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Highlights:
What are the main findings?

e  Childhood cancer survivors frequently experience late oral complications, which remain
underrecognized and insufficiently monitored.

e  Children treated at an early age and those receiving head and neck radiotherapy are at the
highest risk, as these interventions can permanently impair dentofacial development.

What are the implications of the main findings?

e Standardized, evidence-based guidelines for long-term follow-up and management of oral
complications need to be developed to ensure timely diagnosis and intervention.

e  In survivorship care, dentists should be integrated as equal members of the multidisciplinary
team to ensure optimal long-term follow-up.

Abstract

Survival rates for children treated for malignant diseases continue to improve, yet many survivors
face persistent late oral complications that affect function, aesthetics, and quality of life. Oncological
therapy, particularly when administered early in childhood, can disrupt dental and craniofacial
development, resulting in dental developmental disorders, enamel defects, salivary gland
dysfunction, caries susceptibility, periodontal problems, trismus, and osteoradionecrosis of the jaw.
Although these effects are partially known, they are frequently underrecognized in routine practice,
and many children do not receive adequate long-term dental follow-up. A key challenge highlighted
in recent literature is the absence of structured, evidence-based guidelines for monitoring and
managing late oral effects. The article emphasizes the need for clearer recommendations, better
communication of oncological treatment histories, and stronger integration of dental professionals
within survivorship care. Developing standardized follow-up protocols will be essential to ensure
timely detection, consistent management, and improved oral health outcomes for childhood cancer
survivors.
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1. Background

Malignant diseases in children and adolescents are rare, accounting for less than 1% of the total
cancer patient population. In Europe, the average age-standardized incidence rate of malignant
diseases in children aged 0-14 years is between 135 and 150 cases per million people per year, while
rates of 170-200 cases per million are recorded in adolescents aged 15-19 years [1]. Pediatric
malignancies differ substantially from adult cancers in tumor type, biology, etiology, and therapeutic
strategies. Pediatric malignancies are most frequently of hematological origin and often result from
genetic alterations that may occur prenatally, whereas tumors in adults are more commonly
associated with accumulated environmental and lifestyle exposures. The most prevalent childhood
malignancies are leukemias, with acute lymphoblastic leukemia (ALL) being the most common,
central nervous system tumors, lymphomas, neuroblastomas, and bone and soft tissue sarcomas.
Less common tumors affect the liver, kidney, retina, and germ cells. Although children typically
exhibit a more favorable response to aggressive treatments such as chemotherapy and radiotherapy
and achieve higher five-year survival rates, the acute and long-term side effects of therapy are more
pronounced due to ongoing growth and developmental processes [2]. With cure rates of 80-90% in
developed countries [1], the care of pediatric cancer patients is increasingly focused on monitoring
late treatment effects. This excellent success of oncological and supportive treatment of children and
adolescents with malignant diseases has resulted in an increasing population of survivors,
collectively referred to as Childhood Cancer Survivors (CCS). It is estimated that in Europe, 300,000
to 500,000 people (1:1000 of the general population) were treated for malignant disease in childhood
or adolescence [3]. Approximately two-thirds of CCS experience at least one late complication [4],
which may affect various organ systems, including the oral cavity. These late complications are often
underrecognized in clinical practice and are frequently inadequately addressed in routine
survivorship care. Timely identification of such complications can influence treatment strategies,
reduce late morbidity, and ultimately improve quality of life. Therefore, systematic, long-term
follow-up (LTFU) care for this population is needed [5], adapted to each individual's age and needs.
Although awareness of late oral complications resulting from oncological treatment is increasing,
clinical guidelines for their prevention, monitoring, and treatment remain lacking.

2. Pathophysiology of Late Oral Complications

Odontogenesis and amelogenesis are intricate processes involved in tooth and enamel
development that require precise interaction between the epithelium and mesenchyme. Disruptions
in these processes, whether due to genetic, nutritional, hormonal factors, or therapeutic interventions
such as chemotherapy or radiation, may result in permanent dental developmental disorders (DDD)
[6]. Because ameloblasts and odontoblasts are highly sensitive cells, any impairment of their function
can lead to hypoplasia, hypocalcification, or other dental abnormalities.

Chemotherapy targets tumor cells but also affects other rapidly dividing cells. Unlike radiation,
which is confined to the treatment area, chemotherapy produces systemic effects. As a result,
odontogenic cells located far from the tumor site may also be damaged. Because chemotherapeutic
agents have short half-lives, dental defects typically arise from temporary disruption of odontoblast
function rather than cell death, resulting in primarily localized changes [7,8].

An extensive epidemiological study conducted in 2009 demonstrated that radiation to the
dentition and jaw region, particularly at doses exceeding 20 Gy, and high-dose alkylating
chemotherapy administered at an early age independently and significantly increase the risk of late
oral complications in CCS [8]. Chemotherapeutic agents, including vincristine, vinblastine, and
cyclophosphamide, may induce hypomineralized enamel defects by disrupting the calcium transport
mechanism in ameloblast microtubules [7,9]. Specific chemotherapeutic agents, such as vinblastine
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and vincristine, may damage mature odontoblasts and ameloblasts. These agents disrupt
microtubule function in odontoblasts, thereby impairing collagen fiber formation and dentin matrix
formation. This disruption leads to shortened, thin, and narrowed tooth roots [7]. Intensive and
repetitive chemotherapy administered during the initial phase of hard-tissue formation may result
in tooth agenesis [10]. A study by Kang CG et al. [11] showed that children who received cisplatin-
or carboplatin-based chemotherapy had a high risk of severe dental anomalies, and this risk was
particularly pronounced when they received > 4 classes of chemotherapeutic agents.

Radiation impairs tooth development by directly inhibiting odontoblast division and, indirectly,
by stimulating osteodentin formation, which replaces normal dentin. Because osteodentin contains
fewer phosphorylated phosphoproteins involved in enamel crystal nucleation, this results in reduced
mineralization and an irregular enamel structure [12]. Radiation therapy administered to the head or
neck typically involves doses ranging from 27 to 70 Gy, which can significantly disrupt normal
craniofacial growth [13]. Furthermore, radiation exposure in this area is the primary predictor of
dental damage [14], with late oral complications reported in approximately 60% of patients receiving
radiotherapy [15]. The risk increases with the use of concomitant chemotherapy and is further
elevated by higher radiation doses and younger age at exposure [14]. Inclusion of the jaw within the
radiation field may delay or alter maxillary and mandibular development, leading to facial
asymmetry and functional impairments. Additionally, radiotherapy, especially when both parotid
glands are affected, can cause permanent damage to acinar cells and impair salivary gland function
by reducing saliva volume, increasing viscosity, lowering pH, and diminishing remineralization
capacity [16-18]. It may also induce trismus through fibrosis of the masticatory muscles and
temporomandibular joint, and increase the risk of osteoradionecrosis of the jaw (ORN]) [14,19].

The timing of oncological treatment, especially when administered before the age of five, a
period characterized by rapid odontogenesis and amelogenesis, is critical for the development of oral
complications [14,15,20-23]. The impact of oncological therapy on late oral complications is even
significantly greater when treatment was administered before age three [11]. Such dental
disturbances may result in functional, aesthetic, and psychosocial challenges, frequently necessitating
prolonged and complex dental management. Additionally, treatment during this vulnerable
developmental stage can substantially impair salivary gland function, craniofacial growth, and
temporomandibular joint development, thereby further compromising oral health outcomes in very
young individuals [19].

While the dental consequences of chemotherapy in the CCS population are well documented,
distinguishing between effects attributable solely to chemotherapy and those resulting from
combined chemoradiotherapy remains challenging [15]. The specific cumulative doses of individual
cytostatic agents responsible for distinct levels of dental damage remain undetermined, and several
risk factors have yet to be identified. Furthermore, the chemotherapeutic agents that most
significantly contribute to the development of these damages have not been clearly established.
Moreover, the radiation doses that cause damage to the salivary glands or masticatory muscles, or
induce osteonecrosis of the jaw, have not yet been clearly defined [17].

