Vol. 10, 171–177, March 2001

Cancer Epidemiology, Biomarkers & Prevention
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in the etiology of ACIS. In addition, long-term OC use
may contribute to the pathogenesis of these tumors in
some women.
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Introduction
The epidemiology of adenocarcinoma of the cervix has changed
substantially over the last two decades. Incidence data indicate
a steady increase in the rate of AC,3 especially in younger
women, since the early 1970s in the United States, England,
and Norway (1– 4). Recent data from the Los Angeles area
cancer registry show a continuation of this increasing trend
among young women (5) that was also evident for women
30 –54 years of age throughout the United States (6). The
increasing incidence of invasive cervical adenocarcinoma has
been reported from the majority of cancer registries (7) and is
seen among white women, but not black women, in the United
States SEER data (8).
As with squamous cell lesions, adenocarcinoma of the
cervix occurs at the squamocolumnar junction, but in the columnar cells closest to the endocervical canal (9, 10). Invasive
and in situ adenocarcinoma have been found to coexist, which
suggests that ACIS is a precursor of AC (11). The reported
prevalence of HPV in ACIS has ranged widely, from 10%–94%
(12). However, three studies (13–15), including the worldwide
study of invasive cervical cancer (15), showed that HPV DNA
was found as frequently in ACIS or AC as in squamous cell
carcinoma of the cervix. However, HPV-18 DNA was more
prevalent in adenocarcinomas than in squamous cell carcinomas of the cervix.
The population-based epidemiological studies that have
been published to date (16 –20) combine the in situ and invasive
forms (19, 20) or include only invasive cases (16 –18) of cervical adenocarcinoma. We chose to focus on ACIS in this study
for three reasons. First, the potential years of reproductive life
lost are especially acute for younger women treated for ACIS,
which makes the precursor form of this rare cancer of special
interest. Second, the incidence data from other studies highlight
the increasing numbers of women diagnosed at young ages with
AC, but ACIS incidence trends have not yet been explored.
Third, case-control studies suggest an increased risk of cervical
adenocarcinoma associated with use of OCs, which are widely
used by young women. We conducted a large, population-based
study to examine HPV DNA in tumor tissue, HPV antibody
prevalence, and OC use associated with ACIS of the cervix. We
also examined the United States SEER data for trends in ACIS
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We examined United States Surveillance, Epidemiology,
and End Results incidence data and conducted a
population-based case-control study to examine the role
of human papillomavirus (HPV) and oral contraceptive
(OC) use in the etiology of adenocarcinoma in situ of the
cervix (ACIS). One hundred and fifty women diagnosed
with ACIS and 651 randomly selected control women
completed in-person interviews. The presence of HPV
DNA in archival ACIS specimens was determined by E6
and L1 consensus PCR. Serum samples from case and
control subjects were collected at interview, and
antibodies to HPV-16 L1 and HPV-18 L1 were detected
by virus-like particle capture assays. The overall
prevalence of HPV DNA was 86.6%, with 39.0% positive
for HPV-16 DNA, 52.4% positive for HPV-18 DNA, and
13.4% positive for more than one HPV type. The ageadjusted relative risk of ACIS associated with HPV-18
seropositivity was 3.3 (95% confidence interval 2.2– 4.9).
No increased risk was associated with antibodies to HPV16 L1. Among women born after 1945, the relative risk
increased with duration of OC use, with the highest risk
for 12 or more years of use (odds ratio, 5.5; 95%
confidence interval, 2.1–14.6) relative to nonusers. The
detection of HPV DNA in 86.6% of ACIS and the strong
association of ACIS with HPV-18 L1 seropositivity
underscore the importance of HPV, particularly HPV-18,
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incidence rates for evidence of increased incidence similar to
those described for AC.
Materials and Methods
Subject Eligibility, Identification, and Recruitment. Case
subjects were 18 –70-year-old residents of Western Washington
diagnosed with incident ACIS between June 1990 and December 1996. The Cancer Surveillance System, a population-based
registry that is part of the SEER program of the United States
National Cancer Institute, was used to identify the case subjects. All diagnoses were biopsy confirmed by community
pathologists at the time of initial diagnosis. One of the 205
cases identified by the registry was found to have benign
disease on pathology rereview (described below) and was considered ineligible. We were able to interview 150 of the 204
(73.5%) eligible cases. Reasons for nonparticipation included
patient refusal (16.6%), doctor refusal (9.3%), and death
(0.5%). The registry assigned the following International Classification of Diseases for Oncology histology codes to the 150
interviewed case subjects used in this analysis: (a) 8140, adenocarcinoma in situ, n ⫽ 145; (b) 8260, papillary adenocarcinoma in situ, n ⫽ 1; (c) 8380, endometrioid adenocarcinoma in
situ, n ⫽ 1; (d) 8460, papillary serous adenocarcinoma, n ⫽ 1;
(e) 8480, mucinous adenocarcinoma in situ, n ⫽ 1; and (f) 8560,
adenosquamous carcinoma in situ, n ⫽ 1.
Population-based controls were identified using RDD (21,
22). Cases and controls for this study were part of a long-term
study (1980 –1998) of female anogenital cancers, during which
all subjects received the same interview (23). The controls were
frequency matched to the age distribution of the anogenital
cancer cases in 5-year age intervals. The reference date (the
date prior to which risk factor information was collected in the
in-person interview) for cases was the month and year of their
ACIS diagnosis. For control subjects, reference dates were
assigned at random from among the possible case subject
diagnosis dates that had occurred prior to the selection of the
control through RDD. Thus, at least one control is assigned a
reference date that is specifically matched to each case.
To be eligible as a control for this study, a woman had to
be a resident at reference date of the 13-county area in western
Washington State that includes Seattle, have a working telephone at that time, be able to speak English, and have an intact
uterus. A household census was successfully conducted for
92.8% of all residential phone numbers called. The interview
response rate was 71.2% (1714:2408), based on the number
interviewed out of all those who were contacted and found to be
eligible. Of the 1714 controls, 844 were not included in this
analysis because their reference dates fell outside of the corresponding diagnosis dates for the case subjects (June 1990
through December 1996). From the remaining 870 eligible
female controls who were assigned reference dates corresponding to the case subjects’ diagnosis dates, we excluded women
with a history of cervical cancer (n ⫽ 6) or hysterectomy (n ⫽
213). Data from 651 controls were available for analysis.
All data collection activities were conducted after obtaining written informed consent from each case or control subject.
Case and control subjects were offered $10 to participate in the
study. The Institutional Review Board of the Fred Hutchinson
Cancer Research Center approved the study protocol.
Data Collection and Laboratory Assays. Trained interviewers administered an in-person interview to case and control
subjects. Interview topics included demographic characteristics
and reproductive, birth control, sexual, and smoking histories.
The interviews for cases took place at an average of 15.2

