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ABSTRACT
TransCon PTH is a sustained-release, essentially inactive prodrug transiently bound to an inert carrier, designed to release PTH(1-34),
and in development for hypoparathyroidism (HP). This phase 1, randomized, placebo-controlled, single andmultiple ascending dose
(SAD and MAD, respectively) trial evaluated safety, tolerability, pharmacodynamics (PD), and pharmacokinetics (PK) of TransCon PTH
in healthy adults. SAD and MAD cohorts consisted of 10 subjects (eight active, two placebo) who received up to seven single or six
multiple ascending doses of TransCon PTH, respectively. TransCon PTH doses ranged from 3.5 to 124 μg PTH(1-34) for the SAD
cohorts and 3.5 to 24 μg PTH(1-34)/day for theMAD cohorts. The primary PK endpoint was Free PTH. The PD endpoints included albu-
min adjusted serum calcium (sCa), fractional excretion of calcium (FECa), intact endogenous PTH(1-84), bone turnover markers, renal
tubular maximum reabsorption of phosphate/glomerular filtration rate (TMP/GFR), serum phosphate (sP) and magnesium, and 1,25
dihydroxyvitamin D. TransCon PTHwas generally well tolerated; there were no drug-related serious adverse events (SAEs), and all AEs
were transient in nature. Free PTH demonstrated an effective half-life of approximately 60 hours and a dose-dependent, sustained
exposure with an infusion-like profile within the calculated physiologic range for active PTH at steady-state. Albumin-adjusted sCa
demonstrated a dose-dependent, sustained response with complete control of FECa despite modest hypercalcemia at higher doses.
Renal tubular maximum reabsorption of phosphate/glomerular filtration rate (TMP/GFR) showed a dose-dependent decrease, result-
ing in a dose-dependent decrease in sP. TransCon PTH administered daily for 10 days showed no increase in the osteoblastic bone
formation markers, serum bone-specific alkaline phosphatase (BSAP) or P1NP, or the osteoclastic bone resorption marker, urine NTx,
but modestly and transiently increased the osteoclast marker, serum CTx. These phase 1 data support TransCon PTH as a daily
replacement therapy for HP providing physiological levels of PTH 24 hours per day and advancement into phase 2 clinical develop-
ment. © 2020 The Authors. Journal of Bone and Mineral Research published by American Society for Bone and Mineral Research.
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Introduction

Parathyroid hormone (PTH) is a product of endocrine secre-
tion of the four parathyroid glands located at or near the

posterior capsule of the superior and inferior lobes of the thyroid
gland. It is synthesized by chief cells as a prohormone peptide,
which is initially 115 amino acids in length, then cleaved to
90, and eventually secreted as 84 amino acids; ie, PTH(1-84).
Although PTH(1-84) is the biologically active form, receptor
activation requires only the 31 to 34 amino acid N-terminus

fragment; ie, PTH(1-31 to 1-34).(1) PTH regulates the body’s extra-
cellular calcium level within a very narrow range as well as phos-
phate homeostasis and bone turnover.

Hypoparathyroidism (HP) is a rare disease of impaired PTH
production with an estimated number of affected patients in
the United States of 60,000 to 115,000.(2,3) The majority of cases
(75% to 78%) are acquired, occurring secondary to anterior neck
surgery in which all four parathyroid gland(s) are inadvertently
damaged or removed.(2,3) Among patients with chronic HP after
total thyroidectomy, the risk of death over approximately a
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4-year follow-up is twofold higher compared to patients without
HP,(4) although another smaller study in Denmark did not show
an increase in mortality.(5) In the setting of insufficient PTH secre-
tion, renal reabsorption of filtered calcium is inappropriately low
and reabsorption of phosphate is inappropriately high, contrib-
uting to hypocalcemia and hyperphosphatemia. In addition,
conversion of 25-hydroxyvitamin D to active vitamin D by the
kidneys also lessens. Lack of active vitamin D leads to reduced
calcium and phosphate absorption by the small intestines, and
lack of PTH leads to decreased bone turnover. The net result
is that patients with untreated HP develop hypocalcemia,
hyperphosphatemia, an increased urinary fractional excretion
of calcium (FECa) along with a more mineralized skeleton than
age- and gender-matched euparathyroid control subjects.

Standard-of-care (SoC) for chronic HP—specifically active
vitamin D and calcium—only corrects hypocalcemia, targeting
a serum calcium (sCa) just below or in the lower level of normal
range to avoid worsening hypercalciuria, and is frequently
associated with a sCa nadir prior to the next morning dose.
SoC also does not restore PTH-dependent renal calcium reab-
sorption, phosphate excretion, or normal bone turnover.(6) In
fact, long-term active vitamin D and calcium may produce
adverse effects beyond the original problems associated with
HP, including an increase in calcium × phosphate product
and urinary calcium (uCa) that together may lead to nephrocal-
cinosis, nephrolithiasis, and renal insufficiency as well as
ectopic calcifications.(7)

Until recently, HP was the last remaining classic endocrine
deficiency disorder for which the missing hormone was not
available as a therapy.(2) In 1996, Winer and colleagues(8) estab-
lished the experimental basis for using PTH(1-34) to treat HP,
showing that daily PTH(1-34) injections are superior to SoC in
treating adults and children with HP, allowing complete with-
drawal of SoC while better controlling urinary calcium excre-
tion. Follow-up studies demonstrated that twice daily PTH
(1-34) injections are superior to SoC or once-daily
injections.(6,8–11) Importantly, continuous subcutaneous (s.c.)
PTH(1-34) infusion via an insulin pump at a 62% to 65% lower
daily dose, which produces physiological PTH levels over
24 hours, was superior to twice daily PTH(1-34), resulting in
more stable sCa levels, normal serum phosphate (sP), and
serum magnesium (sMg) levels, normal uCa excretion, and a

normalized rate of bone turnover in adults and children with
HP while allowing complete withdrawal of SoC.(6,12) These stud-
ies demonstrated that renal tubules need more frequent PTH
dosing than twice per day to optimally control uCa.(6,13) Despite
currently available therapies, some patients still experience
acute symptoms that can be severe and debilitating, negatively
affecting activities of daily living and quality of life. Further, the
long-term consequences of hypercalciuria with subsequent
renal failure is a major cause of morbidity among HP-treated
patients. Thus, a PTH replacement therapy that fully controls
the disease, including episodes of hypercalcemia and hypocal-
cemia as well as hypercalciuria, remains an unmet need.

