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Abstract The cervix is an ideal organ for chemoprevention studies and the study of squamous carcino-
genesis. In chemoprevention trial design, four factors are important: high-risk cohorts must be identified;
suitable agents must be selected; study designs should include Phase [, 11, and III; and studies should
include the use of surrogate endpoint biomarkers. High-risk cohorts can be selected for Phase I, Il and
III trials in the cervix, for example, patients with high grade lesions such as cervical intraepithelial neo-
plasia (CIN) grade 3 and carcinoma in situ (CIS). A Phase III trial might also include patients with
lesions infected with oncogenic HPV types. The cervix is accessible and can be safely followed with
Papanicolaou (Pap) smears and colposcopy. Suitable agents include those likely to work in squamous
lesions, including retinoids, difluoromethylornithine, B-carotene, and others. In Phase I chemopreventive
studies, doses are de-escalated rather than escalated, determining toxicity and optimal dose schedule.
Phase II studies looking at effectiveness need placebo control groups since regression of high-risk lesions
is possible. Phase III studies, now multicentric, should be carefully designed and include wide patient
representation in order to evaluate the risk-benefit ratio of therapy, focusing on cancer incidence
reduction. Surrogate endpoint biomarkers include quantitative histopathology, biologic measures of pro-
liferation, regulation, differentiation, genetic instability, and fluorescence emission. Quantitative histo-
pathologic markers include nuclear grading (i.e., shape, area, optical density, texture), nuclear pleomor-
phism, ploidy, and nucleolar size and position. Biomarkers under study at the present time in the cervix
include proliferation markers (PCNA), regulation markers (EGFR, ras, myc, p53, retinoic acid receptors,
ODC, spermidine/spermine ratios), differentiation markers (involucrin, cornifin, keratins), and markers
of genetic instability (chromosome polysomy). Fluorescent spectroscopy uses light to probe the biochem-
ical properties of tissue. This technique provides an automated diagnosis in real time with comparable
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sensitivity and specificity to colposcopy and can be used to monitor lesions in chemoprevention trials.
Recruitment designs for cervix studies need to include a large referral population and patients with suf-
ficiently large lesions. Clinicians involved in such studies need to stress contraception and smoking ces-
sation, deal with language barriers, and provide compensation for child care and parking to patients
in order to increase compliance. © 1995 Wiley-Liss, Inc.

Key words: Chemoprevention, cervical intraepithelial neoplasia, fluorescence spectroscopy, squamous

intraepithelial lesion

Sporn cautions that we are far behind the car-
diovascular community in recognizing the im-
portance of early precursor lesions as anteced-
ents of clinically symptomatic disease. He be-
lieves cancer is a process rather than an event:
"The disease process is carcinogenesis, not inva-
sive or symptomatic cancer. Invasive and meta-
static cancer are clinical and pathological end
stages, at which it may be too late to prevent
further progression” [1]. Chemoprevention refers
to the use of chemical agents (micronutrients,
pharmaceuticals) to prevent or delay the devel-
opment of cancer in healthy populations. These
agents, which block the initiating and promoting
events of carcinogenesis, provide a tertiary pre-
ventive measure (2] and augment the preventive
armamentarium, which includes avoiding carcin-
ogens in the environment (primary prevention)
and participation in screening programs (second-
ary prevention) [3].

Agents are classified by their mechanism of
action—those that block or suppress mutation,
promotion, both mutation and promotion, and
those whose mechanism is unknown [4]. The
Chemoprevention Branch of the Division of Can-
cer Prevention and Control at the National Can-
cer Institute has developed a program that iden-
tifies candidate drugs, characterizes their action
through in vitro and in vivo animal studies, con-
ducts pharmacokinetic and toxicological studies,
and supports Phase I, II, and III testing [5]. De-
tailed reviews of the program and processes for
drug evaluation are available [4-7].

Despite the availability of the screening Papa-
nicolaou (Pap) smear, cervical cancer remains an
important health problem in women. It is the
second most common malignancy in women
worldwide; incidence rates are currently increas-
ing in American women [8]. According to Sur-
veillance Epidemiology and End Results (SEER)
estimates, 15,800 women will be diagnosed with
invasive cervical cancer in 1995 (up from 15,000

in 1994 and 13,500 in 1993); 4,800 women will die
from invasive cervical cancer (up from 4,600 in
1994 and 4,400 in 1993), and 65,000 women will
be diagnosed with carcinoma in situ (up from
55,000 in 1994 and 50,000 in 1991) [8-11]. An
estimated 2,500,000 women will have abnormal
Pap smears which will have low-grade dysplastic
lesions [12]. The exact number with high-grade
abnormalities is unknown.

