
PTH(1-84) replacement therapy for the treatment of 
hypoparathyroidism

Natalie E Cusano*, Mishaela R Rubin, and John P Bilezikian
Department of Medicine, Division of Endocrinology, College of Physicians and Surgeons, 
Columbia University, New York, NY, USA

Abstract

Hypoparathyroidism is a rare disease characterized by hypocalcemia and insufficient circulating 

levels of parathyroid hormone (PTH). Conventional therapy includes calcium and active vitamin 

D supplementation, often in large doses. Therapy with calcium and vitamin D, however, does not 

address certain problematic aspects of the disease, including abnormal bone metabolism and 

reduced quality of life. Hypoparathyroidism is the only classic endocrine deficiency disease for 

which the missing hormone, PTH, is not yet an approved treatment. PTH(1-84) may soon become 

a therapeutic option for patients with hypoparathyroidism. PTH (1-84) has been demonstrated to 

maintain serum calcium while reducing or eliminating requirements for calcium and active 

vitamin D supplementation. Data from bone densitometry, bone turnover markers and 

histomorphometry of bone biopsy specimens show positive structural and dynamic effects on the 

skeleton. PTH replacement therapy may also be associated with improved quality of life. 

PTH(1-84) replacement therapy for hypoparathyroidism is promising, although further acquisition 

of long-term data is needed.
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Parathyroid hormone (PTH) is critically important for the control of calcium and phosphate 

homeostasis. PTH is responsible for the regulation of normal serum ionized calcium levels 

through effects on calcium and phosphate handling in the kidneys, mobilization of calcium 

from the skeleton and renal synthesis of 1,25-dihydroxyvitamin D, the active form of 

vitamin D. Hypoparathyroidism is a rare disorder characterized by hypocalcemia and low or 

insufficient PTH concentrations. The acute clinical manifestations of hypoparathyroidism 

are related to hypocalcemia and can include life-threatening arrhythmias, laryngospasm and 
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seizures. Chronic manifestations of the disease include hyperphosphatemia, hypercalciuria, 

nephrolithiasis and nephrocalcinosis, abnormal skeletal remodeling, neurocognitive 

complaints and reduced quality of life [1–4]. The renal manifestations may be due to the 

treatment of hypoparathyroidism with calcium and active vitamin D but not directly a 

feature of the disease itself.

The most common cause of hypoparathyroidism is damage or inadvertent removal of the 

parathyroid glands during neck surgery. Autoimmune disease and rare genetic disorders 

such as DiGeorge syndrome, familial isolated hypoparathyroidism and autoimmune poly-

glandular syndrome type 1 are also associated with hypoparathyroidism. Severe magnesium 

deficiency can result in low PTH concentrations through impairment of PTH release and 

PTH resistance and is the only reversible cause of the disorder [1]. With only approximately 

59,000 individuals with hypoparathyroidism in the USA [5], hypoparathyroidism has 

received orphan drug designation in the USA and the European Union.

Hypoparathyroidism is the only classic endocrine deficiency disease for which the missing 

hormone, PTH, is not yet an approved therapy. There are currently no formal guidelines for 

the treatment of hypoparathyroidism. Conventional treatment includes calcium and active 

vitamin D supplementation, often in large doses. Active vitamin D therapy is usually in the 

form of 1,25-dihydroxyvitamin D (calcitriol), although 1-hydroxycholecalciferol 

(alphacalcidol) is also in use outside the USA. The goal of therapy is to maintain serum 

calcium in the low-normal range while reducing hypercalciuria. Adjunctive thiazide diuretic 

therapy is sometimes used to increase renal tubular calcium reabsorption [1]. Serum calcium 

is not always maintained with conventional therapy and concerns exist regarding the use of 

calcium and active vitamin D in large doses. Moreover, conventional therapy with calcium 

and active vitamin D does not alleviate quality of life complaints and does not reverse the 

abnormally low bone remodeling of the disease. Randomized control trial [6,7] and long-

term data from a cohort of subjects treated with open-label PTH(1-84) from our group [8,9] 

have investigated the effects of PTH(1-84) in hypoparathyroidism. These data are discussed 

in further detail below and summarized in Table 1.

