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Abstract

Introduction To investigate the factors associated with changes in vertebral bone mineral density during teriparatide
treatment.

Materials and methods Single centre, longitudinal study involving 145 osteoporotic postmenopausal women treated with
teriparatide. Clinical evaluation, bone mineral density (BMD) measurements assessment and laboratory analyses were per-
formed at baseline then after 12 and 18 months of treatment. Bone non-response to treatment was defined as no significant
increase in BMD at 18 months as compared to baseline.

Results Of the 145 women initially included, 109 completed the 18-month course of the treatment. 75% of them had a his-
tory of prior osteoporotic treatment. Baseline mean age was 60 + 8 years. Mean baseline vertebral T-score was — 3.7 +0.7
and 83 (76%) women had suffered at least one vertebral fracture. At the end of treatment, 18 women (17%) were classified
as non-responders. In the responder group (n=91), vertebral BMD increased by 0.091 +0.04 g/cm? (12.2 +5.3%). Clinical
characteristics, baseline BMDs and the percentage of women previously treated with bisphosphonates as well as the dura-
tion of prior treatment did not significantly differ between the two groups of responders and non-responders. At baseline,
non-responders had significant mean lower C-terminal fragment of type 1 collagen (CTX) values than responders (p <0.01).
Only baseline CTX values (r=0.30 p <0.01) were independently correlated to vertebral BMD changes during teriparatide
treatment.

Conclusion A minority of treated women had no vertebral densitometric gain after 18 months of teriparatide therapy. Low
levels of baseline bone remodeling were the main factor associated with poor response to treatment.
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Introduction

Osteoporosis is a major health problem characterized by low
bone mineral density (BMD) and micro-architectural deteri-
oration of bone tissue with consequently an increased risk of
fracture. Recombinant human parathyroid hormone (PTH)
(1-34) fragment, teriparatide (TPT) is the only anabolic
bone agent currently available in France for the treatment
of postmenopausal women and men with osteoporosis and
those at high risk of fracture for a total of 24 months [1]. In
the Phase III pivotal study [2], subcutaneous administration
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of TPT at a dose of 20 ug/day for 21 months reduced the
risk of new vertebral fractures by 65% and the risk of non-
vertebral fractures by 53% [2]. The increase in BMD aver-
aged 9% and 3% at the lumbar spine (LS) and femoral neck
(FN), respectively [2]. BMD changes were significantly
associated with micro-architectural bone changes and the
anti-fracture efficacy [3, 4]. Changes in biochemical markers
of bone remodeling throughout treatment reflect the cellular
effects of TPT with an anabolic window that is characterised
by early stimulation of bone formation [5-7] followed by
increased bone resorption [7, 8]. In several studies, the initial
increase in bone formation markers, especially the N-termi-
nal propeptide not only of type 1 procollagen (PINP) [9-11]
or osteocalcin (OC) [12] but also of bone resorption markers
such as the C-terminal fragment of type 1 collagen (CTX)
[8, 13], is correlated with the end-of-treatment densitometric
response.
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There is large individual variability in the densitometric
response to TPT with non-response rates ranging from 6 to
13% in clinical trials [14] but up to 35% in current practice
[15]. The underlying reasons are still under discussion and
there are probably numerous explanatory factors [16]. Sev-
eral determinants such as age [17, 18], the initial level of
BMD [17] or bone remodeling [19, 20] as well as a prior bis-
phosphonate (BPN) treatment [15, 17, 21, 22] were reported
to influence the bone response to TPT.

We thus conducted a longitudinal study in 145 osteoporo-
tic postmenopausal women who were treated with TPT in
a routine clinical setting to quantify the bone response rate.
We then sought to investigate whether there were clinical,
densitometric and biological factors associated with the bone
response to TPT.

Materials and methods
Population

All osteoporotic postmenopausal women who received a full
18-month course of TPT (Forsteo®) treatment between July
2012 and March 2020 in the Menopause and Bone Meta-
bolic Disease Censer of the Toulouse University hospital
were included in this study. Osteoporosis was diagnosed on
the basis of at least one vertebral fracture and/or a lumbar
T-score < -3 after extensive clinical, densitometric and bio-
logical assessment (see below).

