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ABSTRACT
Introduction: There are currently no effective treatments for Methamphetamine (METH) addiction and 
psychotherapy remains the sole treatment option. The development of immunopharmacotherapies for 
the treatment of drug addiction, overdose, and relapse management appears to be promising alter-
native and a significant body of information has been generated using various vaccine development 
strategies. Herein, we present an update on the developments toward anti-METH vaccines and their 
study outcomes in preclinical and clinical studies.
Areas covered: The scope of this article is to present an update on METH vaccine development 
strategies such as active vaccination through hapten design and the passive immunization through 
monoclonal antibodies along with preclinical and clinical studies. The relevant literatures and clinical 
trial outcomes were searched in databases including Google, Google Scholar, PubMed, Science Direct, 
ClinicalTrials.gov, and www.anzctr.org.au using specific keywords.
Expert opinion: Significant improvements have been developed for immunopharmacotherapies for 
METH addiction over the last two decades. However, only one monoclonal antibody candidate has been 
evaluated in a phase I clinical trial. At this moment, it is essential to evaluate the safety and efficacy of 
potential candidates in clinical trials to validate the importance of this platform drug-vaccine conjuga-
tion in order to manage or overcome METH addiction.
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1. Introduction

Methamphetamine addiction is a complex and dynamic public 
health issue affecting approximately 24 million users globally 
[1]. Over sixty percent of the global METH users are located in 
South East Asia and Oceania [1]. In the United States, approxi-
mately 1.6 million people have used METH [2] and in Australia, 
280,000 people have used METH in the past year [3]. Long- 
term abuse of METH is associated with numerous health risks 
which include addiction, violent behavior, paranoia, risk of 
contracting HIV and hepatitis, severe ‘METH mouth’, and 
intense itching and skin sores from scratching [4]. In the case 
of discontinuation of METH use, withdrawal symptoms include 
intense drug cravings, severe depression, anxiety, fatigue, and 
psychosis. METH use can also cause significant social problems 
including domestic and social violence, crime, homelessness, 
unemployment, and imprisonment [5].

METH is a highly addictive stimulant. Current management 
methods to reduce METH addiction and prevent relapse are 
ineffective in controlling this complex and growing public health 
concern [6]. Despite tremendous efforts in the last few decades, 
there are no effective treatment options for METH addiction. 
Currently available treatments for METH addiction mainly involve 
psychotherapy including cognitive behavioral therapy, contin-
gency management, residential rehabilitation, 12-step facilita-
tion, and relapse prevention programs [1,6,7]. The limitations 
and inefficiency of current treatment methods necessitate the 
development of alternatives such as anti-METH vaccines for 

METH addiction [8]. Developing a vaccine for METH will provide 
a complementary strategy for existing therapies. The mechanism 
of anti-METH vaccines is different from conventional pharmaco-
logical treatments. An anti-METH vaccine will not act as an 
antagonist for the drug binding site in the brain; rather, the 
antibodies generated in response to the METH vaccine will 
work by changing the concentration of METH distribution in 
the brain [8,9]. Vaccine or immunotherapy provides other oppor-
tunities in the treatment of drug addiction; immunotherapy 
against cocaine and nicotine has already reached human clinical 
trials [10–13]. However, the progress of vaccine development 
against METH addiction has not been evaluated comprehen-
sively. One monoclonal antibody (mAb) for METH addiction 
reached Phase I clinical trial [14,15]. Development of improved 
strategies to prevent drug use or, the development of new 
improved treatments against METH addiction is a National 
Institute on Drug Abuse (National Institute of Health, USA) prior-
ity [16]. As such, information regarding vaccine developments 
and methodologies against METH addiction is evolving rapidly. 
A number of studies have reported the development of mAb and 
a series of METH-conjugated vaccines through structural mod-
ification of METH, which is commonly known as ‘hapten design’ 
[8,14,17–22]. Researchers are continuously adopting cutting 
edge technology to develop a successful anti-METH vaccine. In 
this review, the METH vaccine development strategies have been 
reviewed along with clinical and non-clinical outcomes to pro-
vide a broad picture to the reader along with new insights and 
future directions. Fresh insights have been generated on 
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emerging vaccine development strategies and are already being 
investigated for various drugs of abuse, excluding METH. These 
are now suggested for consideration in the development of 
a METH vaccine.

