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Abstract
Objectives: To critically evaluate published systemic estradiol levels during use of low-dose vaginal estrogens

considering detection method and estrogen dose; describe challenges with accurately measuring estradiol; and
determine the normal estradiol level range in postmenopausal women.

Methods: PubMed was searched for studies reporting systemic estradiol levels with lower-dose vaginal
estrogens (�25 mg estradiol or 0.3 mg conjugated equine estrogens). Estradiol levels at baseline and during
treatment, area under the curve, and maximum estradiol concentrations were summarized by dose within assay type.
A proposed range of systemic estradiol in normal, untreated, postmenopausal women was estimated by conserva-
tively pooling means and standard deviations from published studies.

Results: Mean basal estradiol levels were 3.1 to 4.9 pg/mL using liquid or gas chromatography/mass spectroscopy
(LC or GC/MS/MS) with a range of undetectable to 10.5 pg/mL using radioimmunoassay. Systemic estradiol levels
with vaginal estrogens reflected their doses as measured with LC or GC/MS/MS in different studies: 7.1 to 9.1 pg/mL
and 16.7 to 22.7 pg/mL with a 25-mg softgel capsule insert and a tablet insert, respectively; 4.6 to 7.4 pg/mL and 6.6 to
14.8 pg/mL with a 10-mg softgel capsule and a tablet insert, respectively; and 3.6 to 3.9 pg/mL with a 4-mg softgel
capsule insert. A mean systemic estradiol concentration ranging from undetectable to 10.7 pg/mL is proposed as an
estimate for basal estradiol levels in normal, untreated, postmenopausal women. Systemic estradiol absorption may be
influenced by the placement of estradiol higher (as with an applicator) versus lower (as without an applicator) in the
vagina, as estradiol transport to the uterus would be more likely further away than closer to the introitus.

Conclusion: Serum estradiol concentrations were generally lower when measured with more specific and
sensitive assays. Estradiol absorption was dose-dependent, and may be influenced by dose, formulation, and
positioning in the vagina. Very low systemic estradiol absorption with low/ultralow-dose vaginal estrogens may
potentially decrease any adverse events that may be associated with higher doses of vaginal estrogens used for
treating moderate to severe VVA due to less estradiol exposure.
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al vaginal estrogen preparations are approved estrogens minimally increase plasma estradiol and clearly not
S
ever
by the US Food and Drug Administration (FDA)
for the treatment of moderate to severe symptoms

of vulvar and vaginal atrophy (VVA) in postmenopausal
women. Guidelines published by relevant medical societies
recommend vaginal estrogen use for moderate to severe symp-
tomatic VVA unresponsive to nonprescription therapies, espe-
cially in women without other menopausal symptoms such as
hot flashes.1-4 Published data indicate that low-dose vaginal
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cardiovascular risk with vaginal estrogens are consistent with
these ideas.10

Despite existing data on low systemic estradiol levels with
vaginal estrogens, some surveyed postmenopausal women are
hesitant to use vaginal estrogen products because of the poten-
tial of systemic absorption11,12 with possible resultant side
effects, universally described in the product packaging of all
estrogen products for menopause, as a result of US FDA class
labeling. A review of serum levels of estradiol after various
doses and formulations of locally administered vaginal estro-
gens was previously performed.9 Collectively, the reviewed
data demonstrated that systemic absorption of estradiol was
dose-dependent with lower systemic levels resulting from use
of lower vaginal estrogen doses, and that highly specific assays
detected lower levels of estradiol because of minimal amounts
of cross-reacting substances.9

In this current review, we extend the previous review of
estradiol levels of various vaginal estrogen formulations by
dose and assay, and describe the challenges associated with
measuring serum estradiol levels accurately. This review also
allows us to estimate the normal range of circulating estradiol
in postmenopausal women not being treated with exogenous
estradiol based on measuring estradiol levels with mass
spectrometry (MS)—a highly sensitive, and increasingly
available, assay methodology.

