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PREFACE

The National Toxicology Program (NTP) and the National Institute of Environmental Health Sciences (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 Administration 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 administered by
scientists and support personnel at NIEHS and at Sciences International, Inc., Alexandria, Virginia.

Reports can be obtained from the web site (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 evaluation 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. Chemistry, use, and human exposure

As noted in the CERHR Expert Panel Guidelines, the Exposure section is initially based on secondary
review sources. Primary study reports are addressed by the Expert Panel if they contain information 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
prescribed 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)-, (+-)-
benzenepropanamine. 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
dl-3-(p-Trifluoromethylphenoxy)-N-methyl-3-phenylpropylamine

Fluoxetine hydrochloride (CAS RN 59333-67-4) is marketed under the names Prozac® and
Sarafem™ by Eli Lilly and Company, Indianapolis IN. The two trade names represent identical chemical
formulations. In early literature, fluoxetine hydrochloride (HCI) 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 mass
The chemical formula for fluoxetine is C;7HsF3NO. The molecular mass is 309.33. The structure is
shown in Figure 1. Fluoxetine HCI has a molecular mass of 345.79.



Figure 1. Fluoxetine (top) and Norfluoxetine (bottom)

F
F
F
CHj
o) N/
H
F
F
F
O NH,

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, concentrations
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 1), which also is an active SRI. The chemical
formula for norfluoxetine is C¢H cF3NO (7). For conversion 1 ng/mL norfluoxetine = 3.34 nM and 1 nM
norfluoxetine = 0.299 ng/mL.

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 pmol),
20 mg (64.7 umol), or 40 mg (129.3 umol) 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
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 umol) 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 pmol) 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 information

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 Laboratories, 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 (70) 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. pharmacies
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, 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 commonly 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 disorder, 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 (/0). 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 treatment 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 associated 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 systematically 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).
Effectiveness 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 systematically
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 (72)). Based on the experience of some
members, the Panel notes that fluoxetine has also been used in the treatment of OCD-spectrum disorders
(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 (712)). 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 (13). Medication kinetics may be influenced 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 medication
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 psychiatrist 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.

Of the 34 women, 22 required a dose increase during pregnancy. Of the 14 women who began
pregnancy 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
medication 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 medication 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 pregnancy 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 alterations 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 norfluoxetine] (range
151-573 nM [~47-178 ng/mL]), and 153 nM [~47 ng/mL] (range 58345 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 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
concentrations 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 difference
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 Hendrick et
al. (22), Kristensen et al. (28), Taddio et al. (26), Heikkinen et al. (19), Yoshida et al. (25), 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 7, #-test) and confirmed by nonparametric tests
(Spearman r, robust ¢, 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 norfluoxetine 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.

Strengths/Weaknesses: This study featured a large sample size in comparison to other evaluated studies,
careful ascertainment of maternal and infant serum concentrations and breast milk, and assessment of
relationships to infant age, weight, and maternal dose. Fetal exposure status was noted and because most
infants exposed during lactation had also been exposed in utero, these findings relate to this type of
exposure scenario. The sample was not large enough to test multiple relationships. Some specific
findings may be spurious. For example, only 3 infants were nursed by mothers on a fluoxetine dose of
less than 20 mg. The “safe” doses noted may not be generalizeable, because the therapeutic dose may be
higher, and the majority of mothers used doses of 40 mg/day or more. There was significant variability
among subjects and, along with the small sample size, the variability may have permitted the results to be
overly influenced by a few outlying cases. The convenience sample may have been biased. The
inclusion of only Caucasians in the sample reduces generalizeability. With regard to infant outcomes,
maternal perceptions of infants may have been affected by the mothers’ depressed state, educational level,
or socioeconomic status, none of which are described in this study, as well as by maternal denial or a
maternal desire to minimize negative observations.

Utility (Adequacy) for CERHR Evaluation Process: This study permits the estimation of exposure of
nursing infants to fluoxetine in milk, keeping the limitations discussed in mind.



Table 1. Levels of Fluoxetine and Norfluoxetine in Nursing Mothers and Their Infants

Maternal Dose  Fluoxetine Levels in ng/mL
[n = number of subjects tested]

Norfluoxetine Levels in ng/mL
[n = number of subjects tested]

Reference

Maternal Milk Infant Plasma Maternal Milk Infant
Plasma or or Serum Plasma or Plasma or
Serum Serum Serum
10 mg/day 21-39 31/<2° <1 43 16/<2° <1-4 Hendrick et al.
[n=2] [n=1] [n=2] [n=2] [n=1] [n=2] (22)
15 mg/day 47 NE <1 90 NE 3 Hendrick et al.
[n=1] [n=1] [n=1] [n=1] (22)
20 mg/day 28-242 81-156/30-40° <1-84 47-236 124-131/ <1-28 Hendrick et al.
[n=5] [n=2] [n=5] [n=5] 39-50° [n=5] (22)
[n=2]
20 mg/day 71-142 29-87/37-103" <5-<20 67-152 7-44/ <5-<20 Yoshida et al.
[n=3] [n=3] [n=2] [n=3] 11-74* [n=2] (25)
[n=3]
20 mg/day 124-135 67/17° NE 141-149 52/13% NE Burch and
[n=1] [n=1] [n=1] [n=1] Wells (21)
20 mg/day NE 69 340 NE 90 208 Lester et al.
[n=1] [n=1] [n=1] [n=1] (24)
20 mg/day NE 38-68 61 NE 28-68 57-58 Brent and
[n=1] [n=1] [n=1] [n=1] Wisner (20)
20-40 mg/day; 2d:48 £33 2d: NE 2d:37+32 2d:82+26 2d: NE 2d:64+21 Heikkinen (19)
values are [n=11] [n=11] [n=11] [n=11]
mean£SD 4457438 4d:49+36  4d:22+16 4d:84+26  4d:43434 4d:51+15
[n=11] [n=11] [n=11] [n=11] [n=11] [n=11]
2w:105+51 2w:57+£35 2 w: 7 [n=2] 2w:110+£33 2w:26+ 2 w:42£26
[n=9] [n=9] [n=10] [n=9] 18 [n=10]

[n=9]




Maternal Dose  Fluoxetine Levels in ng/mL Norfluoxetine Levels in ng/mL Reference
[n = number of subjects tested] [n = number of subjects tested]
Maternal Milk Infant Plasma Maternal Milk Infant
Plasma or or Serum Plasma or Plasma or
Serum Serum Serum
2m: 120 £ 2 m: 60 =27 2m: <3 2 m: 93 £48 2m: 28 2m:6+4
59 [n=8] [n=8] [n=8] 10 [n=8]
[n=8] [n=8]
30 mg/day 220 163/99° <1 224 196/131° 88 Hendrick et al.
[n=1] [n=1] [n=1] [n=1] [n=1] [n=1] (22)
40 mg/day 22-506 97-235/ <1-18 88-674 96-222/ 12-265 Hendrick et al.
[n=10] 14-162° [n=10] [n=10] 35-169° [n=10] (22)
[n=4] [n=4]
40 mg/day 250 61/132° NE 177 11/17° NE Yoshida et al.
[n=1] [n=1] [n=1] [n=1] (25)
40 mg/day 453 114 (10 days <40 422 124 (10 86—142 Hale et al.
[n=1] earlier) [n=1] [n=1] [n=1] days [n=1] (27)
earlier)
[n=1]
60 mg/day NE 193/64° <1 NE 177 / 69° 27 Hendrick et al.
[n=1] [n=1] [n=1] [n=1] (22)
0.17-0.24 NE 23.1-35.9 <1 NE 41.6-71.0 <1 Taddio et al.
mg/kg bw/day [n=2] [n=1] [n=2] [n=1] (26)
0.24 38-49 26-53 <10-104 59-106 50-52 <10-100 Kristensen et
mg/kg bw/day  [n=2] [n=2] [n=2] [n=2] [n=2] [n=2] al. (28)
0.27-0.35 NE 35.2-93.2 NE NE 31.0-957 NE Taddio et al.
mg/kg bw/day [n=5] [n=5] (26)
0.28-0.36 77-151 29-135 25 106-180 25-106 17 Kristensen et
mg/kg bw/day  [n=4] [n=4] [n=1] [n=4] [n=4] [n=1] al. (28)
0.46 NE 143.6 NE NE 107.3 NE Taddio et al.
mg/kg bw/day [n=1] [n=1] (26)
0.46 91 32 NE 135 33 NE Kristensen et
mg/kg bw/day [n=1] [n=1] [n=1] [n=1] al. (28)




Maternal Dose  Fluoxetine Levels in ng/mL Norfluoxetine Levels in ng/mL Reference

[n = number of subjects tested] [n = number of subjects tested]

Maternal Milk Infant Plasma Maternal Milk Infant

Plasma or or Serum Plasma or Plasma or

Serum Serum Serum
0.65 NE 122.9 NE NE 169.4 NE Taddio et al.
mg/kg bw/day [n=1] [n=1] (26)
0.56-0.66 182-335 136202 <10-30 165-393 88-274 <10-164 Kristensen et
mg/kg bw/day  [n=5] [n=5] [n=4] [n=5] [n=5] [n=4] al. (28)
0.85 NE 189.1 NE NE 143.2 NE Taddio et al.
mg/kg bw/day [n=1] [n=1] (26)
0.90-0.94 356412 344-384 <10-252 339-397 296-321 185-187 Kristensen et
mg/kg bw/day [n=2] [n=2] [n=2] [n=2] [n=2] [n=2] al. (28)

NE=Not examined; d=days; w=weeks; m=months
*Level measured in foremilk/hindmilk
°Peak/trough level



Table 2. Breast Milk-to-Plasma Ratios for Fluoxetine and Norfluoxetine

Number of Range and Mean of Range and Mean of Reference

Mothers Fluoxetine Milk-to-Plasma Norfluoxetine Milk-to-Plasma

Sampled Ratio Ratio

8 Peak levels: 0.34-6.09 Peak levels: 0.33-2.08 Hendrick et al. (22)
mean = [1.6] mean = [0.84]
Trough levels: Trough levels:
0.05-2.91 0.1-0.79
mean = [0.80] mean = [0.43]

14 0.24-1.13 0.22-1.00 Kristensen et al. (28)
mean = 0.68 mean = 0.56
(95% CI: 0.52-0.84) (95% CI: 0.35-0.77)

4 [0.37-1.5]* [0.085-1.1]* Yoshida et al. (25)
mean = [0.65] mean = [0.35]

1 [0.29] [0.21] Isenberg (23)

1 [0.14]* [0.092]* Burch and Wells (21)

3 0.52-1.51 0.60-1.15 Taddio et al. (26)

mean = SD = 0.88 £ 0.44

mean+SD =0.82 + 0.3

[ ] = Calculated by CERHR

*Values are only summarized for hindmilk

Table 3. Maternal Infant Drug Correlations Observed by Hendrick et al. (22)

Parameter Correlation Coefficient, v~ Degrees of Freedom P
Infant serum norfluoxetine x 0.73 17 0.0004
Maternal serum fluoxetine

Infant serum norfluoxetine x 0.74 17 0.0003
Maternal serum norfluoxetine

Infant serum norfluoxetine x peak 0.77 7 0.01
milk fluoxetine

Infant serum norfluoxetine x peak 0.64 7 0.06
milk norfluoxetine

Maternal serum norfluoxetine x 0.80 6 0.02
peak milk fluoxetine

Maternal serum norfluoxetine x 0.72 6 0.04
peak milk norfluoxetine

Infant serum norfluoxetine x 0.70 18 0.0006

maternal fluoxetine dose

11



Kristensen et al. (28) studied 14 nursing mothers (ages 23—44 years) and their infants (ages 0.1-15
months). Mothers were taking 20-80 mg/day fluoxetine (doses equal to 0.24-0.94 mg/kg bw/day) for
13-750 days. Ten of the subjects were tested in a limited sampling protocol that involved collecting a
blood sample at 1.1-23.5 hours following dosing and a milk sample prior to and following feeding.
Intensive sampling was conducted on the remaining 4 subjects by collecting blood and milk samples at 0,
1,2,3,4,6,8, 12, and 24 hours post-dosing and calculating the 24-hour AUC. Blood samples were taken
from a total of nine infants. Samples were analyzed by HPLC with UV detection. Data were analyzed by
Students #-test for paired or independent data groups. Results according to dose levels are listed in Table
1. Fluoxetine and norfluoxetine were detected in five of nine and seven of nine infants, respectively.
Norfluoxetine levels were generally highest in infants <1.5-months old. However, the authors noted that
all of those infants were exposed to fluoxetine in utero and this exposure could have contributed to
postnatal blood levels. Levels of drug and metabolite were higher in post- than in pre-feeding milk
samples. The authors stated that this result was expected due to the increase in lipid content of milk
during feeding. Study authors estimated percent infant doses compared to maternal doses according to
concentrations detected in milk and obtained an average milk intake of 0.151 L/kg bw/day. The mean
total dose of fluoxetine + norfluoxetine was 6.8% of the weight-adjusted maternal dose, but 5 infant doses
were in the range of 8.6—12%.

Strengths/Weaknesses: Strengths include the intensive sampling in one arm of the study, multiple
methods used to calculate infant dose, and statistical analysis using confidence intervals (CI).

Weaknesses include the small sample size, great variability in maternal age, and lack of information on
other maternal characteristics. It was not known if infants were pre-term and whether gestational ages
were corrected in calculating age. Drug abusers appear to have been included. No exclusion criteria were
indicated. Referral biases were possible. There was large variability in duration of therapy, infant age,
and whether or not an infant was exposed in utero.

Utility (Adequacy) for CERHR Evaluation Process: This study permits an estimation of infant
exposure to fluoxetine through milk.

