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Table 5 Results of previously reported follow-up

dies of EBC scr

&

A. Esophageal and gastric cardia cancer incidence during 1974-1989, by worst 1974 cytology diagnosis*

1974 Cytology category

— Total
Normal Esophagitis Hyperplasia Dysplasia 1 Dysplasia 2 Suspicious for cancer
No. of subjects 6070 318 5411 338 496 60 12693
Cumulative incidence” 449 37 530 43 79 24 1162
(7.4%) (11.6%) (9.8%) (12.7%) (15.9%) (40.0%) (9.2%)
Age and sex-adjusted RR° 1.00 1.56 1.20 1.62 1.82 584 P for trend
(1.12-2.18) (1.05-1.36) (1.18-2.21) (1.43-2.32) (3.87-8.80) <0.001
B. Esophageal and gastric cardia cancer incidence during 1983-1991, by worst 1983 cytology diagnosis®
1983 Cytology category
- Total
Normal Hyperplasia Dysplasia 1 Dysplasia 2 Near cancer
No. of subjects 2949 3645 2634 800 38 10066
Cumulative incidence” 117 187 279 154 10 747
(4.0%) (5.1%) (10.6%) (19.3%) (26.3%) (7.4%)
Age and sex-adjusted RR* 1.00 1.23 2.55 5.00 5.79 P for trend
(0.98-1.55) (2.05-3.17) (3.92-6.37) (3.03-11.07) <0.001
“ Modified from Dawsey et al. (13) for worst 1974 cytology diagnosis and from Liu et al. (14) for worst 1983 cytology diagnosis.
» Number (percentage) of subjects in each cytology category who developed esophageal or gastric cardia cancer during the follow-up period.
“ Relative risk (95% confidence interval) of esophageal or gastric cardia cancer incidence during the follow-up period, adjusted for age and gender.
Table 6 Esophageal and gastric cardia cancer incidence during 1987-1991, by worst 1987 cytology diagnoses
A. Total cohort, Chinese diagnoses
1987 Cytology category
Total
Normal Hyperplasia Dysplasia 1 Dysplasia 2 Near cancer
No. of subjects 181 671 1005 467 242 2566
Cumulative incidence” 8 41 59 37 54 199
(4.4%) (6.1%) (5.9%) (7.9%) (22.3%) (1.7%)
Age and sex-adjusted RR” 1.00 1.41 1.38 1.87 5.86 P for trend
(0.66-3.01) (0.66-2.89) (0.87-4.01) (2.79-12.32) <0.001
B. Selected cases, Chinese diagnoses
1987 Cytology category
- - Total
Normal Hyperplasia Dysplasia | Dysplasia 2 Near cancer
No. of subjects 11 54 177 92 118 452
Cumulative incidence” 1 4 16 15 32 68
(9.1%) (7.4%) (9.0%) (16.3%) (27.1%) (15.0%)
Age and sex-adjusted RR” 1.00 0.68 0.85 1.69 2.82 P for trend
(0.08-6.10) (0.11-6.40) (0.22-12.80) (0.39-20.69) <0.001
C. Selected cases, U. S. diagnoses
1987 Cytology category
T Total
Normal Reactive Mild dysplasia Modem’e Severe.
dysplasia dysplasia
No. of subjects 28 265 88 86 19 486
Cumulative incidence” | 31 22 22 12 88
(3.6%) (11.7%) (25.0%) (25.6%) (63.2%) (18.1%)
Age and sex-adjusted RR” 1.00 2.81 6.83 7.00 24.63 P for trend
(0.38-20.62) (0.92-50.78) (0.94-52.06) (3.18-190.60) <0.001

“ Number (percentage) of subjects in each cytology category who developed esophageal or gastric cardia cancer during the follow-up period.
* Relative risk (95% confidence interval) of esophageal or gastric cardia cancer incidence during the follow-up period, adjusted for age and gender.

number of EBC examinations performed on each patient or the
methods used to confirm the diagnosis of cancer, were not
included in these reports. In one study of 52 patients, however,
it was noted that the sensitivity of EBC increased from 65%
after a single examination to 90% after four examinations (8).

