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1. Definition and Epidemiology of Endometriosis
Endometriosis is a chronic disease characterized by the presence of the endometrial layer
outside the uterine cavity.1 It is an important public health issue that can cause symptoms such as
chronic pelvic pain, dyspareunia, dysuria, dyschezia and infertility; depending on the localization.2
The estimated prevalence of endometriosis is 7-15% in reproductive age and can go up to 50% in
patients who have fertility problems.2 Although the onset of the disease is generally in the early stages
of reproductive ages (before 30 years of age), it has the highest incidence in women aged between 3544 years, due to delays in diagnosis (mean 4-7 years).2
Endometriosis is a serious public health problem that can cause chronic pelvic pain, dyspareunia,
dysuria, dyschezia, and infertility.
Various theories have been proposed in the etiology of endometriosis. The most convincing
one is that the implantation of endometrial cells on the ovary, peritoneum or other pelvic organs caused
by the reflux of the endometrial tissue during menstruation from the fallopian tubes..2, 3
Early menarche4-6, short menstrual cycle7, alcohol use8 and caffeine consumption9, which can
cause increased amount of estradiol and estrone in the circulation that stimulates ectopic and eutopic
endometrial tissue, were associated with increased risk; while parity10, and oral contraceptive use 11, 12
were associated with decreased risk for endometriosis that is seen during the reproductive period.
There are conflicting results in the literature regarding the relationship between the use of
combined oral contraceptives (COCs) and the risk of endometriosis. 13,14 However, the general view
of the relationship in between is that, especially for the treatment of pain, endometriotic foci suppressed
by the use of COCs may reappear after discontinuation of medication.
Although the relationship between smoking and endometriosis is not yet clear, it is thought that
smoking can reduce the growth of endometriotic foci by reducing estrogens in the circulation.15
However, in a recent meta-analysis published by Bravive et al, there was no relationship found between
history of smoking or amount of daily cigarette consumption and endometriosis. 16
Furthermore, it is thought that lifestyle and eating habits may play an important role in the
development of endometriosis, due to its effects on tumor necrosis factor alpha (TNFα), interleukin 6
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and other inflammatory cytokines. Particularly in a recent study; dioxins, polychlorobiphenyls and
some pesticides, which are organic pollutants, have been reported to be found on an increased rate in
the omental and parietal fatty tissues of endometriosis patients.17 The relationship between physical
activity and endometriosis is not yet clear, thus long-chain omega 3 fatty acid consumption has been
found to be associated with a reduced risk of endometriosis.18
Although it is accepted as a benign disease, endometriosis and especially ovarian
endometriomas have been considered to have malignant potential in recent years. As a result of largescale studies, the incidence of ovarian carcinomas on the basis of endometriosis was reported to be
around 2%.19
Kumar et al. showed that approximately 19% of epithelial ovarian cancers were associated with
endometriosis.20 Melin et al. also reported an increased risk of endometriosis-related ovarian
carcinoma in young women with endometriosis. 21
The incidence of ovarian carcinoma related to endometriosis is around 2%.
It has been shown that endometriosis-related carcinomas are more likely to be unilateral while
carcinomas that are not associated with endometriosis are more likely to be bilateral and co-occurrence
with ascites.21 This situation can be explained by the fact that endometriosis-related carcinomas
originate from the cyst itself and that non-endometriosis-related carcinomas form de novo within the
cyst.
2. Mechanisms in Ovarian Cancers Associated with Endometriosis
2.1. Molecular, Immune and Genetic Mechanisms
Endometriosis is acknowledged as a benign disease, it has shown a similar to malignant tumors
characteristics; such as uncontrolled growth, neo-angiogenesis, local invasion and distant spread trait
etc22.There are many studies on endometriosis-related cancers and their molecular and immune
mechanisms.
Cancer cells typically show genomic instability23. Most of neoplasms are monoclonal, and
many studies have shown monoclonality in endometriosis as well