Taddio et al. (26) examined 10 nursing women (2438 years old) taking 0.17-0.85 mg/kg bw/day
fluoxetine for at least 2 weeks. Infants were 20—747 days old during this study. Mothers collected and
submitted 3—6 milk samples per dosing period (i.e., 2, 5, 8, 12, and 24 hours following dosing) for
analysis of fluoxetine and norfluoxetine levels by GC/MS with an electron capture detector. Levels of
fluoxetine and norfluoxetine in milk ranged from 17.4 to 293 ng/mL and 23.4 to 379.1 ng/mL,
respectively. Mean levels of fluoxetine and norfluoxetine at various dose levels are reported in Table 1.
In 8 women, fluoxetine levels in milk peaked within 6 hours of dosing, but in 2 women, maximum
concentrations occurred more than 12 hours after dosing. Levels of fluoxetine and norfluoxetine
paralleled each other and gradually declined toward the end of the dosing period. Concentrations in
breast milk were linearly correlated with maternal dose, and hence estimated infant dose (°=0.89,
P<0.001 for maternal dose vs. estimated infant dose). Milk and maternal plasma samples were
simultaneously collected from three women on four occasions. Milk-to-plasma ratios were reported at
0.52-1.51 (mean £ SD = 0.88 + 0.44) for fluoxetine and 0.60—1.15 (mean + SD = 0.82 = 0.3) for
norfluoxetine. [Individual levels in plasma and milk were not reported.] Infant doses were estimated
by multiplying the AUC concentration in milk by the volume of milk ingested per day (1,000 mL). Mean
infant doses of fluoxetine and norfluoxetine were estimated at 0.077 and 0.084 mg/day, respectively. The
total equivalent fluoxetine dose (0.165 mg/day) was calculated by combining the fluoxetine and
norfluoxetine estimates. A dose of 0.165 mg/day is equivalent to 0.041 mg/kg bw/day [41 pg/kg bw/day]
in a 4-kg newborn infant, and was estimated to be about 10.8% of the maternal dose on a weight-adjusted
basis.
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Fluoxetine and norfluoxetine levels were measured in the plasma of one infant and in randomly
collected urine samples from five infants. The mean duration of infant drug exposure was 64.8 days.
Fluoxetine and norfluoxetine levels in the plasma of one infant and the urine of a second infant were
below the detection limit (1 ng/mL). In 4 infants, urine levels of fluoxetine ranged from 1.7 to 17.4
ng/mL. Norfluoxetine concentrations exceeded the detection limit in urine from 2 infants and were
reported at 10.5 and 13.3 ng/mL.

Strengths/Weaknesses: Strengths of this study included the use of multiple milk samples. Weaknesses
include the very small sample size and variability in age (2 years). The sample may have been biased
because mothers were self-selected by having called a counseling program. There was no information on
selection, attrition, or refusals and no control for maternal dose. The range of exposure was broad. There
were no controls for any other factors. Relying on maternal report for infant observations entails
problems similar to those noted in the Kristensen study (28).

Utility (Adequacy) for CERHR Evaluation Process: This study permits an estimation of infant
exposure to fluoxetine through milk.

Yoshida et al. (25) studied 4 women taking fluoxetine for a mean duration of 21 weeks while
breastfeeding. Dose levels were 20 mg/day in 3 women and 40 mg/kg/day in the fourth. One or two
samples of breast milk and maternal and infant blood and urine were collected in the morning,
approximately 12—15 hours after the last dose. Both foremilk and hindmilk samples were collected and
analyzed separately. Samples were analyzed for fluoxetine and norfluoxetine levels by GC/MS with an
electron capture detector. Fluoxetine and norfluoxetine concentrations in plasma and milk are reported in
Table 1. Concentrations of fluoxetine and norfluoxetine were higher in hindmilk samples, which had
higher mean fat levels (11.3%) than did foremilk samples (5.5%). However, there was no significant
correlation between fat levels and drug concentrations in milk. With the exception of one sample, levels
of fluoxetine and norfluoxetine were higher in maternal plasma than in milk (see Table 1). In mothers
taking 20 mg/day, levels of fluoxetine and norfluoxetine in urine were 235-426 and 131-597 ng/mL,
respectively, indicating active excretion. Urinary levels of fluoxetine and norfluoxetine were 349 and 73
ng/mL, respectively, in the mother taking 40 mg/day. Infant urine concentrations of both fluoxetine and
norfluoxetine were below the quantification limit of 2 ng/mL. Based on concentrations reported in
hindmilk, the study authors estimated that infants receive fluoxetine-equivalent doses that are 3—10% of
the mothers’ doses on a weight-adjusted basis.

Strengths/Weaknesses: There were multiple measures of maternal plasma, urine, and foremilk and
hindmilk taken at consistent time intervals across the sample. The infants were all full-term and
underwent standardized assessments. This study was, however, a small case series with no information
on recruitment. The infants were only followed up to 13 months, which is not predictive of later
outcome. Maternal behaviors may have been responsible for outcome rather than fluoxetine dosage.
There was no control group and no information on potentially important maternal characteristics such as
depression and IQ. There was no standardized assessment of maternal depression.

Utility (Adequacy) for CERHR Evaluation Process: This study can be used to estimate infant
fluoxetine exposure through milk. Infant outcome information may not be reliable (see Section 3.1.2).

Heikkinen et al. (19) measured maternal and infant plasma concentrations of fluoxetine and
norfluoxetine at delivery, and 2 days, 4 days, 2 weeks, and 2 months after birth. Eleven nursing mother-
infant pairs contributed data. Milk concentrations were evaluated at 4 days, 2 weeks, and 2 months after
birth. Maternal plasma, infant plasma, and milk samples were obtained just prior to the mother’s daily
dose of fluoxetine and prior to a feeding, which were characterized as trough levels. Results of this study
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are listed in Table 1. Infant serum levels of both fluoxetine and norfluoxetine appeared to decline with
age, despite continuing exposure to these compounds in milk.

Strengths/Weaknesses: Strengths include the prospective nature of the study and the evaluation period
that spanned pregnancy through lactation. There was a limited range of drug dosage and controlling for
gestational age, parity, and delivery mode. Weaknesses include the small sample size and multiple drug
exposures.

Utility (Adequacy) for CERHR Evaluation Process: This study is adequate for estimation of infant
fluoxetine and norfluoxetine exposure through milk.

Suri et al. (29) measured fluoxetine and norfluoxetine in milk and serum from ten mother-infant pairs
in a study sponsored by Eli Lilly and Company. Milk measurements were made by HPLC and UV
detection after liquid/liquid and solid phase extraction. Serum measurements were performed using an
isocratic HPLC separation. Infant dose was estimated based on milk concentration [which was not given
in the paper] and milk volume consumed, and ranged from 0.041 to 0.16 mg/day for fluoxetine and
0.037 to 0.14 mg/day for norfluoxetine. The children weighed 3.4-5.7 kg; on a weight-adjusted basis
[calculations by CERHR], estimated fluoxetine intake was 8-35 pg/kg bw/day and estimated
norfluoxetine intake was 641 pg/kg bw/day, or about 2-3 orders of magnitude lower than the usual adult
dose on a body weight basis.

Strengths/Weaknesses: The technical methods appear to be appropriate. The use of children at different
ages gives a wide range of intake estimates, which may be less useful in evaluating potential exposures in
children at a particular time of concern (e.g., infancy). The lack of information on milk concentration of
fluoxetine and norfluoxetine is a weakness of this paper.

Utility (Adequacy) for CERHR Evaluation Process: This paper is adequate for estimation of a range of
exposure levels for nursing infants.

One mother/infant pair each was examined in the remaining studies of fluoxetine intake during
breastfeeding and those values are reported in Table 1 (20, 21, 23, 24, 27). Burch and Wells (21)
estimated the infant dose at 15-20 pg/kg bw/day norfluoxetine + fluoxetine by assuming that the milk
contained 120 ng/mL fluoxetine + norfluoxetine and that the infant consumed 150 mL of milk per kg bw
per day.

A case report of an infant with possible fluoxetine toxicity (somnolence) was reported by Hale et al.
(27). Measurements of fluoxetine and norfluoxetine in maternal serum were 453 and 422 ng/mL,
respectively (1,309 and 1,219 nM, respectively in the paper). [Study authors may be using the
molecular mass of fluoxetine HCI for their calculations. Using the molecular masses of fluoxetine
and norfluoxetine, the concentrations are 1461 and 1287 nmol, respectively.] Infant serum fluoxetine
was below the limits of detection (<40 ng/mL) [<129 nM] and infant serum norfluoxetine was 142 ng/mL
[458 nM calculated by CERHR; the value in the paper appears to be incorrect]. Milk concentrations
measured 10 days earlier were 114 ng/mL and 124 ng/mL for fluoxetine and norfluoxetine, respectively
(329 and 358 nM, respectively) [368 and 378 nM by CERHR calculations]. Milk-to-plasma ratios were
not calculated or included in Table 2 due to the difference in the timing of milk and plasma collections.

There is a report of one infant whose plasma fluoxetine levels exceeded those typically observed in
mothers (24). One infant had plasma levels of drug and metabolite that were near the lower range of
maternal values (20), while values were below the detection limit in three other infants (25). Milk-to-
plasma ratios in most cases are reported to be lower than one (Table 2). In the report by Hendrick (22),
however, there was one individual with a high milk-to-plasma ratio (>2) for fluoxetine and norfluoxetine
and another individual with a milk-to-plasma ratio of 6.09 (for peak values), suggesting variation in
biotransformation, protein binding, or distribution among women. This latter woman, in fact, had a milk-
to-plasma ratio of 0.85 for norfluoxetine, suggesting a decreased capacity for biotransformation of the
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parent compound. Symptoms observed in infants breastfed by mothers taking fluoxetine are reported in
Section 3.1.2.

These smaller case studies can direct attention to extreme ranges of exposure or to unusual and
unique moderating factors; for example, the Lester paper (24) suggests the possibility that infant exposure
may be far greater than that indicated in maternal dosage and may exceed normative ranges.

1.2.34. Environmental and occupational exposure

Fluoxetine has been reported in U.S. surface waters, presumably derived from urine and feces of
people on therapy. A maximum surface water concentration of 0.012 pg/L has been estimated, with
wastewater treatment plant effluent concentrations up to 0.540 ug/L (reviewed by Brooks et al. (30)). A
second study reported that levels of fluoxetine were below the detection limit (25.5 ng/L) in water
samples obtained from Louisiana (i.e., two surface water bodies, sewage plant effluent, and drinking
water treatment plant) and Ontario, Canada (i.e., one surface water body, a drinking water treatment plant,
and a pilot plant) (37). Brooks et al. (30) noted that environmental levels of norfluoxetine have not been
reported. An abstract reported that SRIs were detected at unspecified concentrations in tissues of bluegill
fish collected from an effluent dominated stream in north Texas (32). There is no known information on
biodegradability of fluoxetine or norfluoxetine. No information was identified on occupational exposure
to fluoxetine in the pharmaceutical industry.

Strengths/Weaknesses: Because norfluoxetine is the primary metabolite produced and excreted, and
because norfluoxetine has biologic/pharmacologic properties similar to those of fluoxetine, the
environmental levels of norfluoxetine are of much greater importance than the levels reported for
fluoxetine (it is difficult to imagine how large amounts of fluoxetine would end up in wastewater other
than from a manufacturing facility). Given other reports of pharmacologically active materials or
metabolites being found in wastewater and hypotheses proposed for the effects of these chemicals on
environmental organisms, the presence of fluoxetine/norfluoxetine in wastewater/groundwater/sediment
should be investigated.

Utility (Adequacy) for CERHR Evaluation Process: These data predict negligible exposure from
environmental contamination; however, the lack of information on norfluoxetine concentrations makes
this interpretation unreliable.

1.3. Utility of Exposure Data

The data set for fluoxetine consists of studies measuring fluoxetine and/or norfluoxetine levels in
umbilical cord blood, blood of newborn infants, maternal blood, breast milk, and/or blood of breast-
feeding infants. The database was sufficient for estimating ranges of fetal exposures in late pregnancy
and infant exposure during breast feeding. A very limited amount of information was available regarding
fluoxetine, but not norfluoxetine levels, in surface water. Though exposures are expected to be
negligible, data were not sufficient to evaluate environmental contamination.

1.4. Summary of human exposure

Fluoxetine is a medication marketed for the treatment of MDD, OCD, bulimia nervosa, panic
disorder, and PMDD in adults and MDD and OCD in children 7—17 years old. It is believed that virtually
all human fluoxetine exposure is through medication; environmental fluoxetine exposure appears to be
trivial (30). No information was identified on occupational exposure. Recommended fluoxetine doses
are 10—80 mg/day or 90 mg/week in adults and 10-60 mg/day in children. Differences in recommended
dose are based on the disorder being treated and on the patient’s response to treatment. The 20 mg
strength is most widely prescribed and accounts for about 70% of all dispensed prescriptions (7). In
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2002, about 26.7 million prescriptions were dispensed for fluoxetine, 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) (11). The number of people for whom these prescriptions were written is not
known.

It has been estimated that 15.6% of pregnant women meet criteria for depression (73); it is not known
what proportion of these women are treated with fluoxetine. Physiologic changes of pregnancy may
require that fluoxetine dosing be increased to maintain clinical effectiveness (14). The exposure of
fetuses from use of fluoxetine by pregnant women has been estimated using umbilical cord blood
concentrations of the medication shortly after birth; these concentrations have ranged from 26 to 112
ng/mL (15-17, 19). Fluoxetine is metabolized to norfluoxetine, which is also pharmacologically active.
Norfluoxetine levels in cord blood have been measured at 54-209 ng/mL (75, 19). Fetal/neonatal
exposure has also been estimated using combined fluoxetine + norfluoxetine cord blood concentrations.
Values for the combined parent and active metabolite range from about 65 to 114 ng/mL (18).

