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Substance use disorders (SUDs) are an extremely challenging category of disorders because of the high rate of relapse, lower life expectancy, important rate of psychiatric and somatic co-morbidity, lack of patients' insight during most of the disease duration, healthcare costs, etc. One of the reasons to consider these disorders very difficult for physicians and the healthcare system is the lack of adequate pharmacological agents with long-term proven efficacy. So far, there are no Food and Drug Administration (FDA) or European Medicines Agency (EMA)-approved treatments for most of the SUDs, except for alcohol use disorder, nicotine use disorder, and opioid use disorder. Immunotherapy has been considered a possible solution to SUDs because it may selectively target a certain drug of abuse, it may have a long-lasting effect (several weeks or months), and it ensures an adequate therapeutic adherence. The objective of this paper was to establish the current stage of research in the field of SUDs vaccines, based on a brief literature review. Vaccines for cocaine and nicotine dependence have reached phase III trials, while other researchers are focusing on passive immunization therapy for methamphetamine use disorder. New generations of vaccines are currently explored, and they are based on superior technologies compared to the first generation of immune therapy (e.g., viral transfer genes, more immunogenic adjuvants, or higher specificity haptens). Therefore, finding immune therapies for substance use disorders SUDs remains a matter of interest, and this approach may be useful for the management of an extremely dangerous and versatile psychiatric pathology.
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INTRODUCTION

Substance use disorders (SUDs) represent a complex and polymorphic pathology with severe psychological, social, and biological negative consequences (1). SUDs are responsible for significant rates of worldwide morbidity, mortality, quality of life impairments, financial and social burden, thus representing a major challenge for patients, their physicians, and caregivers, but also for the society and health care systems (2, 3). Despite SUDs' importance, there are currently only a few U.S. Food and Drug Administration (FDA) or European Medicines Agency (EMA)-approved medications, and for only a limited number of addictions, i.e., alcohol, nicotine, and opioid dependence (2, 3).

In the context of the COVID-19 pandemic, the problem of SUDs received increased attention, since recreational drug use may be perceived as a harmless way to cope with lockdown or isolation stress, and not as a gateway to addiction (4). Psychosocial stressors are well-known risk factors for SUDs, therefore search for new methods to cope with the challenge of substance abuse received a new impulse in the pandemic context (4, 5).

SUDs are frequently associated with psychiatric disorders or somatic diseases comorbidity, a phenomenon that lower life expectancy, alters patients' adherence to other, prescribed psychotropic or somatic treatments, increases healthcare costs, and decreases the probability of a complete functional recovery (6–8). Because there is a limited choice of drugs available for the treatment of SUDs, and these options are often criticized for the high rates of relapse, new strategies are acutely needed for these patients (9). The need to re-configure SUDs therapeutic management using a long-term approach, and not treatments focused only on the acute episodes of substance abuse, is supported by evidence like patients' lack of insight, high rate of treatment discontinuation, high risk of complications, and personality factors that are maintaining the addictive patterns (9–11). Therefore, a change of paradigm from orally-administered medicines to long-acting injectable treatments may be beneficial for patients, and the use of intramuscular injectable extended-release naltrexone is the first step in this direction (10, 12). Unlike oral naltrexone, the injectable formula does not imply first-pass metabolism in the liver, which allows for lower doses administration and lower peak plasma concentrations (10, 12).

Immunotherapy is another way to conceive a long-term treatment for SUDs with a focus on increased adherence and reduced risk for relapse. Another advantage of immunotherapy is targeting selective drugs of abuse, e.g., heroin, which is different from the non-selectivity of currently available, orally administered μ-opioid receptor (MOR) antagonists, for example (13). Unlike orally administered MOR antagonists, SUDs vaccines do not imply the need for prior detoxification, nor do they require daily supervision of treatment adherence.

The development of a vaccine, based on a hapten structurally similar to the target drug, which is conjugated to an immunogenic carrier protein, is considered able to elicit serum IgG antibodies and was associated with positive results in preclinical models of addiction (e.g., decreased drug self-administration, and attenuated the reward effects) (14). These antibodies are expected to sequester the target drug in order to prevent its entry into the brain, acting as an antagonist for the circulating drugs of abuse (14).

