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Abstract

Purpose: To evaluate the effects of denosumab (Dmb) on calcium, renal, and bone involvement in
osteoporotic patients with primary hyperparathyroidism (PHPT) and compare with those who

underwent a parathyroidectomy (PTX) procedure.

Methods: This retrospective, longitudinal study included patients treated with Dmb (60 mg) once
every 6 months (n=19) and those who successfully underwent a PTX procedure (n=19) Corrected

calcium (cCa), eGFR, bone mineral density (BMD) in the lumbar spine (LS), total hip (TH), and



femoral neck (FN) and LS-trabecular bone score (TBS) changes at 1 year after beginning Dmb or

undergoing PTX were measured.

Result: Dmb group had older age, and showed milder disease activity and lower eGFR as compared
to PTX group. In PTX group, cCa and eGFR were significantly decreased following surgery, while
those were stable in Dmb group. There were significant increases in LS, TH, and FN-BMD in both
Dmb (LS: 6.0+0.8%, TH: 3.7+1.0%, FN: 4.3+1.5%) and PTX (LS: 11.2+1.5%, TH: 7.5+1.5%, FN:
7.942.1%) groups. In Dmb group, LS-TBS was significantly improved by 3.0+1.0%, while TBS
change in PTX group approached significance (2.8+1.5%). Percent change in TH-BMD was
significantly correlated with baseline tartrate-resistant acid phosphatase-5b (TRACP-5b) in both
groups.

Conclusion: Dmb treatment not only increased BMD, dependent on bone turnover status, the same as
PTX, but also improved LS-TBS. Additionally, it did not decrease the level of eGFR, whereas PTX
did. These results suggest that Dmb treatment help in the clinical management of osteoporotic patients

with PHPT who do not undergo surgery as alternative to PTX.
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Introduction

Primary hyperparathyroidism (PHPT), the third most frequent endocrine disorder, increases
with age and is often diagnosed in patients without clinical symptoms [1]. A parathyroidectomy (PTX)
procedure is the only definitive treatment, even for asymptomatic patients, and reduces the risk of
kidney stones and fractures [2], though a progressive age-related decline in the rate of PTX procedures
after the age of 70 years has been noted [3]. As for PHPT patients who cannot or refuse to undergo
surgery, calcium, renal, and bone-protective strategies as an alternative to PTX are available, yet
remain controversial.

The 2014 International Guidelines for the Management of Asymptomatic PHPT [2]
recommended increased research over the ensuing 5 years, including analytical analyses such as
trabecular bone score (TBS) for fracture risk and pharmacological approaches used to treat affected
patients. TBS is an indirect index of trabecular bone microarchitecture used to evaluate pixel gray-
level variations in dual energy x-ray absorptiometry (DXA) images of the lumbar spine (LS) [4] and
has been shown to be a novel predictor of risk of major osteoporotic fracture independent of bone
mineral density (BMD) [5]. Also, in previous studies of patients with PHPT, TBS values were
significantly lower than those of matched controls and better predicted vertebral fracture at any site
than BMD [6, 7], suggesting that TBS is a useful clinical tool for assessment of skeletal involvement
in these patients. Bisphosphonates, especially alendronate, have been shown to cause a reduction in
bone turnover markers (BTMs) and increase in BMD, and their administration is currently
recommended as the main medical option for treating osteoporosis in PHPT [8]. However, careful
consideration is needed to use any bisphosphonate in patients with renal impairment because of
nephrotoxicity and accumulation [9]. Also, bisphosphonates were recently reported to be associated
with increased fracture risk in PHPT patients after stratification based on baseline BMD status [10],

suggesting that bisphosphonate-associated gains in BMD do not translate into a benefit with respect



to fracture risk.