Chemistry, pharmacokinetics & pharmacodynamics of PTH(1-84)

PTH is produced by the parathyroid glands first as a 115-amino acid polypeptide (pre-pro-

PTH). Within the parathyroid cell, pre-pro-PTH is cleaved at the amino-terminal region to a 

90-amino acid peptide (pro-PTH) and then to a biologically active secretory product, the 84-

amino acid peptide. The process of PTH biosynthesis takes less than 1 h [10]. Further 

intraglandular processing and extraglandular metabolism result in circulating PTH fragments 

with unclear biological activity. The first two amino acids are necessary for binding to the 

PTH receptor, which is expressed in various tissues including bone, cartilage, kidney and 

breast. PTH has both anabolic and catabolic actions on the skeleton. When present 

chronically in excess, as in primary hyperparathyroidism, PTH has a catabolic skeletal effect 

by stimulating RANKL, a potent stimulator of osteoclast-mediated bone resorption [11–13]. 

In lower doses, administered intermittently, PTH can be osteoanabolic, utilizing the Wnt 

signaling pathway [14–16]. Recombinant human PTH(1-34) is a fully active but truncated 

amino-terminal fragment of the intact 84-amino acid peptide. In a key historical landmark of 
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therapeutic drug development, PTH (1-34) was shown to be osteoanabolic in osteoporosis 

[17] and was then approved in the USA and worldwide for the treatment of osteoporosis in 

men and postmenopausal women at high risk for fracture. The full-length molecule, 

PTH(1-84), was approved by the European Union for the treatment of postmenopausal 

osteoporosis. Both PTH(1-84) and PTH(1-34) are administered as a subcutaneous injection.

The notion that PTH might be beneficial in hypoparathyroidism was raised by Fuller-

Albright in 1929 when he experimented with parathyroid extract in hypoparathyroidism 

[18]. Many decades passed without further investigation until more recently when both 

PTH(1-34) [19–26] and PTH(1-84) [6–9] were studied in hypoparathyroidism. PTH(1-34) 

has a short half-life with the circulating peak concentration being reached by 30 min after 

injection and an exponential clearance and half-life of 75 min. Use of PTH(1-34) in 

hypoparathyroid subjects, therefore, requires multiple doses per day [27]. The 

pharmacokinetics of PTH(1-84) are slower than those for PTH (1-34) [28] and as discussed 

in further detail below, PTH(1-84) can be administered daily or even every other day in 

some hypoparathyroid subjects.

The protocols investigating PTH(1-84) therapy in hypoparathyroid subjects have advised 

injection into the thigh based on data from Fox et al. studying four different modes of 

administration of PTH(1-84) in healthy postmenopausal women [29]. PTH(1-84) 100 μg 

was administered as a 15 min intravenous infusion, subcutaneous injection into the thigh or 

abdomen or intradermal injection into the abdomen. Intravenous infusion resulted in an 

immediate and dramatic increase in PTH levels; however, rapid clearance resulted in the 

fastest restoration of preinfusion PTH concentrations and the smallest and shortest serum 

calcium response. Subcutaneous injection into the thigh compared to the abdomen resulted 

in a smaller but more prolonged PTH increase and a larger and longer serum calcium 

response, despite a 15% lower PTH exposure versus the abdomen. After subcutaneous 

injection into the thigh, the time to predose PTH levels was 12 h after injection. The 

maximum serum calcium increase was 0.82 mg/dl, occurring 6 h after injection, with a 

greater than 24 h time to predose calcium levels. Intradermal injection resulted in a shorter 

PTH and serum calcium response than with subcutaneous injection.

Sikjaer et al. published the results of a pharmacokinetic and pharmacodynamic study of 

PTH(1-84) 100 μg subcutaneous daily into the thigh in 21 well-established hypoparathyroid 

subjects after 24 weeks of treatment [30]. The median age was 57 years (range 37–75) and 

17 were female. PTH levels increased promptly with a median peak level of 26.5 pmol/l 

(interquartile range 20.1–42.5 pmol/l) 15 min after injection into the thigh. A biphasic 

pattern was seen with two peaks in plasma PTH concentrations in most subjects. The second 

peak to a level of 18.4 pmol/l (15–30 pmol/l) occurred 90–120 min after injection. 

