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Abuse of medicines for performance
enhancement in sport: why is this a problem
for the pharmaceutical industry?
The misuse of medicines for performance enhancement in sport (doping) is not approved by regulatory agencies,
and is illegal in many countries. In addition to the ‘traditional’ doping agents such as steroids, b-blockers and blood
transfusions, the list of agents and techniques used in doping is increasing and now includes newer medicines such
as erythropoiesis-stimulating agents and growth hormones. Innovative new medicines are of particular interest as
would-be dopers may believe them to be undetectable by current methods. Close collaboration between the
biopharmaceutical industry and anti-doping agencies such as the World Anti-Doping Agency is critical to a successful
anti-doping strategy. Industry is ideally placed to identify the doping potential of new medicines at early stages and
to support early development of detection assays. A strong, united front between the biopharmaceutical industry
and anti-doping agencies is essential to counter the misuse of medicines for performance enhancement, as well as
to promote fair play and clean sport.

Medicines are sometimes used for
illegitimate purposes (doping)
From the earliest days, we have endeavored to
improve the human condition, and specifically
our health, through treatment of disease with
medicines. We have come a long way from the
early days when penicillin was shown to be a
breakthrough in treating bacterial infections, to
the discovery of naturally occurring hormones
such as insulin to treat diabetes and recently with
the development of recombinant DNA technologies that have been used to better understand
and treat patients. We now stand at the precipice
of major advances in healthcare treatment.
In parallel, we have come to understand
more fully the complexities in delivering safe
and effective medical treatments. Years, if not
decades, of work are required to understand disease processes, identify potential therapies and
then develop, test and market the discoveries.
Even after approval by regulatory agencies that
oversee their manufacture, distribution and use,
work continues with pharmacovigilance studies as well as additional clinical trials to understand the most effective and least risky treatment
strategies and opportunities.
Beyond the importance of understanding
the best use of medicines, comes the additional
responsibility of manufacturers, marketers and
healthcare practitioners to ensure that medicines
be used properly. This includes guidelines and

controls over distribution, but also policing, so
that that the medicines are used in a safe manner
by patients that need them with deterrence or
punishment for those that would misuse them.
In some cases, carefully determined guidelines
for appropriate use may be bypassed when the
medicines are used for purposes other than the
intended ones. This not only includes the wellknown problem of abuse of addictive substances
by drug addicts and others for ‘recreational’ purposes, but also misdirected use, especially when
used in an unsafe manner. One such misdirected
use (abuse) is drug doping – the use of a drug or
blood product to improve athletic performance.
Attending, watching or participating in competitive sporting events is a pastime enjoyed by
most of us. We can all appreciate athletes who
commit themselves in order to excel. We especially honor and reward those who achieve the
elite level status. Not infrequently, this requires
sacrifice and wholehearted dedication with
many years of training as well as superhuman
effort. But unfortunately, there are some who
are tempted to cheat, in order to gain an unfair
advantage. We all acknowledge the destructive
nature of cheating which, in its extreme, can
include deliberate injury to competitors, yet
we may not appreciate the similar destructive
effect of misdirected use of medicines to enhance
performance. When the athlete cheats through
doping, we are all cheated when the magic of
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Key Terms
Erythropoieisisstimulating agents: Agents

that can stimulate
erythropoiesis include
endogenous EPO. Other
erythropoieisis-stimulating
agents that have been identified
to stimulate erythropoiesis
include the various recombinant
EPO, their derivatives and
analogs. Some erythropoieisisstimulating agents have no
structural or sequence
homology to endogenous EPO,
such as hypoxia mimetics and
EPO mimetics.

