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Abstract
Summary This study evaluates the efficacy of low doses of
pamidronate after renal transplantation to prevent bone loss
in osteopenic patients. Results show that pamidronate is
safe and significantly reduced spinal bone loss when
administered immediately after renal transplantation.
Introduction The purpose of this work is to evaluate the
efficacy of two intravenous infusions of pamidronate in the
immediate post-transplant period in a renal transplant (RT)
population.
Methods In this 12-month, randomized, double-blind, multi-
center trial, 39 kidney recipients with diagnosed osteopenia

received two doses of 30 mg of disodium pamidronate (n=
24) or placebo (n=15), at surgery and 3 months post-RT.
All patients received calcium and vitamin D. Bone density
of the lumbar spine and total femur was measured by dual-
energy X-ray absorptiometry (DXA) and X-rays were
performed at RT, 6 and 12 months post-RT. Biochemical
and hormonal determinations were performed before and
after treatment.
Results Pamidronate significantly reduced spinal bone loss,
but no significant benefit was found for the incidence of
fractures. Elevated baseline intact parathyroid hormone
(iPTH) and bone remodeling markers returned to normal
levels 3 months post-RT. However, normal procollagen
type I N propeptide (PINP) concentrations were only
maintained in the pamidronate group. After RT, a compa-
rable graft function was observed in both groups according
to creatinine values, 25-hydroxyvitamin-D (25-OH-D)
levels were improved, and serum calcium levels normalized
after a transient fall during the first 3 months.
Conclusion A low dose of pamidronate prevents bone loss
in osteopenic patients when administered immediately
after RT.
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Introduction

Post-transplantation bone disease is a major clinical
problem, especially in kidney transplant patients. Besides
therapy with corticosteroids, which is a major etiological
factor for osteoporosis [1], the particularly high risk for
kidney recipients of developing bone abnormalities is
associated with underlying bone osteodystrophy. Secondary
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hyperparathyroidism induced by hyperphosphatemia or
vitamin D deficiency is common in chronic kidney disease,
often leading to significant osteopenia and abnormal
mineral metabolism.

Several studies have demonstrated that both active
metabolites of vitamin D and bisphosphonates can prevent
or reverse the accelerated bone loss that occurs through
different mechanisms early after renal transplantation (RT)
[2, 3]. Bisphosphonates bind to bone mineral directly, by
inhibiting osteoclastic activity and reducing the number of
osteoclasts [4], whereas calcitriol facilitates intestinal
calcium absorption and suppresses parathyroid hormone
secretion [5]. Although oral bisphosphonates have been
associated with gastrointestinal side effects, intravenous
bisphosphonates (such as pamidronate, ibandronate, and
zoledronate) show a favorable clinical tolerance [5], and
data from clinical trials suggest that bisphosphonates are
a safer and more consistently effective antiresorptive
therapy for post-transplantation osteoporosis than calci-
triol [5, 6]. Moreover, the benefits of bisphosphonates in
RT persist after cessation of therapy, since both bone
mineral density (BMD) and bone turnover markers remain
stable [2, 3]. Nevertheless, pharmacological approaches to
osteoporosis in the RT population are still open to
discussion.

We prospectively evaluated the efficacy of two intrave-
nous infusions of pamidronate in the immediate post-
transplant period to preserve BMD in a RT population.

Materials and methods

Study design and performance

This was a 12-month prospective, randomized, double-
blind, placebo-controlled trial. The study was approved by
the local clinical ethics committee of each participating
center and all patients provided written informed consent.

Patient population

The patients eligible for the study were adults diagnosed
with chronic renal failure in a dialysis program and
recipients of a kidney graft with a BMD T score of −1 or
less at transplantation at the lumbar spine.

Patients younger than 18 years, multiorgan transplanta-
tion recipients, or those with a previous allergy to
bisphosphonates were excluded. Other exclusion criteria
were treatment based on calcitonin, creatinine clearance of
<30 ml/min, estrogens, selective modulators of estrogen
receptors or other bisphosphonates, and therapy with
corticosteroids, anticoagulants, or anti-epileptic drugs dur-
ing the 3 months before RT.

