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Abstract

Despite intensive efforts to eradicate it, addiction to both legal and illicit drugs continues to be a
major worldwide medical and social problem. Anti-addiction vaccines can produce the antibodies to
block the effects of these drugs on the brain, and have great potential to ameliorate the morbidity and
mortality associated with illicit drug intoxications. This review provides a current overview of anti-
addiction vaccines that are under clinical trial and pre-clinical research evaluation. It also outlines the
development challenges, ethical concerns, and likely future intervention for anti-addiction vaccines.

Introduction
Globally, UNODC (United Nations Office on Drugs and
Crime) estimates that, in 2009, between 149 and
272 million people, or 3.3–6.1% of the population
aged 15–64, used illicit substances at least once in the
previous year. About half of those are estimated to have
been current drug users (i.e., they used illicit drugs at
least once during the month prior to the date of
assessment). Of the current drug users, it is estimated
that there is a range of 15–39 million “problem drug
users” globally. This subgroup of drug users is most likely
to come to the attention of healthcare services and law
enforcement authorities, and has been estimated to
cause the main public-health and public-order burden.
After cannabis, amphetamine group substances are the
most common, followed by cocaine and opiates. The last
three drugs are highly addictive and cause enormous
economic, health, and behavior problems [1].

Current medications for drug abuse have only had limited
success for drugs such as cocaine, nicotine, methamphe-
tamine, and heroin. The recent advent of human trials of
vaccines against abused drugs is therefore a welcome
development. The antibodies generated from anti-drug
vaccines can bind the target drug and form the antibody-
drug compound molecules that are too large to cross the
blood–brain barrier. This reduces the rate and quantity of

drug entry into the brain and inhibits the psychoactive
effects of the drug [2-6]. If this antibody capacity is
sufficiently large, it can lead to a reduction in drug use
or limit the possibility of a drug relapse. Anti-addiction
vaccines are designed for the following goals: (a) helping
addicts achieve initial abstinence; (b) preventing relapse
after a drug-dependent patient completes withdrawal and
is attempting to remain drug-free; (c) enhancing beha-
vioral therapies when combined with other anti-addiction
medications; and (d) potentially preventing addiction in
high-risk populations.

The history of anti-addiction vaccines starts nearly
40 years ago. The proof of principle for an anti-addiction
vaccine was first demonstrated by two studies. In 1972,
Berkowitz and colleagues [7] published their creation of a
morphine vaccine in animals. Using rats, they adminis-
tered a morphine hapten linked to bovine serum albu-
min (BSA, a carrier protein) and created anti-morphine
antibodies. These antibodies reduced the concentration of
free morphine in the plasma of their vaccinated rats. In
1974, Bonese created a similar vaccine in primates, and
the vaccinated rhesus monkey primates decreased their
self-administration of heroin [8]. Unfortunately, this work
did not move forward to human use, at least in part
because other neuropharmacological approaches that
blocked abstinence symptoms (methadone) or prevented
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relapse (naltrexone) were introduced and preferred by
patients [9,10]. More recently, given the lack of success of
these and other approaches, anti-addiction vaccines have
now been trialed in humans.

The data from cocaine and nicotine vaccine trials suggest
that many patients may not produce a sufficient
antibody response for clinical efficacy, but those patients
who do attain high levels of antibodies are helped to
remain abstinent [11-12]. If extending this technology
to other abused substances is successful, it will be a
tremendous benefit to have innovative pharmacothera-
pies rapidly available, especially as new “designer drugs”
are introduced. Indeed, anti-addiction vaccines are in
various stages of development for quite a broad array of
abused drugs, including cocaine, nicotine, methamphe-
tamine, and heroin [13-15]. Vaccine efficacy depends
on many critical factors, such as antibody specificity,
affinity, and antibody concentration (titer), which are
affected by the design of the vaccine conjugate, the dose
of the vaccine, the adjuvant selection, the frequency of
vaccinations, the time interval between immunizations,
and maybe the poorly understood genetic variations
among individuals.

