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Abstract
Purpose  Despite long and intensive research, endometriosis remains one of the leading causes of morbidity among pre-
menopausal women. The majority of endometriosis-related ovarian carcinomas occur in the presence of atypical ovarian 
endometriosis. Nevertheless, despite the increased incidence of ovarian cancer in patients with endometriosis, our knowledge 
of the risk factors and mechanisms is still incomplete.
Method  Narrative overview, synthesizing the recent findings of literature retrieved from databases.
Results  Herein, we reviewed and summarized the most recent knowledge regarding endometriosis and ovarian cancer.
Conclusion  The evidence showing that patients with endometriosis have a higher risk of developing ovarian cancer is com-
pelling. However, the question of how much higher the absolute risk is, is not fully clear.
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Introduction

Endometriosis is a chronic, estrogen-dependent, progressive 
disease characterized by the presence of endometrium-like 
tissue, glands, and stroma, outside the uterine cavity [1]. 
It most commonly involves ovaries, fallopian tubes, and 
the pelvic peritoneum. This disease is due to the ectopic 
implantation of endometrium-like cells, accompanied with 
their elevated proliferation and migration. It is the leading 
cause of morbidity among premenopausal women, and the 
complex pathogenesis of this enigmatic disorder remains 
controversial despite extensive research [2], which started 
almost 160 years ago [3]. This complex disease, affecting 

approximately 10% of women of reproductive age, has 
strong effects on the life of many women. It can cause spon-
taneous pregnancy loss and infertility in up to 50% of the 
women [4]. The main diagnostic tool for endometriosis is 
laparoscopy and histological confirmation on the surgical 
specimen, although ultrasound is able to identify both ovar-
ian endometriomas (cysts) and deep infiltrating endometrio-
sis [5]. The most commonly suggested causes of endome-
triosis are retrograde menstruation, genetic predisposition, 
lymphatic spread, immune dysfunction, metaplasia, or envi-
ronmental causes [6, 7]. Besides significant negative effects 
on women’s health and wellbeing [8], the risk of develop-
ment of ovarian cancer cannot be overlooked [9]. Initially 
considered a benign disease, endometriosis, and particularly 
ovarian endometriosis, may increase the risk of developing 
malignancy.

This assumption started in 1925, when Sampson 
described endometrial carcinoma of the ovary arising in 
endometrial tissue [10], and was subsequently supported in 
1953, when Scott wrote about malignant changes in endo-
metriosis and pointed out that benign endometriosis might 
be observed in proximity to the endometriosis-related can-
cer [11]. Numerous studies suggested that atypical endome-
triosis might be a middle step in progression from benign 
disease to cancerous disease. Subsequent research revealed 
numerous anatomical and physiological features shared by 
endometriosis and oral cancer including the ability to evade 
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apoptosis, dysregulation of stem cells, formation of new vas-
cular system, development of metastases, and appearance 
of a microenvironment helping the whole process. Endo-
metriosis patients bear stronger risk of developing cancer, 
particularly hematopoietic and ovarian, [12-15].

Two main mechanisms have been suggested to describe 
the association between ovarian cancer and endometriosis: 
(1) both diseases coexist and are a result of shared risk fac-
tors and their effects; and (2) endometriotic cells gradually 
transform to cancer cells.

Considering the worldwide increasing attention on this 
problem [16], in this article we aimed to summarize the most 
recent knowledge about the topic.

Risk of ovarian cancer in women affected 
by endometriosis

The hypothesis that atypical endometriosis might represent 
a transitional step between normal endometriosis and can-
cer originated from histopathological studies [17]. From 
this hypothesis it was only small step to assumption that 
endometriosis is really a premalignant condition. This was 
further supported by the fact that over two thirds of endo-
metriosis-associated ovarian tumors develop when atypical 
ovarian endometriosis is present [18]. Figure 1 summarizes 
the association between individual types of ovarian cancer 
and endometriosis.

Subsequently, many retrospective studies have docu-
mented higher rates of endometriosis in patients with ovar-
ian cancer and vice versa (see below). There are numerous 
similarities between ovarian cancer and endometriosis, some 
of which can influence the incidence rate. Infertility or late 
menopause are examples of factors related to an increased 
risk [19]. Hysterectomy, use of oral contraceptives, and tubal 
ligation can lower the risk [20].