24,25

. Recently, several molecular

pathways have been proposed to explain the transformation from endometriosis to a typical
endometriosis and malignancy. Furthermore, many studies present that genetic and epigenetic changes
play a role in the pathogenesis of ovarian cancer which associated with endometriosis. According to
some studies, 50% of endometriosis lesions ovarian tumor pathogenesis (KRAS, PTEN, B-catenin /
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Wnt) contains genes in chromosomal regions somatic genetic changes specifically in endometrioid
histological subtype26-28. Otherwise, missing of BAF250 protein, increase in HNF-1β and loss of
estrogen receptors have been reported to be prevalent in a typical endometriosis. 29
Ovarian tumors are associated with endometriosis more similar to type 1 epithelial ovarian
cancers, but also, they are related with histopathologic types of endometrioid, clear cell, mucinous,
and low-grade serous carcinoma. 30
Somatic genetic alterations in chromosomal regions containing 50 % of endometriosis lesions genes
in ovarian tumor pathogenesis (K-RAS, PTEN, B-catenin / Wnt) are resulted particularly in the
endometriosis histological sub type. BAF250a protein damage, increase in HNF-1β and diminishing
of estrogen receptors are common in a typical endometriosis.
i) Heterozygosity Loss:
It is associated with the tumor suppressor genes revealed in endometriosis inactivation. Phosphatase
and Tensin Homolog (PTEN) gene inactivation due to loss of heterozygosity might be initiated the
transformation of endometriosis-related ovarian cancer at early stage 31.
ii) PTEN and K-ras: PTEN gene inactivation may play a part in the early malign transformation of
endometriosis. 23
PTEN gene inactivation is observed in clear cell and endometrioid ovarian carcinomas, whereas K-ras
mutation is particularly enroll malignant transformation of clear cell carcinoma.
PTEN mutation was shown in 8% of clear cell ovarian carcinomas and in 20% of endometrioid
ovarian carcinomas32. Dinulesco et al. described that in a rat model where endometrial morphology
was observed by stimulated PTEN deletion and K-Ras expression in the ovarian surface epithelium,
that suggest a relationship between endometriosis and malignant transformation with these genetic
changes33.
It has also been revealed that K-Ras mutation is not observed in normal endometriosis and atypical
endometriosis but noticed in malignant transformation of clear cell carcinoma. 27, 34
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iii) Tumor suppressor p53: Tumor protein 53 (p53) a tumor suppressor gene product, which acts as
a transcription factor that regulates cell cycle, function missing, or mutation is a critical problem on
development of ovarian cancer. 35 p53 chromosome loss has also been demonstrated severe /late stage
of endometriosis. 36
Type II epithelial ovarian tumors are composed of high-grade serous carcinomas may be related
with P53 tumor suppressor gene mutations. While p53 mutation was recognized in 30% of
endometriosis-related clear cell ovarian cancers, this mutation is not detected in endometriosis related
endometrioid type ovarian cancer and endometriosis 37.
p53 chromosome failure has been determined in severe /late stage endometriosis.
High grade serous carcinomas seen in Type II epithelial could be accompanied by P53 tumour
suppressor mutations.
iv) AT-rich interactive domain-containing protein 1A (ARID 1A): ARID 1A is a tumor suppressor
gene which encodes BAF250a protein involved in restructuring of chromatins with eukaryotic genome.
This complex is named as one of the accessory subunits of the SWI–SNF remodelling complex
that is responsible for cell proliferation, differentiation, tumour suppression and DNA repair process.23
ARID1A gene mutation and loss of expression of the BAF250a protein have been found a
useful marker for malignant transformation of atypical endometriosis 38, 39. However, there is still no
conclusive evidence about atypical endometriosis histopathologic correlation based on precursor
lesion or inflammation.
In case of mutation in ARID1A gene, repair or replication mistakes of damaged DNA may
develop and carcinogenesis could accelerate as well. Wiegand et al. reported that, ARID1A expression
is lost in 86% of all atypical endometriosis and non-atypical endometriosis. Furthermore, ARID 1A
mutation has been shown in both clear cell and endometriosis related endometrioid type ovarian
cancer. 40
BAF250a encoded by ARID1A expression loss might be a potentially useful marker to identify the
initiation of malignant transformation of atypical endometriosis.
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v) Other Genetic Mechanisms: β-catenin and Wnt/β-catenin pathway mutations are recognized in
endometrioid adenocarcinoma.40-41 There are often functional mutations appeared particularly in
PIK3CA (phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit alpha) and PTEN genes.
However, high-grade endometrioid carcinomas include TP53 mutations, whereas CTNNB1,
PIK3CA and PTEN mutations are absent 42. Early activation of the PI3K / ACT pathway is found in
endometriosis and endometriosis- associated ovarian carcinomas. 40% of clear cell carcinomas have
been reported with PIK3CA somatic mutation while 70% ARID1A deficiency has been reported in
those 43.
It has also been described that PIK3CA is mutated in the early stages of atypical
endometriosis.44 Besides, it has been reported that RUNX3 promoter methylation is at a higher
frequency in patients with endometriosis than that is in control patients and higher levels are in
endometriosis-related ovarian carcinoma rather than that is in benign ovarian endometriosis. RUNX3
methylation develops early period in the pathogenesis of endometriosis-related ovarian carcinoma 44.
Early activation of the PI3K / ACT pathway was associated with EOC.
eEF1A2, PTCH2, PPP1R1AB and XRCC5 genes were found to be more common at ovarian
clear cell carcinoma related endometriosis cases compared to non-cancer related endometriosis cases.
SPINTI, Keratin 8, FoxM1B, FOLR1, CRABP1 and Claudin-7 genes in endometriosis-related ovarian
carcinoma and ovarian cancers were more common than endometriosis or benign ovarian lesions,
while the StAR gene is seen less. In addition, hMLH1 methylation rates have been reported at a higher
rate in ovarian carcinoma associated with endometriosis than the benign ovarian endometriosis.
Proapoptotic activation factors BAX, BIM and γH2AX was found to be higher in endometriosis
than endometriosis related cancer. This can be considered as a barrier to prevent preinvasive
endometriotic lesions from carcinogenesis.
vi) Estrogens:
It has been associated with the development of many cancers especially breast, ovary and
endometrium cancers. Increased estrogen levels stimulate proliferation in endometrial cells. This may
be involved in malignant transformation of endometriotic cysts. The aromatase enzyme, which
converts androgens to estrogen, is not present in normal endometrial tissue, although high
concentrations are shown in endometriotic foci. In addition, 17-beta hydroxysteroid dehydrogenase
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type 2 enzyme which is found in the normal endometrium and inactivates estradiol by converting it to
estrone is not found in endometriotic foci, whereas 17-beta hydroxysteroid dehydrogenase type 1
enzyme which converts the estrone to estradiol, which is a more potent estrogen than estron, is found
in endometriotic foci. In addition, estradiol increases Prostaglandin E2 by stimulating the
cyclooxygenase 2 enzyme. In the study by O’Donnel et al. carcinogenic effects of estrogens in ovarian
cancer are reported to be via estrogen receptor (ER) alpha.53 It has been shown that levels of both ER
alpha and ER beta are increased in active foci compared to inactive endometriotic foci.