3. Late Oral Complications of Childhood Cancer Treatment

Cancer treatments such as chemotherapy, radiotherapy, immunotherapy, and hematopoietic
stem cell transplantation (HSCT) can have a significant long-term impact on oral health. The most
prevalent complications include dental caries and DDD, such as enamel hypoplasia, root shortening,
and dental agenesis. Furthermore, CCS exhibit a higher incidence of hyposalivation and increased
colonization by cariogenic microorganisms, thereby elevating the risk of periodontal disease and
caries. Subsequent primary malignancies (SPM) within irradiated fields may significantly
compromise oral health and overall well-being in pediatric patients. Additional late effects include
chronic graft-versus-host disease (cGVHD) of the oral cavity, trismus, and ORN]. Dentists and
pediatric oncologists should recognize that early-age treatment may delay the manifestation of dental
abnormalities until years post-therapy, despite effective disease control. Research based on self-
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reported dental difficulties demonstrates that nearly half of CCS patients experience at least one late
oral complication [24], a finding corroborated by objective assessments. Dental examinations confirm
that late oral complications are present in approximately half of CCS [15,22]. Nevertheless, late oral
complications remain underrecognized in clinical practice and frequently go untreated, despite their
substantial impact on long-term health and quality of life.

3.1. Dental Developmental Disorders

Chemotherapy and radiotherapy can disrupt normal root development, leading to shortening,
known as “root stunting”. Other DDD, such as microdontia (reduced tooth size), hypodontia (lack of
permanent teeth), and prolonged retention of primary teeth, are also common [8,25]. Studies have
demonstrated a higher prevalence of hypodontia, microdontia, and shortened dental roots in
children and adolescents receiving chemotherapy for ALL compared to healthy controls [20,26-30].
Similar DDD has been observed in pediatric patients with neuroblastoma [20,31,32],
rhabdomyosarcoma [33-35], nephroblastoma [30,36], brain tumors [27,37,38], as well as lymphoma
and other solid tumors [22,39].

A meta-analysis showed that children receiving oncology therapy had twice the risk of at least
one DDD (relative risk, RR = 2.00) and almost nine times the odds compared with healthy controls
(odds risk, OR = 9.04) [21]. Recent studies showed that 6.1% of CCS reported at least one DDD [40].
DDD occurs in 70-100% of children receiving head and neck radiotherapy, especially those younger
than 4 years, and the most severe changes occur when developing teeth receive doses of 20-30 Gy or
more [17]. Multiple studies have confirmed the importance of age, consistently showing a higher
incidence of DDD among children who receive treatment at younger ages [14,15,21,25].

In addition to aesthetic consequences, these changes can cause functional difficulties, including
malocclusion, reduced chewing ability, temporomandibular joint problems, and slurred speech [41].
Consequently, many CCS with DDD not only require comprehensive orthodontic therapy in
adolescence [42] but also additional procedures, such as endodontic treatment, restorative
procedures, and extended functional rehabilitation.

3.2. Enamel Abnormalities

Oncological therapy may disrupt ameloblast function during enamel formation, leading to
enamel hypoplasia (pits, grooves, and enamel defects), opacities (white, yellow, or brown spots of
varying sizes and intensities), and discoloration [43]. The prevalence of enamel hypoplasia among
CCS has been reported to range from 3% to 58% [14,15,17,23,26,29,39,44], while opacities and
discolorations have been documented in 12% to 68% of survivors [23,39,44,45]. The risk is higher with
combined treatment protocols. These results suggest that permanent enamel defects are associated
with tooth sensitivity, an elevated risk of caries, and aesthetic concerns, underscoring the need for
dental LTFU [45,46].

3.3. Hyposalivation and Cariogenic Microbial Profile

Hyposalivation is associated with both radiotherapy and chemotherapy. Stolze ] et al. [47] found
that nearly a third of participants had reduced saliva production, but only 10% reported xerostomia.
Reduced salivary flow alters the spectrum of bacteria colonizing the oral cavity, thereby promoting
the growth of caries-associated microflora. Avsar A et al. [44] found that children treated with
chemotherapy had reduced salivary flow and a higher prevalence of cariogenic bacteria (Streptococcus
mutans and Lactobacillus) compared to healthy peers. Changes in salivary volume and quality can lead
to mucosal sensitivity, increased risk of caries and infections, altered taste, and difficulties with
eating, swallowing, speaking, and even sleeping [48]. The function of the salivary glands is
particularly compromised by radiation therapy, which reduces salivation and lowers pH, thereby
favoring the growth of cariogenic bacteria and increasing the risk of caries and periodontal disease
[49,50]. Among pediatric patients who received radiotherapy for nasopharyngeal carcinoma,
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approximately 66.7% experienced xerostomia as a late complication [51]. A recent meta-analysis
reported that radiation doses of 35-40 Gy to the parotid glands are associated with xerostomia in up
to 32% of CCS, with risk increasing in a dose-dependent manner. Due to insufficient pediatric-specific
data, the authors recommend applying adult guidelines and limiting the mean parotid dose to <26
Gy [17].

3.4. Periodontal Complications

Periodontal diseases result from the accumulation of pathogenic microbial biofilm (plaque) on
and below the gingival margin. This accumulation initiates an immunoinflammatory response in the
host, ultimately leading to the destruction of supporting tooth structures, including the gingiva,
periodontal ligament, and alveolar bone [52]. The acute sensitivity of periodontal tissues to
oncological treatment is well established. However, the long-term periodontal consequences of such
therapies have not been sufficiently investigated. Studies on self-reported oral problems indicate that
10% to slightly more than 30% of CCS experience severe gingivitis and/or periodontitis [53,54].
Clinical investigations have confirmed these findings, reporting significantly higher plaque and
gingival indices in CCS compared to healthy controls [39,55,56]. Additionally, Longo BC et al. [55]
identified significantly greater probing depth (PD) and clinical attachment level (CAL) values, as well
as a shift toward periodontopathogenic species, including Fusobacterium nucleatum. Timely
prevention and treatment of initial periodontal disorders is essential to prevent further loss of
connective tissue and alveolar bone, thereby reducing the risk of tooth loss during adolescence and
adulthood.

3.5. Caries

The most frequently reported late oral effect of oncological treatment is an increased prevalence
of dental caries, reflected in higher DMFT/dmft scores (Decayed — Missing — Filled Teeth)
[15,30,38,44,45,57-61]. Dental caries is a chronic disease caused by bacteria in the oral cavity that
produce acid as a byproduct of metabolizing fermentable sugars in food. Changes in salivary volume
and composition, enamel defects, and shifts in the oral microbiome toward more cariogenic
microflora are considered significant factors in the increased risk of caries in CCS [62]. Additional
risk factors include poor oral hygiene, intake of sugar-based oral solutions, dietary habits, and
socioeconomic and demographic circumstances. It is estimated that 20.4% of CCS have an increased
susceptibility to caries [47]. Nasim VS et al. [63] reported that DMFT scores were significantly higher
in children who received combined chemotherapy and radiotherapy than in those treated with
chemotherapy alone. Dental caries is a preventable dental complication among CCS. However,
without prompt intervention, it can result in the loss of enamel and dentin and may advance to
involve the pulp and adjacent bone, potentially causing severe complications.

3.6. Trismus

Trismus refers to a diminished capacity to open the mouth, commonly identified by a maximum
interincisal distance (MID) < 35 mm [64]. In CCS, trismus following chemotherapy and radiotherapy
most often results from damage to the masticatory muscles (masseter and pterygoid) and the
temporomandibular joint. Radiotherapy represents the predominant etiological factor, as it often
leads to fibrosis and muscle contractures. Symptoms typically develop gradually, beginning several
weeks to months following the completion of radiotherapy, and are characterized by a progressive
reduction in mouth opening over subsequent years [65]. Trismus substantially impairs essential daily
functions, including speech, eating, and oral hygiene practices. The prevalence of trismus among
patients receiving radiotherapy for head and neck tumors ranges from 5% to 38% in adults [66], with
higher rates observed in those exposed to increased radiation doses and involvement of the
masticatory muscles. Epidemiological data on trismus in the pediatric population are largely

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0872.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 December 2025 d0i:10.20944/preprints202512.0872.v1

6 of 15

unavailable, except for one article that reports a 7.1% prevalence of trismus as a late complication in
children treated for nasopharyngeal carcinoma with combined chemoradiotherapy [67].

