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Preface

The National Toxicology Program (NTP)
established the NTP Center for the Evaluation
of Risks to Human Reproduction (CERHR)
in 1998. The CERHR is a publicly accessible
resource for information about adverse repro-
ductive and/or developmental health effects
associated with exposure to environmental
and/or occupational chemicals. The CERHR is
located at the National Institute of Environmen-
tal Health Sciences (NIEHS) of the National
Institutes of Health and Dr. Michael Shelby is
the director.!

The CERHR broadly solicits nominations of
chemicals for evaluation from the public and
private sectors. The CERHR follows a formal
process for review and evaluation of nominated
chemicals that includes multiple opportunities
for public comment. Chemicals are selected for
evaluation based upon several factors including
the following:
* potential for human exposure from use
and occurrence in the environment
+ extent of public concern
* production volume
« extent of data from reproductive and devel-
opmental toxicity studies

The CERHR convenes a scientific expert panel
that meets in a public forum to review, discuss,
and evaluate the scientific literature on the
selected chemical. Public comment is invited
priorto and during the meeting. The expert panel
produces areport on the chemical’s reproductive
and developmental toxicities and provides its
opinion of the degree to which exposure to the

chemical is hazardous to humans. The panel
also identifies areas of uncertainty and where
additional data are needed. The CERHR expert
panels use explicit guidelines to evaluate the
scientific literature and prepare the expert panel
reports. Expert panel reports are made public
and comments are solicited.

Next, the CERHR prepares the NTP-CERHR
monograph. The NTP-CERHR monograph
includes the NTP brief on the chemical evalu-
ated, the expert panel report, and public com-
ments on that report. The goal of the NTP brief
is to provide the public, as well as government
health, regulatory, and research agencies, with
the NTP’s interpretation of the potential for
the chemical to adversely affect human repro-
ductive health or children’s health. The NTP-
CERHR monograph is made publicly available
electronically on the CERHR web site and in
hard copy or CD-ROM from the CERHR.

'Information about the CERHR is available on the
web at <http.//cerhr.niehs.nih.gov> or by contact-
ing the director:
NIEHS, PO. Box 12233, MD EC-32,
Research Triangle Park, NC 27709
919-541-3455 [phone]
919-316-4511 [fax]
shelby(@niehs.nih.gov [email ]
Information about the NTP is available on the web
at <http://ntp-server.niehs.nih.gov> or by contact-
ing the NTP Liaison and Scientific Review Office
at the NIEHS:
liaison@starbase.niehs.nih.gov [email]
919-541-0530 [phone]



Introduction

In 1999, the CERHR Core Committee, an
advisory committee composed of representatives
from NTP member agencies, recommended
fluoxetine for expert panel review. Fluoxetine
(Prozac®, Sarafem™, CAS RN 54910-89-3), an
antidepressant, is a widely prescribed drug in the
United States. The CERHR selected fluoxetine
hydrochloride for evaluation because of:

(I) numerous reproductive and develop-
mental studies in laboratory animals and
humans

(2) human exposure information

(3) changing prescription patterns

Fluoxetine hydrochloride, under the name
Sarafem™, is now being prescribed to treat
premenstrual dysphoric disorder, potentially
increasing the number of exposures for women
of childbearing age. The U.S. Food and Drug
Administration (FDA) recently approved fluox-
etine for use in 7-17 year-olds thereby increasing
exposures of children. As part of the evaluation
of fluoxetine, the CERHR convened a panel of
scientific experts (Appendix I) to review, dis-
cuss, and evaluate the scientific evidence on
the potential reproductive and developmental
toxicities of the chemical. There was a public
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meeting of the CERHR Fluoxetine Expert Panel
on March 3-5, 2004 in Alexandria, VA.

This fluoxetine monograph includes the NTP
brief on fluoxetine, a list of the expert panel
members (Appendix 1), the expert panel report
on fluoxetine (Appendix II), and all public com-
ments received on the expert panel report on
fluoxetine (Appendix III). The NTP-CERHR
monograph is intended to serve as a single, col-
lective source of information on the potential
for fluoxetine to adversely affect human repro-
duction or development. Those interested in
reading this monograph may include individu-
als, members of public interest groups, and staff
of health and regulatory agencies.

The NTP brief included within this monograph
presents the NTP’s interpretation of the poten-
tial for fluoxetine exposure to cause adverse re-
productive or developmental effects in people.
The brief is intended to provide clear, balanced,
and scientifically sound information. It is based
on the contents of the expert panel report on
fluoxetine, public comments on that report, and
additional scientific information that became
available following the expert panel meeting.



NTP Brief on Fluoxetine

What is Fluoxetine?

Fluoxetine is a pharmaceutical drug prescribed
for a variety of psychiatric disorders, particular-
ly depression. Fluoxetine is used in the treatment
of depression, premenstrual dysphoric disorder
(severe premenstrual syndrome), obsessive-
compulsive disorder, panic disorder, and bulimia
nervosa. It is also approved by the FDA to treat
depression and obsessive-compulsive disorder in
children 7-17 years old. On October 15, 2004 the
FDA issued a press release (FDA, 2004) noting
that manufacturers of antidepressant medica-
tions, including fluoxetine, were being directed
to add a “black box” warning to labels on these
medications. In addition, a Patient Medication
Guide for patients receiving these medications
will be developed. These precautions are being
taken because FDA determined that there is an
increased risk of suicidal thoughts and behavior
in children and adolescents taking antidepres-
sant medications.

Fluoxetine is classified as a selective serotonin
reuptake inhibitor (SSRI). Its presumed mode
of action involves the specific inhibition of up-
take of the neurotransmitter serotonin at nerve
terminals (synapses).

Figure 1.

