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ABSTRACT

Hypoparathyroidism is the only endocrine deficiency for which hormone replacement therapy is not the standard of care. Although
conventional treatments may control hypocalcaemia, other complications such as hyperphosphatemia, kidney stones, peripheral cal-
cifications, and bone disease remain unmet needs. This meta-analysis (PROSPERO registration number CRD42019126881) aims to
evaluate and compare the efficacy and safety of PTH,;_34 and PTH; _g, in restoring calcium metabolism in chronic hypoparathyroid-
ism. EMBASE, PubMed, and CENTRAL databases were searched for randomized clinical trials or prospective studies published
between January 1996 and March 2021. English-language trials reporting data on replacement with PTH; 34 or PTH; g4 in chronic
hypoparathyroidism were selected. Three authors extracted outcomes, one author performed quality control, all assessed the risk
of biases. Overall, data from 25 studies on 588 patients were analyzed. PTH therapy had a neutral effect on calcium levels, while low-
ering serum phosphate (—0.21 mmol/L; 95% confidence interval [Cl], —0.31 to —0.11 mmol/L; p < 0.001) and urinary calcium excre-
tion (—1.21 mmol/24 h; 95% Cl, —2.03 to —0.41 mmol/24 h; p = 0.003). Calcium phosphate product decreased under PTH; g4
therapy only. Both treatments enabled a significant reduction in calcium and calcitriol supplementation. PTH therapy increased bone
turnover markers and lumbar spine mineral density. Quality of life improved and there was no difference in the safety profile between
PTH and conventionally treated patients. Results for most outcomes were similar for the two treatments. Limitations of the study
included considerable population overlap between the reports, incomplete data, and heterogeneity in the protocol design. In con-
clusion, the meta-analysis of data from the largest collection to date of hypoparathyroid patients shows that PTH therapy is safe, well-
tolerated, and effective in normalizing serum phosphate and urinary calcium excretion, as well as enabling a reduction in calcium and
vitamin D use and improving quality of life. © 2022 The Authors. Journal of Bone and Mineral Research published by Wiley Periodicals
LLC on behalf of American Society for Bone and Mineral Research (ASBMR).
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Introduction mineral metabolism. The combination of a lower
25-hydroxyvitamin D (25(OH)D) conversion rate and reduced cal-

ypoparathyroidism is a rare condition caused by defective cium reabsorption and phosphate excretion from the renal
release of parathyroid hormone (PTH), resulting in impaired tubules leads to hypocalcaemia, hyperphosphatemia, and
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hypercalciuria, whereas the lack of PTH itself results in reduced
bone turnover and bone disease.”’ Conventional therapy is
based on supplementation with oral calcium salts and active
vitamin D, but this often fails to normalize biochemical parame-
ters other than serum calcium. Although the latter can be main-
tained at target levels in most patients, the failure to control
serum phosphate levels, calcium phosphate product, and cal-
cium and phosphate excretion increases the risk of peripheral
calcifications, kidney stone formation, kidney infections,®®
and, ultimately, impaired kidney function.

Over the last two decades, several attempts have been made
to develop a physiological replacement therapy for hypopara-
thyroidism, the only endocrine deficiency for which replacement
with the missing hormone is not currently the standard of care.
PTH deficiency is now known to have significant effects on
patients’ quality of life (QoL),” morbidity,®® and mortality,®
meaning that such a therapy is urgently needed.

Human PTH; _3,, teriparatide, is a fragment of the natural mol-
ecule widely used to treat osteoporosis® that has been also used
in hypoparathyroidism since 1996.? Its short half-life necessi-
tates multiple daily injections, reducing tolerability. Later, the
more stable recombinant human PTH;_g4 has been approved
for the treatment of hypoparathyroidism."" Nevertheless, as
hypoparathyroidism is a rare disease with few controlled trials,
and PTH has multiple systemic targets, the management and
safety of PTH replacement therapy—and the ideal candidates
for such a therapy—have yet to be established.'?

To our knowledge, only two other meta-analyses have investi-
gated some of the aspects related to PTH replacement therapy.
These both limited their analysis to randomized controlled trials
(RCTs) (four and five articles, respectively)."*' Liu and col-
leagues"® included only data on biochemical parameters,
whereas Palui and colleagues!”® did not compare PTH;_3, and
PTH; _ga.

RCTs undoubtedly represent the highest level of evidence.
However, open-label and uncontrolled studies may still provide
valuable evidence, especially in rare diseases, in which the small
sample size and logistic limitations often render RCTs unfeasible
or biased. Furthermore, the inclusion of all prospective studies,
including real-world ones, in a systematic review and meta-anal-
ysis increases the power of the analysis, reduces publication bias,
better reflects real-life settings.">'® In fact, the European Medi-
cine Agency’s guidelines state that study designs other than
RCTs (prospective open-label or crossover studies) are accept-
able for rare conditions and clinical trials in small populations, if
they help to improve the interpretability of the study results.'”

For all these reasons, we performed a meta-analysis of both
RCTs and nonrandomized prospective studies to investigate
the effects of PTH; _3, and PTH; _g4 on serum and urinary calcium
and phosphate levels, serum vitamin D levels, doses of
calcium and active vitamin D supplements, bone markers, bone
mineral density, QolL, and safety in patients with chronic
hypoparathyroidism.

Materials and Methods

This study was performed in accordance with the Preferred
Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA)  statement™® and registered on PROSPERO
(CRD42019126881; https://www.crd.york.ac.uk/prospero/display_
record.php?RecordlD=126881).

Data sources and searches

Between February and October 2019, we searched EMBASE,
PubMed, and Cochrane Central Register of Controlled Trials
(CENTRAL) databases for articles published since 1995. The fol-
lowing search terms were used: “Hypoparathyroidism AND
PTH”; “Hypoparathyroidism AND hPTH”; “Hypoparathyroidism
AND rhPTH”; “Hypoparathyroidism AND parathyroid hormone”;
“Hypoparathyroidism AND teriparatide”; “Hypoparathyroidism
AND replacement therapy”. A search update was conducted in
March 2021 and two additional studies were included.!'92”

Study selection

Eligibility criteria: (i) RCTs and open-label prospective trials;
(i) PTH therapy (1-34 or 1-84) administered to children and
adults with chronic hypoparathyroidism; and (jii) studies report-
ing at least one of the outcomes of interest. Three authors (GP,
VH, and VS) independently screened all articles by title and
abstracts. Full-text articles from eligible papers were retrieved
and analyzed. Disagreements were solved by consensus after
open discussion.

Outcomes

Studies had to report the effect of treatment on at least one of
the following: biochemical parameters, supplementation (cal-
cium and calcitriol or equivalents), bone mineral density (lumbar
spine, total hip, femoral neck, distal radius), or QoL and/or
adverse events.