Only one previous report from China has tried to estimate
the sensitivity of EBC for detecting esophageal cancer in a

population screening of asymptomatic people (8). In this
screening, 5800 people were examined, and 121 cancers were
found. The sensitivity of EBC was calculated by dividing the
number of cancers found in the screening by that number plus
the cancers found in the same population during the next 2
years. By this method, the sensitivity was estimated to be 93%
(121 of 130). No previous studies from China have evaluated
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Fig. 2. The development of Chinese cytological categories.
Table 7 Esophageal cancer incidence during 1987-1991, by worst 1987 esophageal biopsy diagnosis®
Worst 1987 esophageal biopsy diagnosis
Total
Normal BCH" Acanthosis  Esophagitis mD MD SD NOS CIS
No. of subjects 375 40 77 33 76 30 23 12 16 682
Cumulative incidence* 8 2 0 0 4 8 15 4 11 52
(2.1%) (5.0%) (0.0%) (0.0%) (5.3%) (26.7%) (65.2%) (33.3%) (68.8%) (7.6%)
Age and sex-adjusted RRY 1.0 23 25 14.3 55.6 19.9 535 P for trend
(0.5-10.8) (0.7-8.2) (5.3-382) (23.4-132.1) (5.9-67.2) (21.0-136.6) <0.00!

“ Modified from Dawsey et al. (36).

” BCH. basal cell hyperplasia; mD, mild dysplasia; MD, moderate dysplasia; SD, severe dysplasia; NOS, dysplasia not otherwise specified: CIS, carcinoma in situ.
“ Number (percentage) of subjects with each 1987 biopsy result who developed esophageal cancer during 1987-1991.
“ Relative risk (95% confidence interval) of esophageal cancer incidence during 1987-1991. adjusted for age and gender.

the sensitivity, specificity, or predictive values of a single EBC
examination for identifying concurrent, biopsy-proven dyspla-
sia or cancer in asymptomatic individuals.

A few studies from other countries have evaluated the
accuracy of EBC by comparing concurrent cytological and
histological diagnoses. Berry et al. (25) found cancer cells in 48
(96%) of 50 patients known to have squamous esophageal
cancer. They also screened 500 asymptomatic patients and
made cytological diagnoses of cancer in 15, dysplasia in 26, and
atypia requiring biopsy in 34. Subsequent unblinded endoscopy
of these 75 patients confirmed all of the cancer and dysplasia
diagnoses (although some cases required up to 40 biopsies for
confirmation) and found esophagitis without dysplasia in all of
the cases of cytological atypia. The other 425 screened patients
were not endoscoped; therefore, the accuracy of these negative
cytology diagnoses could not be determined.

Greenebaum ez al. (29) screened 11 patients with known
obstructive esophageal cancers, 74 patients with treated or
untreated head and neck cancers, and 11 other patients thought
to be at increased risk for esophageal cancer. Seven (64%) of
the 11 patients with known cancer had suspicious or positive
cells on their EBC smears, and the EBC examinations identified
7 additional cancers in the other 85 patients, all of which were
later confirmed. The postscreening evaluation of the other 78

at-risk patients was not reported; therefore, the accuracy of their
negative EBC examinations is unknown.

Tsang et al. (31) performed EBC on 76 patients with
previous endoscopic biopsies showing cancer (11 patients),
mild dysplasia (16 patients), esophagitis (23 patients), or nor-
mal mucosa (26 patients). Positive cytology (defined as an EBC
diagnosis of severe dysplasia, suspicious for cancer, or cancer)
was found in 10 of the 11 patients with biopsy-proven cancer
and 4 of the 65 patients without cancer, yielding a sensitivity of
91%, a specificity of 94%, a positive predictive value of 71%,
and a negative predictive value of 98% for the EBC procedure.

Chanvitan et al. (28) performed the evaluation most
closely comparable to the current cytological-histological com-
parison studies. They screened 53 symptomatic and 73 asymp-
tomatic patients by EBC and then, 1 week later, endoscoped all
of them. Taking the endoscopic biopsy diagnoses as truth, they
found the following correlation results; in the symptomatic
patients, EBC had a sensitivity of 69% (20 of 29), a specificity
of 100% (24 of 24), a positive predictive value of 100% (20 of
20), and a negative predictive value of 42% (14 of 33) for
identifying biopsy-proven cancer. In the asymptomatic patients,
only three of whom had cancer, the sensitivity, specificity, and
both predictive values were all 100%.

