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Abstract

Background: Adynamic bone disease (ABD) is caused by a
relative or absolute parathyroid hormone (PTH) deficiency.
Teriparatide (PTH;_34) is an osteoanabolic agent in clinical
use. Here, it was hypothesized that treatment with teripara-
tide improves bone mineral density (BMD) of ABD patients.
Patients and Methods: Seven hemodialysis patients with
ABD and a median iPTH level of 22 pg/ml were evaluated in
this open-label, prospective, 6-month observational pilot-
study. All patients received 20 g teriparatide/day subcuta-
neously. Serologic bone markers, BMD and coronary artery
calcification (CAC) were measured at baseline and after 6
months. Results: Teriparatide therapy led to a significant in-
crease in lumbar spine (0.885 * 0.08 vs.0.914 + 0.09 g/cm?,
p < 0.02), but not femoral neck (0.666 = 0.170 vs. 0.710 £
0.189 g/cm?, p = 0.18) BMD. Compared to pretreatment val-
ues, calculated monthly changes in BMD improved signifi-
cantly in both the lumbar spine and femoral neck (p < 0.02).
Changes in serologic markers of bone turnover and CAC
scores were not statistically significant. Conclusion: Teripa-
ratide therapy might improve low BMD in hemodialysis pa-
tients with ABD. Further clinical studies are needed to estab-
lish teriparatide as a therapeutic option for dialysis patients

with ABD. Copyright © 2010 S. Karger AG, Basel

Introduction

Renal osteodystrophy (ROD), which is present in vir-
tually all patients with end-stage renal disease (ESRD), is
routinely classified into four major types: high-turnover
ROD (osteitis fibrosa), mixed uremic osteodystrophy, os-
teomalacia and adynamic bone disease (ABD) [1]. ABD is
currently the most common finding in dialysis patients
and estimated to be present in approximately 40-50% [2].
Although bone mineral density (BMD) is generally de-
creased in ROD, patients with ABD seem to be particu-
larly prone to hip fractures, which in turn is associated
with increased mortality [3].

A broad range of different factors influence bone
turnover [for review, see 4], however, the main causes for
ABD are either reduced parathyroid hormone (PTH)
synthesis or downregulation of PTH receptors in osteo-
blasts [5, 6]. Due to the decreased efficacy of PTH in
chronic renal failure intact PTH (iPTH) serum levels 2-9
times the upper normal limit are recommended in these
patients [7].

Besides decreased bone density patients with ABD of-
ten suffer from hypercalcemia or hyperphosphatemia
due to a reduced uptake of calcium and phosphate in bone
[8, 9]. Hyperphosphatemia in turn induces transforma-
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Table 1. Patient characteristics at the time of recruitment

Patient, No. Sex  Age Fx KTX Dialysis, years Dietary supplements ~ PTX  PTH, pg/ml
1 M 61 0 Yes 4.5 Calcium Yes 20.5

2 F 65 0 Yes 3 Calcium + calcitriol Yes 44.6

3 F 62 0 Yes 4 Calcitriol Yes 2.9

4 F 65 0 No 4.5 Calcium + calcitriol Yes 14.7

5 F 56 0 No 3.75 Calcitriol No 25

6 M 52 0 Yes 5 Calcium + calcitriol Yes 125

7 M 57 0 Yes 2.5 Calcium Yes 22

Fx = Bone fractures; KTX = previous kidney transplantation; PTX = parathyroidectomy.

tion of vascular smooth muscle cells into osteoblast-like
cells [10]. In the presence of hypercalcemia the trans-
formed cells then actively deposit calcium and phosphate
into the vascular wall. This process seems to be more
prevalent in ABD since the extent of vascular calcifica-
tion is greater in low turnover than in normal or high
turnover bone diseases [11]. Intermittently administered
PTH,_34 (teriparatide) is able to stimulate osteoblasts and
improve BMD [12, 13]. Increased bone turnover would be
particularly effective in patients with decreased parathy-
roid function, and has indeed also been shown in patients
with normal kidney function and hypoparathyroidism
[14]. We therefore conducted this prospective, open-la-
beled study in hemodialysis patients with inadequately
low iPTH levels and low BMD.

Patients and Methods

Dialysis patients with ABD, determined by either bone biopsy
or iPTH <100 pg/ml, osteopenia (T score <1 at the femoral neck
and/or lumbar spine), and hypo- or normocalcemia were eligible
for this open, prospective 6-month intervention study.

