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Summary
In the introduction (Chapter 1) it is outlined that despite advances in therapy, the long term
survival rates of patients with oral squamous cell carcinoma (OSCC) have only marginally improved
(1). Because of the large difference in prognosis between early and advanced stage tumors (2),
it seems critical to establish a strategy to identify patients at risk for OSCC and to optimize their
management in order to prevent (further) cancer development. In recent years, considerable
progress has been made in understanding the genetic basis of OSCC carcinogenesis (3, 4, 5).
The hypothesis that oral cancers are preceded by precancerous fields of genetically altered cells,
suggests that screening approaches for precancerous genetic changes might become an option.
The major example in this respect is the population-based screening of women for early detection
of cervical precancer by cytological analysis of smears (6).
The aim of this thesis was to develop a noninvasive genetic cytology approach that might be
applied for screening risk groups for precancerous fields as well as monitor oral visible lesions,
and to identify the ones with the highest risk for cancer. Risk groups are leukoplakia patients who,
besides the visible lesion, might have fields that are macroscopically not detectable; treated oral
cancer patients who are at risk for secondary tumors; and patients with Fanconi anemia (FA). FA
is a hereditary chromosomal instability disorder characterized by congenital abnormalities, bone
marrow failure and cancer predisposition, particularly squamous cell carcinoma, most notably in the
head and neck region (7). One could envision that also the elderly population with a long history
of tobacco smoking and alcohol consumption might be at increased risk for oral cancer, but likely
screening will not be cost-effective.
In Chapter 2, the beginning of our search for a noninvasive genetic screening test to detect oral
precancerous lesions is described. In order to gain brushed cells from the oral mucosa and analyze
DNA for genetic alterations (8), a small disposable brush for noninvasive sampling was selected.
The DNA from these exfoliated cells was isolated with proteinase K, resulting in measured DNA
amounts in a range of 150 to 600 ng per sample. Subsequently, a novel assay that allows analysis of
multiple genetic alterations using only small amounts of DNA was investigated: Multiplex Ligationdependent Probe Amplification (MLPA) (9). MLPA was performed on DNA of normal and dysplastic
oral mucosa tissue, as well as of OSCC, with the intention to select a specific MLPA probe set for
accurate detection of precancerous fields in the oral cavity. The MLPA results of normal versus
dysplastic tissues and dysplastic versus tumor tissues showed significant differences in the number
of alterations with p-values < 0.001. In addition, the MLPA assay was compared to the widely used
and accepted loss of heterozygosity (LOH) analysis on dysplastic oral mucosa, showing a moderate
but significant correlation between MLPA and LOH results. A set of 42 MLPA probes was selected,
enabling discrimination between normal and dysplastic tissue. Finally, the feasibility of noninvasive
screening by MLPA was investigated, using brushed samples of 20 noncancer subjects. The study
showed that MLPA is a sensitive, reliable and easy-to-perform technique, enabling the detection of
genetic alterations on small noninvasive samples.
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		 The next step in our search for the most suitable genetic assay to detect and monitor oral
precancerous lesions, was the investigation of the test characteristics on precancerous lesions of
three different genetic assays: MLPA, LOH and DNA ploidy in Chapter 3. To ensure the precancerous
character of the analyzed lesions, we selected 10 previously studied surgical margins from different
oral tumors. Since the tumors and the mucosal epithelium of the corresponding surgical margins
had the same TP53 mutation (10, 11, 12) , it was considered strong evidence that tumor and
precancerous field in the surgical margin were clonally related, and that the tumor arose in this
field. In addition, 10 normal oral mucosa specimens derived from surgical specimens of uvulas
from patients who underwent surgical treatment for snoring were analyzed. No alterations were
found in normal tissue by either of the assays. The MLPA assay was able to detect genetic alterations
in all precancerous fields, however limitations of the assay were the difficult automatization and
the requirement of accurate levels of DNA input. The LOH assay detected genetic changes in all
precancerous fields as well. This assay was, however, more laborious and requires that normal DNA
is analyzed in parallel as reference. Nonetheless, the LOH assay was found to be more robust than
the MLPA assay and feasible for automatization by robotics. DNA index measurement showed an
aberrant DNA content in only four precancerous fields, while they all contained genetic changes. In
conclusion, the LOH assay in particular was found to be the most valuable screening tool to detect
the presence of oral precancerous fields. DNA index measurement might be more suited for risk
assessment of an identified precancerous field, and of less value for early diagnosis. The results were
important for future development of a noninvasive screening assay with brushed cells as sample
source.
		

In order to investigate whether our LOH assay as described in Chapter 3, would be suitable for

noninvasive genetic cytology, we investigated brushed samples from 25 leukoplakia patients and
20 non-cancer control subjects for LOH at chromosomes 3p, 9p, 11q and 17p in Chapter 4. LOH was
absent in all control subjects, and detected in 40% of the leukoplakia lesions. Interestingly, genetic
changes were also found outside the leukoplakia lesions. To determine the test parameters of the
noninvasive LOH assay, the biopsy material from the corresponding leukoplakia lesions was tested
by the same assay as “gold standard”. In the lesions that did not show LOH in the biopsy material,
the corresponding exfoliated cells also did not present with LOH. In seven out of nine leukoplakia
lesions that did show LOH, the same pattern of allelic losses was found in the exfoliated cells. This
would indicate a specificity of 100% and a sensitivity of ~80% for the noninvasive test when genetic
analysis of the biopsy is considered the gold standard. Given the false-negative cases there is
room for improvement of the assay. In conclusion, the presented noninvasive test can be used for
identification as well as genetic grading of visible and possibly nonvisible precancerous fields. For
leukoplakia lesions, however, we believe biopsy should remain the gold standard, although genetic
analysis of the specimen may have added value to the histologic diagnosis.
		

