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Effects of Parathyroid Hormone
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The conventional treatment of hypoparathyroidism (HypoPT) includes active vitamin D and calcium. Despite normalization of cal-
cium levels, the conventional treatment is associated with fluctuations in calcium levels, hypercalciuria, renal impairment, and de-
creased quality of life (QoL). Replacement therapy with parathyroid hormone (PTH)(1-84) is an option in some countries. However,
convincing beneficial effects have not been demonstrated, which may be due to the short duration of action of this treatment. Re-
cently, palopegteriparatide (also known as TransCon PTH) has been marketed in Europe and is expected also to be approved in other
countries. Palopegteriparatide is a prodrug with sustained release of PTH(1-34) designed to provide stable physiological PTH levels
for 24 hours/day. A phase 3 study demonstrated maintenance of normocalcemia in patients with chronic HypoPT, with no need for
conventional therapy. Furthermore, this treatment lowers urinary calcium and improves QoL. Another long-acting PTH analog with
effects on the parathyroid hormone receptor (eneboparatide) is currently being tested in a phase 3 trial. Furthermore, the treatment of
autosomal dominant hypocalcemia type 1 with a calcilytic (encaleret) is also being tested. All in all, improved treatment options are
on the way that will likely take the treatment of HypoPT to the next level.
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INTRODUCTION

Hypoparathyroidism (HypoPT) is a disease involving hypocal-
cemia due to insufficient levels of parathyroid hormone (PTH).
Most often, HypoPT occurs following surgery to the anterior
part of the neck, causing damage to the parathyroid glands
(postsurgical HypoPT), but in 20% to 25% of cases the disease
is non-surgical [1]. Different mechanisms may be responsible
for non-surgical HypoPT with impaired synthesis or secretion
of PTH, including genetic or autoimmune causes [2].

PTH normally affects the renal handling of calcium and phos-
phate. PTH is known to stimulate both the renal tubular reab-
sorption of calcium (thereby lowering renal calcium excretion)

and the renal excretion of phosphate (thereby lowering plasma
phosphate concentrations and the calcium phosphate [CaxP]
product). Accordingly, in addition to hypocalcemia, HypoPT is
often associated with both hypercalciuria and high plasma phos-
phate levels with a high CaxP product.

Post-surgical and non-surgical HypoPT are treated in similar
manners with conventional therapy being activated vitamin D
and calcium supplements, thereby aiming at normalizing plas-
ma calcium levels and relieving symptoms associated with hy-
pocalcemia [3]. Despite achieving normocalcemia in response
to conventional therapy, patients often experience unpredicted
fluctuations in plasma calcium levels causing hypo- or hyper-
calcemic symptoms. Furthermore, the disease is associated with
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numerous complications, including an increased risk of renal
insufficiency and extra-skeletal (including renal) calcifications;
additionally, patients with HypoPT are at increased risk of hav-
ing neuropsychiatric diseases and an impaired quality of life
(QoL). It is unknown whether this is due to the disease itself
(lack of PTH) or the treatment used (calcium supplements and
active vitamin D) for HypoPT [4]. In recent years, several stud-
ies have reported on the treatment of HypoPT with replacement
therapy with the missing hormone (i.e., PTH) or drugs that act
in a similar manner (Table 1).

TREATMENT WITH PTH(1-84)

Treatment with PTH, as a daily subcutaneous injection with re-
combinant human PTH(1-84) (rthPTH[1-84]), was marketed in
2015 for adults with chronic HypoPT that cannot be well con-
trolled by treatment with calcium supplements and active forms
of vitamin D alone. The treatment was approved based on the
findings of the REPLACE study, which was a double-blind
phase 3 controlled trial randomizing adult patients with chronic
HypoPT of =18 months duration (n=134) to treatment with
rhPTH(1-84) or placebo for 24 weeks [5]. The starting dose of
rhPTH(1-84) was 50 pg/day, and doses could be up-titrated to
75 ng/day and then 100 pg/day (or similar placebo) while treat-
ment with active vitamin D plus calcium supplements were
down-titrated according to plasma calcium levels.

