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ABSTRACT

OBJECTIVE: To reduce false-negative rates of population based cervical screening programs employing conventional
cytology in combination with automated DNA image cytometer. METHODS: Involved cervical samples from a total of
3603 women were taken by a cervix brush and then placed into a fixative solution. The cells were separated from mucus

by mechanical and chemical treatment after which they were deposited onto microscope slides by a cytospin. Two slides
were prepared from each case; one slide was stained by Papanicolaou stain for conventional cytology examination,

while the other slide was stained by a DNA specific and stoichiometric stain. The latter slide was used to determine the

relative amount of DNA in the cell nuclei in order to assess the ploidy status of the epithelial cells. Enrolled in the study,
157 women were followed by colposcopy examination where punch biopsies were taken from the visible lesions or from

suspicious areas. The results of the conventional cytology were then compared to the DNA image cytometer for all
samples. RESULTS" Histopathology diagnosed 51 lesions from the 132 biopsied cases as CIN2 or higher, including 27
CIN2, 16 CIN3 and 8 invasive cancers. Conventional cytology correctly identified 29 of the 51 high grade CIN and in-
vasive cancer, while DNA image cytometer correctly identified 38 high grade CIN and invasive cancer using the crite-
rion that at least three cells were found on the slide that contained DNA amount in excess of Sc. 42 out of 51 high grade
CIN and invasive cancer were found by conventional cytology in combination with DNA image cytometer. Sensitivities
were 56.8%, 74.5% and 82.4%, while specificities were 86.2%, 81.5% and 81.5% in conventional cytology, DNA image
cytometer and combination both cytology and DNA image cytometer respectively. CONCLUSION: The study demon-
strated that screening for high grade neoplastic lesions and cervical cancer by DNA image cytometer or combination of
conventional cytology and DNA image cytometer is more sensitive than conventional screening approach.

Keywords: Cervical Intraepithelial Neoplasia (CIN), Conventional Cytology, Image Cytometry, Ploidy, Aneuploid Cells,
Invasive Cervical Cancer

thelial neoplasia and invasive cancer is a difficult task in
the cytological evaluation of cervico-vaginal smears
[4-6]. The performance of several laboratories was sum-
marized by van der Graaf et al. [7] who shown that only
about half of biopsy-documented invasive cancers were
appropriately recognized by conventional cytology of

1. Introduction

The cervico-vaginal cytologic test is a powerful tool for
detecting cancerous and precancerous (neoplastic) cervi-
cal lesions. In countries where well organized population
based screening programs were implemented, the inci-

dence of invasive cervical cancers and mortality due to
cervical cancer have dropped dramatically [1-3]. How-
ever, there are many countries in the world that popula-
tion based screening has not yet been performed due to
the relative high cost and lack of skilled technologists.
The correct diagnosis of high grade cervical intraepi-
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cervical smears. To increase the diagnostic accuracy and
to avoid mistakes by cytopathology, several cytometry
based systems have been developed over the past three
decades for the detection of abnormal DNA content of
the cervical epithelial cells [8-11].

The study related to the investigation to determine
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conventional cytology in combination with ploidy status
assessment of epithelial cervical cells by a fully auto-
mated image cytometer could be used for an effective
detection of high grade of cervical intraepithelial neopla-
sia and invasive cervical cancer.

2. Materials and Methods

2.1 Sample Collection and Sample Preparation

The study involved a total of 3,603 women from the Yil-
ing region (Hubei Province, China) and included 1/3
women undergoing their routine screening, as well as 2/3
women undergoing their first screening test. The women
were invited to come to either Yiling Women and Chil-
dren Hospital or to one of the several local hospitals. The
samples were obtained by employing a cervix brush. Af-
ter sample was taken, the brush tip was immediately im-
mersed in 20 ml of fixative (Landing Medical High-Tech
Company, Wuhan, China) in 30 ml plastic vials. All vials
from the collection sites were further processed by first
adding Dithiothreitol (DTT, Sigma) to the final concen-
tration of 0.1% of DTT. The cell suspensions were then
mildly agitated for 1 hour to release cells from the brush
into the suspension and to disaggregate the cells from
mucus and cell clusters. The cells were then washed
twice with 50% alcohol. Two slides were then prepared
from each specimen by cytospinning the cells onto mi-
croscope slides forming a uniform monolayer. The cyto-
spin preparation contained on average 10,000 cervical
cells deposited in the middle of the slide. One of the two
slides was stained by the Papanicolaou stain for conven-
tional cytology reading of the slide, and the other slide
was stained with the DNA specific and stoichiometric
(Feulgen-Thionin) stain (12) for the ploidy status as-
sessment of the cells on the slide by image cytometry
method.

