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Abstract
Context: Individuals with hypoparathyroidism experience a range of physical and cognitive symptoms and reduced quality of life (QoL) despite 
management with conventional therapy (active vitamin D and calcium).
Objective: This analysis investigated the long-term impact of parathyroid hormone (PTH) replacement therapy with palopegteriparatide 
(YORVIPATH®) on symptoms, daily functioning, and well-being in adults with chronic hypoparathyroidism. Associations between patient 
characteristics and changes in patient-reported outcomes (PROs) were also analyzed.
Methods: PaTH Forward was a phase 2 clinical trial of palopegteriparatide with a 4-week randomized, double-blind, placebo-controlled period 
followed by an open-label extension period lasting through trial week 266. PRO measures were collected at baseline, weeks 4, 12, 26, 58, 
and annually thereafter through the end of the trial. The Hypoparathyroidism Patient Experience Scales (HPES) assess disease-specific 
symptoms and impacts on functioning and well-being. The Short Form Health Survey (SF-36v2) measures general health-related QoL. Data 
were analyzed using descriptive statistics and Mixed Models for Repeated Measures.
Results: Palopegteriparatide treatment demonstrated significant improvements from baseline in disease-specific symptoms and impacts on 
daily functioning and well-being at week 12, which were sustained through week 110. Mean changes in PROs met thresholds for clinically 
meaningful within-patient improvement. Significant improvements in general health-related QoL were also shown in SF-36v2 scores. Results 
were generally similar across demographics and patient characteristics.
Conclusion: Through week 110 of the PaTH Forward trial, PTH replacement therapy with palopegteriparatide was associated with significant 
improvements in disease-specific symptoms and impacts on daily functioning and well-being, as well as general health-related QoL.
Key Words: hypoparathyroidism, quality of life, palopegteriparatide, patient-reported outcomes
Abbreviations: HPES, Hypoparathyroidism Patient Experience Scale; MCS, Mental Component Summary; MMRM, Mixed Models for Repeated Measures; PCS, 
Physical Component Summary; PTH, parathyroid hormone; PRO, patient-reported outcome; QoL, quality of life; SF-36v2, 36-item Short Form Health Survey, 
version 2.
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Hypoparathyroidism is an endocrine disease caused by insuf
ficient levels of parathyroid hormone (PTH), which functions 
as a key regulator of calcium and phosphate homeostasis by 
acting directly on bone and kidney and indirectly on the intes
tine via calcitriol (1). Hypoparathyroidism can impair both 
physical and cognitive function, and individuals with hypopara
thyroidism may experience severe short-term and long-term 
complications (1-3). Common physical signs and symptoms as
sociated with hypoparathyroidism include fatigue, muscle 
weakness, muscle cramping, muscle spasms, and tingling or 
numbness in the extremities or around the mouth and eyes 
(1). Cognitive symptoms may include problems with memory, 
concentration, and slow or confused thinking, as well as neuro
psychiatric symptoms, including anxiety and depression (1, 4, 
5). Conventional therapy for the management of hypoparathyr
oidism consists of active vitamin D and oral calcium, often at 
very high doses (4). Serious long-term complications related to 
hypoparathyroidism managed with conventional therapy in
clude kidney disease, seizures, depression or bipolar affective 
disorder, cataracts, and ectopic calcifications (1, 6-9).

Conventional therapy aims to alleviate hypocalcemia, but it 
does not address insufficient PTH levels (10). Research has in
dicated that even when receiving conventional therapy for 
hypoparathyroidism, individuals continue to experience a 
high symptom burden and impairment of functioning and dai
ly life, including interference in work, sleep, physical activity, 
and relationships (5, 11, 12). A number of studies have shown 
significantly reduced quality of life (QoL) in individuals with 
hypoparathyroidism compared to normative reference data 
on a range of general health-related QoL measures, including 
the 36-item Short Form Health Survey, version 2 (SF-36v2) 
and the WHO-5 Well-Being Index, even when treated with 
conventional therapy (13-15). This suggests a possible direct 
effect of PTH itself on neurocognitive health, independent of 
maintenance of normocalcemia and freedom from conven
tional therapy.