The enzyme 17-beta hydroxysteroid dehydrogenase type 1, which converts from estrogen to estradiol,
is found in endometriotic foci.

Hepatic nuclear factor beta, VEGF (vascular endothelial growth factor), PDGF (platelet
derived growth factor) levels have also been shown to increase in clear cell ovarian cancer and
endometriosis-related endometrioid ovarian cancer.55
In conclusion, although there are many studies on the possibility of endometriotic tissue
harboring mutations in critical genes in the stages up to the development of carcinogenesis, the actual
frequency and importance of these genetic mutations are not fully known. ARID1A, K-RAS, PTEN,
B-catenin / Wnt and microsatellite instability are believed to play an important role in endometriosisrelated ovarian cancer progression. Although ARID1A mutations are thought to be the basis of
endometriosis-related carcinogenesis, its clinical significance is still unknown.
3. Risk Factors in Ovarian Cancers Associated with Endometriosis
Although endometriosis is considered to be a benign disease, it is associated with some features
of malignant tumors such as tissue invasion, abnormal growth pattern, increased angiogenesis and
decreased apoptosis.56
Besides, atypical cells detected in many malignant tissues have been reported to be the primary
precursor cellular changes for endometriosis-related epithelial ovarian cancer (EOC).57 The incidence
of atypical endometriosis (AE) cells in endometriosis-related EOC varies between 20-80%. This great
variability of incidence is due to the lack of consensus in the pathological diagnosis of AE. 57
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Various risk factors have been accused in EOC developing based on endometriosis.58-60 These
factors include increased estrogenic activity, resistance to the anti-proliferative effects of progesterone,
increased levels of iron as a consequence of tissue oxidative mechanisms resulting with somatic
mutations. It is also thought that selective DNA damage may occur due to increased angiogenesis and
iron levels as a result of increased tissue oxidative stress.61
Although endometriosis is defined as a benign disease, it could present similar features to malignant
tumors. In particular, atypical cells are thought to play a role in endometriosis-associated EOC.

