
Contents lists available at ScienceDirect

Neuroscience and Biobehavioral Reviews

journal homepage: www.elsevier.com/locate/neubiorev

Endometriosis and pain in the adolescent- striking early to limit suffering: A
narrative review

Christine B. Sieberga,b,c,d,*, Claire E. Lundea,b,e, David Borsooka,d

a Center for Pain and the Brain (P.A.I.N. Group), Department of Anesthesiology, Critical Care, and Pain Medicine, Boston Children’s Hospital, USA
b Biobehavioral Pediatric Pain Lab, Department of Psychiatry, Boston Children’s Hospital, USA
c Department of Psychiatry, Harvard Medical School, USA
dDepartment of Anesthesiology, Harvard Medical School, USA
eNuffield Department of Women’s and Reproductive Health, Medical Sciences Division, University of Oxford, UK

A R T I C L E I N F O

Keywords:
Endometriosis
Chronic pelvic pain
Inflammation
Nerve
Brain
Psychology
Treatment
Adolescence

A B S T R A C T

Endometriosis, a condition in which uterine tissue grows outside the uterus, is a debilitating disease, affecting
millions of women and costing the United States approximately $78 billion annually in pain- related disability. It
is also the leading cause of chronic pelvic pain (CPP), which is often unresponsive to existing treatments.
Adolescent women with the disease are at particular risk as there are often significant diagnostic delays, which in
turn can exacerbate pain. Research and treatment guidelines for adolescents with endometriosis are largely
based on studies for adult women due to the limited number of studies focusing on adolescents. The current
paper critically reviews the literature as it pertains to endometriosis pathophysiology, mechanisms contributing
to CPP, and treatment implications and recommendations with a focus on gaps related to adolescents.

1. Introduction

Endometriosis is a debilitating and incurable disease that is char-
acterized by the presence of extrauterine endometrial glands and
stroma anywhere outside of the uterine cavity and which affects 1 out
of 10 women during the reproductive age (Klein et al., 2014). The
subsequent inflammation and fibrosis can result in persistent pain,
dyspareunia, infertility, and significant disruption of quality of life
(Vercellini et al., 2014). The economic burden associated with en-
dometriosis has been considered to be equivalent to other chronic
diseases (e.g., diabetes, Crohn's disease, Rheumatoid Arthritis (Simoens
et al., 2012)) and is associated with lower health-related quality of life
(Soliman et al., 2017). Details of the pathogenesis of the disease are
considered elsewhere (Burney and Giudice, 2012). However, little is
known about this disease in adolescent women, which is problematic
given that earlier detection could yield better outcomes and change the
trajectory of this debilitating condition from a disease, chronic pain,
and quality of life standpoint.

Endometriosis is the leading cause of chronic pelvic pain (CPP),
which is defined as noncyclic pain at or below the umbilicus of at least
3–6 months duration that interferes with daily activities (Powell, 2014).
One-third of adolescents with CPP have endometriosis (Kontoravdis
et al., 1999; Doyle et al., 2009), while prevalence rates for adult women

range from 64 to 82% (Parazzini et al., 2017). For women who undergo
surgery for endometriosis, up to 30 % of women report no post-
operative improvement in pain and the degree of short-term pain im-
provement among the remaining patients varies (Abbott et al., 2004).
Despite its high prevalence and negative effects, little is known about
the pathophysiology underlying the development and persistence of
CPP in endometriosis. Interestingly, endometriosis lesions are an in-
cidental finding in 7–10 % of abdominal and pelvic surgeries and 20–25
% of women with endometriosis are asymptomatic (Bulletti et al., 2010;
Davis et al., 1993; Divasta et al., 2007; Stavroulis et al., 2006;
Templeman, 2009; Tandoi et al., 2011) indicating that there is a subset
of women with endometriosis who do not experience pelvic pain.

Multiple studies have determined that endometriosis within the
adolescent population requires different considerations for treatment as
it present differently. Studies on the effects of surgical treatment for
adolescents are insufficient, though the treatment may effective for pain
reduction. There are few studies that emphasize that complete laparo-
scopic excision can significantly reduce the recurrence rates of en-
dometriosis in adolescents (Yeung et al., 2017). The largest prospective
study of adolescents with endometriosis did not find disease reoccur-
rence (diagnosed visually or histologically) after complete laparoscopic
excision of the disease in teenagers at a repeat laparoscopy for pain
(Tandoi et al., 2011). There is no consensus within the field that
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adjuvant medical treatments are necessary for all adolescent patients
nor that long-term problems such as disease recurrence, infertility, or
chronic pain may be prevented (Tandoi et al., 2011). The European
Society for Human Reproduction and Embryology (ESHRE) has pro-
vided guidelines on treatment for clinicians, which include counseling
women presenting with endometriosis associated symptoms (e.g. dys-
pareunia, infertility, CPP), as well as providing known successful
treatments of these symptoms, such as hormonal contraceptives, even if
the cause is unknown (Dunselman et al., 2014). This is partially due to
the invasiveness of laparoscopic surgery, as well as the ease of pre-
scribing hormonal contraceptives, and its dual purpose of preventing
pregnancy. This empirical treatment is especially common in adoles-
cents with pelvic pain and dysmenorrhea (Yeung et al., 2017). How-
ever, the ESHERA has noted that recommending treatment of the
symptoms instead of surgery for young women presenting with en-
dometriosis symptoms may cause longer delays in diagnosis
(Dunselman et al., 2014). Approximately 80 % of adolescent girls with
CPP not responding to conventional medical therapy have en-
dometriosis (Yeung et al., 2017). As surgery is currently the main
procedure for diagnosing, this may result in young women carrying the
painful condition into adulthood. Additionally, it has been shown that
using hormonal contraceptives in adolescents to treat of primary dys-
menorrhea could be indicative of the diagnosis of deep endometriosis in
later life (Chapron et al., 2011). The paradox of recommending em-
pirical treatment to symptomatic adolescents might be perpetuating the
significant delay in diagnosing endometriosis.