Fluoxetine concentrations have been measured in blood and milk of lactating women and in the blood
of their infants (19, 22, 25, 26, 28, 29). The ranges of milk concentrations for fluoxetine and
norfluoxetine, respectively, are <2—-384 ng/mL and <2-321 ng/mL (Table 1). Infant blood fluoxetine and
norfluoxetine concentrations range from undetectable to 340 ng/mL and 265 ng/mL, respectively (Table
1). Maternal blood concentrations have been measured at 21-506 ng/mL and 43—-674, respectively, for
fluoxetine and norfluoxetine (Table 1). Fluoxetine appears to be concentrated in the more lipid-rich
hindmilk than in foremilk (25). Milk-to-plasma ratios range from 0.05 to 6.09 for fluoxetine and 0.085 to
2.08 for norfluoxetine; most ratios are lower than 1 (Table 2). The large variations in milk and plasma
values may be due to outlying values from women with unusual pharmacokinetic variations in the
handling of fluoxetine (22). Infant exposure, as estimated by norfluoxetine serum concentration, is
strongly related to maternal fluoxetine dose and maternal serum concentrations of fluoxetine and
norfluoxetine (Table 3 (22)).

Data are also available on exposure levels when fluoxetine is used for pediatric indications. In 8—12
year old children (n=52) medicated with 20 mg/day for at least 4 weeks, the steady-state concentrations of
fluoxetine and norfluoxetine in blood were 145 + 76 and 167 £+ 60 ng/mL respectively (Table 6).

Similarly in 13—17 year old children (n=42), the levels were 79 + 49 and 113 £+ 41 ng/mL (Table 6).
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2. General toxicology and biologic effects

2.1. Pharmacodynamics

Fluoxetine, a racemic mixture of R- and S-enantiomers, was the first marketed member of a group of
compounds known initially as selective serotonin reuptake inhibitors (SSRI). These agents now are more
commonly called serotonin reuptake inhibitors (SRI), to avoid the implication that their activity is
confined to serotonergic systems. Other SRIs marketed in the U.S. include sertraline, paroxetine,
fluvoxamine, and citalopram. These agents are marketed for several indications, but their best known
activity is in the treatment of depression.

The pharmacologic action of fluoxetine and other SRIs has been reviewed (Grimsley and Jann (33);
Wong et al. (2); Stokes & Holtz (12)). Serotonin is 5-hydroxytryptamine (Figure 2), a regulatory
neurotransmitter that also has physiologic functions in platelets, the gastrointestinal tract, and elsewhere
in the body. In the brain, serotonin-containing neurons have their cell bodies primarily in the midline of
the brainstem, but the axonal projections of these neurons are widespread throughout the brain.
Serotonergic neurons play a role in regulation of mood, sleep, sexual activity, motor activity,
neuroendocrine function, and cognition.

Figure 2. Serotonin

ZT

HO CH,

CH,
NH,

The following evidence obtained from various studies suggests that serotonin plays a role in
depression and led to the development of fluoxetine:

e Reduced serotonin and 5-hydroxyindoleacetic acid (5-HIAA) levels in brain tissue or
cerebrospinal fluid of suicide victims (2, 12)

e Antidepressive effects following treatment with tryptophan or 5-hydroxytryptophan, alone or in
combination with monoamine oxidase inhibitors (MAOI) (2)

o Tendency of depressed patients to have defective serotonin transport and 5-HT, receptor activity
in platelets (12)

In serotonergic neurons, serotonin is synthesized through the hydroxylation of tryptophan to 5-
hydroxytryptophan which is then decarboxylated (2). The newly produced serotonin is stored in vesicles
until it is released into the synaptic cleft following nerve impulse. When released, serotonin may activate
one of several postsynaptic serotonin receptor subtypes (e.g., 5S-HT a8 pE or s S-HT2a ¢, 5-HT3, 5-HT4, 5-
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HTs 5-HTs, and 5-HT;). The action of serotonin is terminated when it binds to the presynaptic transporter
for reuptake into the presynaptic nerve terminal and conversion to 5-HIAA by monoamine oxidase. The
serotonin transporter is blocked by fluoxetine and other SR1Is, leading to a 1.5- to 4-fold increase in
serotonin in the synaptic cleft (2). SRIs also block the serotonin transporter in blood platelets. There is a
serotonin transporter in the placenta (reviewed by Nguyen et al. (34)); however, fluoxetine interaction
with this receptor has not been studied.

Evidence suggests that inhibition of serotonin uptake following fluoxetine dosing occurs within
minutes in animals and presumably minutes-to-hours in humans (2, 12). However, it takes several weeks
for antidepressant effects to occur. The delay may be related to changes in the autoregulatory serotonin
receptor on the presynaptic neuron. Initial fluoxetine dosing may increase serotonin levels in the raphe
nuclei, leading to overactivity of somatodendritic and/or terminal serotonin autoreceptors and attenuated
serotonin neuronal firing (2, 12, 35). However, it is postulated that repeated fluoxetine dosing results in a
compensatory down-regulation of serotonin receptors to restore the normal rate of neuronal firing, thus
leading to an augmentation of serotonin release and neurotransmission. This down-regulation process
takes time (up to 14 days in experimental preparations), and may account for the delay in antidepressant
action that is typically seen with SRIs. One must also consider emerging evidence on the role of
fluoxetine in facilitating hippocampal neurogenesis as a putative mechanism underlying its efficacy (36-
38). The stimulation and completion of neurogenesis in association with fluoxetine treatment temporally
corresponds with the timing of symptom reduction in animal models of depression and anxiety. Human
studies of individuals with major depressive disorder have reported reduced hippocampal volume of
unknown etiology (39). The ability of fluoxetine to stimulate neurogenesis is an important mechanism to
consider not only with respect to the mediation of drug efficacy but also to its possible developmental
toxicity.

Fluoxetine and its major metabolite, norfluoxetine, have high affinity for the serotonin transporter and
selectively bind to the transporter according to a saturable process requiring sodium (2). In contrast,
fluoxetine has low affinity for norepinephrine uptake sites and neurotransmitter receptors such as a,-
adrenergic, ay-adrenergic, B-adrenergic, dopaminergic, muscarinic, histaminergic, H;, opiate, GABA, and
benzodiazepine. Fluoxetine also has relatively low affinity for most serotonin receptors including 5-
HTiapp, 5-HT,a, and 5-HT5;. However, the affinity of the R-enantiomer for the SHT,¢ receptor is
approximately 20 times greater than that of the S-enantiomer, resulting in an overall affinity for the SHT,¢
receptor that is approximately 1-2 orders magnitudes higher than affinities for the other receptors.
Although a possible interaction with the SHT,¢ receptor was observed, Wong et al. (2) stated that, «. . .
blockade of 5-HT uptake most likely accounts for the pharmacological activity of fluoxetine.”

Fluoxetine and other marketed SRIs were selected for development based on their inhibition of the
transport protein for serotonin and lack of effect on the norepinephrine reuptake transporter.
Norepinephrine is another neurotransmitter important in mood, sleep, and other central nervous system
(CNY) activities. Fluoxetine and norfluoxetine each have an inhibition constant (K;) of 17 nM for the
serotonin transporter and more than 2,000 nM for the norepinephrine transporter. Fluoxetine
administered at 2 mg/kg to rhesus monkeys at about 10 months of age produced decreases in
cerebrospinal fluid (CSF) 5-hydroxyindoleacetic acid, but little or no effect on CSF norepinephrine or its
metabolite (40). [The Panel based this interpretation on figures in the article; the paper does not
present analysis of the norepinephrine data except for a visual display of the mean and standard
error.] The selectivity for the serotonin transporter increased the theoretical appeal of the SRIs, but in
spite of the low activity for the norepinephrine transporter, these agents decrease the activity of dopamine
hydroxylase, the rate-limiting step in the synthesis of norepinephrine.

Effects of fluoxetine administration in rodents include a decrease in food consumption, aggression,
and dominance behaviors. Experimental animal models of depression, such as learned helplessness,
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respond to fluoxetine administration. In learned helplessness, experimental animals are subjected to
inescapable stress to the point that they stop trying to escape when given the opportunity. Fluoxetine
administration fosters escape behavior in this situation. Short-term administration of fluoxetine increases
anxiety in rodents while long-term administration is anxiolytic (reviewed by Wong et al. (2)).

Kelly et al. (41) evaluated 13 depressed patients after 6 weeks of treatment with fluoxetine. Subjects
had Hamilton Depression scores of 20 or higher prior to therapy. The fluoxetine dose could be raised
over the 6 weeks to as high as 60 mg/day. Responders were counted either as subjects with Hamilton
Depression scores < 6 with at least a 75% decrease in score compared to pre-treatment or as subjects with
a Clinical Global Index score of 1 or 2. By either method of diagnosing response, there was no relation of
response to either serum fluoxetine or serum norfluoxetine or to the squares of serum fluoxetine or
norfluoxetine. The dose taken at week 6 was also unrelated to response, although this dose was related to
serum fluoxetine and norfluoxetine levels. However, as noted by study authors, only 13 patients were
included in this pilot study and it is therefore possible that a type II error could have occurred.

The S-enantiomer of norfluoxetine is about 20 times more potent a SRI than is the R-enantiomer
(reviewed by Jannuzzi et al. (42)). In spite of this selectivity of the S-enantiomer, Jannuzzi et al. (42) did
not find a relationship between total active fluoxetine (R-fluoxetine + S-fluoxetine + S-norfluoxetine)
concentration in plasma and response to antidepressant therapy.

2.2.  Pharmacokinetics

2.2.1. Absorption

According to the product label for Prozac®, a single oral 40 mg dose produces peak plasma
fluoxetine concentrations in humans of 15-55 ng/mL after 6-8 hours (4). In an FDA review, mean (+
SD) peak plasma levels (Cy.x) following dosing of humans with 20 mg fluoxetine in the form of tablets or
caplets were reported at 8.88 + 3.42 and 8.99 £ 2.95 ng/mL, respectively (43). [Data on individual
subjects and ranges detected in all subjects were redacted from the report.] The pulvule, tablet, oral
solution, and weekly capsule dosage forms are bioequivalent, although the weekly form contains enteric-
coated pellets that resist dissolution below a pH of 5.5 (4). The enteric coating delays the onset of
absorption of fluoxetine 1-2 hours relative to the immediate release formulations. Food is reported not to
affect the systemic bioavailability of fluoxetine, although it may delay its absorption by 1-2 hours (4, 44).

Strengths/Weaknesses: The major limitation of the product label and FDA review (43) is the lack of
actual data to substantiate the information provided. The data contained herein were accepted at face
value.

Utility (Adequacy) for CERHR Evaluation Process: The information contained in the product label (4)
is useful if taken at face value. Conclusions based on these data will be tentative unless corroborating
data are available.

Harvey and Preskorn (45) reported pharmacokinetic parameters in 14 young adults (aged 20-39
years) and in 16 elderly subjects (aged 65—78 years). The maximum plasma concentration (Cyp.x) of
fluoxetine after an initial 20 mg dose was 10.6 = 4.0 ng/mL (mean + SD). After 6 weeks of daily therapy
with this dose, Cp.x was 83.9 £22.2 ng/mL, and after 6 additional weeks on 40 mg/day fluoxetine, Cp.x
was 276 + 56 ng/mL. While the fluoxetine AUC.,4, Co, and C,,.x, were not different between the young
and elderly subjects, the half-life for fluoxetine and norfluoxetine were 25 and 33% longer, respectively,
in the elderly subjects when compared to the younger subjects.

Strengths/Weaknesses: The paper by Harvey and Preskorn (45) provides useful information regarding
the pharmacokinetic parameters found following an initial 20 mg dose in a population of healthy young
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and elderly patients, thereby indirectly providing information on absorption of the drug. The paper used
analytic techniques with very good interassay coefficients of variation, providing confidence in the blood
profiles provided. The AUC and half-life values were determined by the linear trapezoidal method and
linear regression of the terminal portion of the curve, respectively. The blood levels of fluoxetine and
norfluoxetine after 6 weeks of dosing with 20 mg/day and 40 mg/day also provide an indication of the
blood levels that can be achieved in these 2 populations with these commonly prescribed dosing
regimens.

Utility (Adequacy) CERHR Evaluation Process: This paper can be used to estimate internal exposure
levels in nonpregnant adults on fluoxetine therapy.

At oral fluoxetine doses ranging from 20 to 80 mg, C,,.x values were reported to be proportional to
dose (44).

2.2.2. Distribution

2.2.2.1. Nonpregnant individuals

2.2.2.1.1. Human

Fluoxetine is about 94.5% protein-bound in human plasma, mostly to albumin and a,-glycoprotein
(4). Volume of distribution in humans has been reported as 20-42 L/kg (reviewed by Altamura et al.
(44)). According to the product label for Prozac®, human plasma concentrations after 30 days of dosing
at 40 mg/day are 91-302 ng/mL for fluoxetine and 72-258 ng/mL for norfluoxetine, the N-demethylated
metabolite (4).

With once-weekly dosing using the enteric-coated preparation, peak concentrations are in the range of
the average concentration for 20 mg once-daily dosing, according to the product label. Average trough
concentrations are 76% lower for fluoxetine and 47% lower for norfluoxetine than the concentrations
maintained by 20 mg once-daily dosing. Average steady-state concentrations of either once-daily or
once-weekly dosing are in relative proportion to the total dose administered. Average steady-state
fluoxetine concentrations are approximately 50% lower following the once-weekly regimen compared
with the once-daily regimen (4).

