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Abstract

Purpose Critically review and summarise existing knowledge on prevalence of oral, dental, and craniofacial side-effects of
antineoplastic treatment in childhood cancer survivors (CCS).

Methods A literature search was conducted for studies reporting on children aged 4—19 years treated for any type of malig-
nancy up to the age of 15 years and for whom, at the time of the examination, more than 8 months have elapsed since the
end of treatment. Data regarding dental late effects on teeth and craniofacial complex were collected and mean prevalence
of each defect was reported.

Results From the 800 articles identified, 17 studies fulfilled inclusion criteria and were included. A total of 983 CCS were
examined, with the total number of healthy controls being 1266 children. Haematological malignancy was the most prevalent
diagnosis with the age at diagnosis ranging between 0—15 years. Multiple antineoplastic protocols were implemented with
the elapsed time being 8 months up to 17 years. One-third of CCS experienced at least one late effect, with corresponding
value for the control group being below 25%. Among the defects identified clinically, microdontia, hypodontia and enamel
developmental defects were recorded in 1/4 of CCS. Impaired root growth and agenesis were the two defects mostly recorded
radiographically. The effect on dental maturity and on salivary glands was unclear.

Conclusion CCS are at risk of developing dental late effects because of their disease and its treatment and therefore, routine
periodic examinations are essential to record their development and provide comprehensive oral healthcare.

Keywords Childhood cancer survivors - Antineoplastic treatment - Dental late effects - Dental management

Introduction

The overall 5-year survival rate from childhood cancer has
improved and now exceeds 80% in developed countries
(Winther et al. 2015). With a simultaneous decrease in late
mortality the number of long-term survivors is steadily
increasing (Fidler et al. 2016). Because of their curative
treatment-related exposures, survivors of childhood cancer
are at increased risk for a broad range of chronic health
conditions (CHC). A recent survey by Bhakta et al. (2017)
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showed that the cumulative incidence of CHCs at age
50 years was 99-9% and 96-0% for more severe conditions.
By age 50 years, a survivor had experienced, on average,
17-1 CHCs of any grade, of which 4-7 were more severe.
Second neoplasms, spinal disorders, and cardiopulmonary
disease were major contributors to the excess total cumula-
tive burden. There is a constant development of treatment
protocols for childhood cancers, where treatment intensity
for cancers with a relatively good prognosis has decreased
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to prevent morbidity, whereas conversely treatment has
intensified for cancers with poor prognoses to improve
survival (Fidler et al. 2016). Recent follow-up studies of
long-term survivors of childhood cancer show that more
recently treated patients not only have a significantly lower
rate of late mortality due to progression or recurrence of
their primary tumour but a reduced rate of mortality due to
treatment-related late effects such as second malignancies
and cardiopulmonary conditions (Armstrong et al. 2016).
None of these follow-up studies include oral, dental, and
craniofacial adverse effect of therapy.

Individuals treated for childhood cancer experience a
wide range of severe complications also in the oral cav-
ity, regarding dental and craniofacial development. Child-
hood cancer survivors (CCS) have a higher prevalence of
oral and dental abnormalities than controls, type of cancer
treatment, socioeconomic factors, and access to oral health
care contribute to the prevalence of dental abnormalities
(Patni et al. 2023). In a systematic review, Gawade et al.
(2014) reported that CCS had a higher prevalence of den-
tal caries, as well as strong evidence to support an asso-
ciation between chemotherapy and dental developmental
abnormalities, such as dental agenesis, dental hypoplasia,
root stunting, and enamel hypoplasia. The combination
of chemotherapy with radiation therapy or conditioning
with total body irradiation in stem cell transplant recipi-
ents confer an even higher risk of oral, dental, and crani-
ofacial disturbances.

Three systematic reviews have been published regarding
long-term dental and oral complication in survivors of child-
hood cancer (Gawade et al. 2014; Busenhart et al. 2018;
Seremidi et al. 2019). The study by Gawade et al. (2014)
included studies published up to 2012, but did not include a
meta-analysis, Busenhart et al. (2018) included only children
treated with chemotherapy protocols in studies published
up to 2016 and Seremedi et al. (2019) included 16 studies
published up to 2018.

The rationale for this systematic review and potential
meta-analysis is that recent long-term follow-up of late
effects in survivors of childhood cancer aiming to character-
ise the overall health burden have not included oral, dental,
or craniofacial side-effects (Bhakta et al. 2017; Erdman et al.
2021; Chung et al. 2022). Furthermore, that the systematic
reviews on oral, dental, and craniofacial side-effects pub-
lished have included studies published 2018 or earlier, we
have identified several studies published since then. So, the
aim of the present review was to summarise and critically
appraise existing knowledge regarding prevalence of oral,
dental, and craniofacial side-effects of antineoplastic treat-
ment. Secondary objective was to summarise evidence on
dental and oral care in long-term CCS, in terms of both self/
home-care measures and dental rehabilitation in the practice
setting.
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Materials and methods

The protocol was submitted to the PROSPERO international
prospective register of systematic reviews hosted by the
National Institute for Health Research (NIHR), University
of York, UK, Center for Reviews and Dissemination. The
CRD42023399543 identification number was allocated.

Reporting format

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) were adopted, and the review was
planned, conducted and reported according to the standards
of quality for reporting systematic reviews (Page et al. 2021).
PICO methodology (Table 1) was utilised to formulate the
research question: “What are the long-term effects of anti-
neoplastic treatment on the craniofacial complex and what
are the challenges in the dental management of long-term
childhood cancer survivors?”.

Inclusion and exclusion criteria

Eligible were case—control, cross-sectional, observational
and cohort studies with a retrospective design on children
and adolescents:

e aged 4-19 years old at the time of dental examination

e with a history of malignancy, treated with various pro-
tocols (chemotherapy, radiotherapy, haemopoietic stem
cell transplantation) from birth up to the age of 15 years

e for whom, at the time of the examination, more than
8 months have elapsed since the end of antineoplastic
treatment.

Case reports and case series were also considered eligible
for summarising evidence on dental therapeutic management
of CCS.

Studies reporting on CCS aged > 19 years of age, that
have been treated after the age of 15 years, and with active
disease or under treatment were excluded. Excluded were
also studies reporting on effects of antineoplastic treatment
detected during treatment, immediately after or < 8§ months
after treatment cessation and on the effect on any other organ
apart from teeth and the craniofacial complex. Finally, stud-
ies written in a non-English language were excluded.

Search strategy

A literature search was conducted in the following elec-
tronic databases: Medline/Pubmed, Embase, LILACS and
The Cochrane Library [Cochrane Database of Systematic
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Table 1 PICO criteria

Criteria Definition

Population ~ Children and adolescents up to the age of 19 years at the day of examination that have undergone antineoplastic treatment up to
the age of 15 years and are in remission for at least 8 months

Intervention Any type of antineoplastic treatment administered solely or in combination (chemotherapy, radiotherapy, Haemopoietic stem cell

transplantation)

Comparators Presence or absence of a treated or untreated control group

Outcomes 1. Primary outcomes

A. Oral health

B. Dental caries (DMFT/dmft, prevalence or incidence of decayed teeth)

C. Oral hygiene (Gingival index, plaque index, OHI, CPI)

D. Prevalence of crown defects (microdontia, macrodontia, hypodontia, hypoplasia, malformed teeth, discoloured teeth)
E. Prevalence of root defects (impaired root growth, arrested root growth, V-shaped roots, taurodontism, premature apical closure

and tooth agenesis)
F. Effect on dental maturity

G. Effect on salivary glands (salivary flow rate, buffer capacity, microbial counts)
H. Preventive strategies administered by the clinician for home and practice use
I. Dental care (restorative, orthodontic, oral surgery, prosthodontic rehabilitation)

2. Secondary outcomes

Effect of treatment on patient’s long-term health-related quality of life and oral health-related quality of life

Use of dental services and compliance with follow-ups

Knowledge and attitudes of medical doctors and dentists regarding late effects and dental management of CCS

Reviews, Cochrane Central Register of Controlled Trials
(CENTRAL), Cochrane Methodology Register] (Appendix
1).

Unpublished literature on ClinicalTrials.gov (www.clini
caltrials.gov), the National Research Register (www.contr
olled-trials.com) and grey literature and bibliographies of
published articles was also searched to identify studies not
identified previously. The reference lists of all eligible stud-
ies and other previously published systematic reviews on the
topic were screened manually for other potentially eligible
studies.

In all searches no publication date restrictions were
applied.

Study selection

The titles and/or abstracts of all studies retrieved from the
search, and those from additional sources, were screened
independently by two review authors. After exclusion of the
non-eligible full-texts of all studies considered as eligible by
any of the authors were assessed independently and in dupli-
cate. Any discrepancies and disagreements were resolved
thorough discussion by the two reviewers. Should this not
be possible, a third author was consulted.

Data extraction

Data were extracted independently and in duplicate by two
reviewers in specifically designed forms. For each study the
following information were recorded: publication details
(authors, year of publication, design), sample characteristics

(sample size, control group, participants age at examination,
diagnosis, age at diagnosis, treatment undertaken, post-treat-
ment follow-up time), outcome evaluated including methods
of assessment. For studies with missing/unclear data, the
authors were contacted via e-mail for further clarifications
and in cases of no response within a period of 15 days, the
study was excluded.

In studies reporting on dental management age at pres-
entation, diagnosis and age at diagnosis, dental late effects
documented and dental treatment undertaken were recorded
for each case.