METHODS
A review of estradiol absorption with vaginal estrogens was

published in 2015.9 We have updated the data of that review
by searching for relevant studies of lower-dose products
reported since that publication. PubMed was searched from
November, 2018 for studies published in the past 5 years that
examined systemic estradiol levels in postmenopausal women
using combinations of keywords that included estradiol, estro-
gen(s), dehydroepiandrosterone (DHEA), prasterone, vaginal,
and pharmacokinetic. General information on estradiol assay
development was also sought.

Studies were included in the review if they reported on the
pharmacokinetics of vaginal estrogens of �25 mg estradiol or
0.3 mg conjugated equine estrogens. Within this review, we
distinguish between low-dose vaginal estrogens as 25 mg
estradiol or 0.3 mg conjugated equine estrogens and ultra-
low-dose vaginal estrogens as those with �10 mg estradiol.
Studies that examined estradiol levels in women prescribed
aromatase inhibitors were excluded, as those women would
likely have lower systemic estradiol levels during therapy
than healthy postmenopausal woman.13

Systemic estradiol and other pharmacokinetic parameters
of estradiol, including mean serum levels, area under the
curve (AUC), and maximum concentrations (Cmax), were
extracted from tables or text of retrieved articles. If actual
estradiol values were not reported in the text or tables of the
article, values were estimated from figures illustrating the
data. All estradiol concentrations reported as pmol/L were
converted to pg/mL for comparison purposes. Estradiol levels
from the reviewed studies were summarized in Tables 1 and 2
362 Menopause, Vol. 27, No. 3, 2020
by detection assay type, with primary detection types includ-
ing gas chromatography tandem mass spectrometry (GC/MS/
MS), liquid chromatography tandem mass spectrometry (LC/
MS/MS), bioassay, radioimmunoassay (RIA), and enzyme-
linked immunosorbent assay (ELISA). Estradiol levels were
then summarized by dose within assay type.

To propose a current, clinically relevant value for systemic
estradiol in normal, healthy postmenopausal women, we
examined estradiol levels from postmenopausal women
in clinical trials administered either vaginal estrogens or
vaginal DHEA that reported estradiol levels from the
placebo group or at baseline, and untreated, control postmen-
opausal women in vaginal therapy trials (with or without
VVA). Data from postmenopausal women in assay validation
studies are also reviewed. Only studies that used detection
methods involving gas chromatography (GC) or liquid chro-
matography (LC) with MS were summarized for this purpose.

RESULTS

Systemic estradiol levels by assay type
As values for estradiol levels vary based on the detection

assay used, the best way to compare assays is to contrast mean
estradiol levels reported within each assay type. Table 1 shows
mean basal estradiol levels measured with RIA ranging from
3.5 pg/mL up to 10.5 pg/mL,14-22 or below the assay detection
limit (ie,<5.5 and<12.3).23,24 A study using ELISA—another
immunologic method—reported a mean estradiol level of
7.6 pg/mL at baseline in a study of postmenopausal woman
before administering a 25-mg estradiol tablet.25 Several more
recent clinical studies (published after 2009) reported serum
estradiol using LC or GC with MS or tandem MS in postmen-
opausal women at baseline, those treated with placebo, and
those who were untreated or controls with or without VVA
(Fig. 1 and Table 2).26-32 These studies reported lower mean
levels of serum estradiol than those that utilized RIA, with mean
levels ranging from 2.9 to 4.9 pg/mL.26-32

Two head-to-head studies33,34 comparing RIA with
GC/MS/MS report relatively higher serum estradiol levels with
RIA. In 30 postmenopausal women studied by Wang et al,33

mean basal estradiol levels measured by RIA were 11.9 pg/mL,
whereas those measured with GC/MS/MS were 7.3 pg/mL.
Another study of postmenopausal women (n¼ 40) by Lee
et al34 found mean levels of estradiol to be lower when measured
by GC/MS/MS (3.8 pg/mL) than with six of seven RIAs (mean
6.5-13 pg/mL) thought to be highly sensitive and specific.

