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Objective: Bisphosphonate, a typical bone resorption inhibitor, is an important first-line drug for treating osteoporosis.
Recent studies show a novel paradigm in stimulating bone formation. Teriparatide, which is composed of recombinant hu-
man parathyroid hormone, stimulates osteoblasts and induces bone regeneration. Bone mineral density (BMD) that was
used before and after the treatment with anti-osteoporosis drug was compared for the effectiveness in therapy between a
combination of teriparatide and selective estrogen receptor modulator (SERM), and bisphosphonate.

Methods: We retrospectively reviewed the outcomes of 85 postmenopausal women who were concurrently diagnosed with
osteoporosis and spinal compression fracture between November 2008 and January 2015. The targeted group were treated
with teriparatide and SERM (TS group, n=26) and bisphosphonate (B group, n=59).

Results: In both groups, BMD of femur neck was not improved after the medication. In the TS group, on the other hand the
BMD and T-score of lumbar spine has significantly improved. BMD ratio of lumbar spine was prominently higher than those
of TS group.

Conclusion: The combination therapy of teriparatide and SERM was very effective in treating the lumbar spine, compared
to that of bisphosphonate. Although the period of teriparatide treatment has been relatively short, the preventive effects of
compression fracture were considerable. Thus, combination therapy of teriparatide and SERM is highly recommended for

patients who are concerned with spinal compression fracture from osteoporosis.

(Korean J Neurotrauma 2016;12(2):123-127)

KEY WORDS: Postmenopause - Osteoporosis - Teriparatide - Selective estrogen receptor modulator.

Introduction

Despite various studies, osteoporosis is one of the most
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major health problems, especially among elderly women.
There are two major categories in managing osteoporosis:
bone resorption inhibition and bone formation stimulation.
Recently, more attention has been focused on teriparatide
as a stimulator of bone formation. Teriparatide is a geneti-
cally engineered recombinant human parathyroid hormone
(PTH) which acts as a bone anabolic drug in treating os-
teoporosis. The mechanism of this drug is similar to that of
endogenous human PTH."*” Human PTH and teriparatide
binds to the same receptor on osteoblasts and stimulates
osteoblastic effects on bone.” Daily injection of teriparatide
stimulates osteoblast activity improving bone architecture.
This drug is approved by the United States Food and Drug
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Administration as a treatment for osteoporosis. )

Bisphosphonate, estrogen, selective estrogen receptor
modulators (SERM), calcitonin and calcitriol are repre-
sentative bone resorption inhibitors. Of these, bisphospho-
nate is the first line treatment and is among the most pop-
ular and cost-effective for osteoporosis. Bisphosphonate
acts by inhibiting the digestion of bone encouraging osteo-
clasts to undergo apoptosis. Regulating calcium and bone
metabolism, SERM assumes the role of estrogen in post-
menopausal women. Unlike SERM, other therapies utilize
the human monoclonal antibody denosumab and, in hypo-
gonadal men, testosterone.

We compared the combination of teriparatide and SERM
with bisphosphonate to treat osteoporosis for menopausal
women and its effect on bone mineral density (BMD) in lum-
bar spine and femur neck.

Materials and Methods

Between November 2008 and January 2015, we retrospec-
tively reviewed postmenopausal female patients at 52—88
years of age (mean 70.25+9.03 years) diagnosed with com-
pression fracture diagnosed by spine X-ray and spine mag-
netic resonance imaging. Osteoporotic patients were di-
vided into two groups based upon treatment: teriparatide
(Forsteo”) plus SERM (Evista™) (TS group, n=26) and
bisphosphonate (Alend™; B group, n=59). Patients who
agreed to use teriparatide, were indicated TS group, and B
group patients refused to inject teriparatide. After the dis-
continuation teriparatide treatment, 26 patients were treat-
ed via continuous oral SERM drug. The teriparatide ther-
apy was discontinued mainly due to its expensive cost
compared to those of other osteoporotic drugs. The Insti-
tutional Review Board of our hospital approved the study

TABLE 1. Demographic characteristics of the patients

protocol. The informed consents were waived by the board.

Patients in the TS group used teriparatide during 3.23+
1.63 months, before the change to SERM. The longer use of
teriparatide was encouraged. However, patients requested
to stop drug injection for financial reasons.

