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Abstract: Uterine Adenomyosis is a benign condition characterized by the presence of endometrium-
like epithelial and stromal tissue in the myometrium. Several medical treatments have been proposed,
but still, no guidelines directing the management of adenomyosis are available. While a hysterectomy
is typically regarded as the definitive treatment for adenomyosis, the scarcity of high-quality data
leaves patients desiring fertility with limited conservative options. Based on the available data, the
levonorgestrel-IUD appears to offer the most favorable outcomes. Other treatments, including GnRH
antagonists, dienogest, prolactin, and oxytocin modulators, show promise; however, further data
are required to establish their efficacy definitively. Furthermore, there are many emerging therapies
that have been developed that seem worthy of consideration in the near future. The aim of this
narrative review was to explore the current medical treatments available for adenomyosis and to
provide a glimpse of future therapies under assessment. For this scope, we performed a literature
search on PubMed and Medline from incept to September 2022 using the keywords: “medical

VA7

treatment”,

”oou

non-steroidal anti-inflammatory”, “progesterone intrauterine device”, “dienogest”,

s

“combined oral contraceptives”,

VAT

gonadotropin releasing hormone agonist”, “gonadotropin releasing

hormone antagonist”, “danazol”, “aromatase inhibitors”, “ulipristal acetate”, “anti-platelet therapy”,
“dopamine”, “oxytocin antagonists”, “STAT3”, “KRAS”, “"MAPK”, “micro-RNA”, “mifepristone”,
“valproic acid”, “levo-tetrahydropalamatine”, and “andrographolide”. The search was limited
to articles in English, with subsequent screening of abstracts. Abstracts were screened to select

relevant studies.

Keywords: adenomyosis; medical treatments; progesterone; intrauterine devices; gonadotropin
releasing hormones

1. Introduction

Uterine Adenomyosis is a benign condition histologically defined as the presence of
endometrium-like epithelial and stromal tissue in the myometrium, along with enlarge-
ment of the uterus [1,2]. Its prevalence is estimated to be around 1%, with an incidence of
29 per 10,000 person-years [3]. Like endometriosis and leiomyoma, adenomyosis is most
identified in women aged 41-45 years and is more prominent in the African American
population [1-3]. The exact etiology of adenomyosis remains unclear, despite multiple
proposed theories, such as Miillerian rests, metaplasia of stem cells, genetic mutations,
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and endometrial invagination into the myometrium [4-6]. New theories related to en-
dometriosis pathophysiology could change our current understanding of adenomyosis, as
adenomyosis and endometriosis are closely linked, both being estrogen-dependent and
often found concomitantly in patients [7-9]. One of these newer theories is that genetic-
epigenetic changes affect intracellular aromatase activity causing intracellular estrogen
production with the subsequent development of inflammatory, fibrotic endometrial-like
tissue outside the uterus [10]. It is important to note that although adenomyosis and
endometriosis share similar histological features and molecular changes, they differ in
pathogenesis, location, and clinical features [11,12].

It is worthy of note that next-generation sequencing technologies have boosted re-
search for new markers for signaling pathways involved in the pathogenesis of adeno-
myosis. For example, there is increasing evidence concerning the role of KRAS mutations
in the pathogenesis of adenomyosis [13]. Interestingly, such mutation profiles found in
adenomyosis seem to be shared with endometriosis, supporting the hypothesis of a similar
origin of these two pathologies [14]. These mutations seem to be involved in progesterone
resistance impacting cell proliferation, survival, differentiation, and migration abilities.
Furthermore, they seem to favor the activation of further molecular pathways, involved in
inflammation, neurogenesis, fibrosis, and neovascularization, some of the most important
processes underpinning the development of these pathologies [15].