Despite high prevalence and disease burden, the precise pathophy-
siology of endometriosis, especially the association with CPP, is com-
plex and is a combination of interacting processes that remain a mys-
tery. However, the development of new technologies has provided
progress in understanding the many intrinsic molecular mechanisms in
the development of endometriosis, with progenitor and stem cells of the
eutopic endometrium as the starting players and endometriotic lesions
as the final pathomorphological trait. Baranov et al. (2018) hypothe-
sized the existence of an endometriosis development genetic program
that govern the origin of endometrium stem cells programmed for en-
dometriosis, their transition (metaplasia) into mesenchymal stem cells,
and their invasion of the peritoneum and progression to endometriotic
lesions. Complex genomic and epigenetic interactions at different stages
of the endometriosis process result in different forms of the disease,
with specific features and clinical manifestations (Baranov et al., 2018;
Greene et al., 2016; Bulun et al., 2015). Endometriosis and associated
pain is complex (Fig. 1). The focus of the current paper is to outline the
gaps the current literature on adult women with endometriosis and
evaluate future opportunities for research going forward by applying
what is known to adolescent women with endometriosis and CPP.

2. Beyond pain – sensation, functioning, fertility, and emerging
comorbidities

2.1. The physical pain

While endometriosis is the leading cause of CPP; the distinction
between pain that is expected with menstruation, pain that is expected
in the context of an inflammatory disease, and pain that is exacerbated
due to a myriad of poorly understood factors is unclear and results in
diagnostic uncertainty and a poor prognosis.

What do we know about the origin of pain in endometriosis? One
interesting advantage of the disease in humans is that the diagnosis is
dependent on biopsy thus conferring a significant opportunity to define
pathological processes in the human condition. There are a number of
putative processes that include: (1) Ectopic: Endometriosis is found in
the peritoneum, ovaries and rectovaginal space; (2) Invasiveness:
Endometrial lesions can deeply infiltrate the intestines (Abrao et al.,
2015), which may in turn affect nerves resulting in nerve entrapment
(Medina and Lebovic, 2009); and (3) Inflammatory: Endometriosis is

present in extrauterine locations that is estrogen dependent, thus an
inflammatory process may affect normal nerves or damage nerves to
produce a state dependent level of peripheral sensitization. Un-
fortunately, despite understanding these processes, there has been very
little research into the mechanisms contributing to CPP associated with
endometriosis relative to other diseases associated with chronic pain.
Specifically, pain levels are not part of the existing classification sys-
tems for endometriosis (Haas et al., 2011), which is a missed oppor-
tunity given the clinical presentation of pain with this disease (Andres
et al., 2018). Improving the classification system to include pain will
help to shift the field to consider this essential component of treatment.
One study showed that women with endometriosis appear to have
higher pelvic pain when compared to women with other gynecological
conditions (Schliep et al., 2015). Symptoms of dyspareunia, dysme-
norrhea, dyschezia and pain in the vaginal and abdominopelvic area are
regularly reported among women undergoing laparoscopy, even among
women with no identified gynecologic pathology. Future research is
needed to understand the complex causes of chronic and acute pelvic
pain among women who seek out gynecologic care but unidentified
gynecologic pathology. Additionally, the investigation of the correla-
tion between the stage of endometriosis and the pelvic pain classifica-
tion system is needed to better predict outcomes for endometriosis
patients with pelvic pain for both surgical and nonsurgical treatment
(Schliep et al., 2015). There is a critical need to identify mechanisms
contributing to CPP in endometriosis in order to identify those at
greatest risk for pain and to identify brain and psychological factors
that may predict the potential to undergo pain chronification. Given
that most adult patients report symptoms of endometriosis as well as
CPP during adolescence, this would be a critical time to intervene. This
is especially important in the current opioid epidemic with new re-
search highlighting that 24 % of Obstetrician/Gynecologists prescribe
opioids for endometriosis-related pain (Madsen et al., 2018). Under-
standing the mechanisms that contribute to CPP in adolescent women
with endometriosis will shift the field toward prevention and early in-
tervention to allow for treatment before pain becomes disabling.

The guideline for treatment and approaching adolescents with en-
dometriosis is based on studies examining adult women due to the
limited number of studies focusing specifically on adolescents. It is
recommended that the decision for surgical management of en-
dometriosis should be based on clinical evaluation, imaging modality,
and medical treatment response, with restrictive use of laparoscopy for
diagnosis (Hwang et al., 2018). Although many clinicians prescribe
gonadotropin-releasing hormone agonists to reduce inflammation,
blood flow, and adhesions in endometriosis, research has shown that
preoperative hormonal treatment may not reduce either endometriosis
related pain or recurrence (Dunselman et al., 2014; Rolla, 2019).
However, adjuvant hormonal treatment may result in pain relief from
the effects of surgical treatment in the short term, and a suitable
treatment (≥6 months) to prevent recurrence in the long term
(Johnson et al., 2017).

2.2. Psychological distress

While many chronic conditions that result in pain can be psycho-
logically distressing, there are unique considerations in women with
endometriosis; for example, endometriosis can result in infertility
(Tanbo and Fedorcsak, 2017). A young woman who is diagnosed will
not ultimately know if her fertility has been compromised until she tries
to become pregnant. This uncertainty can significantly impact quality
of life in a way that is unique from other diseases. For example, while
cancer treatments can result in infertility, many women are given the
option to freeze their eggs prior to starting to treatment (Bouchlariotou
et al., 2012), which is also an option for women with endometriosis. As
such, it is best to freeze eggs when women are younger and are likely to
have improved responses to hormonal stimulation and the disease may
not affect their ovaries; however, if there is a delay in diagnosis, as is
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often the case; this may not be an option.
Psychological factors also assume an important role in determining

the severity of symptoms, and women diagnosed with endometriosis
report high levels of anxiety, depression and other psychiatric disorders
(Lagana et al., 2017). Additionally, it has been demonstrated that high
levels of anxiety and depression can amplify the severity of pain
(Cavaggioni et al., 2014). Moreover, several studies have described the
influence of CPP on the quality of life and well-being of patients with
endometriosis (Jia et al., 2012; Vitale et al., 2017; Siedentopf et al.,
2008) and it has been shown to significantly influence emotive func-
tioning (Friedl et al., 2015). Population-based studies that examine
psychological outcomes for adolescents and young women are scant;
however, one study (Rowlands et al., 2016) did find that young women,
ages 18–23 years, with endometriosis had a greater risk of moderate to
severe psychological distress compared to women without a history of
this condition. Another study (Gallagher et al., 2018) of adolescents
with endometriosis found that adolescents and young adult women
with endometriosis had significantly worse reports of quality of life
compared to peers unaffected by endometriosis.

There is a lack of literature on the influence of psychological factors
and psychiatric comorbidities on the effectiveness of treatments for
endometriosis within both adult and adolescent populations. It is im-
portant to evaluate the presence of previous psychiatric diseases to
select patient specific treatment approaches. It is unclear if these co-
morbidities are a result of endometriosis itself or other factors; there-
fore the relationship between endometriosis and psychological diseases
remains a mystery.