Estimating a postmenopausal level of systemic estradiol
When attempting to estimate a more accurate basal estra-

diol level for normal, untreated postmenopausal women
based on estradiol levels measured with more sensitive
detection assays, several sources of serum estradiol measure-
ments may be appropriate to use for basal levels of estradiol
in such women. We collated mean serum estradiol levels
from postmenopausal women from vaginal therapy trials
that were measured at baseline, from those treated with
placebo, or from those with or without VVA who were
� 2019 The Author(s)
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FIG. 1. Serum estradiol levels (mean�SD) in postmenopausal women before vaginal therapy administration or with placebo, or untreated used as a
control (without or without VVA), or those from assay validation studies; only studies using MS-based assays were included. Baseline is in PMW with
VVA in trials at baseline before vaginal estrogens26-29 or DHEA30,31; No VVA is untreated PMW without VVA in various clinical trials31,32; VVA is
untreated PMW with VVA from trials of vaginal DHEA31; Placebo is PMW given placebo in vaginal therapy trials26,30; Assay is PMW whose E2 levels
were measured in assay validation studies.37-43 DHEA, dehydroepiandrosterone; E2, 17b-estradiol; MS, mass spectroscopy; PMW, postmenopausal
women; VVA, vulvar and vaginal atrophy.

SYSTEMIC ESTRADIOL WITH VAGINAL ESTROGENS
enrolled in studies as controls (Fig. 1). Because detection
methods involving more recent MS methodology are
more sensitive than RIA, only studies using GC/MS/MS or
LC/MS/MS to measure serum estradiol in the above men-
tioned women were summarized (Fig. 1). We also summa-
rized mean estradiol values from serum of postmenopausal
women that were measured in GC/MS/MS and LC/MS/MS
assay validation studies (Fig. 1).
Systemic mean levels of estradiol appear to be consistent
across postmenopausal women in these studies (Fig. 1).
Mean estradiol levels in postmenopausal women measured
at baseline in studies of vaginal estrogens or DHEA (including
placebo groups) ranged from 2.9 to 4.9 pg/mL.26-31 Levels
of estradiol from untreated postmenopausal women with
or without VVA who were used as controls in studies of
vaginal DHEA similarly ranged from 3.7 to 4.1 pg/mL.31,32
Menopause, Vol. 27, No. 3, 2020 365
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Two randomized controlled studies of vaginal therapies in
which women were treated with placebo also reported estra-
diol levels (at time-points other than baseline) ranging from
3.4 to 4.5 pg/mL.26,30 Postmenopausal women in these vagi-
nal therapy studies were typically �75 years of age with a
body mass index (BMI) �38 kg/m2 and a most bothersome
symptom of moderate to severe vaginal pain associated
with sexual activity (dyspareunia).26-29 As women progress
through their postmenopausal years, one would expect
estradiol levels to diminish further.35 Consistent with this
notion, one study in postmenopausal women reported
means of 4.9 pg/mL in women <5 years postmenopausal
and 1.3 pg/mL in women >5 years postmenopausal using a
validated LC/MS/MS assay.36

Mean basal levels of systemic estradiol in normal, gener-
ally healthy, untreated, postmenopausal women are approx-
imately 3.9 pg/mL based on the mean estradiol levels
reported in published clinical studies26-32 (Fig. 1) using
LC or GC with MS to detect serum estradiol. Published
standard deviations (SDs) from mean estradiol levels in
postmenopausal women ranged from 0.15 to 3.4 for various
treatment groups (including placebo) at baseline,26-30 from
3.0 to 12.5 for untreated or control women31 with or without
VVA,31,32 and 0.4 to 3.2 from women using placebo (at time-
points other than baseline).26,30 One study31 reported an
SD of 12.5 in one group of patients, with SDs of 3.03 and
3.29 in the other two groups, suggesting that the SD of
12.5 is an outlier, and as such, was discarded from our
estimated range of normal estradiol levels. From the full
SD range of 0.15 to 3.4,26-32 conservatively calculating a
95% confidence interval (CI) from the largest SD of �3.4
(3.4� 2¼ 6.8), and then adding and subtracting 6.8 to and
from a mean of 3.9 (average of mean estradiol levels
reported in clinical studies of Fig. 1) gives an estimated
range of undetectable to 10.7 pg/mL. As discussed below,
this normal range would only be a preliminary estimate with
the requirement to update it with a large number of samples
measured with a state-of-the-art assay, including women
without VVA and specifically identifying women having
undergone oophorectomy.