Cocaine vaccines
Background and development
Cocaine addiction is a global health problem. In the
United States alone, government surveys indicate that
2.4 million or more Americans aged 12 years or older are
current users of cocaine [16]. Its use has penetrated all
levels of society, and the ills it has created are evident in
both crime (about 30% of federal and state prisoners
were regular cocaine users before incarceration) and
health statistics (from overcrowded emergency rooms to
individual acute psychotic reactions, heart attacks, or
strokes). A therapeutic vaccine is particularly critical for
cocaine addiction since there is currently no US Food
and Drug Administration (FDA)-approved pharma-
cotherapy to encourage withdrawal, or prevent the
relapses that consistently derail most addicts’ recovery
efforts [17]. The current cocaine vaccine’s development
started in 1994 under Dr. Barbara Fox at the ImmuLogic
Pharmaceutical Corporation with support from the
National Institute of Drug Abuse [2]. It was produced
by attaching the cocaine to the surface of an antigenic
carrier protein, which for this first generation vaccine was
deactivated cholera toxin B subunit protein combined
with the FDA-approved human adjuvant alum. Both the
carrier protein and adjuvant used in this cocaine trial are
different from those used in the first animal morphine
vaccine studies, although the proof of principle is the
same. Along with other labs, these early studies showed
that conjugate cocaine vaccines could elicit strong

antibody responses that blocked the pharmacological
effects of the drug.

Clinical trials
In 1996, a Yale University group was the first to use a
cocaine conjugate vaccine in humans, and Phase I and IIa
studies with this cocaine vaccine (TA-CD) were com-
pleted by 2005 [17]. In the phase IIa studies, where
human laboratory trials assessed dosing requirements
and short-term risks, most patients made clinically
relevant quantities of cocaine-specific antibody, and so
far have had few side effects [18,19]. The estimate of the
needed antibody level was based on the results of a
human laboratory study demonstrating that TA-CD
substantially decreased the intoxicating effects of smok-
ing cocaine in those generating antibody levels above
20 μg/ml [20]. A later Phase IIb study (a randomized
human outpatient trial to assess clinical efficacy) showed
that 40% of the patients made sufficiently high antibody
levels (over 43 μg/ml) after vaccination and significantly
reduced their cocaine use for over 2 months.

The response to cocaine vaccines occurs in two phases.
The initial phase lasts about 8–12 weeks during which an
initial series of five vaccinations results in a relatively
high level of antibodies in about 40% of vaccinated
addicts and another 35% have antibody levels sufficient
to block one or two cocaine doses, the latter of which is
especially useful for relapse prevention in patients
already abstinent [18]. The antibodies are produced to
cocaine as well as cholera toxin B, since the polyclonal
antibody response includes the cocaine chemically
attached to the cholera toxin. Virtually everyone will
produce substantial antibody responses to the cholera,
but the reasons why about 25% of patients produce low
or minimal levels of anti-cocaine antibodies are not
known. This non-response issue is being actively
investigated with a variety of very interesting leads
related to human genetics and the production of
immunological tolerance for particular substances.

The antibody levels may decline substantially in the
second phase (beyond 12 weeks) in the patients who
produced therapeutic levels of antibody to cocaine in the
initial phase, and a booster vaccination is often needed.
Rather than needing the full series of five vaccinations
again, however, a single vaccination may be sufficient to
elevate antibody levels back to their therapeutic levels for
about 3 months. Thus, for a period of protection lasting
2 years, patients would need to get about six additional
boosters given as one every 3months. Exposure to cocaine
alone will not provoke an increase in antibodies because
the cocaine molecule is unable to activate memory B cells
by cross-linking the antibodies expressed on their surface.
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However, after boosting with the conjugate vaccine, newly
produced antibodies in sufficient quantity will be able to
very rapidly (within seconds) bindmost of a usual dose of
cocaine when it enters the bloodstream, and again prevent
the cocaine from leaving the blood vessels and entering
the brain, heart, or other organs. This reduces the typical
drug effects on the various organ systems in the body.
Because the antibody–cocaine complex is too large to pass
thorough the blood–brain barrier, the cocaine is then
metabolized in the blood and liver to inactive metabolites
by one of three mechanisms: spontaneous hydrolysis,
tissue esterases (especially in the liver), or butyryl
cholinesterase (in the bloodstream) [21]. These metabo-
lites do not bind to the cocaine antibodies because of their
different chemical structures and are simply excreted from
the body.

Phase I and II studies with the cocaine vaccine were very
successful, in part because the cocaine was rapidly
sequestered and metabolized. This resulted from the
advantageous combination of a good antibody response
from the cholera toxin carrier and the spontaneous and
enzymatic hydrolysis of cocaine into inactive metabo-
lites. This type of rapid metabolism does not exist in the
blood stream for other abused drugs, such as nicotine or
methamphetamine. When these other drugs are bound
by antibodies, the drug is slowly metabolized in the liver
or other tissue sites, or excreted unchanged [22]. As a
result, these other compounds circulate in the blood-
stream much longer when bound by antibody.