Treatment associated one daily TPT self-injection
with vitamin D3 supplementation, depending on baseline
25-hydroxy vitamin D levels (250H-vitD) in order to main-
tain 250H-vitD levels above 30 ng/ml throughout treatment.
All women received prior instructions from a nurse on how
to use the injection pen and store the product. Correct use
of the pen was checked at each visit. To be selected, patients
had to have had a full 18-month course of treatment and
lumbar BMD assessed at the beginning and end of the study
(see below).

Methods
Clinical assessment

At baseline, all women were interviewed and underwent
extensive clinical examination to record their personal and
family medical and gynaecological history as well as prior
use of menopause hormone therapy (MHT) according to
a previously published procedure [23]. Personal history
of non-vertebral and vertebral fractures (circumstances of
onset) was recorded and confirmed by radiographs whenever
necessary. Main causes of secondary osteoporosis includ-
ing endocrine disorders (hypogonadism, hyperthyroidism,

glucocorticoid excess, type 1 or type 2 diabetes mellitus,
primary hyperparathyroidism or prolactinoma, anorexia
nervosa, bulimia), celiac disease or other gastrointestinal
malabsorption syndromes, inflammatory or autoimmune
diseases (rheumatoid arthritis, connective tissue diseases),
renal dysfunction, hypercalciuria, inflammatory neurological
disorders and malignancy together with use of medication
(glucocorticoids therapy, aromatase inhibitors, etc.) were
investigated and recorded. Prior treatments of osteoporosis
(BPN, raloxifene) were carefully evaluated and recorded
(type, duration of treatment, date of withdrawal). For the
analysis of the results, such prior treatment was considered
significant only if it had been taken for more than 6 months.
Also, toxic habits (tobacco, alcohol) and vitamin D intake
were documented.

Ethical approval was obtained from our hospital’s insti-
tutional review board.

BMD measurements

Vertebral and hip (including femoral neck and total hip)
BMD were measured using an iDXA (Lunar GE) device
according to standard procedures at baseline and after 12 and
18 months of treatment in all women. The lumbar spine (LS)
measurement was the average of L2 to L4 BMD or at least
two contiguous lumbar vertebrae. The precision of meas-
urements in healthy and osteoporotic subjects in our centre
was previously published [24]. Vertebral fracture assessment
(VFA) analyses of the lumbar spine from T4 to L5 was also
carried out with the same device following BMD acquisition
at baseline and at the end of the 18-month TPT treatment.

Biological measurements

Morning fasting blood samples were collected in all women
at baseline, at 3, 6, 12 and 18 months of treatment. Baseline
assessment included standard laboratory tests (electrolytes,
blood creatinine, liver function test, full and differential
blood count, proteins), calcium metabolism parameters
[blood calcium levels corrected for albumin, phosphorus,
PTH and 25-hydroxy (OH) vitamin D] and bone turnover
markers (CTX and osteocalcin (OC)). All assays were per-
formed in the Biology Department of the Toulouse CHU
(University Hospital Centre) using the automated system
(Roche Cobas 8000 Chemistry and ISYS-IDS chemilumi-
nescence). The main causes of secondary osteoporosis were
sought through additional investigations (hormonology,
inflammatory and immunity tests). Fasting blood samples
were repeated at 3, 6, 12 and 18 months of TPT treatment
for measurements of calcium metabolism and bone turnover
parameters. CTX levels were measured at each point in all
women throughout the entire 18-month course of the TPT
treatment while OC levels were only available in about 50%
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of the women (n=57) due to changes in the laboratory pro-
cedures during the study period of time.

Statistical analyses

Consistent with previously published data [14], bone non-
response to TPT was defined as a variation which was less
than the smallest significantly change in lumbar BMD at
18 months, and calculated from the reproducibility of meas-
urements, i.e. a minimum variation of 0.034 g/cm? for our
centre [23].

Data are presented in the form of mean values, standard
deviation and percentages. Inter-group comparisons were
performed by Student's t test for continuous variables and
Chi 2 test for qualitative variables. Longitudinal intra- and
inter-group variations were assessed by paired Student t tests
and analysis of variance. Potential predictors of changes in
lumbar BMD at 18 months (expressed in percentage and g/
cm?) were analysed by simple linear regression and multiple
regression analyses for significant variables. The minimum
level of significance was set at p <0.05. The analyses were
carried out using Medcalc software (version 18.11.3).