Adenomyosis presents clinically with debilitating symptoms such as menorrhagia,
chronic pelvic pain, dysmenorrhea, and infertility, requiring treatment [16]. Diagnosis of
adenomyosis is made via transvaginal ultrasonography (US) or MRI but definitive diagnosis
requires histopathological evidence. US findings include heterogeneous myometrium,
myometrial cysts, and asymmetric myometrial thickness, in addition to sub-endometrial
echogenic linear striations [17-21]. MRI findings include high-intensity foci representing
hemorrhage and increased thickness of the junctional zone representing smooth muscle
hyperplasia with accompanying heterotopic endometrial tissue [22]. Studies comparing
the effectiveness of transvaginal US and MRI have demonstrated the latter to be equal, if
not superior, in the diagnosis of adenomyosis [23-27].

Currently, no guidelines directing the management of adenomyosis are available,
despite numerous treatments, both medical and surgical in nature [28,29]. Although
hysterectomy provides a definitive cure, it is not the method of choice for patients willing
to preserve future fertility or those who are not medically fit for surgery [30]. In light of
the increasing trend of late childbearing, various pharmacological therapies and fertility-
preserving surgeries have emerged.

Studies have found that sex hormone anomalies including local hyper-estrogenism
due to the activation of aromatase and sulfatase, decreased progesterone receptors, pro-
gesterone resistance, inflammation, altered cell proliferation, and neuro-angiogenesis are
likely key pathogenic mechanisms of pain, abnormal uterine bleeding (AUB), and infertility
in adenomyosis [1,31]. Thus, controlling the hormonal medium could be the basis for
adenomyotic lesion regression [32].

The aim of this review is to explore the current medical treatments available for
adenomyosis in addition to future, prospective therapies.

2. Materials and Methods

This article is a narrative review. To conduct our review, we searched PubMed with
terms including “adenomyosis” and “treatment” to identify the multiple treatment modal-
ities involved in adenomyosis. After identifying the different medical treatment, more
in-depth search strategies were set up for the different therapies, combining “adenomyosis”
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with the following terms: “medical treatment”, “non-steroidal anti-inflammatory”, “proges-

/a7 a7 a7

terone intrauterine device”, “dienogest”, “combined oral contraceptives”, “gonadotropin

/7

releasing hormone agonist”, “gonadotropin releasing hormone antagonist”, “danazol”,
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“aromatase inhibitors”, “ulipristal acetate”, “anti-platelet therapy”, “dopamine”, “oxytocin
antagonists”, “STAT3”, “KRAS”, “MAPK”, “micro-RNA”, “mifepristone”, “valproic acid”,
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“levo-tetrahydropalamatine”, and “andrographolide”. The search was limited to articles in
English, with subsequent screening of abstracts. Abstracts were screened to select relevant
studies. Inclusion criteria were randomized controlled trials, case controls, cohorts, case
series, case reports, and systematic reviews and meta-analyses. Exclusion criteria were any
language other than English, letters to editors, and video articles. We included 85 studies
for this purpose (Figure 1).
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Figure 1. Flow diagram of study identification and selection.

3. Results
3.1. Classical Treatments
3.1.1. Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

NSAIDs have been proven to be effective in treating dysmenorrhea, despite insufficient
evidence to determine the safest and most effective agent in that class [33]. A Cochrane
database systematic review demonstrated a statistically relevant decrease in heavy men-
strual bleeding when comparing NSAIDs to placebo, despite being less effective than
hormonal treatments or tranexamic acid [34]. Nevertheless, NSAIDs and other analgesics
remain the sole treatment option in women with adenomyosis interested in pregnancy [35].
In symptomatic women with no interest in conceiving, hormonal treatments are preferred
to address chronic abnormal uterine bleeding and pain, with NSAIDS prescribed only in
acute exacerbations [35].

