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METHODS OF TREATING A SUBJECT WITH AN ALKALINE PHOSPHATASE
DEFICIENCY

This application ciaims priority o U.S. provisional patent appilication No. 62/108,689, filed
January 28, 2015, the contents of which are hereby incorporated by reterence in theywr
entirety.

BACKGROUND

tnzyme replacement therapy (ER 1) nas been successtully impiemented {o treat
subiects with deficiencies in alkaline phosphatase (AF) activity. In particuiar, such therapies are
useful for treating bone mineralization defects associated with deficient AP activity, Several
taciors reguiate pone formation and resorption, including, for example, serum caicium and
phosphate concentrations, and circulating parathyroid hormone (PTH). FGFZ3, for example, is
a hormone that contributes to the requiation of caicium and phosphate homeostasis- promoting
renal phosphate excretion and reducing circulating tevels of active vitamin U {(diminishing
intestinal absorption of calcium). ERT treatment that ieads 1o normalized bone formation can
potentially have an effect on the production of moduiators {e.g., hormones such as, for exampie,
parathyroid hormone (P i H), or vitamin D) that requiate or are reqguiated by bone minerahization
factors {(e.¢., serum caicium and phosphate).

P TH, also referred 1o as "parathormoneg” or "parathyrin,” 1s secreted by the parathyroid
giand as an 84-amino acid polypeplide (9.4 kDa). PIH aclts to increase the concentration of
caicium (Ca*") in the blood by acting upon the parathyroid hormone 1 receptor (high leveis of
the parathyroid hormone 1 recepior are present in bone and Kidney) and the parathyroid
normone 2 receptor (high levels of the parathyroid hormone 2 receptor are present in the caentral
nervous system, pancreas, testes, and placentia).

1 H enhances the release of caicium from the large reservoir contained in the bones by
affecting bone resorption by moduiation of expression of key genes ihat reguiale pbone
resorption and formation. Bone resorption is the normal degradation of bone by osteociasis,
which are indirectly stimulated by PTH. Since ostecciasis do not have a receptor for PTH,

P 1S effect is indirect, through stimulation of osteobiasis, the celis responsibie for creating
pone. PIH increases osteoblast expression of the receptor aclivator of nuciear factor kappa-3
Hgand (RANKL) and inhibits the expression of osteoprotegerin (OPG). OPG binds to RANKL
and biocks i from interacting with RANK, a receptor for RANKL. The bindging of RANKL 10
RANK (facilitated by the decreased amount of OPG available for binding the excess RANKL)
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stimuiates fusion of osteociasis into multinucleated ostecciasts, uitimately leading 1o bone
resorption. The downregulation of OPG expression thus promoties bone resorption by
osteociasts.

F1TH production (synthesis of FPTH) is stimulated with high sserum levels of phosphates
(often present in late stages of chronic kidney disease; by direct effect of serum phosphates on
FTH synthesis in the parathyroid giand by promoting the stability of PTH. PTH negatlively
impacts retention of phospnaies in Kidneys {(promoting 10ss ihrougn urine) affecting homeostasis
of phosphates and caicium. The importance of this signaiing pathway in the renal response o
FTH Is highlighted by the renal resistance to PTH associated with deficiency of PTH receptor
protein subunit (Gsaipha) deficiency in patients with pseudohypoparathyroidism. PTH also
ennances the uptake of phosphate from the intestine and bones into the diood. in the bone,
shightly more caicium than phosphate is released from the dreakdown of pone. In the intestines,
absorption of poth calcium and phosphate 1s mediated by an increase in activated vitamin L.
The absorption of phosphate is not as dependent on vitamin LD as 18 that of caicium. The end
resuit of FTH reiease from the parathyroid giand is a smaill net drop in the serum concentration
of phosphate.

Secretion of PTH is controlled chiefly by serum Ca®' through negative feedback.
ncreased isvels of calcium reduce F1H secretion, while diminished levels increase Pk
secretion. Calcium-sensing receptors located on parathyroid celis are activated when Ca™' is
aglevated. G-protein coupled calcium receptors bind extracellular calcium and are found on the
surface of a wide variety of celis disiribuled in the brain, heart, skin, stomach, paratoliicular celis
(“CC cells”), and other tissues. In the parathyroid gland, high concentrations of exiraceilular
calcium resulf in activation of the Gg G-protein coupled cascade through the action of
phospholipase C. This hydrolyzes phosphatidylinositol 4, 5-bisphosphate (PIP2) 1o liberate
infraceliular messengers 1P3 and diacyigiycersl (DAG). Ultimately, these two messengers result
in a release of calcium from intraceliular stores and a subseguent tlux of exiraceliular calcium
into the cytopiasmic space. The effect of this signaiing of high extraceliular calcium results in an
intraceiiular calcium concentration that inhibits the secretion of preformed P TH from siorage
granuies in the parathyroid gland. in confrast to the mechanism that most secretory ceils use,
calcium inhibits vesicle fusion and reiease of PIH.

Addifional mechanisms thatl affect the amount of PTH avaiable for secrelion involve, for
exampie, caicium-sensitive proteases in the storage granuies. Upon aclivation increase the
cleavage of FTH (1-84) info carboxyi-terminal fragment, further reducing the amount of intact

FTH in storage granules.
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F1H also increases the aclivity of 1-a-hydroxyiase enzyme, which converts
25-hydroxyeholecalciferol 1o 1,25-dihvdroxychoelecaiciferol, the active form of vitamin D in
kKicdneys. Vilamin D gecreaseas transcription of the FPiH gene. Vitamin D deficiency (often seen
in chronic renal disorders) thus causes increases in PTH production. FGFZ3 is another
reguiator of parathyroid function, i is secreted by osteocytes or osteobiasis in response 1o
increased oral phosphate intake and other factors. H acts on Kidney 10 reduce expression
transporters of phosphates in Kidney reducing phosphate retention. in early stages of chronic
renal disease, levels of FGFZ3 are increased {0 help promote the urinary excretion of
phosphates. Elevated FGF2Z23 in chronic renal disorders reduces activily of the Vitamin D
T-a-hydroxyiase enzyme and results iow production of the active form of vitamin D. In the
intestines, absorption of caicium 1s mediated by an increase in activated vitamin . Diminished
intestinal calcium apsorplion, which {eads {0 serum hypocalcemia, does not provide strong
negative feedpack {o preoduction/release of FTH from parathyroid giand, causing increased
release of PTH from the parathyroid gland. FGF2Z23 appears 1o directly inhibit PTH secretion as
well,

As AR replacement therapy replaces part of a complex pathway, 1or example, for proper
pone formation, there 1s 8 need 1o further characterize the pathway, and 1o identify analyies that
are indicative of therapeutic effects. Such tracking may indicate therapeutic efficacy and/or may

identity additional therapies that may become necessary as a result of AP replacement therapy.

SUMMARY

Lescribed herein are methods for treating a subject with an alkaline phosphatase
deficiency that comprise monitering one or more anaiytes {0 determine addiional therapeutic
ireatments and procegures.

