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Abstract

Endometriosis is described as the presence of both endometrial glandular and stromal cells outside the
uterine cavity. A major characterization of this disease is ectopic implantation of endometrial cells with in-
creased migration. It is one of the leading causes of morbidity among premenopausal women, with a preva-
lence of 10-16% of women of reproductive age. Despite over century of intensive research, none of the current
treatment options represents a real cure. Based on the current knowledge, endometriosis, particularly its atypi-
cal version, is considered to be a transitional form from benign disease to tumour. However, the exact mecha-

nisms of this conversion are still not fully established.
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Introduction

Endometriosis is a complex and multifactorial dis-
ease, in which diagnosis, markers, and therapeutic
treatments remain unclear and somehow enigmatic [1].
The fact that no single theory about the pathology and
causes of endometriosis is currently accepted [2, 3]
explains the lack of progress. For more details about
pathogenesis of endometriosis, see [4].

Currently, there is no doubt that endometriosis is a be-
nign disease; however, more and more studies support the
notion that it may represent a condition that could lead
to the development of pre-cancerous lesions. The first re-
port of a suspected malignant change in endometriosis
occurred almost 100 years ago [5] with the observation of
malignant changes in the endometrial tissue. This hypoth-
esis was confirmed more than 25 years later [6]. Atypi-
cal endometriosis is often considered a transitional form
from benign disease to cancer [7]. However, the current
classification of endometriosis into typical and atypical is
more important for diagnosis than for clinical practice. The
problem is further elevated by the findings that the possi-
ble association between cancer and endometriosis varies
according to the histologic subtype of ovarian cancer [8].

This hypothesis is not only based on the known as-
sociation between endometriosis and cancer, but also
on numerous common features shared by endometri-
osis and cancer, such as the ability to evade apoptosis,
stem cell-like dysregulation, neovascularization, can-
cer-reminting implantation at distant sites, and strong
effects on the immune system [4]. However, the ques-
tion of whether atypical endometriosis really is a pre-
cursor of future ovarian cancer has never been satis-
factorily answered. Lately, a discussion suggesting that
endometriosis is not a benign disease but an invasive
one [9] occurred, but despite several points supporting
this option, it is still not accepted by the scientific com-
munity. Possible relationships between endometriosis
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Fig. 1. Possible relation between endometriosis and develop-
ment of ovarian cancer
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Fig. 2. Basic types of ovarian cancer

and the development of ovarian cancer are shown in
Figure 1.

Women with endometriosis appear to be more likely
to develop certain types of cancer, particularly ovarian,
non-Hodgkin’s lymphoma, and brain tumours [10-12].
The association between endometriosis and breast can-
cer is still contradictory [11]. Similarly, a review of the
literature suggested a link between endometriosis and
ovarian cancer, but not breast and cervical cancer [13],
so these possible links are even more questionable.

Some cases, despite usually being case reports,
underline the complexity of the endometriosis-cancer
relationship. A case of primary endometrioid carcino-
ma arising from deep infiltrating endometriosis 6 years
after diagnosis of ovarian cancer [14] can serve as an
example. Similar case reports do not provide any mean-
ingful information about the mechanisms of action or
pathology of cancer development, but strongly suggest
the need for long-term follow-up for survivors of ovari-
an cancer with co-existent endometriosis.

Epigenetic changes such as the presence of some
mRNAs or DNA methylation have been suggested. One
of the possible triggers of conversion from benign to
malignant disease might be microRNAs (miRNAs) [15].
One of the suggestions was offered by Nakamura et al.
[16]. However, even though a high level of miR-486-5p
in serum and its upregulation causing migration and
proliferation of ovarian endometrioma cells seems to
support their hypothesis, the real proof was missing.
Another study found 23 individual miRNAs expressed
differently in healthy women and in women with endo-
metriosis and/or ovarian cancer [17].

