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Abstract
High-grade serous carcinoma is the most common and devastating type of ovarian cancer; its etiology, mechanism of
malignant transformation, and origin remain controversial. Recent studies have identified secretory cells at the fimbria of the
fallopian tube as the cell-of-origin of high-grade serous carcinoma, acquiring TP53 mutation, evolving to tubal precursor
lesions, including “p53 signature” and serous tubal intraepithelial carcinoma, and metastasizing to the ovary as clinically
evident ovarian cancer. The etiological mechanisms associated with known epidemiological risk factors, i.e., ovulation and
retrograde menstruation, have also been suggested. Mutagens and transforming growth factors, such as reactive oxygen
species and insulin-like growth factor axis proteins, as well as the apoptosis-rescuing protein hemoglobin are abundantly
present in the ovulatory follicular fluid and peritoneum fluid, which bathes the fimbrial epithelium, and induces malignant
transformation after repeated exposure. In accordance with the proposed cleansing effect of progesterone from studies on
oral contraceptive use or term pregnancy, a recent study indicated that the p53-null tubal epithelial cells are selectively
cleared by progesterone depending on its progesterone receptor. In this report, by analyzing different time effects of oral
contraceptive use or pregnancy in the prevention of ovarian cancer and by aligning them with the carcinogenic and cleansing
clearance concepts of ovulation and progesterone, as well as the fact of progressive loss of progesterone receptor during
tubal transformation, we deduced the natural history of ovarian high-grade serous carcinoma. The natural history begins at
the first ovulation and spans for more than 30 years, taking 10 years from the normal tubal epithelium to the “p53 signature”
status, another 15 years to progesterone receptor negative serous tubal intraepithelial carcinoma, and a final 5+ years to high-
grade serous carcinoma. The estimated natural history may help understand the pathogenesis of high-grade serous carcinoma
and defines the window for early detection and chemoprevention.

Introduction

Neogrowth from the ovary is typically silent and diagnosed
late. Late-occurring symptoms such as abdominal bloating,
nausea, and urinary urgency are vague and often mistaken
for gastrointestinal problems [1], which leads to high mor-
tality. In nearly 80% of the cases, high-grade serous carci-
noma, which is the most common type of epithelial ovarian
carcinoma, is diagnosed after intraperitoneal spreading.
Thus, epithelial ovarian carcinoma ranks as the seventh
most common cause of cancer-related deaths in females
worldwide [2]; this poor prognosis has not improved over
the past several decades [3, 4]. This is fundamentally
attributed to the unclear etiology and mechanisms of
malignant transformation. The origin of ovarian high-grade
serous carcinoma has been a matter of debate; it is thought
to originate mostly from the fallopian tube fimbria, with
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secretory cells in the epithelium as the target of malignant
transformation [5–7]. In addition, an increasing amount of
evidence has pointed to incessant ovulation as the main
etiological factor of ovarian high-grade serous carcinoma;
therefore, the mechanism of ovulation-induced transforma-
tion is becoming clearer.

Herein, we review epidemiological evidence and current
knowledge of ovulation-induced carcinogenesis, provide
evidence for the cleansing effect of progesterone, and
deduce the natural history of ovarian high-grade serous
carcinoma originating from the fallopian tube fimbria.

Epidemiological evidence of epithelial
ovarian carcinoma as a disease caused by
ovulation

Oral contraceptives use reduced risk of epithelial
ovarian carcinoma

The incessant ovulation theory proposed by Fathalla [8] in
1971 is the most widely accepted theory of ovarian carcino-
genesis. A multitude of ovulation cycles has been proposed as
a trigger of epithelial ovarian carcinoma [9–13]. Many large-
scale epidemiological studies and meta-analyses have con-
cluded that the use of oral contraceptives, pregnancy, or lac-
tation reduces the risk of epithelial ovarian carcinoma
[14, 15]. There is convincing evidence of risk reduction by
oral contraceptive use [16–18]. A collaborative analysis of 45
epidemiological studies comprising a total of 23,257 women
with epithelial ovarian carcinoma and 87,303 controls
revealed that oral contraceptive use is associated with reduced
risk of epithelial ovarian carcinoma. The longer the women
used oral contraceptives, the greater the reduction, and the
protection persisted for more than 30 years after oral contra-
ceptive use ceased [19]. A well-designed population-based
case-control study revealed that each year of oral contra-
ceptive use provided a 5% reduction in the risk of epithelial
ovarian carcinoma [20]. It is estimated that oral contraceptive
use has averted ~1700 deaths from ovarian cancer in 1982
among US women aged 20–54 years [21], and more than half
of all ovarian cancers in the United States could be prevented
by oral contraceptive use for at least 4 years [21, 22].

