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Sex Differences in Drug Development

Abstract: The premise of individualized or personal-
ized medicine is that the intervention is tailored to
the individual. Individualized therapy will accommo-
date differences in body size, differences in metabo-
lism and elimination, as well as differences in re-
sponse. One appropriate starting point for individual-
ized therapy is to focus on sex differences. Men and
women differ in critical molecular, genetic, cellular,
and physiological aspects. One important conse-
quence of these differences is how sex influences
drug disposition and impact. While, historically,
women were excluded from most clinical studies,
more recently there have been attempts to include
them as subjects in all aspects of drug development.
Additionally, more attention is being directed to sex-
appropriate diagnosis and treatment of disease as a
component of individualized medicine. Despite this

A. C. Mattison Faye, D. R. Mattison

increased attention to sex differences, there remain
substantial gaps in our understanding of sex differ-
ences in drug development, the focus of this review.
This review was adapted from a talk presented at
the Second International Congress of Gender Medi-
cine in Vienna in 2007.

Kurzfassung: Die Voraussetzung fiir individualisierte
oder personalisierte Medizin ist der Zuschnitt der Be-
handlung auf das Individuum. Individualisierte Thera-
pie beriicksichtigt Unterschiede bei KérpergroRRe, Me-
tabolismus und Medikamentenausscheidung sowie
unterschiedliches Ansprechen. Ein geeigneter Ansatz-
punkt fir individualisierte Therapie ist der Fokus auf
Geschlechtsunterschiede. Méanner und Frauen unter-
scheiden sich kritisch in molekularer, genetischer, zel-
luldrer und physiologischer Sicht. Eine wichtige Konse-

quenz dieser Unterschiede ist, wie das Geschlecht die
Anwendung von Medikamenten und deren Wirkung
beeinflusst. In der Vergangenheit waren Frauen von
den meisten klinischen Studien ausgeschlossen, in den
vergangenen Jahren wurden Versuche unternommen,
sie in Medikamentenentwicklungsstudien einzuschlie-
Ben. Zusatzlich wird mehr Aufmerksamkeit auf ge-
schlechtsangepasste Diagnose und Behandlung als
Teil der individualisierten Medizin gelegt. Trotz der stei-
genden Beachtung von Geschlechtsunterschieden blei-
ben weitreichende Diskrepanzen in unserem Verstan-
dnis von Geschlechtsunterschieden in der Entwick-
lung neuer Medikamente, worauf diese Ubersicht ein-
gehen wird. Diese Ubersichtsarbeit ist die Fortfiihrung
einer Prasentation am Second International Congress
of Gender Medicine, der im Juni 2007 in Wien statt-
fand. Blickpunkt DER MANN 2008; 6 (1): 21-5.

H Introduction

Determining sex differences in efficacy and safety of drugs is
fundamental for developing appropriate individualized strate-
gies [1-3]. Due to differences in pharmacokinetic (pk) and
pharmacodynamic (pd) responses between men and women it
is important to understand the principles of clinical pharma-
cology as they apply to the disease, drug, and sex of the patient
[4]. In this review, sex is defined as the classification of living
organisms as male or female based on reproductive organs and
chromosomal compliment [5]. Gender refers to a person’s self
representation as male or female [5]. Sex differences are bio-
logically based, with gender differences social and culturally
centered [5]. In 1932, sex differences in pharmacology were
first noted in animal studies [6—9]. Female rats required half
the dose of barbiturates, compared to males, to induce sleep,
and the duration of sleep was substantially longer in females
given the same dose as males. Since that time, pharmacologi-
cal and toxicological differences have been observed in many
animal models, including rat, mouse, rhesus, beagle, cat, rab-
bit, hamster, goat, cattle, trout, and humans [2, 6, 10-12].

