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REVIEW

Vaccines as a preventive tool for substance use disorder: A systematic review 
including a meta-analysis on nicotine vaccines’ immunogenicity
Roberto Scendoni a, Emanuele Burya, Isabella Lima Arrais Ribeirob, Roberto Camerierec, and Mariano Cingolania

aDepartment of Law, Institute of Legal Medicine, University of Macerata, Macerata, Italy; bPostgraduate Program in Dentistry, Federal University of 
Paraíba, João Pessoa, Brazil; cDepartment of Forensic Medicine, University of Molise, Campobasso, Italy

ABSTRACT
The research on substance use disorders is ongoing in the quest to find anti-addiction vaccines to treat drug 
abuse. This article provides a systematic review of clinical trials that have been conducted on humans to 
evaluate the efficacy, safety, and abstinence rates of anti-addiction vaccines for different drugs, with useful 
results regarding cocaine and nicotine vaccines in particular; this study includes also a meta-analysis to 
establish the antibody-titer production following the nicotine vaccination, while a meta-analysis of cocaine 
vaccines was not performed due to the small number of included trials. The articles taken into consideration 
were published between 2002 and 2015, including searches through 2022. Overall, 13 articles were selected 
with 2,266 participants from different ethnic groups. The meta-analysis of nicotine vaccines showed that 
vaccinated groups were 50 times more likely to create specific antibodies compared to the non-vaccinated. 
These results demonstrated how the nicotine vaccine has good immunogenicity.
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Introduction

The possibility of using preventive and/or therapeutic active 
immunization (vaccination) against substance use disorders is 
extremely interesting and topical, even if over the years 
research in this area has gone through alternating phases of 
progression and inactivity.

The concept of anti-drug vaccination is usually linked to 
combatting addiction. Addiction can be defined as a treatable, 
chronic medical disease involving complex interactions among 
brain circuits, genetics, the environment, and an individual’s 
life experiences.1 People who suffer from addiction use sub-
stances that can be dangerous or engage in behaviors that 
become compulsive despite harmful consequences.2

Table 1 specifies the data of the analysis made by the United 
Nations Office on Drugs and Crime (UNODC), referring to 
June 2021. During this period, around 275 million people used 
drugs, up by 22% from 2010.3

The European Monitoring Centre for Drugs and Drug 
Addiction (EMCDDA) has also reported rising levels of drug 
abuse;4 as shown in Tables 2 and 3. Given the alarming data, 
anti-drug vaccines represent an important development in the 
pharmacotherapy of chemical dependency.5

What is the immunotherapeutic principle of the 
anti-addiction mechanism?

Vaccines against substance use disorders are made by a carrier 
protein, haptens, and adjuvants. Anti-drug vaccines are active 
immunizations, which means that they trigger an immunological 
response against the agent when administered.6 This contrasts 

with passive immunization using polyclonal or monoclonal anti-
bodies where no immunological memory is formed: when anti-
body levels fall, the antibodies themselves must be administered 
again. In the vaccine formulation, the active immune response is 
given by the presence of a chemical derivative of the drug (hap-
ten), conjugated to an immunogenic carrier protein. For instance, 
the cocaine vaccine is comprised of succinylnorcocaine molecules 
covalently linked to a carrier protein derived from the cholera 
B toxin, which is adsorbed to an aluminum adjuvant. This vaccine 
can stimulate B-cells to produce antibodies to cocaine as well as its 
conjugate. Once the immune system has been primed by active 
vaccination, the later introduction of the vaccine complex should 
result in the production of an antigen-specific, immunoglobulin 
G (IgG)-mediated antibody response.7 The effectiveness of the 
vaccine can then be measured by its ability to create antibodies 
with specificity and high binding affinity for the drug of abuse; the 
robustness of the antibody response, i.e., the concentration of 
antibody produced, is another measure of effectiveness.8

Vaccines against addictions: state-of-the-art and 
functional principle

An anti-drug vaccine is typically administered along with an 
adjuvant which increases the strength of the antibody response. 
In clinical trials, mineral salts like alum, are the most com-
monly used adjuvant, followed by emulsions (MF59, AS03), 
Microparticles (Virus-Like Particles and Virosomes), and 
Immune potentiators (TLR1/2 Agonists).9 An anti-drug vac-
cine will be considered clinically useful if the antibody response 
it provokes is sufficiently strong and long-lasting, and if it treats 
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the disorder based on pre-specified criteria developed in colla-
boration with regulatory authorities. To prevent the drug from 
having psychoactive effects, the blood concentration of the 
antibody, or titer, must be high enough to intercept all or 
most of the target drug molecules before they enter the brain 
through the blood-brain barrier (Figure 1).

Large epidemiological studies and clinical trials have 
identified a range of environmental factors which are con-
tributors to the efficacy of the vaccine: age, sex, ethnicity, 
size (body-mass index), and health, including smoking sta-
tus, of individuals as well as the dose, route of administra-
tion and quality of storage of the vaccine.10 The main drugs 
under study for the development of specific vaccines are 
listed below.

Vaccination against substance use disorders shows efficacy 
in animal models. Several preclinical findings specifically 

identified molecules like Interleukins11 or Naïve B cells,12 

showing that they may provide screening tools to predict 
vaccine clinical efficacy against drugs of abuse or other small 
molecules, as well as use these molecules as pharmacological 
target and a potential biomarker of vaccine efficacy. This kind 
of preclinical trial and other studies may suggest that the 
vaccine efficacy for substance abuse can be also influenced by 
the genetics and the immune system of the individual. The host 
genetic polymorphisms, for example, can modulate the 
immune response in multiple ways on different scales.13

Cocaine vaccines
The most successful cocaine vaccine to date is a cocaine hapten 
conjugated to inactivated cholera toxin B, known as TA-CD.14 The 
TA-CD vaccine generates cocaine-specific antibodies that mini-
mally bind to inactive cocaine metabolites such as 

Table 1. Illicit drug use at the global level among people aged 15–64 years in 2021.

Drug problem Number of people (in millions) Percentage of the global population (4,396 million persons in total)

Used drugs at least once during 2021 241 5.5% of the population aged 15–64 years
“Problem drug users” 36.3 13% of all people who used drugs

Table 2. Statistical bulletin (2021) on the drug situation in Europe.

