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Bisphosphonates are eliminated from the human body by the kidney. Renal clearance is both by glomerular
filtration and proximal tubular secretion. Bisphosphonates given rapidly in high doses in animal models have
induced a variety of adverse renal effects, from glomerular sclerosis to acute tubular necrosis. Nevertheless in
the doses that are registered for the management of postmenopausal osteoporosis (PMO), oral bispho-
sphonates have never been shown to adversely affect the kidney, even (in post-hoc analysis of clinical trial
data) down to estimated glomerular filtration rates of 15 ml/min. In addition fracture risk reduction has also
been observed in these populations with stage 4 chronic kidney disease (CKD) with age-related reductions in
glomerular filtration rate (GFR). Intravenous zoledronic acid is safe when the infusion rate is no faster than
15 min though there have been short-term (days 9–11 post-infusion) increases in serum creatinine
concentrations in a small sub-set of patients from the postmenopausal registration trials. For these reasons
intravenous zoledronic acid should be avoided in patients with GFR levels b35 ml/min; and the patients
should be well hydrated and have avoided the concomitant use of any agent that may impair renal function.
Intravenous ibandronate has not to date been reported to induce acute changes in serum creatinine
concentrations in the PMO clinical trial data, but the lack of head-to-head comparative data between
ibandronate and zoledronic acid precludes knowing if one intravenous bisphosphonate is safer than the other.
In patients with GFR levels b30–35 ml/min, the correct diagnosis of osteoporosis becomes more complex
since other forms of renal bone disease, which require different management strategies than osteoporosis,
need to be excluded before the assumption can be made that fractures and/or low bone mass are due to
osteoporosis. In addition, in patients who may have pre-existing adynamic renal bone disease, there is a lack
of evidence of any beneficial effect or harm by reducing bone turnover by any pharmacological agent,
including bisphosphonates on bone strength or vascular calcification. Bisphosphonates are safe and effective
for the management of osteoporosis when used in the right dose and in the right patient population for the
right duration.
This article is part of a Special Issue entitled Bisphosphonates.
l rights reserved.
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Introduction

Bisphosphonates are widely used in the treatment of postmeno-
pausal osteoporosis, and increasingly used in male osteoporosis and
glucocorticoid-induced osteoporosis. They have been shown to
increase bone mineral density, reduce bone turnover, and reduce the
risk of fragility fractures [1,2]. As a class of agents, they are generallywell
tolerated. Due to themechanism of excretion of bisphosphonates via the
renal system, and the lack of clinical trial data in patients with
osteoporosis and severe renal impairment (glomerular filtration rate
{GFR}b30 ml/min), the oral bisphosphonates: alendronate, risedronate
and ibandronate and the intravenous (IV) bisphosphonates ibandronate
and zoledronic acid all carry governmental registration warnings
:10.1016/j.bone.2010.12.024
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regarding their use in patients with creatinine clearance (CrCl)
b30 ml/min (risedronate, oral and IV ibandronate) or b35 ml/min
(alendronate and zoledronic acid) [3]. In general, bisphosphonates,
whichare excretedby thekidneys, have thepotential for causingadverse
renal effectswhenpresent at sufficiently large plasma concentrations. As
both osteoporosis and renal insufficiency are known to become more
prevalent with age [4,5], and bisphosphonates are the most widely
prescribed treatment for osteoporosis, this section will examine the
available data regarding renal safety in patients with osteoporosis
treated with bisphosphonates, in order to provide clinicians with
information on which patients may be suitable for such treatment
with respect to renal function.

Pharmacokinetics

Bisphosphonates are notmetabolized, and are retained and re-cycled
back into the circulation in the samemolecular structure as in the parent
formulation [6,7]. Oral bisphosphonate absorption is poor (b1% of the
formulated dose). Due to their avid affinity for the bone (calcium–

phosphorus surface) between 27% and 62% of the drug in the blood
rapidly binds to bone mineral. Any remaining bisphosphonate is
excreted via the kidneys, predominantly within the first few hours
after administration [8,9]. Renal excretion occurs by both passive
glomerular filtration and active transportation in renal proximal tubular
cells [10,11]. These excretion pathways are common to many drugs. A
number of these drugs are known to cause changes in kidney function
and structure which may result in reversible or permanent renal
dysfunction. Permanent renal damage has been reported in case reports
using the 1st generation IV bisphosphonates, data not validated by
randomized, controlled clinical trials [12–14].