Parity reduces the risk of epithelial ovarian
carcinoma

The protective effect of pregnancy on epithelial ovarian car-
cinoma has been documented in Asian, European, and North
American populations. Various studies have shown that parity
significantly reduced the risk of epithelial ovarian carcinoma
in women [23–25]. A collaborative analysis of 12 case-
control studies, which collected 2197 patients with ovarian

cancer and 8893 controls, demonstrated a 40% lower risk
after the first birth [26], with each additional birth bringing
another 15–20% risk reduction [27]. The risk of ovarian
cancer was reduced by 57%, 70%, and 82% in women with
parity of 1–2, 3–5, and >5 children, respectively [28]. Inter-
estingly, although full-term pregnancy confers a strong and
prolonged protection from epithelial ovarian carcinoma, the
number of incomplete pregnancies or abortions failed to show
a significant effect on epithelial ovarian carcinoma prevention
in various studies [26, 29–31].

Breastfeeding reduces the risk of epithelial ovarian
carcinoma

Most studies have indicated that breastfeeding lowers the risk
of epithelial ovarian carcinoma. Compared with women who
never breastfed their children, parous women who have
breastfed showed a 10–40% reduction in the risk of epithelial
ovarian carcinoma [23, 26, 32]. There is a trend toward
increased protection with increasing lactation periods [28].
Some studies also showed that lactation in the initial months
after delivery conferred stronger protection than lactation at
later months [26, 29]. This protective effect of lactation on the
risk of epithelial ovarian carcinoma is consistent with the
hypotheses of incessant ovulation and retrograde menstrua-
tion being related to the genesis of ovarian cancer.

Carcinogens in ovulatory follicular fluid and
mechanism of transformation

Reactive oxygen species as the mutagen and
hemoglobin as the apoptosis rescuer

Transformation activity in human ovulatory follicular fluid
was first demonstrated by the induction of tumorigenesis
after direct injection into Trp53-null transgenic mice. After
weekly injections of diluted (3%) follicular fluid into the
mammary fat pad, ~60% of mice developed local lym-
phoma within 7 weeks [33]. As almost all ovarian high-
grade serous carcinomas have the universal TP53 mutation
as the first hit and early Rb pathway dysfunction in 67% of
the cases [34], the transforming activity of follicular fluid
was tested in different immortalized human fimbrial epi-
thelial cell lines wherein the p53 and Rb systems were
downregulated. Indeed, adding diluted follicular fluid to
these cells induced the transformation phenotypes of
anchorage-independent growth and xenograft tumorigenesis
[35]. Interestingly, only more than half of the follicular fluid
samples were actively transforming. These follicular fluid
samples typically contain high levels of reactive oxygen
species, which are indispensable for ovulation [36] and
responsible for DNA double-strand breaks upon exposure to
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the fimbria [33]. We also found that these reactive oxygen
species-exposed cells, although failing to induce p53-
mediated cell death, still undergo apoptosis via the
membrane-bound NADPH oxidase. By sensing a high level
of reactive oxygen species, NADPH oxidase initiates a cell
death pathway and terminates cell transformation. However,
in the presence of hemoglobin in the follicular fluid or
pelvic fluid, reactive oxygen species are largely captured by
hemoglobin extracellularly and sensed by NADPH oxidase
as a survival cue. Cells exposed to this lowered level of
reactive oxygen species after hemoglobin consumption still
accumulate DNA double strand breaks and proceed to
transformation [37]. This pelvic hemoglobin is most likely
originated by retrograde menstruation. Multiple epidemio-
logical studies have highlighted that tubal ligation and
hysterectomy reduce the risk of ovarian cancer [38, 39].