3.1.2. Levonorgestrel-Releasing Intra-Uterine Device (LNG-IUD)

LNG-IUDs diffusing 20 pg/day of levonorgestrel are often used in women with
adenomyosis experiencing abnormal uterine bleeding, despite being originally designed for
long-term contraception [35,36]. They exert their control via decidualization and atrophy of
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the endometrial tissue by creating a hypoestrogenic state and by downregulating estrogen
receptors due to high progestin release [37,38]. Ozdegirmenci et al. found LNG-IUD
to be comparable to hysterectomy after measuring hemoglobin levels at 6 months and
1 year of treatment [39]. Another study noted that LNG-IUDs were superior to combined
oral contraceptive pills in pain reduction and uterine volume reduction in patients with
adenomyosis [40]. In a 3-year follow-up study, Sheng et al. demonstrated that LNG-IUD
reduced menstrual bleeding, pain, and uterine volume, in addition to achieving an overall
satisfaction rate of 72% [41].

LNG-IUD:s are currently the best-evaluated and most efficacious treatment of adenomyosis-
related symptoms with a high rate of symptom improvement, minimal sideeffects, and an
improvement in the quality of life that is similar to that of a hysterectomy [35].

3.1.3. Progestins

Progestins exert an anti-proliferative and anti-inflammatory effect, leading to the
decidualization and atrophy of endometrial tissue, with a subsequent significant reduction
in bleeding [28].

Dienogest (DNG) is a synthetic progestogen with properties of 19-norprogesterone and
17 o-hydroxyprogesterone derivatives used in the long-term treatment of endometriosis [35].
It has been proven to improve primary and secondary dysmenorrhea [42]. Despite being
used for the treatment of adenomyosis-related symptoms, there is currently no proper
therapeutic management protocol for its use in the treatment of adenomyosis [28]. In a
recent randomized, double-blind placebo-controlled trial, DNG demonstrated a significant
decrease in patient pain scores, with subsequent improvement in quality of life, pain levels,
and good tolerability as a long-term treatment [43,44].

Danazol is a synthetic modified progestogen that reversibly inhibits the synthesis of
LH and FSH and has a weak androgenic effect [45]. It is used in endometriosis to shrink
ectopic endometrial tissue in addition to reducing aromatase expression in the eutopic
endometrium [46]. A recent study by Igarashi et al. found that Danazol-loaded IUDs
improved dysmenorrhea and decreased myometrial thickness with fewer side effects in
patients with adenomyosis when compared to oral danazol [47-49]. An improvement in
dysmenorrhea and fertility was also appreciated in patients treated with a danazol vaginal
ring [50].

3.1.4. Gonadotropin Releasing Hormone (GnRH) Agonist and Oral Contraceptive Pills (OCP)

GnRH is a decapeptide secreted by the hypothalamic neurons that acts on receptors in
the anterior pituitary gland. Continuous prolonged stimulation by GnRH agonists leads
to a central downregulation with the suppression of gonadotropin secretion, ultimately
leading to the induction of a hypoestrogenic state in addition to an antiproliferative effect
within the myometrium [51]. Additionally, combined oral contraceptive pills were found
to be effective in treating dysmenorrhea [52]. Both OCPs and GnRH agonists are used as
suppressive hormonal therapies to induce the regression of adenomyosis and improve the
severity of symptoms [53].

Interestingly, Mansour et al. demonstrated the regression of adenomyotic lesions
on imaging after treating one patient with a course of OCPs. Moreover, they noted the
resolution of adenomyotic lesions and chronic pelvic pain in three patients treated with le-
uprolide acetate, a GnRH agonist [54]. A randomized non-blind clinical trial demonstrated
that both GnRH agonists and Letrozole led to uterine and adenomyoma volume reduction
in addition to a decrease in chronic pelvic pain [55].

