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Purpose: Define the effectiveness of teriparatide (TPTD) treatment on reducing the inci-
dence of new vertebral compression fractures (NVCFs) and back pain and improving quality
of life after percutaneous kyphoplasty (PKP).

Methods: Two years of clinical follow-up data from primary osteoporotic women who had
experienced initial osteoporotic vertebral compression fractures (OVCFs) and received PKP
plus 12-month TPTD (n=113) or basic treatment (BT) of calcium and vitamin D supplements
(n=208) were retrospectively collected. The risk of NVCFs over each 6-month period in the
TPTD group was evaluated and compared with the BT group using a logistic regression.
Health-related quality of life (HRQoL, EQ-5D questionnaire), back pain [100 mm visual
analog scale (VAS)] and bone mineral density (BMD) of the spine were analyzed using linear
mixed models for repeated measures (LMMRM).

Results: Logistic regression analysis adjusting for baseline characteristics showed that
patients in the TPTD group had a lower risk of NVCFs compared with those receiving BT
during the final three observation intervals (6—12 months, OR=0.189, 95% CI=0.030-0.681,
p=0.046; 12-18 months, OR=0.009, 95% CI=0.0001-0.111, p=0.001; 18-24 months,
OR=0.024, 95% CI=0.0009-0.264, p=0.009, respectively). Significant improvements in
adjusted EQ-5D and back pain VAS scores were identified in the TPTD group compared
with the BT group, and this improvement was sustained for at least 12 months after
teriparatide treatment was discontinued (both p<0.001). The BMD of the spine also showed
a higher T-value in the TPTD group compared with the BT group (p<0.001).

Conclusion: In routine clinical practice, for patients with OVCFs who receive the PKP
procedure, TPTD treatment may be a preferable subsequent therapy because of its ability to
reduce the incidence of NVCFs and sustain a high quality of life and back pain alleviation.
Keywords: teriparatide, osteoporosis vertebral fractures, quality of life, back pain, PKP

Introduction

Osteoporosis is a disease characterized by microarchitectural deterioration of bone
tissue and low bone mass,' which increases the risk of fractures. Osteoporotic
vertebral compression fracture (OVCF) is a major cause of morbidity and high
health care costs among elderly patients.” This kind of fracture induces the loss of
independence and a poor quality of life in patients.” The objective of treatment is to
enable the patient to function normally again and improve quality of life.
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Percutaneous kyphoplasty (PKP) is a minimally inva-
sive technique where polymethylmethacrylate (PMMA) is
injected through a needle into the compressed vertebra to
stabilize the fracture, and this procedure has been shown to
facilitate substantial pain relief, improve the mobility of
patients, and restore bone height since its initial applica-
tion in the treatment of OVCFs in the mid-1990s.*>
Several complications related to PKP have been reported,
ranging from recollapse of already stabilized vertebrae to
adjacent segment fractures (ASFs) of vertebrae, persistent
mild to moderate residual pain, postoperation instability,
and several types of injuries caused by cement leakage.®™”
Studies have found that the incidence of new symptomatic
compression fractures 1 year after percutaneous vertebro-
plasty (PVP) is as high as 21.7%.'" Systematic reviews
have noted that 10-51% of patients may continue to suffer
from residual pain after successful vertebral augmentation
procedures.''"'* Some investigators believe that the occur-
rence of new vertebral compression fractures (NVCFs),
especially ASFs, should be regarded as the consequence
of improvements in stiffness achieved by augmentation
with bone cement, whereas others believe that these frac-
tures are simply the result of the natural progression of
osteoporosis.'> Thus, the reoccurrence of fractures is an
important issue that requires urgent attention by orthope-
dic surgeons. While antiresorptive treatment such as
bisphosphonates as an pharmacologic option for subse-
quent treatment of osteoporosis fracture has been approved
by FDA'* because of its effectiveness in reducing the risk
of vertebral fracture when given with calcium and vitamin
D supplements, several objective factors, for example,
aging associated decline in renal function and gastrointest-
inal adverse events, may potentially limit its efficacy and
safety.'>1°

