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A nurse at a health centre in Cape Coast, Ghana, talks to women about family planning.
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Reboot contraceptives research —it has
been stuck for decades

Sarah G. Chamberlain, Kirsten M. Vogelsong, Michelle Weinberger, Emily Serazin, Sarah Cairns-Smith & Stephen E. Gerrard

Thereis a huge global
market, and exciting tools
areready to help develop
what women want.

orldwide, almost half of women
who are of reproductive age
use contraception®. Another
171 million women — around 1in
11aged between15and 49 —donot
use it, yet want to avoid pregnancy’. Several
factors contribute to this unmet need. New,
effective and more-desirable contraceptive
optionsare urgently needed. Family planning

is a key aspect to meeting United Nations
Sustainable Development Goals 3 and 5.
Many women and men are highly dissatis-
fied with the contraceptives available?. Male
condoms fail too often — in the first year of
condom use, about 13% of women become
pregnant® — and women must rely on men.
Implants and intra-uterine devices (IUDs)
require medical procedures and can be inva-
sive; pills have to be taken every day. Hormo-
nal methods and non-hormonal IUDs can have
side effects, includingirregular or unpredict-
able menstrual bleeding, headaches, acne and
weight gain, as well as depression and other
mood changes®. For many women worldwide,
contraception has been difficult to obtain or
afford, even before the COVID-19 pandemic.
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All of this has serious consequences.
Around 40% of pregnancies globally are
unintended, and about half of those end in
induced abortion®. A high proportion of
unintended pregnancies occur even where
contraception is relatively accessible and
cultural stigma against it is generally low,
for example in North America (48%) and
Europe (43%)°. Those pregnancies can happen
because women aren’t using contraception,
because their method failed or because it was
used incorrectly. Nearly 25% of unintended
pregnanciesinlow-and middle-income coun-
tries (LMICs) occurinwomen who were using
modern forms of contraception®, and globally
it’san even higher share (see ‘Needs gap’).

Unintended pregnancies can have
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lasting effects onwomen, children, families and
society. The direct health-care costs in LMICs
amounted to US$10 billion® in 2019 alone; the
indirect, longer-term economic costs could
be 40 times that’. Estimates suggest that US
unplanned births resulted in $21 billion in
publicly funded medical costs in 2010 (ref. 8).
Progressincontraceptives researchand devel-
opment (R&D) hasbeenslowinrecent decades.
Pharmaceutical companies typically spend
around 20% of their sales revenue on R&D for
new products’. For contraception, that figureis
just2%. We estimate that most of this spending
hasfocused onincrementalimprovements to
classes of hormonal contraceptive compound
that have been in use for decades.

Encouragingly, there are now more oppor-
tunities than ever forinnovation. Many scien-
tific advances of the past decade can now be
applied to developing non-hormonal drugs
that target the egg, sperm or processes along
the journey to conception. Such products
could have fewer and less-severe side effects
than current ones. And alongside daily
oral pills, to meet the needs of women who
want contraception for different lengths of
time, various non-hormonal products with
months or years of action could be delivered
—throughinjections, implants, IlUDs and other
user-responsive systems thatare currentlyin
development.

At the same time, the COVID-19 pandemic
is changing health-care services, possibly
forever.Many of today’s contraceptives, such
as implants and IUDs, require an in-person
appointment’®. New methods could be deliv-
ered remotely, directly to users.

A coalition of innovators, researchers, bio-
pharmaceutical firms, donors and investors
needsto come together now to produce better
contraception for women. Many of the steps
needed might catalyse innovationin male con-
traception, too.

Lack of satisfaction

The contraceptives available do not fully meet
many women'’s changing needs and prefer-
ences through their reproductive lives. Among
womenin LMICs who do not wantto get preg-
nantbutare notusing modern contraceptives,
morethan one-quarter cite side effectsas the
mainreason®™. And the same types of side effect
accompany many different products. Globally,
about one-third of women discontinue their
hormonal method of contraceptionin the first
year of use, many citing side effects or health
concerns as the main reason®.

