King’s Research Portal
DOI:
10.1111/add.14080
Document Version
Peer reviewed version
Link to publication record in King's Research Portal

Citation for published version (APA):
Strang, J., Neale, J., McDonald, R., & Kalk, N. (2017). Toxicity: exploring and expanding the concept. Addiction.
https://doi.org/10.1111/add.14080

Citing this paper
Please note that where the full-text provided on King's Research Portal is the Author Accepted Manuscript or Post-Print version this may
differ from the final Published version. If citing, it is advised that you check and use the publisher's definitive version for pagination,
volume/issue, and date of publication details. And where the final published version is provided on the Research Portal, if citing you are
again advised to check the publisher's website for any subsequent corrections.
General rights
Copyright and moral rights for the publications made accessible in the Research Portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognize and abide by the legal requirements associated with these rights.
•Users may download and print one copy of any publication from the Research Portal for the purpose of private study or research.
•You may not further distribute the material or use it for any profit-making activity or commercial gain
•You may freely distribute the URL identifying the publication in the Research Portal
Take down policy
If you believe that this document breaches copyright please contact librarypure@kcl.ac.uk providing details, and we will remove access to
the work immediately and investigate your claim.

Download date: 24. Sep. 2020

Toxicity: exploring and expanding the concept
John Strang1, Joanne Neale1, Rebecca McDonald1, Nicola Kalk1
1

National Addiction Centre
Institute of Psychiatry, Psychology & Neuroscience
King’s College London
4 Windsor Walk
London SE5 8BB
UK

Corresponding author: john.strang@kcl.ac.uk
Key words: toxicity, harm, adverse events, unintended consequences, mediated, behaviour;
behavior; behaviorally-mediated, reputation, reputationally-mediated.

Declaration of interests:
None relevant to the above article. For declaration of activities for JS, see
www.kcl.ac.uk/ioppn/depts/addictions/people/hod.aspx
JN receives honoraria and some expenses from Addiction journal in her role as
Commissioning Editor and Senior Qualitative Editor. She has separately received project
grant support from Mundipharma for a qualitative exploration of patient perspectives on
medication formulation options.
RM has undertaken an unpaid student industry placement with Mundipharma Research Ltd.
She is working as a consultant for the United Nations Office on Drugs and Crime (UNODC).
The views expressed in this article are those of the authors and do not necessarily reflect
the position of the United Nations.
Acknowledgements:
JN is part-funded by the National Institute for Health Research (NIHR) Biomedical Research
Centre for Mental Health at South London and Maudsley NHS Foundation Trust and King's
College London. The views expressed are those of the authors and not necessarily those of
the NHS, the NIHR, or the Department of Health.

Drug use is much more than just a pharmacological phenomenon. The same is true for
toxicity. Harms may often be mediated by intermediary drug-triggered behaviours through
which the harm occurs, or even by behaviours resulting from distorted reputation of the drug.
We need to broaden our consideration of toxicity.
The purpose of this editorial is to provoke wider consideration of unintended harms of
medications given/taken with the intention of benefitting the recipient. We propose that the
concept of toxicity be expanded beyond simple drug-induced adverse events. We consider
two additional forms of ‘toxicity’. Each is a ‘mediated toxicity’ in which the harm (toxicity)
occurs via intermediate behaviour or reputational damage that are triggered by a medication.
Both scenarios lead to the altered use of a medication to the detriment of the intended
recipient.

We are all familiar with the notion of toxicity in terms of the potential of a particular
medication to cause harm to the recipient [1], which may occur in a dose-related or
idiosyncratic fashion. We understand this easily when we can identify a simple cause-andeffect relationship (drug>harm). Liver damage in paracetamol overdose or allergic reactions
to penicillin are examples where toxicity is directly attributable to the medication. But
sometimes there is an intermediate step (drug->behaviour->harm) or even a series of steps
(drug->reputation->behaviour->harm).