Accumulated evidence suggests that ovarian endo-
metriosis can give rise to various ovarian malignancies, 
generally termed endometriosis-associated ovarian carci-
noma (EAOC), which include ovarian clear cell carcinoma 
(OCCC), endometrioid carcinoma, and rare seromucinous 
tumors. In general, EAOC refers to ovarian cancer with both 
cancer cells and endometriosis in the same ovary, cancer in 
one ovary and endometriosis in the other, or the presence 
of ovarian cancer and pelvic endometriosis [21]. Some sug-
gest EAOC is classified separately from classical ovarian 
cancer based on findings of younger age of patients, lower 
levels of CA-125 marker, and higher number of clear cells 
[22]. However, recent classification of EAOC by histotype 
suggested the high variability of both prognostic and clini-
cal factors which does not allow to clearly distinguishing 
between ovarian and EAOC [23].

The capability of endometriosis to undergo malignant 
transformation is already well established. However, it is 
still not possible to identify definite intermediate precursors. 
The closest example might be an atypical endometriosis with 
features that are neither benign nor fully malignant [17]. 
Later studies showed that these lesions are present in 50% 
of endometrioid and clear cells carcinomas [24]. Molecular 
pathways associated with ARID1A mutations have recently 
been reported and suggest progression from endometriosis 
to atypical endometriosis and subsequent EAOC [25]. Clear 
cell adenocarcinoma of the ovary is type of chemoresist-
ant cancer frequently associated with endometriosis [26]. 
The cause of this malignant disease is hypothesized to be 
the existence of abundant free iron in endometriotic cysts 
leading to persistent oxidative stress and subsequent car-
cinogenesis. Recent mechanisms involved in the malignant 
transformations are summarized in Fig. 2. Some studies pro-
posed that Met signaling pathway plays an important role in 
clear cell adenocarcinoma development [27].

The first large epidemiology study used over 20,000 
women with endometriosis and found significant increase 
in ovarian cancer occurrence [28]. Subsequent large stud-
ies have demonstrated presence of ovarian cancer in 5–10% 
of patients with endometriosis, but the numbers sometimes 
vary and some studies found that endometriosis is associated 
with 1.2–1.8 times increased risk of ovarian cancer [29]. 
Other studies found the risk to be from 0.2–2.5% [30] or 
even threefold [31]. The same data were found in an anal-
ysis of Taiwanese women [32]. A Swedish study of over 
64,000 women found that patients with endometriosis have 
an increased risk of certain malignancies (ovarian, endo-
crine, non-Hodgkin lymphoma, and brain tumors), and this 
risk increases with early diagnosed or longstanding disease 
[33]. A study of 45,000 Danish women confirmed not only 
the increased risk of ovarian cancer, but also the increased 
risks of endometrial and breast cancers [34]. In addition, the 
risk of colorectal cancer was increased 13-fold in women 
with internal endometriosis [35]. Relative risk to develop 
ovarian cancer might be up to 1.42 [29, 36], but the more 
relevant absolute risk data suggested 1.3% in general female 
populations and 1.8% in women with endometriosis.

A meta-analysis of almost 500,000 women confirmed 
the increased risk of cancer development, but found that 
these cases were mostly slow-growing, less invasive, low-
grade tumors [29]. Review of literature published in the last 
5 years confirmed these data and suggested that the high 
risk of cancer development might result from high estrogen 
concentration resulting in malignant proliferation of cysts, 
and/or from mutation in the ARID1A gene (a member of the 
SWI/SNF family) and consequent loss of BAF250a expres-
sion [37]. A retrospective analysis of 140 patients found 
that those with endometriosis-associated tumors had a bet-
ter chance for survival [38]. However, the limited number 
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Fig. 1   Association between endometriosis and subtypes of invasive 
ovarian. a Clear cell. b Endometrioid. c Mucinous. d High-grade 
serous. e Low-grade serous. Data are site-specific stratified and 
adjusted ORs (squares) and 95% CI (horizontal lines). AUS Austral-
ian Cancer Study, Australian Ovarian Cancer Study, GER German 
Ovarian Cancer Study, MAL Malignant Ovarian Cancer Study, UKO 
United Kingdom Ovarian Cancer Population Study, CON Connecticut 
Ovary Study, DOV Diseases of the Ovary and their Evaluation Study, 

HAW Hawaii Ovarian Cancer Study, HOP Hormones and Ovarian 
Cancer Prediction Study, MAY Mayo Clinic Ovarian Cancer Study, 
NCO North Carolina Ovarian Cancer Study, NEC New England 
Case–Control Study of Ovarian Cancer, UCI University of California, 
Irvine Ovarian Cancer Study, USC University of Southern California, 
Study of Lifestyle and Women’s Health, OR odds ratio. From Pearce 
et al. [88]
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of patients in this analysis does not allow us to make any 
conclusions.