months after diagnosis (median ⫽ 10.5 months). The time from
the assigned reference date to interview for controls was 18.0
months (median ⫽ 16.1 months).
Archived paraffin-embedded tissue blocks from biopsy or
surgery specimens were obtained from 101 case subjects. The
study pathologist examined each block to determine the histological characteristics of the blocks and chose which blocks
were to be tested for the presence of HPV DNA. Detection of
HPV nucleic acids was performed using L1 consensus primers
(24) and 16E6 and 18E6 type-specific primers (25). The identity of the PCR products was confirmed by Southern hybridizations, and the L1 consensus products were typed by restriction fragment analysis (26) as described previously (25). HPV
type was assigned by comparison of restriction patterns with
those of HPV recombinant plasmids.
Serum samples were collected at interview and stored at
⫺70°C until they were retrieved for testing of serologic antibody response to HPV and HSV. The laboratories conducting
the serologic assays were blinded to all characteristics of the
study subjects. The sera were tested for HPV-16 and HPV-18
L1 capsid proteins by using capture ELISAs (27). The monoclonal antibodies were H16V5 and H18J4 used with HPV L1
capsid types 16 or 18, respectively. Six optical density readings
were ascertained for each subject from three wells with capsid
and three wells without capsid. The results were combined into
a single value for each subject by subtracting the average of the
natural logarithm of the three wells without capsid from the
average of the natural logarithm of the three wells with capsid.
A cut point for HPV positivity was determined as the mean plus
2 SDs of ELISA values from a cohort of university women who
were virgins and in whom no HPV DNA could be detected
from cervical scrapings. These negative controls and a pool of
positive controls from a sexually transmitted disease clinic were
run on the ELISA plates with the samples (27).
Antibody response to HSV-2 was assessed by using a
Western blot assay to discriminate between the immune response to HSV-1 and HSV-2 (28). For the HSV-2 variable,
HSV-2-seronegative women included women who were seropositive for HSV-1.
Blood samples were collected from 92.7% of case subjects
and 88.3% of control subjects who were interviewed. Samples
were sent in batches to the serology laboratories, and all available samples were tested. For some women, all of the sera had
been used in previous tests. HSV-2 antibody results were available for 97.1% of case subjects and 99.1% of control subjects
who had sera collected. HPV-16 and HPV-18 antibody results
were available from 92.9% of case subjects and 96.3% of
control subjects who had sera collected.
Data Analysis. The relative risk of cancer was estimated by
calculating ORs by using multiple logistic regression. Subjects
with missing values for any variables in a model were excluded
from that model. Trends were evaluated by a likelihood ratio
test performed by adding a continuous, linear exposure variable
to the fully adjusted model that did not contain the term of
interest. We looked for evidence of interaction between OC use
and smoking history. The interaction term was evaluated by a
likelihood ratio test for adding the interaction parameter to the
fully adjusted multiplicative and additive relative risk models.
The following potential confounders were controlled if
they impacted the estimate of the relative risk: lifetime number
of sexual partners (1, 2– 4, 5⫹), interval since last screening
Pap smear in months (⬍12, 13–35, 36⫹), and education in
years (⬍12, 12, 13⫹). The analyses involving OC use were
restricted to women born in 1945 or later, among whom trends
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Table 1

