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Abstract: Peritoneal fluid is an ovarian exudate from the growing follicle or corpus luteum.
Therefore, the free concentrations of estrogens and progesterone are always much higher than in
plasma, especially after ovulation. The peritoneum is not vascularised, and peritoneal implants and
the superficial portion of deep endometriosis are likely influenced mainly by peritoneal fluid.
Follicular phase progesterone concentrations are as high as during the luteal phase in plasma. This
explains that most peritoneal implants are rarely proliferative and out of phase with the
endometrium. From some 5 mm of depth onwards, endometriosis is rather influenced by plasma
hormone concentrations, and the deeper parts can be proliferative as the endometrium. Because of
these progesterone concentrations, progesterone resistance has to be postulated, permitting
endometriosis lesions to initiate and develop. This opens the discussion of whether endometriosis
is similar to the basal endometrium. These peritoneal fluid concentrations are important to
understand the natural history and medical therapy of endometriosis. Most medical therapies
decrease ovarian function and affect peritoneal fluid steroid hormone concentrations. It is suggested
that the efficacy of medical therapy for endometriosis-associated pain is a consequence of the
decreased estrogen concentrations in the peritoneal cavity and that the local effect of progestins may
not be determinant for pain relief. If this is true, a history of endometriosis should not be considered
a contraindication for hormone replacement therapy.

Keywords: endometriosis; medical therapy; hormonal therapy; hormone replacement therapy;
peritoneal fluid; estro-progestagens; LH-RH agonists; LH-RH antagonists

1. Introduction

Endometriosis is defined as endometrium-like tissue outside the uterus. Historically, the effects
of ovarian hormones on both tissues were believed to be similar. Estrogens stimulate the growth of
the endometrium and induce progesterone receptors. Progesterone stops endometrial growth and
induces secretory changes and decidualization, which are changes preparing the endometrium for
the implantation of an embryo. In women, primates, some mice and bats, an abrupt decrease in
plasma estrogens and/or progesterone concentrations results in the shedding of the endometrium
and withdrawal bleeding [1].

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The human menstrual cycle is a precisely timed cascade of events. A small increase in FSH
induced by progesterone withdrawal stimulates a cohort of follicles that had initiated growth,
resulting in a race of the fittest with estrogen secretion and a primordial follicle, inducing an LH peak,
ovulation some 36 hours later, followed by a corpus luteum and progesterone secretion, lasting for
12 days unless rescued by a pregnancy. This cascade explains that most menstrual cycles are regular,
lasting for 28 days and that ovulation occurs 14 days after a progesterone decrease. An exponential
increase in plasma estrogen concentrations occurs before ovulation and a bell-shaped progesterone
concentration after ovulation. The endometrium growth reflects these plasma changes of estrogens
during the follicular phase. During the luteal phase, the secretory changes are strictly timed and used
for endometrial biopsy dating [2,3].

The concentrations and the standard deviations of estrogens and progesterone in plasma during
the menstrual cycle are well-known. However, the clinical implications of the individual variability
are poorly understood, as is the variable dose response of concentrations in individual women. Even
less documented is the endocrinology of the basal layer of the endometrium with a strong
progesterone resistance [4], the relationship with the junctional zone (JZ) [5], and whether some
cancer driver mutations might signal the susceptibility for endometriosis development.

The estrogen and progesterone effects on metabolic activity and histology have been assumed
to be similar to those observed in the eutopic endometrium. However, menstrual bleeding in
endometriosis lesions has been rarely observed, which is logical considering the estrogen and
progesterone concentrations in peritoneal fluid [6]. It remains unclear whether the hormonal
response of endometriosis tissue is more similar to the functional or the basal layer of the intrauterine
endometrium [7]. Superficial endometriosis is probably more influenced by peritoneal fluid estrogen
and progesterone concentrations, which have a different time course and are quantitatively very
different from plasma [6]. Endometriosis is not one disease. The lesions are clonal [8,9] and
biochemically different, with variable aromatase activity and progesterone resistance [10].
Understanding these differences between endometrium and endometriosis is important for
managing endometriosis and the associated pain symptoms with hormonal therapy.