Following IV administration of bisphosphonates, approximately 50%
of thedose is incorporated into thebone. Apart fromanegligible amount
of drug transiently exposed to other tissues, most of the remainder is
also excreted unchanged in urine via the same filtration and proximal
tubular secretion pathways as oral bisphosphonates. Bisphosphonates
persist in bone for long durations, are slowly released during cycles of
bone remodeling, and can reenter the systemic circulation, and also the
kidney, with no change observed in their molecular structure or
metabolic activity. In general bisphosphonates do not undergo any
detectable metabolism, do not induce or inhibit cytochrome P450
activity, and do not use the anionic or cationic renal transport systems
involved in the excretion of many other drugs [15–22].

Risk of renal adverse effects

Early studies showed that rapid IV (200 mg/h) infusions of bispho-
sphonates such as etidronate, tiludronate, and clodronate were
associated with acute renal failure and other adverse renal effects.
These events were likely due to nephrotoxic effects of the high systemic
drug concentrations on tubular cells. [17–22]. Data regarding rapid
infusions of IV pamidronate and zoledronate provided additional
evidence of direct renal effects and suggest that any renal adverse
effect may be related to the Cmax, rather than the area under the curve
(AUC). Rapid (b5 min) infusion of monthly pamidronate and/or
monthly zoledronate in metastatic prostate and breast cancer or
multiple myeloma trials was shown to induce acute increases in
serum creatinine concentrations in some patients; while a slower
infusion rate of the same dose/dosing interval was not associated with
acute increases in serum creatinine concentrations [21–23]. Thus, in
patients with oncologic conditions, the FDA label advises that the
zoledronic acid dose is adjusted based on the pre-dose serum creatinine
clearance levels and the infusion is given over 15 min. While anecdotal
cases showing the development of a chronic glomerular lesion have
reported during the administration of IV pamidronate, these patients
also had many other co-morbidities that have been associated with
glomerulosclerosis [24,25]. For treatment of osteoporosis, oral bispho-
Please cite this article as: Miller PD, The kidney and bisphosphonates,
sphonates have not been associated with adverse effects on renal
function in populations treated in the guidelines of the registration
labels. It is important to point out that most of the osteoporosis clinical
trials did not enroll patients based on a pre-specified creatinine
clearance, but a serum creatinine cut-off of b2.0 mg/dl. Hence, it is
probable that many elderly patients with a low body mass index (BMI
and/or body surface area {BSA}) which are major determinants of
kidney size, glomerular filtration rate (GFR) and serum creatinine
concentration had a creatinine clearance below 30 ml/min that were,
nevertheless, randomized in the oral bisphosphonate trials [26–28]. In 2
post hoc studies of the pivotal risedronate and alendronate registration
trials, approved doses of risedronate and alendronate reduced fracture
risk and also did not alter renal function in postmenopausal women
with Cockcroft–Gault estimated GFR determinations as low as 15 ml/
min for a 2- to 3-year period of use. [29,30]. This post-hoc data has not
been validated prospectively nor in patients with known intrinsic renal
disease as opposed to the clinical trial populations where the reduction
in GFR was felt to be “age-related” reductions in renal function [31–34].
Additionally, none of the patients randomized in any of the post-
menopausal pharmacological clinical trials had elevated pre-treatment
intact parathyroid hormone levels (PTH). Hence, results seen with any
pharmacological agent registered for the treatment of postmenopausal
osteoporosis (PMO) may not result in the same outcome in patients
with elevated endogenous PTHvalues. The only bisphosphonate clinical
trial that excluded and randomized patients based on an eGFR by the
Cockcroft–Gault equation was the intravenous zoledronic acid trials:
“HORIZON” (Reclast™; Novartis Pharmaceuticals Corporation, East
Hanover, NJ) and IV ibandronate (Boniva; Roche Therapeutics Inc.,
Nutley, NJ) [35–37]. There is no standard of care in clinical practice in
any nation that requires clinicians to perform a creatinine clearance for
pre-treatment management of patients considered for bisphosphonate
therapy despite the FDA labeling advising clinicians to avoid use of oral
bisphosphonates in patients with a creatinine clearance b30–35 ml/min.
Theautomatic reportingoncommercial clinical laboratoryprintouts of the
estimated glomerular filtration rate (eGFR) will provide clinicians with a
fairly accurate estimation of glomerular filtration rate [24–27]. In those
cases where the eGFR, which by either the Cockcroft–Gault (CG) or
Modification of Diet in Renal Disease (MDRD) equations, both of which
are highly correlated with the most accurate methods for determining
GFR, falls below the lower level of GFR cut-off recommended by
registration agencies for bisphosphonates, a well hydrated 24 hour
urine for creatinine clearance will often be higher than the eGFR [38–41].