Insulin-like growth factor axis as the stemness
activator and transformation promoter

In addition to the mutagenic activity conferred by reactive
oxygen species, follicular fluid also has a stemness activa-
tion and clonal expansion activity [35]. This is mainly
conferred by the insulin-like growth factor axis, the proteins
of which, including insulin-like growth factor binding
protein 2 and insulin-like growth factor binding protein
6-bound insulin-like growth factor 2 (but not insulin-like
growth factor 1), as well as the insulin-like growth factor
binding proteo-lytic enzyme pregnancy-associated plas-
matic protein A, are all present in ovulatory follicular fluid.
Using a depletion test for each of these components by
monoclonal antibodies, each component of these insulin-
like growth factor axis proteins was found to be essential for
transformation [35]. The mechanism of action of follicular
fluid-insulin-like growth factor 2 in fimbrial epithelial cells
was also described. Upon engaging with glycosaminogly-
cans on the membrane of fimbrial epithelial cells,
pregnancy-associated plasmatic protein A cleaves insulin-
like growth factor binding protein s and releases bioactive
insulin-like growth factor 2 in close proximity to the
membrane receptor insulin-like growth factor-1R. Two
signaling pathways downstream to insulin-like growth fac-
tor −1R are involved: the AKT/NANOG pathway is
responsible for stemness activation, and the AKT/mTOR
pathway is responsible for cell survival and expansion [35].

The insulin-like growth factor axis does not induce
transformational mutations by itself. Instead, it promotes a
selective expansion of initiated cells, providing a driving
force for cancer evolution. Taking the human fimbrial epi-
thelial cell line FE25 as an example, the immortalized E6/
E7/hTERT cells showed a subdiploid karyotype with 42–43
chromosomes at passage 31. At p115, this subdiploid clone
showed more chromosomal changes, more derived/marker

chromosomes, and the chromosomal number changed to
39–40. Moreover, a polyploid clone with 74–77 chromo-
somes and more severe copy number variations and severe
aneuploidy arose. In xenograft tumors induced by follicular
fluid co-injection, a more consistent karyotype containing
67–76 chromosomes with more severe copy number var-
iation and chromosomal aberrations was observed, sug-
gesting a clonal evolution and progression from the parental
polypoid clone [35]. Thus, ovulatory follicular fluid pro-
vides both the mutational initiation (reactive oxygen spe-
cies) and evolutionary promoting forces to drive the
transformation of fimbrial epithelial cells (Fig. 1).

Ovulation is a well-known process of acute inflammation
with inevitable injury to the ovarian surface and fimbrial
epithelium. The same follicular fluid- insulin-like growth
factor 2 signaling also functions to promote the stemness of
fimbrial epithelium [35]. Thus, the insulin-like growth
factor axis in follicular fluid serves a physiological role of
regenerating injured tissues after ovulation. Malignant
transformation seems to be a byproduct of ovulation, a
payable price given the evolutionary need for reproduction.

Epidemiological and molecular evidence
supports the cleansing effect of
progesterone on p53-defective tubal
precancerous lesions

The effect of epithelial ovarian carcinoma risk
reduction by oral contraceptive cannot be explained
only by ovulation inhibition

While ovulation suppression is known to reduce the risk of
epithelial ovarian carcinoma, multiple studies have found the
extent and the declining rate of the risk of epithelial ovarian
carcinoma by oral contraceptive use surpasses what can be
expected by ovulation inhibition alone. In a meta-analysis of
the time effect of oral contraceptive use on ovarian cancer
incidence, a sharp decline in ovarian cancer incidence right
after the beginning of oral contraceptive use was noted. The
rate of decline in the first 3 years was greater than those in
later years [19] (Fig. 2). Other studies also showed that the
protection gained from pregnancy or short-term oral contra-
ceptive use was far superior to what could be expected when
considering ovulation inhibition alone. Moreover, the ovarian
cancer protection effect showed a very short latency period
(3–6 months), even immediately after oral contraceptive use
[40]. If the cancer preventing effect of oral contraceptive use
was limited to ovulation inhibition or at the cancer initiation
stage, given that follicular fluid-reactive oxygen species
initiate the mutation, the onset of protection would occur at
least 30 years after the initiation of use, which is obviously
not the case. The immediate and marked effect of short-term
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oral contraceptive use in lowering the epithelial ovarian car-
cinoma incidence would suggest a therapeutic effect of oral
contraceptives on pre-existing cancer or ovarian precancerous
cells.

