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DOCUMENT SUMMARY/KEY POINTS

e Zoledronate (zoledronic acid) is a potent inhibitor of osteoclastic bone resorption and is
used in the treatment of osteoporosis. It can also have a role in the treatment of
avascular necrosis, delayed bone healing, hypercalcaemia, bone pain and other bone-
related conditions.

e A comprehensive assessment including baseline blood tests, bone mineral densitometry
and dental review is required before zoledronate treatment can be safely administered.

e Patients treated with zoledronate require close supervision and monitoring under the
care of a treating endocrinologist, rheumatologist, oncologist, or orthopaedic surgeon.

e Adverse reactions including an acute-phase response and hypocalcaemia are
commonly associated with the first dose of zoledronate. These can be ameliorated with
simple analgesia and adequate calcium intake.

CHANGE SUMMARY

e Prescriber categories and referral pathways added
e |ndications updated
e Dose information updated

o Reference list updated

READ ACKNOWLEDGEMENT

e Clinical staff prescribing, dispensing and administering zoledronate should read and
acknowledge they understand this document.

Note: Separate Practice Guidelines may be required to cover all aspects of management.

This document reflects what is currently regarded as safe practice. However, as in any clinical situation, there may be
factors which cannot be covered by a single set of guidelines. This document does not replace the need for the
application of clinical judgement to each individual presentation.
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1 Introduction / Background

Zoledronate (zoledronic acid) is a potent bisphosphonate that inhibits osteoclastic bone
resorption. Other patients are referred to Endocrinology for assessment before commencing
treatment.

e Bisphosphonates are given for the treatment of osteoporosis and other bone disorders.
Paediatric osteoporosis is currently defined by:

(1) the combination of a bone mineral density (BMD) Z-score < -2 and a clinically
significant fracture history defined as the presence of either two or more long bone
fractures before the age of 10 years or three or more long bone fractures at any age
up to 19 years; or

(2) one or more vertebral compression fractures occurring without high energy trauma or
local disease irrespective of the BMD Z-score.

This protocol will assist toward:
e Assist all clinical staff to prescribe and administer zoledronate appropriately.
e Promoting the safe use of zoledronate.

e Monitoring and mitigating against adverse outcomes of zoledronate administration.

2 Indications

e Osteoporosis.

o Primary osteoporosis, i.e. bone fragility disorders: e.g. osteogenesis imperfecta,
juvenile idiopathic osteoporosis

o Secondary osteoporosis e.g. secondary to corticosteroids

o Significant fracture with minimal trauma (e.g. low trauma femur fracture in a child
with cerebral palsy).

e Avascular necrosis (AVN)
e Delayed bone healing/fracture non-union
e Pseudoarthrosis

e Other bone-related conditions e.g. fibrous dysplasia, chronic recurrent multifocal/non-
bacterial osteomyelitis (CRMO/NBO), bone pain.

e Hypercalcaemia — serum Ca >3.0mmol/L and/or symptomatic (urgent treatment not
responsive to first line therapy).
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3 Contraindications

e Pregnancy.

e Vitamin D deficiency, defined as serum 25-hydroxyvitamin D <50 nmol/L.
e Hypocalcaemia, defined as serum corrected calcium <2.2 mmol/L.

e Documented allergic reaction to bisphosphonates.

e History of osteonecrosis of the jaw.

e Renal impairment, i.e. creatinine clearance <30 mL/min/1.73m?2.

e Current or recent uveitis or history of bisphosphonate associated uveitis

4 Precautions

e Acute fracture — discuss with orthopaedics.

e Recent or planned dental or orthopaedic procedures. Ensure healing prior to
zoledronate treatment

e Patients with hypoparathyroidism, thyroid/parathyroid surgery, malabsorption syndrome
or short gut syndrome
e Consider reduced dose if creatinine clearance 30-60 mL/min/1.73m?

e Drug interactions: Aminoglycosides and loop diuretics may increase the risk of
hypocalcaemia. Use concurrent nephrotoxic drugs with caution.