Before 1993, women of childbearing potential were intention-
ally excluded from phase-I and phase-II clinical trials by the
United States Food and Drug Administration (FDA). The con-
cerns leading to their exclusion focused on two factors: hor-
monal variations across the ovarian cycle which might alter pk
or pd and the potential for pregnancy which might produce
concerns about placental or fetal safety [13]. In 1988, the FDA
published a guideline calling for the analysis of data to iden-

From the Obstetric and Pediatric Pharmacology Branch, Center for Research for
Mothers and Children, National Institute of Child Health & Human Development,
National Institutes of Health, US Department of Health & Human Services

Correspondence: Donald R Mattison, MD, Obstetric and Pediatric Pharmacology
Branch, Center for Research for Mothers and Children, National Institute of Child
Health & Human Development, National Institutes of Health, 6100 Executive Blvd,
Rm 4A01, Bethesda, MD 20892, USA; E-Mail: mattisod@mail.nih.gov

tify variation in response to drugs, including sex-based differ-
ences among different populations. Subsequently, in 1992, the
General Accounting Office (GAO) analyzed sex, race, and age
distribution of subjects in all new drug applications approved
from 1988 through 1991. Females were found to be present
but substantially under-represented in most of the clinical tri-
als. The pharmaceutical companies were asked if they were
ever advised by the FDA to include women in their trials and
over half reported that the FDA had not requested information
on dosing, safety or efficacy based on sex. The GAO high-
lighted the fact that even though the number one cause of
death for women is cardiovascular disease, they were poorly
represented in drug studies looking specifically at that end-
point [14].

In 1993, the FDA revised the 1977 guidelines and suggested
that drugs be studied in a full range of patients likely to receive
the drug [15]. It also provided that pharmacokinetics ought to
be evaluated and described by sex. The Clinical Hold Rule
was introduced in the 1993 guidelines, allowing the FDA to
put a hold on enrollment or stop clinical trials in cases of ex-
cess adverse risk to either males or females or in trials where
males or females were specifically excluded because of pre-
sumed risk to reproductive potential.

In 2001, the GAO (now called the Government Accountability
Office) evaluated 10 drugs removed from the US market be-
ginning in January 1997 through December 2000. They found
that females experienced more adverse reactions to these
drugs than did males. Eight of the drugs evaluated had evi-
dence of greater health risks in females; the risks were identi-
fied from post-marketing data. Of these, three were intro-
duced before 1993 and five after 1993, when the revised
guidelines encouraging the inclusion of women in clinical stud-
ies were released. Two of the remaining drugs had no evidence
of greater health risks in females using the post-marketing data.
These two drugs were both introduced after 1993 [16].
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Sex Differences in Drug Development

B Drug Development

The process of drug development is both lengthy and costly
(Fig. 1). According to a study published in 2006 the cost to
bring a new drug, one with a new chemical entity (NCE), to
the market ranged from 500 million to 2 billion US dollars
[17]. Consequently, much of the focus of new drug develop-
ment is on chronic or serious diseases with large populations
of potential users (e. g. coronary artery disease, hypertension,
diabetes or hyperlipidemias). Many companies feel govern-
ment-required tests (e. g. including women in clinical studies)
are barriers to expanded research and development. Although
the revised FDA guidelines have provided for the inclusion of
women in clinical trials there is still often little review of the
data for potential sex differences in dosing, efficacy or adverse
drug risks [1, 18-21].

In 2000, a review of data on acute coronary disease found that
the number of women included in clinical trials only increased
from 20 % to 25 % [19, 22]. Unfortunately, this problem is
also compounded by the fact that the participants are often not
an accurate representation of the intended population [23].
Additionally, in these studies the drug is also administered for
a shorter period of time than its projected use. In an analysis of
data submitted to the Center for Drug Evaluation and Research
(CDER), the FDA found that 28 % of data sets documented a
significant difference between the sexes and that the potential
for the disparity in drug exposure could be greater than 50 %
[24]. In a response by the FDA to the GAO on review of the
draft “Drug Safety: Most Drugs Withdrawn in Recent Years
Had Greater Health Risks for Women”, the agency did how-
ever agree that it was crucial that drugs with an increased risk
in women be identified as early as possible in the process of
drug development [16].