2.3. Comorbid conditions

Among adults, the risk of developing a comorbid condition among
endometriosis patients was at least twice as large for the following
comorbidities: infertility/subfertility, ovarian cyst, uterine fibroids,
pelvic inflammatory disorder, interstitial cystitis, irritable bowel syn-
drome, constipation/dyschezia, ovarian cancer, and endometrial cancer
(Surrey et al., 2018). Additionally, the incidence of developing many
other comorbidities was significantly higher among endometriosis pa-
tients compared with matched women without endometriosis. Two
recent and thorough reviews of the epidemiological literature described
a number of factors associated with the development of endometriosis,
including genetic profile, inflammation, hormonal activity, increased
exposure to menstruation, immunological dysfunction, and environ-
mental toxicants (Parazzini et al., 2017; Kvaskoff et al., 2015). Ad-
ditionally, it was shown that endometriosis is associated with higher
rates of a variety of conditions, including ovarian and other gynecolo-
gical cancers, thyroid cancer, autoimmune diseases, asthma/atopic
diseases, and cardiovascular diseases (Kvaskoff et al., 2015). In-
vestigating comorbidities offers multiple benefits, including informing
clinical surveillance, helping to develop prevention and early detection
guidelines, and improving patient outcomes (Missmer, 2009). It is un-
known if women with comorbid conditions experience heightened pain
secondary to endometriosis; however, this should be explored when
investigating comorbid conditions. Particularly, the association and
degree of impact has not been studied or identified among adolescent
and young women with endometriosis.

2.3.1. Diagnostic challenges across the ages
Given that endometriosis presents differently in adolescent women

Fig. 1. Mechanisms Contributing to Chronic Pain in Patients with Endometriosis.
This figure describes the multiple factors impacting pain in endometriosis, specifically the pain drivers, peripheral and central factors as either inductors or protectors
against pain development, brain changes, and psychophysical changes. A. Pain Drivers including inductors of pain and resiliency factors impact and predict
objective pain measures (red). B. Disease & C. Disease Severity factors are influenced by both peripheral factors (B1-B3) and central factors (B4-B8) that can be
either inductors of pain or protective against the development of chronic pain. D. Brain Changes, which can include assessment of (1) functional – using resting state
measures (RSN) (D1) and structural (D2) – gray matter volume (unpublished data from our group). E. Psychophysical Changes- Quantitative Sensory Testing (QST)
can be used to produce measures of ongoing Peripheral Nervous System (PNS) and Central Nervous System (CNS) Sensitization (E1-E2). Offset Analgesia (OA) (E3)
can be used for measures of CNS Modulatory Responsivity such as normal or intact OA (E3A- in male vs female volunteers ages 6–19 years; including rapid and large
decrease in pain levels with a small decrease in pain stimulus, and Disrupted OA (E3B in males vs. female volunteers ages 20–80 years), including minimal decrease in
pain levels with a small decrease in pain stimulus (Niesters et al., 2011). Responses for both E3A & E3B are percentage of peak response.
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compared to adult women both in lesion appearance and pain (e.g.,
adolescents typically present with cyclic and non-cyclic pelvic pain
(Laufer, 2008)) it is surprising that there has not been research ex-
ploring age-related differences in this disease. Such insight could result
in novel treatments.

2.3.1.1. Prevalence - what about adolescents?. While endometriosis
affects 1 in 10 women, endometriosis is also present in adolescents,
with documented cases as young as age eight (Young et al., 2017). One
study found that two-thirds of women diagnosed with endometriosis in
adulthood presented with symptoms of the disease before age 20
(Stuparich et al., 2017; Sinaii et al., 2002) and it has been shown that
endometriosis can occur prior to menarche (M.R. L., 2000).

2.3.1.2. Delay in diagnosis. The non-cyclic pain presentation in
adolescents can make the diagnosis difficult to infer resulting in a
delay of an average of seven years between symptom onset and
diagnosis (Laufer et al., 2003; Ballweg and Campbell, 2003); thus the
incidence of endometriosis in adolescents has been difficult to quantify
with estimates varying among different studies (Dessole et al., 2012).
Additionally, it has been found that patients who report symptoms as
adolescents are evaluated on average by four or more physicians before
receiving a diagnosis of endometriosis (Ballweg, 2003). Similarly, the
presence of comorbid conditions (e.g., inflammatory, neuroendocrine,
chronic pain) further complicating diagnosis (Sinaii et al., 2002;
Bulletins–Gynecology ACoP, 2004; Mirkin et al., 2007). Lastly, the
delay in the diagnosis is also attributed to the fact that laparoscopy with
biopsy is the only way to diagnose endometriosis in the adolescent
population, and depends on recognition of atypical manifestations of
the disease as lesions in adolescents often appear differently than
lesions in adult women (i.e., adolescents tend to have clear, red, white,
and/or yellow-brown lesions more frequently than black or blue
lesions) and thus may be missed (Laufer et al., 2003). The lack of
diagnostic biomarkers is a significant issue likely contributing to the
poor long-term pain problems with this population. This delay in
diagnosis is problematic as it may predispose women to more chronic
pain, as ‘pain predicts pain (Katz and Seltzer, 2009), thus resulting in
the development of a sensitized nervous system and a propensity to
develop CPP and other chronic pain syndromes.

2.3.1.3. Progression – centralization of pain. Intermittent or ongoing
pain resulting from a disease can produce a sensitized peripheral and
central nervous system (peripheral and central sensitization) that
becomes maladaptive (centralization of pain). This can be especially
true for those adolescent women with the disease who are not
diagnosed until adulthood. Once the pain becomes centralized,
profound changes in neural networks that involve anxiety, cognition,
memory, and normal function of the brains pain inhibitory (descending
modulation) systems are thought to take place (Giamberardino et al.,
2014; Whitaker et al., 2016; Simis et al., 2015). Most pelvic organs, as
well as somatic pelvic tissues to which the pain is referred, share at least
part of their central sensory projection. This may trigger the
phenomena of cross-sensitization and central sensitization (Jarrell
et al., 2014). However, this process is poorly understood as it relates
to endometriosis and the secondary pelvic pain, which has resulted in
few treatment options for this vulnerable population.