Immunosuppression

All patients received oral cyclosporine, prednisone, and
mycophenolate mofetil. Basiliximab or polyclonal antibody
therapy were used as induction treatments. The dose of
prednisone (or methylprednisolone) was 500 mg/day after
unclamping, 1 mg/kg/day from day 1 post-RT with progres-
sive reduction to 10 mg/day over 1 month, and 5 mg/day
from the third month post-RT. The dose of cyclosporine
could be modified in order to maintain serum levels of 100–
200 ng/mL, and the dose of mycophenolate mofetil was
adjusted independently for each patient and center.

Intervention

The patients (n=39) were included in the study on days 5–7
post-RT and started receiving calcium at 1,000 mg/day and
cholecalciferol at 800 IU/day. They underwent screening
tests and were assigned to either the pamidronate group (n=
24) or placebo group (n=15) according to a randomization
number. Patients in the treatment group received a single
30-mg dose of pamidronate disodium between day 7 and
day 10, and 3 months post-RT. Treatment with calcium and
cholecalciferol was maintained for 1 year after RT.

Study endpoints

The primary endpoint of the study was the mean percent
change from baseline in BMD at the lumbar spine and
proximal femur, measured by absoptiometry, at months 6
and 12. Secondary endpoints included the incidence of
skeletal fractures—assessed by radiological monitoring of
symptomatic and asymptomatic vertebral fractures, and by
the count of peripheral fractures—and the analysis of bone
remodeling, determined through the measurement of bio-
chemical markers of bone turnover.

Evaluation

Serum parameters included creatinine, calcium, phospho-
rus, magnesium and aluminum (in blood and urine), acid–
base equilibrium, and markers of renal and hepatic function
measured by standard procedures. The biochemical markers
of bone remodeling were procollagen type I N propeptide
(PINP) for bone formation and C-terminal cross-linking
telopeptide of type I collagen (CTx) for bone resorption.
The serum level of PINP was quantified by a radiometric
method using a kit from Orion (Espoo, Finland) and serum
β-CTx was determined by the Elecsys β-CrossLaps serum
assay (Roche Diagnostics, Mannheim, Germany). Mineral
metabolism was explored through determination of intact
parathyroid hormone (iPTH), 25-hydroxyvitamin-D (25-
OH-D) and 1,25-dihydroxyvitamin-D (1,25-OH2-D). Se-
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rum iPTH was measured by immunoradiometric assay
(Allegro Intact PTH, Nichols Institute Diagnosis, San Juan
de Capistrano, California, USA), 25-OH-D was determined
by a competitive protein-binding assay (Nichols Institute
Diagnosis, San Juan de Capistrano, California, USA), and
1,25-OH2-D was quantified by radioreceptor assay (Nichols
Institute Diagnosis, San Juan de Capistrano, California,
USA). Deficiency of vitamin 1,25-OH2-D and 25-OH-D
was defined as values lower than 30 pg/mL and 20 ng/mL,
respectively. Parameter evolution was analyzed according
to the variations registered at each visit (at days 5–7, and 3,
6, and 12 months post-RT) in relation to post-RT values.
Biochemical and hormonal determinations were performed
before and after treatment.

The BMD at the lumbar spine (vertebrae L2–L4) and
proximal femur was measured by dual-energy X-ray ab-
sorptiometry (DXA) at baseline and 6 and 12 months post-
RT using Hologic 4500 (Hologic, Waltham, Massachusetts,
USA), Lunar DPX Prodigy (Madison, Wisconsin, USA), or
Norland (Norland Corp., Fort Atkinson, Wisconsin, USA)
instruments. Osteoporosis was defined as a T score of −2.5 or
less for the lumbar and/or femoral BMD (total femur) and
osteopenia as a T score of between −1 and −2.5.

X-rays of the whole spine were obtained to assess
vertebral fractures at RT, and 6 and 12 months after RT.
These were evaluated using a semiquantitative approach by
an independent observer. Vertebral fracture was defined as a
reduction of 20% or more in the anterior, middle, or
posterior height compared to the adjacent vertebral body.