Several challenges are difficult to overcome, although significant progress has been made in this domain: lack of protection against a structurally dissimilar drug with the same pharmacodynamic properties as the drug of choice, lack of a significant effect over craving, which is responsible for relapse, and significant variability in antibody formation and their duration of life within blood circulation (15). The nature of haptens and adjuvants is very important in order to obtain a sustained and efficient response after the vaccine administration, in patients with SUDs. Despite the failure of first-generation conjugate vaccines against cocaine and nicotine in clinical trials, second-generation vaccines have shown superior results in preclinical models (14).

Regarding the general benefits of vaccines for SUDs, it is important to mention that this approach can offer the possibility of much closer treatment adherence monitoring (because the injectable treatment is administered only by a health care specialist, and it is not self-administered as the oral treatment), there are virtually no pharmacokinetic interactions, and these vaccines may significantly decrease the risk of overdose. The limitations are related to the variable titer of anti-bodies produced after vaccines administration, different selectivity and affinity of these products, and to the need to accept an injectable treatment by patients with low motivation for any type of therapy.

Combining multiple types of immune therapy, like an association of anti-drug antibodies with synthetic enzymes -that are able to stimulate abused substances metabolism- has also been investigated in preclinical models of SUDs (16). The purpose of this strategy was to explore the possible complementary action of anti-cocaine antibodies when added to cocaine hydroxylase (CoH) to decrease the drug uptake in the brain and to block the centrally-evoked locomotor stimulation (16). Synergistic actions of these types of interventions warrant further exploration in the treatment of selected SUDs (16). These methods involve viral gene transfer for a specific enzyme, e.g., CoH derived from human butyrylcholinesterase with the help of an adeno-associated viral vector, but these interventions are not yet approved for human trials (17).



OBJECTIVE

The primary objective of this review was to establish the stage of the current research in the field of SUD vaccines. The analysis of efficacy and tolerability of the investigational products targeting SUDs was based on a brief review of the clinical trials.



METHODOLOGY

The search for investigational immunization products targeting SUDs included main clinical trials repositories run by the United States National Library of Medicine and the National Institutes of Health (clinicaltrials.gov) and the European Union (EU Clinical Trial Register). All phases of clinical investigation (I to IV) were considered for this review if trials were focused on specific SUDs and enrolled adult population.

In the second stage of this review, identifiers of the first stage-collected trials were included as keywords in the main electronic databases (PubMed, MEDLINE, Cochrane, Web of Science (Core Collection), PsychINFO, Scopus, and EMBASE in order to find associated, relevant articles containing study results. All in-extenso papers found in this stage were reviewed, and data about clinical trials methodology and results were synthesized in Table 1. If no published, relevant data were found in the second stage for specific trials, only methodological aspects were mentioned in Table 1. Data referring to animal studies were not included in the review.


Table 1. Active and passive immunization in SUDs.
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RESULTS

A number of 22 phase I to III clinical trials referring to nicotine use disorder, cocaine use disorder, and methamphetamine use disorder, including both active and passive immunization products, were found after the primary search. Out of these 22 trials, only 7 have been identified as having published results in the secondary search. The vast majority of identified trials were phase II, targeting nicotine use disorder, using active immunization (NicVAX, NIC002, TA-NIC, NIC7-001/003, and SEL-068), and presented mixed results (18–20). The tolerability of these vaccines was good, but continuous abstinence was significant only in subjects with the highest serum antinicotine levels (19), or it was significant only in short term (20). No published results of phase III trials evaluating vaccines for nicotine use disorder were found (21–24).

Immunization for patients with cocaine use disorder (TA-CD, dAd5GNE) was explored in phase I and II clinical trials (33–36). Self-reported use of cocaine tended to decrease as a function of antibody titer in one trial (33), while in another trial subjects reaching high levels of serum IgG anti-cocaine antibodies (≥43 μg/ml) had significantly more cocaine-free urine samples than those with low levels and those receiving placebo, during week 9–16 (35). Although yet another trial with TA-CD did not reach its primary outcome after week 8 more vaccinated than placebo subjects attained abstinence for ≥2 weeks, without reaching the significance level (34).

Immunotherapy for methamphetamine use disorder is still in its early phase, and passive immunization is the only clinically explored option (37–39). This therapy is based on human-murine chimeric monoclonal antibodies, which are considered able to bind methamphetamine with presumed high specificity and affinity (37–39). Unfortunately, no results of clinical trials are yet available to support this claim.

The evolution of the research in the field of immunotherapy for SUD is reflected by the development of second-generation investigational products. This progress was fueled by the need to find newer haptens and better carriers, able to induce more specific and intense immune responses, which translate to better efficacy. Also, adjuvants are important for triggering a persistent immune response, and new substances from this category are needed, besides aluminum.

