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Pharmacokinetics of vaginal progesterone in pregnancy
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BACKGROUND: Characterization of pharmacokinetics is lacking for hours post dose. Primary outcome was concentration/time profile of
vaginal progesterone in pregnancy. Dosing of vaginal progesterone for

preterm birth prevention has been empirical. Owing to pregnancy-related

changes in vaginal and uterine blood flow, hepatic metabolism, renal

clearance, and endogenously elevated serum progesterone, studies

outside of pregnancy may not be applicable. The lack of the pharmaco-

kinetics profile of vaginally administered progesterone in pregnancy limits

the ability to define the exposureeresponse relationship needed to opti-
mize dosing, which has implications for its use in research and clinical care

regarding management of short cervix, prevention of recurrent preterm

birth, and prevention of recurrent miscarriage.

OBJECTIVE: This was a study to establish the feasibility of using serum
progesterone to establish basic pharmacokinetic parameters of vaginal

progesterone in pregnancy for preterm birth prevention.

STUDY DESIGN: This is a prospective study of 6 low-risk singletons
at 18 0/7 to 23 6/7 weeks’ gestation with body mass index 20e40.

Exclusion criteria were current vaginitis, abnormal Pap smear, pre-

scription medication use, cervical length �25 mm, prior preterm birth,

and contraindication to progesterone. Participants received a single dose

of 200 mg micronized vaginal progesterone and serum progesterone

levels were evaluated every 2 hours from 0 to 12 hours and then 24
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serum progesterone.

RESULTS: Median (range) maternal age was 27 (21.5e33.3) years,
median body mass index was 26.5 (23.3e29.0) kg/m2, and median gesta-

tional age was 22.9 (21.0e23.4) weeks. Median baseline serum proges-

terone was 47 (40e52) ng/mL, median peak concentration was 54 (48e68)
ng/mL, and median time to peak was 12 (4e15) hours. There was a trend in
rising serum progesterone over baseline with a median change in peak

concentration of 11 ng/mL and interquartile range of 2e22. Median percent
change from baseline was an increase by 24% (interquartile range, 4%

e53%). However, there was no clear elimination phase and the median area
under the curve was 112 ng*h/mL with an interquartile range of -43 to 239.

CONCLUSION: Unlike in nonpregnant individuals, administration of

vaginal progesterone in pregnant individuals only minimally impacts sys-

temic exposure. There is a limited trend of rising serum progesterone over

baseline levels, with significant inter-individual variability. Serum proges-

terone is unlikely to be a good candidate for establishing pharmacokinetics or

dosing of vaginal progesterone in pregnancy for preterm birth prevention.
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progesterone
aginal progesterone therapy has
V been demonstrated to reduce the
risk of preterm birth.1e3 However, the
benefit is not universal and among
women with short cervix up to 30%
may still have an early preterm birth.4,5

Given the limited understanding of the
pharmacology or mechanism of action
of vaginal progesterone, we have little
insight into this discrepant response,
whether it is related to patient char-
acteristics and comorbidities outside of
a clinical trial setting or to individual
variability in doseeresponse relation-
ship of vaginal progesterone. Pharma-
cokinetics is the study of what the body
does to a drug—absorption, distribu-
tion, metabolism, and clearance of a
medication—and is often presented as
the concentration of a medication in a
tissue compartment (ie, serum,
cerebrospinal fluid, etc) over time
following a specified dosing regimen.
Pharmacodynamics is the description
of what the drug does to the body—for
example, the change in some physio-
logic endpoint such as heart rate rela-
tive to the concentration of drug in the
blood. Dosing for vaginal progesterone
for infertility therapy was established
using serum progesterone for
pharmacokinetic studies and changes
in endometrial thickness or endome-
trial histology to evaluate
pharmacodynamics.6e8 The goal of
progesterone therapy in in vitro fertil-
ization is for luteal phase support and
development of an adequate secretory
endometrial transformation for im-
plantation, which is clearly distinct
from the goals of progesterone therapy
in preterm birth prevention. Dosing
regimens for treatment of a short cer-
vix are empiric based on in vitro
fertilization therapy, without consid-
eration of the medication’s pharma-
cology. The medications most
commonly used in women with a short
cervix are Prometrium (tablet; Solvay
Pharmaceuticals, Inc, Marietta, GA)
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200 mg daily and Crinone (4% or 8%
gel; Watson Pharma Inc, Parsippany,
NJ).1

