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Tumors originate from precursor lesions

Healthy epithelium

Precursor field

Visible lesion

Healthy epithelium

Mostly invisible/not noted before 
transformation (75%)
or

Oral Potentially Malignant Disorders
including

Oral Leukoplakia / erythroplakia

note: very prevalent in Fanconi
Anemia patients!



Detect and monitor oral precancer

Oral leukoplakia Cancer after 4 years

Oral leukoplakia
• most common oral precancer (1-2% of population, 9-12% in FA)
• in sporadic: 3-5% progress to oral cancer annually
• treatment (surgery, laser) does NOT reduce cancer risk

• OL characterized by same driver mutations as oral cancer
• genetic changes can be detected in noninvasive samples

Lifelong monitoring in cancer 
center currently essential;
in FA: 6 weeks – 3 months

Opportunity to detect and 
monitor by genetic assay



Clinical problems oral precancer in FA and non-FA

Oral leukoplakia
• Treatment often not possible
• Treatment when possible, not effective: lesions recur
• 50% will develop oral cancer
• Watchful surveillance: inadequate risk assessment

Mucosal changes that are not visible as lesions (in 70%)
• Identified in surgical margins of treated oral cancer patients

• under the microscope
• by genetic markers



Non-invasive genetic screening in FA and non-FA

Applications for oral leukoplakia / precancer lesions
• Detect heterogeneity in lesions
• Detect extension beyond what is visible
• Monitor treatment efficacy
• Risk assessment 

Applications to detect mucosal changes that are not visible as lesions
• Genetic mapping to support watchful surveillance
• Risk assessment
• Select patients for intervention trials



Genetic aberrations in HNSCC

TCGA 2015

Copy number aberrations Affected genes

Genetic aberrations in >90% of tumors
TP53 commonly mutated in sporadic and FA-SCC

Webster, Sanders et al., Nature 2022



Genetic aberrations in Oral Leukoplakia

Wils et al., CCR 2023

CNAs and TP53 less frequent in OL
TP53 and CASP8 mutation and specific CNAs 
associate with malignant transformation of OL

Copy number aberrations Time to malignant transformation

TP53mut, CASP8mut

loss of 3p, 8p, 20p



Aim

Develop a sensitive, specific, and non-invasive strategy 
for early oral cancer detection and monitoring
(that even works after SCT)

1) Develop and validate non-invasive screening using brushed samples
2) Application to FA patients
3) Longitudinal monitoring with novel assay



Noninvasive genetic assay in oral leukoplakia

VUmc Oral Leukoplakia cohort

41 OL lesion biopsy sample

41 matched brush samples

29 healthy control brush samples

gold standard

low coverage WGS
targeted deep-seq



yes no

yes 26 1*

no 5 9

Genetic changes 
detected in biopsy

Genetic changes 
detected in brush

31/41 = 76%

Concordance brush and biopsy samples

Genetic alterations in healthy controls
0 samples with CNAs
0 samples with mutations

Genetic alterations in OL biopsy

Accuracy of brushes: 35/41 = 85%

Sensitivity of brushes: 26/31 = 84%

Poell et al., IJC 2023

* Genuine but missed in biopsy by poor quality DNA



Brushing strategy FA patients

visible lesions brushed separately

brush samples biobanked since 2006

>700 patients

~3,000 samples

Biobank at VUmc:



Sequencing brushed samples of FA patients
Matched for age, sex, SCT

Fanconi Anemia cohort developed ORAL CANCER did NOT develop oral cancer P-value

Total 17 25

Age (mean ± SD, range) 30.8 ± 11.5, 16–55 29.2 ± 10.5, 16–51 0.65

Female
Male

8
9

14
11 0.75

SCT
No SCT

11
6

18
7 0.74

- Pooled brushes standardized oral sites (visible lesions separate)
- Brush data before diagnosis of oral cancer



Genetic changes in oral epithelium of FA patients
pool of standard brush locations brush of visible lesion

Chr Pos Gene REF ALT Change normal lesions
chr4 187549878 FAT1 G A p.Gln1455* nd 3.46
chr9 21971108 CDKN2A C T p.Asp84Asn nd 11.42
chr9 187521283 FAT1 G A p.Arg58* nd 5.96
chr9 139412350 NOTCH1 G A p.Thr432Met 3.81 12.22
chr17 7578200 TP53 CCA C p.Val216fs nd 11.62



Sequencing brushed samples of FA patients

Fanconi Anemia cohort developed ORAL CANCER did NOT develop oral cancer P-value

Total 17 25

Age (mean ± SD, range) 30.8 ± 11.5, 16–55 29.2 ± 10.5, 16–51 0.65

Female
Male

8
9

14
11 0.75

SCT
No SCT

11
6

18
7 0.74

CNAs
mutations
any genetic change

12
8

12

11
3

12

0.12
0.03
0.21

especially mutations predictive for cancer development in FA



Mutations detected in brush sample 
associate with risk of oral cancer

Poell et al. Int J Cancer 2022
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Conclusion and Clinical Relevance
Non-invasive detection on (non-FA) leukoplakia patients

- Accuracy 85%

- Highly specific for abnormality (>90%)

Genetic detection of invisible mucosal precancer in FA

Invisible mucosal precancer are a risk factor for oral cancer in FA

Application to FA patients

- Monitor oral leukoplakia lesions

- Genetic detection of invisible mucosal precancer in FA

- Patient selection for interventions

- Screening at home by oral rinse?



Future Direction: OralScreen
1) develop novel CyclomicsSeq assay

Nanopore-based: fast turnaround, limited infrastructure

Targeted: full high-risk genes + hotspots

Highly accurate (consensus calling)

2) OL longitudinal monitoring

Marcozzi et al., NPJ Genom Med 2021

Amsterdam UMC & UMC Groningen

Target: 150 OL inclusions

Sample at each visit:
– brush sample
– oral rinse

option to monitor FA patients...

Predict recurrence and transformation
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