At registered doses for osteoporosis both IV bisphosphonates
(zoledronic acid and ibandronate) show little risk of renal adverse
events in patients with creatinine clearances N30 ml/min. Intravenous
zoledronic acid has induced transient short term increases in serum
creatinine concentrations in osteoporosis trials in a small but significant
number of subjects. In the phase 3 Health Outcomes and Reduced
Incidence with Zoledronic Acid Once Yearly (HORIZON)—Pivotal
Fracture Trial in 7500 women with postmenopausal osteoporosis
(mean age, 73 years), a 15-minute infusion of zoledronate 5 mg once
yearlywas associatedwithno increased risk of renal side effects over the
course of 3 years compared with placebo (Fig. 1) [35]. Assessment of
changes in serum creatinine concentrations at 9 to 11 days after the
infusion in a subset (5500 patients) of the total randomized population
showed that a small, though significant, percentage of patients receiving
zoledronate had an increase in serum creatinine concentration of
0.5 mg/dl or more comparedwith patients given placebo (1.2% vs. 0.4%,
Pb0.05) only after the second infusion (Fig. 2) [42]. In all of these
patients increases in serum creatinine returned to baseline levels before
the next annual infusion. In the HORIZON—Recurrent Fracture Trial,
which included 2000 older male and female patients (mean age,
75.5 years) with recent low-trauma hip fracture, there were no
significant differences between zoledronate 5 mg once yearly and
placebowith regard to proportion of patients with a 0.5-mg/dl increase
in serum creatinine (6.2% vs. 5.6%) or a reduction in eGFR to less than
Bone (2011), doi:10.1016/j.bone.2010.12.024
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Fig. 1. The change in estimated glomerular filtration rate (eGFR) over 3 years between
the placebo vs. the treated groups in the HORIZON pivotal registration trial for
postmenopausal osteoporosis. Ref. [35].

Bisphosphonate  (BP)Use Across CKD
Glomerular Filtration Rate (GFR) by Creatinine 

Clearance or estimated GFR (eGFR)

• 1. GFR < 90-30 (35)* ml/min( 
stage 1-3 CKD)

• 2. Manage as one would for 
treatment indications for PMO 
with usual bisphosphonate  
dose

• 3. If biochemical tests suggest 
CKD-MBD**consider 
strategies as recommended by 
KDIGO (Moe S et al KI 2009)

• 1. GFR <30-15 ml/min (stage 4 
CKD). Treat (off-label) patients 
at high risk for fracture with 
established*** osteoporosis; 
oral: usual doses for 2-3 yrs. 
IV: usual dose given slowly 
(>30 min). 

• 2. GFR < 15 ml/min (stage 5 
CKD. Only consider in 
fractured patients  with 
established osteoporosis.