In particular, an estrogen-rich and progesterone-poor microenvironment has been reported to
increase the risk of endometrioid type carcinoma 35 while iron-dependent oxidative stress is associated
with clear cell type of ovarian cancer. 61
In addition to the aforementioned molecular mechanisms, it is also claimed that some of the
clinical parameters are also associated with increased risk of EOC. The risk of endometriosisassociated EOC is thought to increase with advanced age. 62 In particular, when women under 30 years
of age have been accepted as a reference, it is reported that women with endometriosis over 50 years
of age have a 4.97-fold increase in the risk of EOC.63 Also, studies reporting that endometrioma size
has also an effect on the development of EOCs. 63Furthermore, if the endometrioma diameter is 9 cm
or above, an increased risk of EOC has been reported. 63
Advanced age and size (> 9cm) might increase risk in endometriosis-associated EOC, while
endometriosis surgery reduces this risk. The effect of exogenous estrogen is contradictory.

Some studies investigating the relationship between endometriosis-associated EOC risk and
hormone use have reported that exogenous or endogenous estrogen use may increase the risk of EOC.
64

Also, obesity or unopposed estrogen use after hysterectomy is thought to be associated with the

increased risk of EOC.

65

In contrast, oral contraceptives used in the treatment of endometriosis

symptoms is known to reduce the risk of EOC. In particular, combined oral contraceptives use for over
10 years, might reduce the risk of EOC in women with endometriosis. 66, 67 Although, the relationship
between the use of gestagens or GnRH agonists usage and EOC it is not clear due to the insufficient
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number of patients, in the studies with the use of Danazol has been proposed to increase the risk of
EOK. 68
There are several opinions related to the course of endometriosis-associated EOC risk after
endometriosis surgery. In a study, it is reported that performing a unilateral oophorectomy or removal
of all visible endometriotic foci where ovaries are not affected is associated with reduced risk of
EOC.69
In another study, even if the other ovary was left in place when the other affected one is
extirpated, the risk is reported to be reduced. This is specifically explained by the reduction of AE cell
load and inflammatory process. 70, 71 However, there is no evidence about adding hysterectomy in the
presence of endometrioma reduces the risk of EOC. This could be interpreted that the risk of EOC is
already increased when endometrioma is detected and that adding a hysterectomy will not reduce this
risk. 69
In conclusion, advanced age, increased mass size, and estrogenic activity, increased oxidative
radicals are accused in the development of EOC associated with endometriosis. It is also reported that
these risks can be minimized by surgical removal of endometriotic foci.
4. Types of Ovarian Cancer Associated with Endometriosis
Epidemiological studies have demonstrated that endometriosis is associated with specific
subtypes of ovarian carcinoma, particularly with clear cell and endometrioid carcinoma.72-74 It is now
widely accepted in the literature that endometriosis is a direct precursor to the two specific ovarian
carcinomas above.
In a pooled analysis of case-control studies, the relationship between ovarian cancers and selfreported endometriosis was investigated in 13 case control series. According to the results of the
analysis, the self-reported endometriosis group had significantly higher incidence of clear cell ovarian
carcinoma, low-grade serous carcinoma, and endometrioid-invasive ovarian carcinoma compared to
the control group.75 There was no association found between endometriosis and mucinous ovarian
carcinoma, high-grade serous carcinoma, or borderline tumors.18
Clear cell ovarian carcinoma, low grade serous carcinoma and endometrioid invasive ovarian
carcinoma are more common in endometriosis patients.
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Scarfone et al. focused on endometrioid subtype of ovarian carcinoma in their study. They
reported that endometrioid carcinoma that is associated with endometriosis and endometrioid
carcinoma that is not associated with endometriosis have different clinical features. In addition, the
researchers in this study included patients with both endometriosis-related endometrioid carcinoma
and endometriosis-related clear cell carcinoma and consequently suggested that, unlike the cases that
are not associated with endometriosis, different histologic subtypes should be considered as two
different clinical entities, with the exception of higher prevalence in young women.76
Endometriosis-associated endometrioid carcinomas are usually diagnosed at an earlier stage
and are related with a high rate of concurrent endometrial tumors. In endometriosis-associated clear
cell tumors, patients usually have a clinical presentation with a pelvic mass without ascites, and a better
survival rates than cancers without an association with endometriosis. The reason may be the more
frequent follow-up of patients who have endometriosis, but due to the small sample size, it was not
possible to generalize the results. In another study, 41.4% of endometrioid carcinomas and 3.8% of
clear cell carcinomas were diagnosed with synchronous endometrial cancer. This may be due to the
high amount of estrogen in the disease, causing malignant proliferation of endometriotic cysts or
mutations in the ARID1A gene and loss of BAF250a expression. In addition, primary, asynchronous
tumors are more common in endometriosis-related cancers.77
BAF250a protein expression loss is seen in almost 42% of clear cell carcinomas. In a study, it
was reported that clear cell carcinoma originates from HNF-1β-positive epithelial cells and
endometrioid carcinoma originates from HNF-1β-negative cells.78
In conclusion, endometriosis is associated with an increased risk of epithelial ovarian cancer,
particularly endometrioid and clear cell subtypes.
High estrogen concentration, ARID1A gene mutation and increased oxidative stress due to iron
are associated with EOC in endometriosis.
5. Biomarkers in Endometriosis and Ovarian Cancers Associated with Endometriosis
The diagnosis of endometriosis may be delayed due to the variability of the signs and symptoms
of the disease. Currently, there are no reliable biomarkers that can be used in the diagnosis of the
disease. Although it is accepted as a benign disease, it is not possible to distinguish it from possible
malignancies resulting referral of patients to oncology centers might cause increased anxiety and
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possible unnecessary radical surgeries could lead to loss of fertility.