Full characterization of drug phar-
macokinetics, a bedrock of modern
therapeutics, is lacking in vaginal pro-
gesterone in pregnancy. While the
strongest evidence for benefit of
vaginal progesterone is in management
of short cervix,2,9 vaginal progesterone
has been studied and found to be
beneficial for use in pregnancy for a
variety of indications, including pre-
vention of recurrent miscarriage10 and
prevention of recurrent preterm birth.3

Although the pharmacokinetics and
pharmacodynamics have been studied
extensively for the purpose of infer-
tility therapy, there is also no estab-
lished pharmacodynamic endpoint
akin to endometrial thickness used for
infertility that is established for vaginal
progesterone therapy for short cervix,
recurrent preterm birth prevention, or
prevention of recurrent miscarriage.11

This handicaps attempts to identify
dose regimens without exhaustive
empiric testing of various dose regi-
mens. Studies in nonpregnant women
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Why was this study conducted?
Dosing of micronized vaginal progesterone for preterm birth prevention is
empiric and based on pharmacokinetic studies in nonpregnant individuals.
However, given the elevated endogenous progesterone in pregnancy, altered
vaginal/uterine blood flow, and altered hepatic metabolism/renal clearance,
progesterone disposition and systemic exposure is expected to differ in preg-
nancy. This study was conducted to establish the feasibility of using serum
progesterone to establish basic pharmacokinetic parameters of vaginal proges-
terone in pregnancy for preterm birth prevention.

Key findings
Following the administration of 200 mg micronized vaginal progesterone in
pregnant singletons of 18e23 weeks’ gestation, we attempted to define drug
pharmacokinetics. A modest change was seen in serum progesterone concen-
trations but there was significant inter-individual variability.

What does this add to what is known?
Systemic progesterone concentrations do not appear to be useful in establishing a
therapeutic dosing regimen for vaginal progesterone.
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demonstrate that relative to other
routes of administration, vaginal pro-
gesterone resulted in a relatively lower
peak serum progesterone but higher
endometrial progesterone level, sug-
gesting a “uterine first-pass effect” to
vaginally administered progester-
one.6,12,13 In nonpregnant individuals,
although the time to peak serum pro-
gesterone levels differs, overall
bioavailability between oral and vaginal
progesterone is similar.14 However, the
bioavailability of vaginal progesterone
is posited to be dependent on absorp-
tion rather than clearance8,15; thus the
relatively increased vaginal and uterine
blood flow in pregnancy could have
significant implications for absorption,
leading to either increased systemic
absorption owing to overall increased
vaginal absorption or an increased
uterine first-pass effect and potentially
reduced systemic absorption.

Additionally, there is a significant
endogenous elevation of serum proges-
terone in pregnancy,16 higher than the
mean systemic levels achieved with
vaginal progesterone administration in
nonpregnant individuals.15,17e20 Given
the endogenously elevated levels of
serum progesterone in pregnancy, its use
as a pharmacokinetic marker in
263.e2 American Journal of Obstetrics & Gynecol
pregnancy has not been established. The
purpose of this pharmacokinetic study
was to establish the feasibility of using
serum progesterone to define basic
pharmacokinetic parameters of vaginal
progesterone in the second trimester of
pregnancy.

Methods
This is a prospective study to establish
the baseline pharmacokinetics of vaginal
progesterone in the second trimester of
pregnancy in low-risk singletons. This
study was approved by the Thomas Jef-
ferson University Institutional Review
Board and registered in clinicaltrials.gov
(NCT03340701).