In serum from postmenopausal women that was used for
validating estradiol assays utilizing GC or LC with MS, mean
or median levels of estradiol ranged from <0.5 to 3.6 pg/mL
in five of the seven studies shown in Fig. 1.37-41 In the two
remaining studies (Fig. 1), estradiol levels were double or
more of the five studies (6.0 and 8.6 pg/mL).42,43 One other
study only reported a range of estradiol (8-14 pg/mL) in
postmenopausal women, also slightly higher than the
above five studies.44 The higher concentrations in these
three latter studies cannot be explained by lower sensitivity
since the limits of detection and/or quantification were 0.1 to
1 pg/mL.42-44 Demographic details of the postmenopausal
women for which serum samples were measured were not
reported for most of these validation studies, so any reason for
the difference in the estradiol concentrations of the three
studies reporting higher estradiol concentrations cannot be
366 Menopause, Vol. 27, No. 3, 2020
determined. Thus, mean estradiol levels from these studies
were not included in the above calculation for untreated
postmenopausal women.

Systemic estradiol levels with ultralow-dose and low-dose
vaginal estrogens

Tables 1 and 2 summarize mean estradiol levels in post-
menopausal women who used low-dose and ultralow-dose
vaginal estrogens in clinical trials. In general, mean estradiol
levels resulting from use of vaginal estrogens were generally
lower when measured by LC/MS/MS or GC/MS/MS versus
RIA or ELISA within the same dose (Table 1). Given the more
recent use of more sensitive measures of estradiol with
methods involving MS, estradiol levels within each dose
measured with MS will be discussed here. The extent of
estradiol systemic absorption generally reflected the estradiol
doses ranging from 4 to 10 mg (ultralow dose) to 25 mg of
estradiol or 0.3 mg conjugated equine estrogens (CEE) (low
dose) as demonstrated by the mean values for Cmax, Cavg, and
AUC0-24 (Table 2). Estradiol Cavg levels reported from sepa-
rate studies on day 1 were 9.1 pg/mL with the 25-mg softgel
estradiol vaginal insert and 22.7 pg/mL with the 25-mg estra-
diol tablet vaginal insert (Vagifem; Novo Nordisk, Plains-
boro, NJ),26,45 with relatively lower levels being reported with
the 10-mg estradiol softgel vaginal insert (5.8-7.4 pg/mL;
Imvexxy [TherapeuticsMD, Boca Raton, FL]) and the 10-
mg estradiol tablet vaginal insert (14.8 pg/mL; Vagifem),26,45

and increases from the baseline levels (ie, delta changes)
around 4 pg/mL for most studies, as described above. In
addition, use of a 4-mg estradiol vaginal insert (Imvexxy;
now the lowest vaginal estradiol dose) resulted in the lowest
mean estradiol levels of 3.9 pg/mL on day 126 (Table 1).
Systemic estradiol with 0.3 mg CEE cream (Premarin Vaginal
Cream, Wyeth Pharmaceuticals, Philadelphia, PA) was
9.6 pg/mL29 (Table 1), comparable to the higher 25-mg doses
of vaginal inserts, although estradiol is a minor component of
0.3 mg CEE. With the approval of vaginally administered
prasterone for the treatment of moderate to severe postmen-
opausal dyspareunia, systemic estradiol levels resulting with
its use may be of interest because DHEA is converted
intracellularly to estradiol. Published pharmacokinetic studies
of vaginal prasterone in postmenopausal women show estra-
diol levels of around 4 pg/mL after 7 days, 12 weeks, and
12 months of use.46,47 When compared with baseline,
increases of serum estradiol were 24% and 27% at day 748

