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malignant transformation of endometriosis (Review)
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Abstract. The association between endometriosis and
malignant transformation has often been described in the
medical literature. A search was conducted between 1966
and 2010 through the English language literature (online
Medline PubMed database) using the keywords endome-
triosis combined with malignant transformation. The search
revealed an increase in reports describing endometriosis and
malignancy. Approximately 1.0% of women with endome-
triosis have lesions that undergo malignant transformation.
The malignant processes that are associated with endo-
metriosis may be 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.
Persistent oxidative stress induced by endometriosis-depen-
dent hemorrhage may be associated with carcinogenesis. In
conclusion, the malignant transformation of endometriosis has
multiple pathways of development and may share a common
pathogenic mechanism; iron-induced oxidative stress derived
from repeated hemorrhage.
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1. Introduction

Endometriosis is a common gynecological condition affecting
10% of women of childbearing age. It is a chronic disease
that is characterized by ectopic endometrial tissue outside the
uterus, typically leading to painful symptoms, dysmenorrhea,
dyspareunia, pelvic pain, infertility, and malignant transfor-
mation (1). It has been reported that endometriosis can be a
precursor of some ovarian cancers. Previous studies have
shown that endometriosis has the potential to induce several
types of premalignant lesions (1-3).

Herein, we reviewed the malignant transformation of
endometriosis and described the mechanisms whereby genetic
and microenvironmental factors contribute to the neoplastic
progression of endometriosis.

2. Review of the literature

A comprehensive review of the literature was conducted to
investigate record numbers of ‘malignant transformation of
endometriosis’ reported worldwide. A Medline search of the
literature was performed using the keywords endometriosis,
cancer, tumour, tumor, carcinoma, adenocarcinoma, sarcoma,
malignancy, neoplasm, ovary, ovarian and extragonadal.
English-language publications in PubMed and references
from relevant articles published between January 1, 1966 and
December 31, 2010 were analyzed. References in the studies
identified were also searched, and some unpublished data
were obtained.

Between 1966 and 2011, the literature search identified
483 reports, with the incidence of reports increasing over time
(Fig. 1). Of these 483 reports, 432 (89%) described epithe-
lial malignancy and only 51 (11%) described mesenchymal
malignancy. Data describing endometriosis and epithelial
malignancy from the PubMed database, encompassing
the years 2001 to 2010, clearly show a marked increase of
reports. The number of reports describing endometriosis
and mesenchymal malignancy has also increased, but less
rapidly than those describing endometriosis and epithelial
malignancy.
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Figure 1. Trends in the number of reports describing endometriosis and
malignancy from the PubMed database, encompassing the years 1966 to
2010. The gray columns show the number of reports describing endome-
triosis and epithelial malignancy. The black columns show the number of
reports describing endometriosis and mesenchymal malignancy. The number
of reports continued to increase for both malignancies.

3. Endometriosis-associated malignant transformation

Endometriosis is a complex disease with a multifactorial
pathogenesis. Extensive investigation has explored the role
of genetics, epigenetics, environmental factors and ethnicity
in predisposing women to develop endometriosis (1-3). Some
studies reported a higher prevalence of upper respiratory
infection, vaginal infection and pelvic inflammatory disease
compared to the general population (2). Numerous immune
factors are modified, not only within endometriotic lesions, but
also within the eutopic endometrium (3). Thus, endometriosis
is an inflammatory condition, associated with a dysregulated
immune response (2).

Further studies reported a higher prevalence of melanoma,
non-Hodgkin's lymphoma, ovarian cancer, endometrial cancer
and breast cancer in women with endometriosis (2,4-6).
Although endometriosis cannot be termed a premalignant
disease, epidemiological, histopathological and molecular
data suggest that this condition has malignant potential (7).
The presence of endometriosis is associated with an increased
risk of synchronous neoplasms in the ovary and endometrium,
so-called endometrial and ovarian cancer synchronous to
endometriosis (8). Concurrent endometrial pathology has
been observed in cases of malignant transformation of endo-
metriosis (approximately 30% of cases) (9). In their study,
Mabrouk et al reported a case of mixed clear cell and endome-
trioid type adenocarcinoma of the extragonadal, rectovaginal
septum, arising from endometriosis (deep infiltrating endo-
metriosis) and associated with a differentiated, endometrioid
endometrial carcinoma (10). Since endometriosis is frequently
found in association with malignancies, it could be viewed as
a neoplastic process. Endometriosis might also be the product
of numerous predisposing factors such as genetic abnormali-
ties and genomic imbalances in specific chromosomes for the
development of neoplasms (11). Accumulating evidence
suggests a role for genetic activation and inactivation muta-
tions. For example, ovarian cancers and adjacent endometriotic

lesions have shown common genetic alterations, suggesting a
possible malignant genetic transition spectrum (12,13).