One aspect of the disclosure is directed {0 a method of treating a subject with an alkaline
phosphatase deficiency, comprising. agministenng a therapeutically effective amount of an
aikaline phosphatase; and monitoring the concentralion of one or more pone mineralization
analytes, wherein the monitoring the concentration of one or mere pone mineraiization anaivies
1S indicative for at least one additional treatment regimen for the subject. A non-imiting exampie
for all methods descriped herain provides that the one or more bone mineraiization anaivies is
at least one analyte selected from the group consisting of: vitamin D, Ca**, and parathyroid
hormonea. A non-imiting example for all methods described herein provides that the alkaline
phiospnatase deficiency 1s nypophosphatasia. A non-imiting exampie tor all methods descriped

nerein provides that the alkaline phosphatase is a tissue non-specific alkaline phosphaiase, a
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piacental alkaline phosphatase, an intestinal alkaline phosphalase, an enginesred alkaline
phiospnatase, a fusion protein comprising an aikaline phosphatase motely, or 8 chimeric alkaline
phosphatase. A non-imiting exampie for all methods described herein provides that the alkaline
phosphatase is asfotase alfa (STRENSIHQR) (see, e.g., U.S. Patent No. 7,763,712, international
Fub. No. WO 2005/103263, both herein incorporated by reference in their entirety). A
non-limiting example for all methods descriped herain provides that the bone mineralization
analyte is Ca**. A non-limiting exampie for all methods described herein provides that the
subiect is determined 1o be hypocalcemic, the method further comprising {reating the subject
with a therapsutically effective amount of caicium gluconate, calcium chionde, calcium arginate,
vitamin D or a vitamin D analog or parathyroid hormone or a fragment or analog thereof. A
non-imiing exampie for all methods descriped herein provides that the subject is determined 1o
pe hypercalcemic, the method further comprising treating the subject with a therapeulically
affective amount of a cailcimimelic, a bisphosphonate, prednisone, intravenous Tiuids, or a
diviretic. A non-lmiting exampie for ail methods descrbed herein provides that the calcimimetic
1S Cinacaicetl. A non-imiing exampie for ali methods described herein provides that the bone
mineralization analyte is parathyroid hormone. A non-iimiting example tor all methods
described herein provides that the subject has a stalistically significantly iow serum
concentration of parathyroid hormone, the method further comprising administenng a
therapeutically effective amount of caicium or vitamin L. A non-imiting exampie for ali methods
described herein provides that the subject has a siatistically significantly high serum
concentration of parathyroid hormone, the method further comprising treating the subject with
surgery or by administering a therapeutically effective amount of a calcimimetic, parathyroid
normone or an analog thereof, or a pisphosphonate. A non-imiting exampie for all methods
described herein provides {hat the calcimimetic is cinacaicet. A non-iimiting exampie for ail
methods gescribed herein provides that the bone mineraiization anaiyie is vitamin D. A
nen-imiting example for all methods described herein provides that the supbject has a
statistically significantly low serum concentration of vitamin D, the method further comprising

agministering a therapeuticaliy effective amount of vitamin D or an anaiog thereof.

BRIEF DESCRIPTION OF THE DRAWING(S)
1. 1 shows the mean resulis for serum PTH (Intact pmol/L) over ime by disegse onset
(HPFPP phenotype) and pooled safety set for all ciinical tnals (N=71). The time axis shows length
of treaiment with asfolase alfa in weeks. “intact” indicates full-length PTH {(not the PTH

fragment). Bars at each timepoint represent 85% confidence intervais.
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F1G. 2 shows mean laboratory test results over time for phosphate {(mmol/l). The time
axis refers to length of treatment with asfotase alfa in weeks. Bars at each timepoint represent
95% confidence intervals.

1. 3 shows mean laboratory test results over time for 25-hydroxyvitamin D {mmoi/L).
The time axis refers 1o length of treatment with astotase aifa in weeks. Bars at each ime point
rapresent 85% confidence intervals.

. 4 shows mean resulis for calcium (mmol/L) over time by disease onsel and overall
safety set. The time axis refers to iength of treatment with asiolase aifa in weeks. Bars at each
timepoint represent 95% contidence intervais.

F1G. 5 shows caicium (top panel) and PTH levels (lower panel) with reference ranges for
g single palient dunng treatment with asfoilase.

(5. 6 shows the mean results for serum PTH {(Intact, pmol/L) over time through week
312 by disease onssat (HPF phenotype) and overall safety set. The time axis shows iength of
treatment with astotase alfa in weeks. "intact’ indicates tull iength PTH (not the PTH fragment).
Bars at each timepoint represent 95% confidence intervais.

Fi(5. 7 shows mean laboraiory test resuits over time through week 312 for phosphate
(mmol/L). The time axis refers 10 length of treatment with asfotase aifa in weeks. Bars at each
timepoint represent Yo% confidence intervais.

1. 8 shows mean laboratory test results over time through week 312 for 25
nydroxyvilamin D (mmol/L). The time axis refers {0 iength of treatment with astotase aifa in
weeks. Bars at each time point represent 85% confidence intervals.

1=, © shows mean results for calcium (mmol/L) over time through week 312 by disease
onset and overall safety set. The time axis refers to iength of treatment with asfotase alfa in
weeks. Bars at each timepoint repraesent 85% contigence intervais.

(. 10 shows the patient vaiues for calcium (mmol/L) and PTH (pmol/L) as a function of
treatment week for the patient of FIG. 5. Verlical lines mark the start and end of 3 mg/kg/week
dosing and the starl of 6 mg/kg/week dosing.

F1G. 11 shows the amino acid seguence of asfotase aifa monomer (SEQ 1D NO: 1).

Astotase alfa exists as a dimer with inter-subunit disulfide ponds.

DETAILED DESCRIPTION
Descriped herein are matenals and methods for monitonng and further freating subjects

whio are in need of treatment with an alkaiine phosphalase or who are being treated with an

aikaline phosphatase. The unexpected findings that additional analytes ¢an be monitored 1o



10

15

24

25

30

CA 02973883 2017-07-13

WO 2016/123342 PCT/US2016/015366

indicate additional treatment regimens led {0 the materiais and methods described herain.
FParticuiar anaiytes can lead to additional treatments, for exampie, for hypocaicemia,
nypercaicemia, osteoporosis, nyperparathyroidism, and vitamin D deficiency.

Various definitions are used throughout this document. Most words have the meaning
that would be atinbuted o those words by one skilled in the art. Words specifically defined
aither below or elsewhnere in this document have the meaning provided in the context of the
present disciosure as a whole and as are typicaily understood by those skilled in the arl. tor

)3 i

exampile, as used herein, the singuiar forms "a,” "an,” and "the” include plural references uniess
the content clearly dictates otherwise. Unless otherwise defined, all technical and scientific
terms used herein have the same meaning as commonily understood by one of ordinary skill in
the art. Meihods and materials are described herein for use in the present disclosure; other
suifabie methods and materiais Known in the art can also be used. In case of confiict, the
present specification, including definitions, will control.