5 Referral pathways

At SCHN, bisphosphonates may be prescribed by the treating endocrinologist. The referral
pathway depends on the clinical indication. All new referrals must have had a Bone Mineral
Density Scan (DXA) accompanying the referral. If low bone mineral density is suspected, the
referral should also include either a lateral spine X-ray or VFA with the BMD and clinical
history including fracture history, site and mechanism of injury.

The following specialties are approved zoledronate prescribers in the SCHN

e Endocrinology (for all indications)

General endocrinology management (may be referred to the Endocrinology Head/s of
Department or any named endocrinologist)

e Secondary osteoporosis

o Osteoporosis caused by malignancy, prolonged corticosteroid use (e.g. Duchenne
muscular dystrophy) or disuse (e.g. in a child with cerebral palsy, spinal muscular
atrophy), coeliac disease, hypo- or hyperthyroidism.
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o Concern regarding high risk of fracture during upcoming orthopaedic surgery
o Baseline DXA prior to treatment shows total BMD less than -2 SD
e Bone pain disorders (other than simple osteonecrosis/AVN)

o When considering referral to endocrinologist for bone pain, patient should also be
referred to pain team to ensure bisphosphonate is appropriate next treatment step
and alternative pain treatment options have been considered

o Eg fibrous dysplasia (e.g. McCune Albright), neurofibromatosis type 1

o DXA performed 15 months after commencement of treatment for AVN shows total
BMD less than -2 or greater than +2 SD

e Hypercalcaemia — clinically significant hypercalcaemia requires urgent referral to the on
call endocrinologist

Specialist bone endocrinology management (refer to the bone endocrinologists at
CHW)

e Suspected primary bone fragility disorders (i.e. no secondary cause for fractures
identified on history or strong family history of bone fragility) including suspected

o Osteogenesis imperfecta
o ldiopathic juvenile osteoporosis
o Bruck syndrome

o High bone mineral density in the context of suspected bone fragility (i.e. total BMD
+2 SD)

e Specific complex clinical scenarios requiring endocrine input e.g. Patient has received
complete course of zoledronate as protocol recommends however treating team
considering further doses may be required.

e The endocrine bone team will support and liaise with treating teams in managing
patients with zoledronate. Treating teams may refer for diagnostic or treatment
questions.

6 Pre-Treatment Assessment and Investigations

e Baseline blood tests, bone mineral densitometry (BMD) via DXA scan and dental review
must be performed before treatment is to commence (Appendix 1).

e Pre-infusion biochemistry including serum Calcium, Magnesium, Phosphate, Alkaline
Phosphatase, albumin and EUC should be collected before all zoledronate infusions.
Vitamin D and PTH should be collected once a year. Post-infusion bloods should be
considered if clinically indicated.

e Calcium and Vitamin D must be within normal limits within the last 6 months prior to
commencement of zoledronate.
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All children with vitamin D deficiency should be supplemented with vitamin D to achieve

a vitamin D level within the normal range. Dose should be determined by treating team
depending on level of deficiency

If dietary intake is inadequate, calcium supplementation may be necessary.

o Children aged 2-4 years must have a calcium intake of 500 mg/day.

o Children 4 — 8 years of age must have a calcium intake of 800 mg/day and
o children greater than 8 years of age 1200 mg/day.

If there is concern regarding calcium intake (for example in oncology or
gastroenterology patients with poor appetite) consider checking a 48-hour post-infusion
calcium level. This is not routinely required for all patients.

All patients should have a dental review prior to commencing zoledronate to assess the
need for any major dental interventions. An orthopantomogram (OPG) may be arranged
at the discretion of the dental team. It is important that patients continue to maintain
good dental health whilst undergoing therapy and should continue to have 6 monthly
dental check-ups. Routine treatment such as scaling and fillings do not pose a risk.