We evaluated the therapeutic outcome of patients for BMD
indirectly by measuring bone strength and fracture risk.
BMD was measured twice (at the start of medication thera-
py and following therapy) in the femur and lumbar spine re-
gion via dual X-ray absorptiometry using a Hologic discov-
ery-Wi model. Compression fracture level was excluded to
avoid masking BMD increase. Outcome was evaluated by
comparing BMD changes and calculating the BMD ratio as
follows:

BMD ratio=(postmedication BMD-premedication BMD)

%x100/premedication BMD

Statistical analysis

Numerical data were presented in terms of the mean
range, and tested for statistical significance using the Stu-
dent #-test. Categorical data were indicated as frequencies
and percentages, and then compared using the Pearson chi-
square test, or Fisher’s exact test. The difference was con-
sidered to be statistically significant when the p value was
less than 0.05. All statistical analyses were conducted using
IBM SPSS Statistics version 22 (SPSS Inc., Chicago, IL,
USA).

Results

The demographics of the 85 patients are summarized in
Table 1. Mean age was 70.25+9.03 years, mean body mass
index was 23.90+3.30 kg/m”. The TS group was treated
during 3.23+1.63 months and then with teriparatide, and

Variable Bisphosphonate (n=59) Teriparatide & SERM (n=26) p-value
Age (years) 69.64+£9.16 71.65+8.74 0.348
Height (cm) 152.65+6.31 153.42+5.06 0.585
Weight (kg) 54.57+£8.03 59.15+10.20 0.029
BMI (kg/m?) 23.36+2.65 25.12+4.25 0.023
Use duration (months) 19.03£7.76 3.23+1.63 <0.001
BMD follow up (months) 19.03+7.77 18.15+£9.64 0.657
DM 9 (15.3%) 5(19.2%) 0.434
Hypertension 20 (33.9%) 16 (61.5%) 0.017
Thyroid disease 6(10.2%) 3(11.5%) 0.560
CKD 1(1.7%) 0 (0.0%) 0.694
Cancer 8 (13.6%) 2(7.7%) 0.355

SERM: selective estrogen receptor modulator, BMI: body mass index, BMD: bone mineral density, DM: diabetes mellitus,

CKD: chronic kidney disease
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the B group was treated for 19.03+7.76 months.

In the TS group, there was no change BMD of femur
neck (0.54+0.12 vs. 0.54+0.11), but the T-score was mar-
ginally increased from -2.47x1.11 to -2.45£1.00. In con-
trast, in the B group, BMD of femur neck and T-score de-
creased from 0.60£0.11 to 0.54+0.10, and from -2.26+
0.87 to -2.38+1.00, respectively. BMD and T-score of the
lumbar spine increased in the TS group, whereas the B
group displayed a decrease L1 BMD and total BMD in B
group (Table 2). Especially, in the TS group, all of lumbar
spine T-score was increased significantly. BMD ratio of
femur neck increased in the TS group (2.00£16.29) but
decreased in the bisphosphonate group (-8.39+13.08) (p=
0.002). In lumbar spine, the BMD ratio of the TS group
was statistically higher than those of B group except lum-
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bar total BMD significantly (Table 3).

Discussion

We studied the outcomes of osteoporosis treatment among
postmenopausal females with compression fracture using
teriparatide and SERM treatments comparison with bisphos-
phonate using BMD. The World Health Organization 1994
recommendation for measuring BMD is via dual-energy
X-ray absorptiometry, which is a gold standard for diagnos-
ing osteoporosis and monitoring treatment results in bone
strength and a determinant in fracture risk."” Today, the
treatment outcome has been measured by BMD and T-score
of femur and lumbar spine, since it is supposed that BMD
reflects both bone strength and fracture risk.

TABLE 2. Change in bone mineral density between teriparatide & selective estrogen receptor modulator group and bisphospho-

nate group (except fracture level)

Location Bisphosphonate Teriparatide & SERM
(BMD/T-sore) Pre Post p-value Pre Post p-value
Femur
Neck BMD 0.60+0.11 0.54+0.10 <0.001 0.54+0.12 0.54+0.11 0.830
T-score —2.26+0.87 —2.38+1.00 0.017 —2.47+1.11 —2.45+1.00 0.880
Total BMD 0.70£0.09 0.68+0.09 0.008 0.67+0.12 0.68+0.12 0.618
T-score —1.65£0.86 —1.41+0.84 <0.001 -1.51+1.12 -1.47+1.10 0.716
Lumbar
L1 BMD 0.73£0.15 0.73+0.17 0.855 0.69+0.13 0.77+0.13 0.001
T-score -2.04£1.19 —1.81+1.66 0.182 -2.16+1.19 -1.68+1.15 0.016*
L2 BMD 0.73£0.12 0.71+0.13 0.260 0.71+£0.15 0.77+0.20 0.044
T-score —2.63+1.00 -2.25+1.13 <0.001 —2.26+1.35 -1.75+1.75 0.043*
L3 BMD 0.79£0.12 0.75+0.12 0.006 0.78+0.21 0.82+0.22 0.043
T-score —2.60£1.01 -2.35+1.05 0.004 -2.21+1.86 -1.76+1.99 0.014*
L4 BMD 0.81+0.14 0.78+0.12 0.004 0.80+0.23 0.85+0.29 0.107
T-score -2.55+1.10 —2.27 +£1.04 0.001 -2.07+£2.05 -1.51+2.60 0.018*
Total BMD 0.76+0.12 0.75+0.10 0.889 0.75+0.17 0.80+0.19 0.003
T-score -2.38+0.88 -2.14+0.89 <0.001 —2.20+1.51 —1.73+1.68 0.003*

zstatistically significant. SERM: selective estrogen receptor modulator, BMD: bone mineral density (g/cm?)