The cervix is a unique organ well suited to the
development of chemoprevention trials. The cer-
vix has long been considered by pathologists as
amodel for the progression from mildly dysplas-
tic lesions through severely dysplastic lesions to
invasive cancer. The ability of clinicians to follow
cervical lesions with colposcopy and Pap smears
makes such studies feasible. Biologic studies of
cervical carcinogenesis will surely contribute to
our understanding of the neoplastic process and
hence, development of new preventive and ther-
apeutic strategies.

DESIGN

The design of chemoprevention studies in-
volves four elements: identifying high-risk co-
horts, selecting suitable agents, including Phase
I, II, and III study designs, and using surrogate
endpoint biomarkers (SEBs). Theoretically, three
groups of patients are eligible for such trials:
those who are at high risk for cancer but without
a precancerous lesion, those with a precancerous
lesion, and those with a previous malignancy
who are at high risk for a second primary or for
recurrence. Risk profiles may be based on genetic
factors, life-style, environmental exposures, a his-
tory of a precursor lesion, or some combination
of these [4,8,13,14].

The pharmaceuticals under investigation have
been described in detail [6,7]. Retinol and B-caro-
tene are under investigation in the skin; 13-cis-re-
tinoic acid and B-carotene in the oral cavity;
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tamoxifen and N-(4-hydroxyphenyl)retinamide
(4-HPR) in the breast; B-carotene, vitamin E, 13-
cis-retinoic acid, and retinol in the lung; the non-
steroidal antiflammatory drugs (NSAIDs) piroxi-
cam and sulindac, along with wheat bran, 2-di-
fluoromethylornithine (DFMO), calcium carbon-
ate, vitamin E, vitamin C, and B-carotene in the
colon; and -carotene, P-all-trans-retinoic acid,
folic acid, DFMO, and 4-HPR in the cervix [7].

Chemoprevention trials have several unique
features which distinguish them from therapeutic
trials. These features involve several disciplines
to create trials which weave the biology of car-
cinogenesis into the trial design [13,14]. Phase I
trials in chemoprevention, like chemotherapy
trials, seek to characterize the pharmacological
and toxicological properties of the drug. In con-
trast with Phase I chemotherapy trials, chemo-
prevention trials are often dose de-escalating and
seek the lowest dose at which biological modula-
tion of the marker takes place. Since the drug
will be used in patients who feel otherwise well,
it should produce few side effects. Patients with
well-defined preneoplastic lesions are desirable
for Phase I trials.

Phase II chemoprevention trials, like Phase II
chemotherapy trials, evaluate the effectiveness of
drugs in a given organ. In contrast to Phase II
chemotherapy trials, chemoprevention trials seek
patients with preneoplastic lesions rather than
neoplasms, and necessitate a concurrent placebo-
control group because of the frequent regression
observed in some preneoplastic lesions. Phase II
chemoprevention trials seek to use SEBs rather
than cancer development as endpoints. SEBs al-
low trials to be shorter, require fewer subjects, be
lower in cost, use small tissue samples, and aid
in learning more about the carcinogenic process
[7].

Phase III trials evaluate the cost-benefit ratio
of treatments in multicentric settings. In contrast
to Phase III chemotherapy studies, which com-
pare agents to standard therapies, chemopreven-
tion studies evaluate cancer incidence reduction.
Target patients for Phase III trials are at high risk
of developing cancer. The trials are designed to
follow patients for a sufficient period of time to
detect a reduction in cancer incidence and are
thus expensive, long, large (many subjects), and
require expensive diagnostic tests as endpoints.
Their design requires the placebo group to have
sufficient patients to experience a sufficient inci-

dence of the event of interest, namely the devel-
opment of cancer [7].