Statistical analysis

Statistical analyses were conducted using SAS®, version
8.2, and statistical significance was set at 5% (P=0.05). The
chi-square test was used for categorical variables and the
Mann–Whitney test was used to compare continuous
variables. The evolution of BMD, bone remodeling
markers, and biochemical parameters was analyzed using
an analysis of variance for repeated determinations to detect
within and between-group differences. Dropouts were not
included in the analysis and missing values were not
substituted. The association between clinical, biochemical,
and hormone variables was tested using an analysis of
covariance that included the study group as a covariate.

Results

Study population

A total of 39 renal recipients were enrolled and random-
ized. The placebo and pamidronate groups were composed
of 15 (39%) and 24 (61%) patients, respectively. Twenty-

nine (74.4%) subjects completed the study and ten (25.6%)
discontinued prematurely (Fig. 1). No significant differ-
ences in baseline characteristics were found between the
study groups (Table 1).

Clinical evaluation and biochemical and hormonal
parameters

While baseline elevated creatinine concentrations were
expected due to renal failure, initial iPTH, phosphorus,
25-OH-D, and 1,25-OH2-D levels indicated secondary
hyperparathyroidism, hyperphosphatemia, and hypovitami-
nosis D in both groups (Table 2).

The values of the monitored parameters at RT and 6 and
12 months post-RT are shown in Table 2. Although within-
group differences between successive visits were statisti-
cally significant for some parameters, no differences were
observed between the treatment groups.

Creatinine values revealed a comparable graft function in
both groups (Fig. 2a). Serum calcium levels fell at RT, and
were lower on days 5–7 post-RT than at baseline, although
they recovered on days 7–10 and normalized at 3 months
post-RT. Likewise, iPTH concentrations decreased consid-
erably in both groups after RT, although they remained
above normal levels throughout the study. Decreased

Fig. 1 Study flowchart
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baseline levels of 1,25-OH2-D and 25-OH-D gradually rose
to normal during the study, so that at 12 months post-RT,
25-OH-D deficiency was present in four pamidronate
(27%) and two placebo (29%) patients, and a further four
and two subjects from each group, respectively, had a 1,25-
OH2-D deficiency (33% in both cases). Finally, serum
phosphorus decreased within the first 3 months post-RT
before reaching normal values in both groups. No important
changes were observed for the remaining parameters.

Bone remodeling

PINP and CTx were chosen as biochemical markers of
bone formation and resorption, respectively. The outcome
of these parameters is shown in Fig. 2b.

PINP levels, which normalized at the third month post-
RT, remained stable in pamidronate patients (mean values
at RT, 3, 6, and 12-months post-RT were 145, 76, 90, and
78 ng/mL, respectively, with significant differences from

Table 2 Biochemical and hormonal parameters at baseline and after 6 and 12 months

Parameter (normal range) Pamidronate group Placebo group

Baseline 6 months 12 months Baseline 6 months 12 months

Creatinine (0.3–1.3 mg/dL) 7.54±2.73 1.48±0.43a 1.52±0.34a 6.69±1.83 1.51±0.35a 1.65±0.56a

Calcium (8.5–10.5 mg/dL) 9.97±1.24 10.56±1.17b 10.45±0.91b 10.04±0.55 10.34±0.44 10.30±0.53

Phosphorus (2.3–4.3 mg/dL) 4.57±1.42 2.91±0.60c 3.00±0.69d 5.14±1.22 3.12±0.58b 3.25±0.71b

Magnesium (1.3–2.1 mg/dL) 2.23±0.58 1.93±0.22 2.05±0.33 2.09±0.32 1.84±0.21 1.92±0.28

Aluminum (<50 µg/L) 19.30±24.54 10.69±9.26 19.52±29.96 15.77±6.64 6.22±3.15 32.28±38.48

iPTH (10–65 pg/mL) 233.23±212.56 128.39±92.45b 109.46±78.09b 285.07±173.38 101.57±90.71b 139.73±166.90b

25-OH-D (10–42 ng/mL) 18.65±9.37 18.64±8.29 25.83±10.11 25.70±14.42 19.13±7.04 27.10±15.70