TABLE 3. Comparison of bone mineral density improvement between teriparatide & selective estrogen receptor modulator group
and bisphosphonate group

Location Bisphosphonate Teriparatide & SERM p-value
Femur -

Femur neck BMD ratio -8.39+£13.08 2.00+16.29 0.002*
Femur total BMD ratio —2.12+£6.49 1.42+10.06 0.055
Lumbar spine
L1 BMD ratio 0.72+23.09 12.68+£15.96 0.019*
L2 BMD ratio -1.36£11.74 9.29+21.49 0.004*
L3 BMD ratio —3.45+10.42 7.34+17.39 0.006*
L4 BMD ratio -3.23£10.22 5.54+15.17 0.002*
Total BMD ratio 0.52+8.57 7.97£12.09 0.602

BMD Ratio=(post-pre) x 100/pre. #statistically significant. BMD

ulator

. bone mineral density, SERM: selective estrogen receptor mod-
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Several studies demonstrated 20 ug of daily subcutane-
ous teriparatide injection decreases vertebral fracture risk.
In one of study, BMD of the lumbar spine and femur neck
was determined 4, 12, and 24 months after using 21 months
of teriparatide injection; then compared to those of a control
group of patients under placebo.” Teriparatide decreased
the fracture risk compared to those of the placebo group.
Teriparatide increased cancellous bone volume and cortical
bone thickness, and improved trabecular morphology. In
these data, lumbar spine BMD of the TS group was signif-
icantly higher than those of the B group.

In another study, 6 months of teriparatide use decreased
pain and promoted healing of femoral fractures. In the five
patients using teriparatide for 6 months, bone remodeling
markers were increased.” Our study also improved femur
neck BMD ratio showing that the value 2.00£16.29 (p=
0.002), but that is less than lumbar spine BMD ratio.

Teriparatide is especially effective in the elderly and in
those with low initial BMD.” Our results showed that mean
age of TS group and B group was 71.65+8.74 and 69.64+
9.16 as old age representative.

Another study showed vertebral fracture reduction effects
persisted for at least 18 months after the end of teriparatide
treatment.” But there was no long term follow up BMD af-
ter termination of using teriparatide.

Traditionally, bisphosphonate has been the first choice for
treating osteoporosis. However, recent trials show teripa-
ratide has been effective for elderly patients with osteopo-
rosis diagnosed compression fracture. Almost articles de-
scribed that teriparatide was used during at least 6 months.
But patients in the TS group used teriparatide for a mean of
3.23+1.63 months, after only oral SERM treatment. In the
Korea, osteoporosis patients tend to stop teriparatide medi-
cation due to its high cost with regard to medical insurance
compensation, and prefer cost effective or generic drugs.
Keep this limitation, although not patients used teriparatide
for long-term, we got the results that using teriparatide com-
bination with SERM make better BMD compared to those
using bisphosphonate. In this retrospective study, the TS
group showed improvements in lumbar spine BMD and T-
score, and increased width of the BMD ratio, compared to
those of B group.

Teriparatide used in combination with SERM can reduce
fracture risk, especially in the lumbar spine more so than the
femur neck region. Using teriparatide and SERM can be ef-
fective in increasing BMD in postmenopausal women with
compression fracture within a short time frame of treatment.

It is still important to select osteoporotic drug according
to the individual patient. Patients were considered both fi-
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nancial cost and effectiveness to treat osteoporosis. Further
long term study is needed for improvement of BMD reflects
clinical good outcome included recurrent fracture. Addi-
tionally, bone turnover markers are also important evalu-
ation factors and should be evaluated for further studied.

Conclusion

Comparison of TS group and B group was performed in
postmenopausal women of compression fracture by BMD
and in lumbar spine region, BMD ratio of TS group was com-
paratively higher than those of B group. In summary, the
results are shown to be significantly effective increasing
BMD through treatments using SERM after using teripa-
ratide within a short period of time among menopausal
women. We recommend using teriparatide combination
with SERM was used postmenopausal women of com-
pression fracture.

m The authors have no financial conflicts of interest.
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