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ABSTRACT

Osteonecrosis (ON) is a common disabling complication of treatment for patients with acute lymphoblastic
leukaemia (ALL). Reported incidence rates range from 1% to 61% and multiple possible risk factors have been
identified. This review explored existing evidence to provide new perspectives and recommendations for future
interdisciplinary research. PEDro, CINAHL, AMED, EMBSAE, OVID, EMCARE databases were systematically
searched from their inception to March 2022. Published original research reporting the incidence rates of
osteonecrosis in patients aged 10-25 with ALL were included. Study reporting quality was assessed against
appropriate reporting guidelines (STROBE, CONSORT and CROSS). All relevant data reporting incidence rates
and risk factors were extracted for narrative synthesis. 3146 report titles were screened, with 34 studies included
(n = 12,056) (30 observational cohort studies, three randomised trials, and one questionnaire study). The me-
dian study quality reporting score was 68% (IQR 64-82%). Median overall incidence rate of ON was 51.8% (IQR
41.4-58.9%) and 15.65% (IQR 9.2-24.2%) for asymptomatic and symptomatic patient screening respectively.
Five possible risk factor categories were identified: sex assigned at birth, age, ethnicity, steroid regimen, and
genotype. The female sex and white ethnicity were consistently reported as risk factors independently associated
with an increased risk of osteonecrosis in all studies. A heterogenous body of literature with moderate reporting
quality identified a high incidence rate of osteonecrosis in patients with ALL. Future research investigating the
efficacy of stratified treatments that focus on reducing the risk of osteonecrosis through modification of steroid
regimen particularly in females of white ethnicity is needed. Obtaining multidisciplinary consensus with regards
to screening methodologies and intervention outcomes may also help to improve evidence synthesis in this area.
This may in turn facilitate early diagnosis and improve long term patient outcomes through treatment regimen
modification and possible prevention of ON progression.

1. Introduction

complications when compared to those less than 10 years old [3,71].
Osteonecrosis (ON) is a common disabling secondary complication of

Survival rates for Acute Lymphoblastic Leukemia (ALL) in children
and young adults are currently around 90%, however, over 50% of ALL
patients acquire at least one chronic medical condition secondary to
treatment [9,17,65,48]. ALL patients aged 10-25 years old experience
lower event-free survival rates, and higher rates of secondary

ALL treatment, first identified in 1977 [33]. Incidence rates are reported
as 1-17.6% in children and young adults aged 1-25 years old, with those
aged 10-25 years old being at greater risk with ON incidence rates re-
ported as high as 61.1% [30,39,53,63]. There has been limited synthesis
of research into incidence rates of this population and the risk factors
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Table 1
Search Terms - As used within database searches.

Search Terms

S1  Paediatric OR Pediatric OR Children OR Child OR Infant OR Young Person

S2  Avascular Necrosis OR AVN OR Osteonecrosis OR Perthes

S3  Acute lymphoblastic leukemia OR acute lymphoblastic leukaemia OR acute
lymphocytic leukemia OR acute lymphocytic leukaemia OR ALL

Key: S1/2/3 = Search 1/2/3

that disproportionately impact them. Risk factor analysis of sex assigned
at birth, genetic factors, and variations in corticosteroid treatment reg-
imens have been discussed within research, but this has not been specific
to adolescents [39]. Ethnicity has also been discussed as a possible risk
factor with reports of Asian populations having a lower incidence of hip
ON [5]. Greater awareness of these risk factors could facilitate tailored
treatment protocols to best manage modifiable risk factors.

ON affects multiple joints, with ON of the hip and knee joints the
most frequently reported, and hip ON reported as having worse long-
term patient outcomes [54,82]. The onset of ON is multifactorial in
the context of ALL treatment and there is a requirement for collabora-
tive, interdisciplinary efforts to determine the scale of ON and associated
risk factors [37]. Pain is the most common presenting symptom for ON,
however, due to concurrent glucocorticoid prescription, pain is often
masked and difficult to assess [64]. It can occur during stair climbing, sit
to stand transfers or periods of prolonged walking [41]. These are all key
aspects of rehabilitation within the paediatric cancer population. As key
members of the multidisciplinary team, increased awareness of ON, and
its associated risk factors by physiotherapists is necessary [26,56].

ON as a secondary complication of treatment also presents in other
haematological diseases, including sickle cell anaemia. Physiotherapists
have played a key role in the development of ON screening approaches
prior to MRI scanning and subsequent clinical evaluation of ON [1].
However, thus far there have been no similar approaches within the ALL
population.

To our knowledge, no structured reviews into the incidence rates and
risk factors associated with ON have been published. Two peer-reviewed
literature reviews have been published - Kunstreich et al. [39] and [37] -
although, due to failure to follow a structured, repeatable methodology,
both reviews are at high risk of selection and publication bias. There
have been systematic reviews of pharmacological interventions for ALL,
but these report high levels of confounding and selection bias secondary
to limited level > 3 evidence [59], with one Cochrane review by Vist
et al. [80] calculating a heterogeneity of 12 = 42.2%. Due to the high
levels of heterogeneity and bias within current research a scoping re-
view methodology was implemented. Scoping reviews facilitate
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evidence synthesis, utilising transparent and repeatable methods to
identify and analyse knowledge gaps, along with identifying key char-
acteristics of related concepts [52]. This scoping review therefore aimed
to provide new perspectives on ON within the ALL population to guide
interdisciplinary research and clinical management.

2. Methodology
2.1. Overview

The methodology implemented was in accordance with Arksey and
O’Malley’s [7] framework for scoping reviews, in which five stages are
outlined (forming subsequent sub-headings).

2.2. Stage 1 - Identifying the research question

This scoping review aimed to answer the following question:

What is the extent of original research reporting incidence and/or risk
factors for ON in children and young adults (aged 10-25 years old) treated
for ALL?

The secondary aims of the study included:

. What are the incidence rates for ON secondary to treatment for ALL?
II. What risk factors have been identified for ON within the ALL population?

2.3. Stage 2 — Identifying relevant Studies

Following consultation with a specialist health-care librarian, a
comprehensive search strategy was developed (Table 1). This was
adapted for Physiotherapy Evidence Database (PEDro) and Grey Liter-
ature searches. The Healthcare Database Advanced Search tool was used
to search the following databases: Cumulative Index to Nursing and
Allied Health Literature (CINAHL), Allied and Complementary Medicine
Database (AMED), Exerpta Medica database (EMBASE) and OVID
Emcare. Additional records were sourced through PEDro, NHS, WHO,
TRIP and Open Grey Searches in addition to back reference searches of
included studies. The first and final search of databases were completed
on the 26th of January 2022 and 14th March 2022 respectively.

