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Module 3, Video 14: How preclinical research contributes to clinical research and
development: the need for improved inclusion of sex as a biological variable by academic
researchers

Preclinical researchers are often asked to put their research into the context of improving
patient care. But sometimes the role of preclinical research in the drug development pipeline is
not well understood by academic researchers. This becomes even more complicated when we
consider how sex factors into this process. In this video, we will introduce the drug
development process and provide recommendations for how and when sex as a biological
variable should be considered in drug development.

It is widely acknowledged that there is a scientific and ethical imperative to include women in
biomedical research. Female inclusion has been sparked by a paradigm shift in how we develop
new thereapeutics. The old notion of one patient one treatment is no longer realistic. New
therapeutics must be designed for a heterogenous patient population, accounting for the
patient’s unique characteristics, including their age, sex, race and pharmacogenomics. This
paradigm shift has further highlighted the need for more inclusive study populations across the
research spectrum [1].

At birth, the number of males and females is roughly equal. But as the population ages, the sex
ratio skews further and further towards women. As a result, women are more likely to
experience chronic health conditions that emerge later in life and make up a majority of the
pharmaceutical consumer market [2].

Yet, the large majority of clinical treatments given to women are largely based on historical
evidence derived from clinical studies predominantly conducted in men. As the field of sex
differences research has grown and provided documented sex differences in metabolism, body
fat distribution, and physiological mechanisms, industry-based research and development has
made significant advances to improve the consideration of sex as a biological variable. But
analyses of the inclusion of females in randomized controlled trials show that females are still
not included at the same rates as males [3, 4], with some fields making better strides than
others. Additionally, women are often excluded from clinical trials during many critical points in
their lifespan, such as when pregnant, or included only if taking contraceptive medication,
raising important questions about whether women’s inclusion in clinical trials is representative
of the true female population.
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The drug development process is long and expensive. Depending on the therapeutic area, the
time to take a new drug target through to FDA approval may take between 9 to 15 years [5-7].
The average estimated cost of this process is 1 to 2.6 billion dollars [8, 9]. And there is a high
attrition rate: only one compound in 5 to 10 thousand gains FDA approval [7]. While there are
many reasons why drugs fail to reach the market, one of the most prominent is the quality of
the preclinical research that the therapeutic is based on [10]. This includes the robustness and
level of validation of the experimental findings as well as the predictive power of the animal
model. In the context of sex as a biological variable, the limited inclusion and reporting of sex-
specific effects in preclinical research, as well as the lack of validated animal models for
diseases with known mechanistic or phenotypic differences in men and women, further limits
investments by the pharmaceutical industry into sex-specific treatments. Thus, there is a need
to reexamine HOW and WHEN to best integrate sex into drug development to improve
treatment efficacy for both men and women and avoid the dangers of a sex mismatch between
preclinical research and clinical trials.

In general, drug development involves a process by which pharmaceutical professionals rely on
in vitro and animal research conducted by academic scientists to identify potential drug leads,
such as a target pathway, enzyme, protein, receptor or gene. Pharmaceutical professionals also
rely on preclinical research for animal model development AND validation. Ideally, this involves
full characterization of the animal model, including the key outcome measures, and
demonstrating that the results are highly replicable.

So, how and when should academic scientists include sex as a biological variable to best inform
the clinical research and development process? Many of these steps have been covered in
more detail throughout this video series. But to reiterate: In in vitro research, the earliest stage
of drug development, the genetic sex of the cultured cells and cell lines should be noted and
reported. Experiments should be conducted using both male and female cells whenever
possible to identify sex differences at the earliest stage of drug development and potentially
identify mechanistic insights. How the cells were maintained is also important to note, including
the number of passages and the specific growth conditions. Both of these factors may lead to
significant phenotypic differences in drug response. While limited in its translation to humans,
it is also recommended that a single gonadal hormone, such as estrogen or testosterone, be
added to cell cultures to examine the effect of the hormone on the outcome of interest.

As findings are moved to animals, the importance of addressing sex in preclinical findings to

human therapeutics increases. The ARRIVE 2.0 Guidelines describe the minimum reporting
requirements for animal research [12], and include transparently reporting the sex [and age] of
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the animals. As already outlined throughout this video series, few reasons justify the exclusion
of females from drug discovery research and the results should be properly analyzed by sex.
Many diseases fluctuate in incidence, severity and symptomatology across the lifespan,
especially in women. Therefore, it is also important to consider incorporating diverse animal
cohorts into drug development experiments, such as animals of different ages or reproductive
statuses. When a significant sex effect on your outcome measure of interest does exist,
consider properly persuing the mechanism of that sex effect, as outlined in Video 13. Finally, as
outlined in Video 7, a variety of other environmental factors related to housing and testing also
influence differential effects by sex and should be clearly documented and accounted for
statistically.

Some of the most important stages of the drug development process occur outside of the
pharmaceutical industry, long before any compound is even considered for a clinical trial. The
inclusion of both sexes is also critical as early as possible. Biomedical researchers in academia
can assist in the development of potential therapeutics by making sure that they not only
consider the effects of sex in their research program, but also accurately and completely report
sex-based results. This will help improve translation and guide further therapeutic development
by pharmaceutical scientists.
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