Chemical structure of Fluoxetine
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Fluoxetine hydrochloride, the medicinal form of
this drug, is marketed under the names Prozac®
and Sarafem™ by Eli Lilly and Company, Indi-
anapolis, IN. The FDA has approved production
of unbranded (generic) fluoxetine hydrochloride
by at least 20 companies. Fluoxetine and its de-

methylated metabolite, norfluoxetine, are both
therapeutically active. Fluoxetine hydrochlo-
ride is marketed in 10 mg, 20 mg, and 40 mg
tablets, as an oral solution of 20 mg/5 ml, and in
a 90 mg capsule for single weekly dosage.

The annual production volume for fluoxetine is
not available. However, according to the FDA,
in 2002, there were 1.2 billion tablets or tea-
spoons of fluoxetine sold to US pharmacies and
approximately 26.7 million prescriptions were
dispensed for fluoxetine. Of these prescrip-
tions, 1.2 million were dispensed to pediatric
and adolescent patients (1-18 years old) and 8.4
million were dispensed to women of childbear-
ing age (19-44 years old).

How Are People Exposed to Fluoxetine?
People are exposed to fluoxetine through medi-
cation. Little information is available on the
occurrence of fluoxetine in the environment but
water contamination appears to be very low. No
information was located on occupational expo-
sures associated with manufacture, packaging,
or distribution. Recommended doses of fluox-
etine are 10 to 80 mg/day or a single, weekly
dosage of 90 mg for adults and 10 to 60 mg/day
for children. Differences in recommended doses
are based on the disorder being treated and on
the patient’s response to treatment.

Fluoxetine crosses the placenta and is found
in breast milk. Thus, taking fluoxetine dur-
ing pregnancy or lactation exposes the unborn
child or infant to this drug. Fluoxetine and its
metabolites have been detected in umbilical
cord blood at birth. Fluoxetine has also been
detected in blood and milk of breastfeeding
women and in the blood of their infants. Blood
levels in infants are related to maternal fluox-
etine dose and maternal serum concentrations
of fluoxetine and norfluoxetine.
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Can Fluoxetine Affect Human Development
or Reproduction?*

Probably. Studies reviewed by the expert panel
show that oral exposure of pregnant women
to therapeutic doses of fluoxetine may result
in developmental toxicity in the infant as evi-
denced by shortened gestation, reduced growth
in infants in the first 6 months of life, and an
increased incidence of poor neonatal adapta-
tion, e.g., jitteriness, poor muscle tone, weak or
absent cry (Figure 2a).

Fluoxetine therapy can cause impaired sexual

function in both men and women, specifically
a delay in or inability to achieve orgasm. Stud-
ies reviewed by the expert panel also reported
an alteration in menstrual cycle length in some
women. In experimental animals, altered es-
trous behavior, altered sexual receptivity, and
reduced sexual motivation were observed (Fig-
ure 2b). These results support observations
from human studies.

* Answers to this and subsequent questions
may be: Yes, Probably, Possibly, Probably
Not, No or Unknown

Figure 2a. The weight of evidence that fluoxetine causes adverse developmental
or reproductive effects in humans

Developmental' and reproductive? toxicity s

Developmental toxicity 3 s

® Clear evidence of adverse effects
Some evidence of adverse effects
Limited evidence of adverse effects
Insufficient evidence for a conclusion
Limited evidence of no adverse effects

Some evidence of no adverse effects

@ Clear evidence of no adverse effects

! for fetus/infant of pregnant/breastfeeding women
2 adverse effects limited to orgasmic dysfunction
3 for children on fluoxetine therapy

Figure 2b. The weight of evidence that fluoxetine causes adverse developmental
or reproductive effects in laboratory animals

Developmental toxicity g
Reproductive toxicity s

® Clear evidence of adverse effects
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Insufficient evidence for a conclusion
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@ Clear evidence of no adverse effects




Supporting Evidence

The expert panel report (Appendix II) provides
details and citations regarding studies on the
possible reproductive and developmental tox-
icity of fluoxetine. The expert panel concluded
that fluoxetine produces developmental toxic-
ity in humans as characterized by an increased
rate of poor neonatal adaptation (e.g. jitteriness,
rapid breathing, low blood sugar, low body tem-
perature, poor muscle tone, weak or absent cry,
and inability to maintain blood oxygen levels
while nursing) at maternal therapeutic doses
(20-80 mg/day). These effects were more com-
mon when exposure occurred late in gestation.
The expert panel noted that although these ef-
fects are transient and reversible, long-term fol-
low-up studies to detect possible residual effects
have not been conducted. However, in a study
published after the expert panel report was re-
leased, Ansorge et al. (2004) treated young mice
with 10 mg/kg bw/day fluoxetine from age 4
days to 21 days. Treatment was stopped at that
time and, when the animals reached 12 weeks of
age, the investigators began conducting tests to
determine if the early exposure to fluoxetine af-
fected emotional behavior in the adult animals.
Based on effects observed in tests for explorato-
ry behavior, anxiety-related and depression-re-
lated behaviors, and shock avoidance behavior,
the authors concluded that exposure of young
mice to fluoxetine over a period of brain devel-
opment corresponding to the third trimester of
pregnancy to 8 years of age in humans resulted
in abnormal behavior in adult mice. The authors
further concluded that these affects in mice may
result from a fluoxetine-induced disruption of
the serotonin transporter function during early
development of the central nervous system and,
in humans, “...may entail unexpected risks for
affective function later in life.”

The panel also concluded that exposure to
fluoxetine during pregnancy can result in short-
ened gestation and reduced birth weight at term.
Furthermore, exposure during pregnancy and/

or through breastfeeding can result in reduced
postnatal growth for infants less than 6 months
of age. However, due to a lack of data, the panel
could not evaluate the long-term implications of
these findings. These results were, in part, sup-
ported by developmental studies in experimen-
tal animals. Rats exposed late in gestation to
fluoxetine at 12 mg/kg bw/day (milligrams per
kilogram body weight per day) had decreased
birth weights and decreased postnatal survival.
However, in these animal studies, neither the
duration of pregnancy nor the ability to main-
tain a pregnancy was affected.

