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Abstract Of the approximately 60 million Pap smears performed in the United States in 1995, about 
8% or 5 million will show cytology that is "not negative" (ASCUS, AGCUS, LSIL, HSIL, etc.). Possibly 
15% or about 0.7 million of these cases will have positive follow-up by repeated Pap smears, colposcopy 
or biopsy. More than 4 million will be false-positive smears based on the reference standard of biopsy 
or repeated smears. If no treatment or medical intervention was offered to the 0.7 million cytologically 
and histologically positive cases, perhaps 20,000 (3%) would develop into invasive cancer. Of the 
original 5 million cytologically "not negative" cases, fewer than 0.5% have the potential to develop into 
invasive cancer. 

While considerable attention has been paid to false-negatives in Pap screening, the above consider- 
ations indicate that the cytological and histological criteria for assessing the malignant potential of "not 
negative" samples might benefit from some refinement. Until such refinement occurs, any chemopre- 
vention studies in cervix face a formidable signal-to-noise problem-worse than 1:30. 

This paper presents data from quantitative image cytometry of cervical smears for assessing the 
malignant potential of various "not negative" cases. We have approached this in two ways-by analyz- 
ing dysplastic cell nuclei and by analyzing the nuclei of cytologically normal cells growing in the 
vicinity of the neoplastic lesion. In both cases, nuclear features describing the distribution of the DNA 
in the cell nuclei (especially texture features) are the discriminating factors. Future research into the 
objective assessment of malignant potential of "not negative" cases is outlined. 0 1995 Wiley-Liss, Inc. 
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Although mass Pap screening programs have 
demonstrably reduced mortality from cervical 
cancer [1,21, there is considerable evidence that 
relatively few abnormal cases detected by screen- 
ing would ever become invasive cervical cancer 
had they been left untreated. If the mapping be- 
tween these abnormal cases and development of 
invasive cervical cancer is poor, then any chemo- 
prevention trials aimed at reversing cervical pre- 
cancers are especially difficult to design. A par- 
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tial solution to this problem may come from 
automated image cytometry. Preliminary data 
support the hypothesis that the malignant poten- 
tial of "abnormal" cervical specimens may be 
more objectively and accurately assessed based 
on quantitative measurements [31. 

In this paper we will describe our efforts to 
try and gauge the malignant potential of current 
"abnormal" cases, estimate the required study 
and control group sizes necessary to measure the 
efficacy of a chemoprevention protocol, illustrate 
how quantitative image cytometry may be ap- 
plied to the problem of assessing malignant po- 
tential, and describe some retrospective experi- 
ments we are planning to test the power of im- 
age cytometry for assessing malignant potential. 



44 Palcic et al. 

THE MALIGNANT POTENTIAL 
OF "NOT NEGATIVE" CASES 

It is difficult to estimate the malignant poten- 
tial of "not negative" cervical cases. Typically, 
between 5-10% of Pap smears are initially 
screened as "not negative" 14/51. The ASCUS 
(atypical squamous cells of undetermined signifi- 
cance) category alone "may be expected in no 
more than 5% of PAP findings" according to 
Kurman et al. 161 and supported by Kreiger et al. 
[5]. Thus, with 50-60 million Pap smears in the 
United States in 1995, about 5 k 1 million will be 
called "not negative." 

Most of those cases initially screened as "not 
negative" will be followed up by some combina- 
tion of repeat smears, colposcopy, and biopsy. 
Some studies place the number of positively fol- 
lowed-up ASCUS cases at 15% [71, but others 
place it as high as 60% [81. The number of posi- 
tively followed-up LSIL (low-grade squamous 
intraepithelial lesions) has been measured at 50% 
[91. If we very conservatively put the total posi- 
tive follow-up at only 15%, then at least 0.7 mil- 
lion "not negative" cases will be treated. This 
estimate appears consistent with that of Morrow 
[lo] in these proceedings. 