Red blood cell: An oxygen-

carrying cell formed during
erythropoiesis. Such cells lack a
nucleus and mitochondria, and
therefore cannot respond to
stimuli by changing gene
transcription. However, 99% of
the protein contained in red
blood cells is hemoglobin and
they are therefore very effective
at transporting oxygen from
lungs to tissues.
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an outstanding performance is spoiled. Athletes
who through exceptional effort achieved an
earlier milestone are also deprived along with
his/her supporters when their record is beaten
by someone who cheated. Some athletes may
believe that their competitors are doping, and
that therefore they too must dope in order to
create a level playing field, thus creating a vicious
downward spiral. We begin to wonder if our
favorite athlete is really exceptional or did they
cheat too by taking drugs.
It is evident that some athletes will experiment with any new drug that has the potential to enhance performance, and doping has
occurred in virtually all sports. This includes
strength events, such as weight lifting or throwing, long-distance running, cycling, swimming,
skiing and events requiring a steady hand such
as archery or shooting. Speed events such as
the 100 m dash, where hundredths of a second
define winners, are particularly prone to abuse.
Doping is the presence of a prohibited substance used to improve athletic performance,
in any amount, in the athlete’s urine or blood.
Drugs used for doping include a wide and
growing list of substances and strategies. These
include androgenic steroids or growth hormone
to increase muscle mass, b-blockers to improve
shooting scores and transfusion or administration of erythropoiesis-stimulating agents
(ESAs) to improve transport of oxygen to working muscles, thereby increasing the time to
exhaustion. Other substances also used include
agents whose sole purpose is to evade detection
of other substances. These include diuretics (to
increase elimination from the body) or plasma
expanders [1] (to reduce the concentration of the
substance in blood). There has also been adulteration of donated urine by introduction of
proteases to destroy protein hormones used for
doping, thereby escaping detection [2] .
Anabolic steroids have been banned by sports
federations since 1975 [3] . However, abuse continued and the problem became evident in 1988
at the Seoul Olympics when Ben Johnson handily beat Carl Lewis in the 100 m sprint but then
tested positive for stanozolol. Scandals continue
today with allegations of steroid abuse in professional sports as well as college and even highschool sports. While the incidence of doping is
difficult to determine, it is high enough to be
troubling even in adolescents. A survey of 446
Finnish athletes in 2006 reported that over 90%
believed that banned substances and procedures
could enhance performance and 30% reported
Bioanalysis (2012) 4(13)

that they knew of an athlete who used banned
substances [4] . A survey of over 2200 adolescents
in Germany in 2006 found that 15.1% reported
they used a substance on the World Anti-Doping
Agency (WADA) Prohibited List the previous
year [5] .
In response to the problems, the International
Olympic Committee (IOC) in 1967 created a
medical commission that created a list of prohibited substances. This was followed in 1999
by the creation of WADA to oversee testing of
athletes as well as supporting education and
research activities. In 2003, sporting federations
and governments approved a resolution accepting
the WADA code and, in 2004, the IOC transferred the management of the Prohibited List
to WADA. In 2004, 24 athletes were removed
from Olympic competition based on positive test
results [6] . The Prohibited List is updated annually and specifies substances and methods that
are prohibited at all times, as well as those prohibited only during competition [101] . Substances
prohibited at all times comprise anabolic agents,
peptide hormones, growth factors and related
substances, b-2 agonists, hormone antagonists
and metabolic modulators, as well as diuretics
and other masking agents. In recognition of
the fact that would-be dopers do not restrict
themselves to medicines that have already been
approved for use in humans, WADA recently
added the category of ‘nonapproved substances’
to cover drugs under preclinical or clinical development, designer drugs and veterinary medicines. It is this group of ‘nonapproved substances’
that today represents some of the greatest challenges to anti-doping agencies and, at the same
time, some of the most fruitful opportunities for
collaboration with the pharmaceutical industry.
A case study for our times: abuse of
ESAs to enhance performance
Despite efforts to catch dopers and inhibit doping, athletes have continued to explore strategies
to enhance performance. One popular, and still
current, strategy is to enhance oxygen transport.
Oxygen is essential for life, and the delivery of
oxygen to muscles and tissues plays a critical role
in athletic performance. Therefore, agents that
enhance oxygen delivery to tissues increase aerobic power. Hemoglobin (Hb), contained within
red blood cells (RBCs), is the key oxygen-carrying component in blood. It therefore follows
that increases in RBC concentration will improve
performance. One common strategy to do this is
to train at high altitude or sleep in low oxygen
future science group
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tents using hypoxic air machines to simulate high
altitude [7] , which will enhance RBC formation
(erythropoiesis). The reason for increasing RBC
levels was evident given the direct relationship
between RBCs (and therefore Hb levels) and
increased performance [8] . Increased Hb levels
result in increased oxygen delivery, thereby allowing increased metabolism of muscle fatty acids
with reduced accumulation of lactate [9] . Each
of these enhancements increases stamina that
can translate directly into a change in time trial
performance, particularly in long distance events
[10] . An improvement in performance of 5–10%
was estimated in humans [8,11–14] .
A currently banned strategy is blood doping by
transfusion of packed RBCs [15] , with attempts to
enhance athletic performance by this technique
reported as early as the 1970s [16] . This was a preferred method because, while traditional altitude
training could increase performance [17] , training alone did not show the same magnitude of
increase in Hb levels as that obtained by RBC
transfusions [13,18] . Although the complexity and
logistics of blood transfusion inhibit its use, this
technique is making a comeback (see below).
A significant change for patients (and doping-control officials) occurred with the successful cloning of the EPO gene [19,20] . The EPO
gene encodes EPO, a long sought-after and key
regulator of erythropoiesis. This discovery was
followed by the development of recombinant
human EPO (rHuEPO), which was shown to
stimulate erythropoiesis in animals. The preclinical experiments with rHuEPO were followed quickly by human clinical trials in anemic patients, and clinical use of the first ESA,
epoetin‑a. For some anemic patients, the benefit
of the new medicine was life changing. Those
patients who had difficulty getting out of bed,
going up or down stairs, or even traveling to the
doctor for treatment due to shortness of breath,
often returned to work and had normalized lifestyles. Use of epoetin‑a increased in patients
over time and other epoetins were approved for
distribution. However, coincident with the commercial distribution of epoetin‑a for use by sick
patients, doping allegations began [18] .
Epoetin‑a and other ESAs are particularly
suited to doping because they need not be ‘on
board’ during the competition itself. This is
because RBCs have a disproportionately long
lifetime (3–4 months) compared with the lifetime of the ESA (hours to days) in the body.
Thus, by discontinuing the drug administration before the athletic event, one could evade
future science group