In 2015, rhPTH(1-84) (Natpara; parathyroid hormone for injec-
tion) received US Food and Drug Administration (FDA) approval
as an adjunct to calcium and active vitamin D to control hypocal-
cemia in patients with HPwho are not well controlled on conven-
tional therapy. Although the availability of once-daily rhPTH
(1-84) has advanced the field, it does not provide PTHwith a con-
tinuous pharmacokinetics (PK) profile that closely resembles the
normal tonic secretory dynamics of PTH. The rhPTH(1-84) label
states that the incidence of hypocalcemic episodes did not
decrease (while increasing the incidence of hypercalcemic epi-
sodes) and did not reduce or normalize uCa excretion.(14) There-
fore, an unmet need remains for a PTH replacement therapy that
provides PTH with a continuous PK profile over 24 hours and
more stably controls sCa and uCa levels.(13,15,16)

TransCon PTH is a novel, long-acting, essentially inactive pro-
drug designed to provide stable PTH levels in the physiological
range for 24 hours per day, comparable to providing PTH(1-34)
by continuous s.c. infusion. Similar to other transiently conju-
gated compounds such as TransCon Growth Hormone,(17) the
prodrug consists of a parent drug, PTH(1-34), transiently bound
to an inert carrier (40 kDa mPEG) via a proprietary linker
(Fig. 1). The carrier inactivates the parent drug and shields it from
receptor uptake, renal clearance, and enzymatic degradation.
Following a single s.c. injection and upon exposure to physio-
logic pH and temperature, autocleavage of the linker occurs,
thus releasing active PTH in a controlled manner and leading
to PTH exposure over several days.

The purpose of this trial was to evaluate the safety, tolerability,
PK, and pharmacodynamics (PD) of single and multiple doses of
TransCon PTH in healthy adults.

Fig. 1. TransCon PTH, a long-acting prodrug consisting of a parent drug, PTH(1-34), transiently bound to a carrier via a linker that is autocleaved, releasing
active PTH(1-34) (and PTH(1-33)).
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Subjects and Methods

Trial design

This was a phase 1, randomized, first-in-human, double-blind,
placebo-controlled trial evaluating single and multiple ascend-
ing doses (SAD andMAD, respectively) of TransCon PTH. The trial
was conducted at a single center, Nucleus Network, in Mel-
bourne, Australia (Australian New Zealand Clinical Trials Registry
ID ACTRN12617001375347). Prior to trial initiation, independent
ethics committee approvals and informed consent from partici-
pants were obtained.

Population

Healthy adult males and females between the ages of 18 and
60 years with a body mass index between 18.5 and 27 kg/m2

were eligible. Subjects with a history of malignancy, diabetes
mellitus, PTH-related or calcium-related disorders, human immu-
nodeficiency virus (HIV), hepatitis B or C, drug abuse, known
hypersensitivity to components of the trial medication, or partic-
ipation within 30 days in another trial were excluded. Pregnant
or lactating females, subjects likely to be noncompliant, unable
to complete the trial, or unable to follow the trial schedule were
also excluded.

Trial protocol

Subjects attended a screening visit; those who met eligibility cri-
teria were randomly assigned to a SAD or MAD cohort (n = 10/
cohort; eight active and two placebo) and received a single or
multiple dose(s) of TransCon PTH, respectively, via a syringe
and 31G 8-mm needle s.c. to the abdomen. Single TransCon
PTH doses ranged from 3.5 to 124 μg PTH(1-34) (containing
PTH(1-34) [Bachem AG, Bubendorf, Switzerland], identical to
the first 34 amino acids of rhPTH). Multiple TransCon PTH doses
administered daily for 10 days ranged from 3.5 to 24 μg PTH
(1-34)/day. Throughout drug administration and for 4 days fol-
lowing the final dose, subjects remained housed for laboratory
tests and safety monitoring.

Safety assessments

At screening, demographic information, medical history, and
concomitant medications, vital signs with height and weight,
hematology, blood chemistry (including sCa, sP, and sMg), intact
endogenous PTH(1-84), 1,25-dihydroxyvitamin D, and urine sam-
ples were collected. In addition, a limited physical examination
and electrocardiogram (ECG) were performed.

Twice-daily 12-hour urine samples (including calcium, phos-
phorus, magnesium, and creatinine) were also collected. In
MAD cohorts, serum samples collected from TransCon PTH-
treated and placebo-treated subjects predose and postdose on
day 14 were analyzed for anti-PTH binding antibodies by BioAgi-
lytix (Durham, NC, USA) using an electrochemiluminescence
bridging assay. Samples were analyzed using a multitiered
approach consisting of a screening assay and a confirmatory
assay.

Via regular vital sign checks, physical examinations, and safety
laboratory tests, subjects were alsomonitored for adverse events
(AEs) throughout the trial, including injection site reactions (ery-
thema, ecchymosis, edema, pruritus, and pain).

PK and PD analyses

Because of long prodrug circulation time, some PTH(1-34) is
metabolized by a single amino acid into PTH(1-33), which shows
equipotency at the PTH/PTHrP receptor. The primary PK end-
points therefore included Free PTH (defined as the sum of Free
PTH(1-34) and Free PTH(1-33)) as well as TransCon PTH.

The PD endpoints included albumin-adjusted sCa, fractional
excretion of calcium, sP, renal tubular maximum reabsorption
of phosphate/glomerular filtration rate (TMP/GFR), intact endog-
enous PTH(1-84), osteoblastic bone formation markers (serum
bone-specific alkaline phosphatase [BSAP] and P1NP), osteoclas-
tic bone resorption markers (urine NTx and serum CTx), sMg, and
1,25-dihydroxyvitamin D. PK samples were collected predose
and at regular intervals postdose through 96 hours for the SAD
cohorts and through day14 for the MAD cohorts.