Data extraction and quality assessment

Three authors (GP, VH, and VS) independently extracted the fol-
lowing data: study design, study duration, age, sex, etiology and
duration of hypoparathyroidism, treatment schedule, study
objectives, and outcome results. The quality control checks on
extracted data were performed by another investigator (IS). For
overlapping populations, data were only extracted from the
most recent and complete study. For one cohort, two recent
long-term studies were excluded due to significant drop-
out.??? Where there was a crossover between different dose
regimens (once versus twice daily administration of
PTH;_3.%*** or continuous infusion versus twice daily adminis-
tration of PTH;_3,%>2%), data from the most commonly used
regimen were extracted to avoid patient duplication. For exten-
sion studies or studies enrolling patients previously treated with
PTH, we only extracted data if new baseline parameters were
provided.

For continuous outcomes, mean and standard deviation
(SD) were extracted when available. Alternatively, median and
range or interquartile range were used. Baseline values (for con-
ventional therapy) and absolute or percentage change from
baseline were extracted as reported. SDs were calculated when
only standard errors (SEs) were reported. When median and
range (or interquartile range) were reported, mean and SD were
estimated.”” Visual inspection of publication bias was per-
formed by funnel plot (available in Appendix S1), and when there
were enough studies Egger’s test was also performed. Quality of
studies was assessed by Jadad scale®® for RCTs and methodo-
logical index for nonrandomized studies (minors) score®® for
uncontrolled trials.
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Data synthesis and statistical analysis

To pool continuous data (mean and SD), the mean difference
(MD) between post-values and pre-values was calculated accord-
ing to a random effect model. The SE of the MD was calculated
according to Cochrane,®? assuming a pre-post correlation of
0.5. The sensitivity analysis was performed assuming a correla-
tion of 0.2 or 0.7 (results available in Appendix S1). MD was
reported with a 95% confidence interval (Cl). To pool QoL data
(Physical Composite Score [PCS] and Mental Composite Score
[MCS]), the standardized mean difference (SMD) between post-
values and pre-values and the corresponding SE were calculated.

When a meta-analysis could not be performed, descriptive
information on the magnitude of the effect was provided in
terms of median and range (minimum-maximum) and plotted
as a bubble chart, with bubble size corresponding to study size.
In addition, the weighted average for pretreatment and post-
treatment values and absolute and percentage change was cal-
culated using sample size as the weight. Weighted averages
are reported with SE and are available in Appendix S1.

Heterogeneity was evaluated with forest plot visual
inspection of Cl overlap and outliers and quantified by
index. The heterogeneity was classified as moderate if /2
was at least 50%, and high for 1> of 75% or more. Subgroup
analysis was performed by stratifying the studies by type of
treatment (PTH; _34, PTH; _g4) when possible. Additional sub-
group analyses were performed for RCTs only, according to
supplement withdrawal protocols for serum and urinary cal-
cium, for study duration (<1 year or =1 year) and for pediat-
ric compared to adult patients. The difference between the
group-specific overall effect sizes was investigated by apply-
ing a test of between-group differences based on the Qb
statistic.

Data on adverse events were presented as an overall
percentage and SE. When data were also available for con-
trols, a meta-analysis for binary data was performed using
relative risk (RR) as effect size. A p value <0.05 was considered
statistically significant. Data were analyzed with the statistical
software package STATA v16 (StataCorp, LLC, College Station,
TX, USA).

Potential studies
identified

Duplicates removed

(n = 2070)

'

Title and abstract

(n=766)

Did not meet inclusion criteria

screened
(n=1304)

)

Full-text assessed for

(n=1251)

Excluded after full-text
evaluation

eligibility
(n=53)

)

Studies included in

H Eligibility || Screening || identification |

(n=19)
not administrating PTH 1-34 or 1-84, absence of
relevant data

Excluded for population

qualitative syntesis
(n=34)

}

Studies included in
quantitative syntesis

overlap
(n=11)

Additional search

(metanaysis)
(n=23)

!

Final number of studies
included in metanaysis
(n=25)

PTH 1-34: 15
PTH 1-84: 10
588 patients

Included

Fig. 1. Flowchart.

(n=2)
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°Same cohort as Harslof, 2015,

4Minimum-maximum range.

€Same cohort as Vokes, 201847,

The study provided individual patient data, and mean =+ SD has been calculated.

Results

Study selection

The original literature search retrieved 2070 studies. Of these,
2017 were excluded after abstract screening (1251) or because
they were duplicates (766), and 19 after full-text evaluation. Ulti-
mately, 34 studies were included, and two further studies were
added after the later search performed in March 2021, as
reported in Fig. 1. Thirty-six studies (15 on PTH;_34 and 21 on
PTH, _g4) were therefore analyzed. They comprised seven RCTs,
23 open-label trials, four crossover trials, one self-controlled trial,
and one randomized, dose-blinded, fixed-dose trial. Their main
characteristics are summarized in Table 1 (RCTs) and Table 2
(non-RCTs).

Twenty-six studies declared funding by pharmaceutical
companies. PTH;_34 daily dose ranged from 20 to 40 pg in
adults and from 0.4 to 1.2 pg/kg daily in children, mostly admin-
istered twice daily. The PTH; _g4 daily dose ranged from 25 to
100 pg, administered once daily or every other day. In 11 stud-
ies, the populations partially overlapped, so the studies were
excluded to avoid duplications. The participants’ age ranged
from 7 to 78 years. A total of 242 patients (183 females and
62 males) were enrolled in RCTs, and 343 patients (262 females
and 81 males) in non-RCTs. When reported, the most frequent
etiologies of hypoparathyroidism were postsurgical (281/401
patients, 70%) followed by idiopathic, autoimmune (polygland-
ular failure), and genetic causes (DiGeorge syndrome; hypo-
parathyroidism, deafness, and renal disease syndrome;
calcium sensing receptor activating mutations), as reported in
Tables 1 and 2. The mean disease duration ranged from 2.0 to
19 years.

Biochemical parameters
Serum calcium

Meta-analysis of serum calcium change from baseline was performed
with data from nine studies (161 patients): seven on PTH; _3,2%%6313%)
and two on PTH;_g,.%%*” Funnel plot for distribution of studies on
changes in serum calcium is available in Supplementary Figure S1.
The treatment had no significant effect on calcium levels
(MD = 0.02 mmol/L; 95% Cl, —0.06 to 0.10 mmol/L; p = 0.636)
(P = 932%; p < 0.001) (Fig. 24) and there was no difference in the
overall effect size between the two treatment groups (test:
Q, = 3.26, p = 0.071). Analysis limited to RCTs also revealed a nonsig-
nificant change (MD = 0.014; 95% Cl, —0.083 to0 0.11; p = 0.770),%'32
with no significant heterogeneity (* = 39%, p = 0.200).