Denosumab (Dmb), a fully human monoclonal antibody to RANKL, is an anti-resorptive
agent approved for treatment of osteoporosis, and likely effective at reducing fracture risk and increasing
BMD in postmenopausal women with renal impairment [11]. Although a recent study reported that Dmb
was efficacious for increasing BMD in older women with PHPT [12], no investigation that compared
the calcium-, renal-, and bone-protective effects of Dmb in PHPT patients with those of PTX has been
published. Furthermore, though it was reported that Dmb significantly improved TBS independently
of BMD in postmenopausal women [13], no known studies have explored the effects of Dmb on TBS
in osteoporotic patients with PHPT.

The aims of this study were to compare the effects of Dmb with those of PTX on (1) calcium
and renal involvement, as well as (2) BMD and LS-TBS, and (3) also determine the relationship of

BTMs to changes in BMD and LS-TBS in osteoporotic patients with PHPT.



Methods
Study design and participants

Nineteen osteoporotic patients with PHPT who began Dmb treatment (60 mg, once every 6
months) in the period from March 2014 to March 2018 at Osaka City University Hospital were
enrolled and followed for 12 months. Inclusion criteria were as follows: (1) meets biological diagnosis
of PHPT based on whole PTH >38.7 pg/mL or inappropriately normal level in the presence of elevated
corrected calcium (cCa >10.2 mg/dL), or elevated PTH level with normocalcemia and no cause of
secondary hyperparathyroidism [14], (2) meets indications for surgery for bone involvement with a
BMD T-score of -2.5 or lower for LS, TH, or FN shown in DXA imaging, at least 1 vertebral fracture,
or currently receiving treatment for osteoporosis, (3) receiving Dmb treatment because of inability;
non-conclusive pre-surgical localization (n=9) and high anesthesia risk (n=7), or refusal (n=3) to
undergo surgery. Of the Dmb groups (n=19), four patients are normocalcemic PHPT, but all these
patients had a pre 250HD level above 20 ng/mL, and started daily supplementation with Ca at 610
mg, cholecalciferol at 400 IU, and Mg at 30 mg at least 1 month prior to initiation of Dmb treatment,

resulting in no decrease of elevated PTH level.

In addition, PHPT patients who treated with PTX at our department between March 2016
and March 2018 were also enrolled (n=57). Following enrollment, 38 patients were excluded because
of no BMD follow-up available (n=29), persistent hypercalcemia after PTX (n=1), familial PHPT
(n=5), parathyroid cancer (n=1), and no skeletal indication for surgery (n=2). After all, this group
included a total of 19 patients. The PTX groups, including two patients with normocalcemic PHPT,
histopathologically confirmed as PHPT because of parathyroid adenoma and completed longitudinal
follow-up examinations, including clinical, biochemical, and DXA assessments, before and 1 year

after undergoing PTX.

The study protocol was approved by the institutional ethics committee of Osaka City



University Graduate School of Medicine (approval No. 2019-072) and conducted in accordance with

the principles of the Declaration of Helsinki.

BMD and TBS measurements

BMD for LS, TH, or FN was assessed by DXA using the Hologic QDR 4500A DXA system
(Hologic Inc., Marlborough, MA, USA) at the baseline and 12 months after beginning Dmb therapy
or undergoing PTX. All TBS measurements obtained with the DXA system were analyzed using the
TBS iNsight software package (Med-Imaps, Bordeaux, France). TBS values were obtained by directly
reanalyzing a single acquired LS-DXA image. Regions showing degenerative changes and/or vertebral
fractures were excluded from the LS-BMD and TBS calculations. Vertebral fractures were assessed
using a semiquantitative method [15]. Participants were included if they had at least 2 measurable LS
areas in the L1-4 region. TBS was determined in the same vertebrae and regions of measurement as
those used for LS-BMD, with values calculated as the mean of individual measurements of the

vertebrae.

