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NDOMETRIOSIS IS DEFINED AS THE PRESENCE OF ENDOMETRIUM-LIKE

tissue outside the uterus.! However, this definition does not encompass the

complex symptomatic, pathobiologic, and multisystemic nature of the dis-
order (Fig. 1).> Endometriosis is primarily diagnosed through surgical visualiza-
tion — ideally, laparoscopy. Treatment consists of surgical removal of lesions and
hormonal medication, often with side effects and variable efficacy. The 2008 U.S.
health care costs for endometriosis were approximately $4,000 per affected woman,
which is similar to the costs for other chronic conditions such as type 2 diabetes,
Crohn’s disease, and rheumatoid arthritis.> The costs of care to manage symp-
toms, including chronic pelvic pain, dysmenorrhea, deep dyspareunia, dysuria,
dyschezia, fatigue, and infertility, are much greater, since these symptoms affect
physical, mental, sexual, and social well-being, as well as productivity.**

Despite the substantial effect that endometriosis has on women, their families,
and the economy, public and professional awareness of the disorder remains
poor.>” Here, we discuss the epidemiology, pathophysiology, and pathogenesis of
endometriosis, as well as diagnosis and treatment, with an emphasis on how
understanding the genetic origins of the disease can inform development of better
diagnostic and treatment options.

EPIDEMIOLOGY

PREVALENCE

Endometriosis is estimated to affect 10% of reproductive-age women,® which
extrapolates to approximately 190 million women worldwide, given the World
Bank’s population estimates for 2017.° The true prevalence of endometriosis is
uncertain, however, because definitive diagnosis requires surgical visualization.
Estimates vary widely among population samples and diagnostic approaches.!® The
prevalence ranges from 2 to 11% among asymptomatic women, 5 to 50% among
infertile women, and 5 to 21% among women hospitalized for pelvic pain.® Among
symptomatic adolescents, the prevalence of endometriosis ranges from 49% for
those with chronic pelvic pain to 75% for those with pain that is unresponsive to
medical treatment.?

Knowledge of population distributions, disease manifestations, and risk factors
is limited to data for women in whom endometriosis is successfully diagnosed.
The number and characteristics of undiagnosed cases are unknown. Once we have
more definitive epidemiologic and clinical data (perhaps through the use of future,
noninvasive diagnostics), we may learn that everything we currently believe about
endometriosis, which is biased toward factors associated with access to care, may
represent only a portion of the story.?
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Figure 1. Endometriosis across the Life Course.

systemic coexisting conditions, accumulate.

Although the natural history of endometriosis remains unknown, emerging evidence suggests that there are critical windows of expo-
sures and development. Since the onset of endometriosis-associated pain symptoms is most often reported during adolescence and
young adulthood, the pathophysiological steps of initiation and development of endometriosis must occur earlier in the life span. Ge-
netic loci have been associated with a risk of endometriosis; there is also evidence of life stage—specific risk factors. Before a definitive
diagnosis is made, women often endure symptoms for years while negative effects on well-being and quality of life, in addition to multi-

PRESENTATION, RISK FACTORS, AND COEXISTING
CONDITIONS

Presentations of endometriosis (Fig. 2) range
from superficial peritoneal lesions of varying
color, to cysts in the ovaries (endometrioma), to
nodules with a depth of penetration exceeding
5 mm (deep endometriosis, often accompanied
by scarring [fibrosis] and adhesions?), to extra-
pelvic lesions (Fig. 3). More severe endometrio-
sis, according to the widely used, revised Ameri-
can Society of Reproductive Medicine (rASRM)
staging classification (stages I through 1V; see
Table S1 in the Supplementary Appendix, available
with the full text of this article at NEJM.org),
does not correlate with symptoms, treatment
response, or prognosis.!’ Although the natural
history of endometriosis is unknown, subpheno-
types of lesions may vary across the life course.>!?
However, no robust evidence supports an or-
dered progression of endometriotic lesions. In
studies of repeat surgeries, lesions progressed
(in 29% of cases), regressed (in 42%), or were
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static (in 29%), according to rASRM staging®;
symptom severity or recurrence was not corre-
lated with stage. Since classification and staging
systems have failed to provide informative clini-
cal algorithms for determining risk or progno-
sis," some people have argued that a definition
of the symptomatology should include probable
endometriosis.!**