Subgroup analysis based on calcium supplementation (dis-
continuation at baseline®?®2%3233) or down-titration during the
study,®'3%37)) revealed no major differences (p = 0.13). The anal-
ysis of controls showed a nonsignificant change in calcium
levels,®'32 with no heterogeneity. The difference in calcium
level variation between patients and controls was nonsignificant
(MD = —0.01; 95% Cl, —0.11 to 0.09; p = 0.833). Analysis of
albumin-corrected calcium is reported online in Appendix S1.
Overall, the evidence converges toward a neutral effect size of
PTH therapy on serum calcium.

Serum phosphate

Data on serum phosphate levels were extracted from 12 studies
(254 patients): nine on PTH;_3,{192326313538) 4nd three on
PTH;_4.27%%4% Funnel plot for distribution of studies on
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A
. %
First Publication Serum calcium (mmol/1)
Author Year N Baseline Post treatment MD (95% Cl) Weight
T

PTH 1-34 :

Winer KK 2003 14 1.95 1.92 —.—-.— -0.03 (-0.13,0.07) 11.01
Winer KK 2010 7 1.89 1.96 s 0.07 (-0.05,0.19) 10.27
Matarazzo P2013 6 21 2.25 . - 0.15(-0.07,0.37) 6.77
WinerKK 2014 12 1.97 1.88 - ! -0.09 (-0.11,-0.07) 13.06
Palermo A 2018 42 1.9 2.23 ! —_— 0.33(0.25,0.40) 11.70
GafniRI 2018 9 2.07 2.12 T 0.05 (-0.03,0.13) 11.70
WinerKK 2018 14 2.14 2.05 e s -0.09 (-0.19,0.01) 11.01
Subgroup (12 =94.9%, p < 0.001) e H— 0.05 (-0.08,0.18) 75.53
PTH 1-84 '

RubinM 2016 33 247 2.10 —— | -0.06 (-0.10, -0.02) 12.77
LakatosP 2016 24 2.28 2.20 —_— -0.08 (-0.16, -0.00) 11.70
Subgroup (12=0.0%, p =0.592) <> | -0.06 (-0.10, -0.03) 24.47
Overall (I2=93.2%, p < 0.001) ’ 0.02 (-0.06, 0.10) 100.00

T T T ' T T 1
NOTE: Weights are from random effects analysis -2-15 -050 .05 15 .25
B Serum phosphate
Publication (mmolf) %

First Author Year N Basal Post treatment MD (95% Cl) Weight
PTH 1-34 '

Winer KK 1998 16 1.38 1.58 ' | ™  0.20(0.08,0.32) 887
Winer KK 2003 14 1.65 1.50 - -0.15 (-0.27,-0.03) 8.87
Winer KK 2010 7 2.27 1.79 - -0.48 (-0.62,-0.34) 8.49
Matarazzo P. 2013 6 2.016 1.76 —#— -0.26 (-0.47,-0.04) 6.87
Winer KK 2014 12 1.66 1.58 1 -0.08 (-0.14,-0.02) 9.77
Upreti V 2017 8 1.88 1.38 - -0.50 (-0.62,-0.38) 8.87
Palermo A 2018 42 1.4 1.30 s -0.10 (-0.20,-0.00) 9.21
GafniRI 2015 9 1.5 1.00 - -0.50 (-0.64,-0.36) 8.49
Marcucci 2021 12 1.43975 1.42 - -0.02(-0.16,0.11) 8.49
Subgroup (I =93.6%, p < 0.001) . -0.21 (-0.36, -0.06) 77.93
PTH 1-84 ;

Lakatos P 2016 24 1.5 1.30 - -0.20(-0.30,-0.10) 9.21
Clarke BL 2016 83 1.5% + -0.20 (-0.24,-0.16) 9.96
Mannstadt M 2019 40 1.6 1.27 —_—rT -0.31(-0.81,0.19) 2.89
Subgroup (12 = 0.0%, p = 0.910) 9 -0.20 (-0.24, -0.16) 22.07
Overall (12 = 91.5%, p = 0.000) » -0.21 (-0.31, -0.11}100.00

T T T T T
1.4 -5-250 .25 .5

NOTE: Weights and between-subgroup heterogeneity test are from random-effects mode

Fig. 2. Forest plot of serum calcium (A) and phosphate (B) levels during PTH;_3, and PTH;_g, therapy. *Clarke and colleagues®® provide only change.

changes in serum calcium is available in Supplementary Figure S2.
The treatments significantly reduced phosphate levels, with an
overall pooled MD of —0.21 mmol/L (95% Cl, —0.31 to
—0.11 mmol/L; p < 0.001) (” = 91.5%; p < 0.001) (Fig. 2B). There
was no difference between the efficacy of the two PTH treat-

Ultimately, the analyses revealed that PTH therapies have a large
size effect in lowering serum phosphate levels.

Calcium phosphate product

ments (Qp, = 0.01, p = 0.936). Subgroup analysis on RCTs con-
firmed a significant reduction in serum phosphate
(MD = —0.26; 95% Cl, —0.43 to —0.10; p = 0.001; P = 87.6%;
p <0.001)3%3) put not in the control groups!'®3239
(MD = —0.13; 95% Cl, —0.26 to —0.004 mmol/L; p = 0.044).

Elevated calcium phosphate products has been considered a
marker of increased cardiorenal risk.*" Two studies using
PTH,_3."%3> (54 patients) reported data on calcium phosphate
product, showing a small but statistically significant increase
(MD = 0.34 mmol?/L% 95% Cl, 0.32 to 0.36; p < 0.001; I* = 0%;

Journal of Bone and Mineral Research

PTH REPLACEMENT THERAPY IN HYPOPARATHYROIDISM 9 [l



A Calcium-phosphate product (mmol?/I?)
Publication %
First Author Year N Baseline Post treatment MD (95% ClI) Weight
PTH 1-34 ‘
Palermo A 2018 42 2.56 2.9 ] - 0.34(0.32,0.36) 20.66
Marcucci G 2021 12 2.56 291 i . 0.35(0.01,0.68) 19.01
Subgroup (12 = 0.0%, p = 0.966) | 0 0.34(0.32,0.36) 39.67
PTH 1-84
Lakatos P 2016 24 3.40 2.8 " ! -0.60 (-0.82,-0.38) 19.94
Clarke BL 2016 83 3.22 2.8 - : -0.42 (-0.54, -0.30) 20.45
Mannstadt M 2019 40 3.40 2.8 . : -0.70 (-0.92, -0.48) 19.94
Subgroup (12 = 66.1%, p = 0.052) <= -0.55 (-0.73, -0.38) 60.33
overall (12= 98.7%, p<0.000) -0.21(-0.72, 0.30) 100.00
NOTE: Weights and between-subgroup heterogeneity test are from random-effects model |
T T T
-1 0 1
B estimated Glomerular Filtration Rate (eGFR)