2.4. Stage 3 - Study Selection

The research questions underpinned the inclusion criteria (Table 2)
which utilised the population-concept-context mnemonic [60]. ‘Popu-
lation’ — Patients treated for ALL aged between 10 and 25; ‘Concept’ -
Studies assessing the incidence rate of and/or the risk factors for ON of
the hip and other joints; ‘Context’ — Original research published in

Table 2
Selection Criteria - Inclusion/exclusion criteria with justification in keeping with the population-concept-context pneumonic.
Category Subcategory Inclusion Exclusion Justification
Population  Participants Human Participants Murine or In Vitro Models Justified by the research question
Age Range 10-25 years old Failure to report data exclusively Due to increased prevalence of osteonecrosis within 10-25 year
to the included population olds
Exposure Patients treated for ALL Other malignancies or To ensure that ALL was an independent variable
haematological disorders
Concept Incidence Rates Incidence rate of osteonecrosis  Incidence rates of ONLY non- Due to increased prevalence of ON within the Hip and greater
of the hip or all joints weight bearing joints or ankle impact on patients’ lives
Risk Factors Identified risk factors of ON Failure to report data exclusively Justified by the research question
and their associated risk to the included population
Context Geographical All considered In-keeping with a scoping review methodology allow for

Location of Study

Setting of Research All settings considered

Study Design All considered
Publication Full text citation in English
Language

Year of Publish All considered

comparisons between geographical location
In-keeping with a scoping review methodology
In-keeping with a scoping review methodology
English is the working language of reviewers

Changes in treatment protocols over time may provide insight
into risk factors for osteonecrosis, i.e., increased cumulative
steroid dose
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Table 3
Key to Colour Coding - Colour coding used within narrative synthesis of risk factors, in-keeping with [61].
Higher Risk Lower Risk St ity
Aﬁﬁ?}fﬁo . No Piffgrence Allt{lfgsglfﬁo . Signiﬁcantly Data'Not
. S in Risk . Decreased Risk Provided
Statistically Statistically for Females
Significant Significant
[ Identification of studies via databases and registers ]
( a
Records identified from
= Databases: n = 3043
o PEDro (n = 16) Additional Records Identified
® BNI (n = 5) through other sources:
Eg PsycINFO (n = 6) Grey Literature: 74
t Medline (n = 890) Backward Reference Search: 29
S EMCARE (n = 496)
CINHHL (n = 321)
EMBASE (n =1309)
~——
'SR
Duplicate records removed:
» | Databases (n = 1504)
Ad(ditional Records (n = 23)
v
5 Records screened by title and
£ abstract.
5 Databases (n = 1558)
g Additional Records (n = 61)
an I Records excluded as did not meet
» | inclusion criteria.
* (n =1243)
Full-text Articles Assessed for
Eligibility
(n=2376) Reports excluded:
Wrong Population (n = 194)
Age of Included Population (n =64)
» | Full Article Unavailable (n = 18)
v No Full English Translation (n = 14)
Wrong Publication Type (n = 13)
Studies included in review. Other (n = 39)
(n=34)

Fig. 1. PRISMA Flow Diagram for Included Studies - Reported within the PRISMA Extension for Scoping Reviews [77].

English with no exclusion based on publication date, study design or
geographical location. Search results were imported into the Rayyan
research tool for screening, with duplicates deleted at this stage [57].
Two reviewers (MC and MT) screened titles and abstracts, then full-text
citations of the remaining studies were individually reviewed (by MT
and MC). Final selection was agreed by both reviewers with mediation
by a third reviewer (RS) required for five studies. When the full text of
potential publications could not be located, a specialist librarian was
consulted. The study selection process is reported using the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses Extension
for Scoping Reviews guidelines [77].

2.5. Stage 4 — charting the data

Data extraction was completed by MT and MC, using the charting
table (Supplementary Table S1) to identify key information from articles

relevant to the research questions. The studies were appraised for
quality independently by MT and MC, with conflicts solved through
discussion. Reporting guidelines were adapted to study methodology
according to the EQUATOR (enhancing the quality and transparency of
health research) network: Observational studies using STROBE Guide-
lines, with an adapted version for conference articles [79,81]; Rando-
mised controlled trials (RCT) using CONSORT [69]; Survey Studies
using CROSS [70]. The completeness of reporting for each study was
calculated as the quotient of the reported items from the relevant
guideline, and the total items included in the guideline minus items not
applicable to the study [22].

2.6. Stage 5 — collating, summarising and reporting the results

Narrative Synthesis utilising colour coding to denote trends and
statistical significance of associated risk factors, in-keeping with Popay
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Table 4