and week 12,49 respectively.
Varying systemic levels of estradiol were observed based

on the type of estradiol vaginal product as noted in head-to-
head trials comparing different products. Two randomized,
single-dose, open-label, cross-over studies were conducted to
compare the pharmacokinetic properties of softgel estradiol
vaginal inserts with the same doses of an estradiol tablet
vaginal insert.50 In these head-to-head studies, lower estra-
diol systemic absorption was observed with 10-mg (n¼ 35;
Imvexxy) and 25-mg (n¼ 36) softgel estradiol vaginal inserts
versus 10-mg and 25-mg estradiol tablet inserts (Vagifem) of
� 2019 The Author(s)
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the same doses, as demonstrated by significantly lower
AUC0-24 and Cmax for estradiol with the softgel vaginal
inserts (unadjusted data shown in Table 245).50

Factors that may influence estradiol absorption with
vaginal estrogens

Thickness of the vaginal wall due to response with estrogen
treatment may affect systemic absorption of estradiol when
estrogens are used locally in the vagina. Some studies that
measured estradiol levels at different times after vaginal
estrogen use showed that peak and/or average levels declined
over time as vaginal wall thickness likely increased with
treatment (Tables 1 and 2).16,20,24,26,27 In the most recent
randomized controlled trial of a softgel estradiol vaginal
insert, mean Cmax was 47% lower at day 14 than at day 1
with 25 mg estradiol and 33% lower with 10 mg estradiol.26

Similarly, mean Cmax was 42% lower with a tablet vaginal
insert of 25 mg estradiol on day 14 versus day 1,27 which was
consistent with the trends of two earlier studies of the 10-mg
tablet insert.16,20 Another study examining estradiol levels
with use of a vaginal ring releasing�7.5 mg/d (6.6-20.2 mg/d)
found a median of 19.1 pg/mL of estradiol at day 2, but
undetectable amounts (<12.3 pg/mL) on days 7, 14, 28,
and 84.24 It should be noted that silastic rings exhibit an
unusual property of ‘‘burst release’’ of estradiol, presumably
from the outer surface of the ring, which lasts for several days
and can confound interpretation of results from the first few
days. When reported, mean Cavg and AUC0-24 also had similar
trends in these studies. Certainly, after longer-term vaginal
estrogen treatment (12 weeks, 83 or 84 days, 52 weeks), levels
of circulating estradiol were similar to those at baseline or
with placebo, and/or at earlier time-points such as after
14 days of treatment.16,21,24,26,27

Systemic estradiol absorption may also be affected by the
position in which estradiol is placed in the vagina, whether
higher in the vagina as would be with inserting a product with
an applicator or lower in the vagina as without an applicator.
In the study by Cicinelli et al,51 the effects of estradiol on the
blood flow in the uterine and periurethral vessels when
estradiol was placed in the inner and outer thirds of the
vagina was interpreted as estradiol transport to the uterus.
They demonstrated preferential transport depending on
placement location in the vagina; uterine artery blood flow
significantly increased and blood flow in the periurethral
vessels decreased with estradiol administration into the
inner vagina, and uterine artery blood flow did not change
and the periurethral blood flow significantly increased after
administration into the outer vagina.51 From this evidence,
the authors recommended placing vaginal estrogens in the
outer third of the vagina to reduce the risk of estradiol
transport to the uterus.51 In addition, lower estradiol absorp-
tion was observed with softgel capsule vaginal inserts placed
without an applicator (lower in the vagina) versus tablet
vaginal insert of the same doses inserted with an applicator
(higher in the vagina) in a head-to-head study.50 Taken
together, these data support a difference in estradiol
absorption depending on placement of an estrogen product
in the vagina.