Serologic parameters (osteocalcin (OC), bone alkaline phos-
phatase, iPTH, c-telopeptide, calcitriol, 25(OH)-vitamin Dj, cal-
cium and phosphate), BMD and coronary calcification scores
were measured at baseline and after 6 months. Besides absolute
BMD values the monthly BMD change was obtained by dividing
the difference between two measurements by the number of
months between the measurements. The monthly change before
teriparatide administration was calculated similarly by using pre-
vious BMDs. The number of measurements before initiation of
the study ranged between 1 and 5, and the pretreatment observa-
tion period between 6 and 126 months.

Intact PTH was measured as previously reported [14]. All pa-
tients but 1 had undergone total parathyroidectomy with auto-
transplantation of 1 graft (table 1).

Subcutaneous recombinant human PTH; 34 (20 g teripara-
tide; FORTEO®; purchased from Eli Lilly, Indianapolis, Ind.,
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USA) was administered once daily for 6 months. To avoid the de-
velopment of osteomalacia during teriparatide treatment calci-
um-based phosphate binders and/or calcitriol were administered
to all patients (table 1). The dose of both medications remained
unchanged throughout the study.

The study was approved by the institutional review board (No.
146/2004) and all patients gave written informed consent before
study inclusion.

Measurement of BMD and Coronary Artery Calcification

BMD measurements were performed with dual-energy X-ray
absorptiometry (DEXA) and a QDR-4500 scanner (Hologic,
Waltham, Mass., USA), using the manufacturer’s recommended
standard procedures for the posteroanterior lumbar spine at L1-
L4, and for the proximal femur at the femoral neck, trochanter,
intertrochanteric region, total region, and Ward’s triangle. The
projectional BMD values are given in grams per square centime-
ter, and the individual patients’ results are expressed as Z and T
scores. The diagnostic bone-mass threshold for defining osteope-
nia was a T score of <-1 and for osteoporosis a T score of <-2.5.

The extent of coronary artery calcification (CAC) was mea-
sured with a multi-detector computer tomography (Sensation 16;
Siemens Medical Systems, Forchheim, Germany) as previously
reported [15]. The calcium score was determined on a commer-
cially available external workstation and software (‘syngo Calci-
um Scoring’, Volume Wizard, Siemens). According to the method
of Agatston et al. [16], we defined regions of interest by vessel and
slice with the threshold option for pixels of >130 Houndsfield
units (HU) to measure the area and peak density of plaques. The
total calcium score was then calculated as the sum of the indi-
vidual lesion scores in all coronary arteries.

Bone Biopsy and Analysis

A transcortical bone biopsy obtained from the iliac crest as
previously reported [17] was performed in 1 patient with a pre-
treatment iPTH level of 125 pg/ml at the beginning and end of
the study. Oral tetracycline was administered 3 and 1 week be-
fore biopsy. The specimen was embedded in plastic undecalcified
and cut into 5-pm-thick sections. After standard staining the fol-
lowing histomorphometric parameters were evaluated: trabecu-
lar bone volume (BV/TV), osteoid volume (OV/TV), osteoid sur-
face (OS/BS), osteoblast surface (Ob.S/BS); osteoclast surface
(Oc.S/BS), eroded surface (ES/BS) and bone formation rate.
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Fig. 1. Bone mineral density measured by dual X-ray absorptiometry (DEXA) of lumbar spine (a) and femoral
neck (b) at baseline and after 6 months of therapy with teriparatide in individual patients.
Statistics patient the serologic markers were obtained on the day of

All results are expressed as median * SD. Differences be-
tween groups before and after therapy were tested for statistical
significance by a two-tailed Wilcoxon test for matched pairs. Cor-
relations between parameters were analyzed by the Spearman
rank correlation test. p values of <0.05 were considered statisti-
cally significant. Statistical analysis was performed using SPSS
12.0 software (SPSS Inc., Chicago, I11., USA).

Results

Of 13 patients who were screened for the study, 3 pa-
tients were not eligible or were not interested in partici-
pating, thus 10 patients were enrolled. Three patients dis-
continued teriparatide therapy within 1 month after ini-
tiation of treatment because of lack of compliance (n = 1)
or discomfort with the daily subcutaneous application
(n = 2). A total of 7 patients were therefore included into
the analysis. Six patients had had a previous parathyro-
idectomy with autotransplantation of 1 gland into the
left arm. One of these patients (No. 6) had a PTH level of
>100 ng/ml (ng/l). However, a bone biopsy performed
prior to inclusion confirmed ABD in this patient (no in-
corporation of tetracycline, normal osteoid and decreased
bone volume). All other patients refused a bone biopsy.
One patient (No. 2) received only 5 months of therapy
with teriparatide because of renal transplantation. In this

Treatment of Adynamic Bone Disease
with Teriparatide

transplantation and bone density measurement within 1
week thereafter.