Boone et al. [13] link the pathologic continuum
to the single-continuum model of carcinogenesis
advanced by Foulds, in which the term "progres-
sion" was used to describe the entire neoplastic
process from the initial monoclonal focus of dys-
plastic cells to full-thickness involvement of
grade 3 intraepithelial neoplasia. The concept of
clonal evolution, in which genetically variant
cells are selected for growth advantage and re-
sult in clonal expansion, explains, in part, the
field cancerization process. The production of the
genetically variant cells associated with clonal
evolution is thought to be due to genetic instabil-
ity, manifested by gene mutations, gene amplifi-
cations, chromosomal structural rearrangements
and defects, and aneuploidy. Continuous muta-
genesis and mitogenesis stimulate the rate of
clonal evolution and neoplastic progression. The
entire field, exposed to the carcinogen, is at high
risk for genetic instability. Examples of field can-
cerization and exposure to carcinogens include
skin exposure to the sun, aerodigestive tract ex-
posure to cigarette smoke, and female genital
tract exposure to human papillomavirus (HPV).
The morphological criteria of intraepithelial neo-
plasia are increased nuclear size, altered nuclear
shape, increased nuclear stain uptake, nuclear
pleomorphism, increased mitoses, abnormal mi-
toses, and disordered or absent maturation [15,
16]).

Before SEBs are deemed useful in chemopre-
vention trials, several questions must be an-
swered. These are well outlined by Kelloff et al.
[2,5-7]. Is the SEB differentially expressed in nor-
mal and high-risk tissue? At what stage of carci-
nogenesis does the marker appear? Do the
marker and its assay provide acceptable sensitiv-
ity, specificity, and accuracy? How easily can the
marker be measured? Can the marker be modu-
lated by chemoprevention agents? Does modula-
tion of the SEB correlate with a decrease in can-
cer rate [8]?

Examples of SEBs include cytological and his-
tological markers, proliferation markers, differen-
tiation markers, regulation markers, markers of
genetic instability, and fluorescence spectroscopic
emission. Histologic progression and regression
can now be objectively measured using com-
puter-assisted image analysis [13]. The measur-
able morphological criteria of intraepithelial neo-
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plasia are increased nuclear size (increased nu-
clear area), altered nuclear shape (increased nu-
clear shape factor), increased nuclear stain up-
take (increased optical density of Feulgen-stained
nuclei), nuclear pleomorphism (increased coeffi-
cient of variation for area, shape, and stain up-
take), increased mitoses (increased S-phase frac-
tion, increased PCNA staining), abnormal mito-
ses (DNA aneuploidy by optical density of Feul-
gen-stained nuclei), and disordered or absent
maturation (increased deregulation markers, de-
creased differentiation markers, presence of chro-
mosome polysomy) [13].

FEASIBILITY

Cervical intraepithelial neoplasia (CIN) is de-
fined as "the spectrum of intraepithelial changes
beginning as a generally well-differentiated neo-
plasm, traditionally classified as mild dysplasia,
and ending with invasive carcinoma” [17]. These
changes, confined to the squamous epithelium
above the basement membrane, include nuclear
pleomorphism, loss of polarity, presence of ab-
normal mitoses, and lack of differentiation as
cells progress from the basement membrane to
the surface epithelium [17].

Richart coined the term CIN and devised a
grading system in the 1960s [18]. CIN lesions
were graded 1-3 based on the amount of undif-
ferentiated cells present from the basement mem-
brane; when up to one-third of the distance from
basement membrane to surface was involved, the
lesions were designated grade 1, when more
than one-third and less than or equal to two-
thirds was involved, grade 2; and when more
than two-thirds was involved, grade 3. Full-
thickness involvement, previously carcinoma in
situ (CIS), in the Richart classification was called
grade 3 CIN. The terminology defining CIN is
changing [17].

The National Cancer Institute convened a
panel to address the issue of Pap smear classifi-
cation in 1988. The resulting classification is
known as the Bethesda classification [19]. The
panel's goal was to define a uniform terminology
for smear reading, standards for adequacy of the
smear, and guidelines for tying the smear result
to clinical management of the patient. The under-
lying philosophy of the Bethesda classification is
that it is difficult to distinguish between lesions
with HPV and CIN 1, so they are combined into

one category called low-grade squamous intra-
epithelial lesion (LGSIL). Similarly, CIN 2 and 3
lesions are placed in a category called high-grade
squamous intraepithelial lesion (HGSIL). These
terms, although designed for use by the cytology
community, have been adapted for use in histo-
pathology. Many institutions now report lesions
in the following manner: HPV/LGSIL, CIN 1/
LGSIL, CIN 2/HGSIL, and CIN 3/LGSIL. The
European community has not embraced the
Bethesda classification. Many among them feel
the lesions should be grouped differently, with
HPV in a separate category from CIN 1 and 2,
and these in a different category from CIN 3 and
CIS [personal observation].