Height and weight are recorded prior to all zoledronate infusions.

Children with osteoporosis require a lateral thoraco-lumbar spine x-ray or vertebral
fracture assessment (VFA) on DXA at baseline.

Bone mineral densitometry by DXA must be performed prior to zoledronate treatment.
This is repeated every 1-2 years whilst on treatment and following cessation of
treatment as per the treating team. Vertebral Fracture Assessment (VFA) can be
performed as part of the DXA to review vertebral compression fractures. This will
reduce the overall patient radiation exposure compared to regular spine x-rays. As
stated above, if BMD on DXA is abnormal (+/-2 SDS), patient should be referred to
Endocrinology.

7 Dose
e The dose of zoledronate is calculated on the child’s ideal body weight (or actual body
weight if child is underweight) and is administered via slow intravenous infusion3.
e In overweight or obese patients, use one of the following methods to obtain the ideal
body weight in order to calculate dose:
o If age and height are known, use height-for-age chart to identify the percentile at
which to read the “ideal” weight from a weight-for-age growth chart
o If height is not known, use the 50th percentile for age
e The prescriber will determine the dose and frequency of zoledronate.
o Weight should be checked on the day of infusion to ensure that the prescribed dose
is correct based on the current weight
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e The maximum dose is usually 2 mg per infusion but adolescents with osteoporosis on
annual infusions can receive a maximum dose of 4 mg. The maximum cumulative
annual dose is 5mg.

e Calcium should be supplemented after the first dose of zoledronate (see supplemental
medication table below for dosing)

e The following treatment regimens can be used as a guide (maximum of 4 mg/year):

7.1 Osteoporosis

7.1.1 Osteoporosis in children 22 years of age

Treatment phase:

Infusion number Dose Frequency

1 0.025 mg/kg (max 1mg) Once

2 0.025 mg/kg (max 1mg) Once at 3 months

All subsequent 0.05 mg/kg (max 2mg) 6 monthly* (see Figure 1 & 2) starting 6
months after first dose

*Alternatively, children may be treated with 0.025mg/kg every 3 months at the discretion of
the treating team. This is sometimes used if the patient has both osteoporosis and bone-
related pain.

Maximum cumulative dose per year is 5mg.

Primary Osteoporosis (Figure 1)

e |t may be possible to cease treatment or switch to oral risedronate in children with mild
osteogenesis imperfecta such as type I. This is at the discretion of the treating
endocrinologist as there is no clear evidence.

e Treatment should be continued throughout growth in more severe forms of
osteogenesis imperfecta.

e Zoledronate should be reduced after two years in idiopathic juvenile osteoporosis if
height-adjusted Z scores are normalizing, as the condition is usually self-limiting.

Secondary Osteoporosis (Figure 2)

e In secondary osteoporosis, reassess risk factors for osteoporosis and ongoing
requirement for bisphosphonate treatment annually. Treatment beyond 2 years duration
should only be considered if there is ongoing fracture or bone pain. Consider cessation
at completion of linear growth. If there are persistent or permanent risk factors (such as
high dose steroids), ongoing low dose bisphosphonates may be considered until the
end of growth.
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e Duration of bisphosphonate treatment in DMD may be longer than recommended for
other forms of secondary osteoporosis due to ongoing high-dose glucocorticoid use and
additional risk factors (e.g. immobility, delayed puberty). Consider continuing
bisphosphonate maintenance therapy until cessation of growth if ongoing permanent
risk factors such as high dose steroids. These children may also require pubertal
induction to support bone health if spontaneous puberty has not occurred by 14 years.

Maintenance phase in children 22 years

Maintenance phase treatment may be considered if there is improvement in BMD, reduction
in risk factors, resolution of fractures and/or completion of linear growth. See Figures 1 and
2. This is at the discretion of the treating prescriber and various regimens can be considered
including zoledronate 0.025 mg/kg every 6 months, zoledronate 0.05 mg/kg annually or oral
risedronate.