Drug
Last year use 

(Adults 15–64 years)
Lifetime use 

(Adults 15–64 years)
Last year use 

(Young adults 15–34 years)
National estimates of use in last year 

(Young adults 15–34 years)

Cannabis 22.2 million (7.7%) 78.6 million (27.3%) 15.8 million (15.5%) Lowest 3.4% 
Highest 22.9%

Cocaine 3.5 million (1.2%) 14.4 million (5.0%) 2.2 million (2.2%) Lowest 0.2% 
Highest 5.6%

MDMA 2.6 million (0.9%) 10.6 million (3.7%) 1.9 million (1.9%) Lowest 0.2% 
Highest 7.7%

Amphetamines 2.0 million (0.7%) 8.9 million (3.1%) 1.4 million (1.4%) Lowest 0.0% 
Highest 4.2%

Table 3. Statistical bulletin 2021 on the use of heroin and other opioids in Europe.

Drug High-risk opioid users Opioid users who received substitution treatment in 2020 Drug treatment requests Fatal overdoses

Heroin and other opioids 1.0 million 514,000 28% 74%

Figure 1. Anti-addiction mechanism of vaccine immunotherapy.
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benzoylecgonine, ecgonine methyl ester, and benzoic acid.15 

Antibody-bound cocaine molecules are then broken down by 
pseudocholinesterase in circulation, or by nonenzymatic hydro-
lysis which converts cocaine into inactive metabolites.16 The latter 
no longer bind to the antibody and are consequently excreted. 
Since the metabolites do not bind antibodies, this frees up the 
antibody to bind to more cocaine, prolonging and enhancing its 
capacity for blocking more cocaine from reaching the brain.

Amphetamine vaccines
Several studies have been carried out to develop an effective 
vaccine for amphetamine, in particular methamphetamine 
(METH) addiction, but research so far has been unsuccessful. 
However, increasing attention has been paid to METH- 
conjugated vaccine developments through hapten design, and 
some studies in animal models have demonstrated promising 
results in preclinical studies which may be translated into 
clinical trials in the future, proving that METH-specific anti-
bodies were produced.17–19

Nicotine vaccines
Nicotine is the main addictive component of tobacco and plays an 
important role in the reward system in the brain.20 Nicotine 
vaccines can be potentially as effective as cocaine vaccines because 
those who are vaccinated are typically highly motivated to quit 
smoking and do not share the common withdrawal ambivalence 
experienced by cocaine users and other addicts.21

Anti-nicotine antibodies created by the vaccine bind to the 
nicotine molecules, making them too large to pass through the 
blood-brain barrier. If nicotine is prevented from reaching the 
brain, this prevents the increased production of the neuro-
transmitter dopamine, which is responsible for creating feel-
ings of pleasure in the smoker.22 Nic-Qb (NIC002), NicVax, 
Niccine, and TA-NIC are the most known vaccines to have 
been used in clinical trials.

Opioid vaccines
The principle is to stimulate the immune system to generate 
antibodies that attach themselves to the opioid, blocking its pas-
sage from the blood into the brain. In this specific case, the creation 
of a vaccine is particularly complex since, in addition to the 
obstacles common to all anti-addiction vaccine attempts, the 
metabolism of heroin generates active metabolites (acetyl mor-
phine and morphine), thus necessitating the development of 
a vaccine capable of stimulating an immune response to several 
structurally related but distinct molecules.23,24 At present, no 
definitive results have been obtained, although it is worth men-
tioning a recent project at Columbia University concerning Phase 
1a/1b clinical trials of multivalent opioid vaccine components.25

The purpose of this meta-analysis and systematic review 
was to analyze the available studies to get a statistical figure 
on how many vaccines were able to stimulate an immune 
response and to know whether they represent an available 
option for treating substance use disorder. It is well known 
that the real factor determining the efficacy of the vaccine is the 
neutralization of the psychotropic substance leading to 
a decrease in its consumption. Regarding nicotine, several 
studies suggest that high antibody titers are related to smoking 
cessation.

Methods

Systematic review

Study design
This systematic review and meta-analysis followed the 
Preferred Reporting Items for Systematic Reviews and Meta- 
analyses (PRISMA) reporting guideline.26 The study protocol 
was registered with PROSPERO (CRD42021256905).

Information sources
A systematic literature search of studies published up to 
20 April 2022, was conducted on the Medline database 
(PubMed, Scopus, and ClinicalTrials.gov).

Search strategy
The generic free-text search terms were “addictive behavior” 
AND “vaccine” AND “nicotine” AND “heroin” AND 
“methamphetamine” AND “cocaine” AND “fentanyl.” The 
search of the PubMed database was carried out by applying 
both the medical subject headings “MeSH” and the “All field” 
tags to all the generic free-text terms. The exclusion criteria for 
the initial search involved all terms that could be associated 
with human clinical trials on vaccines but not related to the 
drug topic; the generic free-text search terms did NOT include: 
“animal models,” “virus,” “papilloma,” “air,” “ataxia,” “covid,” 
“hepatitis,” “HIV,” “aids,” “bacteria,” “environment,” “pul-
monary,” “gene therapy,” “weight,” “bacterium,” “RSV,” 
“bacillus,” “rabies,” “influenza,” “firearms,” “fetal,” “strepto-
coccus,” “economic,” “stress,” “antidote,” “cost,” “social,” 
“murine,” “rat,” “rabbit,” and “fever.”

Selection process
All records identified by our search strategy were exported to 
EndNote software. Duplicate articles were removed from the list 
(first author). One reviewer screened the titles and abstracts of 
the identified articles (second author). Duplicates were discarded 
and only the studies involving clinical trials performed on 
humans were taken forward. Searches by title and abstract 
yielded a total of 13 articles. All five authors of the study analyzed 
the text of each selected article, verifying whether it met the 
inclusion criteria set for the search. The search method was 
presented in a PRISMA flow chart showing the included studies 
and those that were excluded, with reasons for exclusion.

Meta-analysis

The meta-analysis was performed using all the clinical trials 
regarding nicotine vaccines found in the databases for the 
systematic review. The eight studies focus on the use of 
NicVAX from Nabi/GlaxoSmithKline and the Niccine vaccine 
from Independent Pharmaceutica in Phase II.

