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Abstract. Background: There is epidemiological and laboratory
evidence for an association between invasive squamous cell
cervical cancer and female sex steroid hormones, such as oral
contraceptives. Materials and Methods: Premenopausal (n=72)
and postmenopausal (n=118) women with invasive squamous
epithelial cervical cancer were included in this study. Serum
estradiol and progesterone and DNA S-phase fraction as a
measure of proliferative activity were analysed, in 51 pre-, and 77
postmenopausal women, among whom 13 and 43, respectively,
died from disease. Results: There was a significant positive
correlation between a low serum estradiol/progesterone ratio and
short survival in those premenopausal women who eventually died
from cancer (p=0.02). Clinical stage was similar when the
estradiol/progesterone ratio was dichotomized. There was no
association between estradiol/progesterone ratio and survivalmonths in postmenopausal women. In both pre- and
postmenopausal women deceased from cervical cancer, a S-phase
fraction at or above 12% was correlated with reduced survivalmonths (p=0.03). Conclusion: These results, if confirmed,
contribute to bridging the gap between previous epidemiological
and laboratory findings of an association between female sex
steroid hormones and squamous cell cervical cancer.
Cervical human papillomavirus (HPV) infection is now
established as an etiological agent for cervical neoplasia (1).
HPV infection is commonly referred to as a necessary but
not sufficient factor for invasive cervical cancer (2), which
is evident from the high proportion of women of fertile age
that, at some time, will have a cervical HPV infection as
compared to those who in fact develop invasive cancer (3).
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Immortilization of the cervical cell is necessary for progress
of cervical intraepithelial neoplasia to invasive cancer.
Integration of viral DNA to the host genome, which enables
expression of viral oncogenes E6 and E7, seems to be a
necessary step in immortilization, which probably does not
occur without the presence of co-factors (2).
Among proposed risk factors for cervical neoplasia are
sexual risk behavior, long-term use of oral contraceptives,
smoking, dietary factors and sexually transmitted infections,
mainly genital chlamydial infection (4-7). Multiparity has
also been suggested as a risk factor, also when controlled
for sexual risk behavior and oral contraceptive use (8).
Smoking and oral contraceptive use remain as the most
studied epidemiological co-factors.
Some laboratory experiments support the epidemiological
findings of an association between female steroid sex
hormones and HPV-related cervical cell transformation (9-13).
It is not known if an increased cell transformation occurs in
vivo when serum progesterone or gestagen levels are high, such
as during pregnancy or with gestagenic contraceptives.
Increased cell proliferation is necessary for tumor growth.
We previously found an increase in cell proliferation,
measured as number of cells in S-phase, with high serum
progesterone levels in invasive cervical cancer (14). Studies
on the S-phase fraction as a prognostic factor in cervical
cancer have given conflicting results (15).
There is a gap between available epidemiological and
laboratory studies on the one hand, and lack of clinical
studies trying to elucidate possible associations between
tumor growth and survival in cervical cancer, respectively,
and female sex steroid hormones, on the other. The
principal aim of this study was to investigate endogenous
estradiol and progesterone levels in relation to length of
survival in women who died from cervical cancer.

Materials and Methods
Between 1984 and 1990, 190 women with invasive squamous cell
epithelial cervical cancer stage IB to IV were admitted to the
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Department of Gynecologic Oncology, Norrlands University
Hospital, Umeå, Sweden. At admission biopsies were taken for
flow cytometry and measurement of S-phase fraction and serum
was collected for estradiol and progesterone measurement.
The study was prospective, but not consecutive. This was due to
a period of absence of the initiator of the project (US) in the
middle of the study, when serum hormones were not analyzed and
S-phase fraction was only analyzed occasionally. Thus, in total 128
women had hormone analyses and 139 women had S-phase fraction
estimations. The treatment of choice was radiotherapy and surgery
in accordance with contemporary routines.
In addition, the evaluation included staging, grading, treatment,
age, age at menarche and menopause, last menstrual date, number
of pregnancies, parity, abortions, oral contraceptive history,
hormone replacement therapy, and current and previous smoking.
Clinical staging was made according to FIGO, and the WHO
criteria were used for histological grading. The women were
followed-up for at least ten years.
Pretreatment blood samples, collected in connection with taking
tumor biopsies, were centrifuged and the serum was immediately
frozen in small aliquots and stored at -70ÆC until analyzed. Serum
progesterone and estradiol were measured in duplicate by
radioimmunoassay after celite chromatography.
Biopsies for flow cytometry were taken at admission to the
clinic. A suspension of cell nuclei was obtained using a combined
mechanical and enzymatic technique. The DNA content was
expressed in relative DNA values, where the DNA content of
normal diploid G0/G1 cells was given the value 2c. Human
lymphocytes with a diploid DNA content were used as an external
standard. Tumors with a DNA content ranging from 1.8c to 2.2c
were regarded as periploid. Tumors diverging from these values
were regarded as aneuploid. S-phase fraction was calculated as the
proportion of cells between the G1 and G2 peaks, corrected for the
background fluorescence (16).
Unilateral significance analyses of dichotomous, categorical
variables, such as smoking, were made by a Chi2 test (likelihood
ratio). T-test was used for continuous variables such as age. A
stepwise increase of cut-off levels for serum hormone levels,
estradiol/progesterone ratio and S-phase fraction was used to find
the best explanatory cut-off values. S-phase fraction at 12% in the
whole study population, and estradiol/progesterone ratio at 60
(which was also the median ratio) in premenopausal women were
chosen as cut-off values. Curve fitting and significance testing for
two continuous variables, i.e. serum hormone levels and survival
length, were analysed by linear regression. Logistic regression was
used in multifactorial analyses to check and identify for possible
confounders, i.e. clinical stage and estradiol/progesterone ratio in
relation to survival.
The study was approved by the local ethical committee.