Meanwhile, two retrospective case-control studies showed that DNA aneuploid oral dysplastic

lesions have a higher risk of malignant progression and that DNA index measurement might help to
identify those lesions at increased risk (13, 14). Therefore, we decided to determine the prognostic
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value of the DNA ploidy status in a Dutch cohort of patients with oral leukoplakia in Chapter 5.
The results were compared with histopathological grading. A cohort of 62 leukoplakia patients was
studied, and their biopsy was examined with standard histopathology and DNA image cytometry.
Abnormal DNA content was present in 27 out of 62 lesions. During the follow-up period with a
median of 69 months, 13 patients developed an OSCC. In 7 of these 13 patients the DNA content of
the initial biopsy was abnormal. Statistical analysis showed a significant relation between DNA ploidy
and cancer development, with an HR of 3.7. DNA measurement was shown to have some value in
predicting progression for the individual patient as indicated by the sensitivity and specificity values
of 54% and 60%, and the positive and negative predictive value of 26% and 83% respectively. On the
other hand, histopathological grading was analyzed, and this showed a significant association with
the risk for progression, in the same order as observed for DNA ploidy. However, the predictive value
of dysplasia grading appeared to be better, judged from the sensitivity and specificity of 54% and
92%, respectively. In addition, a multivariate Cox regression analysis showed that DNA ploidy and
dysplasia are relatively independent variables. From this study we concluded that DNA aneuploid
leukoplakia lesions have a significantly higher risk for malignant progression, although DNA diploid
lesions are not exempt from malignant progression. As for the individual leukoplakia patient, we
found that DNA ploidy status as single biomarker has limited value to predict the progression into
cancer. Dysplasia grading seems to perform better, but it should be noted that histopathological
grading remains a somewhat subjective measurement. Of note, these analyses were performed on
one initial biopsy. We cannot exclude that both assays would perform much better in longitudinal
studies.

General discussion and future perspectives

Chapter

Early diagnosis of oral precancerous lesions might be of importance for clinical management,
particularly in high-risk populations, considering the poor prognosis of advanced stage tumors.
As the majority of precancerous lesions other than leukoplakia and erythroplakia is clinically not
recognizable (10), there is a need to improve detection. Methods such as toluidine blue staining (15)
and auto fluorescence imaging have been investigated, but there is to date not much evidence for
the efficacy of these visualization methods.
Considering that precancerous oral lesions are characterized by genetic alterations, this thesis
was performed to develop and evaluate a noninvasive screening test based on genetic markers. As
head and neck cancers in general could also be caused by infection with the human papillomavirus
(HPV) (16), the use of HPV DNA as markers of precancerous lesions might be considered as well.
Although in a previous study, it was shown that HPV infection is rarely found in oral premalignant
lesions and hardly contributes to malignancies in the oral cavity (17), a more recent study suggests
that HPV may play a more prominent role in oral premalignant disorders than was previously
believed (18).
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We were able to design a noninvasive method to screen for oral precancerous lesions, and
found the LOH of markers, located at chromosomes 3p, 9p, 11q and 17p, to be most suitable in this
respect. The LOH assay has been proven to work well, is automated and allows a high-throughput
approach. However, in large series we have now shown that the sensitivity is somewhat lower than
suggested, being around 50%. The specificity remains 100% and the positive predictive value is
also 100%, indicating that when a field was detected noninvasively, it was present histologically
(Graveland et al. in preparation). For screening purposes in low risk groups, such test characteristics
are acceptable. However, for high risk groups the sensitivity should be higher. For small lesions, a
likely explanation for the limited sensitivity is that by brushing a larger surface, too many normal
cells are introduced in the sample that skew the allelic loss. Meanwhile, we have also noted that
there may be many other sources of normal DNA in the oral cavity that might skew LOH analysis
even when the sampling is accurate. Using CD45 immunostaining, we noted that in many cases
lymphocytes infiltrate the mucosal epithelium, which might be a likely source of normal DNA
contamination (Smetsers et al. in preparation). Changing the cut-off point to a change of 25% in the
ratio between the alleles might be an option to increase the analytical sensitivity of the LOH assay ,
but will have important consequences for the specificity. For diagnostic workup for visible lesions,
incisional biopsies, therefore, remain the standard. However, this is not an option for fields that are
not visible to the naked eye. Therefore, it is preferable to apply more sensitive markers than LOH,
possibly methylation markers (19). Given the apparent various sources of DNA in the oral cavity,
these markers need to be selected with great care.
Identification of high risk precancerous lesions is important, but should be followed by the
development of treatment options. For visible precancerous lesions, the most commonly used
treatment modalities consist of surgical excision or laser therapy. However, in case of precancerous
fields that are not visible, other treatment modalities will be required. Administration of retinoids,
either topically or systemically, has thusfar not been proven to have therapeutic value (20, 21).
Mouthwash therapy containing an attenuated adenovirus, such as the ONYX adenovirus, have
been investigated in a clinical trial. Feasibility was shown, but the reported efficacy leaves much
to be desired (22). There are a multitude of drugs being tested, but major successes have not been
reported. Notwithstanding, the development of targeted biologic therapies will likely, in the future,
result in a strategy to either inhibit progression of precancerous lesions to invasive oral cancer, or
eradicate these fields.
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