Symptom heterogeneity is high (Fig. 2).
Women with rASRM stage I disease (defined as
a limited number of lesions and few adhesions)
may have severe pain, infertility, or both, where-
as women with stage IV endometriosis (a greater
number of lesions, endometrioma, or both, with
extensive adhesions; see Table S1) may be asymp-
tomatic. Pelvic pain may be inflammatory as
well as neuropathic in nature,'® characterized by
potential sensitization of the central nervous
system that can result in persistent pain even
after endometriotic lesions have been excised.”!®
Chronic pelvic pain that is unresponsive to con-
ventional treatments develops in approximately
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Symptoms Endometriotic Lesions

Asymptomatic
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Dyspareunia
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Various locations within the

Dyschezia peritoneal cavity
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Infertility Deep endometriosis
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pelvic cavity
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Uterine fibroids, adenomyosis
Pain
Fibromyalgia, migraine
Central sensitization
Gastroenterologic
Irritable bowel syndrome, ulcerative colitis
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Interstitial cystitis
Mental health
Depression, anxiety
Immunologic
Rheumatoid arthritis, systemic lupus erythematosus, multiple sclerosis,
allergies, asthma
Cancer
Ovarian cancer, melanoma, thyroid cancer
Cardiovascular disease

Figure 2. Multisystemic Endometriosis Phenome.

The presentation of endometriosis is complex and heterogeneous. Symp-
tomatically, it includes several hallmark yet nonspecific types of pain and
an increased risk of infertility, as well as prevalent fatigue. The gross ap-
pearance of endometriotic lesions suggests multiple subtypes. Altered as-
pects of the endogenous milieu include local estrogen production and pro-
gesterone resistance, as well as chronic local and systemic inflammation.
Recognition of varied molecular phenotypes among women with endome-
triosis is emerging; such phenotypes may prove to be correlated with the
presence of myriad coexisting conditions and subsequent disorders that
span multiple organ systems.
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30% of patients with endometriosis.”® About one
third of affected women have infertility (ap-
proximately twice the rate among women with-
out endometriosis).?°

The few robust risk-factor associations that
are emerging suggest critical windows of expo-
sure (Fig. 1).® For example, diethylstilbestrol ex-
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posure, low birth weight, and an early age at
menarche have been associated with a greater
risk of endometriosis. Risk factors from adoles-
cence into adulthood include a short menstrual
cycle, low body-mass index, low waist-to-hip ra-
tio, and low parity.® Whether these associations
represent causes or consequences of endometri-
osis must be interpreted cautiously, given our
rudimentary knowledge of the initiation and
development of the disorder and our inability to
diagnose it before the onset of symptoms.

Women with endometriosis are more likely
than women without endometriosis to have co-
existing conditions®* (Fig. 2). A robust associa-
tion has been shown between endometriosis and
the risk of clear-cell and endometrioid ovarian
cancer (meta-analytic odds ratio, 1.42).>> This
finding currently has little clinical significance
in terms of the absolute lifetime risk of ovarian
cancer (1.8% among women with endometriosis
vs. 1.3% in the general population of women),
but a better understanding might lead to the
identification of subphenotypes of endometrio-
sis that are associated with the highest risk of
ovarian cancer. Increased risks of melanoma,
non-Hodgkin’s lymphoma, and thyroid and en-
dometrial cancers has been observed but with
less consistent evidence.*

Coexisting gynecologic conditions such as
adenomyosis and uterine fibroids, as well as as-
sociations with endometrial cancer, can be in-
fluenced by diagnostic biases and failure to
distinguish between diagnoses in women under-
going hysterectomy and those in women with
intact uteri.’® In addition, a meta-analysis
showed an increased risk of several autoimmune
diseases among women with endometriosis, but
most of the studies were of insufficient quality.?®
Future studies of coexisting conditions should
assess the timing of the onset of the condition
(relative to a woman’s history of endometriosis),
diagnostic bias, and potential confounding fac-
tors such as correlated risk factors and physio-
logical features and should explore endometrio-
sis treatments as mediators of these associations.