In recent years, guidelines and consensus statements have 
recognized PTH therapy as a treatment option for adults 
with hypoparathyroidism who are not adequately controlled 
by conventional therapy (10, 16). The 2022 Guidelines from 
the Second International Workshop consider inadequate con
trol to be any one of the following: symptomatic hypocalce
mia, hyperphosphatemia, renal insufficiency, hypercalciuria, 
or poor QoL (16). Palopegteriparatide (TransCon® PTH) is 
a prodrug of PTH (1-34), administered subcutaneously once 
daily and designed to provide active PTH within the 
physiological range for 24 hours/day (17, 18). It consists of 
PTH (1-34), bound to an inert methoxypolyethylene 
glycol (mPEG) carrier via a TransCon linker. Upon exposure 
to physiological pH and temperature, autocleavage of 
the linker occurs providing predictable sustained release of 
active PTH (17, 18). The PTH released from palopegteripara
tide has an apparent half-life of approximately 60 hours. 
Palopegteriparatide has received regulatory approval under 
the brand name YORVIPATH® in the United States, 
European Union, and other regions (19-22). This design of 
palopegteriparatide as a PTH replacement therapy provides 
the physiological effects of endogenous PTH at both the recep
tor and tissue level.

As reported for the 4- and 26-week double-blind, placebo- 
controlled periods of PaTH Forward and PaTHway trials, 
respectively, palopegteriparatide is the first and only PTH 
replacement therapy for hypoparathyroidism shown to 

significantly improve well-being and QoL compared to pla
cebo using general SF-36 and disease-specific measures (23, 
24). In the phase 2 PaTH Forward trial, treatment with palo
pegteriparatide was associated with significantly greater im
provements from baseline in both the physical and mental 
component scores of the SF-36v2, and Hypoparathyroidism 
Patient Experience Scale (HPES) Symptom and Impact do
main scores, compared with placebo within 4 weeks of treat
ment, which were sustained through week 26 of the trial (23). 
Similar results were recently reported through week 52 of the 
phase 3 PaTHway trial (25), but the longer-term impacts have 
not been examined. The purpose of this analysis was to inves
tigate the effects of open-label treatment with palopegteri
paratide on disease-specific symptoms and impacts on daily 
functioning and well-being, as well as general QoL, in adults 
with chronic hypoparathyroidism through week 110 of the 
phase 2 PaTH Forward trial. The analysis also explored par
ticipant demographic and disease characteristics that might 
predict improvements in symptoms and impacts with treat
ment over an extended period to assess whether palopegteri
paratide may be particularly beneficial to certain groups.

Materials and methods
Trial design
PaTH Forward was a phase 2 clinical trial with a 4-week 
randomized, double-blind, placebo-controlled period and 
open-label extension through week 266 designed to investi
gate the efficacy and safety of palopegteriparatide in adults 
with chronic hypoparathyroidism. The protocol was reviewed 
by appropriate institutional review boards and independent 
ethics committees, and participants provided signed informed 
consent before enrolling in the trial (ClinicalTrials.gov identi
fier: NCT04009291; EudraCT No.: 2018-004815-33).

Participants
Adult men and women aged 18 years and older and diagnosed 
with postsurgical, autoimmune, genetic, or idiopathic chronic 
hypoparathyroidism were eligible to participate in the trial 
(23). Diagnosis of hypoparathyroidism was established based 
on hypocalcemia in the setting of inappropriately low serum 
PTH levels, and chronic hypoparathyroidism was defined as 
lasting at least 26 weeks. Participants were required to have 
a body mass index ranging from 17 to 40 kg/m2 and to be 
on stable doses of active vitamin D and calcium for at least 
12 weeks prior to screening. Detailed inclusion and exclusion 
criteria have been previously published (23).