79

Currently, the only reliable

method for the diagnosis of endometriosis is the inspection of the abdominal cavity by laparoscopy
and histological examination of biopsies obtained from suspicious lesions. However, non-invasive
methods such as imaging modalities, genetic tests, serum or tissue biomarkers are being investigated
in the diagnosis due to the risks and cost of surgery that brings to the patient. 80
Currently, there is no reliable biomarker in the diagnosis of endometriosis. Laparoscopy is still
the most reliable method in the diagnosis of endometriosis.

In a review investigating the results of 122 biomarkers of more than 15,000 patients,
biomarkers from the family of hormones and cytokines such as activin A, folistatin, urocortin 1, IL-6,
IL-33 and TNF-alpha were studies and only data of 4 markers were analyzed after exclusion criteria
due to differences in analyzing methods and small sample sizes. The sensitivity for anti-endomysial
antibodies was 0.81 and specificity was 0.75, the sensitivity of interleukin-6 was 0.63 and its specificity
was 0.69, and the sensitivity for CA-19-9 was 0.36 and the specificity was 0.86. The sensitivity and
specificity for CA-125 were found to be 0.40 and 0.9, respectively. However, no marker was found to
be reliable in diagnosing endometriosis. 81, 82
The most studied antigen in the current literature is Ca-125. However, due to it may also
increase in ovarian cancer, inflammation, gynecologic and gastrointestinal system diseases, there is no
evidence of using Ca125 alone in the diagnosis of endometriosis. 79, 83 In a meta-analysis comprised
of more than 1500 patients, the sensitivity and specificity of Ca125 were reported as 52.4% and 92.7%,
respectively in the diagnosis of endometriosis. The results >30 IU may be considered sufficient to
support the diagnosis in symptomatic patients, whereas its utilization as a screening test is not
recommended. 84
The most commonly studied tissue biomarker is a family member of ubiquitin hydrolase
proteins called Protein gene product 9.5 (PGP 9.5). Although it was thought to be a good biomarker,
(98-100% sensitivity and 85-100% specificity), recent studies have shown that PGP 9.5 is not
sufficient for the diagnosis of endometriosis. 85, 86
In parallel with advances in the field of genetics in recent years, miRNAs which are non-coding
RNA ones with 18-22 nucleotides in length were investigated and it is claimed that they could be
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involved in angiogenesis, inflammation, abnormal cell differentiation and invasion causing
endometriosis and infertility. 87 It is also found that various miRNA types could increase or decrease
in patients with endometriosis.88 However, there is not enough reliable data to be used in the diagnosis
of the disease because they may be affected by cardiovascular diseases, cancer or stress.

89

Also,

specifically, thanks to new technologies that enable multiple molecules to be screened at the same time
in the diagnosis of complex diseases, recent studies are focused on omics (genomics, transcriptomics,
proteomics, metabolomics, etc.) biomarkers. 90 Moreover, in whole genome-wide association studies
(GWAS) are investigated the changes in the genome that could be associated with a particular disease,
and it was thought that detection of single nucleotide polymorphisms (SNP) could be effective in the
diagnosis of chronic complex diseases. 91 In a meta-analysis evaluating GWAS studies of European,
American and Japanese patients with stage 3-4 endometriosis, 6 genome region (7p15.2, WNT4,
VEZT, CDKN2B-AS1, ID4, and GREB1) SNP changes were detected. However, as the studies on the
subject may vary with the societies and disease stage, there is not enough reliable data have been found
yet. Besides, in a review of markers obtained from menstrual fluids and endometrial tissues; markers
such as CYP19, TIMP-1, and VEGF were found to be significant, but there was insufficient evidence
to use them for screening purposes. 92
In recent years, there are studies on increased levels of HE4 (human epididymis protein, a
member of the Whey acidic protein family) 4) in the differential diagnosis of malignant and benign
adnexal masses and also in EOC.