The PK samples were analyzed by PRA Health Sciences
(Assens, the Netherlands); Free PTH was quantified using protein
precipitation, liquid-liquid extraction, and solid-phase extraction
followed by ultra high-performance liquid chromatography with
tandem mass spectrometry detection measuring the two pep-
tides, PTH(1-34) and PTH(1-33), by collection of both transitions
simultaneously. Free PTH was calculated only if samples con-
tained quantifiable levels of both Free PTH(1-34) and Free PTH
(1-33); ie, above 1.40 and 0.958 pg/mL for Free PTH(1-34) and
Free PTH(1-33), respectively. No lower limit of quantification
was calculated for Free PTH because the ratio between Free
PTH(1-34) and Free PTH(1-33) is not constant. Safety and PD sam-
ples were collected and analyzed by a local laboratory (SydPath
Clinical Trials, Darlinghurst, Australia).

The PK parameters were calculated using Phoenix WinNonlin,
version 6.4 (Certara USA, Inc., Princeton, NJ, USA). For Free PTH,
tmax was defined as the time to maximum observed concentra-
tion and Cmax was defined as the maximum observed concentra-
tion. Area under the curve (AUC) was calculated for the time from
0 to 24 and 96 hours postdose, respectively. Peak-to-trough was
calculated as the ratio of Cmax to C24h at steady-state. FECa was
calculated based on time points when both serum and urine
data were collected as follows:

FECa = urinary calciumx serum creatinineð Þ
= mean albumin-adjusted serum calciumð
xurinary creatinineÞ

ð1Þ

The ratio, TMP/GFR is based on sP, urine phosphate (uP),
serum creatinine (sCr), and urine creatinine (uCr) and was calcu-
lated as follows(18):

TMP=GFR= sP – uP x sCr=uCrð Þ ð2Þ

Statistical analyses

All statistical analyses were performed using SAS 9.3 or higher
(SAS Institute, Inc., Cary, NC, USA). Summary statistics were
reported for continuous data, including mean, standard devia-
tion, standard error, median, minimum, and maximum, whereas
number and percentage of subjects within treatment groups
were reported for categorical data. For sP and TMP/GFR, a linear
regression model was performed for the change from baseline,
with dose and baseline as independent variables at near
steady-state. Near steady-state was defined as the average of
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predose values on day 8, 9, and 10. Dose was defined as a contin-
uous variable where placebo was considered zero.

Results

Demographics

Overall, for the SAD cohorts, 56 subjects were randomized to
TransCon PTH and 13 to placebo and received one dose of the
study drug. Of these, 55 of 56 (98.2%) and 12 of 13 (92.3%) com-
pleted the trial, respectively. One subject administered TransCon
PTH 32 μg PTH(1-34) in SAD cohort 3 was withdrawn upon
request for personal reasons 2 days early (day 3), whereas one
subject administered placebo in SAD cohort 1 was withdrawn
1 day early (day 4) due to a serious adverse event (SAE), ie, bacter-
emia, assessed by the investigator to be unrelated to study drug.

For the MAD cohorts, 50 subjects were randomized to Trans-
Con PTH and 13 to placebo and received at least one dose of
the study drug. Of these, 46 of 50 (92.0%) and 10 of 13 (76.9%)
completed the trial, respectively. Four of 50 (8.0%) administered
TransCon PTH and 3 of 13 (23.1%) administered placebo with-
drew from the trial early. Two of 50 (4.0%) administered Trans-
Con PTH (MAD cohort 3) were replaced after being incorrectly
dosed (see Safety), one of 50 (2.0%) withdrew upon request for
personal reasons, and one of 50 (2.0%) withdrew due to a family
emergency. Two of 13 (15.4%) administered placebo withdrew
for personal reasons, and 1 of 13 (7.7%) experienced an SAE, ie,
catheter site phlebitis, assessed by the investigator to be unre-
lated to the study drug. The demographic characteristics of the
SAD and MAD cohorts were similar to placebo (Table 1).

Pharmacokinetics

Mean plasma concentrations of Free PTH following a single dose
and daily dosings of TransCon PTH for 10 days are shown in Fig. 2.
For the SAD cohorts, median time to peak Free PTH concentrations
(tmax) ranged from 4 to 8 hours postdose (with individual values
ranging from 4 to 60 hours) and showed a dose-dependent expo-
sure over 96 hours. Plasma concentrations declined steadily after
tmax, with mean effective half-life ranging from 51 to 56 hours
across TransCon PTH 72 to 124 μg PTH(1-34) (Fig. 2A). For the
MAD cohorts, median time to peak Free PTH concentrations (tmax)
on day 10 ranged from 4 to 8 hours postdose. The mean effective
half-life after multiple dosings was approximately 60 hours. On day

10, Free PTH also demonstrated a dose-dependent response, with
minimal decline in concentrations over the 24 hours following the
tenth and final dose; the peak-to-trough ratios of Free PTH were
consistent across the dose range, with mean values ranging from
1.3 to 1.6, indicating an infusion-like profile. By day 8, Free PTH con-
centration in cohorts administered TransCon PTH 16 to 24 μg PTH
(1-34)/day appeared to be approaching steady state. (Samples
were not analyzed for Free PTH concentrations in doses <12 μg
PTH(1-34)/day for day 1 to 8 because these concentrations were
considered to be below the lower limit of quantification (Fig. 2B).)
From examination of the albumin-adjusted sCa and Free PTH con-
centration versus time profiles, the sCa response correlated with
the Free PTH level. The PK of Free PTH is summarized in Table 2.

PD

Initial increases inmean serum albumin-adjusted sCawere seen in
TransCon PTH 32 μg PTH(1-34) SAD and TransCon PTH 12 μg PTH
(1-34)/day MAD cohorts, respectively, with SAD cohorts dosed
with TransCon PTH ≥32 μg PTH(1-34) and MAD cohorts adminis-
tered TransCon PTH ≥12 μg PTH(1-34)/day, showing a sustained
dose-dependent response (Fig. 3). The SAD cohorts demonstrated
an increase in sCa for more than 3 days, with the maximal
response on day 2, consistent with the approximately 60-hour
half-life of Free PTH release from the prodrug (Fig. 3A). In the
MAD cohorts, stable dose-dependent albumin-adjusted calcium
levels were seen after about 1 week of dosing, which did not
return to baseline for 3 to 5 days after the final dose on day
10, consistent with the approximately 60-hour half-life for
TransCon PTH (Fig. 3B).