3.7. Osteoradionecrosis of the Jaw

Osteonecrosis of the jaw (ON]) is clinically characterized by exposed necrotic bone, or bone that
can be probed through a periodontal pocket or an intraoral or extraoral fistula, and persists without
healing. ON]J may result from radiation therapy to the head and neck, referred to as
osteoradionecrosis (ORN]J) or from the use of antiresorptive or antiangiogenic medications, known
as medication-related osteonecrosis of the jaw (MRON]J). Both conditions are rare in pediatric
patients. The reported prevalence of ORN] in the adult population ranges from 5% to 15%, depending
on factors such as patient population, radiation dose, dental care, and length of follow-up [68].
Although ORN] is a well-recognized complication in adults, its incidence and associated risk factors
in pediatric patients remain poorly defined. In a single-institutional cohort of 117 pediatric patients
treated with proton therapy for head and neck malignancies, ORNJ was uncommon, occurring in
only 1,7% of patients, with high radiation doses and prior dental procedures identified as
contributing factors [69]. Likewise, only a limited number of reports have investigated MRON] in the
pediatric population. A recent systematic analysis by Rosales HD et al. [70] reported that MRON]
occurs extremely rarely (0.16-1.1%) in pediatric patients treated with antiresorptive or antiangiogenic
drugs, even after prolonged therapy and frequent dental procedures. However, this review excluded
children who had received oncological treatment involving radiotherapy or chemotherapy. To our
knowledge, no published articles or case reports have documented ON]J in CCS.

3.8. Chronic Graft-Versus-Host Disease of the Oral Cavity

Chronic graft-versus-host disease (cGVHD) represents a significant late complication of
allogeneic HSCT, a procedure commonly employed in the management of high-risk and relapsed
hematological malignancies. cGVHD typically develops more than 100 days after transplantation and
may persist for years, often affecting multiple organ systems. Oral manifestations are observed in
approximately 28-80% of patients with cGVHD [71,72]. Diagnosis relies on clinical examination
based on the 2014 National Institutes of Health (NIH) consensus criteria [73], which identify three
primary pathological processes in the oral cavity: oral mucosal disease, salivary gland dysfunction,
and sclerotic changes. The most frequent clinical features include erythema, lichenoid changes,
ulcerations, pseudomembranes, edema, mucosal pain and burning, xerostomia, and restricted mouth
opening due to progressive fibrotic alterations [74]. A study by Tanem KE et al. [72] examining oral
cGVHD in a younger cohort of allo-HSCT survivors found that xerostomia was present in 26.5% of
patients and dysgeusia in 22%. Notably, nearly half of patients exhibited no subjective symptoms
despite evident clinical changes [72], indicating that oral cGVHD is frequently unrecognized and
often undertreated.

3.9. Subsequent Primary Malignancies

CCS, particularly those who have received head and neck radiotherapy, face a significantly
elevated lifelong risk of developing SPM in the oral cavity [75,76], including the salivary glands,
tongue, pharynx, and other oral structures. This elevated risk is determined by factors such as
cumulative radiation dose, size and location of the radiation field, age at exposure, and underlying
genetic susceptibility [77]. A significantly elevated risk of salivary gland tumors has been observed,
with individuals who received radiotherapy exhibiting a 33-fold higher risk, with the highest
incidence occurring among CCS of Hodgkin lymphoma and leukemia [76]. Additionally, individuals
with oral involvement of cGVHD are at greater risk for developing oral squamous cell carcinoma
[78].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0872.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 December 2025 d0i:10.20944/preprints202512.0872.v1

7 of 15

4. Gaps and Challenges in Providing Oral Health Care for CCS

A dental consultation for children with newly diagnosed malignancy should be conducted
immediately to ensure sufficient time for necessary care prior to the initiation of cancer therapy [79].
An extensive study conducted in the United Kingdom found that only 36% of children with newly
diagnosed malignancies received a dental examination prior to treatment [80].

Standardized oral care protocols in pediatric oncology demonstrate high efficacy in preventing
oral mucositis during chemotherapy [81]. Although recommendations address the management of
mucositis, caries, and xerostomia during treatment, most of them rely on limited evidence.
Structured, daily basic oral care remains the only consistently supported intervention [82]. The
recommended frequency of tooth brushing varies; however, it should be performed at least twice
daily using fluoride toothpaste [80]. Individuals who brush their teeth less than twice daily have a
40-50% increased risk of developing new caries lesions, with this effect being especially significant in
primary dentition [83]. The data indicate concern, as only 70% of patients' parents adhere to clear oral
hygiene recommendations, while 30% of children undergoing chemotherapy regularly consume
snacks and sweetened beverages; and an additional problem is that the oral solutions that children
need to take frequently and for a long time during treatment are sugar-based [84]. Chlorhexidine
mouth rinse, in addition to reducing colonization by pathogenic bacteria and fungi [85], is the most
frequently used prophylactic therapy for reducing dental plaque and gingivitis, which are crucial for
preventing late periodontal consequences. However, the long-term use of these agents is constrained
by adverse effects, including tooth staining and alterations in taste [86].

A recently published protocol for oral care in hematological pediatric oncology patients has been
proposed for implementation before, during, and after oncology therapy. This approach emphasizes
early prevention, ongoing hygiene maintenance, and LTFU to address late oral complications [87].
However, clinical guidelines for the LTFU of late oral complications remain absent.

CCS patients are advised to attend dental examinations at least every 6 months and every 3 to 6
months for high-risk CCS [62,87]. Reported dental visit frequencies among the CCS population vary
substantially, with around 60% of survivors attending annual dental appointments [88,89], and up to
92% in more recent studies [54]. Socioeconomic status is a significant determinant of oral health.
Lower levels of education, reduced income, and limited access to dental care are associated with
poorer oral health outcomes. Studies consistently demonstrate that socioeconomic and structural
barriers substantially increase the risk of oral disease, particularly among vulnerable populations
such as CCS [53,89,90]. Nevertheless, the majority of existing research is derived from highly
developed countries, while data from middle- and low-income regions remain limited. A lack of a
structured approach is demonstrated by data indicating that 91% of CCS are referred to their primary
dentist for LTFU [80], but do not receive specific recommendations for ongoing care.

Studies found that dentists identify only about half of patients’ subjective complaints. For
example, xerostomia was noted by 4% of dentists, compared with 9.4% of patient respondents [40].
This discrepancy indicates that dental professionals may often overlook the subjective disturbances
experienced by CCS. Among CCS, a lower proportion of filled teeth (F component of the DMFT
index) was observed compared with a control group, indicating insufficient access to or
implementation of dental care during the recovery phase, as well as potential missed opportunities
for caries management and oral health preservation [46]. It is also worth noting that frequent dental
specialist examinations and orthodontic procedures impose additional emotional, temporal, and
financial burdens on the entire family [91,92], who have already undergone long-term and
demanding oncological treatment.

Education of CCS and their caregivers on proper oral hygiene, appropriate nutrition, and the
need for regular dental checkups is crucial for preventing and mitigating oral complications during
and after treatment. Furthermore, it is crucial to enhance dentists' awareness of potential late oral
complications resulting from oncological treatment and to promote effective preventive strategies.
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5. Future Directions

Pediatric hemato-oncologists are increasingly focused not only on improving survival rates but
also on mitigating long-term treatment toxicity, reducing late complications, and enhancing patients'
quality of life. Raising awareness among other healthcare professionals is crucial for improving
interdisciplinary collaboration and outcomes of CCS. Continuous monitoring and management of
late complications in CCS is essential. Patient care should be multidisciplinary, coordinated,
accessible, age-appropriate, and holistic. To standardize CCS care, clinical guidelines for late
complications of cancer therapy (e.g., cardiotoxicity, infertility, endocrine dysfunction, etc.) have
been developed in Europe to promote best practices. PanCare provides expert recommendations [93],
while the Children's Oncology Group (COG) [94] and the International Guideline Harmonization
Group (IGHG) [95] offer additional guidance. These guidelines are based on systematic reviews of
current scientific evidence. However, despite growing recognition of late oral complications, there
remains a lack of scientifically based clinical guidelines for monitoring and managing oral and dental
consequences of oncological treatment. Therefore, the development of clear, expert-driven, and
consensus-based guidelines is urgently needed to facilitate consistent monitoring, timely
identification, and effective management of late oral complications in CCS. Dental professionals
should be informed of each patient's oncological treatment history —a process that will be
substantially facilitated once every CCS possesses a personal survivorship passport. The PanCare
Survivorship Passport (SurPass), a digital tool implemented in Europe for CCS, provides a
comprehensive treatment summary and individualized recommendations for LTFU of late effects
[96]. A remaining challenge is integrating dental specialists into the LTFU model and ensuring they
are aware of and have access to SurPass to enhance the quality of specialist dental care. LTFU for late
dental complications should ideally be conducted by dentists with specialized training, preferably
members of the multidisciplinary cancer LTFU team.

