
Introduction:

Increased bone formation without meaningful 
elevation of resorption and a consequent marked 
anabolic response on teriparatide (TPTD) is evident 
shortly after treatment initiation. This anabolic window 
is reflected also in the marked initial bone mineral 
density (BMD) increase on TPTD. Months later, due to 
coupling mechanism, the sustained increase of bone 
formation and ongoing anabolic effects are associated 
with significantly increased bone resorption and 
somewhat mitigated bone anabolic effect.1 
Antiresorptives, dependent on their potencies, are 
able to differentially influence the dynamic changes 
of bone formation and resorption induced by TPTD. 
When initially combined, raloxifene (RAL) did not impair 
the actions of TPTD to stimulate bone formation2. In 
contrast, the more potent antiresorptive alendronate 
(ALN) impaired TPTD’s anabolic actions in the same 
setting.3 Correspondingly, RAL pretreatment did 
not influence the ability of TPTD monotherapy to 

increase BMD rapidly and linearly. In contrast, ALN 
pre-treatment was associated with a 6-month delay 
before BMD in the lumbar spine began to increase.4

No data are available about the influence of different 
antiresorptive agents when combined with TPTD 
following the anabolic window after the initiation of 
TPTD. 
Therefore our aim was to investigate the effects of 
the addition of antiresorptives to the second half of 
TPTD cycle when resorption is already also markedly 
elevated. In this setting, an appropriate antiresorptive 
could be able to “re-open” the anabolic window and 
result in more marked bone formation than TPTD 
alone.

Study design:

We prospectively randomized postmenopausal 
women after 9 months of TPTD treatment into three 
different open-label groups for another 9 months: 
either ALN (70 mg/week), RAL (60 mg/day) or no 
medication (TPTD monotherapy) was added to the 
continued TPTD treatment. All subjects received 
daily supplementation of 1000mg calcium and 800 
IU vitamin D.  Serum level of intact amino terminal 
propeptide of type I procollagen (PINP) and type 1 

collagen cross-linked C-telopeptide (CTX) as well 
as BMD was measured by DXA (GE Lunar iDXA) at 
lumbar spine, total hip and femoral neck. BMD was 
evaluated from the time of TPTD treatment initiation, at 
randomization (after 9 months of TPTD monotherapy) 
and after 3 and 9 months during the combination 
treatment.

Patients:

Prior initiating TPTD treatment, patients had to 
have an unsatisfactory clinical response to previous 
antiresorptive treatment (oral bisphosphonates, 
calcitonin or RAL). 
We did not include patients with previous intravenous 
bisphosphonates or strontium ranelate therapy. 
Vitamin D deficient subjects (25OH vitamin D3  
< 20 ng/ml) and patients with glucocorticoid induced 
osteoporosis and ongoing systemic glucocorticoid 
treatment and were also excluded from this study. 

Unsatisfactory clinical response was defined as:
Patients who presented a new clinical or radiographic • 
fragility fracture after at least two years of prior 
antiresorptive treatment 
Patients with high risk for further fractures and • 
accelerated bone loss of ≥ 3.5%/year while receiving 
any oral antiresorptive treatment 
Patients who discontinued oral antiresorptive • 
treatment due to side-effects and who are at high risk 
for osteoporotic fracture (T-Score ≤ 2.5, ≥ 2 clinical 
risk factors). 

Objectives:

The primary objective was the comparison of the 
changes in lumbar spine BMD measurements from 
baseline to 18 months of TPTD treatment between 
the three study groups. 
The secondary objectives included the comparisons 
between groups of the changes in femoral neck and 
total hip BMD and also the comparison of the changes 
in fasting biochemical bone marker measurements. 

Sample size calculation:

The primary comparison in this study was the mean 
difference in lumbar spine BMD from start to the 
end of TPTD treatment. This comparison was made 
separately for each randomized group. The study 
was designed to enroll approximately 130 patients. 
30 completers in each group will have at least 80% 
power to detect a mean within group difference of 
0.0225 gm/cm2, assuming a standard deviation of 
0.043 gm/cm2, using a one sided paired t-test with a 
significance level of 0.05.

Results:

After initial 9 months treatment with TPTD, 125 patients 
have been randomized to one of the 3 combination 
treatment groups. Baseline characteristics of the three 
patient groups are summarized in Table 1. 
During the 9 months follow-up period 5 patients 
(10.6%) of the TPTD monotherapy group, 3 patients 
(8.1%) of the TPTD+RAL group and none of the TPTD-
ALN group discontinued.
At the end of the 18 months TPTD treatment, the 
increase in lumbar spine BMD was significantly 
higher in the ALN and RAL group when compared 
with the TPTD monotherapy group. In the total hip 
region, addition of RAL did not alter the BMD effects 
of TPTD monotherapy but addition of ALN resulted in 
significantly more increase than RAL or TPTD alone. 
In the femoral neck region, the BMD increase of the 
ALN combination group significantly exceeded the 
increase in the RAL group (Table 2 and Figure 1-3).   
The elevation of PINP was significantly lower in the 
ALN and RAL group at the end of the 18 months 

treatment when compared to TPTD treatment alone.  
In addition, the elevation was less in the ALN than in 
the RAL combination group. 
Similarly the changes of CTX concentrations were 
significantly lower in the ALN and RAL group at the 
end of the 18 months treatment when compared to 
TPTD treatment alone.  There was an elevation in the 
RAL combination group vs. baseline as well but this 
was significantly different from the observed virtually 
no change vs. baseline in the ALN combination group 
(Table 3 and Figure 4-5).

