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Abstract Osteoporosis is a common complication in
patients with end-stage liver disease and after ortho-
topic liver transplantation (LT), with resulting
increasing fracture rate. In this study, we investigated
the role of treatment with pamidronate in preventing
further bone loss after LT. Eighty-five patients with
end-stage liver disease were included in the study.
Pamidronate 30 mg was given intravenously every 3
months after LT for the duration of 1 year to 43 pa-
tients with osteopenia or osteoporosis prior L'T. The
remainders served as controls. All patients received a
supplementation of calcium and vitamin D. Bone
mineral density (BMD) at the lumbar spine and the
femoral neck, and markers of bone metabolism were
measured before and 12 months after LT. Sixty-two
BMD were available at 12 months; only paired BMD
were evaluated. A significant increase in lumbar spine
BMD was observed in pamidronate treated patients.
No change was evident in controls. Femoral neck
BMD decreased in both treated and untreated pa-
tients. Osteocalcin serum levels and deoxypyridinoline
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urinary excretion were significantly reduced by treat-
ment. Our study suggests that pamidronate decreases
bone turnover and is effective in preventing the course
of bone loss after LT, however the efficacy, at the
dosage regimen employed and in a follow-up of 12
months, appears to be limited to trabecular bone, with
no effect on the cortical structure of the femur.

Keywords Liver transplantation - Bone mineral
density - Cortical bone loss - Bone turnover -
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Introduction

Organ transplantation is the treatment of choice for
many patients with end-stage liver disease. Although
life expectancy is markedly increased after transplan-
tation, the quality of life of these patients is often im-
paired by the high occurrence of osteoporosis with
resulting high fracture rate [1]. Moreover, osteoporosis
is a common complication in individuals with end-stage
liver disease, as many factors such as vitamin D defi-
ciency, hypogonadism, immobility, and malnutrition
contribute to increase bone loss and to lower bone
mineral density (BMD) prior to orthotopic liver trans-
plantation (LT) [2-5]. After LT, further deterioration of
bone metabolism takes place as a consequence
of immunosuppressive therapy. Glucocorticoids [6],
tacrolimus (FK 506), and cyclosporine (Cs) [7] are
responsible for accelerated bone turnover, particularly
in the first 3-12 months after LT. Immobilization could
also be a contributing factor [8]. The positive effect of
bisphosphonates in prevention and treatment of corti-
coid-induced osteoporosis is well recognized [9, 10],

@ Springer



252

Rheumatol Int (2007) 27:251-256

however, although corticosteroids are frequently used
as immunosuppressive drugs after LT, the use of bis-
phosphonates to prevent bone loss is not generally ap-
plied. Alendronate [11] and etidronate [12] have been
used to prevent bone loss and osteoporotic fractures in
liver transplant recipients, with positive effects or no
effect at all, respectively. Pamidronate, a potent nitro-
gen containing bisphosphonate, has been employed in
prospective randomized studies after renal [13], cardiac
[14], and lung [4] transplantation. Although different
therapeutic approaches have been used, pamidronate
proved effective in preventing bone loss in the first year
after transplantation. Literature data on the use of
pamidronate in patients with LT are conflicting. Reeves
et al. [15] reported that three-monthly infusion of
pamidronate, starting before graft and continuing up to
9 months post-operatively, reduced vertebral fracture
risk. On the other hand, Ninkovic et al. [16] reported no
efficacy of a single intravenous infusion of pamidronate,
given pre-operatively, in preventing bone loss and
osteoporotic fractures during the first year after ortho-
topic LT.

The aim of this prospective study was to evaluate
the efficacy of pamidronate to prevent further bone
loss during the first year after LT. In addition, we
measured bone metabolism parameters to evaluate any
additive information to that derived from BMD mea-
surements.