Several studies to determine if the presence of endome-
triosis can influence the prognostic factor for better cancer 
survival have found a sort of compromise––patients with 
endometriosis alone had no prognostic significance; but 
patients with both were younger, with lower stage and grade, 
having cancer confined to the pelvis, and had improved pro-
gression-free and overall survival [39]. Conversely, other 
studies found no clear-cut correlations between endometrio-
sis and ovarian cancer, and solicited future and more robust 
data analysis to draw a firm conclusion [40]. Similarly, a 
retrospective study of ovarian cancer patients suggested that 
due to the rarity of the OCCC subtype, a cause-and-effect 
relationship between OCCC and endometriosis needs statis-
tical studies of the entire population [41].

The question of the possible protective effects of endome-
triosis on survival from cancer is still open, as the research 
data are not conclusive. On one hand, no association between 
the presence of endometriosis and survival was found [42]; 
on the other hand, other studies revealed better survival 
endometriosis patients [43]. The latter findings were even 
more pronounced in breast and ovarian cancer [44], regard-
less one-sided oophorectomy or radical excision of endome-
triosis [45]. Recent meta-analysis of risks and prognosis did 
not answer the question of potential protection, but clearly 
documented that endometriosis is directly associated with 
the increased risk of development of ovarian cancer [29].

As most of the studies used patient data from only one 
country, it is possible that the endometriosis-ovarian cancer 
connection differs based on socioeconomics, nutrition, or 
health care conditions.

Two potential scenarios leading to endometriosis-related 
ovarian cancer have been proposed [46]. One scenario 
involves extracellular hemoglobin, iron, and heme (from the 
repeated hemorrhages occurring in endometriosis) causing 
cellular oxidative damage via increased reactive oxygen spe-
cies with subsequent DNA damage and resulting mutations. 
The second involves persistent production of antioxidants, 

which would favor tumor-potentiating environment. Both 
possibilities support the notion of the double-edged sword 
of redox imbalance; for review, see Fontana et al. [47].

Several pathways linking endometriosis and ovarian 
cancer have been suggested including oxidative stress, 
prevalence of certain cytokines, genetic mutations, and 
hyperestrogenic milieu. Balance of oxidants and endoge-
nous antioxidants might play an important role in malignant 
transformation (individual steps are summarized in Fig. 3). 
Atypical endometriosis is particularly dangerous and con-
sidered by some to be an intermediate precursor linking 
classical endometriosis and clear cell adenocarcinoma [48]. 
In patients who underwent a procedure for ovarian cancer, 
approximately 10% had coexisting ovarian endometriosis. 
This number increased to 37% in patients with clear cell 
ovarian cancer [49]. In addition, there is substantial evidence 
of aberrant function of almost all types of immune cells in 
women with endometriosis: decreased T cell reactivity and 
NK cytotoxicity [50]; polyclonal activation of B cells and 
increased antibody production [51]; increased number and 
activation of peritoneal macrophages [52]; alteration of 
apoptotic pathways [53–55]; and changes in inflammatory 
mediators [56] (Fig. 4). A potential process of the develop-
ment of ovarian cancer from endocytosis is shown in Fig. 5.

From the clinical point of view, ovarian cancer can 
develop after endometriosis excision and is more likely to 
develop from recurrent endometrioma [57]. Despite current 
efforts, we definitely need more research before we can draw 
a firm conclusion.