Current status
The notable success of the first placebo-controlled
clinical trial of a cocaine vaccine [18], as well as the
relative ease with which these vaccines can be manu-
factured, has encouraged a multi-site study of the cocaine
vaccine to move forward quickly. Currently, the cocaine
vaccine (TA-CD) is being evaluated in an ongoing multi-
site, Phase IIb clinical trial. This 4-month, double-blind,
randomized, placebo-controlled, multi-center study is
comparing the effect of the cocaine vaccine to placebo in
reducing cocaine use in 300 treatment-seeking, cocaine-
dependent individuals. Patients receive five vaccinations
over a period of 12 weeks and some subjects will likely
attain therapeutic antibody levels in weeks 6–8, after the
first three injections. Based on the success of this vaccine
in earlier clinical trials, this cocaine vaccine shows
promise to be one of the first anti-addiction vaccines to
be approved by the FDA for human use.

Nicotine vaccines
Background and development
Smoking is a global healthcare problem. The World
Health Organization estimates that there are 1.3 billion

smokers worldwide today and more than 5 million
tobacco-related deaths each year [23]. If current smoking
patterns continue, smoking will cause some 10 million
deaths each year by 2020 [24]. To date, three medica-
tions are FDA-approved for smoking cessation: nicotine
replacement therapy, sustained-release bupropion, and
varenicline [25,26]. Despite the relative efficacy of these
first-line medications, long-term abstinence rates remain
disappointingly low, plus, many drug abusers relapse
after one quit attempt using the available pharma-
cotherapies. The CDC (Centers for Disease Control and
Prevention) estimates that, among the 45 million adult
smokers in the United States, almost 75% want to quit,
but less than 5% of those who try to quit remain smoke-
free after 12 months [27]. Thus, efforts to develop new
treatments including nicotine vaccines are continuing.

Nicotine does not have the advantage of a serum enzyme
that breaks it down into an inactive metabolite in the
bloodstream. Lacking such a serum enzyme would make
a successful nicotine vaccine more difficult if the only
goal was to prevent deliberate override of the antibody
levels. However, nicotine vaccines may nonetheless prove
as effective as cocaine vaccines because the antibody
levels needed for blocking nicotine effects are about ten
times lower for nicotine than cocaine, and those being
vaccinated are typically very motivated to stop smoking
and do not have the ambivalence about abstinence that is
common among cocaine and other illicit drug users
[11,28]. An early nicotine vaccine significantly reduced
drug distribution to the brain from single nicotine doses,
even after animals were chronically treated with total
nicotine daily doses that exceeded the estimated binding
capacity of antibody by 33-fold [28]. This reflected the
fact that nicotine metabolism was able to continue
despite a portion of the drug being bound to antibody,
permitting some antibody to be available for binding
an additional nicotine dose. This remarkably greater
efficacy than binding capacity is probably due to the
rapid on and off binding rates for nicotine as a small
molecule that is bound by a single antibody-combining
site. Nevertheless, having quantitatively high antibody
responses to clinical vaccines is critical to success. Overall,
nicotine vaccines could have significant success relatively
soon since they can be manufactured relatively inexpen-
sively, the total smoking population worldwide is very
large, motivation to quit smoking is relatively strong, and
finally patients are quite unlikely to try to deliberately
override the antibody capacity, unlike cocaine patients.
The low cost of a nicotine vaccine will also facilitate
widespread distribution of the vaccine for public health
purposes to a wide range of less wealthy populations
in both developed and developing nations’ healthcare
systems.
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Clinical trials
Because of the substantial market for smoking cessation
products, development of a vaccine against nicotine
addiction has caught the interest of the pharmaceutical
industry. As a result, three pharmaceutical companies
have moved nicotine vaccines forward to human
studies [29].

NIC002
Phase II trials with NIC002 (also known as Nicotine
Qbeta or CYT002-NicQb) from Cytos Biotechnology/
Novartis were conducted in 341 smokers, and the
outcome data were available from 239 study subjects
who were divided into low, medium, and high respon-
ders according to their nicotine antibody levels. There
was no difference in abstinence rates among the low and
medium responders and placebo groups. The top third
of the responders had higher abstinence rates at the 6-
and 12-month follow ups [30]. However, side effects
(including flu-like symptoms) occurred in 69.4% of
subjects. In 2007, Cytos Biotechnology entered into a
licence agreement with Novartis and, in 2008, Novartis
began a new Phase II trial in 200 cigarette smokers with a
reformulated vaccine with fewer side effects. However,
interim analysis showed that the primary endpoint
(continuous abstinence from smoking from weeks
8–12 after start of treatment) was not achieved, possibly
because NIC002 failed to induce sufficiently high anti-
body titers [31].