All of the current follow-up studies showed definite pre-
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dictive value for both Chinese and U. S. cytological diagnoses.
Several aspects of these studies, however, are worthy of note.
In both the 1974 and 1983 studies (Table 5), the cumulative
incidence of invasive cancer associated with the Chinese diag-
noses of dysplasia, suspicious for cancer, and near cancer after
long-term follow-up was rather low. In the 1974 study, 60% of
those with a diagnosis of suspicious for cancer and 85% of
those with a diagnosis of dysplasia did not develop clinical
cancer within the next 15 years. In the 1983 study, 74% of those
with near cancer and 87% of those with dysplasia did not
develop cancer within 7.5 years. These results suggest that
these cytological diagnoses included significant numbers of
reactive lesions and/or they included neoplastic lesions that
regressed, remained stable. or progressed very slowly over
many years.

In the 1987 follow-up studies, the cumulative incidences
and relative risks associated with the Chinese cytological di-
agnoses of dysplasia and near cancer (Table 6, A and B) were
considerably lower than those associated with the histological
diagnoses of dysplasia (especially moderate and severe dyspla-
sia) in the similar follow-up study of a subset of the same
patients categorized by their endoscopic biopsy diagnoses
(Table 7). It is possible that in some of these cases, the cyto-
logical diagnoses were identifying neoplastic lesions that would
take longer than 3.5 years to develop into cancer, similar to the
histological lesions diagnosed as mild dysplasia.

On the other hand. in the same follow-up studies, the
cumulative incidences and relative risks associated with some
of the U. S. cytological diagnoses (Table 6C) were higher than
the figures for similar biopsy diagnoses (Table 7), implying that
the U. S. cervix-based criteria may well have been undercalling
lesions that were clinically significant in the esophagus. It
seems quite unlikely that 25% of lesions that were in fact only
mildly dysplastic would progress to invasive cancer within 3.5
years. This was certainly not the case among the 1987 patients
with biopsy diagnoses of mild dysplasia. Perhaps the squamous
epithelium of the esophagus does not respond to carcinogenic
stimuli in quite the same way as the squamous epithelium of the
cervix, and the cytological morphology associated with mild
dysplasia in the cervix is more indicative of moderate dysplasia
in the esophagus (at least in this high-risk population). If so,
additional cytological criteria may have to be developed to
identify the earlier neoplastic lesions.

Thus, optimal esophageal cytological criteria may lie
somewhere between the Chinese and U. S. criteria used in these
studies. The Chinese may need to add a reactive category to
include cases with enlarged nuclei but minimal or no chromatin
abnormalities, and the U. S. criteria may need to be liberalized
to include more “borderline™ lesions as dysplasia. The devel-
opment of more accurate criteria will probably require multiple,
well-designed. cytological-histological correlation studies of
esophageal lesions. Such studies should become more possible
as endoscopy becomes increasingly available in high-risk pop-
ulations.

The current preliminary studies suggest several areas in
which modifications may improve the accuracy and usefulness
of EBC. including sampler design, sampling technique, proc-
essing of the cell samples, and cytological criteria. The imper-
fect conditions of several of the current studies also suggest the
need for more controlled investigations to evaluate current
(baseline) and improved techniques.

There remains a great need for successful strategies for the
early detection of esophageal cancer. Chinese balloon cytology
has shown that it can detect asymptomatic, curable, early
esophageal cancers and that it can identify individuals without

current cancer who are at increased risk for developing esoph-
ageal cancer in the future. Our preliminary studies suggest that
esophageal balloon cytology is a promising early detection
technique that can benefit from additional research to improve
its optimal performance.
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Appendix
1. Cytological categories and criteria

A. Chinese categories

The Chinese cytological categories and criteria used in
1983 (the 1983 follow-up study), 1987 (the 1987 survey, total
cohort), 1988 (the 1987 survey, selected cases), and 1991 (the
1991 survey, total cohort) were as follows (12):

Normal (zhéng chdng). Most cells are normal intermediate
cells, with 10-15% normal superficial cells. Rare parabasal
cells may be present.

Hyperplasia (qing dit zeng sheng). The nuclei are mildly
hyperchromatic and enlarged, being two or more but less than
three times the size of nuclei in normal intermediate cells.