1he matenals and methods described herein relate (o monitonng and further treating

subiects who are in need of alkaiine phosphatase (AP) replacement therapy or who are

i IR A ¢ ) ¥ 44
7

undergoing AP replacement therapy. 1The terms "individual,” "subject,” "host,” and "patient” are
used interchangeably and refer {0 any subject for whom diagnosis, treatment, or therapy s
desired, particularly humans. Other subjects may inciude catlle, dogs, cals, guinea pigs,
rappits, rats, mice, norses and the like. APs are responsibie for dephosphoryiating a varnety of
enzymes, and at ieast one isoform is substantiaily invoived in bone mineraiization and
formation.

There are at least three APs In humans- infestinal (ALPL, placental (ALFF) and tissue
non-speciic (TNAP; sometimes referred {0 as liver/bone/kidney AP or ALFL), in adgition to
germiine AP. TNAP 1S a membprane-anchored AF that is active extraceiliulariy. Defects in T NAP
resuif in, for example, elevated biood and/or urne levels of three phosphocompound substrates:
inorganic pyrophosphate (PR, phosphoethanoiaming {(PEA) and pyridoxal-5’-phosphate (PLP)
(Whivte, M., Endocr. Rev., 15:439-61, 1994}, TNAP 1s primaniy responsible for reguiating serum
P levels (major inhibitor of nydroxyapatiie crysial deposition in the bone matrix), and,
therefore, is important for bone formation and mineralization. Genetic defects in TNAP, for
examplie, lead {0 diseases, conditions, or disorders associated with low or decreased bone
mineralization symptoms, &.¢., hypophosphatasia (HFPF).

Lefecis in TNAP aclivily can iead 1o a variely of diseases, disorders, and sympioms.
Hypophosphatasia (HPP), for exampie, 1s a rare, heritable form of rickets or osteomaiacia

(Whvte, M. “Hypophosphatasia,” In The Metabolic and Molecular Bases of Disease, 8" ed.,
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5313-29, kds €. Scriver, A. Beaudet, W. Sly, D. Vaile & B. Vogeistein. New York: McGraw-Hill
Book Company, 2001). HPP is caused by loss-of-function mutation(s) in the gene (ALPL) that
encodes TNAP (Weiss, M. ef a/., Proc. Nafl. Acad. Sci. USA, 85:7666-9, 1988, Henthorn, P. ef
al., Proc. Natl. Acad. Sci. USA, 89:9924-8, 1992, Henthomn, P. & Whyte, M., Ciin. Chem.,
38:2501-5, 1992 Zurutuza, L. et al., Hum. Mol Genet., §:1039-46, 1998). The biochamical
nallmark is subnormal AP activity in serum {(hypophosphatasemia).

HEP 1S an ultra-rare genetic disorder wnerepy NAP activity 1s eillher absent or darely
detectable in affecied patients. Vvhniie differences in patierns of inheritance and mutations cause
variapiity in age at symptom onset and disease severity, all HPP patients share the same
orimary pathophysiciogical defect, the faliure 1o mineralize bone matrix (resulling in rickets or
osteomalacia) due to fack of TNAF. This primary defect in infants and chiidren, aione or in
compination with associated metabolic disturpances, can lead 1o deformity of bones, Impaired
growth, and decreased motor performance. This primary pathophysiciogical mechanism can
rapidly lead 1o progressive damage to mulliple vital organs, seizures due to a CNDS deficiency in
functional vitamin Bo, and developmental delays. Subjects with HPP, ieft untreated, can
develop, for exampie, hypercaicemia, and hyperphosphatemia.

All Torms of HIPP share the same undertying genetic and biochemical defect, howsver,
the diagnoesis of HPP actually encompasses a spectrum of disease. Published classifications of
HiPE have histoncally taken info account the age at which clinical manifestation(s) first appear,
gdividing the disease into the 1oliowing categories: perinatal (onset in ufero and at birth), infantiie
(onset post-natal {0 6 months of age), juvenile (also described as chiidhood, onset from 6
months {0 18 years), and adult (onset after 18 years of age). Other miider forms of the disease,
iNCiUding penign perinatal HPP and cdontohypopnosphatasia, nave aiso been described.

HEP manitest in ufero and may cause stilpirtn, At the time of delivery, imbs may pe
sportened and deformed from profound skelelal hypomineralization, and radiographic
examinalion often reveals an aimost otal absence of pony structures. Most palients with
perinatal HPF have life-threatening disease, and death generally resulis from respiratory
insufficiency due {0 puimonary hypopiasia and poor funclioning due 1o a rachitic chest. Patients
with infantiie-onset HPF often appear normail at dirth but typically present with skeletal
abnormailifies and failure to thrive within the first six months ife. These patients can nave a Hiall
chest from rachitic deformily of the thorax; and, together with rib fractures, this may predispose
them {0 pneumonia and respiratory compromise. Mortality, usuaily due to puimonary
complicalions, has been reported to e as nigh as 50% {(Whyte M. Hypophosphatasia. in:

Glorieux FH, Pettifor JM, Juppner H, ediiors. FPediatric Bone: Biology and Diseases. London,
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UK, Academic Press; 2012: pp. 771-94; Caswell A. ef a/l., Cnt. Rev. Clin. Lab. Sci., 28:175-232,
1981). Other clinical features may include, for example, functional craniosynostosis with
resuitant increased intracranial pressure and papiliedema, and non-traumalic fraciures.
Hypercalcemia and hypercalciuna are also common, and nephrecalcingsis with renal

5 COMpromise may occur. VWeakness and delayed motor development are also common
compilications of infantile-onset HFPF and seizures may occur secondary o vitamin B deficiency
in the central nervous system.

N juvenie-onset patients, radiographs of the iong bones often reveal focal bony defects

that project from the growth plates inio the metaphyses, somelimes described as "tongues” of

10 ragiciucency. Physeal widening, rregulanties of the provisional zones of calcification, and
metaphyseal flanng with areas of radiciucency adiacent 1o areas of osteoscierosis may aise pe
present. Premature bony fusion of cranial suiures has aiso been observed in some patienis,
leading o potential increased intracranial pressure, proptosis, and cerebral damage. Rachilic
deformities, nciuding, for example, beading of the costochondral junctions, either bowed legs or

15  knock-knees, and entargement of the wrists, knees, and ankias from fiared metaphyses, are
common, and often result in short stature. Walking is frequently delayed, and a nonprogressive
myopathy characlerized by imb weakness, especially of the proximal muscles of the lower
extremities, has also been described (Seshia, S. ef al., Arch. Dis. Child., 65:130-1, 1880).
Skeletal pain and stiffness may also be present and non-traumalic fractures are common.

20 Nephrocalcinosis may develop in juvenie-onset HFP as well.

First signs of HFF may also present later in life {(as in the adult form of HFPP), however,
Upon questioning, many adult patients report a history of early tooth {0ss or nickets durng
chnidhood. In adult HPP, hypomineralization manitests as osteomaiacia. Adult HFF patients
are subiect to recurrent, poorly healng fractures, often in the metatarsals and/or femur.

25  Complaints of pain in the thighs and hips from subtrochanteric femoral pseudofraciures are also
common. Radiographs often reveal the presence of gsieopenia and chondrocaicinesis. In
some patients, deposition of calcium pyrophosphate dehydrate occurs, leading {o PP
arthropathy. Although adull HPP has been descrnibed as ‘'mild’, manifesiations of the disease in
aduits can pe severe and debilitating, often requiring mutlipie surgeries and the use of

30 supportive devices o perform activities of daily Hving.