Therefore, we here reinterpret the effects of medical therapy for endometriosis considering the
estrogen and progesterone concentrations in plasma and peritoneal fluid, the direct effects of medical
therapy on the different endometriosis lesions, and the individual variability of the dose-response
relationship.

2. Basics of Steroid Hormones, Such as Estrogens and Progesterone

Steroid hormones are poorly soluble in water [11], especially those with no hydroxyl groups,
such as progesterone (Figure 1). Therefore, the free or soluble concentrations are small and transport
in plasma requires binding to proteins such as sex hormone binding globulin (SHBG) and transcortin.
Since lipophilic, steroid hormones easily cross the lipid bilayer of the cellular membrane, bind to a
specific receptor -if present- and affect DNA transcription after translocation to the nucleus. The poor
solubility in water is important for the oral intake and resorption. Oestriol can be taken orally, and
17B-estradiol, with two hydroxyl groups, can be taken orally after micronization to increase the
surface area. However, after micronization, the plasma concentrations vary with the degree of
micronization and not only with the dose. After oral intake, all steroid hormones have a first-pass
effect in the liver, with active metabolization and specific liver effects because of the higher
concentrations. Estradiol is almost quantitatively, around 98%, transformed into estrone, which is the
main hormone in plasma after the administration of 17(3-estradiol. This metabolization cannot occur
in ethinylestradiol since the 173-hydroxyl group is protected from oxidation by the ethinyl group.
The role of the intestinal microbiome and the entero-hepatic cycle is important, although still poorly
understood. The microbiome permits the readsorption of the conjugated steroid hormones secreted
in the bile by hydrolyzing the conjugate. This prolongs the effective half-life sufficiently for one intake
a day to become sufficient. The intake of estrogens and progesterone also affects the intestinal
microbiome, but the direct clinical consequences remain unclear.
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Figure 1. Pharmacology of female sexual hormones.

The physiology and the effects of estrogens and progesterone and the dose-response effects have
been known since the 1980s. A specific cellular receptor is required for steroid hormones to have an
effect. Therefore, progesterone has no effect on the endometrium without prior estrogen stimulation
since estrogens are needed to induce the progesterone receptor [12]. The effect of steroid hormones
increases with the binding to the receptor. According to Michaelis Menten's law, the affinity constant
is the product of the free receptor (R) and free hormone (H) concentrations divided by the
concentration of the hormone-receptor complex (HR) (K4 = [H][R]/[HR]). The clinical importance is
that the effect of a hormone (or the binding) increases sigmoidal with the logarithm of the
concentration [13]. Therefore, estrogens and progesterone do not have an overdose for the
endometrium since increasing the dose of hormones will not increase the effect once saturation is
obtained. This also explains that giving a weak estrogen in addition to a strong estrogen can decrease
the effect by decreasing the binding of the strong estrogen by competitive inhibition. Unfortunately,
the effect is difficult to predict in the individual cell [14] because of the complexity of the subsequent
DNA transcription and translation due to many interfering factors, such as epigenetic changes. This
individual variability might explain the wide range of normal concentrations of estrogens (varying
preovulatory from 140 to 400 pg/ml) and progesterone (varying in the mid-luteal phase from 8 to 20
ng/ml) in plasma. A nice example of this individual variability is the sigmoidal relationship between
estrogen concentrations in plasma and menopausal symptoms: below 50pgr/ml estradiol, most
women will have menopausal symptoms, but 180pg/ml is needed before most women are symptom-
free. This variability in effect, together with the variable resorption and metabolization of estrogen
and progesterone [15], explains the need to individualize hormone replacement therapy. Another
example of this variability is that the intake of 50 ugr ethinyloestradiol results in a huge range of
plasma concentrations from 100 to 1000 pg/ml. Not surprisingly, 100pg/ml is the limit to have a
contraceptive effect, while 1000 pg/ml can result in nausea. We will not discuss the brain effects of
the different estrogens and progesterone and its metabolites, such as the 5-a reduced pregnanes [16],
or the different cellular effects between fast resorbable steroids with a peak concentration after 30
minutes and slow resorption over 5 hours such as micronized 17[3-estradiol.
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3. The Concentrations of Estrogens and Progesterone in Plasma, Peritoneal Cavity, the Ovary and
the Uterus.