How many of these 0.7 million or more cases 
have the potential to develop into invasive cervi- 
cal cancer? Koss [41 put the number at 1 in 10 or 
less. One difficulty in making this estimate is 
that few, if any, baseline measurements were 
done before screening programs were imple- 
mented [lll.  However, Pap screening has been 
credited with reducing the incidence of invasive 
cervical cancer by 50-80% [1,2,121. In 1995, there 
will be fewer than 15,000 cases of invasive 
cervical cancer [13] with screening in place. Pap 
screening in the U.S. probably covers about 
60-70% of the target "at-risk'' population 1141. Of 
the 0.7 million cases of dysplasia, 25-50,000 inva- 
sive cervical cancers are estimated to result in 
1995 if there was no Pap screening. This rate is 
between 1 in 15 and 1 in 30. 

Another approach to making this estimate is 
to use the reported incidence rates (age standard- 
ized) from locations which have no screening 
program and apply these to the US. population 
of 100 million women at risk. The reported age- 
standardized rate of invasive cervical cancer in 
British Columbia in 1955 when screening started 
was 28.5 per 100,000 for women aged 20 and 

over [2]. Similarly, a Swedish study showed a 
rate of 25 invasive cancers per 100,000 un- 
screened women [l]. Although these rates 
include a prevalence component (rather than 
strictly reflecting incidence), applying them to 
the U.S. at-risk population yields an estimate of 
about 20,000 invasive cervical cancers in 1995 
from the 0.7 million cases of dysplasia if treat- 
ment was withheld, a rate of about 1 in 35. 

Another alternative focuses on carcinoma in 
situ as the precursor to invasive cancer. Dutch 
data [15] indicates that for women aged 65, vir- 
tually all CIS progresses, whereas for women at 
age 30, more than 75% regress to negative. 
Because of this, van Ballegooijen et al. [151 rec- 
ommend that screening not start before the age 
of 30 or 35. The study of Stenkvist et al. ell also 
indicated a progression rate from CIS at about 
25% for women aged 30-39. Similarly, in British 
Columbia between 1955 and 1985, about 26,000 
cases of CIS were detected and treated 121. Yet, 
based on the incidence rate of invasive cervical 
cancer in 1955 and adjusting for the population 
changes to 1985, there would have been 7,000 
invasive cervical cancers in British Columbia, 
which is also consistent with a progression rate 
of 25% for CIS. Thus, even considering only the 
CIS group of patients, it is unlikely that the ma- 
lignant potential is much higher than 1 in 3 or 1 
in 4. 

CHEMOPREVENTION TRIAL 
DESIGN FOR LOW DISEASE 

PROGRESSION PROBABILITY 

The low malignant potential of cervical dys- 
plasia has a serious impact on the design of che- 
moprevention trials, making very large study 
groups necessary. 

Sample sizes required to detect an effect of the 
chemoprevention agent can be determined using 
standard statistical methods, for example, Fleiss 
[161. For this problem, it is appropriate to use the 
two-tailed test for equal sample sizes (placebo 
and test groups). The calculation requires specifi- 
cation of the Type I error, a, the test significance 
which is the probability of -declaring that the 
chemoprevention is effective when in fact it is 
not; and Type I1 errors, p, (the test power is 1-p) 
which is the probability of declaring that the 
chemoprevention makes no difference, when in 
fact it does (it could be significantly better or 
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TABLE I. Number of Subjects Required for Each Group (Control and Test) for 
Various Progression to Regression Ratios and Chemoprevention Efficacies* 

Regression: 
Progression 

Ratio 

45 

Number of Subjects 

Chemoprevention Efficacy (% responding) 

100 90 75 50 25 10 

1 O O : l  

1O: l  

~ 

6 9 14 28 72 220 

9 12 18 38 118 526 

1:l 

1:2 

1 :5 

1 : l O  

27 36 56 138 574 3,590 

47 62 98 249 1,080 6,995 

106 142 225 582 2,601 17,209 

206 274 437 1,136 5,135 34,233 

worse than the placebo). It is usual for a drug 
trial to set a low to 0.01 or 0.02; and to set p to 
about 4a, about 0.05 or 0.10 [161. 