Subjects with a defect in an endogencus AR, e.g., TNAP, are in need if AP enzyme
replacement therapy (ER1T). AMP-ERT has been successful, for example, in treating APP. ERT
replaces an enzyme in subjecis in whom that particular enzyme is deficient or absent. ERT

does not atfect the underlying genetic defect, but increases the concentration of enzyme in
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which the patient is deficient. The copy of the enzyme 10 be replaced, for exampie, canbe a
copy of ihe endogencus enzyme, an isoform of the enzyme, an ortnolog of the enzyme, a
chimeric version of the enzyme, a fusion proiein with the relevant active site of the enzyme or
an oltherwise engineerad version of the enzyme. ERT can be accomplished, for exampie, by
providing the enzyme iself or by causing the enzyme {0 be expressed in particular tissues or
celis of the subject {e.g., through gene therapy methods, mRNA methods, transcriptional or
transiationat activation methods, etc.).

Asfotase alfa or STRENSIQ®, for example, is a dimeric fusion protein that comprises
tWwo monomers with a TNAP phosphatiase domain fused 1o an FC chain and a bone tag (o larget
the molecule 10 bone. The APS described herein can be, for example, intact native proteins,
modified proteins or fusion profeins. Fusion protemns can comprise, for example, seguences 1o
stabilize the protein, iNcrease resigence time in a patient, and/or target the fusion prot2in to a
particular tissue, 2.¢., bone. Fusion proteins, for example, can comprise ¢ domains or albumin
moieties. Bone tags are typicaily negatively charged regions, .¢., polv-aspariate or
poly-giutamate sequences, e.¢., between about 5 10 about 50, between agbout 10 1o about 25,
petween about 67 to about 30, about 5, about 10, about 15, about 20, about 25, about 30, about
35, about 40, about 45, about 50 or more aspartates, glutamates, or other negatively charged
amine acids (natural or non-naiuraily occurnngs.

AS gescriped nerein, treatment of a subiect with AP-ERT can resull in, for exampie,
nypocalcemia, hyperparathyroidism, hypophosphatemia, vitamin D deficiency, and/or symptoms
or side effects thereof. Such situations can occur, for example, in cases where the mineral
defect is profound and avatiabtiity of calcium and phosphorous for formation of hydroxyapatite is
not adequate (e.g., not enough suppiementation in f0od, not enough utlization of the minerais
availabie in the food or profound 1055 through uring). 1Treatment of one or more of these effects
can lead (o "overcorrection” of the effect, and, therefore, require additional treaiment 10 reverse
the overcorrection. As described herein, monitoning of caicium, PTH, phosphate and vitamin L,
theretfore, can improve the treatment of a subject in need of or being treated with AP-ERT.

LDescribed heremn are also materials and methods for identifying subjects who, prior to or
at the time of treatment, for exampile, AP-ERT, need o undergo treatment 1o normalize one or
more metabolites associated with bone mineralization (e.g., PTH, Ca™" vitamin D, and/or
phosphate). A subject in need of AFP-ERT, for example, who is hypocalcemic prior to AP-ERT
tregtment, would penefit from having normaitized caicium levels prior 0 AP-ERT treatment.

Routine urinalysis and serum hematology and chemisines, for exampile, can be obtained

pefore, during and after treatment using AP-ERT (&8.g., reatment with asfotase alfa). Calcium
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and phosphate metabgolism should be monitored percdically with measurements of serum
calcium, phospnate and PTH levels and unnary caicium excretion. Dietary intake of caicium
shiould be adjusied according (0 P 1 H levels and urinary caicium ievels (ionized and adjusted for
oiher markers, e.g., creatinine or albumin}. When using asfotase alfa in patients with
nypomineralization, e.g., with HPP rickets or osteomaiacia, it is useful (o monitor caicium
concentration closely, as rapid intake of calcium into the bone matrix can result in episodes of
nypocaicemia. in certain exampies, this 1s particularty relevant during the nitial month or
months of freaiment. 10 prevent seguelae of hypecalcemia, nciuding potential
nypocalcemia-induced seizures, supplementation of calcium, or treatment with calcimimetics,
for example, can be usetul Tor those patients whose caicium levels are statistically significantly
low or high.

AS used heremn, an "engimneered” moiecuie is one that can be 1soiated from naturai
sources, syntheasized and/or modified chemically. i the enginsered molecule is a biclogical
molecule, an engineered molecule can pe one that is mutagenized, fused {0 a second molecule,
e.g., forming a fusion protein, attached {0 g specific functional moiety, £.g., a targeting domain,
purification domain, active site, etc., humanized, or made inio a chimenc protein by swilching
particuiar domains with other proteins or isoforms. the engineering is the process of modifying
the moiecule in a particular manner 10 achieve a desirable result.

AS used heran, "fusion protein” refers t0 an engineered protein thatl comprises resigues
of moielies from two or more different proteins. FUsion genes, which can be used 1o generate
fusion proteins, are created through the joining of two or more coding seguenceas that code for
separate profemns. iransiation of a fusion gene results in a single or mulliple polypeplides with
functional properties derived from each of the original proteins. Recombinant fusion proteins
are cregted by recombinant DNA technoiogy.

As used herein, "chimeric proteinsg” are proteins that comprise moieties from at least two
distinct proteins. The term refers to hybrid proteins made of polypeptides having different
functions or physicochemical patlems.

The subjects described herein have an AP aclivity defect. Such a defect can arise, for
exampie, due {0 a genelic anomaily {(e.g., a8 mutation) that causes the AP enzyme to not be
produced or {0 be producead in an nactive form. Although such a defect can occur in any of the
AR isoforms, of particuliar interest for the present gisciosure are AP defects that iead 1o bone
mineralization defects, e.g., HPP.

Lescribed herein are findings indicating that patients who are in nead of or who are

undergoing treatment, .¢., ERT-AP treatment, for a bone mineralization disease, disorder,

1



10

15

24

25

3{

CA 02973883 2017-07-13

WO 2016/123342 PCT/US2016/015366

condition or symptoms thereotf, e.g., AP, can be monitored for one or more analytaes that are
indicative of the need for addiional treatments or a need {0 aiter the current treatment regimen,
e.q., alter the dosage and/or frequency of dosage.

Treatment” reters to the adminisiration of a therapeutic agent or the performance of
medical procedures with respect to a patient or subject, for any of prophyiaxis {prevention),
cure, or reduction of the symptoms of the disease, disorder, condition, or symptoms from which
the subject sulfers.

The treatments (therapies) described herein can aiso be part of "combination therapies.”
Combination therapy can pe achievaed by administering two or more agents, each of which is
formuiated and administered separately, or by adminisienng two or more agents in a singie
formulation. One active ingredient can be, for example, useful for treating, for exampie, a
disease, disorder, condition or symptoms associated with a TNAP defect, e.q.,
nypophosphatasemia, or symptoms associated with treatment by the active agent {("side
affects™). Other combinations are also encompassed by combinalion therapy. For example,
WO OF more agents can de formulated together and administiered in conjunction with a separate
formuiation containing a third agent. VWhile the two or more agents in the combination therapy
can be administered simuitansously, they need not be. For example, administration of a first
agent (or compination of agents) can precede administration of a second agent (or combpinaion
of agents) by minuies, hours, days or weeks. Tnus, the two or more agents can pe
adgministered within minutes of each other or within any number of hours of each other or within
any number or days or weeks of each other.