Results
Of the 190 women with invasive squamous epithelial cancer,
118 (62%) were considered menopausal, i.e. not having a
menstrual-like vaginal bleeding during the previous six
months, and the remaining 72 (38%) women were
premenopausal.
The mean number of pregnancies was 2.8 (SD 1.9) and
parity was 2.5 (SD 1.7). The mean age for premenopausal
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Table I. Correlation between risk factors and prognostic factors with
duration of survival in women deceased from invasive squamous cell
cervical cancer irrespective of menopausal status (n=80).
Comparison p-value
group
No. Mean No. Mean
Survival
Survival
(months)
(months)

Study group

Stage IB-IIA vs. IIB-IV

28

44.6

52

22.2

0.0002

Differentiation: high/
moderate vs. low/anaplastic

48

31.1

27

26.9

0.52

Climacteric vs. not climacteric

60

32.2

20

23.6

0.22

Smoker vs. non-smoker

37

31.4

30

30.4

0.88

Body mass index ≥ 25 vs. <25

33

34.5

41

26.6

0.20

Aneuploidy vs. non-aneuploid

37

26.9

32

32.3

0.41

S-phase ≥12% vs.
S-phase <12%

41

24.1

22

39.9

0.03

8

12.6

5

31.4

0.07

Serum estradiol/progesterone
ratio <60 vs. ≥60
(only premenopausal women)

women was 37.7 years, and 68.2 years for postmenopausal
women. According to the FIGO classification, 85 (45%)
women belonged to stage IB, 23 (12%) to stage IIA, 30
(16%) to stage IIB, 5 (2%) to stage IIIA, 38 (20%) to stage
IIIB and 9 (5%) to stage IV, respectively. Twenty (11%)
tumors were highly-, 105 (57%) moderately- and 52 (28%)
poorly differentiated, and seven (4%) tumors were
anaplastic or could not be graded.
The ten-year mortality rate was 28% (20/72) in pre- and
51% (60/118) in postmenopausal women (p=0.002) in the
total population. Advanced clinical stage and S-phase
fraction at or above 12% were significantly correlated with
impaired survival in those women who eventually died from
their disease (p=0.03) (Table I). Among the 13
premenopausal women who died from disease, those who
had an estradiol/progesterone ratio below 60 had a shorter
survival, compared to those at or above 60, and the
difference almost reached statistical significance (p=0.07).
Mean and median survival in these 13 women was 19.8
months and 12 months, respectively. Women with a body
mass index at or above 25 had slightly, but insignificantly,
longer survival than those below. There was no correlation
between estradiol/progesterone ratios and body mass index,
either in premenopausal, or in postmenopausal women.
When serum progesterone and estradiol were analyzed as
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Figure 1. Correlation between survival (y=months) and serum progesterone
in 13 premenopausal women deceased from invasive cervical cancer.

continuous variables and survival curves were estimated by
linear regression in the premenopausal women, there was a
slight decrease in survival with increasing serum
progesterone (Figure 1) and better survival with rising
serum estradiol (Figure 2). Both correlations were nonsignificant. However, increased estradiol/progesterone ratios
were significantly (p=0.02) correlated with increasing
survival (Figure 3).
Forty-five postmenopausal women died from disease.
There was no tendency for any association between serum
estradiol and progesterone and the estradiol/progesterone
ratio with survival.
Serum was, on average, sampled on day 12 of the
menstrual cycle in the deceased premenopusal women.
There was no association between survival months and
menstrual day at serum sampling. Mean and median
survival time was 19.8 and 12 months, respectively. When
the survival time was dichotomized to women deceased in
<12 and ≥12 months, the former had their serum sampled
on mean menstrual day 10.4 as compared to day 12.8 among
the latter (NS). When cut-off level was set to 20 months,
those who survived longer had their serum sampled at day
13.0 of the menstrual cycle compared to 11.3 in those with a
shorter survival (NS). Among all premenopausal women,
the deceased ones on average had their serum collected on
day 13.3 of the menstrual cycle as compared to day 14.4 in
survivors (NS).
Premenopausal deceased women were dichotomized into
stage IB-IIB (n=8) versus IIIA-IV (n=5). The mean

Figure 2. Correlation between survival (y=months) and serum estradiol in
13 premenopausal women deceased from invasive cervical cancer.