Trial protocol
Study procedures were performed in accordance with the 
PaTH Forward clinical trial protocol and have been described 
in detail elsewhere (23). Active vitamin D and elemental cal
cium doses were optimized for participants before trial initi
ation. For the 4-week double blinded period of PaTH 
Forward, participants were randomized into 3 different palo
pegteriparatide treatment groups (15, 18, or 21 µg daily dose) 
or to the placebo group (with randomized doses mimicking 
the active treatment groups). The drug was administered sub
cutaneously using prefilled pens. During the blinded portion 
of the trial, active vitamin D and therapeutic doses of calcium 
were decreased and/or discontinued in accordance with the con
ventional therapy adjustment predefined in the trial protocol.
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In the open-label extension period of the same trial, partic
ipants (including those initially randomized to placebo during 
the first 4 weeks of the trial) were assigned to a palopegteri
paratide dose (15, 18, or 21 µg daily dose) based on their 
need for active vitamin D at week 4. Palopegteriparatide doses 
were then titrated for each participant at subsequent trial vis
its based on serum calcium and symptoms. Active vitamin D 
and calcium doses were gradually withdrawn. During the ex
tension period, palopegteriparatide doses ranged from 6 to 
60 µg/day, with titration based on serum calcium levels.

Patient-reported outcome measures
Patient-reported outcome (PRO) measures were included in 
the trial protocol as exploratory endpoints. PRO measures 
were administered to participants at baseline (during the 
screening period) and prior to their first dose of the study 
drug and at weeks 4, 12, 26, 58, 110, 162, and 214 of the trial.

General health-related QoL was assessed using the 36-item 
Short Form Health Survey, version 2 (SF-36v2) acute version, 
a validated, self-report measure of perceived health status over 
the previous week (26). This measure was not administered at 
week 12. The SF-36v2 includes 36 items that are scored into 8 
subscales reflecting different domains of general health and 
well-being, including physical functioning, role-physical, bod
ily pain, general health, vitality, social functioning, 
role-emotional, and mental health. Subscale scores are com
bined to form the Physical Component Summary (PCS) and 
Mental Component Summary (MCS) scores. The component 
and subscale measures are scored and transformed into 
T-scores ranging from 0 to 100, with higher scores indicating 
better health status. Scoring is norm-based with a mean value 
of 50 and a SD of 10 in the general US population. For group- 
level data, scores within 0.3 SD or 3 T-score points from the 
mean (47-53) are considered within the average US popula
tion range.

The Hypoparathyroidism Patient Experience Scales (HPES) 
are 2 independent, psychometrically validated PRO measures 
that were developed to assess disease-specific symptoms 
(HPES-Symptom) and impacts related to hypoparathyroidism 
(HPES-Impact) in adults (27-29). The HPES-Symptom is a 
17-item measure that assesses symptoms of hypoparathyroid
ism and consists of a total score and 2 domain scores for phys
ical symptoms and cognitive symptoms. Response options 
assess symptom frequency and are based on a 5-point 
Likert-type scale, ranging from very often/always (scored as 
4) to never (scored as 0). The HPES-Impact is a 26-item meas
ure that assesses impacts on daily functioning and well-being 
related to hypoparathyroidism and includes a total score and 
4 domain scores for physical functioning, daily life, psycho
logical well-being, and social life and relationships. A 5-point, 
Likert-type scale is used for response options, which range 
from extremely (scored as 4) to not at all (scored as 0). For 
both the HPES-Symptom and the HPES-Impact, individual 
item scores are added to calculate raw total scores and raw do
main scores. Raw total and domain scores are then trans
formed linearly to scale scores that range from 0 to 100, 
with higher scores indicating greater symptom frequency or 
greater impact.

Statistical analysis
Descriptive statistics were used to summarize background 
characteristics and key outcome variables. In general, 

continuous variables were summarized using mean, median, 
SD/standard error (SE), minimum/maximum values, and 
number of participants. All PRO summary, subscale, and do
main measures were analyzed as continuous scale scores. 
Categorical variables were summarized by the number and 
percentage of participants. Only observed values were in
cluded in the analyses. All statistical tests were 2-sided, and 
statistical significance was set at α = .05.