Large-scale, detailed data are extremely
sparse, especially from women who continue
to use a method of contraception despite
being dissatisfied with it. More than 100,000
women fromnearly 200 countries completed
asurvey on contraceptive preferences within
1 month of its opening. (The survey was
released through the reproductive-healthapp
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Clue and online at http://shapefuturect.org;
it was developed by Avenir Health, where
M.W. works, and funded by the Bill & Melinda
Gates Foundationin Seattle, Washington, with
S.E.G. as program officer). Early analysis sug-
gests that arange of side effects would lead
respondents to stop using a method, espe-
cially changes tomood, physical changes such
asacne, weight gains of 2-4.5 kilograms, loss
of hair and lowered sex drive. These findings
echoothers (go.nature.com/35hgqsm).A 2018
review showed that changes to heaviness or
frequency of menstrual bleeding have allbeen
associated with reported dissatisfaction with
contraceptives'.

All of this probably helps to explain the
enthusiastic responses to product launches
over the past decade. For example, the Mirena
family of products, a hormone-releasing
intra-uterine system made by Bayer in Lever-
kusen, Germany, has maintained blockbuster
sales of more than $1billion for each of the past
5years. An oral contraceptive introduced in
2011, Lo Loestrin, which offers the lowest
amount of daily oestrogen available (with the
potential for fewer side effects than for those
of related products), captured a significant
share of the market® and net revenues have
seen double-digit growth over time. In 2018,
anapp called Natural Cycles was approved as a
contraceptive, andrelies onbody temperature
to inform users when they are fertile. Earlier
this year, Evofem launched Phexxi — a first-
in-class vaginal pH modulator that works asa
non-hormonal contraceptive. The impact of
these two latest products will become clear
over the next few years.

Yet there are few truly innovative and
highly effective contraceptive productsin
development. According to ClinicalTrials.
gov, there have been 20-25 industry-funded
clinical trials between 2017 and 2020. The
majority focus on incremental revisions to
existing hormonal products. By comparison,
in2019 there were about 3,100 trials for can-
cer drugs, 600 for cardiovascular drugs and
140 for treatments for eye disorders®™.

Funding of R&D for female contraception
comes from just a handful of players. These
include the Eunice Kennedy Shriver National
Institute of Child Health and Human Develop-
mentinRockville, Maryland, the Bill & Melinda
Gates Foundation (where K.M.V. works and
S.E.G. recently worked) and the US Agency
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for International Development. Over the past
fewyears, other organizations have funded or
invested in specific non-hormonal technolo-
gies, including the Biolnnovation Institute in
Copenhagen and US-based RHIA Ventures and
Adjuvant Capital. There’s room for many more.

Cycle of neglect

Why are funding and R&D so limited for female
contraceptives? One reason is that they are
given to healthy women of reproductive age,
so the safety requirements for regulatory
approval are (appropriately) very high: serious
or severe adverse effects are not acceptable.
Efficacy requirements are also extremely
stringent. These regulations act as commer-
cial disincentives for trying something new.
In addition, there are unique liability con-
cerns for new products in reproductive health
— especially in the United States, which is a
litigious market. There have been a number of
high-profile cases against leading contraceptive
manufacturers, resulting in multimillion-dollar
settlements (see go.nature.com/3ncb7jv). Vac-
cines are one of the only other product classes
that are administered to a healthy population.
However, in the United States, vaccine man-
ufacturers are protected from liability under
the National Childhood Vaccine Injury Act,
established by an Act of Congress in1986. This
is unlikely to happen for contraception.
Another problemisthat,fromabusiness per-
spective, the contraceptive market seemstobe
healthy and growing. It was valued at $24 billion
in 2018 (ref. 14). Yet the demand from women
for transformational change is not reflected
asareduction in sales. Furthermore, women’s
healthissues, and their preferences, are simply

FUNDING GAP

Contraceptives research needs more investment
globally. Private firms and public sources such as the US
National Institutes of Health are key to future funding.
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under-studied and under-funded, and unmet
needsare ignored and misunderstood by those
who could work to address these issues.
These barriers — tight regulations, high lia-
bility riskand thelack of astrong market signal
—fuel afalse perception oflow returnoninvest-
ment in contraceptive R&D. So, over the past
20 years, many global biopharma companies
have sold off, reduced or closed divisions that
were developing non-hormonal contraceptives
and other women'’s health products, such as
those tosupport menopause. Companies have
instead focused on therapeutic areas that are
evidently fast-growing, such as oncology.
When drug firms step away from a field, it
can start a cycle of neglect. Venture capital-
ists become wary of supporting technologies
with unclear opportunities for exit strategies.
Academics become cautious about pursuing
an area with reduced commercial outlets and
financial support. Private companies have few
promising avenues to explore, and potential
funders cannot easily identify where to invest.
For contraception, this has led to missed
opportunities, because the scientific tools for
R&D have mushroomed. Public-sector fund-
ing hasbeen one of the key reasons the field has
dodged dormancy (see ‘Funding gap’).