Quality assessment

Risk of bias was assessed by two reviewers independently,
using the Newcastle—Ottawa scale (NOS) adopted for
case—control, cross-sectional and cohort studies (Wells
et al. 2010). For each study, presence of bias was assessed
in three different domains named: (a) sample selection, (b)
comparability and (c) outcome. Each domain gets a score
with studies scoring > 5 stars for cross-sectional and cohort
studies and > 7 stars for case—control studies considered as
being “of good quality”. Quality of case reports included
was assessed using the JBI critical appraisal checklist (Gag-
nier et al. 2013).

Data analysis
Collected data for each outcome that was a numerical index

were presented as mean, minimum and maximum values cal-
culated from values reported from all included studies. For
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clinical and radiographic developmental dental defects, mean
prevalence was calculated from the prevalence in studies
reporting on them. Meta-analyses were planned to be con-
ducted with studies reporting similar interventions and com-
parable outcomes, i.e. in the case of limited methodological
and clinical heterogeneity. Data were planned to be analysed
with Review Manager 5.4 [Review Manager (RevMan), Ver-
sion 5.4, The Cochrane Collaboration, Copenhagen, 2020].

Heterogeneity

Clinical and methodological heterogeneity were assessed by
examining the characteristics of the studies, the similarity
between the types of participants, the interventions, and the
outcomes as specified in the inclusion criteria for considering
studies for this review.

Statistical heterogeneity will be assessed using a Chi? test
and the I statistic, where I values between 50-90% indicate
substantial heterogeneity.

Assessment of reporting bias

In the presence of more than 10 studies in a meta-analysis, the
possible presence of publication bias would be investigated for
the primary outcomes.

Subgroup analysis

In the case of sufficient data, subgroup analyses would be con-
ducted to explore the influence of study or patient character-
istics such as gender and/or age, type of malignancy, age at
diagnosis, treatment protocol administered and time that has
elapsed since end of treatment.

Sensitivity analysis

Analysis of studies stratified by design or by risk of bias (i.e.
overall low risk versus high risk) were planned to be explored
for similar or different results.

Unit of analysis

Some of the included studies presented data from repeated
observations on participants, which could lead to unit-of-anal-
ysis errors and for that reason the advice in Sect. 9.3.4 of the
Cochrane Handbook for Systematic Reviews of Interventions
was followed (Higgins and Green 2011).
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Results
Search results

As presented in the PRISMA flowchart (Fig. 1), 781 arti-
cles were initially identified to which another 26 were
added following hand search. After duplicates removal, a
total of 800 articles underwent title and abstract screen-
ing, of which 620 were excluded and 181 articles were
retrieved for full-text appraisal. From those 158 were
excluded with reasons (Table 2), leaving a total of 17 ret-
rospective studies and 6 case studies finally included.

For studies reporting data not in the form described in
the inclusion criteria (e.g. age at diagnosis or age at dental
examination as mean and not range), attempts were made
to contact authors to request for raw data to decide upon
inclusion.

Study characteristics

The characteristics of the included studies are summarised
in Table 3. From the studies included into the analysis, six
were cross-sectional (Shum et al. 2020; Proc et al. 2016;
Flores et al. 2015; Cubukc¢u and Sevinir 2008; Lopes et al.
2006; Marec-Berard et al. 2005), ten case—control studies
(Mitsea et al. 2022; Proc et al. 2021; Kiling et al. 2019;
Olczak-Kowalczyk et al. 2018; Bagattoni et al. 2014; Nem-
eth et al. 2013, 2014; Cubukcu et al. 2012; Oguz et al.
2004; Ndsman et al. 1994) and one cohort study (Shayani
et al. 2022). They were all published in English from 1994
until 2022. The size of the studies’ sample ranged from 25
to 137 children, yielding a total of 983 patients that were
long-term survivors. A control sample was included in all
but four studies, ranging from 26 to 521 patients, yield-
ing a total of 1266 healthy children. The control sample
consisted of age and gender matched healthy subjects, or
healthy siblings (Kiling et al. 2019).

The age of the participants at the day of dental examina-
tion ranged between 4—19 years, while the age at cancer
diagnosis ranged between 0 and 15 years. Diagnosis in
most cases included more than one type of malignancy
with haematological malignancies being the most com-
mon, followed by solid tumours. Multiple antineoplastic
protocols were implemented with chemotherapy being the
type of treatment used in all studies. Concomitant radio-
therapy was applied in 10 studies (Mitsea et al. 2022; Proc
etal. 2021; Shum et al. 2020; Kiling et al. 2019; Proc et al.
2016; Flores et al. 2015; Bagattoni et al. 2014; Cubukcu
and Sevinir 2008; Cubukcu et al. 2012; Lopes et al. 2006)
with TBI in one (Ndsman et al. 1994. In five studies (Proc
et al. 2021; Shum et al. 2020; Proc et al. 2016; Bagattoni
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Fig.1 PRISMA flow diagram
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et al. 2014; Ndsman et al. 1994) part of the sample had Quality assessment

undergone HSCT, with the number of patients ranging
from 2 to 19. Finally, the time that has elapsed from the
end of treatment ranged from 8 months to 17 years.
Regarding the outcomes evaluated, eight studies (Shay-
ani et al. 2022; Olczak-Kowalczyk et al. 2018; Bagattoni
et al. 2014; Nemeth et al. 2013, 2014; Cubukcu et al. 2012;
Oguz et al. 2004; Nisman et al. 1994) reported on dental
caries, one on oral hygiene, one on gingival and plaque
index and one on periodontal status. Eleven studies (Proc
et al. 2021; Shum et al. 2020; Kiling et al. 2019; Proc et al.
2016; Bagattoni et al. 2014; Nemeth et al. 2013; Cubukcu
et al. 2012; Lopes et al. 2006; Marec-Berard et al. 2005;
Oguz et al. 2004; Ndsman et al. 1994) reported on clinical
findings including crown defects, hypodontia and enamel
developmental defects, and on radiographic findings as the
prevalence of root defects, premature apical closure, agen-
esis and delayed eruption. Finally, four studies (Mitsea et al.
2022; Proc et al. 2021; Flores et al. 2015; Bagattoni et al.
2014) reported on dental maturity and two studies (Nemeth
et al. 2014; Ndsman et al. 1994) on salivary gland functions
through flow rate, buffer capacity and microbial counts.

Tables 4 and 5 present the summary findings of the quality
assessment for potential risk of bias in all included studies.
Overall, most studies regardless of their design were con-
sidered as being of low risk of bias. Specifically, all but one
case—control study (Mitsea et al. 2022), scored excellent in
the selection domain, indicating that study and control sam-
ples are representative of the population under study. In the
study by Mitsea et al. (2022), selection domain got three out
of four stars due to potential bias regarding representative-
ness of the case. Three studies (Mitsea et el. 2022; Proc et al.
2021; Olczak-Kowalczyk et al. 2018) lost one star in the
comparability domain as reviewers judged that comparabil-
ity of cases and controls was based on the most important
factor and not on any additional factors that could have an
impact on the outcome. Exposure domain was excellent for
all cases. The cohort study (Shayani et al. 2022), dropped a
star in the selection domain as it failed to demonstrate that
the outcome was not present at the beginning of the study
and one in the outcome domain due to the lack of blind inde-
pendent assessment. Finally, for the cross-sectional studies
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Table 2 List of excluded studies and the rationale behind

Reasons for exclusion (for studies with more than 1 reason, only 1  Title, year and authors Num-

reason will be given) ber of
papers

Wrong population Atif et al., 2022; Guagnano et al., 2022; Halperson et al., 2022; 52

Hamilton et al., 2022; Stolze et al., 2022; Seremidi et al., 2021;
Stolze et al., 2021; Almendra Mattos et al., 2020; Frascino et al.,
2020; Quispe et al., 2019; Loves et al., 2019; Mattos et al., 2019;
Proc et al., 2019; Kang et al., 2018; Wani et al., 2018; Balcerek
et al., 2017; Tanaka et al., 2017; Olszewska et al., 2016; Willberg
et al., 2016; Thomaz et al., 2013; Hegde et al., 2011; Perwein

et al., 2011; Hutton et al., 2010; van Der Pas-van Voskuilen

et al., 2009; Cubukgu and Sevinir, 2008; Martin et al., 2008;
Wogelius et al., 2008; Avsar et al., 2007; Oeffinger et al., 2006;
Holttd et al., 2005a; Holttd et al., 2005b; Yeazel et al., 2004;
Minicucci et al., 2003; Kahnberg et al., 2002; Pajari et al., 2001;
Yalman et al., 2001; Alpaslan et al., 1999; Schwarz et al., 1999;
Duggal et al., 1997; Uderzo et al., 1997; Maguire et al., 1996;
Dens et al., 1995; Cacchillo et al., 1993; Nunn et al., 1991;
Larson et al., 1990; Sonis et al., 1990; Dahllof et al., 1989; Pajari
et al., 1988; Maguire et al., 1987; Jaffe et al., 1984; Welbury

et al., 1984; Brown et al., 1975

Wrong outcome Jodlowska et al., 2022; Kim et al., 2022; Larsen et al., 2022; 42
Latoch et al., 2022; Immonen et al., 2021; Lo et al., 2021;
George et al., 2020; Elzembely et al., 2019; Valentini et al.,
2018; Hartnett et al., 2017; Sahai et al., 2017; Garfein et al.,
2015; Mitus-Kenig et al., 2015; Neil et al., 2015; Cohen et al.,
2014; Qureshi et al., 2014; Saha et al., 2014; Smith et al., 2014;
Casillas et al., 2011; Hsieh et al., 2011; Pedersen et al., 2012;
Wogelius et al., 2009; Cubukc¢u and Sevinir, 2008; Hobbie et al.,
2008; Lal et al., 2007; Flandin et al., 2006; Kupeli et al., 2006;
Chen et al., 2004; da Fonseca 2004; Duggal et al., 2003; Dahllof
et al., 2001; Paulino et al., 2000; Raney et al., 1999; Clarkson
et al., 1998; Niethammer et al., 1998; Kinirons et al., 1995; Mul-
hern et al., 1995; Fayle et al., 1992; Purdell-Lewis et al., 1988;
MacLeod et al., 1987; Rosenberg et al., 1987; Fromm et al., 1986

