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Abstract

Statins (3 hydroxy-3 methyl-glutaryl coenzyme-A reductase inhibitors) are the most commonly
prescribed cholesterol lowering medications due to their efficacy in reducing cardiovascular
mortality and morbidities, tolerability and safety profiles. Based on pathophysiologic similarities
between cardiovascular disease and preeclampsia, a common and dangerous complication of
pregnancy, there is increasing interest in studying this class of medications during pregnancy to
prevent and/or treat preeclampsia. Undergoing such a study, which entails the use of a pregnancy
class X medication for an off label indication in pregnancy, requires intensive multidisciplinary
involvement of a group of experts in basic and clinical pharmacology, research methods,
preghancy physiology and maternal fetal medicine, as well as U.S. Food and Drug Administration
(FDA) regulatory guidelines and practice. Issues of potential fetal risk, altered maternal-fetal
pharmacokinetics and pharmacodynamics and regulatory challenges are real, and must be
carefully considered in the process of research in this arena.

Introduction

Preeclampsia complicates approximately 3% to 5% of pregnancies and remains a major
cause of maternal and neonatal morbidity and mortality. It shares many risk factors with
adult cardiovascular disease as well as pathogenic similarities. Whereas, attempts at
prevention of preeclampsia have had limited success; primary and secondary prevention of
cardiovascular mortality and other cardiovascular events in non-pregnant patients using 3
hydroxy-3 methyl-glutaryl coenzyme A (HMG-CoA) reductase inhibitors, or statins, is
widely accepted.! Statins are effective in the long-term prevention of cardiovascular
morbidities and mortality, not only through their lipid lowering mechanisms, but more
significantly through their modulation of inflammation, oxidative and endothelial vascular
homeostasis, as well as other pleiotropic actions.? Given these protective properties and the
pathophysiologic similarities between preeclampsia and adult atherosclerotic cardiovascular
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disease;3* statins have attracted interest as a potential preventive therapy for preeclampsia.
However, despite their widespread use among adults at risk for cardiovascular disease, and
although, statins have a favorable safety profile and known pharmacokinetic properties, the
data on their maternal and fetal safety after exposure during pregnancy are limited. Given
statins’ potential therapeutic effect in prevention and/or treatment of a life threatening
pregnhancy complication, a thorough examination of maternal and fetal safety profile is
warranted.

Characteristics of pravastatin

Pravastatin is one of two hydrophilic statins currently available for clinical use. Pravastatin’s
biochemical properties make it theoretically safer in pregnancy than other statins. Pravastatin
(C23H35Na07 & 446.52 kd) is rapidly absorbed after oral administration (time to achieve
maximal plasma levels is 1 to 1.5 hours), and has a short elimination half-life (1.77 hours) in
non-pregnant individuals.® It is the most polar hydrophilic compound among the current
HMG-CoA reductase inhibitors.5 Transplacental transfer of pravastatin is minimal, and
higher in the fetal-to-maternal direction than the maternal-to-fetal-direction because of its
low passive diffusion, hydrophilicity, and because it is subject to placental efflux
transporters.>~7 Pravastatin is actively taken up into hepatocytes via a carrier mediated active
transport mechanism that is shared by the sodium-independent bile acid uptake system, and
has limited access to non-hepatic cells that do not express this transporter. For example, the
potency of HMG-CoA reductase inhibition in fibroblasts is at least 1000-fold lower than in
hepatocytes.® This hepatoselectivity of pravastatin was also demonstrated in cell culture
studies where radiolabelled pravastatin was hardly taken up by non-hepatic cells such as
umbilical vascular endothelial cells, retinal pigment epithelial cells, cornea fibroblasts, and
others.® Compared to other statins, pravastatin is one of the least potent inhibitors of HMG-
CoA reductase enzyme. In addition, the intact drug and metabolites are cleared through both
hepatic and renal routes, and CYP3A-dependent metabolism represents only a minor
pathway in pravastatin elimination, which is relevant in pregnancy since CYP-3A activity
increases during gestation. The dual elimination reduces the need for dose reduction in cases
of liver or renal impairment and makes pravastatin safe in a variety of conditions that may
affect liver or kidneys.