Biomarkers and genetic approaches

Development of reliable biomarkers might provide a posi-
tive outcome for early detection of endometriosis-related 
cancers. A recent study focused on the possible clinical rel-
evance of the combined detection of serum Smac, HE4, and 
CA125 in endometriosis-associated ovarian cancer; although 
serum Smac levels were significantly lower in the cancer 
group, the expressions of the other two used markers were 
significantly higher [58]. As the differences also reflected the 
situation before and after surgery, these combinations might 
provide an early diagnosis of endometriosis-associated ovar-
ian cancer. From the clinical point of view, new develop-
ment or an increase of symptoms, such as dyspareunia or 
dysmenorrhoea, should call for attention for the possibility 
of development of ovarian cancer, particularly in presence 
of solid mass and elevated serum HE4 [59].

Emerging data have suggested that dysregulation of 
microRNA (miRNA) expression might play a role in the 
development of endometriosis [60]. In addition, comprehen-
sive miRNA profiling from ovarian cancer and its associ-
ated endometriosis showed that the expressions of miRNAs 
were significantly different [61]. These authors suggested 

Fig. 2   Different mechanisms suggested for the malignant transforma-
tion of an endometriosis. Based on Grandi et al. [21]
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Fig. 3   Malignant transformation of endometriosis: a fine-tuned bal-
ance between the formation of oxidants and the availability of endog-
enous antioxidants. Cell-free hemoglobin, heme, and iron massively 
released into the endometriotic cyst fluid space during menstruation 
are prone to autoxidation and may spontaneously convert oxyHb to 
metHb. ROS (O2

–) are continuously generated by the autoxidation 
of hemoglobin. Iron derivatives also stimulate Fenton reaction, con-
tributing to the generation of ROS (˙OH) in endometriotic cyst. Fur-

thermore, hemoglobin and heme activate expression of a variety of 
antioxidant genes. Heme stimulates antioxidant HO1 gene expression 
through direct binding to Bach1 or induction of NRF2 gene. Antioxi-
dant is considered to be a double-edged sword. Excess ROS causes 
cell death. Antioxidants alleviate cell death by scavenging ROS (O2

– 
and ˙OH), allowing for increased cell survival and then carcinogen-
esis. From Iwabuchi et al. [89]

Fig. 4   Immune cells involved in endometriosis-cancer transforma-
tion. Based on Riccio et al. [90]

Fig. 5   Potential process of the establishment and evolution of endo-
metriosis lesions to ovarian cancer. Based on Dawson et al. [91]
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the possible use of these miRNAs as either a diagnostic or 
a prognostic tool, but not enough information about their 
targets is currently available, making their use in diagnosis 
or therapy of endometriosis infeasible at this time. In addi-
tion, the abovementioned study did not determine why this 
expression differs, why it is relevant, or whether the changes 
in miRNA expressions in endometriosis led to ovarian can-
cer development.

Some studies suggested that miRNAs might be consid-
ered plasma biomarkers. A reverse-transcriptase quantita-
tive PCR experiment identified 23 individual miRNAs with 
a different expression in patients suffering from EAOC or 
endometriosis [62]. Subsequent studies confirmed changes 
in expression patterns of these mRNAs can serve as spe-
cific biomarkers useful in diagnostic practice. Another study, 
unfortunately suffering from low number of study subjects, 
found differences in expression of mRNAs for progesterone 
receptors (decrease) and TGF-β1, COX-2, VEGF, ER-1a, 
and androgen receptors (increase) [63].

Mutations are often connected with cancer development. 
Genetic mutations, together with a rather permissive micro-
environment, are often hypothesized to result in malignant 
changes of endometriosis [64]. Whole-genome sequencing 
resulted in the discovery of new mutations, but multiple 
somatic mutations were also detected by examining sin-
gle genes. Genes and signaling pathways associated with 
EAOCs include PTEN, CTNNB1, PIK3CA, Src, KRAS, 
microsatellite instability, and ARID1A [23, 65], which 
are known to play key roles in the recurrence of epithelial 
ovarian cancer [66]. TP53 is one of the best-known tumor-
suppressor genes, and mutations in TP53 are present in up to 
50% of ovarian cancer [67]. Similarly, mutations in catenin 
beta 1 (CTNNB1) were found in 60% of ovarian endome-
trioid carcinomas [68]. The loss of ARID1A expression 
usually coexists with the activation of PI3K-Akt pathway 
or with XNF217 amplification, suggesting an early event 
in the malignant transformation of endometriotic tissue to 
clear cell carcinoma [69]. Molecular pathways involved in 
pathogenetic processes of endometriosis-associated ovarian 
cancer are summarized in Fig. 6.