In the SAD TransCon PTH 124 μg PTH(1-34) cohort (n= 8),mean
� SD albumin-adjusted sCa increased from 9.43 � 0.09 mg/dL at
baseline to 10.97 � 0.20 mg/dL on day 2. In the MAD TransCon
PTH 24 μg PTH(1-34)/day cohort (n = 8), adjusted sCa increased
from 9.60 � 0.06 mg/dL at baseline to 10.63 � 0.22 mg/dL on
day 11. However, despite mild hypercalcemia, FECa remained
essentially within normal limits (approximately 0.4% to 2%) for
both SAD (data not shown) and MAD cohorts (Fig. 4).

In the MAD cohorts, there was also a significant dose-
dependent decrease in sP (p = .0430) driven by a significant
dose-dependent decrease in TMP/GFR (p = .0022) (Figs. 5 and 6)
and a nonsignificant increase in sMg (data not shown).

Of note, 1,25-dihydroxyvitamin D levels did not change signif-
icantly in these normal healthy subjects (data not shown).

Table 1. Demographic Characteristics of Trial Subjects (n = 132)

SAD MAD

Characteristic TransCon PTH (n = 56) Placebo (n = 13) TransCon PTH (n = 50) Placebo (n = 13)

Age (years), mean � SD 27.5 � 9.2 28.6 � 10.9 28.2 � 6.6 25.0 � 3.9
Male, n (%) 27 (48.2) 6 (46.2) 28 (56.0) 7 (53.8)
Race, n (%)
White 53 (94.6) 12 (92.3) 42 (84.0) 13 (100.0)
Asian 2 (3.6) 1 (7.7) 6 (12.0) 0 (0)
Unknown 1 (1.8) 0 (0) 0 (0) 0 (0)
Multiple 0 (0) 0 (0) 2 (4.0) 0 (0)

Ethnicity, n (%)
Hispanic/Latino 2 (3.6) 0 (0) 10 (20.0) 1 (7.7)
Non-Hispanic/Latino 54 (96.4) 13 (100.0) 40 (80) 12 (92.3)

BMI (kg/m2), mean � SD 22.7 � 2.5 23.4 � 2.0 23.1 � 2.2 22.7 � 2.5

BMI = body mass index; MAD = multiple ascending dose; SAD = single ascending dose; SD = standard deviation.
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Intact endogenous PTH(1-84) showed a dose-dependent sup-
pression in both the SAD cohorts (data not shown) and MAD
cohorts (Fig. 7), as predicted by normal PTH physiology and the
increase in sCa. Maximum suppression was achieved at a single
dose of TransCon PTH ≥72 μg PTH(1-34) and ≥16 μg PTH(1-34)/
day doses for the SAD and MAD cohorts, respectively.

Compared to placebo, neither the osteoblastic bone forma-
tion marker, BSAP (Fig. 8) or P1NP (data not shown), increased
over 10 days of TransCon PTH administration.

For the osteoclastic bone resorption marker, urine NTx, no
consistent increase was seen over 10 days (data not shown).

The osteoclastic bone resorption marker, serum CTx, increased
modestly over 10 days of TransCon PTH administration com-
pared to placebo (Fig. 9). However, despite the fact that Free
PTH levels were at steady-state levels until at least day 11 (Fig. 2B),
CTx levels declined from day 8 to baseline by day 13.

Safety

Only one subject in the SAD cohorts and one subject in the MAD
cohorts, both of whomwere administered placebo, discontinued
the trial due to an AE. Both discontinuations were due to an SAE,

Fig. 2. The mean � SE plasma concentration of Free PTH (pg/mL) after (A) single or (B) multiple doses (at day 10) of TransCon PTH. Note, the calculated
normal range for PTH(1-34), 4 to 26 pg/mL, was derived from 40% of the molecular weight of PTH(1-84). LLN = lower limit of normal.

Table 2. Summary of the Geometric Mean PK Parameters of Free PTH Following a Single s.c. Dose (SAD Cohorts) and 10 Daily s.c. Doses
(MAD Cohorts)

Cohort TransCon PTH dose
AUC0-t (h*pg/mL)

mean (CV%)
Cmax (pg/mL)
mean (CV%)

tmax (h) median
(min–max)

t½ (h) mean
(CV%)

Peak-to-trough
mean (CV%)

SAD 48 μg PTH(1-34) NC (n = 2) 6.61 (19.7) (n = 7) 8.0 (4.0–24.0) (n = 7) NC (n = 2) NA
72 μg PTH(1-34) 420 (20.3) (n = 5) 7.67 (28.5) (n = 7) 4.0 (4.0–60.3) (n = 7) 54.4 (18.9) (n = 5) NA

100 μg PTH(1-34) 594 (17.3) (n = 8) 12.9 (11.7) (n = 8) 6.0 (4.0–8.0) (n = 8) 51.0 (32.4) (n = 7) NA
124 μg PTH(1-34) 684 (36.9) (n = 8) 13.8 (45.5) (n = 8) 4.0 (4.0–60.0) (n = 8) 55.7 (37.1) (n = 7) NA

TransCon PTH dose
AUC0-24h (h*pg/mL)

mean (CV%)
Cmax (pg/mL)
mean (CV%)

tmax (h) median
(min–max)

t½ (h) mean
(CV%)

Peak-to-trough
mean (CV%)

MAD 12 μg PTH(1-34)/day 122 (13.4) (n = 5) 6.24 (13.1) (n = 6) 4.0 (4.0–16.0) (n = 6) 64.8 (39.2) (n = 4) 1.55 (12.0) (n = 5)
16 μg PTH(1-34)/day 152 (9.4) (n = 5) 6.87 (16.8) (n = 7) 8.0 (4.0–12.0) (n = 7) 60.0 (20.3) (n = 4) 1.37 (6.0) (n = 5)
20 μg PTH(1-34)/day 165 (21.7) (n = 6) 8.30 (21.4) (n = 6) 6.1 (4.0–16.1) (n = 6) 51.7 (44.5) (n = 5) 1.54 (10.3) (n = 6)
24 μg PTH(1-34)/day 231 (24.2) (n = 3) 11.1 (27.6) (n = 3) 7.9 (4.0–12.0) (n = 3) 69.0 (22.3) (n = 3) 1.27 (4.4) (n = 3)

AUC = area under the curve; Cmax = maximum observed concentration; CV = coefficient of variation; MAD = multiple ascending dose; NA = not appli-
cable; NC = not calculated; SAD = single ascending dose; tmax = time to maximum observed concentration; t1/2 = half-life.
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ie, bacteremia and phlebitis, respectively. No subjects adminis-
tered TransCon PTH discontinued the trial due to an AE.