In Figure 1, timelines and estimated costs (direct and opportu-
nity costs) on the part of pharmaceutical companies across the
course of drug development are illustrated [17]. Note in phase
one of a clinical trial the toxicity and dosing (pharmacokinet-
ics) are evaluated in a small number of individuals (typically
less than 100). Phase two tests the efficacy and safety of the
drug in small trials of individuals with the disease of concern
(typically several hundred individuals). Phase three evaluates
in substantially greater detail the efficacy and adverse effects
in a much larger population, often 1000s of individuals [14].
The consideration of sex differences in pk and pd must begin
at the earliest stage of this process and be continued through-
out all of the subsequent preclinical and clinical studies.

B Sex Differences

Genetic and physiological differences between men and
women can influence how the body handles the drug as well as
the drug response by the body — both pk and pd [2, 3, 5, 20].
For example, many genes on the Y chromosome, which are
expressed only in males, have no counterpart on the X chro-
mosome. The Y chromosome has genes involved in basic cel-
lular function and some genes on the X chromosome are ex-
pressed at higher levels in females. Gene expression and regu-
lation are likely to be influenced by hormonal differences be-
tween males and females. Genomic imprinting, body size, or-
gan size, body fat, absorption, distribution, metabolism, and
elimination can also affect pharmacological outcome. Other
factors such as gastrointestinal transit time, liver enzyme
function and urinary creatinine clearance are influenced by
both age and sex [9, 25-27].

Clinical factors to consider that of sex differences include the
observation that in many developed countries women take more
medications, creating the potential for adverse effects based
on drug interactions, they appear more sensitive to adverse
events [21, 28, 29], and may be overdosed more frequently
[21, 30].

Across the trajectory of a woman’s life it is necessary to con-
sider the stages of ovarian function to appreciate the potential
for drug, sex, and age interactions as they influence our think-
ing about rational drug development. Use of oral contracep-
tives and hormonal changes which occur throughout the men-
strual cycle influence pharmacological results. Necessary
considerations during pregnancy are alterations in body com-
position, cardiac output, pulmonary and renal function as well
as changes in immune and gastrointestinal systems. In meno-
pause, the ovaries, uterus, urinary tract, hypothalamus, cardio-
vascular systems, and liver are some of the tissues, organs or
systems which are altered by the loss of estrogens, androgens,
and progestagens. These hormonal changes are also associ-
ated with the expression of different diseases after menopause

[5].

B Pharmacokinetics

Pharmacokinetics (what the drug does to the body) encom-
passes absorption, distribution, metabolism, and the elimina-
tion of drugs and their metabolites from the body (Tab. 1),
each of these are influenced by sex [30]. Another way to con-

DRUG DEVELOPMENT

Basic Clinical

Figure 1. Steps in drug de-
velopment. The processes,
costs, and time needed for
drug development is long and
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Sex Differences in Drug Development

sider sex differences in pharmacokinetics is to characterize
sex differences in the volume of distribution, clearance, and
half-life of a drug [26]. Absorption is the process a drug takes
to reach the blood from the route of administration (e. g. gut,
skin, intramuscular injection). The gastrointestinal tract has
many sites at which absorption occurs. Factors that affect ab-
sorption include pH along the GI system, gut transit times,
ionization, molecular weight, and lipid solubility of the drug.
Distribution is how the drug is dispersed from the absorption
sites throughout the body. This process of distribution can
have varying response due to sex differences such as body
composition, body mass, blood volume, and protein binding.
Metabolism and elimination are the two processes that eventu-
ally stop the action of the drug in the body. Metabolic proc-
esses are divided into phase-I and phase-II reactions. Phase-I
enzymes involve oxidation and phase-II enzymes conjuga-
tion. Although a drug can be metabolized in most organs and

tissues, it is primarily done in the liver.