Demographic characteristics of women with ACIS and populationbased controls
Cases (n ⫽ 150)

Fig. 1. A, Age-adjusted incidence rate of adenocarcinoma of the cervix from
SEER data from 1976 –1996 among 20 – 64-year-old white women. B, agespecific incidence rates of ACIS among white women born between 1921 and
1965 by year of birth.

Age (yrs)
⬍30
30–49
40–49
50⫹
Race
White
Black
Native American
Asian
Other
Income
$45,000⫹
$30–$45,000
$15–$30,000
⬍15,000
Missing
Education (yrs)
15⫹
13–14
ⱕ12
Currently married
Yes
No
a

%a

n

%a

32
65
34
19

21.3
43.3
22.7
12.7

91
215
172
173

14.0
33.0
26.4
26.6

136
3
3
6
2

90.7
2.0
2.0
4.0
1.3

601
19
4
18
9

92.3
2.9
0.6
2.8
1.4

64
31
39
16

42.7
20.7
26.0
10.6

266
149
168
60
8

41.4
23.2
26.1
9.3

55
48
47

36.7
32.0
31.3

273
185
193

41.9
28.4
29.6

59
91

39.3
60.7

220
431

33.8
66.2

Percentages are adjusted to the age distribution of the control population.

Table 2 Prevalence of HPV DNA in cervical biopsies from case subjects
with ACIS

in OC use became stable in the United States (29). Additional
adjustment for race or age at first intercourse did not affect the
results. Age was included as a continuous, linear term in all
analyses.
Incidence data for in situ adenocarcinoma from the 1973–
1996 SEER database was provided by the National Cancer
Institute (8). The incidence data are for white women, 20 – 64
years old, with histology coded as International Classification
of Diseases for Oncology code 8140.
Results
Analysis of SEER Data. The incidence of adenocarcinoma
(ACIS and AC combined) increased steadily between 1973 and
1996 (Fig. 1A). In the 1973–1976 four-year time period, the
incidence of ACIS was 0.2 per 100,000 women per year; by the
1993–1996 time point, the incidence of ACIS had increased
9-fold to 1.8 per 100,000 women per year. At the same time
points, the rate of AC changed less dramatically, from 1.1 to 1.6
per 100,000 women per year.
When the ACIS incidence data for white women 20 – 64
years old were examined by age at diagnosis and year of birth
(Fig. 1B), a strong cohort effect was evident. The age-specific
rates begin to increase steadily with women born in 1946 or
later for each birth cohort. The age-specific rates for women
born in 1945 or earlier, however, increased only slightly for the
women born between 1936 and 1945 and did not increase at any
age for women born before 1936.
Analysis of Case-Control Data. In this study, 43% of interviewed women diagnosed with ACIS were 30 – 49 years old at
diagnosis (Table 1), and over 90% were white. The income
distribution of the cases was similar to the distribution seen in
the control population. The number of years of education and