In the SAD cohorts, 23 of 56 (41.1%) of subjects administered
TransCon PTH and three of 13 (23.1%) administered placebo expe-
riencedat leastoneAE (Table3).More subjects administeredTrans-
Con PTH 48 μg, 100 μg, and 124 μg PTH(1-34) experienced at least
oneAEcompared to theother treatment groups. In the SADcohort
administered TransCon PTH 12 μg PTH(1-34), two subjects were

mistakenly dosed with TransCon PTH 120 μg PTH(1-34) due to
pharmacy error; both were replaced. Two subjects experienced
SAEs, one administered TransCon PTH 12 μg PTH(1-34) developed
catheter-site phlebitis leading to hospitalization and one adminis-
tered placebo developed bacteremia; neither SAE was assessed to
be related to study drug and both resolved without sequelae.

In the MAD cohorts, 33 of 50 (66%) administered TransCon
PTH and nine of 13 (69.2%) administered placebo experienced

Fig. 3. Mean� SE change in plasma concentration of albumin-adjusted serum calcium (mg/dL), following (A) a single dose or (B) daily doses for 10 days of
TransCon PTH (n = 8/group). (Note: “Baseline” includes mean predose values on day 1 whereas “day 1” includes mean postdose values on day 1.) PTH =
parathyroid hormone.

Fig. 4. Spot FECa with daily doses of TransCon PTH (n = 8/group) for 10 days. ULN = upper limit of normal.
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at least one AE. More subjects administered TransCon PTH 24 μg
PTH(1-34)/day experienced at least one AE compared to the
other treatment groups. Two subjects experienced SAEs, one
administered TransCon PTH 12 μg PTH(1-34)/day developed
neutropenia in the setting of viral pharyngitis requiring brief hos-
pitalization and one administered placebo developed catheter-
site phlebitis; neither SAE was assessed to be related to study
drug and both resolved without sequelae.

Themost commontreatment-emergentAEs in theSADcohorts
administered TransCon PTH were dizziness (10.7%), headache
(7.1%), and postural dizziness (5.4%). The most frequently
reported treatment-emergent AEs for subjects who received pla-
cebo were headache, hypotension, bacteremia, and dysmenor-
rhea (all 7.7%). The most common treatment-emergent AEs in

the MAD cohorts administered TransCon PTH were headache
(12%), dizziness (10%), palpitations and catheter site phlebitis
(each 8%), postural dizziness and upper respiratory tract infec-
tions (each 6%), and presyncope and musculoskeletal pain (each
6%). The most frequently reported treatment-emergent AEs for
subjectswho receivedplacebowereheadache, catheter sitephle-
bitis, and catheter site pain (each 23.1%).

All potential vasodilatory AEs (ie, palpitations, orthostatic diz-
ziness, orthostatic hypotension, postural dizziness, or syncope)
adjudicated as possibly related to the study drug are shown in
Table 4. A total of 18 subjects (14 subjects treated with TransCon
PTH [13.2%] versus four subjects treated with placebo [15.4%])
experienced 21 potential vasodilatory AEs. Although these were
more common in the highest MAD dosing cohort (TransCon PTH

Fig. 5. Box plots of the change of serum phosphate from baseline with daily doses of TransCon PTH for 10 days (values reflect the change from baseline
over days 8 to 10).

Fig. 6. Phosphaturic effect with daily doses of TransCon PTH for 10 days (box plots reflect the change from baseline over days 8 to 10).
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Fig. 7. Suppression of intact endogenous PTH(1-84) with daily doses of TransCon PTH (n = 8/group) for 10 days (the dashed line indicates the LLOQ; ie,
3 pg/mL). LLOQ = lower limit of quantification.

Fig. 8. Mean � SE percentage change from baseline in serum BSAP with daily doses of TransCon PTH (n = 8/group) for 10 days.

Fig. 9. Mean � SE percentage change from baseline in serum CTx with daily doses of TransCon PTH (n = 8/group) for 10 days.
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24 μg PTH(1-34)/day), subjects treatedwith placebowere at least
as likely as subjects treated with TransCon PTH in this cohort to
experience these AEs in this cohort. Specifically, vasodilatory or
potentially vasodilatory AEs were reported by four of eight
(50%) of subjects who were administered TransCon PTH and
two of two (100%) who were administered placebo; all subjects
who experienced vasodilatory symptoms were female.

One of three males in the TransCon PTH 24 μg PTH(1-34)/
day MAD cohort experienced symptomatic hypercalcemia

(11.68 mg/dL) and discontinued dosing after the sixth dose; a
second male subject was asymptomatic despite an albumin-
adjusted sCa of 11.76 mg/dL on day 11; none of the male sub-
jects experienced vasodilatory AEs. As a result, TransCon PTH
20 μg PTH(1-34)/day was identified as the maximum tolerable
dose (MTD) in healthy volunteers. No MTD was observed in
the SAD cohorts, even at the top dose of TransCon PTH
124 μg PTH(1-34).

TransCon PTH was generally well tolerated. Injection site ery-
thema (likely due to PTH-related s.c. vasodilation) not associated
with pain, itching, swelling, induration, or other symptoms was
observed but was not captured as an AE and did not impact com-
pliance with dosing.

No anti-PTH antibodieswere detected following s.c. administra-
tionofTransConPTH. Inaddition,nosafetyconcernsweredetected
on physical examination, by ECG, or in standard safety laboratory
tests.

Discussion

In this first-in-human trial, TransCon PTHwas generally well toler-
ated; there were no drug-related SAEs or severe AEs, and all AEs
were transient in nature and comparable to placebo. Free PTH
showed an effective half-life of approximately 60 hours and a
dose-dependent, sustained exposure with an infusion-like pro-
file within the lower half of the physiologic range for active
PTH at steady-state. Similarly, the albumin-adjusted sCa showed
a dose-dependent, sustained response that correlated with the
Free PTH profile, with control of FECa despite mild hypercalce-
mia in the higher dose cohorts. TransCon PTH also showed the
expected decrease in TMP/GFR and sP. TransCon PTH adminis-
tered daily for 10 days showed no increase in the osteoblastic
bone formation markers, serum BSAP or P1NP, or in the osteo-
clastic bone resorption marker, urine NTx, but did modestly
and transiently increase the osteoclastic bone resorption marker,
serum CTx.