Patients and methods
Patients

Eighty-five patients with chronic liver diseases (58
men, 23 women, mean age 54.7 + 10.0) having received
orthotopic LT were studied. The study was approved
by the local ethics committee and informed consent
was obtained by all patients. The cause of liver disease
was: cirrhosis of viral origin (n=46), alcoholic cirrhosis
(n=18), sclerosing cholangitis (n=8), and others (n=9).
None of the patients was receiving anti-osteoporosis
treatment before transplantation. All women except
three were post-menopausal but did not receive hor-
monal replacement therapy. Oral calcium (1 g/day)
and vitamin D (800-1,000 IU/day) supplements were
given to all patients from the time of transplantation.
Forty-three patients (23 men, 20 women) received
pamidronate 30 mg intravenously every 3 months. All
patients were operated and followed during the same
period of time.

Immunosuppressive therapy consisted of predni-
sone, Cs, and azathioprine. Maintenance treatment
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consisted of an association of Cs or tacrolimus with
azathioprine and prednisone. A 500 mg pulse of
intravenous methylprednisolone was given periopera-
tively. The median daily doses of prednisolone after
orthotopic LT were 20 mg at first month with a pro-
gressive dose reduction until the 60-month post-trans-
plantation. Thirty-two patients out of 81 received only
500 mg of prednisone IV in anhepatic phase and no
steroids thereafter, in accord to a new protocol started
in 2003. Acute rejections were treated with 1 g IV of
methylprednisolone and/or antilymphocyte globulins
(ATGAM; Pharmacia and Upjohn, USA, or ATG
Fresenius Pharma AG, Switzerland). The work de-
scribed in this article has been carried out in accor-
dance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki).

Treatment

Patients with osteoporosis or osteopenia in either the
lumbar spine or the femoral neck, a total of 47 patients,
were assigned to treatment with pamidronate.

Four of them had severe complications in post-
transplantation [cerebral haemorrhage (one) and acute
renal failure (three)] and were then excluded before
treatment with pamidronate was started. The remain-
ing 43 (53%) patients were given pamidronate 30 mg
intravenously every 3 months for 1 year. The remain-
ders 38 patients (who had a baseline BMD T-score >-1
served as controls).

Bone mass measurements

Areal BMD was evaluated by DXA (dual-energy X-
ray absorpiometry) using Hologic QDR-2000 bone
densitometers (Hologic Inc., Waltham, MA, USA), at
lumbar spine (L,-L4) and proximal femur (femoral
neck). The precision of lumbar spine measurements in
vivo was 1.0% for the lumbar spine and 1.6% for the
hip. DXA measurements were performed at the time
of inclusion on the list of transplant candidates and 12
months after transplantation. Median interval between
pre-transplantation BMD measurement and LT was
6.2 months. BMD results (areal BMD in g/cm?) were
transformed to T-scores (calculated as the difference
between the actual measurement and the mean value
of healthy gender-matched adult controls, divided by
their standard deviation), from the data provided by
the densitometers manufacturer. Osteoporosis was
classified by a T-score of below -2.5 in either lumbar
spine or femur, and osteopenia by a 7-score between —
2.5 and -1. BMD changes during follow-up are ex-
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pressed as a percentage difference. Only clinical frac-
tures were recorded.

Biochemistry

Plasma and urinary calcium, phosphate, and creatinine
were measured. Plasma calcium was adjusted for pro-
tein levels [adjusted calcium = measured calcium/
((protein/160) + 0.55)]. Osteocalcin was determined
with an immunoradiometric assay (CIS-Bio, Gif-sur-
Yvette, France, n.v.=23.0 = 9.7 pg/l). Urinary deoxy-
pyridinoline (D-Pyr), a marker of bone resorption, was
measured by fluorescence emission after acid hydro-
lysis and high-performance liquid chromatography
separation (Bio-Rad System, Munich, Germany), and
is expressed as nmol/mmol of creatinine
(n.v.=9.2 + 4.6 nmol/mmol). Serum parathyroid hor-
mone was measured using a two-site chemiluminescent
immunometric assay (Immulite; Diagnostic Products
Corp., Los Angeles, CA, USA; reference range, 1.06—
6.9 pmol/l). Serum 25-hydroxyvitamin D3 (25SOHD3)
was measured by a chemiluminescence assay (Nichols
Advantage, Nichols Institute, San Clemente, CA,
USA; reference range, 25-120 nmol/l). Biochemistry
was performed before transplantation and 12 months
post-LT.