Table 1. Sex differences in pharmacokinetic parameters: bio-
availability, distribution volume, protein binding.

Pharmacokinetic = Physiological Sex Difference
Parameter Parameter
Bioavailability Gastrointestinal Increased in women, even more

by oral route

emptying time

prolonged during pregnancy

Drug transporters
such as P-glyco-
protein (P-gp)

Sex differences are substrate-
(drug-) specific

FDA bioequi-
valence studies

In 39 % of the data evaluated,
there was more than 20 %
difference in either area under
the concentration-time curve
or maximum concentration

Body weight

Male body weight

greater than female,

FDA bioequivalence
studies

Drug dosing without considera-
tion of body weight produces
20-88 % higher area under the
concentration time curve in
women

Gut enzymes

Alcohol dehydro-
genase activity
lower in females

Increased alcohol bioavailability
in women

Hepatic enzymes

CYP3A4 and Sex differences are substrate-

CYP3A5 and ethnicity-specific but
generally F > M

CYP1A2 M > F

CYP2B6 F>M

CYP2C9 and 2C19 2C9M =F 2C19M =F

CYP2D6 M=F

CYP2E1 M=F

Distribution
volume

Watersoluble
drugs

Volume of distribution is
larger in men

Lipophilic drugs

Volume of distribution is
larger in women

Protein binding

Albumen

No sex differences

Alpha 1 acid
glycoprotein

Increased in men

Renal clearance

Glomerular filtration
is lower in women
than men

Renal clearance is lower in
women than men

B Pharmacodynamics

Pharmacodynamics is how and in what form a drug impacts
the biological processes within the body. How the body re-
sponds can be described in one of two categories; graded or
continuous and quantal or dichotomous. Examples of a graded
response include blood pressure or heart rate; quantal re-
sponses include death or cancer. Targets for drugs and meta-
bolites within the body include enzymes, receptors, ion chan-
nels, and transporters [18, 31].

Given the pharmacokinetic and pharmacodynamic differences
between men and women, and the fact that essentially all
drugs were developed in men, gaps in knowledge about dos-
ing, safety, and efficacy leave clinicians estimating the appro-
priate use of a drug in women. This also leads to a higher pos-
sibility of an adverse drug reaction in women (Tab. 2). Several
studies have shown that women are at risk for adverse events
and have as high as a 1.5-1.7fold greater risk for having a re-
action [25, 32]. A few of the adverse events noted with women
are rashes, hepatitis, liver failure, QT prolongation, and
torsade de pointes.

B Research Needed to Improve Drug
Development for Women

The under-representation of women in all phases of clinical
trials has been noted with concern as early as 1981 [19]. A
review of inclusion of women in clinical trials published in
2001 noted that the proportion of studies including both men
and women had increased from 50 % (during the period 1969—
1991) to 65 % in 2002, unfortunately it appears that the more
recent literature is less likely to include a gender-specific
analysis [19]. Our review of the literature available in
PubMed, Scopus, and Medline demonstrates an increased
awareness and a greater need to define how and why sex influ-
ences disease processes and appropriate therapeutic ap-
proaches, including pk and pd. Interestingly, it was often
noted that the number of female participants included in these
studies was not described, suggesting that personalized medi-
cine, at least for women, remains an elusive goal [1, 19, 23,
33].

