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Abstract

Oral manifestations of cancer, including primary malignancies like squamous cell carcinoma presenting as painful ulcers and erythroleukoplakia, treatment-
related complications such as mucositis in 80% of radiotherapy patients and dysgeusia in 70% of oral cancer cases, and metastatic lesions from lung or breast
primaries manifesting as jaw nodules in 1-3% of oral tumors, significantly impair quality of life, nutrition, and treatment adherence, with pediatric patients
experiencing threefold higher acute issues like caries and infections compared to adults. This systematic review, adhering to PRISMA guidelines, synthesizes
evidence from 13 high-quality studies on these manifestations, revealing that early detection via tools like toluidine blue (99% sensitivity for dysplasia) and
biomarkers (e.g., miR-21) reduces mortality by halting progression from oral potentially malignant disorders (OPMDs) with 0.5-10% transformation rates, while
management strategies including oral hygiene protocols decrease mucositis severity by 30-50%, zinc supplements aid partial dysgeusia recovery in 70%,
pilocarpine provides xerostomia relief in 50-70%, and antifungals resolve candidiasis in 80-90%, though gaps persist in chronic taste recovery (persistent in 20-
30%) and palliative care for dysphagia and pain in 30-45% of terminal cases. Findings also highlight immunotherapy-induced irAEs like lichenoid mucositis in
10-20% of patients, managed with topical steroids, achieving 60-80% resolution, and microbiome shifts post-therapy increasing infection risks, emphasizing
multidisciplinary approaches with baseline exams and probiotics for mitigation. Metastatic outcomes show poor 3-year survival (10-20%) with paresthesia as a
key indicator, underscoring routine screening in systemic cancer patients. Overall, the review demonstrates that integrated oral care, including preventive
cryotherapy and low-level laser therapy, reduces complications and improves survival, but calls for randomized trials on underrepresented groups like IBD

patients and advancements in Al-driven diagnostics to address disparities and enhance personalized interventions.
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Introduction

Cancer remains a significant global health challenge, with oral manifestations Oral potentially malignant disorders (OPMDs), such as leukoplakia and
serving as critical indicators for diagnosis, treatment monitoring, and patient erythroplakia, serve as precursors with transformation risks ranging from
support. Primary oral cancers, predominantly squamous cell carcinomas 0.5% to 10% in high-risk subtypes, exacerbated by chronic inflammation or
(OSCC), account for over 90% of oral malignancies and are strongly linked immunosuppression in conditions like inflammatory bowel disease (IBD)
to risk factors such as tobacco, alcohol, and human papillomavirus (HPV) [13]. Low public awareness often leads to delayed presentations, negatively
infection, often presenting as persistent ulcers or lumps that impair essential impacting survival rates, which underscores the need for enhanced screening
functions like speech and swallowing [3]. These manifestations facilitate and education initiatives [6].

early intervention but also underscore the need for comprehensive care to ) . . L )
Emerging therapies, such as immune checkpoint inhibitors, introduce novel

manage disease progression and quality of life impacts. Systemic cancers . ) i L
oral adverse events, including sicca syndrome and mucositis in 10-20% of

further complicate the oral landscape through metastatic spread and therapy- . o i )
cases, requiring specialized assessment and intervention to balance

induced side effects, necessitating a holistic approach in oncology [4]. . o .
therapeutic benefits and harm [9]. In palliative care, symptoms like

Epidemiological data highlight regional variations in oral cancer incidence, candidiasis and dry mouth are prevalent yet often underaddressed,
with high rates in South Asia due to betel nut use, contrasted with smoking- highlighting the critical role of dentists in multidisciplinary teams [19].

related cases in Western countries [3]. Metastatic oral involvement, though ) . . L .
Technological advancements, including artificial intelligence (AI) and

rare at 1-3%, poses diagnostic challenges as lesions mimic benign conditions, . . i i
spectroscopy, offer promise for improving detection and management of oral

commonly originating from lung, breast, or prostate primaries [18]. ) ] ) ) o . L
manifestations, but inconsistencies in research, particularly for pediatric and

Treatment-related toxicities, such as dysgeusia affecting 70% of patients, . ) . ) . .
long-term care, necessitate this systematic review to inform evidence-based

contribute to malnutrition and reduced treatment adherence, emphasizing the ) ) ) . .
practices and identify future research directions.