6. Conclusion

The severity of late oral complications is influenced by factors such as tumor type and location,
the intensity and modality of anticancer therapy, patient age, pre-existing oral health, and the quality
of dental care provided before, during, and after treatment. Referral to a dentist prior to the initiation
of oncology therapy, along with ongoing oral health monitoring throughout treatment and during
LTFU, is essential to prevent complications and improve oral and general health outcomes. Effective
healthcare delivery requires structured and robust interprofessional collaboration among disciplines
such as dentistry, pediatric oncology, nutrition, nursing, and other allied health professions, as well
as active caregiver involvement. This collaborative approach facilitates comprehensive patient care,
enhances treatment outcomes, and supports more efficient planning, coordination, and
implementation of health interventions. Early engagement of the dental team enables prompt
identification and management of potential oral health issues, thereby reducing the risk of infections,
pain, nutritional challenges, and adverse effects on general well-being during and after cancer
therapy. Despite its significance, dental care is often overlooked in pediatric oncology, even though
untreated oral complications can substantially impair health and diminish quality of life. Timely and
appropriate oral care reduces the likelihood of complications; while such complications may not be
entirely preventable, their severity can be minimized, and the quality of life improved.

Author Contributions: Conceptualization, L.R., A.Z.,, T.S., A M. Methodology, L.R., A.Z., D.B.Investigation
(literature review), L.R, A.Z.Data curation, L.R. and A.ZWriting—original draft preparation, L.R.,
A.Z Writing—review and editing, T.S., D.B., A M. Supervision, J.5.G., LB.C., A M.

Funding: This study was funded by the Faculty of Dental Medicine and Health Osijek, Josip Juraj Strossmayer
University of Osijek, Osijek, Croatia —grant number: IP-FDMZ-2025./2026.-05

Institutional Review Board Statement: Not applicable.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0872.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 December 2025 d0i:10.20944/preprints202512.0872.v1

9 of 15

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing does not apply

to this article.

Acknowledgments: We would like to express our gratitude to all childhood cancer survivors and their families,

who remain a constant source of inspiration for improving our clinical and academic work.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Steliarova-Foucher, E.; Colombet, M.; Ries, L.A.G.; Moreno, F.; Dolya, A.; Bray, F.; Hesseling, P.; Shin, H.Y ;
Stiller, C.A.; IICC-3 Contributors. International Incidence of Childhood Cancer, 2001-10: A Population-
Based Registry Study. Lancet Oncol. 2017, 18, 719-731. https://doi.org/10.1016/S1470-2045(17)30186-9.
Erratum in Lancet Oncol. 2017, 18, e301. https://doi.org/10.1016/S1470-2045(17)30369-8.

2. Bhatia, S.; Tonorezos, E.S.; Landier, W. Clinical Care for People Who Survive Childhood Cancer: A Review.
JAMA 2023, 330, 1175-1186. https://doi.org/10.1001/jama.2023.16875.

3. Gebauer, J.; Skinner, R.; Haupt, R.; Kremer, L.; van der Pal, H.; Michel, G.; Armstrong, G.T.; Hudson, M.M.;
Hjorth, L.; Lehnert, H.; Langer, T. The Chance of Transition: Strategies for Multidisciplinary Collaboration.
Endocr. Connect. 2022, 11, e220083. https://doi.org/10.1530/EC-22-0083.

4. Gan, HW.; Spoudeas, H.A. Long-Term Follow-Up of Survivors of Childhood Cancer (SIGN Clinical
Guideline 132). Arch. Dis. Child. Educ. Pract. Ed. 2014, 99, 138-143. https://doi.org/10.1136/archdischild-
2013-305452.

5. Tonorezos, E.S.; Cohn, R].; Glaser, AW.; Lewin, J.; Poon, E.; Wakefield, C.E.; Oeffinger, K.C. Long-Term
Care for People Treated for Cancer during Childhood and Adolescence. Lancet 2022, 399, 1561-1572.
https://doi.org/10.1016/S0140-6736(22)00460-3.

6.  Smith, B.H. Standards of Human Tooth Formation and Dental Age Assessment; Wiley-Liss: New York,
NY, USA, 1991.

7. Goho, C. Chemoradiation Therapy: Effect on Dental Development. Pediatr. Dent. 1993, 15, 6-12.

Kaste, S.C.; Goodman, P.; Leisenring, W.; Stovall, M.; Hayashi, R.]J.; Yeazel, M.; Beiraghi, S.; Hudson, M.M.;
Sklar, C.A.; Robison, L.L.; Baker, K.S. Impact of Radiation and Chemotherapy on Risk of Dental
Abnormalities: A Report from the Childhood Cancer Survivor Study. Cancer 2009, 115, 5817-5827.
https://doi.org/10.1002/cncr.24670.

9. Oguz, A, Cetiner, S.; Karadeniz, C.; Alpaslan, G.; Alpaslan, C,; Pinarli, G. Long-Term Effects of
Chemotherapy on Orodental Structures in Children with Non-Hodgkin's Lymphoma. Eur. J. Oral Sci. 2004,
112, 8-11. https://doi.org/10.1111/j.0909-8836.2004.00094.x.

10. Holtta, P.; Alaluusua, S.; Saarinen-Pihkala, U.M.; Peltola, J.; Hovi, L. Agenesis and Microdontia of
Permanent Teeth as Late Adverse Effects after Stem Cell Transplantation in Young Children. Cancer 2005,
103, 181-190. https://doi.org/10.1002/cncr.20762.

11. Kang, C.M.,; Hahn, SM.; Kim, H.S.; Lyu, CJ.; Lee, ].H.; Lee, J.; Han, ].W. Clinical Risk Factors Influencing
Dental Developmental Disturbances in Childhood Cancer Survivors. Cancer Res. Treat. 2018, 50, 926-935.
https://doi.org/10.4143/crt.2017.296.

12.  Collett, W.K,; Thonard, J.C. The Effect of Fractional Radiation on Dentinogenesis in the Rat. J. Dent. Res.
1965, 44, 84-90. https://doi.org/10.1177/00220345650440013501.

13. Thompson, R.F.; Schneider, R.A.; Albertini, F.; Lomax, A.]J.; Ares, C.; Goitein, G.; Hug, E.B. Dose to the
Developing Dentition during Therapeutic Irradiation: Organ at Risk Determination and Clinical
Implications. Int. J. Radiat. Oncol. Biol. Phys. 2013, 86, 108-113. https://doi.org/10.1016/j.ijrobp.2012.11.041.

14. Nésman, M.; Bjork, O.; Soderhéll, 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, 217-223.

15. 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, 4485. https://doi.org/10.1038/s41598-022-
08266-1.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0872.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 December 2025 d0i:10.20944/preprints202512.0872.v1

10 of 15

16. Jensen, S.B.; Pedersen, A.M.; Vissink, A.; Andersen, E.; Brown, C.G.; Davies, A.N.; Dutilh, J.; Fulton, J.S.;
Jankovic, L.; Lopes, N.N.; Mello, A.L.; Muniz, L.V.; Murdoch-Kinch, C.A.; Nair, R.G.; Napefias, ].J.;
Nogueira-Rodrigues, A.; Saunders, D.; Stirling, B.; von Biiltzingslowen, 1., Weikel, D.S.; Elting, L.S.;
Spijkervet, F.K;; Brennan, M.T. A Systematic Review of Salivary Gland Hypofunction and Xerostomia
Induced by Cancer Therapies: Prevalence, Severity and Impact on Quality of Life. Support Care Cancer
2010, 18, 1039-1060. https://doi.org/10.1007/s00520-010-0827-8.