Teriparatide, TPTD [recombinant human PTH-(1-34)],
a subcutaneously administered anabolic bone formation
agent, has been approved for increasing bone mass in the
treatment of osteoporosis in postmenopausal women and
in men with hypogonadal or idiopathic osteoporosis.'’
Several international, multicenter trials have confirmed
the effect of TPTD on improving health-related quality
of life (HRQoL) and reducing fracture risk in postmeno-

18,19

pausal women with severe osteoporosis with well

toleration and adverse events that tend to be slight.'®
However, in terms of the subsequent treatment in post-
PKP period of OVCFs, which seems to have altered bio-

20,21

mechanical characteristics, published data regarding

the positive role of teriparatide in avoiding refracture are
limited, particularly in a real-life clinical practice setting.

In this paper, we retrospectively evaluated the prospec-
tive follow-up of a sequential cohort of OVCF patients
undergoing a PKP protocol with concurrent TPTD or basic
treatment (BT), with the goal of examining the effective-
ness of teriparatide injection on lowering the incidence of
new vertebral compression fractures and improving quality
of life during postoperative convalescence of the augmen-
ted PMMA procedure. This paper also explored the mini-
mum usage course of this medicine and the maintained
efficacy after discontinuation of treatment.

Methods

Patient Selection

A retrospective study was performed on patients treated with
PKP in our department. All radiologic data and relevant
clinical objective outcome scores were collected from the
regular registry. The computerized database was searched to
identify standard candidates who matched the inclusion cri-
teria: 1) female patients at least 5 years postmenopause with
primary osteoporosis or who suffered from glucocorticoid-
induced osteoporosis; 2) experienced vertebral compression
fractures and PKP for more than one time; 3) low bone
mineral density (BMD) with T-value<-2.5; and 4) patients
with a persistent, subsequent treatment strategy, including
teriparatide treatment or simple basic treatment of calcium
and vitamin D supplementation.

The exclusion criteria were as follows: 1) patients who
underwent PKP due to pathologic vertebral fractures sec-
ondary to metastatic disease, breast cancer, lung cancer, or
multiple myeloma; 2) patients with complications such as
osteogenesis imperfecta, hypercalcemia, Paget disease,
human immunodeficiency virus (HIV), or parathyroid dis-
eases; 3) patients with preindex period hormonal therapy;
and 4) patients who received TPTD treatment before PKP
or other antiosteoporosis treatments except calcium and
vitamin D supplementation pre-, postoperation, and post-
TPTD treatment, including bisphosphonates, estrogen,
selective estrogen receptor modulators (SERMs), calcito-
nin, and RANK-ligand inhibitors.

The criteria for the usage and reimbursement of teripara-
tide in our country: 1) fits one of the following: a) postmeno-
pausal women who suffered from more than one OVCF or
OHF (osteoporotic hip fracture); b) women older than 65 with
a history of VCFs (vertebral compression fractures) or BMD<-
2.5; and ¢) BMD<-3.5, with no osteoporosis fractures history;
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and 2) meets all the following: a) fasting blood calcium at the
range of 2.2-2.7 mmol/L, serum inorganic phosphorus
between 0.97-1.45 mmol/L and 25-Hydroxyvitamin D
30-150 ng/mL; and b) without metabolic bone disease.
Local resident female patients were included who were diag-
nosed with osteoporosis, prescribed 12-month TPTD and cov-
ered by health insurance, which required them to have at least
12 months of continuous enrollment with pharmacy benefits
preceding an additional 12 months from the discontinuation
date. TPTD was administered at a dosage of 20 pg daily by
subcutaneous self-injection.

The research date of the study was from September
2010 to December 2018.