Biochemical parameters

Serum and second-void urinary samples were collected in the morning after an overnight fast
prior to Dmb administration or PTX. Ca, phosphate (Pi), creatinine (Cr), and alkaline phosphatase
(ALP) in serum, as well as urinary Ca, Pi, and Cr levels were determined using an enzymatic method
with a Hitachi 7450 autoanalyzer (Hitachi Co., Tokyo, Japan). When the serum albumin (Alb) level
was <4.0 mg/dL, cCa level was calculated using the following equation:

cCa level = serum Ca level (mg/dL) + 4.0 - serum Alb level (g/dL)
Grading for the incidence of laboratory hypocalcaemia was classified according to the Common

Terminology Criteria for Adverse Events (CTCAE), version 5.0. Values for the percentage of tubular



reabsorption of Pi (% TRP) were calculated using the following equation:
%TRP =100 x {1 — (urinary Pi x serum Cr) / (urinary Cr xserum Pi)}
To assess renal function, eGFR was calculated using the following equation proposed by the
Japanese Society of Nephrology [16], with the result for females multiplied by 0.742:
eGFR (mL/min/1.73m?) = 175 x serum creatinine 154 x age 0202
Serum whole PTH (WPTH) was determined using an immunoradiometric assay (Scantibodies
Laboratory, Inc., Santee, CA, USA). A 25-hydroxyvitamin D 1251 RIA Kit (DiaSorin S. P. A, Saluggia,
Italy) was utilized to determine serum 250HD concentration. Radioimmunoassay findings were used
to measure serum 1,25(0OH).D (Immunodiagnostic Systems, England) and bone ALP (BAP)
concentration was determined using an enzyme immunoassay (EIA) kit (Alkphase-B; Metra
Biosystem, Mountain View, CA, USA). That latter assay is capable of detecting BAP ranging from
0.7-140 U/L, and the intra- and inter-assay coefficients of variation were 2.3% and 3.1%, respectively.
Additionally, serum tartrate-resistant acid phosphatase-5b (TRACP-5b) was determined using a
fragment-absorbed immunocapture enzymatic assay (Osteolinks TRACP-5b; DS Pharma Biomedical,
Osaka, Japan), which is capable of detecting that in a range from 10-2800 mU/dL, with the intra- and

inter-assay coefficients of variation reported to be 2.2% and 3.0%, respectively [17].

Statistical analysis

Values are expressed as number and percentage, mean + standard deviation (SD), or median
and interquartile range (IQR), as appropriate. Baseline characteristic values were analyzed with
Student’s t-test or Mann-Whitney U-test for continuous variables, and Fisher’s exact probability test
for categorical variables, as appropriate. Longitudinal changes in biochemical and DXA parameters
were analyzed with an one-way repeated measures analysis of variance (ANOVA), followed by Dunnett’s

test and a paired t-test for each treatment group, as appropriate. Differences in longitudinal change



between treatment groups were analyzed with Student’s t-test. Values for DXA parameters are
presented as the mean + standard error of the mean (SEM). Percent changes in DXA parameters from
baseline to 12 months were calculated as absolute changes divided by baseline values. Pearson
correlation coefficients were employed to examine correlations between baseline characteristics.
Correlations between percent changes in DXA parameters and baseline characteristics were
determined by use of Spearman’s correlation coefficient. P-values <0.05 were considered to indicate
statistical significance. All statistical analyses were performed using the JMP software package,

version 11.2.0 (SAS Institute, Cary, NC, USA).



Results
Participants and treatments

A comparison of baseline clinical profiles between the Dmb and PTX groups is shown in
Table 1. No differences were found in regard to gender or BMI, while age was older and eGFR lower
in the Dmb group. In addition, corrected and urinary Ca, and whole PTH, BAP, and TRACP-5b levels
in serum were lower, and serum phosphorous and 250HD levels were higher in Dmb as compared to
PTX. Baseline LS, TH, FN-BMD, LS-TBS, and number of participants who had previously undergone
anti-resorptive therapy were not different between the groups.

