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Abstract

Hypoparathyroidism is a disease characterized by hypocalcemia and insufficient parathyroid 

hormone (PTH). It is a rare disorder that has been given an orphan disease designation in the 

United States and European Union. Hypoparathyroidism is the only endocrine deficiency disease 

for which the missing hormone, PTH, is not yet an approved therapy. Conventional therapy 

includes calcium and active vitamin D supplementation, often in large doses. Although serum 

calcium can be controlled with conventional therapy, it can be a challenge and, moreover, does not 

address other aspects of the disease, such as abnormal skeletal features and reduced quality of life. 

This review focuses on PTH replacement therapy in hypoparathyroidism, utilizing the full-length 

molecule PTH(1–84) as well as the fully active but truncated form PTH(1–34). PTH therapy 

addresses some aspects of the disease not ameliorated with conventional therapy.
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Introduction

Hypoparathyroidism is a disease characterized by hypocalcemia and insufficient parathyroid 

hormone (PTH). Many patients also demonstrate hyperphosphatemia and hypercalciuria. 

The acute clinical manifestations relate to symptoms of hypocalcemia and neuromuscular 

irritability, including muscle cramps and paresthesias. Life-threatening heart arrhythmias, 

laryngospasm and seizures can occur. Long-term complications include nephrocalcinosis, 

nephrolithiasis or renal failure; soft-tissue calcifications in the basal ganglia, other brain 

compartments, or the vasculature itself; neurocognitive complaints and reduced quality of 
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life; and abnormally low bone turnover [1–4]. While patients with hypoparathyroidism often 

have bone mineral density values higher than healthy controls, there is some evidence that 

vertebral fracture risk may be increased [5], although overall fracture risk may be similar to 

age-matched controls [6].

Hypoparathyroidism is rare, with an estimated 59,000 individuals in the United States 

suffering from the disorder [7]. It has been given an orphan disease designation by the 

United States Food and Drug Administration and the European Commission. The most 

common cause is inadvertent removal or irreversible damage to the parathyroid glands 

during thyroid or other neck surgery [1]. Other causes include autoimmune disease and rare 

genetic disorders such as DiGeorge syndrome, familial isolated hypoparathyroidism, 

autoimmune polyglandular syndrome type 1 and autosomal dominant hypocalcemia [8, 9]. 

Severe magnesium deficiency is the only reversible cause of hypocalcemia with low PTH 

concentrations through impairment of PTH release and PTH resistance [1].

Hypoparathyroidism is the only endocrine deficiency disease for which the missing 

hormone, PTH, is not yet an approved therapy. This review focuses on the use of PTH 

treatment in hypoparathyroidism, in the form of the full-length molecule PTH(1–84) as well 

as the fully active but truncated form PTH(1–34).

Treatment of hypoparathyroidism

There are no formal guidelines to assist in management decisions for patients with 

hypoparathyroidism. Intravenous calcium may be necessary in the acute setting. 

Conventional therapy in the outpatient setting includes calcium and active vitamin D 

supplementation, often in large doses. Maintaining serum calcium within an acceptable 

range must be balanced against the development of hypercalciuria and the presence of 

hyperphosphatemia. Serum calcium often fluctuates in hypoparathyroid patients on 

conventional therapy, requiring adjustments in the supplementation regimen. Thiazide 

diuretics may be a useful adjunct in the setting of significant hypercalciuria [1].

While Fuller-Albright first considered the use of a parathyroid extract in hypoparathyroid 

subjects in 1929 [10], this research was abandoned for many years until the past several 

decades when PTH became available as a potential therapeutic agent. The theoretical 

advantages of PTH over conventional therapy in the management of hypoparathyroidism 

include: a reduction in the amounts of calcium and vitamin D requirements, reduction in 

urinary calcium, improvement in quality of life, reduction in ectopic soft tissue calcification, 

and improvement in abnormal bone remodeling dynamics. PTH has been investigated as a 

therapy for hypoparathyroidism in the form of the full-length molecule PTH(1–84) [11–14] 

as well as the fully active but truncated form PTH(1–34) [15–18]. Both formulations are 

administered as a subcutaneous injection. In the studies investigating PTH(1–34), the dose 

of PTH was titrated to achieve independence from active vitamin D therapy. The 

pharmacokinetics of PTH(1–34) are relatively short, requiring multiple injections per day. In 

the studies investigating PTH(1–84), PTH was used as an add-on to standard therapy. The 

pharmacokinetics of PTH(1–84) are relatively long, with once daily or every other day 
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injections possible. The long-term studies investigating PTH(1–34) and PTH(1–84) therapy 

of hypoparathyroidism are summarized in Table 1.