Clinical And Radiographic Examinations
According to the treatment strategy after the operation,
patients who met the criteria were divided into two groups:
1) TPTD group and 2) BT group. The cost and hesitation
about its effectiveness were the main reasons that patients
did not receive TPTD after PKP. As TPTD was covered by
health insurance of Qingdao from October 1, 2013,
patients of the BT group were mainly included in the
prior period of the research. The routine examination pro-
tocol for operation patients in our department was as
follows: BMD, radiography, and MRI of the general
spine were measured on admission; plain X-ray films of
the general spine were conducted 1 day and 3 months
postoperation; the importance of diet and exercise in the
prevention of osteoporosis was emphasized; and daily
supplements of calcium (1000 mg) and vitamin D (400-
1200 TU) were all prescribed as the strategy of basic
treatment during the postindex period. BMD was analyzed
by the same dual-energy X-ray absorptiometry (PIXImus2;
Lunar, GE, USA) in all patients, and the PKP treated
vertebraec was excluded when calculating the T-values
postoperation.

Data on incident clinical fractures, health-related qual-
ity of life (HRQoL by the Chinese version of EQ-5D-5L

questionnaire)***

and back pain [100 mm visual analog
scale (VAS)] during the follow-up period (first day after
operation or baseline, 3 months, 6 months, 1 year, 18
months, and 2 years) were collected to document the

clinical response.

Fracture Ascertainment

Patients with a sudden recurrent increase in back pain
were asked to return to the hospital for medical and MRI
examinations to determine whether an NVCF existed. A

new fresh compression fracture was diagnosed according
to clinical features related to the loss of vertebral height on
X-ray and the MRI features; hypointensity on T1-weighted
(TIWI) MRI images and hyperintensity on T2-weighted
(T2WI) MRI images; and fat saturation (FS) within the
vertebral body indicating active edema. Since systematic
radiologic follow-up was not available for all eligible
patients in the study, asymptomatic vertebral fractures
were not detected. The retrospective study declares that
the evaluations were done according to the double blind
principle.

Analysis

Demographic and clinical baseline variables during the
hospitalization period of patients who returned for at
least one visit postoperation were assessed, and group
differences were examined with Student’s ¢-test, Mann—
Whitney U-test and y* test, as applicable. Continuous
variables are described as mean value with standard devia-
tion [SD] or median with interquartile ranges [Q1, Q3] and
as frequency for categorical outcomes.

The number and proportion of patients with one or
more NVCFs occurring in the postoperation period were
summarized for every 6-month interval. The risk of new
vertebral fracture over each 6-month period in the TPTD
group was evaluated and compared with that in the BT
group using a logistic regression.”**> The models for the
odds of fracture were adjusted for visit and for the follow-
ing covariates: age, BMI, BMD at baseline, glucocorticoid
usage, site and number of initial vertebral fracture in the
past (including the last fracture). The site of fracture was
classified as thoracic (between T5 and T10), T-L junction
(T11-L2), and lumbar (below L3) regions. The results are
presented as odds ratios (OR), 95% confidence intervals
(95% CI) and p-values. After examining the interaction
effect of TPTD treatment with glucocorticoid usage, sec-
ondary subgroup analyses were also conducted on patients
with or without glucocorticoid-induced osteoporosis.
According to the daily dosage and treatment time of glu-
cocorticoid, patients were assigned to four categories:
a) No glucocorticoid use; b) Used previously, but discon-
tinued during the study period; c¢) Still on low-dose glu-
cocorticoid during the study (i.e., <7.5 mg per day of
prednisolone or equivalent, no more than 3 months); and
d) Still on higher dose glucocorticoid during the study
(i.e., at least 7.5 mg per day of prednisolone or equivalent,
more than 3 months). Further logistic regression analysis
was conducted considering this covariate.
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EQ-5D and back pain VAS scores were analyzed using
linear mixed models for repeated measures (LMMRM)
which
included baseline value, age, BMI, BMD, number of ver-

adjusting for selected prespecified variables,

tebral fracture, glucocorticoid usage, and diagnosis of
rheumatological disorder or degenerative disc disease.*

The BMD of the spine was also analyzed using
LMMRM adjusted for baseline value, age, BMI, and glu-
cocorticoid usage.

All statistical analyses were performed using R pro-
gramming language, version 3.6.0 (R Foundation), where
p-values of <0.05 were considered to be statistically

significant.