Strengths/Weaknesses: The values provided in the product label for Prozac® (4) are useful in providing
an expected range of concentrations following repeated drug exposure. The large variability reported for
these values reveal a 3—4 fold difference in steady-state plasma levels in patients receiving this drug. The
original data supporting these statements were not provided. In addition, the levels should not be
assumed to represent fluoxetine preparations other than Prozac®, because the bioavailability may differ
among product formulations.

Utility (Adequacy) CERHR Evaluation Process: These data can be tentatively used in the evaluation
process. The Panel notes that Harvey and Preskorn (45) report plasma levels in a range similar to those
described in the product label.

In the study by Harvey and Preskorn (45), AUC, .4 values in adults after a single 20 mg fluoxetine
dose, after 6 weeks of fluoxetine 20 mg/day, and after an additional 6 weeks of fluoxetine 40 mg/day
were 134 £ 83, 1,723 £ 475, and 5,730 + 1,320 ngeh/mL, respectively. The time required for younger
patients to reach steady-state at dosages of 40 mg/day was estimated at 8.5 weeks, due to the long half-life
for the drug. A 2-fold increase in dosage (from 20 to 40 mg/day) resulted in a 3.2-fold increase in plasma
concentration.
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Strengths/Weaknesses: The analytic methodology in the Harvey and Preskorn (45) paper resulted in
excellent interassay coefficients of variation and enantiomer nonspecific quantification of both fluoxetine
and norfluoxetine levels. There is a good description of the test subjects and their disposition within the
study time course.

Utility (Adequacy) CERHR Evaluation Process: This paper can be used to estimate internal fluoxetine
exposure in nonpregnant adults on therapy.

Unpublished studies by Eli Lilly and Company on the use of fluoxetine in children and adolescents
(ages 6-17) were summarized in a Clinical Pharmacology and Biopharmaceutics Review (46). Three
studies were summarized with respect to pharmacokinetic parameters. In the first study, children 8—17
years old were given fluoxetine 10 mg/day for 1 week, then increased to 20 mg/day. After 8 weeks at this
dose, some nonresponders were increased to 40 mg/day. An increase to 60 mg/day was possible for
subjects not responding to 40 mg/day. Blood for pharmacokinetic studies was collected after at least 4
weeks on the 20 mg/day dose. The study sampled 52 children (8—12 years old) and 42 adolescents (13—
17 years old). The steady-state concentration of fluoxetine at all ages was 116.6 = 73.7 ng/mL (mean +
SD). For children and adolescents, the steady-state concentrations were 144.8 + 76.4 and 78.8 = 49.4
ng/mL, respectively (mean £+ SD) [P<0.0001 children vs. adolescents by z-test performed by CERHR].
Norfluoxetine concentrations in the whole sample, children, and adolescents, were 144.1 £ 58.9, 167.2 +
59.6, and 113.1 £ 41.4 ng/mL, respectively (mean £ SD) [P<0.0001 children vs. adolescents by 7-test
performed by CERHR]. Differences by sex of the subject were not apparent. The differences in
fluoxetine and norfluoxetine concentrations between children and adolescents were attributed to
differences in body weight. Other studies of steady-state blood levels produced similar results. [The
range of concentrations has been redacted from the FDA document. Given the large coefficients of
variation, the variability among children and adolescents may have been large.] The FDA review
included an estimate of oral clearance at 11.8 L/kg, and a volume of distribution of 1,480 L. Variability
of these values was said to be 85.7 and 44.2%, respectively. Weight and age accounted for significant
portions of the variability; gender did not. A model incorporating weight and age still left unexplained
50% of the variability in oral clearance. When plasma fluoxetine concentrations were normalized by
weight, pediatric and adult concentrations were considered equivalent. The report includes graphs,
presumably to show this equivalence; however, the graphs have been redacted from the report.

Strengths/Weaknesses: The data summarized in the Clinical Pharmacology and Biopharmaceutics
Review (46) provide useful information concerning blood levels found in pre-adolescent and adolescent
populations. The major limitation for acceptance of these data is the lack of detail regarding analytical
methodology, range of blood values observed in the two populations, and other information redacted from
the Review. Although authors of the Review conclude that the differences observed in blood levels of
fluoxetine and norfluoxetine between pre-adolescent, adolescent, and adult patients are due to differences
in body weight among these populations, there is considerable variability in blood levels resulting from
the same oral dose within each of these populations and the reason for these differences is largely
unexplained. Up to 50% of the variance observed could not be explained by body weight alone.

Utility (Adequacy) CERHR Evaluation Process: The data presented can be tentatively used to estimate
internal fluoxetine dose in children and adolescents on therapy. Confidence in these data would be
increased if corroboration were available from sources that included the underlying data.

Bolo et al. (47) used magnetic resonance spectroscopy (MRS) to estimate brain concentrations of
fluoxetine + norfluoxetine in three men and one woman being treated for depression. The subjects were
42-50 years of age. One subject each was on 10 and 20 mg/day and 2 subjects were on 40 mg/day of the
medication. Plasma fluoxetine + norfluoxetine was measured within an hour of the MRS study. Brain

21



concentrations of fluoxetine + norfluoxetine ranged from 5 to 17 uM (about 1.6-5.3 pg/mL), while
plasma concentrations ranged from 0.3 to 2.6 uM (about 0.09-0.81 pg/mL). The mean brain-to-plasma
ratio (= SD) was 10 £ 6. In 2 subjects who stopped therapy, brain half-life was 349 and 416 hours (14
and 17 days) and plasma half-life was 284 and 528 hours (12 and 22 days). The authors reported no
association between brain concentration of fluoxetine + norfluoxetine and fluoxetine dose, duration of
therapy, or cumulative dose of fluoxetine.

Strengths/Weaknesses: The paper by Bolo et al. (47) is useful in providing concentrations of the active
forms of the drug in the target organ (brain) and in describing the relationship between brain and plasma
concentrations. The number of patients was too small to allow conclusions to be drawn regarding
predicted blood levels following exposure to 10, 20, or 40 mg/day, but the 4 patients with pair-wise
comparisons of brain and plasma levels did allow approximation of the ratio between these two tissues.
Drug concentration at the level of the receptor was not addressed. The lack of association between brain
concentration and dose, dose duration, or cumulative dose makes any correlation between an adverse
event involving the brain and administered dose problematic.

Utility (Adequacy) CERHR Evaluation Process: This study can be used to estimate brain
concentrations of fluoxetine in nonpregnant adults on therapy.

2.2.2.1.2.  Experimental animal

According to Altamura et al. (44), in experimental animals, fluoxetine is widely distributed in body
tissues with the highest concentrations in lung and liver. The steady-state volume of distribution in rats
after intravenous (i.v.) fluoxetine is about 16-20 L/kg, depending on the administered dose (48). In rats
given fluoxetine by oral gavage, C,,.x for the parent compound normalized for a 5 mg/kg bw dose was
0.1, 0.2, and 0.2 nmol/mL (32, 64, and 64 ng/mL) after single oral gavage doses of 5, 10, and 20 mg/kg
bw, respectively. [It is not clear how values were normalized. Inspection of the graphic
representation of the actual data suggests C,,,, values of 0.1, 0.2, and 0.4 nmol/mL (32, 64, and 128
ng/mL), respectively after 5, 10, and 20 mg/kg.] The normalized AUCs after these 3 doses were 2.0,
3.0, and 4.5 nmol/mL-h (620, 930, and 1,395 ng/mL-h). These values were obtained by the trapezoidal
method using only the 48-hour study period. [Actual values were estimated by CERHR from the
graph in the paper using GraphPad Prism software as 2.1, 5.4, and 14.9 nmol/mL-h (620, 1,674, and
4,619 ng/mlL.-h.)] Normalized norfluoxetine C,,x after these 3 doses was 0.4, 0.4, and 0.3 nmol/mL (120,
120, and 90 ng/mL), respectively. [Actual norfluoxetine C,,,, values were estimated from the graph
as 0.4, 0.8, and 1.2 nmol/mL (120, 239, 359 ng/mL).] The ratio of AUC for norfluoxetine-to-fluoxetine
was 5.3, 4.1, and 3.0 at these three doses, respectively. The fluoxetine half-life after oral fluoxetine was
7—13 hours, and the norfluoxetine half-life after oral fluoxetine was 14—16 hours (48).

Strengths/Weaknesses: This study used adequate methods to sample rat blood after i.v. and oral
fluoxetine. Interpretation of the results is substantially impaired by the unexplained normalization
process and the need to estimate the actual data from a graph. The interpretation of the AUC data is
impaired by the use of the 48-hour sampling frame. Visual inspection of the graphs in the paper suggests
that for the highest administered doses (20 mg/kg), plasma fluoxetine had not returned to baseline by the
end of the sampling frame. In addition, norfluoxetine concentrations appeared not to have returned to
baseline. The time-concentration curves for fluoxetine and norfluoxetine appeared not to be parallel after
administration of fluoxetine, and a comparison of the AUC values for the limited sampling frames may
not be informative with regard to chronic therapy.

Utility (Adequacy) CERHR Evaluation Process: The information contained within the paper by Caccia
et al. (48) is important in allowing a comparison of external dose (gavage) to blood levels of fluoxetine
and norfluoxetine in rats after a single dose. This information is helpful in the interpretation of the
experimental animal toxicity studies and using these results to predict outcomes in humans.
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Fluoxetine given intraperitoneally (i.p.) to rats at 2.5-20 mg/kg produces concentrations in plasma
and whole brain that were related linearly to dose (49). Norfluoxetine concentration in plasma and brain
varied exponentially with dose, suggesting saturable metabolism. Platelet serotonin and brain 5-
hydroxyindoleacetic acid decreased with increasing fluoxetine dose; however, brain serotonin did not
decrease after administration of fluoxetine. Platelet serotonin and brain serotonin decreased 46 and 13%,
respectively, after i.p. administration of 10 mg/kg bw norfluoxetine (49).

Strengths/Weaknesses: This study used an i.p. route of administration, decreasing its interpretability for
human therapeutic exposures, which are by mouth.

Utility (Adequacy) CERHR Evaluation Process: This study (49) is of limited value for this exercise
due to the route of administration used. Blood levels were approximately equal with both routes at the 5
mg/kg dose level, while the levels following a 10 mg/kg i.p. injection were approximately twice the blood
levels found following oral administration. The demonstration of saturable fluoxetine metabolism is
useful for the evaluation process.

2.2.2.2. Pregnancy

2.2.2.2.1. Human

Heikkinen et al. (19) measured fluoxetine and norfluoxetine in the plasma of 11 fluoxetine-treated
women at 36—37 weeks gestation. Mean (+ SD) fluoxetine and norfluoxetine concentrations prior to the
daily dose (trough levels) were 152 + 107 nM (47 £ 33 ng/mL) and 364 + 73 nM (109 £ 22 ng/mL),
respectively. These women were on chronic doses of 20-40 mg/day fluoxetine. When a correction was
made to correspond to a standard 20 mg/day dose, combined fluoxetine + norfluoxetine plasma
concentration was estimated at 480 + 115 nM (~144 + 34 ng/mL). The authors noted that plasma
fluoxetine concentrations in the pregnant women were considerably lower than concentrations typically
seen in nonpregnant individuals on therapy. They also noted that plasma concentrations increased by 2
weeks postpartum (see Table 1) and postulated that plasma fluoxetine concentrations during pregnancy
might be decreased by increased hepatic blood flow, increased volume of distribution, and decreased
protein binding of fluoxetine. The mean ratio (+ SD) of norfluoxetine-to-fluoxetine concentration during
pregnancy (3.3 £ 1.4) was higher than at 2 months postpartum (1.4 + 0.8, P<0.0072), suggesting
increased fluoxetine demethylation during pregnancy. At delivery, cord blood plasma concentrations of
fluoxetine and norfluoxetine were 65% and 72% of concentrations in maternal plasma sampled at
delivery. The milk-to-maternal plasma ratios ranged from 0.3 to 2.2 for fluoxetine and from 0.1 to 1.7 for
norfluoxetine. Exposure of breastfed infants (as determined by plasma levels) decreased from 14 days
postnatally to 2 months. Fluoxetine and norfluoxetine (combined and standardized to a 20 mg maternal
dose level) in infant plasma ranged from a mean of 278 nmol/L at delivery to a mean of 155 nmol/L 2
weeks after delivery. These same units for concentrations in breast milk ranged from a mean of 244 to
296 nM from 4 days to 2 months after delivery. It is readily apparent that significant transfer of
fluoxetine and norfluoxetine occurs in humans across the placenta and into the breast milk. The
availability of the drugs from ingestion of breast milk is not understood as infant plasma levels were
decreased 7-10-fold at 2 months even though the concentration in milk remained elevated.

Strengths/Weaknesses: This study by Heikkinen et al. (19) compared the pharmacokinetics of fluoxetine
in 11 treated patients and 10 well-matched controls, which is a robust number of subjects for a kinetics
study. The study included multiple measures of maternal, infant, and milk concentrations of both
fluoxetine and the active metabolite norfluoxetine. Samples were included at the end of pregnancy as
well as early after delivery: up to 2 months thereafter. These well-coordinated measures allow for a
thorough analysis of the comparative kinetics of fluoxetine during pregnancy and in early development in
the human. One weakness, acknowledged by the authors, is that the half-life estimations were often made
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with only two data points, which is not sufficient. Hence the elimination kinetic data can only be
considered as rough estimates. A greater weakness is that the dose was quite variable among the patients.
It is described that the patients received 20—40 mg fluoxetine, but no indication of the duration of the
various dose levels is given. Also, some of the patients began taking fluoxetine at various weeks of
gestation, while others apparently had been taking fluoxetine from the beginning of pregnancy, although
this information was not directly given. Hence, the duration of therapy and thus the total dose could have
been quite varied among the patients, which is important because the authors compare their results to data
on nonpregnant women in another study. It is difficult to accept their conclusions regarding this
comparison because the doses and durations of therapy may have differed largely between the pregnant
and nonpregnant subjects in the two studies. Finally, it is difficult to understand how the authors obtained
the norfluoxetine-to-fluoxetine ratios that they report during pregnancy (3.3) and at 2 months (1.4) from
the data given in the tables.