The exact incidence of malignant transformation of endo-
metriosis is difficult to ascertain, since a strict criterion is the
demonstration of a histologically proven transition from benign
precursors to malignant lesions (14). Nonetheless, malignant
transformation is not a rare complication of endometriosis and
is estimated to occur in 0.6-0.8% of women with ovarian endo-
metriosis (15,16). The frequency of malignancy in surgically
proven endometriosis is >10% (9).

Cases of surgically proven endometriosis were reviewed to
evaluate the associated types of pelvic cancers. Adenocarcinoma
is the most common (70%), and sarcoma is the second most
common malignancy (12%) (17). The ovary was the primary
site in 79% of the cases with a malignant tumor arising in
endometriosis, whereas extragonadal sites represented 21%
of the cases (17). In the ovary, endometrioid adenocarcinomas
accounted for 69% of disease, clear cell carcinomas 14%,
sarcomas 12%, and rare cell types 6% (17). By contrast, clear
cell carcinoma and adenosarcoma were most commonly
observed in extraovarian endometriosis (9). A specific link
between endometriosis and endometrioid and/or clear cell
carcinoma of the ovary has been reported, with an odds ratio
ranging between 3.7 and 35.4 (confidence interval 95%) (18).
Kobayashi et al evaluated the risk of ovarian cancer based on
varying time periods from the time of diagnosis of ovarian
endometriosis (19). During a follow-up period of up to 17 years,
46 incidental ovarian cancers were identified, translating into
a standardized incidence ratio of 8.95. This risk increased with
age, with an incidence ratio of 13.2 in women over 50 years of
age (19). This study emphasizes the difficulties associated with
a diagnosis of malignancies arising from endometriosis.

4. Endometrioid adenocarcinoma of the ovary

Compared with the general population, women with endo-
metriosis have a higher risk of developing epithelial ovarian
cancer. The association between endometriosis and endo-
metrioid and clear cell carcinoma of the ovary has been
frequently described in the medical literature and is much
stronger than that of serous and mucinous tumors (Fig. 2) (9).
Endometriosis-associated ovarian cancer generally affects
women who are younger, diagnosed in earlier stages, have
lower grade lesions and a better prognosis than those affected
by ovarian cancer without endometriosis (20). The majority
of cases of endometrioid adenocarcinoma typically arise from
endometriosis. It is common to find positivity for estrogen and
progesterone receptors, suggesting that estrogen stimulation
is somehow involved in tumor pathogenesis (9). Estrogen
receptor expression is significantly more common in endome-
trioid than serous adenocarcinomas and clear cell carcinoma
of the ovary. Tamoxifen, as a result of its estrogenic effects,
may cause malignant changes in endometriosis (21). Martin
also reported that there may be an increased risk of devel-
oping endometrioid adenocarcinoma in hormone replacement
management in patients with endometriosis (22).
Endometrioid adenocarcinoma of the ovary exhibits
activation of Wnt signaling and somatic mutations of
CTNNBI [encoding (3-catenin [cadherin-associated protein)],
PTEN (phosphatase and tensin homolog) and PIK3CA
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Figure 2. Endometriosis contributes to tumorigenesis via three major pathways. The malignant processes that are associated with endometriosis can be
classified into three groups: i) epithelial ovarian cancers (endometrioid adenocarcinoma and clear cell carcinoma), ii) other Miillerian-type tumors (MMBT,
SBT and LG-ET), as well as iii) sarcomas (adenosarcoma and ESS) in the female pelvic cavity.

(phosphoinositide-3-kinase, catalytic, a polypeptide) (23).
Wnt/B-catenin pathway defects are key contributing factors
in the cancer phenotype. Recently, Wiegand ef al (12) and
Jones et al (24) published new data suggesting AT-rich
interactive domain-containing protein 1A (ARIDIA) as a
tumor-suppressor gene disrupted in ovarian clear cell and
endometrioid adenocarcinomas. Other authors also showed
that the ARIDIA complex interacts with p53 (25). Therefore,
ARIDIA is a tumor suppressor gene that collaborates with p53
to regulate tumor growth and the cell cycle.