The statistical analysis was performed using RevMan software 
(version 5.4, The Cochrane Collaboration), taking into considera-
tion frequencies of effectiveness and non-effectiveness of treat-
ment as compared to control groups. The model of random effects 
and the Mantel-Haenszel statistical method were used, and the 
odds ratio was the measure of effect.

Heterogeneity among the results from the different stu-
dies was detected using the chi-square test, by calculating 
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the I2 statistic. For all the analyses, a significance level of 
5% was used.

Results

A PRISMA flow diagram highlights the information obtained 
at different phases of a systematic review. It maps out the 
number of records identified, included, and excluded, and the 
reasons for exclusions. The flow diagram used for this research 
is outlined in Figure 2.

Study selection

The primary search through the database identified 715 studies. 
One duplicated study was removed, and 704 studies were 
screened for titles and abstracts. A total of 608 studies were 
excluded, and 67 articles were assessed for eligibility. 54 studies 
were excluded because they were review articles or clinical trials 

performed on animals, or because they did not present informa-
tion about clinical trials or published results. As a result, a total of 
13 studies met the inclusion and exclusion criteria for the review 
and meta-analysis, as shown in Figure 2. Eight of them involve 
the use of the nicotine vaccine and were used for the meta- 
analysis, and the other five were examined to evaluate cocaine 
vaccine immunogenicity, safety, and abstinence rates.

Study characteristics

The articles taken into consideration were published from 2002 
to 2015. The studies involved roughly 2,266 participants from 
different ethnic groups (this type of data was shown in a few 
articles). For the five cocaine vaccine clinical trials, the mean 
age of the participants was 36.87 years, and the male distribu-
tion was wider, roughly 77.5%. Regarding the eight studies on 
the nicotine vaccine, the mean age was 42.8 years, and females 
constituted roughly 54.8% of the total population of the 

Figure 2. PRISMA 2020 flow diagram for new systematic reviews which include searches of databases and registers only.
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samples. The type of vaccines used in the selected clinical trials 
was: TA-CD to treat cocaine addiction,6–14–27–29 as shown in 
Table 4, and NicVax,30–34 Niccine,35 and Nic002, formerly 
NicQbeta,36,37 to treat nicotine addiction, as shown in Table 5.

The results of the meta-analysis demonstrate that vaccines 
are effective against nicotine abuse, with an increase in the 
probability of antibody formation of 50 times greater com-
pared to the non-vaccinated group (Figure 3).

Discussion

Cocaine vaccines

Most of the clinical trials selected from the literature search 
involved the participation of small numbers of subjects, as 
shown in Table 4. For this reason, it was not possible to per-
form a meta-analysis to establish statistically relevant levels of 
vaccine efficacy between vaccine and placebo groups, in terms 
of antibody formation. On the other hand, two interesting 
studies shed light on efficacy, safety, and abstinence rates. 
The clinical trials involved the use of TA-CD, an active vaccine 
developed by the Xenova Group and created by combining 
norcocaine with inactivated cholera toxin.14 In 2009, Martell 
et al. conducted a 24-week, phase 2b, randomized, double- 
blind, placebo-controlled trial, involving 115 methadone- 
maintained subjects, randomized to vaccine or placebo. The 
21 vaccinated subjects (38%) who attained serum IgG anti- 
cocaine antibody levels of 43 μg/mL or higher (i.e. high IgG 
level) had significantly more cocaine-free urine samples than 
those with levels less than 43 μg/mL (i.e. low IgG level) and the 
placebo-receiving subjects during weeks 9 to 16 (45% vs. 35% 
cocaine-free urine samples, respectively). The proportion of 
subjects showing a 50% reduction in cocaine use was signifi-
cantly greater in the subjects with a high IgG level than in 
subjects with a low IgG level (53% of subjects vs. 23% of 
subjects, respectively) (P = .048). The most common adverse 
effects were injection site induration and tenderness. There 
were no treatment-related serious adverse events, withdrawals, 
or deaths. Attaining high (>or = 43 μg/mL) IgG anti-cocaine 
antibody levels was associated with significantly reduced 
cocaine use, but only 38% of the vaccinated subjects attained 
these IgG levels and they had only two months of adequate 
cocaine blockade.29 The most influential study was conducted 
by Kosten et al. in 2014, a Phase III randomized double-blind 
placebo-controlled trial to evaluate the immunogenicity, effi-
cacy, and safety of succinylnorcocaine conjugated to cholera 
toxin B protein as a vaccine for cocaine dependence. The 300 
subjects had smoked cocaine on average for 13 days monthly at 
baseline. The authors hypothesized that retention might be 
better and positive urines lower for subjects with anti-cocaine 
IgG levels of ≥42 μg/mL (high IgG), which was attained by 67% 
of the 130 vaccine subjects receiving five vaccinations. Almost 
3-times fewer high than low IgG subjects dropped out (7% vs. 
20%). Although for the full 16 weeks cocaine-positive urine 
rates showed no significant difference between the three groups 
(placebo, high, low IgG), after week 8, more vaccinated than 
placebo subjects attained abstinence for at least two weeks of 
the trial (24% vs. 18%), and the high IgG group had the most 
cocaine-free urines for the last two weeks of treatment (OR =  

3.02), but neither were significant. Injection site reactions of 
induration and tenderness differed between placebo and active 
vaccine, and the 29 serious adverse events did not lead to 
treatment-related withdrawals or deaths. Phase III clinical 
trials showed no significant difference between the placebo 
group and users given TA-CD. Patients in the high antibody 
group had a lower dropout rate and fewer cocaine-positive 
urine results in the last two weeks of the trial, but it was not 
significant compared to the low antibody or placebo group. 
However, at other stages in the study, high antibody users had 
more positive urine results. This is most likely due to users 
trying to overcome the antibodies by taking more excessive 
amounts of cocaine.28

Nicotine vaccines

We found eight interesting clinical trials using a vaccine to 
treat nicotine addiction, as shown in Table 5. They were ana-
lyzed to perform a meta-analysis of immunogenicity between 
vaccinated and placebo groups, but they were also examined to 
gain insights into safety and abstinence rates. The clinical trials 
involved the use of different vaccines:

Niccine
Niccine was developed by Independent Pharmaceutica AB 
using tetanus toxoid. Niccine is a nicotine hapten tetanus- 
toxoid conjugate vaccine. In 2013, Tonstad et al. conducted 
a Phase II trial to evaluate the clinical efficacy of Niccine for 
tobacco smoking relapse prevention. In this study, 355 smokers 
aged 25–50 years were enrolled in a randomized, double-blind, 
parallel group for a trial lasting one year. Niccine 40 μg or 
placebo was administered on days 0, 28, 56, 90, 150, and 210. 
Niccine demonstrated no effect on smoking status at 6 or 9  
months; exhaled carbon monoxide levels, time to relapse, 
abstinence, and withdrawal symptoms did not differ between 
Niccine and placebo groups. Nicotine antibody levels increased 
(mean = 1.34 μg/ml; SD = 2.84 μg/ml) in the Niccine group, but 
were not related to relapse.35

Nic-Qb
This vaccine, also called NIC002, is a virus-like particles 
(VLPs) vaccine and it was developed by Cytos 
Biotechnology.38 In 2008, Cornuz et al. conducted a study in 
which 229 subjects were randomized to receive five intramus-
cular injections of Nic-Qb and 112 to receive placebo at 
monthly intervals. All subjects received individual behavioral 
smoking cessation counseling. The vaccine was shown to be 
safe, generally well tolerated, and highly immunogenic, indu-
cing a 100% antibody responder rate after the very first injec-
tion. Point prevalence of abstinence at month 2 showed 
a statistically significant difference between subjects treated 
with Nicotine-Qβ (47.2%) and placebo (35.1%) (P = .036), but 
continuous abstinence between months 2 and 6 was not sig-
nificantly different. However, in a subgroup analysis of the per- 
protocol population, the third of the subjects with the highest 
antibody levels showed higher continuous abstinence from 
month 2 until month 6 (56.6%) than placebo-treated partici-
pants (31.3%) (OR 2.9; P = .004). Medium and low antibody 
levels did not increase abstinence rates. After 12 months, the 

HUMAN VACCINES & IMMUNOTHERAPEUTICS e2140552-5



Ta
bl

e 
4.

 C
om

pa
ris

on
 o

f c
oc

ai
ne

 v
ac

ci
ne

 c
lin

ic
al

 t
ria

ls
.

Th
e 

st
ud

y,
 

ph
as

e 
of

 
th

e 
tr

ia
l

Va
cc

in
e

Fo
llo

w
-u

p
D

os
es

Pa
rt

ic
ip

an
ts

 
(V

ac
ci

ne
-P

la
ce

bo
)

M
ea

n 
Ag

e 
(V

ac
ci

ne
-P

la
ce

bo
)

Se
x 

(V
ac

ci
ne

-P
la

ce
bo

)
Et

hn
ic

ity
 

(V
ac

ci
ne

-P
la

ce
bo

)
Ab

st
in

en
ce

 r
at

e
An

tib
od

y 
le

ve
l

Ko
st

en
 

et
 a

l.6
TA

-C
D

12
 m

on
th

s
3 

do
se

s 
(1

3 
μg

, 8
2 

 
μg

, 7
02

 μ
g)

34
 (2

8–
6)

27
 y

ea
rs

M
al

e:
 3

2 
Fe

m
al

e:
 2

17
 C

au
ca

si
an

, 
12

 A
fr

ic
an

 A
m

er
ic

an
, 

2 
N

at
iv

e 
Am

er
ic

an
 

3 
H

is
pa

ni
c/

ot
he

r 
ra

ce

N
o 

da
ta

In
 t

he
 v

ac
ci

na
te

d 
gr

ou
p,

 a
nt

ib
od

y 
le

ve
ls

 
w

er
e 

co
rr

el
at

ed
 w

ith
 v

ac
ci

ne
 d

os
e 

an
d 

th
e 

nu
m

be
r 

of
 in

je
ct

io
ns

. N
o 

Ab
 

fo
rm

at
io

n 
in

 t
he

 p
la

ce
bo

 g
ro

up
.

M
ar

te
ll 

et
 a

l.14
TA

-C
D

14
 w

ee
ks

1)
 4

 d
os

es
 o

f 1
00

  
μg

 2
) 5

 d
os

es
 o

f 
40

0 
μg

18
 (1

8–
0)

N
o 

da
ta

N
o 

da
ta

N
o 

da
ta

Th
e 

20
00

 µ
g 

gr
ou

p 
w

as
 m

or
e 

lik
el

y 
to

 m
ai

nt
ai

n 
co

ca
in

e-
fr

ee
 u

rin
e 

th
an

 t
ho

se
 in

 t
he

 4
00

 µ
g 

gr
ou

p.

18
 s

ub
je

ct
s:

 a
nt

ib
od

y 
le

ve
ls

 w
er

e 
co

rr
el

at
ed

 w
ith

 v
ac

ci
ne

 d
os

e 
an

d 
th

e 
nu

m
be

r 
of

 in
je

ct
io

ns
.

M
ar

te
ll 

et
 a

l.29
 

Ph
as

e 
IIb

TA
-C

D
24

 w
ee

ks
5 

do
se

s 
(3

60
 μ

g)
11

5 
(5

8–
57

)
35

.6
–3

6.
2 

ye
ar

s
M

al
e:

 3
5–

41
 

Fe
m

al
e:

 2
2 

– 
16

53
–4

6 
Ca

uc
as

ia
n 

2–
8 

Af
ric

an
- 

Am
er

ic
an

 
2–

3 
M

ix
ed

Th
e 

pr
op

or
tio

n 
of

 s
ub

je
ct

s 
sh

ow
in

g 
a 

50
%

 r
ed

uc
tio

n 
in

 c
oc

ai
ne

 u
se

 
w

as
 s

ig
ni

fic
an

tly
 g

re
at

er
 in

 t
he

 
hi

gh
 Ig

G
 t

ha
n 

in
 lo

w
 Ig

G
 

su
bj

ec
ts

 (0
.5

3 
vs

. 0
.2

3)
 (P

 <
 .0

4)
.