As used herein, a 'therapeulically effective dosage” or "therapeutically effective amount’
resuits in a decrease in severity of disease, disorder, condition or symptoms thereof (2.9.,
associated with aberrant AP activity, €.g., HPP), an ncrease in frequency and duration of
disease symptom-free penods, or a prevention of impairment or disability due {0 the disease
affiction.

ASs descriped herein, treatment with AP replacement therapy is more effective or ieads 1©
overall improved neaith or guality of life, when the treated subject is further monitored for one or
more additional analytes. PTH, calcium (Ca”"), phosphate and vitamin D concentrations can
each be monitored or individually monitored during AP-ERT, and the speciiic concentrations are
indicative of, tor exampie, efficacy of treatment and/or the need tor one or more adgitional
therapeutic regimen(s).

P TH acts on ostecblasts in bone and tubular cells within the kidney via G-protein-linked

receptors that stimulale adenviate cyclase production of cyclic AMP. In bone, within one or two
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nours, P H stimulales a process known as ostesiysis in which caicium in the minute fluid-filiad
channeis {(canaliculi/iacunae) is taken up by syncvliai processes of osteocytes and transferred
to the external surface of the bone and, hence, into the extraceliular fluid. Some hours later it
also stimulates resorption of mineralized bone; a process that releases both Ca*™ and
phosphate into the extraceliviar fluid.

Monitoring FTH concentration in a sample obfained from a subject, for exampie, is of
interest for petler treating the subject, as AF-ER T can have an effect on FiTH concentration. A
determination that the treated subject's serum P 1H concentration is statistically significantly
lower or higher than normal, for example, can lead (o revised treaiment plans {(&.¢., compbining
the AP-ERT plan with one or more therapeutic agents for trealing, for exampie,
nyperparathyroidism, €.g., with cinacaicet). in cases where PTH concentration is determined o
pe statisticaily significantly high, e.g., hyperparathyroidism, the subject can pe treated with
nigher levels of the AP-ERT, e.g., asfotase alfg, {o reduce P H levels in the case where a
patient does not show good response in term of bone mineralization to iniial dose.

As used herein, the term "sampie” refers to diciegical material from a subject. Although
serum concentration is of interest, sampies can de derved from many bdiological sources,
including, for example, single celis, multiple celis, tissuss, tumors, biclogical fluids, brain
extraceiiular fluid, biclogical molecuies or supernatants or exiracis of any of the foregoing.
Exampies nclude tissue removed for piopsy, lissue removed durnng resechion, plood, urnne,
lymph tissue, iymph fluid, cerebrospinal fiuid, amniolic fluid, mucous and stool sampies. The
sample used will vary based on the assay format, the detection method and the nature of the
tumors, tissues, fluids, cells or extracts {0 be assaved. Methods for preparing samples are
kKnown in the art and can be readily adapted to oblain a sampie that is compatible with the
method ytiized,

As used herein, “statistical significance” is a statistical term that informs as o the
certainty that a difference or relationship exisis, €. ¢., that a sample value id statistically
significantly different from a normai or baseline value. it is conferrad by finding a low propability
of obtaining at least as exireme results given that the null hypothesis is frue. it is an integral
part of statistical hypothesis testing where it determines whether a null hypothesis can be
rejected. in any experiment or observation that involves drawing a sample from a populalion,
there is the possibiiity thal an observed effect would nave occurred due to sampiing error alons.
But if the probaptiity of obtaining at least as extreme result (iarge difference between two or
more sampie means), given the null hypothesis is true, 1s less than a pre-delermined threshoid

(e.g., 5% chance}, then an investigator can conclude that the observed effect actually refiects
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the charactenstics of the population rather than just sampling error. A test for statistical
significance invoives comparing a test vaiue to some critical vaiue for the statistic. The
procedure 1o test for significance is the same- decide on the critical aipha level (i.e., the
acceptable srror rate)}, calculate the stalistic and compare the statistic 1o a critical value
obtained from a {able. M-values, the probabiiity of obtaining the observed sample results {or &
more extreme resull) when the null hypothesis is actually true, are often coupied {0 &
significance or alpha (g} level, which is aiso set anead of time, usually at about 0.05 {(5%).
Thus, if a p-value was found (0 be less than about 0.05, then the result would be considered
statistically significant and the null hypothesis would be rejected. Other significance levels, such
as about 0.1, about 0.075, about G.025 or about 0.01 can aiso be used. As used herein, a
‘statisticaily significantly low” conceniration of an analyte is one that is lower than the normal or
baseline situation for a conirol, e.g., healthy, subject. Conversely, a “statistically significantly
Hgh concentration of an analyte is one that is higher than the normal or baseline concentralion
of the anaiyite for a control subject.

1 H promotes osteociast function and ieads 1o bone resorption, tharebdy increasing
serum Ca®" and phosphate concentrations. Low levels of serum Ca® fail fo exhibit negative
feadback effect on the release or production of PTH from the thyroid, whereas high
concentrations of serum Ca*’, by exhibiting a negative feedback effect on release and/or
proguction of P H, lead to decreased F1H levels in DIOCd. in & rejated pathway, vitamin L
increases adsorption of Ca®* and phosphate in the intestineg, leading to elevated levels of serum
Ca® and, therefore, lower bone resorption. Effects of active vitamin D (1, 25 (OH).D on bone,
nowever, are diverse and can aftect formation or resorption.

Although, nypoparathyrodism (hypol 1) 1S one of the few major hormone deficiency
disegses {hat is often not treated with the MIssing hormone, hormone repiacement therapies are
avaiiable. Bovine P H has been purnfied and used as experimental treatment, however utility as
a ireatment was diminished, mainly becauses of antibody tormation and costs. Approval of fully
humanized truncated P (Teriparatide, PiH (1-34)) and intact parathyreid normmone (Freotact,
P TH(1-84)) for treatment of osteoporesis, has made the PTH drugs more accessibie and
thereby made clinical trnals with P T H treatment of hypol | feasible. Patients with hypo T

gxperience an improved guality of life when treated with PTH compared with conventional
treatment with To-nydroxyiated vitamin D metabolites and calcium suppiements, although
nypor 1 is stili treated, tor example, by supplementing caicium and/or vitamin L.

Frmary nyperparathyroidism resuiis from a hyperfunchtion of the parathyroid glands.

Qver secretion of PTH can be due, for example, {0 a parathyroid adenoma, parathyroid
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nyperplasia or a parathyroid carcinoma. 1his disease is often charactenzed by the presence of
Kidney stones, hypercaicemia, constipation, peptic uicars and deprassion.

