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Abstract

AIM: To explore the DNA image cytometry (DNA-ICM)
technique as a primary screening method for esopha-
geal squamous precancerous lesions.
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METHODS: This study was designed as a population-
based screening study. A total of 582 local residents
aged 40 years-69 years were recruited from Linzhou in
Henan and Feicheng in Shandong. However, only 452
subjects had results of liquid-based cytology, DNA-ICM
and pathology. The sensitivity and specificity of DNA-
ICM were calculated and compared with liquid-based
cytology in moderate dysplasia or worse.

RESULTS: Sensitivities of DNA-ICM ranging from at
least 1 to 4 aneuploid cells were 90.91%, 86.36%,
79.55% and 77.27%, respectively, which were better
than that of liquid-based cytology (75%). Specifici-
ties of DNA-ICM were 70.83%, 84.07%, 92.65% and
96.81%, but the specificity of liquid-based cytology was
91.91%. The sensitivity and specificity of a combination
of liquid-based cytology and DNA-ICM were 84.09%
and 85.78%, respectively.

CONCLUSION: It is possible to use DNA-ICM tech-
nique as a primary screening method for esophageal
squamous precancerous lesions.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Esophageal cancer, the world’s eighth most common can-
cet, is curable if detected eatly. In China, the survival rates
are over 85% when found at an early stage of esophageal
squamous cell carcinoma (ESCC), but less than 10% when
diagnosed at the advanced stage'”. Patients in early stages
are asymptomatic, and therefore, screening is important
for detecting patients before they progress to advanced
stage disease.

Presently, several screening methods have been ex-
plored in high-risk areas of China including conventional
cytology[Z’SJ, liquid-based cytologym, occult blood detec-
tion”! and endoscopic biopsy examination with Lugol’
s lodine staining[sl. Conventional cytology had been used
in high-risk areas of China in the 1970s, but it has been
replaced by liquid-based cytology. Occult blood detection
has been explored in several areas in China, but because
of low sensitivity and specificity, this method has not
been used widely yet. Endoscopic examination with Lu-
gol’s iodine staining is mostly used in high-risk areas in
China now. Although endoscopic examination with Lu-
gol iodine staining has high sensitivity and specificity of
more than 90%"", because of the high cost, this screening
method is difficult to be accepted by residents in rural
high-risk areas. Meanwhile, endoscopic and pathological
doctors require a lengthy qualification process. Liquid-
based cytology may improve the quality of the cytologi-
cal procedure and provide satisfactory diagnostic slides
compared with conventional cytology, but it has limits for
improving the sensitivity and specificity of screening[(”oj.
Furthermore, there is a skill shortage in rural high-risk
areas due to the lack of experienced cytologists.

DNA image cytometry (DNA-ICM) has been pro-
posed as a simple, easy, sensitive and high specificity meth-
od for screening of ESCC. Changes in DNA ploidy oc-
curring in human tumors have been shown to be a global
reflection of the chromosomal and subchromosomal ge-
netic changes which are important in tumor development
and progression“o‘. DNA ploidy is analyzed by DNA-
ICM as a screening marker to reveal the development of
ESCC. Until now, few studies have investigated the rela-
tionship between DNA ploidy and ESCC diagnosis appli-
cation ™. In these previous studies, researchers obtained
specimens from surgical tissue, paraffin-embedded tissue
and endoscopic biopsy. They have analyzed the prognos-
tic value of DNA ploidy in the progtession of ESCC, and
predicted the prognosis of ESCC. Furthermore, these
studies have not been performed by a population-based
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582 local residents were recruited from Linzhou in Henan
(60 subjects) and Feicheng in Shandong (522 subjects)

All subjects accepted cytological
collection (582 subjects)

457 subjects accepted
endoscopic examination

5 patients with glandular
epithelium lesions
have to be excluded
(452 subjects)

|

Comparison of the three screening methods to detect
moderate dysplasia or worse based on 452 patients

DNA image
cytometry
(582 subjects)

Liquid-based
cytology
(582 subjects)

Figure 1 Study flow chart, procedure, and subjects included in the study.

method, but were small sample clinical studies. DNA-ICM
has been used as a screening method in cervical cancer,
and was shown to have a higher sensitivity than that of
cytology. However, no population-based screening study
has focused on DNA-ICM for assessment of esophageal
squamous carcinoma and precancerous lesions.