Figure 3. Correlation between serum estradiol/progesterone ratio and
survival (y=months) in 13 premenopausal women deceased from invasive
cervical cancer.

estradiol/progesterone ratio was 95.4 in the former group as
compared to 60.7 in the latter (NS). Adjustment for stage
did not alter the significant correlation between survival
months and estradiol/progesterone ratio (p=0.02). Stage
was dichotomized into IB-IIA (n=42) versus IIB-IV (n=9)

613

ANTICANCER RESEARCH 25: 611-616 (2005)
Table II. Association between risk factors and prognostic factors for
invasive squamous cell cervical cancer with S-phase fraction ≥12% in
women deceased from cervical cancer irrespective of menstrual status
(n=63).
p-value

S-phase
fraction
≥12%
n=41 (%)

S-phase
fraction
<12%
n=22 (%)

Age

63.2

59.1

0.28

Stage IB-IIA vs. IIB-IV

28 (68.3)

13 (59.1)

0.47

Differentiation: highmoderate vs. low/anaplastic

16 (42.1)

4 (20.0)

0.08

Climacteric vs. non-climacteric

33 (80.5)

16 (72.7)

0.48

Smoker vs. non-smoker

22 (62.9)

9 (45.0)

0.20

Total radiation dosage

48.7

Aneuploidy

29 (70.7)

Estradiol/progesterone ratio
(only premenopausal)

37.6

49.3
4 (18.2)
185.1

0.88
0.0001
0.02

in
all
premenopausal
women.
The
mean
estradiol/progesterone ratio was 118.8 in the former group,
as compared to 87.1 in the latter (NS).
A high S-phase fraction was associated with fewer
survival months. Table II shows associations between Sphase fraction at or above 12% with possible risk factors or
prognostic factors for cervical cancer in all premenopausal
women in the study population. As expected, there was an
association with differentiation (p=0.08) and ploidy
(p=0.0001), but also a significant correlation between a high
S-phase fraction and a low estradiol/progesterone ratio
(p=0.02).