Publication %
First Author Year N Baseline Post treatment MD (95% Cl) Weight
PTH 1-34 ‘
Winer KK 2010 7 106 105 b -1.00 (-21.64,19.64) 1.85
Marcucci 2020 12 79.39 81.94 IS 2.55(-3.39, 8.49) 22.34
Subgroup (12 = 0.0%, p = 0.746) <= 2.28 (-3.43, 7.99) 24.18
PTH 1-84 :
Rubin M 2016 33 68 67.5 —‘:'— -0.50 (-4.42, 3.42) 51.26
Mannstadt M 2019 40 77.7 78 I 0.30(-5.36, 5.96) 24.55
Subgroup (12 =0.0%, p = 0.820) <> -0.24 (-3.46, 2.98) 75.82
Overall (12 = 0.0%, p = 0.867) A 0.37 (-2.44, 3.18) 100.00
NOTE: Weights are from random effects analysis

T T
-21.7 0 21.7

Fig. 3. Forest plot of change in serum calcium-phosphate product (A) and eGFR (B).

p = 0.966). In contrast, extraction of data from the three stud-
ies®73949) (147 patients) using PTH;_g,4 revealed a significant
reduction (MD = —0.55 mmol*/L% 95% Cl, —0.73 to —0.38;
p < 0.001; P = 66.1%; p = 0.052; Fig. 3A). A significant difference
between the two PTH treatments was confirmed in the overall
effect size (Q, = 100.45, p < 0.001), with only PTH;_g, able to
reduce calcium phosphate product. However, in the two studies
investigating PTH;_34, a marginal increase in calcium® and
albumin-corrected calcium® was observed.

Estimated glomerular filtration rate

Results on the effects of PTH therapy on estimated glomerular
filtration rate (eGFR) were extracted from four studies, two on
PTH,_ 32 (24 patients)’®*" and two on PTH;_ g4
(82 patients).®%* Methods of eGFR analysis varied between
the studies. The results of the meta-analysis showed an overall
pooled nonsignificant change (MD = 0.37 mL/min; 95% Cl,
—2.44 10 3.18; p = 0.797; Fig. 3B).

Treatment subgroup analysis for eGFR revealed an MD of
2.28 mL/min (95% Cl, —3.43 to 7.99; p = 0.434) after PTH;_34
and —0.24 mL/min (95% Cl, —3.46 to 2.98; p = 0.884) after
PTH,_g4. The overall heterogeneity was not significant
(> = 0%; p = 0.867). The analyses showed no reduction in eGFR
during treatment.

Serum 25(0OH)D and 1,25 dihydroxivitamin D

Effects on 25(0OH) vitamin D levels were reported in nine studies
(223 patients): five on PTH;_3,'%920232% and four on
PTH;_ga. 35373942 A significant overall pooled reduction was
observed (MD = —13.65 pmol/L; 95% Cl, —25.88 to 1.43 pmol/
L p 0.029). The heterogeneity was high (? = 93.4%;
p < 0.001) (Fig. 4A). No difference was found between the two
PTH treatments (Q, = 0.01, p = 0.929). Effects on 1,25 dihydrox-
ivitamin D (1,25(0OH), vitamin D) levels were reported in five
studies (171 patients): four on PTH;_3,"%'%?*2% and one on
PTH;_s4.%? A nonsignificant overall increase was observed
(MD = 3.03 pmol/L; 95% Cl, —8.94 to 14.99 pmol/L; p = 0.620).
Taken as a whole, the results suggest that there is a treatment-
related drop in 25(0OH)D, even if data on the cholecalciferol sup-
plementation was unavailable in most studies, and an effect of its
reduction cannot be excluded.

Urinary calcium excretion

The effects of PTH therapy on urinary calcium excretion, mea-
sured on 24-hour urine collection, were reported in 13 studies
(313 patients): nine on PTH,_3,192023:25:2631323538) 3 foyr
on PTH;_g,.2%373949 Fynnel plot for distribution of studies on
changes in 24-hour urinary calcium excretion is available in

B 10 PULIANIET AL
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A 25 (OH) Vitamin D (pmol/I)
Publication %
First Author Year N Baseline Post Treatment MD (95% Cl) Weight
PTH 1-34
Winer KK 1996 10 100 92.5 —_— -7.50 (-38.86, 23.86) 7.33
Winer KK 1998 16 100 55 ————| -45.00 (-72.44,-17.56) 8.27
Winer KK 2012 8 106.2 95 — -11.20(-38.64, 16.24) 8.27
Winer KK 2018 9 29.13 38 E - 8.87(4.95,12.79) 13.97
Marcucci G 2021 12 69.63 45.75 - -23.88(-31.71,-16.04) 13.39
Subgroup (12 = 93.9%, p = 0.000) [ -14.71(-36.52,7.11) 51.23
1
1
PTH 1-84 :
sikjaer 2014 28 75 70.75 — - -4.25 (-31.69, 23.19) 8.27
Rubin M 2016 33 36.3 36.3 ! e 0.00 (-5.88, 5.88) 13.72
Lakatos P 2016 24 97.1 76.1 - -21.00 (-28.84, -13.16) 13.39
Clarke BL 2016 83 105.5 * - -24.90 (-32.74,-17.06) 13.39
Subgroup (I2 = 90.6%, p = 0.000) <> -13.52 (-28.15,1.12) 48.77
1
Overall (12 = 93.4%, p = 0.000) ‘ -13.65 (-25.88, -1.43) 100.00
T T
-50 0 50
B 24 h urinary calcium excretion
Publication %
First Author Year N Baseline  Post Treatment MD (95% Cl) Weight
PTH 1-34
Winer KK 1998 16 10.5 6.4 — = i -4.10(-6.37,-1.83) 6.02
Winer KK 2003 14 7.13 6.86 e -0.27 (-1.92, 1.38) 7.81
Winer KK 2010 7 541 49 ——— -0.51(-1.98, 0.96) 8.37
Winer KK 2012 8 9.37 9.66 — i 0.29 (-2.08, 2.66) 5.77
Winer KK 2014 12 7.18 6.67 - -0.51(-0.90, -0.12) 11.33
Upreti V 2017 8 104 5.09 = v: -5.31(-10.54,-0.08) 1.95
Palermo A 2018 42 55 6.75 Lo 1.25(0.21, 2.29) 9.74
Winer KK 2018 14 9.87 6.93 - -2.94 (-4.12,-1.76) 9.31
Marcucci G 2021 12 6.9705 7.2665 s 0.30(-1.61, 2.20) 7.04
Subgroup (1% = 80.6%, p < 0.001) < -0.89(-1.93,0.15)  67.35
PTH 1-84
Rubin M 2016 33 6.87 4.65 . -2.22(-3.42,-1.02) 9.25
Lakatos P 2016 24 9.2 8.3 — e -0.90 (-3.06, 1.26) 6.32
Clarke BL 2016 83 9 = -1.84(-2.86,-0.82)  9.80
Mannstadt M 2019 40 8.9 6.2 —’_3 -2.50 (-4.32,-0.68) 7.27
Subgroup (1= 0.0%, p = 0.682) <> -1.96 (-2.64,-1.28)  32.65
Overall (12 = 78.6%, p < 0.001) ‘ -1.21(-2.01,-0.41) 100.00
T T T
-11 -5-4 0 5