Three of the 38 participants had vertebral fractures, while all had at least 2 measurable LS
areas in the L1-4 region (specifically, 36 and 2 had 4 and 3 measurable vertebrae, respectively). No
significant correlation was found between baseline TBS and LS-BMD (r=0.270, p=0.101).
Comparisons of other indications for surgery between the Dmb and PTX groups are also shown in

Table 1. Calcium involvement and nephrolithiasis were significantly more frequent in the PTX group.

Dmb-induced short-term change in corrected calcium

The concentration of cCa rapidly decreased from day 1 in the Dmb group, with the minimum
reached on day 7 (9.6+0.6 mg/dL; p=0.009 vs. baseline), before returning to the baseline level within
6 months (10.1+0.6 mg/dL; p=1.000). Although none of the Dmb group members exhibited
symptomatic hypocalcemia during the study, Grade 2 hypocalcemia, defined as cCa <8.0 mg/dL, was
observed in 1, which occurred during the initial course of treatment. The absolute decrease in cCa
from baseline to day 7 (AcCao.7day) after the first injection of Dmb was significantly lower in patients
pretreated with bisphosphonates (-0.80+0.4 mg/dL; p=0.016) as compared to those without that
therapy (-0.30+0.4 mg/dL). Furthermore, the AcCag.7day value was significantly lower after the second

as compared to after the first injection (-0.11+0.5 mg/dL vs. -0.5940.5 mg/dL; p=0.004).
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Changes in biochemistry data 1 year after either Dmb or PTX

Table 2 shows the time course of changes in biochemistry data for cCa, wPTH, ALP, Pi, and
eGFR at the baseline and after 12 months in both groups. In the PTX group, following surgery cCa
was significantly decreased, while that remained stable after treatment in the Dmb group. Furthermore,
serum PTH was significantly decreased in the PTX group, while that was mildly but significantly
increased in the Dmb group. On the other hand, serum ALP level was significantly decreased in both
groups, though the difference between them was not significant. As expected, the PTX patients showed
significantly increased serum Pi, whereas that was significantly decreased in the Dmb group. In
addition, eGFR was significantly decreased in the PTX group, while that in the Dmb group remained
stable. Notably, urinary Ca was significantly decreased and %TRP significantly increased in both

groups (data not shown).

Changes in BMD and LS-TBS after 1 year in both Dmb and PTX groups, and correlations to baseline
BTMs

LS, TH, and FN-BMD were significantly increased in both the Dmb (LS: 6.0+0.8%, p
<0.001; TH: 3.7+£1.0%, p =0.002; FN: 4.3+1.5%, p=0.007) and PTX (LS: 11.2+1.5%, p <0.001; TH:
7.5+1.5%, p <0.001; FN: 7.9+2.1%, p=0.002) groups. While the PTX group had greater percent
changes in LS and TH-BMD (p=0.005 and p=0.048), there was no difference in FN-BMD gain
between the groups (p=0.172). In the Dmb group, LS-TBS was improved significantly by 3.0+£1.0%
(p=0.007), whereas there was approached significant change in the PTX group (2.8+1.5%; p=0.063)
(Fig. 1).

Correlations between percent changes in DXA parameters after 12 months and BTMs are

shown in Table 3. In the PTX group, percent changes in BMD at all sites were significantly correlated

11



with baseline TRACP-5b, but not with baseline ALP or BAP. On the other hand, in the Dmb group,
only the percent change in TH-BMD was significantly correlated with all baseline BTMs. Notably,
there was a strong positive correlation between percent change in TH-BMD and baseline TRACP-5b

in each group (Dmb: p=0.705, p <0.001; (PTX: p=0.770, p <0.001).
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Discussion

The present results revealed that osteoporotic patients with PHPT who received Dmb
therapy because surgery was not possible or refused showed milder disease activity and a greater
frequency of asymptomatic forms than those who underwent PTX. Furthermore, the Dmb group had
a lower frequency of calcium involvement and nephrolithiasis as compared to the PTX group, while
they also had older age and lower eGFR. Similar to the present study, it was previously reported that
the clinical presentation of PHPT is greatly influenced by aging and PHPT patients >65 years old were
characterized as having a lower frequency of renal stones, lower eGFR and predominance of bone
involvement [18]. It was also reported that a slight decrease in renal function is associated with a more
severe BMD decrease in PHPT cases [19]. Bone-protective management is important for these older
and lower eGFR patients with PHPT as well as with primary osteoporosis.