Results

In total, 321 eligible patients met the selection criteria.
According to the type of initial strategy, 113 patients
were assigned to the TPTD group and 208 to the BT
group. During the follow-up, a total of 23 patients in the
BT group switched to anti-osteoporosis treatment after
another OVCF and subsequent PKP. These patient were
excluded from the study during the next interval period
according to the per protocol analysis, and the number of
patients with observations at each follow-up period for the
total study cohort are summarized in Figure 1.

All but four patients claimed favourable treatment
adherence and persistence for daily injection during 12
months. The reasons for patients discontinuing TPTD
treatment in this study were palpitation (n=1), nausea
(n=2), and headache (n=1). One patient in the TPTD
group was lost during the final interval.

The demographic and baseline characteristics of
patients in the two groups are shown in Table 1.

Fractures

Figure 2 (Attachment 1) shows the incidence of NVCFs
during the 2-year follow-up period. In models fully adjusted
for age, BMD at baseline, site, and number of initial ver-
tebral fracture in the past and glucocorticoid usage, TPTD
treatment caused significant reduction in risk of NVCFs on
the whole (Estimate=—2.59, p<0.001). In total, 16 patients
(14.2%) sustained a single NVCF between the start and end
of the follow-up period in the TPTD group; these patients
all completed TPTD injection for 12 months; 45 NVCFs
were identified in 43 patients (21.6%) in the BT group,
among which two patients recurred NVCFs twice. All
patients diagnosed with NVCFs in the two groups requested
and underwent PKP again. The TPTD group demonstrated

a significant reduction in the risk of new vertebral compres-
sion fractures during the final three observation intervals
compared with the BT group (6-12 months, OR=0.189,
95% CI1=0.030-0.681, p=0.046; 12—18 months, OR=0.009,
95% CI1=0.0001-0.111, p=0.001; 18-24 months, OR=0.024,
95% CI=0.0009-0.264, p=0.009, respectively).

Since the statistical interaction of the effect between
TPTD and glucocorticoid (GLU) usage relative to the odds
of fracture was significant by logistic regression analysis
(Estimate=—2.72, p<0.05) (Attachment 2), subanalyses
were conducted in the two subgroups, with or without glu-
cocorticoid usage, demonstrating greater risk reduction in the
GLU group than in the non-GLU group (OR=0.0062, 95%
CI=0.0000-0.2092 vs OR=0.1023, 95% CI=0.0263—-0.3279)
(Table 2). Further analysis conducted according to dosage
based classification showed that the risk of NVCFs rose with
the increase of glucocorticoid dosage compared with no
glucocorticoid usage (estimate was, respectively, b, 2.33,
p<0.05; ¢, 2.75, p<0.0001; d, 4.35, p<0.0001, subgroup a as
the reference) (Attachment 3). Because of the minor speci-
men of glucocorticoid induced subjects (13/113 in TPTD
group and 22/208 in BT group), the research was not con-
ducted in the four observation intervals separately. Several
covariates had a potential influence on the relative risk of
new vertebral compression fractures, including advanced
age, lower BMD, glucocorticoid-induced osteoporosis, and
initial thoracolumbar junction level fracture.

Patient Reported Outcomes

Figure 3 shows the significant improvement in the adjusted
EQ-5D and back pain VAS scores during follow-up in the
TPTD group compared with the BT group. In models fully
adjusted for age, number of past vertebral fractures, BMD
at baseline, glucocorticoid usage, and diagnosis of rheu-
matological disorder or degenerative disc disease,
increased EQ-5D and reduced VAS scores were confirmed
in patients who received TPTD compared with patients in
the other group (at rates of +0.0428 per interval, p<0.001
and —4.0154 per interval, p<0.001, respectively) (Table 3).
Further analysis on the breakdown of EQ-5D results
showed that TPTD treatment could exert a positive effect

on all five dimensions to different extents (Attachment 4).