Fig. 4. Forest plot of change in 25(0OH) vitamin D (A) and 24-hour urinary calcium excretion (B). *Clarke and colleagues

25(0OH) vitamin D only.

39 reported variation in

Supplementary Figure S3. The meta-analysis revealed an overall
reduction of —1.21 mmol/24h (95% Cl, —-2.03 to
—0.41 mmol/24 h; p = 0.003). Heterogeneity was high
(> = 786%, p <0.001) (Fig. 4B). No difference was found
between the two PTH treatments (Q, = 2.85, p = 0.091).
Subgroup analysis of randomized trials confirmed a signifi-
cant reduction in urinary calcium excretion (MD = —1.05; 95%
Cl, —1.95 to —0.14; p = 0.023),1232>26:31.32.39) \yith moderate het-
erogeneity (1> = 67.3%, p = 0.009). Subgroup analysis based on
calcium  supplementation  (discontinuation at  base-
line(202325:2632) yarsys titration during study®'>>3") showed
no difference (p = 0.434). There was no reduction in the pooled

MD in  controls  taking  conventional  treatment
(MD = —0.072 mmol/24 h; 95% Cl, —2.41 to 0.97 mmol/24 h;
p = 0.403) (> = 82.1%; p = 0.004). Overall, the evidence indicates
a consistent improvement in urinary calcium excretion achieved
with PTH therapy, regardless of the calcium supplementation
regimen.

Urinary phosphate excretion

The effects on urinary phosphate excretion, measured on
24-hour urine collection, could be extracted from three studies
using PTH;_3,"9%**" (41 patients), with high heterogeneity

Journal of Bone and Mineral Research
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A Calcium supplementation (mg daily)
Publication %
First Author Year N  Baseline Post Treatment MD (95% Cl) Weight
PTH 1-34
Upreti V 2017 8 4000 1600 —_— -2400.00 (-2872.00, -1928.00)13.42
Palermo A 2018 42 4000 1100 —_— -2900.00 (-3345.50, -2454.50)13.66
Gafni RI 2015 9 1425 514 : —_— -911.00 (-1313.17,-508.83) 14.05
Marcucci G 2020 12 1450 260 P —— -1190.00 (-1404.93, -975.07) 15.41
Subgroup (12= 95.6%, p < 0.001) _ -1837.93 (-2709.57, -966.30) 56.54
PTH 1-84 '
Lakatos P 2016 24 1687.5 3333 —— -1354.20 (-1571.87,-1136.53) 15.40
Rubin M 2016 33 2657 1236 - -1421.00 (-1793.31, -1048.69) 14.30
Mannstadt M 2019 49 2194 806 —— -1388.00 (-1821.62, -954.38) 13.77
Subgroup (12=0.0%, p =0.953) () -1373.87 (-1546.29, -1201.45) 43.46
Overall (I2 = 91.4%, p < 0.001) —~— -1632.31 (-2059.91, -1204.71) 100.00
T T
-3346 -2245 0

NOTE: Weights are from random effects analysis

B . . .

Calcium supplementation (percentage of reduction)
First Publication %
Author Year N MD (95% Cl) Weight
Sikjaer 2011 28 - -75.00 (-86.96, -63.04) 47.15
Mannstadt M 2019 49 T -53.40 (-76.14, -30.66) 20.35
Lakatos P 2016 24 — -76.00 (-92.46, -59.54) 32.50
overall (12 =34.2%, p = 0.219) ‘ -70.90 (-82.50, -59.40) 100.00

Um—

-95 -60 0

Fig. 5. Forest plot of change in calcium supplementation, of study which provided data expressed as g/daily (A) and percentage of reduction (B).

(P = 825%, p = 0.003). The change was nonsignificant
(MD = 0.66; 95% Cl, —6.82 to 8.14; p = 0.862).

Bone turnover markers and bone mineral density

Treatment data on osteocalcin were only available in three stud-
ies (50 patients): two on PTH;_34%**¥ and one on PTH;_g,.®”
Overall, there was an increase in osteocalcin under PTH treat-
ment (MD = 28.3 pg/L; 95% Cl, 3.69 to 52.83; p = 0.024), with a
high heterogeneity (> = 91.6%, p < 0.001).

Treatment data on alkaline phosphatase (ALP) were available
in five studies on PTH;_3,2%23333538) (87 patients). The meta-
analysis showed a pooled significant increase in ALP
(MD = 58.79 U/L; 95% Cl, 34.31 to 83.27 U/L; p < 0.001), with
moderate heterogeneity (* = 75.3%, p = 0.003), mainly due to
the size of difference rather than direction of change between
studies. Similar findings were observed for bone alkaline phos-
phatase (BAP) after PTH;_34"93# and PTH;_g,""*? (94 patients),
with a significant increase in BAP (MD = 17.8 pg/L; 95% Cl, 8.65
to 27.02; p <0.001). Two studies on PTH;_g4 (73 patients)
reported an increase in c-terminal telopeptide (CTX)*”*? during
treatment (MD = 445.90 pg/mL; 95% Cl, 53.74 to 838.07;
p = 0.026), but with high heterogeneity (> = 93.7%; p < 0.001).

The meta-analysis of changes in lumbar spine, neck and total
femoral bone mineral density (BMD) was conducted on two
studies on PTH;_g4°**” and one on PTH;_3,%% (65 patients).
The treatment induced a significant increase in lumbar spine
BMD (MD = 0.045 g/cm?% 95% Cl, 0.015 to 0.074 g/cm?
p = 0.003), with no heterogeneity (/> = 0%; p = 0.810). No signif-
icant change was observed for total hip, femoral neck, or distal
radius BMD (see the Supplementary Results in Appendix S1).

Overall, despite the heterogeneity between studies, which
could affect the results, PTH therapies increased ALP, BAP, osteo-
calcin, and CTX, accompanied by an increase in lumbar
spine BMD.

