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Abstract | Endometriosis is defined as the presence of endometrial-type mucosa outside the uterine cavity. 

Of the proposed pathogenic theories (retrograde menstruation, coelomic metaplasia and Müllerian remnants), 

none explain all the different types of endometriosis. According to the most convincing model, the retrograde 

menstruation hypothesis, endometrial fragments reaching the pelvis via transtubal retrograde flow, implant 

onto the peritoneum and abdominal organs, proliferate and cause chronic inflammation with formation of 

adhesions. The number and amount of menstrual flows together with genetic and environmental factors 

determines the degree of phenotypic expression of the disease. Endometriosis is estrogen-dependent, 

manifests during reproductive years and is associated with pain and infertility. Dysmenorrhoea, deep 

dyspareunia, dyschezia and dysuria are the most frequently reported symptoms. Standard diagnosis is 

carried out by direct visualization and histologic examination of lesions. Pain can be treated by excising 

peritoneal implants, deep nodules and ovarian cysts, or inducing lesion suppression by abolishing ovulation 

and menstruation through hormonal manipulation with progestins, oral contraceptives and gonadotropin-

releasing hormone agonists. Medical therapy is symptomatic, not cytoreductive; surgery is associated with 

high recurrence rates. Although lesion eradication is considered a fertility-enhancing procedure, the benefit 

on reproductive performance is moderate. Assisted reproductive technologies constitute a valid alternative. 

Endometriosis is associated with a 50% increase in the risk of epithelial ovarian cancer, but preventive 

interventions are feasible.
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Introduction

Endometriosis is defined as the presence of endometrial 
glands and stroma outside the uterine cavity, predomi-
nantly, but not exclusively, in the pelvic compartment. 
It is an estrogen-dependent chronic inflammatory con-
dition that affects women in their reproductive period, 
and is associated with pelvic pain and infertility.1 Deter-
mination of prevalence and incidence figures has been 
hampered by exclusive reliance upon surgical visualiza-
tion of lesions for a definite diagnosis. Analysing the 
hospitalized instead of the general population presum-
ably distorts estimates.2–4 Moreover, it is unclear whether 
the presence of ectopic endometrium, independently of 
lesion severity or clinical picture, always constitutes a 
pathological condition. A general consensus exists that  
the presence of symptoms or of lesion progression  
that mandates investigation and possibly treatment 
define ‘endometriotic disease’, whereas, in the opinion of 
some experts, very limited forms of endometriosis may 
occasionally be considered a paraphysiologic or tempo-
rary histologic phenomenon.5–7 The prevalence of endo-
metriotic disease seems to be ~5%, with a peak between 
25 years and 35 years of age.4,5 A 0.1% annual incidence 
of endometriosis among women aged 15–49 years has 
been reported.8 The disease seems frequent in adolescent 
women with chronic pelvic pain.9

A prospective, multicentre survey conducted in 10 
European countries demonstrated that the average 
annual total cost per patient with endometriosis in 2008 
was almost €10,000, including health care as well as 
loss of productivity costs.10 Affected women have been 
estimated to lose ~10 h of work weekly, mainly owing 
to reduced effectiveness whilst working.11 In the USA, 
women with endometriosis incur total medical costs 
that are 63% higher (US$706 per month) than those 
of average woman ($433) in a commercially insured 
group.12 Also in the USA, two-thirds of patients with 
endometriosis received an endometriosis-related sur-
gical procedure within 1 year of the initial diagnosis.12 
In Canada, the estimated mean annual cost of endo-
metriosis in 2009 was $5,200 per patient, yielding an 
extrapolated total annual cost to Canadian society of 
$1.8 billion.13 Although overestimation of costs cannot 
be excluded, endometriosis clearly constitutes a substan-
tial burden not only on the health-related quality of life 
of individual women, but also on the finite health-care 
resources of national health systems.

Pathogenesis

The pathogenic hypothesis supported by the most 
robust evidence is based on the so-called retrograde 
menstruation phenomenon.1,14 Viable endometrial frag-
ments are driven through the fallopian tubes, possibly 
by a pressure gradient originating from dys-synergic 
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uterine contractions. Once they reach the peritoneal 
cavity, they can implant, grow and invade onto pelvic 
structures. The likelihood of this event is influenced 
epidemiologically by any menstrual, reproductive or 
personal factor that would augment pelvic contamina-
tion by regurgitated endometrium,15–37 such as early age 
at menarche or a long duration of menstrual flows, and 
biologically by any alteration at the molecular level that 
favours the stepwise process of cell implantation and 
growth at ectopic locations (Figure 1).4,38–61

Women’s reproductive and menstrual patterns have 
greatly changed in today’s affluent Western nations 

Key points

 ■ Endometriosis is characterized by the presence of ectopic endometrium causing 

pain, infertility or lesion progression; it affects ~5% of women of reproductive age, 

with a prevalence peak between 25 years and 35 years of age

 ■ Interaction of the number and amount of menstrual flows with genetic and 

environmental factors seems to determine the likelihood of development as well 

as the phenotypic manifestation of the disease 

 ■ Although pain can be managed via pharmacological inhibition of ovulation and 

menstruation, lesions are not eradicated; surgery is generally associated with pain 

relief, but its benefit is often temporary

 ■ Medical therapy for infertility is inefficacious, whereas laparoscopic elimination of 

endometriotic lesions and adnexal adhesions increases the chances of conception 

moderately; in vitro fertilization is a valid alternative to surgery 

 ■ Endometriosis is associated with a 50% increase in the risk of ovarian 

cancer; preventive interventions are possible, but screening of patients with 

endometriosis for ovarian cancer is presently not justified

 ■ Primary prevention of endometriosis is not currently feasible; treatment should be 

tailored to fit individual needs, and a shared decision-making approach between 

patient and clinician is encouraged

compared with those of our ancestors. Decrease in age 
at menarche, in number of pregnancies, in duration 
of breastfeeding, and delay of first birth, all lead to an 
increase in the overall number of ovulations and men-
struations a woman has within a reproductive life-span. 
Monthly menstruation for decades on end is not the his-
torical norm. Thus, the likelihood of developing a disease 
directly caused by menstruation might be greater now-
adays.62 Indeed, regular and abundant menstrual flows 
increase the risk of endometriosis.4,17

Familial aggregation of endometriosis is firmly estab-
lished in humans and nonhuman primates.18,25,63 The 
disease has a complex genetic aetiology requiring the 
interaction of several genetic variants and environmental 
factors. Genetic factors contribute about half of the vari-
ation in endometriosis risk, with an estimate of heredit-
ability of 51%.63 Meta-analyses of the few genome-wide 
association studies performed in the past few years have 
provided evidence of a robust association of endometrio-
sis with seven risk loci.63,64 Of particular interest for their 
gene-based ranking, known pathophysiology and prox-
imity to single nucleotide polymorphisms with genome-
wide significance, the WNT4, CDKN2B-AS1 and GREB1 
genes are strong targets for further studies on endo-
metriosis. WNT4 encodes a member of the wingless-
type MMTV integration site family, which is important 
for the development of the female reproductive tract  
and for steroidogenesis. The CDKN2B-AS1 gene is 
located in the second-densest gene desert for predicted 
enhancers in the human genome and is transcribed in 
a long non coding RNA in the antisense orientation of 

Menstrual and reproductive factors
■ Parity
■ Age at menarche (early)
■ Menstrual cycle length (short)
■ Duration of flows

Epidemiological factors

Constitutional factors
■ Family history
■ BMI
■ Freckles
■ Nevi

Personal habits
■ Alcohol drinking
■ Diet: inconsistent
■ Smoking: no effect
■ Regular exercise

Altered steroid biosynthesis
and receptor response
■ Increased ERβ expression
■ Increased aromatase expression
■ Perturbations in progesterone signal 
 intermediates: HOXA10, FOXO1, NF-κB,
 Hic-5, NCoR2
■ 17β-hydroxysteroid dehydrogenase-2 deficiency

Molecular and cellular alterations

Increased invasiveness and vascularization
■ Upregulated MMP expression
■ Increased peritoneal VEGF
■ Overactive AKT
■ Recruitment of Tie-2 expressing macrophages

Inflammatory response
■ Production of chemokines: RANTES, 
 MCP-1, IL-8
■ Recruitment of alternatively activated
 macrophages
■ Increased peritoneal IL-6, TNF
■ Engagement of NF-κB-dependent pathway
■ Accumulation of iron and ROS production

Figure 1 | Epidemiological factors and molecular mechanisms involved in endometriosis development. Viable endometrial 
fragments are driven through the fallopian tubes by retrograde menstruation owing to a pressure gradient originating 
possibly from dyssynergic uterine contractions. Once they reach the peritoneal cavity, they can implant, grow and invade 
into pelvic structures. The likelihood of this event is influenced epidemiologically by any menstrual, reproductive or 
personal factor that augments pelvic contamination by regurgitated endometrium, such as early age at menarche or a long 
duration of each menstrual flow. Biologically, the likelihood of this event is influenced by any alteration at a molecular level 
that favours the stepwise process of cell implantation and growth at ectopic locations. Arrows indicate risk direction. 
Abbreviations: ERβ, estrogen receptor β; FOXO1, forkhead box O1; HOXA10, homeobox A10; MCP-1, monocyte chemotactic 
protein 1; MMP, matrix metalloprotease; NCoR2, nuclear receptor corepresssor 2; NF-κB, nuclear factor κB; ROS, reactive 
oxygen species; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor. 
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the CDKN2B and CDKN2A gene cluster that encodes 
three tumour suppressor proteins: p15, p16-INK4a and 
p14ARF. GREB1 encodes an early-response gene in the 
estrogen receptor-regulated pathway.63,64

Estrogens fuel ectopic endometrium growth, and alter-
ations of estrogen signalling have been associated with 
the disease.53,65 Estradiol is available to promote growth of 
ectopic tissue via that produced from the known steroido-
genic organs and also that produced locally by the expres-
sion of aromatase in the endo metriotic implants.38,39 The 
ectopic tissue has been consistently shown to express 
different levels of estrogen receptor (ER) α and β than 
eutopic tissue, with ERβ present in markedly higher 
levels in ectopic tissue.45,48,51,65 Deficient methylation of 
the promoter of the gene that encodes ERβ has been sug-
gested to result in pathological overexpression of ERβ in 
endometriosis, which in turn suppresses ERα expres-
sion and diminishes estradiol-mediated induction of the 
progesterone receptor in endometriotic cells.45,65 This 
mechanism is thought to contribute to the resistance to 
selective actions of progesterone in these cells, which is 
manifested by per turbations in a number of downstream 
progesterone target genes.47

Progesterone normally triggers a uterine endo metrial 
response characterized by inhibition of estrogen- 
dependent proliferation of epithelial cells, secretory mat-
uration of the glands, and transformation of stromal cells 
into specialized decidual cells. Moreover, progesterone 
transiently induces a receptive phenotype in endometrial 
epithelial cells essential for embryo implantation. As a 
consequence of progesterone resistance, genes critical 
to these events, such as prolactin for decidual response66 
or glycodelin for embryo implantation,67 are dysregu-
lated in the endometrium of affected women.47 On the 
other hand, inflammation secondary to endo metriosis 
could induce progesterone resistance by altering the 
progesterone signalling pathway though mechanisms of 
competition or interference with pro inflammatory tran-
scriptional factors. Several signal intermediates, such as 
the chaperone protein FKBP4 or the co-regulator Hic-5, 
are perturbed in endo metriosis.55,59 Thus, it cannot be 
excluded that the inflammatory response to the ectopic 
cell implantation may con tribute to the dynamic steroid 
hormone expression demonstrated in some lesions. The 
steroid perturbation is also critical for the entire step-
wise process of endometriotic lesion formation, which 
has been shown to involve tissue-adhesive properties, the 
activity of matrix metalloproteinases and the triggering 
of an angiogenic response (Figure 1).53

Inflammation is another typical feature of endo-
metriosis, as the presence of ectopic tissue in the peri-
toneal cavity is associated with overproduction of 
prostaglandins, cytokines and chemokines.40,42,43,50,61,68,69 
Macrophages infiltrating the ectopic lesions express 
typical markers of alternative activation, favouring the 
growth of the lesions and promoting their angio genesis.54 
The macrophage NF-κB-dependent pathway is also 
engaged,70 with transactivation of responsive gene ele-
ments controlling angiogenesis and tissue remodelling.71 
Moreover, macrophages are endowed with the ability 

to internalize and recycle iron derived from refluxed 
erythro cyte breakdown.72 Indeed, macrophages in the 
peritoneal cavity of affected women are known to accu-
mulate iron, probably as a result of excessive pelvic blood 
collection.49,52 Nonprotein bound, catalytic iron increases 
the generation of reactive oxygen species, which in turn 
favours the progression of endometriosis via peritoneal 
damage, exposure of submesothelial connective tissue, 
neoangiogenesis, and enhanced endometrial cell pro-
liferation.44,49,60 The pathogenic theories supported by 
current scientific evidence are summarized in Box 1.