BMD Of The Spine

Figure 4 confirmed that, when corrected for covariates,
patients in the TPTD group had an excellent mean
adjusted spine BMD result (—3.23+0.24 to —2.88+0.24)
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Total Study Cohort meet the selection criteria
Baseline (n=321)
TPTD treatment Basic treatment
(n=113) (BT)(n=208)
[ '}
Adverse Events
missed(n=4)
INVCF persisting
TPTD(n=3)
L———— 3 months(n=109) BT (n=1){ 3 months(n=207)
isti Basic
INVCF persisting 4 AOT(n=4)

o TPTD(n=2) N\ ;reatmtent
Teriparatide or up to
treatment for 24 months
up to 12 6 months(n=109) BT (n=5) 6 months(n=203)
months

INVCF persisting @ $
TPTD(n=4)
12 months(n=109) BT (n=6)>{ 12 months(n=198)
¥ )
VCF no more
v Gori=tope< ot =1
(n=d) (n=11) data(n=1)
Post-teriparatide
pefes 18 months(n=109) BT (n=2)> 18 months(n=188)
NVCF no more no more
(n=3) data(n=1) data(n=2)
24 months(n=108) BT (n=9)1>{24 months(n=183) {
K )

Figure | Study flow and patient disposition during the study.

Abbreviations: TPTD, Teriparatide; AOT, anti-osteoporosis treatment; NVCF, new vertebral compression fracture.

compared with patients in the BT group (—3.424+0.22 to
—3.50+0.22), p<0.001.

Discussion

The immediate efficacy of percutaneous kyphoplasty in
the treatment of OVCFs has long been widely recog-
nized, but the recurrence of clinical symptoms is a pre-
valent issue during the course of follow-up.?’ Systematic
reviews concerning long-term outcomes after cement
augmentation suggest that the analgesic effect will be

discounted as time passes, especially when NVCFs
occur.*?® Here, in the BT group, we calculated that the
overall cohort incidence of NVCFs was over 20% during
the 2-year follow-up period, which was significantly
higher than that in the TPTD group. The positive effects
of TPTD injection on patients with severe osteoporosis
have been researched by previous investigations in rou-
tine clinical practice.”> To our knowledge, comparisons
of the literature concerning the efficacy of TPTD treat-
ment in the postoperative period of PKP are limited.
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Table | The Demographic And Baseline Characteristics Of
Patients In Two Groups

Table 2 Logistic Regression Examining Effect Of TPTD
Treatment On Odds Of Fractures Of Two Subgroups

TPTD Group | BT Group p-Value
(n=113) (n=208)
Age 71.84+7.57 70.88+6.88 0.278
BMI (kg/m?) 23.43£1.96 23.66+2.60 0.322
BMD (Spine) (T-score) | —3.23+0.43 —3.10+0.37 <0.05
NVF, median (QI, Q3) | I (I, 2) I (1) <0.001
Site of Fracture 0.889
Thoracic spine 32 (28) 55 (26)
T-L junction spine 65 (58) 120 (58)
Lumbar spine 16 (14) 33 (l6)

Notes: Data are presented as mean (SD) unless indicated otherwise. For contin-
uous variables, p-values correspond to Wilcoxon tests; For categorical variables, p-
values correspond to the XZ test. Statistically significant difference (p<0.01).
Abbreviations: TPTD, Teriparatide; BT, basic treatment; BMI, body mass index;
BMD, bone mineral density; NVF, number of vertebral fractures.

This study confirms the effectiveness of up to 12
months of teriparatide treatment on reducing the incidence
of new vertebral compression fractures, improving
HRQoL and promoting back pain relief in patients after
receiving PKP. Beneficial effects on the odds of NVCFs
were identified during TPTD application and the post-
teriparatide period compared with effects in the BT
group. The trend of reduced incidence of NVCFs was

accompanied by the improvement in HRQoL and the relief

-e- BT
0.08+ - TPTD
[3) 2
0 0.06- "
LLL> *———=== - adl
z
o
[72]
3
o0.02-
Time(month)
0.00 T T T T
0-6 6-12 12-18 18-24
Odds ratio® 0.265 0.189 0.009 0.024
95% Cl  0.044-1.159 0.030-0.861 0.0001-0.111 0.0009-0.264
p value 0.107 0.047 0.001 0.009

Figure 2 Incident NVCFs during four follow-up intervals for the total study cohort.
Notes: “Adjusted model by age, BMI, BMD at baseline, glucocorticoid usage, site
and number of initial vertebral fracture in the past time. *Compared with BT group.
“Calculated by number of patients with NVCFs (not number of NVCFs).
Abbreviations: TPTD, Teriparatide; BT, basic treatment; NVCFs, new vertebral
compression fractures.