• Oral: ½ formulation for 2-3 yrs. 
IV: ½ formulation given very 
slow (> 60 minutes)

* FDA label differs among  BP’s
** Chronic kidney disease-mineral and bone disorder
*** Established osteoporosis has excluded CKD-MBD (Miller PD Clev Clin Med J  2009

Fig. 3. A basic algorithm suggesting management strategies for groups of patients with
low bone mineral density or low trauma fractures across the stages of normal to
reduced glomerular filtration rate. Ref. [52].
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30 ml/min (8.2% vs. 7.3%) [36]. In the Dosing Intravenous Administration
(DIVA) trial of IV and ibandronate, which involved 1395 postmenopausal
women, the incidence of renal adverse events was low among groups
receiving IV ibandronate by injection (2 mgevery2 months or 3 mgevery
3 months) and no cases of acute renal failure reported or decreases in
creatinine clearance were seen at any time point [37]. A pooled database
including N3000 women with postmenopausal osteoporosis exposed to
IV ibandronate at 2 to 12 mg annually also indicated no cases of acute
renal failure or other significant adverse renal effects. [43]. Since there
havebeennohead-to-head clinical trials comparing effects of intravenous
zoledronic acid to intravenous ibandronate, there is no data on
comparative renal safety between these 2 intravenous bisphosphonates.
Recently the FDA sent out a newsletter to physicians reporting on24 cases
of acute renal failure reportedpostmarketingwith intravenous zoledronic
acid in the osteoporosis population (Reclast™) [44]. Many of these
patients had other (including renal) co-morbidities that might have put
them at increased risk for acute renal failure. The clinical point is that
HORIZON-PFT: Mean Serum Creatinine Levels From Baseline in Patients with 
Pre-to Post-infusion Change of >0.5 mg/100 dL (Overall Safety Population): 

7,714

n, number of patients affected from the overall safety population (N = 7,714)
Boonen S, et al. Kidney Int. 2008;74:641–648 
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Fig. 2. The change in the short term serum creatinine concentration (days 9–11
post-infusion) between the placebo vs. the treated group in the renal safety sub-groups
from the HORIZON pivotal registration trial for postmenopausal osteoporosis. Ref. [42].

Please cite this article as: Miller PD, The kidney and bisphosphonates, B
before patients receive intravenous Reclast™ they should be well
hydrated and not receiving agents that are known to possibly adversely
affect kidney function. On balance, it appears that the risk of kidney
damage in patients receiving IV bisphosphonates for osteoporosis is very
small and can be further reduced by ensuring adequate hydration anduse
of appropriate infusion times (Fig. 3) [52].

Treatment of osteoporosis in patients with impaired
kidney function

The automatic reporting of eGFR on commercial laboratory reports
will increase the challenges in making decisions about management
of skeletal health in patients with reduced GFR. The National Kidney
Foundation classifies chronic kidney disease into 5 stages based on
calculations of GFR [39,41].

Patients who are suffering low-trauma fragility fractures with stage 1
through3CKD(GFRb80–30 ml/min) aremore likely tohaveosteoporosis
than chronic kidneydisease-mineral andbonedisorder(CKD-MBD) as the
cause of their impaired bone strength [44–46]. CKD-MBD is the acronym
given by the National Kidney Foundation's Kidney Disease Improving
Global Outcome to describe the abnormalities in bone turnover,
mineralization and volume that accompany chronic kidney disease [47].
Although several articles have described a higher fragility fracture risk
associated with age-related reduction in renal function compared with
age-matched and bone mineral density matched patients with normal
renal function, the specificmetabolic bonediseaseother thanosteoporosis
accounting for this bone fragility has not been well defined. Hence, in
patientswithosteoporosis andwhoare in stage1 through3CKDrangesof
glomerular filtration rate who do not have a known biochemical
abnormality (especially hyperphosphatemia or unexplained secondary
hyperparathyroidism) that might suggest some form of CKD-MBD, can
and should be considered for treatment with Food and Drug Administra-
tion-registered pharmacologic agents that reduce the risk for fractures in
postmenopausal,male, or glucocorticoid-inducedosteoporosis. [47–51]. It
is important to emphasize that in the assessment of all patients with
fragility fractures or low BMD secondary etiologies for bone fragility are
excluded; and that all patients receive the recommendeddoses of calcium
(1500mg/day total intake) and vitamin D. Serum levels of 25 hydro-
xyvitaminDshouldbekept at least at 30 ng/mlorhigher and replacement
of vitaminD should be adjusted accordingly to achieve this endpoint [53].
Although those patients in stage 1 through 3 CKD as well as in stage 4
through 5D CKD who already have suffered fragility fractures are at high
risk for future fractures and merit consideration for intervention with an
one (2011), doi:10.1016/j.bone.2010.12.024
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osteoporosis pharmacologic agent, intervention decisions in patientswho
have not suffered a fragility fracture are not defined as clearly. The recent
publication of the WHO-validated 10-year fracture risk in untreated
postmenopausal women and elderly men (FRAX™, WHO, Geneva,
Switzerland) helps define levels of risk that facilitate intervention
decisions. FRAX™, however, did not validate CKD in their model [54].
The US implementation guidelines for practical application of FRAX in the
health care system also shouldmake it easier for clinicians to decide who
to treat based on absolute risk calculations [55].