Assessing pravastatin safety and teratogenicity concerns

The safety of a pharmaceutical agent is a relative term. The safety concerns for therapies
designed for long term use to treat chronic diseases obviously differ from those used acutely
to treat life threatening illnesses. For treatments used during pregnancy, the safety of both
the mother and the fetus must be considered. The risk benefit ratio of therapy needs to be
heavily weighed before intervention of medical therapy. Clinical trials have historically not
included women, and in particular pregnant ones. The 1977 guidance from the FDA
“General Considerations for the Clinical Evaluation of Drugs” prohibited the participation of
women of childbearing potential in phase 1 and early phase 2 studies.1% The FDA issued a
new guidance in 1993 that replaced the restriction on women in early phase trials and stated
their new position as “ (1) exclusion of women from early trials is not medically necessary
because the risk of fetal exposure can be minimized by patient behavior and laboratory
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testing and (2) initial determinations about whether that risk is adequately addressed are
properly left to patients, physicians, local IRBs and sponsors, with appropriate review and
guidance by the FDA.”11 Women are increasingly participating in early phase clinical trials,
and the results of clinical trials submitted to FDA for new molecular entities between 2006
and 2007 showed that 65.9% of Phase 1 trials included female participants.12

In 1987, lovastatin was the first statin introduced and marketed in the United States by the
pharmaceutical industry as an effective therapy to treat hypercholesterolemia in patients at
risk for cardiovascular disease. It was designated pregnancy “category X” by the FDA. By
definition, category X is assigned to drugs for which “studies in animals or humans have
demonstrated fetal abnormalities and/or there is positive evidence of human fetal risk based
on adverse reaction data from investigational or marketing experience, and the risks involved
in use of the drug in pregnant women clearly outweigh potential benefits.”13 For lovastatin,
the classification was in large part based on the assessment that there were no clear
indications to warrant statin use during pregnancy (no benefit to outweigh any risk) rather
than proven harm to pregnant mothers or their fetuses. It was argued that atherosclerosis is a
long standing disease and thus discontinuation of the drug during pregnancy is not thought
to influence the long term risk for cardiovascular disease in these patients. The “X”
categorization was also based on theoretical concern for teratogenicity related to statin
inhibition of cholesterol synthesis due to the known importance of this substrate during
embryological development. Small studies demonstrated skeletal malformations in rodent
models exposed to lipophilic statins.14