In order to evaluate sensitivity and specificity of ESCC
screening by DNA-ICM, we conducted a population-

based study in two high-risk areas of China.

MATERIALS AND METHODS

Study design and subjects recruitment

This was a population-based screening study. In two areas
at high risk of ESCC, namely Linzhou in Henan prov-
ince and Feicheng in Shandong province, local trained
village doctors visited every family in June 2010, gathered
local residents to the village hospital, and then explained
this study to them. Finally, 70% of the local residents
consented to participate in our study. Inclusion criteria
were: (1) local resident; (2) age 40 to 69 years; (3) no con-
traindications for endoscopic examinations (e.g., history
of reaction to iodine or lidocaine, serious cardiovascular
disease, poor health status); and (4) voluntarily consent-
ing to participate in screening and signing the informed
consent document. Exclusion criteria were: participants
who had a history of liver cirrhosis, esophageal varices,
hematemesis, a bleeding disorder, uncontrolled conges-
tive heart failure, unstable angina or a reaction to topical
anesthetics or iodine.

The details of subject recruitment and exclusion, those
with cytology and endoscopy examinations, and the study
procedure are described in Figure 1.

This study was approved by the Institutional Review
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Figure 2 Image picture from a Feulgen-stained Thinprep slide visualized by DNA imaging software shows the DNA index of every nucleus of different cells

in one slide.

Boards of the Cancer Institute/Hospital of the Chinese
Academy of Medical Sciences (CICAMS) and Peking
Union Medical College.

Cytological sample collection

Preparation for balloon examination: All cytological ex-
aminations were performed in the villages. After complet-
ing informed consent and a short questionnaire, patients
fasted overnight prior to examination. Before balloon
examination, an inflatable balloon was soaked in 75% al-
cohol for at least 12 h.

Collection of cytological samples': Balloon examination
was performed by an experienced local doctor. After
cleansing the oral cavity, the balloon was inserted into the
back of the throat and swallowed by the patient. Once
in the stomach, the balloon and covering mesh were
expanded and then gradually pulled up the esophagus.
When the balloon reached the upper esophageal sphinc-
ter, it was deflated and withdrawn completely. After re-
moval, the balloon was placed in a 50 mL centrifuge tube
including Thinprep digestive fluid, the catheter was cut
off, and the centrifuge tube was sealed and transferred to
a CICAMS laboratory.

Reparation of cytological slides: Each sample was vor-
texed for 10 min to remove adherent cells from the balloon,
which was then taken out of the tube. The remaining cell
suspension was centrifuged at 2500 r/min for 5 min. Excess
supernatant was discarded and the cell deposits remained in
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the tube. All cell deposits were then transferred to Eppen-
dorf tubes, which included 20 mL of Thinprep preserving
cyto-solution. Every sample in the eppendorf tube was pre-
pared for two cytological slides. Every subject had two slides,
which were divided randomly for a Pap smear or Feulgen
staining, We adopted a crossover design to eliminate the im-
pact of numbers of cells on the diagnosis.

The slides were reviewed by two cytopathologists in-
dependently, and discrepancies were adjudicated by joint
review. The slides were read blindly without the patholog-
ical results. Diagnostic criteria were adapted from criteria
of the original Bethesda System'”.

DNA image analysis on liquid-based specimens

The specimens were stained by the Feulgen-Thionin
method as detailed in one previous study"”. The hard-
ware of the system included a MOTIC BAGOO micro-
scope, DELL370 workstation, automated microscope
control-box, Moticam 1501 camera and assistant accesso-
ries. The software for the DNA-ICM system came from
Canada"”.