Results

Of the 145 postmenopausal osteoporotic women who ini-
tially started TPT treatment during the inclusion period, 13
were excluded due to premature treatment discontinuation
(4 lost to follow-up and 9 stopped treatment due to lack of
motivation or personal reasons within the first 3 months)
and 13 for missing data (because their home was too far

from our center to attend the scheduled follow-up visits).
At baseline, these women were slightly older than the rest
of the cohort (65 + 8 years) but did not differ in terms of
number of fractures and T-score levels. In addition, 10
women were excluded for unusable lumbar BMD (osteoar-
thritis, fracture, percutaneous vertebroplasty), which thus
led to 109 women who were included in the final analysis.

The main clinical characteristics of the population
are shown in Table 1. Mean age of the population was
60 + 8 years.

14 women had a secondary cause of osteoporosis (3
diabetes mellitus, 2 anorexia nervosa, 3 early menopause,
2 inflammatory bowel disease, 1 pregnancy-associated
osteoporosis, 1 corticosteroid-induced osteoporosis, 1
hypercalciuria, 1 thyroid cancer).

83 patients (76%) had a history of vertebral fractures
(with an average of 2 fractures) and 49 (45%) had a his-
tory of non-vertebral fractures, half of which involved the
upper arm, ribs, pelvis, wrist or femur (Table 1).

Of the total population, 29 women (27%) had been pre-
viously treated with BPN (13 with alendronate, 6 with
residronate, 2 with zoledronic acid and 8 with multiple
therapeutic sequences) for a mean treatment duration of
65 months (£ 51) and a mean free treatment period of
32 months (£ 30) prior to TPT treatment. In addition, 29
women (27%) had been taking MHT with an average dura-
tion of treatment of 68 months (+61). Of the 29 women,
18 (12%) were still currently treated during the study and
11 had stopped on average 80 months (+73) prior to TPT
treatment. Finally, 24 patients had previously received
raloxifene (22%) for a mean duration of treatment of

Table 1 Baseline characteristics

. . Total Responders Non-responders p*
in all patients zfnd by. bone (n=109) (n=91) (n=18)
response to teriparatide therapy
Age (yrs), 60+8 60+38 60+6 0.9
Weight (kg) 58+9 58+10 61+10 0.24
Height (cm) 160+6 160+6 160+6 0.9
BMI (kg/m?) 22.6+3.5 22.5+3.5 23.7+3.4 0.21
Age at menopause (yrs) 49+5 49+5 49+3 0.9
Previous osteoporotic fractures n (%)
Vertebral 83 (76) 66 (73) 17 (94) 0.11
Non-vertebral 50 (46) 44 (48) 6 (33) 0.37
Prior bisphosphonates use n (%) 29 (27) 25 (27) 4(22) 0.97
Duration (months) 65+51 60+51 96+43 0.19
Free period before teriparatide (months) 32+32 35+34 17+14 0.29
Prior MHT use n (%) 29 (27) 24 (26) 5(28) 0.97
Prior RLX use 7 (%) 24 (22) 18 (20) 6 (33) 0.37

Data are presented as mean + SD or number (%)

MHT menopause hormone replacement treatment, RLX raloxifene

*p responders vs non-responders
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65 months (+36) and a mean period of discontinuation of
9 months (+ 8) prior to TPT treatment (Table 1).

At baseline, mean T-scores were — 3.4+0.7, — 2.1+0.6
and — 2.3 +0.7 at the lumbar spine, femoral neck and for
total hip, respectively. One hundred women (92%) had
a T-score < — 2.5 at least at one bone site measurement
(Table 2).

According to changes in lumbar BMD at 18 months, 91
women (83%) were categorized as responders and 18 (17%)
as non-responders. Changes in vertebral and femoral BMD
(expressed as absolute values) during 18 months of TPT
treatment in both responder and non-responder groups are
presented in Fig. 1.