Thereafter, PTH levels declined with a plasma half-life of 2.2 h (1.7–2.5 h), reaching 

predose levels 16 h after injection. Calcium and 1,25-dihydroxyvitamin D levels increased 

after injection, with ionized calcium peaking after 7 h (5–10 h) and returning to baseline 

concentrations after approximately 24 h. Asymptomatic hypercalcemia occurred in 71% of 

subjects, although urinary calcium, phosphate and magnesium excretion levels were 

unchanged. In view of the rather high incidence of hypercalcemia, the authors noted that a 
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daily dose of 100 μg may be too high for some patients and suggested the need for 

individual adjustment in PTH dose.

Another study from Clarke and colleagues investigated the effect of a single dose of 

PTH(1-84) 50 or 100 μg subcutaneous into the thigh compared with oral 1,25-

dihydroxyvitamin D (calcitriol) in seven hypoparathyroid subjects [31]. Each patient 

received a single dose of 50 μg, followed by a washout period of 7 days and then a single 

100-μg dose. The median age was 51 years (range 39–69) and six were female. Subjects had 

a diagnosis of hypoparathyroidism for at least 12 months prior to study entry. The mean 

supplement doses at baseline were 1.5 g/day of calcium (range 0.8–3) and 0.5 μg/day of cal-

citriol (range 0.5–0.75). Plasma PTH levels increased rapidly after administration of 

PTH(1-84) 50 or 100 μg, with an approximate half-life of 2.5–3 h, declining to predose 

levels after approximately 12–24 h. Similar to the work of Sikjaer et al., there was a biphasic 

pattern with a first peak at a median time of 10–15 min and a second peak at 1–3 h. 

Compared to calcitriol therapy, the median area under the curve for PTH was similar for 

serum calcium and 1,25-dihydroxyvitamin D concentrations; however, 1,25-

dihydroxvitamin D levels with calcitriol therapy had declined to baseline levels at 24 h 

while remaining above baseline at 24 h with PTH therapy. Serum calcium levels peaked 

after 8–12 h with calcitriol and after 12 h with either dose of PTH(1-84); levels remained 

above baseline at 24 h with both therapies. With PTH(1-84), the median area under the 

curve for phosphate was strongly negative. The calcium phosphate product was lower at 

both doses of PTH than at baseline (3.31–3.39 mmol2/l2 at baseline to 2.82–2.91 mmol2/l2 

after PTH; converted to SI units from the original text by multiplying mg2/dl2 by 0.0807), in 

contrast to an increase in the calcium-phosphate product with calcitriol therapy from 

baseline (3.15 mmol2/l2 at baseline to 3.55–3.71 mmol2/l2 after calcitriol). PTH reduced 

urinary calcium excretion with a nadir in the 3- to 6-h sample. PTH(1-84) at the 50-μg dose 

reduced 24-h urine calcium excretion by 12% and at the 100-μg dose by 26%. PTH at the 

50-μg dose increased urinary phosphate excretion by 53% and at the 100-μg dose by 45%.

Effects of PTH(1-84) on mineral metabolism – serum & urine calcium, 

phosphate

Randomized control trials

Sikjaer et al. conducted a double-blind trial of 62 subjects randomized to PTH(1-84) 100 μg 

daily versus placebo over 24 weeks [6]. The mean age was 52 years (range 31–78 years) and 

86% were women. The average duration of hypoparathyroidism was 9 years (range 1–37). 

The etiology of hypoparathyroidism was postoperative in 58 subjects and idiopathic in four. 

The mean supplement doses at baseline were 1.5 g/day of calcium (range 0.4–22.5) and 2 

μg/day of 1-hydroxycholecalci-ferol (range 0.25–42). Subject demographics, baseline 

characteristics and laboratory data were similar between the groups. The authors found that 

serum calcium concentrations in the PTH (1-84) arm were maintained despite a 75% decline 

in supplemental calcium requirements and a 73% decline in active vitamin D requirements 

(p < 0.05 for both). Calcium and active vitamin D were discontinued completely in seven 

subjects in the PTH arm compared with none in the placebo arm (p < 0.01). Asymptomatic 

hypercalcemia occurred frequently early in the study as calcium and active vitamin D 
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therapy were down-titrated, with 19% of calcium measurements above the upper normal 

limit during the study. Serum phosphate levels decreased from 1.44 ± 0.2 to 1.29 ± 0.2 

mmol/l (p < 0.05) in the PTH arm. However, there were no between-group differences in the 

calcium-phosphate product (p = 0.55). Urine calcium excretion was unchanged at study 

conclusion.