Non-GLU GLU

Estimate p-Value Estimate p-Value
Intercept —28.52008 <0.001 —35.19730 <0.01
TPTD —2.27964 <0.001 —5.08020 <0.05
AGE 0.13265 <0.01 0.25690 <0.05
BMI 0.02057 0.82456 0.55450 0.06160
BMD —4.49940 <0.001 —1.30800 0.54034
T-L spine® 0.90836 0.12629 1.01180 0.34923
L spine® 0.24758 0.80360 Not Occurred®
NVF 1.17580 <0.05 1.40140 0.31623
Odds ratio® 0.1023 0.0062
95% Cl 0.0263-0.3279 0.00001-0.2092

Notes: *Estimate was compared with T spine. ?Odds ratio of TPTD treatment on
fracture rate compared with basic treatment. Adjusted model by age, BMI, BMD at
baseline, site and number of initial vertebral fracture in the past time. “In the GLU-
induced subgroup, no new vertebral compression fracture occurred on lumbar
(below L3) spine.

Abbreviations: TPTD, Teriparatide; GLU, glucocorticoid; BMD, bone mineral
density; BMI, body mass index; NVF, number of vertebral fracture.

of back pain at all postbaseline visits during teriparatide
treatment. Our findings suggest the positive impact of
TPTD therapy in a real-world setting of patients with a
follow-up period of up to 2 years.

Analyzing the risk factors related to NVCFs is signifi-
cantly necessary for treatment. Our work has important
implications for verifying previous results. Some investi-
gators believe that the occurrence of NVCFs should be
regarded as the consequence of improvements in stiffness
achieved by augmentation with bone cement. These inves-
tigators reported an increase in the incidence of NVCFs,
especially adjacent vertebral compression fractures, after
bone cement augmentation compared with conservative
treatment.”” Augmented vertebrae alter the biomechanics
of load transfer to adjacent vertebrae due to increased
stiffness and strength, which increases the stress on other
vertebrae, especially adjacent vertebrae, making them
more prone to fracture.® Others believe these fractures
are simply due to the natural progression associated with
osteoporosis.®’ Patients with a prevalent osteoporotic ver-
tebral fracture history were more likely to have recurrence
of an incident vertebral fracture at the non-treated or
treated vertebra during the study, which probably reflects
an important risk factor for new fracture in observational
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Figure 3 Changes in adjusted EQ-5D (A) and VAS (B) scores following TPTD
compared with BT.

Notes: Data presented is from LMMRM analysis. Model included age, number of
vertebral fractures before, BMD at baseline, glucocorticoid usage, and diagnosis of
rheumatological disorder or degenerative disc disease before starting teriparatide.
Abbreviations: TPTD, Teriparatide; BT, basic treatment; EQ-5D, EuroQol-5
Dimensions; VAS, visual analog scale.

studies.’” Some studies described that there were spinal
zones where risk was considered to be increased across
several levels simultaneously, especially in the thoraco-
lumbar junction region.’'* Usually, the PKP procedure
is not sufficient to restore vertebral height and improve
sagittal alignment anatomically; the remaining deformity
and kyphosis will constantly alter the vectors of the forces
acting throughout the spine and redistribute the load to
each vertebra.*® Simultaneously, this slight change will
accelerate the degenerative changes in the spinal liga-
ments, muscles, fascia, and other soft tissues. In vertebral
bodies, PMMA fills the cancellous portion of the vertebra
with an interdigitated pattern, and the loosening PMMA-
cement connection is also one complication accompanied

by deterioration of the bone condition.*®

Table 3 LMMRM Examining Effect Of TPTD Treatment On
Patient Reported Outcomes

EQ-5D Score VAS Score

Estimate p-Value Estimate p-Value
Intercept 1.10507 <0.001 29.49549 <0.001
TPTD —0.00726 0.0684 0.45389 0.2139
TIME —0.01932 <0.001 1.48404 <0.001
AGE —0.00389 <0.001 0.03448 <0.05
BMI 0.00025 0.5591 —0.03564 0.3705
BMD 0.01206 <0.001 —0.44420 <0.05
NVF —0.01406 <0.001 —0.11714 0.6493
GLU —0.03164 <0.001 0.55731 0.1820
RA —0.02388 <0.001 1.80670 <0.001
DDD —0.04701 <0.001 0.94188 <0.05
TPTD:TIME® 0.04279 <0.001 —4.01544 <0.001

Note: *The interaction effect of TPTD treatment with time.