Pathology and pain symptoms

Pelvic endometriotic lesions have been schematically sub-
divided into superficial peritoneal implants (Figure 2a), 
ovarian cysts (endometrioma; Figure 2b) and deep 
nodules or plaques (which can individually involve and 
infiltrate the parametria, Douglas pouch, anterior rectal 
wall, posterior vaginal fornix, antero- uterine pouch, 
bladder detrusor, ureters and sigmoid colon; Figure 2c). 
Controversy exists on a single versus diverse origin of 
the three lesion types.73,74 Endometriomas show distinct 
anatomical characteristics not shared by other benign 
ovarian cysts, and have been defined as pseudo cysts, 
because they are formed by an extraovarian haematoma, 
surrounded by duplicated ovarian parenchyma.75 This 
finding explains why surgical ‘enucleation’ of the pseudo-
capsule actually implies removal of part of the gonadal 
cortex, follicle loss and reduction of the ovarian reserve.76 
According to some experts, ovulation is crucial in the 
development of endometriotic cysts.77,78

Endometrial fragments refluxed through the tubes 
generally implant in the pelvis following the principle 
of gravity in women in the standing or sitting position. 
This fact explains the frequent involvement of the deepest 
portion of the Douglas pouch. Moreover, the distribu-
tion of lesions onto bilateral organs (ovaries, ureters, 

Box 1 | Current theories on endometriosis pathogenesis

Retrograde menstruation

The most accepted theory. Endometriosis derives  

from the reflux of endometrial fragments regurgitated 

through the fallopian tubes during menstruation with 

subsequent implantation on the peritoneum and the ovary.

Endometrial stem cell implantation

An expansion of the previous theory. Endometrial epithelial 

progenitor cells and mesenchymal stem-cell-like cells 

together with their niche cells are shed into the peritoneum 

via retrograde menstruation establishing ectopic implants.

Müllerian remnant abnormalities

Mostly suggested for endometriosis infiltrating the cul-de-

sac and uterosacral ligaments. Aberrant differentiation or 

migration of the Müllerian ducts could cause spreading 

of cells in the migratory pathway of fetal organogenesis 

across the posterior pelvic floor.

Coelomic metaplasia

Still supported for ovarian endometriosis. The coelomic 

epithelium covering the ovary and the serosa of the 

peritoneum could undergo a metaplastic change 

into endometrium.
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ascending and descending colon, round ligaments and 
sciatic nerves) is asymmetrical, probably as a result of 
anatomical differences in the right and left hemipelves 
that facilitate implantation on one side. As an example, 
the left ovary and ureter are more frequently involved 
than the right ones.79 Endometriotic lesions are observed 
in several other organs, including the liver, diaphragm, 
pleura, lung and umbilicus, although much less frequently 
compared with pelvic structures.

The two most frequent pain symptoms caused by endo-
metriosis are dysmenorrhoea (80%) and deep dys pareunia 
(30%).80–82 Dyschezia, dysuria and inter- menstrual pelvic 
pain are referred less frequently, and are usually associated 

with, respectively, rectal and blad der lesions or ovulation.83 
A correlation has been demon strated between lesion site 
and pain type.84 As an example, deep dyspareunia has 
been associated with deep lesions infiltrating the utero-
sacral and cardinal liga ments, the pouch of Douglas, the 
posterior vaginal for nix and the anterior rectal wall.81,83–85 
Dysmenorrhoea generally also shows a functional origin, 
as it is based on excessive intraperitoneal prostaglandin 
production by ectopic endo metrium, causing myometrial 
hypertonus and se condary ischaemia.80,86

Moreover, some women with endometriosis experience 
hyperalgesia, which is the occurrence of excruciating pain 
when a nonpainful stimulus is applied. Hyperalgesia is 
characteristic of neuropathic pain, usually related to nerve 
injury or inflammatory stimuli. In women with deep 
endometriosis, the sensory nerve fibres are frequently 
invaded by endometriotic stromal cells,87,88 and several 
mediators such as histamine, tryptase, prostaglandins, 
serotonin and nerve growth factor, are abnormally syn-
thesized and released by activated macrophages, mast 
cells and leukocytes within the endometriotic lesions, 
around sensory nerve fibres and in the peritoneal 
fluid.86,87,89 Owing to the chronic inflammatory environ-
ment caused by ectopic endometrium, a vicious cycle 
might develop that promotes nociceptor sensitization, 
neurotrophism, local neo-neurogenesis and activation of 
sensory nerve fibres, with resulting hyperalgesia.86 Finally, 
the presence of endometriosis can be associated with 
increased pain perception,90 owing to abnormal modula-
tion of nociceptive input with an increase in the intensity 
of the neural signal ascending to the cerebral cortex.91–93

Diagnosis and classification

With the exception of vaginal endometriosis, obtaining a 
histological diagnosis requires surgery and, at that point, 
removal of the lesions is unavoidable. In fact, the thera-
peutic starting point of most women with endometri osis 
is a surgical procedure. However, whenever possible, 
diagnosis of and surgery for endometriosis should be 
clearly distinguished.94 Some experts believe that endo-
metriosis can be suspected and should be diagnosed even 
in the absence of a histological confirmation,95 and sur-
gery should not be mandatory if clear therapeutic bene-
fits of the intervention cannot be foreseen. This option is 
included in some but not all international guidelines.96,97

Adhesions and superficial peritoneal implants do actu-
ally need surgery to be documented, but ovarian endo-
metriomas and deep invasive nodules can be reliably 
identified with the use of noninvasive diagnostic tools. 
Gynaecologic bimanual examination can easily detect 
rectovaginal plaques, and transvaginal ultrasonography 
is highly accurate in diagnosing ovarian endo metriomas, 
deep nodules and bladder detrusor lesions.98–100 Recto-
sigmoidoscopy, barium enema, MRI and urinary appara-
tus imaging may be of help in selected circumstances.101 
The role of serum CA-125 levels assessment in primary 
diagnosis is undefined.

The combination of symptoms, signs and ultrasono-
graphic findings is generally reliable in the nonsurgi-
cal diagnosis of endometriosis.95 In doubtful cases, an 

a

c
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Uterus

Uterus

Chocolate
fluid

Cervix

Vaginal
endometriosis

Sigmoid
colon

Peritoneal
endometriosis

Left ovarian
endometrioma

Right
ovary

Figure 2 | Visual examples of the most frequent forms of 
endometriosis. a | Endometriotic bluish peritoneal implants 
on both the medial and lateral aspects of the right utero-
sacral ligament, in the postero-uterine Douglas pouch.  
b | A left ovarian endometrioma. The cyst has been  
opened and the margins are held with two atraumatic 
microforceps. The wall of the pseudocavity is covered with 
thick, tarry old blood (chocolate fluid), which also fills the 
deepest portion of the Douglas pouch. c | Endometriotic 
nodules in the retrocervical area. Distinct bluish 
endometriotic lesions infiltrate the posterior vaginal fornix.
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empiric diagnostic trial with gonadotropin-releasing 
hormone (GnRH) agonists may be considered before 
resorting to laparoscopy. In fact, symptoms caused by 
endometriosis generally subside promptly during GnRH 
agonist treatment, owing to induced hypoestrogenism. 
However, symptoms relief is suggestive of ‘hormonally 
responsive pelvic pain’ and not necessarily endometriosis, 
as other conditions respond to hypoestrogenism. A diag-
nosis of exclusion is also important, as lack of pain relief 
greatly reduces the probability of endometriosis being the 
cause of symptoms.86,102 

Endometriosis is classified into four stages accord-
ing to the American Society for Reproductive Medicine 
scoring system.103 In general, minimal and mild stages 
correspond to peritoneal disease, moderate stage to 
one endometrioma >3 cm, and severe stage to bilateral 
endometriomas and/or complete Douglas obliteration. 
Whereas adhesions affect score attribution substantially, 
clinical important deep lesions do not receive specific 
points. Although widely used, this scheme has not been 
demonstrated to be related to symptoms frequency and 
severity or re productive prognosis.81 

Treatment for pain

Medical or surgical approaches can be adopted in women 
with endometriosis-associated pelvic pain. The choice 
between the two alternatives is influenced by several 
factors, including the presence of a large ovarian endo-
metrioma or cysts with doubtful ultrasonographic charac-
teristics, as well as ureteral or bowel stenosis.101 More over, 
the desire for a spontaneous pregnancy is crucial for the 
final decision, as all the available hormonal compounds 
used for endometriosis interfere with ovulation. One of 
the main indications for surgery is thus temporary pain 
relief in women seeking spontaneous conception.104

Although the effect of surgery on pain is usually tem-
porarily satisfactory,105–107 the risk of complications varies 
according to the type of lesion extirpated. Peritoneal 
implants can be safely coagulated or excised with similar 
benefit.108–110 Also, conservative ovarian surgery (that is, 
treatment of ovarian endometriotic cysts without removal 
of the ovary) is a relatively safe procedure. Excision of 
ovarian endometriomas seems to be associated with better 
pain relief as well as lower recurrence and higher preg-
nancy rates than cyst vaporization or coagulation.111 How-
ever, alternative modalities have been suggested with the 
objective of limiting damages to the gonadal reserve; these 
include three-step management (that is, laparo scopy with 
cyst drainage and biopsy, GnRH agonists for 3 months, 
second laparo scopy with laser vaporization of the wall of 
the residual cyst)112 and a technique combining exci sion 
of most of the endometrioma wall, with laser vaporiza-
tion of the remaining part close to the ilus.113 In a systema-
tic review, no differences in the number of mature oocytes 
retrieved and in clinical pregnancy rate were observed 
between women who underwent endo metrioma coagula-
tion and those who underwent standard cy stectomy prior 
to in vitro fertilization (IVF) cycles.114

Resection of rectovaginal lesions is associated with a 
relatively high overall risk of complications (around 10%), 

especially when colorectal resection is performed con-
comitantly.101,106 Partial bowel stenosis not causing sub-
occlusive symptoms does not constitute an indication 
to segmental resection per se, and more conservative 
approaches should be discussed with the patient.115,116 
Different techniques are used to manage rectosigmoid 
endometriosis, namely, lesion shaving, nodule/disk exci-
sion and suture, or segmental resection. However, there 
are major differences in postoperative complication rate, 
with lesion shaving being associated with much less fre-
quent complications compared with disk excision and 
segmental resection.117,118 Good pain relief is generally 
reported during the first year after bowel resection for 
deep endometriosis.119 In the experience of some sur-
geons, more than 80% of women achieved short-term 
and long-term amelioration of symptoms after surgery 
for bowel endometriosis.117,120 However, in a systematic 
literature review, pain recurrence was observed in one 
out of four patients, and re-intervention was required 
in almost one out of five of these individuals.119 Robotic 
laparoscopy has been introduced among the surgical 
modalities to treat endometriosis in the past few years,121 
and preliminary results suggest that a robotic approach 
to deep and colorectal endometriosis is feasible, effective 
and safe,122 although uncertainties on cost-effectiveness 
still remain.

The objectives of medical therapy are inhibition of 
ovulation, abolition of menstruation, and achievement 
of a stable steroid hormone milieu, based on the concept 
that the response of the eutopic and ectopic endo-
metrium is substantially similar.123,124 In addition, some 
drugs create a hypoestrogenic (GnRH ago nists), hyper-
androgenic (danazol, gestrinone), or hyper pro gestogenic 
(oral contraceptives, progestins) environment, with 
suppression of endometrial cell prolifera tion. Pharma-
co logical treatments are symptomatic and not cyto-
reductive: lesions survive any drug, at any dose, for any 
period of use, ready to resume their metabolic ac tivity at 
treatment discontinuation.97,125

Medical therapy should be conceived as a long-
term treatment, similarly to therapy for other chronic 
inflammatory conditions. Symptom recurrence at drug 
dis continuation is expected and does not constitute 
demon stration of inefficacy of hormonal manipula-
tion.125 The results of systematic literature reviews have 
con sistently demonstrated that, as long as amenorrhoea 
is achieved, there are no major differences between the 
various available drugs in terms of pain relief, whereas 
tolerability, adverse effects and costs vary widely.123,124 To 
increase compliance, the lowest effective dose of any drug 
should be chosen.125

Danazol and gestrinone are not suitable for prolonged 
treatments,97 mainly owing to androgenic-type adverse 
effects (for example, seborrhoea, hypertrichosis and 
weight gain) and unfavourable effects on serum choles-
terol lipoprotein distribution (HDL levels decrease, and 
LDL levels increase). A possible exception is danazol 
200 mg per day used vaginally.126

GnRH agonists are very effective against pain127 but 
are associated with frequent and scarcely tolerable 
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hypo estrogenic adverse effects (for example, vaso motor 
symptoms, genital hypotrophia and mood instability), 
and a negative calcium balance with increased risk of 
osteopaenia, although bone loss seems to be revers-
ible if treatment is limited to a few months. More over, 
GnRH agonists are the most costly pharmacologic com-
pounds available for the treatment of endometriosis. To 
limit subjective and metabolic untoward effects, GnRH 
agonists can be combined with a so-called ‘add-back’ 
therapy. Many of the available hormone replacement 
therapies can be used as add-back therapy, includ-
ing tibolone (2.5 mg per day orally) or a bone-sparing 
progestin such as norethisterone acetate (5 mg per day 
orally), which have both been successfully used.123,124 
This add-back therapy enables the indefinite extension 
of the treatment period but increases the overall costs 
further. The use of GnRH agonists plus add-back therapy 
is suggested only in highly selected women unresponsive 
to progestins or at very high surgical risk.

Monophasic, low-dose, oral contraceptives and pro-
gestins combine demonstrated overall safety, good effi-
cacy, appreciable tolerability and low cost, and seem to 
constitute the best possible therapeutic compromise for 
chronic treatment.123–125 Oral contraceptives are used  
for multiple reasons, which include decreasing retro-
grade menstruation (particularly when given continu-
ously), inducing a pseudopregnant state and causing 
decidualization and subsequent atrophy of the eutopic 
and ectopic endo metrium. No differences have been 
demon strated between various oral contraceptives, but it 
seems sensible to use preparations with the least possible 
estrogen content to prevent endometrial proliferation.