TA-NIC
Celtic Pharma completed a Phase II, double-blind,
randomized, placebo-controlled, multicenter, dose-
ranging study of 100 or 250 μg of TA-NIC (a recombinant
cholera toxin conjugate vaccine) to assess the efficacy and
safety of the vaccine as an aid to smoking cessation in
2009, but the results have not yet been released [32].

NicVAX
The most advanced nicotine product is NicVAX (a
bacterial exoprotein conjugate vaccine) by Nabi Bio-
pharmaceuticals/GlaxoSmithKline. During 2004 to
2006, Nabi conducted five Phase I/II clinical studies
involving more than 475 subjects and demonstrated
that NicVAX was well-tolerated, highly immunogenic,
gave a dose-dependent increase in antibody concen-
trations, and showed a clinical proof of concept for
efficacy in smoking cessation (clinical response rates
were highly correlated with antibody concentration).
Significantly, the data in the Phase IIb proof-of-
concept study showed a correlation between antibody
concentration and the ability of subjects not only to
quit smoking but also to remain abstinent up to
12 months [32].

In 2007, Nabi announced the successful completion of
our Phase IIb trial of NicVAX. The Phase IIb study was a
double-blind, placebo-controlled, dose-ranging study
designed to establish proof of concept and the optimal
dose and regimen for the Phase III program. The trial
enrolled a total of 301 heavy smokers who smoked an
average of 24 cigarettes per day prior to enrollment. The
30% of participants who developed the highest level of
nicotine antibodies (61 of 201) showed a continuous
abstinence at 8 weeks, between weeks 19–26 compared
with subjects who received placebo, and abstinence rate
was almost three times that of the placebo group after
12 months (16% in 400 μg group, 14% in the 200 μg,
and 6% in the placebo group). In addition, vaccinated
smokers who failed to quit but showed a high antibody
response smoked a median of only 10 cigarettes per day
while in the study, compared to their own baseline value
of 20 cigarettes per day before treatment. In the
remaining 70% of vaccinated participants, abstinence
rates were no better than placebo. These trials did not
demonstrate nicotine vaccines to be superior to placebo
when including all vaccinated subjects because only a
third of those vaccinated develop sufficient levels of
antibody to block the effects of nicotine [32].

However, in July 2008, Nabi reported results of an
improved immunization schedule, which was based on
the 400 μg dose and six applications of the vaccine.
Based on this schedule, 80% of the subjects achieved the
target antibody level at 14 weeks, which compares to
only 50% of subjects with the prior immunization
schedule. Nabi started a Phase III trial in 2008, which
was a double-blinded, placebo-controlled trial with
1,000 patients. The primary endpoint of the study was
the abstinence rate for 16 weeks ending at 12 months.
Abstinence was evaluated by self-reported cigarette
consumption and biologically verified by exhaled
carbon dioxide. Secondary endpoints included the
abstinence rate at various time intervals, safety, and
immunogenicity and the effect of NicVAX on withdrawal
symptoms, cigarette consumption, smoking satisfaction,
and nicotine dependency. Nabi has announced the
results of the first NicVAX(R) Phase III clinical trial recently;
the smoking cessation immunotherapy failed to meet its
primary endpoint of significantly greater abstinence in
those vaccinated compared with the placebo group [32].
However, this assessment was done several months after
the anti-nicotine antibody levels had fallen well below
expected therapeutic levels. Nabi is awaiting the results
of a second Phase III trial, but it has suffered similar
design problems; that is, treatment efficacy was assessed
after the active agent responsible for the therapeutic
effect (e.g., high antibody levels to nicotine) had been
gone for several months [33].
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Development considerations
Nicotine vaccines could have an important advantage in
that they can have a prolonged effect on the immune
system (for 6–12 months), and this could reduce the
relapse rate. Another advantage of the vaccine approach
is that daily administration of the drug is not required;
only occasional booster shots are needed to maintain
an adequate antibody titer. However, there has been
inconsistency in the degree of antibody response; some
people do not achieve adequate antibody titers. Possible
disadvantages of nicotine vaccines include the necessity
for multiple injections and the time delay before an
effective immune response is achieved. Nicotine vaccines
are in Phase I and III trials and, if successful, they will
contribute to the fight against tobacco addiction in an
innovative way.