GnRH agonists are also indicated to improve the chances of pregnancy in women with
adenomyosis [56]. The highest pregnancy rate has been reported in women undergoing
frozen embryo transfer after GnRH agonist treatment [57]. It is important to note, however,
that the use of GnRH agonists for pain and bleeding should be restricted to short-term only
due to possible menopausal effects [58].
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3.1.5. GnRH Antagonists

GnRH antagonists are peptide compounds that share a structure like that of natural
GnRH and have an immediate antagonist effect on GnRH receptors in the pituitary gland,
inhibiting gonadotropin secretion [35]. A case report by Donnez et al. describes a patient
who, after failing a course of ulipristal acetate, a Selective Progesterone Receptor Modulator
(SPRM), was prescribed Linzagolix, a GnRH antagonist. Treatment with Linzagolix reduced
adenomyotic lesion size and dysmenorrhea burden, ultimately leading to improved quality
of life [59]. Another GnRH antagonist, Elagolix, is currently being developed for the
long-term treatment of endometriosis and uterine leiomyomas [55,60-62]. Elagolix has
been shown to regress the size of fundal adenomyoma, with an improvement in clinical
symptoms and the resolution of pelvic pain [63]. The main advantage of GnRH antagonists
over GnRH agonists is their ability to maintain sufficient estradiol levels to avoid bone
demineralization and estrogen deprivation symptoms [64] (Figure 2).

Patients desiring

immediate pregnancy

Patients desiring

future pregnancy

l

NI

Figure 2. Summarizing classical medical treatments for Adenomyosis. Legend: NSAID: Non-
steroidal anti-inflammatory drug, LNG-IUD: Levonorgestrel-releasing intrauterine device, OCP: Oral
contraceptive pill, GnRH: Gonadotropin-releasing hormone.

3.2. Prospective and Future Treatments
3.2.1. Aromatase Inhibitors

Aromatase P450 is an enzyme that catalyzes the conversion of androgens to estrogens.
It is expressed physiologically in the granulosa cells of growing follicles amongst other
cells [35]. Aromatase inhibitors that halt the production of estrogen are used in adenomyosis
to suppress the hormonal medium favoring disease progression [65]. In their randomized
control trial, Badawi et al. found GnRH agonists and aromatase inhibitors to be equally
effective in reducing adenomyosis and symptoms burden [55]. Decreases in uterine and
adenomyoma volumes were comparable among both treatment arms, suggesting that
aromatase inhibitors are as effective as GnRH agonists [55]. When combined, however, both
agents further reduced uterine volume by 60% on imaging after 8 weeks of treatment [66].
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3.2.2. Selective Progesterone Receptor Modulators (SPRMs)

SPRMs are modified synthetic steroids derived from norethindrone that can interact
with progesterone receptors to either activate or repress gene transcription in a tissue-
specific manner [35]. SPRMs have been proven to reduce the size of uterine fibroids, stop
endometrial bleeding and changes, and suppress the luteinizing hormone peak while
maintaining normal follicle-stimulating hormone levels [67-72]. The two most commonly
prescribed SPRMs are Ulipristal acetate (UPA) and Mifepristone [35].

In a randomized control trial by Capmas et al., UPA was administered to a group of
30 women with adenomyosis who were then compared to a control group of 10 patients [73].
There was a significant decrease in the pictorial blood loss assessment chart in the treatment
group, with 95.24% of patients scoring below 75, compared to scoring above 100 before the
intervention (p < 0.01) [73]. Pain also improved after treatment; however, no significant
differences in pain or blood loss were found at a 6-month follow-up [73]. Interestingly,
UPA was found to worsen adenomyosis in some cases. Conway et al. described six women
misdiagnosed with fibroids who, after treatment with UPA, experienced worsening pain
with the enhancement of adenomyotic lesions on ultrasound [74]. These findings were also
reported in other studies [75].

Mifepristone is one of the first and most widely used SPRMs. Its affordability and
low-risk profile can be of great advantage to patients since adenomyosis requires long-term
medical therapy [76]. Wang et al. compared different dosages of mifepristone to a placebo.
Their outcome of interest was the immunohistochemical expression of caspase-3 in the
eutopic and ectopic endometrium in women with adenomyosis [77]. Their results showed
an increase in caspase-3 expression in women treated with mifepristone. This finding
suggests that mifepristone could induce eutopic and ectopic endometrial cells to undergo
apoptosis by activating caspase-3 expression [77]. Che et al. described decreased levels of
Interleukin-6 and Tumor Necrosis Factor-« from endometrial epithelial and stromal cells,
restricted infiltration and degranulation of mast cells in eutopic and ectopic endometrium,
and a decrease in the density of nerve fibers [78]. They concluded that mifepristone can be
used to address dysmenorrhea in adenomyosis patients [78]. Further studies have emerged
supporting the use of mifepristone in the treatment of adenomyosis, via the downregulation
of immune checkpoint proteins normally upregulated in adenomyosis tissues [79].