Discussion
If confirmed by others, these results, to our knowledge for the
first time, give evidence to bridge the gap between previous
epidemiological associations between female sex steroid
hormones (long-term use of oral contraceptives, parity) and
cervical neoplasia, and laboratory findings of increased
transformation and proliferation rate in cervical cell cultures
in the presence of female steroid sex hormones. Despite the
limited size of the population, we found a strong and
significant correlation between a low estradiol/progesterone
ratio and a shorter survival in premenopausal women who
eventually died from their disease.
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It is tempting to speculate that the apparently more
aggressive behavior of the cervical tumor where a lower
estradiol/progesterone ratio enhanced growth also led to
detection of more advanced tumors. In real figures, this was
the case in premenopausal cancer, but the association did
not reach statistical significance.
The role of oral contraceptive use in cervical neoplasia is
not finally established. A slight but apparent increased risk
of cervical neoplasia with long-term, but not short-term, use
of oral contraceptives was found in most, but not all studies
(5). To our knowledge, no attempt has been made to
correlate cervical cancer risk with hormonal balance in
combined oral contraceptives, which could provide
additional evidence to the present study. It is, however,
notoriously difficult to control for all confounding factors,
such as sexual, smoking, current HPV infection and
reproductive history, when the role of oral contraceptives is
evaluated in epidemiological studies. Additional data from
experimental studies are needed.
There are three major methods to study a possible role
of estrogens and gestagens in cervical neoplasia: 1)
Menstrual cycle, with high serum levels of estradiol during
the follicular phase and progesterone during the luteal
phase. 2) Pregnancy, with high levels of progesterone in
particular. 3) Oral contraceptive use with exogenous supply
of hormones. Progesterone has been suggested as the major
suspect because of its immunosuppressive effect and for a
possible connection to HPV infection (17). In contrast,
estrogen has been reported to reduce susceptibility to
primary HPV infection, but this might be of no importance
once the HPV infection has been established (18).
HPV seems to have a tendency to transfect cells with
progesterone receptors. Both HPV 16 and HPV 18 contain
progesterone and glucocortiocoid response elements that
will increase expression from the HPV E6 and E7
oncogenes with gestagenic stimuli (9, 10). Increased
transcription of E6 and E7 is considered crucial in cell
transformation (11) and a relationship to the ras oncogene
has been reported (12).
Cell transformation in HPF-transfected cervical cells has
been reported to occur when progesterone and ras
oncogene, or oral contraceptive gestagens, were added (13).
It is not known if increased cell transformation occurs in
vivo when serum progesterone levels are high, such as
during pregnancy or with oral contraceptive use. Higher
serum progesterone levels, when adjusted for menstrual
phase, have been correlated to a higher prevalence of HPV
infection (19).
We previously found an increase in cell proliferation,
measured as number of cells in S-phase, with high serum
progesterone levels in invasive cervical cancer (14). In an
experimental study (20), an enhanced colony forming
efficiency was found in the HPV 16 DNA integrated cervical
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cancer cell line SaSki after at least three days progesterone
treatment. The progesterone antagonist RU 486 was able to
abrogate the enhancement of progesterone on cell growth.
Progesterone and glucocorticoid hormones increase HPV
mRNA and significantly stimulate viral replication (21).
There is, however, also evidence for a role of estrogens.
In cervical epithelium at the transformation zone, where
cervical neoplasia is initiated, 16-·-hydroxylation of
estradiol occurs resulting in 16-·-hydroxyestrone (22), which
is linked to malignant transformation of estrogen-sensitive
cells transfected by HPV. Serum estrone was found to be
elevated in patients with CIN who were HPV-positive as
compared to HPV-negative women with or without CIN
(23). The SiHa cervical cancer line, that is transfected by
HPV 16, has shown an eight-fold increase of HPV
transcripts in the presence of estrogen (24).
In two studies from the same research group (25, 26),
treatment with sex hormones of transgenic mice expressing
HPV 16 was evaluated. Squamous cell carcinomas
developed, exclusively in the vagina and cervix (25). In a
subsequent study, doses were reduced five-fold. Only
carcinogenesis in the cervical transformation zone remained
and neoplastic progression from metaplasia, dysplasia to
squamous cancer was observed (26). Steroid sex hormone
levels in women were evaluated as an aid in grading cervical
neoplasia, but were not found useful (27).
It is, thus, obvious that there is both epidemiological and
experimental evidence that gestagens and/or estrogens may
play a role in cervical carcinogenesis. There are, however,
several obstacles. Epidemiological studies may lack control
for all possible confounding factors. In addition, subgroups
might be overlooked, which could easily have happened in
the present study. Positive laboratory results in animal
studies might be species-specific. Laboratory studies on
human cervical tissue, normal or cancerous, where sex
hormones are added, might not be equivalent to the
concentrations of hormones found in vivo.
When the present laboratory results were summarized, it
became evident that our findings of shorter survival in
women with a low estradiol/progesterone ratio, as compared
to those with a high ratio, are biologically plausible.
Our second main finding, a mean shorter survival in
women with a high S-phase fraction, fits with the finding of
an association with a low estradiol/progesterone ratio and a
high S-phase fraction. Studies in which the S-phase fraction
was correlated to prognosis have given conflicting results.
Horn et al. (28) found that patients with an S-phase fraction
above 12% had a poor prognosis, while Reich et al. (29)
found a better disease-free survival in patients with
carcinomas who had an S-phase fraction below 7%,
although it was not statistically significant. On the other
hand, Kristensen et al. (30) and Graflund et al. (15) found
that the S-phase fraction was of no prognostic importance.

There are several possible reasons for the discrepancy in
these results. The S-phase fraction is difficult to measure.
In some studies it could be evaluated in only 22% of
aneuploid tumors (30). Experience and laboratory methods
are of great importance. In addition, different definitions of
prognosis have been used, such as presence of lymph node
metastasis, tumor stage, recurrences and overall survival.
Most patients were treated with radiotherapy and,
therefore, we could not diagnose all metastases. We found
no effect of S-phase fraction on overall survival, but a high
S-phase fraction was associated with fewer survival months
in those patients who eventually died. This seems logical as
a generalized disease is more directly related to prognosis
than the S-phase fraction. In patients not radically cured,
the tumor proliferation rate influences survival to a limited
extent. This study showed that measurement of cell
proliferation could be clinically useful in selected patients,
but immunochemical markers such as endothelial growth
factor receptor and Ki-67/MIB-1, which are both useful
tools for prognostication (15, 31), should be preferred to
flow cytometry measurement in cervical cancer.
In summary, the most interesting part of our results is the
finding of a clinical association between sexual steroid
hormones, in this study endogenous estradiol and progesterone,
and survival months in premenopausal women who died from
invasive squamous cell cervical cancer, providing new evidence
for a hormonal role in cervical neoplasia.
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