Participants
Inclusion criteria included pregnant
singletons �18 years old, gestational age
18 0/7 to 23 6/7 weeks, body mass index
(BMI) 20e40, and no prior preterm
birth. Exclusion criteria included
contraindication to progesterone ther-
apy; adverse reaction to progesterone;
medical comorbidity requiring daily
medication, including hypertension,
diabetes, opioid use disorder, and thy-
roid disease; major fetal anomaly or
known chromosomal anomaly; symp-
toms of vaginal bleeding, preterm labor,
ogy SEPTEMBER 2019
or rupture of membranes; any prior
progesterone use in the pregnancy;
active vaginitis; illicit substance use;
known or suspected malignancy of
breast or genital organs; abnormal Pap
smear including positive result for hu-
man papillomavirus; and cervical length
�25 mm.

Study protocol
This study was conducted in the Thomas
Jefferson University Clinical Research
Unit. Participants were advised to avoid
sexual intercourse or any vaginal prod-
ucts as well as any grapefruit products 24
hours prior to and during the study
period. Participants underwent baseline
vital signs, weight, and screening to
confirm eligibility. At hour zero, serum
progesterone was drawn and then 200
mg micronized vaginal progesterone
suppository (Virtus Pharmaceutical,
Bristol, PA) was placed in the posterior
fornix. Micronized vaginal progesterone
is bioidentical to human progesterone
hormone and the micronization in-
creases its bioavailability.11,21 Subse-
quently, serum progesterone was drawn
every 2 hours from hours 2 to 12 and
then at 24 hours. The time frame for
serum progesterone sampling was based
on studies in nonpregnant individuals
demonstrating peak serum progesterone
levels within 4e8 hours.15,17,19,20 In
addition to serum progesterone levels,
baseline demographic information was
collected along with survey for side
effects.

Outcome measures
Primary outcome was the plasma con-
centration/time profile of serum pro-
gesterone. Progesterone concentration
was assayed with validated electro-
chemiluminescence immunoassay
(Cobas e 602, Roche, Indianapolis, IN)
with a reported precision coefficient of
variation of 2.4%.22 Area under the
curve (AUC) was calculated with trape-
zoid technique from hour 0 to hour 24
post dose. Other outcomes include basic
pharmacokinetic parameters such as
peak serum progesterone concentration
(Cmax), peak change from baseline
serum progesterone level (DCmax), and
time to peak serum progesterone level
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TABLE 1
Pharmacokinetic parameters of 6 pregnant women at 18e23 weeks’
gestation after 200 mg micronized vaginal progesterone

Median age (years) 27.0 (21.5e33.3)

Median BMI (kg/m2) 26.5 (23.3e29.0)

Median gestational age (weeks) 22.9 (21.0e23.4)

Median baseline serum progesterone (ng/mL) 47 (40e52)

Median Cmax (ng/mL) 54 (48e68)

Median Tmax (hours) 12 (4e15)

Median DCmax from baseline 11 (2e22)

Median % change of DCmax from baseline 24 (4e53)

Median AUC (ng*h/mL) 112 (-43 to 239)

Serum progesterone sampled every 2 hours at hour zero (pre dose) over 12 hours post dose and then at 24 hours post dose.

Data presented as median (interquartile range).

AUC, area under curve; Cmax, maximum concentration; IQR, interquartile range; Tmax, time to maximum concentration.

Boelig et al. Vaginal progesterone pharmacokinetics in pregnancy. Am J Obstet Gynecol 2019.

ajog.org SMFM Papers
(Tmax). Compartmental analysis with
single compartment model using
NONMEM software (ICON Develop-
ment Solutions, Ellicott City, MD) was
planned. In contrast to non-
compartmental analysis that illustrates a
simple concentration/time plot,
compartmental analysis takes into
consideration the distribution of a
medication in body tissues (compart-
ments) and can be used for computer
modeling and simulation. Additionally,
Pearson correlation coefficient was used
to determine whether there was a rela-
tionship between AUC and demographic
variables including age, race, and BMI.
SPSS v. 25.0 (IBM Corp, Armonk, NY)
was used for statistical analysis. P < .05
was considered significant.

Sample size
This was a study to establish the feasi-
bility of using serum progesterone to
establish basic pharmacokinetic param-
eters of vaginal progesterone in preg-
nancy. An empiric sample of 6 was
targeted.