In responders, there was a significant mean increase in
LS BMD from baseline of 0.070 +0.04 g/cm2 (9.5+5%)

Table 2 Baseline bone

densitometry measurements Total Responders Non-responders P*

and bone turn over markers in (=109 (=91 (n=18)

all patients and by response to Lumbar spine BMD (g/cm2) 0.763+0.09 0.759+0.09 0.785+0.10 0.25

teriparatide therapy Lumbar spine T-score — 34407 ~3.5+0.7 ~32+09 0.14
Femoral neck BMD (g/cm?2) 0.726+0.08 0.721+£0.08 0.747+0.08 0.20
Femoral neck T-score —-2.1+0.6 —-2.1+0.6 -1.9+0.7 0.19
Total hip BMD (g/cm?2) 0.729+0.08 0.723+0.08 0.760+0.09 0.09
Total hip T-Score -23+07 -23+07 —-2.0+0.7 0.09
Serum calcium (mmol/l) 2.36+0.08 2.36+0.08 2.36+0.10 0.44
Serum phosphate (mmol/l) 1.04+0,16 1.07+0,16 1.04+0.16 0.9
PTH (pg/ml) 409+13 40.1+13 45.2+13 0.15
250H Vit D (ng/ml) 35.6+11 354+11 3712 0.57
Osteocalcin (ng/ml) 20.2+13% 18.9+7 17.249% 0.51
CTX (pg/ml) 445 +224 469 +226 324+178 0.01

Data are presented as mean +SD

BMD bone mineral density, 250H Vit D 25 hydroxy vitamin D, CTX cross-linked C-telopeptide of type 1

collagen

*Responders vs non-responders, § n=57, §§ n=9

Fig. 1 Mean changes (g/cm?)
in the LS and TH BMD during
teriparatide treatment. Mean 0.1
changes (g/cm?) in the LS and

TH BMD during teripara-

tide treatment. *p <0.001,

BMD change (g/cm?)

**¥p <0.0001 vs baseline. 0.08

$p <0.001 responders vs non-

responders. NS not significant
0.06
0.04
0.02
0
-0.02

*x

" Spine responders

**, Femur responders

Spine non-responders
NS

- -----o--==p Femur non-responders
NS NS

12 18 'months
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and 0.091 +0.04 g/cm2 (12.2+5.3%) at 12 and 18 months,
respectively (p <0.0001). Compared to baseline, femo-
ral neck and total hip BMD were also significantly higher
at 12 and 18 months (FN: 0.008 +0.03 g/cm? (1.1 +4%)
and 0.022+0.03 g/cm® (3.1+4.3%) (p<0.001); TH:
0.013+0.03 g/cm? (1.9 +4.2%) and 4+ 0.027 +0.03 g/cm?
(3.9+5%) (p<0.001)).

As expected, in non-responders there was no signifi-
cant variation in LS (0.01 £0.02 g/cmz) or femur (FN:
-0.009 +0.02 g/cm?, TH: — 0.006 +0.02 g/cm?) BMD
at 18 months. The vertebral and femoral BMD changes
expressed in absolute values (g/cm?) between baseline and
both 12 and 18 months of TPT treatment were significantly
different (»p <0.001) between the 2 groups.

The subgroup of women with secondary osteoporosis
was significantly younger (56 +7 yrs vs 61 +7 yrs, p=0.05),
although there was no significant difference in baseline LS
BMD values and BMD changes over the 18-month period
of TPT treatment (0.096 +0.06 g/cm? vs 0.075+0.04 g/
cm?, p=0.12) between the two groups. The proportion of
non-responders was similar between the two groups (21%
vs 17%).

There was no significant difference in the increase in lum-
bar spine bone density in the 29 women previously treated
with BPN compared to BPN-naive women (6.9 +5.5%
and 9.2+6.8% vs 8.7+5.7% and 10.8 +6.2% after 12 and
18 months of teriparatide treatment, respectively). Also,
there was the same number of women previously treated
with BPN, MHT, or raloxifene in the two groups of non-
responders and responders. Duration of prior osteoporotic
treatment was also similar between the two groups (Table 1).

Fig.2 Mean changes (%) in

the serum CTX and osteocalcin % change
levels during teriparatide treat- 200
ment. *p <0.001, **p <0.0001
vs baseline. $p <0.05 12 months
vs 18 months, $$p <0.005

3 months vs 6 months. NS not
significant

180
160
140
120
100
80
60
40

20
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Over the course of the TPT treatment, two women expe-
rienced one incident fragility fracture (one femoral neck,
one vertebrae) in the non-responder group versus none in
the responder group.

