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Abstract

Background: Conditions associated with catabolism of bone are common and progress sub-clinically with devastating skeletal
consequences. Over the past two decades, bisphosphonates have become increasingly popular for the preventative management of
the skeleton in these conditions.

Methods: Recent literature pertaining to the mechanisms of action, clinical indications and complications of bisphosphonate therapy
was retrieved using Google Scholar and Pubmed.

Aims of study: To provide an overview of the mechanisms of action, indications, contraindications and complications of the
bisphosphonates available for clinical use in South Africa.

Results: Despite the availability of alternative management regimens, bisphosphonates remain the pharmaceuticals of choice for the
management of hypercalcaemia and generalised catabolic skeletal disorders such as osteoporosis, skeletal metastatic disease, Paget’s
disease of bone, glucocorticoid bone disease and osteogenesis imperfecta. Although adverse complications such as tachycardia, bowel
and oesophageal irritation, pain, jawbone necrosis and atypical femur fractures are well documented, information remains limited on
the long-term effects of bisphosphonate therapy on skeletal health. This manuscript provides an update on the mechanisms of action,
principles applied to the selection of the most appropriate management regimen, monitoring of the response and complications of the
bisphosphonates marketed in South Africa.
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Introduction

Despite the development of innovative pharmaceuticals and auto-
antibodies for the manipulation of skeletal metabolism (reviewed
elsewhere'), bisphosphonates (BPs) remain the first-line choice
for the management of hypercalcaemia and several systemic
catabolic skeletal disease states. BPs are derived from natural
occurring pyrophosphates, which due to their calcium-binding
properties, have been used for more than a century to soften water.
Research performed by Procter and Gamble in the early 1960s on
the prevention of dental caries and calculus deposits on teeth,?3
exposed their affinity for bone and subsequent incorporation in
the skeleton. It has subsequently been shown that approximately
one-third of BPs absorbed are incorporated in the skeleton where
they may persist lifelong. The remainder are cleared by the kidney
without being further metabolised.# During bone resorption, the
incorporated BPs are released where they exert a profound local
influence on the cellular components of the bone metabolic unit
(BMU) and in particular the osteoclasts (readers are referred to
Raubenheimer et al.5 for more information on bone remodelling).
These discoveries prompted pharmaceutical companies to
manipulate the basic pyrophosphate structure of BP, and several
patented drugs with different pharmacokinetics and clinical
applications became available in a potentially lucrative market.

The purpose of this review is to highlight the mechanisms of
action, clinical applications and complications of the BPs available
in South Africa.

Mechanisms of action

The early non-nitrogen-containing BPs, also referred to as the
first generation BPs (Table ), promote osteoclast apoptosis
through incorporation in adenosine triphosphate (ATP). The non-
hydrolysable state of the modified ATP results in neutralisation of
several enzymatic processes of the osteoclast which ultimately
culminate in osteoclast apoptosis, thereby effectively reducing
resorptive activity.>” The calcium-binding capacity of the first
generation BPs, which retard mineralisation activity, is an
outstanding characteristic which is enhanced by their resistance to
neutralisation by alkaline phosphatase. This unique property is the
reason for their specific clinical application.

Table I: Commercially available first generation BPs®

Active Route of Potency* Trade name
ingredient | administration

Clodronate Oral Bonefos
Etidronate Oral & IV 1 Didronel

(not listed in SA**)
Tiludronate Oral 10 Skelid

(not listed in SA)

*Potency of osteoclast inhibition is relative to etidronate which is empirically
set at 18

**Delivery molecule for (99m)Tc-based radiopharmaceuticals for skeletal
imaging

Due to the retardation of mineralising activity and binding of calcium,
firstgeneration BPs are not suited for the treatment of osteoporosis.?*
Indications for their use are restricted to the management of
hypercalcaemia which is commonly associated with disseminated
skeletal malignancies and as an adjunct to the management of
osteolysis resulting from bone metastases of malignant tumours.
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During administration (either through the oral or intravenous route)
the patient should be monitored for hypocalcaemia and secondary
hyperparathyroidism as the drug tends to chelate blood calcium
(the reason for its efficiency in correcting hypercalcaemia of
malignancy). Furthermore, due to the chelating property, ingestion
with milk or if the intravenous (V) route is followed, with calcium-
containing solutions like Ringer’s, is contraindicated. Similar to the
second and third generation BPs, it should be used with caution
in patients with impairment of renal functions, and regular renal
function tests are advised before and during the course of therapy.
Most of the other precautions and complications of BP therapy,
which are discussed later, also apply to the first generation BPs. For
more detail on the schedule of administration, drug interactions,
complications and contraindications readers are referred to the
manufacturers’ recommendations.