DISCUSSION
Our updated review of the medical literature found that

systemic absorption of estradiol with low-dose and ultralow-
dose vaginal estrogen therapies is very low, varies by the
product dose, and may be influenced by the product formula-
tion and placement in the vagina. Higher absorption was
reported with higher vaginal estradiol doses (25 mg: 7.1-
22.7 pg/mL, 10 mg: 4.6-14.8 pg/mL) compared with the low-
est available dose of 4 mg (3.6-3.9 pg/mL).26-28,45 We also
propose a more updated, although conservative, basal or
baseline (untreated/before treatment) range of estradiol levels
in normal, untreated postmenopausal women, mostly with
VVA, measured in vaginal-therapy clinical trials by highly
specific and sensitive LC or GC/MS/MS assays.

Accurately measuring estradiol levels in serum is chal-
lenging for many reasons. An Endocrine Society Statement
noted that our ability to measure sex steroids properly has
not kept pace with their increasing importance in clinical
medicine and research.52 Analytical sensitivity and specific-
ity at low concentrations of estradiol are needed for accurate
measurement of estradiol levels, especially for postmeno-
pausal women and women taking aromatase inhibitors.52,53

Over the years, methods for measuring estradiol levels from
serum have evolved. Early assays involved estradiol extrac-
tion, column chromatography, and measurement by RIA and
then later, by direct RIAs utilizing buffers that release albu-
min- and SHBG-bound estradiol. Most recently, extraction
followed by chromatography and MS has been used.52 While
advantages of immunoassays include eliminating the need
for estradiol extraction, reducing costs, and increasing sam-
ple throughput, cross-reactivity with immunoassays make
them unsuitable for detection of estradiol in patient popula-
tions with low estradiol concentrations.53 In addition, RIAs
required labor-intensive extractions, handling of radioactive
material, and artifact from nonspecific binding to radioactiv-
ity.54 Analytical methods such as LC or GC coupled with
tandem mass spectrometry (MS/MS) are now being used
more frequently for clinical samples as they have overcome
some of the sensitivity and specificity limitations with
RIAs,52,53 even MS assays have variability between different
assays. Varying levels of estradiol are reported when using
assays with different cross-reactivities and specificities, par-
ticularly when comparing samples measured by RIA and LC/
MS or GC/MS. More specific assays (ie, LC or GC with MS)
have less cross-reactivity with other steroidal-like molecules
and typically yield lower estradiol values than less specific
assays with inherently greater cross-reactivities (ie, RIA or
ELISA).9,54 Our current review is consistent with previous
findings demonstrating that many of the most recently devel-
oped highly specific assays can detect or quantify systemic
estradiol as low as 0.1 to 2.7 pg/mL using LC/MS/MS or
LC/MS,37-41,43,44,55-61 and 1 to 5 pg/mL using GC/MS/MS
or GC/MS.26,28,29,42 Indeed, the goal of sensitivity has been
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to develop assays detecting <5 pg/mL of estradiol for mea-
suring estradiol in serum of postmenopausal women.52,53

Detecting estradiol levels near the lower limit of detection
in postmenopausal women may be important in determining
their risk for fracture.62

Textbooks report peak normal levels of serum estradiol as
�20 to 30 pg/mL in postmenopausal women35,63; however,
these values were established in older studies with less
specific assays, such as RIAs, and should be revised with
values from studies using more specific and sensitive assays
with less cross-reactivities. Here we reviewed the systemic
estradiol levels that we believe would best represent those of
normal, untreated, postmenopausal women. Mean estradiol
levels from those studies were used to calculate a mean basal
level (3.9 pg/mL), with the range of basal estradiol levels for
the normal, untreated postmenopausal woman found to be
undetectable to 10.7 pg/mL using the 95% CI from the highest
published SD (�3.4). Thus, we propose a more current,
sensitive mean level of circulating estradiol in normal,
untreated women to range from undetectable to 10.7 pg/
mL, which we believe to be more accurate than the well-
accepted earlier level of �20 to 30 pg/mL; yet it is still only
an estimate.