Conclusions:

Our data suggest that addition of ALN to the second 
nine months of TPTD treatment cycle results in 
augmented BMD increase. As indicated by the 
corresponding changes of biochemical bone markers 
at study end, the addition of ALN resulted in complete 
return of TPTD induced increased bone resorption to 
baseline while portion of the TPTD induced elevation of 
bone formation remained. The observed incremental 
BMD increase may be associated with this favorable 
influence of ALN on the balance of bone formation 
and resorption.  Further investigation is necessary to 
assess the potential clinical benefit of this sequential 
concomitant treatment regime. 
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Table 3: Change of serum concentrations of biochemical 
bone markers PINP (µg/L) and CTX (mg/L) of the three 
patient groups after 18 months of TPTD treatment

Biochemical marker Teriparatide + 
Alendronate

Teriparatide +
Raloxifene

Teriparatide 
monotherapy

PINP 107.2 ± 14.2 132.7 ± 17.7# 199.2 ± 41.4*

CTX -0.03 ± 0.14 0.21 ± 0.18# 0.70 ± 0.21*

 *p<0.001 vs. TPTD+ALN and TPTD+RAL
 # p<0.001 vs. TPTD+ALN

Table 1: Baseline Characteristics of the three treatment 
groups

tptd
n=47

tptd+Aln
n=41

tptd+rAl
n=37 p-value

Age (years) 71.7 ± 9.3 71.6 ± 8.5 69.7 ± 7.5 n.s.

Weight (kg) 65.7 ± 15.2 64.6 ± 9.3 62.4 ± 7.9 n.s.

height (cm) 159.5 ± 7.4 160.3 ± 6.1 161.2 ± 7.3 n.s.

Bmi (kg/m²) 25.7 ± 5.3 25.2 ± 3.7 23.9 ± 2.5 n.s.

years since menopause 23.3 ± 10.4 23.2 ± 9.9 21.4 ± 9.3 n.s.

Previous medication n (%) 
Aln 
other antiresorptives
calcium/vitamin d only 

28 (67)
12 (29)
2 (5)

31 (76)
9 (22)
1 (2)

19 (56)
15 (44)

0 
vertebral fractures 
Mean fx/patient

32 (53%)
(2.4 ± 2.2)

39 (58%)
(2.5 ± 1.5)

29 (52%)
(2.1 ± 1.7) n.s.

non-vertebral fractures
Mean fx/patient 

21 (35%)
(0.9 ± 1.6)

23 (34%)
(1.3 ± 1.4)

22 (39%)
 (1.5 ± 1.5) n.s.

hip fractures
Mean fx/patient 

7 (12%)
(0.2 ± 0.4)

5 (7%)
(0.3 ± 0.7)

5 (9%)
(0.2 ± 0.5) n.s.

serum calcium 
(mmol/l) 2.43 ± 0.12 2.39 ± 0.16 2.31 ± 0.18 n.s.

serum phosphat 
(mmol/l) 1.11 ± 0.19 1.22 ± 0.14 1.18 ± 0.17 n.s.

25-oh-vitamin d 
(ng/ml) 33.1 ± 11.8 34.0 ± 11.5 38.8 ± 20.9 n.s.

p1np 
(µg/L) 33.2 ± 10.9 33.4 ± 10.9 32.2 ± 10.7 n.s.

ctX
 (mg/L) 0.30 ± 0.12 0.30 ± 0.15 0.27 ± 0.16 n.s.

pth  
(14,3-55,0 pg/ml) 43.5 ± 15.1 42.5 ± 12.5 45.7 ± 19.3 n.s.

Bmd l1-l4 (g/cm2)
t-score

0.870 ± 0.16
-2.62 ± 1.26

0.897 ± 0.18
-2.37±1.51

0.896 ± 0.16
-2.32±1.37 n.s.

Bmd femoral neck (g/cm2)
t-score

0.683 ± 0.09#
-2.77 ± 0.75

0.703 ± 0.09
2,72 ± 0.80

0.713 ± 0.08#
-2.70 ± 0.76

.05
n.s.

Bmd total hip (g/cm2)
t-score

0.719 ± 0.10
2.56 ± 0.87

0.718 ± 0.11
-2.70 ± 0.95

0.731 ± 0.09
-2.46 ± 0.93

n.s.
n.s.

Table 2. Change of BMD values (g/cm2) at different 
measurement sites of the three patient groups after 18 
months of TPTD treatment

Measurement site Teriparatide + 
Alendronate

Teriparatide +
Raloxifene

Teriparatide 
monotherapy

Lumbar spine 0.082 0.088 0.051*

Total femur 0.048 0.030# 0.033#

Femoral neck 0.050 0.023# 0.037

 *p<0.05 vs. TPTD+ALN and TPTD+RAL
 # p<0.05 vs. TPTD+ALN
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Fig. 2: Percent change of total hip BMD
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Fig. 3: Percent change of femoral neck BMD 
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Fig. 5: CTX concentrations
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Fig. 4: P1NP concentrations
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