1.25-OH-D (10–50 pg/mL) 23.43±26.62 42.49±29.98c 44.52±28.04d 14.76±12.51 31.53±34.98 36.77±16.20

ALP (U/L) 197.33±94.24 231.79±150.07 312.28±300.10 195.54±84.07 229.09±110.84 366.00±521.92

Values are shown as the mean ± SD. There were no significant differences between groups at baseline (Mann–Whitney U test for unpaired values)
or during follow-up (ANOVA for repeated measurements)
a Difference in time within group, P<0.0001 (ANOVA for repeated measurements)
b Difference in time within group, P<0.05 (ANOVA for repeated measurements)
c Difference in time within group, P<0.001 (ANOVA for repeated measurements)
d Difference in time within group, P<0.0005 (ANOVA for repeated measurements)

Variable Pamidronate (n=24) Placebo (n=15)

Age (years, mean ± SD) 53.99±13.79 56.53±15.48

Men 14 (58.33%) 12 (80.00%)

Menopausal women 6 (25.00%) 2 (13.33%)

Blood group A 15 (62.50%) 9 (60.00%)

0 1 (4.17%) 1 (6.67%)

B 1 (4.17%) 1 (6.67%)

AB 7 (29.17%) 4 (26.67%)

Etiology of chronic renal failure Glomerular disease 12 (50.00%) 6 (40.00%)

Hereditary nephropathy 3 (12.50%) 3 (20.00%)

Renal hypoplasia 1 (4.17%) 0 (0.00%)

Obstructive uropathy 1 (4.17%) 0 (0.00%)

Unknown 6 (25.00%) 3 (20.00%)

Otherb 1 (4.17%) 3 (20.00%)

History of previous fractures Peripheral 3 (12.50%) 0 (0.00%)

Vertebralc 1 (4.17%) 2 (13.33%)

Previous treatments Calcitriol 12 (60.00%) 5 (38.46%)

Calcium 17 (77.27%) 8 (66.67%)

Table 1 Patient demographics
and clinical historya

a Results are shown as n (%) if
not otherwise indicated. There
were no significant differences
between groups at baseline (chi-
square test or Mann–Whitney
U test)
b Other diseases included chronic
pyelonephritis (1 pamidronate
patient), nephropathy by immu-
noglobulin A (2 placebo patients),
and renal failure due to uric acid
lithiasis (1 placebo patient)
c One pamidronate patient showed
three vertebral fractures, whereas
two placebo patients showed one
fracture each, between days 5 and
7 after transplantation
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baseline observed at all visits), but recovered dramatically
in placebo patients during the last 6 months (mean values at
RT, 3, 6, and 12-months post-RT were 123, 82, 97, and
150 ng/mL, respectively, without significant differences
from baseline). However, comparisons between treatment
groups did not achieve statistical significance.

Conversely, a similar outcome was observed for CTx
values in both groups. After a pronounced initial decrease,
concentrations remained low from the third month post-RT
(mean values at baseline, 3, 6, and 12 months post-RT were
2.19, 0.46, 0.55, and 0.50 ng/mL, respectively, in the
pamidronate group, and 3.34, 0.71, 0.84, and 0.94 ng/mL in
placebo patients). Both groups showed significant CTx
reductions at all visits, with a trend of increase in the
placebo group, but no significant differences were found
between groups.

Bone densitometry and fractures

Measurements of BMD at the lumbar spine and proximal
femur at RT, and 6 and 12 months post-RT are shown in
Table 3 for both treatment groups.

Lumbar spine BMD remained stable in the pamidronate
group, but fell in placebo patients which started recovering
at the sixth month post-RT (Fig. 2c). BMD variations at 6
and 12 months differed significantly between treatment
groups (P<0.05), with a percent change from baseline of
+1% in the pamidronate group and −6% in the placebo
group at the end of the study. Although bone loss in the
lumbar spine correlated significantly with a decrease in iPTH
(P=0.04), the treatment effect was maintained after adjusting
for mean iPTH (adjusted percent change of +4.4% vs.
−0.5%, in pamidronate and placebo patients, respectively;
P=0.01). No significant differences in the femoral neck or
total femur BMD were observed between groups.