Secondary hyperparathyroidism is due 1o physiological secretion of PTH by the
parathyroid glands in response to hypocalcemia (low biocd caicium leveis). 1he most common
causes are vitamin LU deficiency and chronic renal fatlure. Lack of vitamin D leads 1o reduced
calcium absorption by the intestine leading 1o hypocalcemia and increased FTH secretion. This
increases pone resorption. In chronic renal failure the probiem s more specifically faliure o
convert vitamin D to iis aclive form in the Kidney. The bone disease in secondary
nyperparathyroicism caused by renal faliure is termed renal ostecdystrophy.

Tertiary hyperparathyroidism is seen in patients with long-term secondary
nyperparatnyrodism, which eventually ieads {0 nyperplasia of the parathyroid glands and a 105s
of response 1o serum caicium levels.

Quaternary and guintary hyperparathyroidism are rare conditions that may be observed
after surgical removal of primary hyperparatnyroidism, when it has ied to renal damage that now
again causes a form of secondary (quaternary) hyperparathyroidism that may itseif result in
autonomy (quintary) hyperparathyrodism. Additionally, guaternary hyperparathyroidism may
ensue from hungry bone syndrome afler parathyroidectomy.

Frimary hyperparathyroidism can be treated, for example, by surgery
(parathyroidectomy) if treatment, for example, with calcimimetics is unsuccessful. Secondary
nyperparathyroidisim can be treated, for exampie, by vilamin D supplementation and/or by the
use of calcimimetics {e.q., cinacalcet). Other forms of hyperparathyroidism are variations of
secondary hyperparathyroidism, and freatments mnvolve approaches similar 1o those used for
primary and secondary nyperparathyroidism.

Low plasma calcium stimuiates P H release (Dy negating the mnidition of F1H release),
and PTH acts to resorb Ca* from the pool in bone and to enhance renal re-absorption of Ca®,
High plasma calcium stimulales calciionin secretion, which lowers plasma calcium by inhibiting
pone resorption.

Normal blood calcium level is between about 3.5 to about 10.5 mg/dl (2.12 1o
2.62 mmol/L.; some repoerts use the values of between about 8.0 1o about 10.0 mg/dL) and that
of ionized calcium is 4 .65 10 5.25 mg/dL (116 10 1.31 mmol/L). Hypocalcemia or hypercalcemia
s characternized by a statistically significantly iow or high serum calcium concentration.
Hypocaicemic subjects, for exampie, typically display a serum caicium concentration of apout
2.5 mg/dl. or lower (Sorell, M. & Rosen, J., J. Pediair., 87.67-70, 1975). A hypocaicemic
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subiect, for example, can have serum calcium concentration of about 7.0 mg/dl. or lower, about
5.0 mg/al. or lower, about 1.0 mg/dL or iower, or about 0.5 mg/dl or iower.

Commeon causes of hypocaicemia include hypoparathyroidism, vitamin D deficiency and
chronic kidney disease. Symptoms of hypocaicemia include, for example, neuromuscular
rritabiity ncluding tetany as manifested by Chvostek's sign or Trousseau’s sign,
pronchospasm), electrocardiographic changes and seizures. [reatment options include, for
exampie, suppiementation of calcium and some form of vitamin LU or s analogues, aione or in
combination. infravenous caicium gluconate 10% can be administered, or if the hypocaicemia
is severe, caicium chioride can be given. Other treatments involve multivitamin
supplementalion, in orai, chewabie, or hqguid forms.

Hypercalcemia is an elevated Ca® level in the blood, which is often indicative of other
disease(s). it can be due {0 excessive skeletal calcium release, increased intestinal caicium
absorption or decreased renal caicium excretion. he neuromuscuiar symptoms of
nypercaicemia are caused by a negative bathmotropic effect due {0 the increased interaction of
calcium with sodium channels. Since calcium biocks sodium channels and inhibits
depolarization of nerve and muscie fibers, increased caicium raises the threshold for
depolarization. Symptoms of hypercalcemia include, for example, renal or biliary stonss, bone
mineralization defects and bone pain, abdominal pain, nausea, vomiting, polyuna depression,
anxiety, cognitive dystunction, iNsomnia, coma, fatigue, anorexia and pancreatitis.
Hypercaicemia is defined as a serum caicium level greater than about 10.5 mg/dL
(>2.5 mmol/L}. Hypercaicemia can also pe classified pasead on tolal serum and ionized calcium
levels, as follows: Mild: total calcium 10.5-11.9 mg/dl {(2.5-3 mmol/L) or ionized calcium
5.0-8 mg/dil {(1.4-2 mmol/L); Moderate: total caicium 12-13.89 mg/dl (3-3.5 mmoi/Ll) or ionized
caicium 9.6-8 mg/dl (2-2.9 mmol/L); Hypercaicemic crisis: total caicium: >14-16 mg/dL
{3.9-4 mmoi/L) or ionized calcium 10-12 mg/dl (£2.5-3 mmol/L).

Hypercaicemia is treated a number of ways, inciuding, for exampie, using fiuids and
divretics tor an intial therapy (hydration, increasing salt infake, and forced diuresis). Diurelic
ireatments include, for example, furosemide, and they can be given to permit continued large
volume intravenous salt and water replacement while minimizing the risk of blood volume
overioad and puimonary edema. in addition, loop diuretics tend {0 depress renal caicium
reabsorption thersby helping to lower biood calcium levels., Caution must be {aken 1o prevent
potassium or magnesium depietion. Additional therapies inciude, for exampie,
pisphosphonates, plicamycin, gallium nifrate, glucocorticoids and caiciionin.  Bisphosphonates

are pyroghosphate analogues with high affinily tor bone, especially areas of high bone urmnover.
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They are taken up by osteociasis and inhibit ostecciastic bone resorption. Available drugs
include, for exampie, etidronate, tiludronate, 1V pamidronate, alendronate, zoledronate, and
risedronate. Calciionin blocks bone resorption and also increases urinary calcium excretion by
inhioiing renal calcium reapsorplion. Phosphate therapy can correct the hypophosphatamia in
the face of hypercalcemia and iower serum calcium. Calcium mimelics, &.g., cinacalcet, are
aiso used to lower serum calcium concentrations.

FYDOVIEMINOSIS L s & deficiency of vitamin L. it can resull from inadeguate nutritionai
intake of vitamin D coupled with nadeguate sunlight exposure (in particuiar suniight with
adeguate ultraviolet B rays), disorders that imit vitamin D absorption, and conditions that impair
the conversion of vitamin L) into active metaboiies including certain hiver, kKidney, and hereditary
gisorders. beficiency results in impaired bone mineraiization and leads {0 bone softening
diseases inciuding rickets in children and osteomailacia and osteoporosis in adulls.
Maintenance doses of poth calcium and vitamin D are often necessary (o prevent further

geciing.

EXEMPLIFICATION
1he following exampies do not it the scope of the invention as disclosed and

gescribed in the claims.

EXAMPLE 1. PTH and Calcium

vhen evaluating resuits by age at disease onset, mean and median PTH leveis were
notably higher in patients with infantile- and juvenile-onset HFP durnng the first 12 weeks of
treatment compared with [ater time points, and were likely associated with the bone
mineralization process and the monitoning thereof. in some cases, mulbivitamins, caicium,
vitamin D, vitamin A, vitamin K, cinacaicet, pyridoxal phospnate caicium, ang/or caiciionin were
agministiered to patients in order 1o normalize PH, calcium, and phosphate levels
concomitantly with the monitorng process.

