Chapter 29
Malignant Transformation of Endometriosis

Hiroshi Kobayashi

Abstract The association between endometriosis and epithelial ovarian cancer has
been supported by years of epidemiologic research. Approximately 1.0 % of women
with endometriosis may undergo malignant transformation. The malignant transfor-
mation is believed to progress in a stepwise fashion through an intermediary
endometriotic lesion, atypical endometriosis. The greatest risk is associated with
epithelial ovarian cancer of endometrioid and clear cell histology. Endometriosis
and ovarian cancer may share a common pathogenic mechanism: hyperestrogenism,
excess oxidative stress, and inflammation derived from repeated hemorrhage and
iron, contributing to ovarian tumorigenesis. The iron-induced signals can contribute
to carcinogenesis via three processes: step 1, by increasing oxidative stress, which
facilitates the accumulation of somatic mutations, contributing to endometriosis-
associated ovarian cancer initiation; step 2, by creating an estrogen-dependent micro-
environment, supporting endometrioid adenocarcinoma progression; and step 3, by
surviving stressful periods, thereby contributing to clear cell carcinoma progression.
In conclusion, some endometriosis lesions may predispose to ovarian cancer, but
future studies are needed to know the exact mechanisms of endometriosis-associated
ovarian cancer.
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29.1 Introduction

Endometriosis is a benign hormone-dependent condition and a common gyneco-
logic disorder, with an estimated frequency of approximately 10 % among women
of reproductive age. This disease often results in a serious clinical problem because
of its potential for adverse sequelae, including severe dysmenorrhea, chronic pelvic
pain, infertility, and possibly developing ovarian cancer [1]. The exact etiology and
pathogenesis of endometriosis have yet to be elucidated. It may mainly cause
retrograde menstruation, implantation of menstrual tissue, and peritoneal metapla-
sia in a woman with an improper immune response and a genetic predisposition to
developing endometriotic lesions. Thus, the pathogenesis of endometriosis is mul-
tifactorial, including the role of genetics, hormonal factors, environmental factors,
and immune system.

The pathogenesis of endometriosis has been an area of active investigation,
including retrograde menstruation theory, coelomic metaplasia theory, embryonic
rest theory, lymphovascular metastasis theory, stem cell theory, and others [2]. Sev-
eral studies exploring the differential expression of genes between autologous
eutopic and ectopic endometrium from patients with endometriosis or between
eutopic endometrium from women with or without endometriosis may provide a
better understanding of the pathogenesis and pathophysiology of the disorder. The
genome-wide profiling and pathway-based enrichment analysis revealed that genes
related to cell cycle, growth factors, signal transduction, transcription factors,
hormones, cytokines, chemokines and (pro)inflammation, proteases, cell adhesion
and motility, stress response and detoxification, immune response, and metabolism
were affected in the pathogenesis process of endometriosis [3—16].

Furthermore, it is generally assumed that histologically benign endometriotic
lesions may be caused by the genetic defects that are permissive for malignant
transformation. Studies have documented loss of heterozygosity and mutations of
tumor suppressor genes in endometriosis (see Sect. 29.3). This disorder exhibits
high genetic instability that is involved in the cell phenotype changes that take place
during cancer progression [17]. Endometriosis shows a monoclonal pattern in
origin, suggesting that individual glands of the lesion are derived from single
precursor cells. Also, the genome-wide transcriptome of endometriosis does resem-
ble that found in ovarian cancer.

29.2 Epidemiologic Research

Epithelial ovarian cancers have been classified into four major histologic subtypes:
serous (~60 %), endometrioid (~10-20 %), clear cell (<10 %), and mucinous
(<5 %). Serous, endometrioid, clear cell, and mucinous ovarian tumors histologi-
cally resemble the phenotypes of the fallopian tube, proliferative endometrium,
gestational endometrium, and endocervix/gastrointestinal tract, respectively.
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Comparing the profile of epithelial ovarian cancer between Japanese and Cauca-
sians, clear cell carcinomas (27.6 vs. <10 %) are more common in Japan, possibly
with fewer serous adenocarcinomas (40.7 vs. 60 %). One possibility is that the
Japanese may exhibit a lower proportion of serous adenocarcinoma compared to the
United States population. This may reflect a proportional change.