Study Characteristics and Critical Appraisal Scores.
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Author, Year and Country Study Type Study Cohort (Number of patients, Follow Up Critical Appraisal Critical Appraisal
Age Range, Total Study Type Reporting Score
Participants)
Prospective
[27], Canada, United States, Prospective Cohort Study 185, 10-18 yrs, 730 5yrs STROBE 82%
including Puerto Rico
[32], United States Prospective Cohort Study 96, 11-20 yrs, 744 4 yrs STROBE 82%
[16], Netherlands Prospective Cohort Study 127, 10-18 yrs, 693 3yrs STROBE 82%
[31], United States Prospective Cohort Study 1855, 10-20 yrs, 2285 NS STROBE 77%
[34], United States Prospective Cohort Study 92, 10-20 yrs, 365 5 yrs STROBE 68%
[6], Italy Prospective Cohort Study 249, 10-17 yrs, 1421 5yrs STROBE 68%
[20], United States Prospective Cohort Study 51, 10-20 yrs, 980 NS STROBE 68%
[19], United States Prospective Cohort Study 147, 10-18 yrs, 615 5 yrs STROBE 63%
[63], United States Prospective Cohort Study 36, 10-18.8 yrs, 64 6.4 yrs STROBE 63%
[36], Germany Prospective Cohort Study 30, 10-17 yrs, 30 6 months STROBE 59%
[75], Sweden, Norway, Denmark, Prospective Cohort Study 195, 10-18 yrs, 1162 2.5yrs STROBE 54%
Finland, Iceland, Estonia,
Lithuania
[38], Germany Prospective Conference NS, 10-23, 359 5yrs STROBE for 27%
Abstract Conference
Abstracts
Prospective Studies Overall Range: 27-82% Median 68%
Randomised Trial
[47], United States, Canada, and Randomised Trial 1287, 10-21 yrs, 2056 5yrs CONSORT 84%
Australia
[83], United States Randomised Control Trial 112, 10-18 yrs, 492 5 yrs CONSORT 72%
[50], Austria, Germany, Italy, and Randomised Trial 431, 10-18 yrs, 3720 5yrs Consort 76%
Switzerland
Randomised Trials Overall Range: 72-84% Median 76%
Retrospective
[49], Denmark Retrospective Cohort Study 282 (Including 67 matched 5yrs STROBE 91%
controls), 10-19 yrs, 1489
[76], Denmark, Estonia, Finland, Retrospective Cohort Study 266, 10-17 yrs, 1591 5yrs STROBE 86%
Iceland, Lithuania, Norway, and
Sweden
[35], United Kingdom Retrospective Conference 10, 11-16 yrs, 10 NS STROBE for 77%
Abstract Conference
Abstracts
[46], United States, Canada, and Retrospective Cohort Study 893, 10-20 yrs, 1490 3yrs STROBE 72%
Australia.
[64], United Kingdom Retrospective Cohort Study NS 10-20 yrs, 235 5yrs STROBE 68%
[11], Germany Retrospective Cohort Study 392, 10-18 yrs, 1951 5yrs STROBE 68%
[8], United States Retrospective Cohort Study 177, 10-18 yrs, 208 NS (Study period STROBE 68%
1992-2010)
[10], Italy Retrospective Conference 262, 10-17 yrs, 469 NS STROBE for 64%
Abstract Conference
Abstracts
[58], Australia Retrospective Cohort Study 55, 10-17 yrs, 251 total 1 Year After STROBE 59%
Completion of
Treatment
[29], Slovenia Retrospective Cohort Study 33,12.9-17 yrs, 131 NS (Study period STROBE 59%
1970-2004)
[14], United States Retrospective Conference NS, 10-18 yrs, 637 5yrs STROBE for 55%
Abstract Conference
Abstracts
[51], Japan Retrospective Cohort Study 243, 10-18 yrs, 1195 3.5yrs STROBE 68%
[13], Taiwan Retrospective Cohort Study 55, 10-18 yrs, 245 8.7 yrs STROBE 64%
[5], Japan Retrospective Cohort Study 39, 10-18 yrs, 175 1lyr STROBE 86%
[67], Japan Retrospective Cohort Study 375, 10-18 yrs, 1162 5yrs STROBE 68%
[24], Japan Retrospective Cohort Study 249, 10-18 yrs, 1095 5yrs STROBE 73%
[23], USA Retrospective Cohort Study 2854, 10-22 yrs, 10729 5yrs STROBE 68%
Retrospective Trials Overall Range: 55-91% Median 68%
Retrospective Questionnaire Study
[4], United Kingdom National Questionnaire 793, 10-18 yrs, 3207 7 yrs CROSS 100%

Study, Retrospective Cohort

Key: NS = Not Stated; STROBE = Strengthening the Reporting of Observational studies in Epidemiology; CROSS = A Consensus-Based Checklist for Reporting of
Survey Studies; yrs = Years Old

etal. [61] and Rogers et al.’s[66]recommendations. Where there was no
statistical analysis, associated incidence rates were reported and inter-
preted by reviewers, however, when this data was not provided studies
were marked in grey within colour coding analysis (Table 3). The

median and interquartile ranges of included incidence rates were
calculated, studies standard deviation (SD) informed this calculation
however there was no statistical weighting secondary to cohort size.
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Table 5
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Components of Included Studies x marking the presence of data and/or analysis of reported osteonecrosis incidence rates or independent risk factors.

Reference Incidence Rate Risk Factors

Gender Ethnicity

Age Steroid Regimen Genetic Other

X X
X X
X

=
W

E T T R I I o T
>

MoM M M
Mo M X

w
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>

‘gl
&
MMM M X M M X X M M X
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3. Results
3.1. Study characteristics

3146 potentially eligible citations were identified; 34 studies met the
inclusion criteria, recorded in a PRISMA flow diagram [77] (Fig. 1).

30 observational cohort studies (13 prospective and 17 retrospec-
tive), three randomised trials, and one national questionnaire study
were included. Study characteristics and their associated critical
appraisal scores are reported in Table 4. A total of 12,056 patients were
included within this scoping review, however Cole et al. [14], Rhodes
et al. [64] and Kuhlen et al. [38] all failed to report the size of the 10-25
years old cohort. High variability between studies was evident, notably
study cohort size ranged from 10 to 2854 patients and the year of
publication from 2000 to 2022, including patients treated as early as in
1989. Follow-up time ranged from 6 to 104 months, with multiple
studies failing to report their follow-up time (see Table 4). Most studies
reported their incidence rates and at least one risk factor, summarised in
Table 5.

STROBE, CONSORT and CROSS quality appraisals were completed
for all included studies (Table 4). The overall median was 68% (IQR
64-82%). The STROBE reporting scores of included observational
studies ranged from 27% to 91% (prospective overall median 68% (IQR
61-82%); retrospective overall median 68% (IQR 64-75%)). The ma-
jority failed to report on: participant flow charts (21/27), sources of bias
(21/27) and description of study type in the title and/or abstract (17/
27). Three randomised studies were included with CONSORT scores of
72%, 76% and 84%, the only national questionnaire study Amin et al.
[4] had a 100% CROSS appraisal.

3.2. Narrative Synthesis - Incidence Rates

Incidence rates for ON ranged from 5.3% to 61.1% in all included
studies (Supplementary Table S2). ON diagnostic and grading guidelines
varied between studies. The most common being the National Cancer
Institute Common Terminology Criteria for Adverse Events [15] (9/34),
but 13/34 studies failed to outline their chosen ON diagnostic and
grading guideline. Other included studies used Niinimaki, ARCO (as-
sociation research circulation osseous classification), ICD-9 (Interna-
tional classification of diseases) Codes, PTWG (Ponte di Legno toxicity
working group), Ficat classification and radiographer assessment ap-
proaches to diagnose and grade ON. When data was synthesized by
study methodology (Fig. 2), there was a trend within reported incidence
rates of Prospective > Retrospective > Survey > Randomised (although
ranges overlap). However, this appears to be due to ON screening
methodologies, rather than study design. Five included studies
completed asymptomatic screening (4 prospective and 1 retrospective).
Kawedia et al. [34] used NCI CTCAE guidelines for asymptomatic
screening, but within their reported incidence rates only grade 2-4 ON
was included. Grade 2-4 NCI CTCAE (2006) includes only symptomatic
disease, which removes the asymptomatic nature of presentation. When
distinguishing between asymptomatic and symptomatic patient
screening the median incidence rates were 51.8% (IQR 41.4-58.9%) and
15.62% (IQR 9.2-24.2%) respectively (Fig. 3). There also appears to be
variance secondary to geographical location (Table S2). Of included
eastern studies (Japan (6), Taiwan (1)) the median ON incidence rate is
10.6% (IQR 6.85-15.6) compared to 17.35% (IQR 11.9-24.2) within
western studies (Europe(11), North America (13), Oceania (3)).
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Retrospective

. Randomised Trials
Questionnaire

Overall Incidence

Study
11.9
18 14
16.7

Fig. 2. Medians of Reported Incidence with Range Bars Separated by Study Design - Sources of data reported within Table S2.