Women presenting any cytological abnormalities were
directed to repeated cytology and for colposcopy exami-
nation. Of over 157 invited women, 132 women came for
colposcopy examination and punch biopsies were taken
from the visible lesions or from suspicious areas.

2.2 Cytology

All Papanicolaou stained slides were examined by two
cytopathologists. The smears were classified into one of
the five groups according to the Bethesda system: 1)
within normal limits; 2) with ASCUS (atypical squamous
cells of undermined significance); 3) low-grade squamous
intraepithelial lesion (LSIL); 4) high-grade squamous
intraepithelial lesion (HSIL); and 5) squamous cell car-
cinoma.

2.3 Image Cytometer

All Thionin-Feulgen stained slides were scanned by the
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Lanidng DNA image cytometer. The images of the cell
nuclei were projected onto the CCD that was positioned
in the primary image plane of the 20 times objective,
resulting in an effective pixel size of 0.34 um X 0.34 um
(~ 0.1 um?). A typical image of the nucleus of a cervical
epithelial cell is represented with 700-900 picture ele-
ments (pixels). The image of each cell nucleus was cap-
tured in the exact focus and the nuclear material was
segmented from the background. For each nucleus, 99
nuclear features were calculated including morphological
features, photometric features, discrete texture features,
Markovian and non-Markovian texture features, run-
length features and fractal features. These features were
then used to identify objects as true cells or “junk”
(overlapping cell nuclei, out of focus cell nuclei, cellular
debris) as well as to classify the nuclei to belong to dif-
ferent cell types. The system was trained to perform this
task in a fully automated way. The mean integrated opti-
cal density (IOD) value of the 2c¢ diploid cells from each
slide was used to normalize the optical density features to
eliminate any stain intensity variations within the slides.

On average, from each slide approximately 5,000
quality images of cell nuclei were collected and stored in
the computer memory of the cytometer. The nuclei, de-
termined by the system to belong to the epithelial cells,
were used to calculate and plot the DNA distribution
histograms. The histograms were called normal if corre-
sponded to diploid cells with a low proliferation fraction
(S + G, + M) according to the classification of Auer et al.
[13]. All other histograms suggesting the presence of: 1)
any cells with DNA > 5 c; or 2) diploid cells with a very
high proliferation rate where 10% or more of the total
cells were found in the proliferation fraction; or 3) a
population of aneuploid stem cells, were called poten-
tially abnormal and the women corresponding to any of
abnormal histogram were called for a colposcopy ex-
amination. All women, correlated with normal histo-
grams were not further examined unless any atypia was
found by conventional cytology.

2.4 Pathology

132 biopsy specimens were taken from suspicious areas
for histo-pathological diagnosis. Pathology report of each
specimen was generated independently by two experi-
enced pathologists.

2.5 Statistical Analysis

Sensitivity and specificity are calculated using the fol-
lowing formula:

True Positive

Sensitivity = x100%

True Positive + False Positive

True Negative

Specificity = x100%

True Negative + False Negative
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3. Results
3.1 General Results

Of the total of 3.603 smears, conventional cytology
found 3,368 smears were within normal limit (93.5%),
and 233 had some form of cytological atypia (6.5%) in-
cluding 180 with ASCUS (5%), 36 with LSIL (1%), 19
with HSIL (0.5%). Of these only 157 women were
available for follow up by histopathology. Of the 3,206
cases 3,603 (91.1%) DNA histograms were considered
normal and 397 (8.9%) cases were judged suspicious
using the above criteria. Of these, 329 had 1-2 cells with
DNA amount greater than 5 ¢ and the rest were found
with 3 or more cells with DNA amount greater than 5 ¢
or aneuploid stem cells (Table 1).

3.2 Comparison of the Results of Conventional
Cytopathology with DNA Image Cytometer

Table 2 shows the results of the 132 women that were
examined by colposcopy and had taken punch biopsies.
Pathology diagnosis by two histopathlogists was used as
the ‘truth’ for sensitivity and specificity (false negative
and false positive rate) calculations. There were 51 cases
of CIN2/CIN3/CIS/Ca lesions and 81 cases of Nor-
mal/benign/CIN1 in total of 132 cases. There were 8
cases of invasive cancers, 16 cases of CIN3/CIS and 27
cases of CIN2 lesions diagnosed by histopathlogists for

the total of 51 lesions of CIN2/CIN3/CIS/Ca type. If
conventional cytology were to be used to refer all cases
of LSIL/HSIL/Ca to colposcope and biopsy, 29 cases
(including 4 LSIL without any > 5 ¢ aneuploid cells)
were corrected identified and 22 from the total 51 cases
were missed.