Because of the short half-life of calcitriol and currently avail-
able PTH-based therapies, fluctuations in sCa, with mild hypocal-
cemia at trough and mild hypercalcemia at peak, may occur.(19)

Table 3. AEs by Cohort

Cohort Dose Size (n) Any AE (%) Any drug-related AE (%) Any moderate or severe AE (%) Any SAE (%)

SAD 3.5 μg 8 1 (12.5) 1 (12.5) 0 (0) 0 (0)
12 μg 8 3 (37.5) 1 (12.5) 1 (12.5) 1 (12.5)
32 μg 8 3 (37.5) 2 (25.0) 0 (0) 0 (0)
48 μg 8 6 (75.0) 5 (62.5) 2 (25.0) 0 (0)
72 μg 8 2 (25.0) 0 (0.0) 1 (12.5) 0 (0)
100 μg 8 4 (50.0) 3 (37.5) 1 (12.5) 0 (0)
124 μg 8 4 (50.0) 2 (25.0) 1 (12.5) 0 (0)
Total 56 23 (41.1) 14 (25.0) 6 (10.7) 1 (1.8)

Placebo 13 3 (23.1) 1 (7.7) 3 (23.1) 1 (7.7)
MAD 3.5 μg 8 6 (75.0) 1 (12.5) 2 (25.0) 0 (0)

7 μg 8 6 (75.0) 2 (25.0) 3 (37.5) 0 (0)
12 μg 10 7 (70.0) 3 (30.0) 2 (20.0) 1 (10.0)
16 μg 8 4 (50.0) 2 (25.0) 1 (12.5) 0 (0)
20 μg 8 3 (37.5) 2 (25.0) 1 (12.5) 0 (0)
24 μg 8 7 (87.5) 6 (75.0) 5 (62.5) 0 (0)
Total 50 33 (66.0) 16 (32.0) 14 (28.0) 1 (2.0)

Placebo 13 9 (69.2) 6 (46.2) 2 (15.4) 1 (7.7)

AE = adverse event; SAD = single ascending dose; SAE = serious adverse event; MAD = multiple ascending dose.

Table 4. Vasodilatory Adverse Events by Cohort

Cohort Dose n

Tachycardia/
palpitations

(%)

Dizziness, light-headedness
(including postural/

orthostatic
dizziness, syncope,
presyncope) (%)

SAD 3.5 μg 8 0 (0.0) 0 (0.0)
12 μg 8 0 (0.0) 0 (0.0)
32 μg 8 0 (0.0) 1 (12.5)
48 μg 8 0 (0.0) 0 (0.0)
72 μg 8 0 (0.0) 0 (0.0)
100 μg 8 0 (0.0) 2 (25.0)
124 μg 8 0 (0.0) 1 (12.5)
Total 56 0 (0.0) 4 (7.1)

Placebo 13 0 (0.0) 1 (7.7)
MAD 3.5 μg 8 1 (12.5) 1 (12.5)

7 μg 8 0 (0.0) 1 (12.5)
12 μg 10 0 (0.0) 1 (12.5)
16 μg 8 0 (0.0) 0 (0.0)
20 μg 8 1 (12.5) 0 (0.0)
24 μg 8 3 (37.5) 2 (25.0)
Total 50 5 (10.0) 5 (10.0)

Placebo 13 1 (7.7) 2 (15.4)

A subject experiencing orthostatic dizziness and palpitations is
counted twice in this table; all events were adjudicated as at least possi-
bly related to study drug.
SAD = single ascending dose; MAD = multiple ascending dose.
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These fluctuationsmay contribute to “brain fog,” impaired cogni-
tive function reported by many patients with HP.(19) National
Institutes of Health (NIH)-sponsored studies in adults and chil-
dren with HP have shown that in terms of optimizing sCa, sP,
sMg, and uCa, daily PTH(1-34) injections are superior to SoC,(8)

twice-daily PTH(1-34) injections are superior to once-daily
injections,(9–11) and continuous s.c. infusion of PTH(1-34) is supe-
rior to twice-daily PTH(1-34) injections (while also normalizing
the rate of bone turnover) despite more than a 60% lower dose
of daily PTH.(6,12)

The TransCon PTH PK and PD results mirror those ofWiner and
colleagues,(6,12) showing an infusion-like profile at steady state
with control of sCa, sP, and uCa and the absence of an anabolic
effect on bone. Thus, once-daily TransCon PTH may effectively
treat patients with HP. Its prolonged half-life of approximately
60 hours produced stable coverage of Free PTH within the lower
half of the calculated normal range over 24 hours, which may
provide greater stability of sCa and improve safety. The short
half-lives of both calcitriol and currently available PTH-based
therapies lead to daily sCa fluctuations, and stopping or missing
a dose can lead to acute symptomatic and debilitating hypocal-
cemia.(14) In contrast, due to its longer half-life, daily TransCon
PTH may lead to more stable sCa levels as well as a lower risk
of severe hypocalcemia if a dose is missed. In the long-term,
improved control of sCa, sP, and uCamay also be associated with
improved outcomes, allowing patients with HP to avoid the
long-term complications of chronic active vitamin D and calcium
supplementation, including renal insufficiency, nephrolithiasis,
and ectopic calcifications. Finally, normocalcemia obtained by
an infusion-like profile of PTH may allow complete discontinua-
tion of active vitamin D and calcium, thus reducing overall pill
burden and further contributing to improved quality of life for
patients with HP.

Based on the approximate 60-hour effective half-life of Free
PTH, eight to 12 daily doses of TransCon PTH are required to
reach steady-state, and accumulation was predicted. As a result,
a single dose of TransCon PTH 32 μg PTH(1-34) predicted the cal-
cemic response of repeated TransCon PTH 12 μg PTH(1-34)/day,
and a single dose of TransCon PTH 100 μg PTH(1-34) predicted
the calcemic response of repeated TransCon PTH 20 to 24 μg
PTH(1-34)/day. The first MAD cohort to demonstrate an increase
in sCa was administered TransCon PTH 12 μg PTH(1-34)/day,
which was associated with a Free PTH level of 5 pg/mL, in the
lower end of the calculated normal range of PTH(1-34). Higher
doses of TransCon PTH resulted in dose-dependent increases in
both Free PTH and sCa, and as expected, suppression by nega-
tive feedback of intact endogenous PTH(1-84) production, and
all were associated with stable Free PTH levels within the lower
half of the calculated normal range. These findings suggest the
ability to individually titrate patients with HP into the normal cal-
cemic range.