detection. Similarly, the benefits of other drugs,
such as anabolic steroids and growth hormone,
last for many days after discontinuation, making
detection difficult.
Anecdotal stories suggested doping with
epoetin‑a began as early as the Calgary Winter
Games in 1988 [21] . EPO was added to the list
of banned substances in 1990. Cyclists admitted to doping with rHuEPO in the 1996 Tour
de France. An EPO-doping scandal surfaced
with a vengeance in 1998, when a physiotherapist from the Festina cycling team was arrested
for possession of rHuEPO and other substances
at the Tour de France. Following development
of a direct test for rHuEPO in 2002 [22] , some
urine samples from the 1998 Tour de France
were retested and reported to be positive for
rHuEPO [23] . Three skiers (Johann Mühlegg
competing for Spain and Olga Danilova and
Larissa Lazutina competing for Russia) were
disqualified during the 2002 Winter Olympic
Games when the ESA darbepoetin‑a was found
in their urine samples [24] .
Doping allegations in cycling erupted with the
Operación Puerto doping case in Spain where
bags of blood plasma were found with high levels
of rHuEPO [25] , resulting in the withdrawal of
riders in both the 2006 Olympic Games and the
2007 Tour de France. However, the bags were
associated not only with cyclists but others also
such as soccer and tennis players. In 2008, athletes
in the Beijing Olympic Summer Games tested
positive for another ESA, methoxy polyethylene
glycol-epoetin b, marketed under the brand name
Mircera®, and their medals were revoked.
The issues around ESAs abuse are typical,
and therefore ESAs make a good case study in
understanding the larger issues around doping
and strategies to deter abuse. Current medical
practice to treat anemia involves RBC transfusion or administration of ESAs, and it is limited
to certain patient populations. Pharmaceutical
companies, regulatory agencies and the medical
community have carefully examined the results
of extensive preclinical and clinical testing, and
have developed guidelines to maximize the
benefit:risk ratio for appropriate manufacture,
distribution and use. The target Hb in ESAtreated patients is typically below that found in
normal individuals (13–15 g/dl).
The risks to anemic patients who are treated
with ESAs are several. For example, anemic cancer
patients show evidence of increased frequency of
thrombotic events [26,27] . Elevation in hematocrit
(Hb @ hematocrit divided by three) to higher,
www.future-science.com
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Key Terms
Erythropoiesis: The process
in the bone marrow whereby
early hematopoietic progenitor
cells differentiate and expand in
numbers, resulting in the
formation of red blood cells that
are released into circulation.
EPO: A protein hormone,
produced by the kidney in
response to low oxygen tension
(hypoxia), that is the key
regulator of erythropoiesis.
Endogenous EPO (eEPO),
produced by the body is present
at trace amounts in serum: a
normal adult has approximately
10–20 milliunits/ml or
approximately 50–100 pg/ml.
Recombinant human EPO:

The cloning of the EPO gene and
introduction into cells can result
in a cell type that, with cell
culture, will produce
recombinant human EPO
(rHuEPO). rHuEPO is distinct
from endogenous EPO due in
part to differences in the cell
type used to produce rHuEpo as
well as the microenvironment,
growth conditions and
manufacturing procedures.

Anemia: Anemia is a below

normal hemoglobin (Hb)
concentration. The normal
range in humans is
approximately 13–16 g/dl. The
WHO has defined mild anemia
as Hb below 11 g/dl. Hb below
9.5 g/dl is moderate anemia and
below 8 g/dl is severe anemia.
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but still normal range in hemodialysis patients
treated with ESAs, is associated with hypertension, thromboembolism and decreased survival
[28,29] . While the adverse events associated with
ESA use in patients with disease may not apply
directly to healthy athletes, prudence suggests
excessive use of ESAs should be avoided. In addition, in contrast to patients with anemia, athletes
may administer rHuEPO or transfuse RBCs in
order to elevate their Hb levels above the target
Hb in clinical practice, and even above the normal
range. The resulting higher-than-normal RBC
concentration combined with the dehydration
associated with intense exercise can increase blood
viscosity, which may reveal previously undetected
cardiovascular risk, including high blood pressure, seizures and sudden heart failure, and can
even be fatal. The risks increase when not administered under the care of a qualified healthcare
practitioner. Specific examples of adverse events in
athletes who chose to administer ESAs are mostly
anecdotal, but disturbing never-the-less, such as
the rumors of deaths due to strokes of Dutch
cyclists who reportedly used epoetin‑a following
its recent approval for patients in 1989 [21] .
One of the ‘attractions’ of ESAs for doping
was the belief that it was not possible to distinguish between naturally occurring and recombinant hormones, such as EPO or growth hormone, and therefore attempts to develop direct
tests were thought by some to be futile. Athletes
were thus tempted to dope with ESAs because
they assumed that doping with this substance
could not be detected.
EPO produced in the body (eEPO) is a complex biological whose properties are affected by
the cell type that produces it, and the eEPO-producing cell is impacted by forces unique to the
body, including a complex interaction of circulating growth factors and nutrients and particular
cell–cell interactions. The secreted eEPO is subjected to differential clearance mechanisms, and
all of the above can affect the physical and biophysical properties of the molecules and the pattern of microheterogeneity associated with posttranslational processing [23] . In contrast, rHuEPO
is made from non-natural transformed cells such
as Chinese hamster ovary cells expanded in number under non-natural growth conditions. The
produced ESA is subjected to purification procedures and storage conditions. These manufacturing methods do not mimic the natural process,
indicating that differences between natural and
rHuEPO exist, and that these differences can be
exploited in tests. Thus, it was not surprising that
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in 2000 a French anti-doping laboratory developed a urine test for the first two approved ESAs
(epoetin‑a and -b, both produced in Chinese
hamster ovary cells), using isoelectric focusing
(IEF) combined with a very sensitive and specific detection method (double immunoblotting)
[30] . Furthermore, it has been shown that even
rHuEPO produced in monkey and human cell
types can be distinguished from eEPO by the IEF
urine test [31] . Even with genetically engineered
animals that had EPO genes introduced into their
cells, the new EPO produced could be detected
and differentiated from their ‘normal’ eEPO [32] .
Approximately 5 months before the 2002
Winter Olympics opened in Salt Lake City
(UT, USA), darbepoetin became available on
the market. Darbepoetin‑a is Amgen, Inc.’s
second ESA, marketed under the brand name
Aranesp®, and was approved in 2001. It has a
longer serum half-life (meaning it takes longer for the body to eliminate) and, thus, can
be administered less frequently. This is an
important feature for many patients, as it is an
injectable drug. It was first approved for treating
anemia in patients, but subsequently was immediately rumored to be the drug of choice for doping in endurance sports. Following a request by
WADA, Steve Elliott attended a meeting with
testing laboratories in Lausanne (Switzerland),
to discuss ESA testing procedures and strategies. With close consultation with the Olympic
testing laboratory, a slight modification to the
epoetin‑a and -b urine test was put in place at
the 2002 Winter Olympics [24,33,34] . During the
Games, three athletes who participated in skiing
events were surprised when they tested positive
for doping with darbepoetin‑a. The reasons the
athletes were caught with darbepoetin during
the competition was likely because of the false
assumption that there was no test possible, or, if
possible, available. However, the longer serum
half-life increased the time darbepoetin‑a was
in the system, thus increasing the detection
window [33,35] . In addition, an IEF urine test
was developed by the Olympic testing laboratory in secret and testing for darbepoetin during
the Games was not announced. When positive
darbepoetin test results were found, Amgen
supported WADA with expert testimony. The
athletes were stripped of their gold medals and
suspended from competing for 2 years. The
inevitable courtroom appeals were heard and all