Patient characteristics are shown in table 1. Median
age was 61 * 4.5 years, and no participant had a known
history of pathologic fracture. Time on hemodialysis at
the time of study enrolment was 4.0 £ 0.8 years.

BMD of the lumbar spine increased significantly from
0.885 £ 0.08 to 0.914 * 0.09 g/cm2 (p <0.02; fig. 1a) af-
ter 6 months of treatment with teriparatide. Measure-
ments of the femoral neck showed a trend for increased
BMD after 6 months of therapy from 0.666 * 0.170 to
0.710 £ 0.189 g/cm?. However, this difference did not
reach statistical significance (p = 0.18; fig. 1b).

Teriparatide treatment led to a significant increase in
monthly BMD rate in the lumbar spine as well as the fem-
oral neck compared to long-term values. In the lumbar
spine, the monthly change in BMD was -0.035 £ 0.20%
before and +0.965 * 0.653% after treatment with teripa-
ratide (p <0.02). Correspondingly, the change in BMD of
the femoral neck was converted from -0.027 * 0.621 to
1.317 * 1.169%/month (p < 0.02).

Serum parameters of bone metabolism are shown in
table 2. Serum phosphate showed a significant decrease
from 5.52 £ 0.75 mg/dl (1.78 £ 0.24 mmol/l) to 4.23 *
0.98 mg/dl (1.37 *£ 0.66 mmol/l) after treatment with
teriparatide compared to long-term pretreatment values

Kidney Blood Press Res 2010;33:221-226 223



%
2.5
2.0 - !
—a— 2
1.5 A 3
1.0 4
—%— 5
0.5 o0— 6
—_0—
04 7
-0.5 4
-1.0
0 6
a Time, months

%
3.0 4
2.5 + —— 1
—a— 2
2.0 H
—A— 3
1.5 —— 4
1.0 —%— 5
—— 6
0.5
—4— 7
0 -
-0.5
-1.0
0 6
b Time, months

Fig. 2. Calculated percentage of monthly change in bone mineral density based on serial DEXA measurements
of lumbar spine (a) and femoral neck (b) before and during therapy with teriparatide in individual patients.

Table 2. Serum parameters (median * SD) of patients before
(baseline) and after 6 months (follow-up) of treatment with teri-
paratide

Baseline Follow-up p value
Calcium, mg/dl 8.80%0.67 8.68+£0.92 0.61
Phosphate, mg/dl 5.52%0.75 4.23%+0.98 0.04
25-(OH)-Dj3, ng/ml 22+164 33x13.6 0.60
1,25-(OH),-Ds, pg/ml  4.0%5.0 15.0£7.7 0.18
iPTH, pg/ml 22.0x38.0 23.8+49.1 0.39
Osteocalcin, pg/ml 146+ 126 171 £225 0.13
CTX, ng/ml 1.60+0.88 1.50x1.14 0.31
Bone AP, U/1 20x31 20+ 14 0.49

25-(OH)-D; = 25-Hydroxycholecalciferol; 1,25-(OH),-D3 =
1,25-dihydroxycholecalciferol, calcitriol; iPTH = intact parathy-
roid hormone; CTX = type-I collagen peptides (cross-laps); bone
AP = bone-specific alkaline phosphatase.

(p < 0.04). Interestingly, the change in serum phosphate
levels showed a negative correlation with the monthly in-
crease in BMD of the femoral neck (R = -0.786, p < 0.03).
All other changes in serum parameters were statistically
not significant.

Paired data on CAC were available from 6 patients.
Changes in CAC did not reach statistical significance.
The median Agatston score before initiation of therapy
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was 361 (range 0-5,197) and 543 (range 17-5,254) after 6
months of teriparatide treatment (p >0.2). CAC increased
in 4 patients and decreased in 3 patients. Changes in CAC
were between —-17 and +272% compared to baseline val-
ues. No correlation was observed between changes in
BMD and changes in CAC.

