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Introduction
Hormone replacement therapy aims to give sufficient estrogen to manage symptoms of the
menopause and reduce the long-term health consequences of the menopause.

Uptake of HRT has increased significantly over recent years and whilst it is the most effective
treatment for vasomotor symptoms, HRT may not be effective in managing every potential
symptom of menopause’. Where there are ongoing distressing symptoms for women

using HRT, clinicians may be tempted to measure a serum estradiol level to attempt to
check absorption. However, there is uncertainty about the significance of a single serum
estradiol level both in relation to symptom management and in managing long-term
health consequences of the menopause, such as osteoporosis and cardiovascular disease.
Furthermore, in the perimenopause it is not possible to distinguish between endogenous
and exogenous estradiol through serum estradiol testing.

This BMS Tool for Clinicians will increase understanding of the significance of estradiol blood
test results as well as highlight uncertainties around the value of a single serum estradiol level.

Key points
Before requesting a serum estradiol, clinicians should consider the following points.

« Whether symptoms are truly caused by low levels of estradiol, highlighting the
significance and impact of sociodemographic factors and comorbidities on the
impact of menopause symptoms.

« There s significant interindividual variability in serum estradiol associated with any
given formulation and any given dose.

« There s variation of serum estradiol related to pharmacokinetic and
pharmacodynamic processes.

« The variable rate of metabolism of estradiol in different individuals will impact serum
estradiol concentration measured.

+ Inthe perimenopause it is not possible to differentiate between endogenous and
exogenous estradiol, making serum levels impossible to interpret unless very low,
below an expected physiological nadir.

« Consider whether there is evidence that HRT can help manage ongoing symptoms
experienced.

« The fluctuation as well as absolute concentrations of sex hormones may be
responsible for symptoms — and this is not possible to capture by conventional
means.
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« Thereis poor correlation between serum estradiol and symptom management
with significant interindividual clinical response to the same dose of estradiol
containing HRT.

+ Thereis no value in checking serum estradiol if a patient is taking oral estradiol,
as a significant percentage is metabolised to the weaker estrone.

« There is no value in measuring a serum estradiol in women taking combined
hormonal contraception.

« There is no known threshold for serum estradiol and prevention of loss of bone
density or prevention of osteoporotic related fractures.

« Thereis no evidence regarding the optimum HRT monitoring strategy for women
with premature ovarian insufficiency (POI).

- Ifa patient has ongoing symptoms, listening to the patient, providing holistic care
and changing HRT to alternative delivery routes may be more helpful strategies
than measuring a serum estradiol level.

Estrogens are sex steroid hormones responsible for the development and regulation of
the female reproductive system and development of secondary sexual characteristics.
Physiologically, they have numerous additional roles around the body including bone
metabolism, maintenance of cardiovascular health and cognitive function® Regarding
“estrogen levels”, estradiol is the estrogen measured. This is the most potent, naturally
occurring estrogen.

Estrogens are synthesised in the ovaries and extra gonadal tissue.

Four estrogens are found in the female body. Estrone (E1) has weak activity and lower
potency and is an important estrogen after the menopause. Estrone is converted from
androstenedione by the enzyme aromatase or from estradiol by the enzyme 17beta
hydroxysteroid dehydrogenase. Estrone can bind to both ERa and ER, but with weaker
estrogenic activity and it is not a ligand of the G protein-coupled estrogen receptor. Estradiol
and estrone exist in a dynamic relationship. The ratio of estradiol and estrone change after
the menopause, so there is significantly more estrone.

17B-estradiol (E2) is the predominant circulating estrogen in humans. It is mainly secreted

by the granulosa cells of the ovarian follicles and the corpora lutea. Estradiol is a small lipophilic
molecule, and this characteristic has facilitated the development of transdermal estradiol delivery
systems. Estradiol is used in both oral contraception and hormone replacement therapy.