The cyclic variations in plasma concentrations of estrogens and progesterone during the
menstrual cycle are considered well-known (Figure 2). However, the wide range of individual
variability received little attention, although it is expected that individual women will always have
high-normal or low-normal concentrations, as known for other hormones. Also, the logarithmic
distribution of plasma concentration [6,17] is rarely taken into account, resulting in many
publications in mean values minus 2 or 3 SDs being below 0, which is nonsense by definition.
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Figure 2. Concentrations of 17p3-estradiol and progesterone in plasma and peritoneal fluid during the
menstrual cycle. Peritoneal fluid is mainly an ovarian exudate from the growing follicle or the corpus
luteum. The volume increases during the follicular phase. SHBG and transcorign are only 70% of the
plasma concentrations, and free estrogen concentrations are thus higher in peritoneal fluid than in
plasma, and progesterone concentrations are as high as during the luteal phase in plasma. After
ovulation, the steroid hormone concentrations abruptly increase and are 5-10 times higher than in
plasma with a different time course (reworked from [4]).

The peritoneal fluid volume increases up to 200 ml before ovulation, and, being an ovarian
exudate [18], during the follicular phase, the estrogen concentrations are twice as high as in plasma
and progesterone concentrations are almost as high as during the luteal phase in plasma. Considering
the concentrations of albumin, SHBG and corticosteroid-binding globulin in peritoneal fluid, being
only 70% of those of plasma [6], the free concentrations of estrogens and progesterone are much
higher than in plasma. After ovulation, the peritoneal fluid concentrations of both steroid hormones
increase 10-fold by direct secretion into the peritoneal cavity [6] (Figure 2).

The intraovarian concentrations are poorly documented but must be much higher than in
plasma. In animals, the ovarian vein concentrations of estrogens and progesterone are 5 to 10 times
higher than in plasma [19], which is not surprising since secreted into the ovarian vein. However,
more important is the countercurrent exchange between the ovarian artery and vein [20,21], resulting
in higher concentrations in the oviducts and ovaries, which is important for oocyte pick-up. Although
poorly investigated, the uterine concentrations irrigated by the ovarian artery are also much higher
than in plasma. A similar mechanism can be expected in women since the ovarian artery and vein
run together over several cm.

Poorly understood is the hormonal regulation of the basal endometrium. These rhizome-like
clonal glands contain estrogen and progesterone receptors but with progesterone resistance (Figure
3).
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Figure 2. Steroid receptor immunoreactivity during the menstrual cycle. Estradiol and progesterone
receptors in epithelial cells of the endometrial functionalis and basalis and of endometriosis during
the early (EF), mid (MF) and late follicular phase (LF) and the early (EL), mid (ML) and late luteal
phase (LL) of the menstrual cycle and during menstruation (M). Immunoreactivity scores are shown
in arbitrary units (Reproduced with permission from [4]).

3. Medical Therapy for Endometriosis.

Medical therapy for endometriosis was initiated in the 1970s [22] based on the observations that
endometriosis-associated pain decreased during pregnancy and during the intake of oral
contraceptives, both estro-progestin combination and progestagen-only pills [23]. Later, more
androgenic progestins such as Danazol and gestrinone were used [24]. Typical lesions were
demonstrated to shrink during the use of these medications, but it was soon realized that
endometriosis foci were only temporarily inactivated and that their metabolic activity resumed very
early after drug discontinuation [25].