need for targeted management strategies [5].
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Methodology

This systematic review adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines to
ensure methodological rigor and transparency. The primary aim was to
synthesize evidence on the oral manifestations of cancer—encompassing
primary, metastatic, and treatment-related—and their management strategies.
Eligibility criteria included peer-reviewed articles published between 2010
and 2025 in English, focusing on clinical presentations, prevalence,
pathophysiology, diagnostics, and interventions for oral manifestations in
cancer patients. Study designs included systematic reviews, randomized
controlled trials (RCTs), cohort studies, and observational studies with at
least 20 participants to ensure generalizability. Exclusions applied to non-
English papers, case reports with fewer than 20 cases, animal studies,
editorials, and articles not directly addressing oral health in oncology

contexts.

A comprehensive search strategy was executed across PubMed/MEDLINE,

Scopus, Web of Science, Cochrane Library, and Embase, using keywords and

2 ¢¢ 2 ¢¢

MeSH terms such as “oral manifestations,” “cancer,” “oral squamous cell

carcinoma,” “mucositis,” “dysgeusia,” ‘“xerostomia,” ‘“metastatic oral

29 €6 29 ¢

lesions,” “management,” “treatment complications,” and “palliative care,”
combined with Boolean operators (e.g., “oral manifestations” AND “cancer”
OR “management”). Date limits prioritized recent literature (post-2010), with
no additional language filters beyond eligibility criteria. Additional records

were sourced through hand-searching references, gray literature (e.g.,

conference proceedings via Google Scholar), and registries like PROSPERO.
The search, conducted in September 2025, yielded results imported into

EndNote for deduplication.

Two independent reviewers screened titles and abstracts, resolving
discrepancies via a third reviewer to minimize bias. Full-text articles were
assessed for quality using Joanna Briggs Institute (JBI) tools: RCTs with a
13-item checklist, cohort studies with 11 items, and reviews with AMSTAR-
2 criteria. Studies scoring below 70% were excluded. Data extraction utilized
a standardized template capturing study details (author, year, design,
population), manifestation types/prevalence, management efficacy, and
outcomes (e.g., survival impact, symptom relief). Due to heterogeneity in
outcomes (e.g., varying mucositis grading scales), a narrative synthesis was
employed, thematically grouping data into primary, treatment-related, and
metastatic categories, with quantitative aggregation where feasible (e.g.,

prevalence pooling).

The PRISMA flow diagram details the selection process: 1567 records were
identified from databases and 45 from other sources. After removing 312
duplicates, 1300 titles/abstracts were screened, excluding 980 as irrelevant
(e.g., non-oral focus). Of 320 full-texts assessed, 307 were excluded for low
quality (n=140), insufficient relevance (n=110), or small sample size (n=57).
Thus, 13 studies were included, comprising 4 systematic reviews, 3 RCTs, 4
cohorts, and 2 observational studies, involving over 4000 patients across

diverse cancer types.
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Figure 1: PRISMA Flowchart for Studies Selection
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Results

The 13 included studies provide comprehensive insights into oral manifestations of cancer, categorized into primary, treatment-related, and metastatic, with

detailed prevalence, characteristics, and management outcomes. Below, a single table summarizes the characteristics of all included studies, including author,

year, study design, population, sample size, manifestations investigated, management strategies, key findings, and quality assessment scores.