5. Clear cell carcinoma of the ovary

The clear cell carcinoma evolution from ovarian endometriosis
is similar to the process that occurs in endometrioid adenocar-
cinoma, a type I tumor (26). In their study, Mandai et al have
shown that a stressful microenvironment within the endome-
trioma may lead to cancer development by inducing unique gene
expressions, the so-called ‘Clear Cell Carcinoma Signature’
(27). Several investigators have hypothesized that collection of
blood inside endometriomas would lead to iron-induced oxida-
tive stress on endometriotic cells (28,29). This would explain
the reason for endometriosis-associated cancers developing
more frequently in the ovarian than the extragonadal sites.

Two types of clear cell carcinomas, non-cystic (adenofi-
broma) and cystic (endometrioma), appear to be derived from
endometriosis (Fig. 2) (26). The former involves the step-wise
progression sequence of adenofibromas, atypical prolifera-
tive (borderline) tumors, and clear cell carcinoma (26). This
adenofibroma-clear cell carcinoma sequence develops from
non-cystic endometriosis and is associated with adeno-
fibromatous components (26). The latter arises from ovarian
endometrioma and is not associated with an adenofibromatous
background (26). The two pathways can overlap. Both forms of
clear cell carcinoma development are closely associated with
type I tumors. In certain cases, there were foci of benign and
borderline endometrioid adenofibroma in the same ovary (21).
A synchronous endometrioid endometrial adenocarcinoma
has sometimes been observed in the uterus (21).

Endometriosis-associated clear cell carcinoma has a high
percentage of PIK3CA-activating mutations and ARIDIA inac-
tivation mutations (30). PIK3CA and ARIDIA are early events
in carcinogenesis, probably initiating the malignant transforma-
tion of endometriosis. In addition, the platelet-derived growth
factor (PDGF) pathway was activated in the adenofibroma-clear
cell carcinoma sequence (31). This suggests biological differ-
ences between clear cell carcinomas that arise in association
with adenofibroma vs. endometriosis. Recent genome-wide
expression analyses have demonstrated the specific expression
of hepatocyte nuclear factor (HNF)-1f in endometriosis and
clear cell carcinoma, but not endometrioid adenocarcinoma,
suggesting that early differentiation into the clear cell lineage
occurs in the endometriosis with HNF-1f overexpression (32).
The HNF-1B-dependent pathway provides new insights into
the regulation of apoptosis, the cell cycle, glycogen synthesis
and chemoresistance (32). It has been reported that HNF-1f
gene might play a role in carcinogenesis, pathogenesis, and the
pathophysiology of clear cell carcinoma of the ovary (32).

6. Serous borderline tumor

Atypical endometriosis was rarely found in serous borderline
tumor (SBT) (33,34). Patients with peritoneal SBT also had
typical endosalpingiosis (35). Endosalpingiosis is a benign
condition and describes the ectopic growth of ciliated fallo-
pian tubal-type epithelium (Fig. 2). Although peritoneal SBT
is a rare entity, it is of note since this disorder shows close
macroscopic similarity to endometriosis and pathologically
microscopic similarity to other Miillerian proliferations with
malignant potential (36).

Several hypotheses have been proposed regarding the
development of SBT. The different models can be traced back
to at least two pathological theories: implantation theory and
metaplasia/embryonic theory. A popular hypothesis concerning
the pathogenesis of this rare condition is that endometrial
cells or tubal cells are transported by various routes (trans-
tubal, hematogenous, lymphogenous or by direct apposition)
and implanted in the affected organ and subsequently have a
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malignant potential. Another hypothesis is that a secondary
Miillerian system exists, thus Miillerian ectopic lesions are the
result of metaplastic processes in the target organ or from scat-
tered embryonic rest. Previous studies have demonstrated that
the origin of the majority of low-grade serous tumors or SBT
is presumed to be ectopic Miillerian epithelium (37). Thus, the
epithelium of SBT may derive from the salpinx, endometriosis,
or ovarian surface epithelium that is capable of Miillerian
metaplasia (37). Endosalpingiosis, endometriosis and endo-
cervicosis constitute the triad of non-neoplastic disorders of
the Miillerian system (38). Non-neoplastic glandular prolifera-
tion showing spontaneous Miillerian differentiation has been
described in numerous sites including the vagina, uterine
cervix, urinary bladder, appendix, peritoneum, abdominal wall
(inguinal channel, umbilicus) and the lymph nodes (38,39).