Evidence from progesterone-only contraceptives

Progestin is the progesterone derivative widely used in
oral contraceptives, typically in combination with estra-
diol derivatives. Unlike the estradiol dose, which has been
decreasing in new oral contraceptive formulae, the dose of
progesterone has not changed for decades. Despite the
variable estradiol dose in different oral contraceptive
formulae, the protection effect of these oral contraceptives
on ovarian cancer has remained unchanged [19]. This
would suggest that the protection activity of oral contra-
ceptive is mainly derived from progesterone. Indeed, oral
contraceptives with higher progesterone potency have a
higher protective effect than those with lower progester-
one potency [41]. The use of progestin-only oral contra-
ceptives, such as depot medroxyprogesterone acetate
[42–44] and levonorgestrel intrauterine system [45, 46],
confers a strong protection from the risk of epithelial
ovarian carcinoma. In a multicenter case-control study,
women using medroxyprogesterone acetate for more than

3 years had an 83% reduction (OR 0.17, 95% CI
0.07–0.39, P < 0.001) of the risk of epithelial ovarian
carcinoma [42], a figure seemingly greater than that of
combined oral contraceptive use [47].

Pregnancy also confers a benefit beyond
anovulation

In studies about the effect of pregnancy and breastfeeding on
the prevention of ovarian cancer, a similar dose-response
effect was found. Each month of pregnancy and breastfeeding
conferred a reduction in the risk of ovarian cancer of 2.6%
and 2.4%, respectively [32]. This effect was independent of
parity and, as is the case for oral contraceptive use, cannot be
explained by ovulation inhibition alone [24, 48]. Regarding
pregnancy, maternal age is relevant when discussing the
protective effect against ovarian cancer. Several studies indi-
cate that age at pregnancy is more important than the number
of completed pregnancies [49, 50]. In a case-control study
adjusted for parity, older age at first and last births and a
shorter time since the last birth were associated with sig-
nificantly reduced risk of ovarian cancer [48]. Thus, com-
pleted pregnancies but not abortion (discussed later) were
suggested to diminish the malignant transformed cells from
the ovaries [51].

Fig. 1 Mechanism of fallopian tube fimbria transformation by ovula-
tion and retrograde menstruation. A high level of reactive oxygen
species released from follicular fluid would normally induce DNA
mutation and consequent cell apoptosis. By curtailing excessive
reactive oxygen species extracellularly, hemoglobin originating from
retrograde menstruation makes the reactive oxygen species stress tol-
erable to the cells but still induces DNA mutation. When TP53 is
mutated in stem or progenitor cells, growth factor from ovulatory
follicular fluid, including insulin-like growth factor axis proteins,
induce clonal expansion and proliferation to form p53-signature
lesions. The same reactive oxygen species and ovulatory follicular

fluid may also be responsible for the progression of these lesions to
serous tubal intraepithelial carcinoma and high-grade serous carci-
noma. At ovulation, the luteinized ovarian follicle also contains a high
level of progesterone, which induces necroptosis of TP53-mutated
cells, providing transformation chemoprevention. The loss of proges-
terone receptor, failure of homologous recombination repair proteins
(BRCA1/2), as well the periodical supply of mutagens and growth
factors by incessant ovulation, drive the transformation and eventually
metastasize to form high-grade serous carcinoma of the ovary and
peritoneum
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Progesterone may have a cleansing effect on early
lesions of ovarian high-grade serous carcinoma

The abovementioned early-onset and beyond-ovulation-
inhibition protective effect of oral contraceptives, as well as
the protection provided by the last completed pregnancy
regarding the risk of epithelial ovarian carcinoma can best
be explained by a cleansing effect of progesterone. Pro-
gesterone is the hormone secreted by the corpus luteum of
the ovary after ovulation to sustain the luteal phase of
menstrual cycle. After embryo implantation, progesterone is
produced by the growing placenta in increasing amounts. At
term pregnancy, serum progesterone concentration reaches
a level (200 ng/ml), 20-fold higher than the peak level
(10 ng/ml) at the luteal phase. In contrast, progesterone
level at the first trimester of pregnancy is only modestly
increased. This may explain the lack of protection given by
incomplete pregnancy (abortion) [23, 26, 28, 31].