3.1. Endometriosis and Medical Therapy

The peritoneum is similar to the skin and not vascularized, and the peritoneal cavity is a specific
micro-environment outside the body with specific hormone concentrations, a specific immunology,
and a specific microbiome. It seems logical that superficial layers of the pelvis, including superficial
pelvic endometriosis, are mainly influenced by peritoneal fluid steroid hormone concentrations [4],
which are much higher than in plasma and with follicular progesterone concentrations as high as in
the luteal phase in plasma. This explains that progesterone resistance must be postulated for subtle
lesions to be proliferative. It also explains that typical pelvic endometriosis lesions are rarely
proliferative and generally out of phase with the endometrium [4]. Also, cystic ovarian endometriosis
is likely influenced by the local intra-ovarian concentrations of estrogens and progesterone, which
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are higher because of local production or counter-current exchange from the ovarian vein to the
ovarian artery[26]. This explains that the endometriosis lining of endometriomas is rarely
proliferative. However, large cystic ovarian endometriosis opened and drained during two-step
surgery often displays proliferative endometriosis during the second intervention three months later
(unpublished observation PK). This concept is also consistent with the observation in deep
endometriosis, that the superficial parts of deep endometriosis were rather inactive like superficial
lesions, while from a depth of 5 mm onwards, the endometriosis was more proliferative and in phase
with the endometrium [27] (Figure 5). Because of these observations, we suggested that the superficial
parts were influenced by peritoneal fluid concentrations and the deeper parts by plasma [28]. For this
reason, and because of the biphasic distribution of depth with a nadir around 5 mm [29], a depth
greater than 5mm under the peritoneum was suggested as a definition for deep endometriosis [30].
However, it should be understood that the exact depth at which the dominance of peritoneal fluid
concentrations changes for plasma concentrations is progressive and might be variable by location.

Endometriosis lesions are clonal and biochemically heterogeneous, with some lesions having a
variable aromatase activity and other lesions having variable progesterone resistance [31,32] and
fewer progesterone receptors and less response to progestagenic medical therapy [33]. Unfortunately,
the type of endometriosis that was investigated was not specified. This would be logical for deeper
parts of deep endometriosis under plasma hormonal control. Not all endometriosis lesions require
estrogens for growth when aromatase activity is sufficient. This might explain why some deep
endometriosis lesions can develop and grow after menopause in the absence of exogenous estrogens
[34].

3.2. Clinical Results of Medical Therapy for Endometriosis

Medical therapy of endometriosis with estro-progestogen combination [35], progestogen
monotherapy [36-38], and GN-Rh agonists [39] or antagonists [40] suppress ovarian function and
decrease estrogen synthesis and abolish progesterone secretion. Without addressing smaller
differences between drugs, the overall efficacy of medical therapy on pelvic pain assumed to be
caused by endometriosis seems to be around 70%, even in women with deep endometriosis [41], with
10% to 30% of women experiencing little or no reduction in pain [42]. For superficial pelvic
endometriosis, the efficacy seems to parallel the decrease in estrogen concentrations in the peritoneal
fluid, which can be more important for GnRH agonists or antagonists than for combined oral
contraceptives. A specific effect of the different progestagenic compounds is not clearly demonstrated
and is unlikely, considering the high concentrations in peritoneal fluid in the absence of any therapy.
For deep endometriosis, the efficacy in the superficial parts can be considered similar to superficial
lesions, whereas, for the deeper parts, a direct progestagenic effect seems logical. Unfortunately, the
literature does not permit a clear stratification of the effect by depth of endometriosis. Since deep
endometriosis lesions shrink during medical therapy [43], they will become increasingly under
peritoneal fluid control during therapy. Also, the size of cystic ovarian endometriosis decreases [44].