2. Methodology

Searches were conducted using the databases Google, Google 
Scholar, PubMed, Science Direct, clinicalTrial.gov, and www. 
anzctr.org.au to identify the articles and clinical trials related to 
METH addiction and vaccine development strategies. The key-
words used were methamphetamine, methamphetamine addic-
tion, methamphetamine AND treatment, methamphetamine 
addiction AND monoclonal antibodies, methamphetamine 
AND vaccine, methamphetamine addiction AND conjugated 
vaccine, methamphetamine AND hapten design, 
Methamphetamine AND nano-vaccine, strategies for metham-
phetamine vaccine. All the above were repeated by replacing 
methamphetamine with METH OR ice. The selected publications 
include the vaccine development studies, preclinical or clinical 
trial reports that were conducted irrespective of their 
publication year. In order to gain updated information regarding 
ongoing efforts on clinical trials, we searched the ClinicalTrials. 
gov and Australia-New Zealand clinical trial (www.anzctr.org.au) 
registry database using the terms, methamphetamine OR METH 
addiction AND vaccine, monoclonal antibodies AND metham-
phetamine OR METH, methamphetamine OR METH conjugated 
vaccine, methamphetamine OR METH addiction and immu-
notherapy, as keywords.

The summary and title of the obtained articles were assessed 
by the authors and classified as included or excluded. The studies 
related to METH vaccine development, clinical and non-clinical 
data, and new concepts for METH vaccine development were 
included and the studies that did not mention METH AND vac-
cine were excluded from further analysis. Articles that were not 
written in English were excluded from the study. The overall 
article selection procedure is presented in Figure 1.

3. Approaches for METH vaccine development

In general, the immunization process can be categorized into 
two groups: active and passive immunization. A specific antibody 
can be produced in a patient’s body by both approaches [23]. In 

an active vaccination process, anti-drug vaccines are injected 
into patients to produce specific anti-drug polyclonal antibodies 
[24,25]. In the passive vaccination process, B cells which secrete 
anti-drug polyclonal antibodies are isolated and fused with mye-
loma cells, and after 2–3 rounds of screening (specificity to anti- 
METH) and cloning, monoclonal antibodies (mAb) are obtained. 
The cloned and identified mAbs usually those with the highest 
affinity and specificity are taken through complex genetic engi-
neering processes either from animals or antibody libraries and 
humanization of the chimera by selectively altering the amino 
acid sequence to retain the original specificity (Figure 2) [24,26]. 
The developed anti-drug mAb is injected into a patient’s body to 
fight against the drug. Both approaches have been evaluated for 
the treatment of METH addiction in mice, rats, and rodents and 
have been shown to be effective in animal models [27,28]. 
However, lately the active immunization approach using drug- 
like antigens conjugated to an immunogenic carrier protein has 
received much attention for its ability to modify the structure of 
METH and produce higher antibody levels, which is a key criter-
ion for a successful vaccine. Updates on the development stra-
tegies for both approaches, along with preclinical and clinical 
studies, have been summarized in the following sections.

3.1. Active immunization approach through 
hapten-carrier design

The conjugate vaccines development strategies through hap-
ten design have been studied most extensively for all the 
drugs of abuse including METH [8,9]. METH is a small molecule 
and the body’s immune system cannot recognize it. Therefore, 
METH or METH with a linker (hapten) needs to be tagged with 
a known immunogenic carrier to be recognized by the 
immune system and its effective processing (Figure 2) [8,29]. 
This strategy has been shown to be effective for both nicotine 
and cocaine vaccines and the strategy is viable for the appli-
cation of developing a vaccine against METH [8]. In order to 
prevent METH from entering the central nervous system (CNS), 
a high concentration of anti-METH antibodies is required. The 
selectivity and affinity of the anti-METH antibody largely 
depend on an effective METH hapten molecule. This is 
a significant challenge as METH is a small molecule with 
limited chemical epitope [8,20]. Inclusion of a linker at the 
appropriate position of the ‘hapten’ (METH) is crucial for the 
generation of high antibody titers and antibody specificity 
[30]. Hence, the proper design of hapten is important for 
immune recognition due to its role in the presentation of 
target antigen to the antigen presenting cell. A series of 
METH haptens have been investigated (Table 1) by various 
research groups in the last few decades in regards to their 
efforts to develop a METH vaccine (hapten-carrier approach).

One of the first examples of METH hapten design and 
conjugation to protein has been reported in 1973 by Cheng 
et al. [31]. The hapten N-(4-aminobutyl) methamphetamine 
was developed and conjugated with bovine serum albumin 
(BSA) for the validation of a radioimmunoassay method. 
A Korean research group has used the same hapten-BSA con-
jugate along with other carrier proteins to detect METH in 
urine samples [32–34]. The first vaccine intended for the 
application in humans was assessed by a research team at 

Article highlights

Ⴠ Immunotherapy for the treatment of METH addiction has great 
potential and significant developments have been made in this area.