An important principle is that assay methods for serum
estradiol assessment need to be standardized to be able to
accurately, systematically, and consistently measure the
low levels of estradiol in postmenopausal women. A
single estradiol standard that can be traceable for each
biological fluid in which estradiol is measured is needed,52,53

although some of the larger commercial laboratories
have made strides to overcoming this obstacle. The Centers
for Disease Control and Prevention (CDC) Laboratory/Man-
ufacturer Hormone Standardization (HoSt) Program,
endorsed by 14 medical societies, was initiated in 2014 to
help provide more accurate and precise hormone measure-
ments used in patient care and research.53,64 The program
assesses laboratory methodology and performance by com-
paring laboratory’s specimen measurements with those of
their reference LC/MS/MS method.53,64 Progress towards
developing accurate, sensitive, and specific assays to mea-
sure the very low levels of estradiol in postmenopausal
women continues.

Despite several pharmacokinetic studies demonstrating
low to negligible systemic absorption of estradiol with
low-dose and ultralow-dose vaginal estrogen use, the boxed
warning included in the class labeling of systemically admin-
istered estrogens is required for low-dose vaginal estrogens,
even though experts affiliated with several medical societies
have been advocating for its removal.65 While low-dose
vaginal estrogens are contraindicated in breast cancer survi-
vors, The North American Menopause Society, Endocrine
Society, and the American College of Obstetricians and
Gynecologists have recommended a shared decision-making
process, which includes an oncologist, to determine low-dose
vaginal estrogen use in women with GSM and breast cancer1

or a history of breast cancer,4,66 when they do not respond to
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nonhormonal therapies. Further support of minimal absorp-
tion is shown by the mean estradiol levels with 4-mg and 10-
mg estradiol softgel inserts being similar to those at baseline
or with placebo in a phase 3, pharmacokinetic substudy.26

This
4-mg estradiol vaginal insert was approved in May, 2018 by
the US FDA as Imvexxy,67 is now the lowest vaginal estradiol
dose available, and results in mean circulating levels of
estradiol <4 pg/mL utilizing LC MS/MS.26

We also found that absorption of estradiol was higher with
initial administration (when the vaginal lining was atrophic)
than at later treatment periods (when the vaginal lining
was thickened) in some studies.16,20,24,26,27 The reason for
this higher early absorption has been hypothesized to be
due to the thin, atrophied vaginal lining that undergoes
‘‘estrogenization’’ and thickening with continued use of
vaginal estrogens over time. The physiological changes and
symptoms association with VVA1,68 or the genitourinary
syndrome of menopause69 are well known to be associated
with the diminishing levels of circulating estrogens at the time
of menopause. For example, the ratio of superficial and
parabasal cells in the tissue lining the vagina dramatically
changes with the loss of superficial cells at menopause.1,68,70

Several clinical studies show that vaginal estrogen therapies
effectively increase the percentage of vaginal superficial
cells,71-74 essentially ‘‘estrogenizing’’ and thickening the
vaginal wall that had atrophied with lower levels of systemic
estrogens. Thinner vaginal walls through atrophy are believed
to more readily absorb estradiol than thicker, well-rugated,
vaginal walls resulting from estrogen therapy; however,
because not all studies measuring estradiol over time show
the difference early versus later in the study, this hypothesis
needs further testing.9 Any biological significance of this
acute absorption of estradiol early in treatment is unknown,
but not very likely. Additionally, estradiol levels with use for
up to 84 days indicated no accumulation of estradiol with
lower-dose products, also suggesting that estradiol levels
remain steady and within the postmenopausal range with
continued therapy with lower-dose products.

CONCLUSIONS
Our review of systemic absorption of estradiol with use of

low-dose and ultralow-dose vaginal estrogen therapies found
low to negligible amounts of circulating estradiol that may be
influenced by product formulation and vaginal placement.
This minimal systemic absorption of estradiol with proven
efficacy of lower-dose products may be a relevant point when
counseling postmenopausal women for the treatment of mod-
erate to severe VVA symptoms. We also propose a more
updated basal level of estradiol in normal, untreated post-
menopausal women based on levels found in postmenopausal
women who are not treated with any hormone therapy. A
more accurate level will likely be established with the further
standardization of estradiol assays designed to detect minimal
amounts of estradiol such as those found in postmenopausal
women.
� 2019 The Author(s)
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