A recent epigenetic study focused on the possible rela-
tionship between methylation status of RASSF2A gene pro-
moter and EAOC [70]. This study comprised 40 women, and 
showed lower expression in OCCC and ovarian-endometrial 
carcinoma groups with the methylation status related to clin-
ical grading and staging, meaning that it might develop into 
solid indicator for early detection.

Another study employed immunohistochemistry and 
compared various molecular changes in endometriosis-asso-
ciated OCCC [71]. The authors found that PTEN was sig-
nificantly lowered in both endometriosis and invasive tumor 
tissue, while estrogen receptor was lost in OCCC. ZRCC5, 
PTCH2, EF1A2, and PP1R14B were strongly overexpressed 

in OCCC. Knockdown experiments in clear cell cancer cell 
line demonstrated significant growth inhibition. In cancer 
cells, there was loss of expression of serous ovarian cancer 
lineage marker WT1. The authors concluded that the loss 
of PTEN expression represents an important early event in 
endometriosis development whereas the loss of endocrine 
receptors and polycomb-mediated transcriptional program-
ming might play a role in malignant transformation.

Numerous studies compared somatic cancer-associated 
mutations in endometriotic lesions and found PTEN muta-
tions in up to 53% of lesions [72, 73]. PTEN is a tumor 
suppressor gene with clear association with ovarian cancer, 
where it is required for appropriate regulation of the PI3K 
enzyme pathway [74]. This pathway is crucial for progres-
sion from endometriosis to ovarian cancer [75].

Other studies showed no changes in TP53 or PIK3CA 
mutations, and KRAS mutation was found in deep infiltrat-
ing endometriotic lesions which only very rarely undergo 

Fig. 6   Molecular pathways involved in endometriosis-associated 
ovarian cancer pathogenesis
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malignant transformation [76], making correlation between 
cancer mutations and endometriosis-based cancer develop-
ment unclear.

A hospital-based case–control analysis used 12 single-
nucleotide polymorphisms genotyped using TaqMan Open 
Array analysis and showed that rs11651755 in HNF1B mod-
ified the risk of both endometriosis and ovarian cancer [77]. 
These results suggest common etiology and that HNF1B 
may be somehow involved in the pathogenetic pathway from 
endometriosis to cancer.

Stem cells

The existence of lesions is still not fully answered and none 
of the current theories dealing with the causes of endome-
triosis clearly explained them. When individual hypothesis 
failed, a possibility of combined mechanisms occurred. 
Some of the most recent suggestions propose that endome-
triotic lesions originate from ectopic endometrial stem cell 
progenitors [78–80]. The fact that monthly regeneration of 
the endometrium occurring after menstrual shedding sup-
ports this hypothesis [80]. It is possible that the stem cells 
are responsible for unusual tranlocation of both layers of 
endometriosis [81]. Contrary to the traditional theories, 
development of endometriosis might be caused or at least 
heavily influenced by these stem cells [81]. If this hypoth-
esis is right, endometriotic lesions might be at least partly 
clonal in origin [82]. Readers interested in more information 
about the connection between stem cells and endometriosis 
could read a review [83]. This possibility is further sup-
ported by that fact that some HOX genes involved both in 
eutopic endometrium and ovarian cancer [84] are manifested 
in primitive hematopoietic cells [85]. In addition, we should 
not overlook the possibility that the transformation of stem 
cells can play an important role in ovarian cancer develop-
ment [86]. However, research in this area is far from offering 
any direct evidence, therefore we can only hypothesize about 
the possible role of stem cells and the calls of direct targeting 
as a therapeutical tool [87] are clearly premature.

Conclusions

The evidence showing that patients with endometriosis 
have a higher risk of developing ovarian cancer is com-
pelling. Endometriosis in younger women, which persist 
into an older age, creates a long window for malignant 
transformation. However, the question of how much 
higher the absolute risk is not fully clear. What remains 
inconclusive is how much this association is causative. 
Somatic mutations of PIK3CA, PTEN, and ARID1A prob-
ably play a role in the disease progression and malignant 

transformation. To identify which patients are most at risk, 
further studies are clearly needed.
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