Conventional therapy
Calcium supplementation

Seven studies reported data on calcium supplementation needs
(177 patients): four on PTH;_3,"9%%3>3® and three on
PTH; _g4.%3749 pooled MD revealed a reduction in calcium dos-
age (—1.63 g/daily; 95% Cl, —2.06 to —1.20g; p < 0.001)
(> = 91.4%; p < 0.001) (Fig. 5A), with similar results for both
PTH treatments (Q, = 0.93; p = 0.335).

Three PTH, _g, studies®”*%#® (101 patients) provided SE for
the percentage of reduction and were included in the meta-
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Fit Publication Calcitrioll supplementation (mcg daily) MD % .
Author Year Baseline Post treatment (95% Cl) Weight
PTH 1-34

Upreti V 2017 8 0.7 0.275 -0.43(-0.72,-0.14) 13.09
Palermo A 2018 42 0.8 0.29 -0.51(-0.59,-0.43) 24.14
Marcucci G 2020 12 1 0.12 -0.88(-1.02,-0.74) 21.30

Subgroup (12=91.0%, p < 0.001)

PTH 1-84
Rubin M 2016 33 0.72 0.23
Mannstadt M 2019 49 0.67 0.14

Subgroup (12=0.0%, p =0.712)

Overall (1% =83.3%, p < 0.001)

-0.62 (-0.90, -0.34) 58.54

-0.49 (-0.67,-0.31) 19.12
-0.53 (-0.65,-0.41) 22.34
-0.52 (-0.62, -0.42) 41.46

-0.58 (-0.73,-0.43) 100.00

o A

NOTE: Weights are from random effects analysis

-1.05-8 -35 0

B Calcitriol supplementation (percentage of reduction)
%
First Publication N 0 i
Author Visie MD (95% ClI) Weight
Mannstadt M 2013 83 -77.00 (-77.78, -76.22) 26.52
Mannstadt M 2019 49 -75.70 (-86.48, -64.92) 23.31
Sikjaer 2011 28 —-— -50.00 (-59.21, -40.79) 24.10

Lakatos P 2016 24 -

‘
——
Overall (I-squared = 97.9%, p < 0.001) ‘

-98.00 (-101.92, -94.08) 26.06

-75.66 (-90.60, -60.73) 100.00

T T
-102 -60

Fig. 6. Forest plot of change in calcitriol supplementation, of study which provided data expressed as g/daily (A) and percentage of reduction (B).

analysis. The pooled reduction was —70.9% (95% Cl, —82.5% to
—594%; p <0001; P = 342%; Fig. 5B). Fourteen
studies!!011:19.26:32:38 404349) rapyorted the mean variation in per-
centage of daily calcium supplementation, and the extracted
median of variation was —73% (range, —100% to —9%; Supple-
mentary Fig. S4).

Complete withdrawal from calcium supplementation was
reported in seven studies.'%19263237.4043) The astimated rate
of discontinuation was 46.7% in patients receiving PTH; g4
(49/105) and 57% in those receiving PTH; _34 (20/35) (additional
data are reported in Appendix S1).

Overall, most patients receiving PTH were able to
discontinue or substantially reduce (>1 g/day) their calcium
supplementation.

Active vitamin D supplementation

Five studies reported data on active vitamin D supplementation
(144 patients): three studies on PTH;_3,"%*>*® and two on

PTH;_4.%%*% Pooled MD showed a 0.58 pg reduction in the
daily dosage (95% Cl, —0.73 to —0.43 pg; p < 0.001) associated
with PTH therapy, but with significant heterogeneity
(P = 83.3%; p < 0.001; Fig. 6A). No difference in effect size was
found between PTH;_34 and PTH;_g4 (Q, = 0.47; p = 0.491). In
the four PTH; _g4 studies that provided data as percentage and
were suitable for the analysis (184 patients),""*"4%43) the pooled
estimated MD was —75.7% (95% Cl, —90.6% to —60.7; p < 0.001),
with high heterogeneity (> = 97.9%; p < 0.001), as reported in
Fig. 6B.

A sensitivity analysis on RCTs showed a significant reduction
in calcitriol supplementation (MD = —63.9%; 95% Cl, —90.35 to
—37.46%; p < 0.001),"""*3) with high heterogeneity (> = 96.9%;
p < 0.001).

Thirteen studies! also reported the
reduction in calcitriol supplementation as a percentage (median
of variation —83%; range, —100% to —23%) (Supplementary
Fig. S5). Complete withdrawal from calcitriol replacement ther-
apy was reported in PTH;_3,192326323% (96 29; 95% Cl, 89.3%

11,19,23,26,32,34-38,40,43,44)
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t0 99.2%) as well as PTH;_g,3¢374%43 studies (65.7%; 95% Cl,
56.98% to 73.65%). Data for treatment versus controls are
reported in Appendix S1.

QoL

Studies evaluating QoL in patients receiving PTH therapies used
various versions of the short-form health survey (SF-36) ques-
tionnaire. To obtain pooled results, SMD was calculated when
possible. Overall, one study on PTH;_3,“® and two studies on
PTH;_s.***” (194 patients) were included in the meta-analysis.
This revealed a significant PTH-related improvement in both
the PCS and the MCS, with an SMD of 2.21 (95% Cl, 0.32 to
4.11; p = 0.022) and 2.30 (95% Cl, 0.33 to 4.26; p = 0.022), respec-
tively. Heterogeneity was very high (> = 98%; p < 0.001), mainly
due to the difference in the magnitude of effect, rather than the
direction of change.

Adverse events

Data on adverse events were described differently across stud-
ies. Data were available in a total of 18 studies (354 patients):
12 on PTH1 734(10,1 9,20,23,25,26,31,33-35,38,45,48) and SiX on
PTH;_g,113637404349  The median study duration was
21 months (range, 3.5 to 60 months) for PTH; _3, and 18 months
for PTH, _g4 (range, 2 to 72).

Overall, 236 patients experienced some adverse events during
PTH therapy (estimated percentage: 66.7%; 95% Cl, 61.5% to
71.6%). The majority of events were mild and not correlated with
PTH treatment. Twenty-four of the 117 patients treated with
PTH;_34 had an adverse event(102>2633:384549) (agtimated per-
centage 20.5%; 95% Cl, 0.14% to 29%), compared with 212 of
the 237 patients in the PTH,_g4 studies (estimated percentage
89.5%; 95% Cl, 84.8% to 93.1%).""3740434%

Of the six studies!!’?%33374349 nbroviding the number of
adverse events and the number of patients experiencing at least
one event, the two studies on PTH;_34 had an average of zero
events per patient, whereas the four studies on PTH;_g4 had an
average of seven events per patient.