Controls (n ⫽ 651)

n

ACIS (n ⫽ 82)

HPV DNA
Negative, total
Positive, total
Specific HPV types
HPV-16
HPV-16⫹18
HPV-18
HPV-18⫹72
HPV-6
HPV-Xa
a

n

%

11
71

13.4
86.6

22
10
33
1
2
3

31.0
14.1
46.5
1.4
2.8
4.2

HPV type unknown.

the number of women who were unmarried at the time of the
interview were slightly higher for control subjects.
During rereview of biopsy samples by the study pathologist (P. P.), the cervical biopsy tissue from 82 subjects was
identified as ACIS only; 4 samples were identified as CIS only;
8 samples were identified as ACIS and CIS together; 2 samples
were identified as ACIS and AC; and 1 sample was identified
as CIS and invasive squamous cell cancer. A 536-bp fragment
of the ␤-globin gene was amplifiable in 97 of 101 (96.1%) of
the samples. The four ␤-globin-negative samples were identified as ACIS only.
PCR for HPV DNA followed by RFLP analysis was
performed on tumor tissue from case subjects from whom
archived tissue was available (n ⫽ 97). Among those tumors
identified by the study pathologist as ACIS only (n ⫽ 82), the
prevalence of any type of HPV DNA was 86.6%. Among the 71
HPV DNA-positive ACIS tumors, 51.5% contained HPV-18
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Table 3

Risk of ACIS by sexual history; serology for HPV-16, HPV-18, and
HSV-2 antibodies; history of genital warts; and smoking status
Cases
(n ⫽ 150)

Controls
(n ⫽ 651)

n

%

n

%

14.7
31.3
54.0

182
181
276

28.5
28.3
43.2

1.0
1.8
1.8

21.3
25.3
53.4

230
167
243

35.9
26.1
38.0

1.0
1.5
1.7

0.9–2.5
1.1–2.8

52.7
47.9
24.7
22.6

339
312
167
145

52.1
47.9
25.7
22.3

1.0
0.9
1.0
0.8

0.6–1.3
0.6–1.5
0.5–1.3

82.0
18.0

586
65

90.0
10.0

1.0
1.5

0.9–2.5

70.4
29.6

424
146

74.4
25.6

1.0
1.2

0.8–1.9

76.7
23.3

388
166

70.0
30.0

1.0
0.7

0.5–1.1

48.8
51.2

414
139

74.9
25.1

1.0
3.3

No. of partners
1
22
2–4
47
5⫹
81
Age at first intercourse (yrs)
20⫹
32
18–19
38
⬍18
80
Smoking history
Never
79
Ever
71
Former
37
Current
34
History of genital warts
Never
123
Ever
27
HSV-2 antibody
Negative
95
Positive
40
HPV-16 antibody
Negative
99
Positive
30
HPV-18 antibody
Negative
63
Positive
66

ORa

Table 4 Risk of ACIS associated with OC use among women born in 1945
or later

95% CI

1.0–3.1
1.1–3.1

2.2–4.9

a

ORs are adjusted for age, except for those associated with a history of warts and
smoking status, which are adjusted for age and number of partners.