TransCon PTH may also positively impact hypercalciuria, a
major cause of morbidity in patients with HP. In a study by Syed
and colleagues,(20) healthy volunteers were calcium-clamped to
sCa 10.3 mg/dL, which was associated with an increase in FECa
to 6.0% to 7.0%. In contrast, when sCa was raised comparably
by an infusion of PTHrP(1-36), FECa did not differ from normal
controls, showing the ability of PTHrP(1-36) to stimulate renal
calcium resorption.(20) Notably, in both SAD and MAD cohorts
administered TransCon PTH, in which higher doses produced
an even higher sCa level, the FECa still remained normal (approx-
imately 0.4% to 2%). These results reflect the continuous 24-hour
per day presence and activity of PTH released from the TransCon

prodrug at the renal PTH/PTHrP receptor, leading to enhanced
tubular reabsorption of calcium. The decrease in TMP/GFR and
sP reflect the phosphaturic effect of PTH on the renal receptor.

In terms of bone turnover, SoC does not correct decreased
osteoclast activity and diminished bone turnover associated
with hypermineralized bone and increased bonemineral density
(BMD) in HP. Because of their short half-lives, currently available
daily-dosed PTH-based therapies provide intermittent PTH expo-
sure, stimulating osteoblastic bone formation as shown by
increases in P1NP, BSAP, and trabecular BMD.(21)However,
although anabolic activity resulting in increased BMD is the treat-
ment goal in osteoporosis, it is not desirable in HP. The treatment
objective is therefore to normalize bone turnover and modestly
decrease BMD back to normal levels.

The TransCon PTH bone turnover data are similar to the pub-
lished literature, which illustrate that continuous PTH administra-
tion is not anabolic. Winer and colleagues(6,12) demonstrated
that continuous delivery of PTH(1-34) restored bone turnover
markers to normal levels compared to twice daily injections in
both adults and children with HP but did not increase bone turn-
over markers above normal. Similarly, TransCon PTH showed no
increase in the osteoblast markers, serum BSAP or P1NP. Trans-
Con PTH did modestly and transiently increase the bone resorp-
tion marker, serum CTx, consistent with the data for continuous
infusion of PTH(1-34).(22) However, the transient increase was
substantially less than the persistent 200% increase in CTx previ-
ously observed with short-acting PTH(1-84).(21) The absence of
any increase in serum BSAP or P1NP contrasts with the signifi-
cant increase in bone formation markers seen with currently
available PTH-based therapies(23) and suggests that, by produc-
ing an infusion-like profile of PTH within the calculated normal
range, TransCon PTH is not anabolic. Future studies in patients
with HP are needed to determine if treatment beyond 10 days
leads to normalization of bone turnover and a normalization
(ie, a modest decline) in the elevated BMD observed in patients
with HP treated with SoC and are being evaluated in a phase
2 trial.

In the subjects who received TransCon PTH 24 μg PTH(1-34)/
day, AEs reflected the known pharmacology of PTH, ie, vasodila-
tation (as well as hypercalcemia), leading to orthostatic hypoten-
sion, lightheadedness, tachycardia, and syncope; similar AEs
were seen in the placebo-treated subjects in this cohort as well.
Vasodilatory symptoms such as these have been seen previously
with PTH-based therapies.(24) These symptoms are usually tran-
sient, present only for the initial few weeks of treatment, and
can be managed by administering the drug at bedtime. Because
participants in this trial were all healthy volunteers with normal
baseline calcium levels, where even a 1.5 mg/dL increase in sCa
made them hypercalcemic, it is possible that higher doses, ie,
greater than TransCon PTH 20 μg PTH(1-34)/day may be well tol-
erated and effective in patients with HP.

This trial had limitations. Although the trial was blinded, Trans-
Con PTH was designed to increase PTH and therefore sCa levels;
in later SAD andMAD cohorts administered higher doses, rises in
sCa may have made it obvious to investigators which subjects
were randomized to TransCon PTH versus placebo. As a phase
1 study, only healthy volunteers were included. Although cal-
cium metabolism should not differ between populations, care
should be exercised in extrapolating results to patients with HP
who have underlying hormone and electrolyte abnormalities at
baseline. No anti-PTH binding antibodies were detected. How-
ever, assessments were made only 14 days after the first of
10 doses of TransCon PTH. Immunogenicity will be assessed with
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longer-term dosing in future clinical trials. Finally, the trial was
not blinded related to treatment dose; overreporting of side
effects associated with the study drug may have occurred, espe-
cially in the higher-dose cohorts.

TransCon PTH demonstrated potent calcemic, renal calcium
reabsorption, and potent phosphaturic effects, indicating con-
trol of sCa and phosphate as well as uCa, and no evidence of
any anabolic effect. The results of this phase 1 trial support Trans-
Con PTH as a replacement therapy for HP, providing physiologi-
cal levels of PTH 24 hours per day, and advancement into phase
2 clinical development.

Disclosures

DBK, EM, EK, SM, andDM are employees of Ascendis Pharma, Inc.;
JAL is a former employee of Ascendis Pharma, Inc. SP is an
employee of Ascendis Pharma A/S.

Acknowledgments

We thank the subjects, Pharmaceutical Solutions, Ltd., the
Nucleus network, and Clinical Trial Data Services, Inc.

Authors’ roles: Study design: DBK and JAL. Study conduct: EK,
SM, SP, and DBK. Data collection: EK, SM, SP, and DBK. Data anal-
ysis: DBK, SM, SP, and DM. Data interpretation: DBK, SP, SM, and
JAL. Drafting manuscript: EM, DBK, SP, and JAL. Revising manu-
script content: DBK, EM, SM, SP, EK, and JAL. Approving final ver-
sion of manuscript: DBK and JAL. DBK, SP, SM, DM, and JAL take
responsibility for the integrity of the data analysis.

