
the mechanism of action of asfotase alfa and specificity
of the catalytic domain, and thus, no concomitant
medications with the potential for interference were
identified in use or tested as part of this study.

Conclusion
In this open-label study of data from adult patients with
pediatric-onset hypophosphatasia, noncompartmental
analysis revealed accumulation of asfotase alfa at all
3 dose levels tested. Individual and mean plots of the
serum asfotase alfa concentration-time data showed in-
creasing exposure with increasing doses following both
single- and multiple-dose administration. Asfotase alfa
activity was approximately dose proportional within
the studied range, and there was no evidence of an
influence of BMI on asfotase alfa exposure. Taken to-
gether with the previously published pharmacodynamic
results in this patient population, these PK data further
support the use of asfotase alfa at the recommended
approved dose of 6 mg/kg/wk in adults with pediatric-
onset hypophosphatasia.
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