Abbreviations: LMMRM, linear mixed models for repeated measures; TPTD,
Teriparatide; BMI, body mass index; BMD, bone mineral density; NVF, number of
vertebral fractures; GLU, glucocorticoid; RA, rheumatoid arthritis; DDD, degen-
erative disc disease.

The association between deteriorated bone quality and
the increased rate of new fractures is also evident. Like
previous research,*® a significant founding in this study
was that the risk of NVCFs was closely related to the dose
of glucocorticoids usage. Several studies also have sug-
gested that individuals with lower baseline BMD of the
lumbar spine are at greater risk of new fractures after
vertebroplasty (Attachment 1).>” A person with a severe
osteoporotic spine may tolerate altered biomechanics
poorly and suffer gradual malformation of the general

- BT
aQ -2.5- -= TPTD
=
m
(]
£
Q -3.0-

)
c
©
£
b o] '3.5'
2
7]
=
ke
< 4.0
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Figure 4 Changes in adjusted spine BMD following TPTD compared with BT.
Notes: Data presented is from LMMRM analysis. Adjusted model by age, BMI, BMD at
baseline, glucocorticoid usage. *As post-BMD measurement was not completed of
patients without NVCFs in BT group, data only include values when NVCFs occurs
(n=43).

Abbreviations: TPTD, Teriparatide; BT, basic treatment; BMD, bone mineral
density.
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spine. These above factors are considered to be the main
mechanisms of fracture recurrence and persistent back
pain after surgery. It is an urgent issue that support be
provided to patients to address these problems.

The predominant treatment strategy for osteoporosis
consists of medication to inhibit osteoclastic bone resorp-
tion and of anabolic drugs that stimulate bone formation.
The fundamental mechanism by which TPTD acts is in the
stimulation of bone formation to a greater extent than bone
resorption.*® Patients with previous OVCF history usually
suffer from severe osteoporosis characterized by poor osteo-
genesis and low BMD. TPTD should be an attractive option
for first-line treatment.** TPTD was also identified as
appropriate for subjects with forced glucocorticoid use to
inhibit bone formation.*® Consistently, our subgroup analy-
sis of patients with glucocorticoid-induced osteoporosis
demonstrated a visible reduction in the adjusted risk of
new fracture (OR=0.0062 versus 0.1023, as described in
Table 2) after 1 year of continued injection. Owing to its
potential qualitative function of improving the ability to
resist the mechanical pressure of vertebrae, TPTD applica-
tion will minimize the shortening and kyphosis of the spine,
delay following progressive bone deterioration and micro-
architectural collapse gradually and induce back pain relief
as well as lower the risk of NVCF. At the end of the final
dose, we observed an obvious increase in the adjusted BMD
value of the general spine compared to baseline BMD
values in the TPTD group; similar conditions were not
found in the BT group (Figure 4).

Analysis of the clinical outcomes also included data from a
post-teriparatide cohort, a necessary approach that allowed us
to focus more specifically on further results. We observed not
only an improvement in back pain from baseline during ter-
iparatide treatment but also a maintained effect for at least 1
year after teriparatide was discontinued. This finding is similar
to the results of previous randomized controlled trials about
teriparatide treatment in severe osteoporosis patients.*'*** The
Chinese version of EQ-5D-5L questionnaire was adopted in
this study since it has been used in health economics evalua-
tions and considered as an important tool for drug pricing and
reimbursement in Chinese health policy, which were accord-
ing to the health of general population.”* Osteoporotic frac-
tures involve physical, psychological, and social implications
related to HRQoL, a significant outcome measure by means of
the EQ-5D questionnaire, which has been demonstrated to be
associated with changing fracture status.* The adjusted EQ-
5D score changes from baseline in the TPTD group remained
significant across all five domains (mobility, self-care,