Dysplasia 1 (zhong du zeng sheng yi ji). The nuclei are
hyperchromatic, with finely granular and evenly distributed
chromatin. The nuclei are three or more but less than four times
the size of the nuclei of normal intermediate cells. When
hyperplasia cells are present in the smear, finding a single cell
meeting the criteria for dysplasia 1 is sufficient for this diag-
nosis.

Dysplasia 2 (zhong du zeng sheng eér ji). The pattern is
similar to dysplasia 1, except that the abnormal nuclei are four
or more but less than five times the size of the nuclei of normal
intermediate cells. When hyperplasia or dysplasia 1 cells are
present in the smear, finding a single dysplasia 2 cell is suffi-
cient for this diagnosis.

Near Cancer (jin di). The pattern is similar to dysplasia 2,
except that the abnormal nuclei are five or more times the size
of the nuclei of normal intermediate cells. Finding a single near
cancer cell is sufficient for this diagnosis. Typical cancer cells
are absent.

Cancer (di; lin di; xian di). Typical cancer cells are pres-
ent. Typical cancer cells have coarse chromatin granules that
vary in size and are irregularly distributed. They may have
irregularly thickened and irregularly contoured nuclear mem-
branes. The nuclear:cytoplasmic ratio is increased. Nucleoli
may be present (nucleoli are only occasionally seen in squa-
mous cancer; they are always seen in adenocarcinoma).

The same Chinese categories and criteria were also used in
1974 (the 1974 follow-up study), except that there was an
additional category of esophagitis (shi gudn yan), and suspi-
cious for cancer (k& yi di) was used instead of near cancer (jin
di). These additional categories were defined as follows (13):

Esophagitis (shi gudn ydn). Normal cells are found in
association with a significant number of inflammatory cells.
Inflammatory cells infiltrating sheets of epithelial cells may be
seen.

Suspicious for cancer (ké yi di). The cytopathologist is
suspicious but not certain that cancer is present. This usually
occurs when there are many dysplasia 2 cells or spindle-shaped
squamous cells, without definite malignant cells, or when rare
cells are found with some atypical nuclear features but more
abundant cytoplasm than is usually seen in malignant cells.

In all surveys, the category names and the defining nuclear
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criteria were the same for both squamous and columnar cells;
the identification of cell type was based on cytoplasmic char-
acteristics. The overall case diagnosis was the worst squamous
or columnar diagnosis made.

B. U. S. categories

The U. S. cytological categories and criteria used in 1988
(the 1987 survey, selected cases) were as follows:

Squamous cell categories:

Normal. The majority of the cells are single intermediate
cells. No nuclear abnormalities are seen.

Reactive. The cells have degenerative and/or regenera-
tive features. In degenerating cells, the nuclei are of normal
size or enlarged, without increased chromatin. The chroma-
tin is evenly distributed or may be clumped along the nuclear
membrane. The nuclear membranes are smooth, and nucleoli
are not seen. A special type of degenerative change is par-
akeratosis, in which the cells have small, pyknotic nuclei and
eosinophilic cytoplasm. Regenerating cells are usually found
in flat, cohesive sheets. The nuclei are enlarged and may
vary in size. The chromatin is evenly distributed, and the
nuclear membranes are smooth. Nucleoli are prominent, and
cytoplasm is abundant.

Dysplasia. The cells are usually single. The nuclei are
enlarged and vary in size. There is increased chromatin, which
is finely to coarsely granular and evenly distributed. The nu-
clear membranes are smooth or mildly irregular, and nucleoli
are not seen. The nuclear:cytoplasmic ratio is increased. In-
creasing grades of dysplasia (mild, moderate, and severe) are
characterized by increasing nuclear size, increasing amounts
and coarseness of chromatin, and increasing nuclear:cytoplas-
mic ratio.

Cancer. The cells are usually single and may be quite
pleomorphic. The nuclei are enlarged and vary in size and
shape. There is increased chromatin, which is coarsely granular
and irregularly distributed. The nuclear membranes are irregu-
lar in thickness and contour. Nucleoli are commonly seen.
There is scant to abundant cytoplasm, which may be keratin-
ized. The nuclear:cytoplasmic ratio is increased. There is often
a background tumor diathesis of blood, fibrin, and necrotic
debris.