3.3. Narrative synthesis - risk factors

Within the selected studies a variety of associated risk factors for ON
within the ALL population were identified. Analysed herein within six
subsets: sex assigned at birth, genotype, age, treatment regimen,

70

60

50

40

30

Incidence Rate (%)

20

10

L

ethnicity and other, with overall analysis of these six subsets then pre-
sented (Table 12). When reporting the impact of risk factors some
studies calculated odds ratios (OR) or hazard ratios (HR), although the
majority reported incidence rates and SD only.

Symptomatic Patient
Screening
O (Median: 15.65%, IQR:
9.2-24.2, Range:
5.3-44.6)

Assymptomatic Patient
Screening
O (Median: 51.8%, I1QR:
41.4-58.9, Range:
35.9-61.1)

Fig. 3. Box Plot Diagram of Reported Incidence Rates of Osteonecrosis for symptomatic and asymptomatic patient screening - Calculated from reported incidence

rates from all included studies separated secondary to screening methodology.
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Risk Factor Analysis of The Impact of Sex assigned at birth - Reported incidence rates and/or statistical analysis secondary to the impact of gender. Comparisons made

of males compared to females in-keeping with the majority of research.

Reference Treatment Protocol

Kawedia et al., 2011 St Jude Total XV 5 yrs

Follow Up

Study Cohort

. Incidence
(Number of

Rate in

Incidence

Rate in Is Ratio

Pat 5 (Female Vs Male)

Females Males

92, 10-20yrs NS

Amin et al., 2017 UK ALL 2003 7 yrs

Karol et al., 2022 Sy gl X0y NS

NCTO00137111

JCCLSG - ALL941,

Hyakuna et al., 2014 ALL2000. and ALL2004 Syrs

Key to colour coding: Not

Higher Risk
Reported.
Although

Statistically
Significant

793, 10-20yrs NS

91, 10-20 yrs NS

249, 10-18yrs - : NS

No Difference
in Risk

Key: NS = Not stated; yrs = Years Old; CI = 95% Confidence Interval; SE = Standard Error; SD = Standard Deviation, HR = Hazard Ratio

3.3.1. Sex assigned at birth

16 studies (17 treatment protocols) assessed effects of sex assigned at
birth on the incidence of ON (Table 6). 16/17 studies which included
their data showed results in-keeping with higher incidence of ON in
females overall, with six studies showing this as statistically significant.
Within these six studies, four compared incidence rates using standard
deviation to show statistical significance only, with incidence rates
increased in females by 5.7-13%. Two studies included further statis-
tical analysis, Kahn et al. [27] calculated a hazard ratio (male vs female)
of 0.34 (CI 0.13-0.84) and [31] calculated an odds ratio (female vs
male) of 1.39 (CI 1.08-1.78). Three other studies [4,31,34] calculated
odds ratios, ranging from 1.04 to 1.4, albeit all three reported this as not
being statistically significant. Five studies [5,8,13,23,51] reported that
females > 10 yrs were at higher risk of developing ON, however they

failed to provide their data specific to the > 10 yrs populations. Hya-
kuna et al. [24] calculated incidence rates of 25.6% (SE 8.4%) in females
compared to 2.14% in males but failed to complete statistical analysis
for > 10 yrs males. Two studies [10,83] both failed to provide their
primary data, concluding that there was no statistical difference in
incidence of ON between sexes, although it is unclear whether their
incidence rates demonstrate a trend in line with the findings of other
studies. Mattano et al.’s [46] 16-20-year-old cohort showed males to
have increased incidence of ON 20.7% (SD 5.1%) vs 13.2% (SD 4.7%),
however this failed to show statistical significance.

3.3.2. Ethnicity
Ethnic groupings varied highly between studies. In keeping with the
majority studies, the colour coding analysis used ‘other ethnicities’ as



M.C. Chapman et al.

Table 7
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Risk Factor Analysis of The Impact of Ethnicity - Reported incidence rates and/or statistical analysis secondary to the impact of ethnicity. Comparisons made of other
ethnicities compared to the white ethnicity in-keeping with the majority of research.

Treatment Follow

Reference
Protocol Up

Ethnicity

ON Incidence Rates

Univariate Odds

. Multivariate Odds Ratio
Ratio

i 1.8
Kawedia White 21% (C10.9-4, P=0.43)
etal., St Jude Total XV 5 yrs Black and NS
2011 ?)cth earn 11.7% and 13.3% Reference

Higher
Risk
Reported.
Although
Not
Statistically
Significant

Key to
colour
coding:

No Difference in
Risk

Key: NS = Not stated; yrs = Years Old; CI = 95% Confidence Interval; SD = Standard Deviation

the reference against ‘white ethnicity’(Table 7). Only studies which re-
ported comparisons in ethnicity-specific incidence rates were included
within Table 7. Mattano et al. [46] and French et al. [20] both showed
statistically significant increases in prevalence of ON within white pa-
tients with a 5- and 2.5-fold increase respectively. Two included studies
calculated OR/HR. Firstly, Kawedia et al. [34] found a non-statistically
significant OR of white vs other ethnicities of 1.8 (CI 0.9-1.4). Secondly
Kahn et al. [27] reported a statistically significant decrease of ON inci-
dence within Hispanic patients compared to white counterparts with
multivariant hazard ratio of 0.23 (CI 0.08-0.66). The remaining two
studies [32,4] both failed to present data of our population age group.
Although, within their conclusions, Amin et al. [4] stated that there was
a statistically significant increase of ON incidence within the Asian
population and Kaste et al. [32] reported no statistically significant
change in incidence rates secondary to ethnicity.

3.3.3. Age

Ten studies completed analysis of age groups within this studies
population (Table 8). There was high variation within the results. Burger
etal. [11], Moricke et al. [50] and Mattano et al. [47] showed the only
statistically significant increases in the incidence rates of ON in > 15
year olds versus those < 15 years old, 7% (SE 2%) Vs 16.67% (SE 5.2%);
14.5% (SE 2%) Vs 22.7% (SE 4.2%) and 9.9% (SE 1.5%) Vs 20% (SE
4.3%) respectively. Three ([29,46]; Kuhlen et al., [38] other studies
found similar ON incidence increases due to age, however reported this
as not being statistically significant. Toft et al. [75], Kaste et al. [32] and
Amin et al. [4] both reported decreased incidence in those > 15 years
old, however this was found to not be statistically significant. [23])
compared incidence rates of 10-19 yrs to 19-22 yrs and found no

difference in ON incidence between these groups (6.2% Vs 6.25%). As
reported within Table 8 only two studies calculated odds and/or hazard
ratios (OR and/or HR), however these were excluded as they used under
10-year-olds as their reference incidence rates.

