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Abstract

OBJECTIVE—The purpose of this study was to estimate pharmacokinetic parameters and to
evaluate placental transport of 17-hydroxyprogesterone caproate (17-OHPC) in singleton
gestation.

STUDY DESIGN—Sixty-one women who received weekly injections of 17-OHPC underwent 2
pharmacokinetic studies at 20 + 0 to 24 + 6 weeks’ gestation (study 1) and 31 + 0 to 34 + 6 weeks’
gestation (study 2); daily blood samples were obtained between injections. In 18 women, blood
samples were obtained over a 28-day period beyond the last injection (extended study). Maternal
and/or cord blood were obtained at delivery.

RESULTS—The half-life (median + SD) of 17-OHPC was 16.2 + 6 days. Concentrations of 17-
OHPC were higher during study 2 than during study 1. Body mass index affected maternal 17-
OHPC concentrations. Cord:maternal 17-OHPC concentration ratios averaged 0.2; 17-OHPC was
detectible in cord plasma 44 days after the last maternal injection.

CONCLUSION—The apparent half-life of 17-OHPC is long, and pharmacokinetic parameters
vary widely between subjects and are affected by maternal body mass index. The drug crosses the
placental barrier.
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Seventeen-hydroxyprogesterone caproate (17-OHPC) reduces preterm birth rates in women
with a previous preterm birth! but has not proved effective in women with multifetal
gestation? 3 or an ultrasonically identified short cervix.* The American Congress of
Obstetricians and Gynecologists in a 2009 Committee Opinion recommended that this
therapy be offered to all women with a previous preterm birth® and that more research be
done with the pharmacology of 17-OHPC and other progestin preparations. Despite
widespread clinical use, there are no reports that have described pharmacokinetics of 17-
OHPC in singleton gestation, the plasma concentrations that are achieved during therapy for
preterm birth prevention, and whether the medication is detectible in fetal blood. In this
multicenter Obstetrical-Fetal Pharmacology Research Units Network study, we evaluated
the pharmacokinetics and placental transport of 17-OHPC in women with singleton
gestation who were receiving 17-OHPC because of a previous preterm birth.

Materials and Methods

Study design

We recruited 61 women from 4 centers who were receiving or planned to receive 17-OHPC
for the prevention of recurrent preterm birth based on a history of at least 1 previous
spontaneous preterm (<37 weeks’ gestation) birth. In keeping with clinical practice
recommendations, all women who were receiving 17-OHPC began therapy between 16 0/7
and 20 6/7 weeks’ gestation. Each subject agreed to participate in 2 pharmacokinetic studies
lasting 7 days each. The first pharmacokinetic study (PK1) was scheduled to occur between
20 0/7 and 24 6/7 weeks’ gestation after a minimum of 4 weekly injections had been
administered. The second pharmacokinetic study (PK2) occurred between 31 0/7 and 34 6/7
weeks’ gestation. This second study evaluated possible gestational age-related changes in
the pharmacokinetics of 17-OHPC. Eighteen women who completed PK2 agreed to have
blood drawn an additional 7 times during the 28 days after the start of PK2 to determine the
terminal disposition rate constant and apparent terminal disposition half-life (extended
study). In these women, blood samples were obtained after the last injection on days 1, 2, 3,
4,5, 6, and 7 as in all other subjects; however, in addition, blood was obtained on day 9, 11,
14, 17, 20, 24, and 28 after the last injection of 17-OHPC. For all subjects, when possible,
blood was obtained at delivery from a maternal vein and the umbilical cord (artery or vein).

All subjects received their weekly 17-OHPC injections by the research staff up to the
completed week 35 of gestation or delivery. The weekly injection times were scheduled
within a 4-hour window of the initial injection time. The 17-OHPC was obtained from a
central compounding pharmacy (Eminent Services Corp, Frederick, MD). At each weekly
visit the site of injection was noted, and injection sites were alternated between the right and
left hip/buttocks areas. A venous blood sample was obtained, and subjects were queried
about side-effects, hospitalizations or episodes of preterm labor that required hospitalization
or tocolytic treatment. Data that were recorded for each patient included maternal age,
parity, self-reported race, body mass index (BMI), and gestational age at enrollment, at each
blood sampling, and at delivery. Women who missed =1 injections were not included in the
pharmacokinetic analyses. No attempt was made to alter or mandate clinical treatment of the
subjects. The institutional review boards of each clinical site approved this study. This trial
is registered at Clinicaltrials.gov (NCT00409825).