21
 (3

8%
) s

ho
w

ed
 h

ig
h 

Ig
G

 le
ve

ls
 (≥

43
 µ

g/
 

m
L)

 a
nt

i-c
oc

ai
ne

 A
b 

34
 (6

2%
) s

ho
w

ed
 lo

w
 Ig

G
 le

ve
ls

 (<
43

 µ
g/

 
m

L)
 a

nt
i-c

oc
ai

ne
 A

b

H
an

ey
 

et
 a

l.27
 

Ph
as

e 
I

TA
-C

D
13

 w
ee

ks
1)

 4
 d

os
es

 o
f 8

2 
 

μg
 

2)
 4

 d
os

es
 o

f 3
60

  
μg

10
 (1

0–
0)

39
 y

ea
rs

M
al

e:
 1

0
6 

bl
ac

k,
 

3 
w

hi
te

, 
1 

H
is

pa
ni

c

N
o 

da
ta

5 
pe

op
le

 s
ho

w
ed

 h
ig

h 
Ab

 le
ve

l, 
5 

pe
op

le
 

lo
w

 A
b 

le
ve

l

Ko
st

en
 

et
 a

l.19
 

Ph
as

e 
III

TA
-C

D
24

 w
ee

ks
5 

do
se

s 
(4

00
 μ

g)
30

0 
(1

52
–1

48
)

45
.7

6–
46

.4
0 

ye
ar

s
M

al
e:

 1
14

 –
 1

14
33

–3
3 

Ca
uc

as
ia

n,
 

10
9–

10
8 

Af
ric

an
- 

Am
er

ic
an

, 
1–

2 
As

ia
n,

 
2–

1 
Am

er
ic

an
 

In
di

an
/A

la
sk

an
 

N
at

iv
e,

 
7–

4 
U

nk
no

w
n

Af
te

r w
ee

k 
8,

 m
or

e 
va

cc
in

at
ed

 th
an

 
pl

ac
eb

o 
su

bj
ec

ts
 a

tt
ai

ne
d 

ab
st

in
en

ce
 fo

r 
at

 le
as

t 
tw

o 
w

ee
ks

 o
f t

he
 tr

ia
l (

24
%

 v
s.

 1
8%

).

O
f t

he
 1

52
 s

ub
je

ct
s 

ra
nd

om
iz

ed
 to

 re
ce

iv
e 

ac
tiv

e 
va

cc
in

e,
 th

e 
m

ea
n 

pe
ak

 a
nt

ib
od

y 
le

ve
ls

 w
er

e 
46

 μ
g/

m
l a

t 
w

ee
k 

9 
an

d 
59

  
μg

/m
l a

t 
w

ee
k 

16
 w

ith
 a

 9
5%

 
co

nfi
de

nc
e 

in
te

rv
al

 o
f 0

 t
o 

18
6 

μg
/m

l.

e2140552-6 R. SCENDONI ET AL.



Ta
bl

e 
5.

 C
om

pa
ris

on
 o

f n
ic

ot
in

e 
va

cc
in

e 
cl

in
ic

al
 t

ria
ls

.

St
ud

y,
 

ph
as

e 
of

 
tr

ia
l

Va
cc

in
e

Fo
llo

w
-u

p
D

os
es

Pa
rt

ic
ip

an
ts

 
(V

ac
ci

ne
-P

la
ce

bo
)

M
ea

n 
Ag

e 
(V

ac
ci

ne
-P

la
ce

bo
)

Se
x 

(V
ac

ci
ne

- 
Pl

ac
eb

o)

Et
hn

ic
ity

 
(V

ac
ci

ne
- 

Pl
ac

eb
o)

Ab
st

in
en

ce
 r

at
e

An
tib

od
y 

le
ve

l

H
at

su
ka

m
i 

et
 a

l.31
N

ic
VA

X
38

 w
ee

ks
1)

 4
 d

os
es

 o
f 5

0 
 

μg
 

2)
 1

00
 u

g 
of

 5
0 

μg
 

3)
 2

00
 μ

g

68
 (4

5–
23

)
43

.8
–4

6.
8 

ye
ar

s
M

al
e 

34
 –

 1
9 

Fe
m

al
e 

11
 –

 4
W

hi
te

 4
1 

– 
20

 
O

th
er

 4
 –

 3

Th
e 

30
-d

ay
 a

bs
tin

en
ce

 r
at

e 
w

as
 

si
gn

ifi
ca

nt
ly

 d
iff

er
en

t 
ac

ro
ss

 t
he

 4
 

do
se

s,
 w

ith
 t

he
 h

ig
he

st
 r

at
e 

of
 

ab
st

in
en

ce
 o

cc
ur

rin
g 

at
 2

00
 μ

g.

Th
e 

pl
ac

eb
o 

gr
ou

p 
sh

ow
ed

 n
o 

an
tib

od
y 

fo
rm

at
io

n.
 T

he
 5

0 
m

cg
 n

ic
ot

in
e 

va
cc

in
e 

do
se

 s
ho

w
ed

 1
0 

m
cg

/m
l A

b.
 

Th
e 

10
0 

m
cg

 n
ic

ot
in

e 
va

cc
in

e 
do

se
 

sh
ow

ed
 4

0 
m

cg
/m

l A
b.

 T
he

 2
00

 m
cg

 
ni

co
tin

e 
va

cc
in

e 
do

se
 s

ho
w

ed
 7

0 
m

cg
/m

l A
b.