PATHOGENESIS AND
PATHOPHYSIOLOGY

The development of endometriosis involves in-
teracting endocrine, immunologic, proinflam-
matory, and proangiogenic processes (Fig. 4),
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Figure 3. Multiple Manifestations of Endometriosis.
Panel A shows minimal endometriosis with four peritoneal endometriotic lesions (white arrows) on the right pelvic
side wall. Panel B shows extensive endometriosis with bowel adhesions to the uterus and obliteration of the posteri-
or cul-de-sac. Panel C shows a superficial red peritoneal endometriotic lesion and hyperemia. Panel D shows an en-
dometrioma (“chocolate cyst”) in the left ovary. Panel E shows a deep bladder nodule (black arrows) and red,
brown, and black peritoneal endometriotic lesions (white arrows).

which have been detailed recently elsewhere.!
Whether these factors are pathogenic (causal) or
merely represent a feature of the pathophysio-
logical process typically measured years after
symptom onset remains uncertain.

The postulated origins of endometriotic tis-
sue are retrograde menstruation, coelomic meta-
plasia, and lymphatic and vascular metastasis.

Retrograde menstruation refers to the reflux of
menstrual debris containing viable endometrial
cells through the fallopian tubes into the perito-
neal cavity.” Retrograde menstruation as an ori-
gin of endometriosis is supported by studies
showing risk associations with a short men-
strual cycle and obstructed menstrual flow,*® as
well as by cellular studies tracing the origins of
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Figure 4 (facing page). Potential Pathways
for the Pathogenesis and Pathophysiological
Features of Pelvic Endometriosis.

The pathogenesis and pathophysiological features of
pelvic endometriosis are complex. Potential origins

of the endometriotic lesions include transplantation of
endometrial tissue through retrograde menstruation
and in situ coelomic metaplasia of the peritoneal lining.
Vascular or lymphatic metastasis most likely occurs only
rarely, in cases of extrapelvic lesions. Superficial and
deep endometriotic lesions are established and main-
tained through interacting molecular mechanisms that
promote cellular adhesion and proliferation, systemic
and localized steroidogenesis, localized inflammatory
response and immune dysregulation, and vasculariza-
tion and innervation. The dashed arrow indicates a pos-
tulated effect. ER denotes estrogen receptor, HSD17/32
17B-hydroxysteroid dehydrogenase 2, ICAM intercellu-
lar adhesion molecule, IGF insulin-like growth factor,
NF-kB nuclear factor kB, NGF nerve growth factor, PR
progesterone receptor, SF1 steroidogenic factor, STAR
steroidogenic acute regulatory protein, TNF tumor necro-
sis factor, and VEGF vascular endothelial growth factor.

somatic genetic mutations observed in endome-
triotic lesions to eutopic endometrium.” Neona-
tal uterine bleeding, containing endometrial stem
cells, could explain rare premenarchal endome-
triosis.”® Coelomic metaplasia — the transfor-
mation of peritoneal mesothelium into glandu-
lar endometrium — has been suggested in
women with miillerian duct defects.” Lymphatic
and vascular metastasis — the transport of en-
dometrial cells through lymphatic and blood
vessels — has been proposed as another origin
of extrapelvic endometriosis.”

Since retrograde menstruation is common,*
other factors must determine the ability of endo-
metrial cells to adhere to peritoneal surfaces,
proliferate, and develop into endometriotic le-
sions (Fig. 4).° Endometrial stem-cell and pro-
genitor-cell populations are present in eutopic
endometrium,* which, if shed in retrograde men-
struation, may play a role in the development of
endometriotic lesions. Endometrial stromal cells
from women with endometriosis display adhe-
sive capacity as a result of altered integrin pro-
files,?? and a localized inflammatory response in
endometriosis favors cellular adhesion.®

Proliferation of endometriotic deposits re-
quires estradiol, which is provided by systemic
hormones and also locally from increased ex-
pression of aromatase and steroidogenic acute
regulatory protein and decreased expression of

