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Abstract

not to be administered daily for more than two years.

We report a 4 1-year-old man diagnosed with the adult form of hypophosphatasia (HPP) and treated for 4 years with
less frequent than conventional daily doses of teriparatide (TPTD). He presented with a history of three low-energy
fractures and low bone mineral density (BMD) ineffectively treated with bisphosphonate. We identified within ALPL, the
gene that encodes the homodimeric “tissue-nonspecific” isoenzyme of alkaline phosphatase (ALP) and underlies HPP,
a heterozygous missense mutation (c.455 G>A—R135H). Characteristic painful periarticular calcification removed at a
shoulder did not recur. However, access to medical treatment with asfotase alfa (AA) was denied. After he sustained a low-
energy metatarsal fracture, we administered TPTD subcutaneously “off-label” at 20 pg/d. An elbow fracture occurred two
months later. Five months afterwards, due to his limited number of approved TPTD doses, TPTD treatment was extended
using alternate-day dosing. Although his serum ALP activity did not increase (33-48 U/I; reference range 40-120) with 4
years of TPTD treatment, his BMD improved 15% in the lumbar spine and 6% in the femoral neck with no further fractures.
Our experience represents success overcoming two prescription deadlocks; AA was denied for adult HPP, and TPTD was
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Introduction

Hypophosphatasia (HPP) is the heritable dento-
osseous disease characterized in the clinical laboratory
foremost by low serum alkaline phosphatase (ALP) activity
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(hypophosphatasemia)'2. This biochemical hallmark reflects
loss of function mutation(s) within the ALPL gene, which
encodes the homodimeric “tissue non-specific” isoenzyme
of ALP (TNSALP):. More than 400 mutations, commonly
missense, causing HPP have been identified in ALPL (http://
www.sesep.uvsq.fr/03_hypo_mutations.php), which largely
explains the remarkably broad-ranging severity of this
inborn-error-of-metabolism?#. The pathogenesis of HPP
involves extracellular accumulation of the TNSALP substrates
inorganic pyrophosphate (PPi), an inhibitor of mineralization,
and pyridoxal 5-phosphate (PLP), the principal circulating
vitameric form of vitamin B_>.

HPP is classified clinically according to severity, i.e.,
perinatal (the typically lethal form), infantile, mild or severe
childhood, adult, and odonto-HPP (the most mild form,
compromising only the teeth)?3. Adult HPP usually presents
during middle-age with recurrent, low-energy, appendicular
fractures (e.qg., metatarsal stress fractures) that eventually
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Figure 1. A) Dec 2015: Before surgical removal, ectopic calcifications (arrow) in keeping with calcific periarthritis from hydroxyapatite
crystal deposition are characteristic of adult HPP. B) Feb 2016: Two months after surgery, ectopic calcification has been partially
removed. C) Feb 2021: Five years after surgery and 3.5 years of TPTD treatment, ectopic calcification is not increased.

/)

fail to heal, as well as with pseudofractures, which are a
radiological hallmark of osteomalacia®. The dentition may
also be defective'2. Bone mineral density (BMD) can be low,
normal, or high in adult HPP®. Calcific periarthritis may occur,
featuring deposition of hydroxyapatite around major joints®,
and chondrocalcinosis is often prominent. Thus, adult HPP
compromises the quality of life, and may be debilitating
owing to recurrent fracturing of the limbs accompanied by
musculoskeletal and joint pain’.

Asfotase alfa(AA), arecombinant hydroxyapatite-targeted
TNSALP-replacement therapy, is effective for HPP at all
ages®. Although approved for life-threatening or debilitating
pediatric-onset HPP, its high cost seems to underlie why this
biologic is often not endorsed for adult-onset HPP, apart from
Japan where it is available when necessary for all patients2.
Hence, teriparatide (TPTD), recombinant parathyroid
hormone (PTH) 1-34° has been administered “off label”
to some adults with HPP, prompting their osteoblasts to
synthesize more TNSALP'®'2, Reportedly, this has helped
some, but not all'®, such patients by alleviating bone pain
and healing “stress” and pseudofractures'®. Perhaps TPTD
treatment for adult HPP is more successful when there is
ALPL mutation heterozygosity, i.e., the presence of one
normal ALPL allele that can be transcribed to synthesize
additional intact homodimeric TNSALP?.