The cervix is a nearly perfect organ for chemo-
prevention studies because of its accessibility.
CIN is an excellent example of a histologic
model of progression to cancer. The cervix can
be followed cytologically with the Pap smear and
visually with colposcopy and colposcopically
directed biopsies. Lesions must be large enough
to withstand multiple biopsies. Additionally,
since 10-20% of patients with CIN have associ-
ated vaginal intraepithelial neoplasia (VAIN) and
vulvar intraepithelial neoplasia (VIN), systemic
therapy is warranted.

Patients are evaluated using colposcopy, the
use of a magnifying lens to view the cervix after
the placement of 3-6% acetic acid. The goal in
evaluating the lesions is to exclude malignancy.
The colposcopic impression is used to predict the
degree of lesion present. In a large review of
articles by expert colposcopists, the sensitivity of
colposcopy was 94%, the specificity 51%, the
positive predictive value 83%, and the negative
predictive value 74%. Low-grade lesions were
the ones most often misclassified. In these same
series, 52% of lesions were incorrectly classified,
which would have led to 38% of patients being
treated incorrectly [20]. Several excellent atlases
describe colposcopic abnormalities. Generally,
acetowhite epithelium is considered abnormal,
and as vascular atypias (punctuation, mosaicism,
and atypical vessels) appear and become irregu-
lar, the suspicion of invasion increases. Although
it is unknown whether the lesion itself or the
infection with HPV causes angiogenesis, several
studies have confirmed the usefulness of vascu-
lar atypia in predicting the severity of the lesion.
Atypical vessels are the hallmark of invasive
cancer.
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Two groups at high risk of cervical cancer are
easily identified—those with high-grade lesions
and those with oncogenic-type HPV. There have
been several prospective follow-up studies of the
natural history of the disease, in which patients
with CIN and CIS were enrolled and followed
with cytology, colposcopic observation, and bi-
opsy only. Most of these did not include HPV
typing [21]. These studies included 6,086 patients
with CIN and 353 patients with CIS. Some of the
series, particularly those with patients with CIS,
followed patients for 20 years. Of patients with
untreated CIN grades 1-3, 14% progressed to CIS
and 1.4% to invasive cancer. Of patients with
untreated CIS, 36% progressed to invasive can-
cer. CIS lesions are clearly much more likely to
go on to invasive cancer than CIN lesions, and
must be evaluated and treated more aggressively
than lower grade lesions. Thus, patients with
high-grade lesions are a suitable high-risk cohort
for chemoprevention studies [21].

Another high-risk cohort for chemoprevention
studies is patients infected with HPV types asso-
ciated with a high risk for progression to inva-
sion based on their association with high-grade
lesions and cancers. Epidemiologic evidence has
long suggested that cervical neoplasia behaved
like a sexually transmitted disease; laboratory
and epidemiologic research has focused on the
etiologic role of some types of HPV in the patho-
genesis of cervical neoplasias [22-24]. HPV DNA
has been detected in more than 70% of speci-
mens from women with Pap smears showing
definite cervical neoplasia and cancer, in 24% of
women with Pap smears showing borderline
atypia, and in 6% of women with normal Pap
smears. HPV, in epidemiologic terms, is thought
to be necessary but not sufficient in the causal
pathway for cervical carcinogenesis. The most
common HPV types detected in cervical lesions
are those classified as high-risk (16, 18, 45, and
56) and intermediate-risk (31, 33, 35, 51, 52, and
58) [25]. The most prevalent HPV type is HPV
16, which is detected in approximately 90% of
HGSIL and cancer [25]. Results from recently
published epidemiologic studies support an asso-
ciation between cervical neoplasia and HPV, that
is markedly stronger with HPV type 16 [26,27].
Patients infected with oncogenic-type HPVs may
be suitable for Phase IIl chemoprevention trials
once HPV-testing issues are settled and natural
history studies are complete.