Sample analysis

For all 17-OHPC measurements, blood was collected in 10-mL tubes with
ethylenediaminetetraacetic acid and centrifuged within 1 hour of collection at 3500¢ for 10
minutes. The supernatant plasma was aliquoted into 1-mL polypropylene tubes and frozen at
—70°C until analysis of 17-OHPC by high performance liquid chromatography with tandem
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mass spectrometry as reported previously.® The standard curve was linear in the range of 1-
200 ng/mL. The lower limit of quantitation for 17-OHPC was 1 ng/mL. Inter- and intraassay
variability at 10 ng/mL was 7.9 and 5.2%, respectively.

Pharmacokinetic analysis

Pharmacokinetic parameters (Appendix) in each of the 2 pharmacokinetic studies and the
extended study were estimated by the standard noncompartmental approach implemented in
Win-Nonlin software (version 4.0; Pharsight Corp, Mountain View, CA). Maximum
concentration and time to maximum concentration were determined from the observed data.
The terminal disposition rate constant (A.,) was determined by log-linear regression of
terminal linear disposition phase with the data from the extended study. Half-life was
estimated by 0.693/ A,. The area under the plasma concentration vs time curve (AUCt,,)
was calculated from time t; and t,, which are time of consecutive doses (beginning at the
end of a dosing interval). The apparent oral clearance (clearance/bioavailability) was
estimated as dose/(AUC)t,,, and the apparent volume of distribution (Vp/F) was calculated
as dose/A,. AUCH,, used the AUC data from PK2 and the terminal disposition rate constant
from the second study in 18 subjects from whom samples were collected for up to 28 days
after the last injection (extended study).

Statistical analysis

Results

The primary outcome variable was the gestational change in AUC (0-7 days). The sample
size estimate was based on the assumptions that gestational change in AUC (0-7 days) of
30% is clinically relevant and that the variance in 17-OHPC concentrations is similar to that
reported in nonpregnant women by Onsrud et al” because there are no published data on
singleton gestation. Based on these considerations, a total sample size of 47 women would
be sufficient to detect such a difference, assuming a power of 0.8 and alpha of .05. We
assumed a 25-30% dropout rate; therefore, the final sample size of 61 recruited subjects
would be more than adequate for the evaluation of the outcome of interest. Secondary
outcome variables included the pharmacokinetic variables that were described earlier
(maximum concentration; time to maximum concentration; the minimum concentration at
time zero, just before the next injection (Cyqugh); half-life; volume of distribution; apparent
clearance) and maternal and cord 17-OHPC concentrations.

GraphPad Prism software (version 4.01; GraphPad Software, Inc, La Jolla, CA) was used for
the performance of the statistical tests for significance. Pairwise group comparisons used
nonparametric (Wilcoxon signed rank and Mann Whitney ) tests. Population medians in
multiple groups were compared with Kruskal-Wallis 1-way analysis of variance with
Dunn’s posttest for multiple comparisons. We considered probability values of < .05 to be
significant. All pharmacokinetic parameter results are reported as median (interquartile
range). Demographic variables are reported as mean £SD.

Demographics

The characteristics of the study population are summarized in Table 1. These 61 subjects
each experienced 1-4 previous preterm births. Treatment with 17-OHPC started on average
at 18 weeks’ gestation, and subjects received an average of 6 injections by PK1 and 17
injections by PK2.

Noncompartmental pharmacokinetics

Figure 1 shows the mean (£SD) plasma concentration of 17-OHPC during each of the 2
pharmacokinetic studies. Only women who had received all their scheduled injections and
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remained undelivered through PK1 (20 6/7-24 6/7 weeks’ gestation) and PK2 (31 0/7-34
6/7 weeks’ gestation) were included in this analysis (n = 47). Ten subjects did not undergo
PK2 because of preterm delivery (n = 6 women), study withdrawal (n = 3 women), or
hospitalization (n = 1 woman). Overall, the plasma concentrations varied widely and
decreased slowly during the 7 days of the pharmacokinetic studies. Trough plasma
concentrations were higher (approximately 15%) during PK2 compared with PK1.