17B-hydroxysteroid dehydrogenase 2 by endome-
triotic lesions.?* In addition, lesions are charac-
terized by increased expression of estrogen re-
ceptor 3, which has been shown in a mouse
model to promote lesion growth by inhibiting
tumor necrosis factor a (TNF-a)—induced apop-
tosis, increasing interleukin-13 levels, enhancing
cellular adhesion and proliferation, and increas-
ing the epithelial-mesenchymal transition.*® Fur-
thermore, suppression of progesterone receptor B
in eutopic and ectopic endometrium, enhanced
in ectopic endometrial stromal cells by epigenetic
differential methylation of PR-B, HOX, and GATA
family transcription-factor genes,*® results in dis-
turbed progesterone signaling (“progesterone re-
sistance”),” inhibiting estrogen-dependent epithe-
lial-cell growth and dysregulating endometrial
decidualization, the process by which the endo-
metrial lining prepares for pregnancy.:

Endometriotic cells and tissue elicit a local-
ized immune and inflammatory response with
the production of cytokines, chemokines, and
prostaglandins. Dysfunction of the innate and
adaptive immune system® is evident,?® but it is
unclear whether immune dysfunction initiates
endometriosis or is a pathophysiological hall-
mark of the disorder. A study of inflammatory
markers collected years before the diagnosis of
endometriosis showed a greater risk with higher
plasma interleukin-183 levels.*

The inflammatory response involves mono-
cytes and macrophages, neutrophils, T cells, and
eosinophils attracted by CC and CXC chemo-
kines produced in ectopic endometrium (Fig. 4).*
In the innate immune system, the neutrophil
response is mediated by the expression of the
CXC chemokine interleukin-8 and CCL2 (mono-
cyte-chemoattracting protein 1) by endometri-
otic stromal cells.>® Monocytes, eosinophils, and
T cells are attracted by the production of CCL5
(RANTES) and CCL2 in both ectopic lesions and
peritoneal fluid from women with endometrio-
sis.*® Local natural-killer-cell activity is impaired
in women with endometriosis, which may con-
tribute to immune evasion of endometrial cells.*
Macrophages in peritoneal fluid are character-
ized by decreased phagocytic capacity and in-
creased activation of proinflammatory cytokines
(TNF-q, interleukin-18, and interleukin-6) and
proangiogenic factors (vascular endothelial growth
factor), as well as growth factors and adhesion
molecules.’®* Cytokine production is further
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enhanced by overexpression of nuclear factor kB
by peritoneal macrophages and endometriotic
stromal cells, production of reactive oxygen spe-
cies, and activation of mitogen-associated kinase
(MAPK) signaling pathways.* The contribution
of the adaptive immune system to endometriosis
that involves T-cell and B-cell responses is less
well characterized. Type 17 helper T-cell concen-
trations are increased in peritoneal fluid from
women with endometriosis, resulting in increased
interleukin-17 expression and promoting chron-
ic inflammation.*

The complex endocrine and proinflammatory
microenvironment in and surrounding endome-
triotic lesions promotes their proliferation and
vascularization but also nociception.” The endo-
metrium and endometriotic lesions contain nerve
fibers"” stimulated by inflammatory mediators.
Macrophages colocalize with nerve fibers, pro-
moted by locally synthesized estradiol,** and
produce nerve-sensitizing insulin-like growth
factor 1.* The ascending nociceptive signals re-
ceived in the central nervous system can lead to
heightened responsiveness of nociceptive neu-
rons to normal or subthreshold afferent input
(central sensitization)’” and alterations in pain
processing.

As with other chronic pain conditions, pain
mechanisms in endometriosis extend beyond the
presence of endometriotic lesions alone. Pelvic
pain in women with endometriosis, featuring
enhanced anterior insula glutamatergic neuro-
transmission and connectivity with the medial
prefrontal cortex, is associated with changes in
brain chemistry and function, as compared with
brain chemistry and function in age-matched,
pain-free women.”®* Women with endometriosis
are also at high risk for cross-organ sensitiza-
tion (pain perception from adjacent structures
due to convergence of neural pathways), which
may explain poor postsurgical pain relief in
many affected women.!® The similarity of mech-
anisms underlying different pain conditions is an
important area of research for cross-disciplinary
identification of drug targets and prevention of
chronic pain.