The investigators have focused on latest knowledge of the genetic and environ-
mental factors affecting the development of epithelial ovarian cancer and outline
future challenges in its pathogenesis research [18]. The time trend analyses of
incidence between 1973 and 2005 in the United States exhibited a decline by
27 % in epithelial ovarian cancer incidence [19, 20]. The incidence trend of ovarian
cancer in the United States is similar to the trends observed in most of the European
countries. In contrast, an increase in epithelial ovarian cancer rates has been
reported in Japan. It is generally accepted that oral contraceptive (OC) use reduces
the risk of ovarian cancer and endometrial cancer. Although the exact reasons for
the higher ovarian cancer incidence rates in Japan are unknown, the trends may be
due to changes in risk factors, such as diet and environmental factors and the low
prevalence of OC use (2-3 %) in Japan. Although some part of the pathogenesis has
been unveiled, the complete events of genetic and epigenetic changes associated
with epithelial ovarian cancer remain to be identified.

The association between endometriosis and malignant transformation has often
been described in the medical literature. A literature search of MEDLINE (online
PubMed database) was conducted for published articles from 1966 to October 2010
using the keywords endometriosis combined with malignant transformation [21].
The search revealed an increase in reports describing endometriosis-associated
malignant transformation. Overall, more than 400 articles were included following
a process of independent review of each article and six were graded as good
quality [22-27]. Numerous epidemiologic studies have shown an association
between endometriosis and ovarian cancer [28, 29]. Epidemiologic studies have
shown an increased risk of epithelial ovarian cancer, especially endometrioid and
clear cell histologies, among women with endometriosis. Brinton et al. examined
the records of 20,686 women hospitalized with endometriosis between 1969 and
1983 [22]. Standardized incidence ratios (SIRs) of cancers were calculated to
compare the cancer incidence of the study cohort with that of the general popula-
tion. After adjustment for age, period, and comorbidities, the hazards ratio was 1.9
for the endometriosis group compared with the control group, indicating that this
cohort had an increased overall risk of ovarian cancer. They also found further
increases in ovarian cancer risk among women with long-standing histories of
ovarian endometrioma (SIR, 4.2) [22]. The same group reported that patients
with endometriosis had the risk (4.19-fold) compared with the general population
if they presented with primary infertility [24].

There is one unique epidemiologic study in Japan, supporting the hypothesis
that ovarian endometrioma increases the subsequent risk of developing ovarian
cancer [30]. A cohort of 6,398 women with a clinically documented ovarian
endometrioma enrolled between 1985 and 1995 in the prefecture-wide Shizuoka
Cohort Study on Endometriosis and Ovarian Cancer Programme has prospectively
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analyzed, with follow-up through 2002. During follow-up of up to 17 years of the
ovarian endometrioma cohort, 46 incident ovarian cancers were identified, yielding
that the ovarian cancer risk was elevated significantly among women with ovarian
endometrioma (SIR, 8.95). The elevated risk of developing ovarian cancer was
mainly restricted to women with ovarian endometrioma diagnosed after age
40 (advancing age). Tumor size 9 cm or greater in diameter was an independent
predictive factor of patients with development of ovarian cancer [31]. This analysis
was restricted to those with a clinically diagnosed ovarian endometrioma. There-
fore, it has been proposed that ovarian endometrioma has been identified as a
possible risk factor for ovarian cancer.

Surveillance of endometriosis might result in a number of newly diagnosed cases
of ovarian cancer [20]. It is generally accepted that the incidence of malignant
transformations ranges between 0.7 and 1.0 % in women with endometriosis in
Japan. Although this finding is consistent with the results of six studies that support
a positive association between endometriosis and risk of ovarian cancer [22-27],
Kobayashi’s group found an SIR of 8.95, compared with other studies reporting SIR
less than 5.0. These data provide novel and exciting possibilities. A number of
factors contribute to the results including ethnic disparities and differences in
genetic predisposition. A significantly increased risk may be found for Japanese.
Ovarian endometrioma may have higher cancer risk than pelvic endometriosis.
Ovarian cancer in Japan is a growing concern because long-term ovarian cancer
trends in incidence show rising rates.

29.3 Ovarian Cancer Susceptibility Genes

Although the etiology and the ovarian carcinogenesis still need clarification, the link
between ovarian carcinogenesis and (epi)genetic mutations is well established [18].
The investigators have utilized genome-wide gene expression analysis and associ-
ation studies to identify a specific gene signature distinguishing ovarian cancer from
controls and which served as a molecular signature for complicated histologies.
Recent high-throughput whole genome or targeted sequencing studies have also
identified numerous somatic mutations across the whole exome in a variety of
neoplasms.