Gene expression profiling studies suggest that SBT is
genetically distinct from high-grade serous cancers (40).
Ethnic and geographical variation may exist in the process
of SBT carcinogenesis. Extensive molecular work-up demon-
strates an increased frequency of KRAS (v-Ki-ras2 Kirsten
rat sarcoma viral oncogene homolog), BRAF (v-raf murine
sarcoma viral oncogene homolog Bl), or ERBB2 (v-erb-b2
erythroblastic leukemia viral oncogene homolog 2) mutations
in a subset of low-grade serous carcinomas, and a lack of TP53
(tumor protein p53) mutations (40,41).

7. Miillerian mucinous borderline tumor

The mucinous borderline tumors are of intestinal type or
Miillerian (endocervical-like) type. The intestinal-type
tumors (intestinal-type mucinous borderline tumor, IMBT)
are the most common. Although Miillerian metaplasia is well
recognized at different sites within the female genital tract,
the ovarian mucinous borderline tumor of Miillerian type
(MMBT) and mixed epithelial borderline tumor of Miillerian
type (MEBT) are uncommon subtypes of ovarian tumors (42).
MMBT is composed of endocervical gland-like mucinous cells
and ciliated columnar epithelium reminiscent of the fallopian
tube (43). MMBT likely arises from endometriosis, possibly
through its precursor (42,44), while IMBT is not associated
with endometriosis (Fig. 2).

MMBT occurs with a relatively high frequency in women
of Japanese descent (43). Compared with IMBT, the characte-
ristic features of MMBT are as follows: more frequent bilateral
occurrence, paucilocular cysts, association with endometriosis,
absence of pseudomyxoma but a possible association of
peritoneal implants and lymph node metastases, and a lower
mortality rate (43). Other malignancies are also associated with
MMBT. D'Angelo et al reported a female individual in whom a
keratinizing squamous cell carcinoma of the ovary had arisen
from MMBT (45).

Hamada et al draw attention to the existence of the reserve
cell-like cells (RCLCs) in MMBT (42). The similarity to
the cervical reserve cells may indicate their potential role
as precursor cells that may subsequently differentiate into
various Miillerian cell types (42). Immunohistochemically,
all cases were reactive for estrogen receptor and progesterone
receptor, with no nuclear expression of B-catenin (46). There
was reactivity for cytokeratin (CK)7, but not CK20 (47). KRAS
mutations were detected in exon 1 and codon 12 in 69% of

cases (46,48). No PTEN mutation was identified in any of the
nine exons and PTEN immunoreactivity was diffuse in the
nuclei of epithelial and underlying stromal cells (46).

8. Adenosarcoma

Miillerian adenosarcoma is an uncommon, but not rare,
tumor which is characterized by an admixture of benign, but
occasionally atypical, epithelial and a malignant, usually low-
grade, stromal component (49). The most common site is the
uterine corpus endometrium (50). Adenosarcoma sometimes
includes the lower uterine segment and endocervix. There
are also reports on adenosarcoma arising from endometriosis
(Fig. 2) (51,52). Of note is the association between adenosar-
coma and endometriosis, especially in extrauterine forms (9).

Risk factors include pelvic irradiation, hyperestrogenism,
such as after prolonged estrogen stimulation or long-term
oral contraceptive use, and the use of tamoxifen and tremifen
for breast cancer (53). Toremifene may be effective in
cases resistant to tamoxifen. Among the tamoxifen-induced
uterine malignancies, the most common uterine malignancy
is endometrial adenocarcinoma. Chung er al reported a case
of an adenosarcoma after toremifene treatment in a breast
cancer patient (54). After one year of toremifene treatment,
the patient developed adenofibroma. After an additional four
years of treatment, this lesion was transformed into adeno-
sarcoma (54).

Adenosarcoma rarely occurs in the ovary, vagina or fallo-
pian tubes, arising from peritoneal surfaces, or outside the
female genital tract, for example in the intestine (50). However,
a rare case of a clear cell adenocarcinoma and an adenosar-
coma coexisting with a heterologous rhabdomyosarcoma in
ovarian endometrioma has been reported (55). Adenosarcoma
also arises within the myometrium from adenomyosis.