Baseline clinical, densitometric and biological character-
istics of both groups of responders and non-responders are
shown in Tables 1 and 2. All clinical characteristics (age,
weight, height, age and duration of menopause), smoking
and number of prevalent fractures did not differ between
the two groups. At baseline, non-responders had signifi-
cantly lower CTX levels than responders: 324 + 178 pg/ml
vs 469 +226 pg/ml (p <0.01) (Table 2). Serum CTX and OC
concentrations increased significantly from the 3™ month
of treatment onwards, reaching a peak at 6 months for CTX
(+159+217%) and for osteocalcin (+ 171 +112%) before
declining at 18 months (Fig. 2). There was no significant
difference in the CTX kinetic profile between responders
and non-responders even though there was a trend toward a
somewhat delayed increase in CTX levels in non-responders
than in responders (data not shown).

In univariate regression analysis, baseline BMI
(r= — 0.25 p<0.01), baseline CTX levels (r=0.30
p <0.001), weight changes over 18 months (r=0.21
p <0.05) and changes in OC levels after 3 months of TPT
treatment (r=0.28 p <0.05) (n=57) were significantly
associated with changes in LS BMD expressed in g/cm?.
The association for baseline LS BMD was only significant
(r=0.21 p<0.05) when LS BMD changes were expressed
in percentage but not for absolute variation in g/cm?.

In multiple regression analyses, only baseline CTX levels
(r=0.30 p <0.01) remained significantly and independently

$$ NS $

Osteocalcin (n=57)

N\ cTx

18 months
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associated with the BMD changes at the lumbar spine. The
results were not affected by the exclusion of the 18 patients
who were treated with MHT over the course of the TPT
treatment.

Discussion

In this longitudinal real-life study conducted in a cohort
of quite young osteoporotic postmenopausal women, we
found that only a minority of patients had no significant
vertebral gain after 18 months of TPT treatment. The 17%
non-responders in this study are in good concordance with
published data [14, 16]. Also, the mean lumbar spine (LS)
BMD changes (12% at the spine and 3—4% at the femur) at
the end of the 18-month course of treatment were compa-
rable to those reported in RCTs [1, 2]. As already reported,
higher baseline BMI as well as greater BMD values were
negatively associated with changes in LS BMD values at the
end of treatment [17, 20, 21]. On the other hand, there was
a positive correlation between baseline CTX mean values
as well as changes in OC levels from baseline and LS BMD
changes over the course of the study. Only baseline plasma
CTX levels remained significantly and independently asso-
ciated with changes in LS BMD in multivariate analyses.

The impact of age on the bone response to TPT is still
under discussion. Several studies have shown that the gain
in BMD is not age dependent [14, 15, 19], or that is greater
in older patients [17]. In our study, age was not associated
with changes in LS BMD. This certainly reflects selection
biases linked to the heterogeneity of the study populations
(patients’ age, type of osteoporosis, role of osteoarthritis).
The mean age of our population was about 10 years younger
than that of osteoporotic cohorts usually treated with TPT
(60 vs 70 years) [2, 9, 17, 19, 20, 24]. Women with second-
ary osteoporosis were significantly younger by an average
of 5 years than the rest of our cohort. Nevertheless, there
was no difference in baseline mean LS BMD values or in
the magnitude of vertebral densitometric gain at 18 months
according to the type of osteoporosis (secondary vs post-
menopausal osteoporosis) just as the rate of non-response
(21%) was the same in these two groups. Most studies found
no influence of weight on bone response to teriparatide [15,
17, 21]. In our study, baseline BMI and weight gain during
treatment were associated with changes in LS BMD in uni-
variate analyses, which was no longer the case in multivari-
ate analyses.

Previous BPN intake is the most common factor associ-
ated with non-response to TPT treatment [17, 19, 25, 26].
In prospective trials [17, 19, 22, 24, 26], vertebral gain was
reported 3 to 7% lower in patients previously treated with
anti-osteoclastic agents than in treatment-naive patients, par-
ticularly for molecules that bind strongly to bone mineral.

This effect is more marked with the BPNs which have the
greatest retention time in bone (greater for alendronate com-
pared to risedronate [19, 24, 26]). It is practically non-exist-
ent for raloxifene, which has a weaker anti-osteoclastic effect
than BPN [24]. Similarly, prior use of MHT did not modify
the bone response to TPT [27]. In our study, mean baseline
CTX values were significantly lower in women previously
treated with BPN than in treatment-naive women or women
previously treated with raloxifene or MHT (data not shown).
However, the number of women previously treated with BPN
did not differ between the two non-responder and responder
groups, although there was a trend toward a longer duration
of prior BPN treatment and a shorter wash-out period before
starting TPT in non-responders than in responders.