Episodes of vertebral pain were reported by one
pamidronate patient at month 3 (5%) and two placebo
patients, both at months 6 and 12 (18% and 20%, respec-
tively). New vertebral fractures were not detected during
the study, and only 1 subject from the pamidronate group
reported a peripheral fracture at month 6 (9.1%). Therefore,
differences in pain episodes and fractures were not
significant between treatment groups. Immobilization peri-
ods were similar in number and length in the 2 groups.

Safety

There were no serious adverse events related to the study
medication.

Rejection was observed in seven patients (18%),
including three and four subjects from the placebo and
pamidronate groups, respectively, without significant
differences.

Fig. 2 Outcome of biochemical parameters and bone mass during the
follow-up period represented as a percent change from baseline. a
Outcome of creatinine (median values). Creatinine variations were
significant within each treatment group (P=0.0001 at all time points
except for days 5–7 and days 7–10 in the pamidronate group [P=
0.005 and P=0.0007, respectively] and days 5–7, days 7–10, and
month 3 [24 h post-infusion] in placebo patients [P=0.04, P=0.005,
and P=0.03, respectively]), but not between groups. b Outcome of
PINP and CTx (mean values). PINP changes were significant within
the pamidronate group (P=0.02, P=0.01, and P=0.03 at respectively
3, 6, and 12 months post-RT). CTx variations were significant within
both treatment groups (P=0.0002, P=0.0001, and P=0.0001 for the
pamidronate group, and P=0.03, P=0.02, and P=0.03 for placebo
patients at respectively 3, 6, and 12 months post-RT). Neither of these
two parameters showed significant differences between groups. c
Outcome of BMD at the lumbar spine (mean values). BMD change at
6 months was significant within the placebo group (P=0.04).
Comparison between treatment groups showed significant differences
at 6 and 12 months (P<0.05)
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Discussion

Bone loss in kidney recipients is due to uncoupled bone
resorption and formation. Factors contributing to both of
these processes are more evident in the early post-
transplantation period and include previous bone disease,
immobilization periods, and immunosuppressive regimens
containing corticosteroids and calcineurin inhibitors. Treat-
ment with antiresorptive medications, such as bisphospho-
nates, targets several factors that contribute to bone loss in
the RT population. Practice guidelines for renal transplan-
tation recommend bisphosphonates for the prevention of
bone injury in the early phase after RT in patients with an
increased risk of fracture, whereas vitamin D and calcium
are generally recommended in the absence of contra-
indications [7, 8].

In this study, we demonstrate that two intravenous
infusions of pamidronate, one immediately and the other
3 months after RT, preserve BMD without side effects in
the early post-transplantation period, when substantial bone
loss has already occurred. Based in the results of previous
studies with high doses of biphosphonates and our personal
experience, we designed this trial with the aim to evaluate if
it is possible to obtain such effect using only low doses
avoiding the possibility of side effects, especially adynamic
bone disease. Our results show a significant improvement
in BMD at the lumbar spine; therefore, they are consistent
with those of other studies that show the earlier recovery of
BMD at the lumbar spine during the post-RT period [2, 3].
Lumbar vertebrae L2–L4 showed a gain in bone mass of
1% at 12 months in patients who received the two 30-mg
intravenous pamidronate plus daily calcium and cholecal-

ciferol, while in the placebo group BMD fell by 6%. The
effect of the treatment, which was maintained after adjust-
ing for iPTH, would explain the stabilization of spinal
BMD in the treatment group. Although patients with higher
bone loss in the early post-RT period are more vulnerable to
bone fractures, in this series we did not find significant
evidence, this could be explained because our study was
not powered to detect fractures.

Baseline iPTH, PINP, CTx, phosphorus, 25-OH-D, and
1,25-OH2-D values revealed the occurrence of secondary
hyperparathyroidism associated with high-turnover bone
disease, hyperphosphatemia, and hypovitaminosis D in
both groups. Elevated baseline levels of iPTH, CTx, and
phosphorus, as well as low 1,25-OH2-D and 25-OH-D
values normalized during the study and bone turnover
decreased, although relatively high iPTH values persisted in
both groups. The outcome of iPTH and the bone remodel-
ing markers PINP and CTx followed the same pattern,
which was characterized by an initial fall during the first
3 months in both groups, and a recovery starting at the sixth
month post-RT only in the placebo group, although differ-
ences between groups were not significant.