In the patients who received Dmb, the present results showed a transient decrease in cCa,
with the minimum reached on day 7 following the first injection and then remained stable at 1 year
after treatment. On the other hand, those who underwent Dmb treatment showed a compensatory
increase in serum WPTH, not only transiently following the first injection [20], but that was sustained
at 1 year after treatment. The effects of this compensatory consequence on bone metabolism and tumor
growth warrant further investigation. Also, Grade 2 hypocalcemia by CTCAE was only observed in 1
patient in whom preoperative localization was a concern but who refused surgery. The diagnosis was
symptomatic PHPT with high bone turnover and renal insufficiency, which are independent risk
factors for denosumab-induced reductions in cCa [17]. Similar to the recommendation in our previous
report of osteoporotic patients, monitoring of serum Ca at approximately 1 week after the initial dose
of Dmb is important in these PHPT patients.

In the PTX group, eGFR was significantly decreased, while it remained stable in the Dmb

group. Although renal impairment, defined as eGFR less than 60 mL/min/1.73 m?, has been regarded
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as an indication for surgery in PHPT patients, a previous review concluded that there is no evidence
to suggest that surgical treatment with a PTX procedure has a significant impact on renal function in
those patients [21]. On the other hand, several recent studies have reported that PTX results in
worsened renal function, especially in PHPT patients with eGFR greater than 60 mL/min/1.73 m? [22-
24] with the present study showing similar results. However, the mechanism why the patients with no
renal impairment had a renal function deteriorated after PTX is still unclear. In contrast, the
pharmacokinetics and pharmacodynamics related to Dmb are not influenced by renal function [25],
and we previously reported that Dmb therapy improved the glomerular filtration rate in osteoporotic
patients with normal kidney function by lowering serum phosphate [26], suggesting its renoprotective
effects even in PHPT patients.

After 1 year, Dmb treatment in PHPT patients significantly improved LS-BMD by 6.0%, as
well as TH- and FN-BMD, while LS-TBS by 3.0%, with those latter improvements consistent with
though greater than previously reported in postmenopausal women with osteoporosis (5.7% and 1.4%,
respectively) [13]. In addition, other prior reports including ours showed greater improvement in TBS
with anabolic therapy such as teriparatide as compared with a bisphosphonate [27, 28]. The potential
mechanism by which Dmb, characterized as an anti-resorptive agent, causes improvement in TBS
might be explained by a steady contribution of modeling-based bone formation [29]. Together with
these previous findings, the present results regarding TBS support the concept that this score provides
distinct information related to bone quality independent of BMD, and can be used as an additional tool
in routine clinical practice for assessing the effect of treatment on skeletal involvement in PHPT
patients, while they also indicate that denosumab-associated gains in LS-TBS may translate into
reduced fracture risk. In patients who underwent a PTX procedure, TBS changes were close to
significance. Similarly, other recent studies of PHPT patients reported no significant changes in TBS

following PTX [30-32]. The present results, including greater percent changes in LS and TH-BMD in
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the PTX group as compared to the Dmb group, suggest that magnitudes of gains in BMD rather than
TBS reflect a large portion of the efficacy of PTX, with a strong association with reduced fracture risk.