Risedronate

In mild forms of osteogenesis imperfecta (such as Ol type 1) or some secondary forms of
osteoporosis with ongoing risk, some children may be changed to maintenance therapy with
oral risedronate after completing their linear growth and prior to transition. Children under
40kg are prescribed 35 mg fortnightly and over 40kg are prescribed 35 mg weekly®. This
tablet must be taken in the morning on an empty stomach with a full glass of water 30min
before food and the child must remain upright for 30 min after taking.
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Optimise bone heath in all young people at risk of fractures:
dietary calcium, vitamin D, weight bearing exercise

v

Young person with primary osteoporosis (e.g. osteogenesis
imperfecta) with significant evidence of fragility (i.e. vertebral
compression fractures OR 2x low trauma long bone fractures)

Y

Consider bisphosphonate therapy:
Zoledronate at starting dose as per protocol (age dependent)

h 4

Repeat DXA and review annually: consider BMD, fracture
history, vertebral fractures, puberty, and growth

) Height adjusted total -
<0 BMD z score 1>20
0to 2.0
Continue T
same dose ) :

Consider halving annual

g dose if otherwise stable
I

Consider ceasing orreducing zoledronate dose or moving to
maintenance therapy

k4

In mild primary osteoporosis, may be able to cease maintenance
therapy at cessation of linear growth if stable

Figure 1: Primary osteoporosis in 22 years: Flow chart of the use of bisphosphonates in
a young person with severe osteogenesis imperfecta. In children with extreme height (short

or tall), age adjusted total BMD Z score may be more appropriate than height adjusted Z
scores in certain situations. Maintenance therapy is a lower dose of bisphosphonates that

can be considered on an individual basis. Maintenance zoledronate dosing is suggested as

0.025mg/kg annually. Risedronate may also be considered for maintenance.
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Optimise bone heath in all young people at risk of fractures: dietary
calcium, vitamin D, weight-bearing status, weight-bearing exercise

h 4

Young person with secondary osteoporosis

r

Treat underlying disease, reduce osteotoxic medications
Consider pubertal induction if appropriate

Consider bisphosphonate therapy for 12-24 months:
Starting dose as per protocol (age dependent)

r

Repeat DXA and review annually: consider BMD, fracture history,
vertebral fractures, puberty, and growth

b L J

No ongoing risk factors Ongoing risk factors (inflammation,
(e.g. cessation of steroids) glucocorticoid use, immobility, muscle
No further fractures weakness), or

Other clinical features (low trauma
fractures, bone pain, low BMD z scores)

L J

¥ Continue zoledronate. Consider reducing,
Cease bisphosphonate moving to maintenance therapy, or ceasing
therapy* if stable

Figure 2: Secondary osteoporosis: Flow chart of the use of bisphosphonates in a young
person with secondary osteoporosis. Other factors assessed at 12 months: Fracture rate,
bone pain, mobility and other medications. BMD, bone mineral density; DXA, dual energy X-
ray absorptiometry. Maintenance therapy is a lower dose of bisphosphonates that can be
considered on an individual basis. Maintenance dosing for zoledronate is suggested as
0.025mg/kg annually. Risedronate may also be considered for maintenance. *If risk factors
recur after cessation of bisphosphonates, re-evaluate for risk of osteoporosis.
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Zoledronate 3 monthly
Infusion number Dose Frequency
All 0.025 mg/kg (max 1mg) 3 monthly

Once the child reaches 2 years of age, consider moving to 0.05mg/kg every 6 months (see
section 7.1.1)

7.2 Bone pain and avascular necrosis

Zoledronate 3 monthly
Infusion number Dose Frequency Duration
All 0.025 mg/kg (max 1mg) | 3 monthly 15 months (5 doses total)

If pain is the indication and there is no improvement in symptoms after two doses, consider
discontinuing treatment.