This system automatically loaded each slide, scanned
the areas of Thinprep deposition, stored an image of
every object detected, calculated a set of 132 features
for each cell nucleus, ordered the DNA content of the
nucleus, and used multilevel decision-making to classify
each object as either nucleus or junk’. Finally, two cyto-
pathologists checked blindly the image of every nucleus
repeatedly, then excluded an unsatisfactory nucleus. Fig-
ure 2 shows the interface of DNA-ICM which is used to
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DNA ploidy Pathological diagnoses
Normal mD MD SD ESCC
Diploid 244 (72.6) 45 (62.5) 4 (13.8) 0(0) 0(0)
Aneuploid 92 (27.4) 27 (37.5) 25 (86.2) 10 (100) 5 (100)
No. of aneuploid cells < 5 90 (26.8) 25 (34.7) 7 (24.1) 1(10) 0 (0)
No. of aneuploid cells < 10 2 (0.6) 2(2.8) 2(6.9) 2 (20) 0 (0)
No. of aneuploid cells < 20 0(0) 0(0) 8 (27.6) 5 (50) 2 (40)
No. of aneuploid cells > 20 0(0) 0(0) 8 (27.6) 2 (20) 3 (60)
Total 336 72 29 10 5

mD: Mild dysplasia; MD: Moderate dysplasia; SD: Severe dysplasia; ESCC: Esophageal squamous cell carcinoma.

assess the image of the cell nucleus with its correspond-
ing features.

At least 400 normal epithelial cells were taken as the
internal reference diploid population in each specimen.
The coefficient of variation (CV) of the DNA quantity
of these reference cells never exceeded 3%. This value
was lower than the CV of 5% recommended by the
European Society for Analytical Cellular Pathology (ES-
APC)"™". The DNA content of every nucleus was mea-
sured by integrated optical density (10D).

The resulting DNA ploidy value is expressed as a “c”
value for the chromosome. A DNA ploidy value of 2c
indicates a normal diploid cell, 4c is a tetraploid cell, 5c is
a cutoff used for aneuploidy by most authors",

The quality control process was implemented and de-
pended on the reports of ESAPC!"™",

DNA index = DNA IOD value of detected cell/Av-
erage DNA (G0/G1) IOD among reference cells nuclei

Endoscopic examination

Endoscopic screening was completed by local doctors af-
ter training by and under the supervision of experienced
doctors from the CICAMS. The technical processes of
endoscopic screening were as follows:

Pre-endoscopy: Firstly, subjects signed the informed con-
sent, then were anesthetized with 5 ml. 1% lidocaine »iz the
mouth.

Endoscopy: Subjects were placed in the left lateral posi-
tion. The entire esophagus and stomach were visually
examined including careful examination of the cardiac
mucosa spinal roots.

Iodine staining: During the endoscopic procedure, Lu-
gol’s iodine (1.2%) solution was used to stain the normal
glycogen-containing tissue, which left the suspicious le-
sions unstained. Unstained foci were targeted and mul-
tiple biopsies were taken. Cleaning and disinfection of
endoscopes was carried out using 2% alkaline glutaralde-
hyde solution.

Pathological diagnoses: Biopsy specimens were fixed
in 10% buffered formalin, embedded in paraffin, cut in
5 um sections, and stained with hematoxylin and eosin.

(4 9
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The biopsy slides were read blindly by two experienced
pathologists (WJW, LFH) without knowledge of the
visual endoscopic results. Subjects with mild dysplasia
needed to be followed up, but with moderate dysplasia or
worse would be offered argon plasma coagulation and/or
endoscopic mucosal resection, or surgery, depending on
the grade of the lesion. Therefore, diagnosis of moderate
dysplasia or worse has clinical implications.

Statistical analysis

The sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) of DNA-ICM were
calculated by SAS 9.2 software. The results of DNA-
ICM ranging from 1 to 15 aneuploid cells were based on
different esophageal precancerous lesions (mild dysplasia,
moderate dysplasia, severe dysplasia and squamous cell
carcinoma).