Estriol (E3) is the least potent estrogen and circulating levels are barely detectable.
Estriol is not synthetised in the ovaries. It is formed from estrone and estradiol through
16a-hydroxylation, by cytochrome p450 enzymes in the liver. This estrogen plays a more
prominent role during pregnancy, when it is produced in large quantities by placental
aromatisation of fetal derived androgens. It prepares the vagina for delivery and causes
breast tissue proliferation. It is prescribed in vaginal preparations for the management of
genitourinary symptoms of the menopause (GSM).
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Estetrol (E4) is produced by the fetal liver and is only detectable during pregnancy. Estetrol
is the estrogen in the most recently developed combined contraceptive pill, where it is
combined with drospirenone.

Other estrogens

Ethinyl estradiol is a synthetic estrogen found in many commonly prescribed combined
hormonal contraceptive methods. It cannot be split to become 173 estradiol and is
considered to have more pronounced hepatic effects than the estrogens described above.

Conjugated equine estrogens (CEE) are derived from the urine of pregnant mares. CEE is
mostly listed with 10-16 estrogenic steroids plus progestogenic, androgenic and other
corticosteroid components. All components have biological activity, as do many of the
component’s metabolites. The potency of CEE potency is significantly greater than estradiol
with greater impact on hepatic protein production also®.

Therefore, measuring a serum estradiol does not reflect all estrogenic activity.
Other physiological estrogens and synthetic estrogens that are not measured have
estrogenic activity. This is particularly true postmenopause, when there is relatively
more estrone.

For any hormone to be active, it relies on the presence of a receptor. There are 3 commonly
occurring types of estrogen receptor:

+ ERa
- ERB
« Cell surface membrane receptors coupled with G proteins — G protein estrogen receptors

Estrogen receptors ERa and ERP are intracellular receptors, belonging to the nuclear receptor
family. Cell surface membrane receptors rapidly activate intracellular cascades.

There is variability in the expression and distribution of ERa and ER in various tissues and
organs, which may explain the difference in response to different estrogens®*.

Estrogen and the estrogen receptor are not the only factors needed for estrogen activity and
the presence of estrogen and its receptor is not enough to predict the effect of estrogen in
any cell type®. Transcription factors and cofactors are also required as well as other activity for
the estrogen and the receptor to be active. These factors may be determined by genetic and
epigenetic factors®.

In addition, there is evidence to suggest that estradiol may be implicated in the down
regulation of its own receptors which may result in decreasing the clinical effect and
tachyphylaxis’.
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Therefore, serum estradiol alone does not reflect estrogenic activity. Following
the menopause, the ratio of estradiol and estrone changes. There are relatively
greater concentrations of estrone and this is not measured. Many other genetic
and epigenetic factors may influence activity of estrogen receptors.

Most labs measure estradiol using radioimmunoassay methodology. This has pitfalls
including variable bias between assays and cross reactivity of conjugated and unconjugated
metabolites®. Results between different labs should not be compared.

Liquid chromatography tandem mass spectrometry may be used if there is doubt as to

the veracity of an estradiol measurement, but this method is not available in all pathology
laboratories®. The result given includes albumin bound estradiol, free estradiol and sex
hormone binding globulin (SHBG) bound estradiol. The free and albumin bound estradiol has
activity, but the SHBG bound estradiol does not.

Neither assay differentiates between endogenous and exogenous estradiol, active
and inactive SHBG bound estradiol. Assays cannot measure ethinyl estradiol or the
entirety of estrogens found in conjugated equine estrogens. Estrone concentrations
are not conventionally measured.

Does knowledge about normal values help work out what level of estradiol is ideal for
women using HRT?

During the menstrual cycle, circulating estradiol varies considerably. The concentration slowly
increases during the follicular phase and peaks just before ovulation. Levels then increase

a second time during the luteal phase. There is considerable variation in normal estradiol
levels and significant interindividual variability. Estradiol is lowest in the early follicular phase,
greatest mid-cycle and then decreases in the luteal phase.

In a study set up to establish the normal range for androgens, estradiol was also measured at
set points during the menstrual cycle. The overall median estradiol was 372.6 pmol/L with a
range of 5.51 to 3582.9 pmol/L (Skiba, et al., 2019) (Deecher & Dorries, 2007). The fluctuation
of estradiol levels in a normal menstrual cycle cannot be replicated by giving HRT.