Utility (Adequacy) for CERHR Evaluation Process: This study by Heikkinen et al. (19) is useful for
the evaluation process because it compares the pharmacokinetic parameters during pregnancy to those
after pregnancy in the same subjects, thus allowing for a direct comparison. It also useful for
understanding placental transfer of the drug and metabolite and it shows a direct comparison of the
kinetics in the mother and simultaneously in the breastfed infant. The results of the Heikkinen et al. (19)
study allowed the Expert Panel to conclude that blood levels of fluoxetine and norfluoxetine may be
lower during pregnancy than those following similar dosing regimens in the nonpregnant state.

2.2.2.2.2. Experimental animal

Pohland et al. (50) examined placental transfer and fetal distribution of fluoxetine in Wistar
(Hsd:(WI) BR) rats using dissection and whole-body autoradiographic techniques. Unlabeled (99.3%
purity) and '*C-labeled (98.3% radiochemical purity) fluoxetine HCI in water were administered to rats by
gavage at a dose of 12.5 mg/kg. The authors stated that 12.5 mg/kg was the highest dose that resulted in
negative results in an unpublished teratogenicity study. [The Panel notes that 12.5 mg/kg was the
highest dose used in the rat teratogenicity study by Byrd and Markham (57), reviewed in Section
3.2.1.1.] In the dissection study, rats were treated on gestation day (GD) 12 (during organogenesis) and
GD 18 (postorganogenesis). Five rats/time point/GD were sacrificed and examined at 1, 4, 8, and 24
hours post-dosing. Maternal blood, brain, kidney, liver, and lung were collected. Placentas, amniotic
fluid, and embryos/fetuses were collected and pooled. Samples were analyzed by liquid scintillation
spectrometry and levels of fluoxetine and norfluoxetine were measured by GC with electron capture
detection. On GD 12 and 18, radiocarbon levels peaked at 4-8 hours post-exposure and declined slightly
at 24 hours post-exposure in embryos, fetuses, placentas, amniotic fluid, and most maternal tissues. The
exceptions were maternal plasma and liver, which had peak radiocarbon concentrations at 24 hours and 1
hour following exposure, respectively. The highest concentration of radiocarbon was found in maternal
lung (mean peak values of ~147—-157 pg-eq/g). Moderate levels of radiocarbon were detected in placenta
and maternal brain and kidney (mean peak values of ~18-34 pg-eq/g in each organ); liver also contained
moderate levels of radiocarbon (61-71 pg-eq/g at 1 hour post-exposure). Low levels of radiocarbon
(expressed as peak values) were found in embryonic tissues (3.60 ug-eq/g), fetal tissues (5.54 ug-eq/g),
amniotic fluid (0.04-0.1 pg-eq/g), and maternal plasma (1-2 pg-eq/g). Radiocarbon levels were higher in
GD 18 fetuses than in GD 12 embryos at 4, 8, and 24 hours after dosing. Combined fluoxetine and
norfluoxetine represented 63—80, 79-91, and 12-29% of total radiocarbon levels in embryonic/fetal
tissues, placental tissues, and maternal plasma, respectively. Levels of fluoxetine in maternal and
embryo/fetal tissues were higher at 1 and 4 hours post-dosing, while norfluoxetine levels were higher at
the 24-hour time point.
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In the whole-body autoradiography study, Pohland et al. (50) gavage dosed a rat with 12.5 mg/kg '*C-
labeled fluoxetine on GD 18 and sacrificed it at 4 hours following exposure, the time shown to result in
near maximum fetal concentrations in the dissection study. The animal was sectioned and exposed to
film, which was analyzed visually or by taking optical density readings. The autoradiogram revealed that
maternal lung, liver, brain, kidney, spleen, adrenal gland, gastrointestinal contents, Harderian gland, and
salivary gland contained the highest concentrations of radiocarbon. Moderate concentrations of
radiocarbon were observed in maternal myocardium, bone marrow, placenta, and mammary tissue.
Moderate levels of radiocarbon passed through the placenta and were distributed throughout the fetus.
The highest concentrations of radiocarbon in the fetus were seen in the brain and thymus; lower levels
were observed in fetal liver and eyes. Uterine luminal fluid surrounding individual fetal-placental units
also contained significant levels of radiocarbon. A quantitative analysis of radioactivity in maternal and
fetal brain and thymus revealed that the level in fetal tissues was about half the level measured in
maternal tissues.

Strengths/Weaknesses: The Pohland et al. (50) study offers a thorough analysis of the maternal and fetal
distribution of fluoxetine and norfluoxetine (and total radioactive label) after dosing rats with radiolabeled
fluoxetine. Studies were conducted on 2 different days of gestation using a high dose, roughly 10 times
the therapeutic dose. In addition, multiple tissues were examined at 4 time points over a 24-hour period
following dosing, which allows for an excellent analysis of kinetic changes. A weakness of the study lies
in the difficulty in resolving conflicts in some of the data. For example, the fetal concentration of
fluoxetine is higher on day GD 18 than on day GD 12, yet the relationship of placental concentrations on
the 2 days are reversed. Also, the overall fetal concentration is very low compared to maternal tissues in
the dissection study, but the concentration of fluoxetine in fetal tissues like the brain is as much as 50% of
that in the maternal tissue in the autoradiographic analysis. Neither of these points is noted or discussed
in the article.

Utility (Adequacy) for CERHR Evaluation Process: The Pohland et al. (50) study is useful in
confirming that significant amounts of fluoxetine and norfluoxetine can cross the placenta into the fetus.
The data demonstrated placental transfer of radiolabel to the embryo (GD 12) and fetus (GD 18)
following oral dosing of the rat dam with 12.5 mg/kg of C'*-labeled fluoxetine. Several important pieces
of information presented in this paper include that 63—80% of the radiolabel in the embryo/fetus was in
the form of fluoxetine/norfluoxetine, that the time course for the radiolabeled species within the
embryo/fetus follows a roughly similar time course as the maternal plasma, and that the thymus and brain
contain the largest amount of radiolabel within the fetus. The presence of the majority of the radiolabel as
fluoxetine/norfluoxetine within the rat fetus suggests that rat and human embryo/fetuses are exposed to
similar chemicals (parent and/or metabolite), eliminating some uncertainty regarding metabolic
differences between species. The time course of the fluoxetine/norfluoxetine within the embryo/fetus
suggests that following a single dose, exposure during the first few hours is primarily to fluoxetine with
norfluoxetine becoming the dominant exposure by 24 hours. Finally, knowledge that the radiolabel has
the highest concentration in the brain and thymus provides a signal of where first to look for potential
effects in the fetus.

Kim et al. (52) examined stereoselective pharmacokinetics of fluoxetine and norfluoxetine in
pregnant Dorset Suffolk sheep and their fetuses. Five pregnant sheep were implanted with catheters
between GD 117 and 126. Between GD 124 and 137 (gestation length = 145 days), fluoxetine chloride
[purity not specified] was administered via the maternal femoral vein or via the fetal tarsal vein. All
sheep were treated with fluoxetine via maternal and fetal exposure on different days in randomized order.
The maternal dose was 50 mg and the fetal dose was 10 mg. Blood was collected from the fetal and
maternal vein at 21 time points from 5 minutes prior to treatment to 72 hours post treatment. Blood
removed from fetuses was replaced with blood from the mother or another ewe. Amniotic and fetal
tracheal fluid samples were obtained from 5 minutes to 1 hour following treatment and at the time of
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blood collection beyond that time point. Maternal urine was collected every hour during the first 4 hours
and with each blood sample 6 hours after dosing. Fluoxetine, norfluoxetine, and their glucuronide and
sulfate conjugates were measured in samples by GC/MS. Statistical analyses included paired and
unpaired t tests and two-way analysis of variance for repeated measures with post hoc test if necessary.

Following maternal administration of fluoxetine, maternal AUC for the S isomer of fluoxetine was
significantly higher and clearance and volume of distribution were significantly lower compared to the R
isomer. Half-lives of elimination were similar for the R and S isomer. Norfluoxetine did not demonstrate
stereoselective toxicokinetic differences in ewes. Fluoxetine and norfluoxetine rapidly crossed the
placenta. Consistent with maternal findings, the AUC for the S isomer of fluoxetine was significantly
greater compared to the R isomer in fetuses. Fetal half-lives of elimination for both the R and S isomers
were significantly greater than maternal values. Although fetal elimination half-lives for R and S isomers
of norfluoxetine did not differ significantly from maternal values, a stereoselective difference was noted
by an S/R ratio significantly less than unity. Levels of fluoxetine and norfluoxetine in amniotic fluid and
fetal tracheal fluid were slightly lower than fetal plasma levels, but there were no significant differences
in levels of R and S isomers. Fluoxetine, norfluoxetine, and their glucuronides were detected in maternal
urine. Together, parent drug and metabolites represented 3.4% of the administered dose. Urinary levels
of fluoxetine and norfluoxetine did not plateau 72 hours following dosing, but the experiment was ended
at that point due to ethical concerns about catheterizing the sheep for longer time periods.

Norfluoxetine or glucuronides of fluoxetine and norfluoxetine were not detected in fetal plasma
following administration of fluoxetine to the fetus. Fetal levels of the S isomer were significantly higher
than the R isomer and clearance for the S isomer was significantly lower. It was determined that
placental clearance represented (mean + SD) 89.4 &+ 36.9% and 94.0 + 37.3% of total fetal clearance for
the R and S fluoxetine isomers, respectively. Fetal non-placental clearance values did not differ
significantly from zero. In order to obtain more information about fetal versus maternal metabolic
capability, two ewes were killed on GD 135 and 139 to obtain hepatic microsomes from ewes and fetuses.
Incubation of the microsomal preparations with fluoxetine HCI resulted in norfluoxetine formation with
maternal microsomes but not fetal microsomes.

In vitro and ex vivo protein binding of fluoxetine and norfluoxetine was also compared. A large
portion of fluoxetine and norfluoxetine (~95%) was bound to plasma proteins. Stereoselective differences
in binding were apparent in that S/R ratios for maternal and fetal fluoxetine values were significantly
below unity. In both ex vivo and in vivo studies, the percentage of unbound fluoxetine was higher in
fetuses compared to ewes.

In this study fetal blood gas and acid base status was also determined. Transient changes in fetal
blood oxygenation, pH, and lactate levels were observed, but the effects will not be discussed here since
they were stated to be similar to effects noted in an earlier study (53), which is summarized in detail in
Section 3.2.1.4.

The study authors concluded that disposition of fluoxetine is stereoselective, most likely due to the
differential plasma protein binding of the R and S isomers, and that sheep fetuses do not produce
detectable level of norfluoxetine or glucuronides of fluoxetine or norfluoxetine.

Strengths/Weaknesses: Strengths of this study include extensive detail of experimental procedures and

reporting of results. Data were generated from numerous samples collected over a 72-hour period. An in
vitro method was used to verify in vivo observations of fetal metabolism. A weakness of the study is that
the i.v. route of administration is not relevant to human exposures.
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Utility (Adequacy) for the CERHR Evaluative Process: This study has utility in demonstrating
maternal to fetal transfer of fluoxetine and metabolites, stereoselective differences in disposition, and lack
of fluoxetine metabolism by the fetus in a mammalian model.

2.2.3. Metabolism

Fluoxetine is N-demethylated to norfluoxetine by cytochrome P450 (CYP) enzymes (reviewed by
Caccia (54); see also Section 2.6.1). In vitro preparations of human microsomal enzymes (baculovirus-
expressed) show a number of these enzymes to be active in the N-demethylation process. For R-, S-, and
racemic fluoxetine, CYP2D6 produced the greatest clearance values (calculated from a pharmacokinetic
model), followed in order by CYP2C9, CYP3A4, and CYP2C19 for R-fluoxetine and by CYP3A4,
CYP2C9, and CYP2C19 for S-fluoxetine (55). When the in vitro values were corrected to account for the
prevalence of the CYP isoforms in human liver, CYP2C9, CYP3A4, and CYP2D6 were estimated to
account for 43, 32, and 20% of the clearance of fluoxetine in vivo. Both fluoxetine and norfluoxetine are
glucuronidated in the liver (44). Another metabolite in humans is hippuric acid, a glycine conjugate of
benzoic acid (44). Further metabolic fates have not been well-characterized in humans.

In 13 adults 20-39 years old, norfluoxetine pharmacokinetic parameters were evaluated after
administration of fluoxetine by mouth (45). After 6 weeks of administration of fluoxetine 20 mg/day,
norfluoxetine Cy,.x and AUCy,4 were 165 + 38 ng/mL and 3,635 £ 829 ng/mLeh, respectively (mean +
SD). After an additional 6 weeks of fluoxetine at 40 mg/day, norfluoxetine C,,,x and AUCy.,4 were 306 £
71 ng/mL and 7177 £ 1542 ng/mL¢h, respectively (mean = SD).

Strengths/Weaknesses: This study presents information in humans on chronic therapy, providing a better
estimate of internal dose with respect to the usual therapeutic use of this medication.