Several progestins have been studied, with differ-
ent types of administration, including the oral, sub-
cutaneous, intramuscular, intrauterine and vaginal 
route.123–125,128 The two progestins supported by the lar-
gest available evidence are norethisterone acetate and 
dienogest, which have been used orally at the dose of 
2.5–5.0 mg per day and 2 mg per day, respectively.129–134 
Norethisterone acetate is partly metabolized to ethinyl-
estradiol,135 thus limiting the consequences of estro-
gen deficiency and stabilizing the endometrium, with 
achievement of amenorrhoea in more than two-thirds 
of cases.129,130

The therapeutic goal is pain relief, not lesion resorp-
tion. Treatment should be tailored to the specific symp-
tom that most afflicts the individual patient, as pain is 
not similar in all women with endometriosis and, more 
importantly, the same type of symptom may have dif-
ferent implications for different women. If the main 
problem is dysmenorrhoea, then oral contraceptives 
should be the first choice, and continuous use is sug-
gested, with the aim of abolishing uterine flows.123–125 
How ever, irregular bleeding should always be antici-
pated, and pill discontinuation for 4–7 days suggested 
in case of prolonged spotting or breakthrough bleeding. 
Women should be informed that bleeding is usually asso-
ciated with pain but not with disease progression, and 
should be instructed to use analgesics with a long half-life  
(for example, naproxen sodium 550 mg twice per day). 

The final objective is reducing uterine bleeding episodes 
as much as possible, from the 13 per year expected with 
cyclic oral contraceptive use.

An effective alternative is insertion of the levo nor-
gestrel-releasing intrauterine system, which abolishes 
menstruations in about one-third of users and sub-
stantially decreases the amount of bleeding in another 
third.123,124 Given the 5-year duration of the system, it is 
an interesting option for women who have completed 
their family or those that do not plan to seek concep-
tion in the short term. Moreover, the intrauterine system 
can be inserted at the end of a surgical procedure as a 
postoperative adjuvant treatment.136 However, the levo-
norgestrel intrauterine system is not FDA-approved for 
the treatment of endometriosis-related pain. In addi-
tion, rela tively few studies have been performed with 
this system. Although it does seem to be a promising 
modality, more data are still needed.

When deep dyspareunia is the main problem, treat-
ment should be suggested according to the presence or 
absence of rectovaginal endometriotic lesions. When 
deep plaques are identified, surgery and the use of 
norethisterone acetate (2.5 mg per day) are associated 
with a similar degree of pain relief and satisfaction with 
treatment after 1 year; however, these two therapeutic 
approaches exhibit different patterns of efficacy: imme-
diate after surgery, but followed by partial recurrence 
with time, or more gradual with progestin therapy, but 
progressively better with duration of use. In the absence 
of rectovaginal lesions, norethisterone acetate seems to 
offer better results than surgery.130 A drawback of pro-
gestin therapy is reduction of libido in about one-fifth 
of women.129,130

Overall, medical therapy with oral contraceptives and 
progestins enables satisfactory long-term pain control 
in around two-thirds of symptomatic women.123–125 
The remaining third may benefit from conservative or 
definitive surgery, according to the desire to conceive. 
When pregnancy is no more an issue, hysterectomy with 
bilateral salpingectomy relieves dysmenorrhoea and can 
reduce deep dyspareunia, as the parametria as well as 
deep lesions are concomitantly resected, while avoid-
ing the consequences of premature castration. However, 
ovarian preservation exposes to the risk of pain persis-
tence owing to continued estradiol production, espe-
cially in case of nonradical treatment of endometriotic 
implants. If both ovaries are removed and hormonal 
replacement therapy is deemed appropriate, combined 
preparations are generally suggested to avoid hyperplasia 
of residual foci exposed to unopposed estrogens.

Treatment for infertility

In women with endometriosis, infertility arises mostly 
as the consequence of chronic pelvic inflammation.137 
Adhesions secondary to this flogistic phenomenon may 
disrupt pelvic anatomy, and inflammatory molecules 
can create a local milieu that is unfavourable to con-
ception. Interference has been hypothesized with the 
complex mechanisms of ovulation, oocyte pick-up by 
the fallopian tubes, spermatozoa function, fertilization 
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process, tubal transport of the embryos and, possibly, 
embryo implantation.137

On the basis of these pelvic inflammatory effects, 
two possible therapeutic options can be envisaged, sur-
gical ‘normalization’ of the altered anatomy or bypass 
of the unfavourable pelvic environment. In the former 
case, adhesiolysis may re-establish normal relationships 
between pelvic organs, and removal of endometriotic 
lesions may discontinue the permanent inflammatory 
trigger. In the latter case, IVF can be performed, thus 
overcoming problems with adhesions and tubal patency. 
Oocytes are retrieved directly from the ovaries and 
embryos are replaced within the endometrial cavity, thus 
avoiding direct exposure to the detrimental effects of the 
pelvic milieu. However, this approach may not fully over-
come the unfavourable effects of endometriosis, given that 
both folliculogenesis and endometrial receptivity might 
at least in part be influenced by the adjacent detrimental 
peritoneal milieu.137 A possible therapeutic algorithm for 
endometriosis-related infertility is shown in Figure 3.

Hormonal medical treatment has no effect on infertility 
in women with endometriosis. According to a Cochrane 

meta-analysis, the odds ratio of pregnancy following ovu-
lation suppression versus placebo or no treatment was 
0.97 (95% CI 0.68–1.34) for all women, and 1.02 (95% CI 
0.70–1.52) for subfertile couples.138 These results fit with 
the modern view of the disease. Both eutopic and ectopic 
endometrium have outstanding capacity of remaining 
quiescent even for years under suppressive hormonal 
therapy, but only until exposed again to gonadal activ-
ity. Even if the steady hormonal condition obtained with 
ovary-suppressing agents improves the pelvic milieu by 
reducing inflammation, the potential benefits are rapidly 
lost at drug discontinuation; thus, the fertility potential 
remains unchanged.

Overall, the effect of surgery for endometriosis- 
associated infertility is supported by evidence of limited 
quality. A small benefit has been demonstrated for early, 
peritoneal disease. A meta-analysis of the two rando m-
ized controlled trials (RCT) conducted on women with 
stage I–II endometriosis, documented an odds ratio for 
pregnancy of 1.64 (95% CI 1.05–2.57) in favour of laparo-
scopic surgery.139 However, the cumulative pregnancy rate 
at 9–12 months increased only from 18% to 26%, corres-
ponding to a number of women needed to be treated of 
12. This finding means that, in real-world conditions, 
the number needed to be treated is actually doubled at 
least, considering that the prevalence of early stage endo-
metriosis is between 30% to 50% in women with unex-
plained infertility, and that peritoneal implants cannot 
be reliably diagnosed before surgery.140 On this basis, in  
clinical practice, the value of diagnostic laparo scopy  
in women with unexplained infertility is limited.141

Data regarding more advanced endometriosis, that 
is, stage III–IV disease, are less robust, as no RCTs have 
investigated the benefit of surgery as a conception-
enhancing procedure in these women. Only case series 
have been published on the effect of treatment of ovarian 
endometriotic cysts. Overall, the likelihood of pregnancy 
following endometrioma excision has been estimated to 
be around 50%.137 However, this figure is most probably 
an overestimate, considering the poor design of the avail-
able studies, and the inclusion in some of them of women 
who were not infertile at the time of surgery, as well as of 
those who achieved a conception through IVF.140

Indirect evidence suggests that surgery may not be 
of major benefit for deep infiltrating endometriosis.142 
In a patient preference trial comparing women with 
recto vaginal endometriosis opting for surgery (n = 44) 
with those choosing expectant management (n = 61), 
the cumulative pregnancy rate was, respectively, 34% 
and 36%.143 On the other hand, it has been shown that, 
even when bowel surgery was needed because of infil-
trative endometriosis, one-third of infertile women 
conceived spontaneously.117

Intrauterine insemination (IUI) is commonly advo-
cated for infertile women with endometriosis stage I–II 
who fail to become pregnant following surgery. This 
approach is theoretically illogical, as the procedure 
does not overcome the negative effect of a detrimental 
pelvic milieu. On the other hand, limited peritoneal 
endometriotic implants may be unrelated to infertility 

Infertility
■ Anamnesis
■ Physical examination
■ Transvaginal ultrasonography
■ Hormonal tests
■ Tubal patency assessment
■ Semen analysis

No suspicion of endometriosis
or previous surgery for

stage I–II endometriosis

Suspicion of endometriosis
(ovarian endometriomas,

rectovaginal nodules)

Other infertility tests
unremarkable

Intrauterine insemination

Other infertility tests
unremarkable

History of surgery
for advanced

endometriosis

In vitro fertilization

Surgery

Shared decision

Figure 3 | Flow-chart of infertility treatment from an endometriosis-centred 
perspective. Women with past intervention for endometriosis stage I–II and those 
with unexplained infertility (one-third of whom have endometriosis stage I–II) 
should receive intrauterine insemination and, if failed, in vitro fertilization (IVF). 
Diagnostic laparoscopy to identify early stages of the disease is not mandatory 
because effectiveness is very limited. By contrast, a history of surgery for 
advanced endometriosis should orient towards IVF. There is no definitive evidence 
on the most suitable approach in unoperated infertile women who are diagnosed 
with ovarian endometriomas or rectovaginal nodules. If all the other infertility tests 
are unremarkable, surgery or IVF may both be considered. Women should receive 
complete information on the pros and cons of both treatments and a shared and 
personalized decision with the patient should be taken (dotted line). Factors to be 
considered include age, cyst bilaterality, cyst dimension and sonographic 
appearance, detection of hydrosalpinx at ultrasonography, presence of associated 
pain symptoms and results of ovarian reserve tests. Of note, IVF and surgery are 
not final treatments, and both IVF after failed surgery or surgery after failed IVF can 
be considered.
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in a considerable proportion of women. Endometriosis 
stage I–II was observed in 19% of women undergoing 
tubal ligation and in 32% of those with an azoospermic 
partner.144,145 Thus, minimal or mild endometriosis might 
be an incidental finding in women with infertility. IUI, 
which is typically prescribed for unexplained infertility, 
may thus be effective. Moreover, most studies involve IUI 
in combination with controlled ovarian hyperstimula-
tion, not IUI alone.146,147 Probably, the combination of 
both modalities is the factor that increases pregnancy 
rates in patients with tubal patency and the partner’s 
reasonable-quality sperm.

Endometriosis is a classic indication for IVF, as the 
tubes are bypassed, and oocytes as well as spermatozoa are 
not directly exposed to the abnormal peritoneal environ-
ment. Therefore, anatomical distortion and biochemical 
insults are mostly overcome. Nonetheless, endometriosis 
seems to be associated with lower than normal chances 
of success. According to a meta-analysis of available data 
published in 2002, the pregnancy rate was significantly 
lower for patients with endometriosis (OR 0.56, 95% 
CI 0.44–0.70) compared with control individuals with 
infertility related to tubal factors.148 Moreover, pregnancy 
rates for women with severe endometriosis were signifi-
cantly lower than for women with mild disease (OR 0.60, 
95% CI 0.42–0.87).148 A second, adjourned meta- analysis 
confirmed the above findings, as the relative risk of 
pregnancy in women with endometriosis stage I–II and  
III–IV undergoing IVF was 0.93 (95% CI 0.87–0.99)  
and 0.79 (96% CI 0.69–0.91), respectively.149

At least two main reasons explain this reduced per-
formance. Firstly, as mentioned above, the detrimental 
effects of chronic pelvic inflammation might act beyond 
the limits of the peritoneal cavity. Follicular develop-
ment may be altered and the quality of the oocytes may 
be affected even if a direct exposure to the peritoneal 
fluid is avoided. Furthermore, endometrial receptivity 
might also be negatively influenced. One suggestion is 
that therapy with a GnRH agonist for 2–6 months before 
initiation of an IVF cycle (ultralong protocol) ‘switches 
off ’ the inflammation, thus improving the chances of 
pregnancy. A meta-analysis of three small RCTs docu-
mented an odds ratio of pregnancy of 4.28 (95% CI 
2.00–9.15) in women allocated to the ultra-long protocol, 
compared with women allocated to the normal proto-
col.150 Interestingly, another suggestion is that similar 
benefits may be obtained with oral contraceptives, but 
more robust evidence is required.151 Finally, some evi-
dence also indicates that, in women with endometriosis 
failing to become pregnant with IVF, surgery enhances 
the chances of both spontaneous or IVF-mediated preg-
nancy.152 It may be speculated that, similarly to what is 
observed with medical ovarostatic treatments, surgery 
also reduces the inflammatory-mediated detrimen-
tal effects of endometriosis, at least in the subgroup of 
patients refractory to IVF treatments.