W
ag

en
a 

et
 a

l.34
 

Ph
as

e 
I/I

I

N
ic

VA
X

38
 w

ee
ks

4 
do

se
s 

of
 1

00
 μ

g
30

 (2
4–

6)
46

.5
–4

5.
0 

ye
ar

s
Fe

m
al

e 
7 

– 
0

N
o 

da
ta

N
o 

da
ta

Va
cc

in
at

io
n 

el
ic

ite
d 

ni
co

tin
e-

sp
ec

ifi
c 

an
tib

od
y 

le
ve

ls
 o

f 8
 m

g/
m

l o
r 

hi
gh

er
 

at
 d

ay
 4

9 
in

 1
8 

su
bj

ec
ts

 (5
0%

).
H

at
su

ka
m

i 
et

 a
l.30

 

Ph
as

e 
II

N
ic

VA
X

6 
m

on
th

s
1)

 4
 d

os
es

 o
f 2

00
  

μg
 

2)
 5

 d
os

es
 o

f 4
00

  
μg

30
1 

(2
01

–1
00

)
48

 y
ea

rs
Fe

m
al

e 
10

8 
– 

50
 

M
al

e 
93

 –
 5

0
W

hi
te

: 
18

3 
– 

88
 

O
th

er
: 1

8–
 

12

Pr
ol

on
ge

d 
ab

st
in

en
ce

 r
at

es
 o

f 6
 m

on
th

s 
w

er
e 

hi
gh

er
 in

 t
he

 h
ig

h 
Ab

 g
ro

up
 v

s.
 

th
e 

pl
ac

eb
o 

gr
ou

p,
 w

ith
 n

o 
si

gn
ifi

ca
nt

 
di

ffe
re

nc
es

 b
et

w
ee

n 
th

e 
pl

ac
eb

o 
an

d 
lo

w
 A

b 
gr

ou
ps

.

30
%

 s
ho

w
ed

 t
he

 h
ig

he
st

 a
nt

ib
od

y 
le

ve
l 

(>
30

 u
g/

m
l).

H
av

er
m

an
s 

et
 a

l.32
N

ic
VA

X
20

 w
ee

ks
5 

do
se

s 
of

 4
00

 μ
g

48
 (2

0–
3)

33
.4

–2
8.

8 
ye

ar
s

M
al

e:
 4

8
N

o 
da

ta
N

o 
da

ta
Pl

as
m

a 
an

tib
od

y 
le

ve
ls

 in
 t

he
 a

ct
iv

e 
tr

ea
tm

en
t 

gr
ou

p 
w

er
e 

hi
gh

er
 t

ha
n 

th
os

e 
of

 t
he

 p
la

ce
bo

 g
ro

up
, a

s 
no

ne
 

of
 t

he
 p

ar
tic

ip
an

ts
 in

 t
he

 la
tt

er
 g

ro
up

 
sh

ow
ed

 a
 d

et
ec

ta
bl

e 
an

tib
od

y 
le

ve
l.

H
oo

gs
te

de
r 

et
 a

l.33
 

Ph
as

e 
IIb

N
ic

VA
X

54
 w

ee
ks

6 
do

se
s 

of
 4

00
 μ

g
55

8 
(2

78
–2

80
)

47
.2

–4
7.

6 
ye

ar
s

M
al

e:
 1

30
 –

 1
19

N
o 

da
ta

N
o 

di
ffe

re
nc

e 
be

tw
ee

n 
th

e 
va

cc
in

e 
gr

ou
p 

an
d 

pl
ac

eb
o.

 T
he

 t
op

 3
0%

 
an

tib
od

y 
re

sp
on

de
rs

, c
om

pa
re

d 
to

 
th

e 
pl

ac
eb

o 
gr

ou
p,

 s
ho

w
ed

 a
 n

on
- 

si
gn

ifi
ca

nt
 t

en
de

nc
y 

to
w

ar
d 

hi
gh

er
 

ab
st

in
en

ce
 ra

te
s 

fr
om

 w
ee

ks
 3

7 
to

 5
2.

30
%

 s
ho

w
ed

 t
op

 h
ig

h 
an

tib
od

y 
le

ve
l.

Co
rn

uz
 

et
 a

l.36
 

Ph
as

e 
II

N
IC

00
2

12
 m

on
th

s
5 

do
se

s 
of

 1
00

 μ
g

37
7 

(2
99

–1
11

)
42

.1
 y

ea
rs

M
al

e:
 5

9 
– 

58
N

o 
da

ta
Po

in
t p

re
va

le
nc

e 
of

 a
bs

tin
en

ce
 a

t m
on

th
 

2 
sh

ow
ed

 a
 s

ig
ni

fic
an

t 
di

ffe
re

nc
e 

be
tw

ee
n 

su
bj

ec
ts

 tr
ea

te
d 

w
ith

 N
IC

00
2 

(4
7.

2%
) a

nd
 t

he
 p

la
ce

bo
 g

ro
up

 
(3

5.
1%

), 
bu

t 
co

nt
in

uo
us

 a
bs

tin
en

ce
 

be
tw

ee
n 

m
on

th
s 

2 
an

d 
6 

w
as

 n
ot

 
si

gn
ifi

ca
nt

ly
 d

iff
er

en
t.

N
o 

in
du

ct
io

n 
of

 n
ic

ot
in

e-
sp

ec
ifi

c 
Ig

G
 

an
tib

od
ie

s 
w

as
 o

bs
er

ve
d 

fo
r 

su
bj

ec
ts

 
re

ce
iv

in
g 

a 
pl

ac
eb

o.
 In

 s
ub

je
ct

s 
re

ce
iv

in
g 

th
e 

ac
tiv

e 
tr

ea
tm

en
t, 

a 
10

0%
 a

nt
ib

od
y 

re
sp

on
de

r 
ra

te
 w

as
 

ac
hi

ev
ed

 w
ith

 a
 s

in
gl

e 
in

je
ct

io
n 

of
 

N
IC

00
2.

M
uk

hi
n 

et
 a

l.37
N

IC
00

2
3 

m
on

th
s

4 
do

se
s 

of
 1

00
 μ

g
52

 (4
3–

7)
43

–4
4 

ye
ar

s
Fe

m
al

e:
 2

2 
– 

4 
M

al
e:

 2
3 

– 
3

N
o 

da
ta

N
o 

da
ta

N
o 

da
ta

To
ns

ta
d 

et
 a

l.35
N

ic
ci

ne
12

 m
on

th
s

6 
do

se
s 

of
 4

0 
μg

35
5 

(1
78

–1
77

)
41

.1
 y

ea
rs

M
al

e:
 7

2 
– 

77
Ca

uc
as

ia
n 

fo
r 

>
96

%
 

of
 

su
bj

ec
ts

 
in

 b
ot

h 
gr

ou
ps

At
 1

 y
ea

r, 
no

nr
el

ap
se

 w
as

 4
3.