DNA, and 40.2% contained HPV-16 DNA (Table 2). HPV
DNA types 6 and 72 were also identified in three specimens.
Three other specimens were HPV DNA late consensus primer
positive with an unrecognizable pattern on RFLP. Multiple
HPV DNA types were present in 13.4% of the typed case
specimens.
All case subjects reported a history of sexual intercourse,
but nine of the control subjects were virgins, and three refused
to provide information about their lifetime number of sexual
partners. Compared to women reporting only one sexual partner, the relative risk of ACIS was increased for women with
two to four sexual partners (OR, 1.8; 95% CI, 1.0 –3.1) and
women with five or more partners (OR, 1.8; 95% CI, 1.1–3.1);
Table 3. Having been less than 18 years old at first intercourse
was also associated with a 70% increased relative risk of ACIS
(OR, 1.7; 95% CI, 1.1–2.8). Smoking cigarettes was not associated with an increased risk of ACIS because the smoking
histories of case and control subjects were similar. When we
examined smoking duration, there was no evidence of a trend
by number of years smoked.
A history of genital warts (OR, 1.5; 95% CI, 0.9 –2.5) was
marginally associated with an increased relative risk of ACIS.
The seroprevalence of HPV-16 in control subjects, 30.0%, was
somewhat higher than the seroprevalence of HPV-16 in the
ACIS case subjects, (23.3%; age-adjusted OR, 0.7; 95% CI,
0.5–1.1). The seroprevalence of antibodies to HPV-18 was
25.1% in controls and 51.2% in cases. In contrast to the lack of
association between ACIS and antibodies to HPV-16, the relative risk associated with seropositivity to HPV-18 was 3.3
(95% CI, 2.2– 4.9). Among women positive for HPV-16 DNA,
the seroprevalence of HPV-16 L1 was 35.3%, and the seroprevalence of HPV-18 L1 was also 35.3%. In contrast, among

Cases
(n ⫽ 133)

Controls
(n ⫽ 478)

n

n

%

74
384

16.2
83.8

1.0
2.7 (1.2–5.8)

74
250
101
33

16.2
54.6
22.1
7.2

1.0
2.1 (1.0–4.8)
3.4 (1.5–8.0)
5.5 (2.1–14.6)
P ⬍ 0.001b

74
168
110
79
27

16.2
36.7
24.0
17.2
5.9

1.0
2.6 (1.1–5.8)
2.4 (1.0–5.5)
2.9 (1.2–6.9)
3.7 (1.3–10.4)
p ⫽ 0.02b

1.0
0.8 (0.5–1.4)
0.9 (0.5–1.7)
1.1 (0.5–2.5)

74
190
124
70

16.2
41.4
27.1
15.3

1.0
2.2 (0.9–5.0)
2.4 (1.0–5.6)
4.5 (1.9–10.9)
P ⬍ 0.001b

1.0
0.7 (0.4–1.3)
1.0 (0.5–2.1)

%

OC use
Never
8
6.1
Ever
124
93.9
Duration of use (mo)
0–⬍1
8
6.1
1–71
64
48.5
72–143
40
30.3
144⫹
20
15.2
Age at first use (yrs)
Never
8
20⫹
49
18–19
31
16–17
31
⬍15
13
Interval since
Never
10⫹
⬍10
Current

6.1
37.1
23.5
23.5
9.8

last use (yrs)
8
6.1
51
38.6
38
28.8
35
26.5

OR1
(95% CI)a

OR2
(95% CI)a

a
OR1 is adjusted for age (continuous, linear), lifetime number of sex partners (1,
2– 4, 5⫹), and interval since last screening Pap (⬍12 months, 12–35 months, 36⫹
months). OR2 is adjusted as described for OR1 but is also adjusted for duration
of OC use, and the comparison is restricted to OC users.
b
Test for trend.