Wrong study design (i.e. case report) Rahul et al., 2023; Bledsaw et al., 2022; Peyam et al., 2022; Rahul 20
et al., 2021; Hoogeveen et al., 2020; Ritwik et al., 2020; Gunen
et al., 2018; Weyl-Ben-Arush et al., 2017; Owosho et al., 2016;
Javed et al., 2012; Venkataraghavan et al., 2013; Najafi et al.,
2011; Zarina et al., 2005; Cheng et al., 2000; Pajari et al., 1996;
Goho 1993; Sanders 1991; Williams et al., 1991; Berkowitz
et al., 1989; Sanders et al., 1989

Wrong publication type (i.e. study protocol, conference proceed- Sidi Omar et al., 2021; Brignardello-Petersen et al., 2019; Horner 20
ing) et al., 2019; Psoter et al., 2019; Morais et al., 2014; Thouvenin-
Doulet et al., 2015; Carillo et al., 2014; Effinger et al., 2014;
Epstein et al., 2012; Wogelius et al., 2011; Xavier et al., 2010;
Dahllof et al., 2008; Elting et al., 2008; Dickerman 2007; Ayers
et al., 2000; Singh et al., 1996; Kaste et al., 1994; Fleming et al.,
1991; Sanders et al., 1990; Leventhal et al., 1989

Non-English papers Markov et al., 2020; Mladosievicova et al., 2015; Akharzouz et al., 14
2013; van Der Pas-van Voskuilen et al., 2010; Balwierz et al.,
2006; Alberth et al., 2002; Peretz et al., 2001; Maire et al., 1999;
Nikoui et al., 1996; Holtgrave et al., 1995; Nawrocki et al., 1995;
Majorana et al., 1994; Bocca et al., 1990; Ikeda et al., 1990

Not adequate information Proc et al., 2022; Cetiner et al., 2019; Lauritano et al., 2012; Vas- 6
concelos et al., 2009; Kaste et al., 1998; Ndasman et al., 1997

Not found Makdissi et al., 2004; Dogan et al., 2001; Jones et al., 1992; Dono- 4
hue et al., 1965

Total 158
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Table 4 Quality assessment for
case—control studies, using the

Newcastle—Ottawa Scale tool

Study Selection Comparability Exposure Total
Mitsea et al. (2022) LT * gk 79
Proc et al. (2021) ke * wkk 8/9
Kilinc et al. (2019) Hdk ok sofk 9/9
Olczak-Kowalczyk et al. (2018) okl * Hoxk 8/9
Bagattoni et al. (2014) HkE ok stopk 9/9
Nemeth et al. (2014) HkEE ok stopk 9/9
Nemeth et al. (2013) HkEE ok ok 9/9
Cubukcu et al. (2012) sk Hok sk 9/9
Oguz et al. (2004) wkEE Hok otk 9/9
Nésman et al. (1994) Hokkok ok ok 9/9

Table 5 Quality assessment for cross-sectional and cohort studies,
using the Newcastle-Ottawa Scale tool

Study Selection Comparability Outcome Total

Cross-sectional studies

Shum et al. (2020) ok * 3/7

Proc et al. (2016) Hokok ok * 6/7

Flores et al. (2015) ok * * 477

Cubukgu and Sevinir ~ * 177
(2008)

Lopes et al. (2006) koK ok Hok 717

Marec-Berard et al. ok ok 5/7
(2005)

Cohort studies
Shayani et al. (2022)  **% ok sk 79

half (Proc et al. 2016; Lopes et al. 2006; Marec-Berard et al.
2005) were considered of low risk of bias. The remaining
were down scored for potential risk of selection bias regard-
ing the non-respondent rate and the lack of independent
blind assessment of the outcome.

All case reports were of relatively high quality, as they
clearly described most of the characteristics related to the
presentation, diagnosis, treatment, and follow-up of the
cases. Despite half lacking detailed presentation of patients’
main characteristics related to diagnosis and treatment proto-
cols followed, dental defects detected, and patients’ rehabili-
tation were clearly mentioned, highlighting the uniqueness
of each case. They all summarised key points and provide
good guidance for clinicians when they deal with these
patients (Table 6).

Table 6 Quality assessment of case reports included, based on the description of specific characteristics

Demographic  History clearly Clinical Diagnostic Intervention(s) Post-interven- Adverse Provide
characteris- described and  condition tests or assess- or treatment tion clinical events (harms) takeaway
tics clearly presented as a on presenta-  ment methods procedure(s) condition or unantici- lessons
described timeline tion clearly and the clearly clearly pated events
described results clearly  described described identified and
described described
Chang and Lin +/— +/— + + + + ++ +
(2021)
Liu et al. +/— +/—- + + + +/—- + +
(2021)
King (2019)  + +/— + + + +/— +/— +
Michalak et al. +/— +/—- + + + + + +
(2019)
Kotsiomiti + + + + + + + +
et al. (2013)
Zwetchken- + + + + + + + +
baum and
Oh (2007)

+ yes, — no, +/— unclear, N/A not applicable
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Qualitative synthesis

Overall, one-third of CCS experienced at least one late
effect, with corresponding value for the control group
being below 25% in most cases. Root abnormalities and
agenesis were the two most common defects recorded
among all patients examined.

Oral health

The effect of the disease and its treatment on oral health,
recorded as oral hygiene or dental caries was recorded
in eight studies (Table 7) all of which included a control
group. Overall mean dmft value for CCS was 4.5, rang-
ing between 1.5 and 6.33 (Fig. 2). Corresponding values
for permanent dentition were 3.7, with 1 being the mini-
mum value and 8.3 the maximum value recorded (Fig. 3).
Overall mean values for the control group were 3.2 and
2.1, respectively. Considering the different components
of the index, for CCS decayed teeth had the highest mean
value of all for both primary (4.7) and permanent dentition
(4.3), while filled teeth was the component with the high-
est mean value in the control group (ft=3.1, FT=1.9).
Values for DMFS/dmfs reported for CCS were higher than
those recorded for the control group.

In the two studies (Nemeth et al. 2013; Oguz et al.
2004) that report on oral hygiene and periodontal health
CCS had higher mean values for oral hygiene (1.53), gin-
gival (1.09) and plaque index (1.49) as compared to heathy
controls (0.99, 0.85 and 0.90, respectively). Values for
CPI were comparable between the groups, with survivors
showing slightly higher prevalence of gingival bleeding
(42% Vs 40%) and slightly lower for calculus (5.3% vs
7.5%).

Late defects recorded clinically

Clinical dental late effects were recorded in 11 studies and
their prevalence in each study is presented in Table 8. In the
study group discolouration was the most prevalent defect
(62%), while microdontia, hypodontia and enamel develop-
mental defects were recorded in % of the patients (Fig. 4).
Overall prevalence for the control group was lower ranging
from 3% for macrodontia to 25% for tooth discolouration.
Microdontia was recorded in all studies, in a prevalence
that ranged from as low as 6% to as high as 65% for CCS.
Half of these studies had a healthy control and the preva-
lence ranged from O to 14%. Enamel developmental defects
were also recorded in five studies with the prevalence for
CCS being around 23% in all but one study (Oguz et al.
2004) where the prevalence was 56%. This wide range was

also seen in the healthy controls for which the prevalence
ranged from O to 44%.

Late defects recorded radiographically

Radiographic defects were recorded in 11 studies (Table 9),
in a prevalence that ranged from 11% for premature apical
closure to>40% for impaired or arrested root growth for
CCS and from 9% for agenesis to 22% for impaired root
growth for healthy controls (Fig. 5). Impaired root growth
and agenesis were the two defects mostly recorded in
included studies. Impaired root growth in CCS was reported
in percentages up to 28% in half of the studies while the
percentage in the rest of the studies ranged from just below
50% (44%) up to 84%. Corresponding prevalence for healthy
controls was much lower and ranged from 19 to 39%. The
range for the prevalence of agenesis was not as wide for both
CCS and healthy controls, although the latter showed lower
percentages.

Dental maturity

Dental maturity was recorded in four studies where research-
ers recorded the significance of deviations between dental
and chronological age both within and between study and
control group. Results are contradictory as two studies
reported an overestimation of dental age by 2 to 4 months
in one study (Mitsea et al. 2022) and almost 1 year in the
other (Proc et al. 2021) and the other two report an under-
estimation of 2 months to 1 year (Flores et al. 2015; Bagat-
toni et al. 2014). Respectively the same researchers found
an overestimation of 3—6 months and an underestimation of
5 months for the control groups. The above differences were
considered significant except for the study by Mitsea et al.
(2022) where results did not show any significant differ-
ence in chronological-dental age in neither paediatric cancer
group of health controls.

Salivary glands

Two studies reported on the effect of antineoplastic treat-
ment on salivary gland functions. Nemeth et al. (2014),
reported a 0.85 ml/min stimulated flow rate for CCS and
1.13 ml/min for heathy controls, with the corresponding
values for unstimulated flow rate being 0.28 ml/min and
0.38 ml/min, respectively. In the same study 18% of CCS
had medium buffer capacity and 82% high, while 57% of
the control group had medium and 40% high buffer capacity.
In the study by Nédsman et al. (1994), flow rate was 1.3 ml/
min for healthy controls and 1.1 ml/min for those patients
that have undergone only chemotherapy and 0.7 ml/min for
those that have undergone HSCT. Thirty-six percent of the
survivors that have been treated with chemotherapy and
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Fig.2 Overall values (minimum, maximum, mean) for caries index
in primary dentition as calculated from the included studies for survi-

vors and healthy controls
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Fig.3 Overall values (minimum, maximum, mean) for caries index
in permanent dentition calculated from the included studies for survi-

vors and healthy controls

42% of those that have undergone HSCT had a pH < 4.5,
as compared to only 4% of the healthy controls. Regarding
microbial counts, CCS had increased counts of S. mutans
(42% for CHX and 30% for HSCT) and Lactobacilli (26%
for CHX and 32% for HSCT) compared to only a small 4%
of healthy controls that had microbial counts > 10%ml saliva.