Prime time

For the first time in a generation, a coalition of
stakeholders could revolutionize the sector.
Forexample, it is now possible to use genomics
toolsinaway that was notavailable 20 years ago.
Operating costs have plummeted, and analytical
methods and data sets have rapidly expanded
in sophistication and size. Biostatisticians can
combforgenesor proteins key toegg or follicle
maturation, fertilization or gamete function.
Thiscanisolate targets for non-hormonal phar-
maceutical interventions in a way that is much
moreefficient thanprevious, failed approaches.

The neighbouring fields of gynaecological
oncology andinfertility have seenindustry fund-
ingincrease over the past decade. Advances in
those fields could help contraceptive R&D. For
example, progressinunderstandingthe mech-
anisms underpinning ovulation could help to
identify potential drugs that could temporarily
affect the same biological pathways.

Online tools also offer opportunities.
Between 2015 and 2018, investors ploughed
more than $1billion into digital and diagnostic
productsand services that aid family planning,
including menstruation and fertility-tracking
apps (go.nature.com/2toj2vp). The sector is
expected to be worth $50 billion by 2025 (go.
nature.com/3pcswpt). Other apps and social
mediacould helpto createlarge-scale datasets
articulating women’s needs, as long as privacy
canbe protected.

Key collaborations

Public-private partnershipswillbekey. The best
innovation models in oncology, immunology

and applied genomics, for example, engage
industry in early stages. Such collaboration
focusesresearch onsaleable productstargeted
at consumer need. It also increases reproduc-
ibility of results, breaks down silos and brings
indiverse perspectives toimprove robustness.
Without early buy-in, innovation efforts typi-
callyfalloutside biopharma’s tolerance for risk.
Fresh thinking will also be needed to ensure
that the latest contraceptive products get to
those who need them most. For example, new
non-hormonal contraceptives might require
new manufacturing processes and are there-
fore likely to be priced higher than existing
products. Revenue from high-income markets
could subsidize affordable prices in LMICs®,
Vaccine development is a good example of
collaboration on product development that
enables access by LMICs. Research communi-
tiessuch as the Collaboration for AIDS Vaccine
Discovery focus on discovery. These bring the
best scientists together, prioritize high-impact

“Women’s healthissues are
simply under-studied and
under-funded, and unmet
needsareignored.”

research and support the development of
assays and model systems. To aggregate
public, private and philanthropic funding,
product-development partnerships have come
together, suchastheInternational AIDS Vaccine
Initiative, the International Vaccine Institute
and PATH Center for Vaccine Innovation and
Access. These mechanisms drive innovation
and significantly reduce the financial risk of
early-stageinvestment. This type of infrastruc-
ture and collaboration has been crucial to the
fast pace of innovation and development for
COVID-19 vaccines and therapeutics.

Regulators, too, can help to lower the barri-
ers to innovation. For example, once contra-
ceptive drugs are well studied for safety and
efficacy, developers might be allowed to use
modelling, alongside clinical-trial data, in sup-
portoffuture products using the same drug'.
Regulators might also need to consider how
they assess effectiveness. Anewnon-hormonal
product might have lower efficacy in clinical
settings but have fewer side effects thansome
existing products, leading to higher accept-
ance and use, for example.

New funding is crucial to catalyse innova-
tioninany sector. Venture funds, biopharma,
biotechnology firms and universities should
assess opportunities to apply their technol-
ogies and expertise to contraception, which
could accelerate and increase innovations in
R&D across multiple fields.

The public needs to speak up about its
desires and demands, so that we can move
from methods that women tolerate to those
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that actually satisfy their needs.

Success stories of new, reliable contracep-
tives with fewer side effects will createavirtu-
ouscycle, spurring more funding and research
and better options for consumers. A thriving
contraceptive R&D ecosystemmightalso cat-
alyse innovation in other sectors of women’s
health:infertility, endometriosis and sexually
transmitted infections, to name a few. What
are we waiting for?
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