Table I and Figure 1 show the number of 
cases required for each group (i.e., the placebo 
group and the study group) for a particular drug 
efficacy and ra ti0 of progression to regression. 
Here, "drug efficacy" refers to the percentage of 
test subjects detectably responding. Table I and 
Figure 1 are calculated for a significance, a, of 
0.01 and a power, 1-p, of 0.95. Even at a progres- 
sion to regression ratio of 1:5 (similar to CIS), 
typically 500 subjects per group are required to 
detect that a drug is effective for 75% of patients. 

Table I and Figure 1 indicate that any success- 
ful chemoprevention trial requires good esti- 
mates of progression to regression rates and a 
large number of subjects in both control and test 
groups. Any method that increases the progres- 
sion to regression ratio will significantly reduce 
the sample sizes required. 

1:30 

HOW QUANTITATIVE IMAGE CYTOMETRY 
CAN HELP 

602 802 1,282 3,354 15,271 102,327 

Many of the potential techniques of image 
cytometry, flow cytometry, and other cyto- and 
histometric methods have been described by 

other authors at these proceedings. These include 
DNA ploidy and texture measurements, im- 
munohisto- and cytochemical markers of specific 
receptors or specific phenotype expressions, and 
various genetic and genotypical markers. All of 
these hold exciting potential as surrogate end- 
point biomarkers. 

We take the view that any chemoprevention 
trials that could be practically and ethically im- 
plemented in the United States for cervical can- 
cer will not be applied to patients with carci- 
noma in situ, or even HSIL, but will, instead, be 
restricted to ASCUS, LSIL, and other very low- 
grade states. If this assumption is correct, the 
preceding statistical analysis clearly indicates the 
need not only for an endpoint marker, but also 
for a "startpoint" marker, and appropriate moni- 
toring metrology. If the number of cases that 
must be followed is indeed large, then it requires 
a metrology method that is effective and eco- 
nomical when applied to large numbers of sub- 
jects. For this reason, we confine our comments 
to automated image cytometry. 

Our hypothesis [3] is that it may be possible 
to assess the malignant potential of Pap smears 
and other types of single cell preparations by 
image cytometry if it is: 

Automated. A statistically significant sample 
of perhaps several thousand cell nuclei per sam- 
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ple must be measured [3]. This is absolutely im- 
practical by manual or interactive means. Fur- 
thermore, high resolution imaging (see below) 
can only be performed consistently in terms of 
focus, segmentation, and unbiased cell selection 
if performed by a machine. 

Quantitative for DNA. Hematoxylin-stained 
specimens have been very valuable throughout 
the twentieth century, but they have not been 
highly useful for the assessment of malignant 
potential. Hematoxylin is not a specific stain for 
DNA [17]. It seems likely that we have, over the 
past century, learned all that hematoxylin has to 
teach us. New techniques are required. 

High resolution. Both high spatial and pho- 
tometric resolutions are required to measure the 
subtle changes in nuclear texture of normal cells 
found growing adjacent to a neoplastic lesion [3]. 
We have data being prepared for publication that 
support the hypothesis that such measurements 
are of both diagnostic and prognostic signifi- 
cance. 

Preliminary data in both lung and cervix [31 
indicate that quantitative image cytometry can 
give some assessment (typically 80% accurate) of 

the malignant potential of a lesion based on the 
analysis of a single sample. However, in the con- 
text of cervical cancer, which appears to be a 
very slowly developing disease [ll], it seems far 
more interesting to assess malignant potential by 
performing objective measurements along a time 
base. This is also a requirement for monitoring 
any chemoprevention trial. 