High-grade serous ovarian carcinomas develop rapidly without a definite
precursor lesion. Multiple genetic and epigenetic changes are involved in the
molecular pathogenesis of serous adenocarcinoma, for example, high-grade serous
carcinomas are characterized by the tumor suppressor gene TP53 mutations. They
also have germline or somatic loss-of-function mutations in BRCA1 or BRCA2 or
promoter methylation of BRCA1. Mucinous adenocarcinoma most probably arises
via an adenoma-borderline tumor-carcinoma sequence. KRAS mutation (up to
75 %) and lack of TP53 mutations are common in mucinous tumors. Mutations
of Wnt/CTNNBI1 (beta-catenin) are common in endometrioid adenocarcinoma.
Loss-of-function mutations of PIK3CA (phosphatidylinositol-4,5-bisphosphate
3-kinase, catalytic subunit alpha)/PTEN (phosphatase and tensin homolog) are
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common in low-grade endometrioid carcinoma [18]. In contrast, high-grade
endometrioid carcinomas harbored TP53 mutations and lacked CTNNBI,
PIK3CA, or PTEN mutations [18]. Mutations of PIK3CA are observed most
frequently in clear cell carcinoma. Recent studies implicated a tumor suppressor
gene ARIDI1A (AT-rich interactive domain 1A (SWI-like)) as frequently disrupted
in endometriosis-associated ovarian cancer and clear cell and endometrioid adeno-
carcinomas. ARIDIA plays a role in chromatin remodeling, which leads to cell
cycle arrest and cell death in the event of DNA damage. The loss-of-function
mutations of ARIDIA may result in susceptibility to carcinogenesis through a
defect in the repair or replication of damaged DNA. All atypical endometriosis
and 86 % of non-atypical endometriosis lost ARID1A expression. ARIDA expres-
sion was retained in areas of endometriosis from sites distant from the malignant
lesion [32]. These data suggest that loss of ARIDIA expression occurs as a very
early event in the endometriosis-atypical endometriosis sequence [33]. In
endometriosis-associated ovarian cancer, clear cell carcinomas harbor frequent
mutations of ARID1A and PIK3CA genes and moderate mutations of PPP2R1A
(protein phosphatase 2, regulatory subunit A, alpha) and KRAS [32, 33], while
endometrioid cancer harbors mutations of PTEN, CTNNB1, and KRAS [34, 35].
The investigators failed to identify one potential driver mutation in endometriosis-
associated ovarian cancer samples. The development of cancer takes place in a
multi-step process during which cells acquire a series of mutations, including
ARID1A, PPP2R1A, PIK3CA, PTEN, KRAS, or Wnt/CTNNB1. These mutations
may be significant factor for endometriosis-associated ovarian carcinogenesis, but
various questions have yet to be answered. This model postulates the existence of
additional mutations that establish carcinogenesis after acquisition of these muta-
tions. Future studies will represent the remarkable genetic research achievements in
the pathogenesis of endometriosis-associated ovarian cancer.

29.4 Pathogenesis of Endometriosis-Associated
Ovarian Cancer

Epidemiologic studies account for the fact that endometriosis has been associated
with an increased risk of epithelial ovarian cancer. Genome-wide studies demon-
strate that endometriosis shares several genetic characteristics with ovarian cancer.
The same pathophysiology (immune alterations, excess oxidative stress and inflam-
mation, estrogen excess, and steroid hormone interaction) orchestrates the progres-
sion of endometriosis and its transformation to ovarian cancer. These facts show
that some endometriosis has been shown to undergo malignant transformation.
Ovarian cancer precursor lesions are known to be atypical endometriosis, which
was identified in ~50 % of these histologic subtypes. Many investigators agree that
the potential of invasive epithelial malignancies arises in atypical endometriosis
[36-38]. Malignant transformation of endometriosis is not a single entity; rather it
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is a term defining a group of histologically distinct tumors. Each histologic
subtype is clinically and genetically unique. The malignant transformation of
endometriosis is classified into three groups: (i) epithelial ovarian cancers
(endometrioid adenocarcinoma and clear cell carcinoma), (ii) other Miillerian-
type tumors, including Miillerian-type mucinous borderline tumor and serous
borderline tumor, and (iii) sarcomas such as adenosarcoma and endometrial stromal
sarcoma in the female pelvic cavity [21]. Epithelial ovarian cancer is a popular
tumor of malignant transformation [39].