Progesterone may eliminate p53-defective
lesions in the fallopian tube

The first and universal hit of TP53 in high-grade
serous carcinoma

Virtually all high-grade serous carcinomas, as well as its
precursor tubal intraepithelial carcinoma, have TP53
mutation [52–56]. TP53 mutation is regarded as the first
hit since the earliest tubal lesion showing a p53 signature
is characterized by the clustering of histologically normal
tubal secretory cells with accumulation of mutant p53 in
the nucleus [52]. This signature, defined by aberrant p53
immunostaining in 12+ consecutive secretory cell nuclei,
represents a section of an area of p53 lesion that most
likely arises from a p53 mutant progenitor after clonal
expansion. The progesterone receptor-naive progenitor

cell is resistant to progesterone until progesterone recep-
tors are expressed after several rounds of cell division and
differentiation, which explains why p53 signature always
has a limited length in section (or diameter in the epi-
thelial surface).

The cause of this TP53 mutation is unknown but is
highly related to ovulation. Compared with women with
p53-normal (type I) ovarian cancer, those with p53-
overexpressing (type II) ovarian cancer [57] had a greater
number of lifetime ovulatory cycles. The study showed a
positive correlation between the number of lifetime ovula-
tion cycles and the likelihood of ovarian tumors harboring
overexpressing mutant p53 [58]. As mentioned in the pre-
vious section, a high level of reactive oxygen species in
follicular fluid exerts a mutagenic effect on the secretory
cells of the fimbria [33, 37, 59]. Although it is difficult to
prove ovulation causes de novo TP53 mutation, an initiation
role of ovulation on the development of high-grade serous
carcinoma is obvious, since epidemiological studies have
showed a long-term protection from epithelial ovarian car-
cinoma induced by ovulation inhibition for up to three
decades [20].

Progesterone induces necroptosis of p53-defective
fimbrial epithelial cells

Since TP53 mutation is the earliest and universal feature of
high-grade serous carcinoma, the cleansing effect of proges-
terone is likely to target p53-defective tubal epithelial cells.
Using a Trp53-null transgenic mouse model and immortalized
human fimbrial epithelial cells deficient in p53 (FE25), the
cleansing effect of progesterone on p53-defective tubal epi-
thelium was validated [60]. Diestrus (equivalent to the luteal
phase in humans) progesterone supplementation at a dose
(5 mg/kg intraperitoneal in mice) equivalent to that present in
follicular fluid after ovulation, one third of the serum level at
full-term pregnancy, or six times of the luteal phase peak
[60, 61], could eradicate the tubal epithelium, followed by a
regeneration at proestrus. Supplementation during nondiestrus
phases or at diestrus in wild-type Trp53 mice had no effect.
Interestingly, these p53-defective tubal epithelial cells
underwent necroptotic death instead of the apoptotic death
typically observed during menstruation after progesterone
withdrawal [62]. The cytolysis of progesterone-treated FE25
cells is mediated through the TNF-α/RIPK1/RIPK3/MLKL
necroptotic pathway depending on the canonical signaling by
progesterone receptor [60]. There was also a natural, but less
radical, clearance of oviduct epithelium in Trp53-null mice at
diestrus. These preclinical results suggest that p53-defective
tubal precursor lesions in oviduct can be cleared by exoge-
neous or endogenous progesterone. This may also explain the
marked difference in prevalence between p53-signature
(50 and 75%) and serous tubal intraepithelial carcinoma

Fig. 2 Immediate short-term decrease of ovarian cancer risk during the
first 5 years after oral contraceptive use. The slope of incidence decline
is greater in the earlier years after oral contraceptive use. Adapted from
Beral et al. 2008 [19]
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(0.2–0.7 and 2%) lesions in the fallopian tube of normal
women and BRCA1/2 carriers, respectively [52, 63–65].