Statistical analysis

All data are expressed as means + SD. Statistical sig-
nificance of differences was assessed by a two-tailed
Student’s f-test or analysis of variance for intergroups
comparison. A paired Student’s #-test was used to as-
sess the statistical significance of changes in laboratory
values at 12 months compared with baseline. A P value
of less than 0.05 was considered significant. Multiple
regression analysis was performed to evaluate the
dependency of the % variation of bone loss on con-
tinue and discontinue variables. In order to evaluate
probability of significant decrease in BMD at either
site (lumbar spine and femoral neck) logistic regression
analysis was performed based on age, sex, underlying
liver disease, child class, and number of rejections, as
variables.

Results

Patients’ baseline characteristics are reported in Ta-
ble 1. They differed for the aetiology of underlying li-
ver disease and for baseline lumbar and femoral BMD.
Sixty-two BMD were available at 12 months (24 from
the treated group and 38 from control group). Only
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Table 1 Baseline characteristics
Controls Pamidronate  P-value
Number 38 43
Age (years) 556 £102 526 +9.3 NS
Men 35 23 <0.03
Women 3 20
Disease
Viral 39 7 <0.04
Alcohol 6 12
Sclerosing cholangitis 6 2
Others 6 3
Child class
A 15 8 NS
B 20 6 NS
C 22 10 NS
Cumulative dose of 1,747 1,558 NS
prednisone (mg)
BMD (T-score)
Spine 082 +135 -147+1.11 <0.04
Femoral neck -1.10 £ 095 -1.81 =£0.89 <0.004
Prevalence of fracture n =5 (13%) n=7 (16%) NS

Osteoporosis was defined as one BMD value below -2.5 SD as
compared with healthy sex-matched young individuals (7-score)

paired BMD were evaluated. Prior to transplantation,
osteoporosis at either L,-L, or femoral neck was
present in 54% of pamidronate group and in 23% of
controls (P<0.01).

No significant bone loss in the spine was observed at
12 months after LT either in untreated or treated pa-
tients (—0.58 and —0.11% compared to baseline, P=0.30
and 0.48, respectively). However, when adjusted for
age and sex, lumbar spine BMD in the pamidronate
group significantly increased (P<0.003), whereas it re-
mained unchanged in the controls (Table 2). Over 12
months, femoral neck BMD significantly decreased in
both treated and untreated patients (-4.7 and -5.9%;
P<0.001 vs. pre-transplant values, respectively). Simi-
larly, total hip BMD decreased in both groups (-3.7
and -5.0%, P<0.002 and 0.001, in treated and untreated
patients, respectively). In a model of multivariate and
logistic analysis including age, sex, severity of disease

Table 2 Lumbar spine and femoral neck BMD values expressed

as T-score

T-score Baseline 12 months Difference
Lumbar spine

Controls -0.82 +1.35 -0.95+122 -0.13
Treated -1.47 = 1.11 -0.40 + 1.09 +1.07%*
Femoral neck

Controls -1.10 = 0.95 -1.45 + 0.98 —0.35%
Treated -1.81 = 0.89 -2.01 +1.23 -0.20*

* P < 0.003 as compared with pre-transplant values

** P < 0.001 as compared with pre-transplant values
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Table 3 Indices of bone
remodelling before and after
liver transplant

Results are as means + SD.
Baseline samples were
collected 2-6 days before
transplantation