Risk factors

Six of the included studies recorded possible correlations
between defects and specific disease and treatment char-
acteristics. Regarding diagnosis Kilinc et al. (2019) and
Nésman et al. (1994) reported no effect on dental caries or
crown defects. Proc et al. (2016) reported a positive corre-
lation between age at diagnosis and presence of microdon-
tia, which is in accordance to Bagattoni et al. (2014) that
reported an increased risk for microdontia, agenesis and root
defects in patients treated at ages <3 years. Regarding the
effect of different treatment protocols Kiling et al. (2019) and
Cubukecu et al. (2012) reported no effect, although the first
reported that root malformations are more common in the
patients that undergo concomitant radiation therapy and with
doses > 20 Gy. Cubukc¢u and Sevinir (2008) earlier reported
a positive correlation between radiation therapy and mean
dmft values regardless of the dose and duration. Ndsman
et al. (1994) finally reported that patients that have under-
gone HSCT presented dental disturbances more frequently
except for hypoplasia.

Secondary outcomes
Regarding secondary outcomes, they were recorded only in

one study (Shum et al. 2020), where participants with agen-
esis had a higher mean value (7.9) on the Oral Health Impact

Table 8 Frequency (number of patients) and prevalence of clinical dental late effects as reported in included studies

Authors/year Microdontia Macrodontia Hypodontia Enamel developmen- Discolouration
tal defects
No. of patients (%) No. of patients (%) No. of patients (%) No. of patients (%) No. of patients (%)
CCS Control CCS Control CCS Control CCS Control CCS Control
Proc et al. (2021) 18 (30) 16 (27)
Shum et al. (2020) 4(6)
Kilinc et al. (2019) 60 (65) - 21 (23) - 22 (23) 7 (10)
Proc et al. (2016) 22 (36) 15(3) 14 (23) 44 (8)
Bagattoni et al. (2014) 6 (24) 0(0) 5(20) 1(4) 14 (56) -
Nemeth et al. (2013) 12 (32) 0(0) 1(3) 1(3)
Cubukcu et al. (2012) 5(14) 5(14)
Lopes et al. (2006) 10 (7) 7(5)
Marec-Berard et al. (2005) 2(7 5(18) 6 (22)
Oguz et al. (2004) 1(3) 0(0) 20 (56) 16 (44) 24 (67) 9 (25)
Nisman et al. (1994) 20 (26) 15 (20) 00
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Fig.4 Overall prevalence of
dental late defects recorded
clinically in all included studies

4%
4%

e

MICRODONTIA

Profile compared to those without such a defect (3.7) with
the difference being statistically significant (p <0.05). Also,
patients that presented with microdontia were more likely
to report “Fairly Often” and “Very Often” in more than 1
domains of the profile almost three times as frequently as
those who did not. Although no statistically significant dif-
ferences were calculated for counts of “Fairly Often” and
“Very Often” reporting with any of the dental late effects.

Quantitative synthesis

A meta-analysis of the included studies’ effect estimates was
not regarded as appropriate in the context of the present
review. Case—control studies are generally considered to be
vulnerable to a higher risk of bias than cohort studies; cases
and controls may not have equal opportunities for the ascer-
tainment of exposure, rendering this type of studies more
susceptible to selection and recall bias. The same applies for
cross-sectional studies. This may, in turn, introduce different
biases in meta-analyses of case—control, cross-sectional and
cohort studies. Observational studies, irrespectively of how
large or well-designed and conducted are, may be subject
to biases, in particular, selection in case—control and ret-
rospective cohort studies and observation in case—control
as well as retrospective and prospective cohort studies. An
overall summary estimate obtained by this review would
probably overestimate the real association between expo-
sure and outcome due to the presence of confounding. The
level of adjustment for known and putative risk factors that
are associated with the outcome varied across the studies
and hence, it was not possible to fully take into account
their possible impact on the association. The comparison of
the crude and multiple-adjusted estimates of the association

@ Springer
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from the same study population was not possible among the
included studies.

Rehabilitation

Long-term follow-up of dental management was evaluated
in six case reports and involved dental treatment of nine
CCS with evident dental late effects. Table 10 presents the
main characteristics and the treatment followed for each case
report according to the late effects detected. Survivors age
at presentation varied from 6 to 20 years, age at diagno-
sis between 2 months and 8 years with rhabdomyosarcoma
being the most common diagnosis. Treatment involved
chemotherapy in all but two case reports in which only sur-
gical excision was performed (Liu et al. 2021; Kotsiomiti
et al. 2013). Five case reports had undergone concomitant
radiotherapy (King 2019; Michalak et al. 2019; Zwetchken-
baum and Oh 2007) and two case reports HSCT (Zwetch-
kenbaum and Oh 2007; King 2019). Regarding the dental
effects reported were caries, root abnormalities and agenesis,
while orthodontic problems, underdevelopment of the max-
illa and the residual ridge and periodontal problems were
also detected in a few case reports.

Restorative treatment in combination with prosthodontic
rehabilitation was chosen in most case reports, to improve
function, preserve bony structures and improve aesthetics.
Dental implants and implant-retained dentures were also
used in many case reports even for younger survivors. It
should be noted that prosthesis reported for the case reports
of young survivors were in the form of interim solutions as
they were occasionally replaced to accommodate growth and
engage erupted mandibular permanent teeth for retention.

Regarding orthodontic treatment conclusion is not clear
as in two case reports (Chang and Lin 2021; King 2019)
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Table 9 Frequency (number of patients) and prevalence of radiographic dental late effects as reported in included studies

Delayed eruption

Agenesis

Premature apical

Tapered roots Taurodontism
closure

Arrested root Blunted roots

growth

Impaired root
growth

Authors/year

No. of patients (%) No. of patients (%) No. of patients

No. of patients (%)

No. of patients

(%)

No. of patients (%) No. of patients (%) No. of patients

(%)

(%)

Control CCS Control CCS Control CCS Control CCS Control CCS Control CCS Control CCS Control

CCS

15 (25)
19 (28)
24 (26)

7(12)

Proc et al. (2021)

9 (13)

Shum et al. (2020)
Kilinc et al. (2019)
Proc et al. (2016)

48 (9)
2(8)
2(5
0(0)

19 31)
4(16)

15 (3)

10 (39)

21 (84)
20 (53)
26 (86)

Bagattoni et al. (2014)
Nemeth et al. (2013)

6 (16)

18 (47)
6 (16)
8 (6)

7(19)

Cubukcu et al. (2012)
Lopes et al. (2006)

19 (14)

5(4)

22)

12 (44)

Marec-Berard et al. (2005)

Oguz et al. (2004)

7(19) 7(19) 9(25)

16 (44)
22 (30)

0(0)

2(6)

7(19)

16 (44)

15 (20)

28 (37)

Néisman et al. (1994)

authors suggested that such treatment was contraindicated
while in another case report the patient underwent ortho-
dontic treatment to correct malocclusion (Kotsiomiti et al.
2013). Although it should be noted that in the case reports
where treatment was contraindicated, patient presented with
severe root defects while in the second case report hypodon-
tia and underdeveloped residual ridge were only detected.
Chang and Lin (2021) reported that 32 years after end of
treatment the patient who initially presented with severe
root defects had lost multiple teeth and suffered severe facial
deformity, further supporting his initial position regarding
orthodontic treatment.

Long-term follow-up of the patients indicated the pro-
gressive effects of the disease and its treatment, making
rehabilitation challenging.

Discussion

Early diagnosis and contemporary advances regarding can-
cer treatment modalities have increased the 5-year survival
rate of childhood cancer survivors. This is related to an
increasing percentage of children that present with at least
one late effect in any organ because of the disease and its
treatment (Oeffinger et al. 2006; Blaauwbroek et al. 2007).
The effects on dental tissues and the craniofacial complex
are detrimental and can cause anatomic, functional, and aes-
thetic sequelae, as they affect occlusion and facial develop-
ment. Therefore, early diagnosis, detection of the defects and
their long-term monitoring is essential for effective treat-
ment planning to reduce the side-effects of cancer treatment.
In addition, counselling of the patient and their caretakers is
also very important to improve their quality of life.

The aim of this systematic review was to summarise the
existing knowledge on prevalence of oral, dental, and crani-
ofacial side-effects of antineoplastic treatment in CCS in
the context of paediatric dentistry. Seventeen retrospective
cross-sectional and case—control studies published from
1994 until 2022, were included from the retrieved studies,
yielding a total of 983 CCS that were examined clinically
and radiographically for any dental adverse effects and com-
pared with 1266 healthy age and gender matched controls.
The main finding of this review was that the prevalence of
both clinical as well as radiographical dental late defects
were very high among childhood cancer survivors compared
to healthy controls. Overall, one third of CCS experienced at
least one late effect, with corresponding value for the control
group being below 25% in most cases. Root abnormalities
and agenesis were the two most common defects recorded
among all patients examined.