Vaccines for methamphetamine addiction
Methamphetamine is a highly addictive and toxic drug of
abuse with potent central and peripheral sympathomi-
metic effects [34]. Its potent effects include an elevation
of pulse rate and blood pressure, and an increased level
of alertness. Pharmacokinetic studies have shown that both
cocaine andmethamphetamine have fast uptake (reaching
peak brain concentrations within several minutes); the
drug clearance from the humanbrain is fast for cocaine, but
slow for methamphetamine (hours) [35]. Methampheta-
mine has a plasma half-life of 12 hours, and the drug may
last between 4 and 24 hours [36]. It has been shown that
abuse of the drug leads to high levels of accumulation of
methamphetamine in most body organs, in humans [37]
as well as non-human primates [38]. This widespread and
long-lasting drug distribution parallels its long-lasting
behavioral effects, and is likely to contribute to various
medical complications including stroke, insomnia, excit-
ability, seizures, panic attacks, psychosis, and aggressive
behavior [39,40].

Methamphetamine use and addiction has grown at
alarming rates over the past two decades in the United
States and in Southeast and East Asia [41,42], and the
high rate of relapse in the patients undergoing metham-
phetamine withdrawal underscores the difficulty in
developing an effective therapy for methamphetamine
addiction [43]. According to the 2008 National Survey
on Drug Use and Health, 850,000 Americans aged 12 or
older used methamphetamine at least once in the year
prior to being surveyed, with past-month users reaching
314,000 [44]. The National Drug Threat Assessment
states that methamphetamine is “a principal drug threat”
to the United States and that 31% of state and local law
enforcement agencies nationwide consider it as the
principal drug threat [45]. Currently, there are no FDA-
approved medications for treating methamphetamine

addiction, so a successful vaccine against methampheta-
mine could have a substantial impact on addiction, as
well as on reducing one of the major risks for HIV
transmission worldwide.

Over the past decade, a number of labs have been
working on evaluating the best composition of a vaccine
for methamphetamine by considering hapten design,
selection of the carrier protein, the chemical positioning
of a linker between the target antigen and the carrier
protein, and choice of the best adjuvant, which is crucial
for proper immune stimulation both in terms of amount
of antibody elicited and antibody specificity [46-48].
Janda’s group has recently reported three methampheta-
mine conjugates that are able to generate substantial
antibody titers (45-108 μg/mL) and moderate affinity
(82, 130, and 169 nM) [47]. The data from our lab have
shown that high titer antibodies can be elicited and
maintained for 3 months by administration of metham-
phetamine conjugates in rodents, depending on the
conjugate construction and the adjuvants used. This
elevated antibody level is associated with the reduction
of methamphetamine-stimulated locomotor activity in
the vaccinated animals (Orson, unpublished data).
Furthermore, our data have suggested that methamphe-
tamine binding to antibody is equivalent to high affinity
monoclonal methamphetamine antibody [4-6] in
enzyme-linked immunosorbent inhibition assays, using
polyclonal antibodies generated by KLH-S-Meth or
OMPC-S-Meth (Orson, unpublished data).

In parallel, Owens and his colleagues have been
evaluating a passive immunotherapy approach using
the monoclonal antibodies for methamphetamine.
Passive immunotherapy involves the administration of
the preformed antibodies via intravenous, subcutaneous,
or intramuscular injection. The antibodies can be in the
form of polyclonal serum or purified IgG from animals
that were immunized with a drug-protein vaccine [49].
The monoclonal antibodies injected passively bind the
abused drug and act by the same pharmacokinetic as the
polyclonal antibody-produced vaccines. In vivo pharma-
cokinetics have shown that high concentrations of anti-
methamphetamine monoclonal antibodies can produce
a sustainable equilibrium shift of methamphetamine out
of the brain and into the blood stream, as measured by
substantial reductions in methamphetamine brain
concentrations over time accompanied by substantial
increases in methamphetamine serum concentrations
[5,6]. The rate of association and dissociation of the
antibody binding to the drug may also influence the rate
of drug entry to, and exit from, the brain. By slowing
methamphetamine’s entry into the brain, the antibodies
may be effective in reducing the amount of drug in the
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brain, thereby reducing the pharmacological effects of
the drug. These antibody-induced reductions inmetham-
phetamine volume of distribution, clearance from the
blood stream, and substantially increased serum protein
(predominantly antibody) binding are why antibody
medications are classified as pharmacokinetic antago-
nists; that is, they favorably change the concentration-
time course of methamphetamine in brain and other
organ systems. In addition, the passive administration of
high-affinity monoclonal antibodies has also shown to
reduce methamphetamine self-administration in rats
[50] and to reduce locomotor activity in rats given low
and moderate doses of methamphetamine, but not at
doses that significantly exceeded the antibody-binding
capacity for high-dose methamphetamine [51,52].