We report a middle-aged man with adult HPP who
apparently benefitted from 4 years of TPTD treatment,
unconventionally administered less often than daily.

Case presentation
At presentation to us (February 2016), this 41-year-

old Greek man [height 187 cm (6 ft, 2 in), weight 106 kg
(234 Ibs), body mass index (BMI) 30.3 kg/m?] reported
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three low-energy fractures during 2014-2015 (right
elbow twice, and right third metatarsal). Each had been
managed conservatively without subsequent pharmacologic
treatment, and before we diagnosed his HPP. There had been
no prior fractures. He gave no history of early loss of primary
teeth or rickets. He had flatfeet, chronic headache, and mild
musculoskeletal pain (since 2010), for which he received
pregabalin (75 mg po twice daily). Arterial hypertension and
dyslipidemia (with high lipoprotein(a) 149 mg/dl; normal <30)
was treated with metoprolol (75 mg po/d) and rosuvastatin
(10 mg po/d). Calcinosis at his right shoulder (Figure 1A),
a feature of adult HPP® had been partially removed by
surgery (December 2015) with symptom improvement.
Histology of the lesion had not been performed. Two months
after surgery, there was less calcinosis (Figure 1B). Despite
his tall stature, in July 2015 lumbar spine bone mineral
density (BMD) (Lunar Prodigy, GE Healthcare, Chicago, IL)
was reported to be 0.992 g/cm? (Z-score -2.8) and femoral
neck BMD 0.726 g/cm? (Z-score -2.8). Based on these BMD
values, he had commenced treatment (September 2015)
elsewhere with a weekly combination of alendronate (70 mg)
and cholecalciferol (5600 IU) administered orally. This was
stopped at presentation to us (February 2016), because we
noted that low or low-normal serum ALP activity had been
documented during all of his past routine check-ups (33-
45 U/I; reference range 40-120), including long before the
bisphosphonate treatment'4. His serum calcium was high-
normal (10.2 mg/dl; reference range 8.5-10.5); phosphate,
albumin, and PTH normal; and 25-hydroxyvitamin D [25(0H)
D] sufficient (33.7 ng/ml). Subsequent laboratory testing for
secondary osteoporosis was negative, as were searches for
causes of hypophosphatasemia other than HPP'4, including
celiac disease, hypothyroidism, Cushing’s syndrome, multiple
myeloma, anemia, or Zn++ or Cu++ deficiency2. Then
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Figure 2. Mar 2017: This new low-energy fifth metatarsal
fracture showed delaying healing, before TPTD initiation.
N J

(May 2016), genetic testing for HPP (University of Athens)
revealed a heterozygous ALPL missense mutation (c.455
G>A—R135H). Notably, his serum PLP level measured with
high-performance liquid chromatography was unexpectedly
not elevated'® but normal (19 pg/l; reference range 15-30);
however, he was not investigated for hypovitaminosis B6‘5.

After our unsuccessful effort to have him participate in a
clinical trial of AA for adult HPP, mainly because recruitment
was completed at that time, we requested “off-label” use of
TPTD from the Hellenic Organization for Medicines (EOF) and
the patient’s medical insurance. Meanwhile, in March 2017,
he experienced a new low-energy fracture of his left fifth
metatarsal (Figure 2), with delayed healing of approximately
6 months.

Then, with written consent by the patient as approved by
the Ethics Committee of the School of Medicine, Aristotle
University of Thessaloniki, Greece, TPTD treatment began
(initially a daily subcutaneous dose of 20 ug/d) in June

http://www.ismni.org

2017. He received a stable dose of vitamin D, (1200
IU/d) from the beginning of TPTD treatment. No calcium
supplementation was provided, as his dietary intake was
sufficient. Subsequently, a low-energy fracture at the left
elbow occurred in August 2017. Both the new metatarsal and
elbow fractures were managed conservatively.

Due to the limited number (n=730) of TPTD injections
conventionally approved for osteoporosis treatment (2
years, when administered daily), from November 2017 TPTD
injections (20 pug) were instead administered every other day
(QOD).