Traditionally, early information regarding the use of a drug during pregnancy has come from
post-marketing studies. Pregnancy exposure registries, which are prospective observational
studies that actively collect information of exposure during pregnancy and associated
pregnancy outcomes, are a form of post-marketing studies. An additional form of post-
marketing information is spontaneous reporting of pregnancy or pregnancy related adverse
events or outcomes. Post-marketing surveillance of lovastatin and simvastatin (two lipophilic
statins) published by Merck showed no relationship between early pregnancy statin exposure
and adverse pregnancy outcomes.1®> Among 134 reports of exposure during pregnancy in
which the pregnancy outcome could be ascertained, the rates of congenital anomalies and
spontaneous abortion were 4% and 8%, respectively. The authors concluded that while the
number of prospective reports available for evaluation was only sufficient to rule out a 3-4
fold increase in the frequency of congenital anomalies, the rates found in the study did not
exceed those expected for the general population. Their conclusion was that no relationship
existed between exposure to therapeutic doses of these agents and the occurrence of adverse
pregnancy outcomes.> Follow up reports of the Merck pharmacological vigilance database
found the rate of congenital anomalies in the exposed group (3.8%) was similar to the 3%
background population rate and no specific patterns of anomalies were identified.16
However, lovastatin maintained X categorization, mainly because of the lack of indication to
use it in pregnancy. Subsequent statin drugs have been given the same designation, despite
significant differences in biochemical properties and absence of appropriately controlled
studies to assess teratogenicity in humans. Therefore, this class of medication has generally
been avoided in pregnancy.
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More recent epidemiologic data also do not support teratogenicity concerns of statins in
general and for pravastatin in particular. Exploration of the National Birth Defects
Prevention Study and the Slone Epidemiology Center Birth Defects Study as well as other
population-based registries failed to show an association between pravastatin exposure and
birth defects.1”-20 The Medical Genetics branch of the National Institutes of Health
reviewed 214 pregnancy exposures to statins that were reported to the FDA from 1987 to
2001.20 Of the 70 evaluable cases reviewed in the final report, 20 cases of pravastatin
exposure were included. No congenital malformations or adverse pregnancy outcomes
occurred in the pravastatin exposed group. Moreover, a Canadian population based
pregnancy registry that collected data on women exposed to statins and other cholesterol-
lowering agents prior to pregnancy and in the first trimester showed no pattern, or increased
rate, of congenital abnormalities in 288 women with live births.18 No congenital anomalies
were found in women exposed to pravastatin. In addition, a prospective observational cohort
study by the Motherisk program in Toronto did not find any malformation patterns or
increased malformations in infants of 64 women with first trimester exposure to statins
compared with women without exposure to known teratogens.1® In summary, these data do
not support pravastatin being teratogenic. However, the major drawbacks from these cohorts
are their limited sample size and the fact that most of them assessed statin exposure during
the first trimester of pregnancy. For women who conceive while taking statins, the current
recommendation is to discontinue treatment as soon as possible. Therefore, most of the
statin-exposed patients in the previously mentioned cohorts discontinued statin use as soon
as they discovered the pregnancy. The effects of long-term (throughout the pregnancy)
pravastatin use on fetal and neonatal health are unknown, as is the long-term cardiovascular
and endocrine outcomes in these neonates.

afety concerns

Information from clinical trials of non-pregnant women cannot always be used in
determining efficacy and safety of a drug in pregnant women. Physiologic changes in body
weight and fat composition, increased plasma volume and glomerular filtration rate,
alterations in activity of various cytochrome P450 enzymes, and changes in gastrointestinal
motility, among many other physiologic changes during pregnancy, may alter the
pharmacokinetics of a drug in pregnant women. The FDA established a draft framework in
2004 for conduction of pharmacokinetic and pharmacodynamic studies in pregnant women.
21 This guideline suggests that pregnant women may be included in pharmacokinetic studies
if the following conditions, summarized in Table 121, are met from the code of regulations
45 CFR 46, Protection of Human Subjects. Additionally, pharmacokinetic studies should be
conducted if any of the following conditions summarized in Table 221, are met. Study design
should include dosing considerations during different trimesters, collecting pharmacokinetic
information postpartum so that a woman can be her own control, evaluating study
participants that are representative of a typical patient population, and enrolling enough
subjects to detect pharmacokinetic differences large enough to warrant dose adjustments for
use during pregnancy.?!

Thorough evaluation of the safety profile for a therapeutic intervention (pravastatin) for
preeclampsia prevention must also focus on potential maternal risks. Large scale placebo
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controlled randomized clinical trials have established conclusive evidence that long term use
of statins reduces cardiovascular risk in non pregnant individuals.22-24 Pooled data from
these trials also yielded critical information about the risk of adverse events from pravastatin
use. A prospective analysis of three large randomized clinical trials, the West of Scotland
Coronary Prevention Study, the Cholesterol and Recurrent Events, and the Long-term
Intervention with Pravastatin in Ischemic Disease, collectively accumulated more than
112,000 person-years of exposure in double blind randomized trials.22-25 These trials
compared pravastatin (40 mg daily) to placebo. During five years of exposure, there were no
differences in rates of abnormal hepatic profile (1.4% in both groups), and there were no
cases of myopathy in either group. In a prospective trial of heart transplant patients, a group
at increased risk for side effects related to statin therapy, onset of side effects including
abnormal hepatic profile and abnormal creatine kinase was identified through routine
screening to allow modification of statin dose.26 In this study, only 3% of patients required
discontinuation of therapy.28 This is partly explained by the fact that CYP3A-dependent
metabolism represents only a minor pathway in pravastatin elimination and there is no
clinically important pharmacokinetic interaction of pravastatin with CYP3A inhibitors.
These data suggest that pravastatin is generally considered to be safe and tolerable. While
we have little data to assess maternal safety of statin therapy in pregnancy, however it seems
unlikely that risks for hepatic injury or rhabdomyolysis would be increased compared to a
non-pregnant population.