RESULTS

Subject demographics

The study consisted of 452 subjects, including 171 men
and 281 women. The mean age of the participants was
55 years (range, 40-69 years). Overall, 60 subjects (13.3%)
came from Linzhou in Henan province and 392 subjects
(86.7%) from Feicheng in Shandong province. The ana-
lytic database was limited to 452 subjects who had results
of liquid-based cytology, histopathology and DNA-ICM.

Results of histopathology, liquid-based cytology and
DNA-ICM
There were 336 of 452 (74.3%) subjects with “negative”
histology, 10 (2.2%) had severe dysplasia, 29 (6.4%) had
moderate dysplasia, 72 (15.9%) had mild dysplasia and 5
(1.1%) were diagnosed with ESCC. For diagnoses with
liquid-based cytology, 386 subjects were normal (85.4%0)
and 66 (14.6%) had cytological abnormalities, of which
39 had atypical squamous cells of undetermined signifi-
cance (ASCUS), 19 had low-grade squamous intraepithe-
lial lesions (LSIL), 3 had high grade squamous intraepi-
thelial lesion (HSIL) and 5 cases had ESCC. For DNA-
ICM, 293 of 452 (64.8%) subjects had no aneuploid cells,
and 159 (35.2%) subjects had aneuploid cells.

Table 1 shows diploid cells and aneuploidy classified
by pathological diagnoses. The results showed that 27.4%

January 28, 2012 | Volume 18 | Issue 4 |
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Figure 3 Receiver operating characteristics curves of DNA image cytom-
etry based on histopathological results including mD or worse, MD and
worse or SD or worse. For each curve, the 15 points from right to left are from
at least one aneuploid cell to at least 15 aneuploid cells. mD: Mild dysplasia;
MD: Moderate dysplasia; SD: Severe dysplasia.

Threshold for Total Se Sp PPV NPV
positivity (%) (%) (%) (%)
Cytology ASCUS+ 452 7500 9191 5000 97.15
LSIL+ 452 5227 99.02 85.19 95.06
HSIL+ 452 1818 100.00 100.00 91.89
DNA ploidy Atleast1 452 9091 70.83 25.16 98.63
5¢ER cell
At least 2 452 8636 84.07 36.89 98.28
5¢ER cell
At least 3 452 7955 92.65 53.85 97.67
5¢ER cell
At least 4 452 77.27 96.81 72.34 97.53
5¢ER cell
At least 5 452 75.00 98.53 84.62 97.34
5¢ER cell

ASCUS: Atypical squamous cells of undetermined significance; LSIL:
Low-grade squamous intraepithelial lesions; HSIL: High grade squamous
intraepithelial lesion; Se: Sensitivity; Sp: Specificity; PPV: Positive predic-
tive value; NPV: Negative predictive value.

subjects with normal esophageal epithelia presented with
aneuploid cells, but the proportions of aneuploid cells
for subjects with mild dysplasia, moderate dysplasia, se-
vere dysplasia, and ESCC were 37.5%, 86.2%, 100% and
100%, respectively. In particular, among subjects with
severe dysplasia or ESCC, the proportion of diploid cells
was zero. Furthermore, the larger the proportion of an-
euploid cells, the worse the lesions.

The sensitivity and specificity of DNA-ICM compared
with histopathology and were showed in ROC curve
Figure 3 shows receiver operating characteristics curves
of the DNA-ICM method based on mild dysplasia or
worse, moderate dysplasia or worse and severe dysplasia
or worse. It also shows the sensitivity and specificity of
DNA ploidy by category, which is the minimum number
of cells required to define a subject as aneuploid. It is dif-
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Cytology or DNA ploidy Se (%) Sp (%)
= ASCUS or = 1 aneuploid cells 93.18 67.65
= ASCUS or = 2 aneuploid cells 88.64 79.41
= ASCUS or = 3 aneuploid cells 84.09 85.78
= ASCUS or = 4 aneuploid cells 81.82 88.97
= ASCUS or = 5 aneuploid cells 81.82 90.69

ASCUS: Atypical squamous cells of undetermined significance; Se: Sensi-
tivity; Sp: Specificity.

ficult to determine the exact threshold value, so optimal
limits of the threshold for DNA-ICM method were de-
termined. According to Figure 3, the optimal values for
sensitivity and specificity fell around a minimum number
of aneuploid cells ranging from at least 1 to 5.