3.2.3. Antiplatelet Therapy

Serial immunohistochemistry analyses of ectopic endometrium in mouse models
demonstrated that platelet activation coincided with the induction of the TGF-f3 /Smad
signaling pathway in adenomyosis, ultimately leading to fibrosis and smooth muscle meta-
plasia (Shen et al. unpublished data) [80,81]. These findings were similarly demonstrated
in human adenomyosis [82]. Zhu et al. induced adenomyosis in mice to test this theory.
They then administered Ozagrel, a thromboxane A2 inhibitor [83], and a rat anti-mouse
GPIba polyclonal IgG antibody and its isotype-matched non-immune rat anti-mouse IgG
antibody [81,83]. They found that antiplatelet therapy resulted in suppressed myome-
trial infiltration, improved generalized hyperalgesia, and reduced uterine contractility
in mice with induced adenomyosis [81]. Further studies evaluating the effectiveness of
anti-platelet therapy on humans with adenomyosis are needed, despite promising results
with mice models.

3.2.4. Dopamine Agonist

Adenomyosis in mice models can be stimulated hormonally by inducing hyperpro-
lactinemia [84]. Prolactin and its receptors are increased in adenomyotic tissue, suggesting
an association between prolactin and adenomyosis [85]. Bromocriptine, a dopamine agonist
and prolactin inhibitor when administered orally, is recognized for its notable prevalence
of adverse effects, leading to a 10% discontinuation rate among patients. Frequently re-
ported side effects encompass gastrointestinal symptoms, headaches, dizziness, sinus
congestion, and alterations in orthostatic blood pressure and heart rate. Nonetheless, prior
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research indicates that the use of vaginal bromocriptine is associated with minimal gas-
trointestinal symptoms and lacks orthostatic or heart-rate fluctuations. Notably, headaches
and dizziness appear consistent irrespective of the administration route, implying that
these manifestations may be attributed to the central action of bromocriptine (Kletzky et
Vermesh 1989).

Andersson et al. evaluated the effectiveness of bromocriptine, a dopamine agonist and
prolactin inhibitor, on women with adenomyosis [74,75]. In their pilot study, patients with
adenomyosis who were treated with 9 months of vaginal bromocriptine reported improved
pain, self-image, symptom severity, and higher health-related quality of life [86]. In their
second study, Andersson et al. evaluated bromocriptine therapy using imaging [87]. After
6 months of treatment, ultrasounds demonstrated a significantly thinner maximal junction
zone; however, no significant differences could be appreciated on MRI [87]. Interestingly,
asymmetric wall thickening was present in 72% of patients at baseline, and only in 33%
after 6 months of treatment in the US [87].

3.2.5. Oxytocin Antagonists

Women experiencing primary dysmenorrhea have been found to have higher oxytocin
and vasopressin plasma levels, inducing an increase in myometrial peristalsis via oxytocin
receptors (OTR) and vasopressin Vi, receptors [35]. Nie et al. demonstrated that the
immunoreactivity of OTR was increased in endometrial stromal and epithelial cells in
addition to myometrial and vascular cells in ectopic adenomyosis foci, concluding that
OTR expression in epithelial cells was correlated with the severity of dysmenorrhea [88].
Atosiban, an OTR antagonist, has been proven to reduce myometrial contractility and pain
symptoms in women with primary dysmenorrhea [89]. Epelsiban, another OTR antagonist,
was tested on a population of healthy women and was found to be well tolerated [90].
Unfortunately, no further clinical studies have been published concerning Epelsiban.