Ⴠ Anti-METH vaccine development using ‘Hapten Design’ appeared to 
be very promising and draw the attention of scientific community.

Ⴠ Active and passive immunization techniques for METH vaccine have 
demonstrated promising results in preclinical stages.

Ⴠ New potential vaccine development strategies for drugs of abuse are 
emerging very fast and will revolutionize the METH vaccine develop-
ment platform.

Ⴠ Funding will play an important role in the assessment of the METH 
vaccine candidates in clinical trial phases.

Ⴠ Multiple candidate vaccines have demonstrated encouraging results 
in preclinical stages.
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the University of Arkansas in 2001 [17]. They developed 
a METH haptenic compound by introducing 6-carbon spacers 
linked at the para position of the phenyl ring and then con-
jugated with keyhole limpet hemocyanin (KLH) carrier to 
assess their effectiveness in a rat model. The immunized rats 
were repeatedly injected with 3 mg/kg METH twice a week. 
They demonstrated that the antibody levels were not inter-
rupted when METH was administered repeatedly. Later on, the 
same group generated mAb and were tested in a rat model 
with success. A study by Moreno et al. reported seven haptens 
and investigated their ability to produce antibodies in mice 
[20]. In that study, the investigators were able to design seven 
haptens mainly using Alkylating sulfhydryl linkers. Six haptens 
were investigated for their ability to mount an antibody 
response in mice and determined the ability of the antibodies 
to bind to METH and amphetamine in vitro. Three hapten 
derivatives, MH2(R), MH6, and MH7, were able to generate 
strong anti-METH antibody titers. Strategic molecular con-
straints and stereo-chemical requirements were crucial to gen-
erate even higher antibody titers using MH2(R). MH2(R), MH6, 
and MH7 were able to generate moderate antibodies for both 
METH and amphetamine (AMP) [20]. However, MH6 hapten 
was taken further due to its higher antibody titer and its 

effective binding specificity toward METH. The affinity of 
MH6 for (+) METH was 130 nM and 169 nM for MH7. In 
a more recent study, researchers at The Scripps Research 
Institute have demonstrated that methyl-linked METH hapten 
(S)MLMH-TT adjuvanted with CpG ODN 1826 and alum pro-
duced anti-METH antibodies in high titers and have reduced 
(+)-METH distribution to the brain [35]. The researchers con-
cluded that the inclusion of (S)-stereochemistry in METH hap-
ten is very crucial to ensure optimal protection.

Most of the reported earlier studies predominantly focused on 
the hapten design, its specificity, and antibody production capa-
city. Subsequently, the focus was shifted toward assessment of 
active vaccination on METH-induced animal behaviors [36]. As 
such, the Janda group at The Scripps Research Institute demon-
strated that METH haptenic derivatives MH6 was successful in 
reducing the METH-induced locomotor and thermoregulatory 
effects [21]. The vaccine comprised the conjugate MH6 with KLH 
and the Sigma adjuvant system (SAS®) – a stable oil-in-water 
emulsion adjuvant used as an alternative to the classical Freund’s 
water-in-oil emulsion [21]. MH6-KLH-SAS was able to generate 
higher Abs titers in the range of 1:70,000–1:80,000 in rats which 
were maintained for 3 weeks. In the same study selectivity of MH6 
antibodies to bind to AMP, METH, 4-methyl-N-methylcathinone 

Figure 1. Overall procedure of article selection for this review.
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(4-MMC), or methylenedioxy-methamphetamine (MDMA) were 
evaluated by equilibrium dialysis. The MH6 antibodies demon-
strated excellent affinity and specificity for METH and AMP [21]. It 
was also reported that METH concentration was greater in serum 
than CNS following acute METH injection in vaccinated rats. These 
findings support the idea that MH6 METH hapten could be 
a potential candidate to prevent METH addiction. Recently, the 
researchers at The Scripps Research Institute further investigated 
the effect of MH6-KLH in female rats [37]. The idea behind this 
study was to discover the effects of sex on the development of 
METH specific antibody and their subsequent effects on behavioral 
and physiological end points. In that study, female Wistar rats were 
vaccinated by MH6-KLH and exposed to METH via vapor inhalation 
at the dose rate of 1000 mg/mL in propylene glycol and then 0.25 
to 1 mg/kg intraperitoneal injection. MH6-KLH was successful to 
reduce the locomotor activity caused by 0.25 mg/kg METH, intra-
peritoneal. So far haptenic derivatives have shown great promise 
when conjugated with various carrier proteins and could be 

suitable candidates for clinical trials. A list of some successful 
haptenic derivatives are included in Figure 2 with their structures.

