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According to the worldwide cancer incidence database main-
tained by the World Health Organization, cervical cancer is the
third most common malignancy in women worldwide, exceeded
in incidence only by breast and colorectal cancers (1). Cervical
cancer is an important cause of mortality in women worldwide,
and the cervix is a well-established clinical and histopathologic
model of carcinogenesis. Human papillomavirus (HPV) is the
major etiologic agent in cervical cancer. The cervix is easily
accessible for examination, and colposcopy provides a visual
model of angiogenesis and tumor development, making the cer-
vix a good model for preventive interventions (2).

The precursor lesions to cervical cancer are squamous intra-
epithelial lesions (SILs) or cervical intraepithelial neoplasia
(CIN). SILs are used in the cytologic classification, and CINs are
used in the histopathologic classification. Several chemopreven-
tion trials have been conducted in women with SIL/CIN by use
of retinoids, micronutrients, �-difluoromethylornithine, and in-
dole-3-carbinol. Although the results of phase I/IIa studies have
appeared to be promising, the phase IIb/III studies have usually
been negative (3–13) (Table 1).1 The failure of the phase IIb/III
studies to demonstrate an effect may be due to several factors not
being adequately considered in the design of these trials.

Advances in the design and implementation of clinical trials
have been made over the last decade. Factors that need to be
considered in the design of cervical chemoprevention trials are
as follows: the natural history of the disease in the absence of
any intervention, the optimal range of anticipated clinical re-
sponse to the randomly assigned intervention, and the validity
and predictiveness of the primary (histologic regression) and
secondary (surrogate endpoint biomarker modulation) outcome
measures (14–16). The likelihood that phase II cervical chemo-
prevention trials will be uninformative can be minimized with
careful attention to critical features of study design: enrollment
of a sufficient number of patients to permit the study to reveal
differences in response rates; careful selection of the type and
dose of chemopreventive agent, based on results from preclinical
studies and phase I and IIa clinical trials; accurate classification
of patients’ disease status, both at enrollment and at study end;
and selection of appropriate primary and secondary outcome
measures.

To ensure that cervical cancer chemoprevention trials have
appropriate statistical power, the natural history of the disease
must be taken into account. Patton wrote an extensive review of
the natural history of SIL/CIN in the 1950s [reviewed in
(17,18)], and two recent reviews of the natural history of SIL/CIN
have also been reported (17,18). Estimated rates of regression of
CIN vary widely, both within each CIN grade and among stud-
ies. The regression rate decreases as the CIN grade increases, but

estimates of spontaneous regression based on randomized trials
vary from 27% to 66%, depending on the study and the entry
criteria (Table 1). Apparent spontaneous regression of CIN has
been observed from the natural history studies, from 57% re-
gression of CIN1 and 43% regression of CIN2 to 32% regression
of CIN3 (18). Thus, with the exception of the studies by Mey-
skens et al. (3), de Vet et al. (8), and Childers et al. (13), many
of the published phase IIb trials did not have sufficient power to
detect a clinically significant difference in response rate.

The dose and duration of medications used in chemopreven-
tion trials should be selected on the basis of results from phase
I/IIa trials, which are, unfortunately, rarely performed before
phase IIb/III trials in the cervix. Phase I/IIa trials preceded the
trials of Meyskens et al. (3), Romney et al. (4,5), and Keefe et al.
(6,7) but not de Vet et al. (8), Fairley et al. (9), Mackerras et al.
(10), Butterworth et al. (11,12), or Childers et al. (13). As such,
the dose of medication used may have been inactive. A phase
I/IIa trial is an opportunity to carefully examine toxicity, tissue
drug levels, and modulation of surrogate endpoint biomarkers. It
is important that selection of the dose and duration of medication
for a cervical chemoprevention trial be based on a trial in the
cervix, not taken from another organ where tissue drug levels
and biomarker modulation may not be the same.

Eligibility for cervical chemoprevention trials should be as-
certained on the basis of colposcopically directed biopsy (15).
The standard of clinical care is to perform colposcopically di-
rected biopsies in patients in whom Pap smears are abnormal.
Since the “gold standard” (or criterion standard) used for treat-
ment is the colposcopically directed biopsy, this same standard
should hold for chemoprevention trials. There are several met-
rics used to compare the performance of clinical tests, such as
sensitivity, specificity, positive and negative predictive values,
receiver operating characteristic (ROC) curve analysis, and the
area under the ROC curve. Tests may perform differently in
screening populations, in which the disease prevalence is low,
and in diagnostic or follow-up populations, in which the disease
prevalence is high. Fahey et al. (19) conducted a meta-analysis
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Table 1. Phase IIb/III trials of cervical chemopreventives*

Investigator(s)
(reference Nos.)