References

1. Mohan S, Kutilek S, Zhang C, et al. Comparison of bone formation
responses to parathyroid hormone(1-34), (1-31), and (2-34) in mice.
Bone. 2000;27(4):471–8.

2. Brandi ML, Bilezikian JP, Shoback D, et al. Management of hypopara-
thyroidism: summary statement and guidelines. J Clin Endocrinol
Metab. 2016;101(6):2273–83.

3. Clarke BL, Brown EM, Collins MT, et al. Epidemiology and diagnosis of
hypoparathyroidism. J Clin Endocrinol Metab. 2016;101(6):2284–99.

4. Almquist M, Ivarsson K, Nordenström E, Bergenfelz A. Mortality in
patients with permanent hypoparathyroidism after total thyroidec-
tomy. Br J Surg. 2018;105(10):1313–8.

5. Underbjerg L, Sikjaer T, Mosekilde L, Rejnmark L. Cardiovascular and
renal complications to postsurgical hypoparathyroidism: a Danish
nationwide controlled historic follow-up study. J Bone Miner Res.
2013;28(11):2277–85.

6. Winer KK, Zhang B, Shrader JA, et al. Synthetic human parathyroid
hormone 1-34 replacement therapy: a randomized crossover trial
comparing pump versus injections in the treatment of chronic hypo-
parathyroidism. J Clin Endocrinol Metab. 2012;97(2):391–9.

7. Mannstadt M, Bilezikian JP, Thakker RV, et al. Hypoparathyroidism.
Nat Rev Dis Primers. 2017;3:17055.

8. Winer KK, Yanovski JA, Cutler GB Jr. Synthetic human parathyroid
hormone 1-34 vs calcitriol and calcium in the treatment of hypopara-
thyroidism. JAMA. 1996;276(8):631–6.

9. Winer KK, Yanovski JA, Sarani B, Cutler GB. A randomized, cross-over
trial of once-daily versus twice-daily parathyroid hormone 1-34 in
treatment of hypoparathyroidism. J Clin Endocrinol Metab. 1998;83
(10):3480–6.

10. Winer KK, Ko CW, Reynolds JC, et al. Long-term treatment of hypo-
parathyroidism: a randomized controlled study comparing parathy-
roid hormone-(1-34) versus calcitriol and calcium. J Clin Endocrinol
Metab. 2003;88(9):4214–20.

11. Winer KK, Sinaii N, Peterson D, Sainz B Jr, Cutler GB. Effects of once
versus twice-daily parathyroid hormone 1-34 therapy in children
with hypoparathyroidism. J Clin Endocrinol Metab. 2008;93(9):
3389–95.

12. Winer KK, Fulton KA, Albert PS, Cutler GB. Effects of pump versus
twice-daily injection delivery of synthetic parathyroid hormone
1-34 in children with severe congenital hypoparathyroidism.
J Pediatr. 2014;165(3):556–63.e1.

13. Bilezikian JP, Brandi ML, Cusano NE, et al. Management of hypopara-
thyroidism: present and future. J Clin Endocrinol Metab. 2016;101(6):
2313–24.

14. Shire-NPS Pharmaceuticals Inc. Highlights of prescribing information.
Available from URL: accessdata.fda.gov/drugsatfda_docs/label/
2015/125511s000lbl.pdf

15. Center for Drug Evaluation and Research Clinical pharmacology and
biopharmaceutics review(s) application number 125511Orig1s000
(Natpara). Silver Spring, MD. Center for Drug Evaluation and
Research, US Food and Drug Administration; 2014. Available from:
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/
125511Orig1s000ClinPharmR.pdf

16. Khurana M, Zadezensky I, Lowy N, et al. Use of a systems pharmacol-
ogy model based approach toward dose optimization of parathyroid
hormone therapy in Hypoparathyroidism. Clin Pharmacol Ther. 2019;
105(3):710–8.

17. Sprogøe K, Mortensen E, Karpf DB, Leff JA. The rationale and design
of TransCon growth hormone for the treatment of growth hormone
deficiency. Endocr Connect. 2017;6(8):R171–81.

18. Payne RB. Renal tubular reabsorption of phosphate (TmP/GFR): indi-
cations and interpretation. Ann Clin Biochem. 1998;35(Pt 2):201–6.

19. Rejnmark L. Quality of life in hypoparathyroidism. Endocrine. 2018;59
(2):237–8.

20. Syed MA, Horwitz MJ, Tedesco MB, Garcia-Ocaña A, Wisniewski SR,
Stewart AF. Parathyroid hormone-related protein-(1-36) stimulates
renal tubular calcium reabsorption in normal human volunteers:
implications for the pathogenesis of humoral hypercalcemia of
malignancy. J Clin Endocrinol Metab. 2001;86(4):1525–31.

21. Rubin MR, Cusano NE, Fan WW, et al. Therapy of hypoparathyroidism
with PTH(1-84): a prospective six year investigation of efficacy and
safety. J Clin Endocrinol Metab. 2016;101(7):2742–50.

22. Horwitz MJ, Tedesco MB, Sereika SM, et al. A 7-day continuous infu-
sion of PTH or PTHrP suppresses bone formation and uncouples
bone turnover. J Bone Miner Res. 2011;26(9):2287–97.

23. Sikjaer T, Rejnmark L, Rolighed L, et al. The effect of adding PTH(1-84)
to conventional treatment of hypoparathyroidism: a randomized,
placebo-controlled study. J Bone Miner Res. 2011;26(10):2358–70.

24. Eli Lilly and Co. Forteo highlights of prescribing information.
Indianapolis, IN: Eli Lilly and Co.; 2012 Available from: accessdata.
fda.gov/drugsatfda_docs/label/2013/021318slbl.pdf.

Journal of Bone and Mineral Researchn 1440 KARPF ET AL.

https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/125511s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2015/125511s000lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/125511Orig1s000ClinPharmR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2015/125511Orig1s000ClinPharmR.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/021318slbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2013/021318slbl.pdf

	A Randomized Double-Blind Placebo-Controlled First-In-Human Phase 1 Trial of TransCon PTH in Healthy Adults
	Introduction
	Subjects and Methods
	Trial design
	Population
	Trial protocol
	Safety assessments
	PK and PD analyses
	Statistical analyses

	Results
	Demographics
	Pharmacokinetics
	PD
	Safety

	Discussion
	Disclosures
	Acknowledgments
	References