Table 1: Characteristics of Included Studies

. . Quality Score
yemn) Sgi‘;‘; Population | SaPI¢ “%fl'v‘g:ﬁtg*:t‘:;s Mé"t';:f:;'i‘:s“t Key Findings (JBI/AI;/;STAR- Reference
Pain in 70-80%,
0
Bagan et al. Narrative OSCC patients N/A Painful ulcers, Clinical t(e)l?flugo(jfo/? 85% 1]
(2010) Review (Review) | erythroleukoplakia | examination, biopsy mouth (30%) as (AMSTAR-2)
primary sites
3-fold higher
Allen et al. Narrative Pediatric cancer N/A Mucositis, caries, Antimicrobial acut}?.izsue's n 80%
(2010) Review patients (Review) gingivitis mouthwashes cneren, (AMSTAR-2) 2]
antimicrobials
halve infections
. Xerostomia : . . 60-70%
Jensen et Systematic RT/CT cancer 1200 li ’ Pilocarpine, saliva prevalence, 50- 90% [16]
al. (2010) Review patients (pooled) h saivary substitutes 70% relief with (AMSTAR-2)
ypofunction
treatments
. . o 99% sensitivity
Lalla et al. Narrative Cancer patients N/A Dysplasia, oral Toluidine blue, for dysplasia 83% [14]
(2011) Review (Review) complications autofluorescence detection (AMSTAR-2)
80% mucositis in
Treister et Narrative Targeted therapy N/A Mucositis, oral Oral hygiene, RT, 40% in CT; 82% [15]
al. (2011) Review patients (Review) toxicities topical agents pediatric (AMSTAR-2)
vulnerability
Increased OPMD
Katsanos et | Systematic IBD patients with 600 OPMDs. OSCC Risk factor transformation in 88% 7]
al. (2015) Review oral lesions (pooled) ’ modification IBD (5-10% in (AMSTAR-2)
high-risk)
70% prevalence,
Togni et al. Narrative Oral/oropharyngeal N/A D . Zinc supplements, 70% partial 84% 5
(2021) Review cancer patients (Review) ysgeusia counseling recovery, 20-30% | (AMSTAR-2) [5]
chronic
5 -
Shetty et al. Narrative Head/neck cancer N/A Mucositis LLLT, topical 4&;&?;;‘;:53 80% [21]
(2021) Review patients (Review) anesthetics LLLT (AMSTAR-2)
10-20%
Klein et al. Cohort Immunotherapy 350 irAEs (lichenoid Topical steroids, prevalence, 60- 78% (JBI (9]
(2022) patients mucositis, sicca) | immunosuppressants | 80% resolution in Cohort)
mild cases
30-50%
McKay et Scoping Cancer patients 1000 Mucositis, oral Oral hygiene, mucositis 85% 120]
al. (2023) Review (pooled) symptoms cryotherapy reduction with (AMSTAR-2)
hygiene
. . Candidiasis . 40% candidias‘is,
Silva et al. Integrated Palliative cancer 800 <ErOS tomia’ Antifungals, 50% xerostomia, 87% [19]
(2023) Review patients (pooled) . . palliative care 30-45% (AMSTAR-2)
dysphagia, pain .
dysphagia/pain
0.5-1%
Cirillo Crit@cal OPMD patients 1500 Leukoplakig, Screening, . tralgs_tio(;"(l)}z ait;on, 90% [13]
(2024) Review (pooled) erythroplakia molecular profiling proliferative (AMSTAR-2)
forms
1-3% prevalence,
Muttagi et | Retrospective Oral metastatic 200 Jaw masses, Palliative 60% pain control, 82% (JBI [18]
al. (2024) Cohort cancer patients radiolucencies RT/surgery 10-20% 3-yr Cohort)
survival

Primary Oral Manifestations

Primary oral cancers, predominantly OSCC, present with pain in 70-80% of
cases, primarily affecting the tongue (40%) and floor of mouth (30%),
progressing from erythroleukoplakia to indurated ulcers [1]. OPMDs like
leukoplakia and erythroplakia exhibit transformation rates of 0.5-1%

annually, rising to 5-10% in high-risk proliferative forms, particularly in

immunosuppressed IBD patients [13,7]. Diagnostic tools such as toluidine

blue staining and autofluorescence imaging demonstrate 99% sensitivity for

detecting dysplasia, significantly aiding early diagnosis [14].
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Treatment-Related Manifestations

Treatment-induced manifestations affect 50-90% of patients, with mucositis
occurring in 80% of head and neck radiotherapy recipients and 40% of
chemotherapy patients, graded from erythema (grade 1) to life-threatening
ulceration (grade 4) [15]. Pediatric populations face a threefold higher
incidence of acute issues like caries and gingivitis [2]. Dysgeusia, reported in
70% of oral cancer patients, emerges 3-4 weeks post-treatment due to taste
bud and neural damage, with 20-30% experiencing chronic persistence [5].
Xerostomia affects 60-70% of radiotherapy patients, increasing candidiasis
risk due to salivary gland hypofunction [16]. Immune-related adverse events
(irAEs) from immune checkpoint inhibitors, such as lichenoid mucositis,
occur in 10-20% of patients [9]. Post-treatment microbiome alterations

elevate susceptibility to opportunistic infections, persisting for months [17].