Retinoid studies Micronutrient studies

Meyskens et al. (3) Romney et al. (4,5) Keefe et al. (6.7) de Vet et al. (8)

Study design Phase IIb Phase II Phase II Phase III
No. randomly assigned

(No. evaluable for
efficacy

301 (232) 98 (69) 124 (103) 369 (278)

Medication, dose and
timing

�-trans-RA (topical);
0.372% for 4 days at
baseline and 2 days
at 3 mo and 2 days
at 6 mo

�-trans-RA (topical);
0.372% for 4 days at
baseline and 2 days
at 3 mo and 2 days
at 6 mo

�-Carotene, 30 mg
Placebo: lactose, 9 mo of

oral medication

�-Carotene, 30 mg
Placebo, 6 mo of oral

medication

�-Carotene, 10 mg
Placebo, 3 mo of oral

medication

Disease CIN2 CIN3 CIN1–3 CIN2-3 CIN1–3
Results/regression rates in

patients, evaluable
for efficacy

CR RA, 32/75 � 43%*
Placebo, 18/66 � 27%

RA, 10/40 � 25%
Placebo, 16/51 � 31%

�-Carotene, 9/39 � 23%
Placebo, 14/30 � 47%*

�-Carotene, 47%
Placebo, 47%

�-Carotene, 22/137 �
16%

Placebo, 15/141 � 11%
P† .04 .33 .03 .69 .36
Partial and complete

responses
NA NA �-Carotene, 18/39 � 46%

Placebo, 15/30 � 50%
NA �-Carotene, 44/137 �

32%
Placebo, 45/141 � 32%

P† NA NA NS NA .68
Adequate power (0.80)?†‡ Yes Yes No No Yes
Regression defined as CIN3 to CIN1, CIN2

to normal
CIN3 to CIN1, CIN2

to normal
Pap and biopsy negative

for CR, one grade for
PR

CIN3 to CIN1, CIN2 to
normal

CIN3 to CIN1, CIN2
to normal

Study entry test Colposcopically
directed biopsy

Colposcopically
directed biopsy

Colposcopically directed
biopsy

Colposcopically directed
biopsy

Colposcopically
directed biopsy

Study exit test Colposcopically
directed biopsy

Colposcopically
directed biopsy

Colposcopically directed
biopsy

Colposcopically directed
biopsy

Pap or colposcopy or if
progression, biopsy

Investigator(s)
(reference Nos.)

Micronutrient studies

Fairley et al. (9) Mackerras et al. (10) Butterworth et al. (11) Butterworth et al. (12) Childers et al. (13)

Study design Phase II Phase II Phase II Phase II Phase III
No. randomly assigned

(No. evaluable for
efficacy)

117 (111) 147 (141) 78 (47) 235 (177) 331 (246)

Medication, dose and
timing

�-Carotene, 30 mg
Placebo (400 mg

lecithin)
12 mo of oral

medication

�-Carotene, 30 mg
Vitamin C, 500 mg
�-Carotene, 30 mg +

vitamin C, 500 mg
Placebo, 6 mo of oral

therapy

10 mg of folate
Placebo, 10 mg of

vitamin C
3 mo of oral therapy

10 mg of folate
Placebo, 10 mg of

vitamin C
6 mo of oral therapy

5 mg of folic acid/day
Placebo, 6 mo of oral

therapy

Disease Atypia-CIN2 Atypia-CIN1 CIN1–2 CIN1–2 HPV, CIN1, CIN2
Results/regression rates in

patients, evaluable
for efficacy

CR NA �-Carotene, 16/36 �
46%

Vitamin C, 9/35 �
26%

Both, 8/35 � 23%
Placebo, 10/35 � 29%

Folate, 3/22 � 4%
Placebo, 1/25 � 4%

Folate, 58/91 � 64%
Placebo, 45/86 � 66%

Folate, 9/129 � 7%
Placebo, 7/117 � 6%

P† NA .14 NS .23 .75
Partial and complete

response
�-Carotene, 37/59 �

63%
Placebo, 31/52 � 60%

NA Folate, 8/22 � 36%*
Placebo, 4/25 � 16%

NA NA

P† .84 NA <.05 NA NA
Adequate power (0.80)?†‡ No No No No Yes
Regression defined as CIN2 to HPV, CIN1 to

normal
Normal or HPV on

Pap and colposcopy
Normal biopsy for CR,

one grade lower for PR
Normal biopsy for CR,

one grade lower for PR
Pap and colposcopy,

both improved
Study entry test Pap smear Colposcopically

directed biopsy
Pap and colposcopy Pap and colposcopy Colposcopically

directed biopsy
Study exit test Pap smear Pap or colposcopy of

progression biopsy
Colposcopically directed

biopsy
Colposcopically directed

biopsy
Pap and colposcopy

*RA � retinoic acid, CIN � cervical intraepithelial neoplasia, NA � not available, NS � not significant, HPV � human papillomavirus, CR � complete
response, PR � partial response.