GENETIC FEATURES

Genetic studies of endometriosis have focused
on uncovering heritable (germline) genetic vari-
ation and, more recently, tissue-based somatic

(cellular acquired) genetic variation to improve
our understanding of the disease.

HERITABLE FEATURES

Twin studies have estimated the heritability of
endometriosis (the proportion of disease risk
attributable to genetic variation) at approximate-
ly 50%.%® Whole-genome linkage studies involv-
ing families with multiple cases of endometrio-
sis identified two linkage regions, probably
harboring rare risk variants¥ that remain un-
identified. Signal strengths indicated that these
findings are unlikely to explain a large propor-
tion of familial endometriosis risk, in contrast
to, for example, BRCA1 and BRCA2 variants in
breast cancer.”®

Common genetic variation accounts for ap-
proximately 26% of the risk of endometriosis®;
common risk variants are detectable in suffi-
ciently powered, population-based genomewide
association studies.”® Ten genomewide associa-
tion studies of endometriosis, limited to women
of European and Japanese ancestry, identified 18
genomewide significant loci, 14 of which were
robustly replicated (Table S2).>°* A meta-analysis
involving 25 global data sets is ongoing, with
interim results®® pointing to 27 genomewide
significant loci (13 of which are novel) that ac-
count for 2.2% of disease variance for endome-
triosis and 3.8% for rASRM stage III or IV disease.
Genetic correlations with coexisting chronic pain
conditions (headache and back and joint pain)
suggest a genetic basis for susceptibility to
pain in women with endometriosis.

Larger samples increase the number of loci
observed in genomewide association studies,*
but transethnic studies, including non-European
ancestries, are needed for endometriosis. A key
challenge is to understand how genomewide
significant loci contribute to the pathogenesis of
endometriosis. Analysis of genes nearest to the
loci implicate pathways previously postulated to
be involved (Fig. 4): cell adhesion and prolifera-
tion, angiogenesis, inflammation, and hormonal
pathways.’! Furthermore, MAPK signaling has
been implicated as a pathway involved in rASRM
stages I and II of endometriosis, possibly related
to pain processing, signal transducer and activa-
tor of transcription 3 (STAT3) signaling shared
with endometrial cancer, and WNT signaling
shared with fat distribution.! However, the loca-
tion of a variant in or near a specific gene does
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not imply that the transcription of this gene is
affected. An example for endometriosis is vari-
ant rs3820282 in an intron of WNT4, which stud-
ies showed was correlated with expression of
CDC42 and LINC00339 but not WNT4.%3

Functional elucidation of variants implicated
by genomewide association studies in the patho-
genesis of endometriosis requires integrated
analyses of genomic data with epigenomic, tran-
scriptomic, metabolomic, and proteomic data in
tissues and cell types relevant to the disorder
(Fig. 2). Such information is currently absent
from public resources such as the National Insti-
tutes of Health Epigenome Roadmap, Genotype-
Tissue Expression (GTEx), and the Encyclopedia
of DNA Elements (ENCODE). In addition, integra-
tion with deep phenotypic clinical data is re-
quired to aid phenotypic characterization of mo-
lecularly defined subtypes. These investigations
will lay the groundwork for developing subpheno-
type-specific approaches to precision medicine.
The Endometriosis Phenome and Biobanking
Harmonisation Project of the World Endometrio-
sis Research Foundation has provided tools for
standardized data and sample collection in stud-
ies of endometriosis.**

SOMATIC FEATURES

The association between endometriosis and clear-
cell or endometrioid ovarian cancer® has led to
an interest in the role of somatic mutations in
genes implicated in ovarian cancer — in partic-
ular, PIK3CA and ARIDIA.® An analysis of the
exomes of 24 deep endometriosis nodules, as
compared with adjacent normal peritoneum,
showed somatic cancer driver mutations in en-
dometriotic tissue from 5 of 24 patients (21%)
for ARIDIA, KRAS, PIK3CA, and PPP2R1A, with
mutations confined to glandular epithelial cells.>
Exome and targeted sequencing analysis of epi-
thelium dissected from 107 endometrioma sam-
ples, as compared with 82 histologically normal,
eutopic endometrium samples, identified cancer-
associated hot-spot mutation sites in KRAS and
PIK3CA in both endometriotic and endometrial
epithelium.” The allele frequency of observed
driver mutations suggested clonal expansion of
epithelial cells carrying these mutations, trans-
ported through retrograde menstruation. How-
ever, the presence of hot-spot mutations in
KRAS, PIK3CA, and FGFR2 in more than 50% of
110 histologically normal endometrial samples