three appeals were denied. More importantly,
doping allegations with darbepoetin‑a declined
dramatically. The story made headlines around
future science group
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the globe and is even recounted in a children’s
book, ‘The Night Olympic Team’ [36] , published
in 2008 by Caroline Hatton, an Olympic laboratory scientist. Subsequently, darbepoetin‑a
has been used only rarely by athletes wishing
to dope. The development of another ESA test
and the decision to test stored samples resulted in
detection of doping in the 2008 Beijing Olympic
Games. Methoxy PEG-epoetin b (marketed in
the EU under the brand name Mircera) was an
ESA approved by regulators in the EU in 2008.
It is larger than epoetin b because of the chemical attachment of the 30-kDa PEG-polymer,
which increases the serum half-life of the ESA
[37] . The assumption that methoxy polyethylene
glycol-epoetin b would be filtered by the kidney,
thereby eliminating detection in urine samples,
and due to the complexity of blood and the low
levels of the drug therein, suggesting it would
not be detectable in collected blood samples, led
to an assumption that an athlete could escape
detection. However, what the athletes did not
know was that Roche and WADA collaborated
on the development of a test that could detect
trace amounts of the agent in serum samples
while the drug was still in clinical development.
Using this test, athletes were caught in 2008 at
the Beijing Olympics and the 2008 Tour de
France. Samples that were collected during the
Games and stored were tested after the Games,
leading to additional athletes being caught.
The recent experience with ESAs has provided
valuable lessons for both anti-doping agencies
and the pharmaceutical industry, and illustrates
the value of early collaboration between pharmaceutical companies and anti-doping agencies in
pre-empting the cheats.
Why is doping discouraged by the
pharmaceutical industry?
It may not be evident at first glance why doping abuse is considered a threat by the pharma
ceutical industry. In fact, a popular, if erroneous,
belief is that such misuse is welcome for its effect
on sales. Furthermore, the publicity surrounding
misuse of ESAs in high-profile sporting events
has even led to the perception in some quarters
that these agents had been developed specifically for the purpose of doping. Such erroneous
perceptions stand in marked contrast to the
reality of innovative medicines research. Years
of work and hundreds of millions of dollars are
involved in discovery and development of medicines, including clinical trials, the construction
of manufacturing facilities and development of
future science group
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safe distribution networks. This involves close
coordination between dedicated scientists,
physicians and regulatory agencies to develop
and optimize a description of how to best treat
patients and optimize the benefit–risk profile.
In contrast, inappropriate use by doping ignores
the findings and recommendations of such groups
in order to improve only athletic performance.
In addition, doping with ESAs is illegal in many
countries and is absolutely not an approved indication by any regulatory agency. Sports agencies
have responded to use of such agents and strategies by making their use illegal and penalizing those who break the rules. Pharmaceutical
companies are particularly troubled by doping
because of the lack of a rational safety assessment
strategy associated with inappropriate use. In fact,
drugs are sometimes illicitly obtained by athletes
and used for doping before safety tests have been
completed even for appropriate uses of the medicine. Such inappropriate use bypasses the wellestablished partnership between drug companies
and regulatory agencies who wish to maximize
the benefit:risk ratio.
The athlete who abuses medicines considers
primarily the benefit to performance and ignores
or discounts the potential risks associated with use
of these medicines. In this regard, there is no medically justified reason to expose a normal healthy
person to the unnecessary risks associated with
doping. Doping is extremely risky because the
medicine is used outside the approved regulatory
guidelines, and it is unlikely that the recipient is
being appropriately monitored or that the medicine is being correctly administered by a trained
healthcare practitioner. Other rarely discussed
risks of doping include those associated with inappropriate storage and/or mishandling of the drug
– a possibility linked with illicit use. For example,
products that are transported in the back of the car
or via other inappropriate storage options where
elevated temperatures frequently occur can result
in product degradation, which may not only affect
product quality, but also safety. Inappropriate
storage of ESAs may result in the generation of
immunogenic degradation products, such as
aggregates, which are thought to play an important role in immune reactions to protein therapeutics [38] . Immune reactions to rHuEPO can
lead to antibody-mediated pure red cell aplasia, a
serious condition where antibodies to the product
crossreact with the endogenous hormone, thereby
inactivating it. The result is severe anemia due to
a deficit in levels of active circulating endogenous
EPO (eEPO) in the body [38,39] .
www.future-science.com
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In short, the manifold negative associations of
doping abuse stand in stark contrast to, and are
fundamentally incompatible with, the high ethical standards and commitment to patient protection that underlie medicine development by