†P�.05.
‡Adequate power, given entry diagnosis and observed regression in the placebo arm.
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examining the metrics of the Pap smear by use of histology as a
gold standard. Fahey et al. showed that the sensitivity of the
Pap smear was 58% if used for screening and 66% if used for
follow-up and that the specificity was 69% if used for screening
and 66% if used for follow-up. Mitchell et al. (20,21) used the
same studies and calculated an area under the ROC curve for
the performance of the Pap smear of 0.70 for screening and 0.76
for follow-up or diagnosis. They performed meta-analyses of
the performance of colposcopy in both the screening and diag-
nostic settings. Colposcopy used in the screening setting, veri-
fying positive colposcopies only with histology and by use of
the Pap smear for specificity, has a sensitivity of 86% and a
specificity of 83%, with an area under the ROC curve of 0.89
(20). Colposcopy used in the diagnostic setting has a mean sen-
sitivity of 96% and a specificity of 48%, with an area under the
ROC curve of 0.84 (21). Although the performance of colpos-
copy used for screening is slightly higher than that for diagnosis,
the differences are not statistically significant. Since in screening
studies, only areas that are positive colposcopically are given a
biopsy, this may account for the higher specificity of colposcopy
used for screening; it may be due to the low sensitivity of the Pap
smear. The highest sensitivity is achieved with a colposcopically
directed biopsy. Since sensitivity and specificity are a trade-off,
it is best to have high sensitivity and identify lesions accurately.
Lower specificity is not detrimental to chemoprevention trials,
since lesions that are false positive (positive colposcopically but
not histologically) will be appropriately excluded from the trial.
In summary, using the Pap smear or colposcopy without biopsy
could lead to the misclassification of 15%–40% of patients at
study entry (9,11,12). While biopsy may induce a slightly higher
rate of regression than that observed with Pap smears (17), the
increased accuracy in study entry and response ascertainment
obtained with biopsy probably outweighs the negative effects of
the biopsy approach. Similarly and equally important, the re-
sponse needs to be ascertained by use of the same test at the
study entry as at the end of the study. Using a different test at
the entry and end of a study, a common practice in phase II
studies reported to date (8,10–13) introduces the error of the test
differences.

Choosing a relevant anticipated response is critical for the
design of the trial. According to the natural history literature,
CIN/SIL lesions, grades 1–3, have a regression rate of 32%–
57% if followed with biopsy (18). Randomized clinical trials of
treatments for SIL/CIN, grades 1–3, such as cryotherapy, laser
therapy, and loop excision, demonstrated 2-year complete re-
sponse rates of more than 80% (22,23). While investigators may
choose any level of anticipated benefit in their studies, conven-
tional therapy yields good cure rates, with minimal complica-
tions. A chemopreventive agent should achieve an incremental
benefit over conventional therapy; a response rate of 40%–50%
greater than that expected in the placebo arm is anticipated. Only
five studies (3,6,7,10,12) set an anticipated level of response.
The sample size for the chemoprevention trial must take into
account the natural history of the lesion grade, the use of biopsy
to follow patients and the anticipated regression rate associated
with it, and the sensitivity of the diagnostic method for detecting
the anticipated response in the treatment arm.

The primary endpoint for phase IIb/III trials should be his-
tologic response; the secondary endpoint should be modulation
of surrogate endpoint biomarkers, such as quantitative histopath-
ologic and cytologic markers, proliferation markers, regulation

markers, differentiation markers, general genomic instability
markers, and tissue maintenance markers. Histologic response
should be determined by use of a sample obtained by colpo-
scopically directed biopsy. Since the kappa for intraobserver and
interobserver agreement among pathologists for the reading of
cervical biopsies is in the 0.40–0.60 range (17), representing
moderate to good agreement, consideration should be given to a
consensus review and to quantitative histomorphometric assess-
ment (16). Surrogate endpoint biomarkers may be useful in de-
termining biologic responses. Before being used in a phase IIb/
III trial, biomarkers should have been validated in a phase I trial.
Although biomarkers will be chosen on the basis of the medi-
cation under study, some of these markers, including viral load
and HPV oncoprotein expression, may be of interest in all cer-
vical cancer chemoprevention trials (24). Preclinical laboratory
work, including suppression of HPV oncoprotein expression in
cell lines or prevention of HPV-induced tumors in mice, would
strengthen the biologic rationale (25). A review of surrogate
endpoint biomarkers and their modulation in chemoprevention
trials of cervical neoplasia shows that quantitative measures of
histology have been validated (26).

Cervical cancer chemoprevention studies require familiarity
with clinical oncologic, molecular biologic, and epidemiologic
principles. Much is currently known about the natural history
and pathobiology of cervical cancer that may be incorporated
into future study designs that evaluate the efficacy of chemo-
prevention agents.
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NOTES

1Definition of chemoprevention trial phases (27). Phase I trials measure the
incidence and spectrum of side effects associated with a chemopreventive agent
in the first 12 months of treatments, utilizing a single arm consisting of, usually,
a relatively small number of subjects. Phase II trials further evaluate side effects
in a randomized, placebo-controlled, double-blind study design. They may look
at multiple doses, and last from 1 to 5 years. They are larger than phase I trials.
Phase III trials, which are also randomized, double-blind, and placebo controlled,
have more power than phase I and II trials, and can examine more uncommon
and longer-term side effects than phase I and II trials. Chemoprevention trials
can be divided into parts A and B. Part A trials encompass all clinical endpoints;
part B trials focus on intermediate endpoint biomarkers.
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