from women without evidence of gynecologic
disease® casts doubt on the association of such
mutations with cancer risk or on their useful-
ness for diagnostic screening.

RISK PREDICTION BASED ON GENETIC VARIANTS
Progress in unraveling genomics for endometri-
osis lags far behind that for other common
diseases. For example, 243 loci identified in ge-
nomewide association studies are now known
for type 2 diabetes and 172 for breast cancer,
explaining approximately 18% of disease vari-
ance.’®> Robust polygenic risk scores generated
for these conditions have discriminatory poten-
tial to identify high-risk persons that approaches
the discriminatory potential of highly penetrant
monogenic mutations.® The ongoing WISDOM
(Women Informed to Screen Depending on Mea-
sures of Risk) trial aims to use polygenic risk
scores, along with other factors, to assign
women to breast-cancer screening regimens that
are tailored to their risk profile.** Such risk pre-
diction is not currently feasible for endometrio-
sis, since variants identified in genomewide as-
sociation studies to date explain only a small
percentage of risk.

DIAGNOSIS

Endometriosis remains difficult to diagnose. No
biomarkers to detect or rule out endometriosis
are available.®? The predominantly intraabdomi-
nal location of the lesions, plus their small size,
means that laparoscopic visualization (ideally
with histologic verification) remains the stan-
dard for diagnosis of the disease.®® Imaging is of
little use for identifying the most prevalent of
the three macropresentations described above:
superficial peritoneal lesions.®* However, endo-
metriomas can be identified reliably by trans-
vaginal ultrasonography or magnetic resonance
imaging (MRI), with more than 90% sensitivity
and specificity.** A skilled specialist can identify
deep endometriosis and adhesions involving pel-
vic organs with transvaginal ultrasonography.
MRI has 94% sensitivity for detecting deep en-
dometriosis, but the specificity is only 79%.%
Although most adults report that their pelvic
pain began during adolescence,” most young
women do not receive timely treatment. Women
see, on average, seven physicians before endo-
metriosis is diagnosed.>® The varied symptom-

N ENGLJ MED 382713 NEJM.ORG MARCH 26, 2020

The New England Journal of Medicine

Copyright © 2020 Massachusetts Medical Society. All rights reserved.

1251

Downloaded from nejm.org at the Bodleian Libraries of the University of Oxford on April 22, 2020. For personal use only. No other uses without permission.



1252

The NEW ENGLAND JOURNAL of MEDICINE

Nonspecific
Symptoms

No Specific
Biomarkers

DIFFICULTY DIAGNOSING
ENDOMETRIOSIS

Stigma or
Symptom
Normalization

Lack of
Awareness

Figure 5. The Diagnostic Challenge in Endometriosis.

The diagnostic challenge in endometriosis is multi-
faceted. Symptoms such as dysmenorrhea, dyspareunia,
dyschezia, and infertility can be attributed to many
conditions. In addition, these symptoms are often not
discussed openly because of the fear of stigmatization.
Furthermore, awareness of the disease is poor on the
part of the general public, employers, and persons in
health care professions. Finally, no clinically relevant
biomarkers are available. As a result of all these factors,
the average delay between the onset of symptoms and
diagnosis is 7 years.