Table 2 compares selected pharmacokinetic parameters (median and interquartile range) for
17-OHPC in the PK1, PK2, and extended studies. The higher plasma concentrations that
were seen in PK2 are reflected in higher AUCt,,, higher Ctrough and maximum
concentrations. Figure 2 shows plasma 17-OHPC concentrations in 18 women who
underwent the extended pharmacokinetic study. The estimated half-life in these subjects was
18 £ 6 days. The estimation of half-life during drug disappearance is generally more precise
because additional drug is not introduced into the body and because drug behavior is
monitored for a longer period with increased number of plasma samples. During the
extended study, plasma 17-OHPC concentrations disappeared slowly; at 28 days after the
injection, the plasma concentrations were still approximately 10 ng/mL, which suggests that
17-OHPC is either slowly released from the castor oil depots or from maternal fat stores.

Figure 3 shows the relationship between the concentration of 17-OHPC just before an
injection (Cyrougn) and AUCH,, after the injection. The strong correlation between Ctrough
and AUCU,, during both PK1(r = 0.0.83; £<.01) and PK2 (r = 0.75; P< .01) suggests that
Cirough could be used as a surrogate measure of drug exposure in singleton gestation after an
injection of 17-OHPC.

Relationship between race, BMI, and parity and 17-OHPC concentrations

We evaluated the relationship between enrollment BMI, race, and parity and plasma 17-
OHPC concentrations. For the assessment of the relationship between BMI and plasma 17-
OHPC concentrations we included women for whom an enrollment BMI had been recorded
and who had received all their scheduled injections of 17-OHPC and remained undelivered
at the time of PK1 (n = 53 women) and PK2 (n = 43 women). BMI demonstrated a weak but
statistically significant inverse relationship with trough plasma 17-OHPC concentrations and
AUC (Table 3) during both pharmacokinetic studies, with heavier women having lower
AUCs and lower trough concentrations.

In assessing the relationship between self-reported race and plasma 17-OHPC
concentrations, we included only the 59 women in PK1 and 49 women in PK2 who had
received all of their scheduled injections and for whom race was recorded. Race was not
related to 17-OHPC exposure (ie, AUC), with similar results in African American and white
women in both PK1 (120 £ 58 and 120 + 43 ng*d/mL, respectively; £=.57) and PK2 (127
+ 50 and 143 £ 54 ng*d/mL, respectively; P=.53).

Parity was not related to plasma trough 17-OHPC concentrations at either PK1 or PK2 (data
not shown).

Placental transport

Plasma concentrations of 17-OHPC in maternal and cord blood at the time of delivery were
15.1 ng/mL (range, 3.2-64.6 ng/mL) and 3.2 ng/mL (range, 0.4-12 ng/mL), respectively,
and are shown in Figure 4. The time from the last injection until delivery ranged from 1-44
days. The maternal concentrations were higher than the concentration in cord blood in every
case. The cord:maternal drug ratio averaged 0.2 (range, 0.06-0.51) and was unaffected by
the time from the last injection (slope is not significantly different from zero), although
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absolute drug concentrations were lower in both compartments as a function of time from
last dose.

This is the first report of the plasma concentrations and pharmacokinetic analysis of 17-
OHPC in pregnant women with a singleton gestation. We have demonstrated that plasma
concentrations of 17-OHPC continue to rise with repeated weekly administration. This rise
is consistent with the long half-life of 17-OHPC and the time it takes to achieve steady state
and is reflected in alterations of descriptive pharmacokinetics, which include increases in
Ctrough, Maximum concentration, and AUC.

Taken together, the high lipid solubility of 17-OHPC, the negative association between 17-
OHPC concentrations and BMI, and the previously reported rapid metabolism of 17-OHPC
by human liver microsomes in vitro support the premise that plasma concentrations remain
elevated because of the slow and continued release of 17-OHPC from the increasing number
of castor oil depots and/or the maternal fat stores that may take up 17-OHPC and release it
very slowly or both.8 The slow release of 17-OHPC from these depots would explain the
sustained concentrations long after each injection. Clinically this provides considerable
latitude in the dosing regimen. An injection that is 2-3 days late will not have an immediate
or substantive impact on the plasma concentrations. This knowledge could improve patient
convenience and minimize the impact of any noncompliance.