Behaviourally-mediated toxicity: In some circumstances and some patients, a medication
may provoke atypical behaviour which then causes harm (toxicity). While the harm is not a
direct effect of the medication, it results from the behaviour that is nevertheless triggered by
the medication - hence ‘behaviourally-mediated’.

We give three examples:

(i) A patient receives disulfiram (Antabuse) treatment with limited knowledge and with
ambivalence and engages in binge drinking in an effort to ‘drink through’ the unpleasant and
potentially dangerous disulfiram-ethanol reaction [2].
(ii) An excessive naloxone dose is used to reverse overdose and triggers acute opioid
withdrawal (‘over-antagonism’). The overdose victim consequently engages in further active
drug-seeking to end withdrawal, with risk of rebound toxicity and potentially fatal outcome
when the effect of the short-acting naloxone wears off [3].
(iii) A patient in a trial of cocaine vaccine reports escalation in quantity of cocaine used in
those with higher antibody titres, who attempt to over-ride vaccines or blockade [4].

Technologically remarkable anti-drug vaccines and ultra-long-acting blocking drugs are
currently in development, but we must be mindful of possible unanticipated adverse
consequences. Could these new medications trigger use of other drugs not blocked by the
antagonist or the vaccine, thereby provoking a potential new substance use disorder, or
even switching to a more rapid route of administration (e.g. from snorting to injecting) to
circumvent the blockade? We should contemplate the possibility.

Reputationally-mediated toxicity: It may seem strange to include, in a consideration of
toxicity, a medication’s reputation. However, shaped by scientific and clinical reports,
promotion from manufacturers, media and political assertions, and street folklore, the
reputation of a medication (good or bad) can greatly influence whether clinicians offer it to
patients and whether patients accept, use, and adhere to a particular medication (separate
from its actual appropriateness or otherwise). We propose the term “reputationally-mediated
toxicity” to describe when a medication acquires a reputation that alters the medication
usage behaviour which then causes toxicity.

Examples from general medicine illustrate how the harm (toxicity) results from the behaviour
that is triggered by the reputation of the drug - hence ‘reputationally-mediated’. The positive
reputation attached to antibiotics led to overprescribing over a half-century, creating
penicillin-related allergic reactions and the evolution of medication-resistant bacteria. In the
opposite direction, the negative reputation of childhood vaccinations leads to ‘vaccine
hesitancy’ and fewer vaccinations for fear of relatively rare adverse reactions, causing a
resurgence of measles outbreaks and associated fatalities [5,6].

For the addictions field, reputationally-mediated toxicity is an overlooked major influence on
the extent to which valuable medicines are considered and the competence with which they
are used. Yet we pay it no real attention.

i) The reputation of naloxone among drug users in Glasgow in the late 1990s was that of a
punishment for drug users, to be avoided at all costs [7], likely deterring help-seeking as well
as hostility to emergency care. For widespread take-home naloxone distribution, a
reputational turn-around of naloxone was essential for service user acceptance and for
public preparedness to assist lay-observer administration.

ii) Medications to clear chronic hepatitis C infection (thereby preventing cirrhosis or primary
liver cancer) have produced only limited benefit, because first-generation antiviral treatments
were unpleasant to take, required long-term treatment and were only partially effective,

leading to frequent avoidance of treatment. New-generation Hep C treatments have much
milder side-effects and shorter duration of treatment and produce near-universal clearance
of the virus; but a reputation turnaround is needed if real benefit is to be achieved.

iii) Methadone is one of the most extensively researched medications in medicine, but the
influence (sometimes supporting, sometimes opposing) of public and professional reputation
has been profound. Concerns about dependence liability sometimes deter consideration of
Opiate Substitution Treatment [8] despite consistent evidence of reduced deaths and
improved social functioning [9,10], and accounts that ‘methadone gets into your bones’
(perhaps true, who knows?) imply that, for personal safety, it should be avoided. The paper
by Uebelacker [11] illustrates how profound the influence of beliefs (their term) can be.

iv) Naltrexone powerfully blocks the effects of virtually all opiates, and may protect former
heroin users at times of vulnerability. However some practitioners and agencies
communicate that any pharmacological assistance is antithetical to what they consider to be
recovery. This reputational issue can close off a potentially valuable therapeutic option
before it is even considered.