In another study, a vaccine was developed by conjugating 
a hapten SM09 with KLH which was able to prevent the rats 
from METH-induced impairment of food responses [38]. Initially 
rats were vaccinated by KLH-SM09 and then both control and 
vaccinated rats were injected by METH at the dose of 0.3 to 
3.0 mg/kg. The control group demonstrated reduced food intake 
even at the dose of 3 mg/kg whereas the vaccinated rats showed 
no alterations in food-induced behavior at all the METH dosages. It 
was concluded that KLH-SM09 conjugated vaccine was effective 
to reduce METH-induced adverse effects. Another haptenic deri-
vative of METH, N-succinylmethamphetamine (SMA), was devel-
oped by the Orson group at the VA Medical Center in Houston, TX, 
and assessed its effect on animal models by conjugating with KLH 
(SMA-KLH) [29]. SMA-KLH was successful in reducing the METH- 
induced hyper locomotion in mice. Considering KLH is not 
approved for human use, the same research group later used 

Figure 2. Schematic diagram of methamphetamine (METH) conjugate vaccine development through hapten design, (BSA, bovine serum albumin; DT, diphtheria 
toxoid; KLH, keyhole limpet hemocyanin; TT, tetanus toxoid). Chemical structures of some of the encouraging METH haptens (MH6 [20], Hapten 12 [8], HSM09 [38]).
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the same hapten, SMA, and conjugated it to tetanus toxoid (TT); an 
approved carrier for use in humans [39]. In order to increase the 
immunogenicity of SMA-TT, aluminum hydroxide was added to 
the formulation as an adjuvant [39]. Mice were vaccinated with 
SMA-TT at weeks 0 and 3. Initially mice in both vaccinated and 
control groups were conditioned with 0.5 mg/kg and 2 mg/kg 
METH. Then a second dose of METH was given to evaluate METH 
levels in the brain. It was concluded that the METH specific anti-
bodies were elevated at week 8 and remained stable up to week 
12 [39]. The vaccine was effective in reducing the entry of METH to 
the CNS at both doses. Very recently, the same research group 
further investigated the SMA-TT conjugate along with a toll-like 
receptor-4 (TLR4) synthetic agonist, E6020, in mice [40]. SMA-TT- 
aluminum hydroxide vaccine plus E6020 demonstrated greater 
affinity and threefold higher antibody titers compared to formula-
tions without E6020. The vaccine formulation with E6020 signifi-
cantly reduced the penetration of METH to the brain [39].

In another study, nine haptenic compounds using mainly 
alkylating linkers were studied [8]. One out of nine was designed 
by using peptide linker (BOC-Gly-Gly-OH). Amphetamine was 
used as starting material for the design of most of the haptenic 
compounds in their study due to the ease of modifying the 
primary amine groups on it. The developed METH hapten deri-
vatives were conjugated to TT or diphtheria toxoid (DT) and 
evaluated their effectiveness in producing METH specific anti-
body responses and also their ability to reduce METH-induced 
locomotor activity in animal models. Among all the haptens 
conjugated with DT or TT, hapten 12 conjugated with TT (12- 
TT) and mixed with aluminum hydroxide and TLR9 agonist (CpG 
ODN1826) induced excellent antibody titer (1:300,000) and was 
able to reduce METH-induced locomotor activity compared to 
a control group when METH was injected at the dose of 0.5, 1, 2, 
4 mg/kg bodyweight [8]. In that study, it was concluded that 
secondary amine in METH is crucial for high affinity antibody 
production; a peptide-based linker was more efficient in eliciting 
the antibody production; and TT was able to produce higher 
antibody due to the higher lysine residue on its structure.

A search was conducted at the ClinicalTrials.gov online 
registry, for anti-METH vaccines in human clinical studies, 
and no studies were registered for the assessment of such 
vaccines (accessed online on 26/03/2020). There were signifi-
cant developments in the design of conjugated METH vac-
cines and their assessment in terms of selectivity, antibody 
production capacity, and modulation of METH-induced animal 
behavior in the last two decades. However, no study was 
translated into human clinical trials. METH conjugated vac-
cines have shown promise in pre-clinical models and efforts 
should be aimed at translating pre-clinical findings to human 
clinical trials in METH addicted individuals. There is 
a desperate worldwide need for an effective treatment mod-
ality to control METH addiction and its associated complica-
tions. It deserves urgent, desperate initiatives in order to 
succeed.