The REPLACE trial is the pivotal trial of PTH(1-84) therapy in hypoparathyroidism. It was 

a double-blind, multicenter randomized trial of PTH(1-84) versus placebo over 24 weeks 

[7]. 134 subjects were enrolled and randomized 2:1 to the PTH group. PTH was started at a 

dose of 50 μg daily but could be titrated to 75 or 100 μg daily as needed by the study 

investigators. There were three primary endpoints of the REPLACE trial. At 24 weeks, the 

endpoints required at least a 50% reduction in both calcium and active vitamin D 

supplementation from baseline and maintenance of a serum calcium value at their baseline 

but not higher than normal. For all subjects, the mean age was 48 ± 13 years and 78% were 

women. The mean duration of hypoparathyroidism was 13 ± 10 years. The etiology of 

hypoparathyroidism was postoperative in 99 subjects, idiopathic in 22, autoimmune in nine, 

known genetic disorder in three and radiation in one. Subject demographics, baseline 

characteristics and laboratory data were similar between the groups. The mean supplement 

doses at baseline were 2.1 ± 1 g/day of calcium and 0.89 ± 0.5 μg/day of 1,25-

dihydroxyvitamin D. A remarkably higher proportion of subjects in the PTH(1-84) arm (48 

subjects or 53%) achieved the primary outcome than in the placebo group (one subject or 

2%; p < 0.0001). A secondary outcome of the trial was the proportion of subjects that 

achieved complete independence from active vitamin D and a reduction in oral calcium to 

less than 0.5 g/day. This secondary outcome was reached in 36 subjects or 43% of the PTH 

group compared to two subjects or 5% of the placebo group (p < 0.0001). Serum and urine 

calcium excretion were similar between the groups. The mean serum phosphate 

concentration declined significantly in the PTH group by 0.05 mmol/l as did the mean 

calcium-phosphate product from 3.2 to 2.8 mmol2/l2 (p < 0.0001).

Cohort studies

Long-term data are available from a cohort of subjects treated with open-label PTH(1-84) 

from investigators at Columbia University [8,9]. The first published data included 30 

subjects treated with open-label PTH(1-84) 100 μg every other day for 24 months [8]. The 

mean age was 49 ± 12 years and 73% were women. The average duration of 

hypoparathyroidism was 19 ± 15 years. The etiology of hypoparathyroidism was 

postoperative in 15 subjects, idiopathic in 11, autoimmune in one, autosomal dominant in 

one and due to DiGeorge syndrome in two. The mean supplement doses at baseline were 3.0 

± 2 g/day of calcium and 0.68 ± 0.5 μg/day of 1,25-dihydroxyvitamin D. Supplemental 

calcium requirements fell significantly to 1.7 ± 1 g/day as did active vitamin D requirements 

to 0.40 ± 0.5 μg/day (p < 0.05 for both). There were small but significant increases in serum 

calcium early in the study during titration of supplemental calcium and active vitamin D; 

serum calcium values were unchanged thereafter. Serum phosphate decreased from 1.44 ± 

0.2 to 1.29 ± 0.2 mmol/l (p < 0.05). Urine calcium excretion was unchanged.
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The second published study from this cohort included 27 subjects treated with open-label 

PTH(1-84) for 4 years [9]. These data included, but were not limited to, subjects from the 

earlier experience who had reached the 4-year time point. The initial starting dose was 100 

μg every other day but could be adjusted when alternative dosing regimens became 

available. The mean age was 51 ± 12 years and 74% were women. The average duration of 

hypoparathyroidism was 20 ± 15 years. The etiology of hypoparathyroidism was 

postoperative in 16 subjects, idiopathic in 10 and due to DiGeorge syndrome in one. The 

mean supplement doses at baseline were 2.7 ± 3 g/day of calcium and 0.65 ± 0.7 μg/day of 

1,25-dihydroxyvitamin D. Supplemental calcium requirements fell significantly to 1.7 ± 3 

g/day as did active vitamin D requirements to 0.36 ± 0.7 μg/day (p < 0.01 for both). There 

were small but significant increases in serum calcium early in the study during titration of 

supplemental calcium and active vitamin D; serum calcium values were unchanged 

thereafter. The trend for serum phosphate was a significant decline over the course of the 

study (p = 0.006). Urinary calcium excretion was significantly decreased over the course of 

4 years (p = 0.003) and fell significantly below baseline during years 1, 2 and 3. Although 

urinary calcium excretion at year 4 was still below pretreatment values, the difference did 

not achieve statistical significance.