3%
 in

 t
he

 
N

ic
ci

ne
 v

er
su

s 
51

.1
%

 in
 t

he
 p

la
ce

bo
 

gr
ou

ps
 (d

iff
er

en
ce

 =
 −

7.
9%

; 9
5%

 C
I =

  
−

20
.6

%
 t

o 
4.

9%
). 

N
ic

ci
ne

 h
ad

 n
o 

eff
ec

t 
on

 s
m

ok
in

g 
st

at
us

 a
t 

6 
or

 9
  

m
on

th
s.

N
ic

ot
in

e 
an

tib
od

y 
le

ve
ls

 in
cr

ea
se

d 
(m

ea
n 

=
 1

.3
4 

μg
/m

l; 
SD

 =
 2

.8
4 

μg
/m

l) 
in

 t
he

 N
ic

ci
ne

 g
ro

up
, b

ut
 w

er
e 

no
t 

re
la

te
d 

to
 r

el
ap

se
.

HUMAN VACCINES & IMMUNOTHERAPEUTICS e2140552-7



difference in continuous abstinence rate between subjects on 
placebo and those with high antibody response was maintained 
(difference 20.2%, P = .012). Although Nicotine-Qβ did not 
significantly increase continuous abstinence rates in the inten-
tion-to-treat population, subgroup analyses of the per-protocol 
population suggested that such a vaccination against nicotine 
can significantly increase continuous abstinence rates in smo-
kers when sufficiently high antibody levels are achieved.36

Mukhin et al. conducted a clinical trial in 2013 to find out 
how vaccine-induced antibodies change the way the body 
processes nicotine from cigarettes. 55 subjects received four 
subcutaneous injections of 0.1 mg Nicotine-QB (NIC002) in an 
alum vaccine with a four-week interval between injections. Ten 
subjects received four subcutaneous injections of indistin-
guishable placebo (alum alone) with a four-week interval 
between injections. Four subcutaneous vaccinations were per-
formed over three months, with four weeks between each 
vaccination. The administered volume of 0.65 mL of sterile 
water contained 100 μg of NIC002 and 0.46 mg aluminum 
hydroxide. Four placebo injections were administered subcu-
taneously over three months, with four weeks between each 
vaccination. The administered volume of 0.65 mL of sterile 
water contained 0.46 mg aluminum hydroxide. The vaccine 
was demonstrated to be safe and well tolerated. Vaccination 
resulted in a statistically significant but highly variable increase 
(CV = 88%) in serum binding capacity B/F = 0.18 ± 0.03 (mean  
± SE, n = 29, p < .001). Anti-nicotine immunization can pro-
duce both a decrease and an increase in brain nicotine accu-
mulation during smoking, depending on the quality (affinity) 
and quantity of the produced antibodies.37

NicVax
This vaccine, also called 3’-AmNic-rEPA, is a nicotine conju-
gate vaccine developed by Nabi Pharmaceuticals, using 
Pseudomonas exoprotein A, and is currently being further 
evaluated for clinical use by Glaxo-SmithKline. Hatsukami 
et al. conducted two studies, the first of which (2005) aimed 
to assess the safety and immunogenicity of NicVAX and its 
effects on smoking behavior. Smokers (N = 68) were recruited 
for a non-cessation treatment study and assigned to one of 
three doses of the nicotine vaccine (50, 100, or 200 µg) or 
a placebo. They were injected on days 0, 28, 56, and 182 and 
monitored for 38 consecutive weeks. Results showed that the 
nicotine vaccine was safe and well tolerated. Vaccine 

immunogenicity was dose-related (P < .001), with the highest 
dose eliciting antibody concentrations within the anticipated 
range of efficacy. There was no evidence of compensatory 
smoking or precipitation of nicotine withdrawal with the nico-
tine vaccine. The 30-day abstinence rate was significantly dif-
ferent across the four doses (P = .02), with the highest rate of 
abstinence occurring at 200 µg32. The second study (2011) was 
a double-blinded, placebo-controlled multicentre clinical trial 
(N = 301 smokers); the researchers tested the results of 200 and 
400 µg doses administered four or five times for 6 months, as 
compared with a placebo. 3‘AmNic-rEPA recipients with the 
highest serum antinicotine Ab response (top 30% by the area 
under the curve [AUC]) were significantly more likely than the 
placebo recipients (24.6% vs. 12.0%, P = .024, odds ratio (OR)  
= 2.69, 95% confidence interval (CI), 1.14–6.37) to attain eight 
weeks of continuous abstinence from weeks 19 to 26. The five- 
injection, 400 µg dose regimen elicited the strongest Ab 
response, with significantly higher abstinence rates than the 
placebo. This study demonstrated, as proof of concept, that 3 
AmNic-rEPA elicits Abs to nicotine and is associated with 
higher continuous abstinence rates (CAR).30 Havermans et al. 
(2014) designed a study to assess whether immunization 
attenuates nicotinic stimulation of the brain and whether it 
elucidates brain and behavioral responses during exposure to 
smoking cues and a working memory task. Forty-eight male 
smokers were randomized to receive five injections with either 
400 μg/ml of the 3-aminomethylnicotine Pseudomonas aeru-
ginosa r-Exoprotein-conjugated vaccine (NicVax) or placebo. 
Subjects were tested on two separate occasions, once after 
a nicotine challenge and once after a placebo challenge, and 
were asked to refrain from smoking ten hours before testing. In 
response to a nicotine challenge, no significant effects of immu-
nization on brain activity were established. Therefore, this 
vaccine is not likely to be an effective aid in smoking 
cessation.32 Hoogsteder et al. conducted a randomized pla-
cebo-controlled trial to examine the efficacy of adding 
NicVAX versus placebo to varenicline and behavioral support 
as an aid in smoking cessation and relapse prevention. A total 
of 558 smokers were assigned randomly to six injections with 
NicVAX (n = 278) or placebo (n = 280) both co-administered 
with open-label varenicline and behavioral support. There was 
no difference in abstinence rates between NicVAX and placebo 
from weeks 9 to 52 [27.7 vs. 30.0%, odds ratio (OR) = 0.89, 95% 
confidence interval (CI) = 0.62–1.29] or weeks 37 to 52 (33.8 vs. 