Analysis of PRO outcomes for the extension period was 
conducted based on assessments at baseline and weeks 4, 
12, 26, 58, and 110 for all participants who received at least 
1 dose of palopegteriparatide. Descriptive analyses of changes 
from baseline to weeks 12, 26, 58, and 110 were conducted 
for all measures, including summary and domain scores. 
The one-sample Student’s t test was used to assess the signifi
cance of the change in PRO scores from baseline.

In a post hoc analysis, Mixed Models for Repeated 
Measures (MMRM) methodology was used to investigate cor
relations between baseline demographics and clinical charac
teristics and the changes from baseline in PRO outcomes 
measures on 4 selected key HPES domains, including the 
HPES-Impact physical functioning domain, HPES-Impact 
daily life domain, HPES-Symptom cognitive domain, and 
HPES-Symptom physical domain, and the SF-36v2 physical 
functioning subscale. For each HPES domain and the 
SF-36v2 subscale, the MMRM model included change from 
baseline in the PRO measure as the dependent variable, the 
demographics and baseline characteristics including age, 
sex, menopausal status (pre- vs postmenopausal status), 
weight, etiology (surgical, other), duration of hypoparathyr
oidism, prior PTH therapy (yes, no), daily pill burden for con
ventional therapy at baseline, elemental calcium dose, active 
vitamin D dose, and geographic region (North America, oth
er), baseline PRO value of the same domain, and assessment 
time (weeks 12, 26, 58, and 110) as fixed effects, and partici
pant as a random effect.

Results
Participant characteristics
Participant demographic and background characteristics of 
the PaTH Forward trial participants are presented in 
Table 1. A total of 59 participants were originally enrolled 
in the trial, 2 discontinued during the extension period, and 
57 completed the week 110 visit. The mean participant age 
was 49.8 years (SD, 12.1; range, 25-76). The majority of par
ticipants were female (81%, n = 48), and most participants 
identified as White (92%, n = 54). Approximately two-thirds 
of respondents resided in North America (64%, n = 38), and 
the remainder resided in Europe (36%, n = 21). The most fre
quently reported etiology of hypoparathyroidism was neck 
surgery (80%, n = 47), followed by idiopathic disease (19%, 
n = 11), and autoimmune disease (2%, n = 1). Participants 
with postsurgical hypothyroidism were well-controlled with 
levothyroxine as demonstrated by mean thyrotropin (TSH) 
within the normal range.

The mean total daily dose (TDD) of elemental calcium at 
baseline was 1909 mg (SD, 1271). There were 12 participants 
(20%) who indicated that they received PTH therapy within 6 
months prior to screening for the trial. Among these respond
ents, the average time between discontinuing prior PTH ther
apy and starting the trial treatment was 4.1 months (SD, 1.1; 
range, 2.5-6.3).
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Hypoparathyroidism Patient Experience Scales
All participants completed the HPES-Symptom and HPES- 
Impact measures at baseline (100%, n = 59), and compliance 
remained high, with 75% of participants completing the 
HPES at week 12 (n = 44), 81% at week 26 (n = 48), 95% 
at week 58 (n = 56), and 97% at week 110 (n = 57).

Compared with placebo, treatment with palopegteriparatide 
during the 4-week blinded period resulted in a statistically sig
nificant improvement in both HPES-Symptom and Impact total 
and domain scores (P < .01). This immediate improvement 
was evident at the first time point measured. The initiation of 

open-label palopegteriparatide treatment at week 4 in partici
pants randomized to placebo at baseline led to a rapid improve
ment (decrease) in HPES scores similar to the group initially 
randomized to active treatment (Fig. 1). Overall, the HPES- 
Symptom total scale score mean improved significantly from 
baseline to week 12, and this improvement was maintained 
through weeks 26, 58, and 110 (Fig. 1A). At baseline, the 
average HPES-Symptom total score was 38.2 (SE, 2.9), and 
it decreased significantly to 13.5 (SE, 1.6; P < .0001) at 
week 26, an improvement of 24.0 points (SE, 3.2; P < .0001). 
From baseline to week 58, the average HPES-Symptom total 
score was improved by 20.5 points (SE, 2.6; P < .0001). 
Significant improvement of 19.7 points (SE, 2.8; P < .0001) 
from baseline was maintained at week 110. Improvements in 
both the physical and cognitive symptom domain scores over 
the course of the extension period were similar (Table S1) (30).