Comparison of liquid-based cytology and DNA-ICM
Table 2 shows the sensitivity, specificity, PPV and NPV
of liquid-based cytology and DNA-ICM in our labora-
tory using these samples as determined by two blinded
reviewers. ASCUS, LSIL and HSIL thresholds for cytol-
ogy, and 1-5 aneuploid cells present at a DNA index of
2.5 for ploidy. For the threshold of moderate dysplasia
or worse, sensitivities of the DNA-ICM method ranging
from at least 1 aneuploid cell to 4 aneuploid cells were
90.91%, 86.36%, 79.55% and 77.27%, respectively. The
specificities were 70.83%, 84.07%, 92.65% and 96.81%,
respectively, but the sensitivity and specificity of liquid-
based cytology for ASCUS or worse was 75% and
91.91%, respectively.

Combined liquid-based cytology with DNA ploidy

Table 3 shows the sensitivity and specificity of a combi-
nation of liquid-based cytology and DNA-ICM. Liquid-
based cytology took ASCUS as the threshold value. The
threshold value of DNA-ICM ranged from at least 1 an-
euploid cell to at least 5 aneuploid cells. The combination
improved sensitivity and the ability to screen for positive
cases. The group “= ASCUS or = 3 aneuploid cells”
delivered optimal sensitivity and specificity, 84.09% and
85.78%, respectively.

DISCUSSION

This is the first population-based study to explore DNA
image analysis technology as a screening method in
ESCC. Our study indicated that the higher the grade of
esophageal precancerous lesions the higher the propoz-
tion of ancuploid cells. This result is similar to the con-
clusion that early malignant changes in the esophagus are
associated with alterations in DNA content in the clinical
study by Blant ¢z a/" in Switzerland. Therefore, DNA
image analysis may have potential clinical application as a
screening method for ESCC.

Our study also showed that the sensitivities of the
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DNA-ICM method ranging from at least 1 aneuploid cell
to 4 aneuploid cells were 90.91%, 86.36%, 79.55% and
77.27%, respectively, in identifying moderate dysplasia or
worse disease. These sensitivities were much higher than
that of liquid-based cytological testing (75%) using mod-
erate dysplasia or worse as the threshold.

One study on cervical cancer showed that the sensi-
tivity of DNA cytometry testing for cervical cancer was
91.7%, whereas the sensitivity of cytological testing was
44.5%, and the specificity was 54.1% for DNA cytometry
testing and 70.6% for cytological testingm. Singh ez al™
proposed the idea of combination screening using the
DNA-ICM method, and in cervical cancer, human papil-
lomavirus screening with cytology would be an optimal
method to detect progressive lesions with the greatest
possible sensitivity and specificity. In our study, the aim
of combining liquid-based cytology and DNA-ICM was
to explore whether the combination could improve the
sensitivity in screening for ESCC and precancerous le-
sions. The results indicated that the group “= ASCUS or
= 3 aneuploid cells” had the optimal sensitivity (84.09%)
and specificity (85.78%). This improved the sensitivity of
liquid-based cytological testing (75%) based on moderate
dysplasia or worse. However, the specificities of com-
bined cytology and DNA-ICM were lower than for the
individual methodologies. If both the results of cytology
and DNA-ICM are negative, the specificities of the com-
bination were negative. This led to the low specificities.
All in all; a combination of the two methods was only an
indication for screening, and was not suitable for screen-
ing ESCC and precancerous lesions.