Finally, we found that 1-year changes in TH-BMD were correlated with baseline TRACP-
5b, after separate analysis of the Dmb and PTX groups. Together with the previous finding that
circulating soluble RANKL is elevated in patients with mild PHPT, and a positive correlation with
markers of bone resorption and rates of bone loss in the TH area [33], the present results support the
idea that baseline TRACP-5b is the most useful clinical marker for predicting the effect of treatment
with Dmb, as gains in TH-BMD explain a considerable proportion of the fracture risk reduction
observed with Dmb therapy [34]. Also, measurement of baseline TRACP-5b before undergoing PTX
would be useful to predict changes in TH-BMD following that procedure, as amino-terminal
procollagen propeptide of type I collagen (P1INP) and cross-linked C-terminal telopeptide of type |
collagen (BCTX) levels were shown to be potently related to LS-BMD changes in 1-year follow-up
examinations [35].

This study has several limitations: First, the retrospective design and non-precise matching
of individuals in the Dmb and PTX groups may have resulted in selection bias. Although the Dmb
group patients showed milder disease activity, that is related to the real-world setting of the study,
suggesting that the results are important for daily clinical practice. Second, the small sample size may
have reduced the statistical power and thereby concealed possible relationships. Third, the follow-up
period was limited to 1 year, thus long-term changes in calcium, and renal and bone involvement
remain to be determined. Forth, we did not measure the distal third of the radius BMD. Finally, we
examined BMD and TBS changes as bone-protective effects of treatment. A future study to elucidate
the treatment effects of both Dmb and PTX on subsequent fracture risk reduction is necessary.

In summary, this is the first study to compare bone-protective and renal effects of Dmb

therapy in osteoporotic patients with PHPT as compared to those who underwent a PTX procedure.
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Taking into account all the limitations mentioned above, Dmb was found to not only increase BMD
dependent on bone turnover status, the same as PTX, but also improved LS-TBS, which is beneficial
to prevent fractures. In addition, the level of eGFR was not decreased following Dmb treatment,
whereas that did occur in patients who underwent PTX. We concluded that Dmb therapy help in the
clinical management of osteoporotic patients with PHPT who are unable to undergo or refuse surgery

as alternative to PTX.
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Table 1. Baseline clinical profiles and other indications for surgery in Dmg and PTX groups

Characteristic Dmb (n=19) PTX (n=19) P value
Gender, female/male 17/2 15/4 0.660
Age, years 71.8+7.1 63.2+10.4 0.005
BMI, kg/m? 22.6+3.2 23.344.3 0.542
eGFR, mL/min/1.73 m? 59.0+14.9 73.1+£20.8 0.022
Corrected calcium, mg/dL 10.2+0.5 11.5€1.0 <0.001
Serum phosphate, mg/dL 3.2+0.5 2.7£0.5 0.001
ALP, U/L 222 (180-264) 273 (201-372) 0.102
BAP, pg/L 13.4 (10.2-20.2) 23.7 (18.3-34.5) 0.002
TRACP5b, mU/dL 347 (235-547) 663 (426-1067) 0.006
wPTH, pg/mL 46.3 (33.0-63.6) 140.5 (76.9-191.3) <0.001
250HD, ng/mL 18.0 (13.5-26.0) 10.9 (9.3-11.8) 0.001
1,25(0OH),D, pg/mL 73.0 (52-113) 85.0 (66.0-131) 0.125
Uca/cr 0.15+0.07 0.26+0.11 0.001
%TRP, % 84.1+4.0 81.649.1 0.278
TBS 1.193+0.07 1.208+0.07 0.517
LS-BMD, g/cm? 0.714+0.12 0.725+0.12 0.782
LS-BMD, T-score -2.89+1.14 -2.71£1.17 0.617
FN-BMD, g/cm? 0.520+0.07 0.517+0.08 0.912
FN-BMD, T-score -2.50+0.63 -2.54+0.72 0.862
TH-BMD, g/cm? 0.626+0.11 0.640+0.12 0.699
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TH-BMD, T-score -2.22+0.88 -2.09+0.99 0.696
Vertebral fracture, yes/no 2/17 1/18 1.000
Prior use of bisphosphonates, yes/no 10/9 11/8 1.000

Other indications for surgery

Corrected calcium, yes/no 3/16 14/5 0.001
Renal involvement, yes/no 12/7 14/5 0.728
Nephrolithiasis, yes/no 1/18 13/6 0.001
eGFR <60 mL/min, yes/no 11/8 5/14 0.099
Age 50 years, yes/no 0/19 2/17 0.487

Values are expressed as number or %, mean £ SD, or median (interquartile range).