the research-based biopharmaceutical industry.
Staying ahead of the cheats: initiatives
to deter & detect misuse of medicines
In the early years, the efforts to control doping were mostly limited to the development of
rules and lists of banned substances. However,
this has changed significantly and the doping
control operation has increased dramatically.
In 2004, at the Athens Summer Games, over
500 staff were involved in anti-doping control
and over 3500 blood and urine tests were performed [40] . This has grown since then and now
includes year-round out-of-competition testing.
Currently, athletes in most sports are at risk of
being tested, and therefore caught, should they
choose to cheat.
Development of a test for agents initially
thought to be undetectable has resulted in a
change in the sport, with ongoing improvements
and applications of the tests to detect related substances increasing the likelihood of detection and,
therefore, deterrence. For example, development
of a test to detect transfusion from a donor [41]
resulted in an athlete being caught in the 2004
Summer Games in Greece. The urine IEF test
originally developed to detect epoetin‑a and -b
has been expanded to detect other epoetins.
However, a disturbing development with ESAs
is the sophistication of the strategies employed
by some athletes and their medical experts with
the goal of allowing the performance-enhancing benefit of the drugs while minimizing the
likelihood of detection. One of these strategies
is microdosing or the use of minimal amounts
of drug that remain below detection limits or
exceed them for only short periods [42] . Another
is the use of ESAs to support later transfusion of
the athletes’ own blood. ESAs are administered
several months prior to competition followed by
phlebotomy and storage of bags of blood. ESA is
then used to allow RBC levels to recover faster.
Drug administration is halted prior to events so
that levels are below detection limits during competitions. RBC levels are boosted by retransfusion
of stored blood immediately prior to the event.
The assumption is that the infusion of RBCs
would not be detectable. With longer events, such
as the Tour de France, which runs for 3 weeks,
the benefit of a transfusion or ESA treatment at
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the beginning of the event is diminished due to
a natural decline in RBC mass over the course
of the event. Therefore, to boost RBC counts,
transfusion of stored blood during the event is
on a rest day. Clearly this and other sophisticated
strategies required additional countermeasures.
Athletes intending to cheat have continued to
adapt to anti-doping measures by employing evermore sophisticated doping protocols, initially by
using the drugs during out-of-competition periods. Thus, unannounced out-of-competition
testing was introduced to deter this strategy.
However, some athletes responded by making
themselves unavailable when at risk, using masking agents to hide the use and/or adjusting dosing
regimens further. However, those strategies are
not foolproof. They all result in some perturbations in the body’s metabolism, which is detectable for substantial time periods. Therefore, one
strategy to detect effects of doping is the examination of specific, altered biomarkers whose
changes might be unique to the administered
agent. Such indirect testing procedures are effective and can be differentiated from natural causes
because the doping agent frequently has a unique
or more-exaggerated pharmacology than is possible by natural mechanisms [43] . While not proof
of doping, sports agencies have banned athletes
from competition based on unusual profiles.
Another strategy to detect abuse is the introduction of a ‘biological passport’. This is an
individual record compiled over time, in which
profiles of various biological markers are evaluated. Doping violations can be detected if there
are abnormal changes, that is, sudden changes in
any single or combined parameters would be evidence of unapproved activity, and athletes have
been barred from competition. Importantly, this
strategy can detect effects of unique or of new,
unapproved medicines and strategies.
Additional advances are on the horizon with
the advent of proteomics, metabolomics and
other mass-screening technologies. The proteome comprises all expressed proteins of a cell
or organism, and the metabolome comprises all
metabolites [44] . The ability to examine these
in body fluids such as urine or blood was made
possible by the development of high-throughput
methods for the simultaneous identification,
characterization and quantitation of large quantities of biomolecules. The applications of these
technologies are several. First, it is possible to
detect otherwise uncharacterized agents used
for doping purposes. Second, it also allows for
detection of metabolic ‘signatures’ associated
future science group
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with drug administration. Importantly, when
combined with long-term storage and future
retesting or re-examination of the data, athletes
who cheated are at increasing risk of being caught
and disgraced, if not now, then in the future.
How can pharmaceutical &
biotechnology companies collaborate
with anti-doping agencies?
Historically, for multiple reasons, the pharmaceutical companies whose medicines have been
abused by doping athletes have played a limited,
if any, role in the fight against doping. This was
in part because, for many companies, the like
lihood of doping with their medicines was not
initially realized. For example, while ESAs were