atology can also be attributed to other condi-
tions,*® and symptom-based algorithms are
inadequately predictive.”” Women often undergo
clinical examinations or imaging with low sen-
sitivity for peritoneal endometriosis.!* Surgery is
appropriate only when symptoms reach a level of
severity to justify the risk. However, the thresh-
old for surgical referral varies not only according
to the practitioner’s awareness of endometriosis
and associated pelvic pain but also with econom-
ic and geographic access to care. Specialists in
endometriosis are in short supply, and women in
large regions of the world, including the United
States, live long distances from the nearest ap-
propriately skilled practitioner. The long interval
between symptom onset and diagnosis results in
prolonged pain, decreased quality of life, psycho-
logical stress, and impaired fecundity.® The
complex diagnostic challenge of endometriosis
— a tetrad (Fig. 5) of nonspecific symptoms,
lack of sensitive and specific biomarkers, and
lack of awareness on the part of both the public
(with symptoms discounted) and practitioners

(with symptoms dismissed or inadequately inves-
tigated) — drives the delay in diagnosis.>*

TREATMENT

In choosing treatment for endometriosis, it is
crucial to consider the patient’s predominant
symptoms and preferences, side-effect profile,
and age, as well as the extent and location of
disease, previous treatment, and costs. Manage-
ment of endometriosis (particularly disease in-
volving the bowel, bladder, ureters, or extrapel-
vic structures and cases with overlapping pain
conditions) requires multidisciplinary expertise.*1
Approximately 50% of women with endometriosis
have recurrent symptoms over a period of 5 years,
irrespective of the treatment approach.®

MEDICAL TREATMENT

Current hormonal treatment for endometriosis-
associated pain focuses on systemic or local es-
trogen suppression, inhibition of tissue prolif-
eration and inflammation, or both (Table S3).
The oral contraceptive pill, both combined or
progestin only, is widely used as the first-line
treatment for dysmenorrhea or chronic pelvic
pain with or without presumed endometriosis,
particularly in primary care.’® Daily or depot
progestins have been effective in some women.*

Gonadotropin-releasing hormone (GnRH) ag-
onists are second-line treatments that substan-
tially suppress systemic estrogen levels. Meno-
pause-like side effects, including bone loss, can
be decreased by adding low-dose estrogen-
replacement therapy.®® Elagolix, the first GnRH
antagonist for the treatment of endometriosis-
associated pelvic pain, is now available in North
America.”” Oral administration of elagolix may
allow for individualized dose adjustment, and
early data indicate a dose-dependent effect on
bone mineral density that is similar to the effect
of other GnRH agonists (e.g., leuprolide, nafarelin,
and goserelin).” Other oral GnRH antagonists
(linzagolix and relugolix) are currently being
evaluated in phase 3 clinical trials.

Localized aromatase production and resulting
estradiol formation by endometriotic lesions*
have prompted the successful off-label use of
aromatase inhibitors for women with symptoms
that are resistant to hormone therapy.”? How-
ever, long-term use is restricted because of bone-
density loss, vasomotor regulatory side effects
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such as flushing and hot flashes, and increased
multiple-pregnancy rates.

Analgesia for endometriosis-associated pain
consists of a combination of acetaminophen and
nonsteroidal antiinflammatory drugs. The Inter-
national Association for the Study of Pain recom-
mends opioids for severe, short-lived pain during
acute events but not for chronic pain condi-
tions,’” stating, “Chronic pain treatment strate-
gies that focus on improving the quality of life,
especially those integrating behavioral and phys-
ical treatments, are preferred.”

COMPLEMENTARY TREATMENT

Pain physiology is a dynamic process affected by
a complex interaction between amplifying and
inhibitory neuronal networks and the result of
accumulated peripheral signals from pelvic and
extrapelvic organs. Pain is also affected by emo-
tional, hormonal, and other physical and envi-
ronmental influences. Thus, women with chronic
pelvic pain should receive care from a multidis-
ciplinary team consisting of a pain specialist,
physical therapist, and psychologist, in addition
to the gynecologist. Current therapeutic options
range from pharmacologic treatment, including
analgesic, anxiolytic, and antidepressant agents
and membrane stabilizers, to pelvic physical
therapy and cognitive behavioral therapy.'