During the menopause transition there is an overall decline in estradiol, but in the
perimenopause estradiol can fluctuate erratically and dramatically”'°". Fluctuations
themselves are responsible for some symptoms of the menopause in some women, for
example migraine and psychological symptoms&21%12,

Estradiol levels can be supraphysiological at times during the perimenopause. It is thought
that this is related to an increase in FSH, resulting in a second increase in E; during the

mid- and late luteal phases, which continues to a peak during the subsequent menstrual
phase. This second rise and fall in E; is typical of a normal follicular phase, except that it is
superimposed on an existing ovulatory cycle’',
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In the postmenopause, serum estradiol continues to fall after the last menstrual period
although this may not be measured through conventional lab monitoring'.

Therefore, the wide range of ‘normal’ estradiol values is significant. It is normal to
have varying estradiol fluctuations premenopausally and in the perimenopause. HRT
cannot replicate the fluctuation of the premenopause. It is therefore difficult to use
normal premenopausal values to work out a serum estradiol level to aim for in the peri
or post menopause, for women going through a natural menopause in the average
age range. In the perimenopause there can be even greater fluctuation of estradiol
than premenopausally.

To comprehend the challenges in understanding this, we need to have an appreciation of
the pharmacokinetics of estradiol absorption, the time course of the serum concentrations
of sex steroid hormones after administration, and the pharmacodynamics, i.e. the metabolic
and biological changes caused by the treatment. For a more detailed review of the differing
delivery systems of estradiol in HRT see'™.

Oral delivery

When estradiol is swallowed, is it absorbed through the gastrointestinal tract and passes first
through the portal circulation. The ‘first pass’ through the liver results in most of the estradiol
being metabolised to estrone and its metabolites®. There is a significant (around seven-fold)
peak to trough ratio after ingestion with considerable interindividual variation due to genetic
or acquired differences in the intestinal and hepatic metabolism?. Other factors that affect
absorption include diet, alcohol or drug consumption, smoking, physical activity, stress,

etc, which may cause rapid and transitory changes in peripheral or splanchnic blood flow,
absorption or metabolism™.

Implant delivery

Crystalline estradiol pellets are inserted using a trochar into the subcutaneous fat of the
lower abdomen, or buttock. The implant represents a depot delivery system, which releases
estradiol at an even, slow rate. In contrast to other transdermal treatment options, the
administration of estradiol pellets is associated with relatively small fluctuations in serum
estradiol during the 6 months plus after implantation, and there is less interindividual
variation'®.

Transdermal estradiol delivery

Transdermal estradiol is transported through the layers of the skin — the stratum corneum

of the epidermis and then the dermis — by passive diffusion into local capillaries to enter the
main circulation. The concentration gradient across the stratum corneum is potentially a rate
limiting factor in absorption.

Many other factors impact absorption including age, ethnicity, hydration, anatomical site, skin
temperature and the presence of inflammation”. Levels of estradiol in the systemic circulation
will also be influenced by effective drug clearance to the tissues.
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Gel delivery

Oestrogel Pump Pack™and Sandrena™ gel are applied to the skin daily. Serum estradiol depends
on time from application to measurement. As the dose increases, serum estradiol increases, but
there is considerable interindividual variation of serum estradiol for a single dose'®™.

Patch delivery

The adhesive layer of the matrix patch consists of a layer in which estradiol molecules

are distributed. The diffusion rate remains relatively constant, but there is still significant
fluctuation even after long term use, and interindividual variation of serum estradiol?*%22,
In addition to the pharmacodynamics, variation and inconsistencies can arise as patches
may fall off,

Spray delivery

The liquid spray Lenzetto™ contains estradiol with octisalate which enhances skin
penetration and facilitates slow diffusion into the dermis into the subcutaneous fat where
a reservoir is formed from which estradiol is slowly released into the systemic circulation.
Available data still indicates serum estradiol variation with continual use*.

Therefore, there is variation of measured serum estradiol for any dose of HRT in any
given individual>**. Measuring a serum estradiol level is particularly unhelpful in
patients taking oral estradiol as the main circulatory metabolite is estrone.