developed to treat anemia, it was initially outside
the thinking of the scientists who discovered and
developed these medicines that they might be
abused through doping. Another reason is that
pharmaceutical companies did not typically have
the experts or know-how to adequately support
anti-doping efforts. As noted above, anti-doping
experts are not typically employed by companies
whose mission it is to identify new methods to
treat disease. Furthermore, until recently, it was
also not clearly established that participation
in anti-doping initiatives by pharmaceutical
companies was desired, beneficial or what their
role should be. Importantly, much of the knowhow around the medicines is proprietary and
a mechanism to share this information, while
protecting the companies’ intellectual property,
needed to be established.
There are clear paths that can lead to a decline
in the abuse of medicines in sport, but there
needs to be a commitment of time and monies
as well as a concerted and long-term effort. The
first step is to appreciate that there is a problem
and that dealing with the problem is one of the
responsibilities of pharmaceutical and biotechnology companies. In addition, sports authorities and their agents need to be willing to reach
out, ask for and accept help.
As the experience with ESAs clearly demonstrate, the positive effect of a partnership
between WADA and biotechnology/pharma
ceutical companies is substantial. Much expertise about medicines, including their biologies
or their effects and assays to detect them, resides
in the companies that discovered and developed
them. In addition, companies have performed
extensive safety testing on medicines and this
information could inform athletes through education campaigns, which could deter abuse. It
future science group
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is readily apparent that collaborations between
sports federations and sports regulatory bodies
such as WADA with biotechnology and pharmaceutical companies would be beneficial and even
synergistic. Such collaboration may include sharing of proprietary information about drugs with
authorities, allowing for early development of
tests. This however needs to be done under strict
confidentiality agreements to protect the innovator. The feasibility and effectiveness of such
collaborations has already been demonstrated
by successful individual, information-sharing
agreements between WADA and companies
such as Roche, GlaxoSmithKline and Amgen.
Clearly, anti-doping authorities need to intensify development of tests and testing procedures,
including out of-competition testing strategies;
however, there need to be funds available to pay
for it as well as experts to support their development. Finally, policymakers need to make
doping illegal or otherwise discourage it with
tough anti-doping laws, and companies need to
support these efforts with expert testimony.
In the last decade, progress has been made as
evidenced by decreased abuse of some drugs as
well as an increases in positive doping tests. This
is partly because pharmaceutical and biotechnology companies have begun to address the issue
of doping and have formed partnerships with
testing laboratories and with organizations over
seeing drug testing in sport such as WADA and
the legally associated country extensions such
as the US Anti-Doping Agency (USADA). This
association makes it possible to share information about doping-abuse potential of new medicines at earlier stages, which has revolutionized
testing protocols and resulted in the development of early testing procedures used to catch
cheats, as noted in the examples above.
Future collaborations to support fair
play & clean sport
Due to close collaboration between companies
and sports authorities, drug testing has increased
significantly in recent years and athletes have
been caught and sanctioned. The existing tests
and successful development of new tests will
continue to discourage misuse. Other strategies,
such as more effective out-of-competition testing
rules or longer term storage of blood or urine
samples, with allowances for future testing,
have also been introduced. The latter strategy
can take advantage of future improvements in
testing procedures. However, this is not enough.
The athletes who are caught sometimes show
www.future-science.com
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remorse but it is not uncommon to hear of vigorous denials and a mounted defense, both in the
press and in the courtroom.
While governments and the governing bodies of the various sports need to take the lead
in resolving the very serious issue of athletes
and doping, the owners, promoters and other
sponsors of teams and events should join in this
effort. However, to be successful, we all need to
work together – anti-doping authorities, policymakers, athletes, coaches, sports organizations,
sports fans and industry scientists – to stop the
dangerous and unethical use of medicines by
athletes. To deter doping, the penalties of getting caught should outweigh the benefits, with
an increased likelihood, and/or perception, that
cheaters will be caught and penalized. Funds are
also critical to pay for additional out-of-competition testing and to support research laboratories
that develop new and better tests.
Pharmaceutical companies must have a strong
position on doping and make it clear that they
absolutely oppose illicit use of their medicines.
They must work behind the scenes with the
authorities who oversee testing and sanctioning of athletes who dope with their medicines
to develop effective tests, and the effort must
be long term. The basis for such co-operation