Interestingly, Li et al. recently conducted a study radiologically assessing the changes
in blood flow in adenomyosis after administering high doses of oxytocin [91]. They ob-
served a significant decrease in the blood flow volume of adenomyotic lesions and rec-
ommended a continuous intravenous infusion of 0.12 U/min of oxytocin [91]. Further
evidence and trials are needed to properly evaluate the role of oxytocin as a treatment
of adenomyosis.

3.2.6. Signal Transducer and Activator of Transcription 3 (STAT3) Inhibition

STAT3 has been proven to highly affect endometrial tissue growth [12]. Hiraoka et al.
investigated the influence of STAT3 on adenomyosis in a mouse model of adenomyosis
and human specimens of eutopic endometria and adenomyotic lesions. They found that
mice with eutopic and ectopic endometria demonstrated positive immunoreactivity for
phosphorylated STAT3 (pSTAT3), the active form of STAT3 [12]. Additionally, in humans,
PSTAT3 was expressed intensely in both the eutopic endometrium and adenomyotic lesions.
Hiraoka et al. concluded by suggesting that continuous STAT3 activation promoted adeno-
myosis development and that STAT3 inhibition could be a promising treatment strategy in
patients suffering from adenomyosis [12].

3.2.7. KRAS Genetically Guided Therapy

Inoue et al. applied next-generation sequencing to human adenomyosis samples, in
addition to co-occurring leiomyoma and endometriosis, to evaluate the presence of somatic
genomic alterations [13]. They found that KRAS mutations are more frequent in cases of
adenomyosis with co-occurring endometriosis, low progesterone receptor expression, or
dienogest pretreatment [13]. The authors suggested that KRAS status could be a biomarker
of treatment efficacy, stating that lesions containing numerous KRAS mutations may re-
duce dienogest efficacy [13]. These findings could lead to genetically guided therapies
and/or relapse risk assessment after uterine-sparing surgery [13]. However, these ob-
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servations require further evidence to determine the validity of their hypothesis and its
clinical applicability.

3.2.8. Qiu’s Neiyi Recipe

Qiu’s Neiyi recipe (Qiu) is a traditional Chinese medicine that has been used for en-
dometriosis therapy in China for decades [92]. The advantages of using traditional Chinese
medicine are usually milder adverse reactions, and relatively cost-efficient prices [93]. In
their study on adenomyosis in mice models, Ying et al. hypothesized that the administra-
tion of Qiu might improve the inflammation in adenomyosis through the regulation of the
mitogen-activated protein kinases/extracellular signal-regulated kinases (MAPKs/ERKs)
signaling pathway [94]. They demonstrated that Qiu treatment led to an improvement
in symptoms by reducing myometrial infiltration, in addition to reduced levels of IL-13,
IL-6, and TNF-« in mice serum and uterine tissue [94]. Qiu alleviated the inflammatory
response and uterine histological changes in mice with adenomyosis, through inhibition of
the MAPK/ERK signaling pathway [94]. These results suggest that Qiu may have a role in
the clinical treatment of adenomyosis.

3.2.9. Micro RNA

MicroRNA therapy is a relatively new technology, with the first-ever small RNA-based
therapeutic drug obtaining its FDA approval in 2018 [95]. MicroRNA therapy specifically
targets and silences multiple genes, including those involved in disease development [96].
Several dysregulated microRNAs have been identified in the endometrium of adenomyosis
patients [95]. This makes it reasonable to suggest the transcriptional regulation of dysreg-
ulated microRNA as a treatment for the disease [96]. However, there remains significant
effort to be made to progress from in vitro studies to drug development for clinical use.

3.2.10. Valproic Acid

The current evidence concerning endometriosis and adenomyosis is leaning towards
them being epigenetic diseases with aberrant methylation [65,97-99]. Considering these
findings, both diseases could be addressed by using demethylating agents and histone
deacetylase inhibitors (HDACIs), such as valproic acid [100-102]. Valproic acid has known
and favorable pharmacokinetic properties and has been used for decades to treat epilepsy
and bipolar disorders [103,104].