In this study, the plasma concentrations of 17-OHPC varied considerably (coefficient of
variation, 40-50%) between subjects, despite the use of an identical dosing regimen. This
wide variability may impact effectiveness or safety that is related with 17-OHPC use. We
have reported a similar wide variation in plasma concentrations of 17-OHPC in women with
twin gestation.?

In the current study, there was an association between the plasma concentration and BMI,
but not parity and race. Our observations suggest that obese women may require a higher
17-OHPC dose to achieve plasma concentrations similar to those in nonobese women. In
twin pregnancies, there was a similar association with BMI; however, neither parity nor fetal
number were related to the plasma concentrations of 17-OHPC and African American
women demonstrated a significantly greater clearance of 17-OHPC than white women.® The
current study, however, was not powered to evaluate the relationship between race and
plasma 17-OHPC concentration. It is also possible that genetic polymorphism in the CYP3A
enzyme that is responsible for the metabolism of 17-OHPC might also contribute to the
observed variability in plasma concentrations; genotyping of these enzymes was not
performed.

Other covariates may also be related to the plasma concentrations of 17-OHPC in pregnant
subjects. We reported recently that endogenous hormones and certain prescription
medications may compete with the enzymes that metabolize 17-OHPC.19. 11 Using human
liver microsomes, we have found that metabolism of 17-OHPC can be reduced significantly
by CYP3A inhibitors. Coadministration of such drugs will lead to large variation in plasma
concentrations and may impact the effectiveness and/or any adverse events that may be
related to this drug.

Our data provide the first suggestion of therapeutic 17-OPHC concentrations because the
dosing regimen used in this pharmacokinetic study was identical to that used by Meis et al'
in the Maternal-Fetal Medicine Unite (MFMU) Network clinical trial to prevent recurrent
preterm birth in singleton gestations. Plasma concentrations were not assessed in that trial so
that a therapeutic concentration range could not be established directly. The 250-mg weekly
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dose that was selected in that study was based on previous reports and practice but was not
informed by pharmacologic data. The current Food and Drug Administration-approved
dosing regimen is likewise 250 mg weekly and is based primarily on data from the MFMU
trial.1 This dosing regimen may not be optimal. The large variation in plasma concentration
with a similar dosing regimen suggests that efficacy in the MFMU trial of Meis et al may
have been impacted because the preterm birth rate was reduced only by 33% by 17-OHPC
treatment. Data from the current study do not allow the determination of an optimal dosing
regimen, which requires a clinical trial with at-risk women randomly assigned to one of
several dosage options (ie, a dose ranging study). The option of the use of a surrogate
biomarker as an indicator of 17-OHPC efficacy for the establishment of an optimal dosing
regimen is not possible at this time because we do not have a surrogate biomarker for
preterm birth nor do we know the mechanism of action by which 17-OHPC reduces preterm
birth rates. However, the option of relating plasma trough 17-OHPC concentrations, which
is a surrogate marker of AUC (drug exposure parameter) to gestational length, may prove
useful in the establishment of an optimal dosing regimen.

The pharmacokinetic parameters that we obtained in singleton gestation were qualitatively
similar to those we reported previously in multifetal gestation,® although quantitative
differences were evident (Table 4). The comparisons in Table 4 were performed at 24-28
weeks’ gestation in both studies after an average of 6 injections. Although sample size was
small in women with twin gestation, making parameter estimates less precise than with a
larger sample size, meaningful comparisons can still be made. Plasma concentrations were
approximately 40% higher in singleton gestation.