3. The origin of pain in endometriosis

3.1. The lesion

While lesions may be painful, this is not a linear process. Similar to
other pain conditions, the presence and severity of pelvic pathology has
been shown to not correlate with symptom burden (Dun et al., 2015)
and pain frequently recurs even without visible disease at repeat la-
paroscopy (As-Sanie et al., 2013) so it is unlikely that the lesion is the

specific cause of CPP.

3.2. The pain producing processes

Rodent models of endometriosis support the theory that a process of
central sensitization likely results in CPP in this population via a vis-
cera-visceral referred hyperalgesia, process in which increased input to
the nervous system from one visceral domain can sensitize neurons that
receive convergent input from another visceral domain (Berkley et al.,
2001). Specifically, in the rat, it has been found that input from the
uterus to the spinal cord is mainly by way of hypogastric nerve at the
thoracic level, and that from the cervix is by way of both the pelvic and
hypogastric nerves suggesting possible routes of referred pain (Berkley
et al., 1993a). Neurons within both sets of segments have demonstrated
to respond convergently to stimulation of the uterus, colon, and vagina
and significant interactions exist between these two separated sets of
caudal spinal segments (Berkley et al., 1993a, b). Additionally, the
auto-transplanted ectopic endometrial cystic fragments develop their
own innervation including sympathetic efferent as well as sensory fi-
bers (Berkley et al., 2004), which may impact the nervous system.
These studies support the theory that sensitized afferents innervate
regions surrounding the endometrial growths result in central sensiti-
zation within the caudal spinal cord that is then referred to the vaginal
canal (Berkley et al., 2001), This cross-talk between nerves and blood
vessels by which lesions develop a unique local neuronal and vascular
supply is referred to as neuroangiogenesis (Asante and Taylor, 2011)
and can result in a direct and two-way interaction between the en-
dometrial lesions and the CNS thus resulting in pain (Stratton and
Berkley, 2011). Rat models of endometriosis have also revealed vaginal
hyperalgesia (Berkley et al., 2001) as well as hyperalgeisa of the paw
(Hernandez et al., 2017), a non-pain site, a phenomenon also seen in
women with endometriosis (As-Sanie et al., 2013). While mouse models
of endometriosis have not been used as extensively as rats, Greaves
et al. (2017) found that the peritoneal lesions in mice with en-
dometriosis have an upregulation of prostaglandins as well as changes
in gene expression both in the dorsal root ganglia and the CNS, and
altered behavior including increased mechanical pain sensitivity sug-
gesting complex biochemical and neurobiological mechanisms that in-
teract to produce localized and referred pain.

3.3. Psychobiology and endometriosis associated pain

Psychophysiological factors are believed to assume a role in the
development of central sensitization. Activation of the stress-response
network lowers pain thresholds in both animals and humans, and high
levels of anxiety are consistently related to higher pain sensitivity
(Hirsh et al., 2008). Many studies have shown a prior history of anxiety,
depression, and physical and psychological trauma, to be significantly
predictive of the onset of chronic pain later in life (McLean et al., 2005;
Talbot et al., 2009; Nicol et al., 2016). This evidence suggests that pre-
existing dysregulation of the nervous system may result in high sus-
ceptibility to the development of chronic pain via the development of
central sensitization, but needs to be explored more specifically in re-
gards to CPP and endometriosis. While there is mounting evidence on
psychological factors contributing to CPP (Miller-Matero et al., 2016;
Romao et al., 2009; Roth et al., 2011; Savidge and Slade, 1997), there is
less known about CPP as it specifically relates to endometriosis. Similar
to many other diseases associated with pain and chronic pain states,
pain catastrophizing has emerged as an important determining factor in
pain-related outcomes and is consistently associated with higher pain
levels in women with endometriosis (Carey et al., 2014; Martin et al.,
2011; Facchin et al., 2015). Similarly, high levels of anxiety and de-
pression have been found in women with endometriosis (Lagana et al.,
2017). One study Souza et al. (2011) found that women with en-
dometriosis and CPP had worse quality of life and mental health
compared to women with asymptomatic endometriosis; notably the
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asymptomatic group was not significantly different on mental health or
quality of life variables from the control group, which suggests that the
CPP may have a greater impact on psychological functioning than
suffering from the actual disease state.

When examining the animal literature, the exploration of psycho-
logical factors contributing to CPP in animal models of endometriosis is
scarce. While some studies have interestingly examined the role of
stress in disease progression (Torres-Reveron et al., 2018; Cuevas et al.,
2018), the role of stress on endometriosis-related pain specifically has
not been studied extensively. Interestingly, one study (Hernandez et al.,
2017) found that in rats with endometriosis that were exposed to stress
compared to an endometriosis/ no stress group and a sham-no stress
group, the endometriosis with stress group had more adverse disease
related issues such as increased colonic damage, vesicle mast cell in-
filtration and more severe vesicles. The endometriosis with stress group
also developed significant hyperalgesia but stress interestingly reversed
the allodynic effect found in endometriosis, which could be the result of
a stress-induced analgesia phenomenon (Cuevas et al., 2018).

Outside of stress, there has been minimal animal research conducted
on other salient psychological variables, such as anxiety and depres-
sion, on CPP in endometriosis. However, one recent study (Aso and
Conrad, 1997), utilized a mouse model to explore the effect of en-
dometriosis on CNS function, electrophysiology, and gene expression
specifically to determine whether endometriosis can result in central
pain sensitization, anxiety, and depression and to identify the molecular
changes in the brain that are mechanistically responsible. Confirming
what we know in human females with endometriosis, mice with en-
dometriosis demonstrated more depressive, anxious, and pain beha-
viors compared to the sham control mice, even after the expected re-
covery period post-surgery. Microarray analyses revealed that genes
involved in anxiety, locomotion and pain were altered; specifically,
Gpr88, Glra3 in the insula, Chrnb4, Npas4 in the hippocampus, and
Lcn2 in the amygdala were up-regulated, while Lct, Serpina3n in the
insula and Nptx2 in the amygdala were down-regulated. Additionally,
patch clamp recordings in the amygdala were altered in the mice with
endometriosis. The results of this study are important because they
suggest that having endometriosis can impact brain electrophysiology
and modulate gene expression, which may be in turn result in pain
sensitization as well as the anxiety and depressive symptoms frequently
reported by women with this disease. Given that endometriosis asso-
ciated pain is still often conceptualized as peripherally driven, the
findings from these animal studies underscore the likely centrally
driven mechanisms contributing to CPP in this population, which could
impact the development of centrally driven treatments.