17.  Milgrom, S.A.; van Luijk, P.; Pino, R.; Ronckers, C.M.; Kremer, L.C.; Gidley, P.W.; Grosshans, D.R.; Laskar,
S.; Okcu, M.F.; Constine, L.S.; Paulino, A.C. Salivary and Dental Complications in Childhood Cancer
Survivors Treated with Radiation Therapy to the Head and Neck: A PENTEC Comprehensive Review. Int.
J. Radiat. Oncol. Biol. Phys. 2024, 119, 467-481. https://doi.org/10.1016/j.ijrobp.2021.04.023.

18. Pinna, R.; Campus, G.; Cumbo, E.; Mura, I.; Milia, E. Xerostomia Induced by Radiotherapy: An Overview
of the Physiopathology, Clinical Evidence, and Management of the Oral Damage. Ther. Clin. Risk Manag.
2015, 11, 171-188. https://doi.org/10.2147/TCRM.S70652.

19. Al-Ansari, S.; Stolze, J.; Bresters, D.; Brook, A.H.; Laheij, AM.G.A.; Brand, H.S.; Dahll6f, G.; Rozema, F.R,;
Raber-Durlacher, J.E. Late Complications in Long-Term Childhood Cancer Survivors: What the Oral Health
Professional Needs to Know. Dent. J. 2024, 12, 17. https://doi.org/10.3390/dj12010017.

20. Maciel, J.C.; de Castro, C.G,, Jr.; Brunetto, A.L.; Di Leone, L.P.; da Silveira, H.E. Oral Health and Dental
Anomalies in Patients Treated for Leukemia in Childhood and Adolescence. Pediatr. Blood Cancer 2009,
53, 361-365. https://doi.org/10.1002/pbc.22108.

21. Seremidi, K.; Kloukos, D.; Polychronopoulou, A.; Kattamis, A.; Kavvadia, 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, 3422-3433. https://doi.org/10.1002/hed.25840.

22. Cubukcu, C.E; Sevinir, B.; Ercan, I. Disturbed Dental Development of Permanent Teeth in Children with
Solid Tumors and Lymphomas. Pediatr. Blood Cancer 2012, 58, 80-84. https://doi.org/10.1002/pbc.22902.

23. Defabianis, P.; Bocca, N.; Romano, F. Prevalence and Association of Dental Anomalies and Tooth Decay in
Italian ~ Childhood  Cancer  Survivors. J. Clin. Pediatr. Dent. 2023, 47, 81-87.
https://doi.org/10.22514/jocpd.2023.056.

24. Nigg, C.; Matti, C; Jorger, P.; von Bueren, A.O,; Filippi, C.; Diesch-Furlanetto, T.; Tomasikova, Z.; Kuehni,
C.E.; Sommer, G. Dental Health of Childhood Cancer Survivors—A Report from the Swiss Childhood
Cancer Survivor Study (SCCSS). Pediatr. Blood Cancer 2025, 72, €31629. https://doi.org/10.1002/pbc.31629.

25. Minicucci, E.M,; Lopes, L.E.; Crocci, A.]. Dental Abnormalities in Children after Chemotherapy Treatment
for Acute Lymphoid Leukemia. Leuk. Res. 2003, 27, 45-50. https://doi.org/10.1016/S0145-2126(02)00080-2.

26. Lauritano, D.; Petruzzi, M. Decayed, Missing and Filled Teeth Index and Dental Anomalies in Long-Term
Survivor Leukaemic Children: A Prospective Controlled Study. Med. Oral Patol. Oral Cir. Bucal 2012, 17,
€977-e980. https://doi.org/10.4317/medoral.17955.

27. Rabassa-Blanco, J.; Brunet-Llobet, L.; Marcote-Sinclair, P.; Balsells-Mejia, S.; Correa-Llano, M.G.; Miranda-
Rius, J. Prevalence of, and Risk Factors for, Dental Sequelae in Adolescents Who Underwent Cancer
Therapy during Childhood. Oral Dis. 2024, 30, 604—614. https://doi.org/10.1111/0di.14317.

28. Seremidi, K.; Kavvadia, K.; Kattamis, A.; Polychronopoulou, A. Dental Late Effects of Antineoplastic
Treatment on Childhood Cancer Survivors: Radiographic Findings. Int. J. Paediatr. Dent. 2021, 31, 742-751.
https://doi.org/10.1111/ipd.12792.

29. Guagnano, R;; Romano, F.; Berger, M.; Fagioli, F.; Vallone, V.; Bello, L.; Vitale, M.C.; Defabianis, P. Long-
Term Effect of Anticancer Therapy on Dentition of Italian Children in Remission from Malignant Disease:
A Cross-Sectional Study. Eur. ]. Paediatr. Dent. 2022, 23, 131-136.
https://doi.org/10.23804/ejpd.2022.23.02.11.

30. 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, 186-191.
https://doi.org/10.1080/07315724.2013.834802.

31. Alpaslan, G.; Alpaslan, C.; Gogen, H.; Oguz, A.; Cetiner, S.; Karadeniz, C. Disturbances in Oral and Dental
Structures in Patients with Pediatric Lymphoma after Chemotherapy: A Preliminary Report. Oral Surg.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0872.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 December 2025 d0i:10.20944/preprints202512.0872.v1

11 of 15

Oral Med. Oral Pathol. Oral Radiol. Endod. 1999, 87, 317-321. https://doi.org/10.1016/51079-2104(99)70215-
5.

32. Kaste, S.C.; Hopkins, K.P.; Bowman, L.C; Santana, V.M. Dental Abnormalities in Children Treated for
Neuroblastoma. Med. Pediatr. Oncol. 1998, 30, 22-27. https://doi.org/10.1002/(SICI)1096-
911X(199801)30:1<22:: AID-MPO8>3.0.CO;2-2.

33. Lopes, L.B.; Themudo, R.; Botelho, J.; Machado, V. Oral and Dental Abnormalities Caused by a Pediatric
Rhabdomyosarcoma Tumor Treatment: A Clinical Case Report. Dent. J. 2020, 8, 59.
https://doi.org/10.3390/dj8020059.

34. Kaste, S.C.; Hopkins, K.P.; Bowman, L.C. Dental Abnormalities in Long-Term Survivors of Head and Neck
Rhabdomyosarcoma. Med. Pediatr. Oncol. 1995, 25, 96-101. https://doi.org/10.1002/mpo.2950250209.

35. Owosho, A.A.; Brady, P.; Wolden, S.L.; Wexler, L.H.; Antonescu, C.R.; Huryn, ].M.; Estilo, C.L. Long-Term
Effect of Chemotherapy-Intensity-Modulated Radiation Therapy (Chemo-IMRT) on Dentofacial
Development in Head and Neck Rhabdomyosarcoma Patients. Pediatr. Hematol. Oncol. 2016, 33, 383-392.
https://doi.org/10.1080/08880018.2016.1219797.

36. Marec-Berard, P.; Azzi, D.; Chaux-Bodard, A.G.; Lagrange, H.; Gourmet, R.; Bergeron, C. Long-Term
Effects of Chemotherapy on Dental Status in Children Treated for Nephroblastoma. Pediatr. Hematol.
Oncol. 2005, 22, 581-588. https://doi.org/10.1080/08880010500198848.

37. Zulijjani, A; Zigante, M.; Morelato, L.; Peri¢, B.; Milardovi¢, A. Oligomicrodontia in a Pediatric Cancer
Survivor  after =~ Chemotherapy: A Case  Report. Healthcare 2022, 10, 1521.
https://doi.org/10.3390/healthcare10081521.

38. Tanem, K.E.; Stensvold, E.; Wilberg, P.; Skaare, A.B.; Brandal, P.; Herlofson, B.B. Oral and Dental Late
Effects in Long-Term Survivors of Childhood Embryonal Brain Tumors. Support Care Cancer 2022, 30,
10233-10241. https://doi.org/10.1007/s00520-022-07405-8.