It is important to note one parameter of DNA-ICM
in this study: the DNA index. In this study, we took the
5c¢ value as the threshold value of the aneuploid cell. The
ESAPC suggest that 5c is the cut-off value for aneu-
ploidy”g]. A few studies suggested the threshold value for
aneuploidy in other cancers was 5c, based on clinical sam-
plesmz}]. DNA-ICM, used in cervical cancer screening,
also set 5c¢ as the cut-off value since results had showed
that optimal values for sensitivity and specificity fell
around a DNA ploidy of 5¢". However, this value has
not been verified in esophageal cancer screening, It may
be a limitation of our study, and future studies should
confirm the cut-off value of DNA-ICM in esophageal
cancet.

Our study is also the first study using cytological sam-
ples for DNA-ICM with Feulgen staining by inflatable
balloon. Previous studies”™ on esophageal cancer and
DNA-ICM collected biopsy specimens and then analyzed
the DNA content of the nucleus. The sample collection
procedure in our study was simple, and easy to perform
as a screening method. Most ESCC cases occur in rural
areas in China where residents have little knowledge of
the capacity of medical diagnosis, and there is little heath
education and inadequate treatment. These areas also
lack experienced cytologists, endoscopists, and patholo-
gists, as medical training is arduous and long. However,
for DNA-ICM, a technician could work independently
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after 3 wk training, and 90% of slides could be diagnosed
in 1 min, so this method would be easier to perform.
Cytological diagnosis depends largely on the numbers of
cytologists, but DNA-ICM is more objective as it is read
by computer™. Our aim was to explore DNA-ICM as a
primary screening method, which is certain to miss some
positive cases compatred with the “golden standard” of
endoscopic examination. Nevertheless, we should not
ignore the advantages of DNA-ICM: it is simple, objec-
tive, and likely to be accepted by participants. According
to the data analysis, of 116 subjects with mild dysplasia
or worse, 49 results of DNA-ICM were negative (false
negative rate 42.2%). However, all of the 49 cases (100%0)
had mild or moderate dysplasia. This means that no ad-
vanced stage esophageal lesions had been missed. We
also have relevant data about the efficiency of cell collec-
tion by inflatable balloon. is the so-called adequacy codes
are classified into three grades: adequate for evaluation;
satisfactory for evaluation but limited; and unsatisfactory.
The number of subjects with adequate for evaluation cy-
tological samples was 288, which is 63.7% of all subjects;
with satisfactory for evaluation but limited samples was
163 (36.1%), and the sample of one subject was unsatis-
factory (0.2%). Thus, we could say that the efficiency of
cell collection by inflatable balloon was good for diagno-
sis by DNA-ICM.

DNA-ICM could also be used to predict the prog-
ress of lesions, as ESCC patients with diploid cells lived
longer than ones with polyploidy[m. One study in 2001
showed that the progression rate from oral dysplasia to
invasive or carcinoma, based on the detection of DNA
aneuploidy was only 10% after 1 year but increased sig-
nificantly, to 90%, after 5 years”’. DNA-ICM has been
used as a diagnostic tool and aneuploidy tended to cor-
relate with progression to invasive scc, Esophageal
squamous cell carcinogenesis is thought to be a multi-
step process, influenced by multiple factors. Changes in
DNA ploidy occurring in human tumors are shown to be
a global reflection of the chromosomal and subchromo-
somal genetic changes which play a key role in tumor de-
velopment and progressionm. It had been indicated that
the aneuploid cell is important in the eatly stage of carci-
nogenesis[zg’zol. Therefore, we believe that aneuploid cells
as a biomatker can be detected by DNA-ICM, which not
only may be used for screening precancerous lesions of
ESCC, but also for clinical diagnoses, prognostic evalua-
tion and, in particular, patient follow-up and management
after screening.

In summary, this is the first population-based study to
focus on the relationship between the alteration in DNA
content and ESCC and its precancerous lesions. We
found that higher grade esophageal precancerous lesions
had a higher proportion of aneuploid cells. Confirmed by
pathological diagnoses from endoscopic biopsy, DNA-
ICM had higher sensitivity, based on moderate dysplasia
or worse as threshold, in ESCC screening than liquid-
based cytology. Thus, it is possible to use DNA-ICM as
the primary screening method in ESCC in high-risk areas
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of China. Further larger sample studies are under consid-
eration.
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