Genome-wide studies have facilitated the genetic basis of pathogenesis and
pathophysiology of endometriosis and endometriosis-associated ovarian cancer
owing to the advent of new network-based analysis methods. Several investigators
identified the endometriosis susceptibility genes and pathways that may be potential
pathophysiology of endometriosis progression [3—16]. The endometriosis suscep-
tibility genes were grouped into pathways or networks based on functional anno-
tation. Interestingly, current molecular studies have sought to link endometriosis
with endometriosis-associated ovarian cancer through pathways or networks
related to inflammation, oxidative stress, and hyperestrogenism [40].

29.5 Inflammation and Immunity

Previous epidemiologic observations suggest that a number of factors that suppress
ovulation or menstruation, including gravidity, breast feeding, oral contraception,
and gynecologic surgery including hysterectomy and tubal ligation, reduced the
risk of ovarian cancer. Endometriosis, perineal talc use, and asbestos exposure
increase the risk, while aspirin or NSAIDs use decreases the risk. Ovulation,
endometriosis, and talc use may be associated with inflammatory responses of the
ovarian surface epithelium and pelvic peritoneum, contributing to ovarian tissue
remodeling, proliferation, and tumorigenesis. These risk factors support that per-
sistent pelvic inflammation may play a role in ovarian cancer risk [41]. In general,
chronic inflammation has been implicated in a variety of cancers, including gastric
cancer (Helicobacter pylori infection), colorectal cancer (ulcerative colitis and
Crohn’s disease), lung cancer (tobacco smoking-associated chronic inflammation),
malignant mesothelioma and lung cancer (asbestos exposure), hepatocellular car-
cinoma (hepatitis B and C infection), ovarian cancer (a long history of endometri-
osis), and others.

Recent advances in innate immunity illuminate the molecular mechanism under-
lying inflammation-induced carcinogenesis. Innate immunity is made possible by a
network of pattern-recognition receptors (PRRs), which include the toll-like recep-
tors (TLRs), Nod-like receptors (NLRs), RIG-like receptors (RLRs), and cytosolic
DNA receptors. TLRs mediate interactions between environmental stimuli and
innate immunity and trigger inflammatory signals. TLRs are involved in not only
the host defense against microbial infections but also stimulation of tumor cell
growth and carcinogenesis. Overexpression of PRRs in endometriosis stimulates
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chronic inflammation pathways, accelerates endometriosis proliferation, and sub-
sequently causes carcinogenesis. Yamada et al. discussed the role of innate immu-
nity in the pathogenesis of endometriosis-associated ovarian cancer, with respect to
endogenous ligands, their PRRs, and their signaling pathways [42].

29.6 Oxidative Stress

Increased generation of reactive oxygen species (ROS) is implicated in the patho-
genesis of a variety of human diseases, which include cancer, atherosclerosis,
diabetes, neurodegenerative diseases, cardiovascular disease, and aging. Repetitive
hemorrhage and the accumulation of heme and iron within endometriotic cysts and
peritoneal cavity play a role in the development of ovarian cancer through the
formation of ROS under a Fenton reaction [43, 44]. Excessive iron increases cancer
risk by free radical-induced chromosomal instability. Persistent oxidative stress
induced by endometriosis-dependent hemorrhage might be associated with
carcinogenesis.

