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}5} 25TH ANNIVERSARY OF THE PHARMANOTE®

{a} It is hard to believe it, but we are starting our 25" year of publishing the PharmaNote® newsletter. |2|
14 To all of our readers, we sincerely appreciate your support and look forward to continuing to provide H
new and updated treatment information to assist you in the treatment of your patients. M

pregnant patients who require treatment for chronic

PHARMACOKINETIC medical conditions. These m_edical conditions mus_t

be addressed throughout their pregnancy. The main

VARIABILITY IN PREGNANCY problem with prescription drug use in pregnant pa-

AND PROPOSED tients is the potential teratogenic effects onféies.
LABFLING CHANGES Studies estimate that 10-15% of congenital anoma-
lies originate from maternal teratogen exposure.
Sarah K. Richardson, Pharm.D. Candidate Practitioners must be aware of the potential rizks

drug exposure to the fetus and weigh these against
the potential benefits to the mother.

PHARMACOKINETIC CHANGES IN PREGNANCY

be a perplexing topic for many practitioners.  ypderstanding the pharmacokinetic changes that

% The safe use of drugs in pregnant patients is (ke place during pregnancy provides practitioners

dilemma because of the limited clinical trial data | jngjght into the treatment of these women. Current

volving these patients and the pharmacokinetic ar ,harmacokinetic data, primarily from small observa-
pharmacodynamic changes during pregnancy. Thijona| studies, is summarized in Table 1.

issue is compounded by the increasing number « geyeral important pharmacokinetic parameters

women on chronic medications who are becomin g gjtered in pregnancy. The first parameter is ab

pregnant. This article will review pharmacokinetclf’
___T

T he issue of drug use in pregnancy continues !

changes in pregnancy. It will also discuss theerr
pregnancy categories and the new labeling chan
proposed by the Food and Drug Administratiof
(FDA).

INSIDE THIS | SSUE:

PHARMACOKINETIC VARIABILITY IN PREGNANCY
EPIDEMIOLOGY AND PROPOSED L ABELING CHANGES
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Prescription drug use in pregnancy is growing
the United States. As the average age of pregng
women increases, practitioners are faced with mo
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Table 1. Pharmacokinetic changes in pregnancy.?

PHARMACOKINETIC PARAMETER ~ PHYSIOLOGICAL PARAMETER EFFECT EXAMPLES

Absorption N Gastric emptying time N or J Systemic absorption Ampicillin (theoretical) Cefa-
N Gastric acid pH of medications zolin (theoretical)
J Gl motility

Distribution N Plasma volume M Volume of distribution Phenytoin, valproic acid
N Adipose tissue volume J' Plasma drug concentration

/M Cardiac output

Excretion ‘N GFR and renal blood flow N Clearance of drugs that are  Digoxin, atenolol
cleared through the kidney

Protein Binding J' Albumin concentration ‘M Free drug concentrations of  Phenytoin, valproic acid
highly protein bound drugs

sorption. The interaction between absorption amé cetitioner is prescribing medications for pregnant pa
tain antibiotics is theoretical since no studieseha tients.

proven that this interaction leads to clinicallgrsfi- Many drugs used in pregnancy are metabolized
cant changes. The second parameter is distributiomia the hepatic cytochrome p450 (CYP) system. The
The combined effects of an increase in cardiacuwiutp various CYP isoenzymes are altered to different ex-
and a decrease in plasma albumin concentrations cénts in pregnant patients. Consequently, altered
have a measurable effect on highly protein boundnetabolic rates can result in substantial changes t
medications. This effect occurs in pregnant womemrug concentrations. The changes to these metaboliz
on anti-seizure medications such as phenytoin anihg enzymes can lead to a change in the clearance
valproic acid® The third parameter is an increase|inand steady state concentration of drugs in patients
the clearance of medications. The increase in glom&he pharmacokinetic changes in metabolizing en-
rular filtration rate (GFR) and renal blood flownca zymes are summarized in Table 2.

have an effect on drugs that are cleared extensivel
by the kidneys. An increase in the elimination |of CURRENT CLASSIFICATION SYSTEM
these drugs can lead to sub-therapeutic drug cencen
trations in pregnant patients. For example, In 1979, the FDA issued a classification system
the clearance of certain B-lactam antibiotics can|bfor drugs that serves as a guide to physiciansen t
increased in pregnanéyA pooled analysis of several selection of drugs for use in pregnafichhe current
studies showed that the elimination of intravengusglassification system is summarized in Table 3.
cefazolin in pregnant patients was twice that af co Some of these classes are based on the poteskal ri
responding non-pregnant patientdhese pharma+ of harm to the fetus, while others are a risk versu
cokinetic changes should be considered when a prabenefit comparison. However, because this system

Table 2. Pharmacokinetic changes in metabolizing enzymes through the trimesters. %’