Liu et al. evaluated the effect of Valproic acid in mice with adenomyosis, induced by
neonatal tamoxifen [105]. Three weeks after treatment, they demonstrated that valproic
acid significantly decreased generalized hyperalgesia [105]. Liu et al. described valproic
acid as a promising therapy for the treatment of adenomyosis [105]. Additionally, they
looked into the off-label use of valproic acid in patients with adenomyosis suffering from
severe dysmenorrhea [106]. Two months after treatment initiation, two patients reported
complete relief of dysmenorrhea, with the third patient reporting significant pain relief. At
a three-month follow-up, all three patients reported complete relief of pain without the
need for analgesics [106]. Ultrasound findings revealed an average reduction of one-third
of the uterine volume [106]. These same findings were demonstrated in Liu et al.’s case
series involving twelve patients [107]. Thus, valproic acid seems to be a promising drug in
the treatment of adenomyosis.

3.2.11. Levo-Tetrahydropalmatine (L-THP) and Andrographolide

L-THP and andrographolide are both active ingredients derived from Chinese medici-
nal herbs, used in traditional Chinese medicine [108]. L-THP is a known analgesic with a
remarkable non-addictive sedative effect that has been reported to suppress uterine contrac-
tion in virgin rat models [108,109]. Additionally, L-THP was reported to significantly reduce
lesion size and pain in rats with induced endometriosis [110]. Andrographolide is a potent
nuclear factor kappa B (NF-kB) inhibitor used as an anti-inflammatory agent [108]. Re-
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ports have emerged stating that NF-kB p65 subunit expression is elevated in adenomyosis,
suggesting that NF-kB is constitutively activated in adenomyosis [111].

Mao et al. hypothesized that both agents could reduce hyperalgesia and suppress
myometrial infiltration of endometrial implants in mice with induced adenomyosis [108].
They found that treatment with L-THP and/or andrographolide suppressed myometrial
infiltration, improved generalized hyperalgesia, and reduced the amplitude and irregularity
of uterine contractions that contribute to dysmenorrhea in patients with adenomyosis [108].
Additionally, joint treatment with L-THP and andrographolide was the most efficacious
regimen [108]. These findings suggest that L-THP and andrographolide could be promising
agents for the symptomatic treatment of adenomyosis [108].

3.2.12. VEGF Inhibitors

Angiogenesis plays a pivotal role in the implantation and development of ectopic en-
dometrial lesions. The potential therapeutic usefulness of Bevacizumab (Avastin®), a mono-
clonal antibody directed against vascular endothelial growth (VEGEF), in endometriosis has
been speculated. Animal experiments showed beneficial effects both in the treatment and
prophylaxis of endometriosis relapse [65,110,111]. Recently, we published the first report
on the use of Bevacizumab in the treatment of a patient affected by severe endometriosis. A
good tolerability profile and a favorable effect on pain control were recorded. Furthermore,
we documented a regress in metabolic activity and increased expression of hormonal recep-
tors in endometriosis tissue [111,112]. Overall, fighting angiogenesis with Bevacizumab
seems a promising treatment for severe endometriosis. Biological and clinical effects in
humans, including the safety profile, should be better evaluated.

4. Conclusions

Adenomyosis is a serious and debilitating disease that profoundly affects the quality
of life and fertility of affected women. This review comprehensively addresses current med-
ical treatments for adenomyosis, including NSAIDs, LNG-IUDs, progestins, and combined
OCPs, as well as both GnRH agonists and antagonists. Additionally, we explore prospective
and potential therapies (Table 1), such as aromatase inhibitors, selective progesterone recep-
tor modulators, anti-platelet therapy, dopamine, oxytocin antagonists, and therapies guided
by STAT3, KRAS, and MAPK, micro-RNA, valproic acid, L-THP, and andrographolide.