Development considerations
While the published human cocaine/nicotine studies
support the feasibility of anti-methamphetamine vaccines,
the methamphetamine vaccines that generate efficacious
levels of antibodies with sufficient binding affinity to the
drug are not yet sufficiently characterized to proceed to
clinical studies. Hapten design, carrier protein, and use of
adjuvants are critical for development of an efficacious
vaccine. The OMPC (outer membrane protein complex of
the bacterium Neisseria meningitidis group B) and KLH
(keyhole limpet hemocyanin) are the highly immuno-
genic foreign carrier proteins that have been commonly
used in vaccine formulation [53], and our preliminary
data indicated that OMPC is particularly attractive as a
carrier for the anti-addition conjugate vaccines, since it
elicits early, high-level antibody responses to the drug.
The methamphetamine vaccines may be evaluated in
combination with the currently licensed adjuvants includ-
ing aluminum salts (alum), MF59, and monophosphoryl
lipid A [53]. The influence of average antibody-binding
affinity and kinetics from these vaccines can be examined
using techniques including surface plasmon resonance,
isothermal titration calorimetry, and fluoresenced ther-
mopheresis. Animal models, such as methamphetamine
self-administration and the locomotor assay, can be
applied to evaluate the vaccines against repeated self-
dosingwithmethamphetamine and to assess the degree to
which the antibodies can inhibit the reinforcement effects
of methamphetamine.

Vaccines for opiate addiction
All opioids, including morphine, heroin, and prescrip-
tion analgesics such as Vicodin and OxyContin, have
extremely high abuse potential. Dependence on these
drugs has been termed a “chronic, relapsing disease,”
[54] and is associated with a multitude of health and
social problems, such as increased risk for HIV, mortality,

crime, unemployment, and breakdown of interpersonal
relationships [55]. Global heroin consumption was 340
metric tons in 2008, of which Europe (excluding Russia
and Turkey) consumed the most (88 metric tons, 26% of
global consumption), followed by Russia (70 tons; 21%),
China (45 tons; 13%) and the United States (22 tons; 6%)
[1]. In 2007, 3.8 million Americans reported using heroin
at some point in their lives, with 58% of the 366,000
current-year users meeting criteria for dependence or
abuse [56].

Both methadone maintenance and naltrexone are cur-
rently used as treatment for opiate dependence [9,10].
However, it has been shown that less than 25% of heroin
addicts remain abstinent after methadone maintenance
treatment [57] and 60% of heroin addicts lapse following
inpatient treatment [58]. In addition, these therapies are
associated with a number of problems, such as high
attrition rates within the first month [59], and reliance on
methadone clinics for the three-times-weekly administra-
tion. Besides, methadone is a full-opioid agonist itself,
therefore it is susceptible to abuse and overdose, including
adverse reactions such as respiratory depression. Further-
more, both methadone maintenance and naltrexone
programs are very costly (in 1996 alone, the United States
spent approximately $21.9 billion dollars on heroin
addiction [60], and so are less feasible in some countries
[55]. Therapeutic vaccines have the potential as treatments
to address these problems.