Effects of PTH therapy on supplementation requirements and serum 

calcium

In the studies of PTH(1–34), the drug was titrated to maintain serum calcium in the intended 

low-normal range off active vitamin D therapy. The studies investigating PTH(1–84) have 

used either fixed doses or doses titrated to maintain biochemistries. All studies have 

demonstrated that serum calcium was maintained in the setting of a reduction or elimination 

of calcium and active vitamin D supplementation [11–18].

The pivotal trial of PTH(1–84) therapy is the REPLACE trial [14], a multicenter study of 

134 subjects randomized to PTH(1–84) (n=90) or placebo (n=44). Subjects were initially 

treated with PTH(1–84) at a dose of 50 µg daily, titrated as needed to 75 or 100 µg. The 

primary outcome was a composite of the proportion of patients at week 24 who achieved at 

least a 50% reduction in both oral calcium and active vitamin D supplementation while 

maintaining a serum calcium of at least the subject’s baseline concentrations and less than or 

equal to the upper limit of normal. 48 (53%) of subjects in the PTH arm achieved this 

primary outcome compared to 1 (2%) in the placebo arm (p<0.0001). The mean decrease in 

calcium supplementation in the PTH arm was 52% and the mean decrease in active vitamin 

D supplementation was 78%. Serum calcium was maintained despite the decrease in calcium 

and active vitamin D supplementation.

Data from the studies of Winer and colleagues through 3 years of PTH(1–34) therapy [15, 

16] and the Columbia cohort through 4 years of PTH(1–84) therapy [12] demonstrates that 

serum calcium concentrations are maintained long-term in the setting of decreased calcium 

and vitamin D requirements.

Effects of PTH therapy on urinary calcium

PTH is necessary for the conservation of calcium in the proximal and distal renal tubules 

and many patients with hypoparathyroidism have hypercalciuria which can lead to 

nephrocalcinosis, nephrolithiasis, and renal failure [1]. Data regarding the efficacy of PTH 

therapy to decrease urinary calcium have been mixed (Table 1). The only study of PTH(1–

34) therapy to show a decrease in urinary calcium was the open-label crossover trial of 

Winer and colleagues investigating PTH(1–34) administered continuously by pump versus 

PTH(1–34) subcutaneously twice daily [17]. In this study, urinary calcium was decreased 

significantly by 59% during the pump arm. The dramatic decrease in urinary calcium while 

patients were administered continuous PTH may indicate that more physiologic delivery of 

PTH to the renal tubules improves calcium reabsorption from the kidney on a more 

consistent basis. In the Columbia cohort, urinary calcium was significantly decreased during 

years 1 to 3 of the study, and while urinary calcium was below pre-treatment values at year 

4 this difference did not meet statistical significance [12]. In the REPLACE trial, urinary 

calcium was not different between the PTH and placebo groups at study conclusion [14].
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Effects of PTH therapy on quality of life

Hypoparathyroid patients often describe symptoms of “brain fog” and other neurocognitive 

complaints [1]. Using well-defined metrics, hypoparathyroid patients on conventional 

therapy have compromised quality of life compared to normal subjects despite eucalcemia 

[19–22]. There has been no formal evaluation of PTH(1–34) therapy on quality of life. Two 

groups have investigated the effect of PTH(1–84) therapy on quality of life using the same 

metric [20–22].

In the Columbia cohort, hypoparathyroid subjects received open-label PTH(1–84) through 5 

years [20, 22]. At baseline, subjects scored significantly lower than the normative reference 

range. With PTH therapy, intention-to-treat analysis showed significant improvement in 

mental and physical health that occurred early and persisted through 5 years. These data 

have a number of limitations, the most important one that it was open-label without a control 

group. The fact that these findings were sustained over 5 years, however, makes them less 

likely to be solely due to a placebo effect, although it does not remove the possibility of 

confounding. An important point is that in this cohort the dose of PTH was titrated to 

biochemical parameters. While serum calcium was maintained in the intended low-normal 

range for a majority of the subjects, the proportion of subjects with serum calcium levels 

within the normal reference range was much lower. Hypercalcemia was relatively rare 

during this study.