women with HPV-18 DNA in their tumor tissue, 26.7% were
HPV-16 L1 seropositive, and 60.0% were HPV-18 L1 seropositive. Among women with HPV-18 DNA in their tumor tissue,
compared to controls, the relative risk of ACIS associated with
seropositivity was 5.5 (95% CI, 2.3–13.6).
There was an increased relative risk of ACIS associated
with ever use of OCs (Table 4; OR, 2.7; 95% CI, 1.2–5.8). The
risk was not affected by adjustment for interval since last Pap
smear or frequency of Pap smears, which may be due to the
high prevalence of OC use in both the case and control groups
(94% and 84%, respectively). The relative risk associated with
duration of OC use increased linearly (P ⬍ 0.001 for trend).
Women who used OCs for 12 or more years had a relative risk
of 5.5 associated with ACIS (95% CI, 2.1–14.6) compared with
women who never used OCs. There were also significant trends
for early age at first OC use and recent OC use. These trends
were no longer apparent after adjustment for duration of use
(Table 4). There was an increased relative risk (OR, 2.5; 95%
CI, 0.9 – 6.7) of ACIS among women who had used OCs for
1– 6 months compared to women who had never used them
(data not shown).
In an analysis restricted to women who had regular Pap
screening in the 36 months prior to reference date, the relative
risk estimates were similar to those seen in Table 4. Among
these recently screened women, the risk of ACIS associated
with ever use of OCs was 3.2 (95% CI, 1.2– 8.3) adjusted for
age, interval since last screen, and number of sexual partners.
The relative risks were slightly elevated compared to those
shown in Table 4 when adjustment was made for HPV-18
serology instead of number of partners (OR, 4.0; 95% CI,
1.7–9.4 for ever use adjusted for age, interval since last Pap,
and HPV-18 serology). Alternatively, when sex partners and
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HPV-18 were included in the model, the relative risk of ACIS
associated with ever use of OCs was 3.2 (95% CI, 1.4 –7.6)
adjusted for age, interval since last Pap, number of sexual
partners, and HPV-18 serology.
Discussion
This study found evidence of a cohort effect in ACIS incidence,
a trend of increasing risk with longer duration of OC use, and
an increased risk associated with HPV, especially HPV-18.
Taken together, these results suggest that there has been a
potential increase in ACIS incidence but do not completely rule
out an increase due solely to detection bias.
The increasing incidence of ACIS and AC may be attributed to improved detection with the addition of endocervical
brushes to cytologic screening. However, the endocervical
brush was introduced in the early 1990s, and the incidence rates
have been increasing since the 1970s. Another source of potential improved detection could be that more ACIS has been
detected as it has become more widely discussed in the literature, bringing it to the attention of more pathologists. Further
evaluation of the impact of screening on ACIS incidence may
be possible in the setting of a population-based cytology registry.
If OC users are overrepresented in our case group because
they receive more Pap smear screening, the risk estimates for
OC use could be inflated. Women who do not receive cytologic
screening as often as OC users may escape diagnosis until an
invasive, potentially symptomatic stage of disease or may regress without having been diagnosed. In an attempt to mitigate
this potential bias, we assessed OC exposures in an analysis that
was restricted to women who have had regular Pap screening in
the 36 months before reference date. Interval since last screening cytology was controlled for in the analysis. The relative risk
estimates for the OC use variables were similar to those reported in Table 4 among women with an equal opportunity for
diagnosis of asymptomatic disease via screening [e.g., the risk
of ACIS associated with ever use of OCs was 3.2 (95% CI,
1.2– 8.3) adjusted for age, interval since last screen, and number
of sexual partners]. Therefore, it does not appear that the
increased risk of ACIS associated with OC use is solely the
result of opportunity for screening. Also, the significant trend
seen with duration of use suggests a dose-response effect,
which strengthens the plausibility of the OC association.
The diagnosis of ACIS is somewhat controversial. Endocervical abnormalities such as dysplasia, tubal metaplasia, cervical endometriosis, and pathological or histological changes
due to previous biopsy, cervicitis, and use of OCs have been
misdiagnosed as ACIS (30 –34), and others have reported on
the difficulty of distinguishing ACIS from microinvasive lesions (35) and even invasive disease (36). We were able to
include an expert rereview of the tumor tissue for 101 of the
150 case subjects. Among the cases rereviewed by the study
pathologist, 86 of 101 (85.1%) were confirmed to contain ACIS
only, 10 contained ACIS and CIS (9.9%), and 5 contained only
CIS (5.0%). When the OC analyses were restricted to the subset
of women with ACIS only on rereview by the study pathologist,
the results were similar to the results for all interviewed cases.
Another limitation of this study may be the somewhat low
response rate. If case or control subjects who did not participate
in the study differed from those who did respond in a consistent
way, a bias would be introduced. Also, if case of control
subjects were more or less likely to recall specific exposures,
then our estimate associated with that exposure could possibly
be biased. Efforts were made to enhance recall of sexual rela-