3.3.4. Treatment Regimen

Table 9 summarises the impact of 30 different treatment regimens on
the incidence rates of ON. Increased dexamethasone (DEX) cumulative
dose resulted in a subsequent increase in ON incidence rates within 10
studies. Kawedia et al. [34] was the sole study demonstrating signifi-
cantly increased rates of osteonecrosis following greater DEX exposure
in the over 10 yrs group (29.7% (DEX cumulative dose 3360 mg/m?) Vs
9% (DEX cumulative dose 672 mg/mz)). Four other studies [5,23,24,51]
drew similar conclusions, associating higher DEX exposure with an
increased risk of ON. Although, these studies failed to provide data for
the over 10 yrs group. Moreover, four other studies [32,46,67,6] re-
ported this trend, however their associations were not deemed to be
statistically significant. Bidecci et al.[10] also showed a statically sig-
nificant difference between protocols on ON incidence rate 3.1% Vs 25%
with the implication this was due to increased DEX cumulative dose,
however there was no such statistically significant difference between
total steroid cumulative doses.

Modifications of treatment regimens independent of cumulative
steroid dose can be seen to impact the incidence ON. Mattano et al. [47]
demonstrated three such factors. Firstly, bone marrow response
following treatment (slow versus rapid early responders (SER and RER)).
The SER cohort had a greater DEX cumulative dose, but a reduction in
ON rate, 11.8% (SE 3.3%) vs 12.8% (SE 1.8%). Secondly, alternative
week vs continuous treatment, where alternative week treatment
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Table 8
Risk Factor Analysis of The Impact of Age - Reported incidence rates and/or statistical analysis secondary to the impact of age. Comparisons made of younger patients
compared to older in-keeping with the majority of research.
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ON Univariate Multivariate
Reference Treatment Protocol Follow Up Age Range Incidence Odds Ratio or  Odds Ratio or
Rate Hazard Ratio Hazard Ratio
o,
Mattano et al., 2000 CCG-1882 3 yrs 18 0(')0/ NS
16-20yrs S
(SD 3.6%)
o,
10-14 yrs (ls(:)ogtg )
Kuhlen et al., 2017 ALL-SCT-BFM 2003 5 yrs NS
15-23y1s 13.00%
SD 4%

POG, BFM-83, BFM-
86, BFM-90, BFM-95, NS
IC-BFM 2002

Karas-Kuzelicki et al., 2016

12.9-14.5 yrs

14.5-17yrs

12.50%

NS
28.00%

Heneghan et al., 2017 CHOP ALL 2004-2012 Syrs

Higher
Risk
Reported.
Although
Not
Statistically
Significant

Key to colour coding:

No Difference in

10-19yrs
19-22yrs

6.20%
6.25%

Risk

Key: NS = Not stated; yrs = Years Old; CI = 95% Confidence Interval; SE = Standard Error; SD = Standard Deviation, HR = Hazard Ratio; RHR = Risk Hazard Ratio

experienced a statistically significant decrease ON incidence rates, 8.7%
(SD 2.1%) Vs 17% (2.9%), but had higher DEX cumulative dose.
Mogensen et al. [49] similarly investigated the difference between
alternative week vs continuous treatment, but reported those following
the alternative week treatment had increased ON incidence. Finally,
Mattano et al. [47] compared intensified Vs standard treatment, where
both cohorts had the same DEX cumulative dose, but standard treatment
included additional asparaginase therapy, which reportedly led to a
statistically significant increase in ON prevalence (12.4% (SE 2.1%) Vs
21.4% (4.3% SE)). Asparaginase therapy was also linked with increased
incidence of ON by [5] and [51], however both failed to provide their
primary data.

Three studies assessed the impact of DEX Vs prednisolone (PDN)
during treatment induction. Vrooman et al. [83] demonstrated

increased ON incidence rates in those treated with DEX compared to
PDN (23% vs 5%). This was similarly shows by [23], albeit they failed to
provide their primary data to > 10 yrs only. Mogensen et al. [49] found
no difference between induction using PDN and DEX with an OR of 1.00
(CI0.2-2.1, p = 0.990). Moricke et al. [50] showed the DEX cohort had
a decreased incidence of ON compared to PDN during induction, but this
was not statistically significant with incidence rates of 13.8% (SE 2.4) Vs
19.2% (SE 2.7%) respectively.

3.3.5. Genotype

Table 10 provides a summary of the 14 potential risk factor geno-
types assessed for influencing ON prevalence. Within the colour coding
analysis, the limited repeatability between studies and reduced reli-
ability (secondary to failure to produce data) is evident. French et al.
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Table 9

Risk Factor Analysis of The Impact of Treatment Regime - Reported incidence rates and/or statistical analysis secondary to the impact of different treatment regimes.

Where statistical analysis was completed comparisons were made between study cohorts and are stated in the above table.

Cumulative

Treatment Pl,'OtOCOl Steroid Type Steroid Incidence | Statistical
Protocol Subset i

Dose Rate Analysis

ON Additional

Reference Follow Up

(mg/m*2)
Induction: PDN 1815 o
Standard Delayed lg.s‘})/n
BFM Intensification: 235 43%) Standard
DEX ) Vs
Matt t al., 2000 3 Y CG-1882
attano et a ears CCG Induction: PDN 1815 23200, Augmented
Augmented Delayed (.SD o -OR 14
BFM Intensification: 470 0
4.8%)
DEX
Intermediate PDN & DEX, 3
) AIEOP- ALL Risk Calculated as Een A0
Arico et al., 2003 5 Years . NS
95 Prednisone

High Risk 6460 15.60%

Equivalent

12.80%
RER DEX 210-280 (SE

M L, 2012 5Yi CCG-1961 1.8%) NS
attano et al., ears - 11.8%

SER DEX 280 (SE
3.3%)

18.50%
Low Risk DEX 360 (SE <10yrs
Total 4.3%) used as
Kaste et al., 2015 4 Years Therapy 20.00% reference
Study XV S ey in HR
High Risk DEX 420 (SE calculation
10.7%)

(continued on next page)
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Table 9 (continued)
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DEX 210 DPE;iIVS
Mogensen et al., 2018 5 Years NOPHO ALL —  Induction NS OR1
2008 randomisation
PDN 1740 (Cro.2-2.1,
p = 0.990)
DEX 238
Standard Risk Heal
PDN 866
NOPHO ALL  Intermediate 503 13.80%
Mogensen et al., 2018 5 Years 2008 Risk DEX NS
PDN 581
High Risk DEX 664-748 10.20%
(non-SCT) PDN 227