The HPES-Impact total scale score and domain scores also 
improved significantly from baseline to week 12, and signifi
cant improvements in impacts from baseline were maintained 
through week 110 (Fig. 1B). At baseline, the HPES-Impact to
tal scale score mean was 28.4 (SE, 2.9), and it improved sig
nificantly by 15.3 points (SE, 2.9; P < .0001) at week 12. 
The HPES-Impact total score continued to be significantly im
proved from baseline by 22.4 points (SE, 3.1; P < .0001) at 
week 26 and by 20.7 points (SE, 2.8; P < .0001) at week 58. 
A significant improvement in the mean HPES-Impact total 
score of 19.0 points (SE, 2.8; P < .0001) from baseline per
sisted at week 110. Similar patterns of improvement in im
pacts on functioning and well-being were observed in all of 
the HPES domain measures (Table S1) (30).

General health-related quality of life
All respondents completed the SF-36v2 measures at baseline 
(100%, n = 59). The SF-36v2 was completed by 81% of par
ticipants at week 26 (n = 48), 95% at week 58 (n = 56), and 
97% at week 110 (n = 57). Similar to HPES scores, mean 
SF-36v2 component summary scores rapidly improved from 
below normal at baseline into the normative range with palo
pegteriparatide treatment, and this improvement was sus
tained over the open-label extension period. The average 
PCS and MCS scores at baseline were below normative values 
for the US population, which range from 47 to 53 (26). Both 
the PCS and MCS mean scale scores increased significantly 
from baseline to week 26 to values within the normative US 
population mean range, and these improvements were main
tained through weeks 58 and 110 (Fig. 2).

At baseline, the mean PCS score was 44.2 (SE, 1.4), which im
proved significantly by 6.0 points (SE, 1.1; P < .0001) at week 26 
and 6.9 points at week 58 (SE, 1.0; P < .0001). This durable im
provement in the PCS score remained evident at week 110, with 
an increase of 6.7 points from baseline (SE, 1.2; P < .0001). The 
mean baseline MCS score was 43.9 (SE, 1.4) which likewise im
proved significantly by 8.2 points (SE, 1.4; P < .0001) at week 26 
to 52.1, reaching the normative range of 47 to 53 for the US 
population. Normalization of the mean MCS score was main
tained through week 110, with a significant improvement of 
5.8 points (SE, 1.4; P = .0002). Trends for all of the subscale 
scores of the SF-36v2 were similar (Table S2) (30).

Mixed model for repeated measures analyses
Results of the post hoc MMRM analyses indicated that im
provements in key PRO measures from baseline were 

Table 1. Baseline demographic and clinical characteristics of participants 
in the PaTH Forward trial

Participants  
(n = 59)

Age (years), mean (SD) 49.8 (12.1)
Median 48.4
Range 25-76

Age group (years), n (%)
<30 3 (5)
30 to <50 29 (49)
50 to <65 22 (37)
≥65 5 (9)

Sex, n (%)
Female 48 (81)
Male 11 (19)

Weight (kg), mean (SD) 76.3 (16.9)
Race, n (%)

White 54 (92)
Other 5 (8)

Geographical region, n (%)
North America 38 (64)
Europe 21 (36)

Etiology of hypoparathyroidism, n (%)
Neck surgery 47 (80)
Idiopathic disease 11 (19)
Autoimmune disease 1 (2)

