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ABSTRACT (236 words)

Purpose: Skeletal fragility is a common complication of childhood acute lymphoblastic
leukaemia (ALL) but the impact of bisphosphonate therapy on bone mass and fracture is
unclear. We aim to conduct a systematic review to evaluate the effects of bisphosphonates
on bone mineral density (BMD) and fracture incidence in children with ALL.

Methods: EMBASE, Medline and the Cochrane Library were thoroughly searched by two
researchers. Inclusion criteria was any child under the age of 18 years with a diagnosis of
ALL who had received any bisphosphonate treatment and had serial measurements of bone
density performed thereafter. All primary research studies of any study design, excluding
case reports, were included.

Results: Ten full text papers were identified with 2 exclusively meeting the inclusion criteria.
Both studies administered bisphosphonates to children receiving maintenance
chemotherapy for varying durations. Bone density was assessed at regular intervals by dual
x-ray absorptiometry (DXA). The majority of participants had an improvement in bone
density at the end of each study. However, no size adjustment of DXA data was performed.
Limited information on fracture occurrence was provided by one study but did not include
routine screening for vertebral fractures.

Conclusions: This systematic review identified that there is insufficient evidence to support
routine use of prophylactic bisphosphonate therapy in childhood ALL for prevention of
fracture and improvement of bone mass. Future well-designed clinical trials in those at

highest risk of fractures in ALL are now needed.
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Introduction

Acute lymphoblastic leukaemia (ALL) is the most common childhood cancer accounting for
almost one third of paediatric malignancies. Skeletal fragility is a significant complication of
ALL, with fracture incidence of up to 28% in the 5 year period post ALL diagnosis, based on
clinical presentation of fracture [1-3]. The STeroid-associated Osteoporosis in the Paediatric
Population (STOPP) studies highlighted the significant issue of vertebral fractures, the
current accepted definition of osteoporosis in the young [4], when systematic screening with
spine x-rays were performed in children with ALL [5-7]. Over a quarter of children were
diagnosed with vertebral fractures in the four year period following diagnosis of ALL [7]. The
highest incidence of vertebral fracture is in the first year post diagnosis when there is
greatest glucocorticoid exposure, almost half were asymptomatic [7].

The concept of reshaping of vertebral body in those with vertebral fracture is a
phenomenon unique to growing children, dependent on removal of the skeletal insult and
opportunity for catch-up growth. This phenomenon can be observed in some children with
ALL and vertebral fracture [8, 9]. Some studies suggest that bone mineral density (BMD) is
significantly reduced in survivors even many years after cessation of treatment [10-12],
although others do not identify any deficits [13, 14].

Bisphosphonates are a family of drugs which decrease bone turnover by inhibiting
osteoclastic bone resorption [15]. They have been used for several years in the
management of paediatric primary osteoporosis in children with osteogenesis imperfecta
[16, 17] . Despite limited evidence in paediatric secondary osteoporosis due to an underlying
chronic condition, its use has been largely limited to those with fragility fractures, especially
when the skeletal insult is likely to be persistent and where there is limited opportunity for
linear growth [18]. Therefore, at least in a sub-set of children with ALL [9], there may be a
need to consider bone protective therapy to prevent fragility fractures and permanent
vertebral deformities. This systematic review has been conducted to evaluate the effects of

bisphosphonates on BMD and fracture incidence in childhood ALL.
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Methods

We performed a systematic review of the literature in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-analysis guidelines.

Inclusion and exclusion criteria
To be eligible, papers had to fulfil the following criteria as per PICO principle,
determined at the start of the project:
Population:  Children and adolescents aged 0-17 years with acute lymphoblastic
leukaemia
Intervention: Bisphosphonate therapy
Comparison: Children and adolescents aged 0-17 years with acute lymphoblastic
leukaemia not exposed to bisphosphonate therapy
Outcome: Densitometry measurement of bone mass and/or fracture
Studies involving children with ALL and other malignancies or chronic conditions
were excluded. Furthermore, studies investigating multiple treatment options for reduced
BMD were also excluded. There was an open time frame with no limit to the year of
publication. Only English language articles were considered. All primary research studies of
any study design (excluding case reports with less than 3 subjects) investigating the

outcome of bisphosphonate therapy on BMD and/or fracture incidence in paediatric ALL

patients were included.