As discussed above, the first anti-addiction vaccine
development was directed to vaccines for opiate addic-
tion [7,8]. Other early studies also showed that certain
morphine protein conjugates could produce antibodies
with specificity to heroin and 6-acetylmorphine, as well as
morphine itself, and that the binding specificity may differ
depending on the hapten used [61-63]. Opiate vaccines
are now being revisited, almost 40 years after they were
initially studied [64-67], in order to offer an option to
produce long-lastingmorphine/heroin antibodies that are
specific for heroin and its psychoactive metabolites at a
sufficient level to block the pharmacological effects. These
antibodies would act as an opiate antagonist without the
aforesaid negative side effects associated with naltrexone/
naloxone. Anton and Lef [65] demonstrated that a 60 ester-
linked morphine-tetanus toxoid vaccine was able to
trigger and establish adequate antibody titers and prevent
reacquisition of heroin self-administration in rats. How-
ever, similar to the earlier study [8], a total of four boosts
were required over a 60-day period to reach adequate
titers, and biweekly boosts were needed to keep titer levels
high over the period of a year. Recently, Janda and his
colleagues have published their study using vaccines with
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heroin-like and morphine-like haptens linked to the
adjuvant KLH (keyhole limpet hemocyanin). The results
showed that the polyclonal antibodies from a heroin-like
vaccine had micromolar affinity to 6-acetyl morphine,
heroin, and morphine and prevented rodents from
acquiring the habit of heroin self-administration or
showing the anti-nociceptive effects of heroin. Conversely,
antibodies generated by morphine-like vaccine only had
adequate affinity for morphine and a reduced binding for
heroin, but no affinity for 6-acetyl morphine; in addition,
the morphine-like vaccine was not effective for pre-
empting heroin administration [67].

Our recent studies have demonstrated that high to
moderate levels of anti-morphine antibodies are elicited
bymorphine–KLH conjugates together with either alumor
monophosphoryl lipid A in rodents [68,69]. In agreement
with the previous studies [61-63], our study has shown
that polyclonal antibodies generated bymorphine vaccines
were able to bind tomorphine and itsmetabolites (6-acetyl
morphine, 3-glucuronide morphine, and 6-glucuronide
morphine), but with nanomolar affinity [69]. This cross
reactivity is critically important, since heroin is a prodrug
that is rapidly converted to the pharmacologically active
opiates 6-acetyl morphine and morphine by esterases
present in both the periphery and the central nervous
system [70]. In addition, our efficacy studies demonstrated
a significant inhibition of morphine-induced analgesia
[68,69] and conditioned rewarding effects of morphine
[69] in the immunized animals. These behavioral changes
in the vaccinated rats were at least in part due to seque-
stration of the drug in the blood and reduction of the drug
levels in the brain by antibodies [70].

Although morphine and heroin can both be blocked by
antibodies from a single type of vaccine, at least five
different vaccine types may be needed to block all the
types of synthetic opiates that have now been manu-
factured as alternatives to morphine due to their widely
varying chemical structures. Because prescription opiate
abuse has overtaken heroin as the major opiate abuse
problem in the United States, a vaccine approach to
blocking heroin abuse will be less effective in the clinic.
However, in the developing world, such as Southeast
Asia, the Middle East (Iran) and Mexico, where
morphine and heroin are the opiates most commonly
abused, an effective vaccine would be life-saving and very
cost effective. By building on previous research, design-
ing methodologically sound studies and systematically
assessing patient outcomes during the clinical trial and
6–12month follow-ups, such vaccines can hopefully win
FDA approval and then assist in combating this serious
public-health issue.

Challenges and implications
Challenges in delivering clinically effective
anti-addiction vaccines
An efficacious vaccine elicits good quality antibodies that
maintain at sufficient levels throughout a sustained
period of several months after the initial vaccination
series and then after each booster vaccination. Clinical
trials of cocaine and nicotine vaccines so far have
reported modest efficacy. The abstinence rates among
those vaccinated against nicotine have been no better
than placebo overall, but the rates have been superior to
placebo in the third who achieved therapeutic antibody
levels. So, enhancing the proportion of responders and
the magnitude of antibody responses will be critical for
making this approach broadly useful. Increasing the
number of doses and/or the size of the dose may
improve immunogenicity [33], but improved adjuvants
may offer the best route for increasing responses.
However, these changes may also increase adverse effects
so that the safety and efficacy of the revised dosage
schedules will need to be established. Nicotine vaccines
will need to be shown to be more effective than nicotine
replacement therapy, bupropion, varenicline, and any
new cessation aids in order to be adopted.

The cocaine vaccine was conceived primarily as an agent
for patients who could abstain from cocaine use for a
limited period of time but needed help with maintaining
that abstinence. This could work by inhibition of a
phenomenon that occurs across addictions called the
“priming effect” [71]. In the absence of an anti-cocaine
mechanism, cocaine use after a period of abstinence
markedly intensifies craving and increases the risk for
continuing into a binge pattern of abuse and relapse.
However, it was noted in Phase IIb cocaine trials that
some subjects who continued high-level cocaine use did
not appear to override the antibody blockade of cocaine
effects [18]. Therefore, anti-addiction vaccines may, in
high responders at least, also inhibit deliberate attempts
to override the vaccine’s blockade by using more than an
initial one or two drug doses.