The second and third generation BPs, also known as the nitrogen-
containing BPs, were developed by adding a nitrogen side chain to
the pyrophosphate molecule. This addition increases the efficiency
of osteoclast inhibition significantly. Various other modifications to
the nitrogen-containing backbone contributed to the development
of several commercially available BPs with differing potencies
(Table II). Their method of action differs from first generation BPs.
Nitrogen-containing BPs bind to a key enzyme in the pathway critical
for cytoplasmic stress fibre assembly and membrane ruffling® and,
due to the subsequent osteoclast inhibition, apoptosis is induced.°
The effects are not restricted to osteoclasts only. Although their
actions on other cells are less clear, they are known to exert a strong
anti-apoptotic influence on the osteoblast lineage and therefore
play a role in preserving the vitality of bone-forming cells."2Unlike
first generation BPs, these characteristics make second and third
generation BPs most appropriate for the preservation of bone in
catabolic skeletal disease.

Table II: Commercially available second- and third generation BPs®

Active Route of Potency* Trade name
ingredient | administration

Alendronic Oral Accord Alendronate,

acid Alendronate
Unicorn, Aldren,
Boniran, Densate,
Fosagen, Fosavance,
Fosamax, Femax,
Osteonate, Osteobon,
Ran-alendronate,
Sandoz Alendronate

Risedronate  Oral 2000 Actamax, Actonel

Ibandronate  Oral & IV 1000 Boniva

Zoledronic \Y 10000 Zomatron, Zolapor,

acid Zometa, Zobone,
Aclasta, Zolon, Zoclasta
and others

Pamidronate IV 100 Aredia

*Potency of osteoclast inhibition relative to etidronate which is empirically set
at 18

Osteoporosis

Pharmaceutical intervention in osteoporosis must always be
complemented by lifestyle and dietary measures which include
weight-bearing exercise, cholecalciferol administration to patients
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with low vitamin D concentrations, and calcium supplementation.
The latter is mandatory if the daily calcium intake is below 700
mg.”'3 Alendronic acid and risedronate are the BPs of choice in
the majority of men and women with osteoporosis. In cases with
poor drug compliance or intolerance to oral BPs, the IV route or
the use of non-BP regimens such as denosumab, raloxifene or
hormone replacement therapy could be considered. Several
authors reported on the administration of BPs in conjunction
with other pharmacological agents (for a synopsis see Drake et
al.”). The combination of initial PTH treatment (teriparatide) with
maintenance BP therapy seems to provide the strongest anabolic
effect on the skeleton.'415

Due to their hydrophilic nature, BPs are poorly absorbed from
the gastrointestinal tract.'® This is the reason why BPs administered
intravenously are significantly more effective than those
administered via the oral route. Although the recent availability of
BPs allowing once weekly (alendronic acid and risedronate) and
even once monthly (risedronate and ibandronate) administration has
overcome the disadvantage of poor patient compliance associated
with daily regimens, the IV route eliminates the gastrointestinal
adverse effects experienced by some patients on oral BPs. IV
preparations (zoledronic acid, ibandronate, pamidronate) require
even less frequent administration but suffer the disadvantage of
potentially inducing an acute phase reaction, kidney damage and
a higher frequency of osteonecrosis of the jaw than reported with
the oral route (see later). The significance of patient compliance
should not be underestimated as current evidence suggests that
observance of the therapeutic regimen rather than the type of BP
used, is of prime importance in minimising fracture risk."”

Although there are no recommendations on the monitoring of
therapy beyond ten years, treatment review should be performed
regularly (at least after three years with IV BPs and five years with
oral BPs).” In treated individuals, reassessment of fracture risk
can be performed using FRAX with femoral head bone mineral
density (BMD)."™® Short-term non-invasive monitoring of response
to therapy is the ideal, and the use of molecular markers for bone
metabolism are subsequently gaining momentum. The release
of 3-hydroxypyridinium cross links of collagen pyridinoline and
deoxypyridinoline during bone resorption can be quantified in
blood and urine by high-performance liquid chromatography
(HPLC). Provided a baseline is established on a patient, a decrease
can be interpreted as response to therapy. The two components
show a high specificity for bone, are not taken up from food, and
although variables resulting from volume distribution and metabolic
clearance are as yet exploratory, their concentrations are currently
viewed as the most appropriate indicators of bone resorption.'®

Discontinuation of administration is advised in high-risk fracture
patients who have been treated with alendronate, risedronate
and zoledronic acid for longer than five years. In low-risk fracture
patients a ‘drug holiday’ is recommended after one to two years
for risedronate, three to five years for alendronate and three to six
years for zoledronic acid.?