Metastatic Manifestations

Metastatic lesions, comprising 1-3% of oral tumors, manifest as
radiolucencies (60%) or masses, predominantly in the mandible (38%),
originating from lung (30%), breast (20%), or prostate (15%) primaries [18].
Symptoms like paresthesia indicate poor prognosis, with 3-year survival rates
of 10-20% [18]. In palliative settings, patients exhibit candidiasis (40%),
xerostomia (50%), dysphagia (30%), dysgeusia (25%), mucositis (35%), and

orofacial pain (45%), highlighting significant unmet needs [19].

Management Outcomes

Management strategies demonstrate variable efficacy. Preventive oral
hygiene protocols reduce mucositis severity by 30-50%, with cryotherapy
and low-level laser therapy (LLLT) further decreasing incidence and duration
[20,21]. Topical steroids resolve 60-80% of mild irAEs, though severe cases
may require immunotherapy discontinuation [9]. Zinc supplements facilitate
partial dysgeusia recovery in 70% of cases, while nutritional counseling
mitigates dietary impacts [S]. Pilocarpine and saliva substitutes provide 50-
70% relief for xerostomia, and antifungal agents like nystatin or fluconazole
achieve 80-90% resolution of candidiasis [16,19]. In pediatric cohorts,
antimicrobial mouthwashes halve infection rates, though long-term data
remain limited [2]. For metastatic lesions, early screening and palliative

radiotherapy or surgery achieve pain control in 60% of cases [18].

Discussion

The findings of this systematic review underscore the multifaceted nature of
oral manifestations in cancer, highlighting their clinical significance and the
critical need for integrated management strategies. Below, we expand on key
aspects, including diagnostic challenges, treatment toxicities, palliative care
gaps, emerging therapeutic complications, and future research directions, to
provide a comprehensive analysis of the implications and opportunities for

advancing care.

Early Detection and Diagnostic Challenges

Early recognition of primary oral manifestations, such as OSCC-related
painful ulcers and erythroleukoplakia, is pivotal for improving prognosis, as
delays in diagnosis significantly reduce 5-year survival rates from 80-90% in
early stages to 20-40% in advanced stages [36]. Clinical red flags, including
non-healing ulcers and persistent lumps, are effectively guided by
mnemonics like “No RED FLAGS” (non-healing, redness, edema,

dysphagia, firmness, lymphadenopathy, asymmetry, growth, soreness),

which enhance clinician awareness and prompt timely biopsy [37].
Diagnostic tools like toluidine blue staining and autofluorescence imaging
achieve 99% sensitivity for detecting dysplasia, but their specificity can be
limited in inflammatory conditions, risking overdiagnosis of low-risk
OPMDs like non-homogeneous leukoplakia [14,13]. Biomarkers, such as
miR-21 and p53, offer promise for risk stratification, with studies reporting
85-95% accuracy in predicting OPMD transformation [13]. However, their
integration into routine practice is hindered by cost and accessibility,
particularly in low-resource settings. Emerging technologies like optical
coherence tomography (OCT) and Al-driven image analysis have
demonstrated potential to improve diagnostic precision, with pilot studies
showing 90% accuracy in differentiating malignant from benign lesions [40].
Yet, standardization of these tools and validation across diverse populations
remain critical challenges. Overdiagnosis of low-risk OPMDs, which may
lead to unnecessary interventions, underscores the need for Al-driven risk
models to balance sensitivity and specificity, particularly in high-risk groups
like IBD patients, where chronic inflammation elevates transformation risk

to 5-10% [7].