Specifically, regarding oral health three studies reported
that CCS are more likely to develop dental caries (Wogelius
et al. 2008; Proc et al. 2019; Patni et al. 2023), as mean

@ Springer



European Archives of Paediatric Dentistry

Fig.5 Overall prevalence of
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dmft/DMFT value for CCS was higher when compared to
the healthy controls. This is in accordance with the findings
from previous studies recording worse clinical indices for
CCS (Pajari et al. 1995; Singh et al. 1996; Avsar et al. 2007,
Proc et al. 2019). Higher dmft/DMFT scores in CCS may be
the effect of reduced salivary secretion and of the microbial
shift towards a more cariogenic microflora (Seremidi et al.
2023; Gawade et al. 2014). Furthermore, precious studies
also showed that younger patients who receive high doses
of radiation are at increased risk of developing tooth decay
(Jaffe et al. 1984; Pajari et al. 1995; Kaste et al. 1997; Ser-
emidi et al. 2023). In this review, one study demonstrated
a positive correlation between radiation therapy and dental
caries (Cubukgu and Sevinir 2008).

Similarly, oral hygiene and gingival indices were worse
in CCS, findings that is in accordance to a recent review,
presenting increased plaque accumulation and gingivitis
for these patients as compared to controls (Busenhart et al.
2018). Researchers associated it with specific phases of the
antineoplastic treatment, where patients with low thrombo-
cyte levels are refrained from toothbrushing to avoid bacte-
remia (Lockhart et al. 2008). Although this discontinuation
of toothbrushing is not shared by other researchers, who
support that patients should be able to perform oral hygiene
procedures without bleeding at widely different levels of
platelet counts (da Fonseca 2004).

Prevalence of oral health indices can be affected by con-
founding factors that cannot be controlled (e.g. frequency
and efficiency of brushing, sugar consumption, saliva qual-
ity and quantity, etc.) and therefore, the association with
specific treatment characteristics is not clear. It is certain
that the alterations caused by the antineoplastic medicaments
administered during treatment can affect the incidence, but
the direct relationship and the degree of the effect cannot be

@ Springer
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justified, underlying the necessity for proper specialised oral
counselling during all stages of treatment.

Late clinical dental developmental defects were docu-
mented in 11 studies. In CCS, discolouration was the most
common defect followed by microdontia, hypodontia, and
enamel disturbances. The overall prevalence of late clinical
defects in controls was low. Enamel developmental defects,
detected clinically as enamel opacities, are caused by alter-
ations in ameloblast reproduction during tooth formation
expressed by secretory function, membrane permeability,
and calcium exchange across the cell membrane (Goho
1993). Because of the short half-life of most chemotherapeu-
tic agents used, defects are caused by changes in the function
of odontoblasts rather due to their death and are therefore
more localised (Avsar et al. 2007).

Defects recorded radiographically were reported in 11
studies and showed that arrested root development was the
most prevalent defect followed by agenesis and delayed
eruption. The corresponding prevalence in healthy con-
trols was much lower. The range of prevalence of agenesis
was less wide in both CCS and healthy controls. However,
the percentage of the latter was low. Previous studies have
shown that dental development defects, including micro-
dontia, oligodontia, hypodontia, enamel defects, and root
malformations, can occur in CCS (Kilinc et al. 2019; Tanem
et al. 2022; Halperson et al. 2022; Seremidi et al. 2023). The
prevalence of these defects may depend on the type of cancer
and the treatment received. Radiation therapy can signifi-
cantly impair tooth development (Blaauwbroek et al. 2007,
Collett and Thonard 1965). The effects of chemotherapy
on tooth development still need to be elucidated due to its
multi-drug nature and possible differences in the cytotoxic
effects of individual chemotherapeutic agents (Jodlowska
et al. 2022).
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Incidence and severity of these defects depend on risk
factors associated with the specific features of antineoplas-
tic therapy. Such a risk factor is age at diagnosis, which
is directly related to the stage of tooth development, type,
and duration of treatment, absorbed dose and radiation field
(Scully and Epstein 1996; Cheng et al. 2000; Seremidi et al.
2019).

Six of the included studies evaluated potential correla-
tions between defects and specific disease and treatment
characteristics. For diagnosis Kilinc et al. (2019) and Nis-
man et al. (1994) reported no effects on crown defects. Proc
et al. (2016) reported a positive correlation between age at
diagnosis and the presence of microdontia, consistent with
Bagattoni et al. (2014) who reported an increased risk of
microdontia, aplasia, and root defects in patients treated with
doses >20 Gy.

Cancer therapy can have an impact on dental matu-
rity although how dental maturity is influenced by cancer
therapy remains unclear and this reflects the results of the
included studies in this systematic review. Dental maturity
was assessed in four studies, and investigators documented
the significance of deviations in dental age and chronologi-
cal age within study groups and between study and control
groups. The results from the included studies are contra-
dicting since two studies overestimate dental age and two
underestimate (Mitsea et al. 2022; Proc et al. 2021; Flores
et al. 2015; Bagattoni et al. 2014). The same researchers both
overestimate and underestimate dental age for the control
group, respectively. Newer evidence supports that there is
only small correlation between dental maturity and physical
development, with the former only slightly related to skeletal
maturation and craniofacial growth (Kanbur et al. 2006).

Saliva production and secretion are important for main-
taining a good oral health and function. Therefore, compli-
cations resulting from salivary dysfunction such as caries,
increased difficulty in swallowing, chewing and speech, can
lead to an impaired quality of life. In this systematic review
two studies reported the effect of anti-tumour treatments
on salivary gland function. Nemeth et al. (2014) reported a
lower saliva flow rate (stimulated and unstimulated) in CCS
compared to controls. In the same study, 18% of CCS had
moderate buffering capacity and 82% had high buffering
capacity, whereas 57% of controls had moderate buffering
capacity and 40% had high buffering capacity. In a study by
Nisman et al. (1994), the unstimulated saliva rate was lower
in patients that had stem cell transplantation and received
radiation therapy compared to healthy controls and patients
only receiving chemotherapy. No difference was seen regard-
ing salivary pH between chemotherapy-treated patients and
those who underwent stem cell transplantation and radiation
therapy.

Regarding, secondary outcome only one study (Shum
et al. 2020) reported oral health-related quality of life.

@ Springer

Participants with agenesis had a significant higher mean
value on the Oral Health Impact Profile compared to those
without agenesis indicating a worse OHRQoL. Also,
patients that presented with microdontia were more likely
to report “Fairly Often” and “Very Often” in more than 1
domain of the profile, although no statistically significant
differences were calculated for counts of “Fairly Often”
and “Very Often” reporting with any of the dental late
effects. In another study (Wogelius et al. 2011), results
show that children with cancer rate their OHRQoL bet-
ter or equal to those without cancer and that cancer and
cancer treatment during childhood is not associated with
a decreased OHRQoL. Stolze et al. (2020), reviewed the
impact of haematological malignancies on OHRQoL in
both adults and children. No robust conclusions could
be made regarding the global OHIP-14 score but among
OHIP-14 domains, functional limitations and physical pain
were given the highest score while social handicap and
social disability were given the lowest (Stolze et al. 2020).

Finally, head and neck cancer can lead to physical,
physiological, and social problems such as craniofacial
deformities in patients (Pertschuk and Whitaker 1985). To
solve these problems, depending on the patient's condition,
the dentist may consider orthodontic and prosthodontic
treatment with surgical intervention. Long-term follow-
up of oral rehabilitation was evaluated in six case reports,
including nine CCS with severe dental sequelae after
cancer treatment (Liu et al. 2021; Kotsiomiti et al. 2013;
King 2019; Michalak et al. 2019; Zwetchkenbaum and Oh
2007; Chang and Lin 2021). The dental sequelae reported
in the nine case reports were dental caries, root abnor-
malities, aplasia and underdevelopment of the maxilla and
the alveolar ridge. In some case reports, periodontal dis-
ease has also been noted. In most case reports, restorative
treatments combined with prosthetic rehabilitation were
chosen to improve function, preserve bone structure, and
improve aesthetics. Dental implants and implant-supported
dentures were also used in many case reports of young
survivors. Note that prostheses reported in young survivor
case reports were a form of interim solution, as they were
sometimes replaced to accommodate growth.

Concerning orthodontic treatment, the conclusions are
ambiguous, as in two case reports (Chang and Lin 2021;
King 2019) the authors suggested that such treatment
was contraindicated. In a third case report, the maloc-
clusion was treated with orthodontics (Kotsiomiti et al.
2013). However, when treatment was contraindicated, the
patient showed severe root defects or agenesis in com-
bination with an underdeveloped alveolar ridge. Long-
term follow-up of patients revealed progressive effects
of disease and its treatment, making oral rehabilitation
difficult.
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Strengths and limitations

The review tried to present an evidence-based overview
of the defects associated to cancer and its treatment in the
craniofacial complex with its major strength being the strict
inclusion criteria imposed and its broad spectrum of defects
assessed in a relatively homogenous manner. Adding evi-
dence to the three previous systematic reviews it attempted
to report importance of paediatric dentists in the oncology
team, especially during the active cancer treatment to man-
age acute complications but also when late-stage complica-
tions occur.

However, results should be interpreted with caution
before any specific conclusion can be drawn due to limita-
tions of the included studies. Language and study design,
with a non-randomised sample increases risk of selection
and reporting bias. Case—control studies are generally con-
sidered to have a higher risk of bias than cohort studies since
cases and controls may not have equal opportunity to deter-
mine exposure, making these types of studies susceptible
to selection and recall biases. The same applies to cross-
sectional studies. This can lead to various biases in meta-
analyses of case—control, cross-sectional and cohort studies.