The cleansing effect of progesterone on p53 lesions leads
to chemoprevention measures of ovarian high-grade serous
carcinoma, i.e., encouraging pregnancy, even at old age,
and periodical progesterone supplementation to remove
tubal precancerous lesions. The study also predicts down-
regulation of progesterone receptor is essential in the
development of ovarian high-grade serous carcinoma.
Indeed, there is a progressive loss of progesterone receptor
expression in the development of high-grade serous carci-
noma, from an exclusive expression in the normal tubal
epithelium, to 73% in p53 signature, 20% in serous tubal
intraepithelial carcinoma STIC and 7.5% in high-grade
serous carcinomas [66–68]. Therefore, most progesterone
receptor-intact p53 signature and a minority of serous tubal
intraepithelial carcinoma will undergo progesterone
clearance.

The cleansing effect of progesterone also helps to explain
a puzzling feature of epithelial ovarian carcinoma: more
than 85% of cases are diagnosed after menopause with a
median age at high-grade serous carcinoma diagnosis of 57
years [69]. While the long latency from cancer initiation to
clinical disease may explain the old age of onset, the
rocketing of incidence after menopause can best be
explained by the loss of cyclic progesterone clearance after
menopause. Expression of progesterone receptor-A in fal-
lopian tube epithelium decreases dramatically after meno-
pause. In the five reported postmenopausal cases of
p53 signature, expression of progesterone receptor-A was
also extremely low, with a labeling index of 0%, 0%, 0%,

2%, 15%, and 0%, respectively. By contrast, expression
level of estrogen receptor-α were 100%, 27%, 100%, 91%,
and 100%, respectively [70].

The natural history of high-grade serous carcinoma
developing from the oviduct

Based on the plethora of information on the preventive and
p53-null specific cleansing effects of oral contraceptive and
progesterone on the genesis of high-grade serous carci-
noma, we managed to deduce the natural history of high-
grade serous carcinoma. The time effects disclosed from the
epidemiological and clinical studies are particularly illu-
minating. These include the length of protection after dis-
continuing use, effect of age at first or last use, the minimal
duration of use required for protection, the time from the
onset of use to the onset of protection, and how long before
the diagnosis can the cleansing effect still be valid and when
does it become refractory [20, 32, 40, 71]. Given these time-
effect data and taking into consideration the clearance of
p53 lesions by progesterone and the status of progesterone
receptor loss in lesions of different severity, as well as a
mathematic modeling based on the genetic alterations and
the proliferation rates in p53 lesions of different severity
[72], we were able to estimate the time to progression at
different steps. Table 1 and Fig. 3 summarize this reasoning
and estimation with translation to the time courses. The
deduced natural history spans for at least 30 years, starting
from the first ovulation with acquisition of DNA double-
strand breaks. At year 10, the first hit at TP53 on stem/
progenitor cells starts the p53 signature, after which another

Table 1 Reasoning and deduction of the natural history of high-grade serous carcinoma developed from the fallopian tube fimbrial epithelium

Time effects in epidemiological and clinical studies Reasoning based on ovulatory carcinogens and
progesterone clearance of p53 lesions

Implications on the natural history of
ovarian high-grade serous carcinoma

1 The protective effect of oral contraceptives was not
affected by age at first or last use. Women who used
oral contraceptives s for a year or more were
protected for at least 30 years after they stopped
using. Each year of oral contraceptives use provided
a 5% reduction (95% CI: 2–8%) in risk of ovarian
cancer, up to an OR of 0.18 (0.08–0.39) [20, 74].

Ovulation contributes to the whole process of
transformation by promoting mutagenesis and
clonal expansion, beginning at the first ovulation
and progresses along with ovulations during the
reproductive age.

The transformation involves with
ovulation in the whole reproductive age.
The course takes at least 30 years.

2 Even <1 year of anovulation by oral contraceptives
or pregnancy was associated with a remarkably
decrease of risk. The effect is far beyond that
predicted by anovulation [20, 32, 40, 71].