The only other study to address the effect of PTH(1–84) therapy on quality of life is that of 

Sikjaer and colleagues [21]. The investigation was randomized, placebo-controlled trial over 

24 weeks with a fixed dose of PTH(1–84). They found that quality of life was improved in 

both the PTH and placebo arms without between-group differences. They had a relatively 

high incidence of hypercalcemia during their study, however, and the authors posited that 

the large fluctuations in serum calcium may have negated a possible benefit of PTH therapy. 

Considering that hypoparathyroid subjects may acclimate to relatively lower serum calcium 

values, these results may indicate that the reference range for serum calcium in normal 

subjects may not be suitable for all hypoparathyroid patients with regard to their mental and 

physical wellbeing.

Further studies are needed in a controlled manner to determine more definitely whether PTH 

is associated with improved quality of life.

Effects of PTH therapy on extraskeletal calcifications

Studies have demonstrated a reduction in serum phosphorus levels with PTH(1–84) therapy 

[11–14], although a decline in the calcium-phosphorus product has not been consistently 

seen. Any potential effect of PTH therapy on extra-skeletal calcifications remains 

unresolved.
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Effects of PTH therapy on skeletal parameters

Bone density

Bone density in hypoparathyroid patients is often above that for normal controls [1]. The 

data regarding the effect of PTH therapy on bone density is inconsistent. Studies using 

PTH(1–34) have not demonstrated a difference in bone density in PTH-treated subjects 

compared to subjects treated with conventional therapy [15–18]. The study of Sikjaer and 

colleagues showed small but significant decreases at the lumbar spine (−1.8%) and hip 

(−1.6%) without a difference at the forearm at 24 weeks [13]. In the Columbia cohort, bone 

density was significantly increased at the lumbar spine by 5.5% at 4 years; bone density at 

the hip sites was unchanged and at the forearm there was a significance decrease of 2.0% at 

2 years without further decline [12].

Dynamic parameters

Bone turnover markers in hypoparathyroid subjects on conventional therapy are suppressed 

or in the low-end of the normal range [15, 16, 18, 23]. In all studies of PTH(1–34) and 

PTH(1–84) measuring serum and urine markers of bone turnover, these markers increase 

early during the treatment course [12, 15, 16, 18, 23]. In the Columbia cohort, markers of 

bone formation and resorption increased after initiation of PTH(1–84) therapy, with peak 

values up to 3-fold baseline at approximately 12 months [12]. After this period of 

heightened responsiveness, bone turnover markers decreased and at about 30 months 

reached a new steady state that was above baseline and more consistent with euparathyroid 

levels.

Tetracycline-labeled bone biopsies of hypoparathyroid subjects on conventional therapy 

demonstrate very few tetracycline labels consistent with a low bone turnover state [18, 24]. 

With both PTH(1–34) and PTH(1–84) therapy, histomorphometric analysis of bone biopsy 

specimens demonstrates a dramatic increase in the number of single and double tetracycline 

labels, as well as an increase in bone formation rate and mineralizing surface [18, 24].

Structural parameters

In hypoparathyroid subjects on conventional therapy, analysis of bone biopsy specimens 

shows that there is too much bone mineral in both the cortical and trabecular compartments 

[18, 23, 25]. With PTH(1–34) and PTH(1–84) therapy, there is an increase in the number of 

trabeculae and a decrease in trabecular thickness associated with intrabecular tunneling [18, 

23, 25]. Intratrabecular tunneling is a phenomenon by which a thick trabecula splits into two 

or more thinner trabeculae and can also be seen in patients receiving PTH therapy for 

osteoporosis [26, 27]. In addition, there is increased osteoid and a decrease in trabecular 

spacing. In the cortical compartment, with PTH therapy there is increased cortical porosity 

without change in cortical width [18, 23]. This is in contrast to what is seen when PTH is 

given for osteoporosis, where cortical thickness increases without any change to cortical 

porosity [28]. In addition, there is an increase in the number of Haversian canals and the 

cortex becomes trabecularized.

Cusano et al. Page 5

Best Pract Res Clin Endocrinol Metab. Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



With PTH treatment in hypoparathyroidism, the thinning of cortical and trabecular bone 

may signal improved microstructural qualities since these two compartments are so 

abnormal prior to treatment. This is a different paradigm from PTH treatment in 

osteoporosis in which thickening of cortical and trabecular bone is beneficial.