The primary endpoint was the proportion of patients at week
24 who achieved a 50% or greater reduction from baseline in
their daily dose of oral calcium and active vitamin D while
maintaining a serum calcium concentration greater than or the
same as baseline concentrations and less than or equal to the up-
per limit of normal. The primary endpoint was archived by 53%
of the patients in the thPTH(1-84) group compared with only
2% in the placebo group, which was a highly significant differ-
ence (P<0.0001). In addition to maintaining normocalcemia,
treatment reduced the concentrations of serum phosphate and
the CaxP product. However, despite replacement therapy with
rhPTH(1-84), the randomized controlled trial did not show a
significant reduction in renal calcium excretion, although a sub-
sequent open-label study with up to 8 years of treatment with
rhPTH(1-84) did suggest beneficial effects in response to treat-
ment on renal calcium excretion [6]. Since being launched in
2015, rhPTH(1-84) has been used in several countries for the
treatment of chronic HypoPT, but it has not been available in
the USA since 2019 due to issues related to rubber particles
breaking off from the rubber septum used in the drug-dispens-
ing cartridge. Consequently, the manufacturer has decided to
stop producing the drug worldwide at the end of 2024.

After an injection, thPTH(1-84) has a relatively short plasma
half-life and if injected once a day, PTH will not be present in
the circulation throughout a 24-hour time period to bind to its
receptors.

Table 1. Drugs Approved or Being Investigated in Randomized Trials for the Treatment of Hypoparathyroidism by Reestablishing the

Effects of PTH
. Mode of Use in clinical Duration of Effects on 24-hour urinary Effects
Drug’ S . . .
administration practice action calcium on QoL
PTH(1-34) SC of infusion Off-label Very short (few hours) Only reduced with continuous Open-label studies have suggested
infusion improved QoL.
rhPTH(1-84) SEC Approved by FDA  Short (some hours) Observational analyses Observational analyses suggest an
and EMA suggest a reduced 24-hour improved QoL, but this has not
U-Ca, but this hasnotbeen ~ been documented in RCTs.
documented in RCTs
Palopegteriparatide SC Approved by EMA  Long (several days) ~ RCTs have shownreduced =~ RCTs have shown improved QoL.

Eneboparatide SC Investigational drug Long (several days) A phase 2 trial suggests NA
reduced 24-hour U-Ca
Encaleret Oral Investigational drug  Short (BID) A phase 2 trial suggests NA

24-hour U-Ca (normalized)

reduced 24-hour U-Ca

PTH, parathyroid hormone; QoL, quality of life; SC, subcutaneous injection; thPTH, recombinant human PTH; FDA, U.S. Food and Drug Administra-
tion; EMA, European Medicines Agency; U-Ca, urinary calcium; RCT, randomized clinical trial; NA, not available; BID, bis in die (twice a day admin-
istration).

*All drugs cause increased levels of plasma calcium while reducing (abolishing) needs for conventional therapy with calcium supplements and active vi-
tamin D.
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Although the pharmacodynamic half-life is longer than the
pharmacokinetic half-life, this is a likely explanation for the
REPLACE study not showing a significant reduction in 24-hour
renal calcium excretion in response to once-a-day treatment with
rhPTH(1-84). Moreover, treatment has been shown to cause
fluctuations in calcium levels, with an increase immediately after
an injection followed by a decline during the last part of a 24-
hour treatment period.

TREATMENT WITH PTH(1-34)

Similar to PTH(1-84), PTH(1-34) contains the N-terminal part
of the PTH molecule, which is important for the physiological
action of the hormone. However, PTH(1-34) has an even shorter
plasma half-life than PTH(1-84), and studies have shown that
PTH(1-34) has to be injected twice a day in children and adults
to maintain normocalcemia in patients with HypoPT [7,8]. In
addition, compared to a once-daily injection, twice-daily injec-
tions allowed for a reduction in the total daily PTH(1-34) dose
required to maintain normocalcemia. Further studies have
shown that administration of PTH(1-34) as a continuous infu-
sion by an insulin pump causes even more stable plasma calci-
um levels, reduces urinary calcium, and enables a further reduc-
tion in the total dose of PTH(1-34) needed to maintain normo-

calcemia [9,10].