tionships, reproductive, contraceptive, and Pap smear history
by use of a calendar of life events during the in-person interview. Data on age at diagnosis and smoking were available
from the registry for women who were not interviewed. The age
distribution of the noninterviewed cases was similar to that of
the cases interviewed [38.3 years (median, 38) and 37.5 years
(median, 37)]. Smoking information, which was collected from
only 27 of 54 nonrespondent cases by the registry, indicated
that 77.8% were never smokers compared to 52.7% never
smokers among those interviewed. Without the same information from controls, it is unclear how the relative risk for smoking would be affected. Smoking information from the registry
and from the interview was in agreement for 83.0% of the
interviewed women. First course of cancer-directed therapy as
recorded on the registry was identical for all interviewed and
noninterviewed cases (i.e., treatment was by surgery alone
without radiotherapy or chemotherapy).
In this study, elevated relative risks of ACIS were
associated with two or more lifetime number of sex partners
and early age at first intercourse. These data confirm that
ACIS, like squamous cell cervical neoplasms, has a sexually
transmitted etiology. Furthermore, there were marginally
increased relative risks of ACIS associated with a history of
genital warts, which may be a marker of exposure to a
sexually transmitted pathogen.
HPV has been implicated in the etiology of AC (12, 15).
We found that 86.6% of the ACIS tumors were HPV DNA
positive, which may be an underestimate because we used
archived tissue that may be degraded. Therefore, HPV is most
likely to be integral to the causal mechanism for ACIS.
Several studies have reported that a higher prevalence of
HPV-16 antibodies is a risk factor for squamous cell cervical
and vulvar cancers (23, 27, 37, 38). Because many ACIS
lesions are reportedly found next to squamous cell lesions, and
because we found oncogenic HPV-16 DNA and HPV-18 DNA
to be prevalent among ACIS cases, one might expect to find an
association between HPV-16 seroprevalence and ACIS. However, antibodies to HPV-18 L1, but not HPV-16 L1, were
associated with an increase in the risk of ACIS. There may be
some immunological interference in the presence of HPV-18
infection that allows only one type of antibody to be formed.
Only 11% of the control subjects and 18% of the case subjects
were seropositive for both HPV-16 and HPV-18. Using the
same antibody test, Carter et al. (39) provided evidence in a
different population that antibody response was type specific.
The data presented here support a strong role for HPV-18
infection in the etiology of ACIS.
Smoking has been reported to be a risk factor for squamous cell carcinomas but not adenocarcinomas of the cervix
(16, 17, 40, 41). There was no increased risk for ACIS among
women who smoked cigarettes. This finding is consistent with
the hypothesis that glandular cells are exposed to carcinogens
during periods of increased ectopy and that ectopy is diminished in women who smoke (42). Furthermore, it has been
reported that nicotine stimulates growth of epithelial cells in
healthy women (43) and that nicotine stimulates the growth of
HPV-immortalized ectocervical cells (44). In the latter in vitro
study, this effect was not seen in endocervical cell lines. Thus,
a lack of exposure to the carcinogens of cigarette smoke
through decreased ectopy and a lack of stimulation of endocervical cell proliferation but enhancement of ectocervical cell
growth by nicotine may account for the observed lack of an
association of smoking in ACIS as compared to the generally
increased risks associated with smoking for squamous cell
cervical cancer.
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There was a greater than 2-fold increased risk of ACIS
associated with ever use of OCs and a more than 5-fold risk for
12 or more years of OC use, consistent with the reports of most
(5, 17, 18, 20, 45, 46) but not all (16) studies of AC and ACIS.
In a recent case-control study, Lacey et al. (20) found OC use
to be associated with an increased risk of ACIS but not of
invasive adenocarcinoma. That study included 33 women with
ACIS, and current use was found to be the most important OC
risk factor (OR, 12.6; 95% CI, 2.5– 64.2) after controlling for
HPV and many other factors (20). Among current users in this
study, the relative risk was 3.4 (95% CI, 1.1–10.2) for 6 –11
years of OC use and 6.1 (95% CI, 1.4 –27.2) for 12 or more
years of OC use compared to women with less than 6 years of