3.4. Quantitative sensory testing (QST) - insights into pain sensitization

QST is used to assess responses to standardized noxious stimuli in a
controlled laboratory setting and is the only method to assess central
sensitization. Research using QST has highlighted variability in pain
sensitivity and pain modulation as a putative phenotypic contributor to
the risk for development of chronic pain (Rolke et al., 2006; Wilder-
Smith, 2011; Shy et al., 2003). Reference values of the face, hand, and
foot in sex and age matched healthy adults has been established (Rolke
et al., 2006); however, no reference values for QST pelvic pain
thresholds exist. CPP secondary to endometriosis has not been ex-
tensively explored via the use of QST and has focused on pressure pain.
Tu et al. (2008) performed an initial validation and reliability assess-
ment of vaginal pressure-pain thresholds in healthy women through the
use of a vaginal pressure algometer and concluded that pressure pain
threshold may be a valid and reliable measure of pelvic floor somatic
pain sensitivity in healthy women. As a follow-up study utilizing this
device, Hellman et al. (2015) found that women with CPP or painful
bladder syndrome exhibited enhanced pain sensitivity with lower
pressure pain thresholds compared to pain-free participants; however,
both the CPP and painful bladder syndrome groups included women

with endometriosis and as endometriosis was not the focus of this study
the effect of this internal pressure paradigm on women with en-
dometriosis with and without CPP is unknown. As-Sanie et al. (2013);
however, did find that that peripheral pressure-pain thresholds were
lower in women with endometriosis and CPP and in women with CPP
without endometriosis when compared to both women with en-
dometriosis and no CPP and pain-free women suggesting that perhaps
the endometrial lesions are not driving the CPP.

There is scant literature on other QST modalities outside of pressure
pain as it relates to endometriosis and nothing in adolescent women. A
recent study (Grundstrom et al., 2019) did examine thermal and pres-
sure thresholds in 13 women with surgically confirmed endometriosis
and 24 women without but who had CPP compared to 55 healthy
control women ages 18-40. QST sites included areas of presumed
menstrual pain (i.e., abdominal wall) compared to a control site (i.e.,
dominant leg). Results indicated that women with CPP, regardless of
endometriosis status, endorsed significantly lower quality of life as well
as significantly greater symptoms of anxiety and depression compared
to the control group. Additionally, the CPP group, again regardless of
endometriosis diagnosis, had reduced pain thresholds compared to the
control women, with duration of pelvic pain significantly negatively
correlated with pain threshold. More research conducted on larger
samples and other QST modalities such as mechanical pain, temporal
summation, and conditioned pain modulation is warranted to further
elucidate the relationship between sensory functioning and CPP. Ad-
ditionally, research on adolescent women is warranted as endometriosis
presents differently in this age group (Laufer et al., 2003).

3.5. Brain imaging – peripheral nerve lesions driving central brain changes

Little research on how CPP confers changes to the brain that result
in increased resistance to treatment or chronification has been con-
ducted across adolescent or adult populations with endometriosis (i.e.,
from early onset to major manifestations during development). Some
pilot studies conducted in adult women with endometriosis and/or CPP
suggest that adult women with CPP have decreases in regional gray
matter volume in brain regions associated with pain processing in-
cluding the thalamus, cingulate gyrus, putamen, and insula (As-Sanie
et al., 2012), suggestive of pain amplification related to CNS changes
found in other chronic pain conditions such as fibromyalgia (Gracely
et al., 2002) and vulvodynia (Harris et al., 2013). Additionally, another
study by the same group (As-Sanie et al., 2016) found that women with
endometriosis-associated CPP demonstrated increased concentrations
of excitatory neurotransmitters in the anterior insula and had greater
intrinsic connectivity of the same anterior insula region to the medial
prefrontal cortex both known to be regions important in pain processing
and reward neurocircuitry. Additionally, increased connectivity be-
tween these two regions was positively correlated with anterior insula
combined glutamate and glutamine concentrations, as well as with pain
intensity, anxiety and depression symptom severity. These studies
suggest that pelvic pain is likely not sufficiently explained by the pre-
sence of endometriosis and may be due to dysfunction in the CNS pain
regulatory system; however, these studies included small samples with
only adult participants. How endometriosis and CPP impact the ado-
lescent brain is not understood. Brain correlates utilizing fMRI of these
and other changes known to occur in chronic pain have not been pre-
viously examined in adolescent or young adult women with en-
dometriosis and are warranted in order to understand the age-related
changes that may occur with the disease.

A recent study (Yano et al., 2019) examined pain-related behavior
and brain activation in five cynomolgus macaques with naturally oc-
curring endometriosis compared to three healthy female macaques. The
macaques underwent pressure algometer pain sensitivity testing of the
abdomen after undergoing a single dose of morphine, meloxicam and
acetaminophen (a 3-day washout interval was used between drugs).
One week following drug testing, brain activation in three of the
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macaques with endometriosis in response to non-noxious abdominal
stimulation and the effect of a single dose of morphine on brain acti-
vation were examined with fMRI. For comparison, the effect of non-
noxious abdominal stimulation on brain activation in three healthy,
control macaques was also assessed compared to the healthy controls.
One month following fMRI, treatment stimulation responses were ob-
tained from five macaques with endometriosis. Following baseline de-
terminations, macaques with endometriosis were treated for 8 weeks
with dienogest and stimulation-evoked brain activation was assessed
with fMRI on the eighth week of dienogest treatment. Response
thresholds were measured two and four weeks after cessation of die-
nogest treatment. Results found that pain response thresholds were
significantly less in the macaques with endometriosis compared to the
healthy controls. Additionally, the non-noxious abdominal stimulation
activated the insula and thalamus, brain regions implicated in pain
processing, which was reduced by treatment with morphine and die-
nogest; however, significant residual non-noxious force-evoked activa-
tion of the thalamus was still present at the end of dienogest treatment
suggestive of a central sensitization process.