Comprehensive miRNA profiling from ovarian can-
cer and its associated endometriosis showed that the
expressions of miRNAs were significantly different [18].
Based on similar studies, miRNAs have been suggested as
a marker of either disease or endometriosis-cancer pro-
gression. With limited information and a high number of
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individual miRNAs, it is not currently possible to ascertain
whether miRNAs are really relevant and if so, which ones.

Mutation of ARID1A, which is a tumour suppressor
gene involved in endometriosis-cancer transformation
[10]. The fact that tumours with a mutated ARID1A gene
often have a better higher survival rate might explain
why endometrium-associated ovarian cancer often
has lower mortality than other types of ovarian cancer.
The relatively wide range of this mutation in ovarian en-
dometroid carcinoma (30-48%) might explain the often
contradictory results of numerous studies. Additional
studies have suggested the role of CTNNB1 and PTEN
genes, PIK3-AKT-mTOR pathway, methylation of the
ER promoter, high levels of oestrogen, and inflamma-
tion [19, 20].

Ovarian cancer

The association between endometriosis and cancer
is focused mostly on ovarian cancer, most of all en-
dometroid and clear-cell ovarian cancer subtypes [21-25].
Basic types of ovarian cancer are shown in Figure 2.

Most studies agree that endometriosis and ovari-
an cancer are somehow linked, but the relationship is
not clear and is often controversial. A study of operated
ovarian cancer patients showed 10% with coexisting
ovarian endometriosis. This number increased to 36.8%
in patients with clear cell ovarian cancer

Histopathological studies have suggested that atyp-
ical endometriosis is a transition between endome-
triosis and cancer [26]. If true, endometriosis is a pre-
malignant condition. This hypothesis is supported by
the fact that almost 70% of endometriosis-associated
ovarian carcinomas occur in the presence of atypical
ovarian endometriosis. Clinically significant similarities
between endometriosis and ovarian cancer exist, some
of which can influence the incidence rate of cancer. In-
fertility or late menopause can serve as examples of
clinical manifestations related to increased risk [27]. On
the other hand, factors such as hysterectomy, use of
oral contraceptives, or tubal ligation surprisingly result
in lower risk of cancer development [28].

One of the new areas is focused on the possibility
that endometrial cysts might be the origin of endometri-
osis-associated ovarian cancer (EAOC), but this hypoth-
esis is only discussed rather than confirmed. The cur-
rent hypothesis assumes that the process involves DNA
damage and instability in endometrial cysts followed
by selection of cells with high antioxidant capacity [29].
The evidence of resistance of ovarian cancer to oxidative
stress is lacking. Some studies have suggested that this
type of cancer is probably caused by eutopic endometrial
glandular cells with oncogenic mutation upon engrafting
in the ovary and not by endometrial cysts undergoing
oncogenic mutations [30]. Most of the research believes
that endometrial cysts are not the cause of ovarian can-
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cer. Possible steps involved in changes from endometri-
osis to EAOC are summarized in Figure 3.

On the one hand, a large case-control study demon-
strated that the lifetime chance of ovarian cancer was
50% higher among women suffering from endometri-
osis, but the possible triggering mechanisms such as
oral contraception use or the number of births showed
no effects. A subsequent review study revealed up to
3.5-fold higher development of endometrioid and clear
cell tumours among these women [31]. On the oth-
er hand, a systematic review of 25 years of studies
showed only modest effects, ranging between 1.3 and
1.9 [32]. The largest study completed by Olson [33] with
an average 13-year follow-up did not find any differ-
ence in ovarian cancer occurrence between normal pa-
tients and patients with endometriosis. A recent review
comparing individual studies showing either high or no
incidence of endometriosis-ovarian cancer relation was
done by Pejovic et al. [34].