was formalized between 2010 and 2011 with
signature of a Memorandum of Understand
ing between WADA and the Intern ational
Federation of Pharmaceutical Manufacturers
and Associations (IFPMA) [102] , and individual
companies such as Roche, GlaxoSmithKline and
Amgen, as well as a formal declaration of support
by the Biotechnology Industry Organization
[103] (representing the global biotechnology
industry). Examples of such collaboration
include early identification by manufacturers of
doping-abuse potential of new medicines and
enhanced control measures designed to prevent
diversion of clinical trials supplies of ‘at-risk’
medicines for misuse by dopers. Furthermore,
medicines should be supplied free of charge to
testing laboratories wishing to develop new and
improved testing procedures. It is also critical
that the scientists who discover new medicines,
and the organizations that employ them, take it
upon themselves to participate in anti-doping
initiatives and supply information.
Importantly, education campaigns are critical because unless there is an acceptance by the
participants and the family, friends and fans that
the dangers of doping are real and damaging to
the athletes and the sport, there will always be
some who will be tempted to cheat.

Executive summary
Medicines are sometimes used for illegitimate purposes (doping)
The illicit use of agents and techniques to enhance performance in athletic competition (doping) and avoid detection, has become very
sophisticated.
A case study for our times: abuse of erythropoiesis-stimulating agents to enhance performance





The ‘traditional’ doping methodologies and agents including blood transfusion, steroids and b-blockers, have expanded to include many
other medicines such as erythropoiesis-stimulating agents (ESAs) and growth hormones.

Protocols designed to reduce the likelihood of in-competition detection, masking agents or agents that expedite elimination from the
body are also increasingly employed.
Why is doping discouraged by the pharmaceutical industry?





The inappropriate use of medicines by healthy athletes without appropriate safeguards represents a serious safety risk to the athletes
involved.

The misuse of medicines for performance enhancement in sport is not approved by regulatory agencies, and is illegal in many countries.
Staying ahead of the cheats: initiatives to deter & detect misuse of medicines



Measures to catch cheats and deter doping include early development of assays, year-round out-of-competition testing, implementation
of a biological passport and storage of samples for future testing. Scientific advances such as proteomics, metabolomics and other
mass-screening technologies are increasing the ability to detect doping.
How can pharmaceutical & biotechnology companies collaborate with anti-doping agencies?





The pharmaceutical and biotech industry is ideally placed to characterize the potential risks of misuse, to supply substances and reagents
to testing laboratories and to support development of specialized assays to detect doping.

Formal agreements have been instituted between manufacturers and drug testing agencies.
Future collaborations to support fair play & clean sport





Additional Initiatives are in progress to build a strong, united front between the biopharmaceutical industry and anti-doping agencies
such as the World Anti-Doping Agency to counter the misuse of medicines and to promote fair play and clean sport.
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