Discussion

The incidence of ABD has steadily increased during
the last decades [17]. Mechanisms leading to ABD seem
multifactorial. Importantly, chronic renal failure has
been found to increase skeletal resistance to PTH by sev-
eral mechanisms, such as truncated forms of PTH,
downregulation of PTH receptors or increased levels of
osteoprotegerin [14, 18]. In addition, total or subtotal
parathyroidectomy, iatrogenic oversuppression of the
parathyroid gland or low synthesis of PTH can lead to
absolute PTH deficiency. Although the pathogenetic
mechanisms are different, both forms of ABD have a re-
duced PTH effect on osteoblasts in common. This led to
the recommendation of higher than normal PTH levels
in chronic renal failure [7]. Therefore, we assumed that
exogenous administration of PTH would abolish the rel-
ative or absolute PTH deficiency, and stimulate bone for-
mation.
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In this study, treatment with PTH, 34 led to a signifi-
cantincrease in BMD of the lumbar spine in patients with
ESRD. Moreover, based on serial BMD measurements,
teriparatide converted a slow but continuous loss of BMD
into a remarkable increase in BMD in the lumbar spine
and femoral neck. These data suggest that teriparatide
might be osteoanabolic in ESRD patients with serum
iPTH below the recommended levels. This supports the
hypothesis of relative PTH deficiency in ABD and the
possibility to overcome this deficiency by exogenous ad-
ministration of PTH. However, the iPTH levels were gen-
erally at the lower normal range. The cause for ABD in
these patients is therefore rather PTH deficiency than
PTH resistance. The marked effect on bone density by
teriparatide may be less pronounced in patients with
ABD and higher PTH levels.

A discrepancy to the increases in BMD is the absence
of significant changes in serologic markers of bone turn-
over. Especially changes in OC, which increased only
slightly, and bone-specific alkaline phosphatase, which
remained unchanged during the course of the study
would have been expected based on previous findings
[19]. This might be explained by the imperfect correlation
between serologic markers of bone turnover and bone
turnover seen in bone biopsies from dialysis patients [20].
Another possibility is that statistical significance was not
reached due to the small sample size and hence a type-II
statistical error, especially in the case of OC.

However, there was a significant increase in the
monthly change in BMD before and after teriparatide
therapy. Considering that other therapies, especially cal-
cium and vitamin D supplementation, remained un-
changed, this change in bone mineralization dynamics is
suggestive of an effect of teriparatide. Another possibility
is that increases in aortic calcification may have contrib-
uted to increases in lumbar BMD, as influences of aortic
calcification on lumbar BMD measurements have been
reported to a variable extent [21, 22]. Indeed, all patients
included in this study had signs of calcification of the
aorta on plain X-ray films. Since these calcifications were
not quantified, data on progression of aortic calcifica-
tions are not available for analysis. In this study, the in-
crease in BMD of the femoral neck of teriparatide-treated
patients was weaker compared to increases in lumbar
BMD and did not reach statistical significance. The lack
of statistical significance might be explained by the small
sample size. Furthermore, teriparatide exerts its bone an-
abolic effects predominantly on the axial skeleton [12,
19]. Thus, increases in femoral BMD might be expected
to be lower than increases in BMD of the lumbar spine.

Treatment of Adynamic Bone Disease
with Teriparatide

Teriparatide treatment was found to significantly de-
crease serum phosphate levels. Since elevated phosphate
levels are positively correlated with increased mortality
in ESRD [23], lowering of serum phosphate by teripara-
tide treatment might positively influence overall patient
outcome. The change in serum phosphate was found to
negatively correlate with an increase in BMD of the fem-
oral neck. Thus, teriparatide might lead to increased uti-
lization of serum phosphate in bone.

Prevention of cardiovascular disease is a major thera-
peutic goal, as ESRD is strongly associated with CAC
even in young patients [24]. Decreasing serum phosphate
levels have been suggested to protect arteries from patho-
logic calcium phosphate deposition [23]. In this study,
teriparatide treatment was found to decrease serum phos-
phate levels, rendering amelioration of vascular calcifica-
tion by teriparatide therapy possible. However, due to the
high variation in vascular calcification among the sub-
jects studied, conclusions on changes in CAC were se-
verely hampered in this study. Interestingly, some pa-
tients experienced decreases in the Agatston score, while
others showed marked increases in coronary calcifica-
tion. Differences in susceptibility to vascular calcifica-
tion in dialysis patients are well known and have been
attributed to different levels of inhibitors of calcification
[25]. Given this heterogeneity, further investigations in
larger populations will therefore be necessary to assess
the effect of teriparatide on vascular calcification.

Except for 1 patient who complained about bone pain
and refused to continue treatment, no major side effects
were observed. However, 2 patients found daily subcuta-
neous injections annoying and ended the study prema-
turely. This large dropout rate should be considered in
future studies.

In conclusion, patients with ESRD and ABD showed
increases in lumbar BMD after treatment with teripara-
tide. Recombinant PTH might have osteoanabolic effects
in this subset of patients. Further studies are warranted
to determine the impact of teriparatide treatment on
bone metabolism, bone architecture and fracture inci-
dence in patients with ESRD.
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