ENzYME 1% TRIMESTER (%)  2"° TRIMESTER (%) 3" TRIMESTER (%) SUBSTRATES

CYP 1A2 J 33 J 50 J 65 Theophylline, Clozapine, Olanzapine
CYP 2A6 No Data ™54 ™54 Nicotine

CYP 2C9 No Change No Change ™20 Phenytoin, Losartan, Celecoxib

CYP 2C19 No Data J 50 J 50 Omeprazole. Pantoprazole, Lansoprazole
CYP 2D6 No Data No Data ™ 50 Metoprolol, Fluoxetine, Nortriptyline
CYP 3A4 No Data No Data 1 50-100 Cortisol, Nifedipine, Ritonavir

CYP UGT 1A1 N 200 N 200 ™ 300 Lamotrigine
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has caused significant confusion, a more evide
based model for classifying the risks and benefit
medication use in pregnancy is needed.

Several deficits exist in the current system. Fi
many practitioners and patients think that the r
increases as you proceed from A to X; however,
is not the case. Classifications A and B are o
based on the risk of harm to the fetus, while diass
cations C and D also consider the benefit of dr
therapy to the mother. This method of classifyi
drugs differently in different categories contriesit
to the confusion. There is no linear comparison
tween classifications A and B and classifications
and D. In class C and D, the medicine is a risth&
fetus, but the effects of the disease state oriietins
and the mother are also considered. Finally, tis
majority of drugs fall into category C. Since most
these drugs have not been studied in pregn
women or animals, the class C designation does
help physicians determine the risk versus benéfit
the drug. If data became available for a classug,dr
it could move to any of the other classes. Class
drugs are not necessarily any better than class)D ¢
drugs, or any worse than class A or B drugs. T

Table 3. Pregnancy categories for prescription drugs.®

c contributes to provider and patient confusion rdgar
ing the safety of these medications. These defigits
the current labeling of medications have prompted

s the FDA to re-evaluate the current system. Last,yea

s a new system was proposed that will hopefully aid

h clinicians and patients to better understand tblesri

nl and benefits of medication use in pregnancy and lac

tation.

u  Several deficits exist in the current system. First

n¢many practitioners and patients think that the risk

increases as you proceed from A to X; however, this

hbeis not the case. Classifications A and B are only

(based on the risk of harm to the fetus, while diass
cations C and D also consider the benefit of drug
therapy to the mother. This method of classifying
edrugs differently in different categories contribsit
to the confusion. There is no linear comparison be-
atween classifications A and B and classifications C
rand D. In class C and D, the medicine is a risthéo
(fetus, but the effects of the disease state orfettoes
and the mother are also considered. Finally, tls¢ va
5 majority of drugs fall into category C. Since most
0 these drugs have not been studied in pregnant
hiwomen or animals, the class C designation does not

CATEGORY

DESCRIPTION

A

. Drugs in this category have controlled studies in pregnant women that have failed to demonstrate harm to the

fetus in the first trimester and have no evidence of further risk in later trimesters

. Examples: folic acid and vitamin B,

mal studies have shown a risk, but controlled

. Presumed safety is based on animal studies, but there are no controlled studies in pregnant women; OR ani-

trials in pregnant women have not shown a risk.

. Examples: acetaminophen, insulin aspart, metformin, and famotidine

. Animal studies have shown an adverse effect

and there are no adequate and well-controlled studies in preg-

nant women; OR no animal studies have been conducted and there are no adequate and well-controlled stud-

ies in pregnant women.

. Examples: pseudoephedrine, fluconazole, ciprofloxacin, fexofenadine, escitalopram, fluoxetine, and bu-

propion

. Adequate well-controlled or observational studies have been done in pregnant women that have demon-

strated a risk to the fetus. However, the benefits of therapy may outweigh the potential risk.

. Examples: phenytoin, diazepam, and alprazo

lam

. Adequate, well-controlled or observational studies have been done in pregnant women or in animals and have

demonstrated positive evidence of fetal abnormalities. The use of the product is contraindicated in women

who are or may become pregnant.

. Examples: warfarin, medroxyprogesterone, estrogens, methotrexate, and simvastatin
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help physicians determine the risk versus benéfit (nant patients would be addressed. This statement
the drug. If data became available for a classug,dr would also discuss potential complications and the
it could move to any of the other classes. Class appropriate management if these complications .arise
drugs are not necessarily any better than classX0 0 A final statement would provide information on indi
drugs, or any worse than class A or B drugs. Thications for use during the delivery process and the
contributes to provider and patient confusion rdgar drug effects during labor.

ing the safety of these medications. These deficit
the current labeling of medications have prompte Data:

the FDA to re-evaluate the current system. Last,ye¢ In the data section, the manufacturer would dis-
a new system was proposed that will hopefully aiiclose pertinent aspects of the data that was used f
clinicians and patients to better understand thlesri the approval process. First, the company would
and benefits of medication use in pregnancy and la elaborate on the study type, exposure levels, iident
tation. fied fetal abnormalities, and adverse events regort
during the trials. Secondly, human trial informatio