Table 2. Sex differences in adverse events

Possible Clinical
Factors

Pharmacological
Factors

Physiological and
Molecular Factors

Women are Pharmacokinetics Volume of distribution smaller
overdosed for watersoluble drugs
Free fraction of drug larger
Clearance slower
Women take Drug interactions Alteration in pharmacokinetics

more medications

Women are more
sensitive

Pharmacodynamics

Alteration in receptor number

Alteration in receptor binding

Alterations in signal trans-
duction pathways following
receptor binding

Modified from [18,

25, 30]

Modified from [30]
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Table 3. Examples of sex differences in drug responses

Condition Being Treated: Drugs

How Women Differ From Men

HIV: NNRTI, PI, nRTls

Greater risk of adverse events:
rash, hepatitis, lactic acidosis

Anesthesia:

© vecuronium, pancuronium
© rocuronium

 propofol

° morphine

— Increased sensitivity

— Decreased effect

— More sensitive to both analgesic
effect and respiratory suppression

Antiepileptic drugs

Twice as likely to develop rash

include animals of both sexes. First, human studies also should
include both males and females in sufficient numbers to be
able to define human disposition and response. Only when sex
is considered from the initiation of the drug development
process, the goal of the practitioner of providing individual-
ized therapy is approachable. “The big picture is that we be-
lieve that there’s a major benefit to medicine and society by
understanding the natural differences between men and
women, it’s not just being politically correct; it’s good busi-
ness, good health, and good science [11].”

Antipsychotics:
e olanzapine, clozapine
e chlorpromazine, pimozide

— Increased plasma concentrations
— Greater risk for QT prolongation or
torsade de pointes

Aspirin — Higher plasma concentrations and
lower clearance than men

Cefotaxime — Clearance is slower

Gemcitabine — Clearance is slower

Heparin — Clearance is slower

Methylprednisolone — Higher clearance and shorter half-life

An analysis of coronary heart disease research during the pe-
riod 1985-2001 by the Agency for Healthcare Research and
Quality noted that most studies excluded women [1]. Simi-
larly, a recent Cochrane analysis found that of the 117 articles
on HIV only 8 touched upon sex of the participant in the
analysis [1]. As the number of women with AIDS and HIV
continues to grow and surpass that of males in some countries,
it is especially important to increase research and awareness
of sex-associated drug response. In HIV treatments, sex dif-
ferences have been noted (Tab. 3) with nevirapine (NNRTI),
protease inhibitors (PI), and antiretroviral nucleoside reverse
transcriptase inhibitors (nRTIs). Among women, nevirapine
has an increased risk of cutaneous adverse reaction and hepa-
titis. The use of PIs in women has found a greater risk of
gastrointestinal upset and an increase in metabolic disorders.
The use of nRTIs is known to have an adverse reaction of lac-
tic acidosis in women [34].

Anesthetic drug research has found that volume of distribu-
tion, clearance, receptor sensitivity, and elimination of half-
life vary among men and women especially in the use of
propofol, opioids, and muscle relaxants [33]. Pleym et al [33]
found that women are 20-30 % more sensitive to vecuronium,
pancuronium, and rocuronium.

Table 3 summarizes some of the known sex differences in drug
response. Even if a drug has no overt causative reaction such as
QT prolongation or rash it is imperative to understand how the
body, male or female, processes and responds to a drug.

B Conclusions

In recognizing how crucially sex-specific analysis of drugs
can assist in therapeutic treatments, it is essential that poten-
tial sex differences be included in the drug development proc-
ess from the very beginning. Preclinical studies should con-
sider sex differences in expression and function of target
receptors, both for efficacy and safety. Studies conducted in
animals to understand disposition and response should always

24 Blickpunkt DER MANN 2008; 6 (1)

B Practical Relevance

— Determining sex differences in dosing, efficacy, and
safety is an essential first step in personalizing treat-

ment.

— Sex differences are biologically based, arising from
genetic, physiologic, and metabolic differences be-
tween men and women.

— Drug development, a long and costly process, must
evaluate the potential for sex differences in every step.

— While not all drugs exhibit sex differences in pharma-
cokinetics or pharmacodynamics, examples of signifi-
cant differences between men and women suggest that
clinicians must always consider that possibility.

"Raymond Woosley, vice president of the Arizona Health Sciences Center in Tucson

as quoted in [35].
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