The expert panel noted that it is often difficult
to separate drug-induced adverse effects from
effects resulting from the disease process itself.
However, a recent study (Andersson et al., 2004)
compared pregnancy outcomes between women
with depressive disorders and/or anxiety disor-
ders and women without such disorders. The au-
thors concluded that there were no differences
in pregnancy outcomes between these groups.
Another study (Suri et al., 2004) prospectively
followed women over the course of pregnancy
to assess the impact of depression and/or anti-
depressant treatment on pregnancy outcome.
These investigators found no significant impact
of depression or of fluoxetine therapy during
pregnancy on pregnancy outcome.

The expert panel concluded there were insuffi-
cient data from studies in humans to evaluate the
incidence of major malformations in newborns.
However, there was sufficient evidence from de-
velopmental studies in rats (doses up to 12.5 mg/
kg bw/day) and rabbits (doses up to 15 mg/kg
bw/day) to conclude that oral administration of
fluoxetine during pregnancy does not result in an
increase in the incidence of malformations.

The panel noted that the assessment of human
sexual dysfunction associated with fluoxetine
therapy is complicated because sexual dysfunc-
tion is common in the general population and
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can be associated with depression. However, in
human studies, effects of fluoxetine therapy on
sexual function, i.e., ability to achieve orgasm,
have been observed at doses of 20 mg/day or
higher. Data from experimental animal studies
support observations in humans. Treatment of
female rats with 10 mg/kg bw/day by subcu-
taneous or intraperitoneal injection results in
altered estrous behavior and sexual receptivity,
but had no effect on estrous cycle length. Treat-
ment of male rats with >=0.75 mg/kg bw/day
by intraperitoneal injection results in reduced
ejaculatory function and 10 mg/kg bw/day re-
sults in reduced sexual motivation.

Should Exposures to Fluoxetine Cause
Concern?

Adults

Probably Not. The only clear reproductive effect
of fluoxetine observed in exposed adults is an
effect in some people on reproductive function,
specifically a delay in or inability to achieve or-
gasm. This effect appears to be reversible upon
cessation of fluoxetine therapy.

Pregnant Women
Probably. Fluoxetine therapy is associated
with shortened gestation and poor adaptation

of newborns. Data are not sufficient to deter-
mine if long-term neurobehavioral effects or
effects on growth and development result from
in utero exposures.

Children

Unknown. Data are not sufficient to evaluate
possible developmental effects in children
exposed to fluoxetine through breast milk or
therapy (Figure 3).

The NTP concurs with the CERHR Fluoxetine
Expert Panel that there is some concern for
developmental effects, specifically shortened
gestation and poor neonatal adaptation at
therapeutic doses (20-80 mg/day).

This conclusion is based on evidence from human
studies that fluoxetine produces an increased rate
of poor neonatal adaptation and that fluoxetine
exposure during pregnancy can result in a shortened
gestation and reduced birth weight at term. As
noted by the expert panel, any risks associated
with fluoxetine treatment must be weighed against
the risks of untreated disease, particularly major
depression. The health care provider and patient are
best qualified to assess such risks.

The NTP concurs with the CERHR Fluoxetine

Figure 3. NTP conclusions regarding the possibilities that human development
or reproduction might be adversely affected by exposure to fluoxetine

Developmental effects ! mmp-
Reproductive effects -

Developmental effects? mmsip @ Insufficient hazard and/or exposure data

® Serious concern for adverse effects
Concern for adverse effects
Some concern for adverse effects

Minimal concern for adverse effects

o Negligible concern for adverse effects

I'for the fetus and infant

2for pregnancy loss or for children exposed through breast milk or fluoxetine therapy



Expert Panel that there is minimal concern for
adverse reproductive effects in fluoxetine-exposed
adults.

This conclusion is based on evidence from human
studies that therapeutic doses of fluoxetine may, in
both men and women, result in reversible, impaired
sexual function, specifically a delay in or an inability
to achieve orgasm.

The NTP concurs with the CERHR Fluoxetine
Expert Panel that there are insufficient data
to draw conclusions on how breast milk or
therapeutic exposures to fluoxetine might affect
development.

The report that, in mice, early fluoxetine expo-
sure can affect adult behavior (Ansorge et al.,
2004) suggests that additional data are needed
to confirm and extend these findings and de-
termine if such effects might possibly occur in
humans.

The NTP concurs with the CERHR Fluoxetine
Expert Panel that there are insufficient data to
draw conclusions on an association between
fluoxetine therapy in pregnant women and
pregnancy loss.

These conclusions are based on
the information available at the
time this brief was prepared. As
new information on toxicity and ex-
posure accumulate, it may form the
basis for either lowering or raising
the levels of concern expressed in
the conclusions.
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Appendix I. NTP-CERHR Fluoxetine
Expert Panel

A 12-member panel of scientists covering
disciplines such as toxicology, epidemiol-
ogy, and medicine was recommended by the
CERHR Core Committee and approved by the
Associate Director of the National Toxicology
Program. Prior to the expert panel meeting, the
panelists critically reviewed articles from the
scientific literature, as well as a variety of other
relevant documents. Based on this material,
they identified key studies and issues for dis-
cussion. At a public meeting held March 3-5,
2004, the expert panel discussed these studies,
the adequacy of available data, and identified
data needed to improve future assessments. The
expert panel reached conclusions on whether
exposures to fluoxetine might result in adverse
effects on human reproduction or develop-
ment. Panel conclusions were based on the
scientific evidence available at the time of the
public meeting. The NTP-CERHR released the
final expert panel report for public comment
on April 19, 2004, and the deadline for public
comments was June 17, 2004 (Federal Register
Jol. 69 No. 83, 23517-23518, April 2004). The
expert panel report on fluoxetine is provided in
Appendix II and the public comments received
on the report are in Appendix III. Input from
the public and interested groups throughout the
panel’s deliberations was invaluable in helping
to assure completeness and accuracy of the
reports. The Expert Panel Report on Fluox-
etine is also available on the CERHR website
<http://cerhr.niehs.nih.gov>.
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PREFACE