SURGICAL TREATMENT

In women with hormone-resistant pain associated
with endometriosis, surgical treatment should be
considered. Surgery has been shown to decrease
pain in some but not all women.® The aim is com-
plete destruction or removal of endometriotic
tissue and adhesions, and success in achieving
this aim may largely depend on the skill of the
surgeon. However, the evidence supporting sur-
gical treatment of superficial endometriosis for
pain relief is sparse and currently under debate.”
Hysterectomy is common; endometriosis-associ-
ated pain is the leading indication for hysterec-
tomy among women 30 to 34 years of age, ac-
counting for 18% of all hysterectomies in the
United States.”™ However, posthysterectomy pain
is three times as likely among women with pre-
operative pain as among those without preop-
erative pain,” and about half of the 60% elevated
risk of cardiovascular disease among women
with endometriosis is attributed to the high rate
of surgical menopause among such women.?

Excision of endometriomas adversely affects
ovarian follicular reserve (as indicated by lower
levels of anti-miillerian hormone and reduced
antral follicle counts).” For women who want to
preserve their fertility, the potential benefits of
surgery should be weighed against these nega-
tive effects.® Although surgical treatment of
endometriosis in women without other identifi-
able infertility factors may improve rates of spon-
taneous pregnancy, whether surgery improves
the likelihood of pregnancy with assisted repro-
ductive technology or in vitro fertilization re-
mains unclear.®”

THERAPEUTIC PROSPECTS

Current surgical and medical approaches to en-
dometriosis are ineffective for a sizable propor-
tion of women, and when effective, they can be
associated with complications and morbidity. In
addition, hormonal treatments are contraindi-
cated for women with endometriosis who would
like to conceive. Thus, nonhormonal therapeutic
approaches that target the subphenotype of en-
dometriosis are required for improved patient-
centered outcomes. Currently, 15 registered
clinical trials are focused on nonhormonal treat-
ments (Table S4). An improved understanding of
the pathogenesis of endometriosis and identifi-
cation of precise macrolevel and molecular sub-
phenotypes is needed for the development of
targeted medical approaches.

Furthermore, an improved understanding of
cross-organ and central sensitization in endo-
metriosis, as well as clinical differentiation
among pain characteristics, will lead manage-
ment away from a mainly lesion-based approach
and provide a wider spectrum of therapeutic
targets. Inhibition of targeted pain receptors,
such as the vanilloid receptor subtypes (transient
receptor potential vanilloid [TRPV]) and N-methyl-
p-aspartate (NMDA) glutamate receptors, and
activation of cannabinoid receptors (CB1R and
CB2R) are novel approaches that are currently
being explored.®® Nonpharmaceutical options,
including acupuncture and local use of botuli-
num toxin, may ameliorate the musculoskeletal
component of pelvic pain. Changes in diet may
affect symptoms through antiinflammatory ef-
fects® and a contribution to a more favorable gut
microbiome.”” Finally, exploration of overlapping
pain and mental health conditions may yield
more precise individualized treatment.’® Ulti-
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mately, the benefits and safety of new treat-
ments must be proven in clinical trials with evi-
dence-based core outcomes, including validated
measures of pain assessment and remediation.”®

No routine or standardized documentation
has been developed for the presentation of endo-
metriotic lesions or associated symptoms; de-
tailed information is often absent from claims
data and electronic medical records. Advances
in the management of endometriosis, including
identification of subphenotypes, development of
diagnostic algorithms, and individualized treat-
ment selection to improve prognosis and maxi-
mize symptom control, depend on the stan-
dardization of detailed phenotypic data and
biologic-sample collection. The Endometriosis
Phenome and Biobanking Harmonisation Project
of the World Endometriosis Research Founda-
tion offers tools for standardization.>

GOALS

Given the high prevalence of endometriosis, the
cumulative effect of the disease on health and
well-being across the life course, and the high
associated economic costs, improvements in
awareness, education, and action are long over-

due. Stratified and individualized therapeutic
approaches that maximize effective treatment
and potentiate cure, as well as preventive mea-
sures, require definitive categorization of clini-
cally informative endometriosis subphenotypes.
Biomarkers are urgently needed, as are new
therapeutics that target the varied physiological
pathways related to the development and pro-
gression of endometriosis and the persistence
of symptoms. Progress can be achieved only
through sufficiently powered, collaborative,
multidisciplinary research, facilitated by funding
bodies by means of the prioritization of endo-
metriosis as an important public health issue.
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