usual activities, pain/discomfort, and anxiety/depression)
(Attachment 4). The results showed a similar trend consistent
with those of the VAS score, which was probably ascribed to
the causal relationship between persisting backache and the
dimensions of anxiety/depression (AD). Notably, the improve-
ments in HRQoL and back pain were not considerable in the
presence of NVCFs, and the effect returned after a further PKP
procedure and following TPTD treatment. A network meta-
analysis and systematic review suggested that percutaneous
vertebroplasty may be an optimal choice to relieve acute pain,
whereas conventional antiosteoporotic treatment would be the
key point to reduced incidence of NVCFs and improve quality
of life. The management of patients with vertebral compres-
sion fractures after PKP should always conclude the preven-
tion of additional fractures and treatment of osteoporosis.**
Similarly, our results indicate that comprehensive therapy of
operation and TPTD may provide optimal outcomes in the
treatment of OVCFs.

In the present paper, the ratio of NVCF in the TPTD
group during the first 6 months seemed to be lower than
that expressed in the BT group (Figure 2), but no signifi-
cant difference was found, suggesting that the protective
effects of TPTD injection on NVCFs are apparent begin-
ning in the second interval and remain throughout the 12-
month cessation phase. These results appear to be similar
to those demonstrated by a previous observational study®
and provide evidence for the usage of TPTD for a duration
of at least 6 months, given the poor compliance and
persistence of daily injection in some patients.*®

Limitations

Since previous studies found that almost two thirds of ver-
tebral fractures are symptomatic, systematic radiologic fol-
low-up for all eligible patients may be more reasonable to
ensure that asymptomatic vertebral fractures are identified.*’
The retrospective approach to analysis is a limitation in that
the BMD data during the follow-up period were only
included in patients with TPTD treatment and those occurred
NVCFs in the BT group; thus, an important comparative
indicator was lacking. Furthermore, BMD in spine can be
falsely normal or high due to osteoarthritis, but we failed to
correct the interference. Also, no relevant data was available
to analyse whether the operator/surgeon performing PKP
influences the outcome. And the high costs of TPTD made
patients always refuse to fulfil the recommended using
course of 24 months since Health Insurance in Qingdao
only cover 12 months of expenses. So we conducted analysis
about patients data with a duration of TPTD of 12 months for
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its clinical effects. Glucocorticoid subgroup classification
was also not seriously detailed because of the complexity in
real-world clinical settings. The procedure of PMMA injec-
tion (unipedicular or bipedicular) and PVP, another mini-
mally invasive technique, may confound the study results
more or less, although previous literature has identified their
equal safety and effectiveness in the treatment of OVCFE.*
The prevalence of diabetes (DM) was also not available in
the clinical database, that is an inherent limitation of retro-
spective study. Further prospective data and substantial long-
term follow-up data, as well as information from men with
severe osteoporosis, are needed to corroborate the favorable
effect of TPTD in the treatment of progressive osteoporosis
in post-PKP patients.

Conclusion

In conclusion, this study suggests that, although teripara-
tide in routine clinical practice does not fully protect
against imminent new vertebral fracture risk in women
after PKP, patients will experience a significantly reduced
risk of symptomatic NVCFs, accompanied by improved
quality of life and sustained alleviation of back pain. These
beneficial impacts demonstrated during the duration of
therapy were maintained for at least 12 months after ter-
iparatide discontinuation.

In our country, patients with severe osteoporosis experi-
ence the burden of healthcare costs during the majority of
the 12 month period of TPTD treatment. Because patients
are worried about this burden, they are less prone to choose
or continue TPTD treatment, resulting in an increased risk
of new clinical fracture and subsequent reoperation, which
will further aggravate the economical and societal burden
on the country;*’ thus, we believe that urgent attention is
needed by the government and hope our work could aid
those writing treatment guidelines.
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