Secondly, endometriosis may affect ovarian reserve, 
a crucial factor for IVF success. However, laparoscopic 
excision of endometriomas, rather than the disease 
itself, has been shown to cause follicle loss,153–155 and 

women operated on for bilateral cysts are at particularly 
increased risk.156,157 Potential mechanisms leading to 
damage include accidental removal of adjacent healthy 
ovarian tissue, vascular injury, heat damage consequent 
to diathermy-coagulation, and local inflammation.158 

This poses a clinical dilemma as, paradoxically, surgery 
can improve spontaneous pregnancy rate while it can 
damage the gonads.111,137,140 Considering that the success 
rate of surgery and IVF are similar, infertile women with 
ovarian endometriomas may be scheduled directly to 
receive IVF without prior surgery. However, given the 
lack of robust data, the decision between surgery and 
IVF must be discussed and shared with the patient, also 
considering that IVF is associated with complications 
such as ovarian hyperstimulation syndrome, haemor-
rhage, thrombosis, and twinning with increased risk of 
preterm birth.159 Women should receive comprehen-
sive information illustrating the potential benefits and 
risks of both approaches. Additional factors to be taken 
into considera tion in the decision-making process are 
age, surgical history, cyst sonographic appearance, cyst 
bilaterality, ultrasound detection of hydrosalpinx, results 
from tests of ovarian reserve, and presence of pain symp-
toms.158 Research is now aimed at improving the surgi-
cal technique to preserve follicles while maintaining the 
benefits of surgery.112,113 Some clinicians suggest that  
the injury to the ovarian reserve depends on surgical skil-
fulness and that an accurate and faultless intervention 
could actually prevent the damage.160

Emerging pharmacological therapies

Emerging pharmacological therapies are mostly based 
on targeting the molecular steps relevant for the patho-
genic mechanisms or selective hormonal receptiveness. 
Medications interfering with the inflammatory condi-
tion, hormone responsiveness, cell survival, prolif eration, 
neoangiogenesis and invasion have been tested mostly in 
preclinical models, but also in humans.161

Several antiangiogenic agents (soluble Flt-1, caber-
goline, rapamycin, endostatin, βpep-25, TNP-470, 
angiostatin, SU5416 and SU6668) have been tested in 
animal models, with promising results on the establish-
ment and maintenance of the lesions; however, owing to 
their severe adverse effects related to interference with 
physiologic angiogenesis, their translation into human 
research has been limited.161 Statins have also been used 
in a preclinical setting for their ability to inhibit prolifera-
tion in a number of biologic systems. In addition, as 
aberrant methylation of the progesterone receptor gene 
seems to take part in the process of specific gene silenc-
ing in endometriosis, demethylation agents and histone 
deacetylase inhibitors have been proposed as possible 
medications. Trichostatin A and valproic acid have been 
tested in animal models and in a very limited number of 
patients,161 but any beneficial effect must be confirmed 
in large controlled trials. Aromatase inhibitors have also 
been tested in some clinical trials.

In general, novel medications proposed to date are asso-
ciated with uncertain or no efficacy and potentially severe 
adverse effects.162 A list of the pharmacological agents 
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tested for which randomized clinical trials in humans have 
been performed are presented in Box 2; unfortunately, 
most results are either disappointing or limited.125,161–172 
As compounds able to achieve a long phase of dis ease 
remission are already available for endo metriosis, a new 
medical treatment should ideally eradicate the dis ease 
rather than merely relieving its symptoms. However, the 
pharmacological eradication of ectopic endometrium 
would carry a high risk of damage to normal endometrial 
mucosa from which endo metriosis originates, with poten-
tial consequences on fertility. A compound with selective 
properties only against the ectopic cells is not yet at hand. 
Moreover, it is unclear how adhesions and fibrotic tissue 
could be eliminat ed pharmacologically.

Despite the numerous clinical trials on endometriosis 
registered, results are infrequently published. At the end 
of 2012, 35 registered interventional trials were com-
pleted. Results were not published for 24 of them (68.5%). 
Trials sponsored by industry were nearly four times less 
likely to have their results published than were non-
industry-sponsored studies.173 Reasons for not report-
ing data may be various, including safety and efficacy 
issues. However, as no published industry-sponsored trial 
has to date reported a ‘negative’ result, it can be inferred 
that greater difficulties than originally envisioned have 

been found in the development of therapeutics to treat 
endometriosis. In general, the untoward effects associ-
ated with the majority of drugs tested are unacceptable 
in healthy women affected by a benign condition. At 
present, hormonal manipulation remains the principal 
modality to effectively inhibit lesion growth and limit 
endometriosis progression.125

Recurrence: management and prevention

As surgery does not affect the pathogenic mechanisms 
of endometriosis, symptoms and lesion recurrences are 
frequent (between 40% and 50% at 5-year follow-up) 
when no postoperative adjuvant treatment is used.174 In 
particular, the probability of endometrioma reappear-
ance is about 10% per year in the triennium following 
surgery.62 About 50% of women who had undergone 
surgery needed analgesics and/or hormonal therapy 
within 2 years.106,107,175

Although the surgical approach to the management 
of endometriosis recurrences is not dissimilar to that 
adopted for primary lesions, outcome and risk of com-
plications are different. As a consequence, the thera-
peutic balance can change, and counselling as well as 
decisions on choice of treatments vary. The likelihood 
of conception at second-line surgery for ovarian endo-
metriomas in infertile women is about half (~25%) that 
at primary intervention (40–50%).104,176 This reduction 
is probably due to selection of a patient population with 
a worse reproductive prognosis than those at first-line 
surgery, but also because of repeated surgical gonadal 
insults. Therefore, in women without severe pain seeking 
pregnancy, and without recurrent cysts >4 cm177 or with 
suspect sonographic findings, IVF is preferred rather 
than repeat laparoscopy.97,178 Probably also owing to the 
patients selected, second-line surgery for pain generally 
achieves substantially inferior results compared with the 
primary intervention, at the cost of increased morbid-
ity.107,175 Morbidity is particularly a concern in the case of 
deep lesions. Technically demanding procedures should 
be offered only when medical treatment is ineffective, not 
tolerated or contraindicated.

After first-line surgery, pain symptoms and endometri-
otic lesion recurrence can be limited using oral contra-
ceptives or progestins for prolonged periods of time.179,180 
During treatment, the risk of endometrioma reappear-
ance is reduced by >80%, indirectly supporting the role 
of ovulation in the pathogenesis of this cyst type.181 
How ever, a misunderstanding exists on the definition of 
post operative adjuvant therapy, which has been concep-
tually mediated from the oncological environment. In 
fact, the most ‘powerful’ compounds (GnRH agonists), 
are still used for only 3–6 months, with the objective of 
‘sterilizing’ endometriotic remnants that were not iden-
tified or could not be excised at surgery. Conversely, 
post operative medical therapy should be considered for 
extended periods, preferably until conception is desired. 

Endometriosis-associated ovarian cancer

Endometriosis is a risk factor for epithelial ovarian 
cancer.182 In a large international collaborative study, 

Box 2 | Nonconventional therapies proposed for endometriosis

Aromatase inhibitors

The rationale for their use is based on the higher expression of aromatase in 

endometriotic implants than in normal endometrium. In premenopausal women, 

they should be used with other drugs, as alone they stimulate gonadotropin 

elevation. Two RCTs have been published. One RCT reported a longer pain-free 

interval but significantly more adverse effects after 6 months postsurgical 

treatment with anastrozole and a GnRH agonist versus GnRH agonist alone.163 

The other RCT reported similar pregnancy rate and endometriosis recurrence rate 

at 12 months after 2 months postsurgical treatment with letrozole or a GnRH 

agonist or no medications.164

Selective estrogen receptor modulators (SERM)

Rationale for their use is based on the tissue selection activity, enabling these 

molecules to have estrogen receptor antagonism in the uterus and agonism in 

other tissues. A single RCT has been published, which reported shortening of the 

time to return of chronic pelvic pain after 6 months postsurgical treatment with 

raloxifene versus placebo.165

Anti-in�ammatory agents

Rationale for their use is based on activity on chronic peritoneal inflammation. 

Four RCTs have been published and report: more effective symptom control 

with the COX2 inhibitor rofecoxib compared with placebo in minimal or mild 

endometriosis;166 a similar pregnancy rate after 12 months postsurgical 

treatment with pentoxifylline versus placebo;167 similar pregnancy and sign 

and symptoms recurrence rates after 6 months postsurgical treatment with 

pentoxifylline versus placebo;168 significant improvement of pain relief after 

6 months postsurgical treatment with pentoxifylline versus placebo.169

Immunomodulators

Rationale for their use is based on impairment of peritoneal immune surveillance. 

Three RCTs have been published and report: lower recurrence rate at 21 months 

after postsurgical intraperitoneal interferon-α2b treatment versus saline;170 

longer time to recurrence after intracystic IL-12 injection versus placebo in 

women with endometriomas treated with a GnRH agonist;171 similar pain score, 

nodule volume and pelvic tenderness after 3 months treatment with the anti-TNF 

infliximab versus placebo.172

Abbreviations: COX2, cyclo-oxygenase 2; GnRH, gonadotropin-releasing hormone; RCT, 
randomized controlled trial; TNF, tumour necrosis factor.
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self-reported endometriosis was associated with an overall 
risk increase of nearly 50% (OR 1.46, 95% CI 1.31–1.63).183 
The association was limited to clear cell (OR 3.05, 95% 
CI 2.43–3.84), endometrioid (OR 2.04, 95% CI 1.67–
2.48) and low-grade serous (OR 2.11, 95% CI 1.39–3.20) 
tumours. In other words, endometriosis is associated with 
an increased risk of most type I epithelial ovarian cancers, 
although the association with low-grade serous ones could 
be explained by concomitant, but independent, pelvic 
contamination by tubal epithelial cells.184 

Endometriosis in general has been indicated as the 
putative precursor lesion of the majority of endo metrioid 
and clear cell ovarian cancers, and a risk-reducing, surgi-
cal approach has been suggested.183,185 How ever, it has been 

argued that only cytologically and/or structurally atypical 
endometriosis constitutes a true pre-neoplastic condi-
tion.186,187 Atypical endometriosis is observed in 1–3% of 
endometriomas with no preoperative u ltrasonographic 
findings suggestive of ovarian cancer.188

Whereas endometriotic implants are observed all 
over the pelvis, endometriosis-associated malignancies 
typically arise in endometriomas (Figure 4), thus sug-
gesting that the local ovarian cyst environment facili-
tates neoplastic derailment.189 Red blood cells collected 
within the endometrioma pseudocavity are phagocyted 
and haemolysed by macrophages, but when their iron 
storage capacity is overwhelmed, non-protein-bound 
‘free’ or ‘catalytic’ iron and haem are released in the 
cyst fluid, where they can damage proteins, lipids, cell 
membrane and cause carcinogenic DNA mutations or 
gene deletions as well as genetic instability, as reactive 
oxygen species are generated via the Fenton reaction 
typical of redox cycling.190–192 Oxidative stress appears 
to contribute in inducing random deletion of some 
tumour suppressor genes, such as ARID1A, or ac tivating 
proto-oncogenes.193,194

Although the iron-mediated, local chronic inflamma-
tion has been generally indicated as the main single pro-
moter of the oncogenic process, endometrioid and clear 
cell histotypes seem to follow a dualistic developmental 
model, that is, a hormone-dependent pathway in the 
endometrioid histotype and an hormone-independent 
pathway in the clear cell histotype.195,196 In fact, endo-
metrioid adenocarcinomas are predominantly positive for 
estrogen and progesterone receptors, whereas clear cell 
carcinomas typically exhibit very low receptor expression. 
Moreover, clear cell carcinomas show overexpression of 
hepatocyte nuclear factor 1β, a transcriptional factor that 
increases the survival of endometriotic cells under iron-
induced oxidative stress conditions, thus inhibiting apop-
tosis of cells carrying DNA mutations. No hepatocyte 
nuclear factor 1β overexpression is generally observed 
in endometrioid carcinomas.190 The estrogen-dependent 
pathogenesis of ovarian endometrioid carcinomas asso-
ciated with endometriosis is corroborated also by the 
repeated observation of higher than expected occurrence 
of synchronous primary endometrial (type I, estrogen-
dependent197) and ovarian, endometriosis-associated, 
endometrioid adenocarcinomas.198–200

Only limited data are available to evaluate the effect of 
medical and surgical preventive interventions. Modugno 
et al. pooled information on the self-reported history of 
endometriosis from four population-based case–control 
studies of incident epithelial ovarian cancer.201 The use 
of oral contraceptives for >10 years was associated with 
80% reduction in risk among women with endometriosis. 
A dose–response effect was observed related to duration 
of use.

Rossing et al. assessed the risk of ovarian malignancy 
associated with a prior diagnosis and surgery for ovarian 
cysts and endometriosis.202 Compared with women 
without a history of endometriosis, the odds ratio was 1.6 
(95% CI 1.1–2.3) among those with endometriosis but no 
surgery, and it was 1.2 (95% CI 0.5–2.5) among women 

Figure 4 | An ovarian endometriotic cyst with a papillary 
clear cell carcinoma. The cyst wall beneath the cancer 
lesion is lined by cylindrical endometrial-type epithelium. 
Haematoxylin and eosin staining; magnification, 4×. 

Box 3 | Prevention of endometriosis-associated epithelial ovarian cancer

The dualistic carcinogenic model190,195,196 has practical implications because, if 

this hypothesis is confirmed, chemoprophylaxis via long-term oral contraceptive 

use would mainly affect the endometrioid histotype, in which expression of 

both estrogen and progesterone receptors is observed. By contrast, clear cell 

carcinomas, which are double negative for both receptors, could be effectively 

prevented only by extirpative surgery. In Western countries, endometrioid 

adenocarcinomas represent about 10–20% of all epithelial ovarian cancers, 

whereas clear cell carcinomas are less frequent (5–10%). For unknown reasons, 

the reverse is true in Asian countries and in Japan in particular. This difference 

might translate into a different prophylactic approach to ovarian cancer in women 

with endometriosis, mostly based on oral contraceptive use in Western countries 

and on surgery in Asian countries.