39. Cetiner, D.; Cetiner, S.; Uraz, A.; Alpaslan, G.H.; Alpaslan, C.; Toygar Memikoglu, T.U.; Karadeniz, C. Oral
and Dental Alterations and Growth Disruption Following Chemotherapy in Long-Term Survivors of
Childhood Malignancies. Support Care Cancer 2019, 27, 1891-1899. https://doi.org/10.1007/s00520-018-
4454-0.

40. Stolze, J.; Vlaanderen, K.C.E.; Holtbach, F.C.E.D.; Teepen, ].C.; Kremer, L.C.M.; Loonen, J.J.; van Dulmen-
den Broeder, E.; van den Heuvel-Eibrink, M.M.; van der Pal, H.].H.; Versluys, B.; van der Heiden-van der
Loo, M.; Louwerens, M.; Raber-Durlacher, J.E.; Bresters, D.; Brand, H.S. Long-Term Effects of Childhood
Cancer Treatment on Dentition and Oral Health: A Dentist Survey Study from the DCCSS LATER 2 Study.
Cancers 2021, 13, 5264. https://doi.org/10.3390/cancers13215264.

41. Rakhshan, V. Congenitally Missing Teeth (Hypodontia): A Review of the Literature Concerning the
Etiology, Prevalence, Risk Factors, Patterns and Treatment. Dent. Res. J. 2015, 12, 1-13.
https://doi.org/10.4103/1735-3327.150286.

42. Mishra, S. Orthodontic Therapy for Paediatric Cancer Survivors: A Review. ]J. Clin. Diagn. Res. 2017, 11,
ZE01-ZEO04. https://doi.org/10.7860/JCDR/2017/23916.9404.

43. Dabiri, D.; Eckert, GJ.; Li, Y.; Seow, K.; Schroth, R.J.; Warren, J.; Wright, ].T.; Zhao, S.; Fontana, M.
Diagnosing Developmental Defects of Enamel: Pilot Study of Online Training and Accuracy. Pediatr. Dent.
2018, 40, 105-109.

44. Avsar, A,; Elli, M,; Darka, O.; Pinarli, G. Long-Term Effects of Chemotherapy on Caries Formation, Dental
Development, and Salivary Factors in Childhood Cancer Survivors. Oral Surg. Oral Med. Oral Pathol. Oral
Radiol. Endod. 2007, 104, 781-789. https://doi.org/10.1016/j.tripleo.2007.02.029.

45. Olczak-Kowalczyk, D.; Krasuska-Stawinska, E.; Brozyna, A.; Turska-Szybka, A.; Dembowska-Baginska, B.
Dental Caries in Children and Adolescents during and after Antineoplastic Chemotherapy. J. Clin. Pediatr.
Dent. 2018, 42, 225-230. https://doi.org/10.17796/1053-4628-42.3.11.

46. Krasuska-Stawinska, E.; Brozyna, A.; Dembowska-Baginska, B.; Olczak-Kowalczyk, D. Factors Influencing
Caries Incidence in Permanent Teeth in Children/Adolescents under and after Antineoplastic Treatment.
Contemp. Oncol. 2016, 20, 45-51. https://doi.org/10.5114/w0.2015.55319.

47. Stolze, ].; Teepen, ].C.; Raber-Durlacher, J.E.; Loonen, J.J.; Kok, J.L.; Tissing, W.J.E.; de Vries, A.C.H.;
Neggers, S.J.C.M.M.; van Dulmen-den Broeder, E.; van den Heuvel-Eibrink, M.M.; van der Pal, HJ.H.;

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0872.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 December 2025 d0i:10.20944/preprints202512.0872.v1

12 of 15

Versluys, A.B.; van der Heiden-van der Loo, M.; Louwerens, M.; Kremer, L.C.M.; Bresters, D.; Brand, H.S.;
DCCSS LATER Study Group. Prevalence and Risk Factors for Hyposalivation and Xerostomia in
Childhood Cancer Survivors Following Different Treatment Modalities—A Dutch Childhood Cancer
Survivor Study Late Effects 2 Clinical Study (DCCSS LATER 2). Cancers 2022, 14, 3379.
https://doi.org/10.3390/cancers14143379.

48. Dahlldf, G.; Wondimu, B.; Barr-Agholme, M.; Garming-Legert, K.; Remberger, M.; Ringdén, O. Xerostomia
in Children and Adolescents after Stem Cell Transplantation Conditioned with Total Body Irradiation or
Busulfan. Oral Oncol. 2011, 47, 915-919. https://doi.org/10.1016/j.oraloncology.2011.06.509.

49. Whitmyer, C.C,; Esposito, S.J.; Fiore-Donno, G. Effects of Head and Neck Radiation Therapy on Salivary
Flow and Composition. J. Dent. Res. 1997, 76, 886—890.

50. Sonis, A.L. The Impact of Therapy on the Oral Cavity of the Pediatric Cancer Patient. Pediatr. Dent. 1988,
10, 199-202.

51. Tao, CJ,; Liu, X;; Tang, L.L.; Mao, Y.P.; Chen, L.; Li, W.F,; Yu, X.L,; Liu, L.Z.; Zhang, R,; Lin, A.H.; Ma, J.;
Sun, Y. Long-Term Outcome and Late Toxicities of Simultaneous Integrated Boost-Intensity Modulated
Radiotherapy in Pediatric and Adolescent Nasopharyngeal Carcinoma. Chin. J. Cancer 2013, 32, 525-532.
https://doi.org/10.5732/cjc.013.10124.

52. Pihlstrom, B.L.; Michalowicz, B.S.; Johnson, N.W. Periodontal Diseases. Lancet 2005, 366, 1809-1820.
https://doi.org/10.1016/S0140-6736(05)67728-8.

53. Patni, T.; Lee, C.T.;Li, Y.; Kaste, S.; Zhu, L.; Sun, R.; Hudson, M.M.; Ness, K.K.; Neumann, A.; Robison, L.L.
Factors for Poor Oral Health in Long-Term Childhood Cancer Survivors. BMC Oral Health 2023, 23, 73.
https://doi.org/10.1186/s12903-023-02762-0.

54. Stolze, ].; Raber-Durlacher, J.E.; Loonen, J.].; Teepen, ].C.; Ronckers, C.M.; Tissing, W.]J.E.; de Vries, A.C.H,;
Neggers, S.J.C.M.M.; Dulmen-den Broeder, E.; Heuvel-Eibrink, M.M.; van der Pal, H.J].H.; Versluys, A.B,;
Heiden-van der Loo, M.; Louwerens, M.; Kremer, L.C.M.; Bresters, D.; Brand, H.S.; on behalf of the DCCSS-
LATER Study Group. Self-Reported Outcomes on Oral Health and Oral Health-Related Quality of Life in
Long-Term Childhood Cancer Survivors—A DCCSS LATER 2 Study. Support Care Cancer 2023, 31, 344.
https://doi.org/10.1007/s00520-023-07797-1.

55. Longo, B.C.; Rohling, L.B.; Silva, P.L.M.O.E.; de Morais, M.E.F.; Paz, H.E.S.; Casarin, R.C.V.; Nishiyama,
S.A.B.; de Souza, M.D.B.; Silva, C.O. Antineoplastic Therapy in Childhood Cancer Patients Presents a
Negative Impact in the Periodontal Tissues: A Cohort Study. Clin. Oral Investig. 2023, 27, 6637-6644.
https://doi.org/10.1007/s00784-023-05270-1.

56. Jodtowska, A.; llczuk-Ryputa, D. Risk Factors and Dental Caries Incidence in Childhood Cancer Survivors.
Cancers 2025, 17, 1003. https://doi.org/10.3390/cancers17061003.

57. Pajari, U.,; Lanning, M. Dental Abnormalities in Children with Malignancies at Diagnosis and after
Chemotherapy. Proc. Finn. Dent. Soc. 1995, 91, 105-111.

58. Proc, P.; Szczepanska, J.; Herud, A.; Zubowska, M.; Fendler, W.; Mtynarski, W. Dental Caries among
Childhood Cancer Survivors. Medicine 2019, 98, €14279. https://doi.org/10.1097/MD.0000000000014279.