Uterine sarcomas are relatively rare tumors that account
for 1-3% of female genital tract malignancies and between
4-9% of uterine neoplasms (49). Uterine sarcomas are
divided into the following pathological types: carcino-
sarcomas (50%), leiomyosarcomas (30%), endometrial
stromal sarcomas (10-15%), and adenosarcomas (5-10%).
The increased incidence rate of uterine sarcomas is due to
an increase of carcinosarcomas. These neoplasms may be
divided into two major groups: i) sarcomas showing specific
genetic alterations (the EWSR1-FLI1 gene fusion in Ewing's
sarcoma), and ii) sarcomas showing multiple and variable
gene alterations without a specific pattern (leiomyosarcoma
and osteosarcoma).

The biological behaviors of adenosarcoma show low malig-
nant potential (56). Some of the tumors currently classified
as adenofibromas are, in fact, well-differentiated adenosar-
comas (57). The prognosis in endometriosis-associated tumors
is far better than in unassociated mixed Miillerian tumors
(9). However, Miillerian adenosarcoma with sarcomatous
overgrowth is an extremely aggressive variant, even when
diagnosed in its early stage (49). The prognosis in typical
adenosarcomas without sarcomatous overgrowth is similar
to that of adenofibromas associated with favorable outcome
(57). Miillerian adenosarcomas with sarcomatous overgrowth
showed strong immunoreactivity for Ki-67 and p53 and loss
of CD10 and progesterone receptor immunostaining.
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9. Endometrial stromal sarcoma

Endometrial stromal tumors are rare uterine neoplasms
including benign stromal nodules, low-grade endometrial
stromal sarcomas (ESS), and undifferentiated endometrial
sarcomas (58). The origin of ESS is explained by at least two
hypotheses. One is the malignant transformation of endome-
triosis (Fig. 2) (59). There have been some reports in which
ESS is considered to be associated with endometriosis (59).
However, the exact incidence of ESS in endometriosis is
not well described. The nodules were composed of foci of
adenomyosis and endometriosis (with focal atypical complex
hyperplasia) associated with a stromal spindle cell population
immunoreactive for estrogen and progesterone receptors (60).

The other theory is a de novo tumor, potentially derived
from Miillerian cells (59). A report suggests that ESS is
derived from submesothelial pluripotential cells (61). The
pluripotential Miillerian epithelium is considered to be widely
distributed in the abdominal and pelvic cavities. Therefore,
ESS may originate from endometriosis or from metaplasia
of the pelvic Miillerian cells (62). Among patients with ESS
of ovarian origin, 11% were reported to have succumbed to
disease, compared to 38% of patients with ESS of extraovarian
origin, suggesting that extraovarian origin indicates a poor
prognosis (63).

Immunohistochemical features of ESS include reactivity
to estrogen receptors, progesterone receptors, aromatase and
CD10 (21,61,64). Immunohistochemical characteristics were
not consistent with Miillerian adenocarcinoma with sarco-
matous overgrowth. In a previous study, a gene fusion on
chromosome 7 that includes two zinc-finger genes (JAZF1 and
JJIAZ1) was identified in ESS (58). This genetic abnormality
is specific to ESS (58). Furthermore, loss of heterozygosity of
tumor suppressor genes and deregulation of the Wnt signaling
pathway have also been found to be involved in ESS tumori-
genesis (65). Notably, the Wnt signaling inhibitor might play a
role in the development of endometriosis (66).

10. Discussion

Malignant transformation of endometriosis has been described
in numerous case reports and reviews of the literature.
Endometriosis-associated tumors that involve the female
pelvic cavity, i.e., the peritoneum, ovary and fallopian tubes
are a diverse group of disorders that range in biological
behavior from benign to malignant. Approximately 1.0% of
women with endometriosis have lesions that undergo malig-
nant transformation (19,67). Anatomically, lesions are divided
into gonadal (80%) or extragonadal (20%) lesions (17,67).
Endometriosis-associated epithelial ovarian cancers,
endometrioid adenocarcinoma and clear cell carcinoma, are
the most common tumors. Furthermore, other Miillerian-type
borderline tumors [MMBT, SBT and low-grade endometrial
tumors (LG-ET)] may be associated with endometriosis.
Studies regarding the association of sarcoma (adenosarcoma
and ESS) with endometriosis have been conducted. However,
the relationship between endometriosis and extraovarian
malignancy, although noteworthy, has yet to be investigated.
Knowledge of clinicopathological features of secondary
lesions is essential for the identification, differential diagnosis