In the absence of contraindications, low-dose, second-generation oral 

contraceptive use could be the best option in women up to their early forties, 

unless tolerance is low or pain symptoms are not relieved. After that age, 

unilateral oophorectomy plus bilateral salpingectomy could be the best risk-

reducing approach, as this would imply not only prevention of endometrioid and 

clear cell tumours, but also of high-grade serous ones. Moreover, it has been 

demonstrated that longstanding endometriosis is associated with a progressive 

increase in ovarian cancer risk.182 In the case of bilateral endometriomas, 

bilateral cystectomy plus bilateral salpingectomy should be considered, unless 

the woman is willing to use hormone replacement therapy after surgery. Finally, 

surgical risks (mainly bowel and ureteral lesions) and the possibility of developing 

the ovarian remnant syndrome should be carefully weighed up in patients 

who have already undergone difficult procedures for extensive endometriosis 

associated with severe adnexal adhesions.
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with endometriosis and surgery. The reduction in risk was 
more evident in women who had undergone a unilateral 
oophorectomy than in those who reported cystectomy.202

Melin et al. identified all Swedish women with a first 
time diagnosis of endometriosis between 1969 and 
2007 and, by linkage with the National Swedish Cancer 
Register, all women diagnosed with epithelial ovarian 
cancer at least 1 year after the endometriosis diagno-
sis.203 A protective effect was observed for both one-sided 
oophorectomy (OR 0.19, 95% CI 0.08–0.46), as well as 
radical excision of all visible endometriosis (OR 0.30, 
95% CI 0.12–0.74).203

Unfortunately, the magnitude of the effect of extir-
pative surgery is not yet completely clear, because 
salpingectomy is usually performed together with 
oophorectomy, thus substantially reducing also the risk 
of high-grade serous tumours (type II), which are not 
related to endometriosis, but comprise about 70% of all 
epithelial ovarian cancers. Surgery is indicated when 
large endometriomas are present. The dilemma is what to 
do when small endometriomas are identified in women 
not wanting children or that have completed their family. 
Any specific cut-off threshold in cyst diameter not based 
on a dose–response risk increase seems arbitrary, and the 
wisest approach should be based on a balance between 
several factors, including patient preference after detailed 
information (Box 3).

In the worst-case scenario, the lifetime probability of 
not developing ovarian cancer is decreased from 99% to 
98%.187 Thus, the risk of epithelial ovarian cancer is only 
moderately augmented in women with endometriosis, 
and the magnitude of the increase does not currently 
justify screening of asymptomatic individuals.204,205

Conclusions

The past decade has witnessed a progressive but sub-
stantial modification in therapeutic approaches for 
endo metriosis.96,97,178,206 A gradual shift occurred toward 
the use of pharmacological compounds with the most 
favourable therapeutic profile. New drugs that cure endo-
metriosis definitively or that relieve pain without interfer-
ing with ovulation, thus allowing conception, are badly 
needed. However, future trials on new drugs for pain 
should include patient satisfaction as the main out come, 
and use a progestin or a continuous oral contraceptive 
as comparator.125

The surgical approach has also changed, from the 
model of radicality at whatever cost, to a wiser approach 
aimed predominantly at achieving out comes that 
matter to women, namely, pain relief and pregnancy.207 
The decrease in bowel resection in favour of more 

conservative techniques is one example of this pro-
cess.115,116 Endometriosis is not a cancer. There  fore, risky 
procedures should be undertaken only if unavoid able or 
dictated by otherwise untreatable symp toms. More  over, 
the published results of the best surgeons, in terms of fer-
tility improvement, pain relief and complication rate may 
not be replicated by the average gynaecologist.

Endometriosis constitutes a paradigm for the new 
model of patient-centred medicine. In fact, several 
clinical situations exist in women with endometriosis 
in which one treatment modality clearly more advanta-
geous than the alternatives cannot be identified. In this 
context, patient preference is of utmost importance for 
the final choice that, after complete and unbiased infor-
mation, should be pursued within the framework of a 
truly shared decision-making process.208 Women must 
be reassured and encouraged with empathy through 
their possibly long medical journey. Frequently, life-
long management plans should be foreseen, avoiding 
short-sighted temporary solutions.102 Many patients will 
finally overcome their endometriosis-associated prob-
lems,209 whereas others should be gradually persuaded 
that achievement of a reasonable compromise in their 
health-related quality of life is possible and acceptable.

Endometriosis may be associated with severe pyscho-
social consequences such as anxiety, depression, isolation, 
familial and intimate implications including unfavour-
able emotional impact in partners, decreased quality of 
life, inability to cope with everyday activities, reduced 
work productivity, and greatly increased expenditure on 
health care.10,210,211 Women with endometriosis should 
not be ignored or patronized by society and the medical 
profession at large. In this regard, a major cultural change 
is needed.

Review criteria

For this Review, the best quality evidence was selected 

with preference given to the most recent and definitive 

original articles, randomized controlled trials, systematic 

reviews, meta-analyses, as well as international 

guidelines. Information was identified by searches 

of MEDLINE and references from relevant articles, 

using combinations of MESH terms “endometriosis”, 

“epidemiology”, “etiology”, “pathogenesis”, “infertility”, 

“pain”, “medical treatment”, “oral contraceptives”, 

“progestins”, “surgery”, “ovarian cancer” and “costs”. 

The search was limited to peer-reviewed, full-text articles 

in the English language. For most clinical issues, 

papers published between 2000 and May 2013 were 

considered. Other databases, including the Cochrane 

Database of Systematic Reviews, were also searched.

1. Giudice, L. C. Clinical practice. Endometriosis. 
N. Engl. J. Med. 362, 2389–2398 (2010).

2. Eskenazi, B. & Warner, M. L. Epidemiology of 
endometriosis. Obstet. Gynecol. Clin. North Am. 
24, 235–258 (1997).

3. Missmer, S. A. & Cramer, D. W. The epidemiology 
of endometriosis. Obstet. Gynecol. Clin. North Am. 
30, 1–19 (2003).

4. Parazzini, F., Vercellini, P. & Pelucchi, C.  
in Endometriosis science and practice  

(eds Giudice, L. C., Johannes, L. H. & Healy, 
D. L.) 19–26 (Wiley-Blackwell Publishing, 2012). 

5. Viganò, P., Parazzini, F., Somigliana, E. & 
Vercellini, P. Endometriosis: epidemiology and 
aetiological factors. Best Pract. Res. Clin. Obstet. 

Gynaecol. 18, 177–200 (2004).
6. Holt, V. L. & Weiss, N. S. Recommendations  

for the design of epidemiologic studies of 
endometriosis. Epidemiology 11, 654–659 
(2000).

7. Zondervan, K. T., Cardon, L. R. & Kennedy, S. H. 
What makes a good case–control study? Design 
issues for complex traits such as endometriosis. 
Hum. Reprod. 17, 1415–1423 (2002).

8. Gylfason, J. T. et al. Pelvic endometriosis 
diagnosed in an entire nation over 20 years. 
Am. J. Epidemiol. 172, 237–243 (2013).

9. Janssen, E. B., Rijkers, A. C. M., 
Hoppenbrouwers, K., Meuleman, C. & 
D’Hooghe, T. M. Prevalence of endometriosis 

REVIEWS

© 2014 Macmillan Publishers Limited. All rights reserved



272 | MAY 2014 | VOLUME 10 www.nature.com/nrendo

diagnosed by laparoscopy in adolescents  
with dysmenorrhea or chronic pelvic pain: 
a systematic review. Hum Reprod Update 19, 
570–582 (2013). 

10. Simoens, S. et al. The burden of endometriosis: 
costs and quality of life of women with 
endometriosis and treated in referral centres. 
Hum. Reprod. 27, 1292–1299 (2012).

11. Nnoaham, K. E. et al. Impact of endometriosis 
on quality of life and work productivity: 
a multicenter study across ten countries.  
Fertil. Steril. 96, 366–373 (2011).

12. Mirkin, D., Murphy-Barron, C. & Iwasaki, K. 
Actuarial analysis of private payer administrative 
claims data for women with endometriosis. 
J. Manag. Care Pharm. 13, 262–272 (2007).

13. Levy, A. R. et al. Economic burden of surgically 
confirmed endometriosis in Canada. J. Obstet. 

Gynaecol. Can. 33, 830–837 (2011).
14. Burney, R. O. & Giudice, L. C. Pathogenesis and 

pathophysiology of endometriosis. Fertil. Steril. 
98, 511–519 (2012).

15. Cramer, D. W. et al. The relation of endometriosis 
to menstrual characteristics, smoking, and 
exercise. JAMA 255, 1904–1908 (1986).

16. Frisch, R. E., Wyshak, G., Albert, L. S. & 
Sober, A. J. Dysplastic nevi, cutaneous 
melanoma, and gynecologic disorders. Int. J. 

Dermatol. 31, 331–335 (1992).
17. Darrow, S. L. et al. Menstrual cycle 

characteristics and the risk of endometriosis. 
Epidemiology 4, 135–142 (1993).

18. Moen, M. H. & Magnus, P. The familial risk of 
endometriosis. Acta Obstet. Gynecol. Scand. 72, 
560–564 (1993).

19. McCann, S. E., Freudenheim, J. L., Darrow, S. L., 
Batt, R. E. & Zielezny, M. A. Endometriosis and 
body fat distribution. Obstet. Gynecol. 82,  
545–549 (1993).

20. Parazzini, F. et al. Pelvic endometriosis: 
reproductive and menstrual risk factors at 
different stages in Lombardy, northern Italy. 
J. Epidemiol. Commun. Health 49, 61–64 (1995).

21. Sangi-Haghpeykar, H. & Poindexter, A. N. 3rd 
Epidemiology of endometriosis among parous 
women. Obstet. Gynecol. 85, 983–992 (1995).

22. Hornstein, M. D. et al. Association between 
endometriosis, dysplastic naevi and history of 
melanoma in women of reproductive age.  
Hum. Reprod. 12, 143–145 (1997).

23. Signorello, L. B., Harlow, B. L., Cramer, D. W., 
Spiegelman, D. & Hill, J. A. Epidemiologic 
determinants of endometriosis: a hospital-based 
case–control study. Ann. Epidemiol. 7, 267–274 
(1997).

24. Bérubé, S., Marcoux. S. & Maheux, R. 
Characteristics related to the prevalence of 
minimal or mild endometriosis in infertile 
women. Canadian Collaborative Group on 
Endometriosis. Epidemiology 9, 504–510 
(1998).

25. Stefansson, H. et al. Genetic factors contribute 
to the risk of developing endometriosis.  
Hum. Reprod. 17, 555–559 (2002).

26. Hemmings, R. et al. Evaluation of risk factors 
associated with endometriosis. Fertil. Steril. 81, 
1513–1521 (2004).

27. Missmer, S. A. et al. Incidence of 
laparoscopically confirmed endometriosis by 
demographic, anthropometric, and lifestyle 
factors. Am. J. Epidemiol. 160, 784–796 (2004).

28. Ferrero, S., Anserini, P., Remorgida, V. & 
Ragni, N. Body mass index in endometriosis. 
Eur. J. Obstet. Gynecol. Reprod. Biol. 121, 94–98 
(2005).

29. Hediger, M. L., Hartnett, H. J. & Louis, G. M. 
Association of endometriosis with body size and 
figure. Fertil. Steril. 84, 1366–1374 (2005).

30. Kvaskoff. M., Mesrine. S., Clavel-Chapel, F. & 
Boutron-Ruault, M. C. Endometriosis risk in 
relation to naevi, freckles and skin sensitivity to 
sun exposure: the French E3N cohort. Int. J. 

Epidemiol. 38, 1143–1153 (2009). 
31. Somigliana, E. et al. ‘Here comes the sun’: 

pigmentary traits and sun habits in women with 
endometriosis. Hum. Reprod. 25, 728–733 
(2010). 

32. Vitonis, A. F., Hankinson, S. E., Hornstein, M. D. 
& Missmer, S. A. Adult physical activity and 
endometriosis risk. Epidemiology 21, 16–23 
(2010). 

33. Viganò, P. et al. Principles of phenomics in 
endometriosis. Hum. Reprod. Update. 18,  
248–259 (2012). 

34. Parazzini, F., Viganò, P., Candiani, M. & Fedele L. 
Diet and endometriosis risk: a literature review. 
Reprod. Biomed. Online 26, 323–336 (2013).

35. Lafay Pillet, M. C. et al. Deep infiltrating 
endometriosis is associated with markedly lower 
body mass index: a 476 case–control study. 
Hum. Reprod. 27, 265–272 (2012).

36. Shah, D. K., Correia, K. F., Vitonis, A. F. & 
Missmer, S. A. Body size and endometriosis: 
results from 20 years of follow-up within the 
Nurses’ Health Study II prospective cohort.  
Hum. Reprod. 28, 1783–1792 (2013).

37. Parazzini F. et al. A metaanalysis on alcohol 
consumption and risk of endometriosis. Am. J. 

Obstet. Gynecol. 209, 106.e1–10 (2013). 
38. Noble, L. S., Simpson, E. R., Johns, A. & 

Bulun, S. E. Aromatase expression in 
endometriosis. J. Clin. Endocrinol. Metab. 81, 
174–179 (1996).

39. Noble, L. S. et al. Prostaglandin E2 stimulates 
aromatase expression in endometriosis-derived 
stromal cells. J. Clin. Endocrinol. Metab. 82, 
600–606 (1997). 

40. Hornung, D. et al. Immunolocalization and 
regulation of the chemokine RANTES in human 
endometrial and endometriosis tissues and cells. 
J. Clin. Endocrinol. Metab. 82, 1621–1628 (1997).

41. Zeitoun, K. et al. Deficient 17β-hydroxysteroid 
dehydrogenase type 2 expression in 
endometriosis: failure to metabolize 
17β-estradiol. J. Clin. Endocrinol. Metab. 83, 
4474–4480 (1998).

42. Chung, H. W. et al. Matrix metalloproteinase-9 
and tissue inhibitor of metalloproteinase-3 
mRNA expression in ectopic and eutopic 
endometrium in women with endometriosis: 
a rationale for endometriotic invasiveness.  
Fertil. Steril. 75, 152–159 (2001).