Results
Results are summarized in Table 1. Me-
dian (range) maternal age was 27
(21.5e33.3) years, median BMIwas 26.5
(23.3e29.0) kg/m2, and median gesta-
tional age was 22.9 (21.0e23.4) weeks.
Baseline data (age, BMI, gestational age,
baseline serum progesterone) were nor-
mally distributed based on Shapiro-Wilk
test of normality. One participant (ID 1,
Figure 1) had a peak plasma level (Cmax)
that deviated significantly (>2 standard
deviation) from that of other partici-
pants; thus median values were used for
summary statistics. Cmax was not nor-
mally distributed (Shapiro-Wilk test of
normality P ¼ .005).
Overall, median baseline serum

progesterone was 47 (40e52) ng/mL,
median peak concentration (Cmax) was
54 (48e68) ng/mL, and median time
to peak was 12.0 (4e15) hours. There
was a trend in rising serum progester-
one over baseline with a median
DCmax of 11 ng/mL and interquartile
range (IQR) of 2e22 ng/mL. Median
percent change from baseline was an
increase by 24% (IQR, 4%e53%).
However, there was no clear elimina-
tion phase and median AUC was 112
ng*h/mL with an IQR of -43 to 239
ng*h/mL owing to fluctuation above
and below initial baseline serum pro-
gesterone value after micronized pro-
gesterone administration. Median
change in serum progesterone from
baseline concentration time plot is
illustrated in Figure 2. Compartmental
analysis was not able to be conducted
owing to limited impact on serum
SEPTEMBER 2019 Ameri
progesterone levels and lack of elimi-
nation phase.

There was no significant correlation
between age (r ¼ -0.20, P ¼ .97), BMI
(r¼ -0.126, P¼.81), gestational age (r¼
0.12, P¼.82), or race (r¼ -0.15, P¼.77)
and AUC.

One participant reported a mild
headache, and another reported hives on
legs thought to be related to bed sheets
and not progesterone. There were no
serious adverse effects.

Comment
Principal findings
We have identified that even with
endogenously elevated serum proges-
terone, vaginal progesterone adminis-
tration results in a modest rise in serum
progesterone over baseline (DCmax of 11
ng/mL and IQR of 2e22), although the
effect is very modest and inconsistent,
with significant inter-individual vari-
ability. Overall, even with a trend of a
modest peak increase from baseline,
serum progesterone levels remained
within the normal range for pregnancy.
Although serum progesterone levels
have been used to establish pharmaco-
kinetic parameters and compare dosing
of micronized vaginal progesterone
outside of pregnancy, it is unlikely to be
useful for such studies when used in
pregnancy for preterm birth prevention.

Results in context
Although other pharmacokinetic
studies on micronized vaginal proges-
terone in pregnancy were not identi-
fied, we found Cmax and AUC from
studies in nonpregnant women were
similar to our values of change from
baseline in pregnancy (Table 2). Our
values regarding median baseline pro-
gesterone are consistent with reported
norms; median serum progesterone in
the second trimester of pregnancy is
w47.5 ng/mL.22 However, with our
study there is notably more inter-
individual variation. Similarly sized
studies in nonpregnant individuals also
noted significant inter-individual vari-
ability.14,23 Coefficient of variation in
our study was almost double that of
studies outside of pregnancy (0.67 in
Norman et al14 and 1.46 in our study).
can Journal of Obstetrics & Gynecology 263.e3
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FIGURE 1
Change in serum progesterone concentration/time plot of 6 pregnant women at 18e23 weeks’ gestation after 200 mg
micronized vaginal progesterone. Serum progesterone sampled every 2 hours from hour zero (pre dose) over 12 hours
post dose and then at 24 hours post dose

Boelig et al. Vaginal progesterone pharmacokinetics in pregnancy. Am J Obstet Gynecol 2019.
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Of note, with vaginal progesterone
therapy, Cmax in nonpregnant women
was less than the normal levels of
endogenous progesterone in the
FIGURE 2
Median change in serum progesterone
gestation after 200 mg micronized vag

Boelig et al. Vaginal progesterone pharmacokinetics in pregnanc
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second trimester of pregnancy. In
contrast to studies outside of preg-
nancy, most of which noted a Tmax <4
hours,14,15,19 the Tmax in pregnancy
from baseline concentration/time plot of
inal progesterone

y. Am J Obstet Gynecol 2019.
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was delayed until, on average, 12
hours.