Although all of the osteoporosis pharmacological registered agents
have evidence of risk reduction for vertebral fractures, patients at higher
fracture risk or who already have suffered a nonvertebral fracture are
more often considered candidates for bisphosphonates which have
evidence for global fracture risk reduction. Though this section deals
with bisphosphonate use in patients with impaired GFR, comments
about 2 other registered agents are appropriate. The recently approved
fully human monoclonal antibody to RANKL, an osteoblast-derived
glycoprotein, denosumab (Prolia™) merits comment. Denosumab,
which also reduces global fracture risk in the postmenopausal
population, is not cleared by the kidney and in a post-hoc analysis of
the pivotal registration trial for PMO was safe and effective down to
eGFR of 15 ml/min [56,57]. Likewise the anabolic agent, teriparatide
both at 20 μg/day and 40 μg/day had a positive bone effect as measured
by increases in osteoblast activity markers and BMD down to eGFR of
30 ml/min and without any adverse renal effects [58]. It is important to
emphasize that in all of the teriparatide clinical trials, all patients, even
those with an eGFR down to 30 ml/min, had normal baseline serum
intact PTH levels. It is possible that the bone biological response could
differ between patients with CKD who have an increased as compared
with a normal serum PTH level.

Treatment decisions become more difficult to make in fracturing
patients with stage 4 and especially stage 5 and 5D CKD, where the
mortality rate is exceptionallyhigh [59–61]. This is even thecasewhen the
clinician has determined to the best of his/her ability that the patientwith
stage 4 through 5D CKD has suffered a fragility fracture and has
osteoporosis rather than CKD-MBD. There are no prospective data
showing efficacy of any of the approved pharmacologic agents to treat
osteoporosis at these levels of GFR. There are no data on the efficacy or
safety of bisphosphonates of any formulation on fracture risk reduction in
patientswithaGFR less than15 ml/min(stage5or5DCKD).Nevertheless,
the question often arises on opinions regarding the management of
fragility fractures in this population. Here only opinion exists and is
controversial, and leads us to appeal for good science and randomized
prospectivedata in thesegroups. Inmyopinion, patientswithout fractures
with stage 4, 5, or 5D CKD should not be given bisphosphonates or
teriparatide off-label [52]. That is, treating only on the basis of low BMD
and other risk factors would seem possibly to be associated with greater
risk than benefit. In those 4 through 5D CKD patients suffering fragility
fractures, a bisphosphonate may be considered but only after a thorough
eliminationof CKD-MBD.While the renalmetabolic bonediseases (severe
secondary hyperparathyroidism) are highly probable with intact para-
thyroid hormone levels (PTH)N400 pg/ml, or, (osteomalacia) with
elevated bone specific alkaline phosphatase, the disease where reducing
bone turnover is intuitively undesirable would be renal adynamic bone
disease. An intact PTHunder150pg/mlhas ahigh sensitivity for adynamic
bone disease [59]. In cases where the cause of fractures cannot be
discriminated between osteoporosis and CKD-MBD, a quantitative bone
histomorphometry canbediagnostic [62]. A transiliacbonebiopsy is a safe
procedure with little morbidity when performed in skilled hands. Once a
diagnosis of osteoporosis appears to be the cause of fractures, then if one
chooses to use a bisphosphonate after open informed consent by the
patient, then in my opinion the formulation dose should be half of the
registered dose, and restrict the use to no more than 3 years [52,63]. For
the intravenous formulation, zoledronic acid, the infusion rate should be
slower—e.g. 60 min or longer. This approach is based on the known
pharmacokinetics of bisphosphonates in humanbeingswithnormal renal
Please cite this article as: Miller PD, The kidney and bisphosphonates,
function: 50% of an administered dose goes to bone and 50% gets excreted
by the kidney. Thus, with severe impairment of renal function, and
because the ability of bisphosphonates to be dialyzed has not been well
studied, it seems reasonable to give half the usual dose. The limitation of
administration to no more than 3 years is based on the unknown, but
probable, greater bone retention of bisphosphonates when excretion is
impaired. It should be stressed that these approaches are based on no
evidence for efficacy but are considered in extreme cases of often
recurrent fragility fractures in which the fractures per se pose a great risk
formorbidity andmortality. These approaches should be clearly discussed
with the patient, be undertaken by specialists knowledgeable in complex
metabolic bone disease management, and be initiated only after the
disease leading to fractures is well characterized.

