Chapter 8
The Role of Ploidy Analysis in Oral Cytology

Torsten W. Remmerbach

Cytogenetic Backgrounds

All types of tumors, even benign ones, may show numerical and structural chromosomal
aberrations, which are not present in healthy or reactive cells [1].

During progression of the tumor, early detectable and cancer specific primary
aberrations are followed by secondary and tertiary chromosomal changes. Primary
aberrations are the first cytogenetic structural or numeric changes, which are detect-
able by the conventional light microscope. Only one or a few chromosomes are hit
specifically and mainly persistent during tumor progression. These changes are type
specific for distinct malignancies like Philadelphia chromosomes in chronic myel-
oid leukemia. Solid tumors mostly present deletions of chromosomes, leukemia,
however, is largely characterized by translocations. These early chromosomal
changes are followed by secondary aberrations and affect specific chromosomes on
a regular base; this leads to worsening the prognosis of the patient’s disease [2]. In
contrast to the primary ones, secondary aberrations are detectable by quantification
of the net effect of the cellular DNA content using image DNA cytometry [3].
Tertiary chromosomal aberrations are the result of genetic instability and may affect
chromosomes at random.

In principle, the analysis of chromosomes is capable of qualifying cells to be
malignant, independently by histological or cytological examination [2, 4]. Even
earlier stages of malignancy without clinical symptoms and the malignant potential
may be determined by chromosomal analysis. But these complex cytogenetic tech-
niques are not available for all types of tissues due to the lack of sufficient cell cul-
ture capability to transfer the cells into the M-phase. Additionally they are elaborate
and time consuming.
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Feulgen Staining

The DNA content cannot be measured directly by cytometry. After quantitative
DNA staining, the nuclear Integrated Optical Density (IOD) is the cytometric equiv-
alent of its DNA content. Subsequently all specimens must be destained and addi-
tionally Feulgen stained in a temperature-controlled staining machine with Schiff’s
reagent [5].

The Feulgen staining procedure is a well-established and frequently documented
procedure for quantitative DNA staining [5]. The principle of this staining process
is based on two steps: In the first step the double stranded DNA must be split off the
purine bases, therefore it must be hydrolyzed by a strong acid, like 5 M HCI for
55 min. This results in an apurinic acid that shows aldehyde groups at the former
positions of the purine base on the DNA strand. The destaining of prestained slides
after Papanicolaou staining is made in this step as well.

Secondly, the Schiff base, like basic parafuchsin, binds stoichiometrically to the
aldehyde groups of the DNA and this results in a reddish colored nucleus with an
absorption maximum of 570 nm.

Studies have shown that the staining intensity depends strictly on the tempera-
ture of the DNA hydrolysis in 5 M HCI of the DNA; the optimum hydrolysis tem-
perature is 27°C and even changes of 0.5°C affect the measurement of the IOD
significantly [5—7]. For application in routine diagnostic procedures, the staining
should be standardized to assure reliable and reproducible results.

The DNA cytometry is a quantitative measurement and thus all cells on the glass
slide must be stained in a similar way; reference cells on the identical slide have to
be taken as an internal standard. Differences of the staining intensity occurring
within the same slide may lead to incorrect calibration and thus to false ploidy val-
ues. Therefore the application of an automated staining machine is strictly recom-
mended. For example the commercially available Shandon Varistain 24 staining
machine can be run automatically and (flow-through) cuvettes are 24 h temperature
controlled, if necessary [5]. The storage must be in the dark to avoid fading effects
of the slides. The Feulgen stained slides can be re-stained to PAP easily for conven-
tional re-evaluation.

Preparation of Specimens

The slides of alcohol-fixed, Papanicolaou-stained, routine smears from mucosal
brushings should be evaluated according to the published guidelines for extra geni-
tal cytology [8]. This is necessary to define normal, doubtful, suspicious or unequiv-
ocal tumor cells on the slide. The precondition for a proper DNA analysis is the
marking/circling of these cells with a felt pen on the glass slide prior to Feulgen
staining. This procedure is followed by photocopying the slides to assure the remark-
ing after removal of the cover slip. Afterwards cover slips should be removed care-
fully after xylol treatment. The time depends on the time of archiving the specimens.
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Never use force for removal, you may dislodge cells from the slide. After staining
the areas of interests must be re-marked on the slides using the photocopies.