The Obstetric-Fetal Pharmacology Research Unit network trial

Given the potential for benefit of statin therapy for women at high risk for preeclampsia, as
well as the reassuring safety profile, the Obstetric-Fetal Pharmacology Research Unit
network funded by the Eunice Kennedy Shriver National Institute of Child Health and
Human Development of the National Institutes of Health embarked on a pilot prospective
randomized trial of pravastatin for preeclampsia prevention. The objectives of this study are
to determine the pharmacokinetic parameters and collect preliminary safety data for
pravastatin use during pregnancy. Additional secondary objectives are to evaluate its
pharmacodynamics when used as a prophylactic daily treatment in reducing the pathological
imbalances preceding the development of preeclampsia in high-risk women. This study was
conducted under the FDA Investigational New Drug application regulation. The study design
was an exploratory, dose finding, escalating, randomized, double blind, and placebo
controlled trial of pregnant women at high risk for preeclampsia. Patients will be
randomized to 2 cohorts of pravastatin (10 or 20 mg) or placebo, each containing 20
subjects, with evaluation of pharmacokinetic data following the completion of each cohort
(Clinicaltrials.gov IdentifierNCT01717586). Findings from this study will shed the light on
pravastatin biodisposition in pregnancy, optimal dosing, and rate and severity of side effects.
These data are essential in designing future large clinical trials to evaluate pravastatin utility
in preventing preeclampsia and its associated adverse outcomes.

Conclusion

With many women getting pregnant at advanced age, and/or with significant chronic illness,
and thus being exposed to multiple medications during pregnancy, it is prudent to examine
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the safety of drugs during pregnancy in a systematic way. As we come to understand the
pathophysiologic similarities of many disease processes, as illustrated by the overlap
between cardiovascular disease and preeclampsia, it is clear that many therapeutic
interventions currently used outside of preghancy may be candidates for treatment of
pregnancy-specific diseases and warrant attention in obstetrical research. Pregnancy poses
particular challenges in drug studies given both the issues of potential fetal risk as well as
altered maternal physiology, and these studies require particular expertise on the part of
pharmacologists and maternal and fetal medicine specialists. The Obstetric Pharmacology
Research Unit network is uniquely poised to address these research questions and help
provide the necessary pharmacologic and clinical tools to provide access to novel therapies
and improve care for pregnant women in the 215t century.
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Table 1:
Criteria for inclusion of pregnant women from the code of regulations 45 CFR 46, Protection of Human
Subjects
Previous Preclinical studies, including pregnant animals, and clinical studies, including non-pregnant women, have been
Supportive conducted and provide data for assessing potential risk to pregnant women and fetuses
Studies
Risk The risk to the fetus is not greater than minimal, and the purpose of the research is the development of important

biochemical knowledge, which cannot be obtained by any other means
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Table 2:

Conditions in which to conduct pharmacokinetic studies during pregnancy

Known Use

The drug is known to be used by pregnant women, especially in the second and third trimesters.

Anticipated Use

For a new drug or indication, if there is anticipated or actual use of the drug in pregnancy.

Consequences of Use

Use is expected to be rare, but the consequences of uninformed dosages are great (e.g. narrow therapeutic
range drugs, cancer chemotherapy).

Pregnancy Likely to Alter
Phar macokinetics

Pregnancy is likely to alter the pharmacokinetics of a drug (e.g. renally excreted drug) significantly and
any of the above apply.
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