Utility (Adequacy) for CERHR Evaluation Process: The Expert Panel found the metabolism of
fluoxetine to norfluoxetine to be well characterized. The further metabolism of norfluoxetine is poorly
understood, other than the conjugation pathways described above. Because both fluoxetine and
norfluoxetine are pharmacologically active, the saturation of the demethylation pathway is of minor
consequence for the primary mode of action (serotonin reuptake inhibition). Fluoxetine and norfluoxetine
appear to inhibit several different CYP isoforms and can thereby affect metabolism, clearance, and blood
levels of other medications the patient may be receiving. Fluoxetine and norfluoxetine can also inhibit
the CYP isoforms that are responsible for fluoxetine/norfluoxetine metabolism (autoinhibition or
“suicide” inhibition). Which CYP isoform is responsible for fluoxetine and norfluoxetine metabolism can
depend on fluoxetine dose, with one CYP isoform being responsible for metabolism at low concentrations
and another CYP isoform becoming dominant as concentrations within the body increase with repeated
dosing. It is informative that the time required for patients to reach steady-state is on the order of 3
months and the time required for the patients to be considered “drug-free” is the same. The information
on inhibition of CYP enzymes may relate primarily to interaction with other medications, not on the
clinical effects of fluoxetine because the demethylated form is also pharmacologically active.

2.2.4. Elimination

In humans, about 80% of fluoxetine is excreted in the urine and 15% in stool. Urine excretory
products consist of 11% fluoxetine, 7% fluoxetine glucuronide, 7% norfluoxetine, 8% norfluoxetine
glucuronide, and 20% hippuric acid (44). The plasma half-life of fluoxetine is 1-4 days and the half-life
of norfluoxetine is 7-10 days. Renal impairment does not influence these half-lives, but hepatic failure
increases the half-lives.

According to the product label for Prozac®, following chronic administration, the elimination half-
lives for fluoxetine and norfluoxetine are increased to 4—6 and 4—16 days, respectively (4). Accumulation
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of fluoxetine is expected to occur with chronic dosing, and active compound is described in the product
label as present for “weeks” after termination of therapy.

In the study by Harvey and Preskorn (45), after 12 weeks of fluoxetine therapy (6 weeks at 20 mg/day
followed by 6 weeks at 40 mg/day), fluoxetine half-life was 3.9 + 1.5 days and norfluoxetine half-life was
15.0 £ 6.5 days (mean + SD), consistent with the product label.

Strengths/Weaknesses: The strengths of the Harvey and Preskorn study are discussed above. This study
is considered reliable.

Utility (Adequacy) CERHR Evaluation Process: The Expert Panel found the very long half-lives in
humans to be important. Exposure to fluoxetine or norfluoxetine during gestation in a woman on chronic
therapy would be expected to occur unless the woman discontinued fluoxetine therapy 2—3 months (5—6
half-lives) before becoming pregnant.

2.3.  General Toxicity
2.3.1. Human

2.3.1.1. Side effects of medication therapy

Fluoxetine became widely used as an antidepressant soon after its introduction because of the
impression that it produced fewer, milder side effects than did the TCA and MAOI antidepressants that
previously were the mainstays of medication therapy for depression. The most common side effects are
listed in Table 4 (5). This table does not list sexual side effects, which are discussed in Section 4.1.4.
Other reviews (56) report dermatologic side effects to be among the most common fluoxetine adverse
effects, occurring in 13% of subjects in one study. These side effects include rash, urticaria, and a serum-
sickness like illness (serum sickness is characterized by urticaria, edema, fever, lymphadenopathy, joint
pain, and albuminuria, typically due to immune complexes arising from foreign protein administration).

Table 4. Side Effects of Fluoxetine Therapy (Excluding Sexual Side Effects) (5)

Side effect Incidence (%)
Nausea 21

Anxiety, insomnia* 15

Diarrhea 12

Anorexia 9

Dyspepsia 6

Rash 4

Pruritus 2

*Sufficient to result in stopping the medication

Effects of SRI therapy on weight are variable. Fluoxetine is more likely to produce appetite
suppression and weight loss than to produce weight gain (reviewed by Goldstein and Goodnick (56)),
leading to off-label use of this medication in obesity treatments.
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Case reports of abnormal bleeding during fluoxetine therapy have appeared (reviewed in Alderman et
al. (57)), suggesting decreased platelet aggregation in response to serotonin reuptake inhibition. Seven
patients receiving fluoxetine 20 mg/day were evaluated for platelet aggregation in response to adenosine
diphosphate, arachidonic acid, collagen, epinephrine, or ristocetin without evidence of altered platelet
function at 2 or 4 weeks of therapy (57). These authors also published a case report of a 43 kg man who
developed deficient platelet aggregation in response to the same stimulators while on fluoxetine 20
mg/day. The aggregation abnormality resolved on discontinuation of the fluoxetine therapy (58). The
authors postulated that the low body weight of this man may have led to unusually high fluoxetine or
norfluoxetine concentrations; however, these concentrations were not measured.

Psychiatric side effects of fluoxetine therapy include nervousness, irritability, aggression, insomnia,
lethargy, apathy, and akathisia (inability to stand or sit still) (reviewed by Goldstein and Goodnick (56)).
The appearance of case reports of suicides on fluoxetine led to concern that suicidality might be increased
by this medication, but controlled studies have shown suicidal thoughts and behaviors on fluoxetine to
occur either less often or with the same frequency as on placebo or on TCAs (reviewed by Stokes and
Holtz (12)). Mania has been reported on fluoxetine, but occurs with a low incidence (about 1%) and less
often than with TCAs (reviewed by Goldstein and Goodnick (56)).

2.3.1.2. Serotonin syndrome

A syndrome attributed to excessive serotonergic neurotransmission results from an interaction of
medications stimulating this system. This so-called serotonin syndrome can include confusion,
hypomania, agitation, diarrhea, shivering, fever, diaphoresis, blood pressure effects, nausea, vomiting,
myoclonus, hyperreflexia, incoordination, and tremor (reviewed by Goldstein and Goodnick (56)). The
serotonin syndrome has been particularly severe in patients treated with SRIs and MAOIs, but has also
been seen with SRIs combined with TCAs.

2.3.1.3. Discontinuation symptoms

An SRI discontinuation syndrome has been described consisting variably of dizziness, vertigo, ataxia,
nausea, vomiting, lethargy, myalgia, chills, paresthesias, sleep disturbance, agitation, anxiety, and
irritability (reviewed by Goldstein and Goodnick (56); Haddad (59)). Symptoms may occur within the
first 10 days after discontinuing therapy and persist for 3 weeks and are more common in people who
have been on therapy for more than 2 months. Discontinuation symptoms are more common with shorter
acting SRIs than with fluoxetine, for which the long elimination half-life and active metabolite result in a
gradual taper off effect, but these symptoms have occasionally been described with fluoxetine.

2.3.1.4. Overdosage

The potential to commit suicide by overdosing on fluoxetine appears low. Stokes and Holtz (12)
reviewed five deaths associated with fluoxetine overdosage. In three instances, other medications were
coadministered, preventing assessment of the contribution of the fluoxetine to the death. In one case,
fluoxetine was taken with ethanol. Blood ethanol concentration was 48 mM, and concentrations of
fluoxetine and norfluoxetine were each 800 ng/mL. Only in the fifth case was fluoxetine overdose alone
associated with death; this patient is estimated to have taken 1,200-2,000 mg of fluoxetine.

Goeringer et al. (60) examined 60 fatalities in which fluoxetine was measured in postmortem blood
samples. The highest concentration of fluoxetine and norfluoxetine identified were 6.66 and 20.27 mg/L
[6,660 and 20,270 ng/mL]. This decedent also had measurable levels of trazodone, another
antidepressant. The death was ruled as due to atherosclerotic cardiovascular disease, although the authors
indicate that this cause was most likely incorrect. The only case they presented that was certified as a
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suicide due to fluoxetine overdose had fluoxetine and norfluoxetine blood concentrations of 3.67 and 0.38
mg/L [3670 and 380 ng/mL], respectively.

Among 67 adults reporting overdose of fluoxetine alone to a poison control center, 30 had no
symptoms after doses as high as 1,200 mg. In those adults with symptoms, 15 (22%) complained of
tachycardia, 14 (21%) complained of drowsiness, 8 (12%) complained of nausea or vomiting, and 5 (7%)
complained of tremor. Of 20 children with reported overdose, 18 were asymptomatic. A 2-year-old child
who had taken 10 mg fluoxetine had hyperactivity and another 2-year-old who had taken an unknown
amount became drowsy (67). A separate case report of a 4-year-old child who may have taken 7,000 mg
fluoxetine found fluoxetine and norfluoxetine serum concentrations of 3080 and 423 ng/mL, respectively.
The child demonstrated a brief period of unresponsiveness, sinus tachycardia, agitation, and dyskinesia,
but was generally well and recovered completely (62).

[The usefulness of the information provided from overdose cases for this exercise is limited. One
important point would be that a pregnant woman could very well consume an overdose of
fluoxetine and appear to recover completely. The effect of these high doses on the developing
embryo would be unknown as the dose levels used in the animal studies are generally limited by
overt maternal toxicity.]

2.3.1.5 Drug interactions

In addition to being metabolized by CYP2D6, fluoxetine and norfluoxetine are also inhibitors of CYP2D6
(63-66). Fluoxetine inhibition of CYP2D6 can explain drug-drug interactions with TCAs, other SRIs, and
some antipsychotic agents (e.g., haloperidol, thioridazine, perphenazine, clozapine, and risperidone).
Other medications for which metabolism might be inhibited by fluoxetine and/or norfluoxetine include
codeine (metabolic bioactivation to morphine), beta-blockers, and Type 1C antiarrhythmic agents (e.g.,
encainide, flecainide, and propafenone). Fluoxetine and norfluoxetine also are inhibitors of CYP2C
enzymes, which metabolize diazepam, warfarin, tolbutamide, and phenytoin, and of CYP3A4, which
metabolizes benzodiazepines, carbamazepine, cyclosporine, terfenadine, quinidine, erythromycin, and
lidocaine and as such, can also contribute to drug-drug interactions through these mechanisms.

2.3.2.  Experimental animal

According to the Prozac® product label, the median lethal oral dose is 452 mg/kg/day in rats and 248
mg/kg in mice (4). Acute high oral doses produce irritability and convulsions in “several species.” In
dogs, the lowest plasma concentration at which seizures occurred was twice the maximum plasma
concentration seen in humans on chronic therapy with fluoxetine 80 mg/day.
[The lack of study reports makes it impossible to judge to and interpret these studies.]
2.4. Genetic toxicology

According to the Prozac® product label, fluoxetine and norfluoxetine were negative in genotoxicity
tests including a bacterial mutation assay, a DNA repair assay in cultured rat hepatocytes, a mouse
lymphoma assay, and a sister chromatid exchange assay in Chinese hamster bone marrow cells (4).

No published studies on fluoxetine genotoxicity testing were located.

[The lack of study reports makes it impossible to judge and interpret these studies.]
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2.5. Carcinogenicity

2.5.1. Humans

Lawlor et al. (67) summarized available information on trials and epidemiological studies examining
associations between antidepressant use and breast cancer. The only information presented specifically
for fluoxetine was obtained from an unpublished report of 31 primary efficacy trials conducted in the U.S.
Results of the trials were pooled and the trials included 4,397 individuals in the fluoxetine group and
2,918 individuals in the placebo group. Breast cancer was not a primary measurement but was assessed
through an adverse-event reporting system. One case of breast cancer was reported in the treatment group
and one case was reported in the placebo group. Lawlor et al. (67) noted several limitations of the study.
The data were pooled by simple addition without considering factors such as age, socioeconomic class,
and primary diagnosis. In addition, the follow-up time period of 5-60 weeks was not sufficient for
detecting an association with breast cancer.

Kelly et al. (68) evaluated 5,814 women with primary breast cancer diagnosed in the preceding year,
5,095 women with primary cancers of other sites, and 5,814 women who were hospitalized for a non-
cancer condition. Women were identified through a hospital-based case-control surveillance system
using selected hospitals in Boston, New York, Baltimore, and Philadelphia. Subjects were interviewed
during their hospitalizations by trained nurses and information on medication use was solicited. The
medications of interest in this study were grouped by class (SRIs, TCAs, other antidepressants,
phenothiazines, and antihistamines) and use was defined as regular if it occurred 4 days/week for at least
4 weeks. Logistic regression was performed to evaluate effects independent of age, region, race, religion,
year of interview, age at menarche, age at first birth, body mass index, history of benign breast disease,
menopausal status, history of breast cancer in mother or sister, current alcohol consumption, and number
of lifetime hospitalizations. There were 28, 15, and 19 regular SRI users among breast cancer cases,
cancer controls, and non-cancer controls, respectively. Relative risk (95% CI) for regular SRI use in
cancer controls and non-cancer controls, respectively, were 1.6 (0.8, 3.2) and 1.5 (0.8, 2.8). When
controls were combined and fluoxetine was examined separately, 23 of 5,814 breast cancer cases used
fluoxetine regularly compared to 27 of 10,909 controls (multivariate relative risk 1.5 [95% CI 0.8, 2.7]).
For regular users of SRIs (taken together) and controls (combined), relative risk by duration of use was of
borderline statistical significance for 1-2 years of use: relative risk 2.0 (95%CI 1.0, 4.3) based on 16
cases and 15 controls with 1-2 years of regular use. Durations of <1 and >3 years were associated with
relative risk (95% CI) of 1.2 (0.4, 3.5) and 1.3 (0.5, 3.7), and did not suggest a gradation of effect by
length of use.

In their review of the Kelly study (68), Lawlor et al. (67) noted that a causal breast cancer association
with SRIs but not TCAs is inconsistent with animal studies and proposed biologic mechanisms that
suggest an increased risk by both classes of drugs (see summary for Brandes et al. (69) study in Section
2.5.2). They noted that the putative association with SRIs was based on a very low number of cases and
could have resulted by chance.

[The studies presented in this section are limited and thus not useful for the CERHR evaluation
process.]