OC use. There was not a significant trend because the data were
limited to 35 cases and 70 controls, but the increasing estimates
may indicate that duration of use is the strongest risk factor
even among current users.
We did not have the opportunity to determine the presence
of HPV DNA in control subjects for this study. Residual confounding by HPV could lead to overestimation of the risks
associated with OC use. In an attempt to make the controls
more comparable to cases on exposure to HPV, we repeated the
OC analysis but used only HPV-18 L1-seropositive controls
compared to all cases. We include all cases because we assume
that most if not all cases of ACIS are HPV related. The relative
risk of ACIS was 3.3 (95% CI, 1.2–9.3) for ever use of OCs and
3.8 (95% CI, 1.2–11.5) for 6 or more years of OC use, comparable to the results we presented in Table 4. Furthermore, the
relative risk of ACIS associated with ever use of OCs was 3.2
(95% CI, 1.4 –7.6) adjusted for age, interval since last screen,
number of sexual partners, and HPV-18 serology. These additional surrogates of HPV increased the point estimates and the
width of the confidence intervals but may indicate that additional control for HPV does not eliminate the risk associated
with OC use.
We chose to restrict the OC analyses to women born in
1945 or later because these women represent the first cohort
that had OCs available from the beginning of their reproductive
life (29). Coinciding with the availability of OCs, age-specific
incidence rates of ACIS appear to be increasing among women
born in 1946 or later. These women, as opposed to women born
in 1945 or earlier, were becoming sexually active during a
period (the 1960s) that is generally characterized by less restricted sexual behavior in the United States. In these data, the
percentage of control women with five or more partners was
21.9% among those born before 1945 and 52.3% among those
born after 1946. Likewise, the percentage of case subjects with
five or more partners was 38.9% and 56.4% in those birth
cohorts, respectively. Whether the increasing age-specific incidence of ACIS in 5-year age cohorts since 1945 is due to a
detection bias, increased exposure to HPV from having more
partners, or OC use is difficult to separate. The data presented
here would support a role for OC use as a promoter of HPVrelated carcinogenesis.
There are two lines of evidence to support an etiological
pathway by which OCs may promote accumulation of endocervical changes necessary to promote carcinogenesis. OCs
may affect the risk of cervical cancer by enhancing HPV
infection of endocervical cells and/or oncogenic transformation
of infected cells. A prospective study of young women (42)
showed that OC use increases the prevalence of ectopy, perhaps
magnifying the risk of HPV infection of endocervical cells.
Others have proposed a directly carcinogenic effect of OCs on
the actively phagocytic metaplastic glandular cells found in
adolescent women (1, 47). Evidence from in vitro studies of

Pater et al. (48, 49) show that cells became transformed and
tumorigenic in the presence of HPV and progestins. In another
study, Mittal et al. (50) showed that HPV expression was
enhanced when progesterone or glucocorticoids were added to
human ectocervical cell lines. It is possible that any promotional effect of OCs could act at more than one step in the
accumulation of changes that lead to ACIS.
If smoking cigarettes decreases ectopy and OC use promotes ectopy, nonsmokers and OC users may be at greater risk
of HPV infection of endocervical cells because of having more
endocervical cells in the transformation zone. If so, smoking
and OC use could be important for the initial HPV infection of
endocervical cells. They could also act as promoters that could
aid transformation, surveillance evasion, and accumulation of
carcinogenic changes. There was no evidence of an interaction
between smoking and OC use in this study.
By studying the risk factor data with an understanding of
the historical context provided by the incidence data, a picture
of the potential cofactors leading to the increase in ACIS
incidence is beginning to emerge. It may be that increased
exposure of glandular epithelium to HPV, promoted by OC use,
may be such a factor. It is therefore important to continue to
closely monitor young women who use OCs by cytologic
screening, to continue population-based epidemiological studies to refine risk factors, and to track trends in incidence of
ACIS and AC.
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