The National Toxicology Program (NTP) and the National Institute of Environmental Health Sci-
ences (NIEHS) established the NTP Center for the Evaluation of Risks to Human Reproduction
(CERHR) in June 1998. The purpose of the Center is to provide timely, unbiased, scientifically sound
evaluations of human and experimental evidence for adverse effects on reproduction, to include
development, caused by agents to which humans may be exposed.

Fluoxetine, an antidepressant that is widely-prescribed in the United States, was selected for evaluation
by the CERHR based on (1) sufficient reproductive and developmental studies, (2) human exposure
information, (3) changing prescription patterns, and (4) public concern about potential reproductive
and/or developmental hazards associated with exposure. Fluoxetine hydrochloride, under the name
Sarafem™, is prescribed to treat premenstrual dysphoric disorder (PMDD), potentially increasing
the number of exposures for women of childbearing age. In addition, the Food and Drug Administra-
tion recently approved Prozac® for use in 7-17 year-olds thereby increasing exposures of children.

This evaluation results from the effort of a twelve-member panel of government and non-government
scientists that culminated in a public expert panel meeting held March 3-5, 2004. This report has
been reviewed by CERHR staff scientists, and by members of the Fluoxetine Expert Panel. Copies
have been provided to the CERHR Core Committee, which is made up of representatives of NTP-
participating agencies. This report is a product of the Expert Panel and is intended to (1) interpret the
strength of scientific evidence that fluoxetine is a reproductive or developmental toxicant based on
data from in vitro, animal, or human studies, (2) assess the extent of human exposures to include the
general public, occupational groups, and other sub-populations, (3) provide objective and scientifically
thorough assessments of the scientific evidence that adverse reproductive/developmental health effects
may be associated with such exposures, and (4) identify knowledge gaps to help establish research and
testing priorities to reduce uncertainties and increase confidence in future assessments of risk.

This Expert Panel Report will be a central part of the subsequent NTP-CERHR Monograph on
Fluoxetine. The monograph will include the NTP-CERHR Brief, the expert panel report, and all
public comments on the expert panel report. The NTP-CERHR Monograph will be made publicly
available and transmitted to appropriate health and regulatory agencies.

The NTP-CERHR is headquartered at NIEHS, Research Triangle Park, NC and is staffed and admin-
istered by scientists and support personnel at NIEHS and at Sciences International, Inc., Alexandria,
Virginia.

Reports can be obtained from the website <http.//cerhr.niehs.nih.gov/> or from:
Michael D. Shelby, Ph.D.
NIEHS EC-32
PO Box 12233
Research Triangle Park, NC 27709
919-541-3455
shelby@niehs.nih.gov
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Note to Reader:

This report is prepared according to the Guidelines for CERHR Panel Members established by
NTP/NIEHS. The guidelines are available from the CERHR web site <http.//cerhr.niehs.nih.gov/>.
The format for Expert Panel Reports includes synopses of studies reviewed, followed by an evalu-
ation of the Strengths/Weaknesses and Utility (Adequacy) of the study for a CERHR evaluation.
Statements and conclusions made under Strengths/Weaknesses and Utility evaluations are those of
the Expert Panel and are prepared according to the NTP/NIEHS guidelines. In addition, the Panel
often makes comments or notes limitations in the synopses of the study. Bold, square brackets are
used to enclose such statements. As discussed in the guidelines, square brackets are used to enclose
key items of information not provided in a publication, limitations noted in the study, conclusions
that differ from authors, and conversions or analyses of data conducted by the panel.
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1.0 CHEMISTRY, USAGE, AND EXPOSURE

As noted in the CERHR Expert Panel Guidelines, the Exposure section is initially based on second-
ary review sources. Primary study reports are addressed by the Expert Panel if they contain informa-
tion that is highly relevant to a CERHR evaluation of developmental or reproductive toxicity or if
the studies were released subsequent to the reviews. For primary study reports that the Expert Panel
reviewed in detail, statements are included about the strengths, weaknesses, and adequacy of the
studies for the CERHR review process.

As described below (Section 1.2.2.), fluoxetine is a serotonin reuptake inhibitor (SRI) that is pre-
scribed for a variety of psychiatric disorders, particularly depression. The Expert Panel acknowledges
that in most instances, it is not possible to differentiate drug-induced adverse effects from those
induced by the disease process itself. At the same time, studies on the effects of major depression
on pregnancy and child developmental outcomes typically have not taken medication exposure into
account. Recognizing that this problem impacts many of the conclusions drawn from this evaluation,
the Panel felt it important to emphasize this problem as a preamble to this report. Further, the Expert
Panel also recognizes that any risks associated with fluoxetine treatment must be weighed against
the very real risks associated with leaving untreated the more severe forms of the disease. Such a
risk-benefit analysis is best performed by the patient and responsible health care provider and should
benefit from the evaluation and conclusions offered by this report.