Safety

If hypercalcemia occurs with PTH therapy, it tends to become evident within the first few 

months of treatment. It is readily corrected with titration of the patient’s supplementation 

regimen [11–13]. Osteosarcoma has been of concern due to toxicity noted in rats given PTH 

at large doses and for a time period equivalent to a rat’s lifespan, namely 2 years [29, 30]. 

This rat toxicity, however, does not appear to be a human one. There has been no increase in 

the incidence of osteosarcoma in patients taking PTH(1–34) over 10 years of experience [31, 

32]. In the REPLACE trial, there were no significant differences in mean cardiovascular 

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

estimated creatinine clearance) with PTH(1–84) therapy [14]. Data in cohorts of subjects 

treated with PTH(1–34) through 3 years [15, 16] and PTH(1–84) through 4 years [12] have 

not raised any safety concerns, although further long-term data are necessary.

Future directions

The results described above are promising, and suggest that for many hypoparathyroid 

patients, PTH treatment will improve their management and outcome. Patients who can be 

managed well with the need for only modest amounts of calcium and vitamin D and with 

little fluctuation in their requirements over time, however, may not need PTH. The 

distinction between those who can or cannot be controlled on only modest amounts of 

calcium and vitamin D is not clearly related to whether or not they have residual parathyroid 

gland function.

There are conflicting results regarding whether the available PTH regimens have a 

significant effect on hypercalciuria and quality of life and further study into these areas is 

necessary. A major limitation of the above studies is that they have examined mostly 

surrogate endpoints. Further investigation is needed regarding the effects of PTH therapy on 

neurocognition, fractures, and more clinically relevant renal endpoints such as 

nephrocalcinosis and nephrolithiasis.

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

and may be more acceptable to patients are being studied in osteoporosis [33, 34] and may 

be applied to a hypoparathyroid population in the future. The current subcutaneous regimens 

do not replace PTH in a physiologic manner. More physiologic delivery systems, such as 

continuous delivery by pump, deserve further investigation. Further study in children with 

developing skeletons is necessary. Since therapy with PTH may well become a long-term 

management option in hypoparathyroidism, more long-term safety data are needed.
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Summary

PTH therapy in hypoparathyroidism has the potential to address aspects of the disease not 

ameliorated by conventional therapy. Both PTH(1–34) and PTH(1–84) have been 

demonstrated to lower or eliminate supplemental calcium and vitamin D requirements while 

maintaining serum calcium. PTH(1–34) and PTH(1–84) either maintain or lower urinary 

calcium but more data are needed, especially using more physiologic modes of PTH 

replacement. PTH(1–84) has been shown to be associated with improved quality of life 

when the dose is titrated to serum calcium, although here as well further data are necessary. 

PTH(1–34) and PTH(1–84) are associated with improvement in bone-remodeling dynamics 

and return of bone metabolism toward more normal euparathyroid levels.

PTH may soon become an established replacement therapy for hypoparathyroidism. For the 

group of patients that maintain good control on calcium and active vitamin D 

supplementation, this development may not be needed. On the other hand, PTH may provide 

great benefit for patients whose management presents a challenge with conventional 

therapy. Discussion between the patient and care provider is necessary to determine those 

who may potentially benefit from PTH therapy for hypoparathyroidism, especially given the 

projected costs of PTH treatment.
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Practice Points

• Conventional therapy of hypoparathyroidism includes calcium and active 

vitamin D supplementation, often in large doses

• The potential advantages of PTH over conventional therapy in the management 

of hypoparathyroidism include: a reduction in the amounts of calcium and 

vitamin D requirements, reduction in urinary calcium, improvement in quality of 

life and improvement in abnormal bone remodeling dynamics

• PTH may soon become an established replacement therapy for 

hypoparathyroidism

• PTH therapy may not be suitable for all patients, either due to clinical 

circumstances or due to cost

Research Agenda

• Other delivery systems of PTH and PTH analogs that do not require 

subcutaneous injection are under investigation in osteoporotic subjects and may 

be applied to a hypoparathyroid population in the future

• More physiologic delivery systems, such as continuous delivery by pump, 

deserve further investigation

• Further study in children with developing skeletons is necessary

• Since therapy with PTH may well become a long-term management option in 

hypoparathyroidism, more long-term safety data are needed
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