Duration of hypoparathyroidism (years)
Mean (SD) 11.9 (9.2)
Range 1-39

Conventional therapy at baselinea

Calcium, n (%) 54 (100)
TDD (mg), mean (SD) 1909 (1271)
≤1000 mg TDD, n (%) 10 (19)
≤2000 mg TDD, n (%) 34 (63)

Calcitriol (active vitamin D), n (%) 31 (78)
TDD (µg), mean (SD) 0.8 (0.5)

Alfacalcidol (active vitamin D), n (%) 13 (22)
TDD (µg), mean (SD) 2.15 (1.08)

PTH therapy within 6 months of screening,b n (%) yes 12 (20)

Percentages may not add up to 100 due to rounding.
Abbreviations: PTH, parathyroid hormone; TDD, total daily dose.
aBaseline data available for calcium (n = 54), calcitriol or alfacalcidol (n = 59).
bIncludes PTH(1-84), PTH(1-34), or other N-terminal fragments or analogues 
of PTH or PTH-related protein.
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generally similar across all baseline demographics and clinical 
characteristics evaluated (Table S3) (30). The strongest correl
ate of change in PRO measures over the course of the 
open-label extension period was baseline scale score. Worse base
line PRO scores (ie, higher HPES scores or lower SF-36v2 scores) 
were strongly associated with greater improvements in outcomes 
compared to better baseline PRO scores across all 4 HPES 
domains and the SF-36v2 physical functioning subscale (all 
P < .0001). Pearson correlations and scatterplots illustrate the re
lationship between baseline scores and change from baseline to 
week 26 for the HPES-Symptom total score (Fig. 3) and the 
HPES-Impact total score (Fig. 4). Correlations between baseline 
scores and changes from baseline to week 58 and correlations be
tween baseline scores and changes to week 110 were similar.

Across the key HPES and SF-36 measures, greater improvement 
tended to associate with younger age, postmenopausal status, 
male sex, surgical etiology, longer duration of hypoparathyroid
ism, and higher calcium dose at baseline. These variables showed 
consistent trends across all 5 measures but did not reach statistical 
significance. Participants who received PTH therapy in the 6 
months prior to screening for the trial experienced slightly less 

improvement in the HPES-Symptom physical and cognitive do
mains, and the HPES-Impact physical functioning domain than 
those with no PTH therapy in the 6 months prior to screening.

Figure 1. Palopegteriparatide treatment improves mean HPES-Symptom and Impact total scores. A) Mean HPES-Symptom total scores from baseline 
through week 110 of the PaTH Forward trial; B) Mean HPES-Impact total scores from baseline through week 110 of the PaTH Forward trial. The total 
number of participants with HPES data varied at some time points: n = 44 at week 12, n = 48 at week 26, and n = 56 at week 58. Error bars indicate 95% 
CI. Higher scores indicate more frequent symptoms and greater negative impact. Abbreviation: HPES, Hypoparathyroidism Patient Experience Scale.

Figure 2. Palopegteriparatide treatment improves mean SF-36v2 physical component summary (PCS) and mental component summary (MCS) scores. 
A) Mean SF-36v2 PCS scores from baseline through week 110 of the PaTH Forward trial; B) Mean SF-36v2 MCS scores from baseline through week 
110 of the PaTH Forward trial. The total number of participants with SF-36v2 data varied at some time points: n = 48 at week 26 and n = 56 at week 58. 
Error bars indicate 95% CI. Higher scores indicate better reported health status. Shaded regions show the normative mean score range for the US 
(47-53) (26). Abbreviation: SF-36v2, Short Form Health Survey, version 2.

Figure 3. Correlation between HPES-symptom total baseline scores 
and changes in scores from baseline to week 26 of the PaTH Forward 
trial, n = 48. Negative change values indicate reduced burden from 
baseline to week 26. Abbreviation: HPES, Hypoparathyroidism Patient 
Experience Scales.
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The relationship between improvement in PROs and cal
cium homeostasis was examined by a correlation analysis be
tween change in PRO domain scores and change in serum 
calcium post-baseline. Improvement in symptoms, impacts, 
well-being, and health-related QoL did not strongly correlate 
with change in serum calcium (Table S4).