1.1 Chemistry

1.1.1 Nomenclature

Fluoxetine (CAS RN 54910-89-3) is N-methyl-gamma-(4-(trifluoromethyl)phenoxy)-, (+-)-benze-

nepropanamine. Other names identified in ChemlID (/) are:
(+) or (-)-N-methyl-3-phenyl-3-((alpha,alpha,alpha-trifluoro-p-tolyl)oxy)propylamine
(+) or (-)-N-methyl-gamma-(4-(trifluoromethyl)phenoxy)benzenepropanamine
(+-)-N-methyl-3-phenyl-3-((alpha,alpha,alpha-trifluoro-p-tolyl)oxy)propylamine
(+-)-N-methyl-gamma-(4-(trifluoromethyl)phenoxy)benzenepropanamine
N-methyl-gamma-(4-(trifluoromethyl)phenoxy)-, (+-)-benzenepropamine
N-methyl-3-(p-trifluoromethylphenoxy)-3-phenylpropylamine
dI-3-(p-Trifluoromethylphenoxy)-N-methyl-3-phenylpropylamine

Fluoxetine hydrochloride (CAS RN 59333-67-4) is marketed under the names Prozac® and Sara-
fem™ by Eli Lilly and Company, Indianapolis IN. The two trade names represent identical chemical
formulations. In early literature, fluoxetine hydrochloride (HCl) was referred to as Lilly 110140 (2).
In this report, fluoxetine and fluoxetine HCI are used according to the designation of study report
authors. The Expert Panel recognizes that the administered medicinal form is fluoxetine HCI, and the
active compound at the tissue level is fluoxetine.

1.1.2 Formula and Molecular Weight

The chemical formula for fluoxetine is C17H;gF3NO. The molecular mass is 309.33. The structure is
shown in Figure 1a. Fluoxetine HCI has a molecular mass of 345.79.
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Figure la: Chemical Structure of Fluoxetine
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Fluoxetine concentrations are expressed in the literature as nM or ng/mL. For conversion, 1 nM =
0.31 ng/mL and 1 ng/mL = 3.23 nM. [In this report, when study authors use ng/mL, concentra-
tions have been left as stated; when given as nM, concentrations have been given as stated by
the authors and have been converted by the Expert Panel to ng/mL].

Fluoxetine is metabolized to norfluoxetine (Figure 1b), which also is an active SRI. The chemical
formula for norfluoxetine is C;cH;4F3NO (7). For conversion 1 ng/mL norfluoxetine = 3.34 nM and
1 nM norfluoxetine = 0.299 ng/mL.

Figure 1b: Chemical Structure of Norfluoxetine
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1.1.3 Chemical and Physical Properties

Fluoxetine is a 50/50 racemic mixture of R- and S-enantiomers. Fluoxetine HCl is a white to off-white
crystalline solid with a melting point of 158.4—158.9°C (3) and a solubility of 14 mg/mL in water
(4). S-Fluoxetine is dextrorotatory (+1.60) in methanol, but is levorotatory (-10.85) in water (3).

The fluoxetine metabolite norfluoxetine is also a racemic mixture of R- and S-enantiomers (4). The S-
enantiomer is more potent than the R-enantiomer, as discussed in Section 2.1. No other information
is available on the chemical and physical properties of norfluoxetine.

1.1.4 Technical Products and Impurities

According to the product label for the Prozac® brand of fluoxetine HCI, the medication comes in 10
mg tablets and “pulvules,” (capsules) and 20 and 40 mg pulvules. Prozac® is also available as a liquid
containing 20 mg per 5 mL (4). Each pulvule contains fluoxetine HCI equivalent to 10 mg (32.3 umol),
20 mg (64.7 pmol), or 40 mg (129.3 pumol) of fluoxetine. The pulvules also contain starch, gelatin,
silicone, titanium dioxide, iron oxide, and other inactive ingredients. The 10 and 20 mg pulvules
also contain FD&C Blue No. 1, and the 40 mg pulvule also contains FD&C Blue No. 1 and FD&C
Yellow No. 6. Each tablet contains fluoxetine HCI equivalent to 10 mg (32.3 umol) of fluoxetine. The
tablets also contain microcrystalline cellulose, magnesium stearate, crospovidone, hydroxypropyl
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methylcellulose, titanium dioxide, polyethylene glycol, and yellow iron oxide. In addition to the
above ingredients, the 10 mg tablet contains FD&C Blue No. 1 aluminum lake and polysorbate 80.
The oral solution contains fluoxetine HCI equivalent to 20 mg (64.7 pmol) per 5 mL of fluoxetine.
It also contains alcohol 0.23%, benzoic acid, flavoring agent, glycerin, purified water, and sucrose.
Prozac® Weekly capsules, a delayed-release formulation, contain enteric-coated pellets of fluoxetine
HCI equivalent to 90 mg (291 umol) of fluoxetine. The capsules also contain D&C Yellow No. 10,
FD&C Blue No. 2, gelatin, hydroxypropyl methylcellulose, hydroxypropyl methylcellulose acetate
succinate, sodium lauryl sulfate, sucrose, sugar spheres, talc, titanium dioxide, triethyl citrate, and
other inactive ingredients.

Each Sarafem™ pulvule contains fluoxetine HCI equivalent to 10 mg (32.3 umol) or 20 mg (64.7
umol) of fluoxetine (6). The pulvules also contain dimethicone, FD&C Blue No. 1, FD&C Red No.
3, FD&C Yellow No. 6, gelatin, sodium lauryl sulfate, starch, and titanium dioxide.