Unfortunately, a full discussion of the possible placebo effects when blinding is problematic or
of the inclusion of women with pain not due to endometriosis is beyond the scope of this manuscript.
Also, the erroneous use of standard frequentist statistics in a heterogeneous population [45] with
variable aromatase activity and progesterone resistance suggests that more attention should be given
to individual responses. Important to realize is that with 70% responders and 30% poor responders,
the efficacy in the responders group is much better than the efficacy calculated for the whole group.

Aromatase inhibitors inhibit aromatase activity and, thus, estrogen production. Since
monotherapy stimulates gonadotropin secretion [46], aromatase inhibitors are used in combination
with ovulation inhibitors for endometriosis therapy. It is not clear whether their efficacy results from
a further reduction in plasma estrogen concentration or whether they decrease the local estrogen
production within endometriosis lesions [47,48].

Central sensitization might also explain the lack of efficacy of medical therapy and surgery in
some women, as reviewed recently [49,50].
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4. Hormone Replacement Therapy and Endometriosis

It is unclear whether a history of endometriosis is a contra-indication for hormone replacement
therapy (HRT) after menopause, since HRT might stimulate endometriosis lesions. Data are limited
to anecdotal and clinical observations. A recent review [51] concluded that low-quality evidence
suggests that HRT does not stimulate endometriosis growth. Although guidelines do not recommend
HRT, two-thirds of practitioners continue to prescribe HRT, apparently without endometriosis being
stimulated [52]. In the recent Relugolix Spirit studies, the addition of 1mg estradiol and 0.5mg
norethisterone did not affect the results on pelvic pain [53,54].

4. Discussion

5.1. Mechanism of Action of Medical Therapy

Medical therapy inhibiting ovarian function is believed to decrease endometriosis stimulation
by reducing estrogen concentrations in plasma and even more in peritoneal fluid and in the ovary.
Aromatase inhibitors might decrease in addition intralesional estrogen production.

It is unclear whether, for superficial lesions, the progestogenic component of estro-progestins or
progestogen monotherapies have an additional or specific effect on endometriosis besides estrogen
reduction. Unfortunately, these effects are difficult to separate since they are associated with the
strong ovulation inhibition effect of oral nor-testo progestins. Considering the concentrations of
estrogens and progestins in peritoneal fluid and, thus, the effect on superficial endometriosis, it seems
uncertain whether medical therapy may affect endometriosis besides decreasing estrogens [4].
However, the deeper parts of endometriosis lesions, estimated around 5mm, are probably controlled
by plasma hormone concentrations, and the progestagen content of medical therapy might have a
specific effect.

Placebo effects exist and are difficult to quantify without blinding. Placebo effects can be strong,
as judged during the TNFa trial. Performed with perfect blinding, some women coming monthly to
the emergency for morphine injections were pain-free with a placebo. Similar effects must exist
during medical therapy but are difficult to quantify outside rigorous research settings [55].
Unfortunately, blinding of medical treatment is difficult, if not impossible, since women readily
recognize active therapy.

5.2. Clinical Considerations of Medical Therapy

Medical therapy is highly effective in decreasing pelvic pain in about 70% of women with
endometriosis. Therefore, considering the limited side effects, medical therapy is indicated as a first
line of treatment in women with pelvic pain and suspicion of endometriosis, irrespective of whether
the efficacy is a consequence of lower estrogens, a progesterone effect or a placebo effect. However,
if pain relief is insufficient after three months of treatment, although it is difficult to define what is
insufficient, diagnosis and treatment should be reconsidered. Other causes of pelvic pain might exist,
such as venous congestion, adenomyosis, vascular pain such as Nutcrackers syndrome [56-58] and
many others. Surgery is also an option for patients who do not tolerate the side effects of hormonal
medications. If endometriosis is found during laparoscopy, surgical excision should be considered.
Medical therapy and surgery, thus, are complementary [59,60]. Another consequence of the
biochemical and probably genetic or epigenetic variability of endometriosis is that some lesions
might progress during medical therapy, similar to postmenopausal endometriosis. Therefore, a
yearly follow-up with imaging is indicated even during hormonal suppression to detect eventual
endometriosis growth [61]. Alternatively, considering the individual variability in responses to
estrogen concentrations, individualization of therapy might be considered, and individual women
could have equal pain relief with less reduction of estrogen concentrations.