After rehydration in decreasing ethanol concentrations and refixation in buffered
10% formalin, 5 N HCL for acid hydrolysis was applied at 27°C for 55 min, followed
by staining in Schiff’s reagent (Merck, Darmstadt, Germany) for another hour, fol-
lowed by rinsing in SO,-water to remove surplus dye from cell nuclei and cytoplasm.
Dehydration at increasing ethanol concentrations is followed [9]. The slides must then
be covered with Entellan (Merck, Darmstadt, Germany) and stored in the dark.

DNA-Image Cytometry/DNA-Measurements

The aim of diagnostic DNA cytometry is to identify DNA stem lines outside the
euploid regions as abnormal (or aneuploid) at a defined statistic level of significance.
The numerical and/or structural chromosomal aberrations are the biological basis
for DNA-Image cytometry. The quantitation of nuclear DNA requires a rescaling of
the measured Integrated Optical Density (IOD) values by comparison with those
from cells with known DNA content. Therefore the DNA content is expressed in a
“c” scale in which 1c is half the mean nuclear DNA content of cells from a normal
(non-pathological) diploid population in GO/G1 cell cycle phase. A DNA-stem line
was defined as a frequency peak in a histogram accompanied by values at its two-
fold DNA-content. It was defined interactively when the DNA-histograms were dis-
played on the screen by marking its minimum and maximum [9-11] (Fig. 8.1).

The photometric analysis of the integrated optical density was performed by the
QUIC-DNA system (TriPath, Burlington, NC, USA) in combination with a conven-
tional light microscope Axioplan 2 (Zeiss, Jena, Germany) with the objectives
40/0,75; 20/0,40; 10/0,25 and 4/0,10. To reduce stray light, the Kéhler measurement
was performed and an interference filter 570 nm=+10 nm was used. The TriPath
system was interfaced with a 486 IBM-compatible personal computer with a frame
grabber card (Matrox electronics, Munich, Germany) using a TV camera with 572
lines (VarioVam CCIR, PCO Computer Optics, Kehlheim, Germany) with a
magnification of factor 1.6. Segmentation was performed automatically on indi-
vidual nuclei by gray level thresholding, taking the local background into consider-
ation for each nucleus. The glare- and diffraction errors were corrected by software
as proposed by Kindermann and Hilgers [12]. The data were interpreted using the
analysis software of the system.

The normal 2c reference value was established by measuring 30 cytologically
normal epithelial cells or lymphocytes on each slide as an internal reference (mean
values of integrated optical densities (IOD)). CVs (=coefficient of variation) of ref-
erence cells must be below 5%. No correction factor was applied. If present, three
hundred atypical epithelial or carcinoma cells per specimen were measured interac-
tively at random. The performance of the system meets the standards of the European
Society for Analytical Cellular Pathology (ESACP) task force on standardization of
diagnostic DNA-image cytometry [9-11, 13].
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Fig. 8.1 Top left: 2. DNA-histogram of a smear from a histologically proven hyperkeratosis
without dysplasia, showing number of cells measured (n) and their corresponding DNA-content
(c) and a (normal) diploid stem line at 2.0c. Top right: DNA-histogram of a smear from a Lichen
planus (erosive), showing (euploid) polyploid stem lines at 2.0c and 4.0c. Bottom left: DNA-
histogram of a smear from a squamous cell carcinoma of the tongue. An abnormal stem line at 1.7¢
and 3.5 can be detected as an aspect of DNA-aneuploidy. Bottom right: DNA-histogram of a smear
from a squamous cell carcinoma of the alveolar ridge. Abnormal stem lines are shown, addition-
ally, four cells with a DNA-content greater than 9c (9cEE) can be detected as another aspect of
DNA-aneuploidy

Aspects of DNA-aneuploidy according to the Consensus reports of the European
Society for Analytical and Cellular Pathology (1995, 1998, 2001) are as follows:

1. In comparison to the normal proliferating cell population (GO/G1-phase-fraction)
to the analyzing cell population show an abnormal stem line with the most fre-
quent value, i.e. the mean value of the histogram class containing the highest
number of nuclei, which differs at least at 10% from those of normal (resting,
proliferating, or polyploidizing) cell populations. The DNA index of the stem
line must be <0.90>1.10 or <1.80>2/20 or <3.60>4.40.