One final comment is justified in considerations for using any agent
that reduces bone turnover in patientswith CKD, especiallymore severe
stage 3 to stage 5 CKD. There is experimental data that suggests that
theremay be a link between low bone turnover and an increased risk of
cardiovascular disease. The hypothesis is that in situations where
absorbed phosphorus cannot either be adequately eliminated by the
kidney or taken up into bone tissue that has low bone remodeling, a
depository tissue for phosphorus (and calcium) is the vasculature [64].
These intriguing links between bone and vasculaturemerit validation in
prospective human being investigations but should be made aware by
the medical community considering any agent that reduces bone
turnover in more severe CKD.
Conclusions

Although there is no consensus regarding the criteria for the
diagnosis of osteoporosis in stage 4, 5, and 5D CKD, there seems to be
wider agreement that the WHO criteria and/or low-trauma fractures
can be used for the diagnosis of osteoporosis in stage 1 through 3 CKD
because many of the patients randomized in the prospective
registration trials for osteoporosis pharmacologic agents had these
levels of GFR.

This agreement also is predicated on the absence of biochemical
abnormalities that might suggest CKD-MBD, and here the recent
KDIGO (2008) guidelines provide excellent leadership in these areas
[58]. In patients with stage 1 through 3 CKD (prospective data with
all formulations) and stage 4 CKD (post-hoc data with oral
formulations) bisphosphonates are effective and safe. Intravenous
zoledronic acid should not be given under a 15 minute infusion time
and the patients should be well hydrated and, if possible, not have
concomitant presence of other agents that may increase the risk for
renal damage (intravenous contrast dye, and non-steroidal anti-
inflammatory drugs). If there are any concerns for renal safety,
slowing the infusion rate to 30min or longer appears to reduce risk in
clinical experience. The use of bisphosphonates in stage 5 CKD
should only be considered off-label, in patients whose mortality, as a
consequence of their fractures alone is high, and other forms of
CKD-MBD have been excluded. It is unknown if bisphosphonates, by
reducing bone turnover in a pre-existing low bone turnover state,
would help or harm bone or lead to more or less cardiovascular
disease, which in CKD may often be associated with low bone
turnover. These questions must be addressed by better science and
prospective data. In clinical practice, at the current time and with
current limited knowledge, treatment of osteoporosis in stage 4, 5,
and 5D CKD is opinion based.

After 40 years of bisphosphonate use in many metabolic bone
diseases, including themost prevalent, osteoporosis, bisphosphonates
are safe and effective and their benefit to risk ratio exceedingly favors
a benefit used in the right populations and in the right formulations
for the right duration. Bisphosphonates are not nephrotoxic drugs
though intravenous zoledronic acid administration must follow
labeled guidelines.
Bone (2011), doi:10.1016/j.bone.2010.12.024
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