This is also the first report of 17-OHPC concentrations in fetal plasma during and after
therapy for preterm birth prevention. The drug is detectable in both maternal and fetal blood
for at least 44 days after the last injection. The mother serves as a repository for 17-OHPC
long after the last maternal injection, as noted earlier, because of the slow release from the
castor oil depots or from maternal fat stores. The placenta may also serve as a repository or
17-OHPC or its metabolites, based on placental perfusion studies.12 Seventeen-OHPC is
also highly bound to plasma proteins, particularly albumin, which may contribute to the long
half-life of the drug in the mother. Thus, there may be prolonged fetal exposure to 17-OHPC
long after the last maternal injection. The cord:maternal ratio of 0.2 that was measured at
delivery, which was 1-44 days after the last dose, suggests several possibilities: (1) that
binding of 17-OHPC is greater in maternal plasma than fetal plasma, (2) that the fetus
actively metabolizes the drug, (3) that efflux transporters in the placenta may be involved in
actively transporting 17-OHPC from fetus to mother, or (4) a combination of these
mechanisms. Indeed, we have demonstrated that the fetus is capable of metabolizing 17-
OHPC; Sharma et al!3 and Fokina et al*4 have also demonstrated the placental metabolism
of 17-OHPC. The lack of change in the slope of the fetal-to-maternal concentration ratio
with time after last injection would suggest that, if there are any active transport processes
involved, they are not saturated at the concentrations that have been observed. Although 17-
OHPC is detectable in cord plasma, evidence to date is reassuring in terms of fetal/neonatal
safety. The impact of 17-OHPC on the neonate has been evaluated by Northen et al,1®> who
found no relationship between intra-uterine 17-OHPC exposure and physical findings or
developmental parameters that included communication, gross and fine motor skills,
problem solving, and personal/social or gender-specific roles at a mean postnatal age of 48
months. In the 1960s and later, 17-OHPC was used more extensively for prevention/
treatment of threatened miscarriage. Those studies demonstrated safety of the agent with no
evidence of malformations or disordered sexual development.16-21

In summary, we have defined the pharmacokinetics of 17-OHPC in singleton gestation.
There is a wide variation in plasma concentrations, despite an identical dosing regimen. This
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variation may impact overall efficacy. Measurement of trough concentrations of 17-OHPC
to guide dose adjustment may prove valuable once the therapeutic concentration range of the
drug is identified. Our observations also suggest that the relative safety of the drug for the
newborn infants may be related to the lower concentration of the drug in the fetal
compartment.
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Definitions

Apparent half-life: a measure of the time that it takes for the drug concentration to decrease
from a given value to one-half of its value (approximately 5-6 half-lives for most of the
drug to be out of the body; approximately 5-6 half-lives to reach steady state)

AUC: the area under the blood or plasma concentration vs time curve for a drug

C max: the highest concentration of a drug in blood or plasma during a dosing interval after
the administration of a drug

C trough: the point of minimum concentration of a drug that generally occurs immediately
before the administration of a drug’s next dose

Clearance: the overall ability of the body to clear the drug (the volume of blood or plasma
that is cleared completely of the drug per unit time); calculated as the amount of drug
cleared (this equals dose for intravenous administration) divided by the area under the blood
or plasma concentration vs time

Pharmacodynamics: the relationship between the pharmacologic response and the drug
concentration that includes physiologic or biochemical effects of drugs on the body or on
microorganisms or parasites within or on the body

Pharmacokinetics: the time course of a drug in the body that includes absorption,
distribution, metabolism, and elimination; what the body does to an administered drug

Steady state concentration: achieved when the rate at which a drug comes into the body
equals the rate at which the drug leaves the body (At steady state, the plasma concentration
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of a drug is constant during continuous intravenous infusion, or the plasma concentration vs
time profile during a dosing interval is identical to the plasma concentration vs time profile
during the subsequent dosing intervals for a fixed dose and dosing frequency. Steady state
plasma concentrations are achieved in approximately 5-6 half-lives.)

T peak: time to maximum concentration or the time at which maximum blood or plasma
concentrations are achieved during a dosing interval

Volume of distribution: a hypothetic volume that relates the concentration of the drug in
the measured biologic fluid (normally plasma or serum or blood) to the amount of drug in
the body; the apparent volume into which the drug has to be distributed at a concentration
equal to the concentration that is measured in the biologic fluid (typically expressed in liters
or in liters per kilogram), which provides information about the extent to which the drug is
distributed outside the vascular system.
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—-0— PK 1 (Week 20-24)
—e— PK 2 (Week 31-34)
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FIGURE 1. 17-OHPC concentrations (mean + SD) during PK1 and PK2

The gpen circle with dashed line represents the plasma concentrations during
pharmacokinetic 1 study (gestational week 20-24); the closed circle with the solid line
represents the pharmacokinetic 2 study (gestational week 31-34) in 47 subjects who
underwent both PK studies.