In conclusion, we want to draw attention to the fact that drug toxicity is much more than a
pharmacological event. A drug does not act in a vacuum – patterns of use depend on user
characteristics and social context. We understand it as having bio-psycho-social dimensions.
We argue that the same is true for toxicity. There are pathways to adverse consequences
that need examining if we are to understand and prevent them; behaviour and reputation are
two examples of mediators but there are likely to be more.

References:
1. Toxicity definition: https://en.wikipedia.org/wiki/Toxicity
2. Center for Substance Abuse Treatment. Incorporating Alcohol
Pharmacotherapies Into Medical Practice. Chapter 3—Disulfiram. Treatment
Improvement Protocol (TIP) Series, No. 49. Rockville (MD): Substance Abuse
and Mental Health Services Administration (US). 2009.
3. Rudolph, S., Jehu, G., Nielsen, SL., Nielsen, K., Siersma, V., Rasmussen, LS.
Prehospital treatment of opioid overdose in Copenhagen--is it safe to
discharge on-scene? Resuscitation 2011; 82 (11): 1414-8.
4. Kosten, T.R., Coreen, B., Domingo, C.B., Shorter, D., Orson, F., Green, C.,
Somoza, E., Sekerka, R., Levin, F.R., Mariani, J.J., Stitzer, M., Tompkins,
D.A., Rotrosen, J., Thakkar, V., Smoak, B., Kampman, K. Vaccine for cocaine
dependence: A randomized double-blind placebo-controlled efficacy trial
Drug Alcohol Depend. 2014 July 1; 140: 42–47.
5. Lo, N.C., & Hotez P.J. Public Health and Economic Consequences of Vaccine
Hesitancy for Measles in the United States. JAMA Pediatr. 2017 Sep
1;171(9):887-892
6. Werber, D., Hoffmann, A., Santibanez, S., Mankertz, A., Sagebiel, D. Large
measles outbreak introduced by asylum seekers and spread among the
insufficiently vaccinated resident population, Berlin, October 2014 to August
2015. Euro Surveill.; 2017 Aug 24;22(34)
7. Neale, J. Strang, J. Naloxone--does over-antagonism matter? Evidence of
iatrogenic harm after emergency treatment of heroin/opioid overdose.
Addiction 2015 Oct;110(10):1644-52.
8. Samet, H.J., Fiellin A.D. Opioid substitution therapy—time to replace the term.
Lancet. 2015 Apr 18;385(9977):1508-9
9. Davoli, M., Amato L., Clark, N., Farrell M., Hickman M., Hill S., Magrini N.,
Poznyak V., Schünemann, H.J. The role of Cochrane reviews in informing
international guidelines: a case study of using the Grading of
Recommendations, Assessment, Development and Evaluation system to
develop World Health Organization guidelines for the psychosocially assisted
pharmacological treatment of opioid dependence. Addiction 2015;110(6):8918. doi: 10.1111/add.12788.
10. Degenhardt, L., Bucello, C., Mathers, B., Briegleb, C., Ali, H., Hickman, M.,
McLaren, J. Mortality among regular or dependent users of heroin and other
opioids: a systematic review and meta-analysis of cohort studies. Addiction
2011; 106(1):32-51
11. Uebelacker, L.A., Bailey, G., Herman, D., Anderson, B., Stein, M. Patients'
beliefs about medications are associated with stated preference for

methadone, buprenorphine, naltrexone, or no medication-assisted therapy
following inpatient opioid detoxification. Journal of Substance Abuse
Treatment. 2016 Jul 31;66:48-53.