The first step in monitoring disease progres- 
sion and regression along a time base is to estab- 
lish an objective metric. Figure 2 illustrates the 
progression in DNA ploidy from negative to 
invasive cancer (these are composite plots, sum- 
ming many slides and hundreds of thousands of 
cell nuclei). Figure 3 illustrates the changes in 
various nuclear texture features also along this 
progression, both for "normal" intermediate cells 
and for malignant cells. 

We are in the process of extending these mea- 
surements from 290 slides to 1,200-1,500 slides in 
order to build the foundation of an objective case 
classification system that can be used for time- 
based measurements of the malignant potential 
of Pap smears. The first of these measurements 
will be retrospective studies described below. 
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Carcinoma in Situ 
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Fig. 2. Composite ploidy plots for cervical samples of various degrees of neoplasia. Not all diploid cells (DNA 
index < 1.2) are plotted, but all non-diploid cells are plotted. The insert box shows the "5-c exceeding cells" 
(DNA index > 2.5) on a separate vertical scale for clarity. 
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PROPOSED RETROSPECTIVE STUDIES 
ASSESSING MALIGNANT POTENTIAL 

OF PAP SMEARS BY IMAGE CYTOMETRY 

A crucial aspect of our DNA quantitative 
staining protocol [17] is that it may be applied to 
historical Pap-stained samples. Historic samples 
have their coverslips removed, have the Papani- 
colaou stain removed (usually very well), and 
are re-stained for DNA quantitation (the data 
illustrated in Figures 3a and 3b were measured 
on such slides). After image cytometer scanning, 
Papanicolaou stain can be reapplied to the speci- 
mens, returning them to a good approximation 
of their initial Pap-stained state. There are 
caveats to this, of course. DNA is slowly lost 
over time in specimens stored at room tempera- 
ture. Twenty year-old samples should not be 
compared to 10 year-old samples; however, there 
is little problem in comparing 20 year-old sam- 
ples to other 20 year-old samples. 

The British Columbia Cancer Agency (BCCA) 
operates the centralized Pap screening service for 
this Canadian province of 3.5 million persons, 
and has done so since 1949. Computerized pa- 
tient records span back to 1954, and all samples 
are retained in an archive for at least seven years 
("positive" slides are kept "forever"). This Pap 
screening program presently handles just under 
700,000 slides per year and has an active archive 
of more than four million slides [G.H. Anderson, 
personal communication]. 

Two time-based studies are proposed. The 
first study would involve the most scientifically 
interesting test of progression and regression, 
using invasive cervical cancer as the endpoint by 
examining historical slides from patients who 
developed cervical cancer. However, there may 
be too few cases to make a good study, since in 
British Columbia most women who develop in- 
vasive cervical cancer have never been previ- 
ously Pap screened [MI. Also this test should 
have a set of control slides from patients who 
did not develop invasive cancer (age-matched 
both in patient age and slide age). In general, 
these patients will have been' treated, except for 
cases of very low-grade dysplasia, which may 
confound the study. This study may thus be im- 
possible, due to lack of sufficient historical con- 
trol specimens. 

The second study, more practical but scientifi- 
cally less satisfying, would look only at very 

early dysplasia, effectively using the transition 
from LSIL to HSIL as the endpoint. Because most 
HSIL will also not develop into invasive cancer, 
this study does not address the complete issue of 
malignant potential, but it should address the 
earliest stages of the process. Until last year in 
British Columbia, colposcopg was not generally 
recommended until the patient had two "moder- 
ate" dysplasias (these are HSIL under Bethesda) 
in a row. In the past six years, there have been 
typically 30-50,000 mild and moderate dysplasia 
cases per year, so finding cases that progressed 
until medical treatment intervened and control 
cases that spontaneously regressed to negative 
should not be difficult [G.H. Anderson, personal 
communication]. 

In both studies, the question is: "Can image 
cytometry provide objective measurements that 
distinguish progressors from regressors?" The 
measurements can be made across several slides 
per patient spanning a time base. We believe the 
results of this kind of study could have beneficial 
effects on the design and implementation of any 
chemoprevention study for cervical cancer. 
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