3.2. Passive immunization

Passive immunization is the process of administering a pre- 
generated, well-defined, well-characterized purified antibody 
[15,41]. Traditionally, the anti-METH antibodies for passive 
immunization were produced by immunizing animals with 
an immunogenic hapten-carrier complex [41]. Then purified 
and well-characterized humanized or human mAbs were 
administered to the patients to prevent the effect of drugs. 
Polyclonal antibodies in active immunization process are pro-
duced by different B cell clones in the body’s immune system 
which are able to bind to a number of different epitopes of 
the antigen. On the contrary, mAbs have monovalent affinity 
and can only recognize the same epitope (or one epitope) of 
the respective antigen. The synthesis of monoclonal(mAb) 
anti-drug antibodies involves complex and time-consuming 
genetic engineering processes [42]. The vaccine development 
processes for both active and passive immunization 
approaches share common steps up to the development of 
an immunogenic METH-linker-protein carrier. The 

Table 1. Summary of preclinical studies using various METH hapten derivatives and carrier protein.

Hapten derivatives Carrier protein Study outcome
Model 
Tested Reference

N-(4-aminobutyl) methamphetamine Bovine Serum 
Albumin 

(BSA)

Validation of a radioimmunoassay method Mice [31]

(+)METH with a six carbon spacer 
group at the para position of the 
ring structure

keyhole limpet 
hemocyanin 

(KLH)

Rats immunized with METH hapten-KLH conjugate developed METH antibody 
titers

Sprague– 
Dawley 

rats

[17]

MH1-MH7 KLH MH2, MH6 and MH7 demonstrated very promising anti-METH antibody titer 
and METH affinity

GIX Mice [20]

MH6 KLH MH6 was successful in reducing the METH induced locomotor and 
thermoregulatory effects

Rats [21]

SMO9 KLH SM09 with KLH was successful in preventing the rats from METH-induced 
impairment of food responses

Rats [38]

N-succinylmethamphetamine (SMA) KLH and 
Tetanus 

Toxoid (TT)

SMA-KLH/TT was successful in reducing the METH induced hyper locomotion 
in mice model

Mice [39]

Nine (9) METH hapten derivatives with 
alkylating and peptide linkers

TT and 
Diphtheria 

Toxoid (DT)

Hapter 12 (12-TT) conjugated with TT & alum/CpG ODN 1826 as adjuvant 
demonstrated excellent antibody titer (300,000) and was able to reduce 

METH induced locomotor activity compare to control group

Webster 
mice

[8]

MH6 KLH MH6-KLH was successful in reducing the locomotor activity caused by 
0.25 mg/kg METH, intraperitoneal

Female 
Wistar 

rats

[37]
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development of mAbs has additional steps that involve com-
plex genetic engineering processes. A schematic diagram of 
mAb development in mouse and chimeric mouse/human mAb 
is shown in Figure 3.

There are number of technologies for the development of 
mAbs for therapeutic application such as chimeric mAbs 
which is 70% human, Phage display for humanized mAb, 
transgenic mouse for human mAb, and Single B cells for 
human mAb [43]. The later technologies are getting increased 
attention due to the ease of production of highly specific, 
sensitive, and less immunogenic mAbs and number of 
approved mAb are increasing from these newer technologies 
and could be explored for anti-METH mAb. Although chimeric 
mAbs are 70% human, still it is too immunogenic and required 
further modification for humanization. On the other hand 
a humanized antibody demonstrated lower immunogenicity, 
efficiently activate the human effector functions to take place; 

and the serum half-life of the humanized mAb is significantly 
higher than mouse/chimeric mAbs [44,45]. Every type of mAbs 
development technologies have their own challenges and the 
common one is the requirement of sophisticated technology.

Despite the complex manufacturing process, mAbs have been 
explored for the control of METH-induced addiction in animal 
models (Table 2). Passive immunization through mAbs for the 
management of METH overdose toxicities has a number of advan-
tages [28,42,46]. Firstly, the onset of action of mAbs is very quick 
and can bind with METH immediately compared to active vaccina-
tion, which is particularly important for the treatment of METH 
overdose. Secondly, METH mAbs are highly specific to METH and 
do not react with other endogenous molecules and hence, have 
low CNS side effects. Thirdly, METH mAbs have high affinity. Lastly, 
mAbs acts through a unique mechanism by which they combine 
with METH in the bloodstream and reduce the penetration of 
METH to the CNS, and could be safely co-administered with 

Figure 3. Schematic diagram on the production of mouse monoclonal antibody using animal model. Mouse/human chimeric antibody shown.
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other small molecules which mainly work in CNS for antagonistic 
effect [28].