PROPOSED NEW L ABELING would include positive and negative outcomes, the

number of patients studied, and the duration of the
The proposed system would discontinue the A, E study. Additionally, animal trials would reflect
C, D, and X categories. The new format for the pre¢which species were included as the model, the doses
nancy product labeling would include a summary ocgiven to the animals, and the equivalent human
information on fetal risk, clinical consideratiors)d | doses. If no data was available a statement woaild b
a summary of the available study d&tAOther sec-| made to that effect.
tions on lactation would provide a risk summary
clinical consideration, and any available lactatior L actation
data. Since the American Academy of Pediatric Risk Summary:
(AAP) recommends breastfeeding for at least th The lactation risk summary section would address
first six months after birth, information on thdesfts | the potential effect the drug may have on maternal
of medications on breastfeeding is needed now mo milk production. Furthermore, it would disclose the
than ever! The proposed labeling changes for preg presence or absence of the drug in maternal nfilk. |
nancy and lactation are summarized in the followin the drug is present in breast milk, then both tineng
sections and Figure 1. tity present and the concentration would be reorte
If the drug is not present in breast milk, thenis d
Pregnancy closure of the limits of the assay would be repbrte
Fetal Risk Summary: A third statement would include the potential effec
The fetal risk section would discuss the relatign of the drug on the nursing child, including theelik
ship between drug use and the risk of developmenthood and seriousness of the effects.
abnormalities in humans. The four types of develoy
mental abnormalities that would be addressed it Clinical Considerations:
clude structural anomalies, fetal and infant maxtal| In the clinical considerations section, practitieme
impaired physiologic function, and alterations |nwould be provided with options that minimize the
growth. Any available data would also be differenti exposure of the child to the drug, including infarm
ated between animal and human data. tion about the timing of breast feeding or pumping
coincide with troughs in the concentration of the
Clinical Considerations: drug. Dosing adjustments appropriate for breadtfee
Clinical considerations would address five mairing mothers would also be included. Additionally,
topics. First, a statement would be made regardir this section would highlight the potential effecs
the potential risk in the event of an accidentglaex| the drug on the breastfed child. This would include
sure. The manufacturer would also disclose threcommendations for practitioners regarding the
known risks of both the drug and the disease. info monitoring of the child as well as possible resgsns
mation about dosing adjustments in pregnancy ar to the effects of the drug if they manifest in tild.
any known adverse reactions that are unique to-pre
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Fig 1. Fictitious example of revised pregnancy labeling.™

All pregnancies have a background risk of birth defect, loss, or other adverse outcome regardless of drug exposure. The
fetal risk summary below describes ALPHATHON's potential to increase the risk of developmental abnormalities above
the background risk.

Fetal Risk Summary
Based on animal data, the likelihood that ALPHATHON increases the risk of developmental abnormalities is predicted to
be high (see Data).

Clinical Considerations

Asthma complicates approximately 1% of all pregnancies resulting in higher perinatal mortality, low birth weight infants,
preterm births, and pregnancy-induced hypertension compared to outcomes for nonasthmatic women. Because of the
risks of even mild maternal hypoxia to the developing fetus, asthma should be clinically well-controlled during pregnancy.
There are no human studies evaluating ALPHATHON use in pregnant women. The time of gestation at which risk may be
greatest is unknown; therefore, risks of inadvertent exposure in early gestation cannot be evaluated. Animal data suggest
that ALPHATHON exposure may result in early fetal loss and anomalies of major organ systems. There are no data re-
garding dose adjustment needs in pregnancy. Given the lack of human data and the risks suggested by animal data, pre-
scribers should consider alternative treatments for asthma for pregnant women when possible (especially during the first
trimester) and women planning pregnancy.

Data

Human data:

. There are no data on human pregnancies exposed to ALPHATHON.

Animal Data:

- Reproductive studies performed during early pregnancy in rats at oral doses 0.75 to 1.0 times the recommended human
dose (adjusted for body surface area) showed implantation loss, fetal resorptions, and major congenital anomalies of
the cardiac, skeletal and renal systems without signs of maternal toxicity.

. Reproductive studies performed in early pregnancy in rabbits at doses approximately 0.33 to 1.0 times the recom-
mended human dose (adjusted for body surface area) showed increased post-implantation loss. Studies at 3 times the
human dose showed significant fetal loss without signs of maternal toxicity.

. The effects of ALPHATHON on fetal growth, labor, or post-natal complications were not evaluated in the animal studies.

Data: rate information in an easily accessible formath#é

The data section would provide an overview of thgroposed labeling changes are accepted, the new la-
studies that were used to support the labelinghef |t bels will provide clinicians and patients with mare
medication. The addition of this section would pro-the information they need to better understand the
vide clinicians with the information that was uded| risks and benefits of prescription drug use in preg
draw conclusions regarding medication use in lactatancy.

ing patients. This would also state how relevaet th

data presented is to lactating patients.

¢ ¢

CONCLUSION
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