43. Chung, H. W. et al. Matrix metalloproteinase-2, 
membranous type 1 matrix metalloproteinase, 
and tissue inhibitor of metalloproteinase-2 
expression in ectopic and eutopic endometrium. 
Fertil. Steril. 78, 787–795 (2002).

44. Defrère, S. et al. Iron overload enhances 
epithelial cell proliferation in endometriotic 
lesions induced in a murine model.  
Hum. Reprod. 21, 2810–2816 (2006).

45. Xue, Q. et al. Promoter methylation regulates 
estrogen receptor 2 in human endometrium and 
endometriosis. Biol. Reprod. 77, 681–687 
(2007).

46. González-Ramos, R. et al. Nuclear factor-kappa B 
is constitutively activated in peritoneal 
endometriosis. Mol. Hum. Reprod. 13, 503–509 
(2007).

47. Burney, R. O. et al. Gene expression analysis of 
endometrium reveals progesterone resistance 
and candidate susceptibility genes in women 
with endometriosis. Endocrinology 148,  
3814–3826 (2007).

48. Bukulmez, O., Hardy, D. B., Carr, B. R., 
Word, R. A. & Mendelson, C. R. Inflammatory 

status influences aromatase and steroid 
receptor expression in endometriosis. 
Endocrinology 149, 1190–1204 (2008). 

49. Defrère, S. et al. Potential involvement of iron in 
the pathogenesis of peritoneal endometriosis. 
Mol. Hum. Reprod. 14, 377–385 (2008).

50. Yu, J. et al. Combination of estrogen and dioxin 
is involved in the pathogenesis of endometriosis 
by promoting chemokine secretion and invasion 
of endometrial stromal cells. Hum. Reprod. 23, 
1614–1626 (2008).

51. Smuc, T. et al. Disturbed estrogen and 
progesterone action in ovarian endometriosis. 
Mol. Cell. Endocrinol. 301, 59–64 (2009).

52. Lousse, J. C. et al. Iron storage is significantly 
increased in peritoneal macrophages of 
endometriosis patients and correlates with iron 
overload in peritoneal fluid. Fertil. Steril. 91, 
1668–1675 (2009).

53. Bulun, S. E. Endometriosis. N. Engl. J. Med. 360, 
268–279 (2009).

54. Bacci, M. et al. Macrophages are alternatively 
activated in patients with endometriosis and 
required for growth and vascularization of 
lesions in a mouse model of disease. Am. J. 
Pathol. 175, 547–556 (2009).

55. Aghajanova, L., Velarde, M. C. & Giudice, L. C. 
The progesterone receptor coactivator Hic-5 is 
involved in the pathophysiology of endometriosis. 
Endocrinology 369–371, 3863–3870 (2009).

56. González-Ramos, R. et al. Involvement of the 
nuclear factor-κB pathway in the pathogenesis of 
endometriosis. Fertil. Steril. 94, 1985–1994 
(2010).

57. Capobianco, A. et al. Proangiogenic Tie2(+) 
macrophages infiltrate human and murine 
endometriotic lesions and dictate their growth in 
a mouse model of the disease. Am. J. Pathol. 
179, 2651–2659 (2011).

58. Yin, X., Pavone, M. E., Lu, Z., Wei, J. & Kim, J. J. 
Increased activation of the PI3K/AKT pathway 
compromises decidualization of stromal cells 
from endometriosis. J. Clin. Endocrinol. Metab. 
97, E35–E43 (2012).

59. Khanjani, S., Al-Sabbagh, M. K., Fusi, L. & 
Brosens, L. in Endometriosis Science and 

Practice (eds Giudice, L. C., Johannes, L. H.  
& Healy, D. L.) 145–152 (Wiley-Blackwell 
Publishing, 2012). 

60. Capobianco, A. & Rovere-Querini, P. 
Endometriosis, a disease of the macrophage. 
Front. Immunol. 4, 1–13 (2013). 

61. Reis, F. M., Petraglia, F. & Taylor, R. N. 
Endometriosis: hormone regulation and clinical 
consequences of chemotaxis and apoptosis. 
Hum. Reprod. Update 19, 406–418 (2013). 

62. Vercellini, P. et al. Post-operative endometriosis 
recurrence: a plea for prevention based on 
pathogenetic, epidemiological and clinical 
evidence. Reprod. Biomed. Online 21, 259–265 
(2010).

63. Nyholt, D. R. et al. Genome-association meta-
analysis identifies new endometriosis risk loci. 
Nat. Genet. 44, 1355–1359 (2012).

64. Pagliardini, L. et al. An Italian association study 
and meta-analysis with previous GWAS confirm 
WNT4, CDKN2BAS and FN1 as the first 
identified susceptibility loci for endometriosis. 
J. Med. Genet. 50, 43–46 (2013).

65. Bulun, S. E. et al. Role of estrogen receptor-β in 
endometriosis. Semin. Reprod. Med. 30, 39–45 
(2012).

66. Aghajanova, L., Hamilton, A., Kwintkiewicz, J., 
Vo, K. C. & Guidice, L. C. Steroidogenic enzyme 
and key decidualization marker dysregulation in 
endometrial stromal cells from women with 
versus without endometriosis. Biol. Reprod. 80, 
105–114 (2009).

REVIEWS

© 2014 Macmillan Publishers Limited. All rights reserved



NATURE REVIEWS | ENDOCRINOLOGY  VOLUME 10 | MAY 2014 | 273

67. Wei, Q., St Clair, J. B., Fu, T., Stratton, P. & 
Nieman, L. K. Reduced expression of biomarkers 
associated with the implantation window in 
women with endometriosis. Fertil. Steril. 91, 
1686–1691 (2009).

68. Monsivais, D. et al. Activated glucocorticoid and 
eicosanoid pathways in endometriosis. Fertil. 

Steril. 98, 117–125 (2012).
69. Kyama, C. M. et al. Endometrial and peritoneal 

expression of aromatase, cytokines, and 
adhesion factors in women with endometriosis. 
Fertil Steril. 89, 301–310 (2008).

70. Lousse, J. C. et al. Increased activation of nuclear 
factor-kappa B (NF-kappaB) in isolated peritoneal 
macrophages of patients with endometriosis. 
Fertil. Steril. 90, 217–220 (2008).

71. Hagemann, T. et al. “Re-educating” tumor-
associated macrophages by targeting NF-
kappaB. J. Exp. Med. 205, 1261–1268 (2008). 

72. Recalcati, S. et al. Differential regulation of iron 
homeostasis during human macrophage 
polarized activation. Eur. J. Immunol. 40,  
824–835 (2010).

73. Nisolle, M. & Donnez, J. Peritoneal 
endometriosis, ovarian endometriosis, and 
adenomyotic nodules of the rectovaginal septum 
are three different entities. Fertil. Steril. 68, 
585–596 (1997).

74. Vercellini, P. et al. Deep endometriosis: 
definition, pathogenesis, and clinical 
management. J. Am. Assoc. Gynecol. Laparosc. 
11, 153–161 (2004).

75. Brosens, I. A., Puttemans, P. J. & Deprest, J. The 
endoscopic localization of endometrial implants 
in the ovarian chocolate cyst. Fertil. Steril. 61, 
1034–1038 (1994).

76. Brosens, I. A., Van Ballaer, P., Puttemans, P.  
& Deprest, J. Reconstruction of the ovary 
containing large endometriomas by an 
extraovarian endosurgical technique. Fertil. 

Steril. 66, 517–521 (1996).
77. Jain, S. & Dalton, M. E. Chocolate cysts from 

ovarian follicles. Fertil. Steril. 72, 852–856 
(1999).

78. Vercellini, P. et al. “Blood On The Tracks” from 
corpora lutea to endometriosis. BJOG 116,  
366–371 (2009). 

79. Bricou, A., Batt, R. E. & Chapron, C. Peritoneal 
fluid flow influences anatomical distribution of 
endometriotic lesions: why Sampson seems to 
be right. Eur. J. Obstet. Gynecol. Reprod. Biol. 
138, 127–134 (2008).

80. Vercellini, P. Endometriosis: What a pain it is. 
Semin. Reprod. Endocrinol. 15, 251–261 (1997).

81. Vercellini, P. et al. Association between 
endometriosis stage, lesion type, patient 
characteristics and severity of pelvic pain 
symptoms: a multivariate analysis on 1000 
patients. Hum. Reprod. 22, 266–271 (2007).

82. Ballard, K. D., Seaman, H. E., de Vries, C. S. & 
Wright, J. T. Can symptomatology help in the 
diagnosis of endometriosis? Findings from a 
national case–control study—Part 1. BJOG 115, 
1382–1391 (2008).

83. Fauconnier, A. & Chapron, C. Endometriosis and 
pelvic pain: epidemiological evidence of the 
relationship and implications. Hum. Reprod. 

Update 11, 595–606 (2005).
84. Fauconnier, A. et al. Relation between pain 

symptoms and the anatomic location of deep 
infiltrating endometriosis. Fertil. Steril. 78,  
719–726 (2002).

85. Ferrero, S. et al. Quality of sex life in women with 
endometriosis and deep dyspareunia. Fertil. 

Steril. 83, 573–579 (2005).
86. Howard, F. M. Endometriosis and mechanisms  

of pelvic pain. J. Minim. Invasive Gynecol. 16, 
540–550 (2009).

87. Anaf, V. et al. Relationship between 
endometriotic foci and nerves in rectovaginal 
endometriotic nodules. Hum. Reprod. 15,  
1744–1750 (2000).

88. Anaf, V. et al. Hyperalgesia, nerve infiltration and 
nerve growth factor expression in deep 
adenomyotic nodules, peritoneal and ovarian 
endometriosis. Hum. Reprod. 17, 1895–1900 
(2002).

89. Anaf, V. et al. Pain, mast cells, and nerves in 
peritoneal, ovarian, and deep infiltrating 
endometriosis. Fertil. Steril. 86, 1336–1343 
(2006).

90. Giamberardino, M. A. et al. Modulation of pain 
and hyperalgesia from the urinary tract by 
algogenic conditions of the reproductive  
organs in women. Neurosci. Lett. 304, 61–64 
(2001).

91. Bajaj, P., Bajaj, P., Madsen, H. & Arendt-
Nielsen, L. Endometriosis is associated with 
central sensitization: a psychophysical 
controlled study. J. Pain 4, 372–380 (2003).

92. Berkley, K. J., Rapkin, A. J. & Papka, R. E.  
The pains of endometriosis. Science 308,  
1587–1589 (2005).

93. Stratton, P. & Berkley, K. J. Chronic pelvic pain 
and endometriosis: translational evidence of the 
relationship and implications. Hum. Reprod. 

Update 17, 327–346 (2011).
94. Somigliana, E. et al. Non-invasive diagnosis of 

endometriosis: the goal or own goal? Hum. 

Reprod. 25, 1863–1868 (2010). 
95. Eskenazi, B. et al. Validation study of nonsurgical 

diagnosis of endometriosis. Fertil. Steril. 76, 
929–935 (2001).

96. Royal College of Obstetricians and 
Gynaecologists. The investigation and 

management of endometriosis. Green-top 

Guideline No. 24. October 2006 [online].  
http://www.rcog.org.uk/files/rcog-corp/
GTG2410022011.pdf (2006). 

97. Johnson, N. P. & Hummelshoj, L. World 
Endometriosis Society Montpellier Consortium. 
Consensus on current management of 
endometriosis. Hum. Reprod. 28, 1552–1568 
(2013).

98. Abrao, M. S. et al. Comparison between clinical 
examination, transvaginal sonography and 
magnetic resonance imaging for the diagnosis  
of deep endometriosis. Hum. Reprod. 22,  
3092–3097 (2007).

99. Piketty, M. et al. Preoperative work-up for 
patients with deeply infiltrating endometriosis: 
transvaginal ultrasonography must definitely be 
the first-line imaging examination. Hum. Reprod. 
24, 602–607 (2009).

100. Savelli, L. Transvaginal sonography for the 
assessment of ovarian and pelvic endometriosis: 
how deep is our understanding? Ultrasound 

Obstet. Gynecol. 33, 497–501 (2009).
101. Vercellini, P. et al. Surgery for deep 

endometriosis: a pathogenesis-oriented 
approach. Gynecol. Obstet. Invest. 68, 88–103 
(2009). 

102. Practice Committee of the American Society for 
Reproductive Medicine. Treatment of pelvic pain 
associated with endometriosis. Fertil. Steril. 90 

(Suppl.), S260–S269 (2008).
103. [No authors listed] Revised American Society  

for Reproductive Medicine classification of 
endometriosis: 1996. Fertil. Steril. 67, 817–821 
(1997).

104. Berlanda, N. et al. Role of surgery in 
endometriosis-associated subfertility. Semin. 

Reprod. Med. 31, 133–143 (2013).
105. Jacobs, T. Z., Duffy, J. M., Barlow, D., 

Koninckx, P. R. & Garry, R. Laparoscopic surgery 
for pelvic pain associated with endometriosis. 

Cochrane Database of Systematic Reviews, 
Issue 4. Art. No.: CD001300 http://dx.doi.org/ 
10.1002/14651858.CD001300.pub2.

106. Vercellini, P. et al. The effect of surgery for 
symptomatic endometriosis: the other side of 
the story. Hum. Reprod. Update 15, 177–188 
(2009).

107. Vercellini, P. et al. Repetitive surgery for recurrent 
symptomatic endometriosis: what to do? Eur. J. 

Obstet. Gynecol. Reprod. Biol. 146, 15–21 
(2009).

108. Wright, J., Lotfallah, H., Jones, K. & Lovell, D. A 
randomized trial of excision versus ablation for 
mild endometriosis. Fertil. Steril. 83,  
1830–1836 (2005).