The behavioral challenges for any successful vaccination
program start with the need to have 2–3 months where
the patient can be brought to a treatment site for five
vaccinations. During these 2–3 months, the patients
could be vulnerable to relapse if they have already
discontinued drug use. While this drug abuse alone does
not interfere with the vaccine’s ability to induce the
required antibody production, it is critical that the
patient gets these vaccinations at appropriate times over
the 3 months (e.g., 2, 4, 8, and 12 weeks after the initial
vaccination) and continued abuse may result in failure to
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appear for these follow-up visits. Thus, other treatment
interventions will be valuable to insure that compliance
with the schedule of vaccinations is maintained and such
interventions could vary from residential substance
abuse care to outpatient contingency management in
which patients are paid to come for the vaccinations with
an escalating pay schedule for each vaccination obtained.
Alternatively, monoclonal antibodies could provide
passive immunity while the acquired immunity is built
up, although such antibodies are expensive and can
produce adverse side effects [72].

Ethical and legal challenges
Apart from development hurdles, ethical, legal, and
regulatory challenges are the barriers to implementation
of these innovative treatments. Vaccines themselves are
generally considered high risk with a low profit margin
by the pharmaceutical industry, in large part because of
the extended liability that a company can incur with the
prolonged legal exposure produced through vaccination.
Also, the fundamental stigma of substance abuse, viewed
as a moral failure rather than a brain disease, pervades
many aspects of treatment for substance abuse. When
addiction is considered a failure of will power or as
willful misconduct, then treatment is generally directed
toward the behavioral disorder, with little consideration
given to direct medical intervention, so that even the
addict may not recognize the potential benefit of
therapeutic vaccination. The economic correlate of this
perception within the pharmaceutical industry is that
these patients would provide a poor return on invest-
ment for the costs and risks of developing an immuno-
logical intervention. This misperception has been
countered to a significant extent for tobacco smoking,
possibly because of its legality and worldwide preva-
lence, and as a result, nicotine vaccines are in clinical
trials by three companies.

Vaccines may have potential use as preventive agents in
high-risk populations; however, certain ethical concerns
need to be considered carefully before implementation
in these contexts [72,73]. For examples, the treatment
may be provided as an alternative to imprisonment to
persons who have been charged with or convicted of an
offence to which their drug dependence has contributed,
its main justification being that treating offenders’ drug
dependence will reduce their chance of reoffending
[74,75]. Another example could be vaccinating adoles-
cents against nicotine. If the adolescents then subse-
quently smoked ten times more cigarettes in order to
overcome the nicotine blockade, the result of such high
levels of smoking for prolonged periods would be a
massive increase of ingested carcinogens, which the
vaccine does not block. Another possible application

would be to use the vaccines in drug-abusing pregnant
women to protect the fetus and mother from drug
exposure and its complications. Finally, parents might
request that their children be vaccinated to prevent future
drug abuse, even though the risks of future drug abuse
for them as individuals might not be well defined [73].

The ethical and legal challenges have made FDA
approval for an anti-addiction vaccine extremely com-
plicated, and the precise requirements for FDA approval
are not clear because no such vaccine has yet been
approved [74]. FDA approval requires demonstration of
not only clinical efficacy, but also medical safety. The
preventive use of a vaccine in healthy young people
requires stronger evidence of safety and efficacy than
shorter-term use to reduce relapse in adults who are drug
dependent. Obtaining evidence to meet regulatory
requirements for such use has become very expensive
to accomplish [74,75]. As a result, FDA approval has
been of great concern to those companies who might
manufacture, license, and sell these vaccines.

Conclusions
The results from human studies of the first cocaine
vaccine and three nicotine vaccines are promising, and
preclinical development of efficacious methampheta-
mine and opiate vaccines is rapidly progressing. Blocking
immediate behavioral and toxic drug effects is valuable,
but even more promising from the addiction perspective
is the inhibition of drug reinforcement, or craving, which
will be necessary to help prevent relapse to drug use
by individuals motivated to quit. Ethical, legal, and
regulatory challenges are the barriers to implementation
of anti-addition vaccines, and future development
strategies may include examining additional ways to
increase antibody levels in high proportions of immu-
nized individuals to improve vaccine efficacy. Advances
in vaccine conjugate design, carrier protein use, and
especially adjuvant optimization will significantly
enhance the quantity and quality of the antibodies
produced, allowing drug vaccines to become useful
clinical tools for the treatment of substance abuse.
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