59. Kowlessar, A.; Naidu, R.; Ramroop, V.; Nurse, ].; Dookie, K.; Bodkyn, C.; Lalchandani, S. Oral Health
among Children Attending an Oncology Clinic in Trinidad. Clin. Exp. Dent. Res. 2019, 5, 665—669.
https://doi.org/10.1002/cre2.232.

60. Dogan, C.; Haytag, C.; Antmen, B.; Sasmaz, i; Tanyeli, A. Oral Health Status in Children with Acute
Lymphoblastic Leukemia and Lymphoma. Turk. J. Haematol. 2001, 18, 179-183.

61. Shayani, A.; Aravena, P.C,; Rodriguez-Salinas, C.; Escobar-Silva, P.; Diocares-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. Paediatr. Dent. 2022, 32, 538-545.
https://doi.org/10.1111/ipd.12932.

62. Horner, A.J.; Nativio, D.G. Unique Factors Affecting the Management and Prevention of Caries in the
Childhood Cancer Survivor. J. Pediatr. Health Care 2019, 33, 53-57.
https://doi.org/10.1016/j.pedhc.2018.06.002.

63. Nasim, V.S.; Shetty, Y.R.; Hegde, AM. Dental Health Status in Children with Acute Lymphoblastic
Leukemia. J. Clin. Pediatr. Dent. 2007, 31, 210-213. https://doi.org/10.17796/jcpd.31.3.73mu542187175700.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0872.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 December 2025 d0i:10.20944/preprints202512.0872.v1

13 of 15

64. Dijkstra, P.U.; Huisman, P.M.; Roodenburg, J.L. Criteria for Trismus in Head and Neck Oncology. Int. J.
Oral Maxillofac. Surg. 2006, 35, 337-342. https://doi.org/10.1016/j.ijom.2005.08.001.

65. Sciubba, ].J.; Goldenberg, D. Oral Complications of Radiotherapy. Lancet Oncol. 2006, 7, 175-183.
https://doi.org/10.1016/S1470-2045(06)70580-0.

66. Dijkstra, P.U.; Kalk, W.W.; Roodenburg, J.L. Trismus in Head and Neck Oncology: A Systematic Review.
Oral Oncol. 2004, 40, 879-889. https://doi.org/10.1016/j.oraloncology.2004.04.003.

67. Kiipeli, S.; Varan, A.; Ozyar, E.; Atahan, LL.; Yalgin, B.; Kutluk, T.; Akyiiz, C; Biiyitkpamuk¢u, M.
Treatment Results of 84 Patients with Nasopharyngeal Carcinoma in Childhood. Pediatr. Blood Cancer
2006, 46, 454-458. https://doi.org/10.1002/pbc.20433.

68. Chronopoulos, A.; Zarra, T., Ehrenfeld, M. Otto, S. Osteoradionecrosis of the Jaws: Definition,
Epidemiology, Staging and Clinical and Radiological Findings. A Concise Review. Int. Dent. J. 2018, 68, 22—
30. https://doi.org/10.1111/idj.12318.

69. Grippin, A.J.; Kim, A.; Liu, Y.; Copling, S.; Nalin, A.P.; Crabtree, K.; Cheng, H.; Kui, N.; Zhang, Z.; McAleer,
M.F.; Grosshans, D.; McGovern, S.; Sun, R.; Paulino, A.C. Osteoradionecrosis in Pediatric Patients Treated
with Proton Therapy for Head and Neck Malignancies. Int. J. Radiat. Oncol. Biol. Phys. 2025, 122, 159-163.
https://doi.org/10.1016/j.ijrobp.2024.12.001.

70. Rosales, H.D.; Garcia Guevara, H.; Requejo, S.; Jensen, M.D.; Acero, ].; Olate, S. Medication-Related
Osteonecrosis of the Jaws (MRON]) in Children and Young Patients — A Systematic Review. J. Clin. Med.
2023, 12, 1416. https://doi.org/10.3390/jcm12041416.

71. Noce, CW.; Gomes, A.; Copello, A.; Barbosa, R.D.; Sant'anna, S.; Moreira, M.C.; Correa, M.E.; Maiolino, A.;
Torres, S.R. Oral Involvement of Chronic Graft-versus-Host Disease in Hematopoietic Stem Cell Transplant
Recipients. Gen. Dent. 2011, 59, 458—462.

72. Tanem, K.E.; Wilberg, P.; Diep, P.P.; Ruud, E.; Skaare, A.B.; Brinch, L.; Herlofson, B.B. Oral Chronic GVHD
after Allogeneic Stem Cell Transplantation without Total Body Irradiation Performed at a Young Age.
Support Care Cancer 2022, 30, 4121-4128. https://doi.org/10.1007/s00520-022-06836-7.

73. Pengpis, N.; Prueksrisakul, T.; Chanswangphuwana, C. Clinical Characteristics of Oral Chronic Graft-
versus-Host Disease according to the 2014 National Institutes of Health (USA) Consensus Criteria. Med.
Oral Patol. Oral Cir. Bucal 2023, 28, e167-e173. https://doi.org/10.4317/medoral.25629.

74. Bassim, C.W.; Fassil, H.; Mays, ] W.; Edwards, D.; Baird, K.; Steinberg, S.M.; Cowen, E.W; Naik, H.; Datiles,
M.; Stratton, P.; Gress, R.E.; Pavletic, S.Z. Oral Disease Profiles in Chronic Graft versus Host Disease. ]J.
Dent. Res. 2015, 94, 547-554. https://doi.org/10.1177/0022034515570942.

75. Bassal, M.; Mertens, A.C.; Taylor, L.; Neglia, J.P.; Greffe, B.S.; Hammond, S.; Ronckers, C.M.; Friedman,
D.L.; Stovall, M.; Yasui, Y.Y.; Robison, L.L.; Meadows, A.T.; Kadan-Lottick, N.S. Risk of Selected
Subsequent Carcinomas in Survivors of Childhood Cancer: A Report from the Childhood Cancer Survivor
Study. J. Clin. Oncol. 2006, 24, 476—483. https://doi.org/10.1200/JCO.2005.02.7235.

76. Sunguc, C.; Hawkins, M.M.; Winter, D.L.; Dudley, LM.; Heymer, E.]J.; Teepen, J.C.; Allodji, R.S.; Belle, F.N.;
Bagnasco, F.; Byrne, J.; Bardi, E.; Ronckers, C.M.; Haddy, N.; Gudmundsdottir, T.; Garwicz, S.; Jankovic,
M.; van der Pal, H.J.H.; Mazi¢, M.C.; Schindera, C.; Grabow, D.; Maule, M.M.; Kaatsch, P.; Kaiser, M.;
Fresneau, B.; Michel, G.; Skinner, R.; Wiebe, T.; Sacerdote, C.; Jakab, Z.; Gunnes, M.W.; Terenziani, M.;
Winther, J.F.; Lahteenméki, P.M.; Zaletel, L.Z.; Kuehni, C.E.; Kremer, L.C.M.; Haupt, R.; de Vathaire, F.;
Hjorth, L.; Reulen, R.C. Risk of Subsequent Primary Oral Cancer in a Cohort of 69,460 5-Year Survivors of
Childhood and Adolescent Cancer in Europe: The PanCareSurFup Study. Br. J. Cancer 2023, 128, 80-90.
https://doi.org/10.1038/s41416-022-02016-w.

77. Casey, D.L.; Vogelius, I.R.; Brodin, N.P.; Roberts, K.B.; Avanzo, M.; Moni, J.; Owens, C.; Ronckers, C.M;
Constine, L.S.; Bentzen, S.M.; Olch, A. Risk of Subsequent Neoplasms in Childhood Cancer Survivors after
Radiation Therapy: A PENTEC Comprehensive Review. Int. J. Radiat. Oncol. Biol. Phys. 2024, 119, 640—
654. https://doi.org/10.1016/].ijrobp.2023.07.025.