For DNA image cytometer, using the criterion that 3
or more cells with the DNA amount exceeding 5 ¢ is suf-
ficient to call the sample suspicious to be examined by
cytologist, this approach correctly identified 38 of 51
CIN2/CIN3/CIS/Ca lesions. Conventional cytolgy in
combination with DNA image cytometer, 42 of 51 CIN2/
CIN3/CIS/Ca lesions were correctly identified using the
criterion that 3 or more cells with the DNA amount ex-
ceeding 5 ¢ or LSIL or HSIL without 3 or more > 5 ¢
cells.

From the data presented in Table 2, sensitivity and
specificity of conventional cytology, DNA image cy-
tometer and conventional cytology combined with DNA
image cytometer were calculated for high grade lesions
of CIN2, CIN3/CIS and invasive cancer. Sensitivity of
conventional cytology was 56.8% at 86.4% specificity.
The criterion of at least 3 cells containing DNA amount
greater than S5c would give sensitivity and specificity
values of 74.5% and 81.5%, respectively, while for the
cytology combined DNA image cytometer were 82.4%
and 81.5%, respectively.

Table 1. The results of TBS diagnosis and DNA ploidy analysis in 3603 cervical samples

Cytology
DNA ploidy Analysis
Normal ASCUS LSIL HSIL Total
Normal 3112 90 4 0 3206
1-2 > 5c aneuploid 244 75 8 2 329
>3 > 5c aneuploid 12 15 24 17 68
Total 3368 180 36 19 3603

Table 2. Comparative results of histopathology, conventional cytology and DNA image cytometer of 132 biopsy cases

Conventional Cytology P?F“ﬁ]:lg;g:ucly; i?imff"src)
Pathology ploidy
Normal ASCUS LSIL HSIL Negative 1-2 cells 3 or more cells

Norma/benign (47) 2 42 3 0 2 39 6
CIN1 (34) 3 23 5 3 2 23 9
CIN2 (27) 4 10 11 2 1 9 17
CIN3 or CIS (16) 0 5 6 5 1 2 13
Invasive cancer (8) 0 3 3 2 0 0 8
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4. Discussion

Similarly to other studies [14,15], DNA image cytometer
could increase sensitive in detecting high grade CIN le-
sions and cervical cancer. In this study, histopathology
diagnosed 51 lesions from the 132 biopsied cases as
CIN2/CIN3 or higher, of which there were 8 invasive
cancers. Conventional cytology correctly identified 5 of
the 8 invasive cancers while DNA assisted cytology cor-
rectly identified 8 invasive cancers using the criterion
that at least three cells were found on the slide that con-
tained DNA amount in excess of 5c. DNA image cy-
tometer correctly identified 30 cases out of 43 CIN2/
CIN3/CIS lesions versus only 23 by conventional cytol-
ogy. The results of this study suggest that screening for
cervical cancer by DNA image cytometer is more sensi-
tive than conventional cytology in detecting high grade
CIN lesions and cervical cancer although at the expense
of a slightly reduced specificity (86.4% vs. 81.5%). Cy-
tology combined with DNA image cytometer was also
raised more sensitive than DNA image cytometer only.

It could be argued that in this study the conventional
cytology was not at the level of a typical cytology labo-
ratory. Kok et al. [5] shown that only 23 cases from 71
(~33% sensitivity) invasive cancer patients were sus-
pected as carcinoma by cytology, the results comparable
to those reported in this study. The performance of several
laboratories was summarized by van der Graaf et al. [7]
who reported that only about half of biopsy-documented
invasive cancers were appropriately recognized by cy-
tology of cervical smears.

In this work, cells with DNA amount greater than 5 ¢
were used as the sole indicator of potential presence of
cancer [13]. There is a large body of literature that sug-
gested that cervical cancer and high grade lesions are
associated with aneuploid population of cells [16]. These
are readily detected if sufficient number of cells could be
measured and when implemented and tested could im-
prove the performance of this approach.

Cytology combined with DNA image cytometer could
increase sensitive in detecting high grade CIN lesions and
cervical cancer compared to conventional cytology. It is
also suggested DNA image cytometer can be used to cer-
vical cancer screening programs.
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