Key to colour
coding:

No
Difference
in Risk

Key: DEX = Dexamethasone; PDN = Prednisolone; NS = Not Stated; yrs = Years Old; CI = 95% Confidence Interval; HR = Hazard Ratio; OR = Odds Ratio; SCT = Stem

Cell Transplant

[20] showed increased incidence of ON in those with the PAI-1 AA/AG
genotype, with an associated multivariant OR of 2.89 (CI 1.48-5.62).
This was not repeated by Finklestein et al. [19] who failed to provide
primary data. Karol et al. [31] assessed the impact of the GRIN3A ge-
notype within the COG ALL0232 cohort. This was shown to statistically
significant in increasing ON incidence, calculating a HR 2.07 (CI
1.59-2.70), although within the SJ Total XV cohort despite a similarly
increased HR of 1.67 (CI 0.55-2.7), this was not found to be statistically
significant.

French et al. [20] found an OR of 1.42 (CI 0.72-2.74) secondary to
the TYMS 2/2 genotype, however this was not statistically significant.
Relling et al. [63] reported a 100% incidence rate of ON secondary to the
TYMS 2/2 genotype, whilst also finding a 51.7% incidence rate in pa-
tients with the 2/3 or 3/3 genotype, although due limited cohort size (7
and 29 respectively) no statistical analysis was completed. Cole et al.
[14] and Finklestein et al. [19], both with larger cohorts, concluded that
the 2/2 TYMS genotype had no influence ON incidence rates, albeit both
failed to present their data on this. Karas-Kuzelicki et al. [29] found 2/2
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Table 10
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Risk Factor Analysis of The Impact of Genetic Factors - Reported incidence rates and/or statistical analysis secondary to the impact of different genotypes. Where
statistical analysis was completed comparisons were made between genotypes within the same study and are stated in the above table.

Follow

Treatment Protocol
Up

Reference

Genotype

Number of
Patients (with
ON/ALL +

ON Incidence

itional Statistica alysis
Rates Additional Statistical Analysis

2R/2R

Controls)

77 100%

TYMS Enhancer Repeat NS
2/3 0r3/3 15/29 51.70%
5 St Jude Total XIIIB.
Relling et al., 2004 > 64 T/C or T/T 5/14 35.70%
4 XIV Y population with: TYMS VDR Start o ° NS
enhancer repeat (2/3 or 3/3) Site c/ic 10/15 66.70%
Univarient OR Multivariate OR
2R/2R 16/80 20% y 142
French et al., 2008 CCG-1882 NS TYMS Enhancer Repeat ° (C10.72-2.74,p = (C10.72-2.8,0.319)
0.326) e
Other 27/189 14.30% Reference Reference
No Statistical Significance Found in any of the
French et al., 2008 CCG-1882 NS VDR, BGLAP, ESRI, MTHFR, ABCBI, PTH, PTHR, ACP5, ACP5 Adjacent Genes

Kawedia et al., 2011 St Jude Total XV 5yrs SH3YLI

TT /AT

See table 2 from French et al., 2008,

12/13 92.30%

29/79 36.70%

Finkelstein et al., 2017 DFCI ALL 05-001 S yrs ILIB

POG, BFM-83, BFM- NS

*1/*3

Multivariable HR - 0.44
(CI0.13-1.44,p=0.17)

2/2 100%

Karas-Kuzelicki etal,, 2016 86, BFM-90, BEM-  (Study TPMT p=0.001
95, IC-BFM 2002 period L 523 21.70%
SJ Total XV RAF Cases 0.10 HR =1.67
Ketictetl, 222 NCT00137111 1B CAEA R “E R RAF Controls 0,077 (0.55-5.10 CL P=037)
s Higher Risk Although No . Lo

Key: NS = Not stated; yrs = Years Old; CI = 95% Confidence Interval; SE = Standard Error; SD = Standard Deviation; RAF = Random Allele Frequency; TPMT
= Thiopurine S-methyltransferase, TYMS = Thymidylate synthase, PAI - 1 = Plasminogen activator inhibitor-1, IL1B = Interleukin 1 beta, GRIN3A = Glutamate

Ionotropic Receptor NMDA Type Subunit 3A

patients with the TPMT * 1/* 3 genotype developed ON, although this
small sample cannot be taken as conclusive, and no other included study
assessed the TPMT gene.

3.3.6. Other

In addition to the above risk factors, some included studies presented
data on other risk factors (Table 11), including: four studies finding that
BMI demonstrated no impact on ON incidence rates; den Hoed et al. [16]
concluded reduced bone mineral density and ON develop indepen-
dently; Krull et al. [36] reported a significant increase in the incidence of
ON in patients without Leukemic infiltration of bone marrow (41.6% Vs
18.7%); Kuhlen et al. [38] found increased incidences of ON following
hematopoietic stem cell transplantation in those with past medical his-
tory of ON (58% Vs 7%).

Kim and Stohr [35] investigated the morphological predictors of ON,
finding acetabular retroversion as the only significant predictor of ON,
although data of controls was not stated, and it was only a 10-patient
cohort. Finally, Kawedia et al. [34], analysed the impact of lipid levels
on ON incidence rate. Finding high serum cholesterol at week 8 to be
associated with a statistically significant in increase in the risk of
developing ON (OR 1.11 (CI 1.02-1.21)). Similarly finding high serum
cholesterol levels at week 12 increased ON incidence with a OR of 1.05
(CI0.97-1.14), albeit this no longer was statistically significant. No such
relationship was found with high albumin levels. However, within the
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SH3L1 AA genotype cohort there was an increased ON incidence rate of
73.3% in those with low albumin levels compared to 28.1% in controls,
but there was no additional statistical analysis on this data.

3.3.7. Overall analysis

Table 12 uses colour coding (Table 5) to provide a summary of the
evidence. It is evident that patients of the female ‘sex’ (assigned at birth)
and ‘white ethnicity’ have no data which appears to contradict the hy-
potheses of both characteristics result in an increased incidence of ON.
Mattano et al. [46] found one cohort of 16-20 yrs to have increased
incidence of ON in males but reported the full 10-20 yrs cohort to have
increased incidence in females. ‘Older age’ and ‘other’ risk factors have
high variability within their results, therefore there is limited ability to
identify any independent risk factors. Finally, ‘treatment regimen’ and
‘genetic’ risk factors appear to show an impact on ON incidence rates,
although included studies had high variability in methods and assessed
different variables leading to minimal generalisability of this data.