This is compatible with the clearance effect of
progesterone on progesterone receptor-expressing,
p53-null tubal lesions (i.e., p53 signature and serous
tubal intraepithelial lesion) [60].

The natural history of tubal transformation
is terminated by progesterone unless
progesterone receptor is lost.

3 The protection by short duration (<1 year) oral
contraceptives use occurred among recent users,
within 20 years before diagnosis [20].

The p53-null specific clearance effect of P4 is
effective since 20 years before the diagnosis when
the first p53 lesion (p53 signature) is acquired.

Time from acquisition of p53 signature to
diagnosis of ovarian high-grade serous
carcinoma is around 20 years.

4 Modeling based on genetic alteration and lesion-
specific proliferation rates indicated serous tubal
intraepithelial carcinoma may progress to carcinoma
in 6 years [72].

The rapid progression may be due to the loss of
progesterone and progesterone receptor in p53
lesions after menopause, resulting in a rocketing of
ovarian high-grade serous carcinoma incidence
after menopause [69, 70].

The history serous tubal intraepithelial
carcinoma is about 5 years. That of
p53 signature is 15 (20–5) years and that
between normal and p53 signature is 10
(30–10) years.

5 Ovarian high-grade serous carcinoma is rarely
diagnosed at an early stage, even under intensive
yearly surveillance [75].

Ovarian high-grade serous carcinoma develops
rapidly from serous tubal intraepithelial carcinoma
to high-grade serous carcinoma.

Serous tubal intraepithelial carcinoma
develops to clinically evident (stage 3)
high-grade serous carcinoma in 1 year.

A summary of the natural history of high-grade serous carcinoma based on epidemiological and clinical reports. The deduced natural history is
showed in Fig. 3, where progesterone receptor loss can occur at different stages with a dramatic increase after menopause
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20 years are necessary for the progression to a typical ser-
ous tubal intraepithelial carcinoma lesion and 6 years to
early high-grade serous carcinoma (Fig. 3). These figures
are consistent with an estimation based on the analysis of
published data for serous carcinoma obtained from BRCA1
carriers undergoing prophylactic bilateral salpingo-oophor-
ectomy, where in a 4.3-year life expectancy was estimated
for early stage (carcinoma in situ, stage I/II) occult high-
grade serous carcinoma and about 1 year as stage III+

cancers before they become clinically apparent [73].
There are limitations to this deduction of natural his-

tory. Although there is a large amount of epidemiological
evidence supporting the long-term protection of epithelial
ovarian carcinoma by oral contraceptive and the rapid-
onset cleansing effect of progesterone, there is only one
study [20] analyzing the comprehensive time effects of
oral contraceptive use and epithelial ovarian carcinoma
protection. A direct clinical trial about the efficacy of
preoperative progesterone use in reducing the tubal p53
lesion in BRCA carriers is pertinently in need. A large-
scale systemic study of the progesterone receptor status in
tubal intraepithelial lesions and the epidemiological cor-
relates is also needed.

Conclusion

The carcinogenic process and mechanism of transformation
are becoming clearer. Among the multiple carcinogens
discovered, follicular fluid-reactive oxygen species drive the
mutagenesis, hemoglobin from retrograde menstruation
captures the excessive reactive oxygen species, switching
reactive oxygen species-stressed cells from apoptosis to
survival, and follicular fluid-insulin-like growth factor
activates and expands the initiated cells for malignant
transformation. Progesterone in follicular fluid, during
pregnancy or taken exogenously, provides physiological
protection and chemoprevention. progesterone receptor loss

leads to p53 lesions escaping the progesterone protection
and progressing to high-grade serous carcinoma. This study
provides the first comprehensive estimation of the natural
history of tubal carcinogenesis and high-grade serous car-
cinoma development. It helps in the understanding of
pathogenesis and defines the window for early detection and
chemoprevention by progesterone. However, some ques-
tions and challenges remain, such as defining and identi-
fying of p53 lesions that are sensitive or refractory to
progesterone, of the precancerous lesion that should be the
target of early detection, and of biomarkers for diagnostic
screening purposes and determining the optimal dose,
interval, and timing of progesterone chemoprevention.
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