Duration of the skeletal-protective action of BPs is related to the
potency of the BP used, dosage of administration, metabolism and
clearance of the drug. Although the determination of the effective
half-life is hampered by technical challenges, it has been suggested
that after one IV administration, alendronate has a half-life of more
than ten years.?!

Malignancies affecting the skeleton

The skeletal morbidity of myeloma is related to osteoclast-induced
bone resorption with associated pain and hypercalcaemia. In
a consensus statement of the Mayo Clinic Myeloma Group, IV
pamidronate is recommended as the drug of choice for the
management of these morbidities as pamidronate effectively
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suspends bone resorption, alleviates bone pain and corrects
hypercalcaemia. Pamidronate is perceived to have a lower risk
for inducing jaw osteonecrosis than the alternative, zoledronic
acid.??2 Upon remission, treatment is discontinued after two years.
If remission is not achieved, pamidronate administration should be
considered every three months at a reduced dosage.

In a recent update of 18 trials reporting on 4 843 men with
advanced prostate cancer, BP therapy was shown to decrease
the number of skeletal events and reduce disease progression.?
Although non-opioid and opioid analgesics are employed to
manage metastatic bone pain, BPs can offer added pain reduction.?
A joint review drafted by an expert panel of Cancer Care Ontario
and the American Society of Clinical Oncology suggests that BP
administration reduces bone recurrence and improves survival of
postmenopausal patients with non-metastatic breast cancer.? In
separate studies, a substantial relief of the skeletal complications
and pain have been demonstrated in patients with breast cancer
receiving IV BPs.2627 Of the oral BPs, only daily administration
of ibandronate has been shown to be beneficial. The skeletal
protecting action of BPs is advantageous particularly to women
receiving oestrogen ablation therapy for hormone-sensitive breast
cancer.?®

Paget’s disease of bone is characterised by an increase of bone
resorption followed by defective bone formation. These processes
result in a weak skeleton, deformities, skull enlargement and pain.
BPs suppress bone resorption with subsequent normalisation of
serum alkaline phosphatase concentrations and are therefore
recommended for the management of the active and symptomatic
phase of the condition.” A recent practice guideline confirms
that oral risedronate, pamidronate and IV zoledronic acid are
effective in this regard. BP therapy however does not eradicate the
radiological changes, nor does it improve the deformities or reduce
pain resulting from the associated osteoarthritis.?®

With present data available, BP therapy holds potential for the
improvement of the quality of life of children with osteogenesis
imperfecta. IV administration of pamidronate results in a significant
increase in cortical bone thickness and trabecular bone volume.*
Success has also been reported with oral alendronate in the
management of the consequences of this devastating genetic
disease.?' Although the mechanism of action is not clear, it appears
that the inhibition of osteoclast- induced resorption augments the
defective process of bone formation. Although the use of BPs
in children is cautioned against,” the net clinical benefit of BP
administration to children suffering osteogenesis imperfecta may
outweigh its potential disadvantages.

Glucocorticoid therapy is the most important cause for
pharmaceutically induced osteoporosis. Glucocorticoids induce
skeletal catabolism which is the result of induction of apoptosis of
cells of the osteoblast lineage and activation of bone resorption
through prolonging the lifespan of osteoclasts.®? Patients taking
2.5 mg or more prednisone per day for three months or longer and
with a high risk for fractures can benefit from BP administration
which should start at the onset of glucocorticoid therapy.
Risedronate and alendronic acid are first choices and where these
drugs are contraindicated, second line agents such as denosumab
or teriparatide could be considered.®® Because of limited
information on the advantages BP intervention in patients taking
glucocorticoids, the American College of Rheumatology advises
vitamin D and calcium supplementation without BP administration
in patients with a low fracture risk.3

Pamidronate and alendronic acid have been shown to reduce
the markers of bone resorption during skeletal immobilisation
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and their protective influence on the skeleton, and reduction of
hypercalcaemia and nephrolithiasis is promising.353¢ Management
of the skeletal morbidity of paediatric conditions such as anorexia,
juvenile rheumatoid arthritis and cystic fibrosis is awaiting data
of long-term studies on whether the net benefit outweighs the
potential complications. The embedding of modifications of BPs on
implants creating bioactive surfaces which facilitate bio-integration
and reduce implant failure will certainly gain momentum in the
future.