A series of preclinical studies have been conducted to assess 
METH mAbs in terms of their affinity, selectivity, and ability to 
decrease METH stimulated locomotor activity. Preclinical studies 
have shown that this approach has potential for the management 
of METH overdose toxicity and the prevention of relapse. The 
Owens group from the University of Arkansas investigated 
a series of studies on anti-METH mAbs in a rat model. In a study 
to simulate a human treatment scenario for METH overdose, rats 
were injected with 1 mg/kg METH and anti-METH mAbs were 
given 30 minutes after METH administration. Anti-METH mAbs 
were successful to antagonize the locomotor activity [28]. In that 
study, two anti-METH mAbs with different affinities were investi-
gated and the mAb with the highest affinity was more effective to 
reduce the locomotor activity [28].

In another study, the Owens group investigated the roles of 
anti-(+)-METH mAbs (mAb; KD = 11 nM) on (+) METH and (+) AMP 
serum and tissue disposition in rats [47]. The rats were pre-treated 
with a buffer solution (control group) or with anti-(+) METH mAbs. 
The following day, both groups were treated with a dose of 1 mg/ 
kg (+) METH intravenously. Rats treated with anti-METH-mAbs 
showed a reduction of METH concentration of greater than 60% 
for brain and an increase of METH concentration greater than 
6,600% for serum. The anti-METH mAbs did not show any signifi-
cant cross-reactivity for AMP, suggesting that it has greater affinity 
for METH and efficiently reduces the penetration of the drug into 
the CNS. The Owens group further investigated the effect of two 
murine derived anti-METH mAbs on self-administration of METH in 
rat models [48]. These two mAbs were mAb6H8 with lower affinity 
and mAb6H4 with higher affinity. The rats were injected with 
METH at the dose rate of 0.01, 0.03, and 0.06 mg/kg (+) METH 
one day before the self-administration period. Both mAbs had 
minimal effect on the rate of self-administration of METH against 
the dose rate of 0.01 mg/kg (+) METH out of three dosages tested. 
Although mAbH4 had 20X more affinity than mAbH8, they 
demonstrated similar antagonism against METH. The investigators 
concluded that both mAbs are able to bind with self-administered 
METH before they enter the CNS and thus prevented a reinforcing 
effect, and proposed these mAbs could be potential pharmacoki-
netic antagonists of (+) METH.

The Owens group conducted another study using 
a combination of anti-METH and anti-phencyclidine (PCP) 
mAbs in pigeons. This was the first ever study where investi-
gators used two drugs at the same time. These antibodies 
were derived from mice and tested to determine whether anti- 
METH and anti-PCP mAbs could prevent the discriminative 
behavioral effects of the drugs. Both the mAbs demonstrated 
excellent drug-specific selectivity and each mAbs blocked the 
behavioral effects of the respective drugs [49]. Later on, the 
Owens group designed a human-mouse chimeric mAb for (+) 
METH with high selectivity and affinity [14]. This antibody was 
able to bind with its target molecules METH, AMP, and 3, 
4-methylenedioxy-N-methylamphetamine with high affinity. 
In this study, the investigators concluded that ch-mAb7F9 
binds with METH efficiently; ch-mAb7F9 can alter the disposi-
tion of METH, reduce volume of distribution and enhance the 
clearance of METH from the body significantly. The findings of 
this study suggested to have profound therapeutic impact 
regarding effective doses of ch-mAb7F9 against METH, dura-
tion of action, and safety profile of ch-mAb7F9 in METH users 
at the time of taking METH while on ch-mAb7F9 treatment. By 
far this is the most successful mAb for the management of 
METH addiction. This preclinical study has generated 
a substantial body of information on the efficacy and safety 
of ch-mAb7F9 for the management of METH addiction and has 
supported the rationality of initiating clinical studies.

In yet another study by the Owens group the effects of ch- 
mAb7F9 were evaluated on intracranial self-stimulation following 
acute METH administration in rats [15]. Rats were pre-treated with 
mAb7F9 at the dose rate of 30, 100, or 200 mg/kg. Rats pre-treated 
with 200 mg/kg mAb7F9 prevented the ability of an initial injection 
of 0.3 mg/kg METH to decrease baseline intracranial self- 
stimulation thresholds, but were less efficient in reducing the effect 
of subsequent daily injections of METH. MAb7F9 at the dose of 
200 mg/kg also generated a little but noticeable reduction in the 
ability of 0.3 mg/kg METH to reverse METH withdrawal-induced 
elevations in intracranial self-stimulation thresholds. This study 
finding successfully demonstrated that ch-mAb7F9 can partially 
attenuate some addiction-related effects of acute METH dose in an 
intracranial self-stimulation model, and further justifies the thera-
peutical potential of ch-mAb7F9 for the management of METH 

Table 2. Summary of preclinical and clinical studies using various anti-METH mouse monoclonal antibodies (mAbs) or human/mouse chimeric mAbs.