Search strategy
A systematic computerised literature search of EMBASE, MEDLINE and the

Cochrane Library by two independent reviewers (AMH, ARL) were performed to source
relevant articles in April 2019. A combination of title headings and free text were used. The
following key terms were searched for: “bisphosphonates” or “alendronate” or “pamidronate”
or “risedronate” or “zoledronate” AND “acute lymphoblastic leukaemia” AND “children” or
‘toddler” or “adolescent” AND “bone density” or “osteopenia” or “fractures”. Bibliographic
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references from all included studies were manually searched for potentially relevant studies

based on the inclusion and exclusion criteria. Authors were not contacted and grey literature

was not reviewed.

Study selection

Both reviewers reviewed all titles and abstracts to filter out duplicates and irrelevant
articles. The researchers then sought full articles of potentially suitable abstracts and read
these thoroughly to determine eligibility for the review. The following data were then
extracted from the studies suitable for inclusion: study design, study population size, age
range, bisphosphonate used, administration route, dose of drug, treatment duration, baseline
dual energy absorptiometry (DXA) BMD and/or bone mineral content (BMC), mean change

in DXA BMD and/or BMC and fractures.

Assessment of bias and quality

Assessment of bias using the “A Cochrane Risk Of Bias Assessment Tool: For Non-
Randomised Studies of Interventions” (ACROBAT-NSRI) of the eligible studies were
performed independently by two reviewers (AMH, ARL). Disagreements were resolved by

discussion by two of the authors and a consensus reached (AMH, SCW).
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Results

The PRISMA flow diagram with the numbers of included and excluded papers at
each step of the review is shown in Figure 1. The literature search identified 117 articles of
which 28 were duplicate articles and immediately removed (Figure 1). The title and abstract
of the remaining 89 articles were read and papers screened for eligibility. The majority of
these, 79, were not relevant and therefore excluded. 10 full text papers were assessed for
inclusion. The 8 excluded studies were excluded for the following reasons: case report in 2
children with ALL and vertebral fractures treated with IV pamidronate (n,1) [19];
retrospective review of children with symptomatic chemotherapy related osteonecrosis
treated with IV zoledronate (n,1) [20]; open label prospective studies of oral alendronate and
IV pamidronate in children with ALL and other haematological malignancies (n, 2) [21, 22];
review articles (n, 4) [8, 23-25]. These 8 papers were excluded from full review and the 2
papers that met the inclusion criteria were included in this review (Table 1) [26, 27]. Given
the small number of studies, both studies are described in detailed.

Barr et al. (2002) was a prospective open label study reviewing the use of six months
of intravenous pamidronate in children receiving maintenance chemotherapy for ALL (Table
1) [26]. Outcome measure was DXA total body BMC and lumbar spine BMD. No fracture
outcome was included. Ten children were recruited: 8 had standard disease and 2 with high
risk disease. Intravenous pamidronate was administered (1mg/kg) over 4 hours for 3
consecutive days with the first dose being on the first day of a chemotherapy cycle. Children
had a repeat course of pamidronate 3 months and 6 months later with the same regimen.
DXA was measured at baseline prior to pamidronate administration, after the third infusion at
3 months and 6 months. Only six children completed the study: 3 withdrew as a result of
hyperpyrexia (>40C) in combination with bilateral conjunctivitis and 1 withdrew secondary to
scheduling conflicts. Serum osteocalcin, a marker of bone formation and c-telopeptide, a
marker of bone resorption, were reduced in subjects receiving pamidronate which returned
to near baseline three months after discontinuation of pamidronate. Baseline deficits in DXA

BMD especially at lumbar spine were noted. Six months of IV pamidronate treatment led to

6
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an increase of +0.96 SD at total body and +1.11 SD at lumbar spine. Nine subjects
experienced asymptomatic hypocalcaemia during the first pamidronate course. There was
no information on glucocorticoid therapy, growth and puberty before and after pamidronate
therapy.