2.5.2.  Experimental animals
Studies in experimental animals have examined fluoxetine’s effects on tumor promotion and
carcinogenicity.

Tutton and Barkla (70) examined the effects of fluoxetine treatment on cell proliferation and tumor

growth. Fluoxetine treatment (10 mg/kg, i.p.) of Sprague Dawley rats (n=6/group) with
dimethylhydrazine-induced colonic tumors resulted in suppressed tumor cell division. In addition,
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fluoxetine treatment (10 or 20 mg/kg bw/day, i.p.) of immuno-deprived mice bearing xenografts (10—13
xenografts/group) of human adenocarcinoma colonic tumor cell lines resulted in slowed growth in 2 of
the 3 cell lines [time of fluoxetine treatment was not specified and data were not clearly presented in
figures]. The SRI citalopram was also tested and found to have effects similar to those of fluoxetine.

Abdul et al. (71) examined the effects of fluoxetine on three human prostatic carcinoma cells lines
(PC-3, DU-145, and LNCaP). In vitro fluoxetine HCI treatment resulted in a dose-related inhibition of
cell proliferation in all three cell lines, with a cytostatic effect noted at 10 uM. Higher concentrations
were cytotoxic. Fluoxetine was also effective in blocking uptake of a radiolabeled serotonin analog in all
three cell lines. Similar effects on growth and serotonin uptake inhibition were noted with two other
antidepressants tested (zimelidine and 6-nitroquipazine), with fluoxetine reported to be the most potent
drug. In an in vivo study, 6 athymic nude mice bearing SCPC-3 xenografts were subcutaneously (sc)
injected with 40 pg/day fluoxetine for 6 weeks. Fluoxetine treatment significantly inhibited xenograft
growth compared to control animals.

Brandes et al. (69) conducted a series of studies to determine if clinically relevant doses of fluoxetine
(equivalent to ~20—80 mg/day in humans) or the TCA amitriptyline promote tumor growth or
development in rodents. The studies were conducted due to both drugs’ structural similarity to the anti-
estrogen binding site histamine receptor ligand N,N-diethyl-2-[(phenylmethyl)phenoxy]ethanamine HCL,
which stimulates tumor growth in in vivo studies. Fluoxetine treatment (40 mg/m®) accelerated the
formation of palpable tumors by about 30% in C3H mice (n=10/group) injected with C-3 fibrosarcoma
cells, with tumors first appearing at 3 versus 6 days following fibrosarcoma cell injection in the
fluoxetine- and saline-treated animals, respectively. An in vitro study demonstrated that accelerated
tumor formation was correlated with a fluoxetine-induced increase in DNA incorporation of *H-thymidine
in C-3 cells. Fluoxetine treatment (12 or 20 mg/m?) in C57BI mice (n=10/group) s.c. injected with
B16f10 melanoma cells resulted in larger tumors compared to saline-treated controls at day 17. No
difference in survival between the fluoxetine and saline groups was noted with intravenous (i.v.) injection
of melanoma cells. Fluoxetine treatment (11.5 or 28.5 mg/m?) reduced latency of mammary tumor
formation by 30-40% in Sprague-Dawley rats (n=7—8/group) treated with dimethylbenzanthracene; 15
weeks following DMBA treatment there were 5 tumors in 4 of 7 rats in the saline group, 12 tumors in 7 of
7 rats in the 11.5 mg/m” fluoxetine group, and 13 tumors in 8 of 8 rats in the 28.5 mg/m” fluoxetine group.
[For both mouse and rat studies, there were some discrepancies between fluoxetine doses presented
in the methods section vs. figures in the results section.] Similar promotion effects were noted with
amitriptyline.

A 2 year carcinogenicity study in C57BL/6 x C3H F; mice and Fischer rats was conducted by
Bendele et al. (72) according to Good Laboratory Practice (GLP). Sixty rats/sex/group received 0, 0.5,
2.0, or 10 mg/kg bw/day fluoxetine HCI and 60 mice/sex/group received 0, 1.0, 5.0, or 10 mg/kg bw/day
fluoxetine HCI through diet. The only detailed data presented were histopathologic findings of neoplasia,
because the purpose of the report was to communicate carcinogenicity findings. Increased mortality
related to CNS pharmacologic effects was observed in mice but greater than 50% survival was achieved
in all groups of animals. Decreased body weight gain related to reduced food intake was observed in rats
in the 10 mg/kg bw/day group. The only significant histopathologic finding related to treatment in rats
was reported to be multifocal pulmonary histiocytosis related to phospholipid accumulation in males and
females primarily from the 10 mg/kg bw/day group. In mice, the only treatment-related histologic effects
were reported as minimal-to-moderate hepatic fatty changes in females from the 5 and 10 mg/kg bw/day
groups and increased incidence and prominence of hepatocellular cytomegaly in males exposed to >5
mg/kg bw/day and females exposed to 10 mg/kg bw/day. [Non-neoplastic histology data were not
presented for rats or mice.] No increased incidence of neoplasms was noted in either rats or mice. A
significant dose-related decrease was observed for incidences of pituitary adenomas in male and female
rats, mammary adenomas, and fibroadenomas in female rats, hepatocellular carcinomas in male mice, and
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pituitary adenomas in female mice. The antineoplastic findings were not replicated in a second study
conducted with 60 mice per group.

The Panel notes the ongoing debate regarding the relevancy of the tumor promotion study by Brandes
et al. (69) and the carcinogenicity study by Bendele et al. (72). Based on findings of tumor promotion
following fluoxetine and amitriptyline treatment, Brandes et al. (69) stated that epidemiologic studies
should be conducted to determine the effects of antidepressants in cancer development and that tumor
promotion should be studied in addition to carcinogenicity in drug screening procedures. Bendele et al.
(72) stated that the lifetime rodent test allows for the evaluation of carcinogenic initiation as well as
promotion of spontaneously occurring neoplasms and remains the most appropriate model to assess a
chemical’s effects in humans.

[Reconciliation of opposing viewpoints about tumor promotion is beyond the scope of this exercise.
One important point to investigate for this exercise would be the expression of the gene for the anti-
estrogen binding site histamine receptor during development. If the gene is expressed during
development or postnatal maturation, adverse effects could potentially occur in some organs as a
result of fluoxetine exposure.]

2.6. Potentially sensitive subpopulations

2.6.1. Pharmacogenetics of fluoxetine metabolism

Fluoxetine and norfluoxetine undergo oxidation followed by conjugation. The steps involved in
oxidation and conjugation of these compounds and possible differences among populations in the
responsible enzymes have not been well-characterized. Rather, attention has been drawn to variations
within the population in CYP enzymes that catalyze N-demethylation of fluoxetine to norfluoxetine.
These enzymes may also play a role in further oxidation steps. The most important of these enzymes
appears to be CYP2D6, previously known as debrisoquine hydroxylase or sparteine hydroxylase,
discussed below. CYP2C19 also has been reported to be important in N-demethylation of fluoxetine to
norfluoxetine (73). Individuals with inactivating mutations for CPY2C19 were found to have higher
fluoxetine and lower norfluoxetine concentrations than individuals with the wild type enzyme. Inasmuch
as fluoxetine and norfluoxetine are both pharmacologically active, it is not clear whether CYP2C19
polymorphisms have implications for fluoxetine toxicity.

The gene for CYP2D6 is located on the long arm of human chromosome 22. Polymorphisms for
CYP2D6 are associated with at least 12 variants that alter enzyme activity (reviewed by DeVane (74)
Gaedigk et al. (75) and Bertilsson et al. (76)). People with the usual CYP2D6 activity are called
extensive metabolizers and people with lower levels of activity are called poor metabolizers. Poor
metabolizer phenotypes occur in 5-8% of whites and 2—-10% of blacks and Asians. There is considerable
variation within racial groups; for example, there is a higher incidence in African Americans (8.5%) than
in Zimbabweans (1.8%) of one of the inactive CYP2D6 alleles and up to 29% of Ethiopians carry
duplicated or multiduplicated CYP2D6 alleles. The consequences of poor metabolizer status on
fluoxetine and norfluoxetine kinetic parameters are shown in Table 5 (from Hamelin et al. (77)). Gene
duplication in CPY2D6 may also be associated with increased enzyme activity, perhaps accounting for
failure of fluoxetine to be effective at the usual doses in some patients.

Based on Table 5, poor metabolizer status would be expected to confer increased risk of dose-related
fluoxetine toxicity but decreased risk of norfluoxetine dose-related toxicity; however, norfluoxetine levels
may not be decreased in poor metabolizers on chronic fluoxetine therapy due to compensatory alternative
mechanisms of fluoxetine demethylation. There is a case report of a fluoxetine-exposed 9-year-old boy
with an inactive CYP2D6 genotype who died with symptoms suggesting fluoxetine intoxication (78).
[Although the child’s poor metabolizer status may have contributed to his death, he was also on an
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unusually high dose of fluoxetine (100 mg/day) and was taking other medications (clonidine,
methylphenidate, and promethazine).] The child had very high postmortem blood concentrations of
both fluoxetine and norfluoxetine (each 21,000 ng/mL, about 1,000 times the usual concentration found in
the blood of adults on therapy), demonstrating that norfluoxetine could be produced even in the absence
of functioning CYP2D6. Indeed, in vitro studies using human microsome preparations did not show
complete inhibition of fluoxetine N-demethylation when quinidine, a CYP2D6 inhibitor, was added to the
incubation (55).
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Table 5. Kinetic Parameters for Fluoxetine and Norfluoxetine after a Single 20 mg Fluoxetine Dose in Extensive (n=9) and Poor (n=10)
Metabolizers of Debrisoquine (Taken as a Measure of CYP2D6 Activity). From Hamelin et al. (77). Data are means = SD

Fluoxetine Norfluoxetine

Parameter Extensive Poor Extensive Poor

metabolizer metabolizer metabolizer metabolizer
Crnax (ng/L) 14+3 22 + 5% 11+3 5+ 1%
tmax (h) 6+2 7+1 44 + 32 79 £39*
AUC)_ (ug/L-h) 481 +245 1,871 =328* 1,579 +£396 736 + 148*
Elimination rate constant (h™") 0.03 +£0.01 0.009 + 0.002* - -
Half-life (h) 24 +7 76 £ 14* - -
Drug excreted in urine (ug) 225+ 89 719 £208%* 1,047 +£ 292 524 £ 173%*
Renal clearance (L/h) 0.7£0.4 0.5+£0.2 - -
Clearance of fluoxetine to norfluoxetine (L/h) - - 43=+19 04+0.1%

*P<0.05 compared to extensive metabolizer
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[Given all of the confounding variables in the clinical case presented by Sallee (78), it is not at all
clear whether the ability of the child to metabolize fluoxetine or norfluoxetine had any bearing on
the outcome. The child was receiving 100 mg fluoxetine/day (4 mg/kg bw/day) for approximately
10 months prior to his death. This dose would translate to a 280 mg daily dose for a 70 kg adult.
The authors of the case report considered the blood measures from samples collected at autopsy
questionable because the measured values may represent drug that fluxed from tissue back into the
blood prior to sample collection. The fluoxetine and norfluoxetine levels were approximately equal
(21,000 ng/mL). While it is clear from overdose cases that fluoxetine and norfluoxetine levels can
reach extremely high levels with minimal-to-no clinical consequence, the exposure of this child was
clearly in excess of other reported cases in children.]

Polymorphisms have been described in the serotonin transporter. These polymorphisms have thus far
been characterized as influencing the response of depression to SRI treatment rather than influencing
toxicity potential (79). However one recent preliminary study in 36 Caucasian adult subjects taking up to
60 mg fluoxetine suggests that a short allele in the serotonin transporter gene-linked polymorphic region
(SHTTLPR) may be associated with increased adverse effects from fluoxetine treatment (80). In the 9
subjects homozygous for the short SHTTLPR allele, 78% experienced onset or worsening of insomnia
and 67% developed agitation. In the 27 non-homozygous subjects, 22% experienced development or
worsening of insomnia and 7% became agitated. Study design limitations noted by study authors
included small sample size, no structured assessment of adverse effects, and an inability to distinguish
agitation from akathisia. The study authors noted that these preliminary findings need to be confirmed in
larger studies.

[According to the Panel, if the basis for defining a sensitive subpopulation is determined by the
pharmacologic activity of fluoxetine, then the difference between the “slow” and “extensive”
metabolism populations is expected to make little difference in sensitivity, because the primary
metabolite (norfluoxetine) is also active for inhibition of serotonin uptake. If the sensitive
population is defined by a toxicity characteristic that is separate from the pharmacologic activity,
then there may well be a difference between fluoxetine and norfluoxetine and the “slow” vs.
“extensive” metabolism argument could make a difference. However, the Panel found no evidence
of increased sensitivity due to a toxicity characteristic in the studies they reviewed. The Panel
found no studies describing toxicity differences between fluoxetine and norfluoxetine, although
there was one paper describing different interactions of norfluoxetine and fluoxetine with a specific
receptor (see Section 2.1). Given the extensive metabolism of fluoxetine to norfluoxetine (even in
the “slow” group for metabolism), toxicity studies in effect examine a combination of these two
chemicals. Overall, while the difference between “poor” and “extensive” metabolizers may account
for a differing ratio of these two chemicals in the blood, it appears to have little consequence as far
as the pharmacologic action or adverse clinical outcome.]

2.6.2. Sex

Women have a higher incidence of depression than do men, and there is evidence of differences
between men and women in pharmacokinetic parameters for some antidepressants (reviewed by
Frackiewicz et al. (§1)). Differences in fluoxetine toxicity by sex have not been characterized.