93, 94

The sensitivity of HE4 to differentiate ovarian endometriosis

from other EOCs in premenopausal patients was found to be 82.1% and specificity was 100%. 93
Although HE4 levels were independent of the menstrual cycle as opposed to Ca 125, it was
claimed that age (> 55 years)

95.96

, postmenopausal status, presence of advanced ovarian cancer,

impaired renal function and smoking could affect the level of HE4. 97 As an important advantage of
HE4, it has been shown to increase 5-8 months before Ca125, especially in detecting recurrences in
postoperative EOC follow-up periods. 98
Recently, in addition to serum markers, various researches are performed especially on tissue
markers.

99

In a study, endometriosis-related EOC showed a 40% loss of ARID1A gene expression

which is defined as a proto-oncogene. 99, 100 Loss of ARID1A expression was also detected in typical
and atypical endometriosis tissues. 101
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Ca 125 which is the most studied biomarker in the diagnosis, it is reliability is still limited.
HE4 may be effective in differentiating malignancy especially in premenopausal patients.

In conclusion, the biomarkers studied in the diagnosis of endometriosis and endometriosisassociated EOC were not reliable due to small numbers of case series, different study designs,
heterogeneous laboratory methods, and high bias rates.
6. Prognosis in Ovarian Cancers Associated with Endometriosis
According to FIGO ovarian cancer staging system, early stage and low grade means an increase
in 5-year survival 102. Endometriosis related ovarian cancer has been diagnosed at an early age, with a
lower stage and grade, therefore it is thought to have a better prognosis 103.
The study of Komiyama et al suggested that when ovarian cancer stage was discarded from
being variable, endometriosis related ovarian cancers have a better prognosis. However, in the other
studies no significantly difference has been shown between endometriosis related or nonendometriosis related ovarian cancer in terms of 5-year survival 77,103,104.
The chance of early diagnosis of endometriosis-related ovarian cancer may provide better
prognosis than ovarian cancers unrelated to endometriosis

42

. Since endometriosis represents tissue

with well differentiation, it is not associated with aggressive oriented cancer prognosis. %13 of
endometriosis related ovarian cancers are endometrioid carcinoma and the high sensitivity of this
histological type to chemotheraphy provides advantage in prognosis 42.
Paik et al. studied the endometriosis related and unrelated ovarian cancers in terms of progression and
survival and compared stage, age, lymph node metastasis, Ca125 level and postoperative residue in
these groups. Both progression and survival showed significantly better prognosis in endometriosis
related ovarian cancers. However, there was no significant difference in terms of survival in
multivariate analysis 105.
In conclusion, the association between ovarian cancer and endometriosis is not accepted as a
poor prognostic factor.
Endometriosis related ovarian cancers can be diagnosed at an early stage. Association with
endometriosis may have better prognosis in ovarian cancer.
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7. Endometriosis and Non-Gynecological Cancers
The relationship between endometriosis and non-gynecological cancers has been shown in very
few studies in the literature contrary to a large number of strong studies showing the relationship
between endometriosis and ovarian carcinoma.21, 106, 107 The most common of these are breast cancer,
thyroid cancer, melanoma/non-melanoma, and non-Hodgkin's lymphoma.
7.1. Endometriosis and Breast Cancer
The relationship between breast cancer and endometriosis is still controversial due to studies
reporting positive relationship,108-110 negative relationship,69, 111, 112 and no relationship.21, 74, 113-115 The
relationship between endometriosis and breast cancer, which was revealed in a meta-analysis by
Gandini et al. in 2018, was investigated in 6000 breast cancer female patients with endometriosis. A
total of 32 studies were included in the meta-analysis: 17 were cohort design, 13 were case-control
studies and two were cross-sectional studies. In studies included in the meta-analysis, the
endometriosis was diagnosed surgically, clinically by an expert during an outpatient examination,
through scanning the hospital database and based on patients' statements in patients evaluated for
infertility. According to this meta-analysis, there was no relationship between endometriosis and breast
cancer.