We may have an idea of the order of magnitude of serum estradiol as a result of
HRT use - but there is vast variation of serum estradiol over time, and significant
interindividual variation.

The aim of any hormonal treatment for women in the menopause transition is not to restore
the physiological serum levels occurring in ovulatory cycles of fertile women, but to prevent
or reduce symptoms caused by low levels of estrogen?.

Evidence suggests that hot flush frequency differs widely in women with similar estradiol
levels associated with transdermal estradiol delivery, indicating that an absolute estradiol
concentration cannot predict the response to vasomotor symptoms in any given patient?.

Data from oophorectomized women using estradiol implants (where the serum estradiol

is generally more stable) has demonstrated good symptom control at a serum estradiol of
around 200 pmol/L, with no further symptom improvement at higher concentrations”. A
small group of women in the referenced studies had more resistant symptoms and required
a higher dose of estradiol to achieve a higher estradiol level, which was linked to symptom
control. This suggests that there is interindividual variation in the symptom response
threshold, but it is impossible to know where that threshold sits for each individual, and
managing symptoms rather than an estradiol level is key**?°. Some women, may experience
an adverse effect of estrogen on mood, particularly as the dose of estrogen increases, but this
is a less common problem?°.
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Other clinical studies have shown an HRT dose related response, but no overall threshold for
symptom control has been demonstrated®'=2%.

In general, clinical studies reviewed were frequently small, using different forms of HRT,
including Premarin, with lack of detail of sample timing.

Blood samples are generally taken to aid diagnosis and to offer validation and reassurance
to patients®*. Serum estradiol is often measured (@anecdotally) when HRT is perceived to

be ineffective for the management of menopause symptoms. HRT is the most effective
method of managing symptoms of the menopause but, in managing expectation, it is
important to consider whether there is evidence for HRT helping manage every possible
symptom. For example, HRT may not fully treat cognitive symptoms particularly in the early
post menopause®. The impact of other psychosocial and demographic factors plus any
comorbidities should also be considered, as they may impact on the severity and experience
of menopause symptoms.

When assessing side effects and clinical response, the progestogen used may be an
important factor, independent of estradiol*”.

There is a correlation between serum estradiol and clinical effect within a threshold
level for estradiol, which varies between individuals. The serum level in an individual
woman does not predict therapeutic effect.

There is a Cochrane review suggesting that starting HRT before the age of 60 or within 10
years of the menopause may reduce the risk of cardiovascular disease, though evidence used
in the updated NICE guidance does not support this view*®3, Regarding estradiol levels and
cardiovascular effect, a review of data by Gulamhusein and colleagues, where information
was available on serum estradiol levels and cardiovascular events, the conclusion was that
the association between serum estradiol levels and cardiovascular events in postmenopausal
women remains unclear®.

A dose dependent effect of estradiol on bone mineral density has been demonstrated with
the serum estradiol being proportional to bone density**2.

Menopausal hormone therapy was shown to reduce hip and all fractures in the Women'’s
Health Initiative with little difference between the estrogen-alone and the estrogen plus
progestogen trials*. Bone density at the lumbar spine has been shown to be preserved with
lower estradiol levels, such as those achieved with a 25 mcg estradiol patch, and even ultra-
low doses preserve or increase bone mineral density>***. Prevention of osteoporotic related
fractures has been found to be related to estradiol concentration, with fracture prevention at
very low levels - for example, total estradiol levels <5 pg/ml were associated with a 2.5-fold
increase in hip and vertebral fractures in older women, an association that was independent
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of age and body weight*. Studies looking at serum estradiol levels needed for preservation
of bone density give variable results, also dependent upon delivery method with differing
estradiol values preserving bone density in women using patches versus gel, although
sampling times should be factored in also®. It is therefore not possible to give a threshold
from current evidence. Factors other than absolute estradiol levels include the possibility of
an impact of specific gene polymorphisms of estrogen receptors®.

HRT is beneficial in the prevention of loss of bone mineral density. There is a dose
related impact, but there is no clear lower threshold. Benefit has been demonstrated
at low estradiol doses and low systemic estradiol levels.