The most frequently reported events were non-treatment-
related infectious diseases, headache, paresthesia, gastrointesti-
nal symptoms, kidney disease, and hypercalciuria. The few
adverse events considered treatment-related by study investiga-
tors were hypercalcemia, nausea, constipation, headache, injec-
tion site reactions, and bone pain. No evidence of
osteosarcoma or other malignancies was reported in patients
treated with PTH. A full description of adverse events is available
in Appendix S1 and in Supplementary Table S1.

Serious adverse events

Serious adverse events (SAEs) were reported in 11 studies
(330 patients). Overall, 30 patients reported at least one SEA (esti-
mated percentage 9.1%; 95% Cl, 6.2% to 12.7%). The estimated
percentage of patients experiencing a SAE throughout the study
observation period was 2.2% (95% Cl, 0.3% to 7.6%) for
PTH,_34332°26:333538) 3nq 11.8% (95% Cl, 8.0% to 16.7%) for
PTH,; _ga.(1137404344) Thjs percentage does not take into account
the results from Rubin and colleagues,®*® who described nine
SAEs without reporting the number of patients. The large major-
ity of SAEs were not considered PTH-related.

Treatment-related adverse events

Pooled data for the two studies'''*® that also reported adverse
events in controls showed a nonsignificant association with
treatment, with a pooled relative risk (RR) of 0.97 (95% Cl, 0.91
to 1.04; p = 0.932), and nonsignificant heterogeneity between
the studies (* = 47.5%; p = 0.167). Both these studies showed
an increased risk of SAEs in patients receiving PTH therapy com-
pared to controls, but results on pooled risk were nonsignificant
(RR = 1.35;95% Cl, 0.58 to 3.16; p = 0.491).

Data on hypocalcaemia were available for patients and con-
trols. There was a reduced relative risk in patients taking PTH
therapy in one study®® and an increased—albeit
nonsignificant—risk in the other."" However, pooled data con-
firmed a nonsignificant difference in relative risk for hypocalcae-
mia between patients taking PTH therapy and controls
(RR = 0.74; 95% Cl, 0.22 to 2.51; p = 0.626); the heterogeneity
between the studies was high (> = 82%; p = 0.018). Similarly,
pooled data showed a nonsignificant difference in relative risk
for hypercalcemia between patients taking PTH therapy and
controls (RR = 3.98; 95% Cl, 0.77 to 20.55; p = 0.099;
? = 56.5%; p = 0.130).

Discussion

Through a systematic analysis of all published clinical trials, we
collated the largest group to date of patients treated with PTH-
receptor agonists and demonstrated their efficacy in restoring
serum phosphate levels, reducing calcium excretion and reacti-
vating bone turnover—all issues that are not addressed by any
alternative treatment. These therapies also enabled the reduc-
tion or discontinuation of oral calcium and vitamin D supple-
mentation, and had a relatively good safety profile.

The first clinical study on PTH replacement therapy in hypo-
parathyroidism dates back to 1996."” Despite the 25 years
elapsed since then, very few randomized trials have been con-
ducted to date, and none have compared PTH; _3, and PTH; _g,.
Given the rarity of this disease, the few trials conducted were
small in size and heterogeneous in outcomes or design, limiting
the ability to draw robust conclusions. PTH replacement therapy
is not currently used as standard clinical practice according to
the European guidelines.” However, although the conventional
therapies are generally able to control hypocalcaemia, they leave
several clinical issues unaddressed: hyperphosphatemia, hyper-
calciuria, and nephrocalcinosis are a significant burden for many
patients, for whom PTH treatment might well be a better
alternative.

One of the concerns in the treatment of hypoparathyroidism
with calcium and calcitriol supplements is the delicate balance
between overtreatment and symptomatic hypocalcaemia. Our
meta-analysis showed PTH replacement therapy could be con-
sidered neither superior nor inferior to oral supplements in con-
trolling serum calcium levels. This may be because the patients
enrolled in clinical trials were mostly on target for calcium at
the baseline, and their oral calcium supplements were signifi-
cantly reduced or discontinued during studies. It is worth notic-
ing that studies were heterogenous in duration. We showed
that PTH therapies are safe with respect to the risk of hypocalce-
mic or hypercalcemic episodes.

An unmet need in hypoparathyroidism is combating the asso-
ciated rise in serum phosphate levels, which are largely unaf-
fected by conventional therapies.'>*® Active vitamin D is
unable to match the phosphaturic action of PTH and can even

B 14 PULIANIET AL

Journal of Bone and Mineral Research



worsen hyperphosphatemia, by promoting intestinal phosphate
absorption. Our meta-analysis revealed a large posttreatment
reduction in serum phosphate and a significant difference
between patients receiving PTH therapies and controls. PTH; _z34
and PTH;_g; showed a similar efficacy in lowering serum
phosphate.

Increased serum phosphate is considered a predictor of poor
health®'>® and has been correlated with various complications
of hypoparathyroidism, including an increased risk of infectious
diseases.®* Neurological and neuropsychiatric complications®>
are also common, including basal ganglia calcifications, which
seem to be correlated with calcium phosphate product.®® Sur-
prisingly, we found that PTH;_g; was more effective than
PTH,_34 in reducing calcium phosphate product. This finding,
which needs further confirmation as only four studies could be
included in the analysis, suggests that PTH; _g, is more effective
in preventing ectopic calcifications.

Another challenge in managing hypoparathyroidism is the
control of urinary calcium excretion. Conventional therapy with
active vitamin D does not restore natural PTH-mediated tubular
calcium reabsorption.®” Other strategies, such as the use of thi-
azide diuretics, are not always feasible or tolerated.®® Our meta-
analysis found that PTH replacement therapy is not only safe but
is also decidedly superior to conventional therapy in controlling
urinary calcium excretion.

The reduced urinary calcium achieved through PTH replace-
ment therapy lowers the risk of kidney stones, which could oth-
erwise contribute to a progressive deterioration of renal
function, and ultimately end-stage kidney disease.”” Further-
more, although the sample size was not powered to ultimately
address the effects on eGFR, no treatment-associated reduction
at up to 6 years of follow-up.® This is an important finding,
given that conventional therapy for hypoparathyroidism is asso-
ciated with a progressive decline in renal function.®> In short,
the analysis provides convincing evidence that PTH replacement
therapy is superior to any available treatment at restoring a nor-
mal electrolyte balance in relation to calcium and phosphate
reabsorption and excretion.