3.5.1. Preemptive processes - getting to the brain before the disease does
3.5.1.1. Brain state and modifying disease trait. Mechanisms
contributing to CPP secondary to endometriosis would be further
advanced in research if a common conceptual model was adopted.
Specifically, a model that incorporates the complex interplay between
centralized pain, psychological impact, environmental influences, and
social variables, with more precise language for describing CPP
measures. Conceptualizing CPP associated with endometriosis as a
peripherally driven phenomenon is a disservice to the millions of
women suffering from this disease. Simply removing lesions (often
multiple times) is not going to fix the problem of what the evidence
suggests is a centralized pain problem and will likely only exacerbate
the pain. This is just one component contributing to the extreme delay
in diagnosis and treatment for CPP associated with endometriosis - it
takes an average of 7 years for a woman to be diagnosed with
endometriosis after the onset of symptoms (Arruda et al., 2003). This
is in part because CPP is not a monolithic concept but rather an
emergent process that involves interactions between individual factors,
environmental factors, and psychological and physiological reactivity.
A purely physiological approach to pain assumes that pain intensity
relates to the degree of tissue damage, but this often cannot explain the
wide range of reactions in humans in response to a painful stimulus
(Brawn et al., 2014; Sullivan et al., 2001). One aspect that is often
neglected in endometriosis research and treatment is the psychological
effects of the disease. It has been well documented that the health-
related quality of life is impaired in women with endometriosis when
compared with healthy control women. Similarly, pain intensity and
pain cognition are independent factors influencing the health-related
quality of life of women with endometriosis. Patients with
endometriosis report more negative pain cognition when compared
with controls and also report more pain anxiety, catastrophizing, and
hypervigilance toward pain (Sullivan et al., 2001).

Empirical studies also indicate that specific psychosocial factors
may modulate pain experience, pain-related distress and treatment
outcomes. Recently, adverse early life events have been associated with
the risk for endometriosis. One study (Liebermann et al., 2018) showed
that women with endometriosis, compared to healthy control women
reported significantly more often a history of sexual abuse, emotional
abuse, and emotional neglect. The associations between abuse and
endometriosis were stronger among women presenting without in-
fertility, a group that was more likely to have been symptomatic with
respect to pain (Harris et al., 2018). Additionally, severity, chronicity
and accumulation of types of abuse were associated with greater risk for
endometriosis. A link to maltreatment during childhood needs to be
considered during the diagnosis and treatment process of women with
endometriosis, as well as the research community. Additionally,

research has also suggested a link between exposure to dioxins and
dioxin-like chemicals and the development of endometriosis in women
(Soave et al., 2015). Dioxin and dioxin-like compounds have long
biological half-lives, can accumulate within the organism, and could
negatively affect several physiological processes. However, the exact
mechanism through which they operate is unclear. It is hypothesized
that they could interfere with both immune and endocrine systems and
may be an important environmental consideration. Understanding the
mechanisms underlying these relations may better define the related
pathophysiology of endometriosis and associated pain and should be
incorporated into a new conceptualized model of studying the disease.

3.5.2. Treatment approaches
In endometriosis, multidimensional and personalized pain treat-

ment has been elusive. The targets for analgesic treatment fall into the
usual categories of prevention or limiting the disease; peripherally
acting and centrally acting medications; psychological approaches; and
non-invasive procedures such as focused ultrasound. For chronic pain,
the target is to reset the brain state using one or a combination of ap-
proaches. Below we summarize various therapeutic options.

3.5.2.1. Pharmacological treatments. Standard treatments for
endometrial pain are not specific and few randomized clinical trials
for pain have been performed with commonly available medications
used for chronic pain. Standard treatments for endometrial pain are not
specific and few randomized clinical trials for pain have been
performed with commonly available medications used for chronic
pain. However, there are a number of trials (n = 165) when searched
for interventional studies of endometriosis and pain as listed in
clinicaltrials.gov, of which 85 utilize pharmacotherapy. Clinical trials
for adolescents resulted in fewer studies (n = 17), of which two utilize
pharmacotherapy, are noted in Table 1. New medical treatments for
painful endometriosis are summarized in a recent guideline
(Dunselman et al., 2014). Considering there are few pharmacological
studies specifically targeting adolescent endometriosis, adult studies are
also included in Table 1.

While treatments include hormonal agents (e.g., dienogest, ar-
omatase inhibitor (AI), gonadotrophine-releasing hormone (GnRH)
antagonist, ant- tumor necrosing factor (TNF)-α, selective estrogen re-
ceptor modulator (SERM) (Tosti et al., 2017), & estrogen-progestin and
progestins therapies (Vercellini et al., 2016)), novel treatments in the
future may focus on the inflammatory response in the diseases. The
effects on nerves from endometriosis entail both physical ‘entrapment’
and chemical ‘irritation’. Both activate immune responses. The immune
response to tissue damage and its role in pain has been documented in
detail elsewhere (Ren and Dubner, 2010; Totsch and Sorge, 2017;
Pinho-Ribeiro et al., 2017). In endometriosis, not only may there be a
response to tissue damage, but the immune response may be altered
and indeed dysfunctional (Herington et al., 2011) rendering a hy-
persensitivity to pro-inflammatory stimuli or molecules. As such the
condition may be responsive to treatments that target specific immune
processes (Symons et al., 2018). Such treatments have involved non-
specific immune modulators such as ketamine (De Kock et al., 2013;
Beilin et al., 2007) to more focused pharmacotherapies (Vercellini
et al., 2014) to current development of novel targets.

3.5.3. Behavioral based treatments
There is very little evidence for the efficacy of non-pharmacological

approaches to the treatment of endometrial pain (Wattier, 2018) and
empirically-based, non-pharmacological interventions for the treatment
of endometriosis and/ CPP are rare. It is, however, well-established in
the literature that CPP is highly distressing for women, associated with
disability, comorbid with other mental health conditions, and often
involves inconclusive and unsatisfactory medical investigations
(Dalpiaz et al., 2008; Ghaly and Chien, 2000; Weijenborg et al., 2007).
Existing psychologically-based pain treatment interventions, such as

C.B. Sieberg, et al. Neuroscience and Biobehavioral Reviews 108 (2020) 866–876

871



Table 1
Examples of endometriosis and pain pharmacological clinical trials (data collected fromclinicaltrails.gov).