Despite considerable attention given to BP-related osteonecrosis
of the jaw (ONJ), this complication is rare in patients receiving oral
BPs: ONJ occurs in between 0.1% of myeloma patients and 5%
of advanced prostate cancer patients on BPs.3* The majority of
cases with ONJ were described in patients receiving high doses of
IV BPs for myeloma and breast cancer (for a summary see Drake,
etal.’). The occurrence of ONJ is also related to the anti-angiogenic
properties of the BP administered,®*#° host factors which include
the presence of dormant jawbone infections and the efficiency of
the immune response.*! A variety of infective agents are implicated,
including Actinomyces-like organisms and fungi. It is important to
clear all foci of potential jaw bone sepsis before commencement of
BP therapy and delay invasive dental surgery in patients receiving
the medication. Patients with chronic ear infections may likewise
develop osteonecrosis of the external auditory canal.*? Thigh, hip
or groin pain should alert clinicians to another rare and not yet fully
understood complication, namely atypical femur fracture.*

An acute phase reaction is experienced by nearly a quarter
of patients receiving the first IV dose of nitrogen-containing BP,
and the incidence thereafter decreases progressively with each
administration.¢ This reaction is characterised by pyrexia with
concomitant headache, arthralgia, myalgia and influenza-like
symptoms, and pre-treatment with histamine receptor antagonists,
antipyretics or corticosteroids may provide relief." An increase in
serious atrial fibrillation (requiring hospitalisation) was reported in
patients receiving IV zoledronic acid.** Although verifiable data is
not yet available for the other BPs, the risk appears to be smaller,
if not negligible.” This complication is an indication for considering
one of the non-BP skeletal cytokine modulators or auto-antibodies
in the management regimen (summarised elsewhere?).

Oesophageal irritation and erosions are common in patients
on oral BPs. Patients should be advised to swallow the BP with a
full glass of water and remain in an upright position for one hour
after ingestion. Avoid taking anti-acid drugs containing aluminium
or magnesium due to the danger of chelating and neutralising the
BP. Gastro-oesophageal irritation has not been reported with the
IV route which is recommended in patients with uncontrollable
oesophageal discomfort.

Renal function can rapidly deteriorate in patients on IV BPs
particularly if the creatinine clearance and glomerular filtration
rates are below 30 ml/min3233and 35 ml/min. respectively.'34546 The
oral route of administration may be appropriate in patients with mild
renal impairment’” or alternatively a cytokine modulator or auto-
antibody could be considered as second line regimen. Concomitant
use of non-steroidal anti-inflammatory drugs increases the potential
for peptic ulcers*” and renal dysfunction*® and is contraindicated.

Severe incapacitating musculoskeletal pain, distinct from the
acute phase symptoms, has been reported in a small number
of patients receiving alendronate and risedronate.*® The risk
factors for this complication are unknown. IV administration may
precipitate hypocalcaemia particularly in patients with a substantial
skeletal tumour burden, Paget’s disease, hypoparathyroidism,
compromised renal function and hypovitaminosis D.**%! In order
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to minimise the risk of hypocalcaemia, albumin-corrected serum
calcium concentrations should be determined and corrected before
commencing with IV infusion of BPs.” If unresponsive, consider an
alternate management regimen." Conjunctivitis, uveitis, episcleritis
and scleritis are rare complications of both oral and IV BPs. The
incidence is less than 0.1%, appears to be limited to patients
receiving risedronate, and resolves within weeks of discontinuation
of therapy.#® Administration of BPs is contraindicated during
pregnancy, lactation and in patients manifesting with allergic-type
reactions against the drug.

Conclusion

The therapeutic roll-out of BPs for the management of generalised
skeletal anabolism gained momentum over the past decade.
Although the benefits of BP therapy outweigh the risks in several
progressive skeletal anabolic states, the lack of long-term studies
on large patient samples is hampering the generation of accurate
data on the advantages and complication of BP therapy in some of
the less common conditions. The long-term effects on the skeleton
in particular will be interesting as the repair of micro-fractures,
which contribute to skeletal strength, is impaired.
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