Mean PTH levels in patients with aduli-onset HPP tended to be lower than those
observed in ihe infantiie- and juvenie-onset HEPE patients {hrough approximately Week 72,
These comparisons, however, involved only two patients with adult-onset HPP. FIG. 1 provides
the change in serum PTH over time in the clinical studies.

Fatients were supdivided by Baseiine P H level, and the details ¢of the changes in the

inttial period afier the start of asfolase aifa treatment are as 1ollows:

For the nine patients with low FITH at Baseline:
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Seven patients with normal calcium levels at Baseline and lower calcium levels
post-treatment had a rise in PTH. All except one patient showed radiciogical
improvements, as determined by the RES score (scoring of rickets).

One patient, who had high Baseline serum calcium, showed no change in serum
caicium levels and no change in PIH by Week §, at which time the patient was
disconiinued from the study. Note that this palient received only two doses of asfotase
alfa and was subseguently witharawn; therefore, no change in calcium or FIH was
expected.

One patient with a high Baseline serum calcium level had normalization of serum
calcium by Week 24. PTH data beyond Week © 15 not avatiable for this patient (at
Week §, F1H was unchanged). 1his patient showed no improvements in rickets at
Week 12 (7 weelks after asfotase alia dose was increased), however showed a Jgecrease
in RSS score by Week 24

For the13 patients with normal F1H at Baseline:

12 patients with normal PTH and normal calcium levels at Baseline respondead
with small or no change in serum calcium ievels and no or siight change in PTH leveais.
Al except 1 patient showed radiograpnic improvement.

ne patient with calcium levels at the upper limit of normal at Baseline
responded with normalization of calcium levels and large increase in PiH. This patient
showed radiographic improvement.

Only one patient had high PTH at Baseline with normal calcium levels. The
patient responded with [owernng of serum caicium ieveis and jarge rise in F1H levels.

T his patient did not show radiological improvement during the periods of rise in FTH.

One patient had no available Baseline PTH resuits, but the earliest result at
YWeek & showed values in the normal range. Caicium remained within normal ranges
with some oscillation until Week 80. The patient showed worsening of rickets (RGI-C
score at Veek 12 was negative; -1.687) and growinh scores on the initial dose of asfotase
alfa of & mg/kg/week. After the dose was increased (¢ 8 mg/kg/week due to continued
worsening of growth delays, the patient showed improvement i radiographic signs (at
YWeek 36, RHS score improved 4.5 poinis since week 24 assessment) and PTH
increased above the normal range. PHH further increased more steeply until it peaked
at Week /2. Note that calcium levels showed a drop at Week 48 (although were still

within the normal imits) and then fell below normal at Week 80, however rebounded o
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normat at Week 72. In this patient, low vitamin D levels and low urine calciumy/creatinine

rafios were found coincident with the observed elevation of P 1 H leveal.

EXAMPLE 2. Phosphate

Miean serum phosphate values tended {0 be variabie through Week 24 in all HFP onset
categories, and then appearad {0 normalize and stabilize with continued treatment. Some
decreases in seruim phosphate levels appeared {0 coincide with decreases in serum caicium
levels during the tirst several weeks of trealment, which likely was due {0 the intense bone
mineralization processes that occurred early in treatment.

1hree patients (infantile-onset) had a shift from normal values for phosphate at Baseline
1o low values durnng treatment, and 21 patients (15 infantie-onset; 5 juvenile-onset; 1
aduli-onset) with low or normal values at Baseline had a shitt to high values durnng treatment, al
the last visit, no patients had shifted from normal or high values {0 iow vaiues, and 5 patients

(infantiie-onset) had shifted from normail values o high values; see FIG. 2.

EXAMPLE 3. Vitamin D

Mean 25-0OH vitamin D values were consistiently higher in patients with adult-onset HPP
than in patients in the other HPF onset categories; however, these values did gecrease slighily
gver time, and there were only 2 patients with adult-onset HPP included in the study. Mean and
median 25-0OH vitamin D values in the other HFPP onset categories were relatively consistent
over time; see FiG. 3. In patients where vitamin D values were monitored and identified as
deficient or iower than desired by the clinician (.., iess than than 20 ng/mi), vitamin D was
supplemented with vitamin D in the form of an oral medication, (.., as children’'s vitamins, aduit
multivitamins, or vitamin D capsules. Vitamin D in some cases was admmnisierad as an
intramuscutar injection or in combination dosages with caicium, vitamin A, and/or vitamin K.

Caicitriol, cholecalciferol, and/or ergocalciferol were also administered as needed.

EXAMPLE 4.

systematic analyses of pre~ and post-treatment serum calcium, parathyroid hormone
(F1TH), phosphate and vitamin D were performed.

Calcium: serum calcium levels were variable at Baseline, ranging from 1.92 o
4 .03 mmol/l. Although the changes in mean and median calcium levels over the course of
treatment with asiotlase aifa were not remarkable, ievels tended (o stabilize and become 18ss
variaple; caicium levels ranged from 1.82 10 2.80 mmol/L at Week 24, and from 2.12 to

3.867 mmol/L at the last visit, basically eliminating the episodes of hypocalcemia and the range
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of hypercailcemia was iowered {0 nearly normat (i.e., upper rangs is 3.5 mmol/L}. increases in
calcium above the normal range were generally smail and, when present, were most notapie at
Baseline and tended {0 normalize over the course of asiotase aifa ireatment with the increased
calcium deposition in the bone as noted on X-ray. VWhen evaluating resulis by age at disease
onset, the small increases in calcium were generally seen in patients with infantile-onset HPP,
and caicium levels in these patients tendead to normalize during treatment (Table 1 and FG. 4).

Farathyroid Hormone: mean and median P iH levels increased with treatment, most
notably during the first 12 weeks of treatment with asfotase alfa. This increase was likely due {o
a physiciogic response secondary 1o increases in the bone mineralization process associated
with asfotase alfa freatment. The vanabiity in PTH levels noted at Baseline and throughout
ireatment may be due to factors that affect PTH levels, including, but not imited {0 age, body
mass index (BMI), serum creatinine ievels, serum calcium levels and vitamin D levels. Vvhen
avaluating results by age at disease onssat, mean and median P H levels were notably higher in
patients with infantie- and juvenie-onset HFP during the first 12 weeks of freatment compared
with iater time points, and were likely associated with the bone mineralization process. Mean
F1H levels in patients with aduli-onsel HPP tended {0 be iower than those observed in the
infantie- and juveniie-onset HPP patients through approximately Week 72, there are several
variables that can affect PTH levels (Table 1 and FiG. 1)

Fnosphate: mean serum phosphate vailues were variabie through VWeek 24 in patients
with infantie-, uvenile- and aduit-onset HFP, and then appearad {0 normailize and stabilize with
continued treatment with asfotase alfa. Some decreases in serum phosphate levels appeared
1o concide with decreases in serum calcium levels durnng the first several weeks of treatment,
which were likely due 1o the intense bone mineralization processes oCcuiming early in treatment
(Table 1 and FIG. 2).