Is there a point to monitoring serum estradiol levels to make sure that clinicians don't
prescribe doses that will result in serum levels breaching a ‘normal threshold’? High levels
of serum estradiol can result in tachyphylaxis, where women with a high estradiol level
continue to experience menopausal symptoms, leading potentially to ever increasing
doses of estrogen being recommended*®. When monitoring serum estradiol with implant
use, the acceptable upper limit varies amongst clinics and is not based on robust evidence.
Many clinics, anecdotally, use 600 pmol/L as a level consistent with that of the luteal phase
of the menstrual cycle, whilst other services are comfortable with higher levels. High doses
of estradiol can result in persistent symptoms, a phenomenon known as tachyphylaxis, but
there is no known consistent threshold at which this has been identified as being likely to
occur®.

Breast cancer risk has been shown to be duration rather than dose dependent, in women
using standard doses of estradiol, and there is lack of data to indicate risk at doses beyond
this*. Women with higher endogenous estradiol levels may be at an increased risk of breast
cancer, but the data is not clear, and more studies are needed*.

Risk of endometrial hyperplasia increases with increased doses of estradiol, without adequate
progestogen cover, but there is no data to recommend a serum estradiol threshold at which
this risk becomes clinically significant. A Cochrane review demonstrated that unopposed
estrogen is associated with a significant increase in the risk of endometrial hyperplasia, that is
both dose and duration dependent, with exposure between one and three years®'.

The risk of venous thromboembolic (VTE) disease is dose related for oral estradiol, but not
transdermal preparations at standard licensed doses®. Serum estradiol in women using
transdermal estradiol is therefore not helpful in assessing risk of VTE.

The upper limit of estradiol may vary between individuals in terms of tachyphylaxis
and there is a lack of data to inform any threshold in terms of risk.
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Women with premature ovarian insufficiency (POIl) and other causes of female
hypogonadism need estrogen replacement to reduce the risk of associated long-term health
consequences. Affected women may not always experience symptoms associated with low
levels of estrogen.

There is currently no evidence regarding the optimum HRT monitoring strategy for women
with POP3, Accepting limitations of estradiol assays, the most recent ESHRE guidance on
POl advises that measurement of estradiol may be helpful in clinical practice where there is
inadequate symptom relief, failure to achieve adequate bone protection or where there are
adverse effects®.

The Society for Endocrinology advise that, in the absence of more robust evidence, doses

of estradiol are monitored using a combination of clinical assessment of symptom control
(acknowledging this may not be reliable) and general wellbeing, DEXA bone densometry
and serum estradiol concentrations to ensure a ‘reasonable’ level is achieved. Serum

estradiol target ranges for transgender women are empirically set at the mid follicular phase
level of a cis-gendered woman 300-600 pmol/L3®. Guidance from the International Turner
Syndrome Society advise 350-500 pmol/L. However, there is currently insufficient evidence to
recommend whether serum estradiol testing or non-testing is better for efficacy and safety
outcomes for women with female hypogonadism®.

Monitoring serum estradiol may be useful in monitoring women with female
hypogonadism including POI, but a holistic approach is necessary to ensure
adequate treatment.

In summary, it is easy to reach for a blood test when HRT is not perceived to be adequately
managing symptoms of the menopause transition. Before an investigation is requested,
clinicians should assess whether symptoms are truly caused by low levels of estradiol,
highlighting the importance of also considering sociodemographic factors. Lack of data
confirming a treatment threshold for serum estradiol should be considered, along with the
variation of serum estradiol related to pharmacokinetic and pharmacodynamic processes. In
the perimenopause it is not possible to differentiate between endogenous and exogenous
estradiol, making serum levels impossible to interpret unless very low. Furthermore, the
fluctuation of sex hormones may be responsible for symptoms — and this is not possible to
capture by conventional means. Advice differs for younger women, where long-term health
risks associated with low levels of estrogen are more significant.

If a patient has ongoing symptom:s, listening to the patient, providing holistic care and
changing HRT to alternative delivery routes may be more helpful strategies than measuring a
serum estradiol level.
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