Low bone turnover is a major clinical concern in hypopar-
athyroid patients. BMD data revealed only a marginal increase
in lumbar spine density after PTH replacement therapy, with no
effects on total hip, femoral neck, or distal radius. However, data
were only available for 92 patients, with variable treatment dura-
tion (6 and 36 months). In any case, BMD may be a misleading
marker for bone health in hypoparathyroidism: despite a normal
or even increased BMD compared to age and sex-matched
controls,®® there were conflicting data on the risk of fractures.
Some studies reported that patients with hypoparathyroidism
have an increased risk of fractures®*® whereas others reported
no increase in the risk of fracture® or a reduced risk of upper
extremity fracture in postsurgical hypoparathyroidism.® In con-
trast with the results for BMD, both bone formation and resorp-
tion markers significantly increased during PTH replacement
therapy.

Calcium supplements are often poorly tolerated or absorbed,
leading to dose fractioning and the inconvenience of multiple
daily administrations. Meta-analysis of the published data con-
firmed that PTH replacement is effective in reducing calcium
and calcitriol therapy. This reduction also appears to be clinically
meaningful, with a mean reduction in calcium supplementation
of more than 70% of the daily calcium dosage (~1.5 g/daily) or
calcitriol (or equivalent) replacement (~0.60 pg/daily). With-
drawal of oral supplementation was also possible in a large

percentage of patients after transitioning to PTH replacement
therapy. Interestingly, no difference was found between the
PTH formulations, suggesting that both are equally effective in
this respect. PTH replacement therapy could thus be a valid alter-
native to calcium supplements in terms of adherence and overall
perceived wellness.

Patients with hypoparathyroidism generally report decreased
QoL. This is in part due to so-called “brain fog,” which persists
even when serum calcium levels are well-controlled.®” Our
meta-analysis revealed a significant improvement in both the
mental and physical composite score of the SF-36 questionnaire
after PTH replacement therapy, although results were only avail-
able from uncontrolled studies. Long-term studies®” not
included in this meta-analysis show similar findings.

PTH replacement therapy itself is not free from side effects.
Although the data on its safety are reassuring, a significant num-
ber of adverse events have been reported, especially in the most
recent trials with PTH;_g,. However, most of these should be
ascribed to the fragility of hypoparathyroid patients, rather than
the treatments themselves. Our meta-analysis did not show any
increased risk of total adverse events or serious adverse events
compared to controls in patients receiving PTH; _34 and PTH; _ga.

In the past, several concerns were raised after the publication
of animal studies on PTH;_s, therapy for osteoporosis that
described an increased risk of malignancies,®® leading to an ini-
tial restriction of the permitted treatment duration in many
countries. However, for patients with hypoparathyroidism, PTH
therapy should be considered as the replacement of a missing
hormone and is thus not comparable to the use of PTH;_34 to
treat osteoporosis. As further support, long term studies in hypo-
parathyroidism patients did not report malignancies in the PTH
group.(21'48)

Published data seem to highlight a higher number of adverse
events with PTH; _g4 than with PTH; _34. However, this may be
affected by other aspects, such as study design and differences
in how side effects were collected. For example, the REPLACE
study (A Randomized, Double-Blind, Placebo-Controlled, Phase
3 Study to Investigate the Use of NPSP558, a Recombinant
Human Parathyroid Hormone (rhPTH[1-84]) for the Treatment
of Adults With Hypoparathyroidism)“1'39) reported a high num-
ber of mild adverse events, which might have increased the
overall rate of side effects of PTH;_g4 compared to PTH; _3,. It
is also important to consider that only two trials (one for each
treatment) provided data for both patients and controls, and
both the incidence and the number of adverse events were sim-
ilar across both these groups. Further head-to-head comparative
studies of PTH,_g4 and PTH;_34 could confirm or reject these
hypotheses.

There are several limitations affecting the results of this meta-
analysis, mostly in relation to the small number and the hetero-
geneity of the studies. However, hypoparathyroidism is a rare
disease, and a relatively small sample size is to be expected. Sev-
eral trials provided results from the same cohort in different
reports. Because this has to be avoided in a rigorous meta-anal-
ysis, we also reduced the number of eligible studies included.
We made a significant effort to identify overlapping cohorts,
enabling us to focus on high-quality data. Unfortunately, over
the years several patients have participated in different clinical
trials and cannot be considered naive to PTH treatment on
enrollment in a given study. Moreover, not all studies reported
similar outcomes or full baseline and posttreatment values, fur-
ther narrowing the available evidence. There are also several
important differences in titration regimens, dosing, and inclusion
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criteria that contribute to the heterogeneity of the results, possi-
bly masking differences and reducing their generalizability. Fur-
thermore, the data could not be analyzed in relation to
different etiologies of hypoparathyroidism, which could be a
confounding factor. A recent study by Winer and colleagues®®
found that patients with genetic mutations required higher
doses of PTH;_34 than did patients with postsurgical or idio-
pathic hypoparathyroidism. Finally, most of the studies were
sponsored, with only 10 nonprofit studies included.

Although the analysis of the overall effects of PTH replace-
ment therapy is very convincing, the comparison between
PTH,_34 and PTH,_g4 highlights the need for further studies,
possibly including newer formulations such as TransCon PTH,
an investigational long-acting prodrug of PTH. The efficacy of
this long-acting prodrug of PTH;_34 in reducing conventional
treatment, achieving biochemical control and improving QoL
was recently demonstrated in a phase 2 trial.¥

Future studies should ideally address specific aspects, such as
more standardized analyses of the effects of PTH replacement
therapy on QoL and the risk of bone adverse events in hypopara-
thyroidism. There is also a need to evaluate its effects on other
possible complications of hypoparathyroidism, such as basal
ganglia calcifications,®® alterations in immune profile,>*
nephrocalcinosis and kidney stone formation,®® and cardiovas-
cular complications.®”®® Future trials should include patients
who do not achieve adequate control with conventional thera-
pies, because most subjects included in this meta-analysis were
at target for serum calcium on enrollment in their respective
studies. Finally, because the use of PTH; 34 has been advocated
for hypoparathyroidism in many countries, a head-to-head com-
parison between full PTH, _g4 and its fragment PTH, _3, will bring
to light any differences that could not be detected from the
available data.

Conclusions

Our meta-analysis of the largest available number of treated
patients demonstrates that PTH replacement therapy is well-tol-
erated, safe, and effective in the management of hypoparathy-
roidism. Unlike conventional supplementation, it has beneficial
effects on serum phosphate, calcium-phosphate product, and
urinary calcium excretion, which are currently the unmet needs
in chronic hypoparathyroidism. Basing on available data, no sig-
nificant differences between PTH;_34 and PTH;_gs have been
demonstrated in most outcomes, except for a beneficial effect
of PTH; _g4 only in reducing calcium-phosphate product. It also
improves several extrarenal outcomes, such as QoL and bone
turnover. In addition to its current indication as second-line treat-
ment in patients with refractory hypocalcaemia, our results sup-
port the use of PTH replacement therapy in patients in whom
hyperphosphatemia and increased urinary calcium excretion
are a clinical concern.
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