Vaccine description Study outcome
Model 
Tested References

Two anti-METH mAbs with different 
affinity

mAbs with higher affinity were more effective to reduce the locomotor activity Rats [17]

Anti-(+)-METH mAbs (mAb; KD = 11 nM) Rats treated with anti-METH-mAbs treated showed a reduction of METH concentration of 
> 60%t for brain and an increase of METH concentration greater than 6,600% for 

serum

Sprague– 
Dawley 

rats

[28]

Two murine derived anti-METH mAbs 
(mAbH4 & mAbH8)

Both mAbs are able to bind with self-administered METH before they enter into CNS and 
thus, prevents reinforcing effects and proposed these mAbs could be potential 

pharmacokinetic antagonist of (+)METH

Rats [48]

Combination of anti-METH and anti- 
phencyclidine (PCP) mAbs

Both the mAbs demonstrated excellent drug specific selectivity and each mAbs blocked 
the behavioral effects of the respective drugs

Pigeons [49]

Human-mouse chimeric mAb for (+) 
METH with high selectivity and affinity

ch-mAb7F9 binds with METH efficiently; ch-mAb7F9 can alter the disposition of METH, 
reduce volume of distribution and enhance the clearance of METH from the body 

significantly

Rats [14]

ch-mAb7F9 This study finding successfully demonstrated that ch-mAb7F9 can partially attenuate 
some addiction-related effects of acute METH dose in an intracranial self-stimulation 

model

Rats [15]

ch-mAb7F9 Phase 1 clinical trial has been conducted to assess the safety of ch-mAb7F9 in human Humans NCT01603147
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addiction. In addition, ch-mAb7F9 has entered into phase 1 human 
clinical trial (NCT01603147; clinicalTrials.gov portal; accessed 31/ 
03/2020) with title of ‘The safety of ch-mAb7F9 for 
Methamphetamine Abuse’. According to Clinical Trials database, 
recruitment for the study was completed in 2012 and the Phase 1 
study has been completed in 2014. No study results were posted 
on the ClinicalTrials.gov website. However, the study outcomes 
have been published [50]. This study was a phase 1, randomized 
double-blind study with a primary aim to assess the safety and 
tolerability of a single administration of ch-mAb7. Forty-two 
healthy volunteers were recruited for this study and administered 
ch-mAb7F9 over a range of 0.2 to 20 mg/kg bodyweight and 
monitored for 147 days. No dose-related potential adverse effects 
or discontinuation of the study by the volunteers were reported. 
Four out of 32 volunteers were confirmed to have anti-ch mAb7F9 
at the end of the study. However, this antibody response was not 
dose related [50].

There has been significant progress in the design and develop-
ment of mAbs for the treatment of METH addiction in recent 
decades. There is a substantial body of preclinical information on 
affinity, specificity, safety, and efficacy of newly developed mAbs 
which were mainly developed through hybridoma technology 
which eventually supported the initiation of clinical trials. Despite 
significant developments, only one study entered Phase 1 clinical 
trial using ch-mAb7F9. Again, like vaccine development through 
hapten design, anti-METH mAbs are mostly stuck in the preclinical 
stage and require a push/funding stimulus to take them to the 
clinical phase in order to have any chance of succeeding. As stated 
earlier, development of mAbs for human application is tedious, 
time consuming, and expensive which may be a great hindrance 
to the success of the approach. In contrast, conjugated METH 
vaccine development through hapten design offers more flexibil-
ity, is quicker to develop, and is less tedious. For these reasons 
efforts into this approach have been of focus, especially the 
researchers from the Scripps Research Institute, who conducted 
series of studies and generated substantial preclinical data. Sadly, 
there is no current candidate in clinical trial of a vaccine developed 
through the hapten design approach. This is mainly due to the 
shortage of funding and appropriate legislation, according to 
experts.

However, METH addiction is a serious and growing problem 
across the globe. There is a pressing need for an effective 
treatment and the beneficial aspects of a successful vaccine 
whether active or passive, must surely outweigh the cost 
involved in the design, development, preclinical and clinical 
trials. Therefore, funding should be readily available to ensure 
the success of this promising approach, and eventually for the 
greater benefit of mankind.