Discussion
PTH replacement therapy with palopegteriparatide in the 
PaTH Forward trial resulted in significant and sustained im
provements in disease-specific symptoms and impacts on daily 
functioning and well-being, as well as in general health-related 
QoL in adults with chronic hypoparathyroidism. Significant 
improvements in both the HPES and SF-36v2 measures were 
evident immediately after the initiation of palopegteriparatide 
during the 4-week blinded period in participants randomized 
to palopegteriparatide, and after receiving open-label palo
pegteriparatide for those initially randomized to placebo. 
Significant improvements from baseline for all HPES and 
SF-36v2 measures persisted for more than 2 years after the 
first exposure to palopegteriparatide, demonstrating the ro
bust positive impact of PTH replacement therapy in individu
als with chronic hypoparathyroidism. These results expand 
and reinforce previous analyses of palopegteriparatide that 
were the first to demonstrate significant improvements in 
symptoms and impacts on QoL with PTH replacement ther
apy in double-blind, randomized controlled clinical trials of 
adults with chronic hypoparathyroidism (23, 24). These re
sults also affirm the importance of disease-specific measures 
for their ability to assess the full range of important and rele
vant symptoms and impacts associated with a condition, as 
well as their sensitivity to change (31).

The findings underscore the importance of PTH replace
ment therapy to address insufficient PTH and the limitations 
of conventional therapy. It is noteworthy that the majority 
of patients achieved meaningful within-patient change for 
both HPES-Symptom and HPES-Impact through week 110 
of the PaTH Forward clinical trial (23, 29). This is particularly 
important given the high symptom burden and poor QoL ex
perienced among adults with chronic hypoparathyroidism, 
despite management with conventional therapy, compared 
to population norms (5, 6, 11, 12).

Hypoparathyroidism symptoms improved with the initi
ation of palopegteriparatide treatment in the PaTH Forward 
trial. Specifically, after 2 years of treatment, HPES-Symptom 
scores were lower than baseline by 19 to 20 points, on aver
age. These group-level changes met or exceeded the recom
mended threshold range of 15 to 19 points (transformed) to 
demonstrate meaningful within-patient improvement in the 
HPES-Symptom measures (29). Additionally, improvements 
in the HPES-Impact measures after more than 2 years of pal
opegteriparatide treatment ranged from about 15 to 23 
points. These changes also generally met or exceeded the pro
posed threshold range of 13 to 18 points (transformed) to in
dicate within-patient meaningful improvement in the 
HPES-Impact measures (29). Evaluating the HPES group-level 
changes against within-patient meaningful improvement 
thresholds represents a more rigorous comparison than using 
group-level thresholds. In addition to the HPES results, im
provements in the SF-36v2 assessments from baseline through 
week 110 exceeded generally suggested values for indicating 
group-level minimally important differences (MID) for both 
the PCS (2 points) and the MCS (3 points), as well as all do
main score measures (26).

The strongest and most consistent predictors of improve
ments in HPES outcomes with palopegteriparatide treatment 
were baseline HPES scores. Worse baseline PRO scores (eg, 
higher HPES scores and lower SF-36v2 scores) were associ
ated with significantly greater improvement in scores over 
the trial extension period for all measures. Other participant 
baseline characteristics were not generally predictive of 
treatment-related improvements in symptoms and impacts re
lated to hypoparathyroidism. Improvements in symptoms, 
impacts on daily functioning and well-being, and health- 
related QoL were generally similar, regardless of baseline 
age, sex, hypoparathyroidism etiology and duration, serum 
calcium, and conventional therapy use. This is consistent 
with previous research that has found limited associations be
tween general QoL and patient background characteristics, 
including age, etiology, duration of disease, and clinical 
measures such as serum calcium, in adults with hypoparathyr
oidism (12, 13, 32). Slightly less improvement in the 
HPES-Symptom physical and cognitive domains and 
HPES-Impact physical functioning domain was reported by 
participants who received PTH therapy within 6 months of 
starting the trial than those with no PTH therapy in the 6 
months prior to baseline. This suggests that these individuals 
may have experienced an incremental improvement in quality 
of life with previous use of short-lived PTH therapies, consist
ent with the results of a meta-analysis by Puliani et al (33), and 
then further improvements in hypoparathyroidism-related 
symptoms and impact with palopegteriparatide. Overall, 
these findings demonstrate that PTH replacement therapy 
with palopegteriparatide may offer long-term benefits to 
symptoms, daily functioning and well-being, and health- 
related QoL in adults with chronic hypoparathyroidism.