Promising chemopreventive agents to be in-
vestigated in the cervix are 4-HPR, DFMO,
NSAIDs, B-carotene, and folate [7]. 4-HPR is a
member of the retinoid group, which includes
vitamin A and its natural and synthetic analogs.
Vitamin A is necessary for the normal growth
and differentiation of epithelial tissues. The cell-
ular and molecular mechanisms by which reti-
noids act are mediated by retinoic acid receptors.
The retinoids are toxic; an N-substituted carboxy-
amide group in place of the terminal carboxyl
group is believed to account for the decreased
toxicity seen with 4-HPR. DFMO is an irrever-
sible inhibitor of ornithine decarboxlase (ODC),
a key enzyme in the biosynthesis of polyamines,
which have been shown to be essential to main-
tain cell growth and transformation. Tumor for-
mation in experimental animals is prevented by
ODC inhibitors such as DFMO. NSAIDs are che-
mopreventive and are thought to play a role in
the control of neoplastic and non-neoplastic cell
proliferation and immune function through the
inhibition of cyclooxygenase activity and, ulti-
mately, endogenous prostaglandin biosynthesis.
B-Carotene, the most active and common caro-
tene found in the diet, is a remarkably potent
source of vitamin A. It is metabolized to retin-
aldehyde and then converted to retinol. It is
thought to be a promising agent based on data
from nutritional studies demonstrating B-caro-
tene deficiencies in CIN patients compared to
controls. Folate, specifically red blood cell folate,
similar to B-carotene, has been shown to be defi-
cient in CIN patients compared to controls. Thus,
chemopreventive supplement studies with -car-
otene and folate are being performed.

Several chemoprevention trials have been suc-
cessfully conducted for the cervix. All trials have
been in patients with CIN lesions. There have
been no studies of women at risk for CIN but
without lesions. Similarly, there have been no
studies to prevent second primaries in women
with invasive cervical cancer. Phase I and II
studies of the cervix are under way or were re-
cently completed using 4-HPR, DFMO, B-caro-
tene, folate, and topical B-all-trans-retinoic acid in
high-grade CIN lesions. Three principal groups
have published chemopreventive studies in the
past: Romney et al. [28], Butterworth et al. [29,30];
and Surwit ef al., Meyskens et al., and Weiner et
al. [31-34].

Romney et al. [28] reported on a Phase I-1I
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trial using retinal acetate gel topically in patients
with CIN 1-2; the trial showed that high compli-
ance could be achieved and determined the ap-
proximate dose for a Phase III trial [28]. There is
no published report of the Phase III trial. This
group is currently conducting a Phase II trial of
B-carotene at 30 mg/day [5]. Results have not yet
been published.

Butterworth et al. [30] published an update of
a randomized trial in which patients with CIN 1
and 2 lesions were treated with folate (10 mg) or
vitamin C (10 mg) as a placebo, each for 90 days.
There were no statistically significant differences
in the two groups in regression of lesions in the
177 evaluable patients. Folate supplementation
was thought to be a good choice for a chemopre-
ventive based on studies showing decreased red
blood cell folate levels in women with CIN [29].
A second study of folate supplementation by
Childers has had similarly negative results [35].

Phase I and II trials by Surwit et al. [31], Mey-
skens et al. [32,33] and Weiner et al. [34] demon-
strated that all-trans-retinoic acid could be safely
delivered topically to the cervix, and that it was
more likely to achieve a response at a dose of
0.37% than at lower doses. Meyskens [33] re-
cently reported the results of the randomized
Phase III trial of 0.37% all-trans-retinoic acid in
patients with CIN 2 and 3 lesions, in 151 and 150
patients, respectively. Patients with CIS were
excluded from the study. Patients were initially
treated with 0.37% retinoic acid daily for four
days, then treated for two days each at three-
and six-month follow-up visits. Patients were
seen for Pap smears and colposcopy at 9, 12, 15,
21, and 27 months. Biopsies were performed at
the 15-month visit. Losses to follow-up were
large. Of 151 patients randomized to placebo, 81
patients were evaluated at 15 months and 25
patients at 27 months. Of 150 patients random-
ized to retinoic acid, 88 patients were seen at 15
months and 21 patients at 27 months. There was
a statistically significant regression in the CIN 2
lesions in treated patients compared to placebo,
but not in the CIN 3 lesions in treated patients
[33]. Sporn and Roberts [36] speculated in an
editorial that the reason CIN 2 lesions responded
and CIN 3 did not is that lesions farther along
the path toward neoplasia may be harder to re-
gress, requiring higher doses, longer administra-
tion, systemic administration, or two agents in-
stead of one.

A. Manetta and M. Berman [37] have under-
taken a study of B-carotene in patients with CIN.
No results are yet published.