Drug Phase Mechanisms of action Age of
participants

ClinicalTrials Identifier

Ulipristal (other names: Ulipristal Acetate;
Ella)

4 Progesterone receptor modulation (Bressler et al., 2017) 18-50 Years NCT02213081

Gefapixant (other nameL MK-7264) 2 Antagonist P2 × 3 and P2 × 2/3 receptors (Richards et al., 2019) 18–49 Years NCT03654326
Relugolix 1 3

2 3
3 3

Active nonpeptide gonadotropin-releasing hormone (GnRH)-receptor
antagonist (Markham, 2019)

1 18 - 50 Years
2 18–51 Years
3 20+ Years

1 NCT03204318
2 NCT03654274
3 NCT03931915

Estradiol/norethindrone acetate (other names:
E2/NETA; Activella)

1 3
2 3
3 3

Hormonal therapy - steroids bind to their receptor, activating hormone
response elements and gene transcription; this subsequently activates
hormone response proteins that influence cell function and differentiation
(Casey and Murray, 2008)

1 18 - 50 Years
2 18–49 Years
3 18–51 Years

1 NCT03204318
2 NCT03343067
3 NCT03654274

Lidocaine 1 NA
2 2

Synthetic aminoethylamide with local anesthetic and antiarrhythmic
properties (Wickstrom et al., 2013)

1 18 - 50 Years
2 21+ Years

1 NCT01968694
2 NCT01329796

Quinagolide 1 2
2 2

non-ergot dopamine agonist (Delgado-Rosas et al., 2011) 1 18 Years
2 18–45 Years

1 NCT03692403
2 NCT03749109

Thalidomide 1 anti-angiogenic (Paravar and Lee, 2008) 18+ Years NCT01028781
Elagolix (other name: NBI-56418) 1 3

2 3
3 3
4 3
5 3
6 3
7 2
8 2
9 2

10 2

Active non-peptidic GnRH antagonist (Vercellini et al., 2019) 1 18–49 Years
2 18–49 Years
3 18–49 Years
4 18 to 50
Years

5 18–49 Years
6 18 - 50 Years
7 18–49 Years
8 18–45 Years
9 18–45 Years

10 18–55 Years

1 NCT03213457
2 NCT03343067
3 NCT01931670
4 NCT01760954
5 NCT01620528
6 NCT02143713
7 NCT00619866
8 NCT00797225
9 NCT00109512

10 NCT00458458

Depot-Leuprolide/Norethindrone 3 GnRH agonist (Hornstein et al., 1998) 18 to 52 Years NCT00229996
Yasmin 1 3

2 4
Oral contraceptive (Fathizadeh et al., 2010) 1 18 - 52 Years

2 18–45 Years
1 NCT00229996
2 NCT02237131

Palmitoylethanolamide-polydatin NA Endogenous fatty acid amide and Polydatin is a natural precursor of
resveratrol (Gugliandolo et al., 2017)

18- 50 Years NCT02372903

Infliximab 2 anti TNFa monoclonal antibody (Ceyhan et al., 2011) 20 - 45 Years NCT00604864
Atorvastatin + oral contraceptive (other

name: Atrox 20)
NA HMG-CoA reductase inhibitors (Simsek et al., 2014) 18–45 Years NCT00675779

Mercilon NA Oral contraceptive (Anon., 1989) 18–45 Years NCT00675779
Linzagolix (other names: OBE2109, KLH-

2109)
1 3
2 2
3 2
4 2

GnRH antagonist (Greene et al., 2016) 1 18–49 Years
2 18–45 Years
3 18+ Years
4 18+ Years

1 NCT03986944
2 NCT02778399
3 NCT01629420
4 NCT01395940

Resveratrol 4 Plant-derived polyphenolic phytoalexin (Delgado-Rosas et al., 2011) 20 - 50 Years NCT02475564
Cabergoline 2 dopamine agonist (Jouhari et al., 2018) 15 - 40 Years NCT03928288
ASP1707 2 GnRH antagonist (D’Hooghe et al., 2019) 18–45 Years NCT01767090
Leuprorelin acetate (other name: Prostap® SR) 1 2

2 2
3 2
4 2
5 4

synthetic nonapeptide that is a potent GnRHR agonist (Wilson et al.,
2007)

1 18–45 Years
2 20+ Years
3 20+ Years
4 20+ Years
5 18–40 Years

1 NCT01767090
2 NCT01458301
3 NCT01452685
4 NCT02778919
5 NCT02393482

Desogestrel (other name: Cerazette) NA GnRH inhibitor (Tanmahasamut et al., 2017) 18–45 Years NCT01559480
Tanezumab 2 Monoclonal antibody against nerve growth factor (Goenka et al., 2017) 18–49 Years NCT00784693
Leflutrozole (other names: BGS649) 1 2

2 2
Aromatase inhibitor (Vercellini et al., 2014) 1 18–49 Years

2 18–40 Years
1 NCT01116440
2 NCT01190475

Letrozole 1 2
2 2

Non-steroidal aromatase inhibitor (Nothnick, 2011) 1 18 - 42 Years
2. 18+ Years

1 NCT04002141
2 NCT00240942

depot medroxyprogesterone acetate (DMPA) 1 4
2 4

Intramuscular injection for long-term contraception (Mishell, 1996) 1 18 - 45 Years
2 18–45 Years

1 NCT01056042
2 NCT02534688

DLBS1442 (Dismeno) 2 Bioactive fraction extracted from the fruit of the native Indonesian plant
(Tandrasasmita et al., 2015)

18-50 Years NCT01942122

Decapeptyl (other names: Triptorelin acetate) 1 4
2 3

GnRH agonist (Leone Roberti Maggiore et al., 2014) 1 18–45 Years
2 18–45 Years

1 NCT00735852
2 NCT03232281

Dichloroacetate (other names: DCA) NA inhibit pyruvate dehydrogenase kinase (Michelakis et al., 2008) 18+ Years NCT04046081
Levonorgestrel (other names: Mirena) 1 4

2 2
3 4

Levonorgestrel releasing intrauterine system – contraceptive (Beatty and
Blumenthal, 2009)

1 18–45 Years
2 18+ Years
3 18–45 Years

1 NCT02480647
2 NCT02203331
3 NCT02534688

BAY1128688 2 AKR1C3 protein inhibitors (Greene et al., 2016) 18+ Years NCT03373422
Pravastatin (other name: Pravastatin sodium) NA HMG-CoA reductase inhibitors (Sokalska et al., 2019) 18 - 38 Years NCT02079974
Anastrazole 4 nonsteroidal inhibitor of aromatase (Chia et al., 2008) 18 - 50 Years NCT01769781
Danazol 2 derivative of the synthetic steroid ethisterone (Godin and Marcoux, 2015) 18 - 50 Years NCT00758953
Melatonin 2 Hormone produced by pineal – endometriosis mechanisms unknown