These findings demonstrate that PTH replacement therapy 
with palopegteriparatide may be particularly beneficial to 
adults with chronic hypoparathyroidism who experience a 
high symptom burden and poor QoL despite management 
with conventional therapy. The mechanisms underlying im
provements in participants’ well-being and QoL are not fully 
understood. The prevention of fluctuations in serum calcium 
levels throughout the day likely plays an important role in 
ameliorating symptoms and thus improving well-being. 

Figure 4. Correlation between HPES-impact total baseline scores and 
changes in scores from baseline to week 26 of the PaTH Forward trial, 
n = 48. Negative change values indicate reduced burden from baseline 
to week 26. Abbreviation: HPES, Hypoparathyroidism Patient 
Experience Scales.
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It can also be speculated that PTH itself might play a role. PTH 
is a ligand for PTH1R and PTH2R, which are both expressed 
in several regions of brain (34-36). PTH replacement therapy 
with palopegteriparatide provides the physiological effects of 
endogenous PTH at the receptor and tissue level. Thus, active 
PTH released from palopegteriparatide may potentially play a 
direct role in the observed treatment-related improvements in 
QoL, though the effect of PTH receptor binding in the brain 
on cognition and well-being warrants further investigation. 
Recently, it was reported that brain structural changes might 
be present in individuals with hypoparathyroidism on conven
tional therapy. A cross-sectional magnetic resonance imaging 
study demonstrated a correlation between a longer duration 
of hypoparathyroidism and smaller hippocampal volume, as 
well as a negative correlation between hippocampal volume 
and self-reported severity of slow or confused thinking (“brain 
fog”) (3). It remains to be seen if PTH replacement therapy 
with palopegteriparatide can reverse these structural brain 
changes. Ongoing research will explore the longer-term impli
cations of treatment with palopegteriparatide for improve
ments in symptoms and impacts on functioning and 
well-being specific to hypoparathyroidism, as well as the po
tential for reductions in treatment burden and risks of serious 
long-term complications associated with conventional ther
apy (1, 6, 8, 13).

Potential limitations of this analysis should be considered. 
One limitation is that the interval of direct comparison to 
the placebo group in the blinded period was relatively short 
(4 weeks) and most data were drawn from an open-label 
clinical trial extension period, without a placebo-control 
group for comparison at all time points. Nevertheless, the 
findings were consistent with previous rigorous research 
based on randomized, double-blind, placebo-controlled tri
als of palopegteriparatide (23, 24). The sample size was rela
tively small and prevented a comparison between outcomes 
in surgical and nonsurgical patients, but it was appropriate 
for a clinical trial of a rare condition and was generally rep
resentative of adults with hypoparathyroidism. The racial 
and ethnic diversity of the study sample, however, was lim
ited. Normative data for the SF-36v2 were not available for 
all participating countries in the trial, and the US default 
normative data were used (26), potentially limiting the 
interpretation of the normative scoring due to cultural 
differences in self-reported measures among participating 
countries (37).

In conclusion, PTH replacement therapy with palopegteri
paratide in adults with chronic hypoparathyroidism demon
strated significant and sustained improvement in symptoms 
and impacts on functioning and well-being associated with 
hypoparathyroidism and general QoL.
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