The benefit of pamidronate in the prevention of bone
loss early after RT, particularly in the lumbar spine, has
been assessed in two 12-month studies. Fan et al. reported
reduced bone loss in the lumbar spine and femoral neck,
although only the latter persisted at 48 months [2].
Furthermore, Coco et al. reported that pamidronate pre-
served BMD at the lumbar spine even after treatment was
discontinued, but no effect on the incidence of fractures was
found [3]. A recent study by Walsh et al. using higher doses
than in our series showed similar results but they also

Table 3 Bone mineral density at baseline and after 6 and 12 months

Localization Pamidronate group Placebo group

Baseline 6 months 12 months Baseline 6 months 12 months

Lumbar spine (L2–L4)a BMD (g/cm2) 0.94±0.14 0.94±0.12 0.95±0.13 1.00±0.19 0.93±0.17b 0.94±0.17

T score −1.47±1.14 −1.57±1.28 −1.48±1.17 −1.28±1.30 −1.81±1.14 −1.71±1.17
Z score −0.78±1.00 −0.82±1.07 −0.82±0.92 −0.75±1.52 −1.19±1.32 −1.25±1.35

Femoral neck BMD (g/cm2) 0.72±0.13 0.74±0.11 0.74±0.11 0.72±0.14 0.72±0.13 0.75±0.13

T score −1.90±1.25 −1.64±1.10 −1.60±1.17 −2.15±1.26 −1.97±1.15 −1.74±1.08
Z score −1.01±0.97 −0.91±0.83 −0.88±0.90 −1.28±0.74 −1.13±0.78 −0.90±0.64

Total femur BMD (g/cm2) 0.84±0.18 0.84±0.16 0.86±0.16 0.84±0.14 0.84±0.15 0.85±0.13

T score −1.46±1.31 −1.42±1.20 −1.26±1.23 −1.60±1.12 −1.53±1.15 −1.40±0.97
Z score −0.92±1.02 −0.93±0.96 −0.81±0.89 −1.05±0.90 −1.05±0.86 −0.92±0.69

Mean ± SD. There were no significant differences between treatment groups at baseline (Mann–Whitney U test for unpaired values). Baseline
values were obtained between days 5 and 7 after transplantation
a There were significant differences between groups for lumbar spine (BMD, T score and Z score) during the follow-up, P<0.05 (ANOVA for
repeated measurements)
b Difference in time within group, P<0.05 (ANOVA for repeated measurements)
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treated patients without evidence of osteopenia [9]. Pamidr-
onate efficacy in the prevention of bone loss in the lumbar
spine and femoral neck was also demonstrated in heart and
lung recipients [6, 10], but not in liver recipients [11].
Similarly, the early application of ibandronate and zoledr-
onate ameliorated bone loss in the lumbar spine and
femoral neck over 1 year in renal recipients [12, 13],
although short-term zoledronate therapy conferred no
sustained benefit at 3 years post-RT [14].

Regarding fractures, most studies failed to correlate
pamidronate with reduced fracture rates [9], except for two
assays in heart and liver recipients [15, 16]. In fact, no
individual intervention (bisphosphonates, vitamin D sterol,
or calcitonin) has been associated with a reduction in the
risk of fracture compared with placebo in kidney recipients
[17].

In the present trial, intravenous administration of pami-
dronate was well tolerated without major adverse events.
This might simplify therapy schedules, leading to better
adherence and, subsequently, greater clinical efficacy. Since
the 30-mg dose of pamidronate did not compromise renal
function and was not associated with adverse effects,
administration of 60 mg should be safe and is also
recommended.

In conclusion, low doses of intravenous pamidronate
disodium combined with a daily supplement of calcium and
vitamin D during the early post-transplantation period is a
safe and effective treatment for the prevention of spinal
bone loss over 12 months in kidney recipients with diag-
nosed osteopenia that are going to receive steroid therapy.
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