(Mosher et al., 2019)
18–55 Years NCT03782740

Degarelix (other name: firmagon) 3 GnRH receptor antagonist (Santen, 1992) 20 - 45 Years NCT01712763
Goserelin (other name: decapeptyle) 3 GnRH agonist (Moore et al., 2015) 20 - 45 Years NCT01712763
Anakinra (other name: Kineret) 1 Markers of inflammation - nonglycosylated human interleukin-1 receptor

antagonist (IL-1Ra) (Stocks et al., 2017)
18–40 Years NCT03991520

(continued on next page)
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Cognitive-Behavioral Therapy (CBT) or Acceptance and Commitment
Therapy (ACT), could be modified to address the unique needs facing
women with endometriosis and/or CPP. CBT has been established as a
valid and effective treatment for chronic pain conditions (Morley et al.,
2008; Niv and Devor, 2007), however, CBT studies that investigate
interventions specifically targeting endometriosis and/or CPP in
women are lacking. Stones and colleagues118 examined a range of be-
havioral and medical treatments addressing CPP in women and con-
cluded that psychological therapies are shown to be effective for CPP in
women; however in practice, treatment recommendations generally
come from single studies, and the authors make an urgent call for more
research (Stones and Mountfield, 2000) Nevertheless, CBT interven-
tions have been shown to be effective in reducing pain, managing dis-
tress, improving sexual function and reducing disability for a range of
gynecological conditions that are associated with CPP (Bergeron et al.,
2001; Brown et al., 2009; Masheb et al., 2009).

Studies have also shown that endometriosis can adversely affect
women and their partners' general psychological well-being, relation-
ship adjustment and overall quality of life (Aso and Conrad, 1997).
Furthermore, women with endometriosis report significantly more
sexual dysfunctions compared to healthy women. Research on psy-
chosexual interventions in endometriosis treatment is limited but shows
to be effective in reducing endometriosis-related pain and associated
psychosexual outcomes. Specifically, an individualized, couple-cen-
tered, multimodal approach to care, integrating psychosexual and
medical management for endometriosis, is thought to be optimal.

3.5.3.1. Treating endometriosis associated pain in
adolescents. Endometriosis in adolescents requires unique
considerations for treatment approaches, as it presents particular
challenges in terms of diagnosis, variable presentation and symptoms,
and choice of treatment (Laufer, 2008). The evidence of what we know
about endometriosis and CPP supports advocating for increased
awareness among adolescents and their health care providers about
the need for early clinical diagnosis of endometriosis and timely
treatment of severe dysmenorrhea/pelvic pain, usually with medical
therapy as first line.

Once the disease is diagnosed and treated, these patients have fa-
vorable outcomes with hormonal and nonhormonal therapy (Dun et al.,
2015); however, for those who do undergo surgery, about 30 % of
women still report ongoing pelvic pain after surgery despite taking
these medications (Abbott et al., 2004). Therapeutic options have been

developed and successfully used to achieve controlling pain (Vercellini
et al., 2018), improving quality of life when coupled with surgery
(Marqui, 2015), and suppression of the hormonally active en-
dometriotic tissue, although, they can come with unwanted side effects
(Rafique and Decherney, 2017). There also is a great need for a specific
conceptual model for adolescents with endometriosis; the younger the
woman at onset of symptoms, the longer the duration until diagnosis is
made (Benagiano et al., 2018). Early diagnosis and treatment is of
paramount importance due to the reduced quality of life in young pa-
tients and for the possibility of progression that could endanger their
reproductive potential.

4. Conclusions

Endometriosis in adolescents is a challenging clinical problem as it
may present with a number of clinical and pathological differences
versus adult women. Nevertheless, given the chronicity of the disease,
the challenge is to avoid a delay in diagnosis, understand the disease
and direct effective therapies at an early age. Given that endometriosis
and accompanying CPP is a multi-faceted and complex problem there is
in desperate need for a new approach from a diagnosis and treatment
perspective. This will be accomplished by translational research
methods.

While endometriosis can be treated by surgical excision of the le-
sions and/or hormonal treatment, sometimes combined with anti-in-
flammatory drugs, medical treatments are not curative and approxi-
mately 30 % of women who undergo surgery report ongoing pain after
surgical excision of the lesions (Abbott et al., 2004). However, it should
be noted that pharmacological treatments, while not curative, can be
helpful following surgery and may be an effective strategy to limit the
recurrence of the disease (Johnson et al., 2017). By understanding the
neural underpinnings of the disease and risk factors for chronification,
translational research could provide a basis for evaluating novel treat-
ments and potentially lay the foundation for successful personalized,
precision medicine to shorten diagnostic delay and maximize successful
pain remediation.
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Table 1 (continued)

Drug Phase Mechanisms of action Age of
participants

ClinicalTrials Identifier

Dienogest 1 3
2 NA
3 3
4 4
5 2
6 4

Orally-active semisynthetic progestogen (Ferrero et al., 2015) 1 20+ Years
2 18 -38 Years
3 18–45 Years
4 18–40 Years
5 12–17 Years
6 18–51 Years

1 NCT01697111
2 NCT03142035
3 NCT01822080
4 NCT03789123
5 NCT01283724
6 NCT02385448

Rosiglitazone (other name: Avandia) 2 Increase insulin sensitivity (de Oliveira et al., 2017) 18–45 Years NCT00115661
ERB-041 2 Estrogen receptors (Chaudhary et al., 2014) 18–45 Years NCT00318500
Proellex 1 2

2 2
3 2
4 2

Progesterone receptor blocker (Goenka et al., 2017) 1 18 - 48 Years
2 18–47 Years
3 18 - 48 Years
4 18–47 Years

1 NCT00556075
2 NCT01728454
3 NCT00958412
4 NCT01961908

Vilaprisan (BAY1002670) 1 2
2 3
3 2

Synthetic and steroidal selective progesterone receptor modulator (Moller
et al., 2018)

1 18+ Years
2 18–45 Years

1 NCT03573336
2 NCT00225186

Asoprisnil 1 2
2 2

Synthetic, steroidal selective progesterone receptor modulator (DeManno
et al., 2003)

1 18–40 Years
2 18–40 Years
3 18–40 Years

1 NCT00160446
2 NCT00160420
3 NCT00160433

Cannabinoid 2 Cannabinoid receptor (Bouaziz et al., 2017) 18–40 Years NCT03875261
PGL2001 2 Steroid sulfatase inhibitor (Pohl et al., 2014) 18–45 Years NCT01631981
Loestrin (other name: microgestin) 4 Contraception: norethindrone (a progestin) and ethinyl estradiol (an

estrogen) (Greene et al., 2016)
18–45 Years NCT02214550
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