2. Abnormal cells with a DNA content higher than 9c are present. Often called 9¢
exceeding events, are those cells having nuclear DNA content higher than the
duplication or quadruplication region of a normal GO/G1 phase population, i.e.
not belonging to G2/M phase fractions (cells >9¢ occurred (9c exceeding events
[9cEE])) [14].
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The quantity of nuclear DNA may be changed by the following mechanisms:
replication, polyploidization, gain or deletion. Each affects the size or the number
of chromatids. Furthermore viral infections may change the nuclear DNA content
detectable by image cytometry. Among others, the unspecific effects of cytostatic or
radiation therapy, vitamin B, deficiency, apoptosis, autolysis and necrosis on
nuclear DNA content play also a role [1, 15-19].

Clinical Impact of DNA-Image Cytometry for Oral
Cancer Diagnosis

Primary Oral Squamous Cell Carcinomas

Our study group [20] has shown that specimens from healthy mucosa did not show
any signs of aneuploidy according to the current Consensus reports of the ESACP. In
a preliminary study, we have investigated 100 brush biopsies of benign, reactive or
inflamed oral lesions and the modal value of the DNA stem line was nearly 2c (MV
2.01c; SD +0.06). The correlation coefficient was 3.85%; 44 cases showed cells with
cells >5c (Table 8.1). In a second step we investigated 100 brush biopsies from clini-
cally unequivocal and histologically proven OSCCs: All hundred cases of cancer
fulfilled the criteria for DNA aneuploidy. Thus all the cancer specimens showed one,
two or both criteria of aneuploidy. Table 8.2 shows the incidence of the different
criteria of aneuploidy. The presence of abnormal stemlines is seen in 9% of all aneu-
ploid cases; 9c exceeding events (9cEE) were seen in 32% in aneuploid specimens.
The occurrence of both, 9cEE and abnormal stemlines were seen in 59% of all cases.

The results of these pilot studies suggested strongly that aneuploidy detection
may be a useful marker for discrimination of clinically doubtful lesions and may
help to clarify their biological nature.

Additionally, we investigated 543 cases of brush biopsies from different doubtful
lesions of the oral cavity in daily routine practice. In 53 cases, the DNA measure-
ment was not possible due to technical limitations: (a) insufficient numbers of cells
for proper analysis and (b) massive overlapping of cells and or nucleoli.

If present, 300 atypical epithelial or carcinoma cells per specimen were mea-
sured interactively, at random. Otherwise, only the available cells were measured:
one (suspicious) case with 48 cells (=insufficient for DNA-cytometry); two cases
with 51-100 measurable cells; four cases with 101-150 cells; six cases with 151—
200 cells; seven cases with 201-250 cells; seven cases with 251-300 cells and all
other cases with more than 300 cells. No stem line interpretation of DNA-aneuploidy
was performed if less than 50 abnormal or atypical cells were contained. All incon-
spicuous cases (“tumor cell negative”) were measured using at least 30 reference
cells and 300 analysis cells.

Overall, 304 cases showed no criteria of DNA aneuploidy. However 184 cases
showed DNA aneuploidy, three cancer cases showed none of the criteria and were
evaluated as non-aneuploid. The combination of abnormal stem line and cells
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Table 8.1 Frequency of fulfilled criteria of DNA-aneuploidy in histologically proven benign
lesions and cytological as “tumor cell negative” evaluated oral lesions (n=100)

Aspects of DNA-aneuploidy [n] %

Normal stemline [1,8 < ¢ >2,2]*x=1or2or3 100 100.0
Atypical stemline [1,8 > ¢ < 2,2] *x=10or2or3

1 0 0

2

> 2

Cells > 9cEE

l1to3

41010

> 10

Abnormal stemline and cells > 9cEE 0 0
SUM 100.0

Table 8.2 Frequency of fulfilled criteria of DNA-aneuploidy in histologically proven squamous
cell carcinomas of the oral cavity and cytologically as “tumor cell positive” evaluated oral lesions
(n=100)

Aspects of DNA-aneuploidy [n] %
Normal stemline [1,8 < ¢ > 2,2] *x=1,2,3 0 0
Atypical stemline [1,8 > ¢ < 2,2] * x=1,2,3

1 5 5.0
2 3 3.0
> 2 1 1.0
Cells > 9cEE

113 16 16.0
41010 9 9.0
> 10 7 7.0
Abnormal stemline and cells > 9cEE 39 39.0
SUM 100 100.0

>9cEE was the major criteria of aneuploidy (60%), followed by 9cEE alone (29%)
and abnormal stem lines with 11%. These data were in accordance with the pilot
study mentioned above. The diagnostic accuracy is summarized as follows: The
sensitivity was 98.4%, the specificity was 99.34%. The positive predictive value
was 98.92% and the negative predictive value 99.01%. (For details see Table 8.3).