109. Healey, M., Ang, W. C. & Cheng, C. Surgical 
treatment of endometriosis: a prospective 
randomized double-blinded trial comparing 
excision and ablation. Fertil. Steril. 94,  
2536–2540 (2010).

110. Radosa, M. P. et al. Coagulation versus excision 
of primary superficial endometriosis: a 2-year 
follow-up. Eur. J. Obstet. Gynecol. Reprod. Biol. 
150, 195–198 (2010). 

111. Hart, R. J., Hickey, M., Maouris, P. & Buckett, W. 
Excisional surgery versus ablative surgery for 
ovarian endometriomata. Cochrane Database of 

Systematic Reviews, Issue 2. Art. No.: 
CD004992. http://dx.doi.org/10.1002/ 
14651858.CD004992.pub3.

112. Tsolakidis, D. et al. The impact on ovarian 
reserve after laparoscopic ovarian cystectomy 
versus three-stage management in patients with 
endometriomas: a prospective randomized 
study. Fertil. Steril. 94, 71–77 (2010).

113. Donnez, J., Lousse, J. C., Jadoul, P., Donnez, O.  
& Squifflet, J. Laparoscopic management of 
endometriomas using a combined technique of 
excisional (cystectomy) and ablative surgery. 
Fertil. Steril. 94, 28–32 (2010).

114. Benschop, L., Farquhar, C., van der Poel, N. & 
Heineman, M. J. Interventions for women with 
endometrioma prior to assisted reproductive 
technology. Cochrane Database of Systematic 

Reviews, Issue. 11. Art No.: CD008571.  
http://dx.doi.org/10.1002/14651858.
CD008571.pub2.

115. Donnez, J. & Squifflet, J. Complications, 
pregnancy and recurrence in a prospective 
series of 500 patients operated on by the 
shaving technique for deep rectovaginal 
endometriotic nodules. Hum. Reprod. 25,  
1949–1958 (2010).

116. Roman, H. et al. Bowel dysfunction before and 
after surgery for endometriosis. Am. J. Obstet. 

Gynecol. 209, 524–530 (2013).
117. Mohr, C., Nezhat, F. R., Nezhat, C. H., 

Seidman, D. S. & Nezhat, C. R. Fertility 
considerations in laparoscopic treatment of 
infiltrative bowel endometriosis. JSLS 9, 16–24 
(2005).

118. Kondo, W. et al. Complications after surgery for 
deeply infiltrating pelvic endometriosis. BJOG 
118, 292–298 (2011).

119. De Cicco, C. et al. Bowel resection for deep 
endometriosis: a systematic review. BJOG 118, 
285–291 (2011).

120. Nezhat, C., Hajhosseini, B. & King, L. P. 
Laparoscopic management of bowel 
endometriosis: predictors of severe disease  
and recurrence. JSLS 15, 431–438 (2011).

121. Nezhat, C. et al. Robotic versus standard 
laparoscopy for the treatment of endometriosis. 
Fertil. Steril. 94, 2758–2760 (2010).

122. Ercoli, A. et al. Robotic treatment of colorectal 
endometriosis: technique, feasibility and short-
term results. Hum. Reprod. 27, 722–726 
(2012).

REVIEWS

© 2014 Macmillan Publishers Limited. All rights reserved

http://www.rcog.org.uk/files/rcog-corp/GTG2410022011.pdf
http://www.rcog.org.uk/files/rcog-corp/GTG2410022011.pdf
http://dx.doi.org/10.1002/14651858.CD001300.pub2
http://dx.doi.org/10.1002/14651858.CD001300.pub2
http://dx.doi.org/10.1002/14651858.CD004992.pub3
http://dx.doi.org/10.1002/14651858.CD004992.pub3
http://dx.doi.org/10.1002/14651858.CD008571.pub2
http://dx.doi.org/10.1002/14651858.CD008571.pub2


274 | MAY 2014 | VOLUME 10 www.nature.com/nrendo

123. Vercellini, P. et al. Endometriosis: current and 
future medical therapies. Best Pract. Res. Clin. 

Obstet. Gynecol. 22, 275–306 (2008).
124. Vercellini, P. et al. Endometriosis: current 

therapies and new pharmacological 
developments. Drugs 69, 649–675 (2009).

125. Vercellini, P. et al. ‘Waiting for Godot’: 
a commonsense approach to the medical 
treatment of endometriosis. Hum. Reprod. 26, 
3–13 (2011).

126. Razzi, S. et al. Efficacy of vaginal danazol 
treatment in women with recurrent deeply 
infiltrating endometriosis. Fertil. Steril. 88,  
789–794 (2007).

127. Brown, J., Pan, A. & Hart, R. J. Gonadotrophin-
releasing hormone analogues for pain 
associated with endometriosis. Cochrane 

Database of Systematic Reviews, Issue 12. Art. 
No.: CD008475. http://dx.doi.org/10.1002/ 
14651858.CD008475.pub2.

128. Vercellini, P. et al. Medical treatment for 
rectovaginal endometriosis: what is the 
evidence? Hum. Reprod. 24, 2504–2514 
(2009).

129. Vercellini, P. et al. Treatment of symptomatic 
rectovaginal endometriosis with an estrogen-
progestogen combination versus low-dose 
norethindrone acetate. Fertil. Steril. 84,  
1375–1387 (2005).

130. Vercellini, P. et al. Surgical versus medical 
treatment for endometriosis-associated severe 
deep dyspareunia: I. Effect on pain during 
intercourse and patient satisfaction. Hum. 

Reprod. 27, 3450–3459 (2012).
131. Ferrero, S. et al. Letrozole combined with 

norethisterone acetate compared with 
norethisterone acetate alone in the treatment of 
pain symptoms caused by endometriosis. Hum. 

Reprod. 24, 3033–3041 (2009).
132. Kaser, D. J., Missmer, S. A., Berry, K. F. & 

Laufer,M. R. Use of norethindrone acetate alone 
for postoperative suppression of endometriosis 
symptoms. J. Pediatr. Adolesc. Gynecol. 25,  
105–108 (2012).

133. Harada, T. et al. Dienogest is as effective as 
intranasal buserelin acetate for the relief of pain 
symptoms associated with endometriosis: 
a randomized, double-blind, multicenter, 
controlled trial. Fertil. Steril. 91, 675–681 
(2009).

134. Strowitzki, T., Marr, J., Gerlinger, C., 
Faustmann, T. & Seitz, C. Dienogest is as 
effective as leuprolide acetate in treating the 
painful symptoms of endometriosis: a 24-week, 
randomized, multicentre, open-label trial. Hum. 

Reprod. 25, 633–641 (2010).
135. Chu, M. C., Zhang, X., Gentzschein, E., 

Stanczyk, F. Z. & Lobo, R. A. Formation of ethinyl 
estradiol in women during treatment with 
norethindrone acetate. J. Clin. Endocrinol. Metab. 
92, 2205–2207 (2007).

136. Abou-Setta, A. M., Houston, B., Al-Inany, H. G.  
& Farguhar, C. Levonorgestrel-releasing 
intrauterine device (LNG-IUD) for symptomatic 
endometriosis following surgery. Cochrane 

Database of Systematic Reviews, Issue. 1. Art 
No.: CD005072. http://dx.doi.org/10.1002/ 
14651858.CD005072.pub3.

137. De Ziegler, D., Borghese, B. & Chapron, C. 
Endometriosis and infertility: pathophysiology and 
management. Lancet 376, 730–738 (2010).

138. Hughes, E. et al. Ovulation suppression for 
endometriosis for women with subfertility. 
Cochrane Database of Systematic Reviews, 
Issue 3. Art No.: CD000155. http://dx.doi.org/ 
10.1002/14651858.CD000155.pub2.  

139. Jacobson, T. Z. et al. Laparoscopic surgery for 
subfertility associated with endometriosis. 

Cochrane Database of Systematic Reviews, 

Issue 1. Art. No.: CD001398. http://dx.doi.org/ 
10.1002/14651858.CD001398.pub2.

140. Vercellini, P. et al. Surgery for endometriosis-
associated infertility: a pragmatic approach. 
Hum. Reprod. 24, 254–269 (2009).

141. Tanahatoe, S. J., Lambalk, C. B. & Hompes, P. G. 
The role of laparoscopy in intrauterine 
insemination: a prospective randomized 
reallocation study. Hum. Reprod. 20,  
3225–3230 (2005).

142. Vercellini, P. et al. Effect of patient selection on 
estimate of reproductive success after surgery 
for rectovaginal endometriosis: literature review. 
Reprod. Biomed. Online 24, 389–395 (2012).

143. Vercellini, P. et al. Reproductive performance in 
infertile women with rectovaginal endometriosis: 
Is surgery worthwhile? Am. J. Obstet. Gynecol. 
195, 1303–1310 (2006).

144. Moen, M. H. & Stokstad, T. A long-term follow-up 
study of women with asymptomatic 
endometriosis diagnosed incidentally at 
sterilization. Fertil. Steril. 78, 773–776 (2002).

145. Matorras, R. et al. Fertility in women with 
minimal endometriosis compared with normal 
women was assessed by means of a donor 
insemination program in unstimulated cycles. 
Am. J. Obstet. Gynecol. 203, 345.e1–6 (2010).

146. Tummon, I. S., Asher, L. J., Martin, J. S. & 
Tulandi, T. Randomized controlled trial of 
superovulation and insemination for infertility 
associated with minimal or mild endometriosis. 
Fertil. Steril. 68, 8–12 (1997).

147. Deaton, J. L. et al. A randomized, controlled trial 
of clomiphene citrate and intrauterine 
insemination in couples with unexplained 
infertility or surgically corrected endometriosis. 
Fertil. Steril. 54, 1083–1088 (1990).

148. Barnhart, K., Dunsmoor-Su, R. & Coutifaris, C. 
Effect of endometriosis on in vitro fertilization. 
Fertil. Steril. 277, 1148–1155 (2002).

149. Harb, H., Gallos, I., Chu, J., Harb, M. & 
Coomarasamy, A. The effect of endometriosis  
on in vitro fertilisation outcome: a systematic 
review and meta-analysis. BJOG 120,  
1308–1320 (2013). 

150. Sallam, H. N., Garcia-Velasco, J. A., Dias, S. & 
Arici, A. Long-term pituitary down-regulation 
before in vitro fertilization (IVF) for women with 
endometriosis. Cochrane Database of Systematic 

Reviews, Issue. 1. Art No.: CD004635. http://
dx.doi.org/10.1002/14651858.CD004635.
pub2.

151. De Ziegler, D. et al. Use of oral contraceptives in 
women with endometriosis before assisted 
reproduction treatment improves outcomes. 
Fertil. Steril. 94, 2796–2799 (2010).

152. Littman, E. et al. Role of laparoscopic treatment 
of endometriosis in women with failed in vitro 
fertilization cycles. Fertil. Steril. 84, 1574–1578 
(2005).

153. Somigliana, E. et al. Surgical excision of 
endometriomas and ovarian reserve: 
a systematic review on serum antimüllerian 
hormone level modifications. Fertil. Steril. 98, 
1531–1538 (2012).

154. Raffi, F., Metwally, M. & Amer, S. The impact of 
excision of ovarian endometrioma on ovarian 
reserve: a systematic review and meta-analysis. 
J. Clin. Endocrinol. Metab. 97, 3146–3154 
(2012).

155. Uncu, G. et al. Prospective assessment of the 
impact of endometriomas and their removal on 
ovarian reserve and determinants of the rate of 
decline in ovarian reserve. Hum. Reprod. 28, 
2140–2145 (2013).

156. Busacca, M. et al. Postsurgical ovarian failure 
after laparoscopic excision of bilateral 

endometriomas. Am. J. Obstet. Gynecol. 195, 
421–425 (2006).

157. Somigliana, E. et al. IVF-ICSI outcome in women 
operated on for bilateral endometriomas. Hum. 

Reprod. 23, 1526–1530 (2008).
158. Garcia-Velasco, J. A. & Somigliana, E. 

Management of endometriomas in women 
requiring IVF: to touch or not to touch. Hum. 

Reprod. 24, 496–501 (2009). 
159. Van Voorhis, B. J. Clinical practice. In vitro 

fertilization. N. Engl. J. Med. 356, 379–386 
(2007).

160. Canis, M., Mage, G., Wattiez, A., Pouly J. L. & 
Bruhat, M. A. The ovarian endometrioma: why is 
it so poorly managed? Laparoscopic treatment 
of large ovarian endometrioma: why such a long 
learning curve? Hum. Reprod. 18, 5–7 (2003).

161. Soares, S. R., Martinez-Varea, A., Hidalgo-
Mora, J. J. & Pellicer, A. Pharmacologic therapies 
in endometriosis: a systematic review. Fertil. 

Steril. 98, 529–555 (2012).
162. Guo, S. W. et al. A call for more transparency of 

registered clinical trials on endometriosis. Hum. 

Reprod. 24, 1247–1254 (2009).
163. Soysal, S., Soysal, M. E., Ozer, S., Gul, N. & 

Gezgin, T. The effects of post-surgical 
administration of goserelin plus anastrozole 
compared to goserelin alone in patients with 
severe endometriosis: a prospective 
randomized trial. Hum. Reprod. 19, 160–167 
(2004).

164. Alborzi, S., Hamedi, B., Omidvar, A., Dehbashi, S. 
& Alborzi, M. A comparison of the effect of short-
term aromatase inhibitor (letrozole) and GnRH 
agonist (triptorelin) versus case control on 
pregnancy rate and symptom and sign 
recurrence after laparoscopic treatment of 
endometriosis. Arch. Gynecol. Obstet. 284,  
105–110 (2011).