4. Conclusions

Although enormous efforts have been made to develop an 
effective vaccine for METH addiction, they have so far been 
unsuccessful. Some of the study outcomes, including active 
and passive immunization approaches, demonstrated promis-
ing results in preclinical studies which may be translated into 
clinical trials in the future. Some new vaccine development 
strategies are very promising and may enhance the vaccine 
development process. METH addiction is a complex central 

nervous system disease and poses a global threat. The success 
of the development of a METH vaccine will largely depend on 
the funding support and appropriate legislation to encourage 
the research institutions and industries to engage in this 
innovative and important project.

5. Expert opinion

There is a pressing need for an effective treatment for the manage-
ment of METH addiction and associated complications. 
Immunotherapy can play a pivotal rule in the prevention of relapse 
due to its immune-propylaxis properties. METH-conjugated vac-
cine developments through hapten design are trending now. 
Significant developments have been achieved based on conju-
gated vaccine development strategies and mAbs in animal mod-
els. However, only one anti-METH chimeric mAb progressed to 
human clinical trial. Vaccine efficacy could be significantly different 
in human models compared to animal models. Level of antibody 
production and safety margin could also vary significantly 
between the models; hence, they need to be evaluated in 
human models for the strategies to be successful. METH vaccine 
studies are mostly halted at the preclinical stage and need a push 
to take them to the next level. The future success of the METH 
vaccine will depend on a number of factors which need to be 
addressed properly.

Some of the vaccine candidates for cocaine and nicotine 
were unsuccessful due to inadequate antibody responses. 
These clinical study outcomes offer very important message 
for the researchers engaged in the development of METH 
vaccines to harness this parameter. Of relevance, in cancer 
vaccine studies little antibody responses were shown with 
certain conjugates in animal models but in humans, high 
antibody levels resulted [51–53], hence, pre-clinical data do 
not always translate to human settings. A number of studies 
have been conducted to increase the antibody levels of METH 
vaccines in animal models. However, till now no specific 
benchmark on the antibody titer has been set as a reference 
guide which necessitates urgent human studies to set 
a benchmark. Currently, different studies are reporting efficacy 
at different antibody levels, which is confusing.

The success or failure of METH vaccines mainly depends on 
three components such as hapten, immunogenic carrier, and 
adjuvant. Over the last two decades protein-based carriers 
have been explored extensively as an immunogenic carrier. 
However, there are other immunogenic carriers such as poly-
saccharides which have been underexplored for METH vac-
cines. Emphasis should also be given to exploration of other 
immunogenic carriers to increase the chance of success.

Natural polymer or particle-based vaccines such as polymer 
particles, liposomes, VLPs, self-assembled peptides, and combina-
tions of different materials can provide higher immunogenicity, 
antibody production capacity, selectivity, and efficacy due to their 
ability to activate the antigen presenting cells and process the 
vaccines efficiently compared to hapten conjugated vaccines pre-
pared by traditional synthetic processes. The polymer or particle- 
based vaccine can offer accurate geometry and stoichiometry of 
vaccine components, and controlled hapten density. Protein car-
riers due to their fixed tertiary structure have a limited number of 
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functional groups on their surface and so are only able to bind to 
a limited number of haptens. In contrast, particles or polymers 
have higher numbers of surface functional groups and can be 
easily modified to add more functional groups, so that they pre-
sent potential alternatives. Additionally, particle-based vaccines 
are able to offer focused delivery of immune modifiers and other 
adjuvants and can work as depots for sustained release of the 
vaccine at the cell surface. Particle-based vaccines have shown 
promising results for nicotine, heroin, and cocaine vaccines. They 
have not as yet been explored for METH vaccine. These newer 
strategies should now be focused on production of a successful 
vaccine for METH addiction.

Some experts believe funding is becoming increasingly 
critical for promotion of development studies and for clinical 
trials for the vaccines for substances of abuse. It has also been 
claimed that if there was sufficient funding, taking vaccines to 
clinical trials would not be a problem. Pharmaceutical indus-
tries are not willing to invest in research into addiction treat-
ments, because they see little potential market viability. This 
hesitation may be due to a lack of clear guidelines or legisla-
tion on the marketing of these vaccines to the customer once 
they are approved. The logistics for the treatment of METH 
addiction are complicated and government has a role to play 
here. Therefore, governments need to become involved in 
supporting the research studies financially. Governments 
should also introduce appropriate legislation in terms of the 
marketing of these vaccines once they are approved, as 
a show of confidence to the research institutions.
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