Columnar cell categories:

Normal. The cells are in flat cohesive sheets and have
regular round nuclei, small nucleoli, and distinct cell borders.

Reactive. The cells are usually in flat cohesive sheets but
may also be seen as single cells or bare nuclei. The nuclei are
enlarged and vary in size but retain their normal polarity within
the sheet. Large nucleoli are common, but there is no increase
in chromatin or nuclear membrane irregularity. With degener-
ation, the cells become discohesive and may lose their cyto-
plasm.

Dysplasia. The cells are seen in small fragments or as
single cells. The nuclei are enlarged and vary in size. There is
increased chromatin, which is evenly distributed, and an in-
creased nuclear:cytoplasmic ratio. Nuclear membranes are
smooth, and nucleoli are not prominent.

Cancer. The cells are present in dyspolaric three-dimen-
sional fragments or as single cells with intact cytoplasm. The
nuclei are eccentric and enlarged and vary in size and shape.
There is increased chromatin and parachromatin. There are
sharp irregularities in nuclear membranes and prominent large
nucleoli. There are variable amounts of cytoplasm, which may
be vacuolated. The nuclear:cytoplasmic ratio is increased. A
background tumor diathesis may be present.

The overall case diagnosis was the worst squamous or
columnar diagnosis made.

II. Histological categories and criteria

The histological categories and criteria used in 1987 and 1991
were as follows (37, 38):

Esophageal categories:

Normal. A stratified squamous epithelium was present that
showed no features diagnostic of acanthosis, esophagitis, squa-
mous dysplasia, or squamous cancer, as defined below.

Acanthosis. An otherwise normal epithelium was =0.5
mm thick.

Esophagitis. One or more of the following three criteria
were present: elongation of lamina propria papillae into the
upper third of the epithelium together with basal cell hyperpla-
sia, defined as a basal zone thickness >15% of total epithelial
thickness; epithelial infiltration by neutrophils or eosinophils;
or a dense non-follicular infiltrate of mononuclear inflamma-
tory cells or neutrophils in the lamina propria.

Squamous dysplasia. Nuclear atypia (enlargement, pleo-
morphism, and hyperchromasia), loss of normal cell polarity,
and abnormal tissue maturation were present in the lower third
(mild), in the lower two-thirds (moderate), or in all thirds
(severe) of the epithelium, without invasion. Biopsies contain-
ing dysplastic cells that could not be graded because of biopsy
size or orientation were categorized as squamous dysplasia, not
otherwise specified.

Squamous cancer. Neoplastic squamous cells were pres-
ent, which had invaded through the basement membrane.
Gastric categories:

Normal. A gastric mucosa was present, which showed no
features diagnostic of gastritis, gastric dysplasia or adenocar-
cinoma, as defined below. No inflammatory infiltrate was al-
lowed in normal biopsies from the gastric fundus or body, but
a mild lymphoplasmacytic infiltrate was permitted in normal
biopsies from the cardia or antrum.

Gastritis without atrophy. Any inflammation other than a
mild lymphoplasmacytic infiltrate in biopsies from the cardia or
antrum was called gastritis. For the purposes of these studies,
we did not separate superficial from full-thickness involvement
or chronic from chronic active inflammation. No atrophy (loss
of glands) or metaplasia was identified.

Atrophic gastritis. There was variable inflammation and
loss of normal glands, with or without intestinal or pyloric
metaplasia.

Gastric dysplasia. Neoplastic features, including nuclear
atypia and/or architectural abnormalities, were present but con-
fined to the gastric epithelium, without invasion. Dysplasia was
categorized as low-grade or high-grade based on the severity of
the neoplastic features (39).

Adenocarcinoma. Neoplastic gastric epithelial cells were
present, which had invaded through the basement membrane.
For each patient, a worst biopsy diagnosis was derived as
follows:

Normal. A worst biopsy diagnosis of normal or acanthotic
esophageal mucosa or normal gastric mucosa.

Inflammation. Esophagitis, gastritis without atrophy, or
atrophic gastritis.

Low-grade dysplasia. Mild squamous dysplasia or low-
grade gastric dysplasia.

High-grade dysplasia. Moderate or severe squamous dys-
plasia or high-grade gastric dysplasia.

Cancer. squamous cancer or adenocarcinoma.
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