After initiation of TPTD treatment, serum ALP activity
did not increase in the long-term (33-48 U/l); calcium,
phosphate, and PTH were essentially stable; and 25(0H)D
remained sufficient. Bone ALP, measured with an enzyme-
linked immunosorbent assay (MicroVue Quidel Corporation,
San Diego, CA), increased slightly (40-50% of total ALP,
whereas 35% pre-treatment). Serum PLP level was again
normal (16 pg/l). After August 2017, no further fractures
occurred and his height did not change. There was no tooth
loss. He did not report improvement in his musculoskeletal
pain, which remained mild.

Then, from his apparently diminished fracturing and no
treatment alternatives, in March 2020, TPTD injections
(20 pg) were administered every third day. In December
2020, his lumbar spine BMD was 1.141 g/cm? (increased
by 15%; Z-score -1.5) and femoral neck BMD was 0.766 g/
cm? (increased by 6%; Z-score -2.4). Radiographs of his right
shoulder revealed no worsening of what calcinosis remained
after his surgery (Figure 1C).

Since December 2020, TPTD injections (20 ug) have
been administered once weekly to prolong the therapy.
Key elements of his treatment history and response are
summarized in Table 1.

Discussion

Herein, we acted on evidence that our patient manifested
adult HPP. He had suffered unexplained, recurrent, low-
trauma, poorly-healing appendicular fractures with mild
musculoskeletal pain suggestive of osteomalacia?, and had
calcific periarthritis®. Laboratory studies showed persisting
hypophosphatasemia, low BMD, and in ALPL a heterozygous
missense mutation associated with HPP (see below)'.
Uniquely, he received TPTD treatment longer than two years,
yet the total dosing (n=730) did not exceed the 2-year daily
administration of TPTD approved for osteoporosis®. Now,
post-marketing surveillance has shown that TPTD does not
increase the 15-year risk of osteosarcoma'”. Apart from one
new low-energy fracture in the left elbow two months after
TPTD initiation (i.e., early for TPTD to exert its anti-fracture
efficacy), he had no further fractures and BMD improved
predominantly in his lumbar spine. Serum ALP activity did
not increase' or PLP level decrease, despite his having one
intact ALPL allele?. Accordingly, perhaps TPTD administration
led to small but therapeutic increases in TNSALP within his
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Table 1. Key elements of the patient’s treatment history and responses.

Date Event Height BMI ALP Calcium Phosphate PTH 25(0H)D PLP LS BMD FN BMD
(MM/YYYY) (cm) (kg/m?) (/1 (mg/dI) (mg/dl) (pg/ml) (ng/ml) (T 74)) (g/cm?) (g/cm?)
Reference range 40-120 8.5-10.5 2.5-4.5 =53 >30 15-30
--/2011 45 10.2
--/2013 33 10.3
11/2014 40 10.1 4.1
03/2015 39 10.4
09/2015 Start alendronate treatment 0.992 0.726
Surgical removal of calcinosis
12/2015 (right shoulder) 45 9.5 3.2
02/2016 | "resentationtous; 187 30.3 33 10.2 37 23.0 337
alendronate discontinuation
05/2016 Genetic testing for HPP 26.0 44.8 19
11/2016 37 10.4
- th
03/2017 Low-energy fracture (left 5
metatarsal)
06/2017 Stért TPTD treatment (once 33 10.0 15 250
daily)
08/2017 Low-energy fracture (left
elbow)
11/2017 Change TPTD treatment to 187 329 37 10.4 3.5
every other day
12/2017 48 10
02/2019 47 10.2 3.8 33.5 31.4
09/2019 187 29.2 39 9.8 3.0 16
03/2020 Change TPTD treatment to
every third day
12/2020 | Change TPTD treatment to 187 29.5 42 10 3.4 320 325 1.141 0.766
once weekly
07/2021 42

Abbreviations: ALP, alkaline phosphatase; BMD, bone mineral density; BMI, body mass index; FN, femoral neck; LS, lumbar spine; PLP, pyridoxal 5-phosphate; PTH, parathyroid hormone;
TPTD, teriparatide; 25(0OH)D, 25-hydroxyvitamin D.
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skeleton, yet not reflected in his serum ALP activity.