7.3 Delayed bone healing

Zoledronate 2 doses only

Exact protocol may be altered at clinician’s discretion, depending on the clinical scenario

Infusion number Dose Frequency
1stinfusion 4 weeks post-surgery 0.0125 mg/kg Once
2" infusion 6 weeks AFTER first dose 0.025 mg/kg Once

7.4 Pseudoarthrosis

Zoledronate 2 doses only — used to prevent graft resorption

Infusion number Dose Frequency
1stinfusion less than 2 weeks before surgery 0.025 mg/kg Once
2 infusion 3 months after surgery 0.025 mg/kg Once

7.5 Inflammatory Bone Conditions

Managed by rheumatology, eg second-line therapy in CRMO
Zoledronate 3 monthly

Infusion number Dose Frequency

All 0.025 mg/kg 3 monthly

Duration determined by treating specialist. Maximum cumulative annual dose 5mg.
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7.6 Hypercalcaemia

Zoledronate PRN
Infusion Dose Frequency
1stinfusion 0.0125 - 0.025 mg/kg Once
(max 1mg)
Subsequent 0.0125 - 0.025 mg/kg PRN - minimum 48 hours between doses
doses (max 1mgq) required with close serum calcium monitoring
for 72 hours after each dose

Maximum cumulative annual dose 5mg

8 Supplemental medications

Supplementary medication post first infusion (except when treating hypercalcaemia
with bisphosphonates)

Medication Dose Duration

Paracetamol / Ibuprofen® Standard recommended 3 days
doses as required

Elemental Calcium* Children 4 years and older: 3 days
500-600 mg twice daily.
Children <4 years:

15 mg/kg/dose twice daily

Ondansetron 0.1 mg/kg every 8 hours PRN
(maximum 8mg per dose)

# Ibuprofen may be contraindicated by orthopedic surgeon.

*The target dose is usually 500-600mg of elemental calcium twice daily for 3 days. Choice of
formulation for calcium supplementation should be guided by local availability. Liquid,
effervescent tablets or tablets are all appropriate. Please check with the local pharmacy
department for current available stock. Round to the nearest appropriate tablet/half tablet
size. A combination product containing both calcium and vitamin D may be given to facilitate
use of an effervescent product, however additional vitamin D is not a requirement if vitamin D
replete.
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The following table shows the doses of calcium salts equivalent to 500mg/600mg of
elemental calcium.

Calcium type mg mg

Elemental calcium 500 600

Equivalent to:

Calcium acetate 1973 2368
Calcium carbonate | 1253 1503
Calcium chloride 1835 2202
Calcium citrate 2375 2850
Calcium glubionate |7610 9130
Calcium gluconate | 5377 6453

Conversion source: http.//www-users.med.cornell.edu/~spon/picu/calc/cacalc.htm

For example, if the available calcium source was calcium carbonate, then the patient should
receive 500mg elemental calcium (= 1250 mg calcium carbonate) twice daily for 3 days.

9 Adverse Reactions

An acute-phase reaction comprising “flu-like” symptoms (i.e. fever, nausea, vomiting,
headache and body aches and pains) usually occur within 24 hours of the first zoledronate
infusion and subsides within 48-72 hours.

With subsequent infusions, these symptoms do not usually occur but if they do, itis to a
lesser degree. Other reported symptoms are migraines, itchy eyes (iritis), burning sensation
on palms of hands and soles of the feet. Hypophosphataemia and hypocalcaemia are
commonly observed following the first infusion. Phosphate supplementation is not indicated
as it may further decrease serum calcium. Symptoms of numbness or tingling in the fingers
or toes is indicative of hypocalcaemia. This should be investigated and reported to the
treating team.

Prolongation of QT interval, cardiac arrhythmias and neurological events secondary to
severe hypocalcaemia have been reported between 1 day and several months of starting
therapy.