IM, intramuscular; PK, pharmacokinetic; Z7-OHPC, 17-hydroxyprogesterone caproate.
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FIGURE 2. Plasma 17-OHPC concentrations (mean + SD) in 18 subjects who underwent the PK
2 study after the final injection of 17-OHPC

Samples were obtained daily during the pharmacokinetic 2 study and 7 times between days
9-28 after the last injection.

PK, pharmacokinetic; Z7-OHPC, 17-hydroxyprogesterone caproate.
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FIGURE 3. Relationship between the AUC and trough concentrations of 17-OHPC

Closed circles represent data from the PK 1 study; open circles represent data from the
pharmacokinetic 2 study.

AUC, area under the plasma concentration vs time curve; PK, pharmacokinetic; 17-OHPC,
17-hydroxyprogesterone caproate.
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Plasma 17-OHPC concentration in
maternal and cord blood according to time
from last injection of 17-OHPC
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FIGURE 4. Relationship between maternal and cord blood concentrations of 17-OHPC

A, Box plot of 17-hydroxyprogesterone caproate concentration in maternal blood at the time
of delivery and of cord blood. The horizontal bar is the median value; the error bars
represent 25th (lower bar) and 75th (upper bar) percentiles. The closed circles outside the
25th and 75th percentiles represent outliers. B, Relationship between maternal and cord
blood concentrations of 17-OHPC. The figure illustrates maternal blood and cord blood
concentrations of 17-OHPC according to time from last maternal injection of 17-OHPC.

17-OHPC, 17-hydroxyprogesterone caproate.
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Characteristics of enrolled patients

Characteristic Measure
Cases, n 61
Parity, né 2.2 (1-6)
Previous preterm births, n@ 15(1-4)
Age, yb 28£59
Race, n
African American 13
Hispanic 16
White 30
Other 2
Body mass index, kg/m2? 29+6
Gestational age, weeks-mean + spb
First injection 18+15
Delivery 37+36
Injections given, n?
Pharmacokinetic 1 5709
Pharmacokinetic 2 165+2.3

a .
Data are given as mean (range);

b .
Data are given as mean + SD.
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TABLE 3

Relationship between BMI and 17-OHPC exposures for pharmacokinetic studies 1 and 2

Pharmacokinetic

study BMIr Pvalue
BMI vs AUCY,,
PK1 0.36 <.01
PK2 0.50 <.01
BMI Vs Cyrough
PK1 0.29 <.01
PK2 0.41 <.01

Correlation coefficient (r) between BMI (independent variable) and area under the concentration (AUC) or the minimum concentration at time zero

just before the next injection (Crroygf; dependent variables). The AUC vs time curve AUC”; was measured in nanograms per milliliter per
g

day; Ctrough Was measured in nanograms per milliliter.

BMI, body mass index; 17-OHPC, 17-hydroxyprogesterone caproate.
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TABLE 4

A comparison of pharmacokinetic parameters of 17-OHPC in singleton and twin gestation

Variable AUCY,, (ng/mL/d) Cirough (Ng/mL) Cmax (ng/mL) Tmax (d)

Singleton gestation (1= 47)  115.2 +44.2 (78.8-141.4) 14.1+56 (10-18.1) 22.6+95(15.8-27.4) 2.1+1.9 (1.0-3.0)

Twin gestation (n = 6) 86.0+33.5(61.0-114.0) 9.7 +2.8(8.0-12.0) 17+6.7(12.0-22.0)  1.2+0.4(1.0-2.0)

Pvalue .06 .05 12 .36

Data are given as mean pharmacokinetic parameters + SD (interquartile range; Q1-Q3, where Q1 is the 25th percentile and Q3 is the 75th
percentile) that were observed for 47 subjects with singleton gestation and 6 subjects with twin gestation who had sampling done daily for 7 days
after an injection and received all scheduled injections. Wilcoxon signed rank test used to compare pharmacokinetic parameters between groups.
AUCt-Ztg, area under the concentration vs time curve; CAZ4 X, maximum concentration during the dosing interval; Ctrough, the minimum
concentration just before the next dose; Z7-OHPC, 17-hydroxyprogesterone caproate; 7A/A4.X; time to maximum concentration.
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