Teriparatide triggers an overall increase in bone formation
and resorption activities, and early changes (3—6 months)
in bone biomarkers are positively correlated (r=0.2 to 0.5)
with BMD gain after 12-24 months of TPT [8-10, 13].
Although PINP was reported the best predictive perfor-
mance marker [5, 8, 11], similar results were obtained with
OC [12] but also bone resorption markers such as CTX [8,
13]. We found a positive correlation between the increase in
OC levels at 3 months and the gain in BMD after 18 months
of TPT. Strictly parallel kinetics of CTX changes were
observed in both responders and non-responders through-
out the 18-month period of treatment, which suggests that
the difference in LS BMD changes between the two groups
was not explained by differences in bone resorption activity
throughout the course of treatment. We did not have suf-
ficient data to determine whether or not there was a differ-
ence in the kinetic of OC changes between the two groups.
A smaller increase in PINP levels was reported during the
first 6 months of TPT in non-responder women (similar to
that observed in women previously treated with BPN [9]),
although the difference with responders decreased over time
and was no longer significant after 8 months of TPT treat-
ment [19, 22, 26]. It could be assumed that a low level of
bone remodelling either spontaneous or related to BPN treat-
ment is likely to limit the exposure of bone cells to PTH,
although PINP levels were shown to increase in the majority
of TPT non-responders [5, 14, 16].

Our study has a number of limitations. Given the rela-
tively small number of non-responders, it cannot be excluded
that our study was not powered enough to evidence signifi-
cant differences in clinical characteristics or prior osteo-
porotic treatments (notably BPN) between the two groups
of responders and non-responders. It is also the case for the
correlations between biomarkers changes and the BMD gain.
We used OC to assess bone formation activity while PINP
is the currently recommended biomarker, which may have
limited the early identification of non-responders. Also, our
study did not allow to draw conclusions regarding the impact
of densitometric non-response on fracture risk. Only two

@ Springer



284

Journal of Bone and Mineral Metabolism (2023) 41:278-285

women in the non-responder group sustained a major frac-
ture over the course of the study and none in the responder
group. Despite a positive correlation between vertebral BMD
changes and the anti-fracture efficacy of TPT [3], it was not
shown that non-responders to TPT had a higher fracture rate
than responders at least over the duration of treatment. Also,
none of the parameters which were associated with the bone
non-response such as age, baseline BMD, biochemical mark-
ers of bone remodelling or prior BPN treatment were found
to impact the anti-fracture efficacy of TPT in clinical trials
[23, 28, 29]. Finally, it should be underlined that the real-
ity of the "non-response" concept to well-conducted TPT
treatment over 18 to 24 months has been challenged and
partly linked to the reproducibility issue of BMD measure-
ments [16]. We do not believe that this was the case in our
study since BMD monitoring was conducted under optimal
conditions (same experienced technician, same device and
software used for the analyses, daily quality controls and
centralised analysis by the same investigator). Furthermore,
the vertebral BMD threshold value, which defined the non-
response in our study, was calculated from the reproduc-
ibility performances assessed in our centre in routine setting
and not based on theoretical values. The fact that the two
bone response groups also differ in femoral BMD changes
probably confirms the relevance of a posteriori approach.

Finally, despite these limitations, our study has the advan-
tage, unlike clinical trials, of being representative of real-life
use of TPT therapy in a cohort of relatively young, clinically
well-characterized postmenopausal osteoporotic women.

In conclusion, this study confirms in a real-life setting,
the good tolerance and bone efficacy of TPT in a population
of relatively young women with postmenopausal or second-
ary osteoporosis. A minority of patients were categorized
as “non-responders” after 18 months of treatment. A low
baseline level of bone remodelling (especially in women pre-
viously treated with bisphosphonates) were the only factors
associated with the bone non-response. Some data suggest
that this does not preclude the anti-fracture efficacy of teri-
paratide. Further studies are therefore needed to better assess
the possibility of a delayed response in some patients as well
as the subsequent risk of fracture.
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