Lip Cancer

We investigated 27 cases of suspicious lesions of the lip, of which, 25 cases were
technically sufficient for DNA analysis. All benign cases from lesions of the lip
showed euploidy. In 16 cases of proven cancer, 11 cases fulfilled the aspects of
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Table 8.3 Frequency of fulfilled criteria of DNA-aneuploidy in histologically proven squamous
cell carcinomas of the oral cavity and cytologically as “tumor cell positive” evaluated oral lesions
(n=187)

Aspects of DNA- Conventional cytology®
aneuploidy Positive % sus % dft % Negative Sum %
Normal stemline 1 2 3 1.6
[1,8<c<22]%
x=1,2,3
Atypical stemline 13 8.55 4 174 4 44.4 21 11.2
[1,8>c¢>2,2]*
x=1,2,3
1 6 3 4
2 5
>2 2 1
Cells > 9cEE 44 2895 8 348 2 22.2 54 28.9
lt03 22 4 1
41010 13 4 1
> 10 9
Abnormal stemline 95 6250 11 478 3 333 109 58.3
and cells > 9cEE
Aspects of aneuploidy 152 23 9 0 184
SUM 152 24 9 2 187  100.0

*“tumor cell negative” (negative); “doubtful” (dft); “suspicious for tumor cells” (sus); “tumor cell
positive” (positive)

aneuploidy, five patients showed normal euploid stem line. But the conventional
cytological revaluation showed no evidence of cancer cells on these slides.
Nevertheless the sensitivity of DNA-aneuploidy was 67% only; the specificity was
100%. The main criterion for aneuploidy was the presence of abnormal stem lines
in 10% of all cases. Abnormal stem lines including 9c exceeding events were seen
in 45% of the cases, followed by 9cEEs as a single marker in 45% of all measured
cases (Table 8.4). Major limitations in these cases were the small number of cells,
harvested with the nylon based cell collector. Even the maceration of the lips with
physiologic salt solution prior to sampling did not increase the number of harvested
cells significantly [20].

Reliability

To investigate the reliability of image DNA-cytometry, we calculated the intra-
observer reliability; it is the variation in measurements taken by a single person on
the same item and under the same conditions. In a second step, we determined the
inter-observer reliability; this means the variation in measurements when taken by
different persons but with the same method or instruments.
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Table 8.4 Frequency of fulfilled criteria of DNA-aneuploidy in histologically proven squamous
cell carcinomas of the lips and cytologically as “tumor cell positive” evaluated oral lesions
(n=16)

Conventional cytology*

Aspects of
DNA-aneuploidy Positive % sus % dft % Negative Sum %

Normal stemline 5 5 31.25
[18<c<2,2]*
x=1,2,3
Atypical stemline 0 0.0 0 00 O 0.0 1 1 6.25
[1,8>¢>2,2]*
x=1,2,3
1 1
2
> 2
Cells > 9cEE 3 1.97 1 43 1 1.1 0 5 31.25
1to3 1 1 1
41010 1
> 10
Abnormal 4 263 0 00 1 1.1 0 5 31.25
stemline and
cells > 9cEE
Aspects of 7 1 2 6 11
Aneuploidy
SUM 7 1 2 6 16 100.0

a ¢

tumor cell negative” (negative); “doubtful” (dft); “suspicious for tumor cells” (sus); “tumor cell
positive” (positive)

Therefore, we chose 137 specimens of oral brush biopsies out of 1,000 archived
cases at random. The diagnoses were: 65 (47.45%) oral squamous cell carcinomas,
thereof 55 (84.62%) primary carcinomas, 3 (4.62%) cases of recurrent cancer,
2 (3.08%) cases of secondary tumor and 5 (7.68%) cases of lip cancer. Out of 137
cases, 72 (52.55%) specimens came from clinically proven benign lesions.

All slides were independently analyzed by two observers to evaluate interob-
server reliability of diagnosis of 137 cases; 2 month later identical specimens were
re-evaluated by the same two observers to assess intraobserver reliability. The
STATA program and Cohen’s Kappa statistics were used to assess reliability.
The calculation showed an (almost) perfect inter- and intraobserver (k=0.99) reli-
ability according to Landis and Koch.