Recent studies have noted a set of genes that distinguished clear cell carcinoma
from non-clear cell carcinoma and confirmed specific expression of a transcription
factor, hepatocyte nuclear factor-1beta (HNF-1beta), in clear cell carcinoma, and
genetic alteration may be involved in oxidative stress [45]. HNF-1beta is signifi-
cantly upregulated in ovarian clear cell carcinoma and rarely expressed in non-clear
cell carcinoma specimens [46]. Of the clear cell carcinoma susceptibility
genes, 87 % are redox-related genes, including anti-oxidative and detoxification
enzymes [45]. Forty-one percent of the genes upregulated in clear cell carcinoma
samples are downstream targets of HNF-1beta [47]. HNF-1beta is thought to play a
role in anti-apoptosis, detoxification, survival, cell cycle regulation, and glycogen
synthesis. Sixty percent of the endometriosis cases also exhibited the
overexpression of HNF-1beta [48]. Endometriosis has evolved adaptive mecha-
nisms to cope with oxidative stress. Excess hemorrhage and iron can induce high
levels of oxidative stress that may have deleterious effects on endometriotic cell
growth. Endometriotic cells exhibit a higher production of HNF-1beta to detoxify
ROS and survive under oxidative stress conditions. HNF-1beta also plays key roles
in triggering DNA damage response without causing cell death and regulating
timely cell cycle arrest. HNF-1beta upregulation is sufficient to accumulate the
iron-induced genomic instability, which may be enhanced and accumulated with
increasing cell passage. Genomic instability might be increased even further upon
exposure to iron, ultimately resulting in carcinogenesis. Endometriotic cells have
developed efficient ways to cope with oxidative stress and seemingly survive
stressful periods by launching a minimal set of protection mechanisms and by
temporarily bringing several key genes such as HNF-1beta. These data allow us
to speculate that excess oxidative stress might be implicated in the development of
endometriosis-associated clear cell carcinoma.
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29.7 Estrogen

Endometriosis and endometrioid adenocarcinoma share a common hormonal mech-
anism. Hyperestrogenism is a common finding with development of estrogen-
dependent lesions and is a significant risk factor for the development of cancer
from endometriosis [49]. Endometrioid adenocarcinoma of the ovary and endome-
trium develops in the setting of excess endogenous and exogenous estrogen expo-
sure. Estrogen drives cell proliferation and activates the PI3K and MAPK
proliferative pathways, which are frequently dysregulated in cancer. Estrogen is
supposed to participate in the early stages of endometrial tumorigenesis, through
the accumulation of random genetic errors and increased telomerase activity.
Genomic and nongenomic estrogen receptor (ER) signaling pathways play a role
in the onset and development of tumors arising from or outside the reproductive
system. Endometrioid adenocarcinoma of the ovary is predominantly positive for
ER; however, the molecular link between estrogen and endometrial carcinogenesis
remains poorly understood.

In contrast, clear cell carcinoma specifically exhibits negative ER expression and
estrogen independency. The iron-mediated ROS oxidatively modifies genomic
DNA and, subsequently, ER depletion may be observed, possibly through DNA
methylation of the promoter region, histone deacetylation, heme and iron binding,
chromatin remodeling, and ubiquitin ligase activity [50, 51]. ER is thought to be
inactivated mainly through aberrant DNA methylation [52]. Loss of estrogen
function may be a turning point in clear cell carcinoma progression and aggres-
siveness. Endometriosis-associated ovarian cancer has a dual pathway in carcino-
genesis, estrogen-dependent ovarian carcinogenesis with an endometrioid
morphology, and estrogen-independent, oxidative stress-dependent carcinogenesis
with the clear cell morphology [53].

29.8 Conclusion

The endometriosis contains abundant iron due to repeated episodes of hemorrhage.
Iron is a mutagenic and carcinogenic compound and causes oxidative stress due to
generation of ROS. The iron-induced ROS signaling cascades can contribute to
carcinogenesis via three major processes: step 1, by increasing oxidative stress,
which facilitates the accumulation of somatic mutations and promotes DNA muta-
genesis, histone modification, chromatin remodeling, and gene products activation/
inactivation, thus contributing to endometriosis-associated ovarian cancer initia-
tion; step 2, by creating a microenvironment that supports sustained growth,
angiogenesis, migration, and invasion of cancer cells via estrogen-dependent mech-
anisms, thus supporting tumor progression of endometrioid adenocarcinoma; and
step 3, by surviving stressful periods via temporarily HNF-1beta overexpression,
thereby contributing to clear cell carcinoma progression (Fig. 29.1). The high
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Fig. 29.1 The carcinogenic pathways. Endometriosis may contribute to carcinogenesis via three
processes: step 1, by increasing oxidative stress, which facilitates the accumulation of somatic
mutations, contributing to endometriosis-associated ovarian cancer initiation; step 2, by creating
an estrogen-dependent microenvironment, supporting endometrioid adenocarcinoma progression;
and step 3, by surviving stressful periods via temporarily HNF-1beta overexpression, thereby
contributing to clear cell carcinoma progression

incidence of malignant transformation in high-risk women with endometriosis
(advancing age and tumor size 9 cm or greater in diameter) further supports
intensive targeted surveillance.
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