Despite often cited relations between endometrio-
sis and ovarian cancer, the overall frequency was found
to be 0.3 to 0.8% [35]. Conversely, numerous other stud-
ies found much higher risk — from 19% [36] to a 4-fold
increase [37]. More detailed studies tried to elucidate
the reasons behind these contradictory results. An eval-
uation of 200,000 patients showed that higher risk is
associated with greater age, pelvic inflammatory prob-
lems, and being childless [38]. A retrospective study of
malignancy risks in endometriosis found than not only
ovarian cancer, but also cervical, breast, and thyroid
cancer have higher incidence [39]. If confirmed, can-
cer screening might be beneficial to all women over
40 years of age originally diagnosed with endometri-
osis. However, other studies found no increased coin-
cidence of breast cancer [20]. Strangely, the associa-
tion, often significant, has been found in older studies,
whereas the newest population-based cohort studies
found no association [19, 40].

Another controversy exists with prognosis. Ovarian
cancer has the highest mortality of all gynaecological
cancers, but several studies found that patients with
both endometriosis and ovarian cancer have better
prognosis [41]. Even more studies, however, did not
confirm these findings. The problems might be caused
by a low number of patients in the studies and over-re-
liance on self-reporting. To answer this question, a large
cohort study evaluating over 32,000 women with a di-
agnosis of ovarian cancer over a 25-year interval was
performed. The results confirmed that patients with
histologically confirmed endometriosis and ovarian
cancer have a longer overall survival rate [21, 22]. Be-
cause the aim of this study was to find only possible
differences in prognosis, we still have no clue about the
possible mechanisms. Clearly, more studies are nec-
essary. Possible stratification by endometriosis status
might help to elucidate the role of endometriosis.

Inflammation

T Inflamma some - related genes
T Oncogenes

EAOC

Fig. 3. Possible steps involved in changes from endometriosis
to endometriosis-associated ovarian cancer

Another unclear association is the survival prognosis.
Indeed, ovarian cancer resulting from endometriosis has
some special characteristics such as having endometroid
or clear cell histology and a better prognosis [42]. How-
ever, the question of endometriosis being a prognostic
factor for cancer survival is not clear. On the one hand,
some studies found no definitive association between
the presence of endometriosis and survival [43]. On
the other hand, another study found significantly bet-
ter survival in women with endometriosis than for all
malignancies combined [44]. From the genetic point of
view, the malignant transformation of endometriosis
to ovarian cancer might be triggered by some essential
genes. A recent study used RNA sequencing of several
types of tissues ranging from normal endometriosis to
atypical endometriosis and ovarian cancer and found
significant significantly increased levels of mRNA of tet-
raspanin 1 [45]. These data were confirmed by evalua-
tion of tetraspanin 1 protein levels. The authors suggest
that overexpression of this gene enhanced cell prolifer-
ation and invasion, probably via increasing activity of
AMP-activated protein kinase. If confirmed, tetraspanin
1 might be used first as a marker in screening for the risk
of endometriosis-ovarian cancer conversion and later as
a therapeutic target. The additional 13 genes regulated
during the transition phases might also be important,
but their possible role is still unclear. The most important
genes involved in development of endometriosis, EAOC,
and ovarian cancer are shown in Figure 4.

Another possibility might be the recently reported
molecular pathways associated with ARID1A mutations,
which might be involved in the progression from en-
dometriosis to atypical endometriosis and subsequent
EAOC [46]. This hypothesis is based on the finding of
ARID1A mutation occurring in app. 50% of endometri-
osis-associated ovarian cancer [47]. A meta-analysis
of 984 endometriosis-related genes identified 39 key
endometriosis-related genes, which might be involved
with tumour formation [48]. If confirmed, the shared
genetic mechanism of cancer and endometriosis might
open a new window for diagnosis, risk evaluation, and
even treatment.
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Fig. 4. Genes involved in development of endometriosis, endometriosis-associated ovarian cancer, and ovarian cancer

One of the newest suggestions is focused on Notch
signalling, but again, the few studies on this subject
yielded controversial results [49]. These differences
might be caused by different experimental approaches.