Lethaby et al. (2007) was a prospective open label study reviewing the use of oral
alendronate in children receiving maintenance chemotherapy for ALL (Table 1) [27].
Outcome measure was DXA lumbar spine BMD. Fracture was briefly discussed in this study.
Fifteen children undergoing treatment for ALL were enrolled in this prospective open label
study. Eight subjects had standard disease and 7 had high risk ALL. Oral alendronate was
given once weekly during maintenance chemotherapy. Doses were based on body weight
(ranging from 20-70mg). Duration of alendronate varied from 6 to 24 months. Seven
remained on alendronate even after completion of ALL treatment. DXA was performed to
assess bone density at lumbar spine and were repeated 6 monthly. Fourteen of the 15
children had an improvement in BMD Z score at the end of the study with a median gain of
+0.64 (30). Two subjects experienced several fractures whilst taking alendronate which the
authors attributed to possible non-compliance with medication. Similarly, no information on
glucocorticoid, growth or puberty were reported.

Table 2 shows the results of the assessment of bias of the two studies included in
this systematic review. Assessment of bias revealed serious and moderate risk of bias in the

two included studies (Table 2).

Excluded Studies

There were 4 further studies identified in the literature which were formally excluded
from this review as they included patients with non-hodgkin’s Lymphoma (NHL) as well as
ALL treated with bisphosphonate [21, 22]. The results of these studies (Table 3) were
comparable with the included studies showing a reduced baseline DXA z-score which
improved after bisphosphonates therapy. One study which evaluated the use of IV
zoledronate for symptomatic chemotherapy related osteonecrosis reported improvement in

4
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unadjusted LS BMD and TB BMC but when TBC BMC was adjusted for lean mass, no
significant improvement was observed.

Goldbloom et al was a retrospective report of 2 children with ALL with symptomatic
VF treated with IV pamidronate [19]. Wiernikowski et al was a prospective pilot study
reviewing the effect of six months of oral alendronate in ten children: 8 with ALL and 2 with
NHL, during maintenance chemotherapy [22]. Lee at al was a prospective study reviewing
the use of intravenous pamidronate for a mean duration of 12 months in 24 children: 16 with
ALL, 4 with NHL and 4 with acute biphenotypic leukaemia [21]. These subjects were
selected from a total of 105 who underwent DXA and pamidronate was administered in
those with DXA BMD Z-score < -2.0 or bone pain with DXA BMD Z-score < 0. Ten others
who did not satisfy the criteria for pamidronate therapy acted as the control group: 8 with
ALL and 2 with NHL [21]. Padhye et al was a retrospective study reviewing the use of
intravenous zoledronate for median duration of 13 months in 20 children with symptomatic
chemotherapy osteonecrosis: 12 with ALL, 2 with NHL, 3 with Hodgkin’s lymphoma, 1 with
acute myeloid leukaemia and 2 with benign haematological disorders. Of note, 8 have also

had stem cell transplant [20].



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

Discussion

This systematic review highlights that there has been a very limited number of
studies investigating the effects of bisphosphonates on bone health and fracture incidence in
children with ALL. Both studies were of low quality and had moderate to serious overall risk
of bias.

Bisphosphonates in both studies were administered during the maintenance phase of
chemotherapy. However, glucocorticoid exposure is generally highest in the initial phases of
chemotherapy and therefore in these uncontrolled studies, improvement in bone could be
due to reduction or discontinuation of glucocorticoid therapy with good catch-up linear
growth. The STOPP studies highlighted that fracture frequency was highest in the first year
after diagnosis [7]. Ideally, bone protective agents should be given as early as possible
during chemotherapy to minimise bone morbidity and fracture incidence, as the insult to the
skeleton is present from early on. There are undoubtedly significant challenges of
conducting a clinical trial in the initial phases of chemotherapy. It is possible that acute
phase reaction adverse effects to bisphosphonate and hypophosphotaemia may be more
pronounced during periods where glucocorticoid load is higher [28]. Clinical trials recruiting
older children with ALL and/or those with more severe vertebral collapse in the first year of
chemotherapy seems logical given that these are factors associated with lack of recovery
from osteoporosis in childhood ALL [9].