Osteonecrosis of the jaw has been reported in adult patients receiving bisphosphonates. The
manufacturer recommends a dental exam prior to initiation of therapy. Invasive dental
procedures should be avoided during therapy.

If hypocalcaemia (corrected serum calcium <2.0 mmol/L) does occur, calcium and calcitriol
are needed until serum calcium is 22.0 mmol/L.
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Treatment of hypocalcaemia (Serum calcium <2.0 mmol/L)

Medication Dose Duration
. 5 .
Elemental Calcium 20-80 mg/kg/DAY in 3-4 divided Until serum Ca =2.0
doses

Adjust dose based on calcium levels,
>12y max 2g/DAY

e . >
Calcitriol 40-60 nanograms/kg/DAY in 3-4 Until serum Ca 22.0

divided doses

10 Duration of Treatment

Treatment duration is determined by disease severity, clinical progress and changes in serial
bone mineral densitometry. In general, treatment should continue for at least 12 months and
be reviewed annually.

11 Authorised Prescribers

Zoledronate should be prescribed under the advice and supervision of a treating
Endocrinologist.

12 Administration

e Zoledronate is available as a 4 mg/5mL vial

e Doses 2 mg or less should be diluted in 50mL sodium chloride 0.9% and infused
intravenously over 30 minutes. Doses over 2 mg should be diluted in 100 mL. Doses
above 2 mg are rarely used. Maximum concentration is 0.04 mg/mL. Flush line with a
suitable volume of sodium chloride 0.9% following infusion.

e The reconstituted solution should be used immediately or can be stored between 2-8
degrees Celsius for 24 hours.
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Zoledronate infusions are usually conducted as a day-stay admission and fasting is not
required. If they are fasted for sedation/GA, they should be eating and drinking prior to the
commencement of zoledronate infusion.

Patients should be well hydrated. If there is any dehydration the infusion should be delayed

as dehydration may be associated with acute kidney injury after zoledronate. Dose

adjustment may be required with renal impairment. Caution is required with the concurrent
use of nephrotoxic medications.

Appendix 1 — Summary Protocol Tables

6 monthly zoledronate

Including:
e Primary and secondary osteoporosis in children >2 years
Pre Day 3 6 12 18 24
infusion 0 | months | months | months months | months

Zoledronate infusion X X X X X X
Auxology X X X X X X
DXA (+/- VFA) X X X
Dental review X X X
Spine x-ray (lateral) (if X
VFA unable to be
performed)
Serum calcium, PO4, X X X X X X X
Mg, ALP, albumin,
EUC
FBC, PTH, 250H X X X
vitamin D
Bone turnover: Serum X
CTX, PINP
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Including:

e Osteoporosis in children <2 years

e Bone pain
e Avascular necrosis (AVN)

e Inflammatory bone conditions
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_Pre 1 Day la temlom | 12m* |15m|18m|21m |24m
infusion 0
Zoledronate infusion X X | X X X X X X
Auxology X X X X X X
DXA (+/- VFA) X X X
Dental review X X X X X
Ca, PO4, Mg, ALP,
albumin, EUC X XXX X X X XX
F_BC,_PTH, 250H X X X
vitamin D
Bone turnover: Serum X
CTX, PINP

* Children with AVN are treated with 5 doses only and the dose at 12 months is the last dose

Zoledronate 2 DOSES ONLY (delayed healing)

Pre 4 weeks post- 6 weeks post 15t
infusion surgery infusion
Zoledronate infusion X X
Auxology X X
DXA X
Dental review X
Ca, PO4, Mg, ALP, albumin, EUC X X X
FBC, PTH, 250H vitamin D X
Serum CTX, PINP X
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Pre Within 2 weeks 3 months after
infusion prior to surgery surgery
Zoledronate infusion X X
Auxology X X
DXA X
Dental review X
Ca, PO4, Mg, ALP, albumin, EUC X X X
FBC, PTH, 250H vitamin D X
Serum CTX, PINP X
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