4. Discussion

This scoping review is the first of its kind investigating the extent of
research of the incidence rates and risk factors of ON within patients
treated for ALL. 34 studies and 12,056 patients were included within our
review. Increased awareness of ON as a secondary complication to



M.C. Chapman et al. EJC Paediatric Oncology 2 (2023) 100121

Table 11

Risk Factor Analysis of The Impact of Other Factors - Reported incidence rates and/or statistical analysis secondary to the impact of independent variables. Where
statistical analysis was completed comparisons odds ratios were calculated against control groups without the independent variable.

Number of S ON Incidenc
Reference Follow Up Variable (with ON N el ‘eme Additional Statistical An
C , Rates
ALL + Controls)
Control - 0/99 N/A Mean BMD: 0.9 No significant difference
. between patients who did
‘ BMD Libar Spine ON-28/28 N/A Mean BMD:1.14 or did not develop ON
den Hoed ctal, 2015 DCOG-ALLO Sy e Mgl (=0t
Density No significant difference
Control - 0/99 N/A Mean BMD: 007 . .
between patients who did
D) Tt ey or did not develop ON
ON - 28/28 N/A Mean BMD: 0.25 (p = 0.650)
Mean: 35.7° a0 g
Centre Edge Angle 10/0 NS Range: 20-50° PuihiicheRane Lt
oo General Population
SE: 2.2
. . Mean: 11.1° a0
Kim and Stohr, 2018 UKALL ONRdiEt  Moplislgtal Acetabular Index 10/0 NS Range: 7-14° WAL T2 IR aiF
only Predictors SE: 2.4° General Population
Mean: 134.7° S
Neck-Shaft Angles 10/0 NS Range: 125-142° Wiiin :he R“‘l‘g‘? ot
SE: 1.1° General Population

(continued on next page)
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Higher S Control
Kawedia et al,. 2011 St Jude Total XV 5yrs Cholesterol Median: 164.0mg/dl 0/257 N/A Reference
Range: 4-496mg/dl
RIS oNGrate 4 e
Median: 187mg/dl 61/61 N/A . o .

Range: 32-736mg/dl

Multivariant Logistic Regression 1.05

St Jude Total XV

Kawedia et al,. 2011 - With SH3YL1

Albumin <2.75 mg/dl

11/15 73.30%

NS

5 yrs
AA Genotype

Albumin >2.75 mg/dl

18/64 28.10%

Kahn et al., 2018 DFCI 05-001 Symptomatic

BMI

BMI

Not Obese: BMI < 95th
percentile for age and sex

Obese: BMI > 95th

Higher Risk Reported. Although

Key to colour coding: Not Statistically Significant

ercentile for age and sex

No Difference in Risk

NS/721 NS Reference

Univariant HR 0.42

NS/102 C10.13-1.39, p=0.16

NS

Key: NS = Not stated; yrs = Years Old; CI = 95% Confidence Interval; SE = Standard Error; SD = Standard Deviation; BMI = Body Mass Index; deg = degrees; ON
= osteonecrosis; PMH = Past Medical History; HSCT = Hematopoietic stem-cell transplantation; BMD = Bone Mineral Density; LI = Leukemic Infiltration of the Bone

Marrow

treatment in the ALL population has resulted in a subsequent increase in
the quantity of research. However, variance between treatment regi-
mens and research methodologies result in difficulty synthesising this
data. The median of study reporting quality scores of included studies
was 68% (IQR 64-82%). With > 70% reported as adequate [62], there is
the opportunity for an improvement in the quality of research, notably
by increased use of patient flow charts, improved reporting and recog-
nition of the possible sources of bias. Study design varied within this
review with the majority being retrospective observational research.
ALL treatment protocols are constantly evolving in-line with best
research. This leads to over 60% of ALL patients being enrolled on RCTs
and therefore treated on new treatment protocols [68]. The majority of
RCTs fail to provide and analyse data on ON incidence and associated
risk factors, leading to a large proportion of the research on ON being
retrospective. Due to the high prevalence of ON researchers should be
encouraged to report ON rates within their RCT design, thus improving
the quality of ON research. Our findings indicated a variation in results
secondary to this research and screening methodology. Prospective
research reduces the risk of bias and has an increased capability for the
identification of asymptomatic disease; therefore, larger prospective
studies would provide the best evidence [18].

ON diagnostic and grading guidelines varied between studies. The
most common guideline being the National Cancer Institute Common
Terminology Criteria for Adverse Events (9/34), but 13/34 studies failed
to outline their chosen ON diagnostic and grading guideline. Asymp-
tomatic screening facilitated an earlier diagnosis of ON. Kawedia et al.
[34] found that patients (aged 1-20 years old) who presented with
asymptomatic grade 1 ON had an increased risk of developing grade 2-4
ON (34 of 130; 26%) compared with controls (27 of 194; 14%,
P =.008). Progression from NCI CTCAE grade 1 ON to symptomatic
disease has been estimated at up to 55.9% within the ALL population
[28]. Whilst ON progression is not inevitable, recent research has
identified possible preventative pharmacological treatments such as
bisphosphonates and hyperbaric oxygen therapy [73], which could be
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used to prevent further deterioration in the treatment of patients with
grade 1 ON. Early diagnosis of ON also facilitates adaptations of treat-
ment regimens, which have the potential help to slow or reverse ON
progression [25]. Arakawa et al.[5] found four cases of asymptomatic
ON which had necrosis of > 30% of the epiphyseal surface of the femoral
head. All four of these patients went on to require joint replacement
surgery. A child or young adolescent with > 30% femoral head necrosis
is at very high risk femoral head collapse and the severe complications
from this, including reduced quality of life. This reinforces the need for
early diagnosis and adaptation of treatment protocols to those with
grade 1 ON to minimise the potential impact on a patient’s mobility and
therefore quality of life. There is a need for greater research into this
area and Amin et al. (2019) are currently assessing this within the
BONES study (protocol published 2019).

Physiotherapists have the potential to play a key role in screening
prior to MRI. Since early 2005, physiotherapists treating patients for
sickle cell anaemia have used the Children’s Hospital Oakland Hip
Evaluation Scale (CHOHES) as a screening tool and outcome measure for
patients at risk of developing ON; similarly, used in the developmental
dysplasia population [2,45]. Within this review CHOHES has not been
used in any studies looking into ON within the ALL population,
providing a potential new area of research for physiotherapists which
could help improve outcomes. There has been one physiotherapy-led
cohort study of ON in the ALL population, where range of motion and
functional mobility was assessed. This study concluded that functional
mobility assessments should be used in combination with MRI
screening, although there was no reference to CHOHES [44].