* P < 0.001 as compared with

Untreated Pamidronate

Baseline 12 months Baseline 12 months
Serum
Calcium (mmol/l) 23+0.1 23+0.1 23 +0.1 23+0.1
Phosphate (mmol/l) 1.1+£02 1.1+£02 09 +0.2 12 +£0.2
PTH (pmol/l) 4.6 +3.1 8.5 + 5.41* 45+25 8.9 + 6.7*
250HD; (nmol/l) 30.5 £ 16.7 63.9 + 42.8* 253 £ 149 63.1 + 32.3*
Osteocalcin (pg/l) 185+ 1.8 29.5 + 2.8* 146 + 1.9 9.6 = 2.2%
Urine
D-Pyr/creatinine (nmol/mmol) 143 + 64 135+ 6.5 158 + 4.6 10.4 + 3.8%

pre-transplant values

(child class), and cumulative dose of steroids, there was
no effect of the treatment on BMD at both femoral
neck and total hip (data not shown). The prevalence of
clinical fracture at baseline was of 13% in controls and
16% in the treated group (P=0.6). During the 12
months of follow-up, four patients experienced clinical
fractures of radius, ankle, and ribs (one in the treated
group and three in the controls) (Table 1).

Biochemical data are reported in Table 3. Serum
total calcium, corrected serum calcium, and phosphate
values were in the normal range and remained un-
changed over 12 months Parathyroid hormone con-
centrations were increased at 12 months in both groups
compared to the baseline values. At baseline, 250HD;
mean levels were 25.3 + 14.9 and 30.5 + 16.7 nmol/l in
treated and control group, respectively, and signifi-
cantly increased in both groups at 12 months. Mean
pre-transplantation osteocalcin serum levels were
lower than in healthy controls, but significantly in-
creased at 12 months in untreated patients. Urinary D-
Pyr excretion was significantly reduced in pamidronate
treated patients.

Discussion

Literature data show that the prevalence of bone dis-
ease in patients undergoing LT is high, however there
is an impressive shortage of studies on treatment of
osteoporosis carried out in liver transplant recipients.
Published reports suggest that bisphosphonates are the
most promising agents for the prevention and treat-
ment of post-LT osteoporosis, although controversies
still remain regarding dose regimen and duration of
therapy. In this study, we report that pamidronate
administered three-monthly during the first year after
LT significantly increased lumbar spine BMD in trea-
ted patients compared to controls. Treatment had no
protective effect on femoral bone loss, as femoral neck
BMD fell comparably in treated and untreated pa-
tients. Pamidronate effects on BMD have been inves-
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tigated after renal [13], cardiac [14], and lung [4]
transplantation, with conflicting result: the beneficial
effects of pamidronate therapy in spine BMD has been
shown in cardiac, renal, and pulmonary transplanted
patients using different regimens of pamidronate
infusion which prevented bone loss compared with
placebo-groups, or calcium and vitamin D alone ther-
apy; in a recent randomized study, Ninkovic et al. [16]
showed the lack of effect of a single pre-transplanta-
tion intravenous infusion (60 mg) of pamidronate on
spine mineral density, while Dodidou et al. [17] dem-
onstrated an increase in lumbar spine BMD over 12
months after LT in patients treated with pamidronate.
The effects of antiresorptive therapy with pamidronate
on femoral neck BMD are conflicting: Krieg et al. [18]
reported the efficacy of cyclic pamidronate treatment
in increasing not only lumbar spine but also femoral
neck BMD in cardiac transplant recipients. However,
data in LT are limited: Ninkovic et al. [16] demon-
strated no protective effect of pamidronate (60 mg
before transplantation) in femoral bone density. In the
study by Dodidou et al. [17], an increase of the femoral
neck BMD was not evident until 18-24 months of
treatment, accounting for the fact that the efficacy of
bisphosphonates could be related to the remodelling
rate [19], which is higher in trabecular than in cortical
bone. Giannini et al. [20] consistently reported that in a
group of LT patients followed up to 2 years, the fem-
oral bone density showed a tendency towards restora-
tion 12-18 months after transplantation. In a
histomorphometric study performed in LT patients,
Vedi et al. [21] showed only a partial effect of a single
infusion of 60 mg of pamidronate before transplanta-
tion in reducing erosion cavity size, suggesting that a
higher dosage would be required for an effective
reduction of bone turnover. We evaluated the preva-
lence and incidence of clinical fractures. At baseline,
seven patients in treated and five patients in control
group have had fractures. Twelve months after trans-
plantation, three patients in the untreated group and
one patient in the treated group reported fractures.
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The sample was however too small to reach statistical
significance. Reeves et al. [15] reported that the
administration of pamidronate 60 mg every 3 months
reduced the risk of vertebral fracture in LT patients.
Unfortunately, we were not able to evaluate preva-
lence and incidence of vertebral fractures in our pa-
tients.