Limited comparisons between the included studies could
be made due to the heterogeneity of the samples included
both regarding disease diagnosis (type and stage of cancer)
and treatment characteristics (treatment protocols, duration
of treatment, stem cell transplantation). Also, included stud-
ies were observational, presenting the subjective perception
of each researcher due to the lack of specific indices to cat-
egorise and quantify the defects further increasing the risk of
overreporting. Finally, pre-existing defects and confounding
factors, factors that play a crucial role in the outcome, were
not controlled in the included studies.

Future research

Advanced research should focus on correct screening and
early identification of survivors at risk for developing dental
late defects. Further evidence is needed to investigate dental
late effects, both regarding prevalence and severity, as well
as associated risk factors among survivors.

The beneficial effect of individualised pre-screening and
preventive dental care must be investigated. Pre-treatment

evaluation, evaluation at the end of antineoplastic treatment
and long-term monitoring of survivors will allow for more
clear conclusions on the effects of treatment on dental struc-
tures. Early screening and education of parents and health
care providers should aim at improving survivors’ perceived
quality of life.

Future studies should also focus on the relationship
between specific aspects of HRQoL and disease and treat-
ment-related factors for overall well-being to be achieved.
Given that the effects produced by the disease and its treat-
ment vary in extent and severity, it is important to identify
the domains that are mainly affected and to achieve sat-
isfaction in those that are important to everyone. Finally,
investigation of the empirical relation between physical
and psychological variables of HRQoL and cancer survi-
vorship, could contribute to the development of effective
psychosocial interventions.

The long-term progression of these defects should also
be evaluated. Furthermore, the effect of different oral care
and dental treatment protocols on the defects to offer evi-
dence regarding long-term stability through specific guide-
lines for the long-term follow-up of these patients should
be evaluated.

Finally, dentists’ and other healthcare providers knowl-
edge on survivor’s dental care should be assessed, under-
lining the importance of the multidisciplinary approach
and the early and precise involvement of the dentist in the
oncological team.

Conclusion

CCS carries the risk of developing dental sequelae due
to the disease and its treatment. The type of defect seems
to be related to stage of odontogenesis without the fac-
tors affecting their severity not being defined. Most com-
mon defects detected were microdontia, impaired root
growth and agenesis, with the effect of treatment not being
estimated.

It is imperative that regular routine evaluations are per-
formed to assess the development of CCS and overall oral
health during the patient’s life span. Also, early diagnosis
of late effects, will allow for precise and early consultation
and individualised treatment planning.

@ Springer
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Appendix 1

Search number  Query Filters Results
4 (child*[Title/ 1153
Abstract] OR
Search number  Query Filters Results adolescen*[Title/
Abstract]) AND

1 cancer[Title/Abstract] 3,636,091 ((cancer[Title/

OR oncolog*[Title/ Abstract] OR
Abstract] OR oncolog*[Title/
antineoplast*[Title/ Abstract] OR
Abstract] OR antineoplast*[Title/
malignan*[Title/ Abstract] OR
Abstract] OR malignan*[Title/
neoplasm*[Title/ Abstract] OR
Abstract] OR neoplasm*[Title/
tumor|Title/ Abstract] OR
Abstract] OR tumor|[Title/
carcinom*[Title/ Abstract] OR
Abstract] carcinom*[Title/

2 (cancer|Title/ 123,833 Abstract]) AND
Abstract] OR (dent*[Title/
oncolog*[Title/ Abstract] OR
Abstract] OR tooth[Title/Abstract]
antineoplast*[Title/ OR teeth[Title/
Abstract] OR Abstract])
malignan*[Title/ (child*[Title/ Humans 904
Abstract] OR Abstract] OR
neoplasm*[Title/ adolescen*[Title/
Abstract] OR Abstract]) AND
tumor|Title/ ((cancer][Title/
Abstract] OR Abstract] OR
carcinom™*[Title/ oncolog*|Title/
Abstract]) AND Abstract] OR
(dent*[Title/ antineoplast*[Title/
Abstract] OR Abstract] OR
tooth [Tltle/Abstract] malignan*[Title/
OR teeth[Title/ Abstract] OR
Abstract] OR neoplasm*[Title/
oral[Title/Abstract]) Abstract] OR

3 (child*[Title/ 4342 tumor|[Title/
Abstract] OR Abstract] OR
adolescen*[Title/ carcinom*[Title/
Abstract]) AND Abstract]) AND
((cancer[Title/ (dent*[Title/
Abstract] OR Abstract] OR
oncolog*[Title/ tooth[Title/Abstract]

Abstract] OR
antineoplast*[Title/
Abstract] OR
malignan*[Title/
Abstract] OR
neoplasm*[Title/
Abstract] OR
tumor[Title/
Abstract] OR
carcinom*[Title/
Abstract]) AND
(dent*[Title/
Abstract] OR
tooth[Title/
Abstract] OR
teeth[Title/Abstract]
OR oral[Title/
Abstract]))

OR teeth[Title/
Abstract])

@ Springer
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Search number  Query Filters Results Search number  Query Filters Results
6 (child*[Title/ 592 8 (child*[Title/ Humans 779
Abstract] OR Abstract] OR Adolescent:
adolescen*[Title/ adolescen*[Title/ 13-18 years
Abstract]) AND Abstract]) AND Child: birth-18
((cancer|[Title/ ((cancer|[Title/ years
Abstract] OR Abstract] OR
oncolog*[Title/ oncolog*[Title/
Abstract] OR Abstract] OR
antineoplast*[Title/ antineoplast®[Title/
Abstract] OR Abstract] OR
malignan*[Title/ malignan*[Title/
Abstract] OR Abstract] OR
neoplasm*[Title/ neoplasm*[Title/
Abstract] OR Abstract] OR
tumor|[Title/ tumor|Title/
Abstract] OR Abstract] OR
carcinom*[Title/ carcinom*[Title/
Abstract]) AND Abstract]) AND
(dent*|[Title/ (dent*[Title/
Abstract] OR Abstract] OR
tooth[Title/Abstract] tooth[Title/Abstract]
OR teeth[Title/ OR teeth[Title/
Abstract]) AND Abstract])
((humansf[Filter]) 9 (child*[Title/ Humans 779
AND Abstract] OR Child: birth-18
(english[Filter]) adolescen*[Title/ years
AND Abstract]) AND
(allchild[Filter] OR ((cancer[Title/
adolescent[Filter]))) Abstract] OR
NOT (review[Title/ oncolog*[Title/
Abstract] OR Abstract] OR
editorial[Title/ antineoplast*[Title/
Abstract] OR Abstract] OR
mice[Title/Abstract] malignan*[Title/
OR animal[Title/ Abstract] OR
Abstract]) neoplasm*[Title/
7 (child*[Title/ Humans 700 Abstract] OR
Abstract] OR Child: birth-18 tumor|[Title/
adolescen*[Title/ years Abstract] OR
Abstract]) AND Adolescent: carcinom*[Title/
((cancer][Title/ 13-18 years Abstract]) AND
Abstract] OR English (dent*[Title/
oncolog*[Title/ Abstract] OR
Abstract] OR tooth[Title/Abstract]
antineoplast*[Title/ OR teeth[Title/
Abstract] OR Abstract])
malignan*[Title/
Abstract] OR
neoplasm*[Title/
Abstract] OR
tumor|Title/
Abstract] OR
carcinom*[Title/
Abstract]) AND
(dent*[Title/

Abstract] OR
tooth[Title/Abstract]
OR teeth[Title/
Abstract])
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Search number  Query Filters Results

10 (child*[Title/ 179
Abstract] OR
adolescen*[Title/
Abstract]) AND
((cancer][Title/
Abstract] OR
oncolog*[Title/
Abstract] OR
antineoplast*[Title/
Abstract] OR
malignan*[Title/
Abstract] OR
neoplasm*[Title/
Abstract] OR
tumor|Title/
Abstract] OR
carcinom*[Title/
Abstract]) AND
(dent*|[Title/
Abstract] OR
tooth[Title/Abstract]
OR teeth[Title/
Abstract])) AND
(surviv¥)

11 (clinical 73
oncology[MeSH
Terms]) AND
(dent*[Title/
Abstract] OR
tooth[Title/Abstract]
OR teeth[Title/
Abstract])

Funding Open access funding provided by Karolinska Institute.

Declarations

Conflict of interest The authors declare that they have no competing
interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Armstrong GT, Chen Y, Yasui Y, Leisenring W, Gibson TM, Mertens
AC, Stovall M, Oeffinger KC, Bhatia S, Krull KR, Nathan PC,
Neglia JP, Green DM, Hudson MM, Robison LL. Reduction in
late mortality among 5-year survivors of childhood cancer. N

@ Springer

Engl J Med. 2016;374(9):833—42. https://doi.org/10.1056/NEJMo
al510795.

Avsar A, Elli M, Darka O, Pinarli G. Long-term effects of chemother-
apy on caries formation dental development and salivary factors
in childhood cancer survivors. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod. 2007;104(6):781-9. https://doi.org/10.1016/j.
tripleo.2007.02.029.

Bagattoni S, D’Alessandro G, Prete A, Piana G, Pession A. Oral health
and dental late adverse effects in children in remission from malig-
nant disease. A pilot case—control study in Italian children. Eur J
Paediatr Dent. 2014;15(1):45-50.

Bhakta N, Liu Q, Ness KK, Baassiri M, Eissa H, Yeo F, Chemaitilly
W, et al. The cumulative burden of surviving childhood can-
cer: an initial report from the St Jude Lifetime Cohort Study
(SJLIFE). Lancet. 2017;390(10112):2569-82. https://doi.org/
10.1016/S0140-6736(17)31610-0.

Blaauwbroek R, Groenier KH, Kamps WA, Meyboom-de Jong B,
Postma A. Late effects in adult survivors of childhood cancer:
the need for life-long follow-up. Ann Oncol. 2007;18(11):1898-
902. https://doi.org/10.1093/annonc/mdm336.