Administration of TPTD “off-label” for HPP has been
reported'®'2'3, and was reviewed in 2016 by Camacho et al''.
The first such patient was described in 2007, a 56-year-old
womanwithadult HPPwho benefittedfroma 18-monthcourse
of daily 20 ug TPTD injections'®. Since then, approximately
15 patients with adult HPP have received TPTD, most for a
maximum of 1.5 or 2 years, in keeping with its approval for
postmenopausal osteoporosis or osteoporosis in men®. Our
findings are novel in that TPTD administered every other day
or every third day seemed to increase BMD and prevent new
fractures, despite no apparent increase in serum total ALP
activity. In fact, TPTD has been used in Japan once weekly
for osteoporosis, albeit at a higher dose (56.5 pg/d), than
daily administration (28.2 pg), and provided comparable
efficacy'®. Other authors reported that the same cumulative
dose of TPTD given cyclically over 4 years has a similar
effect on BMD compared with standard daily TPTD over 2
years'. It has been recently recommended that TPTD may be
used for more than two years for patients with persisting or
recurring high risk of fracture (https://dailymed.nim.nih.gov/
dailymed/fda/fdaDrugXsl.cfm?setid=aae667c5-381f-4f92-
93df-2ed6158d07b0&type=display). Thus, this alternative
seems important for adults with HPP not treated with AA,
since antiresorptives (e.g. bisphosphonates, denosumab)
do not appear to be alternatives for TPTD, because further
suppression of bone turnover and ALP activity is possible,
unmasking or exacerbating underlying osteomalacia and
possibly leading to atypical femoral fractures's.

Our patient’'s c.455 G>A—R135H missense change
in ALPL is reportedly a benign polymorphism in the HPP
mutation database (http://www.sesep.uvsq.fr/O3_hypo_
mutations.php), yet it is likely pathogenic, because it has
been identified in severe autosomal recessive HPP. In fact, it
was heterozygous in another of our adult HPP patients, as we
reported in 2006'¢. Additionally, it was heterozygous in the
mother of a child with lethal, likely autosomal recessive, HPP?°,
although the child was not tested and the skeletal health of the
mother was not known. The father was heterozygous for the
ALPL mutation 535G>A—A162T, which, when homozygous,
is associated with lethal HPP?°,

An important issue for managing our patient will emerge
when he completes the 730 TPTD injections. Perhaps, we
will request from the Hellenic Organization for Medicines
(EOF) their approval for long-term off-label TPTD use, until
AA is licensed for adult HPP in Europe, or until he can enter
a new research protocol to treat HPP. Alternatively, we
may ask permission for off-label treatment using the anti-
sclerostin antibody romosozumab, which currently cannot be
prescribed for longer than one year.

Some of our findings and conclusions have limitations.
The patient’s circulating vitamin B, (PLP) level was not
elevated?'?2; however, serum 4-pyridoxic acid was not
assayed to assess if this reflected vitamin B, deficiency?'?2.
PLP levels are lower in patients with mono-allelic ALPL
defects, as in our patient, compared to bi-allelic mutations?2,
but can be normal despite bi-allelic life-threatening HPP if

http://www.ismni.org

there is dietary vitamin B, insufficiency's. Our patient did
not undergo bone scintigraphy to look for pseudofractures
or have non-decalcified iliac crest histology after oral
tetracycline “labeling” to document the defective skeletal
mineralization and osteomalacia®® expected in adult HPP®.
Markers of bone turnover (e.g., osteocalcin, procollagen 1
N-terminal propeptide, C-terminal telopeptide) were not
studied, and bone quality using peripheral quantitative
computed tomography was not evaluated.

Thus, we treated a man with emerging adult HPP
unconventionally; i.e., for 4 years using less frequent doses
of TPTD than typically given for osteoporosis. Despite no
improvement in serum total ALP activity or decrease in PLP,
his BMD increased and no new fractures occurred after 2
months of this therapy. Our findings represent success in
overcoming two prescription deadlocks; AA was denied for
his adult HPP, and TPTD was not to be administered daily for
more than two years. We suggest that for adult HPP, TPTD
administration can be prolonged with clinical benefit.
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