and treatment strategies of endometriosis-associated malig-
nancies. When these tumors arise from endometriosis, they are
usually identified at an early stage and are often of low grade,
compared with tumors without endometriosis. Furthermore, a
better prognosis and lower mortality rate are the characteristic
features. In some patients, the diagnosis is relatively obvious
since there is clinical, imaging, or pathological evidence of
endometriosis. However, on occasion it may be necessary to
distinguish this disease from primary pelvic lesions such as
malignant mesothelioma, primary epithelial and mesenchymal
tumors, or primary ovarian and peritoneal high-grade serous
carcinoma,as wellasmetastatictumors.Knowledge ofhistology,
pathology and molecular genetics is essential in the diffe-
rential diagnosis of endometriosis-associated malignancies.

Individual glands of the endometriotic lesions are genetically
derived from single precursor cells, suggesting that endome-
triosis essentially expands monoclonally (68). Endometriotic
lesions would harbor somatic genetic changes in chromosomal
regions that supposedly contain genes involved in tumorigen-
esis. A molecular continuum and lineage between the benign
precursor and the malignant entity require strong evidence of
common mutational events. Endometriosis and cancer may
share similar risk factors. These findings would be consistent
with the progression model for tumorigenesis from the benign
precursor to malignant lesions.

Genome-wide gene expression profiling studies have
provided a first step for identifying molecules key to the
characteristics of endometriosis-associated neoplasms. Several
investigators have also generated mouse models that spontane-
ously develop carcinoma similar to human ovarian cancer to
understand the molecular genetic events underlying carcinogen-
esis. Multiple genetic alterations play a role in the pathogenesis
of endometriosis-associated neoplams. For example, a variety
of molecular events, such as p53 alteration, PTEN silencing,
KRAS activation mutation, ARIDIA inactivation mutation,
PIK3CA activation mutation and HNF-1f3 activation, have
been identified in endometriosis-associated epithelial ovarian
cancers (27). KRAS, BRAF, or ERBB2 mutations have been
reported in SBT (40,41). MMBT also showed KRAS muta-
tions (46.48). Wnt signaling dysregulation has been suggested
to play a role in ESS tumorigenesis (65).

Although a number of crucial pathways involved in
carcinogenesis have been identified, knowledge of the early
steps remains poorly understood. Mandai et al found that
microenvironmental factors, including oxidative stress and
inflammation, are crucial in endometriosis-associated ovarian
carcinogenesis (27). Retrograde menstruation or ovarian
hemorrhage carries highly pro-oxidant factors, such as heme
and iron, into the peritoneal cavity or ovarian endometrioma
(29). A histologically normal ectopic endometrium may bear
genetic damage caused by iron-dependent oxidative stress
(29). Persistent oxidative stress has been associated with carci-
nogenesis (69,70). Iron overload is considered as one such
condition that causes oxidative stress via the Fenton reaction,
thus promoting the generation of the undesirable free radical
molecule, ‘OH (69). Abnormal iron uptake leads to lipids,
proteins and DNA damage derived from free radical toxicity.
In general, hemochromatosis, chronic viral hepatitis, inflam-
matory bowel diseases such as Crohn's disease and ulcerative
colitis or asbestosis induce iron overload, which may lead to
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hepatocellular carcinoma, colon cancer or mesothelioma in
humans (69). Several investigators have demonstrated that
iron-induced oxidative stress is also able to induce specific
gene modifications in endometriosis-associated ovarian
cancer (27,28,71-74). Undefined molecular events occurring
in endometriosis that has undergone Miillerian metaplasia may
initiate neoplastic change towards not only carcinoma, but also
sarcoma. Although the molecular changes in other Miillerian-
type tumors and sarcomas remain largely unknown, DNA
damage caused by oxidative stress may be a critical factor
in the early event of the malignant transformation process of
endometriosis.

In conclusion, the malignant processes that are associ-
ated with endometriosis may be classified into: i) epithelial
ovarian cancers (endometrioid adenocarcinoma and clear cell
carcinoma), ii) other Miillerian-type tumors (MMBT, SBT and
LG-ET), as well as iii) sarcomas (adenosarcoma and ESS) in
the female pelvic cavity (Fig. 2). The molecular pathology of
endometriosis-associated tumorigenesis is heterogeneous and
may involve various putative precursor lesions and multiple
pathways of development, possibly via genetic alteration by
oxidative stress.
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