Effects of PTH(1-84) on skeletal indices

Structural and dynamic skeletal abnormalities have been noted in hypoparathyroid patients. 

Histomorphometric studies of bone biopsy specimens from untreated subjects show 

increased bone mass at both the cortical and cancellous compartments as well as markedly 

reduced bone turnover [32,33]. Serum bone turnover markers are suppressed or at the low 

end of the normal range. Despite bone density values being higher than healthy controls, 

hypoparathyroid subjects may have a higher incidence of vertebral fracture [34], although 

overall fracture risk may be similar to age-matched controls [35].

Bone turnover markers

Markers of bone formation and resorption increase in subjects treated with PTH(1-84). In 

the study by Sikjaer et al. using PTH at a dose of 100 μg daily, bone turnover markers 

increased up to 12-fold baseline levels by 6 months with some markers starting to level off 

by 20 weeks [6]. In our cohort of subjects treated with an initial PTH dose of 100 μg every 

other day, bone turnover markers increased up to threefold above baseline levels at 12 

months [9]. This peak was followed by a gradual decline, reaching steady-state levels at 

approximately 30 months, which remained significantly above baseline for some of the 

markers through 48 months.

Bone density by dual energy x-ray absorptiometry & qualitative computed tomography

In the study of Sikjaer and colleagues through 24 weeks, bone density by dual energy x-ray 

absorptiometry decreased significantly at the lumbar spine by 1.8 ± 1% and the total hip by 

1.6 ± 0.6% but was unchanged at the radius [6]. Lumbar spine and hip qualitative computed 

tomography measurements were obtained from 31 subjects at baseline and week 24 (17 on 

PTH treatment). In contrast to the areal bone density data, the PTH group had a median 

increase of 12.2% in volumetric bone mineral density at the lumbar spine while the placebo 
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group decreased by 0.7% (p = 0.02). Compared to the placebo group, the PTH group 

demonstrated a decrease of 2.3% in volumetric bone density at the total hip (p < 0.05) and a 

trend toward a 4.1% decrease at the femoral neck (p = 0.06).

In our cohort study following hypoparathyroid subjects through 2 years of PTH therapy, 

bone density by dual energy x-ray absorptiometry at the lumbar spine increased 2.9 ± 4% 

from baseline and decreased at the distal radius by 2.4 ± 4% (p < 0.05 for both), while bone 

density at the hip was unchanged [8]. After 4 years of PTH therapy, bone density at the 

lumbar spine by dual energy X-ray absorptiometry increased 5.5 ± 9% from baseline (p < 

0.0001). Bone density at the distal radius decreased significantly by 2.0 ± 6% (p = 0.02) at 2 

years without further progression at year 4. Bone density at the hip was unchanged [9].

These data are compatible with the differential effects of PTH at sites that are primarily 

trabecular (lumbar spine) or cortical (distal one-third radius) [17,36–39]. The results of bone 

density measurements from the REPLACE study have not yet been published.

Bone histomorphometry

Sikjaer et al. published results from 44 hypoparathyroid subjects (23 on PTH treatment) who 

underwent iliac crest bone biopsies after 24 weeks of therapy, further examined with micro-

computed tomography [40]. Compared to placebo-treated subjects, PTH therapy was 

associated with decreased trabecular thickness (0.16 vs 0.22 μm [PTH vs placebo]; p < 

0.01), decreased trabecular bone tissue density (804 vs 840 mg/cm3; p < 0.01) and increased 

connectivity density (7.79 vs 5.78 1/mm3; p < 0.05). There was a decrease in Haversian 

canal separation in the PTH-treated subjects (0.501 vs 0.638 μm; p < 0.01) associated with a 

trend toward increased cortical porosity (10 vs 7%; p = 0.09). Intratrabecular tunneling was 

noted in 48% of biopsies in the PTH-treated subjects and in none of the biopsies in placebo-

treated subjects. Subjects with intratrabecular tunneling had significantly higher levels of 

markers of bone turnover.