Busenhart DM, Erb J, Rigakos G, Eliades T, Papageorgiou SN.
Adpverse effects of chemotherapy on the teeth and surrounding
tissues of children with cancer: a systematic review with meta-
analysis. Oral Oncol. 2018;83:64-72. https://doi.org/10.1016/j.
oraloncology.2018.06.001.

Chang PC, Lin SY. A long-term follow-up of dental and craniofa-
cial disturbances after cancer therapy in a pediatric rhabdomyo-
sarcoma patient: case report. Int J Environ Res Public Health.
2021;18(22):12158. https://doi.org/10.3390/ijerph182212158.

Cheng CF, Huang WH, Tsai TP, Ko EW, Liao YF. Effects of cancer
therapy on dental and maxillofacial development in children:
report of case. ASDC J Dent Child. 2000;67(3):218-22, 161.

Chung SC, Mueller S, Green K, Chang WH, Hargrave D, Lai AG.
Multimorbidity patterns and risk of hospitalisation in children: a
population cohort study of 3.6 million children in England, with
illustrative examples from childhood cancer survivors. Lancet
Reg Health Eur. 2022;20:100433. https://doi.org/10.1016/j.
lanepe.2022.100433.

Collett WK, Thonard JC. The effect of fractional radiation on denti-
nogenesis in the rat. J Dent Res. 1965;44(1):84-90. https://doi.
org/10.1177/00220345650440013501.

Cubukcu CE, Sevinir B. Dental health indices of long-term childhood
cancer survivors who had oral supervision during treatment: a
case—control study. Pediatr Hematol Oncol. 2008;25(7):638—46.
https://doi.org/10.1080/08880010802237849.

Cubukcu CE, Sevinir B, Ercan I. Disturbed dental development of
permanent teeth in children with solid tumors and lymphomas.
Pediatr Blood Cancer. 2012;58(1):80-4. https://doi.org/10.1002/
pbc.22902.

da Fonseca MA. Dental care of the pediatric cancer patient. Pediatr
Dent. 2004;26(1):53-7.

Erdmann F, Frederiksen LE, Bonaventure A, Mader L, Hasle H,
Robison LL, Winther JF. Childhood cancer: survival, treatment
modalities, late effects and improvements over time. Cancer
Epidemiol. 2021;71(Pt B): 101733. https://doi.org/10.1016/j.
canep.2020.101733.

Fidler MM, Reulen RC, Winter DL, Kelly J, Jenkinson HC, Skinner
R, Frobisher C, Hawkins MM, British Childhood Cancer Sur-
vivor Study Steering Group. Long term cause specific mortality
among 34 489 five year survivors of childhood cancer in Great
Britain: population based cohort study. BMJ. 2016;354:i4351.
https://doi.org/10.1136/bm;j.i4351.

Flores AP, Monti CF, Brunotto M. Dental and chronological
age in children under oncological treatment. J Forensic Sci.
2015;60(2):453-6. https://doi.org/10.1111/1556-4029.12678.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMoa1510795
https://doi.org/10.1056/NEJMoa1510795
https://doi.org/10.1016/j.tripleo.2007.02.029
https://doi.org/10.1016/j.tripleo.2007.02.029
https://doi.org/10.1016/S0140-6736(17)31610-0
https://doi.org/10.1016/S0140-6736(17)31610-0
https://doi.org/10.1093/annonc/mdm336
https://doi.org/10.1016/j.oraloncology.2018.06.001
https://doi.org/10.1016/j.oraloncology.2018.06.001
https://doi.org/10.3390/ijerph182212158
https://doi.org/10.1016/j.lanepe.2022.100433
https://doi.org/10.1016/j.lanepe.2022.100433
https://doi.org/10.1177/00220345650440013501
https://doi.org/10.1177/00220345650440013501
https://doi.org/10.1080/08880010802237849
https://doi.org/10.1002/pbc.22902
https://doi.org/10.1002/pbc.22902
https://doi.org/10.1016/j.canep.2020.101733
https://doi.org/10.1016/j.canep.2020.101733
https://doi.org/10.1136/bmj.i4351
https://doi.org/10.1111/1556-4029.12678

European Archives of Paediatric Dentistry

Gagnier JJ, Kienle G, Altman DG, Moher D, Sox H, Riley D, CARE
Group. The CARE guidelines: consensus-based clinical case
reporting guideline development. Headache. 2013;53(10):1541—
7. https://doi.org/10.1111/head.12246.

Gawade P, Hudson M, Kaste S, Neglia J, Constine L, Robison L,
Ness K. A systematic review of dental late effects in survivors
of childhood cancer. Pediatr Blood Cancer. 2014;61(3):407-16.
https://doi.org/10.1002/pbc.24842.

Goho C. Chemoradiation therapy: effect on dental development.
Pediatr Dent. 1993;15(1):6-12.

Halperson E, Matalon V, Goldstein G, Saieg Spilberg S, Herzog K,
Fux-Noy A, Shmueli A, Ram D, Moskovitz M. The prevalence
of dental developmental anomalies among childhood cancer
survivors according to types of anticancer treatment. Sci Rep.
2022;12(1):4485. https://doi.org/10.1038/s41598-022-08266-1.

Higgins JPT, Green S. Cochrane handbook for systematic reviews of
interventions; 2011. Version 5.1.0 (updated March 2011). The
Cochrane Collaboration. http://www.cochranehandbook.org.
Accessed 1 Feb 2023.

Jaffe N, Toth BB, Hoar RE, Ried HL, Sullivan MP, McNeese MD.
Dental and maxillofacial abnormalities in long-term survivors
of childhood cancer: effects of treatment with chemotherapy and
radiation to the head and neck. Pediatrics. 1984;73(6):816-23.

Kaste SC, Hopkins KP, Jones D, Crom D, Greenwald CA, Santana VM.
Dental abnormalities in children treated for acute lymphoblastic
leukemia. Leukemia. 1997;11(6):792-6. https://doi.org/10.1038/
sj.1eu.2400670.

Kiling G, Bulut G, Ertugrul F, Oren H, Demirag B, Demiral A, Aksoy-
lar S, Kamer ES, Ellidokuz H, Olgun N. Long-term dental anoma-
lies after pediatric cancer treatment in children. Turk J Haematol.
2019;36(3):155-61. https://doi.org/10.4274/tjh.galenos.2018.
2018.0248.

King E. Oral sequelae and rehabilitation considerations for survivors
of childhood cancer. Br Dent J. 2019;226(5):323-9. https://doi.
org/10.1038/s41415-019-0043-y.

Kotsiomiti E, Kolokitha OE, Lazaridis N. Interim prosthodontic man-
agement of surgery-induced dental agenesis: a clinical report of
8 years of treatment. J Prosthodont. 2013;22(5):408-12. https://
doi.org/10.1111/jopr.12013.

Liu A, Odono LT, Wlodarczyk JR, Garg RK, Hammoudeh JA. Unique
techniques utilizing rib grafts for mandibular reconstruction in
the pediatric population. J Craniofac Surg. 2021;32(5):1780-4.
https://doi.org/10.1097/SCS.0000000000007440.

Lockhart PB, Brennan MT, Sasser HC, Fox PC, Paster BJ, Bahrani-
Mougeot FK. Bacteremia associated with toothbrushing and den-
tal extraction. Circulation. 2008;117(24):3118-25. https://doi.org/
10.1161/CIRCULATIONAHA.107.758524.

Lopes NN, Petrilli AS, Caran EM, Franca CM, Chilvarquer I, Leder-
man H. Dental abnormalities in children submitted to antineoplas-
tic therapy. J Dent Child (chic). 2006;73(3):140-5.

Marec-Berard P, Azzi D, Chaux-Bodard AG, Lagrange H, Gourmet R,
Bergeron C. Long-term effects of chemotherapy on dental status
in children treated for nephroblastoma. Pediatr Hematol Oncol.
2005;22(7):581-8. https://doi.org/10.1080/08880010500198848.

Michalak I, Kusmierczyk D, Bluj-Komarnitka K, Rayad S, Zadurska
M. Radiological imaging and orthodontic treatment in the case of
growing patients after oncological treatment: case reports. Dent
Med Probl. 2019;56(2):209-15. https://doi.org/10.17219/dmp/
105958.

Mitsea A, Seremidi K, Tsiligianni A, Gizani S. Dental age estima-
tion in children that have undergone antineoplastic treatment. Eur
Arch Paediatr Dent. 2022;23(2):243-53. https://doi.org/10.1007/
540368-021-00661-y.

Niasman M, Bjork O, Soderhill S, Ringdén O, Dahllof G. Disturbances
in the oral cavity in pediatric long-term survivors after different
forms of antineoplastic therapy. Pediatr Dent. 1994;16(3):217-23.

Nemeth O, Hermann P, Kivovics P, Garami M. Long-term effects of
chemotherapy on dental status of children cancer survivors. Pedi-
atr Hematol Oncol. 2013;30(3):208—-15. https://doi.org/10.3109/
08880018.2013.763391.

Nemeth O, Kivovics M, Pinke I, Marton K, Kivovics P, Garami M.
Late effects of multiagent chemotherapy on salivary secretion in
children cancer survivors. J] Am Coll Nutr. 2014;33(3):186-91.
https://doi.org/10.1080/07315724.2013.834802.

Oeffinger KC, Mertens AC, Sklar CA, Kawashima T, Hudson MM,
Meadows AT, Friedman DL, Marina N, Hobbie W, Kadan-Lottick
NS, Schwartz CL, Leisenring W, Robison LL; Childhood Cancer
Survivor Study. Chronic health conditions in adult survivors of
childhood cancer. N Engl J Med. 2006;355(15):1572-82. https://
doi.org/10.1056/NEJMsa060185.