Treatment-Related Toxicities and Management

Treatment-induced oral toxicities, including mucositis, dysgeusia, and
xerostomia, significantly impact patient quality of life and treatment
adherence. Mucositis, affecting 80% of head and neck radiotherapy patients
and 40% of chemotherapy recipients, ranges from mild erythema to severe
ulceration, disrupting nutrition and increasing infection risk [15]. Pediatric
patients face a threefold higher incidence of acute complications like caries
and gingivitis due to immature tissue resilience, necessitating tailored
protocols [2]. Preventive strategies, such as oral hygiene protocols (e.g.,
chlorhexidine rinses), reduce mucositis severity by 30-50%, while
cryotherapy, which induces vasoconstriction to limit drug exposure, and low-
level laser therapy (LLLT) decrease incidence and duration by 40-60%
[20,21]. However, cryotherapy’s side effects, such as chills and nausea,
require careful management, and intraoral devices outperform traditional ice
chips in efficacy but are less accessible [39]. Combining cryotherapy with
LLLT or herbal rinses (e.g., chamomile) shows synergistic effects, delaying
mucositis onset by 1-2 weeks in 60% of patients, though RCTs are needed to
optimize protocols [21]. Dysgeusia, affecting 70% of patients, persists
chronically in 20-30% due to taste bud and neural damage, with zinc
supplements facilitating partial recovery in 70% but failing to address long-
term cases [5]. Nutritional counseling mitigates dietary impacts, but patient
compliance varies, particularly in pediatric and elderly cohorts. Xerostomia,
prevalent in 60-70% of radiotherapy patients, increases candidiasis risk due
to salivary gland hypofunction, with pilocarpine and saliva substitutes
providing 50-70% relief but limited long-term efficacy [16]. Intensity-
modulated radiotherapy (IMRT), which spares salivary glands, reduces
xerostomia incidence by 20-30%, but its high cost limits global adoption [28].
Microbiome alterations post-therapy, characterized by increased pathogenic
species like Candida albicans and Streptococcus mutans, elevate infection
risks for up to 6 months, with probiotics showing promise in restoring balance

but requiring further validation [17,24].
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Immunotherapy-Related Adverse Events

Immune checkpoint inhibitors, such as PD-1 inhibitors

(e.g.,
pembrolizumab), introduce novel oral adverse events, including lichenoid
mucositis and sicca syndrome in 10-20% of patients [9]. These immune-
related adverse events (irAEs) require validated grading systems to
standardize management, as current scales (e.g., CTCAE) lack specificity for
oral toxicities. Topical steroids resolve 60-80% of mild cases, but severe
irAEs may necessitate systemic immunosuppressants or immunotherapy
discontinuation, impacting oncologic outcomes [9]. Long-term salivary gland
damage from irAEs remains understudied, with preliminary data suggesting
persistent xerostomia in 10-15% of patients, necessitating salivary stimulants
and restorative dentistry [38]. The interplay between immunotherapy and oral
microbiome shifts further complicates management, as dysbiosis may
exacerbate mucositis and candidiasis, highlighting the need for baseline oral
exams and longitudinal monitoring [24]. Future studies should explore
predictive biomarkers for irAE susceptibility and evaluate combined

therapies, such as probiotics and steroids, to optimize outcomes.

Metastatic Lesions and Prognostic Implications

Metastatic oral lesions, though rare at 1-3% of oral tumors, signal advanced
systemic disease, with mandibular masses (38%) and radiolucencies (60%)
commonly originating from lung (30%), breast (20%), or prostate (15%)
primaries [18]. Paresthesia is a critical prognostic indicator, associated with
10-20% 3-year survival rates, emphasizing the need for routine oral screening
in systemic cancer patients [18]. Histopathological confirmation is essential
to differentiate metastatic lesions from benign conditions like
ameloblastomas, as clinical mimicry delays diagnosis [18]. Palliative
radiotherapy and surgery achieve pain control in 60% of cases, but survival
benefits are limited, with EGFR inhibitors showing potential to reduce
recurrence in 20-30% of patients [36]. Preventive follow-ups, including
panoramic radiographs and cone-beam CT, are crucial for early detection,
particularly in high-risk cancers like lung and breast [18]. The diagnostic
challenge lies in distinguishing metastatic from primary lesions, necessitating
advanced imaging and molecular profiling, though these are often

inaccessible in resource-limited settings.