Planning the duration of medical therapy for endometriosis is complex. The side effects and risks
of combined oral contraceptives are well documented, with a slight increased incidence of venous
thrombosis from 2%o to 6%o0 and possibly a slight increase in cardiovascular incidents. However,
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considering the non-contraceptive benefits of oral contraception [62], such as the decreased risk of
ovarian and endometrial cancer, we suggest continuing medical therapy with low-dose oral
contraceptives if effective. Medical therapy with more severe ovarian suppression, as obtained with
LH-RH agonists or antagonists, is associated with a risk of osteoporosis, at least in women who are
rapid bone losers. It should, therefore, not be used for more than three months unless combined with
adjuvant add-back therapy. Moreover, GnRH agonists and antagonists should not be proposed as
first-line therapies but selectively when patients do not respond, do not tolerate, or have
contraindications to very low-dose oral contraceptives and progestogens.

Data for the perimenopausal period are not available. Besides a slight reduction in estrogen
secretion, irregular cycles are often anovulatory. Therefore, It seems wise to treat anovulation with
intermittent progestins to prevent unopposed estrogen stimulation of the endometrium, particularly
when metrorrhagia is an issue. A similar attitude seems indicated for medical treatment of
endometriosis: it will not harm if not beneficial.

5.3. Hormone Replacement Therapy and Endometriosis

The risks and benefits of hormone replacement therapy after menopause [63] and the
individualization of the type, dose and regimen of estroprogestins are beyond the scope of this
manuscript. Also, the oncologic risk or endometriosis lesions after menopause will not be discussed.

However, in the literature, no robust data are available demonstrating a contraindication to HRT
use in women with a history of endometriosis. Personally, I (PK) never refrained from giving HRT to
the many women with a history of endometriosis, given our clinical focus on endometriosis combined
with a menopause clinic since 1981 at KU Leuven. This attitude was based on data from the early
1980s on peritoneal fluid steroid hormone concentrations [6] and the hypothesis that more than twice
the normal dose of estrogens given during HRT would be needed to match peritoneal fluid
concentrations. Out of prudence, however, continuous combined therapy was prescribed even in
women without a uterus. Not considering HRT a contraindication in women with a history of
endometriosis was later indirectly confirmed by our observation that in the large majority of women,
endometriosis is a self-limiting disease, not progressive beyond a certain stage [64] and the
hypothesis that the risk of developing endometriosis after 30 years is minimal [64]. That continuous
combined hormone replacement is not contra-indicated in women with a history of endometriosis
was recently confirmed in the Spirit trials [54,65], in which no difference in pain relief was observed
between users of relugolix treatment with and without 1 mg estradiol and 0.5mg norethisterone.
Although beyond the scope of this manuscript, a similar concept of higher uterine concentrations
because of a countercurrent exchange between the ovarian artery and vein can be developed for
adenomyosis.

5. Conclusions

Considering the much higher concentrations of estrogens and progesterone in peritoneal fluid
compared to plasma is fundamental for understanding the natural history of endometriosis, the
eventual progesterone resistance, and the planning of medical therapy for endometriosis. It is
suggested that the efficacy of hormonal treatments for endometriosis-associated pain is likely to
result from decreased estrogen concentrations in the peritoneal cavity and reduced peripheral blood
levels. If true, progestogens might exert limited or no additive local effect on superficial
endometriosis lesions. For the same reason, a history of endometriosis does not seem to constitute a
contraindication to hormone replacement therapy.
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