116

In a retrospective cohort study carried out in Finland, which included a total of 49933

patients with surgically confirmed endometriosis, the risk of breast cancer was reported to be the same
as in the normal population and this rate did not differ between endometriosis sub-types. Similarly,
rates were found to be similar for ductal and lobular breast cancer. In this study, there was a higher
risk of breast cancer particularly in the age groups of 20–29 and 30–39. According to the analysis,
increased incidence of breast cancer in young ages was attributed to the fact that young endometriosis
patients were extremely symptomatic and they, therefore, received frequent treatment. These
treatments may cause additional risk factors for breast cancer. 114
Data from different studies are not consistent with each other. Brinton et al. reported in their
study that the risk of breast cancer was higher in patients with pelvic endometriosis compared to
patients with endometriosis. 117
Similarly, Williams et al.

108

emphasized the increased risk of in-situ breast cancer although

they indicated no increase in total breast cancer rates. Mogensen et al. 118 reported an increased risk in
patients with endometriosis who were older than 50 years of age. In a study by Chuang et al.
investigating the data of 4884 patients with breast cancer, the risk of breast cancer was emphasized to
increase significantly in patients with endometriosis and there was a need for further studies with
greater population. 110
Relationship Between Endometriosis and Cancer
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However, in contrast to these studies, Farland et al. 119 found no increased risk of breast cancer
in premenopausal or postmenopausal patients in their prospective study. Interestingly, Gemmill et al.
emphasized low incidence rates for breast cancer in patients with endometriosis.
In that study, the authors suggested that the high breast cancer risk due to hormonal therapy
used in patients with endometriosis might be reduced by high rates of oophorectomy. 111
According to Savalanien et al. 114, patients with endometriosis and young patients with breast
cancer may share similar risk factors. Genetic factors included in these risk factors and breast cancer
genes 1 and 2 (BRCA1-2) may explain young patients with breast cancer among patients with
endometriosis.120
No direct relationship has been found between endometriosis and breast cancer in the
researchers conducted so far. Both diseases share common risk factors such as infertility,
nulliparity and early menarche.
It has been further reported in the current literature that low body mass index and oral
contraceptives used in patients with symptomatic endometriosis may be responsible for breast cancer
in young patients.

114

Studies have reported that the increase in the rate of in situ cancer in the age

range of 40-59 may be due to the more frequent application of imaging techniques for endometriosis
patients over the age of 40 compared to the normal population. 108
Estrogen hormone is held responsible for the development of breast cancer and both diseases
occur when this hormone reaches higher levels.
7.2. Endometriosis and Thyroid Cancer
A total of five studies on thyroid cancer was investigated and the data obtained from four of
these studies were interpreted as there was a moderate positive relationship between endometriosis and
thyroid cancer,69, 107, 117, 121 however, Melin et al. found no relationship between endometriosis and
thyroid cancer in their study carried out in 2010. 69
The complex relationship of estrogen-progesterone hormones should be considered in the
development of breast cancer in the presence of endometriosis. Regular breast examinations
are still applicable to all women regardless of the presence of endometriosis.
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In a study by Brinton et al. where the types of cancer seen in infertile patients were investigated,
the relative risk of thyroid cancer was found to be 4.65 when endometriosis was considered as the
primary cause of infertility, however, the relative risk was reported as 2.89 when endometriosis was
considered as the secondary cause of infertility. 117
The increased thyroid cancer risk in patients with endometriosis can be explained by unstable
estrogen metabolism and autoimmunity.121 Estrogen can increase the invasiveness, migration and
proliferation of thyroid cancer. It has been further suspected that progesterone may play a key role in
the development and growth of thyroid cancer. 121
However, the relationship between exogenous hormonal therapy and thyroid cancer has not
been demonstrated yet.

122

Furthermore, thyroid peroxidase antibodies were found to be higher in

patients with endometriosis compared to healthy individuals. 121,122
Estrogen can increase proliferation, adhesion and invasion of thyroid cells under in vitro
conditions.
7.3. Endometriosis, Melanoma and Other Skin Malignancies
Six of 10 studies investigating the relationship between endometriosis and melanoma were
reported that there was a positive relationship between them,

21,69, 107, 111, 123

, however, three studies

reported no relationship 21, 117, 122 and one study reported a negative relationship.124 In a cohort study
carried out in 2014, there was a moderate risk between various colored pigmented skin lesions, nevus
density, melanoma family history, and endometriosis, and it was emphasized that there was uncertainty
about the underlying mechanism. 125
A prospective study carried out in France in 2007 showed that there was a significantly
increased risk of melanoma in 5959 patients with endometriosis.