2.6.3. Children

Antidepressant medications, including SRIs, are used in children. Use of these agents has produced
concern based on the fact that neurotransmitter systems are developing in children (reviewed by Vitiello
and Jensen (82)). Theoretical concerns about SRI therapy in children were reviewed by Murphy et al.
(83). These authors believe that children may be particularly vulnerable to activation, hypomania, and
irritability as side effects of SRIs; however, the reports on which they base their concern were anecdotal
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and possibly a reflection of the use in children of the usual adult dose of fluoxetine rather than a reduced
dose. Possible adverse developmental effects of fluoxetine in children are discussed in Section 3.1.3.

[The Panel concluded that in terms of the pediatric population, the pharmacokinetic evidence
suggesting this group to be a sensitive subpopulation is easily understood based on weight
differences. The data available to determine sensitivity based on a pharmacodynamic difference
are not available.]

2.7 Summary of General Toxicology and Biologic Effects

2.7.1 Pharmacodynamics

Fluoxetine, a racemic mixture of R- and S-enantiomers, is a compound known as a serotonin reuptake
inhibitor. Serotonin is 5-hydroxytryptamine, a neurotransmitter that plays a role in regulation of mood,
sleep, sexual activity, motor activity, neuroendocrine function, cognition, and depression (2, 12, 33). Cell
bodies of serotonergic neurons are found primarily in the midline of the brainstem, but axonal projections
are widespread throughout the brain. Serotonergic neurons synthesize and release serotonin into the
synaptic cleft upon nerve impulse. Upon release, serotonin may activate one of several postsynaptic
serotonin receptor subtypes. The action of serotonin is terminated when it binds to the presynaptic
transporter for reuptake into the presynaptic nerve terminal and conversion to 5-hydroxyindoleacetic acid
(5-HIAA) by monoamine oxidase. The serotonin transporter is blocked by fluoxetine, norfluoxetine, as
well as other SRIs, leading to a 1.5- to 4-fold increase of serotonin in the synaptic cleft (2). SRIs also
block the serotonin transporter in blood platelets.

Although inhibition of serotonin uptake occurs within minutes-to-hours following treatment with
fluoxetine, antidepressant effects occur several weeks later. It is postulated that initial increases in
serotonin levels in raphe nuclei lead to overactivity of serotonin autoreceptors and attenuate serotonin
neuronal firing (2, 12, 35). Repeated dosing with fluoxetine is postulated to lead to a compensatory
down-regulation of serotonin receptors and restored neuronal firing that results in an augmentation of
serotonin release and neurotransmission within 14 days. Fluoxetine is also known to induce hippocampal
neurogenesis according to a timetable coincident with symptom reduction in animal models of depression
and anxiety (38).

Fluoxetine and its major metabolite, norfluoxetine, have high affinity for the serotonin transporter and
selectively bind to the transporter according to a saturable process requiring sodium (2). In contrast,
fluoxetine has low affinity for norepinephrine uptake sites and neurotransmitter receptors such as o-
adrenergic, ay-adrenergic, f-adrenergic, dopaminergic, muscarinic, histaminergic, H;, opiate, GABA, and
benzodiazepine receptors. Fluoxetine also has relatively low affinity for most serotonin receptors
including 5-HT s p, 5-HT2a, and 5-HT;. Although SRIs have low affinity for the norepinephrine
transporter, they reduce activity of dopamine hydrolase, which is involved norepinephrine synthesis (33).

2.7.2 Pharmacokinetics and Metabolism

2.7.2.1 General Pharmacokinetics and Metabolism

Fluoxetine is absorbed following oral intake in humans and maximum blood levels are reported to be
proportional to dose following intake of 20-80 mg (44). Single oral doses of 20 and 40 mg fluoxetine
were reported to result in peak plasma fluoxetine levels of ~9—11 ng/mL (43, 45) and 15-55 ng/mL (4),
respectively. Time to reach maximum plasma levels was reported at 6—8 hours for a 40 mg dose.
Maximum fluoxetine plasma levels were reported to be similar in young and elderly individuals (45).
Bioequivalent forms of fluoxetine are available as pulvules, tablets, oral solution, and weekly capsules,
although the coating on the weekly capsule delays onset of absorption by 1-2 hours (4). Food does not
affect systemic bioavailability but may delay absorption by 1-2 hours (4, 44).
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The volume of distribution for fluoxetine in humans was reported at 2042 L/kg (44). In humans,
fluoxetine is 94.5% bound, mostly to albumin and a,-glycoprotein (4). The mean brain-to-plasma ratio (+
SD) of fluoxetine + norfluoxetine was estimated at 10 + 6 in 4 subjects taking 10—40 mg/day fluoxetine
(47). One study estimated that the time to reach steady-state concentrations of fluoxetine is 8.5 weeks in
non-elderly subjects due to the long half-life of the drug (45); the half-life in elderly subjects was reported
to be 25% longer. AUC, 4 values in adults after a single 20 mg fluoxetine dose, after 6 weeks of
fluoxetine 20 mg/day, and after an additional 6 weeks of fluoxetine 40 mg/day were 134 + 83, 1,723 +
475, and 5,730 + 1,320 ngeh/mL, respectively (45). A 6-week administration of fluoxetine 20 mg/day to
adults aged 20-39 years resulted in a norfluoxetine AUC.4 value of 3,635 £+ 829 ngeh/mL, and after an
additional 6 weeks of fluoxetine at 40 mg/day, norfluoxetine AUCy.p4 was 7,177 + 1,542 ngeh/mL (45).

Plasma levels of fluoxetine and norfluoxetine were reported for adults and children following
repeated dosing; those values are summarized in Table 6. The Expert Panel noted that original data,
analytical methodology, and ranges of values were not available for information referenced from the
Prozac® product label (4) and obtained from the FDA Clinical Pharmacology and Biopharmaceutics
Review (46) discussing effects in children. As noted from Table 6, blood levels of fluoxetine and
norfluoxetine differ between pre-adolescents, adolescents, and adults. An FDA review (46) concluded
that the age-related differences in blood levels are due to body weight, but the CERHR Expert Panel
noted that there is considerable variation among individuals within the same age group and receiving the
same dose. Up to 50% of variance could not be explained by body weight alone and the reason for the
variance is unknown. Average steady-state fluoxetine concentration for the once-weekly regimen is
reported to be 50% lower compared to the daily regimen (4).

Table 6. Plasma Levels of Fluoxetine or Norfluoxetine in Humans Following Repeat Dosing

Subjects Dose and Plasma Plasma Reference
Treatment Fluoxetine Level Norfluoxetine
Duration (ng/mlL) Level (ng/mlL)

Children 20 mg/day for>4 144.8 +76.4 167.2 £59.6 FDA (46)

(ages 8-12) weeks

Adolescents 20 mg/day for >4 78.8 £49.4 113+41.4

(13-17) weeks

Adults (ages 20-39) 20 mg/day for 6 83.9+22.2 165 £ 38 Harvey and Preskorn
weeks (45)

Adults (ages 20-39) 20 mg for 6 276 £ 56 306 £71 Harvey and Preskorn
weeks, then 40 (45)
mg for 6 weeks

Adults 40 mg for 30 91-302 72-258 Lilly (4)
days

In experimental animals, fluoxetine is widely distributed with highest concentrations in lung and liver
(44). Steady-state volume of distribution in rats administered fluoxetine i.v. is about 16-20 L/kg (48). In
rats gavage-dosed with 5, 10, or 20 mg/kg fluoxetine, maximum plasma levels of fluoxetine were
estimated at 32, 64, and 128 ng/mL, respectively, and maximum plasma levels of norfluoxetine were
estimated at 120, 239, and 359 ng/mL, respectively (48). However, the Expert Panel noted that the
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estimates were somewhat uncertain due to unexplained normalization procedures used in the study. Half-
lives for fluoxetine and norfluoxetine were estimated at 7—13 hours and 14—16 hours, respectively.

In humans, fluoxetine is N-demethylated to norfluoxetine by CYP enzymes (44). CYP enzymes
involved in metabolism of fluoxetine in humans include CYP2D6, CYP2C9, CYP3A4, and CYP2C19,
(55). Both fluoxetine and norfluoxetine are glucuronidated in the liver (44). Another metabolite in
humans is hippuric acid, a glycine conjugate of benzoic acid (44). Further metabolic fate has not been
well-characterized in humans.

A study in rats demonstrated that plasma and brain levels of norfluoxetine varied exponentially
between doses of 2.5 and 20 mg/kg administered by i.p. injection, thus demonstrating saturable
metabolism (49).

In humans, about 80% of an administered fluoxetine dose is excreted in the urine and 15% in stool.
Urine excretory products consist of 11% fluoxetine, 7% fluoxetine glucuronide, 7% norfluoxetine, 8%
norfluoxetine glucuronide, and 20% hippuric acid (44). Half-lives for fluoxetine and norfluoxetine were
reported at 1-6 days and 4-16 days, respectively (4, 44, 45). Hepatic failure but not renal impairment is
expected to increase the half-life of fluoxetine (44). Accumulation of fluoxetine is expected to occur with
chronic dosing, and active compound is described in the product label as present for “weeks” after
termination of therapy. The Panel noted that a woman on chronic therapy would have to discontinue
fluoxetine therapy 2—3 months (5—6 half-lives) before becoming pregnant in order to avoid exposure to
drug or metabolite during pregnancy.

2.7.2.2 Pharmacokinetics in pregnant humans or experimental animals

A limited amount of information is available on the distribution of fluoxetine in pregnant humans and
rats. In pregnant women (36—37 weeks gestation) taking 20-40 mg/day fluoxetine, trough plasma levels
of fluoxetine and norfluoxetine were measured at 47 = 33 ng/mL and 109 + 22 ng/mL, respectively (19).
Study authors noted that plasma fluoxetine levels in pregnant women were considerably lower than
typical levels observed in individuals who are not pregnant. However, the Expert Panel noted that a
direct comparison to other studies is complicated by the variability of doses and duration of treatment in
pregnant women. Two weeks into the postpartum period, blood levels of fluoxetine were increased (105
+ 51 ng/mL). It was postulated that decreased fluoxetine-plasma level during pregnancy could be due to
increased liver blood flow and volume of distribution, and decreased protein binding. Measurement of
fluoxetine and norfluoxetine levels in cord blood and breast milk demonstrated that the drug and
metabolite are transferred across the placenta and into breast milk. Numerous other studies have
demonstrated the presence of fluoxetine in cord blood or newborn infants (75-18) and in milk (22, 25-28).
Detailed discussions of fluoxetine and norfluoxetine levels in infants and milk are included in Sections
1.2.3.2 and 1.2.3.3.

Placental transfer of fluoxetine and norfluoxetine was demonstrated in rats on GD 12 (during
organogenesis) and GD 18 (post-organogenesis) following dosing of dams with 12.5 mg/kg radiolabeled
fluoxetine (50). The study demonstrated that 63—80% of the radiolabel in embryo or fetus was in the
form of fluoxetine/norfluoxetine, that the time course of radiolabel in the fetus is similar to that in
maternal plasma, and that fetal thymus and brain contained the highest amount of radiolabel. Detection of
most radiolabel as fluoxetine/norfluoxetine in the fetus suggests that humans and rat fetuses are exposed
to similar chemical moieties and eliminates some of the uncertainty regarding metabolic differences
between species.

Placental transfer of the enantiomers of fluoxetine and norfluoxetine have been investigated in sheep

(52). The R- and S-enantiomers of fluoxetine and norfluoxetine were administered to the maternal or
fetal venous circulation between GD 124 and 137 (gestation length = 145 days). The AUC of the S
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isomer of fluoxetine was significantly higher and the volume of distribution and clearance significantly
lower in both the maternal and fetal compartments when compared to the R isomer of fluoxetine. This
difference was probably related to differences in binding to plasma proteins between the R- and S-
enantiomers of fluoxetine demonstrated in this experiment. Elimination half-lives in the maternal and
fetal compartments were similar with the R and S isomers of fluoxetine. Norfluoxetine did not
demonstrate stereoselective differences in kinetics. Placental transfer was rapid for both enantiomers of
fluoxetine and norfluoxetine and was the primary means (90%) of elimination of the drugs from the fetal
circulation. Based on both in vivo and in vitro experiments, it was apparent that the fetal compartment in
sheep was unable to metabolize fluoxetine to norfluoxetine, and in in vivo experiments, no conjugation of
either fluoxetine or norfluoxetine was observed.

2.7.3 General Toxicology and Biologic Effects

2.7.3.1 Human Data

Non-reproductive side effects associated with fluoxetine use by adults are summarized in this section.
Side effects in children are summarized in Section 3.1.3 and reproductive side effects are summarized in
Section 4.1.

Fluoxetine side effects are perceived to be milder than those of TCAs and MAOIs. The most
common side effects in order of higher to lower prevalence include nausea, anxiety/insomnia, diarrhea,
anorexia, dyspepsia, rash, and pruritus (5). Fluoxetine can produce variable effects on body weight, but
appetite suppression and weight loss are most commonly reported (56). Several case reports of abnormal
bleeding in patients treated with fluoxetine suggested that fluoxetine may decreased platelet aggregation
in response to serotonin reuptake inhibition (57). In one case report, a man taking 20 mg/day fluoxetine
experienced abnormal platelet aggregation that resolved following discontinuation of therapy (58), but
there was no evidence of altered platelet function in one study of 7 patients taking 20 mg/day fluoxetine
for 2 or 4 weeks (57).

Psychiatric side effects reported with fluoxetine use include nervousness, irritability, aggression,
insomnia, lethargy, apathy, and akathisia (inability to stand or sit still) (56). A low incidence of mania
(about 1%) has also been reported with fluoxetine use (56). There are several case reports of suicides
committed by patients on fluoxetine, but according to a review by Stokes and Holtz (72), controlled
studies 