Laser Scanning Cytometry

The Laser scanning cytometry is a static cytometric DNA analysis that allows the
measurement of fluorescent parameters of cells. It is a further development of the
conventional flow cytometry, whereas the method combines the advantages of flow
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Table 8.5 Overview of frequently used fluorochromes with optimal excitation wavelength,
including of possible excitation by the LSC, emission maxima of fluorochromes and spectral bor-
ders of respective filters

Optimal Used Spectral borders
Fluorochrome excitation (nm) excitation (nm) Emission (nm) of filters (nm)
FITC 495 488 519 515-545
(Fluroreszeinthiocyanate)
R-PE 480 488 578 565-595
(R-Phycoerythrine) 546

565
PI 535 488 617 611-639
(Propidiumjodide)
APC 651 633 660 650 LP
(Allophycocyanine) 633 635

and static image cytometry. The detected cell features are enlarged on the screen
and multiple screen shots are taken for documentation purposes [21-25].

We have adapted Gerstner’s assays [26, 27] for the fluorescent staining of differ-
ent cytokeratins of oral keratinocytes with antibodies (Dako Cytomation, Hamburg,
Germany) [20]. The clone MNF 116 for the cytokeratins 5, 6, 8, 17 and 19 was used.
Due to the fact that not all squamous cells from carcinomas were stained; it seems
likely that during carcinogenesis, epitopes were lost on the surface of the respective
cells [27]. Therefore, we broadened the spectrum by using Clone beta E12, AE and
AE3 (Dako Cytomation, Hamburg, Germany) to detect cytokeratin 1, 2, 3, 4, 5, 6,
8, 10, 14, 15, 16 and 19. The antibody was linked to streptavidin conjugated allo-
phycocyanine (ACP). For details see Table 8.5.

The analysis was done by interpretation of the position of the stem line and the
occurrence of ScEE and 9cEE additionally [28].

We had evaluated 44 patients, including 22 oral squamous cell carcinomas. The
sensitivity was 95.5%, the specificity 81.8%; the negative and positive predictive
values were 84.0% and 94.7% respectively (Figs. 8.2-8.4). Gerstner and co-worker
investigated 49 laryngeal lesions using cotton swabs and determined aneuploidy by
stem line interpretation with the same laboratory setup: They achieved a sensitivity
of 83% and a specificity of 93%, the negative predictive value was 67, the positive
predictive value was around 88% [28].

Comparison of DNA-Image Cytometry Versus
Laser Scanning Cytometry

All samples described in the previous chapter were re-stained and investigated by
LSC and ICM as well. Out of 44 samples, one sample was technically insufficient
for image cytometry due to significant cell loss by rigid removal of the cover slip.
All 21 histograms of histologically proven cancer show aneuploidy and but none of



118 T.W. Remmerbach

Cytokeratin-APC Integral/Area
125892

125

8.
PI- Integral ! DNA-P! Integral

Fig. 8.2 Left: Dot plots of measured cell features. DNA-content (x-axis, linear) is plotted vs. APC-
fluorescence per area (y-axis, logarithmic) (5% cut-off is set in the control sample—not shown).
Three populations were definable: regions 1 and 3 (cytokeratin positive) and 2 (no cytokera-
tin=lymphocytes = internal reference). Right: The cells of region 1 showed a stem line with a DNA
Index (DI) 1,0 and in region 2 showed a stem line with a DNA Index of 2
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Fig. 8.3 A brush biopsy from a tongue carcinoma (pT3pN1cMO) was prepared according to the
protocol (total cell count of the positive sample: 8,327). The set-up of the figure and acquisition of
micrographs is equivalent to Fig. 8.1. The marked changes from normal cytokeratin-positive epi-
thelium (DI=1.09) to aneuploid carcinoma (DI=1.64 and 3.27) are clearly visible. There are also
cells with polyploid DNA content (DI>5.0)
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Fig. 8.4 Interpretation of LSC data: Brush biopsy (benign) was analyzed by LSC: pseudocolored
images were taken by rescanning single cells (upper lines). Then, slides were stained with PAP,
identical cells were relocalized, and images were taken (lower lines). Analysis and imaging were
performed with the x20 objective. (Note: Because of different optical pathways, corresponding
images are symmetrical to their center)

the benign lesions: the combination of abnormal stem line and cells >9c were shown
in 48% of all cases, abnormal stem lines in 42% and 9cEE in 10%. Thus the sensi-
tivity and specificity were 100%.