Oguz A, Cetiner S, Karadeniz C, Alpaslan G, Alpaslan C, Pinarli G.
Long-term effects of chemotherapy on orodental structures in chil-
dren with non-Hodgkin’s lymphoma. Eur J Oral Sci. 2004;112:8—
11. https://doi.org/10.1111/5.0909-8836.2004.00094 .x.

Olczak-Kowalczyk D, Krasuska-Stawinska E, Brozyna A, Turska-
Szybka A, Dembowska-Bagiriska B. Dental caries in children
and adolescents during and after antineoplastic chemotherapy. J
Clin Pediatr Dent. 2018;42(3):225-30. https://doi.org/10.17796/
1053-4628-42.3.11.

Pajari U, Ollila P, Lanning M. Incidence of dental caries in children
with acute lymphoblastic leukemia is related to the therapy used.
ASDC J Dent Child. 1995;62(5):349-52.

Patni T, Lee CT, Li Y, Kaste S, Zhu L, Sun R, Hudson MM, Ness KK,
Neumann A, Robison LL. Factors for poor oral health in long-term
childhood cancer survivors. BMC Oral Health. 2023;23(1):73.
https://doi.org/10.1186/s12903-023-02762-0.

Pertschuk MJ, Whitaker LA. Psychosocial adjustment and craniofacial
malformations in childhood. Plast Reconstr Surg. 1985;75(2):177—
84. https://doi.org/10.1097/00006534-198502000-00005.

Proc P, Szczepariska J, Skiba A, Zubowska M, Fendler W, Mtynarski
W. Dental anomalies as late adverse effect among young children
treated for cancer. Cancer Res Treat. 2016;48(2):658-67. https://
doi.org/10.4143/crt.2015.193.

Proc P, Szczepanska J, Herud A, Zubowska M, Fendler W, Mtynarski
W. Dental caries among childhood cancer survivors. Medicine.
2019;98(6). https://doi.org/10.1097/MD.0000000000014279.

Proc P, Szczepariska J, Zubowska M, Zalewska-Szewczyk B, Mlynarski
W. The broad variability in dental age observed among childhood
survivors is cancer specific. Cancer Res Treat. 2021;53(1):252-60.

Scully C, Epstein JB. Oral health care for the cancer patient. Eur J Can-
cer B Oral Oncol. 1996;32(5):281-92. https://doi.org/10.1016/
0964-1955(96)00037-1.

Seremidi K, Kloukos D, Polychronopoulou A, Kattamis A, Kavva-
dia K. Late effects of chemo and radiation treatment on dental
structures of childhood cancer survivors. A systematic review and
meta-analysis. Head Neck. 2019;41(9):3422-33. https://doi.org/
10.1002/hed.25840.

Seremidi K, Kavvadia K, Kattamis A, Polychronopoulou A. Dental
caries and dental developmental defects as adverse effects of
antineoplastic treatment in childhood cancer survivors. Eur Arch
Paediatr Dent. 2023. https://doi.org/10.1007/s40368-023-00789-z.

Shayani A, Aravena PC, Rodriguez-Salinas C, Escobar-Silva P, Dio-
cares-Monsalvez Y, Angulo-Gutiérrez C, Rivera C. Chemotherapy
as a risk factor for caries and gingivitis in children with acute
lymphoblastic leukemia: a retrospective cohort study. Int J Paedi-
atr Dent. 2022;32(4):538—45. https://doi.org/10.1111/ipd.12932.

Shum M, Mahoney E, Naysmith K, Macfarlane S, Corbett R, Nars-
inh M, Natarajan A, Ramadas Y, Hitchings E, Anderson H.

@ Springer


https://doi.org/10.1111/head.12246
https://doi.org/10.1002/pbc.24842
https://doi.org/10.1038/s41598-022-08266-1
http://www.cochranehandbook.org
https://doi.org/10.1038/sj.leu.2400670
https://doi.org/10.1038/sj.leu.2400670
https://doi.org/10.4274/tjh.galenos.2018.2018.0248
https://doi.org/10.4274/tjh.galenos.2018.2018.0248
https://doi.org/10.1038/s41415-019-0043-y
https://doi.org/10.1038/s41415-019-0043-y
https://doi.org/10.1111/jopr.12013
https://doi.org/10.1111/jopr.12013
https://doi.org/10.1097/SCS.0000000000007440
https://doi.org/10.1161/CIRCULATIONAHA.107.758524
https://doi.org/10.1161/CIRCULATIONAHA.107.758524
https://doi.org/10.1080/08880010500198848
https://doi.org/10.17219/dmp/105958
https://doi.org/10.17219/dmp/105958
https://doi.org/10.1007/s40368-021-00661-y
https://doi.org/10.1007/s40368-021-00661-y
https://doi.org/10.3109/08880018.2013.763391
https://doi.org/10.3109/08880018.2013.763391
https://doi.org/10.1080/07315724.2013.834802
https://doi.org/10.1056/NEJMsa060185
https://doi.org/10.1056/NEJMsa060185
https://doi.org/10.1111/j.0909-8836.2004.00094.x
https://doi.org/10.17796/1053-4628-42.3.11
https://doi.org/10.17796/1053-4628-42.3.11
https://doi.org/10.1186/s12903-023-02762-0
https://doi.org/10.1097/00006534-198502000-00005
https://doi.org/10.4143/crt.2015.193
https://doi.org/10.4143/crt.2015.193
https://doi.org/10.1097/MD.0000000000014279
https://doi.org/10.1016/0964-1955(96)00037-1
https://doi.org/10.1016/0964-1955(96)00037-1
https://doi.org/10.1002/hed.25840
https://doi.org/10.1002/hed.25840
https://doi.org/10.1007/s40368-023-00789-z
https://doi.org/10.1111/ipd.12932

European Archives of Paediatric Dentistry

Associations between childhood cancer treatment and tooth agen-
esis. N Z Med J. 2020;133(1523):41-54.

Singh N, Scully C, Joyston-Bechal S. Oral complications of cancer
therapies: prevention and management. Clin Oncol. 1996;8(1):15—
24. https://doi.org/10.1016/S0936-6555(05)80034-2.

Stolze J, Vlaanderen KCE, Raber-Durlacher JE, Brand HS. The impact
of hematological malignancies and their treatment on oral health-
related quality of life as assessed by the OHIP-14: a systematic
review. Odontology. 2020;108(3):511-20. https://doi.org/10.1007/
$10266-019-00479-7.

Tanem KE, Stensvold E, Wilberg P, Skaare AB, Brandal P, Her-
lofson BB. Oral and dental late effects in long-term survi-
vors of childhood embryonal brain tumors. Support Care
Cancer. 2022;30(12):10233-41. https://doi.org/10.1007/
500520-022-07405-8.

Wells GA, Shea B, O’Connell D et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomized studies in meta-
analyses; 2010. http://www.ohri.ca/programs/clinical_epidemiolo
gy/oxford.htm. Accessed 1 Feb 2023.

@ Springer

Winther JF, Kenborg L, Byrne J, Hjorth L, Kaatsch P, Kremer LC,
et al. Childhood cancer survivor cohorts in Europe. Acta Oncol.
2015;54(5):655-68. https://doi.org/10.3109/0284186X.2015.
1008648.

Wogelius P, Dahllof G, Gorst-Rasmussen A, Sgrensen HT, Rosthgj S,
Poulsen S. A population-based observational study of dental car-
ies among survivors of childhood cancer. Pediatr Blood Cancer.
2008;50(6):1221-6. https://doi.org/10.1002/pbc.21464.

Wogelius P, Rosthgj S, Dahllof G, Poulsen S. Oral health-related qual-
ity of life among survivors of childhood cancer. Int J Paediatr
Dent. 2011;21(6):465-7. https://doi.org/10.1111/j.1365-263X.
2011.01134.x.

Zwetchkenbaum SR, Oh WS. Prosthodontic management of abnormal
tooth development secondary to chemoradiotherapy: a clinical
report. J Prosthet Dent. 2007;98(6):429-35. https://doi.org/10.
1016/S0022-3913(07)60141-3.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1016/S0936-6555(05)80034-2
https://doi.org/10.1007/s10266-019-00479-7
https://doi.org/10.1007/s10266-019-00479-7
https://doi.org/10.1007/s00520-022-07405-8
https://doi.org/10.1007/s00520-022-07405-8
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
http://www.ohri.ca/programs/clinical_epidemiology/oxford.htm
https://doi.org/10.3109/0284186X.2015.1008648
https://doi.org/10.3109/0284186X.2015.1008648
https://doi.org/10.1002/pbc.21464
https://doi.org/10.1111/j.1365-263X.2011.01134.x
https://doi.org/10.1111/j.1365-263X.2011.01134.x
https://doi.org/10.1016/S0022-3913(07)60141-3
https://doi.org/10.1016/S0022-3913(07)60141-3

	Dental management of long-term childhood cancer survivors: a systematic review
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Reporting format
	Inclusion and exclusion criteria
	Search strategy
	Study selection
	Data extraction
	Quality assessment
	Data analysis
	Heterogeneity
	Assessment of reporting bias
	Subgroup analysis
	Sensitivity analysis
	Unit of analysis

	Results
	Search results
	Study characteristics
	Quality assessment
	Qualitative synthesis
	Oral health
	Late defects recorded clinically
	Late defects recorded radiographically
	Dental maturity
	Salivary glands
	Risk factors
	Secondary outcomes

	Quantitative synthesis
	Rehabilitation

	Discussion
	Strengths and limitations
	Future research

	Conclusion
	Appendix 1
	References