In our study, 64 hypoparathyroid subjects treated with PTH (1-84) for 2 years underwent 

iliac crest bone biopsies and compared to age- and sex-matched controls [41]. Biopsies were 

performed at baseline and at 1 or 2 years, with another group of subjects having a biopsy at 

3 months after a quadruple-label protocol (tetracycline before initiating PTH therapy and 

prior to biopsy). PTH therapy was associated with structural changes at 2 years, including 

reduced trabecular width (144 ± 34 to 128 ± 34 mm; p = 0.03), intratrabecular tunneling 

with increased trabecular number (1.74 ± 0.34 to 2.07 ± 0.50 1/mm; p = 0.02) and increased 

cortical porosity (7.4 ± 3.2% to 9.2 ± 2.4%; p = 0.03). After 2 years of PTH(1-84) therapy, 

trabecular width was no longer different in the hypoparathyroid subjects compared to 

controls. Dynamic parameters including mineralizing surface, mineral apposition rate and 

bone-formation rate increased significantly at 3 and 12 months in all three bone envelopes. 

Mineralizing surface peaked at 12 months from 0.7 ± 0.6% to 7.1 ± 6.0% (p = 0.001). By 24 

months, bone-formation rate returned to baseline in all envelopes, while mineralizing 

surface and mineral apposition rate had reached baseline levels at the endocortical and 

intracortical envelopes.
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Effects of PTH(1-84) on quality of life

Hypoparathyroid patients often describe neurocognitive complaints, and quality of life in 

hypoparathyroid subjects on conventional therapy is reduced using standardized measures 

[42–44]. Two groups have investigated the effect of PTH(1-84) on quality of life. Our group 

previously published results showing that PTH (1-84) was associated with improvement in 

quality of life measures through 1 year of therapy [43]. We have recently published our 

results through 5 years of therapy [45]. Sixty-nine hypoparathyroid subjects were treated 

with open-label PTH(1-84) for up to 5 years. The earliest subjects were treated with 100 μg 

every other day. Alternative dosage regimens of 25, 50 and 75 μg daily were made available 

during the study period and the dose of PTH was adjusted for subjects based on biochemical 

parameters. The RAND 36-Item Short Form (SF-36) Health Survey was used to measure 

quality of life, consisting of 36 items covering eight domains of physical and mental health 

[46,47]. Serum calcium was maintained in the intended low-normal range for the majority of 

subjects during the study period; however, the percentage of subjects with serum calcium 

values maintained strictly within the normal reference range was lower. At baseline, subjects 

scored significantly lower than the normative reference range in all eight domains of mental 

and physical health. PTH(1-84) therapy was associated with improvement in seven out of 

the eight domains, four mental health domains and three physical health domains. Beneficial 

effects were noted early with PTH treatment and persisted through 5 years.

Sikjaer and colleagues published their results using PTH (1-84) 100 μg daily or placebo in a 

double-blind fashion in 62 subjects [48]. Quality of life was assessed using the SF-36 survey 

and the WHO-5 Well-Being Index. They found improvement in quality of life in both the 

placebo and PTH groups without between-group differences. There was a high incidence of 

hypercalcemia during the trial, however, and the authors posited that the fluctuations in 

serum calcium could have negated a positive effect of PTH therapy. Given that 

hypoparathyroid subjects may acclimate to relatively lower serum calcium values, this data 

may indicate that maintaining serum calcium within the normal reference range for healthy 

individuals may not be appropriate for all patients with regard to their physical and mental 

well-being.

Further study in a randomized control manner with PTH doses titrated to patients’ 

biochemical parameters is needed for further evaluation of the effects of PTH therapy on 

quality of life.