Studies underway at our institution include
those with DFMO and 4-HPR. Both medications
are given orally, and thus the effects are sys-
temic. The female genital tract, like the aerodi-
gestive tract, is subject to the field cancerization
process. Women with CIN are highly likely to
harbor VAIN and VIN. Systemic therapies are
logical since cancer and pre-cancers are systemic
processes. The designs underway include the
incorporation of surrogate endpoint biomarkers,
including quantitative histopathology, biologic
measures of carcinogenesis (measures of prolifer-
ation, regulation, differentiation, and genetic in-
stability), and fluorescence spectroscopic emis-
sion. Quantitative histopathologic measurements
are being made using the CAS-200 and the
Cytosavant® on tissue sections and cytologic
smears [38,39]. Results of quantitative pathologic
measurements will be correlated with SEBs and
fluorescence spectroscopy. Preliminary data on
archival specimens show statistically significant
increases in nuclear size and optical density as
lesions progress from low- to high-grade intra-
epithelial neoplasia. Fluorescence spectra also
correlate highly with optical density.

SEBs under study in our institution include
proliferation markers (PCNA), regulation mark-
ers (EGFR, ras, myc, p53, retinoic acid receptors,
ODC, spermidine/spermine ratios), differentia-
tion markers (involucrin, cornifin, keratins), and
genetic instability markers (chromosome poly-
somy). Preliminary work on archival specimens
demonstrated statistically significant increases of
PCNA, EGFR, and ras as lesions progressed from
low- to high-grade, and statistically significant
decreases of involucrin and cornifin as lesions
progressed from low- to high-grade [21].

Fluorescence spectroscopy uses light to probe
the biochemical properties of tissue. Tissue is
illuminated with monochromatic light via optical
fibers and the resulting fluorescence intensity, as
a function of wavelength, is measured quantita-
tively. The fluorescence spectra contain informa-
tion about the presence of tissue fluorophores
(NADH, FADH, elastin, collagen) and absorbers
(hemoglobin). The penetration of ultraviolet and
visible excitation wavelengths of light is limited
to several hundred microns and is thus well-
suited to the detection and diagnosis of intraepi-
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thelial lesions. This technique provides an auto-
mated diagnosis in real time with little or no
training of the provider performing the measure-
ment. [n vitro and in vivo work in cervical epithe-
lium demonstrates that measurements at 337,
380, and 460 nm excitation wavelength can be
used to develop a diagnostic algorithm with
comparable sensitivity, superior specificity, posi-
tive predictive value, and negative predictive
value to that of colposcopy [40-43]. The value of
this technique in chemoprevention studies is
twofold: first, lesions not visible during examina-
tion with the naked eye or during white light
scoping can be targeted for biopsy; second, small
lesions that might be affected by biopsy can be
followed without biopsy.

RECRUITMENT

Many issues arose in designing our trials in
the cervix. For example, it is necessary to see a
sufficiently large referral base to collect patients
with large, high-grade lesions. The patients must
be willing to use contraception, since the drugs
are teratogenic. Many of the patients are smok-
ers. In our tri-ethnic population, language barri-
ers must be addressed in study explanation, con-
sent, and clinical care. Compensation for child
care and parking has been greatly appreciated by
patients.

We have found that patients with a family
history of cancer, those unafraid of "research",
and those who grasp the concepts of chemopre-
vention are more willing to participate than
those with negative family histories, fear of re-
search, and fear of the process. Thus far, our
recruitment is over 50% of those with eligible
lesions, and the compliance with visits in our
Phase I trial is 100%. Adherence to drug dosage
has not yet been assessed. Barriers to participa-
tion thus far have been age, fear of cancer, trans-
portation and child care dilemmas, pregnancy,
and personality disorders.

CONCLUSION

The cervix is a nearly perfect organ for chemo-
prevention studies because of its accessibility and
ability to be followed with colposcopy and Pap
smears. CIN is an excellent example of a histo-
logic model of progression to cancer. Quantita-
tive histopathology has already proven useful in
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the cervix. There are several studies of individual
biologic markers of carcinogenesis, but they have
not yet been linked in a meaningful way. Fluo-
rescence spectroscopy, providing a real-time di-
agnosis and a view of the biochemical properties
of tissue, will become an important biomarker as
algorithms are developed which improve its sen-
sitivity and specificity. Lessons learned in the
cervix may well unravel some of the mystery
surrounding squamous carcinogenesis and pro-
vide new targets for intervention.
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