PALOPEGTERIPARATIDE

As an alternative to providing PTH(1-34) by an insulin pump,
palopegteriparatide (also known as TransCon PTH) has been
developed. It is a prodrug with sustained release of PTH(1-34)
designed to provide stable PTH levels in the physiological range
for 24 hours/day. A linker binds PTH(1-34) to a carrier molecule
that efficiently shields PTH from binding to its receptor and
prolongs the peptide’s half-life in circulation. Under the influ-
ence of skin temperature and physiological pH, PTH is released
from the carrier and free PTH(1-34) is released, mimicking en-
dogenous PTH secretion, while the carrier molecule is excreted
by the kidney [11]. The treatment is administrated as a once-a-
day subcutaneous injection. In addition to maintaining plasma
calcium levels within the target range throughout the day with
no need for treatment with active vitamin D or calcium supple-
ments, renal calcium excretion is reduced in response to treat-
ment with palopegteriparatide [12,13]. Furthermore, a phase 3
trial demonstrated an improved QoL in response to treatment
with palopegteriparatide compared to conventional treatment
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[13]. The disease-specific Hypoparathyroidism Patient Experi-
ence Scale showed improvements in HypoPT-related symp-
toms, functioning, and well-being for participants treated with
palopegteriparatide including an improvement compared with
placebo in physical and cognitive domain scores. Furthermore,
health-related QoL as measured by the 36-Item Short-Form
Health Survey (SF-36, version 2) also improved significantly in
response to treatment compared with the placebo for the physi-
cal functioning subscale score.

Palopegteriparatide has recently received marketing authori-
zation from the European Medicines Agency, and this medicine
is now authorized for the treatment of adults with chronic Hy-
poPT in the European Union. Presumably, it will also soon be
authorized in additional countries, including the U.S. Food and
Drug Administration for use in the USA.

ENEBOPARATIDE

Eneboparatide is a long-acting PTH analog that acts as a PTH
receptor 1 agonist, which through a novel mechanism of action
activates a specific conformation of the receptor [14]. Data from
a phase 2 trial showed that eneboparatide was well tolerated in
patients with HypoPT, and daily subcutaneous administration
enabled most patients to discontinue conventional therapy with
active vitamin D and calcium supplements. Moreover, treatment
seems to cause a reduction in renal calcium excretion and a sta-
ble bone mineral density. A multinational phase III clinical trial
is currently ongoing [15].

ENCALERET

Autosomal dominant hypocalcemia type 1 (ADH1) is a mono-
genic form of non-surgical HypoPT caused by a gain-of-func-
tion variant in the gene encoding the extracellular calcium-sens-
ing receptor (CaSR) [16]. PTH secretion and urinary calcium
are largely regulated by the CaSR. Gain-of-function variants of
CASR increase the sensitivity of CaSR to plasma calcium levels
causing the receptor to record plasma calcium levels as being
higher than they are. As a result, PTH secretion is low and renal
calcium excretion is high. Encaleret is an oral CaSR antagonist
(calcilytic), thereby addressing the underlying molecular patho-
physiological mechanism. A recently published phase 2 clinical
trial including 13 adults with ADH1 showed beneficial effects
of encaleret. Treatment corrected hypocalcemia and reduced
hypercalciuria, with increased PTH levels [17]. A multinational
phase 3 clinical trial with a larger group of patients with ADH1
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is currently ongoing.

CONCLUSIONS

Despite normalizing plasma calcium levels, thereby alleviating
severe symptoms of hypocalcemia, conventional treatment of
HypoPT with active vitamin D and calcium supplements is as-
sociated with unpredictable fluctuations in plasma calcium lev-
els, hypercalciuria, and several complications, including an in-
creased risk of impaired kidney function and impaired QoL.
Substitution with the missing hormone using thPTH(1-84) or
PTH(1-34) has been shown to reduce the need for conventional
therapy; however, due to the short duration of action, replace-
ment therapy with these analogues is not ideal. Palopegteripara-
tide is a prodrug with sustained release of PTH(1-34) designed
to provide stable PTH levels in the physiological range for 24
hours/day and has recently been approved for treatment of
chronic HypoPT in Europe. Treatment with eneboparatide and
encaleret also seems to cause long-acting effects on the calcium-
PTH axis, and phase 3 clinical trials are currently ongoing aim-
ing to demonstrate a normalization of calcium homeostasis in
response to treatment of patients with chronic HypoPT.
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