There are some notable findings in
our results. First, after dosing there is
6 pregnant women at 18e23 weeks’
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TABLE 2
Summary of literature on pharmacokinetic studies of micronized vaginal progesterone in nonpregnant women and this
study on pregnant women in the second trimester

Study Study population Dose AUC (ng*h/mL) Cmax (ng/mL) Tmax (h)

Paulson 20148 Healthy premenopausal
women (n ¼ 9)

200 mg micronized vaginal
progesterone
insert (PVI Ferring
Pharmaceuticals),
rapid disintegrating

138 � 35 (0e24) 11.5 � 3.9 12.0 � 4.9

Norman 199114 Healthy premenopausal
women (n ¼ 10)

400 mg (Cyclogest
suppository,
Cox Pharmaceuticals)

308 � 208(0e96) 28 � 18.7 3.1

Erny 198919 Healthy premenopausal
women (n ¼ 6)

100 mg (Utrogestan) 88.8 (49.12e151.7) (0e24) 8.5 (5.8e12.6) 2.8 (2e4)

Study number 00532320 Healthy postmenopausal
women (n ¼ 18

100 mg (Utrogestan) 209.6 � 113.7a(0e96) 6.8 � 1.6a 9.0 � 7.1

Archer 199515 Healthy postmenopausal
women (n ¼ 10)

100 mg (Zetachron) 165.6 � 76.9(0e24) 14.5 � 4.6 3.2 � 12

Boelig 2019
(current study)

Healthy pregnant
singletons at 18e23 weeks’
gestation (n ¼ 6)

200 mg (Virtus
Pharmaceutical)

112 (-43 to 239)b (0e24) 11 (2e22)b 12 (4e15)

Data presented as mean � standard deviation or median (interquartile range).

AUC subscript indicates time over which AUC calculated after 1 dose.

AUC, area under curve; Cmax, maximum concentration; Tmax, time to maximum concentration.

a Converted from original value using 314.46 g/mol; b Values are change in serum progesterone from baseline.

Boelig et al. Vaginal progesterone pharmacokinetics in pregnancy. Am J Obstet Gynecol 2019.
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change in serum progesterone both
above and below baseline, likely related
to natural hormonal variation. Indeed,
historical studies suggest that although
there is no consistent diurnal trend to
serum progesterone prior to the late
third trimester,24,25 there is short-term
variability in serum progesterone and
serum progesterone may transiently
decrease byw15%within an hour after a
meal.25 Participants in this study were
provided breakfast, lunch, and dinner;
the progesterone declined 1 hour after
breakfast. The vaginally administered
progesterone would not have been sys-
temically absorbed by that time based on
the Tmax data provided and the rate of
change of systemic levels. A previous
study in nonpregnant individuals also
noted there was sometimes decline from
baseline after a dose.20 Second, 1
participant had a significantly higher
peak than the rest; this is consistent with
studies outside of pregnancy,14 which
demonstrated a wide range of Cmax.

Oral progesterone has been studied in
pregnant and nonpregnant women. Oral
progesterone outside of pregnancy has
similar systemic bioavailability as vaginal
progesterone14 and daily oral progester-
one therapy in pregnancy is associated
with a 2-fold increase in serum proges-
terone compared to placebo in the sec-
ond and third trimester in 1 study and
meta-analysis.26,27 Our results suggest
that, in contrast to oral progesterone
administration in pregnancy, the sys-
temic bioavailability of vaginal proges-
terone administration is reduced in
pregnancy, possibly owing to altered
uterine first-pass effect. The pharmaco-
kinetic profile of vaginal progesterone
has been reported to be dependent on
absorption rather than clearance.8,15

With the increased vaginal and uterine
blood flow in pregnancy, uterine first-
pass effect may be even more marked,
further limiting the systemic impact of
vaginal progesterone.