126

Similarly, in an 18-year

prospective study in 2017, endometriosis has been reported to have an increased correlation with all
skin cancers and it has been shown that there was a higher risk of melanoma development rather than
squamous cell cancer when the sub-types were taken into consideration. 123
In a meta-analysis by Gandini et al., the relative risk between melanoma and endometriosis
was found to be 1.30 in 10 independent studies examining more than 500 melanoma patients with
endometriosis. Significant results were reported in only one of the four studies in basal cell carcinoma
which is one of the non-melanoma skin cancer types. 116
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The relationship between endometriosis and melanoma has not yet been clarified due to the
diversity of skin lesions and the apparent phenotype characteristics (e.g. white race or ginger
hair) of endometriosis patients.
7.4. Endometriosis and Non-Hodgkin's Lymphoma and Other Non-Gynecological Cancer Types
In three of the five studies, a positive correlation was reported between Non-Hodgkin's
lymphoma and endometriosis 21, 117, 123, 124, however, one reported a negative relationship 69 and one
reported no relationship 111. Melin et al. reported that endometriosis was a good prognostic factor for
non-Hodgkin's lymphoma. 69 It has been suggested that patients with endometriosis are less exposed
to human papillomavirus (HPV) due to its relationship with endometriosis and thus, the development
risk of pharyngeal and oral carcinomas is reduced by 40%. Pancreatic cancer was observed to decrease
in patients with endometriosis. 114-122
8. Association Between Adenomyosis and Endometrial Cancer
Adenomyosis which is a benign gynecological disease which is characterized by the presence
of endometrial gland and stroma in the myometrium and accompanied by hyperplasia and hypertrophy
in the surrounding myometrium. Although malignancy occurs in approximately 1% of endometriosis
cases, malignant transformation is rarer in adenomyosis.

127

Goumenou et al. demonstrated loss of

cellular heterozygosity in adenomyosis for the first time.128
There are some clinical symptoms of endometrial adenocarcinoma in the background of
adenomyosis including abnormal uterine bleeding, menorrhagia, anemia and weight loss. 129 Malignant
transformation of adenomyosis usually occurs in postmenopausal women, however, it is very rare in
premenopausal patients. 130 Although it has been suggested that adenomyosis associated with uterine
leiomyoma and/or endometrial polyp as a precursor to malignancy, there is not enough evidence. 131,132
Although adenomyosis has malignant features such as rapid growth, angiogenesis and
invasion, progression to malignancy is rare. 129
Genetic changes, inactivation of specific tumor suppressor genes and mutations may be
effective factors. In the study of Goumenou et al., it was stated that loss of heterozygosity may be
influential in the initial stages of adenomyosis. 128
In addition, the DNA mismatch repair genes including hMSH2 and hMLH1, p16INK4
(CDKN2A, cyclin-dependent kinase inhibitor 2A) and GALT (galactose 1 phosphate
uridyltransferase) genes have also been implicated in the development of adenomyosis. 128 Loss of
heterozygosity in chromosome regions such as 2p22.3-p16.1 and 3p24.2-p22 which codes DNA
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mismatch repair genes (hMSH2, hMLH1), may be associated with cancer predisposition in
adenomyosis. 128
Malignant transformation of adenomyosis usually occurs in postmenopausal women. However,
the risk factors that cause malignant transformation are not yet clear. 133
Furthermore, in ectopic endometrial tissue in the adenomyotic focus, bcl-2 expression decreased in
contrast to normal endometrial tissue. In addition, progesterone receptor in adenomyosis shows
epigenetic variation due to methylation in the promoter region. Progesterone receptor B isoform is
hypermethylated in adenomyosis and its expression is decreased simultaneously.

134

Currently,

malignant transformation of adenomyosis is thought to be due to endometrial epithelial transmission.
It is also thought that malignant transformation may begin with the transformation of the endometrial
epithelium into monolayer tumor cells. However, the specific molecular mechanisms of adenomyosis
and the risk factors for malignant transformation are still unclear. 127
Malignant transformation of adenomyosis usually occurs in postmenopausal women. However,
the risk factors causing malignant transformation are not clear yet.
In summary, ovarian cancers associated with endometriosis are rare. Various molecular,
immune, genetic and environmental factors have been blamed in the etiology. Risk factors include
advanced age, mass size, increased estrogenic activity, increased oxidative radicals have been blamed
and endometriosis surgery has been reported to minimize these risks. Epidemiological studies have
often reported that endometriosis may be associated with clear cell and endometrioid type ovarian
carcinoma. Although there is no clear biomarker to date, HE4 and ARID1A seems to be promising. It
is thought to have a better prognosis than other EOCs because of early diagnosis. In addition, there is
not a close association between endometriosis and non-gynecologic cancers.
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