Vitamin D changes over time for vitamin D were not clinically meaningful, some of the
variapiity seen in vilamin D resuits may be refiective of concomitant vitamin D supplements
taken by some patients. VWhen evaluating results by age at disease onset, mean vitamin D
values were consistently higher in patients with aduit-onset HPF than in patients with infantile-
or juveniie-onset HEFPP, however, higher values did decrease shghtly over time. NMean and
median vitamin D values in patients with infantile- and juvenile-onset HFF were relatively

consistent over time (Table 1 and FIG. 3).
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Table 1. Changes from Baseline to Week 24 and last visit for serum Ca*", PTH, phosphate and

Vitamin U pooled safety sei overail.

Change from Change from
Parameter Baseline {0 Baseline to
o Statistic Baseline Week24 Week24 ~ lastVist  Last Visit
Calciim (mmol/L)
1} 71 64 H4 70 7}
Mean (5D 2.540 2.487 -3.055 {0.2459) 2.504 (46.2169) -(3.039 (0.2693)
(0.27273 (0.1580)
Median 2.500 2.485 -3.025 2.47 (.04 8
Range 1.92.4.03 1.82, 2.80 -1.33, .38 2.12.3.67 -1.33, 0.67
Parathyroid Hormone (pmol/L)
n 57 o1 51 GY 56
Mean (5D 268 (1.813) 3.41 (3.848) 0.86 (4.230} 3.66 (4 988) (.73 (2.406)
Median 2440 250 .50 2.40 .45
..........
Phosphate (mmol/L)
n 7} 63 62 70 69
Mean P.814 £.900 (0.3520) 0.090 {(0.3962) 1.771 (6.2967) (3.042
{NE) (0.3922) (0.3960)
Median 1.870 1.970 (3.025 1.760 -(3.090
Range 5,42, 2.74 (.90, 2.50 -(3.51, 1.49 1.60, 2.50 3,71, 1.23
Z5-Hydroxy Vitamin B (pmoel/mb)
0 68 63 63 &7 64
Mean 76.5 86.2 (33.38) 9.8 (35.56) 78.3 (25.08) 3.3 (35.32)
(NE) (28.99)
Median 77 () 8G.7 4.0 75.0 -1.0
Range F7, 169 23, 212 ~54, 135 18. 179 -83, 91

13 = standard deviation.

EXAMPLE 5.

One patient had a low serum calcium level at Baseling, but upon initiation of asfolase
aita treatment it further decreased, and was responsive 1o changes in asfotase aifa dosage
changes. At VWeek 24 the dose was reduced from omag/kg/week 1o amg/kg/week and at VWeek
43 it was raised o omg/kg/weelk. During this period P TH levels iniliaily rose but stayed within
the normal range up to Yveek 72, when levels were temporanly elevated above the normal
range. Simullaneously, calcium was raised and entered {0 the normal range. The patient
showed signs of radiographic improvement starting at Week 12, aithough the RGI-C score did
not reach 2 or above (meaning substantial improvement in radiographic signs of rnickels). At
Week 168, serum calcium fell below the normal range and FITH increased above the normal
range, at which time spie-minute walk test (BMVWT) resulls showed a large drop compared with
the previous result at Week 120, See FIG. 5 and FiG. 10,
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EXAMPLE G
An aaditional vear of daia was subseguently coliected for the patients contained in

Exampiest-5 which demonstrated continuation of the previously described irends, see FI(s.
6-9.

OTHER EMBODIMENTS
i1 1S 10 be undersiood that while the present disciosure has been described in
conjunction with the detailed description herein; the foregoeing description is intended (o ilustrate
and not imit the scope as defined by the appended claims. Other aspects, advantages, and
modifications are within the scope of the following claims. References cifed in the Specification

are herein incorporated by reference in their entirelies.
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CLAIMS

YWhat is claimed is:

1. A method of treating a subject wilh an alkaline phosphatase deficiency, comprising:
agministering a therapeuticaily effective amount of an alkaline phosphatase; and
5 monitoring the conceniration of one or more bone mineralization analytes,
wherein the monitoring the concentration of one or more bone mineralization analytes is

indicative for at least one additional treatment regimen for the subject.

2. The method of Claim 1, wherein the one or more bone mineralization analytes is

selected from the group consisting of: vitamin D, Ca*', and parathyroid hormone.

16 3. The method of any of the preceding claims, wherein the alkaline phosphatase deficiency

s hypophosphatasia.

=3 1 he method of any of the preceding claims, wherein the alkaline phosphatase is a lissue
non-specic alkaline phosphatase, a placental alkaiine phosphnatase, an intestingl
aikaline phospnatase, an engineered aikaline phosphatase, a fusion protein comprising

15 an aikaiine phosphatase moiety, or a chimeric alkaline phosphatase.

3. 1he method of any of the preceding claims, wherein the alkaline phosphatase is
asfotase alfa (FIG. 1, SEQ ID NO: 1)

o, 1he method of any of the preceding claims, wherein the bone mineralization anaivie is
Ca*.
20 7. 1he method of any of the preceding claims, wherein the subject is determined to be

nypocaicemic, ihe method turther comprising reating the subject with a therapeutically
effective amount of calcium gluconate, calcium chioride, caicium arginate, vitamin D, g

vitamin D anaiog, or paratnyroid normone, or a fragment or anaiog thereof.

3. The method of any of the preceding claims, wherein the subject is determined to be
25 nypercaicemic, the method further comprising treating the subject with a therapeutically
effective amount of a calcimimetic, a bisphosphonate, prednisone, intravenous fiuids, or

a giuretic.

G The method of Claim 8, wherein the caicimimaetic is cinacaicet.
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1The method of any of the preceding claims, wherein the bone mineralization anaiyie is

parathyroid hormone.

The method of any of the preceding claims, wherein the subject has a statisticaily
significantly low serum concentration of parathyroid hormone, the method further

comprising administerning a therapeutically effective amount of calcium or vitamin D.

The method of any of the preceding claims, wherein the subject nas a statistically
significantly high serum concentration of parathyroid hormone, the method further
comprising treating the subject with surgery or by administering a therapeutically
effective amount of a calcimimetic, parathyroid hormone or an anaiog thereof, or g

pisphosphonaie.
The method of any of the preceding claims, wherein the calcimimetic 18 cinacailcet.

The method of any of the preceding claims, wherein the bone mineralization anaiyle is

vitamin L.

The method of any of the preceding claims, wherein the subject has a statistically
significantly iow serum concentration of vitamin L, the method further comprising

administering a therapeutically effective amount of vitamin L or an analog thereof.

1he method of claim 3, further comprising administering a therapeutically effective

amount of at least one of vitamin D, vitamin K, vitamin B, calcium, and a mullivitamin.

1he method of claim 3, further comprising administering an eftective amount of at least
one therapeutic treatment which decreases the amount of at least one of vitamin L,

calcium, and FiH.

The method of claim 18 or claim 17, wherein the therapeutically effective amount is

administered crally, intramuscularly, or intravenously.
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