Research implications
Given that our results suggest that the
impact of vaginal progesterone on sys-
temic serum progesterone is limited and
SEPTEMBER 2019 Ameri
vaginal progesterone has specifically
been shown to be effective in the setting
of short cervix, our data support the
theory that the mechanism of action of
vaginal progesterone is local,11 and thus
local markers for vaginal progesterone
absorption and efficacy should be uti-
lized in future pharmacologic studies.
Unfortunately, methods tomeasure local
progesterone uptake, such as endome-
trial or myometrial sampling, used in
studies of nonpregnant individuals6,12,13

are not feasible for use in an ongoing
pregnancy. If local progesterone uptake
cannot be directly measured in preg-
nancy, indirect cervicovaginal markers
of effect should be explored to better
understand the pharmacology of vaginal
progesterone in pregnancy and to
develop rational dosing models. Studies
on surrogate markers of vaginal
micronized progesterone treatment ef-
fect are limited. One study evaluated
changes in cervicovaginal inflammatory
markers following 400 mg daily
micronized vaginal progesterone treat-
ment in pregnant women with short
can Journal of Obstetrics & Gynecology 263.e5
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cervix and found significant changes in
IL-1B and IL-4.28 Another evaluated
vaginal microbiome and found that
vaginal progesterone did not result in a
change in local microbiome.29 Neither
study evaluated a doseeresponse rela-
tionship with these markers. Thus there
remains a need for pharmacologic study
of vaginal progesterone in the setting of
preterm birth prevention with either
direct or indirect endpoints to establish a
doseeresponse relationship and
generate a rational dosing schema.

Strengths and limitations
This study has a number of strengths. This
is the first published study examining the
pharmacokinetics of micronized vaginal
progesterone in the second trimester of
singleton pregnancies. Strict inclusion
criteria and similar baseline characteristics
limited the role gestational age or BMI
may have in influencing interpatient
variability. We have demonstrated the
limited systemic impact of vaginal pro-
gesterone in pregnancy, highlighting the
likely local mechanism of action and need
to identify local markers of vaginal pro-
gesterone efficacy.

There are some limitations to this
study. The sample size is small, although
similar to other published studies on
vaginal progesterone pharmacoki-
netics.12,23 Owing to lack of available
pharmacokinetic data in pregnancy, the
timing of serum progesterone sampling
was designed based on vaginal proges-
terone pharmacokinetics in nonpregnant
individuals. Thus data on the change in
serum progesterone from hours 12 to 24
post dose are limited. Additionally, we do
not have data on steady-state levels of
progesterone with repeat administration
and this additional information may be
informative, although 1 study in twins
did not find any significant change in
serum progesterone after 4 weeks of
vaginal progesterone therapy.30 Finally,
we were unable to conduct a paired
control comparison to assess endogenous
hourly changes in serum progesterone
without any intervention.

Clinical implications
Vaginal progesterone is not FDA
approved for preterm birth prevention31
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but is FDA approved for infertility ther-
apies, and brands such as Crinone and
Endometrin were approved for use in
pregnancy with pharmacokinetic studies
in nonpregnant individuals. National
guidelines recommend vaginal proges-
terone therapy for preterm birth pre-
vention in select populations and also
acknowledge the limited data on optimal
dosing or formulation.1 Our results
demonstrate that vaginal progesterone
administration results in a very limited
impact on systemic serum progesterone
levels, which may reflect a more marked
uterine first-pass effect in pregnancy.
Caution should be used when applying
pharmacokinetic studies outside preg-
nancy to the use of vaginal progesterone
in pregnancy, especially in the second
and third trimester. Future studies on
dose-dependent markers of vaginal
progesterone efficacy need to be estab-
lished to optimize our ability to dose
vaginal progesterone and prevent pre-
term birth.

Conclusion
Serum progesterone is unlikely to be a
reliable marker of vaginal progesterone
pharmacokinetics or efficacy, and future
pharmacologic studies on local markers
of absorption and effect need to be
explored. n
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