78. Monteiro, ML.F.; Lemos, ].G.; Pontes, E.S,; Silva, A.C.; Silva, M.H.; Silva, N.F.; Souza, L.L.; Ucho6a, D.C.;
Pontes, H.A. Oral Squamous Cell Carcinoma Arising from Areas of Graft-versus-Host Disease: A
Systematic Review. Med. Oral Patol. Oral Cir. Bucal 2024, 29, e135-e144.
https://doi.org/10.4317/medoral.26133.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0872.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 December 2025 d0i:10.20944/preprints202512.0872.v1

14 of 15

79. da Fonseca, M.A. Dental Care of the Pediatric Cancer Patient. Pediatr. Dent. 2004, 26, 53-57.

80. Glenny, A.M.; Gibson, F.; Auld, E.; Coulson, S.; Clarkson, J.E.; Craig, J.V.; Eden, O.B.; Worthington, H.V;
Pizer, B.; UKCCSG-PONF Mouth Care Group. A Survey of Current Practice with Regard to Oral Care for
Children Being Treated for Cancer. Eur. J. Cancer 2004, 40, 1217-1224.
https://doi.org/10.1016/j.ejca.2004.01.030.

81. Cheng, KK.; Molassiotis, A.; Chang, A.M.; Wai, W.C.; Cheung, S.S. Evaluation of an Oral Care Protocol
Intervention in the Prevention of Chemotherapy-Induced Oral Mucositis in Paediatric Cancer Patients. Eur.
J. Cancer 2001, 37, 2056-2063. https://doi.org/10.1016/50959-8049(01)00098-3.

82. Chan, J.; Filippi, F.; Filippi, C. Clinical Guidance for Maintaining Oral Hygiene in Patients Undergoing
Chemotherapy or Radiation Therapy: A Scoping Review. Swiss Dent. J. 2023, 133, 368-379.
https://doi.org/10.61872/sdj-2023-06-01.

83. Kumar, S.; Tadakamadla, J.; Johnson, N.W. Effect of Toothbrushing Frequency on Incidence and Increment
of Dental Caries: A Systematic Review and Meta-Analysis. J. Dent. Res. 2016, 95, 1230-1236.
https://doi.org/10.1177/0022034516655315.

84. Gupta, A.; Marwaha, M.; Bansal, K.; Sachdeva, A.; Gupta, A. Dental Awareness among Parents and Oral
Health of Paediatric Cancer Patients Receiving Chemotherapy. J. Clin. Diagn. Res. 2016, 10, ZC92-ZC95.
https://doi.org/10.7860/JCDR/2016/17412.7819.

85. Epstein, J.B.; McBride, B.C.; Stevenson-Moore, P.; Merilees, H.; Spinelli, J. The Efficacy of Chlorhexidine
Gel in Reduction of Streptococcus mutans and Lactobacillus Species in Patients Treated with Radiation
Therapy. Oral Surg. Oral Med. Oral Pathol. 1991, 71, 172-178. https://doi.org/10.1016/0030-4220(91)90461-
K.

86. James, P.; Worthington, H.V.; Parnell, C.; Harding, M.; Lamont, T.; Cheung, A.; Whelton, H.; Riley, P.
Chlorhexidine Mouthrinse as an Adjunctive Treatment for Gingival Health. Cochrane Database Syst. Rev.
2017, 3, CD008676. https://doi.org/10.1002/14651858.CD008676.pub2.

87. Ferrandez-Pujante, A.; Pérez-Silva, A.; Serna-Munoz, C.; Fuster-Soler, J.L.; Galera-Mifarro, A.M.; Cabello,
L.; Ortiz-Ruiz, A.J. Prevention and Treatment of Oral Complications in Hematologic Childhood Cancer
Patients: An Update. Children 2022, 9, 566. https://doi.org/10.3390/children9040566.

88. Yeazel, M\W.; Gurney, ].G.; Oeffinger, K.C.; Mitby, P.A.; Mertens, A.C.; Hudson, M.M.; Robison, L.L. An
Examination of the Dental Utilization Practices of Adult Survivors of Childhood Cancer: A Report from
the Childhood Cancer Survivor Study. J. Public Health Dent. 2004, 64, 50-54. https://doi.org/10.1111/j.1752-
7325.2004.tb02726.x.

89. van Breeschoten, ]J.; De Abreu Lourenco, R.; Signorelli, C.; Haas, M.; Cohn, R.].; Wakefield, C.E.; Fardell,
J.E. Patterns and Drivers of Health Care Use in Long-Term Childhood Cancer Survivors: A Systematic
Review. Crit. Rev. Oncol. Hematol. 2017, 120, 60-76. https://doi.org/10.1016/j.critrevonc.2017.10.004.

90. Northridge, M.E.; Kumar, A.; Kaur, R. Disparities in Access to Oral Health Care. Annu. Rev. Public Health
2020, 41, 513-535. https://doi.org/10.1146/annurev-publhealth-040119-094318.

91. Berdahl, T.; Hudson, J.; Simpson, L.; McCormick, M.C. Annual Report on Children's Health Care: Dental
and Orthodontic Utilization and Expenditures for Children, 2010-2012. Acad. Pediatr. 2016, 16, 314-326.
https://doi.org/10.1016/j.acap.2016.02.013.

92. Landier, W.; Bhatia, S.; Eshelman, D.A ; Forte, K.J.; Sweeney, T.; Hester, A.L.; Darling, J.; Armstrong, F.D.;
Blatt, J.; Constine, L.S.; Freeman, C.R.; Friedman, D.L.; Green, D.M.; Marina, N.; Meadows, A.T.; Neglia,
J.P; Oeffinger, K.C.; Robison, L.L.; Ruccione, K.S.; Sklar, C.A.; Hudson, M.M. Development of Risk-Based
Guidelines for Pediatric Cancer Survivors: The Children's Oncology Group Long-Term Follow-Up
Guidelines from the Children's Oncology Group Late Effects Committee and Nursing Discipline. J. Clin.
Oncol. 2004, 22, 4979-4990. https://doi.org/10.1200/JCO.2004.11.032.

93. van Kalsbeek, R.J.; van der Pal, H.J.H.; Kremer, L.C.M.; Bardi, E.; Brown, M.C,; Effeney, R.; Winther, J.F.;
Follin, C.; den Hartogh, J.; Haupt, R.; Hjorth, L.; Kepak, T.; Kepakova, K.; Levitt, G.; Loonen, J.J.;
Mangelschots, M.; Muraca, M.; Renard, M.; Sabic, H.; Schneider, C.U.; Uyttebroeck, A.; Skinner, R.; Mulder,
R.L. European PanCareFollowUp Recommendations for Surveillance of Late Effects of Childhood,
Adolescent, and Young Adult Cancer. Eur. ]. Cancer 2021, 154, 316-328.
https://doi.org/10.1016/j.ejca.2021.06.004.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0872.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 9 December 2025 d0i:10.20944/preprints202512.0872.v1

15 of 15

94. Children’s Oncology Group. Long-Term Follow-Up Guidelines for Survivors of Childhood, Adolescent,
and Young Adult Cancers, Version 5.0, 2018; updated October 2023. Available online:
http://www .survivorshipguidelines.org/ (accessed on 25 November 2025).

95. International Late Effects of Childhood Cancer Guideline Harmonization Group (IGHG). Available online:
https://www .ighg.org/ (accessed on 25 November 2025).

96. Filbert, A.L.; Kremer, L.; Ladenstein, R.; Chronaki, C.; Degelsegger-Marquez, A.; van der Pal, H.; Bardi, E.;
Uyttebroeck, A.; Langer, T.; Muraca, M.; Nieto, A.C.; Rascon, ].; Bagnasco, F.; Beyer, S.; Te Dorsthorst, J.;
Essiaf, S.; Galan, O.A.; Kienesberger, A.; O'Brien, K.; Palau, M.C.; Pluijm, S.M.F.; di Profio, S.; Saraceno, D.;
Schneider, C.; Schreier, G.; Trinkanas, J.; Zamberlan, I; Grabow, D.; Haupt, R.; PanCareSurPass
Consortium. Scaling Up and Implementing the Digital Survivorship Passport Tool in Routine Clinical
Care—The European Multidisciplinary PanCareSurPass Project. Eur. ]. Cancer 2024, 202, 114029.
https://doi.org/10.1016/j.ejca.2024.114029.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or

products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0872.v1
http://creativecommons.org/licenses/by/4.0/