1.2 Use and Human Exposure

1.2.1 Production

S-Fluoxetine is synthesized from S-(-)-3-chloro-1-phenylpropanol by sequential reaction with
sodium iodide, methylamine, sodium hydride, and 4-fluorobenzotrifluoride (5). Besides Eli Lilly and
Company, the manufacturer of branded Prozac® and Sarafem™, the FDA (7) also lists companies
that have been approved to produce unbranded (generic) fluoxetine including Ranbaxy Laborato-
ries, Ltd., Carlsbad Technology, Inc., Dr. Reddy’s Laboratories Ltd., Sidmark Laboratories Inc., Eon
Labs Manufacturing Inc., Mallinckrodt Inc., Alphapharm Pty Ltd., Ganes Chemicals for Siegfried
Ltd., Apothecon Inc., TEVA Pharmaceuticals USA, IVAX Pharmaceuticals Inc., Zenith Goldline
Pharmaceuticals Inc., Mylan Pharmaceuticals, Geneva Pharmaceuticals Inc., Barr Laboratories Inc.,
ESI Lederle, Alpharma, Hi-Tech Pharmaceutical Co. Inc., Marlon Grove Pharmaceuticals USA, and
Novex Pharma. Some of these companies have been marketing fluoxetine overseas even while the
U.S. patent precluded them from marketing the medication in this country. Eli Lilly and Company’s
initial patent application for fluoxetine was filed in 1974, and its most recent patent was issued in
December, 1986. This last patent was declared invalid by the Court of Appeals for the Federal Circuit
in August, 2000 (8).

Production volume figures are not available. According to Eli Lilly and Company (9), Prozac® and
Sarafem™ together accounted for $2.57 billion in worldwide sales in the year 2000, or 24% of the
company’s sales in that year. The 2001 Eli Lilly and Company annual report states that 2001 U.S. sales
of fluoxetine products (Prozac®, Prozac® Weekly, and Sarafem™) had decreased by 26% to $1.66
billion in the U.S., representing 14% of the company’s annual sales. The decrease was attributed to
the appearance of generic fluoxetine, implying that overall fluoxetine use was not believed to have
decreased. A 1994 article in Psychology Today was quoted by Baum and Misri (10) as estimating that
1 million prescriptions per month were written for Prozac®.

According to the FDA (11), 1.2 billion tablets (or teaspoons) of fluoxetine were sold to U.S. pharma-
cies in 2002. Fluoxetine was the most commonly prescribed SRI in 1998 and dropped to the third
most commonly prescribed SRI during the past 3 years. Currently, fluoxetine represents 20.5% of all
SRI prescriptions in the U.S. In 2002, about 26.7 million prescriptions were dispensed for fluoxetine,
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with 1.2 million dispensed to pediatric and adolescent patients (1—18 years old) and 8.4 million
dispensed to women of child bearing age (19—44 years old). The 20 mg strength is most commonly
prescribed and accounts for about 70% of all dispensed prescriptions. The number of patients for
whom these prescriptions were written is not known. The three physician specialties that most com-
monly prescribe fluoxetine include family practice, psychiatry, and internal medicine.

1.2.2 Use

Fluoxetine is a serotonin reuptake inhibitor (SRI), indicated by the FDA for the treatment of major
depressive disorder (MDD), obsessive-compulsive disorder (OCD), bulimia nervosa, panic disor-
der, and premenstrual dysphoric disorder (PMDD) (4, 9). Though indicated for treatment of major
depression, fluoxetine is often prescribed for ill-defined dysthymia, frequently by non-psychiatric
practitioners who may be reluctant to prescribe other classes of antidepressants (70). Fluoxetine was
reported to be effective for the treatment of all degrees of depression, ranging from mild to severe
(12). Some studies found that fluoxetine was as effective as tricyclic antidepressants (TCA) in treat-
ment of severe depression (2, 12).

The FDA recently approved fluoxetine to treat MDD and OCD in children and adolescents (7—17
years old) (7). Eli Lilly and Company (4) indicates that although the efficacy of fluoxetine has been
demonstrated for OCD and MDD, its safety and effectiveness in children younger than 7 years with
OCD and younger than 8 years with MDD have not been established. Side effects that may be associ-
ated with fluoxetine treatment in children are reported in Section 3.1.3. The Prozac® product label
mentions decrements in height and weight noted in children in one clinical trial (discussed in Section
3.1.3) and states, “The safety of fluoxetine treatment for pediatric patients has not been systemati-
cally assessed for chronic treatment longer than several months in duration. In particular, there are no
studies that directly evaluate the longer-term effects of fluoxetine on the growth, development, and
maturation of children and adolescent patients. Therefore, height and weight should be monitored
periodically in pediatric patients receiving fluoxetine.”

Fluoxetine is marketed under the name Sarafem™ solely for the treatment of PMDD (6). Effective-
ness of Sarafem™ was not evaluated in combination with oral contraceptives (6).

1.2.3 Human Exposure

1.2.3.1 Dosing

According to the product label for Prozac® (4), the initial fluoxetine dose for MDD in adults is 20 mg
each morning, with a dose increase “after several weeks” if needed, up to a maximum of 80 mg per
day. For weekly therapy in adults, the dose is 90 mg once per week with Prozac® Weekly™ capsules.
Dosing in children with MDD is initiated with 10—20 mg per day (4). After 1 week at 10 mg per day,
the dose can be increased to 20 mg per day. However, due to higher plasma levels in lower-weight
children, the recommended starting and target is 10 mg per day; a dose of 20 mg per day may be
considered after several weeks if symptoms have not sufficiently improved.

The dosing recommendations for OCD, bulimia nervosa, and panic disorder are similar, except that

the maximum dose is indicated as 60 mg per day for adults. The label notes that 80 mg per day has
been used to treat OCD in adults, but that doses higher than 60 mg per day have not been systemati-
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cally studied in the other conditions. For children with OCD, a starting dose of 10 mg per day is
recommended (4). Gradual dose increases over a period of weeks can be considered, with maximum
doses not to exceed 60 mg per day in higher-weight children and adolescents and 20—30 mg per day
in lower-weight children. No pediatric dose recommendation is made for the other disorders (for
which the medication is not approved). The 90 mg once weekly dose is not discussed in the product
label for any indication other than depression.

The product label for Sarafem™ recommends a dose of 20—60 mg per day and indicates that the
maximum dose is 80 mg per day (6). The label states that the dose may either be given on each day
of the menstrual cycle or from 14 days prior to estimated start of menstruation through the first full
day of menses during each cycle.