Duration of bisphosphonate therapy varied in both studies. One study administered
bisphosphonates for 6 months [26] whilst the other treated patients for a mean of 12 months
[27] with no long term follow up from either study. Both studies used DXA z scores to
quantify bone mineral capacity or bone mineral density as outcome measures. Both did not
employ method of size adjustment for interpretation of results, which is recommended by the
International Society for Clinical Densitometry [29]. Barr et al reported both whole body
BMC, BMD and lumbar spine BMD [26] while Lethaby et al only evaluated lumbar spine
BMD [27]. The European Medicines Agency (EMA) advised that treatment in paediatric
osteoporosis trials should be for a minimum of one year with at least one year follow-up

9
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thereafter to evaluate outcome, and that fracture should be the primary outcome measure
and not DXA based bone density. Given the frequency of asymptomatic VFs in chronic
conditions like ALL, outcome measures in future trials should include systematic routine
screening with lateral thoracolumbar imaging to detect VFs. Both studies included in this
systematic review did not include the use of routine spine imaging to identify VFs [21, 22].

There are a number of confounding factors which may contribute to improvement in
osteoporosis in ALL including discontinuation of glucocorticoids, ALL in remission which
results in increased physical activity, improved nutrition, reduced infection and less cytokine
activation, improvement in linear growth and progression through puberty in older
adolescents [18]. For these reasons, ideally a randomised trial is needed to ascertain the
true impact on a bone protective therapy in this population.

There are a number of challenges in designing a paediatric randomized controlled
trial in this area. Investigators in Melbourne report their attempt at a randomized controlled
trial of intravenous bisphosphonate (pamidronate) in children with glucocorticoid associated
osteoporosis (but not including haematological malignancies like ALL) in 2005 [30]. The
investigators could only enrol 12 subjects over a period of 4 year (out of the projected 60).
Despite being one of the most common childhood cancers worldwide, there are only 400
new ALL cases annually in the United Kingdom. Consequently, international collaboration
maybe required to achieve an adequate sample size for a randomized controlled trial.
Incorporating bisphosphonates or other bone protective agents as investigative therapies
into an existing haematology-oncology trial may also facilitate recruitment.

Current studies suggest that chronic condition and GC osteoporosis maybe
associated with a low bone turnover state. Serum markers of bone formation are reduced at
ALL diagnosis with bone resorption markers being low or normal in the majority of studies
[31, 32]. Bisphosphonates decrease bone turnover by inhibiting osteoclastic bone resorption
[15]. Whilst bisphosphonates have been the main focus of this present review, a more logical

alternative as a bone protective agent may be emerging anabolic bone therapies like anti-
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sclerostin antibody [33]. Currently, no published clinical data in children are available but

trials are underway.

Recommendation

This review has shown that there are only a very small number of non-randomised
studies of low quality of bisphosphonates in childhood ALL on bone morbidity. Whilst BMD
appears to improve after bisphosphonate treatment in these studies [26, 27], the lack of size
adjustment makes it almost impossible to interpret the true benefit of bisphosphonates on
BMD. There is insufficient evidence to support prophylactic bisphosphonates to improve
bone mass and reduce fracture occurrence in children with ALL. Future large-scale well-
designed randomized controlled trials are needed. In our opinion, these should be

(a) Primary prevention randomised trials (ie fracture free at recruitment). In our opinion,
there may be a case to target recruitment in older children as they have been shown
to show persistence of osteoporosis even following completion of chemotherapy [9].
On the other hand, a larger proportion of children with ALL are younger at
presentation, and such issues will need to be considered carefully when developing
future trials;

(b) Secondary prevention randomised trials of those with vertebral fractures, those with
long bone fractures and /or those with low BMD. Ideally, this should include subjects
with symptomatic and asymptomatic vertebral fractures but recruitment of those who
already have symptoms may be extremely challenging.

In our opinion, efficacy outcomes in planned clinical trials should include fractures which
are centrally reported including routine screening of the spine for VF, size adjusted DXA
based densitometry, measure of back pain and quality of life. In addition, measures of safety
should be assessed including acute phase reactions like fever, musculo-skeletal pain,
gastrointestinal intolerance and disease progression including relapse if the follow-up period

is sufficiently lengthy enough.
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Conclusion

This systematic review has highlighted that at present there is insufficient evidence to
support the use of prophylactic bisphosphonate treatment routinely in ALL. Given the high
fracture occurrence, well designed trials of bone protective therapies are needed.
Recommendations laid out by the EMA on paediatric osteoporosis clinical trials should be

used by investigators in their design of such trials.
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