Figure 3. Forest plot for random-effects meta-analysis of the effectiveness of vaccines against nicotine abuse.
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33.2%, OR = 1.03, 95% CI = 0.73–1.46). The top 30% antibody 
responders, compared to the placebo group, showed a non- 
significant tendency toward higher abstinence rates from 
weeks 37 to 52 (42.2 vs. 33.2%, OR = 1.47, 95% CI = 0.89– 
2.42).33 According to these findings, the nicotine vaccine, 
NicVAX, does not appear to improve a smoker’s chances of 
stopping when given in addition to varenicline and behavioral 
support.

Wagena et al. conducted a randomized, placebo-controlled 
phase 1/2 trial in 2008 to evaluate the safety and immunogeni-
city of four doses of a nicotine vaccine in smokers and non-
smokers. Subjects were 21 smokers and 9 nonsmokers in good 
physical and mental health. They received four spaced intramus-
cular injections of 100 µg of purified 3’-aminomethylnicotine 
conjugated to detoxified Pseudomonas aeruginosa r-exoprotein 
A or placebo, both adsorbed to 800 µg aluminum into the 
deltoid muscle of alternating arms. Intensive follow-up for 266  
days revealed that the vaccine was well tolerated. The researchers 
found no significant differences in adverse events between the 
vaccine and placebo groups. Significant increases in the geo-
metric mean titer (GMT) levels of nicotine-specific antibodies 
were observed from 7 days after the second vaccination (day 21), 
reaching nicotine-specific antibody levels of at least 8 µg/ml in 
half of the subjects (50%) at day 49. A fourth dose administered 
on day 182 significantly boosted waning antibody levels to 
a GMT of 10.8 µg/ml on day 217 (95% CI 6.0–19.3). Results 
showed that the immunogenicity of the vaccine was not 
impeded by the presence of nicotine. These observations pro-
vided evidence that the vaccine used may represent a feasible 
strategy for evoking type-specific antibodies against nicotine.34

TA-NIC (Celtic Pharma): TA-NIC was developed using 
a recombinant cholera toxin-B subunit as a carrier protein 
for the nicotine vaccine,39 based on a similar principle to the 
TA-CD vaccine against cocaine. No preclinical results have 
been published to date; hence the literature search did not 
find articles related to this kind of vaccine. However, it is 
documented that Xenova Group in the United Kingdom com-
pleted two Phase I/II studies with this vaccine candidate in 120 
patients who were smokers, showing the efficacy and safety of 
the vaccine. Although the results of these preliminary studies 
herald that vaccination may facilitate tobacco withdrawal, the 
researchers agree that more in-depth investigation is needed to 
support positive conclusions.40

Limitations

This study has some limitations. The relatively small number of 
included trials and their high heterogeneity must be considered 
when interpreting the results. Through a literature search, we 
found a relatively small number of studies performed on 
humans, with most of the preclinical studies being conducted 
on animal models, on which research has in recent years made 
significant progress with regard to nicotine and cocaine. On the 
other hand, we chose not to include this type of studies con-
ducted on animals, to restrict the field to more specific infor-
mation about the human organism;41 and some of them 
demonstrated promising results, which may be translated 
into clinical trials in the future. Most of the human trials 
cited stopped at a certain point in time, and results were not 

always published for different reasons. There were not enough 
studies to perform a statistically relevant meta-analysis on 
vaccines against cocaine. All of the clinical trials with promis-
ing results that were selected for this systematic review were 
designed with different aims. For this reason, it was not possi-
ble to develop a complete classification of data considering 
various aspects such as ethnicity or abstinence rates, because 
these parameters were not considered in some of the studies.

Conclusions

In a single contribution and through a systematic review, this 
paper reports on all of the studies, both preliminary and com-
plete, that have been conducted thus far concerning vaccina-
tion as a tool for drug addiction. According to the review, we 
can deduce that all of the vaccine formulations tested are safe, 
with mild to moderate side effects. Some individuals showed 
“flu-like” symptoms such as headache, fatigue, muscle ache, 
and mild skin reaction at the injection site. The meta-analysis 
of studies on nicotine vaccines confirms the property of the 
vaccine to create specific antibodies against the target molecule, 
with an increase in the probability of antibody formation of 50 
times greater compared to the non-vaccinated. Phase II clinical 
trials of nicotine vaccines suggest only slight efficacy in aiding 
smoking cessation. The abstinence rates among vaccinated 
smokers were lower or equal to those in the placebo control 
groups. However, in some studies, the abstinence rates of 
individuals with high antibody levels were higher than in the 
placebo group. Through the literature search, we did not find 
any Phase III clinical trials for NicVAX, Niccine, or NIC002. 
However, according to press statements,42 two Phase III 
NicVax trials have been performed and failed to show the 
efficacy of the vaccine between the experimental and control 
group. Regarding vaccines to treat cocaine addiction, TA-CD 
Phase III clinical trials showed no significant difference 
between experimental and placebo groups.28 This type of vac-
cine never succeeded beyond a Phase III clinical trial, so we 
assume that there is no firm evidence of vaccine efficacy against 
substance use disorders. To establish the efficacy of these 
vaccines for drug use cessation, more trials involving the use 
of different vaccines should be performed. Soon, the search for 
new vaccines against nicotine and other drugs must continue 
with advanced studies tested on a large number of patients. To 
counter the phenomenon of drug addiction, it will also be 
necessary to invest in parallel the behaviors and attitudes that 
would motivate the consumer to abstain from drugs.

The results of the meta-analysis offer an important over-
view by suggesting that the best-known vaccines for the 
treatment of substance use disorders that have been tested 
so far are capable of creating specific antibodies; on the other 
hand, the efficacy of the vaccine is not based on immuno-
genicity but rather on the neutralization of the psychotropic 
substance which leads to a decrease in its consumption. The 
deficient effect on craving is not caused by the absence of 
specific antibodies but other reasons must be taken into con-
sideration: exposure to triggers, stress, interpersonal pro-
blems, etc., represent concrete risk factors that contribute to 
drug desire and relapse. It is also not excluded that vaccina-
tion may best work with patients who are highly motivated to 
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quit.43 In the future it would be useful to propose a research 
study that takes into account the detection of the antibody 
titer on vaccinated subjects, and administering to them 
a specific questionnaire to test the stop smoking motivation 
and the presence of any relapses.
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