The regression analysis (Pearson product-moment correlation coefficient)
revealed 0.87 in comparison of both techniques. The major problem for the validity
of the LSC was the stringent re-localisation after re-staining according to PAP to
verify 9cEEs to reduce false negative results. This procedure extended the evalua-
tion time up to 2-3 h per case [20].

Multi-modal Cell Analysis

The aim of this clinical study was to apply a novel approach to improve diagnostic
accuracy by sequential analysis of cellular characteristics in the same smear using
Multimodal Cell Analysis (MMCA) [29, 30]. We applied the MMCA process to
smears from oral brush biopsies, combining conventional cytology with the more
quantifiable DNA content, followed by Argyrophilic Nucleolar Organizing Regions
(AgNOR) count, to identify early malignant transformation [31]. Recent studies
have shown that the number and/or size of AgNORs correlate with the ribosomal
gene activity and therefore with cellular proliferation and consequent malignant
potential [32-36].
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DNA-Measurements

The performance of our system, that is based on a Leica DMLA automated microscope,
meets the standards of the European Society for Analytical Cellular Pathology (ESACP)
task force on standardization of diagnostic DNA-Image cytometry [9, 10, 37].

Details of software algorithms for precise scene matching, re-localization and
registration have been described in detail elsewhere [29, 38, 39].

AgNOR-Analysis

Nucleolar Organising Regions (NORs) represent loops of DNA actively transcribing
via ribosomal RNA to proteins. These NORs are associated with acidic, argyrophilic,
non-histone proteins that are visualized using a silver staining technique. Recent
studies show that the number and/or the size of the AgNORs correlate positively with
the ribosomal gene activity and therefore with cellular proliferation [33, 40—44].

Silver staining was performed according to the one step method by Ploton et al.
[35] and Crocker et al. [45] with modifications [46]. Manual AgNOR counting was
performed on 100 normal cells and abnormal squamous cells for each cytological
smear. The mean number of AgNORs per nucleus as clusters, satellites, clusters and
satellites together were considered.

All information gathered from different stains and evaluated by different meth-
ods of analysis contribute to the identification and characterization of cancerous or
even precancerous cells.

In our oral cancer study the MMCA [31] process was operated as a stepwise
process, as described previously. First, the operator selects representative regions on
the stained slides containing atypical or abnormal cells. Images are immediately
digitized and stored together with their coordinates. The slides are then de-stained
and re-stained by the Feulgen method. The newly stained and covered slides are
then placed back onto the microscope stage where the previously recorded coordi-
nates stored in the database automatically reposition the slide to the regions of inter-
est digitized before. Finally all cases received a third stain with silver nitrate to
demonstrate AgNOR-dots. As before, a digital registration was performed on the
digitized regions of interest. The results were appended to the feature set of the
individual cells.

All 25 cytologically tumor negative specimens were DNA-non-euploid. 4/20
squamous cell carcinomas revealed an atypical DNA-stem line alone, 5/20 abnor-
mal cells >9¢ alone and 9/20 both aspects of DNA-aneuploidy.

Sensitivity of DNA-aneuploidy on oral smears for the detection of cancer cells
thus was 95%, specificity for the detection of benign lesions 100%, positive predic-
tive value 100% and negative predictive value 96.4%.

AgNOR-analysis reached a sensitivity of 100% for the diagnosis of malignant
cells, specificity of 100% for benign cells, whereas the cut-off level was determined
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by 5.09 AgNORs per nucleus, as described previously [46]. The negative predictive
value reached 100% and the positive predictive value 100%.

The sequential application of different methods (e.g. DNA-cytometry, AgNOR-
analysis) increased the sensitivity and specificity of our cytological diagnosis from
90% to 100%. Due to the hierarchical or cascaded approach of MMCA, a measure-
ment of uncertain specimens is terminated at a certain stage, when a definitive can-
cer diagnosis is confirmed through additional information e.g. the presence of
DNA-aneuploidy [31].

Conclusion

The prevalence of DNA aneuploidy is very high in oral cell carcinoma, on the con-
trary, in benign lesions it is nearly zero. Thus, as an independent marker, aneuploidy
serves as a valid and reliable indicator for the identification of neoplasms of the oral
cavity. The additional evaluation of conventional cytological specimens from brush
biopsies by image cytometry improved the diagnostic accuracy of pathologist’s
daily routine. DNA-Image cytometry is well established and current studies support
our results for specimens of oral brush biopsies [47-50].
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