Safety & tolerability

Osteosarcoma is of concern given the noted toxicity in rats administered very high doses of 

PTH for a prolonged period of time [49,50]. This does not appear to be a human toxicity, 

however. Results from clinical trials with cumulative numbers of 16,000 subjects treated 

with up to 3 years of continuous therapy have not reported any skeletal malignancies 

[17,51–53]. With over 10 years of clinical post-approval experience with PTH(1-34) and 7 

years for PTH(1-84), no adverse signal of osteosarcoma has been observed [54,55]. It is 

possible that in addition to dose and duration of exposure, physiology may account for the 

increased incidence of osteosarcoma in rats. Rats undergo skeletal modeling for virtually 
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their entire lives with continued skeletal growth. The rat skeleton may comprise immature 

and potentially tumorigenic cells that respond to PTH in an uncontrolled manner [55].

With regard to other adverse events, hypercalcemia may occur early in the treatment course 

and is easily remedied by reducing supplemental calcium and active vitamin D [6,9,33]. In 

the REPLACE trial, the incidence of adverse and serious adverse events was similar 

between the PTH and placebo groups. There were no differences in either group in the 

cardiovascular variables (blood pressure, heart rate or QTc interval) or renal variables 

(serum creatinine or estimated glomerular filtration rate) [7]. Data in our cohort of subjects 

treated through 4 years have not raised any safety concerns [9], although further long-term 

data are necessary.

Conclusion

Conventional therapy of hypoparathyroidism consists of large doses of calcium and active 

vitamin D, with attendant long-term concerns about nephrocalcinosis, nephrolithiasis and 

soft tissue calcifications. Conventional therapy cannot address some problematic aspects of 

the disease, including abnormal skeletal remodeling and reduced quality of life. PTH(1-84) 

is a promising therapeutic option for patients with hypoparathyroidism. PTH therapy has 

been shown to decrease calcium and active vitamin D requirements while maintaining serum 

calcium. Data from subjects treated with PTH(1-84) show a return toward more 

euparathyroid levels of skeletal indices. Some data suggest a reduction in the calcium-

phosphate product, urine calcium and improvement in quality of life, although further 

information in these areas is necessary.

Expert commentary

Hypoparathyroidism is the only classic endocrine deficiency disease for which the missing 

hormone, PTH, is not yet an approved treatment. PTH(1-84) shows great promise in the 

therapy of hypoparathyroidism. If PTH(1-84) becomes a US FDA-approved therapy for 

hypoparathyroidism, it is likely that application to patients with hypoparathyroidism will be 

selective. Patients who are well controlled with reasonable amounts of calcium and vitamin 

D supplementation and no quality of life complaints may not need PTH therapy. These 

patients would appear to represent only a small fraction of those with this disease. Rather, 

PTH therapy is likely to be beneficial for the majority of patients who have 

hypoparathyroidism. PTH (1-84) has not been formally evaluated in children whose 

skeletons are developing. Given the chronic nature of the disease and the need for PTH 

therapy over years, further long-term data in adults are necessary. More data are also needed 

on the potential beneficial effects of PTH on urinary calcium and quality of life.

Five-year view

Other delivery systems of PTH and PTH analogs that do not require subcutaneous injection 

and may have increased acceptability to patients, such as a microneedle patch system, are 

being studied in osteoporosis [56,57] and may be applied to hypoparathyroid patients in the 

future. The current methods of subcutaneous PTH replacement are not physiological. 
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Further investigation is needed using more physiological delivery systems, such as 

continuous subcutaneous pump delivery.

Information resources

The proceedings from the First International Workshop on Hypoparathyroidism were 

published in the Journal of Bone and Mineral Research and provide an extensive review on 

the topic, including epidemiology, diagnosis, pathophysiology and target-organ involvement 

(reference [1]). The Hypoparathyroidism Association website (https://www.hypopara.org/) 

is a good resource for patients.
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Key issues

• Hypoparathyroidism is the only classic endocrine deficiency disease for which 

the missing hormone, parathyroid hormone (PTH), is not yet an approved 

treatment.

• PTH(1-84) is a promising therapeutic option for patients with 

hypoparathyroidism.

• PTH(1-84) therapy has been demonstrated to decrease calcium and active 

vitamin D requirements while maintaining serum calcium and to improve the 

abnormal bone remodeling state in subjects with hypoparathyroidism.

• Given the chronic nature of the disease and the need for ongoing PTH therapy, 

further long-term data are necessary.
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