Some interesting hypotheses about the endometri-
osis-related ovarian cancer have been proposed [50].
One involves extracellular haemoglobin, iron, and heme
causing cellular oxidative damage via increased reac-
tive oxygen species with subsequent DNA damage and
subsequent mutations. This hypothesis is based on the
incessant menstruation theory. The second one sug-
gested the opposite and involves increased production
of antioxidants, which might favour a tumour-potenti-
ating environment. Both options are based on the idea
of the double-edged sword of redox imbalance [51]. Ad-
ditional risk factors might involve age over 42 years and
post-menopause status [52]. The authors underline the
need for better evaluation of these risks. Age is clearly
the main risk factor.

Another possibility involves the immune system. En-
dometriosis-related cancers often have distinct immune
profiles that significantly differ from de novo tumours.
At the same time, many aspects of the defence system
are changed in endometriosis, including macrophages,
lymphocytes, and natural killer cell functions [53], lead-
ing to the hypothesis of the involvement of a changed
immune system in ovarian cancer progression. Howev-
er, it is still not fully established whether immunological
changes found in patients with endometriosis are the
cause or a secondary result.

Endometrial cancer

Endometrial cancer is common but has better prog-
nosis, with the overall 5-year survival rate reaching al-
most 85% [54]. Some studies, similarly to ovarian can-
cer, suggest an association between endometriosis and
endometrial cancer with a possible significantly higher
rate [34].
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In endometrial cancer, apoptosis is often considered
to be responsible for the development of this type of
cancer. With a rate 3 times above control values, KARAS
LC56 polymorphism might be one of the factors in-
volved in the development and progression of this dis-
ease [55], but the low numbers of patients evaluated in
this study make any conclusion questionable. A recent
study showed that apoptosis inducer apoptosis-stimu-
lating p53 protein 2 (ASPP2) might be strongly involved
because its suppression promoted malignancy. The ex-
act mechanism of action showed that ASPP2 acts via
Yes-associated protein and lipolysis-stimulated lipopro-
tein receptor [56]. If these in vitro experiments are fur-
ther confirmed, ASPP2 might be developed into a ther-
apeutic target. However, new diagnostic or therapeutic
processes are lacking [6].

Conclusions

Both endometriosis and ovarian cancer are multi-
factorial diseases, so it is not surprising that even af-
ter decades of intensive research, more questions than
answers remain. The evidence suggesting that patients
with endometriosis have a higher risk of developing
ovarian cancer is interesting but unclear because the
data are often contradictory. One of the reasons for
such a discrepancy might be the fact that most of the
results are from retrospective cohort studies of hospi-
talized patients. The vast amount of these studies of-
fers little actual information because the results differ
widely based on exclusion criteria.

The mechanisms resulting in malignant transforma-
tion are unclear, and the fact that benign or at least
benign-appearing ovarian masses are often detected
several years before cancer diagnosis [57] makes the
situation more problematic. Even more inconclusive
is the question of the extent to which endometrio-
sis-ovarian cancer is causative. Somatic mutations
of PIK3CA, PTEN, and ARIDIA might play a role in the
disease progression and malignant transformation.
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The list of potential molecules that might be involved
is rather long but is almost always based on a simple
comparison of the levels of expression in patients with
endometriosis and ovarian (or other) cancer. To some
extent, it is almost certain that a detailed study will
find differences in the levels of some molecules, mak-
ing these results interesting but clinically questionable.
The possible mechanisms of action remain, however, at
the theoretical level only. At present, not a single mark-
er can be used for diagnosis, let alone treatment. Even
though endometriosis is a serious health problem, the
incidence of ovarian cancer is 3 times higher after in
vitro fertilization [58]. In addition, the question of how
to identify patients diagnosed with endometriosis who
might be at high risk of developing ovarian cancer re-
mains critical but unanswered.

Clearly more research and fundamentally new ex-
perimental approaches are necessary for better under-
standing and treatment of endometriosis and endome-
triosis-related morbidity.
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