Off-label use of fluoxetine has included the treatment of anxiety disorders other than panic disorder,
anorexia nervosa, and obesity (reviewed by Stokes and Holtz (12)). Based on the experience of some
members, the Panel notes that fluoxetine has also been used in the treatment of OCD-spectrum disor-
ders (e.g., paraphilias, compulsive sexual behavior, trichotillomania, kleptomania, and pathological
gambling).

The duration of therapy for a first episode of depression is typically 6—9 months after remission of
symptoms (reviewed by Stokes and Holtz (12)). Recurrence of symptoms is common, and lifetime
therapy may be recommended for patients with recurrent disease. In OCD and luteal phase dysphoric
disorder, symptom recurrence after discontinuation of medication is common, and prolonged therapy
is often recommended.

Based on the statement that fluoxetine is excreted in human milk, nursing while on fluoxetine is not
recommended by Eli Lilly and Company (4).

Mood disorders are common in women of child-bearing years and it has been estimated that 15.6%
of women meet criteria for major depression (by self-administered Center for Epidemiologic Studies
Depression Scale) during the third trimester of pregnancy (/3). Medication kinetics may be influ-
enced by physiologic changes of pregnancy, which require changes in dosing to maintain therapeutic
benefit. These changes include an increased volume of distribution for drugs distributing in plasma
or in total body water, decreased protein binding due to the dilutional effect of increased plasma
volume, decreased gastric motility (delaying gastric emptying and permitting prolonged contact with
gastric acid), increased hepatic enzyme production, and alterations in the activity of gut wall enzymes
such as steroid-inducible CYP3A4 (modified from Hostetter et al. (14)).

Hostetter et al. (14) evaluated dosing requirements of 34 pregnant women treated during pregnancy
with SRIs (9 on fluoxetine, 12 on paroxetine, and 13 on sertraline). Fourteen women were on medica-
tion from the prenatal period, another 14 discontinued the medication on learning of their pregnancies
and restarted medication due to disease relapse, and 6 experienced new onset of depression during
pregnancy. Women underwent monthly evaluation (Clinical Global Impression [GDI]) by a psychia-
trist and completed a monthly Beck Depression Inventory (BDI). Medication doses were adjusted
[after an unspecified interval] to achieve euthymia, defined as a GDI =1 and a BDI <9.
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Of the 34 women, 22 required a dose increase during pregnancy. Of the 14 women who began preg-
nancy while taking an antidepressant medication and stayed on therapy, 8 (57%) required a dose
increase. Among the 14 women who became pregnant while taking medication but stopped the medi-
cation when they learned of their pregnancies (at unspecified gestational ages), the mean gestational
week at restarting therapy was 13.9+5.6 [the errors from this report are presumably SD]. The
mean gestational age at initiation of therapy in the 6 women who were first treated during pregnancy
was 18.8+£7.0 weeks. The gestational age when the first increase in dose occurred was 24.4+9.5,
28.4+6.6, and 28.0+7.4 weeks, respectively, among the women who continued medication during
pregnancy, the women who restarted medication during pregnancy, and the women initiating medica-
tion during pregnancy. The mean dose of fluoxetine at delivery was reported to be 32.0+19.2 mg/day
and 25.0+£10.0 mg/day in women who did and did not require a dose increase during pregnancy,
respectively. The authors concluded that late second or early third trimester dose increase during
pregnancy is commonly necessary, although they admit that a worsening of depression due to preg-
nancy cannot be excluded as the reason for the increased dose requirement. [The Panel noted that
the initial BDI is given as 12.3+11.9 (probably mean+SD). The BDI may be viewed as a rank,
and the distribution of ranks may not be optimally expressed using a mean. Based on the large
standard deviation, the distribution appears to have been quite skewed. The Panel notes that the
BDI is scored such that the nondepressed range is from 0 to 8 on the self-administered interview
and a score of 9—15 is considered “mild depression.” For study purposes, women were dosed
so that their BDI would be lower than 9. It may be that some of the women should have been
treated with higher doses of fluoxetine from the start, but it may not have seemed necessary for
those with only mild depression. No information was provided on how many in this group had
scores higher than 9. The Panel concluded that the dose increase was probably due to altera-
tions attributable to pregnancy. The need for this dose increase, however, might well have been
missed had the women not come under increased scrutiny by being assessed each month by
virtue of their being in the study.]

1.2.3.2 Intrauterine Exposure

A limited number of studies measured blood fluoxetine and norfluoxetine levels in infants exposed to
fluoxetine in utero. Norfluoxetine, the major metabolite of fluoxetine, is also an active SRI. Spencer
(15) reported cord blood levels of 26 ng/mL fluoxetine and 54 ng/mL norfluoxetine following the birth
of a prenatally exposed infant; at 96 hours of age, fluoxetine levels were below the detection limit
(<25 ng/mL) and norfluoxetine was measured at 55 ng/mL in the infant. Mhanna et al. (16) reported
serum levels of 129 ng/mL fluoxetine and 227 ng/mL norfluoxetine in one 2-day-old infant exposed
to fluoxetine in utero. Mohan and Moore (17) reported a blood fluoxetine and norfluoxetine level of
92 ng/mL and 34 ng/mL, respectively, in a 96-hour-old infant exposed to fluoxetine in utero. Laine
et al. (18) reported mean umbilical vein fluoxetine +norfluoxetine at 278 nM [86.2 ng/mL] (range
209-366 nM [64.8—113.5 ng/mL]). At 2 days and 2 weeks of age, mean fluoxetine +norfluoxetine
(range) values were 319 nM [~99 ng/mL, using the same molecular mass for fluoxetine and nor-
fluoxetine] (range 151-573 nM [~47—178 ng/mL]), and 153 nM [~47 ng/mL] (range 58 —345 nM
[~18—107 ng/mL]). [Whether these infants also were exposed to fluoxetine and norfluoxetine
in milk is not stated]. Heikkinen et al. (19) reported mean umbilical cord plasma concentrations
(£ SD) of fluoxetine and norfluoxetine of 112+75 and 209+79 nM [34.7+23.2 and 64.8+24.5 ng/
mL], respectively after maternal therapy with 20—40 mg/day fluoxetine (n=8). When corrected for a
standard dose of 20 mg/day, mean fluoxetine +norfluoxetine was estimated as 278 +85 nM [~86+26
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ng/mL] in umbilical cord plasma at delivery.