Abbreviations: Dmb, denosumab; PTX, parathyroidectomy; BMI, body mass index; eGFR, estimated
glomerular filtration rate; ALP, alkaline phosphatase; BAP, bone alkaline phosphatase; TRACP-5b,
tartrate-resistant acid phosphatase-5b; wPTH, whole parathyroid hormone; 250HD, 25-hydroxyvitamin D;
1,25(0H);D, 1,25-dihydroxyvitamin D; Uca/cr, urinary calcium creatinine ratio; %TRP, percentage of
tubular reabsorption of phosphate; TBS, trabecular bone score; LS-BMD, lumbar spine bone mineral
density; TH-BMD, total hip bone mineral density; FN-BMD, femoral neck bone mineral density
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Table 2. Time course of changes in biochemistry data at baseline and at 12 months in both groups.

Biochemistry data baseline 12 month
Corrected calcium, mg/dL Dmb 10.2+0.5 10.3£0.4
PTX 11.5+1.0% 0.4+0.6"
wPTH, pg/mL Dmb 46.3 (33.0-63.6) 59.4 (47.6-88.6)"
PTX 140.5 (76.9-191.3) * 33.0 (26.9-53.8)"
ALP, U/L Dmb 222 (180-264) 154 (132-210)"
PTX 273 (201-372) 163 (131-219)"
Serum phosphate, mg/dL Dmb 3.2+0.5 3.0+0.6"
PTX 2.7£0.5 3.3:0.6"
eGFR, mL/min/1.73 m? Dmb 59.0+14.9 59.3+16.8
PTX 73.1+20.87 64.6+13.6"

Values are expressed mean + SD, or median (interquartile range).

*p <0.05 for within group change between baseline and 12 months. #p <0.05 for the baseline difference

between the groups.

Abbreviations: Dmb, denosumab; PTX, parathyroidectomy; WPTH, whole parathyroid hormone; ALP,

alkaline phosphatase; eGFR, estimated glomerular filtration rate
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Table 3. Correlations between the percent changes in DXA parameters after 12 months and baseline bone turnover markers

Bone turnover marker %LS-BMD %TH-BMD %FN-BMD %TBS
p p p p p p p p
ALP, U/L Dmb 0.118 0.632 0.597 0.007 0.486 0.170 -0.267 0.270
PTX 0.339 0.156 0.422 0.033 0.422 0.081 0.256 0.290
BAP, pg/L Dmb 0.239 0.325 0.698 0.001 0.263 0.270 10356 0.135
PTX 0.416 0.086 0.439 0.072 0.319 0213 0.141 0.576
TRACP-5b,mU/dL  Dmb 0.358 0.133 0.705 0.001 0.154 0.340 0323 0.178
PTX 0.618 0.006 0.770 0.001 0.520 0.033 0.158 0.532

p Spearman’s correlation coefficient.

Abbreviations: ALP, alkaline phosphatase; BAP, bone alkaline phosphatase; TRACP-5b, tartrate-resistant acid phosphatase-5b; Dmb, denosumab; PTX,
Parathyroidectomy; LS-BMD, lumbar spine bone mineral density; TH-BMD, total hip bone mineral density; FN-BMD, femoral neck bone mineral density; TBS,

trabecular bone score
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Figure legends
Figure 1. LS-BMD (A), TH-BMD (B), FN-BMD (C), and TBS (D) at baseline and after 12 months in PHPT
patients who received Dmb as compared to those who underwent PTX.

Values are presented as the mean = SE. *p <0.05 for within group change between baseline and 12

months.
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