Changes in bone turnover was studied by measuring
biochemical parameter of bone formation and resorp-
tion before transplantation (median interval of 3
months) and at 12 months after transplantation. Pre-
transplantation PTH serum levels were in the normal
range and significantly increased after transplantation
(P<0.001) in agreement with previous findings [22, 23].
An impairment of renal function caused by renal ef-
fects of immunosuppressive therapy may contribute to
the development of secondary hyperparathyroidism,
however, no correlation between PTH and creatinine
values was found in LT patients [23]. In our patients,
the mean of GFR in the two groups at 12 months was
58.11 ml/min and the correlation between PTH and
GFR at 1 year did not reach statistical significance
(P=0.15). We were unable to demonstrate any rela-
tionship between vitamin D, BMD, and PTH, corrob-
orating the findings of other authors [24, 25].

Before transplantation, serum levels of osteocalcin
(a marker of bone formation) were lower than in
healthy controls, consistent with earlier observations in
patients with chronic liver diseases [26], but were sig-
nificantly increased in untreated patients 12 months
after transplantation, accounting for the increase in
bone turnover which takes place after LT [26-28]. The
observed increase in D-Pyr urinary excretion (marker
of bone resorption) in untreated LT recipients cor-
roborates this evidence. Pamidronate, as expected,
caused a decrease in bone turnover, with resulting
decrease in both osteocalcin and D-Pyr concentrations.

In conclusion, our results suggest that pamidronate
therapy started immediately after LT in patients with
low bone mass is effective in increasing lumbar spine
BMD, but has no effect in preventing further bone loss
at the femoral neck and the total hip. We have no
information on BMD in the first months after liver
transplant, as biochemical and densitometric data were
obtained before and 1 year after treatment, so it is not
possible to check the influence of pamidronate during
this period, in which most of the skeletal fractures are
developed. However, the possibility that pamidronate
causes an increase of femoral BMD in the first months,
and a decrease thereafter seems highly hypothetical
and, in fact, unlikely. The most likely explanation
could be a relative insensitivity of cortical bone (which
femoral neck is mainly made of) to respond to

pamidronate within 1 year. A long-term study of bone
mass changes could possibly produce more informa-
tion.

One drawback of this study is that it is not a ran-
domized investigation. It should be stressed that ran-
domization is not strictly necessary because we treated
all osteoporotic patients; moreover, pamidronate and
other bisphosphonates have demonstrated their effi-
cacy in the treatment of steroid-induced osteoporosis.
The difference between treatment groups with respect
to bone mass could not be an important limitation,
since both groups continue to lose bone at femoral
neck, regardless of treatment, allowing us to conclude
that pamidronate was not effective at this skeletal site
in our transplanted patients.

Despite data from clinical trials suggest that bis-
phosphonates are the safest and most promising agents
for treatment of post-transplantation osteoporosis [29],
the role of antiresorptive therapy in patients after LT
has not yet been fully defined, and further randomized
studies are needed.
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