In the case of anti-nicotine vaccines, the first generation of products used 3'-aminomethyl nicotine conjugated with Pseudomonas aeruginosa r-exoprotein in case of NicVAX, a non-infectious pseudo-viral particle (VLP) in case of NIC-002, or recombinant cholera toxin B (rCTB) subunit as transporter molecule for TA-NIC (18, 20). In the case of second-generation products, the transporter is represented by cross-reacting material (CRM) for NIC7-001, and a nanoparticle technology (targeted synthetic particles) for SEL-068 (25, 26). In the case of cocaine use disorder, the first-generation vaccine, TA-CD, used rCTB, while the newest investigational product, dAd5GNE, used the proteins of a modified adenovirus conjugated with a cocaine analog (33–36).

An overview of the trials presented in Table 1 shows the need to find better defined primary outcome measures and to extend the duration of monitoring over 12 months. Also, trials with active comparators should be designed, and quantification of the patients' tolerability and quality of life during the study could also be useful.



CONCLUSIONS

The limited number of phase III clinical trials detected by this review (N = 4) indicates the need to re-evaluate the conceptual design of immune therapy in SUDs (Table 2). Despite the mixed, and mostly negative evidence of efficacy for the first-generation conjugate vaccines against cocaine and nicotine in clinical trials, second-generation vaccines are developing, thus renewing the potential clinical utility of active immunization in the treatment of substance use disorder (14). Even the first generation trials contained several positive results, but only in specific sub-populations, i.e., patients able to develop high levels of antibodies targeting the specific drug of abuse (19, 35). No significant tolerability and safety aspects were reported in trials with published results, which monitored the adverse events rate.


Table 2. Synthetic presentation of clinical trials for immune therapy in SUDs.
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As limitations of the review, it is important to mention that no data about the current status of each investigational product were collected, as no such information has been found in the searched databases. Note releases from the manufacturers' sites regarding these products were not included in this review. Preclinical studies may be important to review, but this article was focused only on human trials.
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Methods
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following the administration of NicVAX 4-400 g, using
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single/multiple puffs Results: submitted, but yet unpublished
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but unpublished

POM: Smoking quit rate of minimum 4 weeks determined at week 26
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yet unpublished
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Results: Peak plasma antibody levels significantly predicted cocaine's
effects. Patients with higher titers of antibodiies had an immediate and
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showed only non-significant attenuation. Seff-reported s of cocaine
tended to decrease as a function of antibodly titer. Higher antibody titer
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16 (cocaine-free urines) Results: Aimost 3-times fewer high-level
anti-cocaine IgG subjects dropped out compared to low-titers
subjects. No difference between the three study groups was detected
by the POM for the full 16 weeks of the trial. After week 8 more
vaccinated than placebo subjects attained abstinence for >2 weeks,
but not significant. No treatrment-related SAE withdrawal was reported.
POM: At least 2 weeks cocaine abstinence during weeks 9 to 16

after vaccination Results: Subjects reaching high levels of serum IgG
anti-cocaine antibodies (=43 jug/m) had significantly more cocaine-free
urine samples than those with low levels and those receiving placebo,
during weeks 9 to 16. Subjects with a 50% reduction in cocaine use
were significantly more in the high IgG titers group vs. low IgG levels.
No SAE related to treatment was reported.

POM: General and specific safety parameters Results: the trialis
ongoing as of February 2022

POM: Adverse events, vital signs, ECG, clinical laboratory testing over
21 weeks Results: undisclosed

POM: Treatment-related AE assessed by physical examination, ECG,
laboratory testing, and vital signs during 127 days Results: undisclosed

POM: Change in plasma methamphetamine AUC or Cmax after
challenges following single i.v doses of LP. (20 days) Results:
submitted, not yet published

CT, clinical tral; LP, investigational product; POM, primary outcome measures; DBRCT, double blind randomized clinical trial; 2-nAChR, 2-containing nicotinic acetylcholine receptors; SPECT, single photon emission computed
tomography; CNS, central nervous system; AUC, area under curve; QoL quality of lfe; im, intramuscular; i, intravenous; VAS, Visual Analog Scale; CUD, cocaine use disorder; SAE, serious adverse event; ECG, electrocardiogram;

AUC, area under the curve; MUD, methamphetamine use disorder.
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NUD, nicotine use disorder; CUD, cocaine use disorder; MUD, methamphetamine
use disorder.
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