Strengths/Weaknesses: These studies used adequate methods and can be considered reliable estimates
of fluoxetine/norfluoxetine exposure at term. The use of combined fluoxetine +norfluoxetine concen-
trations is acceptable given the pharmacologic activity of both compounds. The derivation of ng/mL
concentrations from combined molar concentrations of the two compounds introduces an error due
to the different molecular mass of norfluoxetine and fluoxetine; however, the small size of this differ-
ence in molecular mass makes the resultant approximation reasonable. These data are limited by their
applicability only to pregnancy exposures at or near term.

Utility (Adequacy) for CERHR Evaluation Process: These data can be used to estimate exposure in
human fetuses at or near term.

1.2.3.3 Exposure in Milk

Fluoxetine and norfluoxetine levels in breast milk and/or blood of nursing mothers or their infants
were reported in several studies (20-27). The most comprehensive studies were conducted by Hen-
drick et al. (22), Kristensen et al. (28), Taddio et al. (26), Heikkinen et al. (19), Yoshida et al. (235),
and Suri et al. (29).

Hendrick et al. (22) examined 19 nursing mothers (24—40 years old) and 20 infants (5—34 weeks
old; 1 set of twins). Mothers were taking 10—60 mg/day fluoxetine for a minimum of 6 weeks. Serum
samples were obtained from 18 mothers and 20 infants. Nine of the mothers collected milk samples
every 3—5 hours over a 24-hour period. Samples were analyzed by HPLC separation followed by
UV detection. Data were analyzed by parametric statistics (e.g., Pearson r, #-test) and confirmed by
nonparametric tests (Spearman r, robust 7, or Wilcoxon rank-sum). Results for blood and milk levels
of drug and metabolite are listed in Table 1 according to dose levels. Milk-to-plasma ratios are listed
in Table 2. Drug and metabolite levels in milk paralleled each other with 2- to 3-fold variations over
24 hours with a peak level occurring about 8 hours after dosing. Fluoxetine was detected in 6 of 20
infant serum samples (30%) and norfluoxetine was detected in 17 of 20 infant serum samples (85%).
As noted in Table 3, norfluoxetine levels in infant serum correlated highly with fluoxetine and nor-
fluoxetine levels in maternal serum and milk and with maternal dose. Maternal doses =30 mg/day
were more likely to result in detectable levels of fluoxetine and norfluoxetine levels in infant serum
than doses <20 mg/day (P=0.02) and resulted in higher levels of norfluoxetine in infant serum (67.3
vs. 8.9 ng/mL, P=0.05). Concentrations of fluoxetine and norfluoxetine were likely to be very low
in infants whose mothers had total serum drug and metabolite levels <150 ng/mL. Infant ages and
weights did not correlate with drug or metabolite serum levels.
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Table 1. Levels of Fluoxetine and Norfluoxetine in Nursing Mothers and Their Infants

Fluoxetine Levels (ng/mL)

Norfluoxetine Levels (ng/mL)

Maternal
Dose Maternal Infant Maternal Infant Reference
(mg/day) | Plasma or Milk Plasma or | Plasma or Milk Plasma or
Serum Serum Serum Serum
10 21-39 31/<2b <1 43 16/<2b <1-4
[n=2] [n=1] [n=2] [n=2] [n=1] [n=2]
15 4_71 NE <_11 9_01 NE i | Hendrick et al.
[n=1] [n=1] [n=1] [n=1] (22)
28-242 81_15?,/ <1-84 47-236 124_133/ <1-28
20 =] 30-40 (=53] (-] 39-50 (=]
[n=2] [n=2]
71-142 29-87/ <5-<20 67-152 744/ <5-<20 Yoshida et al.
[n=3] 37-103% [n=2] [n=3] =74 [n=2] (25)
[n=3] [n=3]
_ a _ a
124—-135 67/17 NE 141-149 52/13 NE Burch and Wells
20 [n=1] [n=1] [n=1] [n=1] (21)
69 340 90 208 Lester et al.
NE [n=1] [n=1] NE [n=1] [n=1] (24)
38-68 61 28-68 57-58 Brent and Wis-
NE [n=1] [n=1] NE [n=1] [n=1] ner (20)
2d: 2d: 2d: 2d: 2d: 2d:
48+33 NE 37+32 82+26 NE 64+21
[n=11] [n=11] [n=11] [n=11]
4d: 4d: 4d: 4d: 4d: 4d:
57+38 49+36 22+16 84+26 43 +34 51+15
20-40 m=11] | [=11] | [=11] | [=11] | [=11] | [0=11] | Heikkinen
(values = (19)
mean +SD) 2w 2w 2w 2w 2w 2w
105+51 57+35 7+10 110+33 26+18 42426
[n=9] [n=9] [n=2] [n=9] [n=9] [n=10]
2 m: 2 m: 2 m: 2 m: 2 m: 2 m:
120+59 60+27 <3 93+48 2810 6+4
[n=8] [n=8] [n=8] [n=8] [n=8] [n=8]
30 220 163/99° <1 224 196/131% 88
=1 =1 =1 =1 =