Within this review the incidence rates of ON in the ALL population
were 51.8% (IQR 41.4-58.9%) and 15.62% (IQR 9.2-24.2%) for
asymptomatic and symptomatic patient screening respectively (Fig. 3).
The large range is likely due to the variance between treatment regi-
mens, demonstrating the limitation of the generalisability of this data.
The identification of those at higher risk has potential to inform
asymptomatic patient screening and treatment choices. Within this
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Colour Coded Table of Analysed Characteristic of Included Studies - Adapted from Table 5, with colour coding to give overall picture of the quantity and quality of the

data for the identified risk factors.

Risk Factors
Reference

Aminetal., 2017
Arakawa et al., 2021
Arico et al., 2003
Badhiwala, Athale and Nayiager, 2015
Biddeci et al., 2016
Burger et al., 2005
Chenetal., 2015
Cole et al, 2015
den Hoed et al., 2015
Finkelstein et al., 2016
French et al., 2008
Heneghan et al., 2017
Hyakuna et al., 2014
Kahn et al., 2018
Karas-Kuzelicki et al., 2016
Karol et al., 2022

;_

Kaste et al., 2015
Kawedia et al., 2011
Kim and Stohr, 2018

Krull et al., 2017

Kuhlen et al., 2017
Mattano et al., 2012
Mattano et al., 2000

Mogensen et al., 2018
Moricke et al., 2016
Moriya et al., 2021
Padhye et al., 2016
Relling et al., 2004
Rhodes et al., 2017

Sakamoto et al., 2018

Toft et al., 2016

Toftetal., 2018
Vrooman et al., 2013

White Vs
Other
Ethnicities
Higher Risk
Although No
Statistical
Significance

Females Vs

Comparison Males

Key to colour coding:

Increased risk Increased risk

Increased risk secondary to

Older Vs secondary to secondary to variable
Younger treatment genotype
Lower Risk
. s Although No
No Difference in Risk Statistical
Significance

review all included primary data indicated the female sex and the white
ethnicity as both being independently associated with increases in ON
incidence rates. This was independent of ALL incidence being recognised
as higher in males, notably in the GLOBOCAN 2020 statistics [12,72].
There are two main hypotheses as to why females are at higher risk of
developing ON, firstly that earlier onset of puberty in females results in
an increased risk [21], and secondly that the oestrogenic effects on bone
mass and the procoagulant effects of oestrogen predispose patients to
osteonecrosis [39]. The cohort size of ethnic minorities within western
research is significantly lower than that of white patients, leading to a
high probability of selection bias within these results. When comparing
the incidence rates of symptomatic disease between western research
and that completed in Asia, ON incidence rates are 17.4% (IQR
11.9-24.2) and 10.6% (IQR 6.85-15.6) respectively. Whilst this cannot
be proven to be solely as a result of ethnicity, these results appear to be
in-keeping with the white ethnicity patients being at higher risk of
developing ON. One possible explanation for this was postulated by
Arakawa et al. [5] reporting that the JACLS (Japan Childhood Leukemia
Study Group) cohorts reduced asparaginase and corticosteroid dose may
cause this reduction in incidence rather than ethnicity. There is a need
for improved research into this, reducing both selection bias and
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confounding variables secondary to treatment regimen.

The impact of ethnicity on presenting genotypes was assessed in all
studies assessing genotypes as a risk factor for ON, but no studies found
this to be statistically significant. The authors are aware of only one case
study from non-western research reporting genetic risk factors. Nozaki,
Matsubara, and Mori [55] reported a case of a 12 year old female with
bilateral tali ON, who presented with the TYMS 2/2 genotype. This
provides a potential area for future research to evaluate if ethnic dif-
ferences in ON incidence are due to genetic factors. The influence of
genetic risk factors in < 10 year olds is well documented [30]. Although
when the same genotypes (BMP7 and PROX1-AS1) are assessed within
> 10 years old there is no similar relationship. Although the impact of
age is well documented, most larger research studies on genetic risk
factors for ON failed to separate their results into < 10 and > 10 years
old cohorts, reducing the clinical relevance of their results. Both
increased age and some genotypes influence the rate of DEX clearance
from the blood stream, thereby increasing risk of developing ON [42,
84].

This reviews results indicate no direct relationship between cumu-
lative DEX dose and ON incidence rates. Mattano et al. [47] demon-
strated this when comparing standardised and intensive treatment,
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concluding it was asparaginase which influenced ON incidence not DEX;
similarly evidenced in murine models by Lui et al.[40] and human
models by Atteveld et al. [78]. Lynggaard et al. [43] have published a
protocol for a meta-analysis looking into this impact asparaginase which
will help to progress treatment. It is crucial to recognise DEX has higher
efficacy and improved survival rates from ALL, when compared against
other steroids including PDN [74]. Combined cumulative corticosteroid
dosage of DEX and PDN has been shown to impact ON incidence.
However, variance within this calculation makes comparison of this data
extremely complex, with included studies using a 1:5.5, 1:6 or 1:7 DEX
to PDN equivalent dosage. In more recent protocols like the UKALL 2011
protocol, which is currently being evaluated (study period ending in
2027), DEX is given on alternative weeks to aid clearance, aiming to
reduce ON incidence rates (Taylor, 2013).

This was the first review that followed systematic searching and
reporting methodology resulting in an increased repeatability. Although
there are several limitations to this study, within reported incidence
rates there was no statistical weighting to studies based on cohort size.
This review solely focussed on secondary impacts of treatment and failed
to compare this to treatment efficacy, acting as a significant limitation as
treatment efficacy must continue to be prioritised. Thirdly as date of
publication was not used as an exclusion criterion, the generalisability of
this review is limited secondary to the development/improvements to
treatments. Finally, many studies who calculated OR of risk factors were
excluded due to using < 10 years old as the reference, significantly
reducing the cohort size within the narrative synthesis.

5. Conclusion

Future research is needed to investigate the efficacy of stratified
treatment interventions, particularly in female patients of white
ethnicity who have been found to be at increased risk of developing ON,
to reduce the risk of ON through modifying steroid dose and treatment
regimens. This study found a median incidence rate of ON in patients
treated for ALL as 51.8% (IQR 41.4-58.9%) and 15.6% (IQR 9.2-24.2%)
for asymptomatic and symptomatic patient screening respectively with
female sex (assigned at birth) and patients of white ethnicity indepen-
dently associated with being at higher risk of developing ON. This re-
view has demonstrated the high heterogeneity within current research.
Greater consensus within research methods would facilitate, systematic
comparison and data synthesis between treatment protocols, to better
identify risk factors thereby informing clinical practice to improve pa-
tient outcomes. Future research should be multidisciplinary in nature,
extrapolating knowledge from other haematological disorders to inform
practice, focusing on developing screening tools/methodologies to
facilitate the implementation of adapted treatment methodologies to
prevent and reduce the progression of ON.
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