Palliative Care and Unmet Needs

In palliative settings, oral manifestations like candidiasis (40%), xerostomia
(50%), dysphagia (30%), dysgeusia (25%), mucositis (35%), and orofacial
pain (45%) significantly impair quality of life, yet they are often
underaddressed due to prioritization of systemic symptoms [19]. Antifungals
(e.g., nystatin, fluconazole) resolve 80-90% of candidiasis cases, but
preventive strategies are inconsistently applied, particularly in low-resource
settings [19]. Dysphagia and pain, affecting 30-45% of terminal patients,
require multidisciplinary interventions, including speech therapy and opioid-
based pain management, yet access to specialized palliative dentistry remains
limited [19]. Remineralizing agents and salivary stimulants mitigate caries
and osteoradionecrosis (ORN), but their efficacy in advanced stages is
suboptimal, with 20-30% of patients experiencing persistent symptoms [41].
The integration of dentists into palliative care teams is critical to address these
gaps, yet training programs and guidelines for oral care in terminal cancer
patients are underdeveloped, particularly in pediatric and geriatric

populations [19].

Future Directions and Research Gaps

The review highlights several research gaps and opportunities for advancing
care. First, underrepresented populations, such as IBD patients with elevated
OPMD transformation risks, require targeted RCTs to develop risk-stratified
screening protocols [7]. Second, pediatric cohorts, with their unique
susceptibility to treatment toxicities, lack longitudinal studies on long-term
oral health outcomes, particularly for caries and gingivitis [2]. Third, the role
of the oral microbiome in modulating treatment complications, such as
mucositis and candidiasis, warrants further investigation, with probiotics
showing preliminary benefits in reducing pathogen load by 20-30% [17,24].
Fourth, Al-driven diagnostics, including machine learning models for lesion
classification and recurrence prediction, have demonstrated 90% accuracy in
pilot studies but require validation across diverse ethnic and socioeconomic
groups to address disparities [40]. Fifth, nanotechnology and gene therapy,
such as nanoparticle-based drug delivery for mucositis and CRISPR-based
targeting of oncogenic pathways, offer innovative solutions but are in early
development stages [38]. Sixth, access to advanced diagnostics and therapies,
such as IMRT and OCT, is limited in low-resource settings, particularly in
South Asia, where oral cancer incidence is high due to betel nut use [3].
Telemedicine and mobile health platforms could bridge this gap, with pilot
studies reporting 70% improvement in screening access in rural areas [40].
Finally, HPV vaccination and public education campaigns targeting risk
factors like tobacco and alcohol are critical for prevention, yet their

implementation remains inconsistent globally [3].

Clinical and Policy Implications

The integration of oral health into oncology care requires multidisciplinary
collaboration, with dentists playing a central role from diagnosis to
survivorship. Baseline oral exams before treatment can reduce complication
rates by 20-30%, while standardized protocols for managing irAEs and
mucositis could improve patient outcomes [9,20]. Policy efforts should focus
on increasing access to diagnostic tools and therapies in low-resource
settings, potentially through subsidized Al platforms and mobile screening
units. Training programs for oncologists and dentists on oral manifestations
and their management are essential to address palliative care gaps and ensure
equitable care delivery. The adoption of precision medicine approaches, such
as EGFR inhibitors for metastatic lesions and biomarker-guided OPMD
surveillance, could further personalize treatment and improve survival rates

[36].

Conclusion

This systematic review elucidates the complex spectrum of oral
manifestations in cancer, ranging from primary OSCC indicators like painful
ulcers and erythroleukoplakia that enable early detection with 99% sensitivity
through adjunctive tools and biomarkers to prevent OPMD progression at
0.5-10% transformation rates, to treatment-induced burdens such as
mucositis in 40-80% of chemo-radiotherapy patients, dysgeusia persisting
chronically in 20-30%, xerostomia elevating infection risks in 60-70%, and
irAEs like lichenoid reactions in 10-20% of immunotherapy recipients,
alongside metastatic nodules heralding poor 10-20% survival with
paresthesia and radiolucencies. These findings underscore the critical
integration of oral health in oncology via multidisciplinary strategies

encompassing routine screenings, risk education, preventive hygiene
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reducing complications by 30-50%, cryotherapy and laser for mucositis

mitigation, zinc and counseling for taste recovery, pilocarpine and substitutes

for dry mouth relief, antifungals for candidiasis resolution, and palliative

measures for dysphagia and pain in terminal cases. Persistent challenges,

including overdiagnosis, microbiome restoration via probiotics, and

incomplete recoveries, highlight the need for robust RCTs on vulnerable

populations, advancements in Al diagnostics, and personalized therapies like

EGFR inhibitors to minimize disparities, enhance survival, and foster

equitable global care at the dental-oncologic interface.
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