Table 1. Summarizing Prospective and future treatments.

Treatment

Mode of Action

1. Aromatase inhibitors

e  Halt the production of estrogen by blocking aromatization of androgen to estrogen.
. Comparative results to GnRH agonist, 60% reduced uterine volume when combined.

2. Selective Progesterone Receptor

Modulators (SPRMs)

. Derived from norethindrone, interact with progesterone receptors to either activate or
repress gene transcription in a tissue specific manner.
e  e.g, Ulipristal, Mifepristone

3. Antiplatelet therapy

e Induces the TGF-f /Smad signaling causing fibrosis and smooth muscle metaplasia.

4. Dopamine agonist:

. Inhibits prolactin.
. Prolactin receptors are increased in adenomyotic tissue, suggesting an association
between prolactin and adenomyosis.

5. Oxytocin antagonists

. Decreases myometrial peristalsis via blocking oxytocin and vasopressin V1a receptors.
. e.g., Atosiban, Epelsiban

6. Signal transducer and activator of
transcription 3 (STAT3) inhibition:

. Mice eutopic and ectopic endometria demonstrated a positive immunoreactivity for
phosphorylated STAT3 (pSTAT3), the active form of STAT3.
. STAT3 inhibition could be a promising treatment.

. KRAS mutations co-occur with endometriosis, low progesterone receptor expression,

7. KRAS genetically guided therapy or dienogest pretreatment.

e  KRAS status could be a biomarker of treatment efficacy.
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Table 1. Cont.

Treatment

Mode of Action

8. Qiu’s Neiyi recipe:

e A traditional Chinese medicine used for endometriosis.
. improve the inflammation by regulation of the mitogen-activated protein
kinases/extracellular signal-regulated kinases (MAPKs/ERKs) pathways.

9. Micro RNA:

. MicroRNA therapy specifically targets and silences multiple genes.
e  transcriptional regulation of dysregulated microRNA in adenomyosis is proposed

10. Valproic Acid:

e  Demethylating agent and histone deacetylase inhibitor (HDACISs).
. Improves hyperalgesia, dysmenorrhea and reduce uterine volume.

11. Levo-tetrahydropalmatine (L-THP)

and andrographolide:

. Chinese medicinal herbs.
. L-THP is a known analgesic and Andrographolide potent nuclear factor kappa B
(NE-kB) inhibitor is an anti-inflammatory agent.

12. Vascular endothelial growth (VEGF) inhibitors: ~ ® Bevacizumab (Avastin®) is a monoclonal antibody directed against VEGF in

endometriosis with potential usefulness in adenomyosis.

Available data suggest that LNG-IUDs are the most well-evaluated and efficacious
treatment for adenomyosis-related symptoms when compared to other oral agents. While
Dienogest, which has been studied more extensively in endometriosis, still shows favorable
outcomes in adenomyosis cases, the absence of a standardized protocol remains a challenge.
GnRH agonists represent a second-line option with positive outcomes, but their hypoestro-
genic side effects contribute to high discontinuation rates, necessitating add-back therapy
for long-term use. Promising results have also emerged for GnRH antagonists, oxytocin,
and prolactin modulators, yet further studies are imperative to assess their efficacy and
establish standardized protocols.

Furthermore, this review underscores the significance of continuous STAT3 activation in
promoting adenomyosis and the intriguing hypothesis that KRAS mutations could potentially
serve as biomarkers for treatment efficacy, opening doors to genetically guided therapies.

In recent decades, advancements in imaging studies have led to an increased num-
ber of women diagnosed with adenomyosis, heightening interest in more conservative
management options. However, the scarcity of high-quality studies in this domain leaves
women seeking fertility-preserving options with limited choices. As of today, hysterectomy
remains the sole definitive treatment for adenomyosis, and clear guidance regarding opti-
mal conservative management is notably lacking. Therefore, further research and efforts
are necessary to provide clinicians with improved guidance for managing women with
adenomyosis and to standardize their approach to this challenging condition.
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