165. Stratton, P. et al. Return of chronic pelvic pain 
from endometriosis after raloxifene treatment: 
a randomized controlled trial. Obstet. Gynecol. 
111, 88–96 (2008).

166. Cobellis L. et al. The treatment with a COX-2 
specific inhibitor is effective in the management 
of pain related to endometriosis. Eur. J. Obstet. 

Gynecol. Reprod. Biol. 116, 100–102 (2004).
167. Balasch, J. et al. Pentoxifylline versus placebo  

in the treatment of infertility associated with 
minimal or mild endometriosis: a pilot 
randomized clinical trial. Hum. Reprod. 12, 
2046–2050 (1997).

168. Alborzi, S., Ghotbi, S., Parsanezhad, M. E., 
Dehbashi, S. & Alborzi, M. Pentoxifylline therapy 
after laparoscopic surgery for different stages of 
endometriosis: a prospective, double-blind, 
randomized, placebo-controlled study. J. Minimal 

Invasive Gynecol. 14, 54–58 (2007).
169. Kamencic, H. & Thiel, J. A. Pentoxyfilline after 

conservative surgery for endometriosis: 
a randomized, controlled trial. J. Minimal Invasive 

Gynecol. 15, 62–66 (2008).
170. Acién, P. et al. Use of intraperitoneal interferon 

α-2b therapy after conservative surgery for 
endometriosis and postoperative medical 
treatment with depot gonadotropin-releasing 
hormone analog: a randomized clinical trial. 
Fertil. Steril. 78, 705–711 (2002). 

171. Acién, P. et al. GnRH analogues, transvaginal 
ultrasound-guided drainage and intracystic 
injection of recombinant interleukin-2 in the 
treatment of endometriosis. Gynecol. Obstet. 

Invest. 55, 96–104 (2003).
172. Koninckx, P. R., Craessaerts, M., Timmerman, D. 

Cornillie, F. & Kennedy, S. Anti-TNF-α treatment 
for deep endometriosis-associated pain: 
a randomized placebo-controlled trial. Hum. 

Reprod. 23, 2017–2023 (2008). 

REVIEWS

© 2014 Macmillan Publishers Limited. All rights reserved

http://dx.doi.org/10.1002/14651858.CD008475.pub2
http://dx.doi.org/10.1002/14651858.CD008475.pub2
http://dx.doi.org/10.1002/14651858.CD005072.pub3
http://dx.doi.org/10.1002/14651858.CD005072.pub3
http://dx.doi.org/10.1002/14651858.CD000155.pub2
http://dx.doi.org/10.1002/14651858.CD000155.pub2
http://dx.doi.org/10.1002/14651858.CD001398.pub2
http://dx.doi.org/10.1002/14651858.CD001398.pub2
http://www.ncbi.nlm.nih.gov/pubmed/16006455
http://www.ncbi.nlm.nih.gov/pubmed/16006455
http://www.ncbi.nlm.nih.gov/pubmed/16006455
http://dx.doi.org/10.1002/14651858.CD004635.pub2
http://dx.doi.org/10.1002/14651858.CD004635.pub2
http://dx.doi.org/10.1002/14651858.CD004635.pub2


NATURE REVIEWS | ENDOCRINOLOGY  VOLUME 10 | MAY 2014 | 275

173. Guo, S. W. & Evers J. L. Lack of transparency of 
clinical trials on endometriosis. Obstet. Gynecol. 
121, 1281–1290 (2013).

174. Guo, S. W. Recurrence of endometriosis and its 
control. Hum. Reprod. Update 15, 441–461 
(2009).

175. Berlanda, N., Vercellini, P. & Fedele, L. The 
outcomes of repeat surgery for recurrent 
symptomatic endometriosis. Curr. Opin. Obstet. 

Gynecol. 22, 320–325 (2010).
176. Vercellini, P. et al. The effect of second-line 

surgery on reproductive performance of women 
with recurrent endometriosis: a systematic 
review. Acta Obstet. Gynecol. Scand. 88,  
1074–1082 (2009).

177. Kennedy, S. et al. ESHRE guideline for the 
diagnosis and treatment of endometriosis.  
Hum. Reprod. 20, 2698–2704 (2005). 

178. Practice Committee of the American Society for 
Reproductive Medicine. Endometriosis and 
infertility: a committee opinion. Fertil. Steril. 98, 
591–598 (2012).

179. Seracchioli, R. et al. Long-term oral 
contraceptive pills and postoperative pain 
management after laparoscopic excision  
of ovarian endometrioma: a randomized 
controlled trial. Fertil. Steril. 94, 464–471 
(2010). 

180. Seracchioli, R. et al. Post-operative use of oral 
contraceptive pills for prevention of anatomical 
relapse or symptom-recurrence after 
conservative surgery for endometriosis. Hum. 

Reprod. 24, 2729–2735 (2009). 
181. Vercellini, P. et al. Long-term adjuvant therapy for 

the prevention of postoperative endometrioma 
recurrence: a systematic review and meta-
analysis. Acta Obstet. Gynecol. Scand. 92, 8–16 
(2013). 

182. Brinton, L. A., Gridley, G., Persson, I., Baron, J.  
& Bergqvist, A. Cancer risk after a hospital 
discharge diagnosis of endometriosis. Am. J. 

Obstet. Gynecol 176, 572–579 (1997).
183. Pearce, C. L. et al. Association between 

endometriosis and risk of histological subtypes 
of ovarian cancer: a pooled analysis of case–
control studies. Lancet Oncol. 13, 385–394 
(2012).

184. Kurman, R. J. et al. Papillary tubal hyperplasia: 
the putative precursor of ovarian atypical 
proliferative (borderline) serous tumors, 
noninvasive implants, and endosalpingiosis. 
Am. J. Surg. Pathol. 35, 1605–1614 (2011).

185. Nezhat, F. et al. The relationship of 
endometriosis and ovarian malignancy: a review. 
Fertil. Steril. 90, 1559–1570 (2008).

186. Wei, J. J., Williams, J. & Bulun, S. Endometriosis 
and ovarian cancer: a review of clinical, 
pathologic, and molecular aspects. Int. J. 

Gynecol. Pathol. 30, 553–68 (2011).

187. Vercellini, P., Somigliana E., Buggio L., Bolis G. 
& Fedele L. Endometriosis and ovarian cancer. 
Lancet Oncol. 13, e188–e189 (2012).

188. Vercellini, P. et al. The oncofetal protein IMP3: 
a novel biomarker and triage tool for 
premalignant atypical endometriotic lesions. 
Fertil. Steril. 99, 1974–1979 (2013).

189. Viganò P., Somigliana, E., Chiodo, I., Abbiati, A.  
& Vercellini, P. Molecular mechanisms and 
biological plausibility underlying the malignant 
transformation of endometriosis: a critical 
analysis. Hum. Reprod. Update 12, 77–89 
(2006).

190. Kobayashi, H. et al. The role of hepatocyte 
nuclear factor-1β in the pathogenesis of clear 
cell carcinoma of the ovary. Int. J. Gynecol. 

Cancer 19, 471–479 (2009).
191. Vercellini, P. et al. The “incessant menstruation” 

hypothesis: a mechanistic ovarian cancer model 
with implications for prevention. Hum. Reprod. 
26, 2262–2273 (2011).

192. Yamada, Y. et al. Redox-active iron-induced 
oxidative stress in the pathogenesis of clear cell 
carcinoma of the ovary. Int. J. Gynecol. Cancer 
21, 1200–1207 (2011).

193. Wiegand, K. C. et al. ARID1A mutations in 
endometriosis-associated ovarian carcinomas. 
N. Engl. J. Med. 363, 1532–1543 (2010).

194. Maeda, D. & Shih, I. M. Pathogenesis and the 
role of ARID1A mutation in endometriosis-
related ovarian neoplasms. Adv. Anat. Pathol. 20, 
45–52 (2013).

195. Tanase, Y. et al. Modulation of estrogenic action 
in clear cell carcinoma of the ovary (Review). 
Exp. Ther. Med. 3, 18–24 (2012).

196. Kajihara, H., Yamada, Y., Shigetomi, H. 
Higashiura, Y & Kobayashi, H. The dichotomy in 
the histogenesis of endometriosis-associated 
ovarian cancer: clear cell-type versus 
endometrioid-type adenocarcinoma. Int. J. 

Gynecol. Pathol. 31, 304–312 (2012).
197. Llauradó M. et al. Molecular bases of 

endometrial cancer: New roles for new actors in 
the diagnosis and the therapy of the disease. 
Mol. Cell. Endocrinol. 358, 244–255 (2012).

198. Herrinton, L. J., Voigt, L. F., Weiss, N. S., 
Beresford, S. A. A. & Wingo, PA. Risk factors  
for synchronous primary endometrial and 
ovarian cancers. Ann. Epidemiol. 11, 529–533 
(2001).

199. Mangili, G. et al. Unraveling the two entities of 
endometrioid ovarian cancer: a single center 
clinical experience. Gynecol. Oncol. 126,  
403–407 (2012).

200. Liu, Y., Li, J., Jin, H., Lu, Y. & Lu, X. 
Clinicopathological characteristics of patients 
with synchronous primary endometrial and 
ovarian cancers: A review of 43 cases. Oncol. 

Lett. 5, 267–270 (2013).

201. Modugno, F. et al. Oral contraceptive use, 
reproductive history, and risk of epithelial 
ovarian cancer in women with and without 
endometriosis. Am. J. Obstet. Gynecol. 191, 
733–740 (2004).

202. Rossing, M. A., Cushing-Haugen, K. L., 
Wicklund, K. G., Doherty, J. A. & Weiss, N. S. 
Risk of epithelial ovarian cancer in relation to 
benign ovarian conditions and ovarian surgery. 
Cancer Causes Control 19, 1357–1364 (2008).

203. Melin, A. S. et al. Hormonal and surgical 
treatments for endometriosis and risk of 
epithelial ovarian cancer. Acta Obstet. Gynecol. 

Scand. 92, 546–554 (2013).
204. Somigliana, E. et al. Association between 

endometriosis and cancer: a comprehensive 
review and a critical analysis of clinical and 
epidemiological evidence. Gynecol. Oncol. 101, 
331–341 (2006).

205. Viganò, P., Somigliana, E., Parazzini, F. & 
Vercellini, P. Bias versus casuality: interpreting 
recent evidence of association between 
endometriosis and ovarian cancer. Fertil. Steril. 
88, 588–593 (2007).

206. Leyland, N. Casper, R., Laberge, P. & Singh, S. S; 
SOGC. Endometriosis: diagnosis and 
management. J. Obstet. Gynaecol. Can. 32,  
S1–S32 (2010).

207. Farquhar, C. Endometriosis. BMJ 334, 249–253 
(2007).

208. Moynihan, R. The future of medicine lies in truly 
shared decision making. BMJ 346, f2789 
(2013).

209. Fagervold, B., Jenssen, M., Hummerlshoj, L.  
& Moen, M. H. Life after diagnosis with 
endometriosis—a 15 years follow-up study. Acta 

Obstet. Gynecol. Scand. 88, 914–919 (2009).
210. De Graaff, A. A. et al. The significant effect of 

endometriosis on physical, mental and social 
wellbeing: results from an international cross-
sectional survey. Hum. Reprod. 28, 2677–2685 
(2013). 

211. Culley, L. et al. The social and psychological 
impact of endometriosis on women’s lives: 
a critical narrative review. Hum. Reprod. Update 
19, 625–639 (2013). 

Acknowledgements

D. Alberico, D. Dridi, A. M. Sanchez and C. Vercellini 
are greatly acknowledged for their support.

Author contributions

P. Vercellini, P. Viganò and E. Somigliana researched 
data for the article, provided a substantial 
contribution to discussion of the content, wrote the 
article and reviewed/edited the manuscript before 
submission. L. Fedele provided a substantial 
contribution to discussion of the content and 
reviewed/edited the manuscript before submission. 

REVIEWS

© 2014 Macmillan Publishers Limited. All rights reserved


	Endometriosis: pathogenesis and treatment
	Paolo Vercellini, Paola Viganò, Edgardo Somigliana and Luigi Fedele
	Introduction
	Pathogenesis
	Key points
	Figure 1 | Epidemiological factors and molecular mechanisms involved in endometriosis development. Viable endometrial fragments are driven through the fallopian tubes by retrograde menstruation owing to a pressure gradient originating possibly from dyssyn
	Pathology and pain symptoms
	Box 1 | Current theories on endometriosis pathogenesis
	Figure 2 | Visual examples of the most frequent forms of endometriosis. a | Endometriotic bluish peritoneal implants on both the medial and lateral aspects of the right utero-sacral ligament, in the postero-uterine Douglas pouch. 
b | A left ovarian endom
	Diagnosis and classification
	Treatment for pain
	Treatment for infertility
	Figure 3 | Flow-chart of infertility treatment from an endometriosis-centred perspective. Women with past intervention for endometriosis stage I–II and those with unexplained infertility (one-third of whom have endometriosis stage I–II) should receive int
	Emerging pharmacological therapies
	Box 2 | Nonconventional therapies proposed for endometriosis
	Recurrence: management and prevention
	Endometriosis-associated ovarian cancer
	Box 3 | Prevention of endometriosis-associated epithelial ovarian cancer
	Figure 4 | An ovarian endometriotic cyst with a papillary clear cell carcinoma. The cyst wall beneath the cancer lesion is lined by cylindrical endometrial-type epithelium. Haematoxylin and eosin staining; magnification, 4×. 
	Conclusions
	Review criteria
	Acknowledgements
	Author contributions

